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SECTION 23 05 00 - COMMON WORK RESULTS FOR HVAC 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

B.  SUMMARY 

C.  This Section includes the following: 
1. Piping materials and installation instructions common to most piping systems. 
2. Transition fittings. 
3. Dielectric fittings. 
4. Mechanical sleeve seals. 
5. Sleeves. 
6. Escutcheons. 
7. Grout. 
8. Equipment installation requirements common to equipment sections. 
9. Painting and finishing. 
10. Concrete bases. 
11. Supports and anchorages. 

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

E.  Unless otherwise specified, all submissions shall be made to, and acceptances and approvals 
made by the Architect and the Engineer. 

F.  Contract Drawings are generally diagrammatic and all offsets, fittings, transitions and 
accessories are not necessarily shown.  Furnish and install all such items as may be required to 
fit the work to the conditions encountered.  Arrange piping, ductwork, equipment, and other 
work generally as shown on the contract drawings, providing proper clearance and access.  
Where departures are proposed because of field conditions or other causes, prepare and 
submit detailed shop drawings for approval in accordance with "Submittals" specified below.  
The right is reserved to make reasonable changes in location of equipment, piping, and 
ductwork, up to the time of rough-in or fabrication.  The Contractor shall field-verify all existing 
conditions prior to fabricating or installing any systems.   

G.  Conform to the requirements of all rules, regulations and codes of local, state and federal 
authorities having jurisdiction. 

H.  Be responsible for all construction means, methods, techniques, procedures, and phasing 
sequences used in the work.  Furnish all tools, equipment and materials necessary to properly 
perform the work in first class, substantial, and workmanlike manner, in accordance with the 
contract documents. 

I.  Indicate as separate line items in the Schedule of Values the following: 
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1. Coordination Drawings. 
2. O & M Manuals. 
3. Record Drawings/As-Builts. 
4. ATC Shop Drawings. 

J.  Coordinate the work under Division 23 with work of all other construction trades. 

1.2 DEFINITIONS 

A.  Finished Spaces:  Spaces other than mechanical and electrical equipment rooms, furred 
spaces, pipe and duct chases, unheated spaces immediately below roof, spaces above ceilings, 
unexcavated spaces, crawlspaces, and tunnels. 

B.  Exposed, Interior Installations:  Exposed to view indoors.  Examples include finished occupied 
spaces and mechanical equipment rooms. 

C.  Exposed, Exterior Installations:  Exposed to view outdoors or subject to outdoor ambient 
temperatures and weather conditions.  Examples include rooftop locations. 

D.  Concealed, Interior Installations:  Concealed from view and protected from physical contact by 
building occupants.  Examples include above ceilings and chases. 

E.  Concealed, Exterior Installations:  Concealed from view and protected from weather conditions 
and physical contact by building occupants but subject to outdoor ambient temperatures.  
Examples include installations within unheated shelters. 

F.  The following are industry abbreviations for rubber materials: 
1. EPDM:  Ethylene-propylene-diene terpolymer rubber. 
2. NBR:  Acrylonitrile-butadiene rubber. 

1.3 SUBMITTALS 

A.  Product Data:  For the following: 
1. Transition fittings. 
2. Dielectric fittings. 
3. Mechanical sleeve seals. 
4. Escutcheons. 
5. Plastic welding solvents and adhesive primers VOC content. 

1.4 QUALITY ASSURANCE 

A.  Steel Support Welding:  Qualify processes and operators according to AWS D1.1, "Structural 
Welding Code--Steel." 

B.  Steel Pipe Welding:  Qualify processes and operators according to ASME Boiler and Pressure 
Vessel Code:  Section IX, "Welding and Brazing Qualifications." 
1. Comply with provisions in ASME B31 Series, "Code for Pressure Piping." 
2. Certify that each welder has passed AWS qualification tests for welding processes 

involved and that certification is current. 
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C.  Electrical Characteristics for HVAC Equipment:  Equipment of higher electrical characteristics 
may be furnished provided such proposed equipment is approved in writing and connecting 
electrical services, circuit breakers, and conduit sizes are appropriately modified at no additional 
cost to the Owner.  If minimum energy ratings or efficiencies are specified, equipment shall 
comply with requirements. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A.  Deliver pipes and tubes with factory-applied end caps.  Maintain end caps through shipping, 
storage, and handling to prevent pipe end damage and to prevent entrance of dirt, debris, and 
moisture. 

B.  Store plastic pipes protected from direct sunlight.  Support to prevent sagging and bending. 

1.6 COORDINATION 

A.  Arrange for pipe spaces, chases, slots, and openings in building structure during progress of 
construction, to allow for HVAC installations. 

B.  Coordinate installation of required supporting devices and set sleeves in poured-in-place 
concrete and other structural components as they are constructed. 

C.  Coordinate requirements for access panels and doors for HVAC items requiring access that are 
concealed behind finished surfaces.  Access panels and doors are specified in Division 23. 

D.  Refer to installation and coordination drawings for additional information. 

1.7 PERMITS AND FEES: 

A.  Obtain all permits and pay taxes, fees and other costs in connection with the work.  File 
necessary plans, prepare documents, give proper notices and obtain necessary approvals.  
Deliver inspection and approval certificates to Owner prior to final acceptance of the work. 

B.  Permits and fees shall comply with the General Requirements of the specifications. 

1.8 EXAMINATION OF SITE: 

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

1.9 CONTRACTOR QUALIFICATION: 

A.  Any Contractor or subcontractor performing work under Division 23 shall be fully qualified and 
acceptable to the Architect.  Submit the following evidence if requested. 
1. A list of not less than five comparable projects that the Contractor completed. 
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2. Letter of reference form not less than three registered professional engineers, general 
contractors or building owners. 

3. Local and/or State License, where required. 
4. Membership in trade or professional organizations where required. 
5. Ten (10) years of similar experience (value of contract, educational setting, etc.). 

B.  A Contactor is any individual, partnership, or corporation, performing work by Contract or 
subcontract on this project. 

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

1.10 MATERIALS AND EQUIPMENT: 

A.  Materials and equipment installed as a permanent part of the project shall be new, unless 
otherwise indicated or specified, and of the specified type and quality.  This Contractor shall be 
responsible for connecting all utilities as shown on the Drawings to equipment identified as 
“Under Another Division”. 

B.  Where material or equipment is identified by proprietary name, model number and/or 
manufacturer, furnish named item, or its equal of manufacturer indicated in this specification.  
Alternate Manufacturers (other than first named or indicated as the basis of design) shall be 
equal or better in quality and performance and must be suitable for available space, required 
arrangement, and application.  Submit all data necessary to determine suitability of alternate 
manufacturers for review. 

C.  The suitability of named item only has been verified.  Where more than one Manufacturer is 
named, only the first named Manufacturer has been verified as suitable and is the basis of 
design. Manufacturers listed other than first named are considered alternate manufacturers. 
Manufacturers and items other than first named shall be equal or better in quality and 
performance to that of specified items, and must be suitable for available space, required 
arrangement and application. The burden of proof shall be provided by the contractor and shall 
include all differences in submittal including but not limited to performance characteristics 
(including sound data, power requirements, efficiency, etc.) materials of construction, physical 
size, etc.  Contractor shall be responsible for all additional costs associated with submitting a 
manufacturer other than the basis of design. 

D.  Substitution (manufacturer or items not listed) will not be permitted for specified items of 
material or manufacturers of equipment. 

E.  The Contractor shall only submit those manufacturers indicated in the specification or included 
by Addendum.  Proposed manufacturers not specified will not be considered unless the specific 
item indicates "or as approved equal" or “but are not limited to”.  Submit all data necessary to 
determine suitability of alternative manufacturers’ items for approval.  Failure to clearly identify 
differences including paragraph by paragraph and scheduled performance comparison will 
result in a “Revise and Resubmit” submittal response. 

F.  Refer to the Division 01 of this specification for additional information, including substitution 
request.  Substitutions are for materials or manufacturers not listed in this specification.  For 
each substitution proposed by the Contractor, the Contractor clearly identifies all differences 
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(i.e., paragraph-by-paragraph, performance differences, physical differences, etc.) from the 
specified item, changes in Contract cost, benefits to the Owner and a brief description why the 
substitution is being proposed. Refer to Division 01 and Special Conditions of the Contractor for 
Submitting Substitution Request. 

G.  Where only one manufacturer is listed, provide that manufacturer-sole source. 

1.11 FIRE SAFE MATERIALS 

A.  Unless otherwise indicated, materials and equipment shall conform to UL, NFPA or ASTM 
Standards for fire safety with smoke and fire hazard rating not exceeding flame spread of 25 
and smoke developed of 50. 

1.12 REFERENCED STANDARDS, CODES AND SPECIFICATIONS: 

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

 
AABC -  Associated Air Balance Council 
ABMA -  American Boiler Manufacturers Association 
ACCA  -  Air Conditioning Contractors of America 
ACGIH -  American Conference of Governmental Industrial Hygienist 
AIHA  -  American Industrial Hygiene Association 
ASA -  Acoustical Society of America 
ADC -  Air Diffusion Council 
AGA -  American Gas Association 
AMCA -  Air Movement and Control Association 
ANSI  -  American National Standards Institute 
ARI -  Air Conditioning and Refrigeration Institute 
ASHRAE-  American Society of Heating, Refrigerating and Air 
   Conditioning Engineers  
ASME - American Society of Mechanical Engineers 
ASTM -  American Society for Testing and Materials 
AWWA-  American Water Works Association 
CABO -  Council of American Building Officials 
CAGI -  Compressed Air and Gas Institute  
CSD - Control and Safety Devices 
CS -  Commercial Standard 
CSA -  Canadian Standards Association 
CISPI - Cast Iron Soil Pipe Institute 
IBC  - International Building Code, Latest Edition. 
IBR -  Institute of Boiler and Radiator Manufacturers 
IEEE -  Institute of Electrical and Electronics Engineers 
IGSHPA - International Group Source Heat Pump Association 
IMC - International Mechanical Code, Latest Edition 
MDE - Maryland Department of the Environment 
MSSP -  Manufacturers Standards Society of the Valve and Fittings Industry 
NEC -  National Electrical Code 
NEMA -  National Electrical Manufacturers Association 
NFPA -  National Fire Protection Association  
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NSPC  - National Standard Plumbing Code, Latest Edition 
SMACNA -  Sheet Metal and Air Conditioning Contractors National Association 
TEMA -  Tubular Exchanger Manufacturers Association 
UL -  Underwriters' Laboratories 
 

B. All mechanical equipment and materials shall comply with the codes and standards listed in 
the latest ASHRAE Handbook 

1.13 SUBMITTALS REVIEW AND ACCEPTANCE: 

A.  Equipment, materials, installation, workmanship and arrangement of work are subject to review 
and acceptance.  No substitution will be permitted after acceptance of equipment or materials 
except where such substitution is considered by the Engineer to be in the best interest of the 
Owner. 

B.  Within 30 calendar days after award of contract, submit Material and Equipment List and 
Subcontractors List for review and approval.  List all materials and equipment, indicating 
manufacturer, type, class, model, curves, and other general identifying information.   

C.  After acceptance of Material and Equipment List, submit complete descriptive data for all items.  
Data shall consist of specifications, data sheets, samples, capacity ratings, performance curves, 
operating characteristics, catalog cuts, dimensional drawings, sound data, performance 
certifications, wiring diagrams, specific electrical/wiring requirements and connections including 
control and interlock wiring, installation instructions, and any other information necessary to 
indicate complete compliance with Contract Documents.  Edit submittal data specifically for 
application to this project or submittal shall be rejected. 

D.  Thoroughly review and stamp all submittals to indicate compliance with contract requirements 
prior to submission.  Coordinate installation requirements and all electrical requirements for 
equipment submitted.  Submit the Electrical Connection information specified in Division 26 for 
each piece of equipment requiring electrical connections.  As a minimum, the Electrical 
Connection Information for each submittal shall include horsepower or kVA, voltage and phase, 
power factor, capacitor, motor starter, disconnect and controls.  Indicate which Division is 
providing the devices.   Each piece of equipment and its associated components (fuses, relays, 
etc.) shall be clearly identified.  Failure to include this schedule in the submittal will result in the 
submittal being returned to the Contractor for resubmission due to incompleteness of the 
submittal. If the Contractor submits equipment other than that used for the basis of design, and 
if the electrical connection requirements are different, the Contractor shall be responsible for 
any associated increase in cost (e.g., wiring, conduits, starters, disconnects, etc.).  Maintain and 
submit a summary of all electrical connection schedules of approved equipment.  All mechanical 
equipment must be approved before electrical distribution equipment shall be approved for 
fabrication (i.e., MC, switchboard, emergency generator, distribution panels, etc.)  Contractor 
shall be responsible for correctness of all submittals. 

E.  Submittals will be reviewed for general compliance with design concept in accordance with 
contract documents, but dimensions, quantities, or other details will not be verified. 

F.  Identify submittals, indicating intended application, location and service of submitted items.  
Refer to specification sections or paragraphs where applicable.  Clearly indicate exact type, 
model number, manufacturer, style, size and special features of proposed item.  Submittals of a 
general nature will not be acceptable.  For all items clearly list on the first page of the Submittal 



 

 

GAI Project No. 22082  © 2023 Gipe Associates, Inc. 
School of Technology – Chiller Replacement  COMMON WORK RESULTS FOR HVAC 

Issued for Bid Submission –11/02/2023                                                                                     23 05 00 - 7 

 

 

all differences between the specified product and the submitted product.  Additionally, for items 
other than first-named or indicated as the Basis of Design, clearly list on the first page of the 
submittal all differences between the specified item and the proposed item.   This includes a 
paragraph-by-paragraph comparison from the Specification, performance differences from that 
scheduled and/or indicated on the Drawings, including power connection requirements, sound, 
etc., and physical differences (size, weight, etc.) based on published data (i.e., including 
published data on competitors Web sites.) The Contractor shall be responsible for corrective 
action (or replacement with the specified item) while maintaining the specification requirements 
if differences have not been clearly indicated in the submittal. 

G.  Submit actual operating conditions or characteristics for all equipment where required capacities 
are indicated.  Factory order forms showing only required capacities will not be acceptable. 

H.  Acceptance will not constitute waiver of contract requirements unless deviations are specifically 
indicated and clearly noted. 

1.14 SHOP DRAWINGS: 

A.  Prepare and submit shop drawings within ten calendar days after award of contract for all 
specially fabricated items, modifications to standard items, specially designed systems where 
detailed design is not shown on the contract drawings, or where the proposed installation differs 
from that shown on contract drawings. 

B.  Submit data and shop drawings as listed below, in addition to provisions of paragraph 1 above.  
Identify all shop drawings by the name of the item and system and the applicable specification 
paragraph number. 

 
Items and Systems 
 
Access Doors. 
Automatic Air Vents. 
Automatic Temperature Control & Energy Management System & Equipment. 
Capacitors. 
Chemical Feed Systems. 
Fire Stopping - Methods and Materials. 
Flow Meters and Primary Elements. (Flow Fittings). 
Identification System. 
Manual Air Vents. 
Pipe Guides, Anchors, Hangers, and Supports. 
Piping Materials. 
Pipe Sleeves. 
Pressure Relief Valve.  
Pressure Reducing Valve. 
Pressure Regulating Valve. 
Pumps, Circulators, Suction Diffusers, Multi-Purpose Valves. 
Refrigerant Monitor. 
Shaft Grounding Rings. 
Sheet Metal. 
Split Air-Cooled Chiller 
Strainers. 
Thermal Insulation Materials. 
Thermometers and Gauges. 
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Valves - Globe, Angle, Check, Plug, Butterfly, Ball, Shut Off/Balancing. 
Variable Speed Drives. 
Vibration Isolation. 
 

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

1.15 SUPERVISION AND COORDINATION 

A.  Provide complete supervision, direction, scheduling, and coordination of work under the 
Contract, including that of subcontractors. 

B.  Coordinate rough-in of work and installation of sleeves, anchors, and supports for piping, 
ductwork, and other work performed under Division 23. 

C.  Coordinate electrical work required under Division 23 with that under Division 26.  Coordinate 
work under Division 23 with work under other Divisions. 

D.  Coordinate the work under Division 23 with the work of all other construction trades. 

E.  Arrange for pipe spaces, chases, slots, and openings in building structure during progress of 
construction, to allow for HVAC installations. 

F.  Coordinate installation of required supporting devices and set sleeves in poured-in-place 
concrete and other structural components as they are constructed. 

G.  Coordinate requirements for access panels and doors for HVAC items requiring access that are 
concealed behind finished surfaces.  Access panels and doors are specified in Division 23. 

1.16 CUTTING AND PATCHING 

A.  Accomplish all cutting and patching necessary for the installation of work under Division 23.  
Damage resulting from this work to other work already in place, shall be repaired at Contractor's 
expense.  Where cutting is required, perform work in neat and workmanlike manner.  Restore 
disturbed work to match and blend with existing, using materials compatible with the original.  
Use mechanics skilled in the particular trades required. 

B.  Do not cut structural members without approval. 

C.  Saw cut or core drill for openings. 

1.17 PENETRATION OF WATERPROOF CONSTRUCTION: 

A.  Coordinate the work to minimize penetration of waterproof construction, including roofs, exterior 
walls, and interior waterproof construction.  Where such penetrations are necessary, furnish and 
install all necessary curbs, sleeves, flashings, fittings and caulking to make penetrations 
absolutely watertight. 
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B.  Where vents or other pipes penetrate roofs, flash pipe with All American Metal, Inc., or 
approved equal, roof flashing assemblies, with 4-pound lead, 6-inch skirt and caulked 
counterflashing sleeve with lead cap. 

C.  Furnish and install roof drains, curbs, vent assemblies, and duct sleeves specifically designed 
for application to the particular roof construction, and install in accordance with the 
manufacturer's instructions, The National Roofing Contractors Association, SMACNA and as 
required by other divisions of this specification.  Do not utilize pitch pockets. The Contractor 
shall be responsible for sleeve sizes and locations. 

D.      All work associated with the existing roof shall be performed so as to maintain the existing roof 
warranty by Siplast, Inc. 

1.18 VIBRATION ISOLATION 

A.  Furnish and install vibration isolators, flexible connections, supports, anchors, and/or 
foundations required to prevent transmission of vibration from equipment, piping, or ductwork to 
building structure.  See Section 230548, VIBRATION AND SEISMIC CONTROLS FOR HVAC 
PIPING AND EQUIPMENT.  

1.19 ACCESSIBILITY 

A.  All equipment shall be installed in such a way that all components requiring access (such as 
panels, disconnect switches, circuit breakers, starters, and accessories) are so located and 
installed that they may be serviced, reset, replaced, recalibrated, etc., by service technicians in 
accordance with the Manufacturer’s recommendations.  If any equipment or components are 
located in such a position that this Contractor cannot comply with the above, the Contractor 
shall notify the engineer in writing before equipment is installed. 

1.20 CONCRETE AND MASONRY WORK: 

A.  Furnish and install concrete and masonry work for equipment foundations, supports, pads, and 
other items required under Division 23.  Perform work in accordance with requirements of other 
applicable Divisions of these specifications.  Coordinate size and location of all sleeves, 
concrete inserts, etc., with other Divisions, equipment connections, and approved casework 
Shop Drawings. 

B.  Concrete shall test not less than 5,000 psi compressive strength after 28 days. 

C.  Grout shall be non-shrink, high strength mortar, free of iron of chlorides and suitable for use in 
contact with all metals, without caps or other protective finishes.  Apply in accordance with 
manufacturer's instructions and standard grouting practices. 

1.21 MINIMUM EFFICIENCY REQUIREMENTS 

A. All heating, ventilating, and air conditioning equipment shall be manufactured to provide the 
minimum efficiency requirements as specified in ASHRAE Standard 90.1, latest edition. 
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B. All piping, ductwork, and equipment insulation shall comply with ASHRAE Standard 90.1, latest 
edition. 

C. All service water/heating equipment shall be manufactured to provide the minimum efficiency 
requirements as specified in ASHRAE Standard 90.1, latest edition. 

D. All mechanical devices, controls, accessories, and components shall be manufactured to 
provide the minimum efficiency requirements as specified in ASHRAE Standard 90.1, latest 
edition. 

1.22 SYSTEM INTEGRATION 

A. For all HVAC equipment specified to be provided with packaged controls and interfaced with the 
automatic temperature control system, provide system integration between the equipment 
manufacturer and the automatic temperature control subcontractor. 

B. HVAC equipment submittals requiring system integration as defined above must identify all 
required system integration points. 

C. HVAC equipment manufacturers must coordinate with ATC subcontractor regarding system 
integration prior to submitting on the equipment. 

D. A system integration meeting must be arranged by the Mechanical Contractor and include, but 
not be limited to the system integrator for the HVAC equipment manufacturer and the ATC 
Subcontractor. This portion of systems integration must occur prior to HVAC equipment being 
delivered to the project. 

E. Once the HVAC equipment is on site, a second systems integration meeting must be arranged 
by the Mechanical Contractor to coordinate the packaged controls with the ATC system. The 
HVAC equipment manufacturer’s representative familiar with system integration and the ATC 
subcontractor familiar with programming must be present. 

F. A final system integrations meeting shall occur once all equipment is in place and ready for 
operation. The Mechanical Contractor, the HVAC equipment systems’ integrator, and the ATC 
Subcontractor shall meet on site to jointly program, schedule, verify points interlock devices, 
and fully set up all systems integration components. 

G. All systems integration coordination, programming, and graphics must be completed prior to 
requesting commissioning and/or inspections by the Engineer of Record. 

1.23 DEMOLITION 
 
A. Unless otherwise noted all existing equipment, piping, etc., shall remain. 

 
B. Where existing equipment is indicated to be removed, all associated piping, conduit, power, 

controls, insulation, hangers, ductwork, supports and housekeeping pads, etc., patch, paint and 
repair walls/roof/floor to match existing and/or new finishes. 

 
C. Provide necessary piping, valves, traps, temporary feeds, drips, etc., as required. Drain and re-

fill piping systems as often as necessary to accommodate phasing and to minimize time lengths 
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of outages. 
 
D. The Contractor shall be responsible for visiting the site and determining the existing conditions 

in which the work is to be performed. 
 
E. Where any abandoned pipes in existing floors, walls, pipe tunnels, ceilings, etc., conflict with 

new work, remove abandoned pipes as necessary to accommodate new work. 
 
F. The location of all existing equipment, piping, etc., indicated is approximate only and shall be 

checked and verified.  Install all new mechanical/plumbing/fire protection work to connect to or 
clear existing work as applicable. 

 
G. Maintain egress at all times. Coordinate egress requirements with the State Fire Marshal, the 

Owner and the authorities having jurisdiction. 
 
H. Where required to maintain the existing systems in operation, temporarily backfeed existing 

systems from new equipment.  Contractor shall temporarily extend existing piping systems to 
new piping systems with the appropriate shut-off valves. 

 
I. At completion of project all temporary piping, valves, controls, etc., shall be removed in their en-

tirely. 
 

J. Existing piping, equipment, ductwork, materials, etc., not required for re-use or re-installation in 
this project, shall be removed from the project site. 
 

K. Deliver to the Owner, on the premises where directed, existing equipment and materials which 
are removed and which are desired by the Owner or are indicated to remain the property of the 
Owner. 
 

L. All other materials and equipment which are removed shall become property of the Contractor 
and shall be promptly removed, from the premises, and disposed of by the Contractor, in an 
approved manner.  Contractor shall be responsible for proper disposal of all removed equip-
ment containing refrigerants.  Contractor shall include in his bid all cost associated with the 
evacuation, removal and disposal of all existing equipment containing refrigerants in accord-
ance with EPA and Health Department requirements.  Where existing split systems or ductless 
units are indicated to be relocated, extend refrigeration piping, power, and control wiring to the 
same. 
 

M. Where piping is removed, remove all pipe hangers which were supporting the removed piping 
or ductwork.  Patch the remaining penetration voids with like materials and paint to match exist-
ing construction. 
 

N. Before demolition begins, and in the presence of the Owners representative, test and note all 
deficiencies in all existing systems affected by demolition but not completely removed by demo-
lition. Provide a copy of the list of system deficiencies to the Owner and the Engineer.  Vide-
otape existing conditions in each space prior to beginning demolition work. 
 

O. The Owner shall have the first right of refusal for all fixtures, devices and equipment removed 
by the Contractor. 
 

P. All devices and equipment designated by the Owner to remain the property of the Owner shall 
be moved and stored by the Contractor at a location on site as designated by the Owner. It 
shall be the Contractor’s responsibility to store all devices and equipment in a safe manner to 
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prevent damage while stored. 
 

Q. All existing equipment refused by the Owner shall become the property of the Contractor and 
shall be removed from the site by the Contractor in a timely manner and disposed of in a legal 
manner. 
 

R. Work Abandoned in Place: cut and remove underground pipe a minimum of 2 inches beyond 
face of adjacent construction.  Cap and patch surface to match existing finish. 
 

S. Temporary Disconnection: Remove, store, clean, reinstall, reconnect, and make operational 
equipment indicated for relocation. 
 

T. Terminate services and utilities in accordance with local laws, ordinances, rules and regula-
tions. 

 
U. Where hydronic system piping and equipment is removed, Contractor shall be responsible for 

proper disposal of all hazardous waste and water treatment chemicals.  Contractor shall include 
in his bid all associated costs with the removal, testing, and disposal of hydronic system fluid in 
accordance with EPA, Health Department, and the Local Authority Having Jurisdiction. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A.  In other Part 2 articles where subparagraph titles below introduce lists, the following 
requirements apply for product selection: 
1. Available Manufacturers:  Subject to compliance with requirements, manufacturers 

offering products that may be incorporated into the Work include, but are not limited to, 
the manufacturers specified. 

2. Manufacturers:  Subject to compliance with requirements, provide products by the 
manufacturers specified. 

2.2 PIPE, TUBE, AND FITTINGS 

A.  Refer to individual Division 23 piping Sections for pipe, tube, and fitting materials and joining 
methods. 

B.  Pipe Threads:  ASME B1.20.1 for factory-threaded pipe and pipe fittings. 

2.3 JOINING MATERIALS 

A.  Refer to individual Division 23 piping Sections for special joining materials not listed below. 

B.  Pipe-Flange Gasket Materials:  Suitable for chemical and thermal conditions of piping system 
contents. 
1. ASME B16.21, nonmetallic, flat, asbestos-free, 1/8-inch maximum thickness unless 

thickness or specific material is indicated. 
a. Full-Face Type:  For flat-face, Class 125, cast-iron and cast-bronze flanges. 
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b. Narrow-Face Type:  For raised-face, Class 250, cast-iron and steel flanges. 

2. AWWA C110, rubber, flat face, 1/8 inch thick, unless otherwise indicated; and full-face or 
ring type, unless otherwise indicated. 

C.  Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, unless otherwise indicated. 

D.  Plastic, Pipe-Flange Gasket, Bolts, and Nuts:  Type and material recommended by piping 
system manufacturer, unless otherwise indicated. 

E.  Solder Filler Metals:  ASTM B 32, lead-free alloys.  Include water-flushable flux according to 
ASTM B 813. 

F.  Brazing Filler Metals:  AWS A5.8, BCuP Series, copper-phosphorus alloys for general-duty 
brazing, unless otherwise indicated; and AWS A5.8, BAg1, silver alloy for refrigerant piping, 
unless otherwise indicated. 

G.  Welding Filler Metals:  Comply with AWS D10.12 for welding materials appropriate for wall 
thickness and chemical analysis of steel pipe being welded. 

2.4 TRANSITION FITTINGS 

A.  Plastic-to-Metal Transition Fittings:  CPVC and PVC one-piece fitting with manufacturer's 
Schedule 80 equivalent dimensions; one end with threaded brass insert, and one solvent-
cement-joint end. 
1. Available Manufacturers: 

a. Eslon Thermoplastics. 

B.  Plastic-to-Metal Transition Adaptors:  One-piece fitting with manufacturer's SDR 11 equivalent 
dimensions; one end with threaded brass insert, and one solvent-cement-joint end. 
1. Manufacturers: 

a. Thompson Plastics, Inc. 

C.  Plastic-to-Metal Transition Unions:  MSS SP-107, CPVC and PVC four-part union.  Include 
brass end, solvent-cement-joint end, rubber O-ring, and union nut. 
1. Manufacturers: 

a. NIBCO INC. 
b. NIBCO, Inc.; Chemtrol Div. 

2.5 DIELECTRIC FITTINGS 

A.  Description:  Combination fitting of copper alloy and ferrous materials with threaded, solder-
joint, plain, or weld-neck end connections that match piping system materials. Dielectric unions 
are prohibited. 

B.  Insulating Material:  Suitable for system fluid, pressure, and temperature. 

C.  Dielectric Flanges:  Factory-fabricated, companion-flange assembly, for 150- or 300-psig  
minimum working pressure as required to suit system pressures. 
1. Manufacturers: 
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a. Capitol Manufacturing Co. 
b. Central Plastics Company. 
c. Epco Sales, Inc. 
d. Watts Industries, Inc.; Water Products Div. 

D.  Dielectric-Flange Kits:  Companion-flange assembly for field assembly.  Include flanges, full-
face- or ring-type neoprene or phenolic gasket, phenolic or polyethylene bolt sleeves, phenolic 
washers, and steel backing washers. 
1. Manufacturers: 

a. Advance Products & Systems, Inc. 
b. Calpico, Inc. 
c. Central Plastics Company. 
d. Pipeline Seal and Insulator, Inc. 

2. Separate companion flanges and steel bolts and nuts shall have 150- or 300-psig 
minimum working pressure where required to suit system pressures. 

E.  Dielectric Couplings:  Galvanized-steel coupling with inert and noncorrosive, thermoplastic 
lining; threaded ends; and 300-psig minimum working pressure at 225 deg F. 
1. Manufacturers: 

a. Calpico, Inc. 
b. Lochinvar Corp. 

F.  Dielectric Nipples:  Electroplated steel nipple with inert and noncorrosive, thermoplastic lining; 
plain, threaded, or grooved ends; and 300-psig minimum working pressure at 225 deg F. 
1. Manufacturers: 

a. Perfection Corp. 
b. Precision Plumbing Products, Inc. 
c. Sioux Chief Manufacturing Co., Inc. 
d. Victaulic Co. of America. 

2.6 MECHANICAL SLEEVE SEALS 

A.  Description:  Modular sealing element unit, designed for field assembly, to fill annular space 
between pipe and sleeve. 
1. Manufacturers: 

a. Advance Products & Systems, Inc. 
b. Calpico, Inc. 
c. Metraflex Co. 
d. Pipeline Seal and Insulator, Inc. 
e. Linkseal. 

2. Sealing Elements:  EPDM or NBR interlocking links shaped to fit surface of pipe.  Include 
type and number required for pipe material and size of pipe. 

3. Pressure Plates:  Stainless Steel.  Include two for each sealing element. 
4. Connecting Bolts and Nuts:  Stainless steel of length required to secure pressure plates 

to sealing elements.  Include one for each sealing element. 
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2.7 SLEEVES 

A.  Galvanized Steel Pipe:  ASTM A53, Type E, Grade B, Schedule 40, galvanized, plain ends.  

B.  Stack Sleeve Fittings:  Manufactured, cast-iron sleeve with integral clamping flange.  Include 
clamping ring and bolts and nuts for membrane flashing. 
1. Underdeck Clamp:  Clamping ring with set screws. 

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

2.8 ESCUTCHEONS 

A.  Description:  Manufactured wall and ceiling escutcheons and floor plates, with an ID to closely 
fit around pipe, tube, and insulation of insulated piping and an OD that completely covers 
opening. 

B.  One-Piece, Cast-Brass Type:  With set screw. 
1. Finish:  Polished chrome-plated. 

C.  One-Piece, Floor-Plate Type:  Cast-iron floor plate. 

2.9 GROUT 

A.  Description:  ASTM C 1107, Grade B, non-shrink and nonmetallic, dry hydraulic-cement grout. 
1. Characteristics:  Post-hardening, volume-adjusting, non-staining, noncorrosive, 

nongaseous, and recommended for interior and exterior applications. 
2. Design Mix:  5000-psi, 28-day compressive strength. 
3. Packaging:  Premixed and factory packaged. 

PART 3 - EXECUTION 

3.1 PIPING SYSTEMS - COMMON REQUIREMENTS 

A.  Install piping according to the following requirements and Division 23 Sections specifying piping 
systems. 

B.  Drawing plans, schematics, and diagrams indicate general location and arrangement of piping 
systems.  Indicated locations and arrangements were used to size pipe and calculate friction 
loss, expansion, pump sizing, and other design considerations.  Install piping as indicated 
unless deviations to layout are approved on Coordination Drawings. 

C.  Install piping in concealed locations, unless otherwise indicated and except in equipment rooms 
and service areas. 

D.  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. 
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E.  Install piping above accessible ceilings to allow sufficient space for ceiling panel removal. 

F.  Install piping to permit valve servicing. 

G.  Install piping at indicated slopes. 

H.  Install piping free of sags and bends. 

I.  Install fittings for changes in direction and branch connections. 

J.  Install piping to allow application of insulation. 

K.  Select system components with pressure rating equal to or greater than system operating 
pressure. 

L.  Install escutcheons for penetrations of walls, ceilings, and floors according to the following: 
1. New Piping: 

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

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

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

type with polished chrome-plated finish. 

2. Existing Piping: 
a. Split casting brass type with chrome-plated finish. 

M.  Permanent sleeves are not required for holes formed by removable PE sleeves. 

N.  Install sleeves for pipes passing through concrete and masonry walls and concrete floor and 
roof slabs. 

O.  Install sleeves for pipes passing through concrete and masonry walls, gypsum-board partitions, 
and concrete floor and roof slabs. 
1. Cut sleeves to length for mounting flush with both surfaces. 

a. Exception:  Extend sleeves installed in floors 2 inches above finished floor level.  
Extend cast-iron sleeve fittings below floor slab as required to secure clamping ring 
if ring is specified. 

2. Install sleeves in new walls and slabs as new walls and slabs are constructed. 
3. Install sleeves that are two pipe sizes larger than pipe or pipe insulation.  

a. Galvanized Steel Pipe Sleeves:  For pipes penetrating floors, walls and roofs 
except where noted through membrane waterproofing. 

b. Galvanized steel sheet sleeves:  For pipes penetrating gypsum-board partitions. 
c. Stack Sleeve Fittings:  For pipes penetrating floors with membrane waterproofing.  

Secure flashing between clamping flanges.  Install section of cast-iron soil pipe to 
extend sleeve to 2 inches above finished floor level.  Refer to Division 07 Section 
"Sheet Metal Flashing and Trim" for flashing.  Seal space outside of sleeve fittings 
with grout. 

d. Provide galvanized steel sheet sleeves for interior stud partitions. 
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e. Provide galvanized steel wall sleeves with sleeve seal system for walls below 
grade and concrete slabs on grade.  Select sleeve size to allow one-inch annular 
clear space between piping and sleeve for installing sleeve seal system.  Select 
type, size and number of sealing elements required for piping material and size for 
sleeve ID or hole size.  Position piping in center of sleeve.  Center piping in 
penetration, assemble sleeve system components and install in annular space 
between piping and sleeve.  Tighten bolts against pressure plates that cause 
sealing elements to expand and make a water-tight seal. 

4. Except for underground wall penetrations, seal annular space between sleeve and pipe 
or pipe insulation, using joint sealants appropriate for size, depth, and location of joint.  
Refer to Division 07 Section "Joint Sealants" for materials and installation. 

P.  Aboveground, Exterior-Wall Pipe Penetrations:  Seal penetrations using sleeves and 
mechanical sleeve seals.  Select sleeve size two pipe sizes larger than pipe and sleeve for 
installing mechanical sleeve seals. 

Q.  Fire-Barrier Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors at 
pipe penetrations.  Seal pipe penetrations with firestop materials.  Refer to Division 07 Section 
"Firestopping" for materials. 

R. Verify final equipment locations for roughing-in. 

S. Refer to equipment specifications in other Sections of these Specifications for roughing-in 
requirements. 

3.2 PIPING JOINT CONSTRUCTION 

A.  Join pipe and fittings according to the following requirements and Division 23 Sections 
specifying piping systems. 

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

C.  Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before 
assembly. 

D.  Soldered Joints:  Apply ASTM B 813, water-flushable flux, unless otherwise indicated, to tube 
end.  Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook," using lead-
free solder alloy complying with ASTM B 32. 

E.  Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube" 
Chapter, using copper-phosphorus brazing filler metal complying with AWS A5.8. 

F.  Threaded Joints:  Thread pipe with tapered pipe threads according to ASME B1.20.1.  Cut 
threads full and clean using sharp dies.  Ream threaded pipe ends to remove burrs and restore 
full ID.  Join pipe fittings and valves as follows: 
1. Apply appropriate tape or thread compound to external pipe threads unless dry seal 

threading is specified. 
2. Damaged Threads:  Do not use pipe or pipe fittings with threads that are corroded or 

damaged.  Do not use pipe sections that have cracked or open welds. 
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G.  Welded Joints:  Construct joints according to AWS D10.12, using qualified processes and 
welding operators according to Part 1 "Quality Assurance" Article. 

H. Flanged Joints:  Select appropriate gasket material, size, type, and thickness for service 
application.  Install gasket concentrically positioned.  Use suitable lubricants on bolt threads. 

3.3 PIPING CONNECTIONS 

A. Make connections according to the following, unless otherwise indicated: 
1. Install unions, in piping NPS 2 and smaller, adjacent to each valve and at final connection 

to each piece of equipment. 
2. Install flanges, in piping NPS 2-1/2 and larger, adjacent to flanged valves and at final 

connection to each piece of equipment. 
3. Dry Piping Systems:  Install dielectric unions and flanges to connect piping materials of 

dissimilar metals. 
4. Wet Piping Systems:  Install dielectric coupling and nipple fittings to connect piping 

materials of dissimilar metals. 

3.4 EQUIPMENT INSTALLATION - COMMON REQUIREMENTS 

A. Install equipment to allow maximum possible headroom unless specific mounting heights are 
not indicated. 

B. Install equipment level and plumb, parallel and perpendicular to other building systems and 
components in exposed interior spaces, unless otherwise indicated. 

C. Install mechanical equipment to facilitate service, maintenance, and repair or replacement of 
components.  Connect equipment for ease of disconnecting, with minimum interference to other 
installations.  Extend grease fittings to accessible locations. 

D. Install equipment to allow right of way for piping installed at required slope. 

3.5 PAINTING 

A. Painting of mechanical systems, equipment, and components is specified in this Section unless 
otherwise indicated. 

B. Damage and Touchup:  Repair marred and damaged factory-painted finishes with materials and 
procedures to match original factory finish. 

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

D. Clean surfaces prior to application of insulation, adhesives, coatings, paint, or other finishes. 
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E. Provide factory-applied finishes where specified.  Unless otherwise indicated factory-applied 
paints shall be baked enamel with proper pretreatment. 

F. Protect all finishes and restore any finishes damaged as a result of work under Division 23 to 
their original condition. 

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

H. Remove all construction marking and writing from exposed equipment, piping and building 
surfaces.  Do not paint manufacturer's labels or tags. 

I. All exposed piping, equipment, etc. shall be painted.  All finishes shall have a paint grip finish, 
including galvanized ductwork.  Colors shall be selected by the Architect and conform to ANSI 
Standards.  Provide PVC jacketing where exposed piping and equipment is required to have 
PVC jackets. 

J. Submit color of factory-finished equipment for approval prior to ordering.  Color of finishes shall 
be as selected by Architect.  All exposed cabinets for equipment (e.g., fin tube radiation, fan coil 
units, cabinet unit heaters, terminal heating devices, etc.) in finished areas shall be provided 
with custom colors as selected by the Architect. 

3.6 CONCRETE BASES 

A. Concrete Bases:  Anchor equipment to concrete base according to equipment manufacturer's 
written instructions and according to seismic codes at Project. 
1. Construct concrete bases of dimensions indicated, but not less than 4 inches larger in 

both directions than supported unit. 
2. Install dowel rods to connect concrete base to concrete floor.  Unless otherwise 

indicated, install dowel rods on 18-inch centers around the full perimeter of the base. 
3. Install epoxy-coated anchor bolts for supported equipment that extend through concrete 

base, and anchor into structural concrete floor. 
4. Place and secure anchorage devices.  Use supported equipment manufacturer's setting 

drawings, templates, diagrams, instructions, and directions furnished with items to be 
embedded. 

5. Install anchor bolts to elevations required for proper attachment to supported equipment. 
6. Install anchor bolts according to anchor-bolt manufacturer's written instructions. 
7. Use 5000-psi, 28-day compressive-strength concrete and reinforcement as specified in 

Division 03 Section “Miscellaneous Cast-in-Place Concrete." 
8. Housekeeping pads for central plant equipment shall be a minimum of 6-inches thick.  All 

other equipment pads shall be a minimum of 4-inches thick. 
9. Provide wire-mesh or re-bar reinforcement; chamfer exposed edges and corners; and 

finish exposed surfaces smooth. 

3.7 ERECTION OF METAL SUPPORTS AND ANCHORAGES 

A. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation 
to support and anchor plumbing materials and equipment. 

B. Field Welding:  Comply with AWS D1.1. 
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3.8 GROUTING 

A. Mix and install grout for plumbing equipment base bearing surfaces, pump and other equipment 
base plates, and anchors. 

B. Clean surfaces that will come into contact with grout. 

C. Provide forms as required for placement of grout. 

D. Avoid air entrapment during placement of grout. 

E. Place grout, completely filling equipment bases. 

F. Place grout on concrete bases and provide smooth bearing surface for equipment. 

G. Place grout around anchors. 

H. Cure placed grout. 

3.9 SUPPORTS, HANGERS, AND FOUNDATIONS 

A. Provide supports, hangers, braces, attachments and foundations required for the work.  Support 
and set the work in a thoroughly substantial and workmanlike manner without placing strains on 
materials, equipment, or building structure, submit shop drawings for approval.  Coordinate all 
work with the requirements of the structural division. 

B. Supports hangers, braces, and attachments shall be standard manufactured items or fabricated 
structural steel shapes.  All interior hangers shall be galvanized or steel with rust inhibiting paint.  
For uninsulated copper piping/tubing provide copper hanger with wool or felt insert to prevent 
contact of dissimilar metals.  All exterior hangers shall be constructed of galvanized steel or 
stainless steel utilizing stainless steel rods, nuts, washers, bolts, etc. 

C. No support or hanger shall attach to the metal roof deck. 

D. Hangers shall attach at the panel point of the top chord of joist. 

3.10 PROVISIONS FOR ACCESS: 

A. The Contractor shall provide access panels and doors for all concealed equipment, valves, 
strainers, manual, gravity and automatic dampers, filters, controls, control devices, cleanouts, 
fire dampers, smoke dampers, combination fire and smoke dampers, damper operators, traps, 
and other devices requiring maintenance, service, adjustment, balancing or manual operation. 

B. Where access doors are necessary, furnish and install manufactured steel door assemblies 
consisting of hinged door, cylinder with key locks (keyed alike), and frame designed for the 
particular wall or ceiling construction.  Style M access door shall have stainless steel finish.  All 
others shall have paintable finish.  Properly locate each door.  Review all locations with the 
Engineer and Architect in the field before installation.  Door size shall be a minimum of 24" x 
24".  Provide UL approved and "B" labeled 12-Hour Access doors where installed in fire-rated 
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walls or ceilings.  Doors shall be Milcor Metal Access Doors as manufactured by Inland-
Ryerson, Air Balance, Inc., Cesco, Karp Associates, Kees, or approved equal. 
1. Acoustical:      Style AT 
2. Hard Finish Plaster:    Style K  
3. Dry Wall:       Style DW 
4. Masonry     Style M 

C. Where access is by means of lift-out ceiling tiles or panels, mark each ceiling grid using small 
color-coded or numbered tabs.  Provide a chart or index for identification.  Charts shall be 
similar to valve charts specified hereinafter.  Screw markers on ceiling grid. 

D. Access panels, doors, etc., described herein shall be furnished under the section of 
specifications providing the particular service to be turned over to the pertinent trade for 
installation.  Coordinate installation with installing Contractor. 

E. Provide white micarta nameplates with black lettering, the width of the ceiling grid, fastened by 
adhesive indicating the terminal control unit located above the ceiling (e.g., TCU-X). 

3.11 PROTECTION OF WORK: 

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

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

C. Cover or otherwise protect all finishes. 

D. Replace damaged materials, devices, finishes and equipment. 

3.12 OPERATION OF EQUIPMENT: 

A. Clean all systems and equipment prior to initial operation for testing, balancing, or other 
purposes.  Lubricate, adjust, and test all equipment in accordance with manufacturer's 
instructions.  Do not operate equipment unless all proper safety devices or controls are 
operational.  Provide all maintenance and service for equipment that is authorized for operation 
during construction. 

B. Provide the services of the manufacturer's factory-trained servicemen or technicians to start up 
the equipment. 

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

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

E. If the mechanical systems are used at any time without written authorization from the Owner, 
other than for initial factory start-up and/or testing, balancing, and commissioning, all equipment 
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shall be thoroughly cleaned by this Contractor to restore the system and equipment to like-new 
condition. 

3.13 IDENTIFICATIONS, FLOW DIAGRAMS, ELECTRICAL DIAGRAMS AND OPERATING 
INSTRUCTIONS: 

A. Contractor shall submit for approval schematic piping diagrams of each piping system installed 
in the building.  Diagrams shall indicate valve location, service, type (i.e., butterfly, globe, ball, 
etc.) make, model number and the identification number of each valve in the particular system.  
Following approval by all authorities, the diagrams shall be framed, mounted under glass and 
hung in each Mechanical Room.  Contractor shall deliver the electronic file from which the 
diagrams were reproduced to the Owner. 

B. All valves shall be plainly tagged.  Where valves are located above ceilings, mark the ceiling 
grid using a small color-coded or numbered tab.  Screw marker to grid.  

C. All items of equipment, including motor starters, ATC panels, terminal control units, etc., shall 
be furnished with white letters and numbers on black plastic identification plates or aluminum 
letters and numbers on black engraved aluminum identification plates.  Lettering shall be a 
minimum of 1/4" high.  Identification plates shall be securely affixed to each piece of equipment, 
starters, panels, etc. by screws.  Pressure sensitive tape backing is prohibited. 

D. Provide electronic copies of operating and maintenance instructions for all principal items of 
equipment furnished.  This material shall be bound as a volume of the "Record and Information 
Booklet" as hereinafter specified.  Project shall not be considered “Substantially Completed” 
until provided. 

E. All lines (piping and ductwork) installed under this contract shall be stenciled with "direction of 
flow" arrows and with stenciled letters naming each pipe and ductwork and service. Refer to 
Division 23 sections on piping. 

F. Provide at least 40 hours of straight time instruction to the operating personnel.  This instruction 
period shall consist of not less than five (5) 8-hour days.  Time of instruction shall be designated 
by the Owner.  As a minimum, three (3) additional eight (8) hour instruction times shall occur 
during 1) the first cooling season, 2) the first heating season, and 3) the first intermediate 
cooling/heating season.  Additional instruction time for the Automatic Temperature Control 
(ATC) and Energy Management System (EMS) is specified in Section 230900 “Instrumentation 
and Control for HVAC”.  Provide two (2) DVD-recorded copies of all instructional 
periods/demonstrations including Automatic Temperature Control and Energy Management 
System.   

3.14 DEMONSTRATION AND TRAINING VIDEO RECORDINGS 

A. General: Engage a videographer to record demonstration and training video recordings. Record 
each training module separately. 
1. At beginning of each training module, record each chart containing learning objective and 

lesson outline. 

B. Video Recording Format: Provide high-quality color video recordings with menu navigation in 
format acceptable to Engineer.  
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C. Recording: Mount camera on tripod before starting recording, unless otherwise necessary to 
show area of demonstration and training. Display continuous running time. 

D. Narration: Describe scenes on video recording by audio narration by microphone while video 
recording is recorded. Include description of items being viewed. 

E. Transcript: Provide a transcript of the narration. Display images and running time captured from 
videotape opposite the corresponding narration segment. 

3.15 WALL AND FLOOR PENETRATIONS 

A. Provide sleeves for pipes and ducts passing through roofs, floors, ceiling, walls, partitions, air 
handling unit casings, structural members, and other building parts.  Sleeves shall extend 2” 
above finished floor. 

B. Provide escutcheons for sleeved pipes in finished areas. 

C. Piping sleeves: 
1. Galvanized steel pipe, standard weight where pipes are exposed and, roofs and concrete 

and masonry walls.  On exterior walls provide anchor flange welded to perimeter. 
2. Twenty-two (22) gauge galvanized steel where penetrating interior steel stud partitions. 

D. Ductwork sleeves:  20 gauge galvanized steel at masonry walls, rated walls, at wall 
penetrations exposed to view, floors and roof. 

E. Penetrations shall be sealed and caulked airtight for sound and air transfer control.  Voids 
where ducts and pipes penetrate floors or other fire-rated assemblies shall be appropriately 
additionally fire-sealed the full depth with an approved fire sealant (3M or Dow Corning Fire 
Sealant Foam and Caulk).  For piping, provide floor plate. 

F. Where piping extends through exterior walls, provide link-seal water-proof sleeves or 
equivalent. 

G. Provide an onsite mock up for each type of sleeve. Provide/indicate the UL approved assembly 
materials for each type of smoke and fire rated sleeve types. 

3.16 RECORD DRAWINGS 

A. Upon completion of the mechanical installations, the Contractor shall deliver to the Architect one 
complete set of prints of the mechanical contract drawings which shall be legibly marked in red 
pencil to show all changes and departures of the installation as compared with the original 
design.  They shall be suitable for use in preparation of Record Drawings.  Additionally, provide 
one (1) electronic format (color PDF/scanned image) of all record drawings on a DVD. 

B. Contractor shall incorporate all sketches, addendums, value engineering, change orders, etc. 
into the record drawings prior to delivery to the Architect. 
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3.17 GUARANTEE: 

A.  Contractor’s attention is directed to guarantee obligations contained in the GENERAL 
CONDITIONS. 

B.  The above shall not in any way void or abrogate equipment manufacturer's guarantee or 
warranty.  Certificates of guarantee shall be included in the operations and maintenance 
manuals.  The project shall not be considered “substantially completed” until certifications are 
included in the Record and Information Booklets. 

C.  Contractor shall provide two (2) years full factory warranty on parts and labor for all equipment 
from the time of final acceptance of the mechanical systems by the Owner.  Warranty shall 
include 24-hour service.   The guarantee shall not start until final acceptance by the Owner for 
the total completion of the project.  

3.18 LUBRICATION: 

A.  All bearings, motors, and all equipment requiring lubrication shall be provided with accessible 
fittings for same.  Before turning over the equipment to the Owner, the Contractor shall fully 
lubricate each item of equipment, shall provide one year's supply of lubricant for each, and shall 
provide Owner with complete written lubricating instructions, together with diagram locating the 
points requiring lubrication.  Include this information in the Record and Information Booklet.  
Project shall not be considered “Substantially Completed” until instructions are included in the 
Record and Information Booklet. 

B.  In general, all motors and equipment shall be provided with grease-lubricated roller or ball 
bearings with Alemite or equal accessible or extended grease fittings and drain plugs. 

C.  Provide pressure relief fittings at all grease lubrication locations designed to automatically vent 
within the range of 1/4 to 1 psi, automatically reset below this range, or another pressure relief 
range if the preceding differs from the manufacturer’s recommended pressure range. 

3.19 RECORD AND INFORMATION BOOKLET: 

A. The Contractor shall have prepared three (3) copies of the Record and Information Booklet and 
deliver these approved copies of the booklet to the Owner a minimum of three (3) weeks before 
Demonstrations.  The booklet shall be as specified herein.  The booklet must be approved and 
will not be accepted as final until so stamped.  The project shall not be considered “Substantially 
Completed” until approved. 

B. The booklet shall be bound in a three-ring loose-leaf binder similar to "National" No. 3881 with 
the following title lettered on the front:  "Record and Information Booklet (insert name of the 
project)".  No sheets larger than 8-1/2" x 11" shall be used, except sheets that may be neatly 
folded to 8-1/2" x 11" and used as a pull-out. 

C.  Provide the following data in the booklet: 
1. Catalog data on each piece of mechanical equipment furnished. 
2. Maintenance operation and lubrication instructions on each piece of equipment furnished. 
3. Complete catalog data on each piece of heating and air conditioning equipment furnished 

including approved shop drawing. 
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4. Manufacturers’ and Contractors' guarantees. 
5. Chart form indicating time and type of routine maintenance of boilers, ATC System, 

pumps, fans, chemical treatment, etc.  The chart shall also indicate tag number, model 
number of equipment, location and service.  For replacement items such as filters and 
belts, indicate type, size and quantity of the replaceable items. 

6. Provide sales and service representatives’ names and phone numbers of all equipment 
and subcontractors. 

7. Catalog data of all equipment, valves, etc., which shall include wiring diagrams, parts list 
and assembly drawing. 

8. Provide valve chart including valve tag number, valve type, valve model number, valve 
manufacturer, style, service and location, etc. as specified hereinafter. 

9. Copy of the approved balancing report. 
10. Provide operating curves indicating design and balanced conditions for fans and pumps. 
11. ATC systems, including as-built ATC drawings of systems, sequences of operation 

including internal devices and wiring within panels. 
12. Provide an electronic data base of all equipment, including model number, location 

tag/identification label. 
13. Provide copies of all flushing reports. 
14. Provide copies of all start-up reports. 
15. Provide DVD’S of all demonstration and instructional periods. 
16. Provide CD’s/DVD’s of all Coordination Drawings. 
17. Access panel charts with index illustrating the location and purpose of access panels. 
18. Approved Health, Boiler Inspector, and Electrical Certificates. 
19. Start-up reports for equipment. 
20. Water treatment test reports. 
21. Provide and install in locations as directed by Owner, filter charts, including filter type 

size, model number, manufacturer, quantity and size for each filter utilized on the project. 
Filter charts shall be enclosed in a durable polymer based frame with a cover safety 
glass. 

22. Insert color graphic with embedded parameters for ATC system into record and 
information booklet. 

23. Filter charts indicating equipment served, size, and type of filter required. 
24. Documentation of strainer pulling and cleaning. 

D. Submit Record and Information Booklets prior to anticipated date of substantial completion for 
Engineer review and approval. Substantial completion requires that Record and information 
booklets be reviewed and approved. 

E. In addition to three (3) hard copies of the data described in Paragraph C, provide three (3) 
electronic copies in PDF format on DVD(s) of the entire O&M Manual. 

3.20 TESTS, GENERAL:   

A. The entire heating, cooling, condenser water and geothermal system shall be tested 
hydrostatically for a duration of 4 hours before insulation covering is applied and proved tight 
under the following gauge pressures: 
1. Coil Drain Piping         100 psi 
2. Chilled Water Piping        100 psi 
3. Refrigerant Piping         400 psi with Nitrogen 
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B. All testing shall be witnessed by the Owner or Engineer.  The Contractor shall provide a 
minimum of 48-hour notice before testing.  The Contractor shall coordinate with and get 
approval from the Owner. 

3.21 LINTELS: 

A. Under this Section, provide lintels not provided elsewhere which are required for openings for 
the installation of mechanical and plumbing work.  Lintels shall meet the requirements of the 
Architectural and Structural Sections and The Architectural Drawings and Specifications. 

3.22 EQUIPMENT BY OTHERS: 

A. This Contractor shall make all system connections required to equipment furnished and 
installed under other divisions.  Connections shall be complete in all respects to render this 
equipment functional to its fullest intent. 

B. It shall be the responsibility of the supplier of this equipment to furnish complete instructions for 
connections.  Failure to do so will relieve this Contractor of any responsibility for improper 
equipment operation. 

C. Typical equipment refers to, but is not limited to, storage cabinets and all other lab equipment. 

3.23 FASTENERS: 

A. All fasteners located in public space, including classrooms, offices, etc., shall be provided with 
tamper-proof type fasteners. 

3.24 WIRING DIAGRAMS 

A. Obtain and submit wiring diagrams for all equipment provided under this Contract. 

B. Wiring diagrams shall be provided with Shop Drawings, but not limited to, the following: 
1. All equipment. 
2. ATC System. 

C. The Contractor shall submit any additional wiring diagrams as requested by the Engineer. 

D. Provide wiring diagrams for all major mechanical equipment to the Electrical Contractor and the 
ATC Subcontractor for coordination. 

3.25 INSTALLATION AND COORDINATION DRAWINGS 

A. Prepare, submit, and use composite installation and coordination drawings to assure proper 
coordination and installation of work.  Drawings shall include, but not be limited, to the 
following:  Complete Ductwork, Plumbing, Sprinkler and HVAC Piping Drawings showing  



 

 

GAI Project No. 22082  © 2023 Gipe Associates, Inc. 
School of Technology – Chiller Replacement  COMMON WORK RESULTS FOR HVAC 

Issued for Bid Submission –11/02/2023                                                                                     23 05 00 - 27 

 

 

coordination with approved equipment, approved casework drawings, lights, electrical 
equipment and structural. The Mechanical Contractor is responsible for coordinating with all 
trades to ensure systems will fit in the available space.  If conflicts exist after fabrication and/or 
installation of systems prior to preparing a coordinated drawing of the area, the Contractor shall 
remove, re-fabricate, and re-install all such work at their own cost, except for the difference in 
cost, if any, from the originally designed system to the revised design.  If no design changes 
were made, and clarifications were required, it shall be at no expense to the Owner.   

B. Draw plans to a scale not less than 3/8-inch equals one foot.  Include plans, sections, and 
elevations of proposed work, showing all equipment, piping and ductwork in areas involved.  
Fully dimension all work including casework and associated utilities, valve boxes, lighting 
fixtures, conduits, pullboxes, panelboards, and other electrical work, telecommunications 
equipment, walls, doors, ceilings, columns, beams, joists and other architectural and structural 
work.’ 

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

D. All coordination drawings shall be prepared in AutoCadd format and submitted in color.  
Different colors shall be used to determine different building components.  In addition to the 
composite coordination drawings, simultaneously submit individual sheet-metal, piping, and 
sprinkler coordination drawings. 

E. Prepare separate coordinated reflected ceiling plans in 1/8”, 1/4”, or 3/8” scale showing grid 
systems, lighting fixtures, communication system components, TV brackets, sprinkler heads, air 
devices, and all other ceiling-mounted items. 

3.26 FACTORY START-UP 

A. Provide factory authorized start-up service for all mechanical equipment (e.g., variable speed 
drives, boilers, pumps, etc.). 

B. Provide one copy of all start-up reports to the Owner and include a copy in the Record and 
Information Booklet. 

C. The Contractor shall be required to start up all systems in an orderly, organized, and 
coordinated manner to ensure that all systems are functioning as designed.  The Mechanical 
Contractor shall provide a detailed start-up, testing and demonstration plan for all systems in a 
coordinated manner that is documented in writing at least forty-five (45) days prior to start-up.  
Start-up, testing, and demonstration plans shall include detailed point-by-point check list that 
clearly shows that systems are in face functioning as designed.  As a modification to the 
standard AIA definition of substantial completion, the Mechanical Systems are not substantially 
complete until all systems are started, tested, balanced, and O&M Manuals are received by the 
Owner.  Above listed items must be completed in time to allow for system demonstrations to the 
school district’s Personnel with all O&M Manuals in hand at the time of demonstration.  
Contractors will be required to provide system demonstrations and training for the Owners 
Personnel for each system.  At minimum, the Contractors shall provide eight (8) hours of 
demonstration and eight (8) hours of systems operation training for each system prior to the 
Owner’s acceptance of any given system.   
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3.27 MECHANICAL INSTALLATIONS 

A. General:  Sequence, coordinate, and integrate the various elements of mechanical systems, 
materials, and equipment including, but not limited to, the following: 
1. Coordinate mechanical systems, equipment, and materials installation with other building 

components. 
2. Verify all dimensions by field measurements. 
3. Arrange for chases, slots, and openings in other building components during progress of 

construction, to allow for mechanical installations. 
4. Coordinate the installation of required supporting devices and sleeves to be set in 

poured-in-place concrete and other structural components, as they are constructed. 
5. Sequence, coordinate, and integrate installations of mechanical materials and equipment 

for efficient flow of the work.  Give particular attention to large equipment requiring 
positioning prior to closing in the building. 

6. Where mounting heights are not detailed, noted, or dimensioned, install systems, 
materials, and equipment to provide the maximum headroom possible. 

7. Coordinate connection of mechanical systems with exterior underground and overhead 
utilities and services.  Comply with requirements of governing regulations, franchised 
service companies, and controlling agencies.  Provide required connection for each 
service. 

8. Install systems, materials, and equipment to conform with approved submittal data, 
including coordination drawings, to greatest extent possible.  Conform to arrangements 
indicated by the Contract Documents, recognizing that portions of the work are shown 
only in diagrammatic form. 

9. Install systems, materials, and equipment level and plumb, parallel and perpendicular to 
other building systems and components, where installed exposed in finished space. 

10. Install mechanical equipment to facilitate service, maintenance, and repair or 
replacement of equipment components in accordance with manufacturers’ 
recommendations.  Connect equipment for ease of disconnecting, with minimum of 
interference with other installations.  Extend grease fittings to an accessible location. 

11. Install access panels or doors where units are concealed behind finished surfaces. 
12. Install systems, materials, and equipment giving right-of-way priority to systems required 

to be installed at a specified slope. 

3.28 CLEANING OF SYSTEMS: 

A. Thoroughly clean systems after satisfactory completion of pressure tests and before 
permanently connecting fixtures, equipment, traps, strainers, and other accessory items.  Shut-
off valves serving equipment where by-pass valves have been provided shall be closed to the 
equipment and by-pass valves shall be open during flushing.  Blow out and flush piping until 
interiors are free of foreign matter.  Restore valves to their normal operating positions after 
flushing has been completed.  Flushing, chemicals, sterilization, etc., shall comply with EPA 
Regulations and authorities having jurisdiction. 

B. Flush piping in recirculating water systems to remove cutting oil, excess pipe joint compound 
and other foreign materials.  Do not use system pumps until after cleaning and flushing has 
been accomplished to the satisfaction of the Engineer.  Employ chemical cleaners, including a 
non-foaming detergent, not harmful to system components.  After cleaning operation, final 
flushing and refilling, the residual alkalinity shall not exceed 300 parts per million.  Submit a  
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certificate of completion to Engineer stating name of service company that was used.  Project 
shall not be considered “substantially completed” until certificate is incorporated in the “Record 
and Information Booklet”. 

C. Leave strainers and dirt pockets in clean condition. 

D. Clean fans, ductwork, enclosures, registers, grilles, variable speed drives, TC control panels, 
equipment control compartments and diffusers at completion of work. 

E. Pay for labor and materials required to locate and remove obstructions from systems clogged 
with construction refuse after acceptance.  Replace and repair work disturbed during removal of 
obstructions. 

F. Leave systems clean, and in complete running order. 

3.29 STRAINER CLEANING 

A. All equipment strainers must be pulled and cleaned at substantial completion. Document in 
writing and via digital photographs that all strainers shave been pulled and cleaned. 

B. One year after project substantial completion all strainers shall be pulled again and cleaned. 
Document in writing and via digital photographs that all strainers were pulled and clean at the 
one year after project substantial completion date. 

C. Insert documentation that the strainers have been pulled and cleaned in the Record and 
Information Books. 

D. Re-purge hydronic systems of all air after strainers are pulled and cleaned. 

3.30 ACCESS FOR INSPECTION, CLEANING AND MAINTENANCE 

A. Equipment Clearance:  Mechanical and Plumbing equipment shall be installed with sufficient 
working space for inspection and routine maintenance. 

3.31 ERECTION OF WOOD SUPPORTS AND ANCHORAGES 

A. Cut, fit, and place wood grounds, nailers, blocking, and anchorages to support, and anchor 
HVAC materials and equipment. 

B. Select fastener sizes that will not penetrate members if opposite side will be exposed to view or 
will receive finish materials.  Tighten connections between members.  Install fasteners without 
splitting wood members. 

C. Attach to substrates as required to support applied loads. 
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3.32 TRAINING 

A.  Training shall be performed by a factory-certified professional trainer for one (1) day and at a 
minimum shall consist of the following: 
1. Controlling, operating, and navigating programs. 
2. Maintenance, diagnostics, and trouble-shooting. 
3. Service repairs. 

 
 

END OF SECTION 
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SECTION 23 05 13 - COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section includes general requirements for single-phase and polyphase, general-purpose, 
horizontal, small and medium, squirrel-cage induction motors for use on ac power systems up to 
600 V and installed at equipment manufacturer's factory or shipped separately by equipment 
manufacturer for field installation. 

B. Furnish and install control and interlock wiring for the equipment furnished.  In general, power 
wiring and motor starting equipment will be provided under Division 26.  Carefully review the 
contract documents to coordinate the electrical work under Division 23 with the work under 
Division 26.  Where the electrical requirements of the equipment furnished differ from the 
provisions made under Division 26, make the necessary allowances under Division 23.  Where 
no electrical provisions are made under Division 26, include all necessary electrical work under 
Division 23.  All electrical work performed under Division 23 shall conform to the applicable 
requirements of Division 26. 

1.3 COORDINATION 

A. Coordinate features of motors, installed units, and accessory devices to be compatible with the 
following: 
1. Motor controllers. 
2. Torque, speed, and horsepower requirements of the load. 
3. Ratings and characteristics of supply circuit and required control sequence. 
4. Ambient and environmental conditions of installation location. 

PART 2 - PRODUCTS 

2.1 GENERAL MOTOR REQUIREMENTS 

A. Comply with requirements in this Section except when stricter requirements are specified in 
HVAC equipment schedules or Sections. 

B. Comply with NEMA MG 1 unless otherwise indicated. 

C. Comply with IEEE 841 for severe-duty motors. 



 

 

GAI Project No. 22082  © 2023 Gipe Associates, Inc. 
School of Technology – Chiller Replacement  COMMON MOTOR REQUIREMENTS FOR 
Issued for Bid Submission –11/02//2023                                                                        HVAC EQUIPMENT       
                                                                                                                                                     23 05 13 - 2 
 

 

D. Motors sizes are specified with the driven equipment.  Motor starting and control equipment is 
specified either with the motor which is controlled or in an electrical specification section.  The 
Contractor is advised to consult all specification sections to determine responsibility for motors 
and controls. 

E. Motors shall be suitable for use under the conditions and with the equipment to which applied, 
and designed for operation on the electrical systems specified or indicated. 

1. Motor capacities shall be such that the horsepower rating and the rated full-load current 
will not be exceeded while operating under the specified operating conditions.  Under no 
condition shall the motor current exceed that indicated on the nameplates. 

2. Motor sizes noted in the individual equipment specifications are minimum requirements 
only.  It is the responsibility of the equipment manufacturers and of the Contractor to 
furnish motors, electrical circuits and equipment of ample capacity to operate the 
equipment without overloading, exceeding the rated full-load current, or overheating at 
full-load capacity under the most severe operating service of this equipment.  Motors 
shall have sufficient torque to accelerate the total WR2 of the driven equipment to 
operating speed. Motors shall be continuous duty type and shall operate quietly at all 
speeds and loads. 

3. Motors shall be designed for operation on 60 hertz power service.  Unless otherwise 
specified or shown, motors less than 1/2 horsepower shall be single phase, and motors 
1/2 horsepower and larger shall be 3 phase. 

4. Motors shall be mounted so that the motor can be removed without removing the entire 
driven unit. 

5. Brake horsepower load requirement at specified duty shall not exceed 85% of nameplate 
horsepower times NEMA service factor for motors with 1.0 and 1.15 service factors.  For 
water or refrigerant cooled motors driving compressors and where other limits for certain 
equipment are given, the maximum load percentage shall be 78%, 72%, and 70%, for 
motors with 1.25, 1.35, and 1.4 service factors, respectively. 

6. Unless otherwise indicated, indoor motors shall be open drip-proof with 1.15 service 
factors and outdoor motors shall be totally enclosed fan-cooled with 1.15 or 1.0 service 
factor. 

 
D. Single phase motors, smaller than 1/20 horsepower shall be "life-time" ball or sleeve bearing; 

open, 120 volts, permanent-split capacitor or shaded pole type, minimum efficiency of 70% with 
a minimum full load power factor of 77%.   

 
E. Single phase motors 1/20 horsepower and larger, but less than 1/2 horsepower shall be "life-

time" ball bearing; for outdoor service with Class A or B insulation, as standard with the motor 
manufacturer; capacitor start-induction run, permanent split capacitor, or repulsion start-
induction run type with minimum efficiency of 70% and a minimum full load power factor of 
77%. 

 
F. Three Phase Motors: 

1. Except as otherwise specified in the various specification sections, 3 phase motors 1/2 
horsepower and larger shall be NEMA Design B squirrel cage induction type meeting the 
requirements of this paragraph.  Insulation shall be Class B or F, as standard with the 
motor manufacturer; at 40°C ambient temperature.  Motors specified for operation at 480, 
240, and 208 volts shall be nameplated 460, 230, 200 volts respectively.  All motors shall 
be of the premium efficiency type.  Efficiencies at full load for three phase motors shall be 
not less than the values listed below: 
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Motor Nameplate 

 
Minimum Efficiency at Nominal 
Speed and Rated Load -- 230/460 
Volts at 1750 RPM 

 
.74 kW (1 HP) and above to 

 
85.5% 

 
1-1 kW (1-1/2 HP) 

 
85.5% 

 
1.5 Kw (2 HP) 

 
86.5% 

 
2.2 Kw (3 HP) 

 
88.5% 

 
3.7 kW (5 HP) 

 
89.5% 

 
5.6 kW (7-1/2 HP) 

 
91.0% 

 
7.5 kW (10 HP) 

 
91.7% 

 
2. Three phase motors 1/2 HP or greater shall be the Premium Efficiency type as 

manufactured by Reliance Electric Company, Baldor Motor and Drives, General Electric, 
Lincoln, Gould, Magnetec, Toshiba, Marathon, Siemens, U.S. Electric, Leeson Electric 
Corporation, ABB, or approved equal.  For motors serving equipment being controlled by 
a variable speed drive, motor shall be inverter-duty-rated and shall be provided with a 
shaft grounding ring, Aegis or as approved equal. 
 

3. Minimum full load power factor before power factor correction of horizontal and vertical 
shaft motors as follows: 

 

 
1/2 HP 

 
(3600 & 1800 RPM) - 70% 

 
3/4 HP 

 
(3600 & 1800 RPM) - 70% 

 
1, 1-1/2 & 2 HP 

 
(3600 & 1800 RPM) - 79% 

 
3 HP to 250 HP 

 
(3600 & 1800 RPM) - 85% 

 
G. All motors shall be controlled by a hand-off-automatic switch. Control of each motor shall be 

manual or automatic as specified for each in the various mechanical sections.  In general, and 
unless otherwise specified for a particular item in the various mechanical sections of the 
specifications, motor starters and controls shall be specified and provided under the various 
electrical sections of these specifications. 

 
H. All refrigeration equipment shall be provided with phase loss protection. 
 
I. All 3 phase motors, including variable speed drives, shall be provided with auto-reset phase 

protection. Provide ICM-450 under voltage, over voltage, loss of phase, phase reversal 
protection with time delay and auto-reset. Phase protector shall be furnished and installed 
under this Division. Coordinate requirements with Division 26. 
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2.2 MOTOR CHARACTERISTICS 

A. Duty:  Continuous duty at ambient temperature of 40 deg C and at altitude of 3300 feet 
(1000 m) above sea level. 

B. Capacity and Torque Characteristics:  Sufficient to start, accelerate, and operate connected 
loads at designated speeds, at installed altitude and environment, with indicated operating 
sequence, and without exceeding nameplate ratings or considering service factor. 

2.3 POLYPHASE MOTORS 

A. Description:  NEMA MG 1, Design B, medium induction motor. 

B. Efficiency:  Premium efficient, as defined in NEMA MG 1. 

C. Service Factor:  1.15. 

D. Multispeed Motors:  Variable torque. 
1. For motors with 2:1 speed ratio, consequent pole, single winding. 
2. For motors with other than 2:1 speed ratio, separate winding for each speed. 

E. Multispeed Motors:  Separate winding for each speed. 

F. Rotor:  Random-wound, squirrel cage. 

G. Bearings:  Regreasable, shielded, antifriction ball bearings suitable for radial and thrust loading. 

H. Temperature Rise:  Match insulation rating. 

I. Insulation:  Class F. 

J. Code Letter Designation: 
1. Motors 15 HP and Larger:  NEMA starting Code F or Code G. 
2. Motors Smaller than 15 HP:  Manufacturer's standard starting characteristic. 

K. Enclosure Material:  Cast iron for motor frame sizes 324T and larger; rolled steel for motor 
frame sizes smaller than 324T. 

2.4 POLYPHASE MOTORS WITH ADDITIONAL REQUIREMENTS 

A. Motors Used with Reduced-Voltage and Multispeed Controllers:  Match wiring connection 
requirements for controller with required motor leads.  Provide terminals in motor terminal box, 
suited to control method. 

B. Motors Used with Variable Frequency Controllers:  Ratings, characteristics, and features 
coordinated with and approved by controller manufacturer. 
1. Windings:  Copper magnet wire with moisture-resistant insulation varnish, designed and 

tested to resist transient spikes, high frequencies, and short time rise pulses produced by 
pulse-width modulated inverters. 
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2. Premium-Efficient Motors:  Class B temperature rise; Class F insulation. 
3. Inverter-Duty Motors:  Class F temperature rise; Class H insulation. 
4. Thermal Protection:  Comply with NEMA MG 1 requirements for thermally protected 

motors. 

C. Severe-Duty Motors:  Comply with IEEE 841, with 1.15 minimum service factor. 

2.5 SINGLE-PHASE MOTORS 

A. Motors larger than 1/20 hp shall be one of the following, to suit starting torque and requirements 
of specific motor application: 
1. Permanent-split capacitor. 
2. Split phase. 
3. Capacitor start, inductor run. 
4. Capacitor start, capacitor run. 

B. Multispeed Motors:  Variable-torque, permanent-split-capacitor type. 

C. Bearings:  Prelubricated, antifriction ball bearings or sleeve bearings suitable for radial and 
thrust loading. 

D. Motors 1/20 HP and Smaller:  Shaded-pole type. 

E. Thermal Protection:  Internal protection to automatically open power supply circuit to motor 
when winding temperature exceeds a safe value calibrated to temperature rating of motor 
insulation.  Thermal-protection device shall automatically reset when motor temperature returns 
to normal range. 

2.6 CAPACITORS 
 

A. Capacitors for power factor correction shall be provided for motors indicated on the electrical 
drawings and on all motors 5 HP and above.  Submit capacitors with equipment which the 
capacitor is to be connected to.  Capacitors shall be connected at the motor terminals and raise 
the motor power factor to a minimum of 90%.  Capacitors shall be sized by motor manufacturer.  
Capacitors shall have integral fusing and indicating lights on all phases to give visible indication 
that a fuse has blown. 

 
B. Capacitors shall not use Polychlorinated Biphenyl's (PCB) or mineral oil as a cooling medium.  

All capacitors shall have NEMA 1 enclosures for indoor mounting and NEMA 4X enclosures for 
exterior mounting. 

 
C. Coordinate wiring connections to capacitors and motors with the electrical contractor. 
 
D. Do not provide capacitors for motors utilizing variable speed drives. 

 
2.7 VARIABLE FREQUENCY DRIVE MOTOR BEARING PROTECTIVE RINGS: 
 

A. For all motors driven by a variable frequency PWM drive include a maintenance free, 
circumferential, conductive micro fiber shaft grounding ring to discharge shaft currents. 
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Grounding rings shall be manufactured by AEGIS SGR or approved equal. 
 
B. Furnish units with one (1) year warranty. 
 
C. Size and select Bearing Protective Rings per the manufacturer requirements based on the 

motor size, shaft diameter, and shaft shoulder length. For motors with slingers furnish and 
install NEMA /IEC kit as required. 

 
D. Furnish and apply Colloidal silver shaft coating to all shafts with Bearing Protective Rings to 

improve shaft voltage discharge capability. 

PART 3 - EXECUTION (Not Applicable) 

END OF SECTION 
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SECTION 23 05 19 - METERS AND GAUGES FOR HVAC PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 
1. Liquid-in-glass thermometers. 
2. Thermowells. 
3. Dial-type pressure gauges. 
4. Gauge attachments. 
5. Test plugs. 
6. Test-plug kits. 
7. Sight flow indicators. 
8. Venturi flow meters. 
9. Thermal Energy Meters. 

1.3 SUBMITTALS 

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

B. Wiring Diagrams:  For power, signal, and control wiring. 

C. Product Certificates:  For each type of meter and gauge, from manufacturer. 

D. Operation and Maintenance Data:  For meters and gauges to include in operation and 
maintenance manuals. 

PART 2 - PRODUCTS 

2.1 LIQUID-IN-GLASS THERMOMETERS 

A. Metal-Case, Industrial-Style, Liquid-in-Glass Thermometers: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide H.O. Trerice 

Model BX9 Industrial thermometer or comparable product by one of the following: 

a. Ashcroft, Inc. 
b. Trerice, H. O. Co. 
c. Weiss Instruments, Inc. 
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2. Standard:  ASME B40.200. 
3. Case:  Cast aluminum; 9-inch nominal size unless otherwise indicated. 
4. Case Form:  Back angle unless otherwise indicated. 
5. Tube:  Glass with magnifying lens and blue or red organic liquid. 
6. Tube Background:  Nonreflective aluminum with permanently etched scale markings 

graduated in deg F. 
7. Window:  Glass. 
8. Stem:  Brass adjustable angle, brass stem and of length to suit installation. 

a. Design for Air-Duct Installation:  With ventilated shroud. 
b. Design for Thermowell Installation:  Bare stem. 

9. Connector:  1-1/4 inches, with ASME B1.1 screw threads. 
10. Accuracy:  Plus or minus 1 percent of scale range or one scale division, to a maximum of 

1.5 percent of scale range. 

2.2 THERMOWELLS 

A. Thermowells: 

1. Standard:  ASME B40.200. 
2. Description:  Pressure-tight, socket-type fitting made for insertion into piping tee fitting. 
3. Material for Use with Copper Tubing:  Brass. 
4. Material for Use with Steel Piping:  Brass. 
5. Type:  Stepped shank unless straight or tapered shank is indicated. 
6. External Threads:  NPS 1/2, NPS 3/4, or NPS 1, ASME B1.20.1 pipe threads. 
7. Internal Threads:  1/2, 3/4, and 1 inch, with ASME B1.1 screw threads. 
8. Bore:  Diameter required to match thermometer bulb or stem. 
9. Insertion Length:  Length required to match thermometer bulb or stem. 
10. Lagging Extension:  Include on thermowells for insulated piping and tubing. 
11. Bushings:  For converting size of thermowell's internal screw thread to size of 

thermometer connection. 

B. Heat-Transfer Medium:  Mixture of graphite and glycerin. 

C. Where wells are installed in pipe tees at turns, increase pipe size so that well does not restrict 
flow. 

2.3 PRESSURE GAUGES 

A. Direct-Mounted, Metal-Case, Dial-Type Pressure Gauges: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide Trerice, 

Model 600C, or comparable product by one of the following: 
a. Ashcroft Inc. 
b. Ernst Flow Industries. 
c. Noshok. 
d. Weiss Instruments, Inc. 

2. Standard:  ASME B40.100. 
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3. Case:  Liquid-filled, sealed, type(s); cast aluminum or drawn steel; 4-1/2-inch nominal 
diameter. 

4. Pressure-Element Assembly:  Bourdon tube unless otherwise indicated. 
5. Pressure Connection:  Brass, with NPS 1/4 or NPS 1/2, ASME B1.20.1 pipe threads and 

bottom-outlet type unless back-outlet type is indicated. 
6. Movement:  Mechanical, with link to pressure element and connection to pointer. 
7. Dial:  Nonreflective aluminum with permanently etched scale markings graduated in psi. 
8. Pointer:  Dark-colored metal. 
9. Window:  Glass. 
10. Ring:  Stainless steel. 
11. Accuracy:  Grade A, plus or minus 1 percent of middle half of scale range. 

B. Remote-Mounted, Metal-Case, Dial-Type Pressure Gauges: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide Trerice 

Industrial, or comparable product by one of the following: 
a. Ashcroft Inc. 
b. Ernst Flow Industries. 
c. Noshok. 
d. Weiss Instruments, Inc. 

2. Standard:  ASME B40.100. 
3. Case:  Liquid-filled type; cast aluminum or drawn steel, 4-1/2-inch, nominal diameter with 

back flange and holes for panel mounting. 
4. Pressure-Element Assembly:  Bourdon tube unless otherwise indicated. 
5. Pressure Connection:  Brass, with NPS 1/4 or NPS 1/2, ASME B1.20.1 pipe threads and 

bottom-outlet type unless back-outlet type is indicated. 
6. Movement:  Mechanical, with link to pressure element and connection to pointer. 
7. Dial:  Nonreflective aluminum with permanently etched scale markings graduated in psi. 
8. Pointer:  Dark-colored metal. 
9. Window:  Glass. 
10. Ring:  Stainless steel. 
11. Accuracy:  Grade A, plus or minus 1 percent of middle half of scale range. 

2.4 GAUGE ATTACHMENTS 

A. Snubbers:  ASME B40.100, brass; with NPS 1/4 or NPS 1/2, ASME B1.20.1 pipe threads and 
porous-metal-type surge-dampening device.  Include extension for use on insulated piping. 

B. Valves: Brass ball valve with stainless steel ball and trim, with NPS 1/4 or NPS 1/2, 
ASME B1.20.1 pipe threads. 

2.5 TEST PLUGS 

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

1. Flow Design, Inc. 
2. Nutech. 
3. Griswold. 
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4. Peterson Equipment Co., Inc. 
5. Sisco Manufacturing Company, Inc. 
6. Trerice, H. O. Co. 
7. Watts Regulator Co.; a div. of Watts Water Technologies, Inc. 
8. Weiss Instruments, Inc. 
9. Nexus. 

B. Description:  Test-station fitting made for insertion into piping tee fitting. 

C. Body:  Brass or stainless steel with core inserts and gasketed and threaded cap.  Include 
extended stem on units to be installed in insulated piping. 

D. Thread Size:  NPS 1/4 or NPS 1/2, ASME B1.20.1 pipe thread. 

E. Minimum Pressure and Temperature Rating:  300 psig at 250 deg F. 

F. Core Inserts:  EPDM self-sealing rubber. 

2.6 TEST-PLUG KITS 

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

1. Flow Design, Inc. 
2. Nutech. 
3. Griswold. 
4. Peterson Equipment Co., Inc. 
5. Sisco Manufacturing Company, Inc. 
6. Trerice, H. O. Co. 
7. Watts Regulator Co.; a div. of Watts Water Technologies, Inc. 
8. Weiss Instruments, Inc. 
9. Nexus. 

B. Furnish one test-plug kit(s) containing two thermometer(s), one pressure gauge and adapter, 
and carrying case.  Thermometer sensing elements, pressure gauge, and adapter probes shall 
be of diameter to fit test plugs and of length to project into piping. 

C. Low-Range Thermometer:  Small, bimetallic insertion type with 1- to 2-inch diameter dial and 
tapered-end sensing element.  Dial range shall be at least 25 to 125 deg F. 

D. High-Range Thermometer:  Small, bimetallic insertion type with 1- to 2-inch diameter dial and 
tapered-end sensing element.  Dial range shall be at least 0 to 220 deg F. 

E. Pressure Gauge:  Small, Bourdon-tube insertion type with 2- to 3-inch diameter dial and probe.  
Dial range shall be at least 0 to 200 psig. 

F. Carrying Case:  Metal or plastic, with formed instrument padding. 
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2.7 SIGHT FLOW INDICATORS 

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

1. Archon Industries, Inc. 
2. Dwyer Instruments, Inc. 
3. Emerson Process Management; Brooks Instrument. 
4. Ernst Co., John C., Inc. 
5. Ernst Flow Industries. 
6. KOBOLD Instruments, Inc. - USA; KOBOLD Messring GmbH. 
7. OPW Engineered Systems; a Dover company. 
8. Penberthy; A Brand of Tyco Valves & Controls - Prophetstown. 

B. Description:  Piping inline-installation device for visual verification of flow. 

C. Construction:  Bronze or stainless-steel body, with sight glass and ball, flapper, or paddle wheel 
indicator, and threaded or flanged ends. 

D. Minimum Pressure Rating:  125 psig. 

E. Minimum Temperature Rating:  200 deg F. 

F. End Connections for NPS 2 and Smaller:  Threaded. 

G. End Connections for NPS 2-1/2 and Larger:  Flanged. 

2.8 FLOW METERS 

A. Venturi Flow Meters: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide Preso 

Meters or comparable product by one of the following: 

a. ABB; Instrumentation and Analytical. 
b. Gerand Engineering Co. 
c. Hyspan Precision Products, Inc. 
d. S. A. Armstrong Limited; Armstrong Pumps Inc. 

2. Description:  Flowmeter with calibrated flow-measuring element, hoses or tubing, fittings, 
valves, indicator, and conversion chart. 

3. Flow Range:  Sensor and indicator shall cover operating range of equipment or system 
served. 

4. Sensor:  Venturi-type, calibrated, flow-measuring element; for installation in piping. 

a. Design:  Differential-pressure-type measurement for water. 
b. Construction:  Bronze, brass, or factory-primed steel, with brass fittings and 

attached tag with flow conversion data. 
c. Minimum Pressure Rating:  250 psig. 
d. Minimum Temperature Rating:  250 deg F. 
e. End Connections for NPS 2 and Smaller:  Threaded. 
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f. End Connections for NPS 2-1/2 and Larger:  Flanged or welded. 
g. Flow Range:  Flow-measuring element and flowmeter shall cover operating range 

of equipment or system served. 

5. Permanent Indicators:  Meter suitable for wall or bracket mounting, calibrated for 
connected flowmeter element, and having 6-inch diameter, or equivalent, dial with fittings 
and copper tubing for connecting to flowmeter element. 

a. Scale:  Gallons per minute. 
b. Accuracy:  Plus or minus 1 percent between 20 and 80 percent of scale range. 

6. Portable Indicators:  Hand-held, differential-pressure type, calibrated for connected 
flowmeter element and having two 12-foot hoses, with carrying case. 

a. Scale:  Gallons per minute. 
b. Accuracy:  Plus or minus 2 percent between 20 and 80 percent of scale range. 

7. Display:  Shows rate of flow. 
8. Conversion Chart:  Flow rate data compatible with sensor. 
9. Operating Instructions:  Include complete instructions with each flowmeter. 

2.9 THERMAL-ENERGY METERS: 

A. In-Line Electromagnetic, Thermal-Energy Meters: 

B. Basis-of-Design Product:  Subject to compliance with requirements, provide Onicon F-3200 with 
System 10 BTU Meter. 

C. Description:  System with flow sensor, temperature sensors, transmitter, indicator, and 
connecting wiring. 

D. Flow Sensor:  Electromagnetic with ANSI Class 150 flange, corrosion-resistant-painted steel 
body, PTFE liner, 304 stainless steel flow tube, and transmitter; for installing in piping. 

E. Design:  0.2% accuracy of reading from 3.3 to 33fps; 0.75% of reading from 1 to 3.3 fps and 
0.0075% of readings less than 1 fps. 

F. Minimum Pressure Rating:  150 psig. 

G. Minimum Temperature Range:  32 to 200 deg F. 

H. Temperature Sensors:  Insertion-type transducer. 

I. Indicator:  Solid-state, integrating-type meter with integral battery pack; for wall mounting. 

J. Data Output:  Six-digit electromechanical counter with readout in kilowatts per hour or British 
thermal units (joules) and flow rate (gpm). 

K. Battery Pack:  Five-year lithium battery. 
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L. Accuracy:  Plus or minus 2 percent of rate over an extended 50:1 turndown range. 

M. Display:  Visually indicates total fluid volume in gallons and thermal-energy flow in British 
thermal units. 

N. Strainer:  Full size of main line piping. 

O. Operating Instructions:  Include complete instructions with each thermal-energy meter system. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install thermowells with socket extending to center of pipe and in vertical position in piping tees. 

B. Install thermowells of sizes required to match thermometer connectors.  Include bushings if 
required to match sizes. 

C. Install thermowells with extension on insulated piping. 

D. Fill thermowells with heat-transfer medium. 

E. Install direct-mounted thermometers in thermowells and adjust vertical and tilted positions. 

F. Install remote-mounted thermometer bulbs in thermowells and install cases on panels; connect 
cases with tubing and support tubing to prevent kinks.  Use minimum tubing length. 

G. Install direct-mounted pressure gauges in piping tees with pressure gauge located on pipe at 
the most readable position. 

H. Install remote-mounted pressure gauges on panel. 

I. Install valve and snubber in piping for each pressure gauge for fluids (except steam). 

J. Install test plugs in piping tees. 

K. Install flow indicators in piping systems in accessible positions for easy viewing. 

L. Assemble and install connections, tubing, and accessories between flow-measuring elements 
and flow meters according to manufacturer's written instructions. 

M. Install flowmeter elements in accessible positions in piping systems. 

N. Install wafer-orifice flowmeter elements between pipe flanges. 

O. Install differential-pressure-type flowmeter elements, with at least minimum straight lengths of 
pipe, upstream and downstream from element according to manufacturer's written instructions. 

P. Install permanent indicators on walls or brackets in accessible and readable positions. 
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Q. Install connection fittings in accessible locations for attachment to portable indicators. 

R. Mount thermal-energy meters on wall if accessible; if not, provide brackets to support meters. 

S. Install thermometers in the following locations: 

 
1. Two inlets and two outlets of each hydronic pump. 
2. Inlet and outlet of each hydronic boiler. 
3. Where indicated on the Drawings. 

T. Install pressure gauges in the following locations: 

1. Discharge of each pressure-reducing valve. 
2. Suction and discharge of each pump. 
3. Where indicated on the Drawings. 

3.2 CONNECTIONS 

A. Install meters and gauges adjacent to machines and equipment to allow service and 
maintenance of meters, gauges, machines, and equipment. 

B. Connect flowmeter-system elements to meters. 

C. Connect flowmeter transmitters to meters. 

D. Connect thermal-energy meter transmitters to meters. 

3.3 ADJUSTING 

A. After installation, calibrate meters according to manufacturer's written instructions. 

B. Adjust faces of meters and gauges to proper angle for best visibility. 

3.4 THERMOMETER SCHEDULE 

A. Thermometers at inlet and outlet of the split air-cooled chiller condenser and evaporator shall be 
the following: 
1. Industrial-style, liquid-in-glass type. 

B. Thermometers at inlets and outlets of each hydronic pump shall be the following: 
1. Industrial-style, liquid-in-glass type. 

C. Thermometer stems shall be of length to match thermowell insertion length. 

D. Provide thermometers and test plugs where indicated on the drawings. 
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3.5 THERMOMETER SCALE-RANGE SCHEDULE 

A. Scale Range for Chilled Water Piping:  0 to 100 deg F. 

3.6 PRESSURE-GAUGE SCHEDULE 

A. Pressure gauges at discharge of each pressure-reducing valve shall be the following: 

1. Liquid-filled open-front, pressure-relief or Solid-front, pressure-relief, direct-mounted, 
metal case. 

B. Pressure gauges at suction and discharge of each pump shall be the following: 

1. Liquid-filled direct-mounted, metal case. 

3.7 PRESSURE-GAUGE SCALE-RANGE SCHEDULE 

A. Scale Range for Chilled Water Piping:  0 to 100 psi (0 to 700 kPa). 

3.8 FLOWMETER SCHEDULE 

A. Flow meters for Chilled Water Piping:  Venturi type. 

3.9 THERMAL ENERGY METER SCHEDULE:  

A. Thermal energy meters for Chilled Water piping: Electromagnetic type. 

B. Flow meters for make-up water piping:  Electromagnetic type. 

 

END OF SECTION  
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SECTION 23 05 23 - GENERAL-DUTY VALVES FOR HVAC PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 
1. Bronze angle valves. 
2. Bronze ball valves. 
3. High-performance butterfly valves. 
4. Bronze swing check valves. 
5. Iron swing check valves. 
6. Bronze globe valves. 
7. Iron globe valves. 
8. Eccentric plug valves. 
9. Chainwheels. 

B. Related Sections: 

1. Division 23 HVAC piping Sections for specialty valves applicable to those Sections only. 
2. Division 23 Section "Identification for HVAC Piping and Equipment" for valve tags and 

schedules. 

1.3 DEFINITIONS 

A. CWP:  Cold working pressure. 

B. EPDM:  Ethylene propylene copolymer rubber. 

C. NBR:  Acrylonitrile-butadiene, Buna-N, or nitrile rubber. 

D. NRS:  Nonrising stem. 

E. OS&Y:  Outside screw and yoke. 

F. RS:  Rising stem. 

1.4 SUBMITTALS 

A. Product Data:  For each type of valve indicated. 
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1.5 QUALITY ASSURANCE 

A. Source Limitations for Valves:  Obtain each type of valve from single source from single 
manufacturer. 

B. ASME Compliance: 
1. ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design criteria. 
2. ASME B31.1 for power piping valves. 
3. ASME B31.9 for building services piping valves. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Prepare valves for shipping as follows: 
1. Protect internal parts against rust and corrosion. 
2. Protect threads, flange faces, grooves, and weld ends. 
3. Set angle, and globe valves closed to prevent rattling. 
4. Set ball valves open to minimize exposure of functional surfaces. 
5. Set butterfly valves closed or slightly open. 
6. Block check valves in either closed or open position. 

B. Use the following precautions during storage: 
1. Maintain valve end protection. 
2. Store valves indoors and maintain at higher than ambient dew point temperature.  If 

outdoor storage is necessary, store valves off the ground in watertight enclosures. 

C. Use sling to handle large valves; rig sling to avoid damage to exposed parts.  Do not use 
handwheels or stems as lifting or rigging points. 

PART 2 - PRODUCTS 

2.1 GENERAL REQUIREMENTS FOR VALVES 

A. Refer to HVAC valve schedule articles for applications of valves. 

B. Valve Pressure and Temperature Ratings:  Not less than indicated and as required for system 
pressures and temperatures. 

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

D. Standard gate, globe, ball, and slot valves shall not be used as balancing valves. 

E. Valve Actuator Types: 
1. Gear Actuator:  For quarter-turn valves NPS 4” and larger. 
2. Handlever:  For quarter-turn valves NPS 3” and smaller. 
3. Wrench:  For plug valves with square heads.  Furnish Owner with one (1) wrench for 

every plug valve. 
4. Chainwheel:  Device for attachment to valve handwheel, stem, or other actuator; of size 

and with chain for mounting height, as indicated in the "Valve Installation" Article. 
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F. Valves in Insulated Piping:  With 2-inch stem extensions and the following features: 
1. Ball Valves:  With extended operating handle of non-thermal-conductive material, and 

protective sleeve that allows operation of valve without breaking the vapor seal or 
disturbing insulation. 

2. Butterfly Valves:  With extended neck. 

G. Valve-End Connections: 
1. Flanged:  With flanges according to ASME B16.1 for iron valves. 
2. Threaded:  With threads according to ASME B1.20.1. 
3. Solder Joint:  With sockets according to ASME B16.18. 

H. Valve Bypass and Drain Connections:  MSS SP-45. 

2.2 BRONZE ANGLE VALVES 

A. Class 125, Bronze Angle Valves with Bronze Disc: 
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 
a. Hammond Valve. 
b. Milwaukee Valve Company. 
c. Crane. 
d. Kitz. 
e. Apollo. 
f. Watts. 

2. Description: 
a. Standard:  MSS SP-80, Type 1. 
b. CWP Rating:  200 psig. 
c. Body Material:  ASTM B 62, bronze with integral seat and screw-in bonnet. 
d. Ends:  Threaded. 
e. Stem and Disc:  Bronze. 
f. Packing:  Asbestos free. 
g. Handwheel:  Malleable iron or bronze. 

B. Class 150, Bronze Angle Valves with Bronze Disc: 
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 
a. Crane Co.; Crane Valve Group; Stockham Division. 
b. Kitz Corporation. 
c. Apollo. 
d. Watts. 
e. Milwaulkee. 

2. Description: 
a. Standard:  MSS SP-80, Type 1. 
b. CWP Rating:  300 psig. 
c. Body Material:  ASTM B 62, bronze with integral seat and union-ring bonnet. 
d. Ends:  Threaded. 
e. Stem and Disc:  Bronze. 
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f. Packing:  Asbestos free. 
g. Handwheel:  Malleable iron. 

2.3 BRONZE BALL VALVES 

A. Two-Piece, Bronze Ball Valves with Stainless-Steel Trim: 
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 
a. Conbraco Industries, Inc.; Apollo Valves. 
b. Crane Co.; Crane Valve Group; Crane Valves. 
c. Hammond Valve. 
d. Milwaukee Valve Company. 
e. Jamesbury. 
f. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 

2. Description: 
a. Standard:  MSS SP-110. 
b. SWP Rating:  150 psig. 
c. CWP Rating:  600 psig. 
d. Body Design:  Two piece. 
e. Body Material:  Bronze. 
f. Ends:  Threaded (soldered for copper piping). 
g. Seats:  RPTFE. 
h. Stem:  316 Stainless steel. 
i. Ball:  316 Stainless steel, vented. 
j. Port:  Full port 2” and less; regular port 2-1/2” and larger. 
k. Where used for balancing, provide memory stop and latch lock.  Provide round 

handle where lever handle will not fit. 

2.4 HIGH-PERFORMANCE BUTTERFLY VALVES 

A. Class 150, Single-Flange, High-Performance Butterfly Valves: 
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 
a. Bray Controls; a division of Bray International – Series 41. 
b. DeZurik Water Controls – Series BHP 
c. Jamesbury; a subsidiary of Metso Automation – Series 815L. 
d. Milwaukee Valve Company – Series HP1 LCS. 
e. Keystone Series K-Loc. 

2. Description: 
a. Standard:  MSS SP-68. 
b. CWP Rating:  285 psig at 100 deg F. 
c. Body Design:  Lug type; suitable for bidirectional with bubble tight shut-off for 

dead-end service at rated pressure without use of downstream flange. 
d. Body Material:  Carbon steel. 
e. Seat:  Reinforced PTFE. 
f. Stem:  Blow-out-proof, stainless steel; offset from seat plane. 
g. Disc:  316 Stainless steel, ASTM A 351, Grade CF8m. 
h. Service:  Bidirectional. 
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i. Operator:  Memory stop; three-inches and less -lever styles; four inches and 
greater – gear operator. 

2.5 BRONZE SWING CHECK VALVES 

A. Class 125, Bronze Swing Check Valves with Bronze Disc: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 
a. American Valve, Inc. 
b. Crane Co.; Crane Valve Group; Crane Valves. 
c. Crane Co.; Crane Valve Group; Jenkins Valves. 
d. Crane Co.; Crane Valve Group; Stockham Division. 
e. Hammond Valve. 
f. Milwaukee Valve Company. 
g. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 

2. Description: 
a. Standard:  MSS SP-80, Type 3. 
b. CWP Rating:  200 psig. 
c. Body Design:  Horizontal flow. 
d. Body Material:  ASTM B 62, bronze. 
e. Ends:  Threaded (soldered for copper piping). 
f. Disc:  Bronze. 

2.6 IRON SWING CHECK VALVES 

A. Class 125, Iron Swing Check Valves with Metal Seats: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 
a. Crane Company; Crane Valve Group; Crane Valves. 
b. Crane Company; Crane Valve Group; Jenkins Valves. 
c. Crane Company; Crane Valve Group; Stockham Division. 
d. Milwaukee Valve Company. 
e. Watts Regulator Company; a Division of Watts Water Technologies, Inc. 

2. Description: 
a. Standard:  MSS SP-71, Type I. 
b. NPS 2-1/2 to NPS 12, CWP Rating; 200 psig. 
c. NPS 14 to NPS 24, CWP Rating; 150 psig. 
d. Body Design:  Clear or full waterway. 
e. Body Material:  ASTM A 126, gray iron with bolted bonnet. 
f. Ends:  Flanged. 
g. Trim:  Bronze. 
h. Gasket:   Asbestos free. 
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B. Class 250, Iron Swing Check Valves with Metal Seats: 
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 
a. Crane Co.; Crane Valve Group; Crane Valves. 
b. Crane Co.; Crane Valve Group; Jenkins Valves. 
c. Crane Co.; Crane Valve Group; Stockham Division. 
d. Hammond Valve. 
e. Milwaukee Valve Company. 
f. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 

2. Description: 
a. Standard:  MSS SP-71, Type I. 
b. NPS 2-1/2 to NPS 12, CWP Rating:  500 psig. 
c. NPS 14 to NPS 24, CWP Rating:  300 psig. 
d. Body Design:  Clear or full waterway. 
e. Body Material:  ASTM A 126, gray iron with bolted bonnet. 
f. Ends:  Flanged. 
g. Trim:  Bronze. 
h. Gasket:  Asbestos free. 

2.7 IRON GLOBE VALVES 

A. Class 125, Iron Globe Valves: 
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 
a. Crane Co.; Crane Valve Group; Crane Valves. 
b. Crane Co.; Crane Valve Group; Jenkins Valves. 
c. Crane Co.; Crane Valve Group; Stockham Division. 
d. Hammond Valve. 
e. Milwaukee Valve Company. 
f. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 

2. Description: 

a. Standard:  MSS SP-85, Type I. 
b. CWP Rating:  200 psig. 
c. Body Material:  ASTM A 126, gray iron with bolted bonnet. 
d. Ends:  Flanged. 
e. Trim:  Bronze. 
f. Packing and Gasket:  Asbestos free. 

2.8 ECCENTRIC PLUG (BALANCING) VALVES 

A. 175 CWP, Eccentric Plug Valves with Resilient Seating. 
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 
a. DeZurik Water Controls. 
b. Homestead Valve; a division of Olson Technologies, Inc. 
c. Milliken Valve Company. 
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2. Description: 
a. Standard:  MSS SP-108. 
b. CWP Rating:  175 psig minimum. 
c. Body and Plug:  ASTM A 48/A 48M, gray iron; ASTM A 126, gray iron; or ASTM A 

536, ductile iron. 
d. Bearings:  Permanently lubricated 316 stainless steel. 
e. Ends:  Flanged. 
f. Stem-Seal Packing:  Asbestos free. 
g. Plug, Resilient-Seating Material:  EPDM suitable for potable-water service unless 

otherwise indicated. 

2.9 CHAINWHEELS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 
1. Babbitt Steam Specialty Co. 
2. Roto Hammer Industries. 
3. Trumbull Industries. 

B. Description:  Valve actuation assembly with sprocket rim, brackets, and chain. 
1. Brackets:  Type, number, size, and fasteners required to mount actuator on valve. 
2. Attachment:  For connection to ball, butterfly and globe valve stems. 
3. Sprocket Rim with Chain Guides:  Hot dip galvanized steel, of type and size required for 

valve. 
4. Chain:  Hot-dip, galvanized steel, of size required to fit sprocket rim. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion.  Remove 
special packing materials, such as blocks, used to prevent disc movement during shipping and 
handling. 

B. Operate valves in positions from fully open to fully closed.  Examine guides and seats made 
accessible by such operations. 

C. Examine threads on valve and mating pipe for form and cleanliness. 

D. Examine mating flange faces for conditions that might cause leakage.  Check bolting for proper 
size, length, and material.  Verify that gasket is of proper size, that its material composition is 
suitable for service, and that it is free from defects and damage. 

E. Do not attempt to repair defective valves; replace with new valves. 
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3.2 VALVE INSTALLATION 

A. Install valves with unions or flanges at each piece of equipment arranged to allow service, 
maintenance, and equipment removal without system shutdown. 

B. Locate valves for easy access and provide separate support where necessary. 

C. Install valves in horizontal piping with stem at or above center of pipe. 

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

E. Install check valves for proper direction of flow and as follows: 
1. Swing Check Valves:  In horizontal position with hinge pin level. 

3.3 CHAINWHEELS 

A. For valves 4-inches and larger located 10’-0” or greater above finished floor, valve shall have 
chainwheel operators with chains extending to with 78-inches above the finished floor. 

B. ADJUSTING 

C. Adjust or replace valve packing after piping systems have been tested and put into service but 
before final adjusting and balancing.  Replace valves if persistent leaking occurs. 

3.4 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS 

A. If valve applications are not indicated, use the following: 
1. Shutoff Service:  Ball, butterfly, or plug valves. 
2. Butterfly Valve Dead-End Service:  Single-flange (lug) type. 
3. Throttling Service:  Globe, ball, plug, or butterfly valves. 
4. Pump-Discharge Check Valves: 

a. NPS 2 and Smaller:  Bronze swing check valves with bronze disc. 
b. NPS 2-1/2 and Larger:  Iron swing check valves with lever and weight or with 

spring or iron, center-guided, metal -seat check valves. 
c. Provide "silent" spring loaded check valves at all pump discharges.  Victaulic 

Series 716/W715 or approved equal. 

B. If valves with specified SWP classes or CWP ratings are not available, the same types of valves 
with higher SWP classes or CWP ratings may be substituted. 

C. Select valves, except wafer types, with the following end connections: 
1. For Copper Tubing, NPS 2 and Smaller:  Threaded ends except where solder-joint valve-

end option is indicated in valve schedules below. 
2. For Copper Tubing, NPS 2-1/2 to NPS 4:  Flanged ends except where threaded valve-

end option is indicated in valve schedules below. 
3. For Copper Tubing, NPS 5 and Larger:  Flanged ends. 
4. For Steel Piping, NPS 2 and Smaller:  Threaded ends. 
5. For Steel Piping, NPS 2-1/2 to NPS 4:  Flanged ends except where threaded valve-end 

option is indicated in valve schedules below. 
6. For Steel Piping, NPS 5 and Larger:  Flanged ends. 
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3.5 CHILLED WATER VALVE SCHEDULE 

A. Pipe NPS 2 (DN 50) and Smaller: 
1. Bronze Valves:  May be provided with solder-joint ends instead of threaded ends. 
2. Ball Valves:  Two piece, full port, bronze with stainless-steel trim. 
3. Bronze Swing Check Valves:  Class 150, bronze disc. 
4. Bronze Globe Valves:  Class 125, bronze disc. 

B. Pipe NPS 2-1/2 (DN 65) and Larger: 

1. Iron Valves, NPS 2-1/2 to NPS 4:  Provide with flanged ends. 
2. Bronze Ball Valves, NPS 2-1/2 to NPS 10:  Class 150, regular port, threaded or flanged. 
3. High-Performance Butterfly Valves:  Class 150, single flange. 
4. Iron Swing Check Valves:  Class 125 nonmetallic-to-metal seats. 
5. Iron Globe Valves, NPS 2-1/2 to NPS 12:  Class 125. 
6. Eccentric Plug Valves:  175 CWP, resilient seating. 

 

END OF SECTION 
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SECTION 23 05 29 - HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 
1. Metal pipe hangers and supports. 
2. Metal framing systems. 
3. Thermal-hanger shield inserts. 
4. Fastener systems. 
5. Equipment supports. 

B. Related Sections: 
1. Division 23 Section "Vibration and Seismic Controls for HVAC Piping and Equipment" for 

vibration isolation devices. 

1.3 DEFINITIONS 

A. MSS:  Manufacturers Standardization Society of The Valve and Fittings Industry Inc. 

1.4 PERFORMANCE REQUIREMENTS 

A. Delegated Design:  Design equipment supports, including comprehensive engineering analysis 
by a qualified professional engineer, using performance requirements and design criteria 
indicated. 

B. Structural Performance:  Hangers and supports for HVAC piping and equipment shall withstand 
the effects of gravity loads and stresses within limits and under conditions indicated according 
to ASCE/SEI 7. 
1. Design supports for multiple pipes, including pipe stands, capable of supporting 

combined weight of supported systems, system contents, and test water. 
2. Design equipment supports capable of supporting combined operating weight of 

supported equipment and connected systems and components. 
3. Design seismic-restraint hangers and supports for piping and equipment and obtain 

approval from authorities having jurisdiction. 

1.5 SUBMITTALS 

A. Product Data:  For each type of product indicated. 
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B. Shop Drawings:   Show fabrication and installation details and include calculations for the 
following; include Product Data for components: 
1. Trapeze pipe hangers. 
2. Metal framing systems. 
3. Pipe stands. 
4. Equipment supports. 

C. Welding certificates. 

1.6 QUALITY ASSURANCE 

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

B. Pipe Welding Qualifications:  Qualify procedures and operators according to ASME Boiler and 
Pressure Vessel Code. 

PART 2 - PRODUCTS 

2.1 METAL PIPE HANGERS AND SUPPORTS 

A. Carbon-Steel Pipe Hangers and Supports: 
1. Description:  MSS SP-58, Types 1 through 58, factory-fabricated components. 
2. Galvanized Metallic Coatings:  Pre-galvanized or hot dipped. 
3. Nonmetallic Coatings:  Plastic coating, jacket, or liner. 
4. Padded Hangers:  Hanger with fiberglass or other pipe insulation pad or cushion to 

support bearing surface of piping. 
5. Hanger Rods:  Continuous-thread rod, nuts, and washer made of stainless steel or zinc-

plated carbon steel. 

B. Copper Pipe Hangers: 
1. Description:  MSS SP-58, Types 1 through 58, copper-coated-steel, factory-fabricated 

components.  Provide felt or wool inserts. 
2. Hanger Rods:  Continuous-thread rod, nuts, and washer made of stainless steel or 

copper-coated steel. 

2.2 METAL FRAMING SYSTEMS 

A. MFMA Manufacturer Metal Framing Systems: 
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 
a. Allied Tube & Conduit. 
b. Cooper B-Line, Inc. 
c. Flex-Strut Inc. 
d. GS Metals Corp. 
e. Thomas & Betts Corporation. 
f. Unistrut Corporation; Tyco International, Ltd. 
g. Wesanco, Inc. 
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2. Description:  Shop- or field-fabricated pipe-support assembly for supporting multiple 
parallel pipes. 

3. Standard:  MFMA-4. 
4. Channels:  Continuous slotted steel channel with inturned lips. 
5. Channel Nuts:  Formed or stamped steel nuts or other devices designed to fit into 

channel slot and, when tightened, prevent slipping along channel. 
6. Hanger Rods:  Continuous-thread rod, nuts, and washer made of stainless steel or zinc-

coated stainless steel. 
7. Metallic Coating:  Hot-dipped galvanized. 
8. Paint Coating:  Rust-inhibiting paint. 

B. Non-MFMA Manufacturer Metal Framing Systems: 

1. Manufacturers:  Subject to compliance with requirements, provide products by Anvil 
International, Figure 45 Channel Assembly or comparable product by one of the 
following: 
a. Empire Industries, Inc. 
b. ERICO International Corporation. 
c. Haydon Corporation; H-Strut Division. 
d. PHD Manufacturing, Inc. 
e. PHS Industries, Inc. 

2. Description:  Shop- or field-fabricated pipe-support assembly made of steel channels, 
accessories, fittings, and other components for supporting multiple parallel pipes. 

3. Standard:  Comply with MFMA-4. 
4. Channels:  Continuous steel channel assembly with inturned lips. 
5. Channel Nuts:  Formed or stamped steel nuts or other devices designed to fit into 

channel slot and, when tightened, prevent slipping along channel. 
6. Hanger Rods:  Continuous-thread rod, nuts, and washer made of stainless steel or zinc-

coated carbon steel. 
7. Coating:  Rust-inhibiting paint or galvanized. 

2.3 THERMAL-HANGER SHIELD INSERTS 

A. Manufacturers:  Subject to compliance with requirements, provide products by Anvil 
International, Figure 45 Channel Assembly, or comparable product by one of the following: 
1. Carpenter & Paterson, Inc. 
2. Clement Support Services. 
3. ERICO International Corporation. 
4. National Pipe Hanger Corporation. 
5. PHS Industries, Inc. 
6. Pipe Shields, Inc.; a subsidiary of Piping Technology & Products, Inc. 
7. Rilco Manufacturing Co., Inc. 

B. Insulation-Insert Material for Cold Piping:  ASTM C 552, Type II cellular glass with 100-psig 
minimum compressive strength and vapor barrier. 

C. Insulation-Insert Material for Hot Piping:  Water repellant-treated, ASTM C 533, Type 1, with 
100 psig minimum compressive strength or ASTM C 552, Type II cellular glass with 100-psig 
minimum compressive strength. 

D. For Trapeze or Clamped Systems:  Insert and shield shall cover entire circumference of pipe. 
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E. For Clevis or Band Hangers:  Insert and shield shall cover lower 180 degrees of pipe. 

F. Insert Length:  Extend 2 inches beyond sheet metal shield for piping operating below ambient 
air temperature. 

2.4 FASTENER SYSTEMS 

A. Powder-Actuated Fasteners:  Threaded-steel stud, for use in hardened portland cement 
concrete with pull-out, tension, and shear capacities appropriate for supported loads and 
building materials where used. 

B. Mechanical-Expansion Anchors:  Insert-wedge-type, stainless-steel anchors, for use in 
hardened portland cement concrete; with pull-out, tension, and shear capacities appropriate for 
supported loads and building materials where used. 

2.5 EQUIPMENT SUPPORTS 

A. Description:  Welded, shop- or field-fabricated equipment support made from structural carbon-
steel shapes.  All supports shall be hot-dipped galvanized construction with stainless steel rods, 
fasteners, etc. 

2.6 MISCELLANEOUS MATERIALS 

A. Structural Steel:  ASTM A 36/A 36M, carbon-steel plates, shapes, and bars; black and 
galvanized. 

B. Grout:  ASTM C 1107, factory-mixed and -packaged, dry, hydraulic-cement, non-shrink and 
nonmetallic grout; suitable for interior and exterior applications. 
1. Properties:  Non-staining, noncorrosive, and nongaseous. 
2. Design Mix:  5000-psi, 28-day compressive strength. 

PART 3 - EXECUTION 

3.1 HANGER AND SUPPORT INSTALLATION 

A. Metal Pipe-Hanger Installation:  Comply with MSS SP-69 and MSS SP-89.  Install hangers, 
supports, clamps, and attachments as required to properly support piping from the building 
structure. 

B. Metal Framing System Installation:  Arrange for grouping of parallel runs of piping, and support 
together on field-assembled metal framing systems. 

C. Thermal-Hanger Shield Installation:  Install in pipe hanger or shield for insulated piping. 

D. Fastener System Installation: 
1. Install powder-actuated fasteners for use in lightweight concrete or concrete slabs less 

than 4 inches thick in concrete after concrete is placed and completely cured.  Use 
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operators that are licensed by powder-actuated tool manufacturer.  Install fasteners 
according to powder-actuated tool manufacturer's operating manual. 

2. Install mechanical-expansion anchors in concrete after concrete is placed and completely 
cured.  Install fasteners according to manufacturer's written instructions. 

E. Install hangers and supports complete with necessary attachments, inserts, bolts, rods, nuts, 
washers, and other accessories. 

F. Equipment Support Installation:  Fabricate from welded-structural-steel shapes. 

G. 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. 

H. Install lateral bracing with pipe hangers and supports to prevent swaying. 

I. Install building attachments within concrete slabs or attach to structural steel.  Install additional 
attachments at concentrated loads, including valves, flanges, and strainers, NPS 2-1/2 and 
larger and at changes in direction of piping.  Install concrete inserts before concrete is placed; 
fasten inserts to forms and install reinforcing bars through openings at top of inserts. 

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 to not exceed 
maximum pipe deflections allowed by ASME B31.9 for building services piping. 

L. Insulated Piping: 
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 allowed by ASME B31.9 for building services 
piping. 

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. 
a. Option:  Thermal-hanger shield inserts may be used.  Include steel weight-

distribution plate for pipe NPS 4 and larger if pipe is installed on rollers. 

3. Install MSS SP-58, Type 40, protective shields on cold piping with vapor barrier.  Shields 
shall span an arc of 180 degrees. 
a. Option:  Thermal-hanger shield inserts may be used.  Include steel weight-

distribution plate for pipe NPS 4 and larger if pipe is installed on rollers. 

4. Shield Dimensions for Pipe:  Not less than the following: 
a. NPS 1/4 to NPS 3-1/2:  12 inches long and 0.048 inch thick. 
b. NPS 4:  12 inches long and 0.06 inch thick. 
c. NPS 5 and NPS 6:  18 inches long and 0.06 inch thick. 
d. NPS 8 to NPS 14:  24 inches long and 0.075 inch thick. 
e. NPS 16 to NPS 24:  24 inches long and 0.105 inch thick. 
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5. Pipes NPS 8 and Larger:  Include wood or reinforced calcium-silicate-insulation inserts of 
length at least as long as protective shield. 

6. Thermal-Hanger Shields:  Install with insulation same thickness as piping insulation. 

M. Pipe hangers and supports shall be attached to the panel point at the top chord of bar joist or at 
a location approved by the Structural Engineer.  Do not support all parallel piping from the same 
bar joist (pipe sizes 3-inches and larger) unless approved by the Structural Engineer. 

3.2 EQUIPMENT SUPPORTS 

A. Fabricate structural-steel stands to suspend equipment from structure overhead or to support 
equipment above floor. 

B. Grouting:  Place grout under supports for equipment and make bearing surface smooth. 

C. Provide lateral bracing, to prevent swaying, for equipment supports. 

3.3 METAL FABRICATIONS 

A. Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangers and equipment 
supports. 

B. Fit exposed connections together to form hairline joints.  Field weld connections that cannot be 
shop welded because of shipping size limitations. 

C. Field Welding:  Comply with AWS D1.1/D1.1M 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 so 

contours of welded surfaces match adjacent contours. 

3.4 ADJUSTING 

A. Hanger Adjustments:  Adjust hangers to distribute loads equally on attachments and to achieve 
indicated slope of pipe. 

B. Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches. 

3.5 PAINTING 

A. Touchup:  Clean field welds and abraded areas of shop paint.  Paint exposed areas 
immediately after erecting hangers and supports.  Use same materials as used for shop 
painting.  Comply with SSPC-PA 1 requirements for touching up field-painted surfaces. 
1. Apply paint by brush or spray to provide a minimum dry film thickness of 2.0 mils. 
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B. Touchup:  Cleaning and touchup painting of field welds, bolted connections, and abraded areas 
of shop paint on miscellaneous metal are specified in Division 09 painting Sections. 

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

3.6 HANGER AND SUPPORT SCHEDULE 

A. Specific hanger and support requirements are in Sections specifying piping systems and 
equipment. 

B. Comply with MSS SP-69 for pipe-hanger selections and applications that are not specified in 
piping system Sections. 

C. Use hangers and supports with galvanized metallic coatings for piping and equipment that will 
not have field-applied finish. 

D. Use nonmetallic coatings or inserts on attachments for electrolytic protection where attachments 
are in direct contact with copper tubing. 

E. Use painted or zinc-coated carbon-steel pipe hangers and supports, metal trapeze pipe 
hangers, and metal framing systems and attachments for general interior service applications.  
Use galvanized or stainless steel pipe hangers and supports, trapeze pipe hangers, and framing 
systems and attachments for exterior service applications. 

F. Use copper-plated pipe hangers and copper attachments for copper piping and tubing. 

G. Use padded hangers for piping that is subject to scratching. 

H. Use thermal-hanger shield inserts for insulated piping and tubing. 

I. Horizontal-Piping Hangers and Supports:  Unless otherwise indicated and except as specified in 
piping system 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. 
2. U-Bolts (MSS Type 24):  For support of heavy pipes NPS 1/2 to NPS 30. 
3. Clips (MSS Type 26):  For support of insulated pipes not subject to expansion or 

contraction. 
4. Pipe Saddle Supports (MSS Type 36):  For support of pipes NPS 4 to NPS 36, with steel-

pipe base stanchion support and cast-iron floor flange or carbon-steel plate. 
5. Pipe Stanchion Saddles (MSS Type 37):  For support of pipes NPS 4 to NPS 36, with 

steel-pipe base stanchion support and cast-iron floor flange or carbon-steel plate, and 
with U-bolt to retain pipe. 

6. Adjustable Pipe Saddle Supports (MSS Type 38):  For stanchion-type support for pipes 
NPS 2-1/2 to NPS 36 if vertical adjustment is required, with steel-pipe base stanchion 
support and cast-iron floor flange. 

7. Adjustable Roller Hangers (MSS Type 43):  For suspension of pipes NPS 2-1/2 to 
NPS 24, from single rod if horizontal movement caused by expansion and contraction 
might occur. 

8. Complete Pipe Rolls (MSS Type 44):  For support of pipes NPS 2 to NPS 42 if 
longitudinal movement caused by expansion and contraction might occur but vertical 
adjustment is not necessary. 
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9. Pipe Roll and Plate Units (MSS Type 45):  For support of pipes NPS 2 to NPS 24 if small 
horizontal movement caused by expansion and contraction might occur and vertical 
adjustment is not necessary. 

10. Adjustable Pipe Roll and Base Units (MSS Type 46):  For support of pipes NPS 2 to 
NPS 30 if vertical and lateral adjustment during installation might be required in addition 
to expansion and contraction. 

J. Hanger-Rod Attachments:  Unless otherwise indicated and except as specified in piping system 
Sections, install the following types: 
1. Steel Turnbuckles (MSS Type 13):  For adjustment up to 6 inches for heavy loads. 
2. Steel Clevises (MSS Type 14):  For 120 to 450 deg F piping installations. 
3. Malleable-Iron Sockets (MSS Type 16):  For attaching hanger rods to various types of 

building attachments. 
4. Steel Weldless Eye Nuts (MSS Type 17):  For 120 to 450 deg F piping installations. 

K. Building Attachments:  Unless otherwise indicated and except as specified in piping system 
Sections, install the following types: 
1. Steel or Malleable Concrete Inserts (MSS Type 18):  For upper attachment to suspend 

pipe hangers from concrete ceiling. 
2. Top-Beam C-Clamps (MSS Type 19):  For use under roof installations with bar-joist 

construction, to attach to top flange of structural shape. 
3. Side-Beam or Channel Clamps (MSS Type 20):  For attaching to bottom flange of beams, 

channels, or angles. 
4. Center-Beam Clamps (MSS Type 21):  For attaching to center of bottom flange of beams. 
5. Welded Beam Attachments (MSS Type 22):  For attaching to bottom of beams if loads 

are considerable and rod sizes are large. 
6. C-Clamps (MSS Type 23):  For structural shapes. 
7. Top-Beam Clamps (MSS Type 25):  For top of beams if hanger rod is required tangent to 

flange edge. 
8. Side-Beam Clamps (MSS Type 27):  For bottom of steel I-beams. 
9. Steel-Beam Clamps with Eye Nuts (MSS Type 28):  For attaching to bottom of steel I-

beams for heavy loads. 
10. Linked-Steel Clamps with Eye Nuts (MSS Type 29):  For attaching to bottom of steel I-

beams for heavy loads, with link extensions. 
11. Malleable-Beam Clamps with Extension Pieces (MSS Type 30):  For attaching to 

structural steel. 
12. 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. 
b. Medium (MSS Type 32):  1500 lb. 
c. Heavy (MSS Type 33):  3000 lb. 

13. Side-Beam Brackets (MSS Type 34):  For sides of steel or wooden beams. 
14. Plate Lugs (MSS Type 57):  For attaching to steel beams if flexibility at beam is required. 
15. Horizontal Travelers (MSS Type 58):  For supporting piping systems subject to linear 

horizontal movement where headroom is limited. 

L. Saddles and Shields:  Unless otherwise indicated and except as specified in piping system 
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 in writing by manufacturer to 

prevent crushing insulation. 
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3. Thermal-Hanger Shield Inserts:  For supporting insulated pipe. 

M. Spring Hangers and Supports:  Unless otherwise indicated and except as specified in piping 
system Sections, install the following types: 
1. Restraint-Control Devices (MSS Type 47):  Where indicated to control piping movement. 
2. Spring Sway Braces (MSS Type 50):  To retard sway, shock, vibration, or thermal 

expansion in piping systems. 
3. Variable-Spring Hangers (MSS Type 51):  Preset to indicated load and limit variability 

factor to 25 percent to allow expansion and contraction of piping system from hanger. 
4. Variable-Spring Base Supports (MSS Type 52):  Preset to indicated load and limit 

variability factor to 25 percent to allow expansion and contraction of piping system from 
base support. 

5. Variable-Spring Trapeze Hangers (MSS Type 53):  Preset to indicated load and limit 
variability factor to 25 percent to allow expansion and contraction of piping system from 
trapeze support. 

6. Constant Supports:  For critical piping stress and if necessary to avoid transfer of stress 
from one support to another support, critical terminal, or connected equipment.  Include 
auxiliary stops for erection, hydrostatic test, and load-adjustment capability.  These 
supports include the following types: 
a. Horizontal (MSS Type 54):  Mounted horizontally. 
b. Vertical (MSS Type 55):  Mounted vertically. 
c. Trapeze (MSS Type 56):  Two vertical-type supports and one trapeze member. 

N. Comply with MSS SP-69 for trapeze pipe-hanger selections and applications that are not 
specified in piping system Sections. 

O. Comply with MFMA-103 for metal framing system selections and applications that are not 
specified in piping system Sections. 

P. Use powder-actuated fasteners instead of building attachments where required in concrete 
construction. 

Q. Regardless of spacing, hangers shall be provided at all changes in direction, both vertical and 
horizontal, for all piping. 

R. Where not practical to obtain ceiling anchorage, all piping near walls shall be supported by 
approved brackets securely anchored into the wall construction. 

S. Hanger spacing and rod sizes for steel and copper pipe shall not be less than the following for 
horizontal piping: 

 

 
 

Nominal Pipe Size 
Inches 

Maximum Span Feet Minimum Rod Diameter 
inches of ASTM A36 
Steel Threaded Rods Standard Steel Pipe Copper Tube 

3/4 & 1 6 5 3/8 

1 – 1/4 6 6 3/8 

1-1/2 8 6 3/8 
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Nominal Pipe Size 
Inches 

Maximum Span Feet Minimum Rod Diameter 
inches of ASTM A36 
Steel Threaded Rods Standard Steel Pipe Copper Tube 

2 8 8 3/8 

2-1/2 8 8 1/2 

3 10 10 1/2 

4 10 10 5/8 

5 10 10 5/8 

6 12 12 3/4 

 

END OF SECTION 
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SECTION 23 05 48 - VIBRATION AND SEISMIC CONTROLS FOR HVAC PIPING AND EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes the following: 
1. Isolation pads. 
2. Isolation mounts. 
3. Restrained elastomeric isolation mounts. 
4. Freestanding and restrained spring isolators. 
5. Elastomeric hangers. 
6. Spring hangers. 
7. Spring hangers with vertical-limit stops. 
8. Steel and inertia, vibration isolation equipment bases. 
9. Flexible connectors for piping. 

1.3 DEFINITIONS 

A. IBC:  International Building Code. 

B. ICC-ES:  ICC-Evaluation Service. 

1.4 PERFORMANCE REQUIREMENTS 

A. Wind-Restraint Loading: 
1. Minimum 10 lb/sq. ft. multiplied by the maximum area of the HVAC component projected 

on a vertical plane that is normal to the wind direction, and 45 degrees either side of 
normal. 

1.5 SUBMITTALS 

A. Product Data: For the following: 
1. Include rated load, rated deflection, and overload capacity for each vibration isolation 

device. 
2. Interlocking Snubbers:  Include ratings for horizontal, vertical, and combined loads. 
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B. Coordination Drawings:  Show coordination of seismic bracing for HVAC piping and equipment 
with other systems and equipment in the vicinity, including other supports and seismic 
restraints. 

C. Welding certificates. 

D. Qualification Data:  For engineer and testing agency. 

E. Field quality-control test reports. 

F. Operation and Maintenance Data:  For air-mounting systems to include in operation and 
maintenance manuals. 

1.6 QUALITY ASSURANCE 

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

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

1.7 SUMMARY 

A.  Provide all labor and materials necessary to furnish and install vibration control systems on this 
project as herein specified and/or shown on the drawings. 

B.  Mount all mechanical equipment on suitable vibration isolators so as to prevent transmission of 
vibration into or through the building structure.  Isolators shall be as manufactured by Mason 
Industries, Inc., Amber/Booth, or Peabody, and shall be selected by the isolator manufacturer 
for each item of equipment in accordance with requirements hereinafter specified. 

C. The equipment manufacturer shall supply all pump and motor bases, fan and motor bases, 
cradles, pipe/duct hangers, spring and/or neoprene isolators, neoprene pads, flexible 
connectors, etc., as a coordinated package by a single manufacturer. 

D. Select isolators for uniform static deflections according to distribution of weight; and for not less 
than the indicated isolation efficiency with the lowest rotational speed of equipment as the 
disturbing frequency. 

E. Isolators and bases shall be stable during stopping and starting of equipment without transverse 
or eccentric movement of equipment, and shall be designed to resist horizontal forces of 
equipment which may operate unbalanced. 

F. In general, select isolators on the basis of criteria as specified in the ASHRAE Applications 
Handbook, Latest Edition. 
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PART 2 - PRODUCTS 

2.1 VIBRATION ISOLATORS 

A. Basis-of-Design Product:  Subject to compliance with requirements, provide Mason Indusries, or 
a comparable product by one of the following: 
1. Amber/Booth Company, Inc. 
2. Kinetics Noise Control. 

B. Pads:  Arranged in single or multiple layers of sufficient stiffness for uniform loading over pad 
area, molded with a nonslip pattern and galvanized-steel baseplates, and factory cut to sizes 
that match requirements of supported equipment. 
1. Resilient Material:  Oil- and water-resistant rubber, Mason Super W. 

C. Mounts:  Double-deflection type, with molded, oil-resistant rubber, hermetically sealed 
compressed fiberglass, or neoprene isolator elements with factory-drilled, encapsulated top 
plate for bolting to equipment and with baseplate for bolting to structure.  Color-code or 
otherwise identify to indicate capacity range, Mason Type No. 
1. Materials:  Cast-ductile-iron or welded steel housing containing two separate and 

opposing, oil-resistant rubber or neoprene elements that prevent central threaded 
element and attachment hardware from contacting the housing during normal operation. 

2. Neoprene:  Shock-absorbing materials compounded according to the standard for bridge-
bearing neoprene as defined by AASHTO. 

D. Spring Isolators – Mason Model SLF:  Freestanding, laterally stable, open-spring isolators. 
1. Outside Spring Diameter:  Not less than 80 percent of the compressed height of the 

spring at rated load. 
2. Minimum Additional Travel:  50 percent of the required deflection at rated load. 
3. Lateral Stiffness:  More than 80 percent of rated vertical stiffness. 
4. Overload Capacity:  Support 200 percent of rated load, fully compressed, without 

deformation or failure. 
5. Baseplates:  Factory drilled for bolting to structure and bonded to 1/4-inch thick, rubber 

isolator pad attached to baseplate underside.  Baseplates shall limit floor load to 500 
psig. 

6. Top Plate and Adjustment Bolt:  Threaded top plate with adjustment bolt and cap screw 
to fasten and level equipment. 

E. Restrained Spring Isolators – Mason Type SLR:  Freestanding, steel, open-spring isolators with 
seismic or limit-stop restraint. 
1. Housing:  Steel with resilient vertical-limit stops to prevent spring extension due to weight 

being removed; factory-drilled baseplate bonded to 1/4-inch thick, neoprene or rubber 
isolator pad attached to baseplate underside; and adjustable equipment mounting and 
leveling bolt that acts as blocking during installation. 

2. Restraint:  Seismic or limit stop as required for equipment and authorities having 
jurisdiction. 

3. Outside Spring Diameter:  Not less than 80 percent of the compressed height of the 
spring at rated load. 

4. Minimum Additional Travel:  50 percent of the required deflection at rated load. 
5. Lateral Stiffness:  More than 80 percent of rated vertical stiffness. 
6. Overload Capacity:  Support 200 percent of rated load, fully compressed, without 

deformation or failure. 
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F. Elastomeric Hangers Mason Type HD:  Single or double-deflection type, fitted with molded, oil-
resistant elastomeric isolator elements bonded to steel housings with threaded connections for 
hanger rods.  Color-code or otherwise identify to indicate capacity range.  

G. Spring Hangers Mason Type 30N:  Combination coil-spring and elastomeric-insert hanger with 
spring and insert in compression. 
1. Frame:  Steel, fabricated for connection to threaded hanger rods and to allow for a 

maximum of 30 degrees of angular hanger-rod misalignment without binding or reducing 
isolation efficiency. 

2. Outside Spring Diameter:  Not less than 80 percent of the compressed height of the 
spring at rated load. 

3. Minimum Additional Travel:  50 percent of the required deflection at rated load. 
4. Lateral Stiffness:  More than 80 percent of rated vertical stiffness. 
5. Overload Capacity:  Support 200 percent of rated load, fully compressed, without 

deformation or failure. 
6. Elastomeric Element:  Molded, oil-resistant rubber or neoprene.  Steel-washer-reinforced 

cup to support spring and bushing projecting through bottom of frame. 
7. Self-centering hanger rod cap to ensure concentricity between hanger rod and support 

spring coil. 

2.2 FOR PIPING 

A. Straight stainless steel flexible braided connectors rated for temperatures, pressures, and fluids 
to be conveyed.  Length: 19 inches 

B. Double sphere rubber flexible connectors. 

2.3 VIBRATION ISOLATION EQUIPMENT BASES 

A. Basis-of-Design Product:  Subject to compliance with requirements, provide Mason Industries or 
a comparable product by one of the following: 
1. Amber/Booth Company, Inc. 
2. Kinetics Noise Control. 

 
B. Rubber flexible connectors/expansion joints shall be peroxide cured EPDM throughout with 

Kevlar tire cord reinforcement. Substitutions must have certifiable equal or superior 
characteristics. The raised face rubber flanges must encase solid steel rings to prevent pull out. 
Flexible cable wire is not acceptable. Sizes 1-1/2 through 14-inches shall have a ductile iron 
external ring between the two spheres. Sizes ¾ through 2-inches may have one sphere, bolted 
threaded flange assemblies and cable retention. 

 
Minimum ratings through 14-inches shall be 250 psi at 170°F and 215 psi at 250°F., 16 through 
24-inches 180 psi at 170°F and 150 psi at 250°F. Higher published rated connectors may be 
used where required. 
 
Safety factors shall be a minimum of 3/1. All expansion joints must be factory tested to 150% of 
maximum pressure for 12 minutes before shipment. 
 
The piping gap shall be equal to the length of the expansion joint under pressure. Control rods 
passing through 1/2-inch thick Neoprene wash bushings large enough to take the thrust at 
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1000 psi of surface area may be used on unanchored piping where the manufacturer 
determines the condition exceeds the expansion joint rating without them. Submittals shall 
include two test reports by independent consultants showing minimum reductions of 20 DB in 
vibration accelerations and 10 DB in sound pressure levels at typical blade passage 
frequencies on this or a similar product by the same manufacturer. All expansion joints shall be 
installed on the equipment side of the shut off valve. Expansion joints shall be SAFEFLEX 
SFKEJ, SFEJ, SFDCR OR SFU and Control Rods CR as manufactured by Mason Industries, 
Inc. or equal of Amber/Booth or Kinetics Noise Control. 

C. Steel Base:  Factory-fabricated, welded, structural-steel bases and rails. Mason Type WF and 
Mason Type ICS. 
1. Design Requirements:  Lowest possible mounting height with not less than 1-inch 

clearance above the floor.  Include equipment anchor bolts and auxiliary motor slide 
bases or rails. 

a. Include supports for suction and discharge elbows for pumps. 

2. Structural Steel:  Steel shapes, plates, and bars complying with ASTM A 36/A 36M.  
Bases shall have shape to accommodate supported equipment. 

3. Support Brackets:  Height saving brackets shall be employed in all mounting locations to 
maintain a 1” clearance below the base. Provide spring pocket type such that brackets do 
not extend beyond the frame. Factory-welded steel brackets on frame for outrigger 
isolation mountings and to provide for anchor bolts and equipment support. 

D. Inertia Base- Mason Industries BMK/KSL bases with modular corners:  Factory-fabricated, 
welded, structural-steel bases and rails ready for placement of cast-in-place concrete. 
1. Design Requirements:  Lowest possible mounting height with not less than 1-inch 

clearance above the floor.  Include equipment anchor bolts and auxiliary motor slide 
bases or rails. 

a. Include supports for suction and discharge elbows for pumps. 

2. Structural Steel:  Steel shapes, plates, and bars complying with ASTM A 36/A 36M.  
Bases shall have shape to accommodate supported equipment. 

3. Support Brackets:  Factory-welded steel modular corner brackets on frame for isolation 
mountings and to provide for anchor bolts and equipment support. 

4. Fabrication:  Fabricate steel templates to hold equipment anchor-bolt sleeves and 
anchors in place during placement of concrete.  Obtain anchor-bolt templates from 
supported equipment manufacturer. 

2.4 FACTORY FINISHES 

A. Finish:  Manufacturer's standard prime-coat finish ready for field painting. 

B. Finish:  Manufacturer's standard paint applied to factory-assembled and -tested equipment 
before shipping. 
1. Powder coating on springs and housings. 
2. All hardware shall be galvanized.  Hot-dip galvanized metal components for exterior use. 
3. Baked enamel or powder coat for metal components on isolators for interior use. 
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4. Color-code or otherwise mark vibration isolation and seismic- and wind-control devices to 
indicate capacity range. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

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

B. Examine roughing-in of reinforcement and cast-in-place anchors to verify actual locations before 
installation. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 APPLICATIONS 

A. Multiple Pipe Supports:  Secure pipes to trapeze member with clamps approved for application 
by an agency acceptable to authorities having jurisdiction. 

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

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

3.3 VIBRATION-CONTROL DEVICE INSTALLATION 

A. Comply with requirements in Division 23 Section "Common Result for HVAC" for installation of 
roof curbs, equipment supports, and roof penetrations. 

B. Piping Restraints: 
1. Comply with requirements in MSS SP-127. 
2. Space lateral supports a maximum of 40 feet o.c., and longitudinal supports a maximum 

of 80 feet o.c. 
3. Brace a change of direction longer than 12 feet. 

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

D. Install bushing assemblies for anchor bolts for floor-mounted equipment, arranged to provide 
resilient media between anchor bolt and mounting hole in concrete base. 

E. Install bushing assemblies for mounting bolts for wall-mounted equipment, arranged to provide 
resilient media where equipment or equipment-mounting channels are attached to wall. 
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F. Attachment to Structure:  If specific attachment is not indicated, anchor bracing to structure at 
flanges of beams, at upper truss chords of bar joists, or at concrete members. 

G. Drilled-in Anchors: 
1. Identify position of reinforcing steel and other embedded items prior to drilling holes for 

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

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

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

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

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

applications. 

3.4 ADJUSTING 

A. Adjust isolators after piping system is at operating weight. 

B. Adjust limit stops on restrained spring isolators to mount equipment at normal operating height.  
After equipment installation is complete, adjust limit stops so they are out of contact during 
normal operation. 

C. Adjust air-spring leveling mechanism. 

D. Adjust active height of spring isolators. 

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

3.5 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 
adjust, operate, and maintain air-mounting systems.  Refer to Division 01 Section 
"Demonstration And Training." 

3.6 GENERAL PROVISIONS 

A.  Install vibration-and-noise isolation materials and equipment as indicated and in accordance 
with machinery manufacturer's instructions. 



 

 
GAI Project No. 22082  © 2023 Gipe Associates, Inc. 
School of Technology – Chiller Replacement VIBRATION AND SEISMIC CONTROLS FOR HVAC 

Issued for Bid Submission –11/02//2023                                                              PIPING AND EQUIPMENT   
                                                                                                                                                   23 05 48 - 8 

 

 

B.  Where neoprene elements of vibration isolator may be subjected to high pipe temperatures 
above 160 deg F, provide metal heat shields or thermal isolators. 

C. A minimum of 4" thick concrete housekeeping pads shall be provided under all floor mounted 
equipment.  Extend existing housekeeping pads as required.  ARest sub-bases on structural 
floor and reinforce with steel rods interconnected with floor reinforcing bars by tie bars hooked 
at both ends.  Provide at least one (1) inch clearance between sub-bases and inertia bases, 
steel bases, and steel saddles with machinery in operation. 

D. All vibration isolators exposed to weather shall be hot dipped galvanized with springs coated 
with neoprene. 

E.  Concrete inertia bases shall be a minimum of two (2) times the weight supported.  Clearance 
between the underside of the inertia base and the housekeeping pad below shall not be less 
than 1-inch.  Concrete shall be 3000 psi.  Install inertia bases in accordance with the 
recommendations of the machinery manufacturer and the inertia base manufacturer. 

F.  Anchor Bolts and Grout:  Secure machinery to foundations and inertia bases with anchor bolts.  
Grout equipment with baseplates, the full area under baseplates with premixed non-shrinking 
grout.  After grout has set, remove wedges, shims, and jack bolts and fill spaces with grout. 

G. Common Machinery Foundations:  Mount electrical motors on the same foundations as driven 
machinery.  Support piping connections, strainers, valves, and risers on the same foundation as 
the pumps. 

H. Machinery:  Provide vibration isolators, flexible connectors and seismic snubbers in accordance 
with manufacturer's recommendations.  Machinery with spring isolators or protected spring 
isolators shall rock or move freely within limits of stops. 

I.  Stability:  Isolators shall be stable during starting and stopping of machinery without traverse 
and eccentric movement of machinery that would damage or adversely affect the machinery or 
attachments. 

J.  Lateral Motion:  The installed vibration isolation systems for each piece of floor or ceiling 
mounted machinery shall have a maximum lateral motion under machinery start up and shut 
down conditions of not more than 1/4-inch.  Restrain motions in excess by approved spring 
mountings. 

K.        Unbalanced Machinery:  Provide foundation suspension systems specifically designed to resist 
horizontal forces for machinery with large unbalanced horizontal forces.  Vibration isolator 
systems shall conform to the machinery manufacturer's recommendations. 

L. Non-Rotating Machinery:  Mount non-rotating machinery in systems which include rotating or 
vibrating machinery on isolators having the same deflection as the hangers and supports for the 
pipe connected to. 

M. Unitized Machinery Assemblies:  Unitized assemblies such as chillers with evaporator and 
condenser, and top mounted centrifugal compressor, structurally designed with end supports, 
may be mounted on steel rails and springs in lieu of steel bases and springs.  Where the slab or 
deck is less than 4-inches thick, provide spring isolation units with the deflection double that of 
the vibration isolation schedule, up to a maximum static deflection of 5-inches. 
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N. Vibration isolation ceiling hangers shall be installed so that the hanger rods do not touch the 
sides of the isolator housing, thereby seriously degrading the vibration isolation performance.  
Vibration isolation ceiling hangers shall be located so that the hanger housing may rotate 360o 
without touching any object. 

O.  Electrical Connections:  Provide flexible conduit or multiple conductor cable connections for 
machinery with sufficient extra length to permit 2-inch minimum displacement in any direction 
without damage. 

3.7 PIPE ISOLATION: 

A. Horizontal Pipe Isolation 
1. Precompressed Suspension Spring Isolators:  The first three pipe hangers in the main 

lines near the mechanical equipment provide precompressed suspension spring 
isolators.  Floor supported piping shall rest on trained spring isolators.  All 
precompressed suspension spring isolators hangers or the first three trained spring 
isolators mounts as noted above, will have the same static deflection as specified for the 
mountings under the connected equipment.  If piping is connected to equipment located 
in basements and hangs from ceiling under occupied spaces, the first three hangers shall 
have 0.75-inch deflection for pipe sizes up to and including 3-inches, 1.5-inches 
deflection for pipe sizes up to and including 6-inches and 2.5-inches deflection thereafter.  
All other hangers and mounts will have a minimum steel spring deflection of 0.75-inches.  
Hangers shall be located as close to the overhead supports as practical. 

2. Combination Spring and Neoprene Suspension Hanger:  For horizontal runs in 
Mechanical Equipment Rooms other than those hereinbefore specified, provide 
suspension spring hangers (combination spring and neoprene) with .75-inch minimum 
steel spring deflection. 

3. Provide neoprene vibration isolators at piping for a minimum length of 15’-0” beyond 
(both sides) all in-line circulating pumps, mason type handling unit with 0.10” static 
deflection 

B. Floor-Supported Piping: 
1. Floor supports for piping in equipment rooms and adjacent to isolated equipment shall 

use vibration isolators as described hereinbefore and selected to the guidelines of 
hangers. 

2. The first three adjacent floor supports shall be the restrained spring type with a blocking 
feature that prevents load transfer to equipment flanges as the piping is filled and 
drained. 

3. Where piping is subject to larger thermal movement a slide plate shall be installed on the 
top of the isolator.  Slide plate shall be teflon, graphite or steel. 

4. Provide a thermal barrier where neoprene products are installed directly beneath steam 
or hot water lines. 

3.8 EQUIPMENT ROOM SOUND ISOLATION: 

A.  Do not allow direct contact between pipes or ducts and walls, floor slabs, roofs, ceilings or 
partitions of equipment rooms. 
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3.9 FLEXIBLE PIPE CONNECTORS: 

A.  Provide flexible connectors in accordance with Manufacturer’s instructions where piping 
systems serving vibration isolated equipment and as shown on the drawings.  Flexible 
connectors shall be installed near the connection to the equipment.  Where liquid pulsation 
dampening is required, flexible connectors with spherical configuration shall be used.  Provide 
restraints for pipe connectors at pumps to prevent connector failure upon pump start-up. 

3.10 ISOLATION FOR SPECIFIC EQUIPMENT: 

A. The vibration isolator manufacture shall provide isolators for all pieces of equipment provided 
for the job. Isolator shall be selected by the isolator manufacturer on the basis of criteria as 
specified in the latest edition of ASHRAE Applications Handbook, unless a more stringent 
requirement is indicated on the drawings. 

B. Pumps: 
1. All base-mounted pumps shall be mounted on concrete inertia blocks supported on 

stable steel springs in series with ribbed neoprene pads selected for not less than .75- 
inch static deflection under full operating load.   

2. Floor support of the initial pipe elbows at the pump discharge and suction diffuser at the 
pump intake shall be made from the isolated inertia base, not from the equipment room 
floor.   

3. Provide double sphere rubber type flexible pipe connections at pump suction and 
discharge. 

C. Split Air-Cooled Chiller Condenser (Outdoors) 
1. Mount on structural steel with restrained spring isolators. 
2. Provide straight stainless steel flexible braided connectors on inlet and discharge pipe 

connections. 

D. Split Air-Cooled Chiller Evaporator (Indoors) 
1. Mount on existing housekeeping pad rubber pads. 

 

END OF SECTION  
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SECTION 23 05 53 - IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 
1. Equipment labels. 
2. Pipe labels. 
3. Stencils. 
4. Valve tags. 

1.3 SUBMITTALS 

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

B. Samples:  For color, letter style, and graphic representation required for each identification 
material and device. 

C. Equipment Label Schedule:  Include a listing of all equipment to be labeled with the proposed 
content for each label. 

D. Valve numbering scheme. 

E. Valve Schedules:  For each piping system to include in maintenance manuals. 

1.4 COORDINATION 

A. Coordinate installation of identifying devices with completion of covering and painting of 
surfaces where devices are to be applied. 

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

C. Install identifying devices before installing acoustical ceilings and similar concealment. 
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PART 2 - PRODUCTS 

2.1 EQUIPMENT LABELS 

A. Plastic Labels for Equipment: 
1. Material and Thickness:  Multilayer, multicolor, plastic labels for mechanical engraving, 

1/8-inch thick, and having predrilled holes for attachment hardware. 
2. Letter Color:  White. 
3. Background Color:  Black. 
4. Maximum Temperature:  Able to withstand temperatures up to 160 deg F. 
5. Minimum Label Size:  Length and width vary for required label content, but not less than 

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

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

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

VOC content shall not exceed 250 g/L. 

B. Label Content:  Include equipment's Drawing designation or unique equipment number, 
Drawing numbers where equipment is indicated (plans, details, and schedules), plus the 
Specification Section number and title where equipment is specified. 

C. Equipment Label Schedule:  For each item of equipment to be labeled, on 8-1/2-by-11-inch (A4) 
bond paper.  Tabulate equipment identification number and identify Drawing numbers where 
equipment is indicated (plans, details, and schedules), plus the Specification Section number 
and title where equipment is specified.  Equipment schedule shall be included in operation and 
maintenance data. 

2.2 PIPE LABELS 

A. General Requirements for Manufactured Pipe Labels:  Pretensioned, preprinted, color-coded, 
with lettering indicating service, and showing flow direction. 

B. Pretensioned Pipe Labels:  Precoiled, snap-on semi-rigid plastic formed to cover full 
circumference of pipe and to attach to pipe without fasteners or adhesive (4 inches and less).  
For larger pipe (sizes 6 inches and greater) markers shall be strapped around using nylon ties. 

C. Pipe Label Contents:  Include identification of piping service using same designations or 
abbreviations as used on Drawings, pipe size, and an arrow indicating flow direction. 
1. Flow-Direction Arrows:  Integral with piping system service lettering to accommodate both 

directions, or as separate unit on each pipe label to indicate flow direction. 
2. Lettering Size:  At least 1-1/2 inches high. 
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2.3 STENCILS 

A. Stencils:  Prepared with letter sizes according to ASME (ANSI) A13.1 for piping; and minimum 
letter height of 3/4 inch for access panel and door labels, equipment labels, and similar 
operational instructions. 
1. Stencil Material:  Aluminum. 
2. Stencil Paint:  Exterior, gloss, alkyd enamel black unless otherwise indicated.  Paint may 

be in pressurized spray-can form. 
3. Identification Paint:  Exterior, alkyd enamel in colors according to ASME (ANSI) A13.1 

unless otherwise indicated. 

2.4 VALVE TAGS 

A. Valve Tags:  Stamped or engraved with 1/4-inch black-filled letters for piping system 
abbreviation and 1/2-inch numbers; 2-inch diameter. 
1. Tag Material:  Brass, 19-gauge, minimum thickness, and having predrilled or stamped 

holes for attachment hardware. 
2. Fasteners:  Brass jack chain and/or brass S Hook. 

B. Valve Schedules:  For each piping system, on 8-1/2-by-11-inch (A4) bond paper.  Tabulate 
valve number, piping system, system abbreviation (as shown on valve tag), location of valve 
(room or space), normal-operating position (open, closed, or modulating), and variations for 
identification.  Mark valves for emergency shutoff and similar special uses. 
1. Valve-tag schedule shall be included in operation and maintenance data. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Clean piping and equipment surfaces of substances that could impair bond of identification 
devices, including dirt, oil, grease, release agents, and incompatible primers, paints, and 
encapsulants. 

3.2 EQUIPMENT LABEL INSTALLATION 

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

B. Locate equipment labels where accessible and visible. 

3.3 PIPE LABEL INSTALLATION 

A. Piping Color-Coding -- Gas Piping:  Yellow.   
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B. Stenciled Pipe Label Option:  Stenciled labels may be provided instead of manufactured pipe 
labels, at Installer's option.  Install stenciled pipe labels, complying with ASME (ANSI) A13.1, on 
each piping system. 
1. Identification Paint:  Use for contrasting background. 
2. Stencil Paint:  Use for pipe marking. 

C. Locate pipe labels where piping is exposed or above accessible ceilings in finished spaces; 
machine rooms; accessible maintenance spaces such as shafts, tunnels, and plenums; and 
exterior exposed locations as follows: 
1. Near each valve and control device. 
2. Near each branch connection, excluding short takeoffs for fixtures and terminal units.  

Where flow pattern is not obvious, mark each pipe at branch. 
3. At access doors, manholes, and similar access points that permit view of concealed 

piping. 
4. Near major equipment items and other points of origination and termination. 
5. Spaced at maximum intervals of 25 feet along each run.  Reduce intervals to 15 feet in 

areas of congested piping and equipment. 
6. Where pipes are adjacent to each other, markings shall be neatly lined up.  All markings 

shall be located in such a manner to be easily legible from the floor. 
7. For piping less than 3/4-inch, provide permanently legible tag as specified hereinbefore 

for valve identification. 

D. Pipe Label Color Schedule: 
 

1. Chilled Water Piping: 
a. Background Color:  Dark Blue. 
b. Letter Color:  White. 
 

2. Refrigerant Piping: 
c. Background Color:  Black. 
d. Letter Color:  White. 

3.4 VALVE-TAG INSTALLATION 

A. Install tags on valves and control devices in piping systems, except check valves; valves within 
factory-fabricated equipment units; shutoff valves; faucets; convenience and lawn-watering 
hose connections; and HVAC terminal devices and similar roughing-in connections of end-use 
fixtures and units.  List tagged valves in a valve schedule. 

B. Valve-Tag Application Schedule:  Tag valves according to size, shape, and color scheme and 
with captions similar to those indicated in the following subparagraphs: 

1. Valve-Tag Size and Shape: 
a. Chilled Water:  2-inches round. 
b. Refrigerant:  2-inches round 

2. Valve-Tag Color: 
a. Chilled Water:  Dark Blue. 
b. Refrigerant:  Black. 
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3. Letter Color: 
a. Chilled Water:  White. 
b. Refrigerant:  White. 

END OF SECTION  
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SECTION 23 05 93 - TESTING, ADJUSTING, AND BALANCING FOR HVAC 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 
1. Balancing Hydronic Piping Systems: 

a. Constant-flow hydronic systems. 

1.3 DEFINITIONS 

A. AABC:  Associated Air Balance Council. 

B. NEBB:  National Environmental Balancing Bureau. 

C. TAB:  Testing, adjusting, and balancing. 

D. TABB:  Testing, Adjusting, and Balancing Bureau. 

E. TAB Specialist:  An entity engaged to perform TAB Work. 

1.4 SUBMITTALS 

A. Qualification Data:  Within (30) days of Contractor's Notice to Proceed, submit documentation 
that the TAB contractor and this Project's TAB team members meet the qualifications specified 
in "Quality Assurance" Article. 

B. Contract Documents Examination Report:  Within thirty (30) days of Contractor's Notice to 
Proceed, submit the Contract Documents review report as specified in Part 3. 

C. Strategies and Procedures Plan:  Within thirty (30) days of Contractor's Notice to Proceed, 
submit TAB strategies and step-by-step procedures as specified in "Preparation" Article. 

D. Certified TAB reports. 

E. Sample report forms. 
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F. Instrument calibration reports, to include the following: 
1. Instrument type and make. 
2. Serial number. 
3. Application. 
4. Dates of use. 
5. Dates of calibration. 

1.5 QUALITY ASSURANCE 

A. TAB Contractor Qualifications:  Engage a TAB entity certified by AABC or NEBB. 
1. TAB Field Supervisor:  Employee of the TAB contractor and certified by AABC or NEBB. 
2. TAB Technician:  Employee of the TAB contractor and who is certified by AABC, or 

NEBB as a TAB technician. 

B. TAB Conference:  Meet with Architect, Owner, and Engineer on approval of the TAB strategies 
and procedures plan to develop a mutual understanding of the details.  Require the participation 
of the TAB field supervisor and technicians.  Provide 14 days' advance notice of scheduled 
meeting time and location. 
1. Agenda Items: 

a. The Contract Documents examination report. 
b. The TAB plan. 
c. Coordination and cooperation of trades and subcontractors. 
d. Coordination of documentation and communication flow. 

C. Certify TAB field data reports and perform the following: 
1. Review field data reports to validate accuracy of data and to prepare certified TAB 

reports. 
2. Certify that the TAB team complied with the approved TAB plan and the procedures 

specified and referenced in this Specification. 

D. TAB Report Forms:  Use standard TAB contractor's forms approved by Engineer, Owner, 
Construction Manager. 

E. Instrumentation Type, Quantity, Accuracy, and Calibration:  As described in ASHRAE 111, 
Section 5, "Instrumentation." 

1.6 PROJECT CONDITIONS 

A. Full Owner Occupancy:  Owner will occupy the site and existing building during entire TAB 
period.  Cooperate with Owner during TAB operations to minimize conflicts with Owner's 
operations. 

B. Partial Owner Occupancy:  Owner may occupy completed areas of building before Substantial 
Completion.  Cooperate with Owner during TAB operations to minimize conflicts with Owner's 
operations. 
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1.7 COORDINATION 

A. Notice:  Provide fourteen (14) days' advance notice for each test.  Include scheduled test dates 
and times. 

B. Perform TAB after leakage and pressure tests on air and water distribution systems have been 
satisfactorily completed. 

PART 2 - PRODUCTS (Not Applicable) 

PART 3 - EXECUTION 

3.1 TAB SPECIALISTS 

A. All testing and balancing shall be performed by an independent test and balance agency that 
specializes in and whose business is limited to the testing and balancing of mechanical 
systems.  The agency must have membership in the “Associated Air Balance Council” or NEBB 
and have an Engineer certified by the National Examining Board.  All final reports shall be 
signed and officially stamped by the certified test and balance engineer. 

B. Subject to compliance with requirements, engage one of the following available TAB contractors 
that may be engaged include, but are not limited to, the following: 
1. Baltimore Air Balance Company. 
2. Baumgartner, Inc. 
3. American Testing, Inc. 
4. Chesapeake Testing and Balancing Engineers, Inc. 
5. Butler Balancing Company, Inc. 
6. Flood and Sterling, Inc. 
7. Protab. 

3.2 EXAMINATION 

A. Examine the Contract Documents to become familiar with Project requirements and to discover 
conditions in systems' designs that may preclude proper TAB of systems and equipment. 

B. Examine systems for installed balancing devices, such as test ports, gage cocks, thermometer 
wells, flow-control devices, balancing valves and fittings.  Verify that locations of these 
balancing devices are accessible. 

C. Examine the approved submittals for HVAC systems and equipment. 

D. Examine design data including HVAC system descriptions, statements of design assumptions 
for environmental conditions and systems' output, and statements of philosophies and 
assumptions about HVAC system and equipment controls. 
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E. Examine equipment performance data including pump curves. 
1. Relate performance data to Project conditions and requirements, including system effects 

that can create undesired or unpredicted conditions that cause reduced capacities in all 
or part of a system. 

2. Calculate system-effect factors to reduce performance ratings of HVAC equipment when 
installed under conditions different from the conditions used to rate equipment 
performance.   

F. Examine system and equipment installations and verify that field quality-control testing, 
cleaning, and adjusting specified in individual Sections have been performed. 

G. Examine test reports specified in individual system and equipment Sections.  

H. Examine HVAC equipment and verify that bearings are greased and equipment with functioning 
controls is ready for operation. 

I. Examine strainers.  Verify that startup screens are replaced by permanent screens with 
indicated perforations. 

J. Examine three-way valves for proper installation for their intended function of diverting or mixing 
fluid flows. 

K. Examine system pumps to ensure absence of entrained air in the suction piping. 

L. Examine operating safety interlocks and controls on HVAC equipment. 

M. Report deficiencies discovered before and during performance of TAB procedures.  Observe 
and record system reactions to changes in conditions.  Record default set points if different from 
indicated values. 

3.3 REQUIREMENTS 

A. Test and balance all existing and new heating, ventilating, and air conditioning systems.  The 
work shall include, but not be limited to, the following: 

B. Test the capacity and performance of all equipment and adjust to design conditions. 

C. Operate and test all systems under all sequences of operation and adjust equipment and 
controls for efficient and stable operation. 

D. Test and balance all systems under adequate load conditions.  If, in the opinion of the Engineer, 
there is insufficient load to properly test and balance the systems, perform sufficient preliminary 
balancing and adjustment to permit operation of the systems until such time as final testing and 
balancing can be done. Test systems in both peak heating season and peak cooling season. 

E. Retest or rebalance the systems as required during the guarantee period. 

F. Balance and adjust all existing and new hydronic distribution systems to within 10% of design 
flow rates. 
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G. At project completion provide a complete set of 1/2 scale drawings indicating the locations of all 
duct traverses. 

3.4 COORDINATION BY THE MECHANICAL CONTRACTOR 

A. Coordinate the testing and balancing work with the work of other trades. 

B. Furnish complete and up-to-date contract documents, shop drawings, installation and 
coordination drawings, submittal data, and other information to the testing and balancing 
agency so that the work is performed using all required system and equipment data. 

C. Plan and schedule testing and balancing at required times during construction.  Review all 
plans, schedules, and procedures with the Engineer before proceeding. 

D. Prepare all systems for testing and balancing.  Provide clean filters in all air systems and clean 
strainers and traps in the piping systems.  Provide final flushing of piping systems if required. 

E. Make all necessary adjustments and repairs to the work, correcting any malfunctions or 
deficiencies which are disclosed by testing and balancing. 

3.5 PREPARATION 

A. Prepare a TAB plan that includes strategies and step-by-step procedures. 

B. Complete system-readiness checks and prepare reports.  Verify the following: 
1. Permanent electrical-power wiring is complete. 
2. Hydronic systems are filled, clean, and free of air. 
3. Automatic temperature-control systems are operational. 
4. Equipment access doors are securely closed. 
5. Isolating and balancing valves are open and control valves are operational. 

3.6 GENERAL PROCEDURES FOR TESTING AND BALANCING 

A. Perform testing and balancing procedures on each system according to the procedures 
contained in AABC's "National Standards for Total System Balance", ASHRAE 111, SMACNA's 
"HVAC Systems - Testing, Adjusting, and Balancing" and in this Section. 
1. Comply with requirements in ASHRAE 62.1-2013, Section 7.2.2, "Air Balancing." 

B. Cut insulation, pipes, and equipment cabinets for installation of test probes to the minimum 
extent necessary for TAB procedures. 
1. Install and join new insulation that matches removed materials.  Restore insulation, 

coverings, vapor barrier, and finish according to Division 23 Section HVAC Equipment 
Insulation, and HVAC Piping Insulation." 

C. Mark equipment and balancing devices, including valve position indicators, and similar controls 
and devices, with paint or other suitable, permanent identification material to show final settings. 

D. Take and report testing and balancing measurements in inch-pound (IP) units. 
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3.7 GENERAL PROCEDURES FOR HYDRONIC SYSTEMS 

A. Prepare test reports with pertinent design data, and number in sequence starting at pump to 
end of system.  Check the sum of branch-circuit flows against the approved pump flow rate.  
Correct variations that exceed plus or minus 5 percent. 

B. Prepare schematic diagrams of systems' "as-built" piping layouts. 

C. Prepare hydronic systems for testing and balancing according to the following, in addition to the 
general preparation procedures specified above: 
1. Open all manual valves for maximum flow. 
2. Check liquid level in expansion tank. 
3. Check makeup water-station pressure gage for adequate pressure for highest vent. 
4. Check flow-control valves for specified sequence of operation, and set at indicated flow. 
5. Set differential-pressure control valves at the specified differential pressure.  Do not set at 

fully closed position when pump is positive-displacement type unless several terminal 
valves are kept open. 

6. Set system controls so automatic valves are wide open to heat exchangers. 
7. Check pump-motor load.  If motor is overloaded, throttle main flow-balancing device so 

motor nameplate rating is not exceeded. 
8. Check air vents for a forceful liquid flow exiting from vents when manually operated. 

 
D. For all equipment specified with condensate overflow safety switches/floats, test operation of 

such devices and record results.  Verify interlock with ATC system. 

3.8 PROCEDURES FOR CONSTANT-FLOW HYDRONIC SYSTEMS 

A. Measure water flow at pumps.   Use the following procedures except for positive-displacement 
pumps: 
1. Verify impeller size by operating the pump with the discharge valve closed.  Read 

pressure differential across the pump.  Convert pressure to head and correct for 
differences in gauge heights.  Note the point on manufacturer’s pump curve at zero flow 
and verify that the pump has the intended impeller size.  If impeller sizes must be 
adjusted to achieve pump performance, obtain approval from Engineer, Owner, 
Construction Manager and Commissioning Authority and comply with requirements in 
Division 23 Section “Heating, Ventilating and Air Conditioning.” 

2. Check system resistance.  With all valves open, read pressure differential across the 
pump and mark pump manufacturer’s head-capacity curve.  Adjust pump discharge vale 
until indicated water flow is achieved.  Monitor motor performance during procedures and 
do not operate motors in overload conditions. 

3. Verify pump-motor brake horsepower.  Calculate the intended brake horsepower for the 
system based on pump manufacturer’s performance data.  Compare calculated brake 
horsepower with nameplate data on the pump motor.  Report conditions where actual 
amperage exceeds motor nameplate amperage. 

4. Report flow rates that are not within plus or minus 10 percent of design. 

B. Measure flow at all automatic flow control valves to verify that valves are functioning as 
designed. 

C. Measure flow at all pressure-independent characterized control valves, with valves in fully open 
position, to verify that valves are functioning as designed. 
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D. Set calibrated balancing valves, if installed, at calculated presettings. 

E. Measure flow at all stations and adjust, where necessary, to obtain first balance.  System 
components that have Cv rating or an accurately cataloged flow-pressure-drop relationship may 
be used as a flow-indicating devices. 

F. Measure flow at main balancing station and set main balancing device to achieve flow that is 5 
percent greater than indicated flow. 

G. Adjust balancing stations to within specified tolerances of indicated flow rate as follows: 
1. Determine the balancing station with the highest percentage over indicated flow. 
2. Adjust each station in turn, beginning with the station with the highest percentage over 

indicated flow and proceeding to the station with the lowest percentage over indicated 
flow. 

3. Record settings and mark balancing devices. 

H. Measure pump flow rate and make final measurements of pump amperage, voltage, rpm, pump 
heads, and systems’ pressures and temperatures, including outdoor-air temperature. 

I. Measure the differential-pressure-control-valve settings existing at the conclusion of balancing. 

J. Check settings and operation of each safety valve.  Record settings. 

3.9 PROCEDURES FOR VARIABLE-AIR-VOLUME SYSTEMS 

A. Variable-Air-Volume Systems:  After the fan systems have been adjusted, adjust the variable-
air-volume systems as follows: 

1. Set outdoor-air dampers at minimum, and set return- and exhaust-air dampers at a 
position that simulates full-cooling load. 

2. Select the terminal (heat pump) unit that is most critical to the supply-fan airflow and 
static pressure.  Measure static pressure.  Adjust system static pressure for the critical 
terminal (heat pump)  unit. 

3. Measure total system airflow.  Adjust to within indicated airflow. 
4. Set terminal (heat pump) unit at maximum airflow and adjust static pressure sensor to 

deliver the designed maximum airflow.  When total airflow is correct, balance the air 
outlets downstream from terminal (heat pump) units the same as described for constant-
volume air systems. 

5. Set terminal (heat pump) units airflow and adjust controller or regulator to deliver the 
designed minimum airflow.  Check air outlets for a proportional reduction in airflow the 
same as described for constant-volume air systems. 

a. If air outlets are out of balance at minimum airflow, report the condition but leave 
outlets balanced for maximum airflow. 

6. Remeasure the return airflow to the fan while operating at maximum return airflow and 
minimum outdoor airflow. 

a. Adjust the fan and balance the return-air ducts and inlets the same as described 
for constant-volume air systems. 
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7. Measure static pressure at the most critical terminal unit and adjust the static-pressure 
controller at the main supply-air sensing station to ensure that adequate static pressure is 
maintained at the most critical unit. 

8. Record final fan-performance data. 

3.10 PROCEDURES FOR MOTORS 

A. Motors, 1/2 HP and Larger:  Test at final balanced conditions and record the following data: 
1. Manufacturer's name, model number, and serial number. 
2. Motor horsepower rating. 
3. Motor rpm. 
4. Efficiency rating. 
5. Nameplate and measured voltage, each phase. 
6. Nameplate and measured amperage, each phase. 
7. Starter thermal-protection-element rating. 

B. Motors Driven by Variable-Frequency Controllers:  Test for proper operation at speeds varying 
from minimum to maximum.  Test the manual bypass of the controller to prove proper operation.  
Record observations including name of controller manufacturer, model number, serial number, 
and nameplate data. 

3.11 PROCEDURE FOR CHILLERS  

A. Balance water flow through evaporator to within specified tolerances of indicated flow with all 
pumps operating.  Measure and record the following data at design conditions: 
1. Evaporator-water entering and leaving temperatures, pressure drop, and water flow. 
2. Evaporator and condenser refrigerant temperatures and pressures, using instruments 

furnished by chiller manufacturer. 
3. Power factor if factory-installed instrumentation is furnished for measuring kilowatts. 
4. Kilowatt input if factory-installed instrumentation is furnished for measuring kilowatts. 
5. Capacity:  Calculate in tons of cooling. 
6. For air-cooled chillers, verify condenser-fan rotation and record fan and motor data 

including number of fans and entering- and leaving-air temperatures. 

B. Measure and record all electrical characteristics. 
 
 

3.12 PROCEDURES FOR VERFICATION OF TEMPERATURE CONTROL 
A. The balancing agency shall be assisted by the temperature control contractor in verifying the 

operation and calibration of all temperature control systems.  The following tests shall be con-
ducted: 
1. Verify that all control components are installed in accordance with project requirements 

and are functional, including all electrical interlocks, damper sequences, air and water re-
set.    

2. Verify that all controlling instruments are calibrated and set for design operating condi-
tions. 

3. Verify the accuracy of the final settings by taking temperature readings.  The readings 
shall be in a typical conditioned space for each separately controlled zone. 

4. Test and calibrate all differential pressure sensors.  Record set point in Record and In-
formation Books. 
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3.13 TOLERANCES 

A. Set HVAC system's water flow rates within the following tolerances: 
1. Chilled-Water Flow Rate:  Plus or minus 10 percent. 
 
 

3.14 REPORTING 

A. Initial Construction-Phase Report:  Based on examination of the Contract Documents as 
specified in "Examination" Article, prepare a report on the adequacy of design for systems' 
balancing devices.  Recommend changes and additions to systems' balancing devices to 
facilitate proper performance measuring and balancing.  Recommend changes and additions to 
HVAC systems and general construction to allow access for performance measuring and 
balancing devices. 

B. Status Reports:  Prepare biweekly progress reports to describe completed procedures, 
procedures in progress, and scheduled procedures.  Include a list of deficiencies and problems 
found in systems being tested and balanced.  Prepare a separate report for each system and 
each building floor for systems serving multiple floors. 
 
 

3.15 FINAL REPORT 

A. General:  Prepare a certified written report; tabulate and divide the report into separate sections 
for tested systems and balanced systems. 
1. Include a certification sheet at the front of the report's binder, signed and sealed by the 

certified testing and balancing engineer. 
2. Include a list of instruments used for procedures, along with proof of calibration. 

B. Final Report Contents:  In addition to certified field-report data, include the following: 
1. Pump curves. 
2. Manufacturers' test data. 
3. Field test reports prepared by system and equipment installers. 
4. Other information relative to equipment performance; do not include Shop Drawings and 

product data. 

C. General Report Data:  In addition to form titles and entries, include the following data: 
1. Title page. 
2. Name and address of the TAB contractor. 
3. Project name. 
4. Project location. 
5. Architect's name and address. 
6. Engineer's name and address. 
7. Contractor's name and address. 
8. Report date. 
9. Signature of TAB supervisor who certifies the report. 
10. Table of Contents with the total number of pages defined for each section of the report.  

Number each page in the report. 
11. Summary of contents including the following: 

a. Indicated versus final performance. 
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b. Notable characteristics of systems. 
c. Description of system operation sequence if it varies from the Contract 

Documents. 

12. Nomenclature sheets for each item of equipment. 
13. Data for terminal units, including manufacturer's name, type, size, and fittings. 
14. Notes to explain why certain final data in the body of reports vary from indicated values. 
15. Test conditions for fans and pump performance forms including the following: 

a. Settings for dampers. 
b. Cooling coil, wet- and dry-bulb conditions. 
c. Fan drive settings including settings and percentage of maximum pitch diameter. 
d. Other system operating conditions that affect performance. 

D. System Diagrams:  Include schematic layouts of hydronic distribution systems.  Present each 
system with single-line diagram and include the following: 
1. Water flow rates. 
2. Pipe and valve sizes and locations. 
3. Balancing stations. 
4. Position of balancing devices. 

E. Chiller Test Forms - Record the following items on chiller test form: 
1. Manufacturer model number, serial numbers. 
2. All design and manufacturer's rated data. 
3. Service and location. 
4. Actual pressure drop and related GPM primary side. 
5. Entering and leaving temperatures. 
6. Temperature control settings. 
7. Electrical characteristics. 
8. For air cooled chillers condenser fan speed and kw. 

F. Pump Test Reports:  Calculate impeller size by plotting the shutoff head on pump curves and 
include the following: 
1. Unit Data: 

a. Unit identification. 
b. Location. 
c. Service. 
d. Make and size. 
e. Model number and serial number. 
f. Water flow rate in gpm (L/s). 
g. Water pressure differential in feet of head or psig (kPa). 
h. Required net positive suction head in feet of head or psig (kPa). 
i. Pump rpm. 
j. Impeller diameter in inches (mm). 
k. Motor make and frame size. 
l. Motor horsepower and rpm. 
m. Voltage at each connection. 
n. Amperage for each phase. 
o. Full-load amperage and service factor. 
p. Seal type. 

2. Test Data (Indicated and Actual Values): 
a. Static head in feet of head or psig (kPa). 



 

 
GAI Project No. 22082  © 2023 Gipe Associates, Inc. 
School of Technology – Chiller Replacement  TESTING, ADJUSTING, AND BALANCING 
Issued for Bid Submission –11/02//2023                                                                                      FOR HVAC                                  
                                                                                                                                                   23 05 93 - 11 
 

 

b. Pump shutoff pressure in feet of head or psig (kPa). 
c. Actual impeller size in inches (mm). 
d. Full-open flow rate in gpm (L/s). 
e. Full-open pressure in feet of head or psig (kPa). 
f. Final discharge pressure in feet of head or psig (kPa). 
g. Final suction pressure in feet of head or psig (kPa). 
h. Final total pressure in feet of head or psig (kPa). 
i. Final water flow rate in gpm (L/s). 
j. Voltage at each connection. 
k. Amperage for each phase. 

G. Instrument Calibration Reports: 
1. Report Data: 

a. Instrument type and make. 
b. Serial number. 
c. Application. 
d. Dates of use. 
e. Dates of calibration. 

 
H.    Electric Motors Test Forms: (Applies to all motors, including pumps, and HVAC equipment) 

1. Manufacturer. 
2. Model/Frame. 
3. HP/BHP. 
4. Phase, voltage, amperage; nameplate, actual, no load. 
5. RPM. 
6. Service factor. 
7. Starter size, rating, heater elements. 
8. Sheave Make/Size/Bore. 
9. Thermal overload settings 

 
 

3.16 INSPECTIONS 

A. Initial Inspection: 
1. After testing and balancing are complete, operate each system and randomly check 

measurements to verify that the system is operating according to the final test and 
balance readings documented in the final report. 

2. Check the following for each system: 
a. Measure water flow of at least 5 percent of terminals. 
b. Verify that balancing devices are marked with final balance position. 
c. Note deviations from the Contract Documents in the final report. 

B.  Final Inspection: 
1. After initial inspection is complete and documentation by random checks verifies that 

testing and balancing are complete and accurately documented in the final report, 
request that a final inspection be made by Engineer, Owner, Construction Manager, 
Commissioning Authority. 

2. The TAB contractor's test and balance engineer shall conduct the inspection in the 
presence of Engineer, Owner, Construction Manager. 

3. Engineer, Owner, Construction Manager, Authority shall randomly select measurements, 
documented in the final report, to be rechecked.  Rechecking shall be limited to either 10 
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percent of the total measurements recorded or the extent of measurements that can be 
accomplished in a normal 8-hour business day. 

4. If rechecks yield measurements that differ from the measurements documented in the 
final report by more than the tolerances allowed, the measurements shall be noted as 
"FAILED." 

5. If the number of "FAILED" measurements is greater than 10 percent of the total 
measurements checked during the final inspection, the testing and balancing shall be 
considered incomplete and shall be rejected. 

C. TAB Work will be considered defective if it does not pass final inspections.  If TAB Work fails, 
proceed as follows: 
1. Recheck all measurements and make adjustments.  Revise the final report and balancing 

device settings to include all changes; resubmit the final report and request a second final 
inspection. 

2. If the second final inspection also fails, Owner may contract the services of another TAB 
contractor to complete TAB Work according to the Contract Documents and deduct the 
cost of the services from the original TAB contractor's final payment. 

D. Prepare test and inspection reports. 
 
 
3.17 ADDITIONAL TESTS 

A. Within ninety (90) days of completing TAB, perform additional TAB to verify that balanced 
conditions are being maintained throughout and to correct unusual conditions. 

B. Seasonal Periods:  If initial TAB procedures were not performed during near-peak summer and 
winter conditions, perform additional TAB during near-peak summer and winter conditions. 

END OF SECTION 
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SECTION 23 06 00 – HEATING, VENTILATING AND AIR CONDITIONING 

PART 1 -  GENERAL 

 
1.1. GENERAL 
 

A. The Conditions of the Contract and other General Requirements apply to the work specified 
in this section.  All work under this section shall also be subject to the requirements of 
Division 23 Section, Common Work Results for HVAC and Division 01 Section General 
Requirements. 

1.2. DESCRIPTION 
 

A. The work to be performed shall include all labor, materials and equipment necessary to 
furnish and install complete, all mechanical equipment as shown on drawings, hereinafter 
specified or reasonably implied, and leaving the same in satisfactory operation condition.  It 
is the intent that systems be installed complete with all items necessary to accomplish this 
purpose. 

 

1.3. SUBMITTALS 
 

A. Shop Drawings: Indicate assembly, equipment dimensions, weight loading, required 
clearances, construction details, field connection details, and electrical characteristics and 
connection requirements. 

B. Product Data: 
1. Provide literature which indicates dimensions, weights, capacities, ratings, 

performance, gages and finishes of materials, and electrical characteristics and 
connection requirements. 

2. Provide fan and pump curves with specified operating point clearly plotted. 
3. Submit sound power level data for both fan outlet and casing radiation at rated 

capacity. Submit sound power levels by octave band or sound pressure levels by 
octave band for all equipment. 

4. Submit electrical requirements for power supply wiring including wiring diagrams for 
interlock and control wiring, clearly indicating factory-installed and field-installed 
wiring. 

 

1.4. OPERATION AND MAINTENANCE DATA 
 

A. Maintenance Data:  Include instructions for lubrication, filter replacement, motor and drive 
replacement, spare parts lists, and wiring diagrams. 
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1.5. DELIVERY, STORAGE, AND HANDLING 
 

A. Deliver, store, protect and handle products to site under provisions of General Requirements. 
 

B. Accept products on site in factory-fabricated protective containers, with factory-installed 
shipping skids and lifting lugs.  Inspect for damage. 

 
C. Store all equipment in clean dry place and protect from weather and construction traffic. 

Handle carefully to avoid damage to components, enclosures, and finish. 

D. Comply with manufacturer's installation instructions for rigging, unloading and transporting 
equipment. 

E. Protect all motors, shafts, and bearings from weather and construction dust. 

1.6. ENVIRONMENTAL REQUIREMENTS 
 

A. Do not operate any equipment for any purpose, temporary or permanent, without Owner’s 
permission. 

PART 2 -  PRODUCTS 

 
2.1. AIR-COOLED CHILLERS 
 

A. General: 
1. Factory assembled, single-piece chassis, air-cooled liquid chiller. Contained within 

the unit cabinet shall be all factory wiring, piping, controls, refrigerant charge (R-

513a), and special features required prior to field start-up. 

 
B. Materials of Construction: 

1. The base rail is industrial-quality, 7 ga, zinc-dipped galvanized frame (with Magni-

coated screws). 

2. Cabinet shall be galvanized steel casing with a baked enamel powder or pre-painted 

finish. 

3. Painted parts shall withstand 1000 hours in constant neutral salt spray under ASTM 

B117 conditions with a 1 mm scribe per ASTM D1654. After test, painted parts shall show 

no signs of wrinkling or cracking, no loss of adhesion, no evidence of blistering, and the 

mean creepage shall not exceed 1/4 in. (Rating ³ 4 per ASTM D1654) on either side of the 

scribe line.  

4. Variable frequency drives shall be factory provided integral with the unit. 

C. Fans: 
1. On- standard-tier units, condenser fans shall be direct-driven, 9-blade airfoil cross-

section, reinforced polymer construction, shrouded-axial type, and shall be statically 

and dynamically balanced with inherent corrosion resistance. 



 

 
GAI Project No. 22082  © 2023 Gipe Associates, Inc. 
School of Technology – Chiller Replacement HEATING, VENTILATING AND AIR CONDITIONING 
Issued for Bid Submission –11/02//2023                                                                                    23 06 00 - 3 
 
 

2. On mid-tier and high-tier units, condenser fans shall be variable speed, 9-blade airfoil 

cross-section, reinforced polymer construction, shrouded-axial type, and shall be statically 

and dynamically balanced with inherent corrosion resistance. 

3. The variable speed drives for mid-tier and high-tier unit condenser fans shall include 

a DC link reactor. 

4. Air shall be discharged vertically upward. 

5. All VFDs on the chiller (compressor motors and fans) shall be fully air cooled and 

shall not require an additional glycol cooling system, thus avoiding the maintenance 

associated with such cooling systems. 

6. Fans shall be protected by coated steel wire safety guards. 

7. Fan blades shall have serrated edges to minimize the sound that is produced. 

8. Variable speed condenser fans are not available for unit sizes 225-500 at 208/230 v 

or for unit size 140 at any voltage. 

 

D. Compressor/Compressor Assembly: 
1. Comprised of semi-hermetic twin screw type compressors. 

2. Compressor motor shall be direct drive, VFD (variable frequency drive) controlled to 

match the load requirement, with a maximum speed of 5880 or 6300 rpm. The 

motors are protected by motor temperature sensors, and are suction gas cooled. 

3. In order to optimally match building load, maximize chiller power factor and help 

equalize compressor run time, all chiller compressors must be VFD controlled. 

4. For improved reliability with fewer moving parts, the compressor shall not employ a slide 

valve. 

5. Capacity control shall utilize a VFD to unload each compressor from 100% to 25% 

of full load, resulting in a chiller minimum load of less than 15%. A VI (volume 

index) valve is used to optimize the efficiency at full and part load conditions. 

6. The VFD for each compressor motor shall include a DC link reactor. 

7. Compressor shall include an internal muffler to reduce pulsations in the system. 

8. All VFDs on the chiller (compressor motors and fans) shall be fully air cooled and 

shall not require an additional glycol cooling system, thus avoiding the 

maintenance associated with such cooling systems. 

9. Compressor performance shall not rely on an internal Teflon coating because this 

material deteriorates over time. This deterioration results in loss of capacity, higher 

operating costs due to lower efficiency and increased maintenance requirements. 

E. Flooded Evaporator: 
1. Shall be mechanically cleanable tubes in a shell-and-tube type evaporator with 

removable heads. 

2. Tubes shall be internally enhanced seamless-copper type rolled into tube sheets. 

3. Shall be equipped with Victaulic-type water connections. 

4. Shell and evaporator heads shall be insulated with 3/4-in. PVC foam (closed-cell) 

with a maximum K factor of 0.28. 

5. Design shall incorporate 2 independent refrigerant circuits. 

6. Evaporator shall be tested and stamped in accordance with ASME Code for a 

refrigerant working side pressure of 220 psig. Evaporator shall have a maximum 

water-side pressure of 300 psig. 
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7. Evaporator shall have a evaporator drain and vent. 

8. Low-ambient temperature protection: unit shall have factory-installed evaporator 

heater (where applicable) to protect evaporator from ambient temperature freeze 

down to 0°F. 

9. Evaporator shall be provided with a factory-installed flow switch. 

F. Condenser: 
1. Coil Shall be Aluminum Fin/Copper Tube Coils 

a. Coil shall be constructed of seamless copper tubes mechanically bonded to 
aluminum fins. Fins shall have wavy enhancements. These coils are not 
recommended for corrosive environments. 

b. Due to chiller clearance and serviceability considerations, all coil headers 
shall be on the same side of the unit. 

2. Tubes shall be cleaned, dehydrated, and sealed. 
3. Assembled condenser coils shall be pressure tested at the coil factory at 660 psig and 

subsequently shall be leak tested at 145 psig ±5 psig pressure tested at 350 psig at final 
unit assembly. 

4. To plan the chiller installation and for ease of maintenance/coil removal, all refrigerant 
piping entering and leaving the condenser coils shall be located on only one side of the 
chiller so the coils can be removed (when needed) from the side free of piping. This is 
important to consider because removing the coils from the header side, although 
possible, involves extra labor due to extra bending and brazing of the coil headers. 

G. Refrigeration Components: 

Refrigerant circuit components shall include replaceable-core filter drier, moisture indicating 

sight glass, electronic expansion valve, discharge service valves and liquid line service 

valves, and complete operating charge of both refrigerant R513a and compressor oil. 

H. Controls, Safeties, and Diagnostics: 
1. Unit controls shall include the following minimum components. 

a. Microprocessor with non-volatile memory. Battery backup system shall not 

be accepted. 

b. Separate terminal block for power and controls. 

c. Separate 115-v power supply to serve all controllers, relays, and control 

components. 

d. ON/OFF control switch. 

e. Replaceable solid-state controllers. 

f. Pressure sensors installed to measure suction, oil, economizer, discharge, 

and liquid pressure. Thermistors installed to measure evaporator entering and 

leaving fluid temperatures and outside-air temperature. 

2. Unit controls shall include the following functions. 

a. Automatic circuit lead/lag. 
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b. Capacity control based on leaving chilled fluid temperature and 

compensated by rate of change of return-fluid temperature with temperature 

set point accuracy to 0.1°F (0.05°C). 

c. Limiting the chilled fluid temperature pull-down rate at start-up to an 

adjustable range of 0.2°F to 2°F (0.1 to 1.1°C) per minute to prevent 

excessive demand spikes at start-up. 

d. Seven-day time schedule. 

e. Leaving chilled fluid temperature reset from return fluid and outside air 

temperature. 

f. Chilled water pump start/stop control. 

g. Chiller control for parallel chiller applications without addition of hardware 

modules and control panels (requires thermistors). 

h. Timed maintenance scheduling to signal maintenance activities for strainer 

maintenance and user-defined maintenance activities. 

i. Low ambient protection to energize evaporator heaters (if installed). 

j. Single step demand limit control activated by remote contact closure. 

k. Night time sound mode to reduce the sound of the machine by a user-

defined schedule 

3. Diagnostics: 

a. The control panel shall include, as standard, a display. 

1) Seven-inch color touch screen display with stylus. 

2) Display shall allow a user to navigate through menus, select 

desired options and modify data. 

b. Features of the display shall include: 

1) Multiple connection ports for USB, Ethernet or BACnet IP, LEN (local 

equipment network), and Carrier Comfort Network® (CCN) 

connections. NOTE: BACnet IP may require additional programming. 

2) Automatic reporting of alarms over email. 

3) Ability to graphically plot trends of system performance and 

conditions over time. 

4) Graphical summary display of current chiller operation and water 

conditions. 

5) Display shall allow access to configuration, maintenance, service, set 

point, time schedules, alarm history, and status data. 

6) Three levels of password protection against unauthorized access to 

configuration and maintenance information, and display set up 

parameters. 

7) Full compatibility with the Carrier Comfort Network® (CCN) system 

to provide email alarm notification and to provide network capability 

to fully monitor and control chiller. 

8) Display shall be capable of displaying the last 50 alarms with clear 

full text description and time and date stamp, and will store a 

snapshot of operating conditions before and after the 10 most 

recent alarms. 
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9) Display run hours and number of starts for machine and individual 

compressors. 

10) Display current draw for each circuit compressor and fans. 

11) The control system shall allow software upgrade without the need 

for new hardware modules. 

 

4. Safeties: 

a. Unit shall be equipped with thermistors and all necessary components in 

conjunction with the control system to provide the unit with the following 

protections: 

1) Reverse rotation. 

2) Low chilled fluid temperature. 

3) Motor overtemperature. 

4) High pressure. 

5) Electrical overload. 

6) Loss of phase. 

7) Loss of chilled water flow. 

 

b. Condenser fan motors shall have internal overcurrent protection. 

 

I. Operating Characteristics: 
1. Unit, without modification, shall be capable of starting and running at outdoor 

ambient temperatures from 32°F to 125.6°F for all units employing variable speed 
condenser fans and outdoor ambient temperatures from 32°F to 105°F for units that 
do not employ variable speed condenser fans. 

2. Unit shall be capable of starting up with 95°F entering fluid temperature to the 
evaporator. 

3. After power restoration, and with the Capacity Recovery™ feature (a standard 
controls feature) enabled, unit shall be capable of full capacity recovery in less than 
5 minutes. 

J. Motors: 

Condenser- fan motors shall be totally enclosed, air over, variable speed, 3-phase type with 
permanently lubricated bearings and Class F insulation. Fans shall be 8-pole for standard 
tier units and 6-pole for medium and high tier units. 

 
K. Electrical Requirements: 

1. Unit primary electrical power supply shall enter the unit at a single location (all chiller 
voltage/size combinations shall have the ability to accommodate 2 power supplies to 
meet job-specific requirements). 

2. Primary electrical power supply shall be rated to operate up to 125.6°F ambient 
temperature for all models. 

3. Unit shall operate on 3-phase power at the voltage shown in the equipment 
schedule. 

4. Control points shall be accessed through terminal block. 
5. Unit shall be shipped with factory control and power wiring installed. 
6. Unit shall have a minimum SCCR (short circuit current rating) value of 40 kA for all 

voltages.  
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L. Chilled Water Circuit: 
1. Chilled water circuit shall be rated for 300 psig. 
2. Thermal dispersion proof of flow switch shall be factory installed and wired. 
 

M. Special Features: 
1. Isolation Valve Option: 

Unit shall be supplied with factory-installed isolation valve which provides a means of 
isolating the compressors from the evaporator vessel, which is beneficial in servicing the 
chiller. The isolation option comes in various configurations depending on the installation 
region. The selection of the isolation valve option results in chillers which are equipped 
with a liquid line service valve, a discharge service valve (motorized or manual type), 
and a series of valves on or near the evaporator. The net effect is to provide isolation 
capability in the condenser area, the evaporator area and the compressor area. 
 
NOTE:  The only situation in which the isolation of the condenser area allows the full 
charge to be stored in the condenser is when round tube, plate fin (RTPF) coils are 
employed. 

 
2. Suction Line Insulation: 

 
Unit shall be supplied with suction line insulation. Insulation shall be tubular closed-
cell insulation. 
 

3. ECM Fans: 
 

Unit shall be equipped with factory-installed fans employing electronically 
commutated motors to    increase fan efficiency when compared to standard fan 
motors while also proving variable speed fan output. 

 
4. PM Compressor Motor: 

 
Unit shall be equipped with factory-installed permanent magnet compressor motors 
to provide an increase in motor efficiency when compared to standard compressor 
motors. This option is available for unit sizes 140-325. 
 

5. Low Sound Kit: 
 
Unit shall be provided with factory-installed sheet metal enclosures with sound-
absorbing panels for each compressor as well as an external muffler between 
each compressor and its associated oil separator. 

 
6. Sound Optimization: 

 
Unit shall be selected with customized software to best meet customer sound and 
capacity requirements. 
 

2.2. BASE MOUNTED PUMPS – SPLIT-CASE 

A. Furnish .and install base mounted centrifugal split-case pumps to circulate hydronic water to 
the various items of equipment throughout the building, associated with the HVAC system. 
Pumps shall have sizes and capacities as indicated on the drawings. 
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B. All pumps shall be suitable for the service and temperatures designated and shall conform to 
the following requirements.  Each pump shall have a factory installed seal flushing line 
running from the seal area to the pump suction to ensure removal of trapped air from the 
seal area, removal of sediment, and cooling of the seal to extend seal life.  Provide five (5) 
micron filters in seal flushing lines or cyclone separators with sight glass as indicated on the 
drawings.  Provide two (2) sets of cartridges for each side - stream Cuno filter. 

 
C. Pumps shall be cast iron bronze fitted and shall be suitable for up to 175 psi working 

pressure and up to 250 degrees F water temperature.  Pumps shall have center-line 
discharge for positive venting and flanged bodies.   Pumps shall incorporate a grease 
lubrication system and be so designed that the bearing assembly can be removed in one 
piece.  A water slinger shall be provided between the mechanical seal and bearing areas.  
Pump shafts shall be stainless steel with a cupro-nickel sleeve, and be coupled to the motor 
shaft by a noiseless, non-metallic coupler with guard.  Impellers shall be one-piece cast 
bronze, dynamically balanced.  Motors shall be 1750 rpm.  For variable speed pumps, 
motors shall be inverter duty rated. 

 
D. Pumps shall be designed so that they shall not overload at low heads and shall not develop 

excessive pressure under throttled flow conditions or overload motor anywhere on the 
operating curve.  Operating performance curves shall be submitted for approval.  Provide 
gauge tappings on each pump flange.  Furnish dust caps at all oil fill tubes.  Pump motors 
shall be non-overloading throughout the range of the curves. 

 
E. Units shall be provided with motors of not less than the horsepower indicated, suitable for the 

service and available electrical characteristics.  Units shall be controlled as hereinafter 
specified.  After installation and prior to operation, each pump shall be aligned.  Motors shall 
be as specified hereinbefore. 

F. Casing:  Cast- iron, with suction and discharge gage ports, renewable bronze casing wearing 
rings, seal flush connection, drain plug, flanged suction and discharge. 

 
G. Impeller:  Bronze, fully enclosed, keyed to shaft. 

 
H. Baseplate:  Cast iron or fabricated steel with integral drain rim. 

I. Pumps shall be primed and painted in baked enamel, rust resistant paint. 
 

J. Electrical characteristics shall be as scheduled on the contract drawings.  Provide terminal 
lugs to match branch circuit conductor quantities, sizes, and materials indicated.  Enclose 
terminal lugs in terminal box sized to NFPA-70. 

 
K. Pumps shall be 1200 or TA series as manufactured by Taco, Aurora, Bell & Gossett, PACO, 

Armstrong, Patterson. 
 

2.3. VARIABLE SPEED DRIVES (W/BYPASS) 
 

A. Provide variable speed drive controllers for pumps as indicated on contract drawings. 

B. The adjustable frequency controller (AFC) shall convert three phase 60 Hertz utility power to 
adjustable voltage and frequency, three phase, AC power for stepless motor control from 5 
percent to 110 percent of base speed. 
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C. The AFC shall be a voltage source type with a PWM output utilizing power transistor semi-
conductors. 

D. The AFC together with all options and modifications shall mount within a standard NEMA 1 
enclosure suitable for continuous operation at ambient temperature of 0 to 40 degrees C. 
with relative humidity to 95 percent non-condensing.  All high voltage components within 
enclosure shall be isolated with steel covers.  The complete unit shall be UL approved and 
UL labeled. 

E. Circuits shall provide DV/DT and DI/DT protection for semi-conductors.  AFC shall be 
capable of starting into a rotating load without delay.  Protective circuits shall cause 
instantaneous trip (IET) should any of the following faults occur. 
1. Motor overload. 
2. Short circuit. 
3. Motor overtemperature fault. 
4. Reverse phase. 
5. 110 percent of controller maximum sine wave current rating is exceeded. 
6. Output phase to phase and phase to ground short circuit condition. 
7. High input line voltage 
8. Low input line voltage  
9. Loss of input phase  
10. External fault: This protective circuit shall permit, by means of the terminal strip, 

wiring of remote NC safety contacts such as high static, firestat, etc., to shut down 
the drive. 

F. The following adjustments shall be available in the controller and retained in non-volatile 
memory: 
1. Maximum frequency (15 to 400 Hz) factory set at 60 Hz. 
2. Maximum frequency (3 to 60 Hz) factory set at 6 Hz. 
3. Acceleration (.1 to 360 seconds) factory set at 20 seconds. 
4. Deceleration (.1 to 360 seconds) factory set at 20 seconds. 
5. Volts/Hertz ratio factory set for 460V at 60 Hz. 
6. Voltage offset or boost factory set at 100 percent torque. 
7. Current limit (50 percent to 110 percent sine wave current rating) factory set at 100 

percent current. 

G. The AFC shall have the following basic features: 
1. Door-mounted operators controls consisting of a membrane command center which 

allows manual stop/start and speed control, local/remote indication and manual/or 
automatic speed control selection.  In addition, the command center shall serve as a 
means to configure controller parameters such as min speed, max speed, 
acceleration and deceleration times, Volts/Hz ratio, torque boost etc.  
Potentiometers shall not be allowed for these settings. 

2. Main input disconnect to provide a positive disconnect of all phases of the incoming 
A-C line to the controller and to the bypass circuitry when bypass is provided.  This 
disconnect shall be mounted inside the controller enclosure and have through-the-
door interlocking toggle with provisions for padlocking. 

3. Electronic motor overload relay. 
4. EMI/RFI filters:  All VFDS shall include EMI/RFI filters.  The on board filters shall 

allow the VFD assembly to be CE marked and the VFD shall meet product standard 
EN61800-3 for the First Environment restricted level (Category C2). 
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5. Drive Options:  Options shall be furnished and mounted by the drive manufacturer.  
All optional features shall be UL Listed by the drive manufacturer as a complete 
assembly and carry a UL Listing. 

6. Automatic restart after power outage, drive fault or external fault, with drive in 
automatic mode.  The circuit shall allow the user to select up to (10) restart attempts 
as well as the dwell time between attempts.  The reset time between fault 
occurrences shall also be selectable.  All settings shall be via the membrane 
command center. 

7. Door- mounted LED display for digital indication of: 
a. Frequency output. 
b. Voltage output. 
c. Current output. 
d. First fault indication. 
e. Fan or Pump Speed (RPM). 

8. Relay contacts for remote indication of drive fault and motor finning. 

9. Three critical frequency avoidance bands, field programmable via the membrane 
command center.  Each critical frequency avoidance band shall have a bandwidth 
adjustable via keypad entry of up to 10 Hz. 

10. Three programmable preset speeds which shall force the AFC to a preset speed 
upon a user contract closure.  The default minimum shall be 6 Hz and the maximum 
speed shall be 75 Hz. 

11. Isolated process follower to enable VFC to follow a 4-20 mA signal. 

12. The AFC shall have the capability to ride through power dips up to 500 msec without 
a controller trip depending on load and operating condition. 

13. Line reactor to minimize line surges, line notching, and voltage distortions. 

14. Capability for direct communications with Siemens-Staefa Building Automation 
Systems.  Fault diagnostics, start/stop, speed commands, and all drive feedbacks 
shall be available over a single communications module.  Discrete signals such as 
Bypass Run or Interlock Open shall be mapped through the drive terminal strip to 
the BAS. 

15. Manual bypass-to-line with magnetic contactors to transfer motor from the variable 
frequency controller to full speed operation on utility supplied input power, or from 
utility power to the controller, while the motor is at zero speed.  Two motor 
contactors, electrically interlocked shall be utilized, one contactor between the 
controller output and the motor and the other between the bypass power line and 
the motor, providing across-the-line starting. 

H. Motor protection per National Electrical Code shall be provided by a motor overload relay.  
The 115 volt A-C relay control logic, allowing common start/stop commands in the 
"controller" mode shall also be included within the enclosure. 

I. Motor protection per National Electrical Code shall be provided in both the "controller" mode 
and the "bypass" mode by a single bi-metallic motor overload relay.   The 1156 volt A-C relay 
control logic, allowing common Start/Stop commands in the "controller" mode and the 
"bypass" mode shall also be included within the enclosure. 
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J. The bypass shall include a door interlocked main power input disconnect providing positive 

shutdown of all power to both the bypass circuitry and the VFD.  The bypass circuit shall also 
include a second input disconnect to the VFD.  This disconnect shall provide the ability to 
safely trouble shoot and test the controller, both energized and de-energized, while operating 
the bypass mode. 

K. The VFC and all components shall be supplied within a single NEMA 1 enclosure, and shall 
be U.L. Listed as a single unit. Furnish all components necessary to provide a minimum lead 
length between motor and drive of 400 ft.  The VFC shall not generate damaging transistor 
pulses greater than the limits set by NEMA MG-1 at 400 Ft lead length. 

L. The VFC manufacturer shall maintain and staff nationwide service centers.  These service 
engineers shall be employed by the manufacturer and provide start-up service including 
physical inspection of drive and connecting wiring and final adjustments to meet specified 
performance requirements. 

M. The VFC shall carry a full parts and labor warranty for five (5) years from date of Owner 
acceptance of the building. 

N. Provide auto-reset phase protection; ICM-450 undervoltage, overvoltage, loss of phase, 
phase reversal protection and time delay with auto reset.  Coordinate installation with 
Division 26. 

O. Provide spare washable intake filter and fuses for each drive.  Turn over spare filters and 
fuses to Owner. 

P. The variable speed drive manufacturer shall coordinate with the ATC contractor and provide 
all necessary devices whether optional or not to perform complete and automatic operation 
as described in the sequence of operation. 

Q. BAS Interface:  Factory-installed hardware and software to enable the BAS to monitor, 
control, and display VFC status and alarms.  Allows VFC to be used with an external system 
within a multidrop LAN configuration; settings retained within VFC's nonvolatile memory. 

R. Variable speed drives shall be carefully selected for the duty required.  Variable speed drives 
shall be specifically designed for the specified equipment to be controlled. 

S. The variable speed drive shall be Danfoss, or approved equal of Accutrol, Cutler Hammer, 
York, Trane, Emerson, ABB, or as approved equal. 

2.4. EXTERIOR EQUIPMENT/DUCT SUPPORT 

A. Exterior Equipment Supports shall be Pate Model ES suitable for roof construction. 
Equipment supports shall be constructed of 18 gauge galvanized steel, unitized construction 
with integral base plate, continuous welded corner seams, pressure treated wood nailer 
counterflashing and lag screws.  Units shall be internally reinforced. 
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2.5. EXTERIOR PIPE ROLLER SUPPORTS 

A. Furnish and install pipe roller supports for all exterior chilled water piping as indicated on 
contract drawings.  Pipe roller supports shall be constructed of heavy gauge galvanized 
steel, continuous welded corner seams, 2 x 4 treated wood nailer, heavy gauge galvanized 
steel counterflashing with galvanized steel channel track attached. 

B. Roller assembly shall consist of galvanized steel channel track, galvanized steel fittings, 
washers, nuts, and painted cast iron roller.  Installation shall permit both vertical and 
horizontal adjustment. Units shall be Pate Model RAC or approved equal 

2.6. WATER TREATMENT SERVICES 

A. Complete chemical water treatment service shall be provided by the current treatment 
company for the building.  The service shall provide all equipment, chemicals and labor 
necessary to prevent corrosion, inhibit scale build-up and minimize organic growth for a 
period of two (2) years starting from building acceptance.  Service visits for the purpose of 
adding chemicals to feeding equipment, regulating bleed-off, inspecting and adjusting water 
treatment equipment, and obtaining samples of laboratory analysis shall be performed at 
monthly intervals for closed systems and every two weeks for open systems during the entire 
guarantee period.  Chemicals shall not be injurious to water side equipment and construction 
materials.  Records of all injurious to water side equipment and construction materials.  
Records of all service visits, chemical additions, laboratory tests, etc., shall be maintained 
and shall be provided to owner after each visit during guarantee period. Instruct mechanical 
contractor in field on piping and wiring of chemical feeding equipment. 

B. Systems to be protected shall include the extension of the chilled water system.  Services 
shall include flushing and cleaning of piping systems specified under Division 23 Section, 
"HVAC Piping, Fittings, and Valves" section, furnishing and installing all chemical treatment 
equipment and accessories to perform the water treatment specified below.  Maintain 
complete records of the treatment program for each system. 

C. Contractor shall perform an analysis of the building water supply as a basis of the chemical 
treatment.  Contractor shall provide the Owner with written instructions for chemical feeding 
bleed-off, blowdown control and testing procedures, provide all required chemicals during the  

D. Guarantee period, and provide all required test kits. 

E. Contractor shall maintain the following conditions in each system. 

SYSTEMS Chilled Water System 
 

Ph 8.0 to 10.5 

Inhibitor for Scale & 
 Corrosion Cycles 

--- 

Cycles* --- 



 

 
GAI Project No. 22082  © 2023 Gipe Associates, Inc. 
School of Technology – Chiller Replacement HEATING, VENTILATING AND AIR CONDITIONING 
Issued for Bid Submission –11/02//2023                                                                                    23 06 00 - 13 
 
 

Organic --- 

Buffered Nitrate 550 ppm 

Chromate (Low)  

Molybdate 30 to 50 ppm 

Sulfite --- 

Sodium Nitrite 500 to 1000 PPM 

Corrosion Inhibitor 100 to 150 PPM  
(as Molybdate)  
or 1000 to 1500 PPm  
sodium Nitrate 

F. Chemical Feeding Equipment:  Provide chemical feeding equipment, as specified below and 
as indicated on the drawings, to introduce chemicals into the chilled water system only when 
the system is operating: 
 
Five (5) gallon steel by-pass feeder installed across circulating pump suction and discharge 
lines, with tank and piping insulated using the same thickness and type of insulation as 
provided for the piping system.  Provide filter.  Unit shall contain quick opening cap and shall 
be suitable for working pressure of 175 psig.  Tank shall be primed and finished in baked 
enamel paint  

G. Closed Recirculating Systems shall be filled and sufficient detergent and dispersant added to 
remove all dirt, oil, and grease.  System shall be circulated for at least 48 hours after which a 
drain valve at the lowest point shall be opened and allowed to bleed while the system 
continues to circulate.  The automatic make-up valve shall be checked to be sure it is 
operating.  Bleeding shall continue until water runs clear and all detergent is removed.  A 
sample of water shall be tested and if PH exceeds the PH of the make-up water, flushing 
shall be resumed. 

PART 3 -  EXECUTION 

3.1. EXAMINATION 

A. Verify all dimensions by field measurements.  Verify that all equipment may be installed in 
accordance with pertinent codes and regulations, the original design, and the referenced 
standards. 

B. Verify structure, mounting supports and membrane installations are completed to the proper 
point to allow installation of roof mounted equipment, where applicable. 
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C. Examine rough-in requirements for all piping systems to verify actual locations of piping 
connections prior to installation. 

D. Verify that electrical work installation is in accordance with manufacture's submittal and 
installation requirements of Division 26 sections.  Do not proceed with equipment start-up 
until electrical work is acceptable to equipment installer.  Coordinate sizes of all thermal 
overloads with Division 26. 

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

F. Provide wiring diagrams of all equipment as specified in Division 23 Section, Common Work 
Results for HVAC. 

 

3.2. GENERAL INSTALLATION REQUIREMENTS 
 

A. Install all equipment in accordance with manufacturer's installation instructions, in 
accordance with state and local code requirements, and in accordance with the contract 
drawings.  Install all equipment plumb and level, to tolerances as required by the 
manufacturer of each item of equipment.  Maintain manufacturer recommended clearances 
around and over all equipment. 

 
B. Coordinate vibration isolation requirements with all equipment in accordance with Division 23 

Section, Vibration Controls for HVAC, Plumbing and Fire Protection Equipment. 
 

C. Coordinate all electrical requirements with Division 26. 

D. Coordinate all indoor and outdoor equipment pad locations and sizes with approved shop 
drawing submittals.  Provide operating weights of equipment to Structural Engineer for 
review.  Coordinate equipment pad locations and sizes with the Concrete Contractor or 
General Contractor.  Furnish anchor bolts which are to be inserted in concrete pads to 
concrete installer. 

E. Verify piping arrangements of all equipment with the contract drawings.  Piping details shall 
be strictly adhered to concerning valves, fittings, components, etc.  At coils, where a 
rebuildable and repairable autoflow valve is installed in the line without the need for draining 
or shutting of the water, the same may be utilized as the isolation valve and additional shut-
off valve is not required. 

F. Connect all equipment, devices and components to wiring systems and to ground as 
indicated and instructed by manufacturer.  Tighten connectors and terminals, including 
screws and bolts, according to equipment manufacturer's published torque-tightening values 
for equipment connectors.  Where manufacturer's torquing requirements are not indicated, 
tighten connectors and terminals according to tightening requirements specified in UL 486A. 

G. Testing:  After installing HVAC equipment, devices and components and after electrical 
circuitry has been energized, demonstrate product capability and compliance with 
requirements. 

H. Remove and replace malfunctioning units with new units and retest. 

I. All mechanical penetrations or terminations in exterior walls shall be flashed and caulked 
watertight. 
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3.3. FIELD QUALITY CONTROL 
 

A. Where indicated provide the services of a factory authorized service representative to 
examine the field assembly of components, installation, piping, electrical connections, 
controls, and clearances.  Submit factory start-up check list to Engineer for information 
purposes.  Testing and balancing work shall not commence until start-up reports have been 
completed, reviewed by Engineer, and forwarded to Testing and Balancing Agency. 

 
B. Where factory start-up of equipment is not specified, provide field start-up by qualified 

technician to examine the field assembly of components, installation, piping, electrical 
connections, controls and clearances. Record equipment manufacturers standard start-up 
information and submit to Engineer for review.  Testing and balancing work shall not 
commence until start-up reports have been completed, reviewed by Engineer, and forwarded 
to Testing and Balancing Agency. 

 
C. Charge all refrigerant systems with refrigerant and oil and test for leaks.  Repair leaks and 

replace lost refrigerant and oil. 
 
D. Fill all hydronic systems with water after flushing and test for leaks.  Repair leaks and replace 

lost water.  Coordinate with water treatment contractor. 
 
E. Submit to Engineer a written table of all relief valve and make-up water valve settings for 

each system.  Provide an additional copy in the Operations and Maintenance Manuals. 
 
F. Verify proper motor sizes, voltages, thermal overloads, nameplate data, etc.  All equipment 

voltages and current shall be recorded to ensure that motors are operating below their 
service factors.  Test and Balance Engineer shall record electrical data before continuous or 
permanent operation. 

3.4. DEMONSTRATION 
 

A. Where indicated, provide the services of a factory authorized service representative to 
provide start-up and to demonstrate and train the Owner's maintenance personnel. 

B. Place equipment into operation and adjust controls and safeties.  Replace damaged or 
malfunctioning components and controls. 

C. Training  
1. Train the Owner's maintenance personnel on start-up and shut-down procedures, 

troubleshooting procedures, lubrication, servicing procedures and preventative 
maintenance schedules/procedures.  Review with the Owner's personnel, the 
contents of the operation and maintenance data specified in Division 23 Section, 
Common Work Results for HVAC. 

2. Submit operation and maintenance data as soon as possible prior to project close-
out.  Operations and maintenance data shall be submitted to the Owner for review 
and comment prior to submission to the Engineer. 

3. Schedule training with the Owner through the Engineer with at least seven (7) days 
prior notice. 

D. Contractor shall demonstrate removal and replacement of filters at all pieces of equipment 
with filters in the presence of the Owners representative. 
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3.5. CLEANING 
 

A. After completing installation, inspect exposed finish. Remove burrs, dirt, and construction 
debris, and repair damaged finishes including chips, scratches, and abrasions. 

B. Clean fan and equipment interiors to remove foreign material and construction dirt and dust. 
Vacuum clean fan wheels, cabinets, and coils' entering air face. 

 

3.6. AIR-COOLED CHILLER INSTALLATION REQUIREMENTS 

A. Align chiller package on steel or concrete foundations as indicated. 

B. Arrange chiller piping for easy dismantling to permit tube cleaning. 

C. Supply initial charge of refrigerant and oil as required. 

D. Comb out fins on air cooled chillers where deformed or bent.  Replace or repair broken fins. 

E. Install chillers according to manufacturer's written instructions. 

F. Install chillers plumb and level, and anchor.  Anchor housekeeping pads to building floor.  
Anchor chiller and vibration isolators to housekeeping pad. 

G. Install vibration isolators according to isolator manufacturer's written instructions. 

H. Maintain manufacturer's recommended clearances for service and maintenance. 

I. Install piping connections maintaining clearances for service and maintenance of chillers. 

J. Manufacturer's Field Service:  Provide services of a factory authorized service representative 
to supervise field assembly of components and installation of chillers, including piping and 
electrical connections, and to report results in writing. 

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

K. Touch up scratches in unfinished surfaces to restore corrosion resistance. 

L. Touch up scratches in finished surfaces to restore finish. 

M. Provide services of a factory trained service technician to start chiller. 

N. Interlock chiller with automatic temperature control system.  Coordinate requirements with 
automatic temperature control contactor. 

O. Install, wire, and interlock fluid flow switch.  Interface with automatic temperature control 
system. 
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P. Install flexible connectors, valves, fittings, thermostats, gauges, balance valves, etc… as 
indicated on flow diagram. 
 

3.7. BASE MOUNTED PUMPS (SPLIT CASE) 
 

A. Provide access space around pumps for service.  Provide no less than minimum as 
recommended by manufacture. 

 
B. Connect pump to existing inlet and discharge pipe flanges. 
 
C. Provide air cock and drain connection on horizontal pump casings. 
 
D. Provide drains for bases and seals, piped to and discharging into floor drains. 
 
E. Check, align, and certify alignment of base mounted pumps prior to start-up.  Prior to starting 

pumps, the alignment of the pumps and their motors or other drivers shall be carefully 
checked. Alignment should be checked for both offset and angularity.  Alignment by means 
of an Ames dial, Laser or equivalent shall be accomplished for all pumps. Alignment by 
straight edge across the pump couplings shall not be acceptable. 

 
F. Install base mounted pumps on existing concrete housekeeping pads, with anchor bolts, set 

and level, and grout in place.  See Division 23 Section, Vibration Controls for HVAC, 
Plumbing and Fire Protection Equipment for inertia pad requirements.  After alignment is 
correct, tighten foundation bolts evenly but not too firmly, completely fill baseplate with non 
shrink, non metallic grout while metal blocks and shims or wedges are in place.  After grout 
has cured, fully tighten foundation bolts. 

 
G. Lubricate pumps before start-up. 
 
H. Install pumps according to manufacturer's written instructions. 

1. Install pumps according to HI 1.1-1.5, Centrifugal Pumps for Nomenclature, 
Definitions, Application and Operation. 

 
I. Install pumps to provide access for periodic maintenance, including removing motors, 

impellers, couplings, and accessories. 

J. Set base-mounted pumps on concrete foundation.  Disconnect coupling halves before 
setting.  Do not reconnect couplings until alignment operations have been completed. 
1. Support pump baseplate on rectangular metal blocks and shims, or on metal 

wedges with small taper, at points near foundation bolts to provide a gap of 3/4 to 
1-1/2 inches between pump base and foundation for grouting. 

2. Adjust metal supports or wedges until pump and driver shafts are level.  Check 
coupling faces and suction and discharge flanges of pump to verify that they are 
level and plumb. 

3.8. WATER TREATMENT INSTALLATION REQUIREMENTS 
 

A. System shall be operational, filled, started, and vented prior to cleaning. Use water meter to 
record capacity in each system. 

B. Flush systems with clean water for one hour minimum. Drain completely and refill. 
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C. Remove, clean, and replace strainer screens. 

D. Inspect, remove sludge, and flush low points with clean water after cleaning process is 
completed.  Include disassembly of components as required. 

 
END OF SECTION 
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SECTION 23 07 19 - HVAC PIPING INSULATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section includes insulating the following HVAC piping and equipment systems: 
1. Chilled water piping, indoors and outdoors. 
2. Refrigerant piping, outdoors. 
3. Expansion Tank, indoors. 
4. Air and Dirt Separators, indoors. 
5. Chemical Shot Feeder, indoors. 
6. Pumps, indoors. 

1.3 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated.  Include thermal conductivity, water-vapor 
permeance thickness, and jackets (both factory and field applied if any). 

B. Shop Drawings:  Include plans, elevations, sections, details, and attachments to other work. 
1. Detail application of protective shields, saddles, and inserts at hangers for each type of 

insulation and hanger. 
2. Detail insulation application at pipe expansion joints for each type of insulation. 
3. Detail insulation application at elbows, fittings, flanges, valves, and specialties for each 

type of insulation. 
4. Detail removable insulation at piping specialties. 
5. Detail application of field-applied jackets. 
6. Detail application at linkages of control devices. 

1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data:  For qualified Installer. 

B. Material Test Reports:  From a qualified testing agency acceptable to authorities having 
jurisdiction indicating, interpreting, and certifying test results for compliance of insulation 
materials, sealers, attachments, cements, and jackets, with requirements indicated.  Include 
dates of tests and test methods employed. 

C. Field quality-control reports. 
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1.5 QUALITY ASSURANCE 

A. Installer Qualifications:  Skilled mechanics who have successfully completed an apprenticeship 
program or another craft training program certified by the Department of Labor, Bureau of 
Apprenticeship and Training. 

B. Surface-Burning Characteristics:  For insulation and related materials, as determined by testing 
identical products according to ASTM E 84, by a testing and inspecting agency acceptable to 
authorities having jurisdiction.  Factory label insulation and jacket materials and adhesive, 
mastic, tapes, and cement material containers, with appropriate markings of applicable testing 
agency. 
1. Insulation Installed Indoors:  Flame-spread index of 25 or less, and smoke-developed 

index of 50 or less. 
2. Insulation Installed Outdoors:  Flame-spread index of 75 or less, and smoke-developed 

index of 150 or less. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Packaging:  Insulation material containers shall be marked by manufacturer with appropriate 
ASTM standard designation, type and grade, and maximum use temperature. 

1.7 COORDINATION 

A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in 
Section 230529 "Hangers and Supports for HVAC Piping and Equipment." 

B. Coordinate clearance requirements with piping Installer for piping insulation application.  Before 
preparing piping Shop Drawings, establish and maintain clearance requirements for installation 
of insulation and field-applied jackets and finishes and for space required for maintenance. 

1.8 SCHEDULING 

A. Schedule insulation application after pressure testing systems.  Insulation application may begin 
on segments that have satisfactory test results. 

B. Complete installation and concealment of plastic materials as rapidly as possible in each area of 
construction. 

PART 2 - PRODUCTS 

2.1 INSULATION MATERIALS 

A. Comply with requirements in "Piping Insulation Schedule, General," "Indoor Piping Insulation 
Schedule," "Outdoor, Aboveground Piping Insulation Schedule" articles for where insulating 
materials shall be applied. 

B. Products shall not contain asbestos, lead, mercury, or mercury compounds. 
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C. Products that come in contact with stainless steel shall have a leachable chloride content of less 
than 50 ppm when tested according to ASTM C 871. 

D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable 
according to ASTM C 795. 

E. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing 
process. 

A. Flexible Elastomeric EPDM Insulation:  Closed-cell, EPDM - expanded-rubber materials.  
Comply with ASTM C 534 and ASTM C 411, Type I for tubular materials. 
1. Products:  Subject to compliance with requirements, provide one of the following or 

approved equal: 
a. Aeroflex USA, Inc.; Aerocel EPDM. 
b. Armacell, LLC.; Armaflex. 
c. K-Flex USA; Insul-Sheet and K-Flex LS. 

B. Mineral-Fiber, Preformed Pipe Insulation: 
1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Johns Manville; Micro-Lok. 
b. Knauf Insulation; 1000-Degree Pipe Insulation. 
c. Manson Insulation, Inc.; Alley-K 
d. Fibrex Insulations, Inc.; CorePlus 1200 
e. Owens Corning; Fiberglas Pipe Insulation. 

2. Type I, 850 deg F Materials:  Mineral or glass fibers bonded with a thermosetting resin.  
Comply with ASTM C 547, Type I, Grade A, with factory-applied ASJ.  Factory-applied 
jacket requirements are specified in "Factory-Applied Jackets" Article. 

3. Type II, 1200 deg F Materials:  Mineral or glass fibers bonded with a thermosetting resin.  
Comply with ASTM C 547, Type II, Grade A, with factory-applied ASJ.  Factory-applied 
jacket requirements are specified in "Factory-Applied Jackets" Article. 

C. Mineral-Fiber, Pipe and Tank Insulation:  Mineral or glass fibers bonded with a thermosetting 
resin.  Semirigid board material with factory-applied ASJ complying with ASTM C 1393, Type II 
or Type IIIA Category 2, or with properties similar to ASTM C 612, Type IB.  Nominal density is 
2.5 lb/cu. ft. or more.  Thermal conductivity (k-value) at 100 deg F is 0.29 Btu x in./h x sq. ft. x 
deg F or less.  Factory-applied jacket requirements are specified in "Factory-Applied Jackets" 
Article. 
1. Products:  Subject to compliance with requirements, provide one of the following: 

a. CertainTeed Corp.; CrimpWrap. 
b. Johns Manville; MicroFlex. 
c. Knauf Insulation; Pipe and Tank Insulation. 
d. Manson Insulation, Inc; AK Flex 
e. Owens Corning; Fiberglas Pipe and Tank Insulation. 

2.2 INSULATING CEMENTS 

A. Mineral-Fiber Insulating Cement:  Comply with ASTM C 195. 
1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 
a. Ramco Insulation, Inc.; Super-Stik. 
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B. Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement:  Comply with ASTM C 449. 
1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 
a. Ramco Insulation, Inc.; Ramcote 1200 and Quik-Cote. 

2.3 ADHESIVES 

A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding 
insulation to itself and to surfaces to be insulated unless otherwise indicated. 

B. Calcium Silicate Adhesive:  Fibrous, sodium-silicate-based adhesive with a service temperature 
range of 50 to 800 deg F. 
1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; CP-97. 

b. Eagle Bridges  - Marathon Industries; 290. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; 81-27. 
d. Mon-Eco Industries, Inc.; 22-30. 
e. Vimasco Corporation; 760. 

2. For indoor applications, adhesive shall have a VOC content of 250 g/L or less when 
calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

C. Flexible Elastomeric and Polyolefin Adhesive:  Comply with MIL-A-24179A, Type II, Class I. 
1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; 85-75. 

b. Aeroflex USA; AeroSeal 
c. Armacell, LLC.; Armaflex 520 
d. K-Flex USA; R-373 

 
2. For indoor applications, adhesive shall have a VOC content of 250 g/L or less when 

calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

D. Mineral-Fiber Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A. 
1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; CP-127. 

b. Eagle Bridges  - Marathon Industries; 225. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; 85-60/85-70. 
d. Mon-Eco Industries, Inc.; 22-25. 

2. For indoor applications, adhesive shall have a VOC content of 250 g/L or less when 
calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

E. ASJ Adhesive, and FSK and PVDC Jacket Adhesive:  Comply with MIL-A-3316C, Class 2, 
Grade A for bonding insulation jacket lap seams and joints. 
1. Products:  Subject to compliance with requirements, provide one of the following: 
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a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; CP-82. 

b. Eagle Bridges  - Marathon Industries; 225. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; 85-50. 
2. For indoor applications, adhesive shall have a VOC content of 250 g/L or less when 

calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

F. PVC Jacket Adhesive:  Compatible with PVC jacket. 
1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Dow Corning Corporation; 739, Dow Silicone. 
b. Johns Manville; Zeston Perma-Weld, CEEL-TITE Solvent Welding Adhesive. 
c. P.I.C. Plastics, Inc.; Welding Adhesive. 
d. Speedline Corporation; Polyco VP Adhesive. 

2. For indoor applications, adhesive shall have a VOC content of 250 g/L or less when 
calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

2.4 MASTICS 

A. Materials shall be compatible with insulation materials, jackets, and substrates; comply with 
MIL-PRF-19565C, Type II. 
1. For indoor applications, use mastics that have a VOC content of 50 g/L or less when 

calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

B. Vapor-Barrier Mastic:  Water based; suitable for indoor use on below-ambient services. 
1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 
a. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; 30-80/30-90. 
b. Vimasco Corporation; 749. 

2. Water-Vapor Permeance:  ASTM E 96/E 96M, Procedure B, 0.013 perm at 43-mil dry film 
thickness. 

3. Service Temperature Range:  Minus 20 to plus 180 deg F. 
4. Solids Content:  ASTM D 1644, 58 percent by volume and 70 percent by weight. 
5. Color:  White. 

C. Vapor-Barrier Mastic:  Solvent based; suitable for indoor use on below-ambient services. 
1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Eagle Bridges  - Marathon Industries; 501. 

2. Water-Vapor Permeance:  ASTM F 1249, 0.05 perm at 35-mil dry film thickness. 
3. Service Temperature Range:  0 to 180 deg F. 
4. Solids Content:  ASTM D 1644, 44 percent by volume and 62 percent by weight. 
5. Color:  White. 

D. Breather Mastic:  Water based; suitable for indoor and outdoor use on above-ambient services. 
1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; CP-10. 

b. Eagle Bridges  - Marathon Industries; 550. 
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c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; 46-50. 

d. Mon-Eco Industries, Inc.; 55-50. 
e. Vimasco Corporation; WC-1/WC-5. 

2. Water-Vapor Permeance:  ASTM F 1249, 1.8 perms at 0.0625-inch dry film thickness. 
3. Service Temperature Range:  Minus 20 to plus 180 deg F. 
4. Solids Content:  60 percent by volume and 66 percent by weight. 
5. Color:  White. 

2.5 LAGGING ADHESIVES 

A. Description:  Comply with MIL-A-3316C, Class I, Grade A and shall be compatible with 
insulation materials, jackets, and substrates. 
1. For indoor applications, use lagging adhesives that have a VOC content of 250 g/L or 

less when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
2. Products:  Subject to compliance with requirements, provide one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; CP-50 AHV2. 

b. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; 30-36. 

c. Vimasco Corporation; 713 and 714. 

3. Fire-resistant, water-based lagging adhesive and coating for use indoors to adhere fire-
resistant lagging cloths over pipe insulation. 

4. Service Temperature Range:  0 to plus 180 deg F. 
5. Color:  White. 

2.6 SEALANTS 

A. FSK and Metal Jacket Flashing Sealants: 
1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; CP-76. 

b. Eagle Bridges  - Marathon Industries; 405. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; 95-44. 
d. Mon-Eco Industries, Inc.; 44-05. 

2. Materials shall be compatible with insulation materials, jackets, and substrates. 
3. Fire- and water-resistant, flexible, elastomeric sealant. 
4. Service Temperature Range:  Minus 40 to plus 250 deg F. 
5. Color:  Aluminum. 
6. For indoor applications, sealants shall have a VOC content of 420 g/L or less when 

calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

B. ASJ Flashing Sealants, and Vinyl, PVDC, and PVC Jacket Flashing Sealants: 
1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 
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a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; CP-76. 

2. Materials shall be compatible with insulation materials, jackets, and substrates. 
3. Fire- and water-resistant, flexible, elastomeric sealant. 
4. Service Temperature Range:  Minus 40 to plus 250 deg F. 
5. Color:  White. 
6. For indoor applications, sealants shall have a VOC content of 420 g/L or less when 

calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

2.7 FACTORY-APPLIED JACKETS 

A. Insulation system schedules indicate factory-applied jackets on various applications.  When 
factory-applied jackets are indicated, comply with the following: 
1. ASJ:  White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing; 

complying with ASTM C 1136, Type I. 
2. ASJ-SSL:  ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive covered by a 

removable protective strip; complying with ASTM C 1136, Type I. 
3. FSK Jacket:  Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; 

complying with ASTM C 1136, Type II. 
4. FSP Jacket:  Aluminum-foil, fiberglass-reinforced scrim with polyethylene backing; 

complying with ASTM C 1136, Type II. 
5. PVDC Jacket for Indoor Applications:  4-mil, white PVDC biaxially oriented barrier film 

with a permeance at 0.02 perm when tested according to ASTM E 96/E 96M and with a 
flame-spread index of 5 and a smoke-developed index of 20 when tested according to 
ASTM E 84. 
a. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
1) Dow Chemical Company (The); Saran 540 Vapor Retarder Film and 

Saran 560 Vapor Retarder Film. 
6. Vinyl Jacket:  White vinyl with a permeance of 1.3 perms when tested according to 

ASTM E 96/E 96M, Procedure A, and complying with NFPA 90A and NFPA 90B. 

2.8 FIELD-APPLIED JACKETS 

A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated. 

B. FSK Jacket:  Aluminum-foil-face, fiberglass-reinforced scrim with kraft-paper backing. 

C. PVC Jacket:  High-impact-resistant, UV-resistant PVC complying with ASTM D 1784, 
Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and forming.  
Thickness is indicated in field-applied jacket schedules. 
1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Johns Manville; Zeston. 
b. P.I.C. Plastics, Inc.; FG Series. 
c. Proto Corporation; LoSmoke. 
d. Speedline Corporation; SmokeSafe. 

2. Adhesive:  As recommended by jacket material manufacturer. VOC content not to exceed 
250 g/L. 
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3. Color:  White. 
4. Factory-fabricated fitting covers to match jacket if available; otherwise, field fabricate. 

a. Shapes:  45- and 90-degree, short- and long-radius elbows, tees, valves, flanges, 
unions, reducers, end caps, soil-pipe hubs, traps, mechanical joints, and P-trap 
and supply covers for lavatories. 

D. Metal Jacket: 
1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; Metal Jacketing Systems. 

b. ITW Insulation Systems; Aluminum and Stainless Steel Jacketing. 
c. RPR Products, Inc.; Insul-Mate. 

2. Aluminum Jacket:  Comply with ASTM B 209 (ASTM B 209M), Alloy 3003, 3005, 3105, or 
5005, Temper H-14. 
a. Sheet and roll stock ready for shop or field sizing. 
b. Finish and thickness are indicated in field-applied jacket schedules. 
c. Moisture Barrier for Indoor Applications:  3-mil thick, heat-bonded polyethylene and 

kraft paper. 
d. Moisture Barrier for Outdoor Applications:  3-mil thick, heat-bonded polyethylene 

and kraft paper. 
e. Factory-Fabricated Fitting Covers: 

1) Same material, finish, and thickness as jacket. 
2) Preformed 2-piece or gore, 45- and 90-degree, short- and long-radius 

elbows. 
3) Tee covers. 
4) Flange and union covers. 
5) End caps. 
6) Beveled collars. 
7) Valve covers. 
8) Field fabricate fitting covers only if factory-fabricated fitting covers are not 

available. 

2.9 TAPES 

A. ASJ Tape:  White vapor-retarder tape matching factory-applied jacket with acrylic adhesive, 
complying with ASTM C 1136. 
1. Products:  Subject to compliance with requirements, provide one of the following: 

a. ABI, Ideal Tape Division; 428 AWF ASJ. 
b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0836. 
c. Compac Corporation; 104 and 105. 
d. Venture Tape; 1540 CW Plus, 1542 CW Plus, and 1542 CW Plus/SQ. 

2. Width:  3-inches. 
3. Thickness:  11.5 mils. 
4. Adhesion:  90 ounces force/inch in width. 
5. Elongation:  2 percent. 
6. Tensile Strength:  40 lbf/inch in width. 
7. ASJ Tape Disks and Squares:  Precut disks or squares of ASJ tape. 
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B. FSK Tape:  Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive; 
complying with ASTM C 1136. 
1. Products:  Subject to compliance with requirements, provide one of the following: 

a. ABI, Ideal Tape Division; 491 AWF FSK. 
b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0827. 
c. Compac Corporation; 110 and 111. 
d. Venture Tape; 1525 CW NT, 1528 CW, and 1528 CW/SQ. 

2. Width:  3-inches. 
3. Thickness:  6.5 mils. 
4. Adhesion:  90 ounces force/inch in width. 
5. Elongation:  2 percent. 
6. Tensile Strength:  40 lbf/inch in width. 
7. FSK Tape Disks and Squares:  Precut disks or squares of FSK tape. 

C. PVC Tape:  White vapor-retarder tape matching field-applied PVC jacket with acrylic adhesive; 
suitable for indoor and outdoor applications. 
1. Products:  Subject to compliance with requirements, provide one of the following: 

a. ABI, Ideal Tape Division; 370 White PVC tape. 
b. Compac Corporation; 130. 
c. Venture Tape; 1506 CW NS. 

2. Width:  2-inches. 
3. Thickness:  6 mils. 
4. Adhesion:  64 ounces force/inch in width. 
5. Elongation:  500 percent. 
6. Tensile Strength:  18 lbf/inch in width. 

D. Aluminum-Foil Tape:  Vapor-retarder tape with acrylic adhesive. 
1. Products:  Subject to compliance with requirements, provide one of the following: 

a. ABI, Ideal Tape Division; 488 AWF. 
b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0800. 
c. Compac Corporation; 120. 
d. Venture Tape; 3520 CW. 

2. Width:  2-inches. 
3. Thickness:  3.7 mils. 
4. Adhesion:  100 ounces force/inch in width. 
5. Elongation:  5 percent. 
6. Tensile Strength:  34 lbf/inch in width. 

2.10 SECUREMENTS 

A. Bands: 
1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 
a. ITW Insulation Systems; Gerrard Strapping and Seals. 
b. RPR Products, Inc.; Insul-Mate Strapping, Seals, and Springs. 

2. Stainless Steel:  ASTM A 167 or ASTM A 240/A 240M, Type 304 or Type 316; 0.015-inch 
thick, 3/4-inch wide with wing seal or closed seal. 
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B. Staples:  Outward-clinching insulation staples, nominal 3/4-inch wide, stainless steel or Monel. 

C. Wire:  0.062-inch soft-annealed, stainless steel. 
1. Manufacturers:  Subject to compliance with requirements, available manufacturers 

offering products that may be incorporated into the Work include, but are not limited to, 
the following: 
a. C & F Wire. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates and conditions for compliance with requirements for installation tolerances 
and other conditions affecting performance of insulation application. 
1. Verify that systems to be insulated have been tested and are free of defects. 
2. Verify that surfaces to be insulated are clean and dry. 
3. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 PREPARATION 

A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove materials that will 
adversely affect insulation application. 

B. Surface Preparation:  Clean and prepare surfaces to be insulated.  Before insulating, apply a 
corrosion coating to insulated surfaces as follows: 
1. Carbon Steel:  Coat carbon steel operating at a service temperature between 32 and 300 

deg F with an epoxy coating.  Consult coating manufacturer for appropriate coating 
materials and application methods for operating temperature range. 

3.3 GENERAL INSTALLATION REQUIREMENTS 

A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; 
free of voids throughout the length of piping including fittings, valves, and specialties. 

B. Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses required 
for each item of pipe system as specified in insulation system schedules. 

C. Install accessories compatible with insulation materials and suitable for the service.  Install 
accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or 
dry state. 

D. Install insulation with longitudinal seams at top and bottom of horizontal runs. 

E. Install multiple layers of insulation with longitudinal and end seams staggered. 

F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties. 

G. Keep insulation materials dry during application and finishing. 
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H. Install insulation with tight longitudinal seams and end joints.  Bond seams and joints with 
adhesive recommended by insulation material manufacturer. 

I. Install insulation with least number of joints practical. 

J. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, 
supports, anchors, and other projections with vapor-barrier mastic. 
1. Install insulation continuously through hangers and around anchor attachments. 
2. For insulation application where vapor barriers are indicated, extend insulation on anchor 

legs from point of attachment to supported item to point of attachment to structure.  Taper 
and seal ends at attachment to structure with vapor-barrier mastic. 

3. Install insert materials and install insulation to tightly join the insert.  Seal insulation to 
insulation inserts with adhesive or sealing compound recommended by insulation 
material manufacturer. 

4. Cover inserts with jacket material matching adjacent pipe insulation.  Install shields over 
jacket, arranged to protect jacket from tear or puncture by hanger, support, and shield. 

K. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet 
and dry film thicknesses. 

L. Install insulation with factory-applied jackets as follows: 
1. Draw jacket tight and smooth. 
2. Cover circumferential joints with 3-inch wide strips, of same material as insulation jacket.  

Secure strips with adhesive and outward clinching staples along both edges of strip, 
spaced 4-inches o.c. 

3. Overlap jacket longitudinal seams at least 1-1/2-inches.  Install insulation with longitudinal 
seams at bottom of pipe.  Clean and dry surface to receive self-sealing lap.  Staple laps 
with outward clinching staples along edge at 2-inches o.c. 
a. For below-ambient services, apply vapor-barrier mastic over staples. 

4. Cover joints and seams with tape, according to insulation material manufacturer's written 
instructions, to maintain vapor seal. 

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and 
at ends adjacent to pipe flanges and fittings. 

M. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal 
thickness. 

N. Finish installation with systems at operating conditions.  Repair joint separations and cracking 
due to thermal movement. 

O. Repair damaged insulation facings by applying same facing material over damaged areas.  
Extend patches at least 4-inches beyond damaged areas.  Adhere, staple, and seal patches 
similar to butt joints. 

P. For above-ambient services, do not install insulation to the following: 
1. Vibration-control devices. 
2. Testing agency labels and stamps. 
3. Nameplates and data plates. 
4. Manholes. 
5. Handholes. 
6. Cleanouts. 
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3.4 PENETRATIONS 

A. Insulation Installation at Roof Penetrations:  Install insulation continuously through roof 
penetrations. 
1. Seal penetrations with flashing sealant. 
2. For applications requiring only indoor insulation, terminate insulation above roof surface 

and seal with joint sealant.  For applications requiring indoor and outdoor insulation, 
install insulation for outdoor applications tightly joined to indoor insulation ends.  Seal 
joint with joint sealant. 

3. Extend jacket of outdoor insulation outside roof flashing at least 2-inches below top of 
roof flashing. 

4. Seal jacket to roof flashing with flashing sealant. 

B. Insulation Installation at Aboveground Exterior Wall Penetrations:  Install insulation continuously 
through wall penetrations. 
1. Seal penetrations with flashing sealant. 
2. For applications requiring only indoor insulation, terminate insulation inside wall surface 

and seal with joint sealant.  For applications requiring indoor and outdoor insulation, 
install insulation for outdoor applications tightly joined to indoor insulation ends.  Seal 
joint with joint sealant. 

3. Extend jacket of outdoor insulation outside wall flashing and overlap wall flashing at least 
2-inches. 

4. Seal jacket to wall flashing with flashing sealant. 

C. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated):  
Install insulation continuously through walls and partitions. 

3.5 GENERAL PIPE INSULATION INSTALLATION 

A. Requirements in this article generally apply to all insulation materials except where more 
specific requirements are specified in various pipe insulation material installation articles. 

B. Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions: 
1. Install insulation over fittings, valves, strainers, flanges, unions, and other specialties with 

continuous thermal and vapor-retarder integrity unless otherwise indicated. 
2. Insulate pipe elbows using preformed fitting insulation or mitered fittings made from same 

material and density as adjacent pipe insulation.  Each piece shall be butted tightly 
against adjoining piece and bonded with adhesive.  Fill joints, seams, voids, and irregular 
surfaces with insulating cement finished to a smooth, hard, and uniform contour that is 
uniform with adjoining pipe insulation. 

3. Insulate tee fittings with preformed fitting insulation or sectional pipe insulation of same 
material and thickness as used for adjacent pipe.  Cut sectional pipe insulation to fit.  Butt 
each section closely to the next and hold in place with tie wire.  Bond pieces with 
adhesive. 

4. Insulate valves using preformed fitting insulation or sectional pipe insulation of same 
material, density, and thickness as used for adjacent pipe.  Overlap adjoining pipe 
insulation by not less than two times the thickness of pipe insulation, or one pipe 
diameter, whichever is thicker.  For valves, insulate up to and including the bonnets, 
valve stuffing-box studs, bolts, and nuts.  Fill joints, seams, and irregular surfaces with 
insulating cement. 
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5. Insulate flanges and unions using a section of oversized preformed pipe insulation.  
Overlap adjoining pipe insulation by not less than two times the thickness of pipe 
insulation, or one pipe diameter, whichever is thicker. 

6. Cover segmented insulated surfaces with a layer of finishing cement and coat with a 
mastic.  Install vapor-barrier mastic for below-ambient services and a breather mastic for 
above-ambient services.  Reinforce the mastic with fabric-reinforcing mesh.  Trowel the 
mastic to a smooth and well-shaped contour. 

7. For services not specified to receive a field-applied jacket except for flexible elastomeric 
and polyolefin, install fitted PVC cover over elbows, tees, strainers, valves, flanges, and 
unions.  Terminate ends with PVC end caps.  Tape PVC covers to adjoining insulation 
facing using PVC tape. 

8. Stencil or label the outside insulation jacket of each union with the word "union."  Match 
size and color of pipe labels. 

C. Insulate instrument connections for thermometers, pressure gages, pressure temperature taps, 
test connections, flow meters, sensors, switches, and transmitters on insulated pipes.  Shape 
insulation at these connections by tapering it to and around the connection with insulating 
cement and finish with finishing cement, mastic, and flashing sealant. 

D. Install removable insulation covers at locations indicated.  Installation shall conform to the 
following: 
1. Make removable flange and union insulation from sectional pipe insulation of same 

thickness as that on adjoining pipe.  Install same insulation jacket as adjoining pipe 
insulation. 

2. When flange and union covers are made from sectional pipe insulation, extend insulation 
from flanges or union long at least two times the insulation thickness over adjacent pipe 
insulation on each side of flange or union.  Secure flange cover in place with stainless-
steel or aluminum bands.  Select band material compatible with insulation and jacket. 

3. Construct removable valve insulation covers in same manner as for flanges, except 
divide the two-part section on the vertical center line of valve body. 

4. When covers are made from block insulation, make two halves, each consisting of 
mitered blocks wired to stainless-steel fabric.  Secure this wire frame, with its attached 
insulation, to flanges with tie wire.  Extend insulation at least 2-inches over adjacent pipe 
insulation on each side of valve.  Fill space between flange or union cover and pipe 
insulation with insulating cement.  Finish cover assembly with insulating cement applied 
in two coats.  After first coat is dry, apply and trowel second coat to a smooth finish. 

5. Unless a PVC jacket is indicated in field-applied jacket schedules, finish exposed 
surfaces with a metal jacket. 

E. All disturbed piping insulation in existing areas shall be re-insulated with insulation type, density, 
and thickness as specified for new piping.  Insulation damaged due to new work and demolition 
only shall be replaced unless otherwise noted. 

3.6 INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION 

A. Seal longitudinal seams and end joints with manufacturer's recommended adhesive to eliminate 
openings in insulation that allow passage of air to surface being insulated. 

B. Insulation Installation on Pipe Flanges: 
1. Install pipe insulation to outer diameter of pipe flange. 
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2. Make width of insulation section same as overall width of flange and bolts, plus twice the 
thickness of pipe insulation. 

3. Fill voids between inner circumference of flange insulation and outer circumference of 
adjacent straight pipe segments with cut sections of sheet insulation of same thickness 
as pipe insulation. 

4. Secure insulation to flanges and seal seams with manufacturer's recommended adhesive 
to eliminate openings in insulation that allow passage of air to surface being insulated. 

C. Insulation Installation on Pipe Fittings and Elbows: 
1. Install mitered sections of pipe insulation. 
2. Secure insulation materials and seal seams with manufacturer's recommended adhesive 

to eliminate openings in insulation that allow passage of air to surface being insulated. 

D. Insulation Installation on Valves and Pipe Specialties: 
1. Install preformed valve covers manufactured of same material as pipe insulation when 

available. 
2. When preformed valve covers are not available, install cut sections of pipe and sheet 

insulation to valve body.  Arrange insulation to permit access to packing and to allow 
valve operation without disturbing insulation. 

3. Install insulation to flanges as specified for flange insulation application. 
4. Secure insulation to valves and specialties and seal seams with manufacturer's 

recommended adhesive to eliminate openings in insulation that allow passage of air to 
surface being insulated. 

3.7 INSTALLATION OF MINERAL-FIBER INSULATION 

A. Insulation Installation on Straight Pipes and Tubes: 
1. Secure each layer of preformed pipe insulation to pipe with wire or bands and tighten 

bands without deforming insulation materials. 
2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and protrusions 

with vapor-barrier mastic and joint sealant. 
3. For insulation with factory-applied jackets on above-ambient surfaces, secure laps with 

outward-clinched staples at 6-inches o.c. 
4. For insulation with factory-applied jackets on below-ambient surfaces, do not staple 

longitudinal tabs.  Instead, secure tabs with additional adhesive as recommended by 
insulation material manufacturer and seal with vapor-barrier mastic and flashing sealant. 

B. Insulation Installation on Pipe Flanges: 
1. Install preformed pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation section same as overall width of flange and bolts, plus twice the 

thickness of pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer circumference of 

adjacent straight pipe segments with mineral-fiber blanket insulation. 
4. Install jacket material with manufacturer's recommended adhesive, overlap seams at 

least 1-inch, and seal joints with flashing sealant. 

C. Insulation Installation on Pipe Fittings and Elbows: 
1. Install preformed sections of same material as straight segments of pipe insulation when 

available. 
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2. When preformed insulation elbows and fittings are not available, install mitered sections 
of pipe insulation, to a thickness equal to adjoining pipe insulation.  Secure insulation 
materials with wire or bands. 

D. Insulation Installation on Valves and Pipe Specialties: 
1. Install preformed sections of same material as straight segments of pipe insulation when 

available. 
2. When preformed sections are not available, install mitered sections of pipe insulation to 

valve body. 
3. Arrange insulation to permit access to packing and to allow valve operation without 

disturbing insulation. 
4. Install insulation to flanges as specified for flange insulation application. 

3.8 FIELD-APPLIED JACKET INSTALLATION 

A. Where FSK jackets are indicated, install as follows: 
1. Draw jacket material smooth and tight. 
2. Install lap or joint strips with same material as jacket. 
3. Secure jacket to insulation with manufacturer's recommended adhesive. 
4. Install jacket with 1-1/2-inch laps at longitudinal seams and 3-inch wide joint strips at end 

joints. 
5. Seal openings, punctures, and breaks in vapor-retarder jackets and exposed insulation 

with vapor-barrier mastic. 

B. Where PVC jackets are indicated, install with 1-inch overlap at longitudinal seams and end 
joints; for horizontal applications.  Seal with manufacturer's recommended adhesive. 
1. Apply two continuous beads of adhesive to seams and joints, one bead under lap and the 

finish bead along seam and joint edge. 

C. Where metal jackets are indicated, install with 2-inch overlap at longitudinal seams and end 
joints.  Overlap longitudinal seams arranged to shed water.  Seal end joints with weatherproof 
sealant recommended by insulation manufacturer.  Secure jacket with stainless-steel bands 12-
inches o.c. and at end joints. 

D. For piping located outside of the building, a corrugated aluminum weatherproof jacketing 
system shall be provided.  This system shall be Micro-Lot ML as manufactured by Manville, 
Polyweld by Pabco Metals Corp., Childers, or as approved equal, and installed per the 
manufacturer's recommendations.  Pipe jacketing shall be corrugated (3/16-inch) deep 
aluminum, .016-inch thickness of H-14 temper with aluminum strapping of .75-inch width and 
.020-inch thickness with moisture barrier.  Aluminum jacketing elbows shall be smooth, .016-
inch thickness and 1100 alloy.  All jacketing shall have an integrally bonded moisture barrier 
over the entire surface in contact with the insulation.  Longitudinal joints shall be applied so they 
will shed water and shall be sealed completely with metal jacketing sealant.  Sealant shall be 
Foster 95-44 or Childers CP-76.  Circumferential joints shall be closed using preformed butt 
strips following manufacturer's recommendations for securement.  Jacket seams shall be 
located on the bottom side of the horizontal piping. 
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3.9 FINISHES 

A. Pipe Insulation with ASJ, or Other Paintable Jacket Material:  Paint jacket with paint system 
identified below and as specified in this Section. 
1. Flat Acrylic Finish:  Two finish coats over a primer that is compatible with jacket material 

and finish coat paint.  Add fungicidal agent to render fabric mildew proof. 
a. Finish Coat Material:  Interior, flat, latex-emulsion size. 

B. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, apply two coats of 
insulation manufacturer's recommended protective coating. 

C. Color:  Final color as selected by Engineer.  Vary first and second coats to allow visual 
inspection of the completed Work. 

D. Do not field paint aluminum or stainless-steel jackets. 

3.10 FIELD QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections. 

B. Perform tests and inspections. 

C. Tests and Inspections: 
1. Inspect pipe, fittings, strainers, and valves, randomly selected by Architect, by removing 

field-applied jacket and insulation in layers in reverse order of their installation.  Extent of 
inspection shall be limited to three locations of straight pipe, three locations of threaded 
fittings, three locations of welded fittings, two locations of threaded strainers, two 
locations of welded strainers, three locations of threaded valves, and three locations of 
flanged valves for each pipe service defined in the "Piping Insulation Schedule, General" 
Article. 

D. All insulation applications will be considered defective Work if sample inspection reveals 
noncompliance with requirements. 

3.11 PIPING INSULATION SCHEDULE 

A. Acceptable preformed pipe and tubular insulation materials and thicknesses are identified for 
each piping system and pipe size range.  If more than one material is listed for a piping system, 
selection from materials listed is Contractor's option. 

B. Chilled Water Supply & Return Piping, indoors – Mineral-Fiber, Preformed Pipe, Type I: 2-inch 
thick. 

C. Chilled Water Supply & Return Piping, outdoors – Mineral-Fiber, Preformed Pipe, Type I: 2-inch 
thick with outdoor field-applied metal jacketing. 

D. Exterior Refrigerant Piping (not insulated by manufacturer) - Flexible Elastomeric EPDM 
Insulation, Type I:  2-inches thick with outdoor field-applied metal jacketing. 
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3.12 INDOOR FIELD-APPLIED JACKET SCHEDULE 

A. Install jacket over insulation material. For insulation with factory-applied jacket, install the field-
applied jacket over the factory-applied jacket. 

B.  If more than one material is listed, selection from materials listed is Contractor’s option. 

C. Piping, Exposed (e.g., mechanical rooms, occupied spaces, etc.). 

1.  PVC:  20 mils thick (mechanical rooms). 

D. Equipment, Exposed (e.g., mechanical rooms, occupied spaces, etc.). 
 
1. PVC:  20 mils thick (mechanical rooms). 

3.13 OUTDOOR FIELD-APPLIED JACKET SCHEDULE 

A. Install jacket over insulation material. For insulation with factory-applied jacket, install the field- 
applied jacket over the factory-applied jacket. 

B. Piping, Exposed – Aluminum, Stucco Embossed W/ Z-Shaped Locking Seam (0.016-inch thick) 

3.14 EQUIPMENT INSULATION SCHEDULE 

A. Chemical Shot Feeder Tank, indoors – Mineral-Fiber, Tank Insulation: 2-inches thick. 

B. Pumps, indoors – Mineral-Fiber, 1½-inches thick. 

1. Fabricate metal boxes lined with insulation.  Fit boxes around pumps and coincide box 
joints with splits in pump casings.  Fabricate joints with outward bolted flanges.  Bolt 
flanges on 6-inch (150-mm) centers, starting at corners.  Install 3/8-inch- (10-mm-) 
diameter fasteners with wing nuts.  Alternatively, secure the box sections together using a 
latching mechanism. 

2. Fabricate boxes from aluminum at least 0.050 inch (1.3 mm) thick. 
3. For below ambient services, install a vapor barrier at seams, joints, and penetrations.  Seal 

between flanges with replaceable gasket material to form a vapor barrier. 
 

END OF SECTION  
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SECTION 23 09 00 - INSTRUMENTATION AND CONTROL FOR HVAC 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes control equipment for HVAC systems and components, including control 
components for terminal heating and cooling units not supplied with factory-wired controls. 

B. Related Sections include the following: 
1. Division 23 Section "Meters and Gauges for HVAC Piping" for measuring equipment that 

relates to this Section. 

C. Comply with all code requirements and fire safety requirements. 

D. The Automatic Temperature Control System (ATC) and Central Control and Monitoring System 
shall be electric/electronic actuation direct digit control (DDC), BACNET-Certified. 

E. Coordinate controls with controlled equipment.  Upon completion of the work, calibrate and 
adjust all controls for proper function.  Electric wiring, power to ATC panels, including interlock 
wiring for equipment such as refrigerant monitor system, refrigerant alarms/strobes, emergency 
shutdown switches, boilers, dampers etc., shall be furnished and installed under this 
section. Obtain power from the nearest power panel. Coordinate location of power with electrical 
contractor. All electrical work shall conform to the applicable requirements of Division 26.  All 
control wiring shall be installed in conduit in accordance with Division 26. 

F. All automatic temperature control dampers, valves and separable wells for immersion elements 
furnished by the Control Manufacturer shall be installed by the Mechanical Contractor or his 
sheet metal subcontractor under the Control Manufacturer's supervision. 

G. Reference is hereby made for this Contractor to become familiar with Division 26 of these 
specifications.  Familiarization is for coordination purposes only.  The Control Contractor shall 
provide all necessary relays, contacts, interlock wiring, etc., not provided under Division 26 for 
the automation of the ATC and EMS Systems as required by the sequence of operation and 
input/output schedule.  The Control Contractor shall coordinate all requirements with the building 
Fire Alarm System.  The Control Contractor shall provide all additional devices and interlock 
wiring required for the automation of the ATC System and monitoring of the EMS System. 

H. Provide all labor, materials, equipment and services necessary for and incidental to furnishing 
and installing a complete stand-alone Electric/Electronic/DDC Automatic Temperature Control 
System to meet the requirements of the sequence of operation.  The System Supplier shall 
assume and execute full responsibility to select, furnish, install, connect, test, calibrate, and 
place into operation all specified components, assemblies, and accessories needed for a 
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complete and functional system of HVAC monitoring and control in full compliance with the 
requirements of the specifications. 

I. The Control Contractor shall provide control and monitoring system devices and sensors that 
conform to the standards of NFPA 72D.  Confirmation of compliance shall be UL Listings 864 
and 1076 for systems specified.  Pending UL Listings shall not be accepted.  Proof of UL Listing 
(by model number) shall be submitted to the Engineer with equipment submittal.  Devices and 
sensors shall be provided to suit the function of the Input/Output Point Summary shown on the 
Contract Drawings. 

J. The ATC Contractor shall coordinate with Division 23, Mechanical, and shall furnish and install 
all items necessary to meet the requirements of the Sequence of Operation and the Energy 
Management System (EMS) indicated on the drawings and as required in this specification.  The 
ATC System shall be one of Direct Digital Control utilizing electric/electronic actuation.   

K. The direct digital control system shall include all necessary and specified control equipment 
properly installed in accordance with the specifications and drawings and shall include, but not 
be limited to the automatic temperature control and energy management system of the following: 
1. Chilled Water Central Plant. 
2. Refrigerant Monitor System. 
3. Refrigerant Alarm/Strobes 
4. Refrigerant Purge Control. 
5. Metering/Measurement and Verification System. 
6. Miscellaneous Interlock Wiring for Time Delays, Solenoid Valves, etc. 

L. The ATC Contractor shall provide input/output devices and sensors, conduit system and 
interlock wiring between sensors and the existing County Energy Management System.   

M. EMS: 

Energy Management System (EMS) shall be provided by Johnson Controls, Inc., Sole Source, 
capable of integrating to Metasys utilizing BACnet protocol.  This includes modification of the 
existing Energy Management System and the furnishing and installing of all hardware, software, 
and accessories required to perform the functions listed and as described hereinafter in the 
sequence of operation.  

N. The building shall be provided with stand-alone local controls, which shall interface with the 
remote Energy Management System.  The Energy Management System shall override local 
controls when "Local-Remote" System switches are in the remote position.  Position of all 
"Local-Remote” switches shall be monitored by the Energy Management System.  If failure of 
the Energy Management System occurs when the "Local-Remote" System switch is indexed to 
remote control, all controls functions shall revert back to local controls.  Reset to remote 
controls shall be manual. 

O. Communications:  The Building Automation Contractor shall be responsible for full 
communications to the existing Cecil County Public Schools Network.  Full communications 
means, the FCPS Facility Operators will be able, from the existing Operator Workstations, to 
fully utilize the Network Manager Software.  The FMS Operator will be able to receive alarms, 
logs, and reports; monitor operating conditions; change control setpoints and operating 
schedules; and operate equipment as desired at all existing Operator workstation locations. 
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P. Building ATC/EMS Requirements: 
1. The Automatic Temperature Control System (ATC) and the Energy Management System 

or EMS shall be electric/electronic actuation Direct Digital Control (DDC).  The ATC 
Contractor shall coordinate interface requirements with the equipment manufacturers and 
commissioning agent.  The Building Control System shall be a fully certified BACNET 
Web-based Open Protocol System. 

Q. The System Supplier, the local factory authorized branch office of Johnson Controls, Inc., 
capable of integrating to Metasys utilizing BACnet protocol shall be a single Firm, or 
Corporation, subcontracted by the Contractor to assume full responsibility to perform all 
engineering, to select, furnish, and place into operation a complete and functional system of 
HVAC monitoring and control. All personnel developing or providing the following – DDC 
controls submittal, DDC controller programming logic BAS and DDC software installation and 
configuration, Building Automation user graphics, and startup/checkout of the ATC (including 
DDC controllers, software, and BAS software) – must be direct employees of the controls 
contractor and be locally available.  

1.3 DEFINITIONS 

A. DDC:  Direct digital control. 

B. I/O:  Input/output. 

C. LonWorks:  A control network technology platform for designing and implementing interoperable 
control devices and networks. 

D. MS/TP:  Master slave/token passing. 

E. PC:  Personal computer. 

F. PID:  Proportional plus integral plus derivative. 

G. RTD:  Resistance temperature detector. 

1.4 SYSTEM PERFORMANCE 

A. Comply with the following performance requirements: 
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 two 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 six seconds. 
5. Alarm Response Time:  Annunciate alarm at workstation within 45 seconds.  Multiple 

workstations must receive alarms within five seconds of each other. 
6. Program Execution Frequency:  Run capability of applications as often as five seconds, 

but selected consistent with mechanical process under control. 
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7. Performance:  Programmable controllers shall execute DDC PID control loops, and scan 
and update process values and outputs at least once per second. 

8. Reporting Accuracy and Stability of Control:  Report values and maintain measured 
variables within tolerances as follows: 
a. Water Temperature:  Plus or minus 1 deg F. 
b. Water Flow:  Plus or minus 5 percent of full scale. 
c. Water Pressure:  Plus or minus 2 percent of full scale. 
d. Space Temperature:  Plus or minus 1 deg F. 
e. Outside Air Temperature:  Plus or minus 2 deg F. 
f. Dew Point Temperature:  Plus or minus 3 deg F. 
g. Temperature Differential:  Plus or minus 0.25 deg F. 
h. Relative Humidity:  Plus or minus 5 percent. 
i. Carbon Monoxide:  Plus or minus 5 percent of reading. 
j. Electrical:  Plus or minus 5 percent of reading. 

1.5 SEQUENCE OF OPERATION 

A. Refer to Drawings for Sequence of Operation. 

1.6 SUBMITTALS 

A. Product Data:  Include manufacturer's technical literature for each control device.  Indicate 
dimensions, capacities, performance characteristics, electrical characteristics, finishes for 
materials, and installation and startup instructions for each type of product indicated. 
1. DDC System Hardware:  Bill of materials of equipment indicating quantity, manufacturer, 

and model number.  Include technical data for operator workstation equipment, interface 
equipment, control units, transducers/transmitters, sensors, actuators, valves, 
relays/switches, control panels, and operator interface equipment. 

2. Control System Software:  Include technical data for operating system software, operator 
interface, color graphics, and other third-party applications. 

3. Controlled Systems:  Instrumentation list with element name, type of device, 
manufacturer, model number, and product data.  Include written description of sequence 
of operation including schematic diagram. 

B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loads, 
required clearances, method of field assembly, components, and location and size of each field 
connection. 
1. Bill of materials of equipment indicating quantity, manufacturer, and model number. 
2. Schematic flow diagrams showing fans, pumps, coils, dampers, valves, and control 

devices. 
3. Wiring Diagrams:  Power, signal, and control wiring. 
4. Details of control panel faces, including controls, instruments, and labeling. 
5. Written description of sequence of operation. 
6. Schedule of dampers including size, leakage, and flow characteristics. 
7. Schedule of valves including flow characteristics. 
8. DDC System Hardware: 

a. Wiring diagrams for control units with termination numbers. 
b. Schematic diagrams and floor plans for field sensors and control hardware. 
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c. Schematic diagrams for control, communication, and power wiring, showing trunk 
data conductors and wiring between operator workstation and control unit 
locations. 

9. Control System Software:  List of color graphics indicating monitored systems, data 
(connected and calculated) point addresses, output schedule, and operator notations. 

10. Controlled Systems: 
a. Schematic and logic diagrams of each controlled system with control points 

labeled and control elements graphically shown, with wiring. 
b. Scaled drawings showing mounting, routing, and wiring of elements including 

bases and special construction. 
c. Written description of sequence of operation including schematic diagram. 
d. Points list. 
e. Control Systems Network Architecture and Riser Diagram, including all nodes, 

devices, interfaces, and interconnections. 
 

11. Data Sheets of all products. 
12. Points Lists for all physical and virtual (software) points to be provided at minimum, 

including for each point the tag, type, range, unit’s descriptor, address, project specific 
attributes, and the like. 

13. Include in the Points List details of the physical terminations and interconnections for 
each end device on the networks, including the associated Node, cable terminations, 
termination location and referenced sequences, special functions to be applied and 
cross-referenced drawings.  All field wiring tags shall be cross-referenced between 
drawings. 

14. Information specifically required by Authorities Having Jurisdiction. 
15. Details of the training to be provided, including outlines for each session. 
16. Details of the commissioning sheets and procedures proposed. 
17. Details of telephone line, ISP, and associated requirements to be provided by the Owner, 

at its cost, in order for the contractor to complete the work. 
18. Final graphic floor plan with final room numbers. 
19. All LEA Standard acronyms. 

C. Data Communications Protocol Certificates:  Certify that each proposed DDC system 
component complies with BACNET/BACTALK System. 

D. Samples for Initial Selection:  For each color required, of each type of thermostat or sensor 
cover with factory-applied color finishes. 

E. Samples for Verification:  For each color required, of each type of thermostat or sensor cover. 

F. Software and Firmware Operational Documentation:  Include the following: 
1. Software operating and upgrade manuals. 
2. Program Software Backup:  On a magnetic media or compact disc, complete with data 

files. 
3. Device address list. 
4. Printout of software application and graphic screens. 
5. Software license required by and installed for DDC workstations and control systems. 

G. Software Upgrade Kit:  For Owner to use in modifying software to suit future systems revisions 
or monitoring and control revisions. 
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H. Qualification Data:  For Installer and manufacturer.  For all field technicians/installers, submit 
past projects, years with firm, experience level, job description, job title, etc. 

I. Field quality-control test reports. 

J. Operation and Maintenance Data:  For HVAC instrumentation and control system to include in 
emergency, operation, and maintenance manuals.  In addition to items specified in Division 01 
Section "Operation and Maintenance Data," include the following: 
1. Maintenance instructions and lists of spare parts for each type of control device and 

compressed-air station. 
2. Interconnection wiring diagrams with identified and numbered system components and 

devices. 
3. Keyboard illustrations and step-by-step procedures indexed for each operator function. 
4. Inspection period, cleaning methods, cleaning materials recommended, and calibration 

tolerances. 
5. Calibration records and list of set points. 

1.7 QUALITY ASSURANCE 

A. Installer Qualifications:  Automatic control system manufacturer's authorized representative who 
is trained and approved for installation of system components required for this Project.  All 
personnel designated having major roles in the installation of the ATC System shall meet with 
the Owner and Engineer to thoroughly discuss the project’s goals, lessons learned, 
expectations, do’s and don’ts, etc., prior to the start of the installation. 

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

C. Comply with ASHRAE 135 for DDC system components. 

D. Supplier shall have an in-place support facility with technical staff, spare parts inventory, and all 
necessary test and diagnostic equipment. 

E. The systems shall be complete in all respects and shall be installed by skilled personnel.  The 
Control Contractor shall have a successful history in the installation and maintenance of 
automatic temperature control systems similar in size and performance to that specified herein. 

F. All electrical wiring in connection with the Automatic Temperature Control System shall be 
furnished and installed by the ATC Contractor.  This shall include all interlock wiring between 
fans, pumps, heating and cooling systems, heaters, heat pumps, etc. 

1.8 DELIVERY, STORAGE, AND HANDLING 

A. Factory-Mounted Components:  Where control devices specified in this Section are indicated to 
be factory mounted on equipment, arrange for shipping of control devices to equipment 
manufacturer. 

B. System Software:  Update to latest version of software at Project completion. 
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1.9 COORDINATION 

A. Coordinate location of thermostats, humidistats, and other exposed control sensors with plans 
and room details before installation. 

B. Coordinate supply of conditioned electrical branch circuits for control units and operator 
workstation. 

C. Coordinate equipment with Division 26 Section "Panelboards" to achieve compatibility with 
starter coils and annunciation devices. 

D. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases.  Concrete, 
reinforcement, and formwork requirements are specified in Division 03 Section "Cast-in-Place 
Concrete." 

1.10 EXTRA MATERIALS 

A. Furnish extra materials described below that match products installed and that are packaged 
with protective covering for storage and identified with labels describing contents. 
1. Replacement Materials:  One replacement diaphragm or relay mechanism for each 

unique controller, thermostat, and positioning relay. 
2. Maintenance Materials:  Three thermostat adjusting keys. 

1.11 WORK BY OTHERS 

A. Automatic Temperature Control valves and separable wells for immersion elements furnished 
by the control manufacturer shall be installed by the Mechanical Contractor under the 
Manufacturer’s supervision.  The Control Contractor shall deliver to the Mechanical Contractor 
valves and wells for installation within the various systems. 

B. All automatic dampers furnished by the control manufacturer shall be installed by the 
Mechanical Contractor under the control manufacturer’s supervision. 

1.12 GUARANTEE AND INSTRUCTION: 

A. The control system including all components, system software, parts and assemblies herein 
specified shall be free from defects in workmanship and materials under normal use and 
service.  After completion of the installation, the Control Manufacturer shall regulate and adjust 
all thermostats, control valves, control motors, and other equipment provided under this 
contract.  If, within two (2) years from the date of acceptance by Owner, any of the equipment 
herein described is proved to be defective in workmanship or materials, it will be replaced or 
repaired at no additional cost to the Owner.  The Control Manufacturer shall, after completion, 
provide any service incidental to the proper performance of the Control System under 
guarantees outlined above for a period of two (2) years.  Completion is defined as after all 
systems and equipment have been successfully proven to be functioning correctly in 
accordance with the Contract requirements.  Acceptance of the control system and start of 
warranty period is not contingent upon substantial completion of the mechanical system or 
building (but not sooner).  For every day, the control system has not been accepted (i.e., 
demonstrated that all systems and equipment are working per the Contract requirements), the 
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warranty shall be extended and added onto the standard two-year warranty.  That is to say, if 
the control system is accepted fifty days after building substantial completion, the ATC warranty 
shall start at that time and the warranty time shall be two years and fifty days.  Normal 
maintenance of the system is not to be considered part of the guarantee.  All corrective 
modifications made during warranty service periods shall be updated on all user documentation 
including "as-built" shop drawings and on user and manufacturer archived software disks. 

B. The Control Contractor shall completely check out, calibrate and test all connected hardware to 
ensure that the system performs in accordance with the approved specifications and sequences 
of operation submitted. 

C. Upon completion of the work, the control drawing and all wiring diagrams (AutoCadd Drawing 
printed in color) encased in heavy plastic shall be provided in each mechanical equipment 
space.  Layout shall show all control equipment and the function of each item indicated.  The 
system shall not be considered substantially complete until the control and wiring As-Built 
Drawings are complete and turned over to the Owner. 

D. Upon completion of the work, the Control Contractor shall have completely adjusted the entire 
control system.  He shall arrange to instruct the Owner's representative on the operation of the 
control system for a period of not less than three (3) eight (8) hour days.  All training shall be by 
the Control Contractor and shall utilize specified manuals and as-built documentation.  In 
addition to the start-up instructional period the ATC Contractor shall provide one (1) eight hour 
instructional period 6 months after the initial instructions and one (1) eight hour instructional 
period 12 months after the initial instructions (i.e., one during cooling season/one during the 
heating season).  Provide two DVD video taped copies of all instructional periods and 
demonstrations. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following requirements apply to 
product selection: 
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

manufacturers specified. 

2.2 CONTROL SYSTEM 

A. Available Manufacturers: 
1. Johnson Controls, Inc., local factory authorized branch.  Sole Source. 

B. Control system shall consist of sensors, indicators, actuators, final control elements, interface 
equipment, other apparatus, and accessories to control mechanical systems. 

C. Control system shall consist of sensors, indicators, actuators, final control elements, interface 
equipment, other apparatus, accessories, and software connected to distributed controllers 
operating in multiuser, multitasking environment on token-passing network and programmed to 
control mechanical systems.  An operator workstation permits interface with the network via 
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dynamic color graphics with each mechanical system, building floor plan, and control device 
depicted by point-and-click graphics. 

2.3 DDC EQUIPMENT 

A. Control Units:  Modular, comprising processor board with programmable, nonvolatile, random-
access memory; local operator access and display panel; integral interface equipment; and 
backup power source. 
1. Units monitor or control each I/O point; process information; execute commands from 

other control units, devices, and operator stations; and download from or upload to 
operator workstation or diagnostic terminal unit. 

2. Stand-alone mode control functions operate regardless of network status.  Functions 
include the following: 
a. Global communications. 
b. Discrete/digital, analog, and pulse I/O. 
c. Monitoring, controlling, or addressing data points. 
d. Software applications, scheduling, and alarm processing. 
e. Testing and developing control algorithms without disrupting field hardware and 

controlled environment. 

3. Standard Application Programs: 
a. Electric Control Programs:  Demand limiting, duty cycling, automatic time 

scheduling, start/stop time optimization, night setback/setup, on-off control with 
differential sequencing, staggered start, antishort cycling, PID control, DDC with 
fine tuning, and trend logging. 

b. HVAC Control Programs:  Optimal run time, supply-air reset, and enthalpy 
switchover. 

c. Chiller Control Programs:  Control function of chilled-water reset and equipment 
sequencing. 

d. Programming Application Features:  Include trend point; alarm processing and 
messaging; weekly, monthly, and annual scheduling; energy calculations; run-time 
totalization; and security access. 

e. Remote communications. 
f. Maintenance management. 
g. Units of Measure:  Inch-pound. 

4. Local operator interface provides for download from or upload to operator workstation or 
diagnostic terminal unit. 

5. ASHRAE 135 Compliance:  Control units shall use ASHRAE 135 protocol and 
communicate using ISO 8802-3 (Ethernet) datalink/physical layer protocol. 

B. Local Control Units:  Modular, comprising processor board with electronically programmable, 
nonvolatile, read-only memory; and backup power source. 
1. Units monitor or control each I/O point, process information, and download from or 

upload to operator workstation or diagnostic terminal unit. 
2. Stand-alone mode control functions operate regardless of network status.  Functions 

include the following: 
a. Global communications. 
b. Discrete/digital, analog, and pulse I/O. 
c. Monitoring, controlling, or addressing data points. 
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3. Local operator interface provides for download from or upload to operator workstation or 
diagnostic terminal unit. 

4. ASHRAE 135 Compliance:  Control units shall use ASHRAE 135 protocol and 
communicate using ISO 8802-3 (Ethernet) datalink/physical layer protocol. 

C. I/O Interface:  Hardwired inputs and outputs may tie into system through controllers.  Protect 
points so that shorting will cause no damage to controllers. 
1. Binary Inputs:  Allow monitoring of on-off signals without external power. 
2. Pulse Accumulation Inputs:  Accept up to 10 pulses per second. 
3. Analog Inputs:  Allow monitoring of low-voltage (0- to 10-V dc), current (4 to 20 mA), or 

resistance signals. 
4. Binary Outputs:  Provide on-off or pulsed low-voltage signal, selectable for normally open 

or normally closed operation with three-position (on-off-auto) override switches and 
status lights. 

5. Analog Outputs:  Provide modulating signal, either low voltage (0- to 10-V dc) or current 
(4 to 20 mA) with status lights, two-position (auto-manual) switch, and manually 
adjustable potentiometer. 

6. Tri-State Outputs:  Provide two coordinated binary outputs for control of three-point, 
floating-type electronic actuators. 

7. Universal I/Os:  Provide software selectable binary or analog outputs. 

D. Power Supplies:  Transformers with Class 2 current-limiting type or overcurrent protection; limit 
connected loads to 80 percent of rated capacity.  DC power supply shall match output current 
and voltage requirements and be full-wave rectifier type with the following: 
1. Output ripple of 5.0 mV maximum peak to peak. 
2. Combined 1 percent line and load regulation with 100-mic.sec. response time for 50 

percent load changes. 
3. Built-in overvoltage and overcurrent protection and be able to withstand 150 percent 

overload for at least 3 seconds without failure. 

E. Power Line Filtering:  Internal or external transient voltage and surge suppression for 
workstations or controllers with the following: 
1. Minimum dielectric strength of 1000 V. 
2. Maximum response time of 10 nanoseconds. 
3. Minimum transverse-mode noise attenuation of 65 dB. 
4. Minimum common-mode noise attenuation of 150 dB at 40 to 100 Hz. 

2.4 UNITARY CONTROLLERS 

A. Unitized, capable of stand-alone operation with sufficient memory to support its operating 
system, database, and programming requirements, and with sufficient I/O capacity for the 
application. 
1. Configuration:  Local keypad and display; diagnostic LEDs for power, communication, 

and processor; wiring termination to terminal strip or card connected with ribbon cable; 
memory with bios; and 72-hour battery backup. 

2. Operating System:  Manage I/O communication to allow distributed controllers to share 
real and virtual object information and allow central monitoring and alarms.  Perform 
scheduling with real-time clock.  Perform automatic system diagnostics; monitor system 
and report failures. 

3. ASHRAE 135 Compliance:  Communicate using read (execute and initiate) and write 
(execute and initiate) property services defined in ASHRAE 135.  Reside on network 
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using MS/TP datalink/physical layer protocol and have service communication port for 
connection to diagnostic terminal unit. 

4. Enclosure:  Dustproof rated for operation at 32 to 120 deg F. 
5. Enclosure:  Waterproof rated for operation at 40 to 150 deg F. 

2.5 ALARM PANELS 

A. Unitized cabinet with suitable brackets for wall or floor mounting.  Fabricate of 0.06-inch thick, 
furniture-quality steel or extruded-aluminum alloy, totally enclosed, NEMA 1, with hinged doors 
and keyed lock and with manufacturer's standard shop-painted finish.  Provide common keying 
for all panels.  Provide means of storing control system instructions and drawings inside cabinet 
for future reference.  Provide UL listed cabinets for use with line voltage devices. 

B. Indicating light for each alarm point, single horn, acknowledge switch, and test switch, mounted 
on hinged cover. 
1. Alarm Condition:  Indicating light flashes and horn sounds. 
2. Acknowledge Switch:  Horn is silent and indicating light is steady. 
3. Second Alarm:  Horn sounds and indicating light is steady. 
4. Alarm Condition Cleared:  System is reset and indicating light is extinguished. 
5. Contacts in alarm panel allow remote monitoring by independent alarm company. 

2.6 ANALOG CONTROLLERS 

A. Step Controllers:  6- or 10-stage type, with heavy-duty switching rated to handle loads and 
operated by electric motor. 

B. Electric, Outdoor-Reset Controllers:  Remote-bulb or bimetal rod-and-tube type, proportioning 
action with adjustable throttling range, adjustable set point, scale range minus 10 to plus 70 
deg F, and single- or double-pole contacts. 

C. Electronic Controllers:  Wheatstone-bridge-amplifier type, in steel enclosure with provision for 
remote-resistance readjustment.  Identify adjustments on controllers, including proportional 
band and authority. 
1. Single controllers can be integral with control motor if provided with accessible control 

readjustment potentiometer. 

D. Fan-Speed Controllers:  Solid-state model providing field-adjustable proportional control of 
motor speed from maximum to minimum of 55 percent and on-off action below minimum fan 
speed.  Controller shall briefly apply full voltage, when motor is started, to rapidly bring motor up 
to minimum speed.  Equip with filtered circuit to eliminate radio interference. 

2.7 ELECTRONIC SENSORS 

A. Description:  Vibration and corrosion resistant; for wall, immersion, or duct mounting as 
required. 

B. Thermistor Temperature Sensors and Transmitters: 
1. Available Manufacturers: 

a. Kele. 
b. Honeywell International. 
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c. Johnson Controls. 
d. Siemens Building Technologies. 
e. Invensys. 
f. Veris. 

2. Accuracy:  Plus or minus 0.5 deg F (0.3 deg C) at calibration point. 
3. Wire:  Twisted, shielded-pair cable. 
4. Insertion Elements in Ducts:  18-inches long; use where not affected by temperature 

stratification or where ducts are smaller than 9 sq. ft. 
5. Averaging Elements in Ducts:  72-inches long, flexible; use where prone to temperature 

stratification or where ducts are larger than 10 sq. ft. 
6. Insertion Elements for Liquids:  Brass or stainless-steel socket with minimum insertion 

length of 2-1/2-inches. 
7. Room Sensor Cover Construction:  Manufacturer's standard locking covers. 

a. Set-Point Adjustment:  Concealed. 
b. Set-Point Indication:  Concealed. 
c. Thermometer:  Concealed. 
d. Color:  Standard Manufacturer’s Color. 
e. Orientation:  Vertical. 

8. Outside-Air Sensors:  Watertight inlet fitting, shielded from direct sunlight. 
9. Room Security Sensors:  Stainless-steel cover plate with insulated back and security 

screws.  Provide for Gymnasium and/or auxiliary gym spaces and room security areas. 

C. RTDs and Transmitters: 
1. Available Manufacturers: 

a. Kele. 
b. Honeywell International. 
c. Johnson Controls. 
d. Siemens Building Technologies. 
e. Veris. 

2. Accuracy:  Plus or minus 0.2 percent at calibration point. 
3. Wire:  Twisted, shielded-pair cable. 
4. Insertion Elements in Ducts:  Single point, 18-inches long; use where not affected by 

temperature stratification or where ducts are smaller than 9 sq. ft.  
5. Averaging Elements in Ducts:  24 feet long, flexible; use where prone to temperature 

stratification or where ducts are larger than 9 sq. ft.; length as required. 
6. Insertion Elements for Liquids:  Brass socket with minimum insertion length of 2-1/2-

inches. 
7. Room Sensor Cover Construction:  Manufacturer's standard locking covers. 

a. Set-Point Adjustment:  Concealed. 
b. Set-Point Indication:  Concealed. 
c. Thermometer:  Concealed. 
d. Color:  Manufacturer’s Standard Color. 
e. Orientation:  Vertical. 

8. Outside-Air Sensors:  Watertight inlet fitting, shielded from direct sunlight. 
9. Room Security Sensors:  Stainless-steel cover plate with insulated back and security 

screws. 
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D. Pressure Transmitters/Transducers: 
1. Available Manufacturers: 

a. Veris. 
b. General Eastern Instruments. 
c. MAMAC Systems, Inc. 
d. Vaisala. 
e. Rosemount. 
f. Foxboro. 
g. Ebtron, Inc. 
h. United Electric. 
i. Ashcroft. 

2. Water Pressure Transducers:  Stainless-steel diaphragm construction, suitable for 
service; minimum 150-psig operating pressure; linear output 4 to 20 mA. 

3. Water Differential-Pressure Transducers:  Stainless-steel diaphragm construction, 
suitable for service; minimum 150-psig operating pressure and tested to 300-psig; linear 
output 4 to 20 mA. – Rosemount 2051 DP sole source. 

4. Differential-Pressure Switch (Water):  Snap acting, with pilot-duty rating and with suitable 
scale range and differential – United Electric H100 Series. 

5. Pressure Transmitters:  Direct acting for gas, liquid, or steam service; range suitable for 
system; linear output 4 to 20 mA. 

2.8 STATUS SENSORS 

A. Status Inputs for Pumps:  Differential-pressure switch with pilot-duty rating and with adjustable 
pressure-differential range of 8 to 60 psig, piped across pump. 

B. Status Inputs for Electric Motors:  Comply with ISA 50.00.01, current-sensing fixed- or split-core 
transformers with self-powered transmitter, adjustable and suitable for 175 percent of rated 
motor current. 

C. Voltage Transmitter (100- to 600-V ac):  Comply with ISA 50.00.01, single-loop, self-powered 
transmitter, adjustable, with suitable range and 1 percent full-scale accuracy. 

D. Power Monitor:  3-phase type with disconnect/shorting switch assembly, listed voltage and 
current transformers, with pulse kilowatt hour output and 4- to 20-mA kW output, with maximum 
2 percent error at 1.0 power factor and 2.5 percent error at 0.5 power factor. 

E. Current Switches:  Self-powered, solid-state with adjustable trip current, selected to match 
current and system output requirements. 

F. Electronic Valve/Damper Position Indicator:  Visual scale indicating percent of travel and 2- to 
10-V dc, feedback signal. 

G. Water-Flow Switches:  Bellows-actuated mercury or snap-acting type with pilot-duty rating, 
stainless-steel or bronze paddle, with appropriate range and differential adjustment, in 
NEMA 250, Type 1 enclosure. 
1. Available Manufacturers: 

a. BEC Controls Corporation. 
b. I.T.M. Instruments Inc. 
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c. McDonald Miller. 
d. Johnson Controls. 
e. Honeywell International. 
f. Invensys. 
g. Siemens Building Technologies. 

2.9 GAS DETECTION EQUIPMENT 

A. Available Manufacturers: 
1. B. W. Technologies. 
2. CEA Instruments, Inc. 
3. Ebtron, Inc. 
4. Gems Sensors Inc. 
5. Greystone Energy Systems Inc. 
6. Honeywell International Inc.; Home & Building Control. 
7. INTEC Controls, Inc. 
8. I.T.M. Instruments Inc. 
9. MSA Canada Inc. 
10. QEL/Quatrosense Environmental Limited. 
11. Sauter Controls Corporation. 
12. Sensidyne, Inc. 
13. TSI Incorporated. 
14. Vaisala. 
15. Vulcain Inc. 

B. Oxygen Sensor and Transmitter:  Single detectors using solid-state zircon cell sensing; suitable 
over a temperature range of minus 32 to plus 1100 deg F (0 to 593 deg C) and calibrated for 0 
to 5 percent, with continuous or averaged reading, 4- to 20-mA output; for wall mounting. 

2.10 THERMOSTATS 

A. Available Manufacturers: 
1. American Automatrix. 
2. Honeywell International. 
3. Johnson Controls, Inc. 
4. Invensys. 
5. Siemens Building Automation. 
6. Penn. 

B. Low-Voltage, On-Off Thermostats:  NEMA DC 3, 24-V, bimetal-operated, mercury-switch type, 
with adjustable or fixed anticipation heater, concealed set-point adjustment, 55 to 85 deg F set-
point range, and 2 deg F maximum differential. 

C. Line-Voltage, On-Off Thermostats:  Bimetal-actuated, open contact or bellows-actuated, 
enclosed, snap-switch or equivalent solid-state type, with heat anticipator; listed for electrical 
rating; with concealed set-point adjustment, 55 to 85 deg F set-point range, and 2 deg F 
maximum differential. 
1. Electric Heating Thermostats:  Equip with off position on dial wired to break ungrounded 

conductors. 
2. Selector Switch:  Integral, manual on-off-auto. 
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D. Remote-Bulb Thermostats:  On-off or modulating type, liquid filled to compensate for changes in 
ambient temperature; with copper capillary and bulb, unless otherwise indicated. 
1. Bulbs in water lines with separate wells of same material as bulb. 
2. Bulbs in air ducts with flanges and shields. 
3. Averaging Elements:  Copper tubing with either single- or multiple-unit elements, 

extended to cover full width of duct or unit; adequately supported. 
4. Scale settings and differential settings are clearly visible and adjustable from front of 

instrument. 
5. On-Off Thermostat:  With precision snap switches and with electrical ratings required by 

application. 
6. Modulating Thermostats:  Construct so complete potentiometer coil and wiper assembly 

is removable for inspection or replacement without disturbing calibration of instrument. 

E. Immersion Thermostat:  Remote-bulb or bimetal rod-and-tube type, proportioning action with 
adjustable throttling range and adjustable set point. 

F. Heating/Cooling Valve-Top Thermostats:  Proportional acting for proportional flow, with molded-
rubber diaphragm, remote-bulb liquid-filled element, direct and reverse acting at minimum 
shutoff pressure of 25 psig, and cast housing with position indicator and adjusting knob. 

2.11 ACTUATORS 

A. Electric Motors:  Size to operate with sufficient reserve power to provide smooth modulating 
action or two-position action. 
1. Comply with requirements in Division 23 Section "Common Motor Requirements for 

HVAC Equipment." 
2. Permanent Split-Capacitor or Shaded-Pole Type:  Gear trains completely oil immersed 

and sealed.  Equip spring-return motors with integral spiral-spring mechanism in 
housings designed for easy removal for service or adjustment of limit switches, auxiliary 
switches, or feedback potentiometer. 

3. Nonspring-Return Motors for Valves Larger Than NPS 2-1/2:  Size for running torque of 
150 in. x lbf and breakaway torque of 300 in. x lbf. 

4. Spring-Return Motors for Valves Larger Than NPS 2-1/2:  Size for running and 
breakaway torque of 150 in. x lbf. 

5. Nonspring-Return Motors for Dampers Larger Than 25 Sq. Ft.:  Size for running torque of 
150 in. x lbf and breakaway torque of 300 in. x lbf. 

6. Spring-Return Motors for Dampers Larger Than 25 Sq. Ft.:  Size for running and 
breakaway torque of 150 in. x lbf. 

B. Electronic Actuators:  Direct-coupled type designed for minimum 60,000 full-stroke cycles at 
rated torque. 
1. Manufacturers: 

a. Belimo Aircontrols (USA), Inc. 
b. American Auto-Matrix. 
c. Johnson Controls 
d. Honeywell International. 
e. Siemens Building Technologies 
f. Invensys. 

2. Valves:  Size for torque required for valve close off at maximum pump differential 
pressure. 
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3. Dampers:  Size for running torque calculated as follows: 
a. Parallel-Blade Damper with Edge Seals:  7-inch-lb/sq. ft. of damper. 
b. Opposed-Blade Damper with Edge Seals:  5-inch-lb/sq. ft. of damper. 
c. Dampers with 2- to 3-Inch wg of Pressure Drop or Face Velocities of 1000 to 2500 

fpm:  Increase running torque by 1.5. 
d. Dampers with 3- to 4-Inch wg of Pressure Drop or Face Velocities of 2500 to 3000 

fpm:  Increase running torque by 2.0. 

4. Coupling:  V-bolt and V-shaped, toothed cradle. 
5. Overload Protection:  Electronic overload or digital rotation-sensing circuitry. 
6. Fail-Safe Operation:  Mechanical, spring-return mechanism.  Provide external, manual 

gear release on nonspring-return actuators. 
7. Power Requirements (Two-Position Spring Return): 24-V ac. 
8. Power Requirements (Modulating):  Maximum 10 VA at 24-V ac or 8 W at 24-V dc. 
9. Proportional Signal:  2- to 10-V dc or 4 to 20 mA, and 2- to 10-V dc position feedback 

signal. 
10. Temperature Rating:  Minus 22 to plus 122 deg F. 
11. Temperature Rating (Smoke Dampers):  Minus 22 to plus 250 deg F. 
12. Run Time:  30 seconds.  For all geothermal heat pumps, provide quick opening/closing 

valves.  Hard-wire to unit controller. 

2.12 CONTROL VALVES 

A. Available Manufacturers: 
1. Invensys. 
2. American Automatrix. 
3. Johnson Controls, Inc. 
4. Honeywell International. 
5. Siemens Building Technologies. 
6. Bray (Butterfly Valves). 
7. DeZurick (Butterfly Valves). 
8. Jamesbury (Butterfly Valves). 
9. Keystone (Butterfly Valves). 
10. Milwaulkee (Butterfly Valves). 

B. Control Valves:  Factory fabricated, of type, body material, and pressure class based on 
maximum pressure and temperature rating of piping system, unless otherwise indicated.  
Valves shall be provided with a positioning relay. 

C. Hydronic system globe valves shall have the following characteristics: 
1. NPS 2 (DN 50) and Smaller:  Class 125 bronze body, stainless steel trim, rising stem, 

renewable composition disc, and screwed ends with backseating capacity repackable 
under pressure. 

2. NPS 2-1/2 (DN 65) and Larger:  Class 125 iron body, stainless steel trim, rising stem, 
plug-type disc, flanged ends, and renewable seat and disc. 

3. Internal Construction:  Replaceable plugs and stainless-steel or brass seats. 
a. Single-Seated Valves:  Cage trim provides seating and guiding surfaces for plug 

on top and bottom. 
b. Double-Seated Valves:  Balanced plug; cage trim provides seating and guiding 

surfaces for plugs on top and bottom. 
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4. Sizing:  5-psig maximum pressure drop at design flow rate or the following: 
a. Two Position:  Line size. 
b. Two-Way Modulating:  Either the value specified above or twice the load pressure 

drop, whichever is more. 
c. Three-Way Modulating:  Twice the load pressure drop, but not more than value 

specified above. 

5. Flow Characteristics:  Two-way valves shall have equal percentage characteristics; three-
way valves shall have linear characteristics. 

6. Close-Off (Differential) Pressure Rating:  Combination of actuator and trim shall provide 
minimum close-off pressure rating of 150 percent of total system (pump) head for two-
way valves and 100 percent of pressure differential across valve or 100 percent of total 
system (pump) head. 

D. Butterfly Valves:  Refer to Section 230523, General Duty Valves for HVAC Piping.  Provide 
manufacturer’s actuator. 
1. Sizing:  1-psig maximum pressure drop at design flow rate. 

2.13 CONTROL CABLE 

A. Electronic and fiber-optic cables for control wiring are specified in Division 26. 

B. All wiring shall be installed in a designated EMT conduit raceway unless otherwise specified.  
All junction boxes shall have covers painted “Safety Green” and be rigid steel.  Minimum size 
conduit shall be 3/4-inch. 

C. Where it is not possible to conceal raceways in finished locations (i.e., existing masonry walls), 
surface raceway (wiremold) may be used as approved by the Architect. 

D. Individual conductors shall be color-coded and in addition, shall be numbered in the field to 
identify the particular terminal to which it is attached.  Field numbering shall be performed with 
Brady Markers wrapped around the wire near the terminal connection.  All wires shall be 
terminated with pressure type connectors suitable for wire size, material, and terminal 
connection. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify that power supply is available to control units and operator workstation. 

B. Verify that duct-, pipe-, and equipment-mounted devices are installed before proceeding with 
installation. 

3.2 INSTALLATION 

A. Install software in control units and operator workstation(s).  Implement all features of programs 
to specified requirements and as appropriate to sequence of operation. 
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B. Connect and configure equipment and software to achieve sequence of operation specified. 

C. The Automatic Temperature Control System shall be designed, installed, and commissioned in 
a fully turnkey, fully implemented and fully operational manner. 

D. Install damper motors on outside of duct in warm areas, not in locations exposed to outdoor 
temperatures. 

E. Install labels and nameplates to identify control components according to Division 23 Section 
"Identification for HVAC Piping and Equipment." 

F. Install hydronic instrument wells, valves, and other accessories according to Division 23 Section 
"Hydronic Piping." 

G. Install duct volume-control dampers according to Division 23 Sections specifying air ducts. 

H. Install electronic and fiber-optic cables according to Division 26. 

3.3 ELECTRICAL WIRING AND CONNECTION INSTALLATION 

A. Install raceways, boxes, and cabinets according to Division 26 Section "Raceway and Boxes for 
Electrical Systems." 

B. Install building wire and cable according to Division 26 Section "Low-Voltage Electrical Power 
Conductors and Cables." 

C. Install signal and communication cable according to Division 26. 
1. Conceal cable, except in mechanical rooms and areas where other conduit and piping 

are exposed. 
2. Install exposed cable in raceway. 
3. Install concealed cable in raceway. 
4. Bundle and harness multiconductor instrument cable in place of single cables where 

several cables follow a common path. 
5. Fasten flexible conductors, bridging cabinets and doors, along hinge side; protect against 

abrasion.  Tie and support conductors. 
6. Number-code or color-code conductors for future identification and service of control 

system, except local individual room control cables. 
7. Install wire and cable with sufficient slack and flexible connections to allow for vibration of 

piping and equipment. 
8. All conduits and raceways shall be installed level, plumb, at right angles to the building 

lines, and shall follow the contours of the building line. 

D. Connect manual-reset limit controls independent of manual-control switch positions.  Automatic 
duct heater resets may be connected in interlock circuit of power controllers. 

E. Connect hand-off-auto selector switches to override automatic interlock controls when switch is 
in hand position. 

F. All Wiring and tubing shall be properly supported and run in a neat and workmanlike manner.  
All wiring and tubing exposed and in equipment rooms shall run parallel to or at right angles to 
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the building structure. All piping and wiring within enclosures shall be neatly bundled and 
anchored to prevent restriction to devices and terminals. 

G. The Control Contractor shall be responsible for all electrical installation required for a fully 
functional control and automation system and not shown on the electrical plans or required by 
the electrical specifications.  All wiring shall be in accordance to all local and national codes. 
1. All line voltage wiring, all wiring exposed, and all wiring in equipment rooms shall be 

installed in conduit in accordance to the electrical specifications. 
2. All electric and electronic wiring shall be #18 AWG minimum THHN and shielded if 

required. 
3. All wiring in the central control room shall be concealed in an approved manner. 
4. All control power shall be provided by the ATC Contractor.  The ATC Contractor shall 

obtain all control power for electrical power panels.  Power to the ATC System shall be 
dedicated circuits.  Do not obtain control power for any devices through equipment 
control panels or any other source.  All control power and wiring shall be independent. 

5. Some, but not all, dedicated circuits have been identified on the Electrical Drawings.  
Coordinate all additional dedicated circuits with the Electrical Contractor.  The ATC 
Contractor shall provide all additional power wiring as required for the ATC System.  
Coordinate locations with the Electrical Contractor for circuits identified on the Electrical 
Drawings. 

6. For equipment connected to emergency power, the associated control panels shall be 
connected to emergency power. 

H. Control Systems Wiring: 
1. All conduit raceways, wiring, accessories and wiring connections required for the 

installation of the Controls Systems shall be provided by the Controls Contractor.  All 
wiring shall comply with the requirements of applicable portions of the Electrical Trade 
work and all local and national electric codes and the requirements of the AHJ. 

2. All Controls Systems wiring materials and installation methods shall comply with the 
original equipment manufacturer recommendations and standards. 

3. The sizing type and provision of cable, conduit, cable trays and raceways shall be the 
design responsibility of the Controls Contractor. 

4. Class 2 Wiring 
a. All Class 2 (24VAC or less) wiring shall be installed in conduit unless otherwise 

specified. 
b. Conduit is not required for Class 2 wiring in concealed accessible locations.  Class 

2 wiring not installed in conduit shall be supported every 5ft. from the building 
structure utilizing metal hangers designed for this application.  Wiring shall be 
installed parallel to the building structural lines. 

5. Class 2 signal wiring and 24VAC power may be run in the same conduit.  Power wiring 
120VAC and greater shall not share the same conduit with Class 2 signal wiring. 

6. Perform circuit tests using qualified personnel only.  Provide necessary instruments and 
equipment to demonstrate that: 
a. All circuits are continuous and free from short circuits and grounds. 
b. All circuits are free from unspecified grounds; that resistance to ground of all 

circuits is no less than 50 megaohms. 
c. All circuits are free from induced voltages. 

7. Provide complete testing for all cables and wiring.  Provide all equipment, tools, and 
personnel as necessary to conduct these tests. 
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8. Provide for complete grounding of all signal and communication cables, panels and 
equipment so as to ensure integrity of Controls Systems operation.  Ground cabling and 
conduit at panel terminations.  Do not create ground loops 

I. Line Voltage Power Sources 
1. 120 -volt AC circuits for the Controls Systems shall be taken by the Controls Contractor 

from electrical trade panelboards and circuit breakers.  Coordinate locations with the 
Electrical Contractor. 

2. Circuits used for the Controls Systems shall be dedicated to these Controls Systems and 
shall not be used for any other services. 

3. Controls DDC terminal unit controllers may use 120-volt AC power from motor power 
circuits. 

J. Controls Systems Raceways 
1. All wiring shall be installed in conduit or raceway except as noted elsewhere in the 

Specification.  Minimum conduit size 3/4”. 
2. Where it is not possible to conceal raceways in finished locations, surface raceway 

(Wiremold) may be used as approved by the Architect. 
3. All conduits and raceways shall be installed level, plumb, at right angles to the building 

lines and shall follow the contours of the supporting surface. 
4. UL//ULC Listed Flexible Metal Conduit shall be used for vibration isolation and shall be 

limited to 3 feet in length when terminating to vibrating equipment.  Flexible Metal Conduit 
may be used within partition walls and for final connection to equipment. 

K. Penetrations: 
1. Firestopping for all penetrations used by dedicated Controls Systems conduits and 

raceways shall be by the ATC Contractor. 
2. All openings in fire proofed or fire stopped components shall be closed by the ATC 

Contractor using approved fire resistive sealant. 
3. All wiring passing through penetrations, including walls, shall be in sleeves, conduit or 

enclosed raceway. 
4. No penetrations through building structural elements, slabs, ceilings and walls shall be 

made before receipt of written approval from the Architect. 

L. Controls Systems Identification Standards: 
1. Node Identification:  All nodes shall be identified by a permanent label fastened to the 

outside of the enclosure.  Labels shall be suitable for the node environmental location. 
2. Cable shall be labeled at every termination with cross-referencing to record 

documentation. 
3. Raceway Identification:  Exposed covers to junction and pull boxes of the FMS raceways 

shall be identified at primary points. 
4. Wire Identification:  All low and line voltage wiring shall be identified by a number, as 

referenced to the associated shop and record drawing, at each termination. 
5. Wires and cabling shall not be spliced between terminations.  Cable shields shall be 

single end grounded – typically at the panel end outside the panel. 
6. Suggested color coding, for use at the Contractors option, are: 

a. Analog Input Cable  Yellow 
b. Analog Output Cable  Tan 
c. Binary Input Cable  Orange 
d. Binary Output Cable  Violet 
e. 24 VAC Cable   Gray 
f. General Purpose Cable Natural 
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g. Tier 1 Comm Cable  Purple 
h. Other Tier Comm Cable Blue 

M. Field Panel and Device Installations and Locations: 
1. The Controls Systems panels, enclosures and cabinets shall be located as coordinated 

with the Architect at an elevation of not less than 2 feet from the bottom edge of the panel 
to the finished floor.  Each cabinet shall be anchored per the manufacturer’s 
recommendations. 

2. All field devices shall be installed per the manufacturer recommendation and in 
accessible locations as coordinated with the Architect. 

3. Panels to be located in damp areas or areas subject to condensation shall be mounted 
with wall standoffs. 

4. Conduit configurations entering or leaving panels and devices shall be such as to 
preclude condensation traps. 

N. Controls Specific Installation Requirements 
1. The Mechanical Trade Contractor shall install all in-line mechanical devices including 

temperature wells, pressure taps, flow meters, etc. 
2. The Mechanical Contractor shall install all in-line devices including control valves, 

dampers, etc. 
3. Input flow measuring devices shall be installed in compliance with ASME Guidelines. 
4. Water Differential Pressure Sensors: 

a. Differential pressure transmitters used for flow measurement shall be sized to the 
flow-sensing device. 

b. Differential pressure transmitters shall be supplied with tee fittings and shut-off 
valves in the high and low sensing pick-up lines. 

c. The transmitters shall be installed in an accessible location wherever possible. 

5. Medium to High Differential Water Pressure Applications (Over 21-inches wg):   Air 
bleed units, bypass valves and compression fittings shall be provided. 

6. Water Differential Pressure Status Switches:   Install with shut off valves for isolation. 
7. Actuators:  All control actuators shall be sized capable of closing against the maximum 

system shut-off pressure.  The actuator shall modulate in a smooth fashion through the 
entire stroke.  When any pneumatic actuator is sequenced with another device, pilot 
positioners shall be installed to allow for proper sequencing. 

8. Control Valves:  Shall be sized for proper flow control with equal percentage valve plugs.  
The maximum pressure drop for water applications shall be 5 PSI.  The maximum 
pressure drop for steam applications shall be 7 PSI. 

9. Electronic Signal Isolation Transducers:  Whenever an analog output signal from the 
Controls Systems is to be connected to an external control system as an input (such as 
chiller control panel), or it is to receive as an input a signal from a remote system, provide 
a signal isolation transducer.  Signal isolation transducer shall provide ground plane 
isolation between building systems.  Provide optical isolation between building systems. 

3.4 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service:  Engage a factory-authorized service representative to 
inspect, test, and adjust field-assembled components and equipment installation, including 
connections, and to assist in field testing.  Report results in writing. 
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B. Perform the following field tests and inspections and prepare test reports: 

1. Operational Test:  After electrical circuitry has been energized, start units to confirm 
proper unit operation.  Remove and replace malfunctioning units and retest. 

2. Test and adjust controls and safeties. 
3. Test calibration of electronic controllers by disconnecting input sensors and stimulating 

operation with compatible signal generator. 
4. Test each point through its full operating range to verify that safety and operating control 

set points are as required. 
5. Test each control loop to verify stable mode of operation and compliance with sequence 

of operation.  Adjust PID actions. 
6. Test each system for compliance with sequence of operation. 
7. Test software and hardware interlocks. 
8. Provide complete testing for all cables and wiring.  Provide all equipment, tools and 

personnel as necessary to conduct these tests. 

C. DDC Verification: 

1. Verify that instruments are installed before calibration, testing, and loop or leak checks. 
2. Check instruments for proper location and accessibility. 
3. Check instrument installation for direction of flow, elevation, orientation, insertion depth, 

and other applicable considerations. 
4. Check instrument tubing for proper fittings, slope, material, and support. 
5. Check installation of air supply for each instrument. 
6. Check flow instruments.  Inspect tag number and line and bore size, and verify that inlet 

side is identified and that meters are installed correctly. 
7. Check pressure instruments, piping slope, installation of valve manifold, and self-

contained pressure regulators. 
8. Check temperature instruments and material and length of sensing elements. 
9. Check control valves.  Verify that they are in correct direction. 
10. Check air-operated dampers.  Verify that pressure gages are provided and that proper 

blade alignment, either parallel or opposed, has been provided. 
11. Check DDC system as follows: 

a. Verify that DDC controller power supply is from emergency power supply, if 
applicable. 

b. Verify that wires at control panels are tagged with their service designation and 
approved tagging system. 

c. Verify that spare I/O capacity has been provided. 
d. Verify that DDC controllers are protected from power supply surges. 

D. Replace damaged or malfunctioning controls and equipment and repeat testing procedures. 

3.5 ADJUSTING 

A. Calibrating and Adjusting: 

1. Calibrate instruments. 
2. Make three-point calibration test for both linearity and accuracy for each analog 

instrument. 
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3. Calibrate equipment and procedures using manufacturer's written recommendations and 
instruction manuals.  Use test equipment with accuracy at least double that of instrument 
being calibrated. 

4. Control System Inputs and Outputs: 
a. Check analog inputs at 0, 50, and 100 percent of span. 
b. Check analog outputs using milliampere meter at 0, 50, and 100 percent output. 
c. Check digital inputs using jumper wire. 
d. Check digital outputs using ohmmeter to test for contact making or breaking. 
e. Check resistance temperature inputs at 0, 50, and 100 percent of span using a 

precision-resistant source. 

5. Flow: 
a. Set differential pressure flow transmitters for 0 and 100 percent values with 3-point 

calibration accomplished at 50, 90, and 100 percent of span. 
b. Manually operate flow switches to verify that they make or break contact. 

6. Pressure: 
a. Calibrate pressure transmitters at 0, 50, and 100 percent of span. 
b. Calibrate pressure switches to make or break contacts, with adjustable differential 

set at minimum. 

7. Temperature: 
a. Calibrate resistance temperature transmitters at 0, 50, and 100 percent of span 

using a precision-resistance source. 
b. Calibrate temperature switches to make or break contacts. 

8. Stroke and adjust control valves and dampers without positioners, following the 
manufacturer's recommended procedure, so that valve or damper is 100 percent open 
and closed. 

9. Stroke and adjust control valves and dampers with positioners, following manufacturer's 
recommended procedure, so that valve and damper is 0, 50, and 100 percent closed. 

10. Provide diagnostic and test instruments for calibration and adjustment of system. 
11. Provide written description of procedures and equipment for calibrating each type of 

instrument.  Submit procedures review and approval before initiating startup procedures. 

B. Adjust initial temperature and humidity set points. 

C. Occupancy Adjustments:  Within 12 months of date of Substantial Completion, provide on-site 
assistance in adjusting system to suit actual occupied conditions.  Provide up to twenty (20) 
visits to Project during other than normal occupancy hours for this purpose. 

3.6 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 
adjust, operate, and maintain HVAC instrumentation and controls.  Refer to Division 01 Section 
"Demonstration and Training." 

B. Schedule instruction with Owner.  Provide at least a 7-day notice to the Contractor and 
Engineer of training date.  All Operation and Maintenance Manuals shall be provided to Owner 
three (3) weeks prior to training.  Contractor shall be responsible for all operation and 
maintenance until Owner has had training. 
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3.7 LOCAL CONTROL AND EMS CONTROL: 

A. For the central dual temperature system, central geothermal water system, each air handling 
unit system, each terminal control unit, and as required in the I/O Summary as indicated on the 
drawings, provide a panel-mounted Hand-Off-Automatic Switch, “Local Control” – “EMS 
Control” – “Off” switch that allows for the Ems or local controls to start-stop systems and/or 
equipment. 

B. Each system shall operate automatically as described in the sequence of operations when 
locally controlled; i.e., in the hand position and/or when loss of communications of the remote 
EMS occurs. 

C. Refer to Drawings for additional information. 

3.8 VERIFICATION 

A. Fully test and verify all aspects of the Controls Systems Contract work on a 
point/system/integrated operational basis for all points, features and functions specified. 

B. Acceptance Check Sheet 
1. Prepare a check sheet that includes all pints and functions of the Work. 
2. Submit the check sheet to the Architect for approval 60 days prior to testing. 
3. Complete the check sheets for all items and functions of the work.  Initial each entry with 

time/date as record of having fully calibrated and tested the Work.  Submit to the 
Architect as record. 

4. The Architect and Engineer will use the check sheets as the basis for Acceptance Testing 
with the Controls Systems Contractor. 

C. Provide all necessary specialist labor, materials and tools to demonstrate to the Architect that 
the Controls Systems have been verified and are operating in compliance with the Controls 
Systems Contract.  Prepare a list of noted deficiencies signed by both the Architect and the 
Controls Contractor.  The ATC System will not be considered substantially complete until all 
systems and equipment air functioning correctly in accordance with the Contract requirements.  
After the Owner has accepted the building (i.e., and is paying for all utility costs), any above-
average (per square foot) operating cost attributed with the control systems not operating as 
designed (e.g., running 24/7) will be paid for by the Control/Mechanical Contractor. 

D. Contractor shall submit a functional test check list including all points and sequence of operation 
points to be reviewed and verified during the Owner Instruction Period.  All sequences shall be 
tested for all systems and equipment.  The check list shall include columns for 
SATISFACTORY, UNSATISFACTORY, and COMMENTS for each line item.  The check list 
shall be submitted and reviewed as a shop drawing prior to the instructional period.  The 
Contractor shall include all the check lists in 3-ring binder (10 copies/sets minimum) for the 
representatives for the instructional procedure.   

E. Promptly rectify all listed deficiencies and submit in writing to the Architect and Engineer a 
signed report that this has been done. 
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F. The ATC Contractor shall submit a letter on company letterhead, signed by the President of the 
local branch, that all systems are complete and have been inspected, tested, and provided 
operational/functional in all modes of operation as required by the Contract, that all deficiencies 
have been addressed, and the system is complete and ready for the warranty period to start.  
This letter shall also state the warranty period, shall be signed by a Representative from Cecil 
County Public Schools and shall be inserted into the O&M Manual. 

G. The Architect and Engineer will retest the deficiencies in conjunction with the Controls 
Contractor at the Architect’s option. 

END OF SECTION 
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SECTION 23 21 13 - HYDRONIC PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes pipe and fitting materials, joining methods, special-duty valves, and 
specialties for the following: 

1. Chilled water piping. 
2. Makeup-water piping. 
3. Blowdown-drain piping. 
4. Air-vent piping. 
5. Safety-valve-inlet and -outlet piping. 

B. Related Sections include the following: 

1. Division 23 Section "Heating, Ventilating and Air Conditioning”. 

1.3 DEFINITIONS 

A. PTFE:  Polytetrafluoroethylene. 

1.4 SUBMITTALS 

A. Product Data:  For each type of the following: 
1. Pressure-seal fittings. 
2. Valves.  Include flow and pressure drop curves based on manufacturer's testing for 

calibrated-orifice balancing valves and automatic flow-control valves. 
3. Hydronic specialties. 

B. Shop Drawings:  Detail, at 3/8 scale, the piping layout, fabrication of pipe anchors, hangers, 
supports for multiple pipes, alignment guides, expansion joints and loops, and attachments of 
the same to the building structure.  Detail location of anchors, alignment guides, and expansion 
joints and loops. 

C. Welding certificates. 
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D. Qualification Data:  For Installer. 

E. Field quality-control test reports. 

F. Water Analysis:  Submit a copy of the water analysis to illustrate water quality available at 
Project site. 

1.5 QUALITY ASSURANCE 

A. Installer Qualifications: 

1. Installers of Pressure-Sealed Joints:  Installers shall be certified by the pressure-seal joint 
manufacturer as having been trained and qualified to join piping with pressure-seal pipe 
couplings and fittings. 

B. Steel Support Welding:  Qualify processes and operators according to AWS D1.1/D1.1M, 
"Structural Welding Code - Steel." 

C. Welding:  Qualify processes and operators according to ASME Boiler and Pressure Vessel 
Code:  Section IX. 

1. Comply with provisions in ASME B31 Series, "Code for Pressure Piping." 
2. Certify that each welder has passed AWS qualification tests for welding processes 

involved and that certification is current. 

D. ASME Compliance:  Comply with ASME B31.9, "Building Services Piping," for materials, 
products, and installation.  Safety valves and pressure vessels shall bear the appropriate ASME 
label.  Fabricate and stamp air separators and expansion tanks to comply with ASME Boiler and 
Pressure Vessel Code:  Section VIII, Division 01. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Hydronic piping components and installation shall be capable of withstanding the following 
minimum working pressure and temperature: 

1. Chilled water piping:  125 psig at 200 deg F. 
2. Makeup-water piping:  80 psig at 150 deg F. 
3. Air-vent piping:  200 deg F. 
4. Safety-valve-inlet and -outlet piping:  Equal to the pressure of the piping system to which it 

is attached. 
5. Blowdown-drain piping:  150 deg F. 

2.2 COPPER TUBE AND FITTINGS 

A. Drawn-Temper Copper Tubing:  ASTM B 88, Type L (ASTM B 88M, Type B). 
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B. Annealed-Temper Copper Tubing:  ASTM B 88, Type K (ASTM B 88M, Type A). 

C. Wrought-Copper Fittings:  ASME B16.22. 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product 

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

a. Anvil International, Inc. 
b. S. P. Fittings; a division of Star Pipe Products. 
c. Victaulic Company of America. 

D. Wrought-Copper Unions:  ASME B16.22. 

2.3 STEEL PIPE AND FITTINGS 

A. Steel Pipe:  ASTM A 53/A 53M, black steel with plain ends or hot dipped galvanized with roll-
groove ends; type, grade, and wall thickness as indicated in Part 3 "Piping Applications" Article. 

B. Cast-Iron Threaded Fittings:  ASME B16.4; Classes 125 and 250 as indicated in Part 3 "Piping 
Applications" Article. 

C. Malleable-Iron Threaded Fittings:  ASME B16.3, Classes 150 and 300 as indicated in Part 3 
"Piping Applications" Article. 

D. Malleable-Iron Unions:  ASME B16.39; Classes 150, 250, and 300 as indicated in Part 3 "Piping 
Applications" Article. 

E. Cast-Iron Pipe Flanges and Flanged Fittings:  ASME B16.1, Classes 25, 125, and 250; raised 
ground face, and bolt holes spot faced as indicated in Part 3 "Piping Applications" Article. 

F. Wrought-Steel Fittings:  ASTM A 234/A 234M, wall thickness to match adjoining pipe. 

G. Wrought Cast- and Forged-Steel Flanges and Flanged Fittings:  ASME B16.5, including bolts, 
nuts, and gaskets of the following material group, end connections, and facings: 

1. Material Group:  1.1. 
2. End Connections:  Butt welding. 
3. Facings:  Raised face. 

H. Grooved Mechanical Joint Fittings and Couplings:  Rigid type, hot dipped galvanized coating 
with stainless steel bolts and nuts. 

2.4 JOINING MATERIALS 

A. Pipe-Flange Gasket Materials:  Suitable for chemical and thermal conditions of piping system 
contents. 

1. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch maximum thickness unless 
thickness or specific material is indicated. 

a. Full-Face Type:  For flat-face, Class 125, cast-iron and cast-bronze flanges. 
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b. Narrow-Face Type:  For raised-face, Class 250, cast-iron and steel flanges. 

B. Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, unless otherwise indicated. 

C. Solder Filler Metals:  ASTM B 32, lead-free alloys.  Include water-flushable flux according to 
ASTM B 813. 

D. Brazing Filler Metals:  AWS A5.8, BCuP Series, copper-phosphorus alloys for joining copper 
with copper; or BAg-1, silver alloy for joining copper with bronze or steel. 

E. Welding Filler Metals:  Comply with AWS D10.12/D10.12M for welding materials appropriate for 
wall thickness and chemical analysis of steel pipe being welded. 

2.5 DIELECTRIC FITTINGS 

A. Description:  Combination fitting of copper-alloy and ferrous materials with threaded, solder-
joint, plain, or weld-neck end connections that match piping system materials. Dielectric unions 
are prohibited. 

B. Insulating Material:  Suitable for system fluid, pressure, and temperature. 

C. Dielectric Flanges: 

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

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

a. Capitol Manufacturing Company. 
b. Central Plastics Company. 
c. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 

3. Factory-fabricated companion-flange assembly, for 150- or 300-psig minimum working 
pressure as required to suit system pressures. 

D. Dielectric-Flange Kits: 
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

a. Advance Products & Systems, Inc. 
b. Calpico, Inc. 
c. Central Plastics Company. 
d. Pipeline Seal and Insulator, Inc. 

2. Companion-flange assembly for field assembly.  Include flanges, full-face- or ring-type 
neoprene or phenolic gasket, phenolic or polyethylene bolt sleeves, phenolic washers, 
and steel backing washers. 

3. Separate companion flanges and steel bolts and nuts shall have 150- or 300-psig 
minimum working pressure where required to suit system pressures. 
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E. Dielectric Couplings: 
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

a. Calpico, Inc. 
b. Lochinvar Corporation. 

2. Galvanized-steel coupling with inert and noncorrosive thermoplastic lining; threaded ends; 
and 300-psig minimum working pressure at 225 deg F. 

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

following: 

a. Perfection Corporation; a subsidiary of American Meter Company. 
b. Precision Plumbing Products, Inc. 
c. Sioux Chief Manufacturing Company, Inc. 
d. Victaulic Company of America. 

2. Electroplated steel nipple with inert and noncorrosive, thermoplastic lining; plain, 
threaded, or grooved ends; and 300-psig minimum working pressure at 225 deg F. 

PART 3 - EXECUTION 

3.1 PIPING APPLICATIONS 

A. Chilled Water Piping, aboveground, NPS 2 and smaller, shall be any of the following: 

1. Schedule 40 steel pipe; Class 125, cast-iron fittings; cast-iron flanges and flange fittings; 
and threaded joints. 

2. Type L, drawn temper copper tubing, wrought copper fittings, and soldered joints.  Use 
the fewest possible joints. 

B. Chilled Water Piping, aboveground, NPS 2-1/2 and larger, shall be the following: 

1. Schedule 40 steel pipe, wrought-steel fittings and wrought-cast or forged-steel flanges 
and flange fittings, and welded and flanged joints. 

C. Makeup-Water Piping installed aboveground shall be the following: 

1. Type L (B), drawn-temper copper tubing, wrought-copper fittings, and soldered joints. 

D. Blowdown-Drain Piping:  Same materials and joining methods as for piping specified for the 
service in which blowdown drain is installed. 

E. Air-Vent Piping: 

1. Inlet:  Same as service where installed with metal-to-plastic transition fittings for plastic 
piping systems according to the piping manufacturer's written instructions. 

2. Outlet:  Type K (A), annealed-temper copper tubing with soldered or flared joints. 



 

 
GAI Project No. 22082  © 2023 Gipe Associates, Inc. 
School of Technology – Chiller Replacement  HYDRONIC PIPING 

Issued for Bid Submission –11/02//2023                                                                                    23 21 13 - 6 

 

 

F. Safety-Valve-Inlet and -Outlet Piping:  Same materials and joining methods as for piping 
specified for the service in which safety valve is installed with metal-to-plastic transition fittings 
for plastic piping systems according to the piping manufacturer's written instructions. 

3.2 PIPING INSTALLATIONS 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping 
systems.  Indicate piping locations and arrangements if such were used to size pipe and 
calculate friction loss, expansion, pump sizing, and other design considerations.  Install piping 
as indicated unless deviations to layout are approved on Coordination Drawings. 

B. Install piping in concealed locations, unless otherwise indicated and except in equipment rooms 
and service areas. 

C. 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. 

D. Install piping to permit valve servicing. 

E. Install piping at indicated slopes. 

F. Install piping free of sags and bends. 

G. Install fittings for changes in direction and branch connections. 

H. Install piping to allow application of insulation. 

I. Select system components with pressure rating equal to or greater than system operating 
pressure. 

J. Install groups of pipes parallel to each other, spaced to permit applying insulation and servicing 
of valves. 

K. Install drains, consisting of a tee fitting, NPS 3/4 ball valve, and short NPS 3/4 threaded nipple 
with cap, at low points in piping system mains and elsewhere as required for system drainage. 

L. Install piping at a uniform grade of 0.2 percent upward in direction of flow. 

M. Reduce pipe sizes using eccentric reducer fitting installed with level side up. 

N. Install branch connections to mains using tee fittings in main pipe, with the branch connected to 
the bottom of the main pipe.  For up-feed risers, connect the branch to the top of the main pipe. 

O. Install valves according to Division 23 Section "General-Duty Valves for HVAC Piping." 

P. Install unions in piping, NPS 2 and smaller, adjacent to valves, at final connections of 
equipment, on all sides of control valves, and elsewhere as indicated. 

Q. Install flanges in piping, NPS 2-1/2 and larger, at final connections of equipment and elsewhere 
as indicated. 
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R. Install strainers on inlet side of each control valve, pressure-reducing valve, solenoid valve, in-
line pump, and elsewhere as indicated.  Install NPS 3/4 nipple and ball valve in blowdown 
connection of strainers NPS 2 and larger.  Match size of strainer blowoff connection for strainers 
smaller than NPS 2. 

S. Identify piping as specified in Division 23 Section "Identification for HVAC Piping and 
Equipment." 

T. Install sleeves for piping penetrations of walls, ceilings, and floors.  Comply with requirements 
for sleeves specified in Division 23 Section "Sleeves and Sleeve Seals for HVAC Piping." 

U. Install sleeve seals for piping penetrations of concrete walls and slabs.  Comply with 
requirements for sleeve seals specified in Division 23 Section "Sleeves and Sleeve Seals for 
HVAC Piping." 

V. Install escutcheons for piping penetrations of walls, ceilings, and floors.  Comply with 
requirements for escutcheons specified in Division 23 Section "Escutcheons for HVAC Piping." 

W. All pipes shall be cut accurately to measurements established at the building, and shall be 
worked into place without springing or forcing, properly clearing all windows, doors and other 
openings.  Excessive cutting or other weakening of the building structure to facilitate piping 
installation will not be permitted.  All pipes shall be so installed as to permit free expansion and 
contraction without causing damage. All open ends of pipe lines, equipment, etc., shall be 
properly capped or plugged during installation to keep dirt or other foreign material out of the 
system.  All pipes shall be run parallel with the lines of the building and as close to walls, 
columns and ceilings as may be practical, with proper pitch.  All piping shall be arranged so as 
not to interfere with removal of other equipment on devices not to block access to doors, 
windows, manholes, or other access openings.  Flanges or unions, as applicable for the type of 
piping specified, shall be provided in the piping at connections to all items of equipment, coils, 
etc., and installed so that there will be no interference with the installation of the equipment, 
ducts, etc.  All valves and specialties shall be placed to permit easy operation and access and 
all valves shall be regulated, packed and glands adjusted at the completion of the work before 
final acceptance.  All piping shall be installed so as to avoid air or liquid pockets throughout the 
work.  Ends of pipe shall be reamed so as to remove all burrs. 

X. All piping shall be run to provide a minimum clearance of 1/2" between finished covering on 
such piping and all adjacent work. 

Y. All valves, strainers, caps, and other fittings shall be readily accessible. 

Z. Rough-in and final connections are required to all equipment and fixtures provided under this 
Contract. 

AA. Drain valves with hose connections shall be provided at low points for drainage of piping 
systems.   Blow down valves shall be provided at the ends of all mains and branches so as to 
properly clean by blowing down the lines throughout in the direction of normal flow.  Blow down 
valves shall be provided with cap and chain. 

BB. Discharge lines from all relief valves shall be piped to within 4" of floor and extend to floor drains 
wherever floors are not pitched to drains. 
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CC. All branches from water mains shall be taken from the top of the supply mains at an angle of 
forty-five (45) degrees above the horizontal, unless otherwise directed.  Branches feeding down 
shall be taken from the side or bottom of the main on water mains only.  All connections shall be 
carefully made to insure unrestricted circulation, eliminate air pockets or trapped condensate, 
and permit the complete drainage of the system. 

DD. Cutoff valves shall be provided on each branch line or runout line from the mains on all 
heating/air conditioning lines. Manual balancing/shut-off valves shall be provided on the return 
of each branch line or runout line from the mains of all heating/air conditioning lines. 

EE. Shut-off valves shall be installed at the inlet and outlet of each control valve and piece of 
equipment to permit isolation for maintenance and repair. 

FF. Balancing valves shall be installed in all heating/air conditioning water branches, at all pumps, 
where required for balancing, and where indicated on the drawings. 

GG. If the size of any piping is not clearly evident in the drawings, the Contractor shall request 
instructions for the Engineer as to the proper sizing.  Any changes resulting from the 
Contractor's failure to request clarification shall be at his expense.  Where pipe size 
discrepancies exist within the drawings, the larger pipe size shall govern.  Where a pipe size 
has not been indicated, the pipe size shall be based on a maximum of four (4) feet per 100 feet 
pressure drop not to exceed 10 feet per second (fps) velocity. 

HH. Provide automatic flow regulating valves for all heat transfer devices connected to a variable 
flow pumping system.  All coils and equipment with scheduled flow rates shall be provided with 
a balancing device. 

II. Provide thermometers and pressure gauges at all heat transfer equipment and air handling unit 
coils.  Provide pressure/temperature parts for all terminal heat transfer devices unless indicated 
otherwise. 

JJ. Provide air vents and drain valves for heat transfer equipment. 

KK. Provide pressure gauges on suction and discharge of all pumps and as detailed on the 
drawings. 

LL. Dirt pockets shall be installed as indicated on the Drawings. 

3.3 HANGERS AND SUPPORTS 

A. Hanger, support, and anchor devices are specified in Division 23 Section "Hangers and 
Supports for HVAC Piping and Equipment." Comply with the following requirements for 
maximum spacing of supports. 

B. Seismic restraints are specified in Division 23 Section "Vibration and Seismic Controls for 
HVAC Piping and Equipment." 

C. Install the following pipe attachments: 

1. Adjustable steel clevis hangers for individual horizontal piping less than 20 feet long. 
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2. Adjustable roller hangers and spring hangers for individual horizontal piping 20 feet or 
longer. 

3. Pipe Roller:  MSS SP-58, Type 44 for multiple horizontal piping 20 feet or longer, 
supported on a trapeze. 

4. Spring hangers. 
5. Provide copper-clad hangers and supports for hangers and supports in direct contact with 

copper pipe. 

D. Install hangers for steel piping with the maximum spacing and minimum rod sizes as specified 
in Section 23 0529. 

E. Install hangers for drawn-temper copper piping with the maximum spacing and minimum rod 
sizes as specified in Section 23 0529. 

3.4 PIPE JOINT CONSTRUCTION 

A. Join pipe and fittings according to the following requirements and Division 23 Sections 
specifying piping systems. 

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

C. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before 
assembly. 

D. Soldered Joints:  Apply ASTM B 813, water-flushable flux, unless otherwise indicated, to tube 
end.  Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook," using lead-
free solder alloy complying with ASTM B 32. 

E. Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube" 
Chapter, using copper-phosphorus brazing filler metal complying with AWS A5.8. 

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

1. Apply appropriate tape or thread compound to external pipe threads unless dry seal 
threading is specified. 

2. Damaged Threads:  Do not use pipe or pipe fittings with threads that are corroded or 
damaged.  Do not use pipe sections that have cracked or open welds. 

G. Welded Joints:  Construct joints according to AWS D10.12/D10.12M, using qualified processes 
and welding operators according to Part 1 "Quality Assurance" Article. 

H. Flanged Joints:  Select appropriate gasket material, size, type, and thickness for service 
application.  Install gasket concentrically positioned.  Use suitable lubricants on bolt threads. 
 

3.5 FIELD QUALITY CONTROL 

A. Prepare hydronic piping according to ASME B31.9 and as follows: 
1. Leave joints, including welds, uninsulated and exposed for examination during test. 
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2. Provide temporary restraints for expansion joints that cannot sustain reactions due to test 
pressure.  If temporary restraints are impractical, isolate expansion joints from testing. 

3. Flush hydronic piping systems with clean water; then remove and clean or replace 
strainer screens. 

4. Isolate equipment from piping.  If a valve is used to isolate equipment, its closure shall be 
capable of sealing against test pressure without damage to valve.  Install blinds in flanged 
joints to isolate equipment. 

5. Install safety valve, set at a pressure no more than one-third higher than test pressure, to 
protect against damage by expanding liquid or other source of overpressure during test. 

B. Perform the following tests on hydronic piping: 
1. Use ambient temperature water as a testing medium unless there is risk of damage due to 

freezing.  Another liquid that is safe for workers and compatible with piping may be used. 
2. While filling system, use vents installed at high points of system to release air.  Use drains 

installed at low points for complete draining of test liquid. 
3. Isolate expansion tanks and determine that hydronic system is full of water. 
4. Subject piping system to hydrostatic test pressure that is not less than 1.5 times the 

system's working pressure.  Test pressure shall not exceed maximum pressure for any 
vessel, pump, valve, or other component in system under test.  Verify that stress due to 
pressure at bottom of vertical runs does not exceed 90 percent of specified minimum yield 
strength or 1.7 times "SE" value in Appendix A in ASME B31.9, "Building Services 
Piping." 

5. After hydrostatic test pressure has been applied for at least 10 minutes, examine piping, 
joints, and connections for leakage.  Eliminate leaks by tightening, repairing, or replacing 
components, and repeat hydrostatic test until there are no leaks. 

6. Prepare written report of testing. 

C. Perform the following before operating the system: 
1. Open manual valves fully. 
2. Inspect pumps for proper rotation. 
3. Set makeup pressure-reducing valves for required system pressure. 
4. Inspect air vents at high points of system and determine if all are installed and operating 

freely (automatic type), or bleed air completely (manual type). 
5. Set temperature controls so all coils are calling for full flow. 
6. Inspect and set operating temperatures of hydronic equipment, such as boilers, to 

specified values. 
7. Verify lubrication of motors and bearings. 

 
 
END OF SECTION  
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SECTION 23 21 16 - HYDRONIC PIPING SPECIALTIES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section includes special-duty valves and specialties for the following: 
1. Chilled water piping. 
2. Makeup-water piping. 
3. Blowdown-drain piping. 
4. Air-vent piping. 
5. Safety-valve-inlet and -outlet piping. 
6. Combination coalescing air and dirt separator 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of the following: 
1. Valves: Include flow and pressure drop curves based on manufacturer's testing for 

calibrated-orifice balancing valves and automatic flow-control valves. 
2. Air-control devices. 
3. Hydronic specialties. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For air-control devices, hydronic specialties, and special-duty 
valves to include in emergency, operation, and maintenance manuals. 

1.5 MAINTENANCE MATERIAL SUBMITTALS 

A. Differential Pressure Meter: For each type of balancing valve and automatic flow control valve, 
including pressure/temperature (P/T) ports, include flowmeter, probes, hoses, flow charts, 
thermometers, pressure gauges and carrying case. 

1.6 QUALITY ASSURANCE 

A. Pipe Welding: Qualify procedures and operators according to ASME Boiler and Pressure Vessel 
Code: Section IX. 
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1. Safety valves and pressure vessels shall bear the appropriate ASME label. Fabricate and 
stamp air separators and expansion tanks to comply with ASME Boiler and Pressure 
Vessel Code: Section VIII, Division 1. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Hydronic piping components and installation shall be capable of withstanding the following 
minimum working pressure and temperature unless otherwise indicated: 
1. Chilled water piping: 150 psig at 200 deg F. 
2. Makeup-water piping: 80 psig at 150 deg F. 
3. Condensate-drain piping: 150 deg F. 
4. Blowdown-drain piping: 200 deg F. 
5. Air-vent piping: 200 deg F. 
6. Safety-valve-inlet and -outlet piping: Equal to the pressure of the piping system to which it 

is attached. 

2.2 VALVES 

A. Globe, Check, Ball, and Butterfly Valves: Comply with requirements specified in Section 230523 
"General-Duty Valves for HVAC Piping. 

B. Automatic Temperature-Control Valves, Actuators, and Sensors: Comply with requirements 
specified in Section 230900 "Instrumentation and Control for HVAC. 

C. Cast-Iron or Steel, Calibrated-Orifice, Balancing Valves: 

1. Manufacturers: Subject to compliance with requirements, provide products by the 
following: 
a. Nutech. 
b. Bell & Gossett Domestic Pump. 
c. Flow Design Inc. 
d. Gerand Engineering Co. 
e. Griswold Controls. 
f. Nexus Valve, Inc. 

2. Body: Cast-iron or steel body, ball, plug, or globe pattern with calibrated orifice or venturi. 
3. Ball: Stainless steel. 
4. Stem Seals: EPDM O-rings. 
5. Disc: Glass and carbon-filled PTFE. 
6. Seat: PTFE. 
7. End Connections: Flanged or grooved. 
8. Pressure Gage Connections: Integral seals for portable differential pressure meter. 
9. Handle Style: Lever, with memory stop to retain set position. 
10. CWP Rating: Minimum 125 psig. 
11. Maximum Operating Temperature: 250 deg F. 
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D. Diaphragm-Operated, Pressure-Reducing Valves: ASME labeled. 

1. Manufacturers: Subject to compliance with requirements, provide products by the 
following  
a. Bell & Gossett Domestic Pump. 
b. Conbraco Industries, Inc. 
c. Spence Engineering Company, Inc. 
d. Watts Regulator Co. 
e. Wilkens. 

2. Body: Bronze or brass. 
3. Disc: Glass and carbon-filled PTFE. 
4. Seat: Brass. 
5. Stem Seals: EPDM O-rings. 
6. Diaphragm: EPT. 
7. Low inlet-pressure check valve. 
8. Inlet Strainer: <Insert materials>, removable without system shutdown. 
9. Valve Seat and Stem: Noncorrosive. 
10. Valve Size, Capacity, and Operating Pressure: Selected to suit system in which installed, 

with operating pressure and capacity factory set and field adjustable. 

E. Diaphragm-Operated Safety Valves: ASME labeled. 

1. Manufacturers: Subject to compliance with requirements, provide products by the 
following: 
a. Bell & Gossett Domestic Pump. 
b. Conbraco Industries, Inc. 
c. Spence Engineering Company, Inc. 
d. Watts Regulator Co. 
e. Wilkens. 

2. Body: Bronze or brass. 
3. Disc: Glass and carbon-filled PTFE. 
4. Seat: Brass. 
5. Stem Seals: EPDM O-rings. 
6. Diaphragm: EPT. 
7. Wetted, Internal Work Parts: Brass and rubber. 
8. Inlet Strainer: Stainless steel removable without system shutdown. 
9. Valve Seat and Stem: Noncorrosive. 
10. Valve Size, Capacity, and Operating Pressure: Comply with ASME Boiler and Pressure 

Vessel Code: Section IV, and selected to suit system in which installed, with operating 
pressure and capacity factory set and field adjustable. 

F. Automatic Flow-Control Valves: 
1. Manufacturers: Subject to compliance with requirements, provide products by the 

following: 
a. Flow Design Inc. 
b. Griswold Controls. 
c. Nexus Valve, Inc. 
d. Nutech. 
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2. Body: Brass or ferrous metal. 
3. Piston and Spring Assembly: Stainless steel, tamper proof, self-cleaning, and removable. 
4. Combination Assemblies: Include bronze or brass-alloy ball valve. 
5. Identification Tag: Marked with zone identification, valve number, and flow rate. 
6. Size: Same as pipe in which installed. 
7. Performance: Maintain constant flow, plus or minus 5 percent over system pressure 

fluctuations. 
8. Minimum CWP Rating: 175 psig. 
9. Maximum Operating Temperature: 200 deg F. 

2.3 AIR-CONTROL DEVICES 

A. Manual Air Vents: Ball type with chain and cap. Comply with requirements specified in Section 
230523 “General-Duty Valves for HVAC Piping”. 

B. Automatic Air Vents: 
1. Manufacturers: Subject to compliance with requirements, provide products by the 

following: 
a. Metraflex Model MV15A. 
b. Armstrong Pumps, Inc. Model 21AR 
c. Bell & Gossett Domestic Pump Model 107. 
d. Amtrol Model 720. 

2. Body: Bronze or cast iron. 
3. Internal Parts: Nonferrous. 
4. Operator: Noncorrosive metal float. 
5. Inlet Connection: NPS 1/2. 
6. Discharge Connection: NPS 1/4. 
7. CWP Rating: 150 psig. 
8. Maximum Operating Temperature: 240 deg F. 

2.4 HYDRONIC PIPING SPECIALTIES 

A. Y-Pattern Strainers: 
1. Body: ASTM A 126, Class B, cast iron with bolted cover and bottom drain connection. 
2. End Connections: Threaded ends for NPS 2 and smaller; flanged ends for NPS 2-1/2 and 

larger. 
3. Strainer Screen: Stainless-steel, 40-mesh strainer, or perforated stainless-steel basket. 
4. CWP Rating: 125 psig. 

B. Spherical, Rubber, Flexible Connectors: 
1. Body: Fiber-reinforced rubber body. 
2. End Connections: Steel flanges drilled to align with Classes 150 and 300 steel flanges. 
3. Performance: Capable of misalignment. 
4. CWP Rating: 150 psig. 
5. Maximum Operating Temperature: 250 deg F. 
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PART 3 - EXECUTION 

3.1 VALVE APPLICATIONS 

A. Install shutoff-duty valves at each branch connection to supply mains and at supply connection 
to each piece of equipment. 

B. Install manual combination shut-off/balancing valves at each branch connection to return main. 

C. Install check valves at each pump discharge and elsewhere as required to control flow direction. 

D. Install safety valves for each closed loop system, at each expansion tank, at hot-water 
generators and elsewhere as required by ASME Boiler and Pressure Vessel Code. Install drip-
pan elbow on safety-valve outlet and pipe without valves to the outdoors; pipe drain to nearest 
floor drain or as indicated on Drawings. Comply with ASME Boiler and Pressure Vessel Code: 
Section VIII, Division 1, for installation requirements. 

E. Install pressure-reducing valves at makeup-water connection to regulate system fill pressure. 

F. Differential Pressure Meter:  For each type of balancing valve and automatic flow control valve, 
include flow meter, probes, hoses, flow charts, and carrying case. 

3.2 HYDRONIC SPECIALTIES INSTALLATION 

A. Install manual air vents at high points in chilled water piping and elsewhere as required for 
system air venting. 

B. Install automatic air vents at each air/dirt separator, expansion tank, where indicated on the 
drawings and at high points of system piping in mechanical equipment rooms and penthouses 
only. 

C. Vent and purge air from hydronic system, and ensure that tank is properly charged with air to 
suit system Project requirements. 

3.3 COMBINATION COALESCING AIR AND DIRT SEPARATOR 

A. Install in accordance with manufacturer’s recommendations. 

B. Unit shall be full pipe size as indicated on the drawings. 

C. Install in accordance with details indicated. 

D. Remove pall ring prior to system flush. Install after the system is flushed. 

E. Mount from structure above.  

F. Pipe full size drain pipe to the nearest floor drain. 
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3.4 EXPANSION TANKS 

A. Install in accordance with manufacturer’s recommendations. 

B. Capacity as indicated on the drawings. 

C. Select system relief valve capacity so that it is greater than make-up pressure reducing valve 
capacity.  Select equipment relief valve capacity to exceed rating of connected equipment and 
in accordance with ASME requirements. 

D. Mount on housekeeping pad as indicated. 

E. Pipe full size drain pipe to the nearest floor drain. 

END OF SECTION 
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SECTION 26 29 13 - ENCLOSED CONTROLLERS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section includes the following enclosed controllers rated 600 V and less: 

1. Full-voltage manual. 
2. Full-voltage magnetic. 

B. Related Section: 

1. Division 23 for Variable-Frequency Motor Controllers for general-purpose, ac, adjustable-
frequency, pulse-width-modulated controllers for use on variable torque loads in ranges 
up to 200 hp. 

1.3 DEFINITIONS 

A. CPT: Control power transformer. 

B. MCCB: Molded-case circuit breaker. 

C. MCP: Motor circuit protector. 

D. N.C.: Normally closed. 

E. N.O.: Normally open. 

F. OCPD: Overcurrent protective device. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of enclosed controller. Include manufacturer's technical data on 
features, performance, electrical characteristics, ratings, and enclosure types and finishes. 

B. Shop Drawings: For each enclosed controller. Include dimensioned plans, elevations, sections, 
details, and required clearances and service spaces around controller enclosures. 

1. Show tabulations of the following: 
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a. Each installed unit's type and details. 
b. Factory-installed devices. 
c. Nameplate legends. 
d. Short-circuit current rating of integrated unit. 
e. Features, characteristics, ratings, and factory settings of individual OCPDs in 

combination controllers. 

2. Wiring Diagrams: For power, signal, and control wiring. 

1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For qualified testing agency. 

B. Field quality-control reports. 

C. Load-Current and List of Settings of Adjustable Overload Relays: Compile after motors have 
been installed, and arrange to demonstrate that switch settings for motor running overload 
protection suit actual motors to be protected. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For enclosed controllers to include in emergency, operation, 
and maintenance manuals. In addition to items specified in Section 017823 "Operation and 
Maintenance Data," include the following: 

1. Routine maintenance requirements for enclosed controllers and installed components. 
2. Manufacturer's written instructions for setting field-adjustable overload relays. 

1.7 MATERIALS MAINTENANCE SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective 
covering for storage and identified with labels describing contents. 
1. Control Power Fuses: Equal to 10 percent of quantity installed for each size and type, but 

no fewer than two of each size and type. 
2. Indicating Lights: Two of each type and color installed. 

1.8 QUALITY ASSURANCE 

A. Testing Agency Qualifications: Member company of NETA or an NRTL. 

1. Testing Agency's Field Supervisor: Currently certified by NETA to supervise on-site 
testing. 

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and application. 

C. Comply with NFPA 70. 
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1.9 DELIVERY, STORAGE, AND HANDLING 

A. Store enclosed controllers indoors in clean, dry space with uniform temperature to prevent 
condensation. Protect enclosed controllers from exposure to dirt, fumes, water, corrosive 
substances, and physical damage. 

B. If stored in areas subject to weather, cover enclosed controllers to protect them from weather, 
dirt, dust, corrosive substances, and physical damage. Remove loose packing and flammable 
materials from inside controllers; install temporary electric heating, with at least 250 W per 
controller. 

1.10 PROJECT CONDITIONS 

A. Environmental Limitations: Rate equipment for continuous operation under the following 
conditions unless otherwise indicated: 

1. Ambient Temperature: Not less than minus 22 deg F (minus 30 deg C) and not 
exceeding 104 deg F (40 deg C). 

2. Altitude: Not exceeding 6600 feet (2010 m). 

1.11 COORDINATION 

A. Coordinate layout and installation of enclosed controllers with other construction including 
conduit, piping, equipment, and adjacent surfaces. Maintain required workspace clearances and 
required clearances for equipment access doors and panels. 

B. Coordinate installation of roof curbs, equipment supports, and roof penetrations. 

PART 2 - PRODUCTS 

2.1 FULL-VOLTAGE CONTROLLERS 

A. General Requirements for Full-Voltage Controllers: Comply with NEMA ICS 2, general purpose, 
Class A. 

B. Fractional Horsepower Manual Controllers: "Quick-make, quick-break" toggle or push-button 
action; marked to show whether unit is off, on, or tripped. 
1. Basis-of-Design Product: Subject to compliance with requirements, provide Square D; a 

brand of Schneider Electric or comparable product by one of the following: 
 
a. Eaton Electrical Inc.; Cutler-Hammer Business Unit 
b. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
c. Siemens Energy & Automation, Inc. 

2. Configuration: Nonreversing. 
3. Overload Relays: Inverse-time-current characteristics; NEMA ICS 2, Class 10 tripping 

characteristics; heaters matched to nameplate full-load current of actual protected motor; 
external reset push button; bimetallic type. 
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4. Surface mounting. 
5. Red pilot light. 
6. Hand-Off-Automatic Selector Switch  
7. Handle guard with locking provision. 

C. Magnetic Controllers: Full voltage, across the line, electrically held. 

1. Basis-of-Design Product: Subject to compliance with requirements, provide Square D; a 
brand of Schneider Electric or comparable product by one of the following: 
 
a. Eaton Electrical Inc.; Cutler-Hammer Business Unit 
b. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
c. Siemens Energy & Automation, Inc. 

2. Configuration: Nonreversing. 
3. Contactor Coils: Pressure-encapsulated type. 

a. Operating Voltage: Depending on contactor NEMA size and line-voltage rating, 
manufacturer's standard matching control power or line voltage. 

4. Power Contacts: Totally enclosed, double-break, silver-cadmium oxide; assembled to 
allow inspection and replacement without disturbing line or load wiring. 

5. Control Circuits: 120-V ac; obtained from integral CPT, with primary and secondary 
fuses, with CPT of sufficient capacity to operate integral devices and remotely located 
pilot, indicating, and control devices. 

a. CPT Spare Capacity: 50 VA. 

6. Solid-State Overload Relay: 

a. Switch or dial selectable for motor running overload protection. 
b. Sensors in each phase. 
c. Class 10/20 selectable tripping characteristic selected to protect motor against 

voltage and current unbalance and single phasing. 

D. Combination Magnetic Controller: Factory-assembled combination of magnetic controller, 
OCPD, and disconnecting means. 

1. Basis-of-Design Product: Subject to compliance with requirements, provide Square D; a 
brand of Schneider Electric or comparable product by one of the following: 
 
a. Eaton Electrical Inc.; Cutler-Hammer Business Unit 
b. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
c. Siemens Energy & Automation, Inc. 

2. Auxiliary Contacts: N.O./N.C., arranged to activate before switch blades open. 
3. Nonfusible Disconnecting Means: 

a. NEMA KS 1, heavy-duty, horsepower-rated, nonfusible switch. 
b. Lockable Handle: Accepts three padlocks and interlocks with cover in closed 

position. 
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2.2 ENCLOSURES 

A. Enclosed Controllers: NEMA ICS 6, to comply with environmental conditions at installed 
location. 

1. Dry and Clean Indoor Locations: Type 1. 
2. Outdoor Locations: Type 3R. 
3. Wet or Damp Indoor Locations: Type 4. 
4. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids: 

Type 12. 

2.3 ACCESSORIES 

A. General Requirements for Control Circuit and Pilot Devices: NEMA ICS 5; factory installed in 
controller enclosure cover unless otherwise indicated. 

1. Push Buttons, Pilot Lights, and Selector Switches: Heavy-duty type. 

a. Push Buttons: types; maintained as indicated. 
b. Pilot Lights: LED type; Red for “power available”, green for “running”; push to test. 

B. Control Relays:  Two (2) N.O./N.C. auxiliary contacts, and adjustable solid-state time-delay 
relays as required by automation and control sequences. 

C. Phase-Failure, Phase-Reversal, and Undervoltage and Overvoltage Relays: Solid-state sensing 
circuit with isolated output contacts for hard-wired connections. Provide adjustable 
undervoltage, overvoltage, and time-delay settings, with automatic reset.   

D. Cover gaskets for Type 1 enclosures. 

E. Terminals for connecting power factor correction capacitors to the line side of overload relays. 

F. Hand-Off-Automatic Selector Switch, NEMA ICS2, heavy-duty type. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and surfaces to receive enclosed controllers, with Installer present, for 
compliance with requirements and other conditions affecting performance of the Work. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Wall-Mounted Controllers: Install enclosed controllers on walls with tops at uniform height 
unless otherwise indicated, and by bolting units to wall or mounting on lightweight structural-
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steel channels bolted to wall. For controllers not at walls, provide freestanding racks complying 
with Section 260529 "Hangers and Supports for Electrical Systems." 

B. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets and 
temporary blocking of moving parts from enclosures and components. 

C. Install fuses in control circuits if not factory installed. Comply with requirements in 
Section 262813 "Fuses." 

D. Install heaters in thermal overload relays. Select heaters based on actual nameplate full-load 
amperes after motors have been installed. 

E. Install, connect, and fuse thermal-protector monitoring relays furnished with motor-driven 
equipment. 

F. Install power factor correction capacitors. Connect to the line side of overload relays. If 
connected to the load side of overload relays, adjust overload heater sizes to accommodate the 
reduced motor full-load currents. 

G. Comply with NECA 1. 

3.3 IDENTIFICATION 

A. Identify enclosed controllers, components, and control wiring. Comply with requirements for 
identification specified in Section 260553 "Identification for Electrical Systems." 

1. Identify field-installed conductors, interconnecting wiring, and components; provide 
warning signs. 

2. Label each enclosure with engraved nameplate. 
3. Label each enclosure-mounted control and pilot device. 

3.4 CONTROL WIRING INSTALLATION 

A. Install wiring between enclosed controllers and remote devices.  

B. Bundle, train, and support wiring in enclosures. 

C. Connect selector switches and other automatic-control selection devices where applicable. 

1. Connect selector switches to bypass only those manual- and automatic-control devices 
that have no safety functions when switch is in manual-control position. 

2. Connect selector switches with enclosed-controller circuit in both manual and automatic 
positions for safety-type control devices such as low- and high-pressure cutouts, high-
temperature cutouts, and motor overload protectors. 

3.5 FIELD QUALITY CONTROL 

A. Acceptance Testing Preparation: 
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1. Test insulation resistance for each enclosed controller, component, connecting supply, 
feeder, and control circuit. 

2. Test continuity of each circuit. 

B. Tests and Inspections: 

1. Inspect controllers, wiring, components, connections, and equipment installation.  Test 
and adjust controllers, components, and equipment. 

2. Test insulation resistance for each enclosed-controller element, component, connecting 
motor supply, feeder, and control circuits. 

3. Test continuity of each circuit. 
4. Verify that voltages at controller locations are within plus or minus 10 percent of motor 

nameplate rated voltages. If outside this range for any motor, notify Construction 
Manager before starting the motor(s). 

5. Test each motor for proper phase rotation. 
6. Perform each electrical test and visual and mechanical inspection stated in 

NETA Acceptance Testing Specification. Certify compliance with test parameters. 
7. Correct malfunctioning units on-site, where possible, and retest to demonstrate 

compliance; otherwise, replace with new units and retest. 

8. Test and adjust controls, remote monitoring, and safeties. Replace damaged and 
malfunctioning controls and equipment. 

C. Enclosed controllers will be considered defective if they do not pass tests and inspections. 

D. Prepare test and inspection reports including a certified report that identifies enclosed 
controllers and that describes scanning results. Include notation of deficiencies detected, 
remedial action taken, and observations after remedial action. 

3.6 ADJUSTING 

A. Set field-adjustable switches, auxiliary relays, time-delay relays, timers, and overload-relay 
pickup and trip ranges. 

B. Set the taps on reduced-voltage autotransformer controllers at 50 percent. 

C. Set field-adjustable switches and program microprocessors for required start and stop 
sequences in reduced-voltage solid-state controllers. 

3.7 PROTECTION 

A. Temporary Heating: Apply temporary heat to maintain temperature according to manufacturer's 
written instructions until enclosed controllers are ready to be energized and placed into service. 

B. Replace controllers whose interiors have been exposed to water or other liquids prior to 
Substantial Completion. 

END OF SECTION 
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SECTION 26 05 00 – BASIC ELECTRICAL MATERIALS AND METHODS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Electrical equipment coordination and installation. 
2. Sleeves for raceways and cables. 
3. Sleeve seals. 
4. Grout. 
5. Common electrical installation requirements. 

1.3 DEFINITIONS 

B. EPDM:  Ethylene-propylene-diene terpolymer rubber. 

1.4 SUBMITTALS 

A. Product Data:  For sleeve seals. 

1.5 COORDINATION 

A. Coordinate arrangement, mounting, and support of electrical equipment: 

1. To allow maximum possible headroom unless specific mounting heights that reduce 
headroom are indicated. 

2. To provide for ease of disconnecting the equipment with minimum interference to other 
installations. 

3. To allow right of way for piping and conduit installed at required slope. 
4. So connecting raceways, cables, wireways, cable trays, and busways will be clear of 

obstructions and of the working and access space of other equipment. 

B. Coordinate installation of required supporting devices and set sleeves in cast-in-place concrete, 
masonry walls, and other structural components as they are constructed. 

C. Coordinate sleeve selection and application with selection and application of firestopping 
specified in Division 07 Section "Through-Penetration Firestop Systems." 
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PART 2 - PRODUCTS 

2.1 SLEEVES FOR RACEWAYS AND CABLES 

A. Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain 
ends. 

B. Sleeves for Rectangular Openings:  Galvanized sheet steel. 

1. Minimum Metal Thickness: 

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

2.2 SLEEVE SEALS 

C. Description:  Modular sealing device, designed for field assembly, to fill annular space between 
sleeve and raceway or cable. 

 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide product by 

one of the following: 

a. Advance Products & Systems, Inc. 
b. Calpico, Inc. 
c. Metraflex Co. 
d. Pipeline Seal and Insulator, Inc. 

2. Sealing Elements:  EPDM interlocking links shaped to fit surface of cable or conduit.  
Include type and number required for material and size of raceway or cable. 

3. Pressure Plates:  Carbon steel.  Include two for each sealing element. 
4. Connecting Bolts and Nuts: Carbon steel with corrosion-resistant coating of length 

required to secure pressure plates to sealing elements.  Include one for each sealing 
element. 

2.3 GROUT 

A. Nonmetallic, Shrinkage-Resistant Grout:  ASTM C 1107, factory-packaged, nonmetallic 
aggregate grout, noncorrosive, nonstaining, mixed with water to consistency suitable for 
application and a 30-minute working time. 

PART 3 - EXECUTION 

3.1 COMMON REQUIREMENTS FOR ELECTRICAL INSTALLATION 

A. Comply with NECA 1. 
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B. Measure indicated mounting heights to bottom of unit for suspended items and to center of unit 
for wall-mounting items. 

C. Headroom Maintenance:  If mounting heights or other location criteria are not indicated, arrange 
and install components and equipment to provide maximum possible headroom consistent with 
these requirements. 

D. Equipment:  Install to facilitate service, maintenance, and repair or replacement of components 
of both electrical equipment and other nearby installations.  Connect in such a way as to 
facilitate future disconnecting with minimum interference with other items in the vicinity. 

E. Right of Way:  Give to piping systems installed at a required slope. 

3.2 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Electrical penetrations occur when raceways or cables penetrate concrete slabs, concrete or 
masonry walls, or fire-rated floor and wall assemblies. 

B. Concrete Slabs and Walls:  Install sleeves for penetrations unless core-drilled holes or formed 
openings are used.  Install sleeves during erection of slabs and walls. 

C. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening. 

D. Fire-Rated Assemblies:  Install sleeves for penetrations of fire-rated floor and wall assemblies 
unless openings compatible with firestop system used are fabricated during construction of floor 
or wall. 

E. Cut sleeves to length for mounting flush with both surfaces of walls. 

F. Extend sleeves installed in floors 2 inches (50 mm) above finished floor level. 

G. Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space between sleeve and 
raceway or cable, unless indicated otherwise. 

H. Seal space outside of sleeves with grout for penetrations of concrete and masonry 

1. Promptly pack grout solidly between sleeve and wall so no voids remain.  Tool exposed 
surfaces smooth; protect grout while curing. 

I. Interior Penetrations of Non-Fire-Rated Walls and Floors:  Seal annular space between sleeve 
and raceway or cable, using joint sealant appropriate for size, depth, and location of joint.  
Comply with requirements in Division 07 Section "Joint Sealants". 

J. Fire-Rated-Assembly Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, 
and floors at raceway and cable penetrations.  Install sleeves and seal raceway and cable 
penetration sleeves with firestop materials.  Comply with requirements in Division 07 Section 
"Through-Penetration Firestop Systems." 
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3.3 SLEEVE-SEAL INSTALLATION 

A. Install to seal exterior wall penetrations. 

B. Use type and number of sealing elements recommended by manufacturer for raceway or cable 
material and size.  Position raceway or cable in center of sleeve.  Assemble mechanical sleeve 
seals and install in annular space between raceway or cable and sleeve.  Tighten bolts against 
pressure plates that cause sealing elements to expand and make watertight seal. 

3.4 FIRESTOPPING 

A. Apply firestopping to penetrations of fire-rated floor and wall assemblies for electrical 
installations to restore original fire-resistance rating of assembly.  Firestopping materials and 
installation requirements are specified in Division 07 Section "Through-Penetration Firestop 
Systems." 

END OF SECTION 
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SECTION 26 05 01 - GENERAL ELECTRICAL REQUIREMENTS 

 

PART 1 - GENERAL 

 

1.1  GENERAL 
 
 A. Provide all labor, materials, equipment and services necessary for and incidental to the complete 

installation and operation of all electrical work. 
 
 B. All work under this Division is subject to the General Conditions and Special Requirements for the 

entire contract. 
 
 C. Unless otherwise specified, all shop drawings and submissions required under Division 26 shall be 

made to, and acceptances and approvals made by, the ENGINEER. 
 
 D. Conform to the requirements of all rules, regulations, and codes of local, state, and federal 

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

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

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

 
 F. Coordinate the work of all trades. 
 
 G. Arrange conduit, wiring, equipment, and other work generally as shown, providing proper 

clearances and access.  Carefully examine all contract drawings and fit the work in each location 
without substantial alteration.  Where departures are proposed because of field conditions or other 
causes, prepare and submit detailed drawings for approval in accordance with “Submittals” 
specified below.  The right is reserved to make reasonable changes in location of equipment, 
conduit, and wiring up to the time of rough-in or fabrication. 

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

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

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

sequences used in the work.  Furnish all tools, equipment and materials necessary to properly 
perform the work in a first class, substantial, and workmanlike manner, in accordance with the full 
intent and meaning of the Contract Documents. 

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

Documents that are customarily forwarded in accordance with generally-accepted construction 
practices. 

 
1.2  PERMITS, INSPECTIONS, AND FEES 
 
 A. The Contractor shall obtain and pay for all charges and fees, and deliver all permits, licenses, 

certificates of inspection, etc., required by the authorities having jurisdiction.  Deliver inspection, 
approval, and other certificates to the Owner prior to final acceptance of the work. 

 
 B. File necessary plans, prepare documents, give proper notices, and obtain necessary approvals. 
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 C. Permits and fees shall comply with the General Requirements of the Specification. 
 
 D. Notify Inspection Authorities to schedule inspections of work.  All work shall be subject to field 

inspections. 
 
 E. Notify Architect in advance of scheduled inspections. 
 
 F. An electrical foreman, superintendent or other supervisor shall be in attendance for all scheduled 

inspections. 
 
 G. The Contractor shall provide an electrical certificate from an independent electrical inspection 

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

 
1.3  ELECTRICAL WORK UNDER OTHER DIVISIONS 
 
 A. Mechanical Equipment and Systems 
 
  1. In general, power wiring and motor starting equipment for mechanical equipment and 

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

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

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

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

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

provided by Mechanical.  Electrical shall install and connect all such equipment. 
 
 B. Architectural Equipment:  In general, any electrically operated or controlled equipment furnished 

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

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

Divisions. 
 
1.4  CONTRACTOR QUALIFICATION 
 
 A. Any Contractor performing work under this Division shall be fully qualified and acceptable to the 

Engineer.  Submit the following evidence for approval as part of shop drawing review: 
 
  1. A list of not less than five (5) comparable projects that the Contractor completed. 
 
  2. Letters of reference from not less than three (3) registered professional engineers,  

contractors, or building owners, explaining Contractor proficiency, quality of work, or other 
attribute on projects of similar size or substance. 
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  3. Local or State license. 
 
  4. Membership in trade or professional organization where required. 
 
  5. Copy of Master Electrician’s License. 
 
 B. Contractor is any individual, partnership, corporation, or firm performing work by Contract or 

subcontract on this project. 
 
 C. Acceptance of a subcontractor will not relieve the Contractor of any contractual requirements or his 

responsibility to supervise and coordinate the various trades. 
 
 D. Supervisory Qualifications:  The electrical work on the project shall be under the direct supervision 

of a licensed Master Electrician. 
 
 E. Qualifications of Installers:    
 

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

 
2. The Electrical Installer shall utilize a full time project foreman in charge of all electrical work.  

This person shall be fully qualified and experienced in such work and shall be available, on 
site, at all times during Construction.  All problems, questions, coordination, etc., relating to 
electrical work shall take place through this person to the Architect. 

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

Contractor shall provide the services of persons skilled in videotape production and editing. 
 
1.5  FIRE SAFE MATERIALS 
 
 A. Unless otherwise indicated, materials and equipment shall conform to UL, NFPA, or ASTM 

Standards for Fire Safety with Smoke and Fire Hazard Rating not exceeding flame spread of 25 
and smoke developed of 50. 

 
1.6  REFERENCED STANDARDS, CODES, ORDINANCES AND SPECIFICATIONS 
 
 A. Specifications, Codes and Standards listed below are included as part of this specification, latest 

edition. 
 

 
ADA 

 
Americans with Disabilities Act 

 
ANSI 

 
American National Standards Institute 

 
ASHRAE 

 
American Society of Heating, Refrigerating and Air Conditioning 
Engineers 

 
ASME 

 
American Society of Mechanical Engineers 

 
ASTM 

 
American Society for Testing and Materials 
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IBC 

 
International Building Code   

 
CABO 

 
Council of American Building Officials 

 
FM 

 
Factory Mutual 

 
IEEE 

 
Institute of Electrical and Electronics Engineers 

 
MOSHA 

 
Maryland Occupational Safety & Health Administration 

 
NEC 

 
National Electrical Code 

 
NECA 

 
National Electrical Contractors Association 

 
NEMA 

 
National Electrical Manufacturers Association 

 
NFPA 

 
National Fire Protection Association 

 
OSHA 

 
Occupational Safety & Health Administration 

 
UL 

 
Underwriters Laboratories 

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

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

 
 C. Comply with all Codes applicable to the work: 
  1. Bidders shall inform themselves of all local and state codes and regulations. 
  2. In case of conflict between Contract Documents and governing Codes, the most stringent 

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

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

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

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

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

“Standard Practices for Good Workmanship in Electrical Contracting”. 
 
 
1.7  INTERPRETATION OF DOCUMENTS 
 
 A. Any discrepancies between Drawings, Specifications, Drawings and Specifications, or within 

Drawing and Specifications shall be promptly brought to the attention of the Owner during the 
bidding period.  No allowance shall subsequently be made to the Contractor by reason of his failure 
to have brought said discrepancies to the attention of the Owner during the bidding period or of any 
error on the Contractor’s part. 

 
 B. The locations of products shown on Drawings are approximate.  The Contractor shall place the 

devices to eliminate all interference with above-ceiling ducts, piping, etc.  Where any doubt exists, 
the exact location shall be determined by the Owner. 

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

wiring, etc. 
 
 D. Equipment sizes shown on the Drawings are estimated.  Before installing any wire or conduit, the 

Contractor shall obtain the exact equipment requirements and install wire, conduit, or other item of 
the correct size for the equipment actually installed.  However, wire and conduit sizes shown on the 
Drawings shall be taken as a minimum and shall not be reduced without written approval from the 
Owner. 

 
 E. Where variances occur between the drawings and specifications or within either document itself, 

the item or arrangement of better quality, greater quality, or higher cost shall be included in the 
Contract Price.  The Engineer will decide on the item and manner in which the work shall be 
installed. 

 
 F. Contract Drawings are generally diagrammatic and all offsets, fittings, transitions, and accessories 

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

 
 G. Work not specifically outlined, but reasonably incidental to the completion of the work, shall be 

included without additional compensation from the Owner. 
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PART 2 - PRODUCTS 

 
2.1  MATERIALS AND EQUIPMENT 
 
 A. Material and equipment installed as a part of the permanent installation shall be new, unless 

otherwise indicated or specified, and shall be approved by the Underwriters' Laboratories, Inc., for 
installation in each particular case where standards have been established. 

 
 B. Where material or equipment is identified by proprietary name, model number, and/or manufacturer, 

furnish the named item or equivalent thereof, subject to acceptance. 
 
 C. Material submissions shall conform to requirements outlined in SUBMITTALS, REVIEW, AND 

ACCEPTANCE. 
 
 D. The suitability of named item only has been verified.  Where more than one Manufacturer is named, 

only the first named Manufacturer has been verified as suitable.  Manufacturers and items other than 
the first named shall be equal or better in quality and performance to that of specified items, and must 
be suitable for available space, required arrangement, and application.  The Contractor, by providing 
other than the first named Manufacturer, assumes responsibility for all necessary adjustments and 
modifications necessary for a satisfactory installation. 

 
 E. The Contractor shall only submit those manufacturers indicated in the Specification.  Proposed 

alternate manufacturers will not be considered unless the specific item indicates “or as approved 
equal”.  Submit all data necessary to determine suitability of substituted items for approval. 

 
 F. All items of equipment furnished shall have a service record of at least five (5) years. 
 
2.2  SUBSTITUTIONS 
 
 A. Substituted items or items other than those named shall be equal or better in quality and 

performance and must be suitable for the available space, required arrangement, and application.  
Submit any and all data necessary to determine the suitability of substituted items.  The Contractor 
shall be responsible for correct application, placement, and installation of substituted equipment.  
Cost savings data shall also be submitted with submittal data for substituted items.  Total cost 
savings or a per-unit saving to the Owner shall be clearly indicated.  If a substituted item is 
accepted, all cost savings shall be returned to the Owner as a credit. 

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

indicated. 
 
 C. For substituted items, clearly list on the first page of the submittal all differences between the 

specified item and the proposed item.  The Contractor shall be responsible for corrective action (or 
replacement with the specified item) while maintaining the specification requirements if differences 
have not been clearly indicated in the submittal. 

 
 D. Where the Contractor proposes to use an item of equipment or application other than that specified 

or detailed on the Drawings, which requires any redesign of the structure, partitions, foundation, 
HVAC, piping, wiring, or any other part of the mechanical, electrical, or architectural layout, all such 
redesign and all new drawings and detailing required thereafter shall be prepared by the Contractor 
at his own expense for review by the Owner representative before any such work is implemented. 

 
 E. All Contractor-proposed changes and revisions shall be at the Contractor’s risk and expense.  The 

Contractor shall fully coordinate all revisions, substitutions and changes with other trades.  The 
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Contractor shall provide all necessary provisions, including HVAC, ventilation, foundations, access, 
etc., for a complete, code compliant, and fully functional installation.  

 
 F. Where the Contractor elects to submit a substitution for equipment or materials, he shall: 
 
  1. Submit Shop Drawings that show complete compliance to each statement or requirement of 

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

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

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

substitution. 
 
 
2.3  SUBMITTALS, REVIEW, AND ACCEPTANCE 
 
 A. General: 
 
  1. The equipment, material, installation, workmanship, arrangement of work, final instruction, 

and final documentation is subject to review and acceptance.  No substitution will be 
permitted after acceptance of equipment or materials except where such substitution is 
considered by the Engineer to be in the best interest of the Owner.  Submit for review in 
clear and legible form the following documents: 

   a. Material and Equipment List 
   b. Descriptive Data 
   c. Shop Drawings 
   d. Installation and Coordination Drawings 
   e. Contractor As-Built Drawings  
   f. Owner Instructions and Manuals 
   g. Construction Phasing and Outage Schedule 
  2. Prepare all submittals specifically for this project and stamp each submittal in a form 

indicating that the documents have been Contractor reviewed, are complete, and are in 
compliance with the requirements of the plans and specifications.  Each submittal item shall 
be clearly identified and numbered.  Each submittal shall contain a complete schedule of 
Manufacturer’s part numbers and quantity listings of all supplied components.  Each 
proposed item shall be highlighted and tagged with a star, an arrow, etc., including all 
options and accessories. 

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

  4. Identify all submittals, indicating the intended application, location, or service of the 
submitted item.  Refer to specification sections or paragraphs where applicable.  Clearly 
indicate the exact type, model number, size, and special features of the proposed item.  
Clearly list on the first page of the Submittal all differences between the specified item and 
the proposed item.  The Contractor shall be responsible for corrective action (or replacement 
with the specified item) while maintaining the specification requirements, if differences have 
not been clearly indicated in the submittal.  Submittals of a general nature will not be 
acceptable. 
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  5. Submit actual operating conditions or characteristics for all equipment where required 
capacities are indicated.  Factory order forms showing only required capacities will not be 
acceptable.  Indicate all options used to meet the specifications.  It is not the responsibility of 
the Engineer or Owner to make selections of factory options other than colors.  Submittals 
lacking proper selection of factory options or special features required by the specification 
shall be RETURNED WITHOUT REVIEW. 

  6. Acceptance will not constitute waiver of contract requirements unless deviations are 
specifically indicated and clearly noted. 

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

  8. Submittals NOT IN COMPLIANCE with the requirements of this section will be RETURNED 
WITHOUT REVIEW. 

 
 B. Material, Equipment, Manufacturer and Subcontractor List:   Within thirty (30) calendar days after 

the award of contract, submit a complete MATERIAL, EQUIPMENT, MANUFACTURER AND 
SUBCONTRACTOR LIST for preliminary review.  List all proposed materials and equipment, the 
associated proposed Manufacturer, and any proposed subcontractors.  After the receipt of 
reviewed Material and Equipment List, submit complete Shop Drawings for approval.  List all 
materials and equipment, indicating manufacturer, type, class, model, curves, and other general 
identifying information.  Submittals shall be specific for each building as contained in the individual 
building Specifications and Drawings. 

 
 C. Upon approval of the List of Materials, the Contractor shall prepare a complete Master Submittal 

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

 

 
SUBMITTAL REGISTER 

 
Item/Material 

 
Ref’d Spec. 
Paragraph 

 
Specified 

or 
Substitute 

 
Submittal 

Date 

 
Status 

 
Remarks 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
 D. No Shop Drawing Submittals will be considered for approval until the complete List of 

Subcontractors and the complete List of Materials/Manufacturers and Equipment have been 
approved. 

 
 E. Descriptive Data:  After acceptance of the MATERIAL and EQUIPMENT LIST, submit additional 

DESCRIPTIVE DATA for all items.  Data shall consist of specifications, data sheets, samples, 
capacity ratings, performance curves, operating characteristics, catalog cuts, dimensional 
drawings, installation instructions, and any other information necessary to indicate complete 
compliance with the contract documents.  Where several ratings or sizes are shown or available, 
clearly indicate the exact size or rating relating to the particular device being proposed. 
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 F. Submit complete descriptive data for all items.  Data shall consist of Specifications, data sheets, 
samples, capacity ratings, performance curves, operating characteristics, catalog cuts, dimensional 
drawings, wiring diagrams, specific electrical/wiring requirements and connections including control 
and interlock wiring, installation instructions, and any other information necessary to indicate 
complete compliance with the Contract Documents.  Edit submittal data specifically for application 
to this project. 

 
 G. Shop Drawings shall be submitted and approved for all materials and equipment prior to 

installation.  If any material and/or equipment is installed prior to receipt by the Contractor of 
approved Shop Drawings, the Contractor is liable for its replacement at no additional cost to the 
Owner. 

 
 H. Data submitted shall include information on all materials and equipment to demonstrate compliance 

with the Contract Drawings and Specifications.  Where installation procedures or any part thereof 
are required to be in accordance with manufacturer’s recommendations, furnish printed copies of 
the recommendations prior to installation.  Installation of the item shall not proceed until 
recommendations are received.  Failure to furnish recommendations shall be cause for rejection of 
the equipment or material. 

 
 I. Any deviation of submitted material or equipment from the Contract Drawings or Specifications 

shall be clearly marked in red ink on Submittals, and itemized in a transmittal letter, in order to 
receive consideration for approval.  

 
 J. Approval of material or equipment submittals containing deviations not specifically identified by 

Contractor shall not relieve the Contractor from compliance with specified requirements. 
 
 K. All major items of mechanical equipment shall be the latest standard catalog products of reputable 

manufacturers.  Where two (2) or more items of the same kind of equipment are required, they 
shall be the products of a single manufacturer. 

 
 L. Thoroughly review and stamp all submittals to indicate compliance with Contract requirements prior 

to submission.  Coordinate installation requirements and any electrical requirements for equipment 
submitted.  Contractor shall be responsible for correctness of all submittals. 

 
 M. Submittals will be reviewed for general compliance with design concept in accordance with 

Contract Documents, but dimensions, quantities, or other details will not be verified. 
 
 N. Increase, by the quantity listed below, the number of electrical related Shop Drawings, product 

data, and samples submitted, to allow for required distribution plus two copies of each submittal 
required, which will be retained by the Electrical Consulting Engineer. 

 
  1. Shop Drawings - Initial Submittal:  1 additional blue- or black-line print. 
  2. Shop Drawings - Final Submittal:  1 additional blue- or black-line print. 
  3. Product Data:  1 additional copy of each item. 
  
 O. Additional copies may be required by individual sections of these Specifications. 
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 P. Shop Drawings: 
 
  1. Prepare and submit SHOP DRAWINGS AND/OR DIAGRAMS for all specially fabricated 

items, modifications to standard items, specially designed systems where detailed design is 
not shown on the contract drawings, or where the proposed installation differs from that 
shown on the contract drawings. 

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

  3. Shop drawings shall be provided for, but not limited to the following items: 
    
   Basic Electrical Materials 
   Cable - 600 volt 
   Circuit Breakers 
   Conduit  
   Contractor and Subcontractor Qualifications 
   Controllers & Control Devices 
   Disconnects 
   Electrical Connection Coordination Schedule 
   Firestopping 
   Identification System 
   Innerduct 
   Low Voltage Fuses 
   Material and Equipment List 
   Motor Starters 
   Outlet Boxes 
   Panelboards 
   Receptacles 
   Record and Information Booklet 
   Safety Switches 
   Schedule of Values 
   Sleeves, Hangers, Supports 
   Submittal Schedule 
   Tests and Reports 
   Transformers 
   Wiring Devices 
   Wiring Diagrams 
   
 Q. The Contractor, additionally, shall submit for approval any other shop drawings as required by the 

Architect.  No item listed above shall be delivered to the site, or installed, until approved.  After the 
proposed materials have been approved, no substitution will be permitted except where approved 
by the Engineer. 

 
 R. The Contractor shall prepare and submit a Detail Schedule of Values indicating the Contract costs 

for the major work items.  The Contractor shall provide additional detail and information as 
requested by the Engineer. 

 
 S. The Contractor shall prepare and submit a complete Submittal Schedule.  The Schedule shall 

include a listing of all Submittals, Shop Drawings, and Coordination Drawings. 
 
  
2.4  COORDINATION DRAWINGS 
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 A. Prepare, submit, and use composite installation and coordination drawings to assure proper 

coordination and installation of the work.  Drawings shall include, but not be limited to the following: 
  1. Mechanical Equipment Rooms, including panels, transformers, starters, equipment, etc. 
  
 B. Draw plans to a scale not less than 1/4 inch equals one foot.  Include plans of the proposed work, 

showing all equipment, major elements, conduit, and wiring in the areas involved.  Fully dimension 
all work, horizontally and vertically.  Show coordination with other work including piping, ductwork 
and other mechanical work, walls, doors, ceilings, columns, beams, joists, and other architectural 
and structural work. 

 
 C. Identify all equipment and devices on wiring diagrams.  Where field connections are shown to 

factory-wired terminals, furnish manufacturer's literature showing internal wiring. D. 
   

2.5  RECORD DRAWINGS 
 
 A. As the work progresses, record on a set of white prints the installed locations, sizes of electric 

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

 
 B. Write step-by-step detailed instructions for turn-on, turn-off, seasonal changeover, and periodic 

checks of all systems and equipment.  Include all precautions and warnings. 
 
 C. Prepare a list of the manufacturers of all major equipment, their local service representative and 

procedures for obtaining service. 
 
 D. Post one (1) copy of all instructions, lists, charts, and diagrams at the equipment or where 

indicated, mounted under glass or approved plastic cover. 
 
 E. Furnish to the Owner two (2) copies of the Manufacturer's installation and operations instructions, 

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

 
 F. Deliver all instruction materials to the Owner prior to the formal instruction period. 
 
 G. Deliver two (2) complete sets of all approved submittals to the Owner for filing, including electronic 

copies. 
 
 H. Prepare record documents in accordance with the requirements in the specifications.  In addition to 

the requirements specified, indicate installed conditions for: 
 
  1. Major raceway systems, size and location, for both exterior and interior; locations of control 

devices; distribution and branch electrical circuitry; and circuit breaker size and 
arrangements. 

  2. Equipment locations (exposed and concealed), dimensioned from prominent building lines. 
  3. Approved Substitutions, Contract Modifications, and actual equipment and materials 

installed. 
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 I. The Contractor shall keep at the site at all times during construction, one set of up-to-date Contract 
prints for the express purpose of showing any and all changes made during construction.  The 
Contractor shall make the prints showing each change and shall incorporate all changes in 
“Record/As-Built Drawings” to be submitted to the Engineer upon completion of the project. 

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

monthly invoice. 
 
 K. The Contractor shall conform to all drawings, including all revisions, addendums, alternates, 

change orders, deletions, existing conditions, and as-built conditions without extra cost to the 
Owner. 

 
PART 3 - EXECUTION 

 

3.1  EXAMINATION OF SITE, SURVEYS, AND MEASUREMENTS 
 
 A. Examine the site, determine all conditions and circumstances under which the work must be 

performed, and make all necessary allowances for same.  No additional cost to the Owner shall be 
permitted for Contractor’s failure to do so. 

 
 B. Examine the site and observe the conditions under which the work will be done or other 

circumstances which will affect the contemplated work.  No allowance will be made subsequently in 
this connection for any error or negligence on the Contractor's part. 

 
 C. The Contractor shall base all measurements, both horizontal and vertical, from established 

benchmarks.  All work shall agree with these established lines and levels.  Verify all measurements 
at the site and check the correctness of same as related to the work. 

 
 D. Any discovery of discrepancy between actual measurements and those indicated which prevents 

following good practice or the intent of the Drawings and Specifications shall be brought to the 
attention of the Owner’s Representative.  Work shall not proceed until receiving instructions from 
the Owner’s Representative. 

 
 E. The Contractor shall follow Drawings in laying out the work and check Drawings of other trades to 

verify spaces in which work will be installed.  Maintain maximum headroom and space conditions at 
all points.  Where headroom or space conditions appear inadequate, the Owner’s Representative 
shall be notified before proceeding with the installation. 

 
 F. To prevent conflict with the work of other trades and for proper execution of the work, the 

Contractor, as directed by the Owner’s Representative, shall make the necessary modifications in 
the layout as needed, at no extra charge to the Owner. 

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

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

work. 
 
 I. The Contractor shall have competent supervision on the site at all times to lay out, check, 

coordinate, and supervise the installation of all electrical work and be responsible for the accuracy 
thereof.  He shall plan the installation of all electrical work, giving consideration to the work of other 
trades, to prevent interference. 
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 J. The Contractor shall determine the location, size, etc., of all chases, sleeve openings, etc., required 
for the proper installation of the electrical work and see that such are provided.  All chases, 
sleeves, openings, etc., shall be set prior to erection of new work to prevent delay in the progress 
of other work or trades. 

 
 K. Conditions and/or situations that prevent the proper installation of any equipment or item where 

shown on the Drawings shall be called to the attention of the Engineer for instructions. 
 
 L. The Contractor shall fully investigate all peculiarities and space limitations for all materials and 

equipment. 
 
 N. Outlet, pull, and junction boxes and other appliances that require operation, examination, 

adjustment, servicing or maintenance shall be readily accessible. 
 
 O. The Contractor shall take all field measurements necessary for this work and shall assume 

responsibility for their accuracy.   
 
 P. The Contractor shall coordinate the electrical work with all other sub-contractors.  All work shall be 

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

 
 Q. The Drawings are to some extent diagrammatic and indicate the general arrangement of the 

equipment, the runs of conduit, and the manner of connection. 
 
 R. The Contractor shall confer with all sub-contractors engaged in the construction of the project, 

regarding the work that may, in any way, affect his installation.  Whenever interference occurs, 
before installing any of the work in question, the Contractor shall consult with all sub-contractors 
and shall come to an agreement with them as to the exact location and level of his conduit parts of 
his equipment. 

  
3.2  GENERAL RESPONSIBILITIES 
 
 A. The Contractor shall be responsible for systems and related damages possible, and shall hold 

harmless the Owner, the Architect and his consultants from malfunction of systems and equipment 
installed under this Contract as defined in the laws of the State of Maryland pertaining to real 
property for the period of time as defined by such laws. 

 
 B. It is the intent of these Specifications to fully cover without exception all required labor and 

materials so that the finished work will be delivered to the Owner in a complete and satisfactory 
working installation.  Excavation, wiring, distribution, etc., shall be performed in compliance with the 
Contract Documents. 

 
 C. Work not specifically outlined, but reasonably incidental to the completion of the work, shall be 

included without additional compensation from the Owner. 
 
 D. Conflicting points in the Specifications or on the Drawings shall be called to the attention of the 

Architect prior to the execution of the Contract.  
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3.3  STORAGE AND PROTECTION OF EQUIPMENT 
 
 A. All electrical equipment to be used in the construction shall be properly stored and protected 

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

 
 B. Conventional electrical construction materials such as building wire, outlet and junction boxes, 

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

 
 C. Switchboard, motor controllers, panelboards, breakers, emergency lighting, and supervisory 

equipment, if delivered to the construction site before the building is under cover, shall be 
warehoused and protected as follows:  All gear and equipment shall be covered and protected from 
the elements and other damage and shall be stored in a clean, dry, heated atmosphere, under 
cover. 

 
 D. All gear and equipment delivered to the construction site after the building is under cover shall be 

protected as described above and in addition shall be provided with auxiliary heat to prevent 
condensation damage.  The gear shall also be protected against damage caused by installation of 
any building systems and equipment; or damage caused by carelessness of workmen who are 
installing equipment connected to or adjacent to the above electrical equipment. 

 
 E. Equipment damaged as a result of the above conditions shall be properly repaired at the 

Contractor's expense or shall be replaced at the Contractor's expense, if, in the opinion of the 
Engineer the equipment has been damaged to such an extent it cannot operate properly after 
repairs are made. 

 
 F. All electrical enclosures exposed to construction damages such as paint spots, spackling or plaster 

spatter, grout splashes, waterproofing compound, tar spots or runs and pipe covering compound 
splashes, shall be completely covered and protected against damage. 

 
 G. In the event leakage into the building of any foreign material or fluid occurs or may occur, the 

Contractor shall take all steps as described above to protect any and all equipment. 
 
 H. After connections to electrical equipment are complete and the equipment is ready for operation, all 

construction debris shall be removed from all enclosures.  Such debris includes dust, dirt, wire 
clippings, tape and insulation removed in order to make the connection. 

 
3.4  ELECTRICAL INSTALLATIONS 
 
 A. General:   Sequence, coordinate, and integrate the various elements of electrical systems, 

materials, and equipment.  Comply with the following requirements: 
  1. Coordinate electrical systems, equipment, materials, and installation with landscape/irrigation 

contractor(s). 
  2. Verify all dimensions by field measurements. 
  3. Install systems, materials, and equipment to conform with approved submittal data, including 

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

  4. Install systems, materials, and equipment level and plumb, parallel and perpendicular to 
other building systems and components where installed exposed in finished spaces. 

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

  6. Install systems, materials, and equipment giving right-of-way priority to systems that require 
installation at a specified slope. 

  7. Arrange for chases, slots and openings in other building components during progress of 
construction, to allow for electrical installation. 

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

 
3.5  SUPERVISION AND COORDINATION 
 
 A. Provide complete supervision, direction, scheduling and coordination of all work under the contract, 

including that of subcontractors, using full attention and the best skill.  Be responsible for all work 
and make all subcontractors, suppliers and manufacturers fully aware of all requirements of the 
contract. 

 
 B. Coordinate the rough-in of all work performed under Mechanical & Electrical Divisions. 
 
 C. The Contractor shall coordinate all electrical rough-ins with approved shop drawings and 

coordination drawings.  Any rough-in installed without complete coordination shall be at the 
Contractor’s risk and expense. 

 
 D. Coordinate the installation of all necessary rough-in of work, sleeves, anchors and supports for 

conduit, wiring, and other work performed under Divisions Mechanical and Electrical Divisions. 
 
 E. Coordinate the spacing and arrangement of lighting fixtures, diffusers, grilles and access panels in 

ceilings to establish a symmetrical pattern. 
 
 F. Where a discrepancy exists within the Specifications or drawings or between the Specifications and 

Drawings, the more stringent (or costly) requirement shall apply until a clarification can be obtained 
from the Engineer.  Failure to clarify such discrepancies with the Engineer will not relieve the 
Contractor of the responsibility of conforming to the requirements of the Contract. 

 
 G. Failure of the Contractor to obtain a full and complete set of Contract Documents (either before or 

after bidding) will not relieve the Contractor of the responsibility of complying with the intent of the 
Contract Documents. 

 
 H. To insure proper electrical coordination between the electrical components supplied under the 

Electrical Divisions and the equipment supplied under the Mechanical Divisions, a schedule shall 
be submitted, prior to start of work, for review by the Engineer with the following column headings: 

 

 
1.Equip. 
  or Item 

 
2. HP or KVA 

 
3.Voltage 
  and 
  Phase 

 
4. Power 
   Factor 

 
5. Capacitor 

 
6.Motor 
  Starter 

 
7.Discon. 

 
8.Controls 

 
9.Remarks 

 
Description of Column Headings: 
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  1. List all the approved equipment furnished under Mechanical Division that requires electrical 

connections and designate the equipment as it appears in the Mechanical Divisions.  
Indicate the quantity, if more than one, in parentheses of identical equipment being supplied. 

  2. Indicate the supplied horsepower of the equipment listed under Column No. 1.  If equipment 
listed has more than one motor, indicate each motor and its respective horsepower.  Indicate 
the kVA rating for all other equipment requiring an electrical connection, unless the electrical 
connection is for a control circuit only. 

  3. Indicate the voltage and phase requirements for equipment listed under Column No. 1.  If 
more than one electrical circuit or voltage is required for the listed equipment, it shall be so 
indicated.  Indicate wiring required for connection, including all phase, neutral, and ground 
conductors. 

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

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

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

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

  8. Indicate the Division under which the controls for the equipment listed under Column No. 1 
are provided. 

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

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

installations, with the approved Shop Drawings and the trades involved.  Coordination shall include 
voltage, phases, quantity and size of wiring, device sizes, terminations, rough-in work, and other 
coordination for a complete installation. 

 
 J. Coordinate Division 26 work with all trades. 
 
 K. Install work with proper clearances and access.  Carefully examine all contract drawings and fit the 

work in each location without substantial alteration.  Where departures are proposed or required, 
submit detailed drawings for acceptance.  The right is reserved to make reasonable changes in 
location of equipment, conduit and wiring up to the time of rough-in or fabrication. 

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

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

under other divisions.  Connections shall be complete in all respects to render this equipment 
functional to its fullest intent.  The Contractor shall make all system connections required to 
equipment furnished under other Divisions.  Circuits shall be extended to all equipment which is 
incidental to, but not necessarily shown, for equipment specified under other divisions such as 
magnetic flow meters, ATC panels, liquid level controls, leak detection systems, etc.  Connections 
shall be complete in all respects to render this equipment functional to its fullest extent. 

 
 N. It shall be the responsibility of the Contractor to obtain complete instructions for connections.   
 
3.6  GUARANTEE 
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 A. Guarantee obligations shall be as hereinbefore specified in the GENERAL AND SPECIAL 

CONDITIONS of these specifications, except as follows: 
  1. Guarantee the complete electrical system free from all mechanical and electrical defects for 

the period of two (2) years beginning from the day of final acceptance of the work by the 
Owner. 

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

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

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

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

equipment provided. 
 
 C. Any equipment or system in need of warranty work whether during regular hours or on an 

emergency basis, shall be immediately serviced and repaired.  The warranty work and guarantee 
shall include all parts and labor and shall be furnished at no cost to the Owner. 

 
 D. The Contractor shall guarantee to make good any and all defects in his work, exclusive of lamps, 

which may develop due to defective workmanship or materials, within one year from the date of 
final acceptance of the work by the Owner. 

 
 E. In addition to the warranty and correction of work obligations contained in the General and 

supplementary Conditions, correct the work of the system as embraced by the Specification, free 
from Mechanical and Electrical defects for the warranty period beginning from the day of 
acceptance of the building by the Architect for the beneficial use of the Owner. 

 
 F. During the warranty period, take responsibility for the proper adjustments of systems, equipment 

and apparatus installed and perform work necessary to ensure the efficient and proper functioning 
of the systems and equipment. 

 
 G. Certain items of equipment hereinafter specified shall be guaranteed for a longer time than the 

general warranty period.  These guarantees shall be strictly adhered to and the Contractor shall be 
responsible for service or replacement required in connection with guarantee of these items.  
These guarantees shall commence on the same date as the final acceptance by the Architect. 

 
 H. Submission of a bid proposal for this Project warrants that the Contractor has reviewed the 

Contract Documents and has found them free from ambiguities and sufficient for the construction 
and proper operation of systems installed for this project. If discrepancies are found, have them 
clarified by Addendum. 

 
 I. It is possible that certain areas of the building or certain systems will be accepted at a time different 

than as specified.  The date of acceptance by the Architect for beneficial use of the Owner for 
these building areas or systems will be adjusted accordingly. 

 
3.7  SCHEDULING OF WORK 
 



 

 

 
GAI Project No. 22082  © 2023 Gipe Associates, Inc. 
School of Technology – Chiller Replacement  GENERAL ELECTRICAL REQUIREMENTS 
Issued for Bid Submission – 11/02/2023                                                                                 26 05 01 - 18 

 

 

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

 
 B. Coordination of work by the Contractor is essential such that power outages are kept to a minimum 

in quantity and duration.  All required outages shall be approved by the Owner for optimum time 
scheduling.  Written notice of not less than 15 calendar days shall precede all power outages.   

 
3.8  PAINTING AND FINISHES 
 
 A. Provide protective finishes on all materials and equipment.  Use coated or corrosion-resistant 

materials, hardware and fittings throughout the work.  Paint bare, untreated ferrous surfaces with 
rust-inhibiting paint.  All exterior components including supports, hangers, nuts, bolts, washers, 
vibration isolators, etc., shall be galvanized or stainless steel. 

 
 B. Clean surfaces prior to application of coatings, paint, or other finishes. 
 
 C. Provide factory-applied finishes where specified.  Unless otherwise indicated factory-applied paints 

shall be baked enamel with proper pre-treatment. 
 
 D. Protect all finishes and restore any finishes damaged as a result of work under Division 26 to their 

original condition. 
 
 E. The preceding requirements apply to all work, whether exposed or concealed. 
 
 F. Remove all construction marking and writing from exposed equipment, conduit, and building 

surfaces.  Do not paint manufacturer's labels or tags. 
 
 G. All exposed conduit, etc., shall be painted, except in electrical rooms, mechanical rooms, storage 

rooms, and crawl spaces.  Colors shall be selected by the Architect and conform to ANSI 
Standards. 

 
 H. Submit color of factory-finished equipment for approval prior to ordering. 
 
3.11 PROTECTION OF WORK 
 
 A. Protect work, material and equipment from weather and construction operations before and after 

installation.  Properly store and handle all materials and equipment. 
 
 B. Cover temporary openings in conduit and equipment to prevent the entrance of water, dirt, debris, 

or other foreign matter. 
 
 C. Cover or otherwise protect all finishes. 
 
 D. Replace damaged materials, devices, finishes and equipment. 
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3.12 OPERATION OF EQUIPMENT 
 
 A. Clean all systems and equipment prior to initial operation for testing, retesting, or other purposes.  

Set, adjust, and test all equipment in accordance with manufacturer's instructions.  Do not operate 
equipment unless all proper safety devices or controls are operational.  Provide all maintenance 
and service for equipment that is authorized for operation during construction. 

 
 B. Where specified, or otherwise required, provide the services of the manufacturer's factory-trained 

servicemen or technicians to start up the equipment. 
 
 C. Do not use electrical systems for temporary services during construction unless authorized in 

writing by the Owner.  Where such authorization is granted, temporary use of equipment shall in no 
way limit or otherwise affect warranties or guaranty period of the work. 

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

items such as filters. 
 
3.13 TESTING AND ADJUSTMENT 
 
 A. Perform all tests which are specified or required to demonstrate that the work is installed and 

operating properly.  Where formal tests are required, give proper notices and perform all necessary 
preliminary tests to assure that the work is complete and ready for final test.  

 
 B. Adjust all systems, equipment and controls to operate in a safe, efficient and stable manner. 
 
 C. On all circuits, 600 volts or less, provide circuits that are free from ground faults, short circuits and 

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

equipment. 
 
3.14 IDENTIFICATIONS, ELECTRICAL DIAGRAMS AND OPERATING INSTRUCTIONS 
 
 A. All equipment shall be plainly tagged. 
 
 C. All items of equipment, including motor starters, panels, etc., shall be furnished with white letters 

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

 
 D. Provide three (3) copies of operating and maintenance instructions for all principal items of 

equipment furnished.  This material shall be bound as a volume of the "Record and Information 
Booklet" as hereinafter specified. 

 
 E. Provide at least 24 hours of straight time instruction to the operating personnel.  This instruction 

period shall consist of not less than three (3) consecutive 8-hour days.  Time of instruction shall be 
designated by the Owner.  Provide two VHS video taped copies of all instructional 
periods/demonstrations. 
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3.15 RECORD DRAWINGS AND SPECIFICATIONS 
 
 A. Upon completion of the Electrical installations, the Contractor shall deliver to the Engineer one 

complete set of prints of the Electrical Contract Drawings which shall be legibly marked in red 
pencil to show all Addenda, approved Shop Drawings, Change Orders, changes and departures of 
the installation as compared with the original design.  They shall be suitable for use in preparation 
of Record Drawings.  Provide electronic copies of each. 

 
 B. The Contractor shall provide a record specification including all Addenda and other modifications.   

Record substantial variations in actual work performed.  Identify all substitutions. 
 
3.16 RECORD AND INFORMATION BOOKLET 
 
 A. The Contractor shall have prepared three (3) copies of the Record and Information Booklet as well 

as an electronic copy and deliver these copies of the booklet to the Owner.  The booklet shall be as 
specified herein.  The booklet must be approved and will not be accepted as final until so stamped. 

 
 B. The booklet shall be bound in a three-ring loose-leaf binder similar to "National" No. 3881 with the 

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

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

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

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

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

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

data for all components.  Include all submittal comments, and corrected catalog data 
and shop drawings on each piece of equipment and each system. 

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

   d. Operating instructions, including sequence of operation. 
    1) Description of function, normal operating characteristics and limitations, 

engineering data and tests, and complete nomenclature and commercial 
numbers of replacement parts.  Provide a description of each system 
installed. 

    2) Manufacturer’s printed operating procedures to include start-up, break-in, 
and routine and normal operating instructions; control, stopping. 

   e. Maintenance instructions for equipment and systems.  Detailed checkout 
procedures to ensure operation of systems and gear, including recommended 
cleaning methods and materials and special precautions identifying detrimental 
agents. 

   f. Servicing, diagnostic and troubleshooting instructions and procedures for systems 
and major equipment. 
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   g. Recommended preventative maintenance program, including a list of items requiring 
inspection and servicing.  Provide Chart Form indicating time and type of routine 
and preventative maintenance of electrical equipment, etc.  The chart shall also 
indicate tag number, model number of equipment, location and service.  
1) For replacement items, indicate type, size and quantity of the replaceable 

items. 
    2) Provide lubrication schedule, including type, grade, temperature range and 

frequency. 
    3) Provide a list of each type of lighting fixture lamp used, lamp fixture used, 

and source. 
    4) Include estimated mean time between failures for major parts. 
   h. Wiring Diagrams, Block Diagrams, and Assembly Drawings. 
   i. Panelboard Circuit Directory for each panelboard, including Panel Name, Panel 

Location, Panel Ratings, spare circuit breakers, spaces for additional circuit 
breakers. 

   j. List of equipment keys turned over to the Owner. 
  5. Part 3:  Project Documents and Certificates, including the following: 
   a. Shop Drawings and Product Data.  Record Documents of the systems. 
   b. Photocopies of certificates. 
   c. Photocopies of Manufacturers’ and Contractors’ warranties, guarantees. 
   d. Test Reports:  Copies of the approved results of all tests required under all sections 

of specifications. 
   e. Inspection Certificates. 
   f. Manufacturer’s Conformance Certificates. 
  6. Provide one copy (DVD video disk) of video instruction session with each booklet set.  Label 

video disk with all pertinent information.  
  7. Submit one copy of completed volumes in final form 15 days prior to final Inspection.  This 

copy will be returned with Engineer comments.  Revise content of documents as required 
prior to final submittal. 

  8. Submit final volumes revised, within ten days after final inspection. 
 
 C. Upon completion of the project, the Contractor shall furnish the Owner a complete list of suppliers 

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

 
 D. This item shall include the furnishing of a complete list of equipment installed on the project, 

including the Manufacturer’s name, the make and model number of the equipment, and address 
and telephone number of the nearest supplier who stocks maintenance and/or replacement parts.  
The list should be submitted along with as-built drawings and be typed in an organized manner. 

 
3.18 INSTALLATION AND COORDINATION DRAWINGS 
 
 A. In congested areas, prepare, submit, and use composite installation and coordination drawings to 

assure proper coordination and installation of work.  Drawings shall include, but not be limited, to 
the following: Complete Electrical Drawings showing coordination with lights, electrical equipment, 
mechanical, plumbing, HVAC, structural, and architectural elements and provision for access. 

 
 B. Draw plans to a scale not less than 3/8-inch equals one foot.  Include plans, sections, and 

elevations of proposed work, showing all equipment and conduit in areas involved.  Fully dimension 
all work including lighting fixtures, conduits, pullboxes, panelboards, and other electrical work, 
walls, doors, ceilings, columns, beams, joists, mechanical equipment, and other architectural and 
structural work. 
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 C. Identify all equipment and devices on wiring diagrams and schematics.  Where field connections 
are shown to factory-wired terminals, include manufacturer's literature showing internal wiring. 

 

 

END OF SECTION  
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SECTION 26 05 02 – ELECTRICAL DEMOLITION FOR REMODELING 

 

 

PART 1 - GENERAL 

 
1.1 SCOPE 
 

A. Electrical demolition shall be carried out per the Contract Documents.  
 
B. Provide all cutting and patching for electrical construction. 
 
C. Provide temporary service and provisions to maintain existing systems.  
 

 
PART 2 – PRODUCTS 

 

2.1 MATERIALS AND EQUIPMENT 
 

A. Materials and equipment for patching and extending work: As specified in individual sections. 
 
2.2 FIELD SERVICES AND SURVEYS 
 

A. The Contractor shall examine the site, determine all conditions and circumstances and gather all 
data and information required for the work. 

 
B. The Contractor shall survey all new and existing wiring, circuitry, cabling, equipment and devices. 

 Data gathering shall include, but not be limited to, equipment nameplate information, ratings, 
voltage, wiring configurations, conductor lengths, conductor routing, conductor sizes, equipment 
connections, and other information as required to maintain existing systems. 

 
C. The Contractor shall provide complete field investigations to determine existing and new 

conductor, cable, and conduit routing, points of connections, and tracing of existing systems. 
 
D. The Contractor shall assume that all information shall be obtained from field surveys and not 

from Owner’s records.  If Owner’s records are made available to the Contractor, for information 
only, the Contractor shall verify the Owner’s Records with the existing conditions. 

 
E. Field investigations include, but are not limited to, performing surveys, opening of equipment 

enclosures, and other work as required to maintain existing systems. 
 

 
PART 3 – EXECUTION 

 
3.1 EXAMINATION 
 

A. Verify that field measurements and circuiting arrangements are as shown on the Drawings. 
 
B. Verify that abandoned wiring and equipment serve only abandoned facilities. 
 
 
C. Demolition Drawings are based on casual field observation. Report discrepancies to the Owner, 

Engineer before disturbing existing installation. 
 



 

 

GAI Project No. 22082  © 2023 Gipe Associates, Inc. 
School of Technology – Chiller Replacement  ELECTRICAL DEMOLITION FOR REMODELING 
Issued for Bid Submission – 11/02/2023                                                                                    26 05 02 - 2 

  
 

D. Beginning of demolition means installer accepts existing conditions. 
 
3.2 PREPARATION 
 

A. Disconnect electrical systems in walls, floors, and ceilings scheduled for removal.   
 
B. Coordinate utility service outages with the Owner, Architect, and Engineer. Also, coordinate utility 

service outages with Utility Company. 
 
3.3 CONNECTIONS AND ALTERATIONS TO EXISTING SYSTEMS 
 

A. Keep all existing electrical systems in operation during the progress of the work.  Provide 
temporary electrical connections to systems of equipment, etc., where necessary to maintain 
continuous operation until the new systems and equipment are ready for operation. 

 
B. When existing electrical work is removed, remove all conduit, ducts, supports, etc. to a point 

below the finished floors or behind finished walls and cap.  Such points shall be far enough 
behind finished surfaces to allow for the installation of the normal thickness of finished material. 

 
C. When the work specified hereunder connects to any existing equipment, conduit, wiring, etc., 

perform all necessary alterations, cuttings, fittings, etc., of the existing work as may be necessary 
or required to make satisfactory connections between the new and existing work and leave the 
complete work in a finished and workmanlike condition. 

 
D. When the work specified under other divisions necessitates relocation of existing equipment, 

conduits, wiring, etc., perform all work and make all necessary changes to existing work as may 
be required to leave the completed work in a finished and workmanlike condition. 

 
E. Contractor shall be responsible for removing and replacing existing ceiling tile within the lay-in 

ceiling areas as required.  Contractor shall provide all necessary cutting and fitting of bushed 

holes for cable passage through tiles.  Any tiles damaged during the Contract shall be replaced 
with like kind at no cost to the Owner. 

 

F. Provide temporary wiring and connections to maintain existing systems in service during 
construction.  When work must be performed on energized equipment or circuits, use personnel 
experienced in such operations.  In particular, all security and safety systems must be 
maintained in operation at all times as required by the Owner.  This includes security and safety 
lighting. 

 
G. Existing Electrical Service:  Maintain existing system in service.  Disable system only to make 

switchovers and connections. Obtain written permission from Owner at least 15 days before 
partially or completely disabling system.  Minimize outage duration. Make temporary connections 
to maintain service in areas adjacent to work area.  The Contractor shall be responsible for 
maintaining electrical service to all areas of the building during construction.  The Contractor 
shall provide temporary power and lighting for areas of the building that are under construction 
and shall maintain power for all systems in areas of he building not under construction.  The 
contractor shall be responsible for the relocation of all electrical equipment and its associated 
wiring as required by construction phasing. 
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H. Emergency Power:  The Contractor shall provide temporary emergency lighting along paths of 
egress in completed areas through use of a temporary emergency power system or temporary 
battery pack fixtures as required by NFPA and the local authority having jurisdiction.  Outages 
required for relocation and/or extension of the existing electrical systems shall be kept to a 
minimum duration, performed while building is not occupied and scheduled in advance with the 
Owner.  Where extended outages are required, the contractor shall provide temporary generator 
backup of the existing service adequate to ensure life safety lighting, fire alarm, security and 
other systems as directed by the owner are functional.  The Contractor shall fully examine the 
existing systems, determine all existing conditions and circumstances under which the work shall 
be performed and make all allowances for same.  No additional cost to the Owner shall be 
permitted for the Contractors’ failure to do so. 

 
I. The Contractor shall trace all circuits and controls to be disconnected to ensure that vital services 

to other areas are not interrupted. 
 
3.4 PROTECTION 
 

A. Provide protection for all existing and new cabling.  Provide inner duct, conduit or other suitable 
means of protection to prevent damage to cables located in renovated areas. 

 
B. Damage to wiring, cabling or equipment shall be repaired by skilled mechanics for the trade 

involved at no additional contract amount. 
 
C. Fixtures, materials and equipment shall be protected at all times.  The Contractor shall make 

good any damage caused either directly or indirectly by his workmen.  Conduit openings shall be 
closed with caps or plugs during installation.  Fixtures and equipment shall be tightly covered and 
protected against dirt, water and chemical or other injury.  At the completion of all work, the 
fixtures, materials and equipment shall be thoroughly cleaned and turned over in a condition 
satisfactory to the Owner. 

 
D. Damage:  Where wiring, raceways, lighting fixtures, devices or equipment to remain is 

inadvertently damaged or disturbed, cut out and remove damaged section and provide new of 
equal or capacity or quality. 

 
3.5 ELECTRICAL DEMOLITION 
 

A. Remove from the premises and dispose of all existing wiring, conduit, material, fixtures, devices, 
equipment, etc., not required for re-use or re-installation. 

 

B. Deliver on the premises where directed existing material and equipment which is removed and is 
desired by the Owner or is indicated to remain the property of the Owner. 

 
C. All other equipment and materials which are removed shall become the property of the 

Contractor and shall be removed by him from the premises. 
 
D. Where electrical equipment is removed, also remove all wiring back to source panelboard or 

switch or to last remaining device on the same circuit.  All conduit, hangers, supports, etc., shall 
also be removed unless otherwise noted.  Such conduit may remain to be reused for new work 
provided said conduit is of the proper size and type as that specified and in a condition 
acceptable to Engineer and Owner. 

 
E. Any conduit abandoned in concrete slabs, walls, or other inaccessible locations shall be left 

empty except for a nylon pull wire.  Ends shall be capped with push plugs for future use. 
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F. Where an existing system is indicated to be removed, the Contractor shall provide complete 
removal of entire system including all wiring, conduit, and connected/associated fixtures and 
devices.  The system shall be removed in its entirety unless otherwise noted. 

 

3.6 EXISTING CONDUIT WORK 
 

A. Remove all abandoned raceway, including abandoned raceway above accessible ceiling 
finishes.  Cut raceway flush with walls and floors, and patch surfaces.  Remove conduit back to 
point of penetration/exposure. 

 
B. Remove concealed abandoned raceway to its source. 
 
C. Abandoned Work:  buried electrical work abandoned in place, shall be cut out approximately 2 

inches beyond the face of adjacent construction, capped and the adjacent surface patched to 
match the existing finish. 

 
D. Disconnect abandoned outlets and remove devices.  Remove abandoned outlets if raceway 

servicing them is abandoned and removed.  Provide blank cover for abandoned outlets that are 
not removed. 

 
E. Ensure access to existing boxes and other installations which remain active and which require 

access.  Modify installation or provide access panel as appropriate. 
 
F. Extend existing raceway and box installations using materials and methods compatible with 

existing electrical installations, or as specified. 
 
G. Clean and repair existing raceway and boxes that remain or are to be reinstalled. 
 
H. Remove all abandoned wiring from exiting conduits and ductbanks.  Abandoned wiring that 

cannot be removed shall be tagged at each end as “Abandoned”. 
 
I. Contractor shall provide all cutting and patching required to connect to and extend existing 

conduits, wiring, circuits, etc. 
 

3.7 EXISTING WIRING AND CABLING WORK 
 

A. Remove all abandoned and unused wire and cable, including abandoned wire and cable above 
accessible ceiling finishes.  Patch surfaces where removed cables pass through building finishes. 
 Remove abandoned and unused cabling and wiring back to the source. 

 
B. Disconnect abandoned circuits and remove circuit wire and cable.  Remove abandoned boxes if 

wire and cable servicing them is abandoned and removed.  Provide blank cover for abandoned 
boxes that are not removed. 

 
C. Ensure access to existing wiring connections which remain active and which require access.  

Modify installation or provide access panel as appropriate. 
 
D. Extend existing circuits using materials and methods compatible with existing electrical 

installations or as specified. 
 
E. Clean and repair existing wire and cable that remain or is to be reinstalled. 
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F. Provide supports for all wiring and cabling to remain as required by NEC. 
 
G. Contractor shall provide field services for racing out of all existing circuits to be maintained.  

Contractor shall locate, trace and label, all existing circuits being re-used. 
 
3.8 CLEANING AND REPAIR 
 

A. The Consultant shall show, on the drawings, all items to be cleaned or repaired. 
 
B. Clean and repair existing equipment and materials that remain or are to be reused. 
 
C. Panelboards: Clean exposed surfaces and check tightness of electrical connections.  Replace 

damaged circuit breakers and provide closure plates for vacant positions. Provide typed circuit 
directory showing revised circuiting arrangement.  Trace existing circuits to determine exact 
location and type of load served by each circuit breaker. 

 
D. Provide new labels on all existing electrical equipment being re-used. 

 
3.9 INSTALLATION 
 

A. Install relocated materials and equipment under the provisions of other sections. 
 
 
END OF SECTION 
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SECTION 26 05 13 - MEDIUM-VOLTAGE CABLES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Cables. 
2. Connectors. 
3. Solid terminations. 
4. Separable insulated connectors. 
5. Splice kits. 
6. Medium-voltage tapes. 
7. Arc-proofing materials. 
8. Fault indicators. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of cable. Include splices and terminations for cables and cable 
accessories. 

1.4 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Indicate location of each cable, splice, and termination. 

B. Source quality-control reports. 

C. Field quality-control reports. 

PART 2 - PRODUCTS 

2.1 SYSTEM DESCRIPTION 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and application. 

B. Comply with IEEE C2 and NFPA 70. 
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C. Source Limitations: Obtain cables and accessories from single source from single manufacturer. 

2.2 CABLES 

A. 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. Okonite Company. 
2. Southwire Company. 
3. Superior Essex, Inc. 
4. Rome Cable Company. 
5. Aetna Insulated Wire, Inc. 
6. Kerite Company. 
7. General Cable; General Cable Corporation. 

B. Cable Type: Type MV 105. 

C. Conductor Insulation: Ethylene-propylene rubber. 

1. Voltage Rating: 5 kV. 
2. Insulation Thickness: 133 percent insulation level. 

D. Conductor:  Copper. 

E. Comply with UL 1072, AEIC CS8, ICEA S-93-639/NEMA WC 74, and ICEA S-97-682. 

F. Conductor Stranding: Concentric lay, Class B. 

G. Strand Filling: Conductor interstices are filled with impermeable compound. 

H. Shielding and Jacket: Corrugated copper drain wires embedded in extruded, chlorinated, 
polyethylene jacket. 

I. Cable Jacket: Chlorosulfonated polyethylene. 

2.3 CONNECTORS 

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. 3-M Manufacturing Company 
2. nVent (Raychem) 
3. TE Connectivity 
4. G&W 

B. Comply with ANSI C119.4 for connectors between aluminum conductors or for connections 
between aluminum to copper conductors. 

C. Copper-Conductor Connectors: Aluminum barrel crimped connectors. 
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2.4 SOLID TERMINATIONS 

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. 3-M Manufacturing Company 
2. nVent (Raychem) 
3. TE Connectivity 
4. G&W 

B. Shielded-Cable Terminations: Comply with the following classes of IEEE 48. Insulation class 
shall be equivalent to that of cable. Include shield ground strap for shielded cable terminations. 

1. Class 1 Terminations: 

a. Modular type, furnished as a kit, with stress-relief tube; multiple, molded-silicone-
rubber, insulator modules; shield ground strap; and compression-type connector. 

b. Heat-shrink type with heat-shrink inner stress control and outer nontracking tubes; 
multiple, molded, nontracking skirt modules; and compression-type connector. 

2.5 SEPARABLE INSULATED CONNECTORS 

A. Description: Modular system, complying with IEEE 386, with disconnecting, single-pole, cable 
terminators and with matching, stationary, plug-in, dead-front terminals designed for cable 
voltage and for sealing against moisture. 

B. 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. 3-M Manufacturing Company 
2. nVent (Raychem) 
3. TE Connectivity 
4. G&W 

C. Terminations at Distribution Points: Modular type, consisting of terminators installed on cables 
and modular, dead-front, terminal junctions for interconnecting cables. 

D. Load-Break Cable Terminators: Elbow-type units with 200 A load make/break and continuous-
current rating; coordinated with insulation diameter, conductor size, and material of cable being 
terminated. Include test point on terminator body that is capacitance coupled. 

E. Tool Set: Shotgun hot stick with energized terminal indicator, fault-indicator test tool, and 
carrying case. 

2.6 MEDIUM-VOLTAGE TAPES 

A. Description: Electrical grade, insulating tape rated for medium voltage application. 



 

 
GAI Project No. 22082  © 2023 Gipe Associates, Inc. 
School of Technology – Chiller Replacement  MEDIUM-VOLTAGE CABLES 
Issued for Bid Submission – 11/02/2023                                                                                     26 05 13 - 4 

 
 

B. 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. 3-M Manufacturing Company 
2. nVent (Raychem) 
3. TE Connectivity 
4. G&W 

C. Ethylene/propylene rubber-based, 30 mil (0.76 mm) splicing tape, rated for 130 deg C 
operation. Minimum 3/4 inch (20 mm) wide. 

D. Silicone rubber-based, 12 mil (0.30 mm) self-fusing tape, rated for 130 deg C operation. 
Minimum 1-1/2 inch (38 mm) wide. 

E. Insulating-putty, 125 mil (3.175 mm) elastic filler tape. Minimum 1-1/2 inch (38 mm) wide. 

2.7 ARC-PROOFING MATERIALS 

A. Description: Fire retardant, providing arc flash protection. 

B. 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. 3-M Manufacturing Company 
2. nVent (Raychem) 
3. TE Connectivity 
4. G&W 

C. Tape for First Course on Metal Objects: 10 mil (250 micrometer) thick, corrosion-protective, 
moisture-resistant, PVC pipe-wrapping tape. 

D. Arc-Proofing Tape: Fireproof tape, flexible, conformable, intumescent to 0.3 inch (8 mm) thick, 
and compatible with cable jacket. 

E. Glass-Cloth Tape: Pressure-sensitive adhesive type, 1 inch (25 mm) wide. 

2.8 SOURCE QUALITY CONTROL 

A. Test and inspect cables according to ICEA S-97-682 and ICEA S-94-649 before shipping. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install cables according to IEEE 576. 
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B. Proof conduits prior to conductor installation by passing a wire brush mandrel and then a rubber 
duct swab through the conduit. Separate the wire brush and the rubber swab by 48 to 72 inch 
(1200 to 1800 mm) on the pull rope. 

1. Wire Brush Mandrel: Consists of a length of brush approximately the size of the conduit 
inner diameter with stiff steel bristles and an eye on each end for attaching the pull ropes. 
If an obstruction is felt, pull the brush back and forth repeatedly to break up the 
obstruction. 

2. Rubber Duct Swab: Consists of a series of rubber discs approximately the size of the 
conduit inner diameter on a length of steel cable with an eye on each end for attaching 
the pull ropes. Pull the rubber duct swab through the duct to extract loose debris from the 
duct. 

C. Pull Conductors: Do not exceed manufacturer's recommended maximum pulling tensions and 
sidewall pressure values. 

1. Where necessary, use manufacturer-approved pulling compound or lubricant that does 
not deteriorate conductor or insulation. 

2. Use pulling means, including fish tape, cable, rope, and basket-weave cable grips, that 
do not damage cables and raceways. Do not use rope hitches for pulling attachment to 
cable. 

3. Use pull-in guides, cable feeders, and draw-in protectors as required to protect cables 
during installation. 

4. Do not pull cables with ends unsealed. Seal cable ends with rubber tape. 

D. Install exposed cables parallel and perpendicular to surfaces of exposed structural members 
and follow surface contours where possible. 

E. Support cables according to Section 260529 "Hangers and Supports for Electrical Systems." 

F. In manholes, handholes, pull boxes, junction boxes, and cable vaults, train cables around walls 
by the longest route from entry to exit; support cables at intervals adequate to prevent sag. 

G. Install sufficient cable length to remove cable ends under pulling grips. Remove length of 
conductor damaged during pulling. 

H. Install terminations at ends of conductors, and seal multiconductor cable ends with standard 
kits. 

I. Install separable insulated-connector components as follows: 

1. Protective Cap: At each terminal junction, with one on each terminal to which no feeder is 
indicated to be connected. 

2. Portable Feed-Through Accessory: At each terminal junction, with one on each terminal. 
3. Standoff Insulator: At each terminal junction, with one on each terminal. 

J. Arc Proofing: Unless otherwise indicated, arc proof medium-voltage cable at locations not 
protected by conduit, cable tray, direct burial, or termination materials. In addition to arc-
proofing tape manufacturer's written instructions, apply arc proofing as follows: 

1. Clean cable sheath. 
2. Wrap metallic cable components with 10 mil (250 micrometer) pipe-wrapping tape. 
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3. Smooth surface contours with electrical insulation putty. 
4. Apply arc-proofing tape in one half-lapped layer with coated side toward cable. 
5. Band arc-proofing tape with two layers of 1 inch (25 mm) wide half-lapped, adhesive, 

glass-cloth tape at each end of the arc-proof tape. 

K. Seal around cables passing through fire-rated elements according to Section 078413 
"Penetration Firestopping." 

L. Ground shields of shielded cable at one point only. Maintain shield continuity and connections 
to metal connection hardware at all connection points. 

M. Identify cables according to Section 260553 "Identification for Electrical Systems." Identify 
phase and circuit number of each conductor at each splice, termination, pull point, and junction 
box. Arrange identification so that it is unnecessary to move the cable or conductor to read the 
identification. 

3.2 FIELD QUALITY CONTROL 

A. Tests and Inspections: 

1. Perform each visual and mechanical inspection and electrical test stated in NETA ATS. 
Certify compliance with test parameters. 

2. After installing medium-voltage cables and before electrical circuitry has been energized, 
test for compliance with requirements. 

3. Perform direct-current High Potential test of each new conductor according to 
NETA ATS, Ch. 7.3.3. Do not exceed cable manufacturer's recommended maximum test 
voltage. 

B. Medium-voltage cables will be considered defective if they do not pass tests and inspections. 

C. Prepare test and inspection reports. 

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

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Building wires and cables rated 600 V and less. 
2. Connectors, splices, and terminations rated 600 V and less. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For testing agency. 

B. Field quality-control reports. 

1.5 QUALITY ASSURANCE 

A. Testing Agency Qualifications: Member company of NETA or an NRTL. 

1. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site testing. 

PART 2 - PRODUCTS 

2.1 CONDUCTORS AND CABLES 

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

1. Alcan Products Corporation; Alcan Cable Division. 
2. Alpha Wire. 
3. Belden Inc. 
4. Encore Wire Corporation. 
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5. General Cable Technologies Corporation. 
6. Southwire Incorporated. 

B. Copper Conductors: Comply with NEMA WC 70/ICEA S-95-658. 

C. Conductor Insulation: Comply with NEMA WC 70/ICEA S-95-658 for Type THHN-2-THWN-2, 
and Type SO. 

D. Multiconductor Cable: Comply with NEMA WC 70/ICEA S-95-658 for metal-clad cable, 
Type MC, with ground wire. 

2.2 CONNECTORS AND SPLICES 

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

1. AFC Cable Systems, Inc. 
2. Gardner Bender. 
3. Hubbell Power Systems, Inc. 
4. Ideal Industries, Inc. 
5. Ilsco; a branch of Bardes Corporation. 
6. NSi Industries LLC. 
7. O-Z/Gedney; a brand of the EGS Electrical Group. 
8. 3M; Electrical Markets Division. 
9. Tyco Electronics. 

B. Description: Factory-fabricated connectors and splices of size, ampacity rating, material, type, 
and class for application and service indicated. 

2.3 SYSTEM DESCRIPTION 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and application. 

B. Comply with NFPA 70. 

PART 3 - EXECUTION 

3.1 CONDUCTOR MATERIAL APPLICATIONS 

A. Feeders: Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.   

B. Branch Circuits: Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger. 
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3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND WIRING 
METHODS 

A. Exposed Feeders: Type THHN-2-THWN-2, single conductors in raceway. 

B. Feeders Concealed in Ceilings, Walls, and Partitions: Type THHN-2-THWN-2, single 
conductors in raceway. 

C. Exposed Branch Circuits, Including in Crawlspaces: Type THHN-2-THWN-2, single conductors 
in raceway. 

D. Branch Circuits Concealed in Ceilings, Walls, and Partitions: Type MC cable.  Homeruns may 
be type MC cable to the source panelboard in electrical rooms when the remainder of the circuit 
is type MC.Coordinate "Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and 
Underground" Paragraph below with Section 260543 "Underground Ducts and Raceways for 
Electrical Systems." 

3.3 INSTALLATION OF CONDUCTORS AND CABLES 

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

B. Complete raceway installation between conductor and cable termination points according to 
Section 260533 "Raceways and Boxes for Electrical Systems" prior to pulling conductors and 
cables. 

C. Use manufacturer-approved pulling compound or lubricant where necessary; compound used 
must not deteriorate conductor or insulation. Do not exceed manufacturer's recommended 
maximum pulling tensions and sidewall pressure values. 

D. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will 
not damage cables or raceway. 

E. Install exposed cables parallel and perpendicular to surfaces of exposed structural members, 
and follow surface contours where possible. 

F. Support cables according to Section 260529 "Hangers and Supports for Electrical Systems." 

3.4 CONNECTIONS 

A. Tighten electrical connectors and terminals according to manufacturer's published torque-
tightening values. If manufacturer's torque values are not indicated, use those specified in 
UL 486A-486B. 

B. Make splices, terminations, and taps that are compatible with conductor material and that 
possess equivalent or better mechanical strength and insulation ratings than unspliced 
conductors. 

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

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

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

3.6 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply 
with requirements in Section 260500 "Basic Electrical Materials and Methods." 

3.7 FIRESTOPPING 

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore 
original fire-resistance rating of assembly according to Section 07 "Fire-Resistive Joint 
Systems." 

3.8 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 

1. After installing conductors and cables and before electrical circuitry has been energized, 
test feeders for compliance with requirements. 

2. Perform each visual and mechanical inspection and electrical test stated in NETA 
Acceptance Testing Specification. Certify compliance with test parameters. 

B. Test and Inspection Reports: Prepare a written report to record the following: 

1. Procedures used. 
2. Results that comply with requirements. 
3. Results that do not comply with requirements and corrective action taken to achieve 

compliance with requirements. 

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

END OF SECTION  
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SECTION 26 05 26 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section includes grounding and bonding systems and equipment. 

1.3 ACTION SUBMITTALS 

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

1.4 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For grounding to include in emergency, operation, and 
maintenance manuals. 

1.6 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and application. 

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

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

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

1. Burndy; Part of Hubbell Electrical Systems. 
2. ERICO International Corporation. 



 

  

GAI Project No. 22082  © 2023 Gipe Associates, Inc. 
School of Technology – Chiller Replacement                                               GROUNDING AND BONDING 
Issued for Bid Submission – 11/02/2023                                                      FOR ELECTRICAL SYSTEMS 
                                                                                                                                                     26 05 26 - 2 

 

3. Fushi Copperweld Inc. 
4. Galvan Industries, Inc.; Electrical Products Division, LLC. 
5. Harger Lightning and Grounding. 
6. ILSCO. 
7. O-Z/Gedney; A Brand of the EGS Electrical Group. 

2.2 SYSTEM DESCRIPTION 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and application. 

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

2.3 CONDUCTORS 

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

B. Bare Copper Conductors: 

1. Solid Conductors: ASTM B 3. 
2. Stranded Conductors: ASTM B 8. 
3. Tinned Conductors: ASTM B 33. 
4. Bonding Cable: 28 kcmil, 14 strands of No. 17 AWG conductor, 1/4 inch (6 mm) in 

diameter. 
5. Bonding Conductor: No. 4 or No. 6 AWG, stranded conductor. 
6. Bonding Jumper: Copper tape, braided conductors terminated with copper ferrules; 1-5/8 

inches (41 mm) wide and 1/16 inch (1.6 mm) thick. 
7. Tinned Bonding Jumper: Tinned-copper tape, braided conductors terminated with copper 

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

2.4 CONNECTORS 

A. Listed and labeled by an NRTL acceptable to authorities having jurisdiction for applications in 
which used and for specific types, sizes, and combinations of conductors and other items 
connected. 

B. Bolted Connectors for Conductors and Pipes: Copper or copper alloy. 

C. Bus-Bar Connectors: Mechanical type, cast silicon bronze, solderless exothermic-type wire 
terminals, and long-barrel, two-bolt connection to ground bus bar. 

2.5 GROUNDING ELECTRODES 

A. Ground Rods:  Copper-clad steel, sectional type; 3/4-inch by10 feet (19 mm by 3 m) in 
diameter. 

B. Ground Plates: 1/4 inch (6 mm) thick, hot-dip galvanized. 
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PART 3 - EXECUTION 

3.1 APPLICATIONS 

A. Conductors: Install solid conductor for No. 10 AWG and smaller, and stranded conductors for 
No. 8 AWG and larger unless otherwise indicated. 

B. Conductor Terminations and Connections: 

1. Pipe and Equipment Grounding Conductor Terminations: Bolted connectors. 
2. Connections to Structural Steel: Welded connectors. 

3.2 EQUIPMENT GROUNDING 

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

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

3.3 INSTALLATION 

A. Grounding Conductors: Route along shortest and straightest paths possible unless otherwise 
indicated or required by Code. Avoid obstructing access or placing conductors where they may 
be subjected to strain, impact, or damage. 

B. Ground Rods:  Drive rods until tops are 30 inches (900 mm) below finished floor or final grade, 
unless otherwise indicated. 

1. Interconnect ground rods with grounding electrode conductor below grade and as 
otherwise indicated.  Make connections without exposing steel or damaging coating, if 
any. 

2. Use exothermic welds for all below-grade connections. 

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

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

2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports: Install 
bonding so vibration is not transmitted to rigidly mounted equipment. 

D. Grounding and Bonding for Piping: 

1. Bond each aboveground portion of gas piping system downstream from equipment 
shutoff valve. 
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3.4 FIELD QUALITY CONTROL 

A. Tests and Inspections: 

1. After installing grounding system but before permanent electrical circuits have been 
energized, test for compliance with requirements. 

2. Inspect physical and mechanical condition. Verify tightness of accessible, bolted, 
electrical connections with a calibrated torque wrench according to manufacturer's written 
instructions. 

3. Test completed grounding system at each location where a maximum ground-resistance 
level is specified, at service disconnect enclosure grounding terminal, at ground test wells 
and at individual ground rods.  Make tests at ground rods before any conductors are 
connected. 

a. Measure ground resistance not less than two full days after last trace of 
precipitation and without soil being moistened by any means other than natural 
drainage or seepage and without chemical treatment or other artificial means of 
reducing natural ground resistance. 

b. Perform tests by fall-of-potential method according to IEEE 81. 
 

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

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

C. Prepare test and inspection reports. 

D. Report measured ground resistances that exceed the following values: 
 
1. Power and Lighting Equipment or System:  5 ohms. 
2. Power Distribution Units or Panelboards Serving Electronic Equipment: 1 ohm. 
3. Substations and Pad-Mounted Equipment:  5 ohms. 
4. Manhole Grounds:  10 ohms. 

 
E. Excessive Ground Resistance:  If resistance to ground exceeds specified values, notify 

Architect promptly and include recommendations to reduce ground resistance. 

END OF SECTION  
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SECTION 26 05 29 - HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes the following: 

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

1.3 DEFINITIONS 

A. EMT: Electrical metallic tubing. 

B. IMC: Intermediate metal conduit. 

C. RMC: Rigid metal conduit. 

1.4 PERFORMANCE REQUIREMENTS 

A. Delegated Design: Design supports for multiple raceways, including comprehensive engineering 
analysis by a qualified professional engineer, using performance requirements and design 
criteria indicated. 

B. Rated Strength: Adequate in tension, shear, and pullout force to resist maximum loads 
calculated or imposed for this Project, with a minimum structural safety factor of five times the 
applied force. 

1.5 ACTION SUBMITTALS 

A. Product Data: For the following: 

1. Steel slotted support systems. 
2. Nonmetallic slotted support systems. 
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B. Shop Drawings: Signed and sealed by a qualified professional engineer. Show fabrication and 
installation details and include calculations for the following: 

1. Trapeze hangers. Include Product Data for components. 
2. Steel slotted channel systems. Include Product Data for components. 
3. Nonmetallic slotted channel systems. Include Product Data for components. 
4. Equipment supports. 

1.6 INFORMATIONAL SUBMITTALS 

A. Welding certificates. 

1.7 QUALITY ASSURANCE 

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

B. Comply with NFPA 70. 

1.8 COORDINATION 

A. Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. Concrete, 
reinforcement, and formwork requirements are specified together with concrete Specifications. 

B. Coordinate installation of roof curbs, equipment supports, and roof penetrations. These items 
are specified in Section for "Roof Accessories” under division 7. 

PART 2 - PRODUCTS 

2.1 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS 

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

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

a. Allied Tube & Conduit. 
b. Cooper B-Line, Inc. 
c. ERICO International Corporation. 
d. GS Metals Corp. 
e. Thomas & Betts Corporation. 
f. Unistrut; Atkore International. 
g. Wesanco, Inc. 
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2. Metallic Coatings: Hot-dip galvanized after fabrication and applied according to MFMA-4. 
3. Channel Dimensions: Selected for applicable load criteria. 

B. Raceway and Cable Supports: As described in NECA 1 and NECA 101. 

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

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

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

1. Mechanical-Expansion Anchors: Insert-wedge-type, zinc-coated steel, for use in 
hardened portland cement concrete with tension, shear, and pullout capacities 
appropriate for supported loads and building materials in which used. 

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

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

2. Concrete Inserts: Steel or malleable-iron, slotted support system units similar to MSS 
Type 18; complying with MFMA-4 or MSS SP-58. 

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

4. Through Bolts: Structural type, hex head, and high strength. Comply with ASTM A 325. 
5. Toggle Bolts: All-steel springhead type. 
6. Hanger Rods: Threaded steel. 
7. No Powder driven fasteners. 

2.2 FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES 

A. Description: Welded or bolted, structural-steel shapes, shop or field fabricated to fit dimensions 
of supported equipment. 

B. Materials: Comply with requirements in Section 055000 "Metal Fabrications" for steel shapes 
and plates. 
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PART 3 - EXECUTION 

3.1 APPLICATION 

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

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

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

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

3.2 SUPPORT INSTALLATION 

A. Comply with NECA 1 and NECA 101 for installation requirements except as specified in this 
Article. 

B. Raceway Support Methods: In addition to methods described in NECA 1, EMT and RMC may 
be supported by openings through structure members, as permitted in NFPA 70. 

C. Strength of Support Assemblies: Where not indicated, select sizes of components so strength 
will be adequate to carry present and future static loads within specified loading limits. Minimum 
static design load used for strength determination shall be weight of supported components plus 
200 lb (90 kg). 

D. Mounting and Anchorage of Surface-Mounted Equipment and Components: Anchor and fasten 
electrical items and their supports to building structural elements by the following methods 
unless otherwise indicated by code: 

1. To Wood: Fasten with lag screws or through bolts. 
2. To New Concrete: Bolt to concrete inserts. 
3. To Masonry: Approved toggle-type bolts on hollow masonry units and expansion anchor 

fasteners on solid masonry units. 
4. To Existing Concrete: Expansion anchor fasteners. 
5. To Steel:Beam clamps (MSS Type 19, 21, 23, 25, or 27) complying with MSS SP-69. 
6. To Light Steel: Sheet metal screws. 
7. Items Mounted on Hollow Walls and Nonstructural Building Surfaces: Mount cabinets, 

panelboards, disconnect switches, control enclosures, pull and junction boxes, 
transformers, and other devices on slotted-channel racks attached to substrate by means 
that meet seismic-restraint strength and anchorage requirements. 

8. No Powder driven fasteners. 

E. Drill holes for expansion anchors in concrete at locations and to depths that avoid reinforcing 
bars. 
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3.3 CONCRETE BASES 

A. Construct concrete bases of dimensions indicated but not less than 4 inches (100 mm) larger in 
both directions than supported unit, and so anchors will be a minimum of 10 bolt diameters from 
edge of the base. 

B. Use 3000-psi (20.7-MPa), 28-day compressive-strength concrete. Concrete materials, 
reinforcement, and placement requirements are specified in Section 033000 "Cast-in-Place 
Concrete." 

C. Anchor equipment to concrete base. 

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

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

3.4 PAINTING 

A. Touchup: Clean field welds and abraded areas of shop paint. Paint exposed areas immediately 
after erecting hangers and supports. Use same materials as used for shop painting. Comply 
with SSPC-PA 1 requirements for touching up field-painted surfaces. 

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

B. Touchup: Comply with requirements in Section 09900 "Painting” for cleaning and touchup 
painting of field welds, bolted connections, and abraded areas of shop paint on miscellaneous 
metal. 

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

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

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Metal conduits, tubing, and fittings. 
2. Nonmetal conduits, tubing, and fittings. 
3. Metal wireways and auxiliary gutters. 
4. Boxes, enclosures, and cabinets. 

1.3 DEFINITIONS 

A. GRC: Galvanized rigid steel conduit. 

B. IMC: Intermediate metal conduit. 

1.4 ACTION SUBMITTALS 

A. Product Data: For surface raceways, wireways and fittings, floor boxes, hinged-cover 
enclosures, and cabinets. 

1.5 INFORMATIONAL SUBMITTALS 

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

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

common supports. 

B. Source quality-control reports. 
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PART 2 - PRODUCTS 

2.1 METAL CONDUITS, TUBING, AND FITTINGS 

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

1. AFC Cable Systems, Inc. 
2. Allied Tube & Conduit. 
3. Anamet Electrical, Inc. 
4. Electri-Flex Company. 
5. O-Z/Gedney. 
6. Picoma Industries. 
7. Republic Conduit. 
8. Robroy Industries. 
9. Southwire Company. 
10. Thomas & Betts Corporation. 
11. Western Tube and Conduit Corporation. 
12. Wheatland Tube Company. 
13. Steel City. 

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

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

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

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

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

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

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

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

a. Material: Steel. 
b. Type: compression. 

3. Expansion Fittings: PVC or steel to match conduit type, complying with UL 651, rated for 
environmental conditions where installed, and including flexible external bonding 
jumper. 

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

5. Fasten rigid steel conduit with threaded galvanized steel fittings, double locknuts, and 
insulated bushings. Insulated bushings shall be "O.Z. Gedney" type "B", or equal.  
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6. Fasten EMT conduit with "Concretight" or "Raintight" compression fittings made from 
galvanized steel or malleable iron. Fittings using set screw or indentations as a means 
of attachment or made from cast "white metal" are prohibited. All connectors shall have 
insulated throats.  

7. Fasten liquid-tight conduit with fittings incorporating a threaded ferrule, nylon sealing ring, 
and steel or malleable iron compression nut and body. Furnish Crouse Hinds metallic 
liquid-tight fittings, or equal.  

8. Fasten flexible metallic conduit with T&B "Tite-Bite" insulated connectors, or equal. 

I. Joint Compound for IMC, GRC: Approved, as defined in NFPA 70, by authorities having 
jurisdiction for use in conduit assemblies, and compounded for use to lubricate and protect 
threaded conduit joints from corrosion and to enhance their conductivity. 

2.2 NONMETALLIC CONDUITS, TUBING, AND FITTINGS 

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

1. AFC Cable Systems, Inc. 
2. Anamet Electrical, Inc. 
3. Arnco Corporation. 
4. CANTEX Inc. 
5. CertainTeed Corporation. 
6. Condux International, Inc. 
7. Electri-Flex Company. 
8. Kraloy. 
9. Lamson & Sessions; Carlon Electrical Products. 
10. Niedax-Kleinhuis USA, Inc. 
11. RACO; Hubbell. 
12. Thomas & Betts Corporation. 

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

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

D. LFNC: Comply with UL 1660. 

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

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

G. Solvent cements and adhesive primers shall comply with the testing and product requirements 
of the California Department of Health Services' "Standard Practice for the Testing of Volatile 
Organic Emissions from Various Sources Using Small-Scale Environmental Chambers." 
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2.3 METAL WIREWAYS AND AUXILIARY GUTTERS 

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

1. Cooper B-Line, Inc. 
2. Hoffman. 
3. Mono-Systems, Inc. 
4. Square D. 

B. Description: Sheet metal, complying with UL 870 and NEMA 250, Type 1 unless otherwise 
indicated, and sized according to NFPA 70. 

1. Metal wireways installed outdoors shall be listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application. 

C. Fittings and Accessories: Include covers, couplings, offsets, elbows, expansion joints, adapters, 
hold-down straps, end caps, and other fittings to match and mate with wireways as required for 
complete system. 

D. Wireway Covers: Hinged type unless otherwise indicated. 

E. Finish: Manufacturer's standard enamel finish. 

2.4 BOXES, ENCLOSURES, AND CABINETS 

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

1. Adalet. 
2. Cooper Technologies Company; Cooper Crouse-Hinds. 
3. EGS/Appleton Electric. 
4. Erickson Electrical Equipment Company. 
5. FSR Inc. 
6. Hoffman. 
7. Hubbell Incorporated. 
8. Kraloy. 
9. Milbank Manufacturing Co. 
10. Mono-Systems, Inc. 
11. O-Z/Gedney. 
12. RACO; Hubbell. 
13. Robroy Industries. 
14. Spring City Electrical Manufacturing Company. 
15. Stahlin Non-Metallic Enclosures. 
16. Thomas & Betts Corporation. 
17. Wiremold / Legrand. 

B. General Requirements for Boxes, Enclosures, and Cabinets: Boxes, enclosures, and cabinets 
installed in wet locations shall be listed for use in wet locations and shall be NEMA 4X. 
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C. Sheet Metal Outlet and Device Boxes: Comply with NEMA OS 1 and UL 514A. 

D. Cast-Metal Outlet and Device Boxes: Comply with NEMA FB 1, aluminum, Type FD, with 
gasketed cover. 

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

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

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

H. Gangable boxes are allowed. 

PART 3 - EXECUTION 

3.1 RACEWAY APPLICATION 

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

1. Exposed Conduit: GRC. 
2. Concealed Conduit, Aboveground: GRC. 
3. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment): LFMC. 
4. Boxes and Enclosures, Aboveground: NEMA 250, Type 4. 

B. Indoors: Apply raceway products as specified below unless otherwise indicated: 

1. Exposed, Not Subject to Physical Damage: EMT. 
2. Exposed and Subject to Severe Physical Damage: GRC. Includes raceways in the 

following locations: 
a. Mechanical rooms. 
b. Loading Dock Area. 

3. Concealed in Ceilings and Interior Walls and Partitions: EMT. 
4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment): LFMC. 
5. Damp or Wet Locations: GRC. 
6. Boxes and Enclosures: NEMA 250, Type 1, except use NEMA 250, Type 3R in damp or 

wet locations. 

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

D. Raceway Fittings: Compatible with raceways and suitable for use and location. 

1. Rigid and Intermediate Steel Conduit: Use threaded rigid steel conduit fittings unless 
otherwise indicated. Comply with NEMA FB 2.10. 

2. PVC Externally Coated, Rigid Steel Conduits: Use only fittings listed for use with this type 
of conduit. Patch and seal all joints, nicks, and scrapes in PVC coating after installing 
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conduits and fittings. Use sealant recommended by fitting manufacturer and apply in 
thickness and number of coats recommended by manufacturer. 

3. EMT: Use compression, steel fittings. Comply with NEMA FB 2.10. 
4. Flexible Conduit: Use only fittings listed for use with flexible conduit. Comply with 

NEMA FB 2.20. 

E. Do not install nonmetallic conduit where ambient temperature exceeds 120 deg F (49 deg C). 

3.2 INSTALLATION 

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

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

C. Complete raceway installation before starting conductor installation. 

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

E. Install no more than the equivalent of three 90-degree bends in any conduit run except for 
control wiring conduits, for which fewer bends are allowed. Support within 12 inches (300 mm) 
of changes in direction. 

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

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

H. Stub-ups to Above Recessed Ceilings: 

1. Use EMT, or RMC for raceways. 
2. Use a conduit bushing or insulated fitting to terminate stub-ups not terminated in hubs or 

in an enclosure. 

I. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions: Apply 
listed compound to threads of raceway and fittings before making up joints. Follow compound 
manufacturer's written instructions. 

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

K. Install raceways square to the enclosure and terminate at enclosures with locknuts. Install 
locknuts hand tight plus 1/4 turn more. 

L. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove coatings in 
the locknut area prior to assembling conduit to enclosure to assure a continuous ground path. 
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M. Cut conduit perpendicular to the length. For conduits 2-inch (53-mm) trade size and larger, use 
roll cutter or a guide to make cut straight and perpendicular to the length. 

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

O. Install raceway sealing fittings at accessible locations according to NFPA 70 and fill them with 
listed sealing compound. For concealed raceways, install each fitting in a flush steel box with a 
blank cover plate having a finish similar to that of adjacent plates or surfaces. Install raceway 
sealing fittings according to NFPA 70. 

P. Install devices to seal raceway interiors at accessible locations. Locate seals so no fittings or 
boxes are between the seal and the following changes of environments. Seal the interior of all 
raceways at the following points: 

1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated 
spaces. 

2. Where an underground service raceway enters a building or structure. 
3. Where otherwise required by NFPA 70. 

Q. Comply with manufacturer's written instructions for solvent welding RNC and fittings. 

R. Expansion-Joint Fittings: 

1. Install in each run of aboveground RNC that is located where environmental temperature 
change may exceed 30 deg F (17 deg C) and that has straight-run length that exceeds 
25 feet (7.6 m). Install in each run of aboveground RMC  and EMT conduit that is 
located where environmental temperature change may exceed 100 deg F (55 deg C) 
and that has straight-run length that exceeds 100 feet (30 m). 

2. Install type and quantity of fittings that accommodate temperature change listed for each 
of the following locations: 

a. Outdoor Locations Not Exposed to Direct Sunlight: 125 deg F (70 deg C) 
temperature change. 

b. Outdoor Locations Exposed to Direct Sunlight: 155 deg F (86 deg C) temperature 
change. 

c. Indoor Spaces Connected with Outdoors without Physical Separation: 125 deg F 
(70 deg C) temperature change. 

3. Install fitting(s) that provide expansion and contraction for at least 0.00041 inch per foot 
of length of straight run per deg F (0.06 mm per meter of length of straight run per deg 
C) of temperature change for PVC conduits. Install fitting(s) that provide expansion and 
contraction for at least 0.000078 inch per foot of length of straight run per deg F 
(0.0115 mm per meter of length of straight run per deg C) of temperature change for 
metal conduits. 
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4. Install expansion fittings at all locations where conduits cross building or structure 
expansion joints. 

5. Install each expansion-joint fitting with position, mounting, and piston setting selected 
according to manufacturer's written instructions for conditions at specific location at time 
of installation. Install conduit supports to allow for expansion movement. 

S. Flexible Conduit Connections: Comply with NEMA RV 3. Use a maximum of 72 inches (1830 
mm) of flexible conduit for recessed and semirecessed luminaires, equipment subject to 
vibration, noise transmission, or movement; and for transformers and motors. 

1. Use LFMC in damp or wet locations subject to severe physical damage. 
2. Use LFMC or LFNC in damp or wet locations not subject to severe physical damage. 

T. Mount boxes at heights indicated on Drawings. If mounting heights of boxes are not individually 
indicated, give priority to ADA requirements. Install boxes with height measured to center of box 
unless otherwise indicated. 

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

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

W. Support boxes of three gangs or more from more than one side by spanning two framing 
members or mounting on brackets specifically designed for the purpose. 

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

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

Z. Pulling lubricant shall be water based, no Yellow 77. 

3.3 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply 
with requirements in Division 26 Section "Basic Electrical Materials and Methods." 

3.4 FIRESTOPPING 

A. Install firestopping at penetrations of fire-rated floor and wall assemblies. Comply with 
requirements in Division 07 Section "Fire Resistive Joint Systems" 
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3.5 PROTECTION 

A. Protect coatings, finishes, and cabinets from damage and deterioration. 

1. Repair damage to galvanized finishes with zinc-rich paint recommended by 
manufacturer. 

END OF SECTION  
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SECTION 26 05 43 - UNDERGROUND DUCTS AND RACEWAYS FOR  

ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes the following: 

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

2. Handholes and boxes. 

B. Related Sections include the following: 

1. Division 26 Section "Raceways and Boxes for Electrical Systems" for raceway types. 

1.3 DEFINITION 

A. RNC:  Rigid nonmetallic conduit. 

B. Trafficways:  Locations where vehicular or pedestrian traffic is a normal course of events. 

1.4 REFERENCES 

A. The following references are useful in specifying underground ducts and utility structures. Other 
references may be needed for design purposes. 

American Association of State Highway and Transportation Officials 

AASHTO HB 17-2002 (Errata - 2005): Standard Specifications for Highway Bridges 

American National Standards Institute 

ANSI C80.1-2005: Electrical Rigid Steel Conduit (ERSC) 

ASTM International 

ASTM A 48/A 48M-03: Specification for Gray Iron Castings 

ASTM A 123/A 123M-02: Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and 
Steel Products 
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ASTM A 153/A 153M-05: Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware 

ASTM C 270-07a: Specification for Mortar for Unit Masonry 

ASTM C 387/C 387M-06a: Specification for Packaged, Dry, Combined Materials for Mortar and 
Concrete 

ASTM C 858-07: Specification for Underground Precast Concrete Utility Structures 

ASTM C 891-90 (Reapproved 2003): Practice for Installation of Underground Precast Concrete 
Utility Structures 

ASTM C 1037-85 (Reapproved 2002): Practice for Inspection of Underground Precast Concrete 
Utility Structures 

ASTM F 512-06: Specification for Smooth-Wall Poly(Vinyl Chloride) (PVC) Conduit and Fittings 
for Underground Installation 

Institute of Electrical and Electronics Engineers, Inc. 

IEEE C2-2007: National Electrical Safety Code 

International Organization for Standardization 

ISO 9000-2005: Quality Management Systems - Fundamentals and Vocabulary 

ISO 10012-2003: Measurement Management Systems - Requirements for Measurement Pro-
cesses and Measuring EquipmeNT 

National Electrical Manufacturers Association 

NEMA TC 2-2003: Electrical Polyvinyl Chloride (PVC) Tubing and Conduit 

NEMA TC 3-2004: Polyvinyl Chloride (PVC) Fittings for Use with Rigid PVC Conduit and Tub-
ing 

NEMA TC 6 & 8-2003: Polyvinyl Chloride (PVC) Plastic Utilities for Underground Installations 

NEMA TC 9-2004: Fittings for Polyvinyl Chloride (PVC) Plastic Utilities for Underground Instal-
lation 

NFPA 

NFPA 70-2008: National Electrical Code 

Society of Cable Telecommunications Engineers 

SCTE 77-2007: Specification for Underground Enclosure Integrity (ANSI) 
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Underwriters Laboratories Inc. 

UL 514B-2004 (Rev. 2007): Conduit, Tubing, and Cable Fittings 

UL 651-2005 (Rev. 2007): Schedule 40 and 80 Rigid PVC Conduit and Fittings 

UL 651A-2000 (Rev. 2007): Type EB and A Rigid PVC Conduit and HDPE Conduit 

1.5 SUBMITTALS 

A. Product Data:  For the following: 

1. Duct-bank materials, including separators and miscellaneous components. 

2. Ducts and conduits and their accessories, including elbows, end bells, bends, fittings, 
and solvent cement. 

3. Accessories for manholes, handholes, boxes, and other utility structures. 

4. Warning tape. 

5. Warning planks. 

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

1. Duct entry provisions, including locations and duct sizes. 

2. Reinforcement details. 

3. Grounding details. 

4. Joint details. 

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

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

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

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

E. Source quality-control test reports. 

F. Field quality-control test reports. 
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1.6 QUALITY ASSURANCE 

A. Comply with ANSI C2. 

B. Comply with NFPA 70. 

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

1.7 DELIVERY, STORAGE, AND HANDLING 

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

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

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

1.8 PROJECT CONDITIONS 

A. Interruption of Existing Electrical Service:  Do not interrupt electrical service to facilities 
occupied by Owner or others unless permitted under the following conditions and then only after 
arranging to provide temporary electrical service according to requirements indicated: 

1. Notify Owner no fewer than seven days in advance of proposed interruption of electrical 
service. 

2. Do not proceed with interruption of electrical service without Owner's written permission. 

1.9 COORDINATION 

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

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

PART 2 - PRODUCTS 

2.1 CONDUIT 

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

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

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

1. ARNCO Corp. 

2. CertainTeed Corp.; Pipe & Plastics Group. 

3. Lamson & Sessions; Carlon Electrical Products. 

B. Underground Plastic Utilities Duct: NEMA TC 2, UL 651, ASTM F 512, Type EPC-80 and 
Type EPC-40, with matching fittings complying with NEMA TC 3 by same manufacturer as the 
duct.  

C. Duct Accessories: 

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

2. Warning Tape:  Underground-line warning tape specified in Division 26 Section 
"Identification for Electrical Systems." 

3. Concrete Warning Planks:  Nominal 12 by 24 by 3 inches (300 by 600 by 76 mm) in size, 
manufactured from 6000-psi (41-MPa) concrete. 

a. Color:  Red dye added to concrete during batching. 
b. Mark each plank with "ELECTRIC" in 2-inch- (50-mm-) high, 3/8-inch- (10-mm-) 

deep letters. 
2.3 PRECAST CONCRETE HANDHOLES AND BOXES 

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

1. Carder Concrete Products. 

2. Utility Concrete Products, LLC. 

3. Utility Vault Co. 

B. Comply with ASTM C 858 for design and manufacturing processes. 

C. Description:  Factory-fabricated, reinforced-concrete, monolithically poured walls and bottom.  
Frame and cover shall form top of enclosure and shall have load rating consistent with that of 
handhole or box. 

1. Frame and Cover:  Weatherproof cast-iron frame, with cast-iron cover with recessed 
cover hook eyes and tamper-resistant, captive, cover-securing bolts. 
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2. Cover Finish:  Nonskid finish shall have a minimum coefficient of friction of 0.50. 

3. Cover Legend:  Molded lettering, "ELECTRIC." and "TELEPHONE." 

4. Configuration:  Units shall be designed for flush burial and have closed bottom, unless 
otherwise indicated. 

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

a. Windows shall be located no less than 6 inches (150 mm) from interior surfaces of 
walls, floors, or frames and covers of handholes, but close enough to corners to 
facilitate racking of cables on walls. 

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

c. Window openings shall be framed with at least two additional No. 4 steel 
reinforcing bars in concrete around each opening. 

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

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

interior corners of handholes to facilitate racking of cable. 

7. Handholes 12 inches wide by 24 inches long (300 mm wide by 600 mm long)  and larger 
shall have inserts for cable racks and pulling-in irons installed before concrete is poured. 

2.4 SOURCE QUALITY CONTROL 

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

PART 3 - EXECUTION 

3.1 UNDERGROUND DUCT APPLICATION 

A. Ducts for Electrical Cables Over 600 V:  RNC, NEMA Type EPC-40 PVC, in concrete-encased 
duct bank. 

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

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

D. Underground Ducts for Telephone, Communications, or Data Utility Service Cables:  RNC, 
NEMA Type EPC-40-PVC, in concrete-encased duct bank. 
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3.2 UNDERGROUND ENCLOSURE APPLICATION 

A. Handholes and Boxes for 600 V and Less, Including Telephone, Communications, and Data 
Wiring: 

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

2. Units in Driveway, Parking Lot, and Off-Roadway Locations, Subject to Occasional, 
Nondeliberate Loading by Heavy Vehicles:  Precast concrete, AASHTO HB 17, H-20 
structural load rating. 

3. Units in Sidewalk and Similar Applications with a Safety Factor for Nondeliberate Loading 
by Vehicles:  Precast concrete, AASHTO HB 17, H-10 structural load rating. 

B. Manholes:  Precast concrete. 

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

3.3 EARTHWORK 

A. Excavation and Backfill:  Comply with Division 31 Section "Earth Moving," but do not use heavy-
duty, hydraulic-operated, compaction equipment. 

B. Restore surface features at areas disturbed by excavation and reestablish original grades, 
unless otherwise indicated.  Replace removed sod immediately after backfilling is completed. 

C. Restore areas disturbed by trenching, storing of dirt, cable laying, and other work.  Restore 
vegetation and include necessary topsoiling, fertilizing, liming, seeding, sodding, sprigging, and 
mulching.  Comply with Division 32 Sections "Turf and Grasses" and "Plants." 

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

3.4 DUCT INSTALLATION 

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

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

C. Joints:  Use solvent-cemented joints in ducts and fittings and make watertight according to 
manufacturer's written instructions.  Stagger couplings so those of adjacent ducts do not lie in 
same plane. 
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D. Duct Entrances to Manholes and Concrete and Polymer Concrete Handholes:  Use end bells, 
spaced approximately 10 inches (250 mm) o.c. for 5-inch (125-mm) ducts, and vary 
proportionately for other duct sizes. 

1. Begin change from regular spacing to end-bell spacing 10 feet (3 m) from the end bell 
without reducing duct line slope and without forming a trap in the line. 

2. Grout entrances in structure walls from both sides to provide watertight entrances. 

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

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

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

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

1. Separator Installation:  Space separators close enough to prevent sagging and deforming 
of ducts, with not less than 5 spacers per 20 feet (6 m) of duct.  Secure separators to 
earth and to ducts to prevent floating during concreting.  Stagger separators 
approximately 6 inches (150 mm) between tiers.  Tie entire assembly together using 
fabric straps; do not use tie wires or reinforcing steel that may form conductive or 
magnetic loops around ducts or duct groups. 

2. Concreting Sequence:  Pour each run of envelope between manholes or other 
terminations in one continuous operation. 

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

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

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

4. Reinforcement:  Reinforce concrete-encased duct banks where they cross disturbed 
earth and paved areas.  Arrange reinforcing rods and ties without forming conductive or 
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magnetic loops around ducts or duct groups.  Do not reinforce ductbanks used for BGE 
wiring. 

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

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

7. Depth:  Install top of duct bank at least 36 inches (750 mm) below finished grade in 
deliberate traffic paths for vehicles, unless otherwise indicated. 

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

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

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

9. Warning Tape:  Bury warning tape approximately 12 inches (300 mm) above all concrete-
encased ducts and duct banks.  Align tape parallel to and within 3 inches (75 mm) of the 
centerline of duct bank.  Provide an additional warning tape for each 12-inch (300-mm) 
increment of duct-bank width over a nominal 18 inches (450 mm).  Space additional 
tapes 12 inches (300 mm) apart, horizontally. 

3.5 INSTALLATION OF CONCRETE MANHOLES, HANDHOLES, AND BOXES 

A. Precast Concrete Handhole Installation: 

1. Comply with ASTM C 891, unless otherwise indicated. 

2. Install units level and plumb and with orientation and depth coordinated with connecting 
ducts to minimize bends and deflections required for proper entrances. 

3. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, 
graded from 1-inch (25-mm) sieve to No. 4 (4.75-mm) sieve and compacted to same 
density as adjacent undisturbed earth. 

B. Field-Installed Bolting Anchors in Manholes and Concrete Handholes:  Do not drill deeper than 
3-7/8 inches (98 mm) for manholes and 2 inches (50 mm) for handholes, for anchor bolts 
installed in the field.  Use a minimum of two anchors for each cable stanchion. 

C. Warning Sign:  Install "Confined Space Hazard" warning sign on the inside surface of each 
manhole cover. 
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3.6 GROUNDING 

A. Ground underground ducts and utility structures according to Division 26 Section "Grounding 
and Bonding for Electrical Systems." 

3.7 FIELD QUALITY CONTROL 

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

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

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

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

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

3.8 CLEANING 

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

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

END OF SECTION 
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SECTION 26 05 53 - IDENTIFICATION FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Identification for raceways. 
2. Identification of power and control cables. 
3. Identification for conductors. 
4. Equipment identification labels. 
5. Miscellaneous identification products. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each electrical identification product indicated. 

1.4 QUALITY ASSURANCE 

A. Comply with ANSI A13.1 and IEEE C2. 

B. Comply with NFPA 70. 

C. Comply with 29 CFR 1910.144 and 29 CFR 1910.145. 

D. Comply with ANSI Z535.4 for safety signs and labels. 

E. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks 
used by label printers, shall comply with UL 969. 

1.5 COORDINATION 

A. Coordinate identification names, abbreviations, colors, and other features with requirements in 
other Sections requiring identification applications, Drawings, Shop Drawings, manufacturer's 
wiring diagrams, and the Operation and Maintenance Manual; and with those required by 
codes, standards, and 29 CFR 1910.145. Use consistent designations throughout Project. 

B. Coordinate installation of identifying devices with completion of covering and painting of 
surfaces where devices are to be applied. 
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C. Coordinate installation of identifying devices with location of access panels and doors. 

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

PART 2 - PRODUCTS 

2.1 POWER AND CONTROL RACEWAY IDENTIFICATION MATERIALS 

A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of color 
field for each raceway size. 

B. Colors for Raceways Carrying Circuits at 600 V or Less: 

1. Black letters on an orange field for normal power feeders, black letters on a yellow field 
for emergency power feeders. 

2. Legend: Indicate voltage and system or service type. 

C. Snap-Around Labels for Raceways Carrying Circuits at 600 V or Less: Slit, pretensioned, 
flexible, preprinted, color-coded acrylic sleeve, with diameter sized to suit diameter of raceway 
or cable it identifies and to stay in place by gripping action. 

2.2 ARMORED AND METAL-CLAD CABLE IDENTIFICATION MATERIALS 

A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of color 
field for each cable size. 

B. Colors for Cables Carrying Circuits at 600 V and Less: 

1. Black letters on an orange field for normal power feeders, black letters on a yellow field 
for emergency power feeders. 

2. Legend: Indicate voltage and system or service type. 

C. Self-Adhesive Vinyl Tape: Colored, heavy duty, waterproof, fade resistant; 2 inches (50 mm) 
wide; compounded for outdoor use. 

2.3 POWER AND CONTROL CABLE IDENTIFICATION MATERIALS 

A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of color 
field for each cable size. 

B. Snap-Around Labels: Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with 
diameter sized to suit diameter of cable it identifies and to stay in place by gripping action. 

2.4 CONDUCTOR IDENTIFICATION MATERIALS 

A. Color-Coding Conductor Tape: Colored, self-adhesive vinyl tape not less than 3 mils (0.08 mm) 
thick by 1 to 2 inches (25 to 50 mm) wide. 
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2.5 EQUIPMENT IDENTIFICATION LABELS 

A. Engraved, Laminated Acrylic or Melamine Label: Punched or drilled for screw mounting. White 
letters on a dark-gray background. Minimum letter height shall be 3/8 inch (10 mm). 

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

2.6 CABLE TIES 

A. General-Purpose Cable Ties: Fungus inert, self extinguishing, one piece, self locking, Type 6/6 
nylon. 

1. Minimum Width: 3/16 inch (5 mm). 
2. Tensile Strength at 73 deg F (23 deg C), According to ASTM D 638: 12,000 psi (82.7 

MPa). 
3. Temperature Range: Minus 40 to plus 185 deg F (Minus 40 to plus 85 deg C). 
4. Color: Black except where used for color-coding. 

B. UV-Stabilized Cable Ties: Fungus inert, designed for continuous exposure to exterior sunlight, 
self extinguishing, one piece, self locking, Type 6/6 nylon. 

1. Minimum Width: 3/16 inch (5 mm). 
2. Tensile Strength at 73 deg F (23 deg C), According to ASTM D 638: 12,000 psi (82.7 

MPa). 
3. Temperature Range: Minus 40 to plus 185 deg F (Minus 40 to plus 85 deg C). 
4. Color: Black. 

C. Plenum-Rated Cable Ties: Self extinguishing, UV stabilized, one piece, self locking. 

1. Minimum Width: 3/16 inch (5 mm). 
2. Tensile Strength at 73 deg F ((23 deg C)), According to ASTM D 638: 7000 psi (48.2 

MPa). 
3. UL 94 Flame Rating: 94V-0. 
4. Temperature Range: Minus 50 to plus 284 deg F (Minus 46 to plus 140 deg C). 
5. Color: Black. 

2.7 MISCELLANEOUS IDENTIFICATION PRODUCTS 

A. Paint: Comply with requirements in painting Sections for paint materials and application 
requirements. Select paint system applicable for surface material and location (exterior or 
interior). 

B. Fasteners for Labels and Signs: Self-tapping, stainless-steel screws or stainless-steel machine 
screws with nuts and flat and lock washers. 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

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

B. Location: Install identification materials and devices at locations for most convenient viewing 
without interference with operation and maintenance of equipment. 

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

D. Self-Adhesive Identification Products: Clean surfaces before application, using materials and 
methods recommended by manufacturer of identification device. 

E. Attach signs and plastic labels that are not self-adhesive type with mechanical fasteners 
appropriate to the location and substrate. 

F. System Identification Color-Coding Bands for Raceways and Cables: Each color-coding band 
shall completely encircle cable or conduit. Place adjacent bands of two-color markings in 
contact, side by side. Locate bands at changes in direction, at penetrations of walls and floors, 
at 50-foot (15-m) maximum intervals in straight runs, and at 25-foot (7.6-m) maximum intervals 
in congested areas. 

G. Cable Ties: For attaching tags. Use general-purpose type, except as listed below: 

1. Outdoors: UV-stabilized nylon. 
2. In Spaces Handling Environmental Air: Plenum rated. 

H. Painted Identification: Comply with requirements in painting Sections for surface preparation 
and paint application. 

3.2 IDENTIFICATION SCHEDULE 

A. Accessible Raceways and Metal-Clad Cables, 600 V or Less, for Service, Feeder, and Branch 
Circuits More Than 50A, and 120 V to ground: Identify with snap around label applied in bands. 
Install labels at 10-foot (3-m) maximum intervals. 

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

1. Fire Alarm System – Red. 

C. Power-Circuit Conductor Identification, 600 V or Less: For conductors in pull and junction 
boxes, use color-coding conductor tape to identify the phase. 

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

a. Color shall be factory applied or field applied for sizes larger than No. 8 AWG, if 
authorities having jurisdiction permit. 
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b. Colors for 208/120-V Circuits: 

1) Phase A: Black. 
2) Phase B: Red. 
3) Phase C: Blue. 

c. Colors for 480/277-V Circuits: 

1) Phase A: Brown. 
2) Phase B: Orange. 
3) Phase C: Yellow. 

d. All control wiring shall be color coded when using wires of different color from the 
type used to designate phase wires. 

e. Field-Applied, Color-Coding Conductor Tape: Apply in half-lapped turns for a 
minimum distance of 6 inches (150 mm) from terminal points and in boxes where 
splices or taps are made. Apply last two turns of tape with no tension to prevent 
possible unwinding. Locate bands to avoid obscuring factory cable markings. 

D. Power-Circuit Conductor Identification, More than 600 V: For conductors in vaults, pull and 
junction boxes, manholes, and handholes, use nonmetallic plastic tag holder with adhesive-
backed phase tags, and a separate tag with the circuit designation. 

E. Install instructional sign including the color-code for grounded and ungrounded conductors 
using adhesive-film-type labels. 

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

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

H. Conductors to Be Extended in the Future: Attach marker tape to conductors and list source. 

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

1. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, and 
pull points. Identify by system and circuit designation. 

2. Use system of marker tape designations that is uniform and consistent with system used 
by manufacturer for factory-installed connections. 

3. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and the 
Operation and Maintenance Manual. 

J. Workspace Indication: Install floor marking tape to show working clearances in the direction of 
access to live parts. Workspace shall be as required by NFPA 70 and 29 CFR 1926.403 unless 
otherwise indicated. Do not install at flush-mounted panelboards and similar equipment in 
finished spaces. 

K. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting: Baked-
enamel warning signs or Metal-backed, butyrate warning signs. 
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1. Comply with 29 CFR 1910.145. 
2. Identify system voltage with black letters on an orange background. 
3. Apply to exterior of door, cover, or other access. 
4. For equipment with multiple power or control sources, apply to door or cover of 

equipment including, but not limited to, the following: 

a. Power transfer switches. 
b. Controls with external control power connections. 

L. Emergency Operating Instruction Signs: Install instruction signs with white legend on a red 
background with minimum 3/8-inch- (10-mm-) high letters for emergency instructions at 
equipment used for power transfer. 

M. Equipment Identification Labels: On each unit of equipment, install unique designation label that 
is consistent with wiring diagrams, schedules, and the Operation and Maintenance Manual. 
Apply labels to disconnect switches and protection equipment, central or master units, control 
panels, control stations, terminal cabinets, and racks of each system. Systems include power, 
lighting, control, communication, signal, monitoring, and alarm systems unless equipment is 
provided with its own identification. 

1. Labeling Instructions: 

a. Indoor Equipment: Engraved, laminated acrylic or melamine label. Unless 
otherwise indicated, provide a single line of text with 1/2-inch- (13-mm-) high 
letters on 1-1/2-inch- (38-mm-) high label; where two lines of text are required, use 
labels 2 inches (50 mm) high. 

b. Outdoor Equipment: Engraved, laminated acrylic or melamine label. 
c. Elevated Components: Increase sizes of labels and letters to those appropriate for 

viewing from the floor. 
d. Unless provided with self-adhesive means of attachment, fasten labels with 

appropriate mechanical fasteners that do not change the NEMA or NRTL rating of 
the enclosure. 

2. Equipment to Be Labeled: 

a. Panelboards: Typewritten directory of circuits in the location provided by 
panelboard manufacturer. Panelboard identification shall be engraved, laminated 
acrylic or melamine label,  “Panel (designation), Served from (designation).”  

b. Enclosures and electrical cabinets. 
c. Transformers: Label that includes tag designation shown on Drawings for the 

transformer, feeder, and panelboards or equipment supplied by the secondary. 
d. Enclosed switches. 
e. Enclosed circuit breakers. 
f. Enclosed controllers. 
g. Variable-speed controllers. 
h. Push-button stations. 
i. Contactors. 
j. Monitoring and control equipment. 

END OF SECTION 
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SECTION 26 05 74 - OVERCURRENT PROTECTIVE DEVICE ARC-FLASH STUDY 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section includes a computer-based, arc-flash study to determine the arc-flash hazard distance 
and the incident energy to which personnel could be exposed during work on or near electrical 
equipment. 

1.3 DEFINITIONS 

A. Existing to Remain: Existing items of construction that are not to be removed and that are not 
otherwise indicated to be removed, removed and salvaged, or removed and reinstalled. 

B. One-Line Diagram: A diagram which shows, by means of single lines and graphic symbols, the 
course of an electric circuit or system of circuits and the component devices or parts used 
therein. 

C. Protective Device: A device that senses when an abnormal current flow exists and then 
removes the affected portion from the system. 

D. SCCR: Short-circuit current rating. 

E. Service: The conductors and equipment for delivering electric energy from the serving utility to 
the wiring system of the premises served. 

1.4 ACTION SUBMITTALS 

A. Product Data: For computer software program to be used for studies. 

B. Other Action Submittals: Submit the following submittals after the approval of system protective 
devices submittals. Submittals may be in digital form. 

1. Arc-flash study input data, including completed computer program input data sheets. 
2. Arc-flash study report; signed, dated, and sealed by a qualified professional engineer. 

a. Submit study report for action prior to receiving final approval of the distribution 
equipment submittals. If formal completion of studies will cause delay in equipment 
manufacturing, obtain approval from Architect for preliminary submittal of sufficient 
study data to ensure that the selection of devices and associated characteristics is 
satisfactory. 
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1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For Arc-Flash Study Specialist. 

B. Product Certificates: For arc-flash hazard analysis software, certifying compliance with 
IEEE 1584 and NFPA 70E. 

1.6 CLOSEOUT SUBMITTALS 

A. Maintenance procedures according to requirements in NFPA 70E shall be provided in the 
equipment manuals. 

B. Operation and Maintenance Procedures: In addition to items specified in Division 01 Section 
"Operation and Maintenance Data," provide maintenance procedures for use by Owner's 
personnel that comply with requirements in NFPA 70E. 

1.7 QUALITY ASSURANCE 

A. Studies shall use computer programs that are distributed nationally and are in wide use. 
Software algorithms shall comply with requirements of standards and guides specified in this 
Section. Manual calculations are unacceptable. 

B. Arc-Flash Study Software Developer Qualifications: An entity that owns and markets computer 
software used for studies, having performed successful studies of similar magnitude on 
electrical distribution systems using similar devices. 

1. The computer program shall be developed under the charge of a licensed professional 
engineer who holds IEEE Computer Society's Certified Software Development 
Professional certification. 

C. Arc-Flash Study Specialist Qualifications: Professional engineer in charge of performing the 
study, analyzing the arc flash, and documenting recommendations, licensed in the state where 
Project is located. All elements of the study shall be performed under the direct supervision and 
control of this professional engineer. 

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

PART 2 - PRODUCTS 

2.1 COMPUTER SOFTWARE 

A. Software: Subject to compliance with requirements, available software developers offering 
software that may be used for the Work include, but are not limited to, the following]: 

1. ESA Inc. 
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2. Operation Technology, Inc. 

3. Power Analytics, Corporation. 

4. SKM Systems Analysis, Inc. 

B. Comply with IEEE 1584 and NFPA 70E. 

C. Analytical features of device coordination study computer software program shall have the 
capability to calculate "mandatory," "very desirable," and "desirable" features as listed in 
IEEE 399. 

2.2 SHORT-CIRCUIT STUDY REPORT CONTENT 

A. Executive summary. 

B. Study descriptions, purpose, basis and scope. 

C. One-line diagram, showing the following: 

1. Protective device designations and ampere ratings. 

2. Cable size and lengths. 

3. Transformer kilovolt ampere (kVA) and voltage ratings. 

4. Motor and generator designations and kVA ratings. 

5. Switchgear, switchboard, motor-control center and panelboard designations. 

D. Study Input Data: As described in "Power System Data" Article. 

E. Short-Circuit Study Output: 

1. Interrupting Duty Report: Three-phase and unbalanced fault calculations, showing the 
following for each overcurrent device location: 

a. Voltage. 
b. Calculated symmetrical fault-current magnitude and angle. 
c. Fault-point X/R ratio. 
d. No AC Decrement (NACD) ratio. 
e. Equivalent impedance. 
f. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a symmetrical 

basis. 
g. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a total basis. 

F. Incident Energy and Flash Protection Boundary Calculations: 

1. Arcing fault magnitude. 
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2. Protective device clearing time. 

3. Duration of arc. 

4. Arc-flash boundary. 

5. Working distance. 

6. Incident energy. 

7. Hazard risk category. 

8. Recommendations for arc-flash energy reduction. 

G. Fault study input data, case descriptions, and fault-current calculations including a definition of 
terms and guide for interpretation of the computer printout. 

2.3 ARC-FLASH WARNING LABELS 

A. Comply with requirements in Section 260553 "Identification for Electrical Systems." Produce a 
3.5-by-5-inch thermal transfer label of high-adhesion polyester for each work location included 
in the analysis. 

B. The label shall have an orange header with the wording, "WARNING, ARC-FLASH HAZARD," 
and shall include the following information taken directly from the arc-flash hazard analysis: 

1. Location designation. 

2. Nominal voltage. 

3. Flash protection boundary. 

4. Hazard risk category. 

5. Incident energy. 

6. Working distance. 

7. Engineering report number, revision number, and issue date. 

C. Labels shall be machine printed, with no field-applied markings. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine Project overcurrent protective device submittals. Proceed with arc-flash study only 
after relevant equipment submittals have been assembled. Overcurrent protective devices that 
have not been submitted and approved prior to arc-flash study may not be used in study. 
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3.2 SHORT-CIRCUIT STUDY 

A. Perform study following the general study procedures contained in IEEE 399. 

B. Calculate short-circuit currents according to IEEE 551. 

C. Base study on the device characteristics supplied by device manufacturer. 

D. The extent of the electrical power system to be studied is indicated on Drawings. 

E. Begin analysis at the service, extending down to the system overcurrent protective devices as 
follows: 

1. To normal system low-voltage load buses where fault current is 10 kA or less. 

F. Study electrical distribution system from normal and alternate power sources throughout 
electrical distribution system for Project. Include studies of system-switching configurations and 
alternate operations that could result in maximum fault conditions. 

G. The calculations shall include the ac fault-current decay from induction motors, synchronous 
motors, and asynchronous generators and shall apply to low- and medium-voltage, three-phase 
ac systems. 

H. Calculate short-circuit momentary and interrupting duties for a three-phase bolted fault and 
single line-to-ground fault at each of the following: 

1. Electric utility's supply termination point. 

2. Main Distribution Panel. 

3. Branch circuit panelboards. 

3.3 ARC-FLASH HAZARD ANALYSIS 

A. Comply with NFPA 70E and its Annex D for hazard analysis study. 

B. Use the short-circuit study output and the field-verified settings of the overcurrent devices. 

C. Calculate maximum and minimum contributions of fault-current size. 

1. The minimum calculation shall assume that the utility contribution is at a minimum and 
shall assume no motor load. 

2. The maximum calculation shall assume a maximum contribution from the utility and shall 
assume motors to be operating under full-load conditions. 

D. Calculate the arc-flash protection boundary and incident energy at locations in the electrical 
distribution system where personnel could perform work on energized parts. 



 

 

 

GAI Project No. 22082  © 2023 Gipe Associates, Inc. 
School of Technology – Chiller Replacement  OVERCURRENT PROTECTIVE DEVICE 

Issued for Bid Submission – 11/02/2023                                                                      ARC-FLASH STUDY        
                                                                                                                                                    26 05 74 - 6 

 
 

E. Include medium- and low-voltage equipment locations, except 208-V ac systems fed from 
transformers less than 125 kVA. 

F. Safe working distances shall be specified for calculated fault locations based on the calculated 
arc-flash boundary, considering incident energy of 1.2 cal/sq.cm. 

G. Incident energy calculations shall consider the accumulation of energy over time when 
performing arc-flash calculations on buses with multiple sources. Iterative calculations shall take 
into account the changing current contributions, as the sources are interrupted or decremented 
with time. Fault contribution from motors and generators shall be decremented as follows: 

1. Fault contribution from induction motors should not be considered beyond three to five 
cycles. 

2. Fault contribution from synchronous motors and generators should be decayed to match 
the actual decrement of each as closely as possible (e.g., contributions from permanent 
magnet generators will typically decay from 10 per unit to three per unit after 10 cycles). 

H. Arc-flash computation shall include both line and load side of a circuit breaker as follows: 

1. When the circuit breaker is in a separate enclosure. 

2. When the line terminals of the circuit breaker are separate from the work location. 

I. Base arc-flash calculations on actual overcurrent protective device clearing time. Cap maximum 
clearing time at two seconds based on IEEE 1584, Section B.1.2. 

3.4 POWER SYSTEM DATA 

A. Obtain all data necessary for the conduct of the arc-flash hazard analysis. 

1. Verify completeness of data supplied on the one-line diagram on Drawings. Call 
discrepancies to the attention of Architect. 

2. For new equipment, use characteristics submitted under the provisions of action 
submittals and information submittals for this Project. 

3. For existing equipment, whether or not relocated, obtain required electrical distribution 
system data by field investigation and surveys, conducted by qualified technicians and 
engineers. 

B. Gather and tabulate the following input data to support coordination study. Comply with 
recommendations in IEEE 1584 and NFPA 70E as to the amount of detail that is required to be 
acquired in the field. Field data gathering shall be under the direct supervision and control of the 
engineer in charge of performing the study, and shall be by the engineer or its representative 
who holds NETA ETT Level III certification or NICET Electrical Power Testing Level III 
certification. 

1. Product Data for overcurrent protective devices specified in other Sections and involved 
in overcurrent protective device coordination studies. Use equipment designation tags 
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that are consistent with electrical distribution system diagrams, overcurrent protective 
device submittals, input and output data, and recommended device settings. 

2. Obtain electrical power utility impedance at the service. 

3. Power sources and ties. 

4. For transformers, include kVA, primary and secondary voltages, connection type, 
impedance, X/R ratio, taps measured in per cent, and phase shift. 

5. For reactors, provide manufacturer and model designation, voltage rating and 
impedance. 

6. For circuit breakers and fuses, provide manufacturer and model designation. List type of 
breaker, type of trip and available range of settings, SCCR, current rating, and breaker 
settings. 

7. Generator short-circuit current contribution data, including short-circuit reactance, rated 
kVA, rated voltage, and X/R ratio. 

8. For relays, provide manufacturer and model designation, current transformer ratios, 
potential transformer ratios, and relay settings. 

9. Busway manufacturer and model designation, current rating, impedance, lengths, and 
conductor material. 

10. Motor horsepower and NEMA MG 1 code letter designation. 

11. Low-voltage cable sizes, lengths, number, conductor material and conduit material 
(magnetic or nonmagnetic). 

12. Medium-voltage cable sizes, lengths, conductor material, and cable construction and 
metallic shield performance parameters. 

3.5 LABELING 

A. Apply one arc-flash label for each of the following locations: 
 

1. Main distribution panel 

2. Branch Circuit Panelboards 

3. Disconnect Switches 

4. Control panel. 

3.6 APPLICATION OF WARNING LABELS 

A. Install the arc-fault warning labels under the direct supervision and control of the Arc-Flash 
Study Specialist. 
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3.7 DEMONSTRATION 

A. Engage the Arc-Flash Study Specialist to train Owner's maintenance personnel in the potential 
arc-flash hazards associated with working on energized equipment and the significance of the 
arc-flash warning labels. 

END OF SECTION 
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SECTION 26 11 16.12 - SECONDARY UNIT SUBSTATIONS WITH SWITCHBOARD SECONDARY 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Manufactured units. 
2. Medium-voltage terminal compartment section. 
3. Medium-voltage metal-enclosed switchgear section. 
4. Dry-type transformer section. 
5. Secondary distribution section switchboard. 
6. Low-voltage instruments section. 
7. Identification devices. 

B. Related Requirements: 

1. Section 260513 "Medium-Voltage Cables" for requirements for terminating cables in 
incoming section of substation. 

1.3 DEFINITIONS 

A. ICCB: Insulated-case circuit breaker. 

B. MCCB: Molded-case circuit breaker. 

C. NETA ATS: Acceptance testing specification. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include rated capacities, operating characteristics, and furnished specialties and 
accessories. 
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B. Shop Drawings: Detail equipment assemblies and indicate dimensions, weights, loads, required 
clearances, method of field assembly, components, and location and size of each field 
connection. 

1. Wiring Diagrams: Power, signal, and control wiring. 
2. Dimensioned plans and elevations showing major components and features. 

a. Include a plan view and cross section of equipment base, showing clearances, 
manufacturer's recommended workspace that accounts for breaker service and 
removal, and locations of penetrations for grounding and conduits. 

3. One-line diagram. 
4. List of materials. 
5. Nameplate legends. 
6. The material, size and number of bus bars, and current rating for each bus, including 

mains and branches of phase, neutral, and ground buses. 
7. Short-time and short-circuit current ratings of secondary unit substations and 

components. 
8. Ratings of individual protective devices. 

C. Design Data: 

1. Time-Current Characteristic Curves: For overcurrent protective devices. 
2. Primary Fuses: Submit recommendations and size calculations. 

1.5 INFORMATIONAL SUBMITTALS 

A. Product Certificates: For secondary unit substations, signed by product manufacturer. 

B. Factory test reports. 

C. Field quality-control reports. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Deliver in shipping splits in sizes that can be moved past obstructions in delivery path. 

B. Coordinate delivery of secondary unit substations to allow movement into designated space. 

C. Store secondary unit substation components protected from weather and so condensation will 
not form on or in units. Provide temporary heating in accordance with manufacturer's 
instructions. 

D. Handle secondary unit substation components in accordance with manufacturer's instructions. 
Use factory-installed lifting provisions. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Basis-of-Design: Square D; a brand of Schneider Electric.  Subject to compliance with 
requirements, provide product by one of the following: 

1. Eaton Electrical Inc.; Cutler Hammer Business Unit 

2. Siemens Energy & Automation, Inc. 

3. ABB-GE Electrification Equipment 

2.2 SYSTEM DESCRIPTION 

A. Description: Medium-voltage, primary incoming section; transformer section; and low-voltage 
secondary switchgear section; and including coordinated circuit breakers, fusible switches, and 
metering components. 

B. Electrical Components, Devices, and Accessories: Listed and labeled in accordance with 
NFPA 70, by a qualified electrical testing agency, and marked for intended location and 
application. 

C. Comply with IEEE C2. 

D. Comply with IEEE C37.121. 

2.3 MANUFACTURED UNITS 

A. Indoor Unit Arrangement: Single assembly. 

B. Connections between the primary device and transformer must be cable, and between the 
transformer and secondary must be flexible bus braid unless noted otherwise. 

C. Indoor Enclosure: Steel. 

D. Enclosure Finish: 

1. Indoor Finish: Provide factory-applied finish in manufacturer's standard gray over a rust-
inhibiting primer on treated metal surface. 

2.4 MEDIUM-VOLTAGE TERMINAL COMPARTMENT SECTION 

A. Primary Incoming Section: Terminal assembly with adequate space for incoming-cable 
terminations and surge arresters, complying with NEMA SG4 and meeting thermal, mechanical, 
and dielectric requirements specified for the transformer section. 
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B. Ratings: Suitable for application in three-phase, 60 Hz, solidly grounded-neutral system. 

C. System Voltage: 4.16 kV nominal; 4.76 kV maximum. 

D. Surge Arresters: Comply with IEEE C62.11, Distribution Class; metal-oxide-varistor type, 
connected in each phase of incoming circuit and ahead of disconnecting device. 

2.5 MEDIUM-VOLTAGE METAL-ENCLOSED SWITCHGEAR SECTION 

A. Metal-enclosed, air-interrupter switchgear, without fuses, complying with IEEE C37.20.3. 

B. Ratings: Comply with IEEE C37.04; and suitable for application in three-phase, 60 Hz, solidly 
grounded-neutral system. 

1. System Voltage: 4.16 kV nominal; 4.76 kV maximum. 
2. Design Level of Available-Source Fault Current: Integrated short-circuit rating consistent 

with value of fault current indicated. 
3. Main-Bus Rating: 600 A, continuous. 

C. Interrupter Switches: Stationary, gang operated, and suitable for application at maximum short-
circuit rating of integrated switchgear assembly. 

1. Rating: 600 A continuous duty and load break. 
2. Two-Time Duty-Cycle Fault Closing: 25 000A, asymmetrical. 
3. Switch Action: No external arc and no significant quantities of ionized gas released into 

the enclosure. 
4. Switch Construction: Supported entirely by interior framework of structure, with copper 

switchblades and stored-energy operating mechanism. 
5. Phase Barriers: Full length of switchblades and fuses for each pole; designed for easy 

removal; allow visual inspection of switch components if barrier is in place. 
6. Protective Shields: Cover live components and terminals. 
7. Mechanical Interlock: Prevent opening switch compartment door unless switchblades are 

open, and prevent closing switch if door is open.  
8. Window: Permits viewing switch-blade positions when door is closed. 
9. Accessory Set: Tools and miscellaneous items required for interrupter switchgear test, 

inspection, maintenance, and operation. Include fuse-handling tool as recommended by 
switchgear manufacturer. 

D. Surge Arresters: Comply with IEEE C62.11, Distribution Class; metal-oxide-varistor type, with 
ratings as required, connected in each phase of incoming circuit and ahead of disconnecting 
device. 

2.6 DRY-TYPE TRANSFORMER SECTION 

A. Description: IEEE C57.12.01, IEEE C57.12.51, and dry-type, two-winding, secondary unit 
substation transformer. 
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B. Style: 

1. Indoor, ventilated, vacuum-pressure, impregnated type, and with insulation system 
rated at 220 deg C with an 80 deg C average winding temperature rise above a 
maximum ambient temperature of 104 deg F (40 deg C). 

C. Cooling System: 

1. Class AA, air cooled, complying with IEEE C57.12.01. 

D. Insulation Materials: IEEE C57.12.01, rated 220 deg C. 

1. Insulation Temperature Rise: 150 deg C, maximum rise above 104 deg F (40 deg C). 

. 
E. BIL: 60kV. 

F. Full-Capacity Voltage Taps: Four nominal 2.5 percent taps, two above and two below rated 
primary voltage. 

2.7 SECONDARY DISTRIBUTION SECTION SWITCHBOARD 

A. The secondary distribution section must be fused, low-voltage switchgear, complying with 
NEMA PB 2 and UL 891. 

B. Switchboard Structure: Front and rear accessible. 

1. Match and align the front and rear of the switchgear. 

C. Switchboard Bus: 

1. Use bus bars to connect compartments and vertical sections. Cable connections are not 
permitted. 

2. Main Phase Bus: Uniform capacity the entire length of section. 
3. Neutral Bus: 50 percent of phase-bus ampacity, except as indicated. Equip bus with 

pressure-connector terminations for outgoing circuit neutral conductors. Include braces 
for neutral-bus extensions for busway feeders. 

4. Vertical Section Bus: Extend to spaces for future circuit breakers. 
5. Phase- and Neutral-Bus Material: 

a. Hard-drawn copper of 98 percent minimum conductivity, with copper feeder circuit-
breaker line connections. 

6. Ground Bus: Hard-drawn copper of 98 percent minimum conductivity, with pressure 
connector for feeder and branch-circuit ground conductors, minimum size 1/4-by-2 inch 
(6 by 50 mm). 

7. Neutral bus equipped with pressure-connector terminations for outgoing circuit neutral 
conductors. Neutral-bus extensions for busway feeders are braced. 
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8. Neutral Disconnect Link: Bolted, uninsulated, 1/4-by-2 inch (6-by-50 mm) copper bus, 
arranged to connect neutral bus to ground bus. 

D. Switchboard Arrangement: 

1. Main Disconnect Device(s): Bolted pressure switches. 

E. Bolted Pressure Switches: Fixed-mounted, manually operated, electrically tripped, 
fusible, bolted pressure contact switch. Comply with UL 977. 

1. Stored energy deadfront mechanism, compressed and released by the operating handle; 
switching action must be independent of the speed of the operating handle. 

2. Indication whether the switch is open or closed, and provisions for padlocking the 
operating handle. 

3. With fuse clips and fuses for UL 248 Class L time-delay fuses. 
4. Electrically tripped switches must include: 

a. Ground-fault protection, with adjustable time delay and test panel. 
b. Single-phase protection, tripping the switch on loss of a source phase. 
c. Blown fuse protection, tripping the switch on a blown fuse, with blown fuse 

indication. 

2.8 LOW-VOLTAGE INSTRUMENTS SECTION 

A. Instrument Transformers: Comply with IEEE C57.13. 

1. Potential Transformers: Secondary voltage rating of 120 V and NEMA C 12.11 Accuracy 
Class of 0.3 with burdens of W, X, and Y. 

2. Current Transformers: Burden and Accuracy Class suitable for connected relays, meters, 
and instruments. 

B. Multifunction Digital-Metering Monitor: Microprocessor-based unit suitable for three- or four-wire 
systems. 

1. Inputs from sensors or 5 A current-transformer secondaries, and potential terminals rated 
to 600 V. 

2. Switch-selectable digital display with the following features: 

a. Phase Currents, Each Phase: Plus or minus 1 percent. 
b. Phase-to-Phase Voltages, Three Phase: Plus or minus 1 percent. 
c. Phase-to-Neutral Voltages, Three Phase: Plus or minus 1 percent. 
d. Three-Phase Real Power: Plus or minus 2 percent. 
e. Three-Phase Reactive Power: Plus or minus 2 percent. 
f. Power Factor: Plus or minus 2 percent. 
g. Frequency: Plus or minus 0.5 percent. 
h. Integrated Demand, with Demand Interval Selectable from 5 to 60 Minutes: Plus or 

minus 2 percent. 
i. Accumulated energy, in megawatt hours (megajoules), plus or minus 2 percent; 

stored values unaffected by power outages for up to 72 hours. 
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3. Mounting: Display and control unit that is flush or semiflush mounted in instrument 
compartment door. 

C. Surge Suppression: Factory installed as an integral part of the low-voltage switchgear, 
complying with UL 1449 SPD, Type 1, with the following features and accessories: 

1. Integral disconnect switch. 
2. Internal thermal protection that disconnects the SPD before damaging internal 

suppressor components. 
3. Indicator light display for protection status. 
4. Form-C contacts rated at 5 A and 250 V(ac), one N.O. and one N.C., for remote 

monitoring of protection status. 
5. Surge counter. 

D. Control Power Supply: Control power transformer supplying 120 V control circuits through 
secondary disconnect devices. 

E. Control Wiring: Factory installed, complete with bundling, lacing, and protection; and complying 
with the following: 

1. Flexible conductors for No. 8 AWG and smaller, for conductors across hinges and for 
conductors for interconnections between shipping units. 

2. Conductors sized in accordance with NFPA 70 for duty required. 

F. Maintenance Tools: Furnish tools and miscellaneous items required for circuit-breaker and 
switchgear test, inspection, maintenance, and operation. 

1. Racking handle to manually move circuit breaker between "connected" and 
"disconnected" positions. 

2. Portable test set for testing functions of circuit-breaker, solid-state trip devices without 
removal from switchboard. 

3. Relay and meter test plugs suitable for testing switchgear meters and switchgear class 
relays. 

4. Spare-Fuse Cabinet: Identified and compartmented steel box or cabinet with lockable 
door. 

5. Storage for Manual: Include a rack or holder, near the operating instructions, for a copy of 
maintenance manual. 

2.9 IDENTIFICATION DEVICES 

A. Compartment Nameplates: Engraved, laminated-plastic or metal nameplate for each 
compartment, mounted with corrosion-resistant screws. Nameplates and label products are 
specified in Section 260553 "Identification for Electrical Systems." 

2.10 SOURCE QUALITY CONTROL 

A. Factory Tests: 
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1. Perform design and routine tests in accordance with standards specified for components. 
Conduct transformer tests in accordance with IEEE C57.12.90. Conduct switchgear and 
switchboard tests in accordance with NEMA C37.51. 

2. Perform the following factory-certified tests on each secondary unit substation: 

a. Resistance measurements of windings on the rated voltage connection and on tap 
extreme connections. 

b. Ratios on the rated voltage connection and on tap extreme connections. 
c. Polarity and phase relation on the rated voltage connection. 
d. No-load loss at rated voltage on the rated voltage connection. 
e. Exciting current at rated voltage on the rated voltage connection. 
f. Impedance and load loss at rated current on the rated voltage connection and on 

tap extreme connections. 
g. Applied potential. 
h. Induced potential. 
i. Notify Engineer at least 14 days before date of tests and indicate their approximate 

duration. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and space conditions for compliance with requirements for secondary unit 
substations and other conditions affecting performance of the Work. 

B. Examine roughing-in of conduits and grounding systems to verify the following: 

1. Wiring entries comply with layout requirements. 
2. Entries are within conduit-entry tolerances specified by manufacturer, and no feeders will 

have to cross section barriers to reach load or line lugs. 

C. Examine walls, floors, roofs, and concrete bases for suitable conditions for secondary unit 
substation installation. 

D. Verify that ground connections are in place and that requirements in Section 260526 
"Grounding and Bonding for Electrical Systems" have been met. Maximum ground resistance 
must be 5 ohms at secondary unit substation location. 

E. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Comply with applicable portions of NECA 400, NECA 410, NECA 430, and NEMA SG 11. 

B. Install secondary unit substations on cast-in-place concrete equipment base(s). Comply with 
requirements for equipment bases and foundations specified in Section 033000 "Cast-in-Place 
Concrete." 
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C. Comply with requirements for vibration isolation and seismic control devices specified in 
Section 260529 "Hangers and Supports for Electrical Systems" and Section 260548.16 
"Seismic Controls for Electrical Systems." 

D. Maintain minimum clearances and workspace at equipment in accordance with manufacturer's 
instructions and NFPA 70. 

3.3 IDENTIFICATION 

A. Identify system components, wiring, cabling, and terminals. Comply with requirements for 
identification specified in Section 260553 "Identification for Electrical Systems." 

1. Install the number of signs required to be readable from each accessible side, but space 
the signs a maximum of 30 ft. (9 m) apart. 

2. Install arc-flash warning labels specified in Section 260573.19 "Arc-Flash Hazard 
Analysis." 

B. Operating Instructions: Place printed operating instructions for secondary unit substations, 
including key interlocking, control sequences, elementary single-line diagram, and emergency 
procedures with the maintenance materials. 

3.4 CONNECTIONS 

A. Ground equipment in accordance with Section 260526 "Grounding and Bonding for Electrical 
Systems." 

1. At Interior Locations: For grounding to grounding electrodes, use bare copper cable not 
smaller than No. 4/0 AWG. Bond surge arrester and neutrals directly to the transformer 
enclosure and then to the grounding electrode system with bare copper conductors. Keep 
leads as short as practicable with no kinks or sharp bends. Make joints in grounding 
conductors and loops by exothermic weld or compression connector. 

B. Connect wiring in accordance with Section 260519 "Low-Voltage Electrical Power Conductors 
and Cables." 

3.5 CLEANING 

A. After completing equipment installation and before energizing, inspect unit components. 
Remove paint splatters and other spots, dirt, and debris. Repair damaged finish to match 
original finish. Vacuum interiors of secondary unit substation sections. 

3.6 FIELD QUALITY CONTROL 

A. Field tests and inspections may be witnessed by owner and/or Engineer. 

B. General Field Testing Requirements: 
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1. Comply with the provisions of NFPA 70B Ch. 11, "Testing and Test Methods." 
2. Perform each visual and mechanical inspection and electrical test. Certify compliance 

with test parameters. 
3. After installing secondary unit substation but before primary is energized, verify that 

grounding system at the substation is tested at the specified value or less. 
4. After installing secondary unit substation and after electrical circuitry has been energized, 

test for compliance with requirements. 
5. Visual and Mechanical Inspection: 

a. Verify equipment nameplate data complies with Contract Documents. 
b. Inspect bolted electrical connections for high resistance using one of the following 

two methods: 

1) Use a low-resistance ohmmeter to compare bolted connection resistance 
values to values of similar connections. Investigate values that deviate from 
those of similar bolted connections by more than 50 percent of the lowest 
value. 

2) Verify tightness of accessible bolted electrical connections by calibrated 
torque-wrench method in accordance with manufacturer's published data or 
NETA ATS, Table 100.12. Bolt-torque levels must be in accordance with 
manufacturer's published data. In the absence of manufacturer's published 
data, use NETA ATS, Table 100.12. 

C. Switchgear Field Tests: 

1. Visual and Mechanical Inspection: 

a. Inspect physical and mechanical condition. 
b. Inspect anchorage, alignment, grounding, and required area clearances. 
c. Verify the unit is clean and shipping bracing, loose parts, and documentation 

shipped inside cubicles have been removed. 
d. Verify that fuse and circuit-breaker sizes and types correspond to Drawings and 

coordination study as well as the address of the circuit breaker that is used to 
identify it in microprocessor-communication software. 

e. Verify that current and voltage-transformer ratios correspond to Drawings. 
f. Confirm correct operation and sequencing of electrical and mechanical interlock 

systems. 

1) Attempt closure on locked-open devices. Attempt to open locked-closed 
devices. 

2) Make key exchange with devices operated in off-normal positions. 

g. Verify appropriate lubrication on moving current-carrying parts and on moving and 
sliding surfaces. 

h. Inspect insulators for evidence of physical damage or contaminated surfaces. 
i. Verify correct barrier and shutter installation and operation. 
j. Exercise active components. 
k. Inspect mechanical indicating devices for correct operation. 
l. Verify that filters are in place and vents are clear. 
m. Inspect control power transformers as follows: 
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1) Inspect for physical damage, cracked insulation, broken leads, connection 
tightness, defective wiring, and overall general condition. 

2) Verify that primary- and secondary-use or circuit-breaker ratings match 
Drawings and comply with manufacturer's recommendations. 

3) Verify correct functioning of drawout disconnecting and grounding contacts 
and interlocks. 

2. Electrical Tests: 

a. Perform dc voltage insulation-resistance tests on each bus section, phase-to-
phase and phase-to-ground, for one minute. If the temperature of the bus is other 
than plus or minus 20 deg C, adjust the resulting resistance as provided in 
NETA ATS Table 100.11. 

1) Insulation-resistance values of bus insulation must be in accordance with 
manufacturer's published data. In the absence of manufacturer's published 
data, comply with NETA ATS, Table 100.1. Investigate and correct values of 
insulation resistance less than manufacturer's recommendations or 
NETA ATS, Table 100.1. 

2) Do not proceed to the dielectric-withstand-voltage tests until insulation-
resistance levels are raised above minimum values. 

b. Perform a dielectric-withstand-voltage test on each bus section, each phase-to-
ground with phases not under test grounded, in accordance with manufacturer's 
published data. If manufacturer has no recommendation for this test, it must be 
conducted in accordance with NETA ATS, Table 100.2. Apply the test voltage for 
one minute. 

1) If no evidence of distress or insulation failure is observed by the end of the 
total time of voltage application during the dielectric-withstand-voltage test, 
the test specimen is considered to have passed the test. 

c. Voltage Transformers: 

1) Perform secondary wiring integrity test. Verify correct potential at devices. 
2) Verify secondary voltages by energizing the primary winding with system 

voltage. 

d. Perform current-injection tests on the entire current circuit in each section of 
switchgear. 

1) Perform current tests by secondary injection with magnitudes such that a 
minimum current of 1.0 A flows in the secondary circuit. Verify correct 
magnitude of current at each device in the circuit. 

2) Perform current tests by primary injection with magnitudes such that a 
minimum of 1.0 A flows in the secondary circuit. Verify correct magnitude of 
current at each device in the circuit. 

e. Verify operation of space heaters. 
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f. Perform phasing checks on double-ended or dual-source switchgear to ensure 
correct bus phasing from each source. 

D. Medium-Voltage Surge Arrester Field Tests: 

1. Visual and Mechanical Inspection: 

a. Inspect physical and mechanical condition. 
b. Inspect anchorage, alignment, grounding, and clearances. 
c. Verify the arresters are clean. 
d. Verify that the ground lead on each device is individually attached to a ground bus 

or ground electrode. 
e. Verify that the stroke counter is correctly mounted and electrically connected if 

applicable. Record the stroke counter reading. 

2. Electrical Test: 

a. Perform an insulation-resistance test on each arrester, phase terminal-to-ground. 
Apply voltage in accordance with manufacturer's published data. In the absence of 
manufacturer's published data, comply with NETA ATS, Table 100.1. Replace 
units that fail to meet recommended minimum insulation resistance listed in the 
table. 

b. Perform a watts-loss test. Evaluate watts-loss values by comparison with similar 
units and test equipment manufacturer's published data. 

E. Instrument Transformer Field Tests: 

1. Visual and Mechanical Inspection: 

a. Inspect physical and mechanical condition. 
b. Verify correct connection of transformers with system requirements. 
c. Verify that adequate clearances exist between primary and secondary circuit 

wiring. 
d. Verify the unit is clean. 
e. Verify that required grounding and shorting connections provide contact. 
f. Verify correct operation of transformer withdrawal mechanism and grounding 

operation. 
g. Verify correct primary- and secondary-fuse sizes for voltage transformers. 
h. Verify appropriate lubrication on moving current-carrying parts and on moving and 

sliding surfaces. 

2. Electrical Tests of Current Transformers: 

a. Perform insulation-resistance test of each current transformer and its secondary 
wiring with respect to ground at 1000 V(dc) for one minute. For units with solid-
state components that cannot tolerate the applied voltage, comply with 
manufacturer's recommendations. Insulation-resistance values of instrument 
transformers must not be less than values shown in NETA ATS, Table 100.5. 

b. Perform a polarity test of each current transformer in accordance with 
IEEE C57.13.1. Polarity results must agree with transformer markings. 
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c. Perform a ratio-verification test using the voltage or current method in accordance 
with IEEE C57.13.1. Ratio errors must comply with IEEE C57.13. 

d. Perform an excitation test on transformers used for relaying applications in 
accordance with IEEE C57.13.1. Excitation results must match the curve supplied 
by the manufacturer or must comply with IEEE C57.13.1. 

e. Measure current circuit burdens at transformer terminals in accordance with 
IEEE C57.13.1. The measured burdens must match the instrument transformer 
Accuracy Class rating. 

f. Perform power-factor or dissipation-factor tests in accordance with test equipment 
manufacturer's published data. Power-factor or dissipation-factor values must be in 
accordance with manufacturer's published data. In the absence of manufacturer's 
published data, comply with test equipment manufacturer's published data. 

g. Verify that current-transformer secondary circuits are grounded and have only one 
grounding point in accordance with IEEE C57.13.3. 

3. Electrical Tests of Voltage and Potential Transformers: 

a. Perform insulation-resistance tests winding-to-winding and each winding-to-
ground. Apply the test voltage for one minute in accordance with NETA ATS, 
Table 100.5. For units with solid-state components that cannot tolerate the applied 
voltage, follow manufacturer's recommendations. Insulation-resistance values of 
instrument transformers must be in accordance with manufacturer's published 
data. In the absence of manufacturer's published data, comply with NETA ATS, 
Table 100.5. 

b. Perform insulation-resistance tests winding-to-winding and each winding-to-
ground. Test voltages must be applied for one minute in accordance with 
NETA ATS, Table 100.5. Insulation-resistance values of the transformers must not 
be less than values shown in NETA ATS, Table 100.5. 

c. Perform a polarity test on each transformer to verify the polarity marks or H(1)- 
X(1) relationship. Polarity results must agree with transformer markings. 

d. Perform a turns-ratio test on tap positions. Ratio errors must not exceed the 
tolerances specified in IEEE C57.13. 

e. Measure voltage circuit burdens at transformer terminals. Measured burdens must 
be compared to instrument transformer ratings. The measured burdens must 
match the instrument transformer Accuracy Class rating. 

f. Perform power-factor or dissipation-factor tests in accordance with test equipment 
manufacturer's published data. Power-factor or dissipation-factor values must be in 
accordance with manufacturer's published data. In the absence of manufacturer's 
published data, comply with test equipment manufacturer's published data. 

g. Verify that voltage-transformer secondary circuits are grounded and have only one 
grounding point in accordance with IEEE C57.13.3. 

F. Dry-Type Transformer Section Field Tests: 

1. Visual and Mechanical Inspection: 

a. Inspect physical and mechanical condition. 
b. Inspect anchorage, alignment, and grounding. 
c. Verify that resilient mounts are free and that shipping brackets have been 

removed. 
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d. Verify the unit is clean. 
e. Verify that alarm, control, and trip settings on temperature and level indicators are 

set and operate within manufacturer's recommended settings. 
f. Verify that cooling fans operate and that fan motors have correct overcurrent 

protection. 
g. Perform specific inspections and mechanical tests recommended by the 

manufacturer. 
h. Verify that as-left tap connections are as specified. 
i. Verify the presence of surge arresters and that their ratings are as specified. 

2. Electrical Tests: 

a. Perform insulation-resistance tests winding-to-winding and each winding-to-
ground. Apply voltage in accordance with manufacturer's published data. In the 
absence of manufacturer's published data, comply with NETA ATS, Table 100.5. 
Calculate polarization index; the value of the index must not be less than 1.0. 

b. Perform power-factor or dissipation-factor tests on windings in accordance with the 
test equipment manufacturer's published data. Investigate and correct power-factor 
values that exceed: 

1) 2.0 percent for power transformers. 
2) 5.0 percent for distribution transformers. 
3) Measure core insulation resistance at 500 V dc if the core is insulated and 

the core ground strap is removable. Core insulation-resistance values must 
not be less than 1 megohm at 500 V(dc). 

c. Verify correct secondary voltage, phase-to-phase and phase-to-neutral, after 
energization and prior to loading. 

G. Low-Voltage Ground-Fault Protection System Field Tests: 

1. Visual and Mechanical Inspection: 

a. Inspect the components for damage and errors in polarity or conductor routing. 

1) Verify that ground connection is made on the source side of the neutral 
disconnect link and on the source side of ground-fault sensor. 

2) Verify that the neutral sensors are connected with correct polarity on both 
primary and secondary. 

3) Verify that phase conductors and the neutral pass through the sensor in the 
same direction for zero sequence systems. 

4) Verify that grounding conductors do not pass through zero sequence 
sensors. 

5) Verify that grounded conductor is solidly grounded. 

b. Verify the unit is clean. 
c. Operate the circuit breaker to ensure smooth operation. 
d. Verify correct operation of functions of the self-test panel if provided. 
e. Verify that the control power transformer has adequate capacity for the system. 
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f. Set pickup and time-delay settings in accordance with "Quality Control" Article. 
Record appropriate operation and test sequences in accordance with NFPA 70, 
Article 230, Section 230.95 "Ground-Fault Protection of Equipment." 

2. Electrical Tests: 

a. Measure the system neutral-to-ground insulation resistance with the neutral 
disconnect link temporarily removed. Replace the neutral disconnect link after 
testing. System neutral-to-ground insulation resistance must be a minimum of 1 
megohm. Correct wiring until the minimum is achieved. 

b. Perform ground-fault protective-device pickup tests using primary injection. Results 
of pickup test must be greater than 90 percent of the ground-fault protective-device 
pickup setting and less than 1200 A or 125 percent of the pickup setting, 
whichever is smaller. Adjust or replace the device until these parameters are 
achieved. 

c. For summation-type systems utilizing phase and neutral current transformers, 
verify correct polarities by applying current to each phase-neutral current-
transformer pair. This test also applies to MCCBs utilizing an external neutral 
current transformer. The ground-fault protective device must operate when current 
direction is the same relative to polarity marks in the two current transformers. The 
ground-fault protective device must not operate when current direction is opposite 
relative to polarity marks in the two current transformers. 

d. Measure time delay of the ground-fault protective device at a value equal to or 
greater than 150 percent of the pickup value. Relay timing must be in accordance 
with manufacturer's published data but must be no longer than one second at 
3000 A in accordance with NFPA 70, Article 230, Section 230.95 "Ground-Fault 
Protection of Equipment." 

e. Verify reduced control voltage tripping capability is 55 percent for ac systems and 
80 percent for dc systems. Replace the ground-fault system if the reduced control 
voltage tripping requirement is not achieved, and retest. 

H. Metering Device Field Tests: 

1. Visual and Mechanical Inspection: 

a. Inspect physical and mechanical condition. 
b. Inspect cover gasket, cover glass, condition of spiral spring, disk clearance, 

contacts, and case shorting contacts, as applicable. 
c. Verify the unit is clean. 
d. Verify freedom of movement, end play, and alignment of rotating disk(s). 

2. Electrical Tests: 

a. Verify accuracy of meters at cardinal points. Meter accuracy must be in 
accordance with manufacturer's published data. 

b. Calibrate meters in accordance with manufacturer's published data. Calibration 
results must be within manufacturer's published tolerances. 

c. Verify instrument multipliers. Instrument multipliers must be in accordance with 
system design specifications. 
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d. Verify that current-transformer and voltage-transformer secondary circuits are 
intact. Test results must confirm the integrity of the secondary circuits of current 
and voltage transformers. 

I. Nonconforming Work: 

1. Equipment and devices will be considered defective if they do not pass tests and 
inspections. 

2. Remove and replace defective units and retest. 

J. Prepare test and inspection reports. Record as-left set points of adjustable devices. 

3.7 FOLLOW-UP SERVICE 

A. Voltage Monitoring and Adjusting: After Substantial Completion, if requested by Owner, but not 
more than six months after Final Acceptance, perform the following voltage monitoring: 

1. During a period of normal load cycles as evaluated by Owner, perform seven days of 
three-phase voltage recording at the outgoing section of each secondary unit substation. 
Use voltmeters with calibration traceable to the National Institute of Science and 
Technology standards and with a chart speed of not less than 1 inch (25 mm) per hour. 
Voltage unbalance greater than 1 percent between phases, or deviation of phase voltage 
from the nominal value by more than plus or minus 5 percent during the test period, is 
unacceptable. 

2. Corrective Action: If test results are unacceptable, perform the following corrective action, 
as appropriate: 

a. Adjust transformer taps. 
b. Rebalance loads. 
c. Prepare written request for voltage adjustment by electric utility. 

3. Retests: Repeat monitoring, after corrective action has been performed, until satisfactory 
results are obtained. 

4. Report: 

a. Prepare a written report covering monitoring performed and corrective action 
taken. 

b. For each relay and adjustable circuit breaker, tag the device with adjusting 
technician's initials and the date of the adjustment. Record the settings and file 
with test records specified in "Field Quality Control" Article. 

B. Infrared Inspection: Perform the survey during periods of maximum possible loading. Remove 
covers prior to the inspection. 

1. After Substantial Completion, but not more than 60 days after Final Acceptance, perform 
infrared inspection of the electrical power connections of the unit substation. 

2. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of each 
switchgear 11 months after date of Substantial Completion. 
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3. Instrument: Inspect distribution systems with imaging equipment capable of detecting a 
minimum temperature difference of 1 deg C at 30 deg C. 

4. Record of Infrared Inspection: Prepare a certified report that identifies the testing 
technician and equipment used, and lists the results as follows: 

a. Description of equipment to be tested. 
b. Discrepancies. 
c. Temperature difference between the area of concern and the reference area. 
d. Probable cause of temperature difference. 
e. Areas inspected. Identify inaccessible and unobservable areas and equipment. 
f. Identify load conditions at time of inspection. 
g. Provide photographs and thermograms of the deficient area. 

5. Act on inspection results in accordance with the recommendations of NETA ATS, 
Table 100.18. Correct possible and probable deficiencies as soon as Owner's operations 
permit. Retest until deficiencies are corrected. 

END OF SECTION 
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SECTION 26 27 26 - WIRING DEVICES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Receptacles, receptacles with integral GFCI, and associated device plates. 
2. Weather-resistant receptacles. 
3. Emergency Pushbuttons. 

1.3 DEFINITIONS 

A. GFCI: Ground-fault circuit interrupter. 

B. Pigtail: Short lead used to connect a device to a branch-circuit conductor. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: List of legends and description of materials and process used for premarking 
wall plates. 

1.5 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For wiring devices to include in all manufacturers' packing-
label warnings and instruction manuals that include labeling conditions. 

1.7 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective 
covering for storage and identified with labels describing contents. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers' Names: Shortened versions (shown in parentheses) of the following 
manufacturers' names are used in other Part 2 articles: 

1. Hubbell Incorporated; Wiring Device-Kellems (Hubbell). 
2. Leviton Mfg. Company Inc. (Leviton). 
3. Pass & Seymour/Legrand (Pass & Seymour). 

B. Source Limitations: Obtain each type of wiring device and associated wall plate from single 
source from single manufacturer. 

2.2 GENERAL WIRING-DEVICE REQUIREMENTS 

A. Wiring Devices, Components, and Accessories: Listed and labeled as defined in NFPA 70, by 
a qualified testing agency, and marked for intended location and application. 

B. Comply with NFPA 70. 

C. Devices that are manufactured for use with modular plug-in connectors may be substituted 
under the following conditions: 

1. Connectors shall comply with UL 2459 and shall be made with stranding building wire. 
2. Devices shall comply with the requirements in this Section. 

2.3 STRAIGHT-BLADE RECEPTACLES 

A. Tamper-Resistant Convenience Receptacles, 125 V, 20 A: Comply with NEMA WD 1, 
NEMA WD 6 Configuration 5-20R, UL 498 Supplement sd, and FS W-C-596. 

1. Products: Subject to compliance with requirements, provide one of the following: 
a. Hubbell; BR20*. 
b. Leviton; 5362-SG*. 
c. Pass & Seymour; TR5262*. 

2.4 GFCI RECEPTACLES 

A. General Description: 

1. Straight blade, non-feed-through type. 
2. Comply with NEMA WD 1, NEMA WD 6, UL 498, UL 943 Class A, and FS W-C-596. 
3. Include indicator light that shows when the GFCI has malfunctioned and no longer 

provides proper GFCI protection. 

B. Tamper-Resistant GFCI Convenience Receptacles, 125 V, 20 A: 

1. Products: Subject to compliance with requirements, provide one of the following: 
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a. Hubbell; GFTR20. 
b. Pass & Seymour; 2095TR. 

2. Receptacle(s) shall also be weather-resistant type for exterior applications. 

2.5 EMERGENCY PUSHBUTTONS 
 

A.    Emergency pushbuttons shall be Stopper Station with Bopper Stopper cover, as manufactured 
by Safety Technology International, Inc. (STI), or approved equal. 

 
B.    Features: 

 
1. Button activation shall be Push-to-Activate, Turn-to-Reset. 
2. Interchangeable or replaceable Normally Open (N.O.) or Normally Closed (N.C.), Single-

Pole, Single-Throw (SPST) gold-plated contact blocks rated for three (3) amps at 600 
VAC or one (1) amp at 250VDC. 

3. Standard switch shall include one N.O. and one N.C. contact. 
4. Switch shall hold up to three (3) sets of isolated contacts. 

C.    Construction: 
 

1. Housing shall be molded of polycarbonate rated for temperature range of -40 degrees to 
250 degrees Fahrenheit. 

2. Housing color shall be yellow, unless otherwise indicated. 
3. Pushbutton shall be provided with stainless steel backplate and matching polycarbonate 

spacer (as required), both having a 5VA flammability rating. 
4. Pushbuttons shall be provided with a vinyl label that is customized to suit each 

application, including, but not limited to the following: 
a. “Boiler Master Shut-off” 

D.    Pushbutton covers shall have the following features: 
 

1.       Molded from thick clear polycarbonate material. 
2.       UV stabilized. 
3.       94V-2 flammability rating. 
4.       Stainless steel torsion spring to maintain cover in a closed position. 
5.       Mounting hardware and gasket. 
6.       Lifetime guarantee against breakage of polycarbonate from normal use. 

 
E.  Pushbuttons shall be tested and approved or listed by: 

 
1. Underwriter Laboratories (UL) and Canadian Underwriter Laboratories No. S7255. 
2. Complies with UL 2017. 
3. UL listed for indoor and outdoor use, when used with appropriate weather cover. 

 
F.    Pushbuttons shall be ADA Compliant. 

 
G.    Warranty  

 
1. Pushbuttons shall be provided with lifetime guarantee against breakage of polycarbonate 

in normal use. 
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2. Pushbuttons shall be provided with one year guarantee on electro-mechanical and 
electronic components. 

2.6 FINISHES 

B. Device Color:   Wiring device catalog numbers in Section Text do not designate device color. 

1. Wiring Devices Connected to Normal Power System: Match existing, unless otherwise 
indicated or required by NFPA 70 or device listing.  

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Comply with NECA 1, including mounting heights listed in that standard, unless otherwise 
indicated. 

B. Coordination with Other Trades: 

1. Protect installed devices and their boxes. Do not place wall finish materials over device 
boxes and do not cut holes for boxes with routers that are guided by riding against 
outside of boxes. 

2. Keep outlet boxes free of plaster, drywall joint compound, mortar, cement, concrete, dust, 
paint, and other material that may contaminate the raceway system, conductors, and 
cables. 

C. Conductors: 

1. Do not strip insulation from conductors until right before they are spliced or terminated on 
devices. 

2. Strip insulation evenly around the conductor using tools designed for the purpose. Avoid 
scoring or nicking of solid wire or cutting strands from stranded wire. 

3. The length of free conductors at outlets for devices shall meet provisions of NFPA 70, 
Article 300, without pigtails. 

4. Existing Conductors: 

a. Cut back and pigtail, or replace all damaged conductors. 
b. Straighten conductors that remain and remove corrosion and foreign matter. 
c. Pigtailing existing conductors is permitted, provided the outlet box is large enough. 

D. Device Installation: 

1. Keep each wiring device in its package or otherwise protected until it is time to connect 
conductors. 

2. Do not remove surface protection, such as plastic film and smudge covers, until the last 
possible moment. 

3. Connect devices to branch circuits using pigtails that are not less than 6 inches (152 mm) 
in length. 
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4. When there is a choice, use side wiring with binding-head screw terminals. Wrap solid 
conductor tightly clockwise, two-thirds to three-fourths of the way around terminal screw. 

5. Use a torque screwdriver when a torque is recommended or required by manufacturer. 
6. When conductors larger than No. 12 AWG are installed on 15- or 20-A circuits, splice 

No. 12 AWG pigtails for device connections. 
7. Tighten unused terminal screws on the device. 
8. When mounting into metal boxes, remove the fiber or plastic washers used to hold 

device-mounting screws in yokes, allowing metal-to-metal contact. 

E. Receptacle Orientation: 

1. Install ground pin of vertically mounted receptacles up, and on horizontally mounted 
receptacles to the left. 

F. Device Plates: 

1. Do not use oversized or extra-deep plates. Repair wall finishes and remount outlet boxes 
when standard device plates do not fit flush or do not cover rough wall opening. 

G. Arrangement of Devices: Unless otherwise indicated, mount flush, with long dimension vertical 
and with grounding terminal of receptacles on top.  

3.2 GFCI RECEPTACLES 

A. Install non-feed-through-type GFCI receptacles where protection of downstream receptacles is 
not required. 

3.3 IDENTIFICATION 

A. Comply with Division 26 Section "Identification for Electrical Systems." 

B. Identify each receptacle with panelboard identification and circuit number. Use hot, stamped, or 
engraved machine printing with black-filled lettering on face of plate, and durable wire markers 
or tags inside outlet boxes. 

3.4 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 
1. Test Instruments: Use instruments that comply with UL 1436. 
2. Test Instrument for Convenience Receptacles: Digital wiring analyzer with digital readout 

or illuminated digital-display indicators of measurement. 

B. Tests for Convenience Receptacles: 

1. Line Voltage: Acceptable range is 105 to 132 V. 
2. Percent Voltage Drop under 15-A Load: A value of 6 percent or higher is unacceptable. 
3. Ground Impedance: Values of up to 2 ohms are acceptable. 
4. GFCI Trip: Test for tripping values specified in UL 1436 and UL 943. 
5. Using the test plug, verify that the device and its outlet box are securely mounted. 
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6. Tests shall be diagnostic, indicating damaged conductors, high resistance at the circuit 
breaker, poor connections, inadequate fault current path, defective devices, or similar 
problems. Correct circuit conditions, remove malfunctioning units and replace with new 
ones, and retest as specified above. 

C. Wiring device will be considered defective if it does not pass tests and inspections. 

D. Prepare test and inspection reports. 

END OF SECTION  
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SECTION 26 28 13 - FUSES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Cartridge fuses rated 600-V ac and less for use in control circuits, enclosed switches, and 
enclosed controllers. 

2. Spare-fuse cabinets. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. Include construction details, material, 
dimensions, descriptions of individual components, and finishes for spare-fuse cabinets. Include 
the following for each fuse type indicated: 

1. Ambient Temperature Adjustment Information: If ratings of fuses have been adjusted to 
accommodate ambient temperatures, provide list of fuses with adjusted ratings. 

a. For each fuse having adjusted ratings, include location of fuse, original fuse rating, 
local ambient temperature, and adjusted fuse rating. 

b. Provide manufacturer's technical data on which ambient temperature adjustment 
calculations are based. 

2. Dimensions and manufacturer's technical data on features, performance, electrical 
characteristics, and ratings. 

3. Current-limitation curves for fuses with current-limiting characteristics. 
4. Time-current coordination curves (average melt) and current-limitation curves 

(instantaneous peak let-through current) for each type and rating of fuse. 
5. Coordination charts and tables and related data. 
6. Fuse sizes for elevator feeders and elevator disconnect switches. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For fuses to include in emergency, operation, and 
maintenance manuals. In addition to items specified in Section 017800 "Operation and 
Maintenance Data," include the following: 

1. Ambient temperature adjustment information. 
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2. Current-limitation curves for fuses with current-limiting characteristics. 
3. Time-current coordination curves (average melt) and current-limitation curves 

(instantaneous peak let-through current) for each type and rating of fuse. 
4. Coordination charts and tables and related data. 

1.5 MAINTENANCE MATERIAL SUBMITTALS 

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

1. Fuses: Equal to 10 percent of quantity installed for each size and type, but no fewer than 
three of each size and type. 

1.6 QUALITY ASSURANCE 

A. Source Limitations: Obtain fuses, for use within a specific product or circuit, from single source 
from single manufacturer. 

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and application. 

C. Comply with NEMA FU 1 for cartridge fuses. 

D. Comply with NFPA 70. 

E. Comply with UL 248-11 for plug fuses. 

1.7 PROJECT CONDITIONS 

A. Where ambient temperature to which fuses are directly exposed is less than 40 deg F (5 deg C) 
or more than 100 deg F (38 deg C), apply manufacturer's ambient temperature adjustment 
factors to fuse ratings. 

1.8 COORDINATION 

A. Coordinate fuse ratings with utilization equipment nameplate limitations of maximum fuse size 
and with system short-circuit current levels. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

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

1. Cooper Bussmann, Inc. 
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2. Edison Fuse, Inc. 
3. Ferraz Shawmut, Inc. 
4. Littelfuse, Inc. 

2.2 CARTRIDGE FUSES 

A. Characteristics: NEMA FU 1, current-limiting, nonrenewable cartridge fuses with voltage ratings 
consistent with circuit voltages. 

2.3 SPARE-FUSE CABINET 

A. Characteristics: Wall-mounted steel unit with full-length, recessed piano-hinged door and key-
coded cam lock and pull. 

1. Size: Adequate for storage of spare fuses specified with 15 percent spare capacity 
minimum. 

2. Finish: Gray, baked enamel. 
3. Identification: "SPARE FUSES" in 1-1/2-inch- (38-mm-) high letters on exterior of door. 
4. Fuse Pullers: For each size of fuse, where applicable and available, from fuse 

manufacturer. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine fuses before installation. Reject fuses that are moisture damaged or physically 
damaged. 

B. Examine holders to receive fuses for compliance with installation tolerances and other 
conditions affecting performance, such as rejection features. 

C. Examine utilization equipment nameplates and installation instructions. Install fuses of sizes and 
with characteristics appropriate for each piece of equipment. 

D. Evaluate ambient temperatures to determine if fuse rating adjustment factors must be applied to 
fuse ratings. 

E. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 FUSE APPLICATIONS 

A. Cartridge Fuses: 

1. Large Motor Branch (601-4000 A): Class L, time delay. 
2. Motor Branch Circuits: Class RK1, time delay.   
3. Other Branch Circuits: Class RK1, time delay. 
4. Control Circuits: Class CC, time delay. 
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3.3 INSTALLATION 

A. Install fuses in fusible devices. Arrange fuses so rating information is readable without removing 
fuse. 

B. Install spare-fuse cabinet(s). 

3.4 IDENTIFICATION 

A. Install labels complying with requirements for identification specified in Section 260553 
"Identification for Electrical Systems" and indicating fuse replacement information on inside door 
of each fused switch and adjacent to each fuse block, socket, and holder. 

END OF SECTION  
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SECTION 26 28 16 - ENCLOSED SWITCHES AND CIRCUIT BREAKERS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Fusible switches. 
2. Nonfusible switches. 
3. Receptacle switches. 
4. Shunt trip switches. 
5. Molded-case circuit breakers (MCCBs). 
6. Enclosures. 

1.3 DEFINITIONS 

A. NC: Normally closed. 

B. NO: Normally open. 

C. SPDT: Single pole, double throw. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of enclosed switch, circuit breaker, accessory, and component 
indicated. Include dimensioned elevations, sections, weights, and manufacturers' technical data 
on features, performance, electrical characteristics, ratings, accessories, and finishes. 

1. Enclosure types and details for types other than NEMA 250, Type 1. 
2. Current and voltage ratings. 
3. Short-circuit current ratings (interrupting and withstand, as appropriate). 
4. Detail features, characteristics, ratings, and factory settings of individual overcurrent 

protective devices, accessories, and auxiliary components. 
5. Include time-current coordination curves (average melt) for each type and rating of 

overcurrent protective device; include selectable ranges for each type of overcurrent 
protective device. 

B. Shop Drawings: For enclosed switches and circuit breakers. Include plans, elevations, sections, 
details, and attachments to other work. 
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1. Wiring Diagrams: For power, signal, and control wiring. 

1.5 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

1. Test procedures used. 
2. Test results that comply with requirements. 
3. Results of failed tests and corrective action taken to achieve test results that comply with 

requirements. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For enclosed switches and circuit breakers to include in 
emergency, operation, and maintenance manuals. In addition to items specified in 
Section 017800 "Operation and Maintenance Data," include the following: 

1. Manufacturer's written instructions for testing and adjusting enclosed switches and circuit  
2. Time-current coordination curves (average melt) for each type and rating of overcurrent 

protective device; include selectable ranges for each type of overcurrent protective 
device. 

1.7 MAINTENANCE MATERIAL SUBMITTALS 

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

1. Fuses: Equal to 10 percent of quantity installed for each size and type, but no fewer than 
three of each size and type. 

2. Fuse Pullers: Two for each size and type. 

1.8 QUALITY ASSURANCE 

A. Source Limitations: Obtain enclosed switches and circuit breakers, overcurrent protective 
devices, components, and accessories, within same product category, from single source from 
single manufacturer. 

B. Product Selection for Restricted Space: Drawings indicate maximum dimensions for enclosed 
switches and circuit breakers, including clearances between enclosures, and adjacent surfaces 
and other items. Comply with indicated maximum dimensions. 

C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and application. 

D. Comply with NFPA 70. 
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1.9 PROJECT CONDITIONS 

A. Environmental Limitations: Rate equipment for continuous operation under the following 
conditions unless otherwise indicated: 

1. Ambient Temperature: Not less than minus 22 deg F (minus 30 deg C) and not 
exceeding 104 deg F (40 deg C). 

2. Altitude: Not exceeding 6600 feet (2010 m). 

1.10 COORDINATION 

A. Coordinate layout and installation of switches, circuit breakers, and components with equipment 
served and adjacent surfaces. Maintain required workspace clearances and required 
clearances for equipment access doors and panels. 

PART 2 - PRODUCTS 

2.1 FUSIBLE SWITCHES 

A. Basis-of-Design Product: Subject to compliance with requirements, provide Square D; a brand 
of Schneider Electric or comparable product by one of the following: 

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit 
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
3. Siemens Energy & Automation, Inc. 

B. Type HD, Heavy Duty, Single Throw, 600-V ac, 1200 A and Smaller: UL 98 and NEMA KS 1, 
horsepower rated, with clips or bolt pads to accommodate specified fuses, lockable handle with 
capability to accept three padlocks, and interlocked with cover in closed position. 

 
C. Accessories: 

1. Equipment Ground Kit: Internally mounted and labeled for copper ground conductors. 
2. Neutral Kit: Internally mounted; insulated, capable of being grounded and bonded; 

labeled for copper and aluminum neutral conductors. 
3. Class R Fuse Kit: Provides rejection of other fuse types when Class R fuses are 

specified. 
4. Auxiliary Contact Kit (where indicated on drawings or required for proper operation): One 

NO/NC (Form "C") auxiliary contact(s), arranged to activate before switch blades open. 
5. Hookstick Handle: Allows use of a hookstick to operate the handle. 
6. Lugs: Compression type, suitable for number, size, and conductor material. 

2.2 NONFUSIBLE SWITCHES 

A. Basis-of-Design Product: Subject to compliance with requirements, provide Square D; a brand 
of Schneider Electric or comparable product by one of the following: 



 

 

GAI Project No.22082  © 2023 Gipe Associates, Inc. 
School of Technology – Chiller Replacement ENCLOSED SWITCHES AND CIRCUIT BREAKERS 
Issued for Bid Submission – 11/02/2023                                                                                     26 28 16 - 4 

 

 

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit 
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
3. Siemens Energy & Automation, Inc. 

B. Type HD, Heavy Duty, Single Throw, 600-V ac, 1200 A and Smaller: UL 98 and NEMA KS 1, 
horsepower rated, lockable handle with capability to accept three padlocks, and interlocked with 
cover in closed position. 

C. Accessories: 

1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum ground 
conductors. 

2. Neutral Kit: Internally mounted; insulated, capable of being grounded and bonded; 
labeled for copper and aluminum neutral conductors. 

3. Auxiliary Contact Kit (where indicated on drawings or required for proper operation): One 
NO/NC (Form "C") auxiliary contact(s), arranged to activate before switch blades open. 

4. Hookstick Handle: Allows use of a hookstick to operate the handle. 
5. Lugs: Compression type, suitable for number, size, and conductor material. 

2.3 MOLDED-CASE CIRCUIT BREAKERS 

A. Basis-of-Design Product: Subject to compliance with requirements, provide Square D; a brand 
of Schneider Electric or comparable product by one of the following: 

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit 
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
3. Siemens Energy & Automation, Inc. 

B. General Requirements: Comply with UL 489, NEMA AB 1, and NEMA AB 3, with interrupting 
capacity to comply with available fault currents. 

C. Thermal-Magnetic Circuit Breakers: Inverse time-current element for low-level overloads and 
instantaneous magnetic trip element for short circuits. Adjustable magnetic trip setting for 
circuit-breaker frame sizes 250A and larger. 

D. Adjustable, Instantaneous-Trip Circuit Breakers: Magnetic trip element with front-mounted, field-
adjustable trip setting. 

E. Ground-Fault, Circuit-Interrupter (GFCI) Circuit Breakers: Single- and two-pole configurations 
with Class A ground-fault protection (6-mA trip). 

F. Ground-Fault, Equipment-Protection (GFEP) Circuit Breakers: With Class B ground-fault 
protection (30-mA trip). 

G. Accessories: 
1. Lugs: Compression type, suitable for number, size, trip ratings, and conductor material. 
2. Application Listing: Appropriate for application; Type SWD for switching fluorescent 

lighting loads; Type HID for feeding fluorescent and high-intensity discharge lighting 
circuits. 

3. Shunt Trip (where indicated on drawings or required for proper operation): Trip coil 
energized from separate circuit, with coil-clearing contact. 
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4. Auxiliary Contacts (where indicated on drawings or required for proper operation): One 
SPDT switch with "a" and "b" contacts; "a" contacts mimic circuit-breaker contacts, "b" 
contacts operate in reverse of circuit-breaker contacts. 

5. Accessory Control Power Voltage (where indicated on drawings or required for proper 
operation): Remote mounted and powered; 120-V ac. 

2.4 ENCLOSURES 

A. Enclosed Switches and Circuit Breakers: NEMA AB 1, NEMA KS 1, NEMA 250, and UL 50, to 
comply with environmental conditions at installed location. 

1. Indoor, Dry and Clean Locations: NEMA 250, Type 1. 
2. Outdoor Locations: NEMA 250, Type 3R. 
3. Other Wet or Damp, Indoor Locations: NEMA 250, Type 4. 
4. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids: 

NEMA 250, Type 12. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine elements and surfaces to receive enclosed switches and circuit breakers for 
compliance with installation tolerances and other conditions affecting performance of the Work. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Install individual wall-mounted switches and circuit breakers with tops at uniform height unless 
otherwise indicated. 

B. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets and 
temporary blocking of moving parts from enclosures and components. 

C. Install fuses in fusible devices. 

D. Comply with NECA 1. 

3.3 IDENTIFICATION 

A. Comply with requirements in Section 260553 "Identification for Electrical Systems." 

1. Identify field-installed conductors, interconnecting wiring, and components; provide 
warning signs. 

2. Label each enclosure with engraved metal or laminated-plastic nameplate. 
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3.4 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Acceptance Testing Preparation: 

1. Test insulation resistance for each enclosed switch and circuit breaker, component, 
connecting supply, feeder, and control circuit. 

2. Test continuity of each circuit. 

C. Tests and Inspections: 

1. Perform each visual and mechanical inspection and electrical test stated in NETA 
Acceptance Testing Specification. Certify compliance with test parameters. 

2. Correct malfunctioning units on-site, where possible, and retest to demonstrate 
compliance; otherwise, replace with new units and retest. 

3. Test and adjust controls, remote monitoring, and safeties. Replace damaged and 
malfunctioning controls and equipment. 

D. Enclosed switches and circuit breakers will be considered defective if they do not pass tests and 
inspections. 

E. Prepare test and inspection reports, including a certified report that identifies enclosed switches 
and circuit breakers and that describes scanning results. Include notation of deficiencies 
detected, remedial action taken, and observations after remedial action. 

3.5 ADJUSTING 

A. Adjust moving parts and operable components to function smoothly, and lubricate as 
recommended by manufacturer. 

END OF SECTION 
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SECTION 26 05 00 – BASIC ELECTRICAL MATERIALS AND METHODS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Electrical equipment coordination and installation. 
2. Sleeves for raceways and cables. 
3. Sleeve seals. 
4. Grout. 
5. Common electrical installation requirements. 

1.3 DEFINITIONS 

B. EPDM:  Ethylene-propylene-diene terpolymer rubber. 

1.4 SUBMITTALS 

A. Product Data:  For sleeve seals. 

1.5 COORDINATION 

A. Coordinate arrangement, mounting, and support of electrical equipment: 

1. To allow maximum possible headroom unless specific mounting heights that reduce 
headroom are indicated. 

2. To provide for ease of disconnecting the equipment with minimum interference to other 
installations. 

3. To allow right of way for piping and conduit installed at required slope. 
4. So connecting raceways, cables, wireways, cable trays, and busways will be clear of 

obstructions and of the working and access space of other equipment. 

B. Coordinate installation of required supporting devices and set sleeves in cast-in-place concrete, 
masonry walls, and other structural components as they are constructed. 

C. Coordinate sleeve selection and application with selection and application of firestopping 
specified in Division 07 Section "Through-Penetration Firestop Systems." 
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PART 2 - PRODUCTS 

2.1 SLEEVES FOR RACEWAYS AND CABLES 

A. Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain 
ends. 

B. Sleeves for Rectangular Openings:  Galvanized sheet steel. 

1. Minimum Metal Thickness: 

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

2.2 SLEEVE SEALS 

C. Description:  Modular sealing device, designed for field assembly, to fill annular space between 
sleeve and raceway or cable. 

 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide product by 

one of the following: 

a. Advance Products & Systems, Inc. 
b. Calpico, Inc. 
c. Metraflex Co. 
d. Pipeline Seal and Insulator, Inc. 

2. Sealing Elements:  EPDM interlocking links shaped to fit surface of cable or conduit.  
Include type and number required for material and size of raceway or cable. 

3. Pressure Plates:  Carbon steel.  Include two for each sealing element. 
4. Connecting Bolts and Nuts: Carbon steel with corrosion-resistant coating of length 

required to secure pressure plates to sealing elements.  Include one for each sealing 
element. 

2.3 GROUT 

A. Nonmetallic, Shrinkage-Resistant Grout:  ASTM C 1107, factory-packaged, nonmetallic 
aggregate grout, noncorrosive, nonstaining, mixed with water to consistency suitable for 
application and a 30-minute working time. 

PART 3 - EXECUTION 

3.1 COMMON REQUIREMENTS FOR ELECTRICAL INSTALLATION 

A. Comply with NECA 1. 
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B. Measure indicated mounting heights to bottom of unit for suspended items and to center of unit 
for wall-mounting items. 

C. Headroom Maintenance:  If mounting heights or other location criteria are not indicated, arrange 
and install components and equipment to provide maximum possible headroom consistent with 
these requirements. 

D. Equipment:  Install to facilitate service, maintenance, and repair or replacement of components 
of both electrical equipment and other nearby installations.  Connect in such a way as to 
facilitate future disconnecting with minimum interference with other items in the vicinity. 

E. Right of Way:  Give to piping systems installed at a required slope. 

3.2 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Electrical penetrations occur when raceways or cables penetrate concrete slabs, concrete or 
masonry walls, or fire-rated floor and wall assemblies. 

B. Concrete Slabs and Walls:  Install sleeves for penetrations unless core-drilled holes or formed 
openings are used.  Install sleeves during erection of slabs and walls. 

C. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening. 

D. Fire-Rated Assemblies:  Install sleeves for penetrations of fire-rated floor and wall assemblies 
unless openings compatible with firestop system used are fabricated during construction of floor 
or wall. 

E. Cut sleeves to length for mounting flush with both surfaces of walls. 

F. Extend sleeves installed in floors 2 inches (50 mm) above finished floor level. 

G. Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space between sleeve and 
raceway or cable, unless indicated otherwise. 

H. Seal space outside of sleeves with grout for penetrations of concrete and masonry 

1. Promptly pack grout solidly between sleeve and wall so no voids remain.  Tool exposed 
surfaces smooth; protect grout while curing. 

I. Interior Penetrations of Non-Fire-Rated Walls and Floors:  Seal annular space between sleeve 
and raceway or cable, using joint sealant appropriate for size, depth, and location of joint.  
Comply with requirements in Division 07 Section "Joint Sealants". 

J. Fire-Rated-Assembly Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, 
and floors at raceway and cable penetrations.  Install sleeves and seal raceway and cable 
penetration sleeves with firestop materials.  Comply with requirements in Division 07 Section 
"Through-Penetration Firestop Systems." 
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3.3 SLEEVE-SEAL INSTALLATION 

A. Install to seal exterior wall penetrations. 

B. Use type and number of sealing elements recommended by manufacturer for raceway or cable 
material and size.  Position raceway or cable in center of sleeve.  Assemble mechanical sleeve 
seals and install in annular space between raceway or cable and sleeve.  Tighten bolts against 
pressure plates that cause sealing elements to expand and make watertight seal. 

3.4 FIRESTOPPING 

A. Apply firestopping to penetrations of fire-rated floor and wall assemblies for electrical 
installations to restore original fire-resistance rating of assembly.  Firestopping materials and 
installation requirements are specified in Division 07 Section "Through-Penetration Firestop 
Systems." 

END OF SECTION 
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SECTION 26 05 01 - GENERAL ELECTRICAL REQUIREMENTS 

 

PART 1 - GENERAL 

 

1.1  GENERAL 
 
 A. Provide all labor, materials, equipment and services necessary for and incidental to the complete 

installation and operation of all electrical work. 
 
 B. All work under this Division is subject to the General Conditions and Special Requirements for the 

entire contract. 
 
 C. Unless otherwise specified, all shop drawings and submissions required under Division 26 shall be 

made to, and acceptances and approvals made by, the ENGINEER. 
 
 D. Conform to the requirements of all rules, regulations, and codes of local, state, and federal 

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

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

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

 
 F. Coordinate the work of all trades. 
 
 G. Arrange conduit, wiring, equipment, and other work generally as shown, providing proper 

clearances and access.  Carefully examine all contract drawings and fit the work in each location 
without substantial alteration.  Where departures are proposed because of field conditions or other 
causes, prepare and submit detailed drawings for approval in accordance with “Submittals” 
specified below.  The right is reserved to make reasonable changes in location of equipment, 
conduit, and wiring up to the time of rough-in or fabrication. 

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

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

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

sequences used in the work.  Furnish all tools, equipment and materials necessary to properly 
perform the work in a first class, substantial, and workmanlike manner, in accordance with the full 
intent and meaning of the Contract Documents. 

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

Documents that are customarily forwarded in accordance with generally-accepted construction 
practices. 

 
1.2  PERMITS, INSPECTIONS, AND FEES 
 
 A. The Contractor shall obtain and pay for all charges and fees, and deliver all permits, licenses, 

certificates of inspection, etc., required by the authorities having jurisdiction.  Deliver inspection, 
approval, and other certificates to the Owner prior to final acceptance of the work. 

 
 B. File necessary plans, prepare documents, give proper notices, and obtain necessary approvals. 
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 C. Permits and fees shall comply with the General Requirements of the Specification. 
 
 D. Notify Inspection Authorities to schedule inspections of work.  All work shall be subject to field 

inspections. 
 
 E. Notify Architect in advance of scheduled inspections. 
 
 F. An electrical foreman, superintendent or other supervisor shall be in attendance for all scheduled 

inspections. 
 
 G. The Contractor shall provide an electrical certificate from an independent electrical inspection 

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

 
1.3  ELECTRICAL WORK UNDER OTHER DIVISIONS 
 
 A. Mechanical Equipment and Systems 
 
  1. In general, power wiring and motor starting equipment for mechanical equipment and 

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

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

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

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

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

provided by Mechanical.  Electrical shall install and connect all such equipment. 
 
 B. Architectural Equipment:  In general, any electrically operated or controlled equipment furnished 

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

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

Divisions. 
 
1.4  CONTRACTOR QUALIFICATION 
 
 A. Any Contractor performing work under this Division shall be fully qualified and acceptable to the 

Engineer.  Submit the following evidence for approval as part of shop drawing review: 
 
  1. A list of not less than five (5) comparable projects that the Contractor completed. 
 
  2. Letters of reference from not less than three (3) registered professional engineers,  

contractors, or building owners, explaining Contractor proficiency, quality of work, or other 
attribute on projects of similar size or substance. 
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  3. Local or State license. 
 
  4. Membership in trade or professional organization where required. 
 
  5. Copy of Master Electrician’s License. 
 
 B. Contractor is any individual, partnership, corporation, or firm performing work by Contract or 

subcontract on this project. 
 
 C. Acceptance of a subcontractor will not relieve the Contractor of any contractual requirements or his 

responsibility to supervise and coordinate the various trades. 
 
 D. Supervisory Qualifications:  The electrical work on the project shall be under the direct supervision 

of a licensed Master Electrician. 
 
 E. Qualifications of Installers:    
 

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

 
2. The Electrical Installer shall utilize a full time project foreman in charge of all electrical work.  

This person shall be fully qualified and experienced in such work and shall be available, on 
site, at all times during Construction.  All problems, questions, coordination, etc., relating to 
electrical work shall take place through this person to the Architect. 

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

Contractor shall provide the services of persons skilled in videotape production and editing. 
 
1.5  FIRE SAFE MATERIALS 
 
 A. Unless otherwise indicated, materials and equipment shall conform to UL, NFPA, or ASTM 

Standards for Fire Safety with Smoke and Fire Hazard Rating not exceeding flame spread of 25 
and smoke developed of 50. 

 
1.6  REFERENCED STANDARDS, CODES, ORDINANCES AND SPECIFICATIONS 
 
 A. Specifications, Codes and Standards listed below are included as part of this specification, latest 

edition. 
 

 
ADA 

 
Americans with Disabilities Act 

 
ANSI 

 
American National Standards Institute 

 
ASHRAE 

 
American Society of Heating, Refrigerating and Air Conditioning 
Engineers 

 
ASME 

 
American Society of Mechanical Engineers 

 
ASTM 

 
American Society for Testing and Materials 
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IBC 

 
International Building Code   

 
CABO 

 
Council of American Building Officials 

 
FM 

 
Factory Mutual 

 
IEEE 

 
Institute of Electrical and Electronics Engineers 

 
MOSHA 

 
Maryland Occupational Safety & Health Administration 

 
NEC 

 
National Electrical Code 

 
NECA 

 
National Electrical Contractors Association 

 
NEMA 

 
National Electrical Manufacturers Association 

 
NFPA 

 
National Fire Protection Association 

 
OSHA 

 
Occupational Safety & Health Administration 

 
UL 

 
Underwriters Laboratories 

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

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

 
 C. Comply with all Codes applicable to the work: 
  1. Bidders shall inform themselves of all local and state codes and regulations. 
  2. In case of conflict between Contract Documents and governing Codes, the most stringent 

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

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

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

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

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

“Standard Practices for Good Workmanship in Electrical Contracting”. 
 
 
1.7  INTERPRETATION OF DOCUMENTS 
 
 A. Any discrepancies between Drawings, Specifications, Drawings and Specifications, or within 

Drawing and Specifications shall be promptly brought to the attention of the Owner during the 
bidding period.  No allowance shall subsequently be made to the Contractor by reason of his failure 
to have brought said discrepancies to the attention of the Owner during the bidding period or of any 
error on the Contractor’s part. 

 
 B. The locations of products shown on Drawings are approximate.  The Contractor shall place the 

devices to eliminate all interference with above-ceiling ducts, piping, etc.  Where any doubt exists, 
the exact location shall be determined by the Owner. 

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

wiring, etc. 
 
 D. Equipment sizes shown on the Drawings are estimated.  Before installing any wire or conduit, the 

Contractor shall obtain the exact equipment requirements and install wire, conduit, or other item of 
the correct size for the equipment actually installed.  However, wire and conduit sizes shown on the 
Drawings shall be taken as a minimum and shall not be reduced without written approval from the 
Owner. 

 
 E. Where variances occur between the drawings and specifications or within either document itself, 

the item or arrangement of better quality, greater quality, or higher cost shall be included in the 
Contract Price.  The Engineer will decide on the item and manner in which the work shall be 
installed. 

 
 F. Contract Drawings are generally diagrammatic and all offsets, fittings, transitions, and accessories 

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

 
 G. Work not specifically outlined, but reasonably incidental to the completion of the work, shall be 

included without additional compensation from the Owner. 
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PART 2 - PRODUCTS 

 
2.1  MATERIALS AND EQUIPMENT 
 
 A. Material and equipment installed as a part of the permanent installation shall be new, unless 

otherwise indicated or specified, and shall be approved by the Underwriters' Laboratories, Inc., for 
installation in each particular case where standards have been established. 

 
 B. Where material or equipment is identified by proprietary name, model number, and/or manufacturer, 

furnish the named item or equivalent thereof, subject to acceptance. 
 
 C. Material submissions shall conform to requirements outlined in SUBMITTALS, REVIEW, AND 

ACCEPTANCE. 
 
 D. The suitability of named item only has been verified.  Where more than one Manufacturer is named, 

only the first named Manufacturer has been verified as suitable.  Manufacturers and items other than 
the first named shall be equal or better in quality and performance to that of specified items, and must 
be suitable for available space, required arrangement, and application.  The Contractor, by providing 
other than the first named Manufacturer, assumes responsibility for all necessary adjustments and 
modifications necessary for a satisfactory installation. 

 
 E. The Contractor shall only submit those manufacturers indicated in the Specification.  Proposed 

alternate manufacturers will not be considered unless the specific item indicates “or as approved 
equal”.  Submit all data necessary to determine suitability of substituted items for approval. 

 
 F. All items of equipment furnished shall have a service record of at least five (5) years. 
 
2.2  SUBSTITUTIONS 
 
 A. Substituted items or items other than those named shall be equal or better in quality and 

performance and must be suitable for the available space, required arrangement, and application.  
Submit any and all data necessary to determine the suitability of substituted items.  The Contractor 
shall be responsible for correct application, placement, and installation of substituted equipment.  
Cost savings data shall also be submitted with submittal data for substituted items.  Total cost 
savings or a per-unit saving to the Owner shall be clearly indicated.  If a substituted item is 
accepted, all cost savings shall be returned to the Owner as a credit. 

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

indicated. 
 
 C. For substituted items, clearly list on the first page of the submittal all differences between the 

specified item and the proposed item.  The Contractor shall be responsible for corrective action (or 
replacement with the specified item) while maintaining the specification requirements if differences 
have not been clearly indicated in the submittal. 

 
 D. Where the Contractor proposes to use an item of equipment or application other than that specified 

or detailed on the Drawings, which requires any redesign of the structure, partitions, foundation, 
HVAC, piping, wiring, or any other part of the mechanical, electrical, or architectural layout, all such 
redesign and all new drawings and detailing required thereafter shall be prepared by the Contractor 
at his own expense for review by the Owner representative before any such work is implemented. 

 
 E. All Contractor-proposed changes and revisions shall be at the Contractor’s risk and expense.  The 

Contractor shall fully coordinate all revisions, substitutions and changes with other trades.  The 
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Contractor shall provide all necessary provisions, including HVAC, ventilation, foundations, access, 
etc., for a complete, code compliant, and fully functional installation.  

 
 F. Where the Contractor elects to submit a substitution for equipment or materials, he shall: 
 
  1. Submit Shop Drawings that show complete compliance to each statement or requirement of 

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

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

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

substitution. 
 
 
2.3  SUBMITTALS, REVIEW, AND ACCEPTANCE 
 
 A. General: 
 
  1. The equipment, material, installation, workmanship, arrangement of work, final instruction, 

and final documentation is subject to review and acceptance.  No substitution will be 
permitted after acceptance of equipment or materials except where such substitution is 
considered by the Engineer to be in the best interest of the Owner.  Submit for review in 
clear and legible form the following documents: 

   a. Material and Equipment List 
   b. Descriptive Data 
   c. Shop Drawings 
   d. Installation and Coordination Drawings 
   e. Contractor As-Built Drawings  
   f. Owner Instructions and Manuals 
   g. Construction Phasing and Outage Schedule 
  2. Prepare all submittals specifically for this project and stamp each submittal in a form 

indicating that the documents have been Contractor reviewed, are complete, and are in 
compliance with the requirements of the plans and specifications.  Each submittal item shall 
be clearly identified and numbered.  Each submittal shall contain a complete schedule of 
Manufacturer’s part numbers and quantity listings of all supplied components.  Each 
proposed item shall be highlighted and tagged with a star, an arrow, etc., including all 
options and accessories. 

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

  4. Identify all submittals, indicating the intended application, location, or service of the 
submitted item.  Refer to specification sections or paragraphs where applicable.  Clearly 
indicate the exact type, model number, size, and special features of the proposed item.  
Clearly list on the first page of the Submittal all differences between the specified item and 
the proposed item.  The Contractor shall be responsible for corrective action (or replacement 
with the specified item) while maintaining the specification requirements, if differences have 
not been clearly indicated in the submittal.  Submittals of a general nature will not be 
acceptable. 
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  5. Submit actual operating conditions or characteristics for all equipment where required 
capacities are indicated.  Factory order forms showing only required capacities will not be 
acceptable.  Indicate all options used to meet the specifications.  It is not the responsibility of 
the Engineer or Owner to make selections of factory options other than colors.  Submittals 
lacking proper selection of factory options or special features required by the specification 
shall be RETURNED WITHOUT REVIEW. 

  6. Acceptance will not constitute waiver of contract requirements unless deviations are 
specifically indicated and clearly noted. 

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

  8. Submittals NOT IN COMPLIANCE with the requirements of this section will be RETURNED 
WITHOUT REVIEW. 

 
 B. Material, Equipment, Manufacturer and Subcontractor List:   Within thirty (30) calendar days after 

the award of contract, submit a complete MATERIAL, EQUIPMENT, MANUFACTURER AND 
SUBCONTRACTOR LIST for preliminary review.  List all proposed materials and equipment, the 
associated proposed Manufacturer, and any proposed subcontractors.  After the receipt of 
reviewed Material and Equipment List, submit complete Shop Drawings for approval.  List all 
materials and equipment, indicating manufacturer, type, class, model, curves, and other general 
identifying information.  Submittals shall be specific for each building as contained in the individual 
building Specifications and Drawings. 

 
 C. Upon approval of the List of Materials, the Contractor shall prepare a complete Master Submittal 

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

 

 
SUBMITTAL REGISTER 

 
Item/Material 

 
Ref’d Spec. 
Paragraph 

 
Specified 

or 
Substitute 

 
Submittal 

Date 

 
Status 

 
Remarks 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
 D. No Shop Drawing Submittals will be considered for approval until the complete List of 

Subcontractors and the complete List of Materials/Manufacturers and Equipment have been 
approved. 

 
 E. Descriptive Data:  After acceptance of the MATERIAL and EQUIPMENT LIST, submit additional 

DESCRIPTIVE DATA for all items.  Data shall consist of specifications, data sheets, samples, 
capacity ratings, performance curves, operating characteristics, catalog cuts, dimensional 
drawings, installation instructions, and any other information necessary to indicate complete 
compliance with the contract documents.  Where several ratings or sizes are shown or available, 
clearly indicate the exact size or rating relating to the particular device being proposed. 
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 F. Submit complete descriptive data for all items.  Data shall consist of Specifications, data sheets, 
samples, capacity ratings, performance curves, operating characteristics, catalog cuts, dimensional 
drawings, wiring diagrams, specific electrical/wiring requirements and connections including control 
and interlock wiring, installation instructions, and any other information necessary to indicate 
complete compliance with the Contract Documents.  Edit submittal data specifically for application 
to this project. 

 
 G. Shop Drawings shall be submitted and approved for all materials and equipment prior to 

installation.  If any material and/or equipment is installed prior to receipt by the Contractor of 
approved Shop Drawings, the Contractor is liable for its replacement at no additional cost to the 
Owner. 

 
 H. Data submitted shall include information on all materials and equipment to demonstrate compliance 

with the Contract Drawings and Specifications.  Where installation procedures or any part thereof 
are required to be in accordance with manufacturer’s recommendations, furnish printed copies of 
the recommendations prior to installation.  Installation of the item shall not proceed until 
recommendations are received.  Failure to furnish recommendations shall be cause for rejection of 
the equipment or material. 

 
 I. Any deviation of submitted material or equipment from the Contract Drawings or Specifications 

shall be clearly marked in red ink on Submittals, and itemized in a transmittal letter, in order to 
receive consideration for approval.  

 
 J. Approval of material or equipment submittals containing deviations not specifically identified by 

Contractor shall not relieve the Contractor from compliance with specified requirements. 
 
 K. All major items of mechanical equipment shall be the latest standard catalog products of reputable 

manufacturers.  Where two (2) or more items of the same kind of equipment are required, they 
shall be the products of a single manufacturer. 

 
 L. Thoroughly review and stamp all submittals to indicate compliance with Contract requirements prior 

to submission.  Coordinate installation requirements and any electrical requirements for equipment 
submitted.  Contractor shall be responsible for correctness of all submittals. 

 
 M. Submittals will be reviewed for general compliance with design concept in accordance with 

Contract Documents, but dimensions, quantities, or other details will not be verified. 
 
 N. Increase, by the quantity listed below, the number of electrical related Shop Drawings, product 

data, and samples submitted, to allow for required distribution plus two copies of each submittal 
required, which will be retained by the Electrical Consulting Engineer. 

 
  1. Shop Drawings - Initial Submittal:  1 additional blue- or black-line print. 
  2. Shop Drawings - Final Submittal:  1 additional blue- or black-line print. 
  3. Product Data:  1 additional copy of each item. 
  
 O. Additional copies may be required by individual sections of these Specifications. 
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 P. Shop Drawings: 
 
  1. Prepare and submit SHOP DRAWINGS AND/OR DIAGRAMS for all specially fabricated 

items, modifications to standard items, specially designed systems where detailed design is 
not shown on the contract drawings, or where the proposed installation differs from that 
shown on the contract drawings. 

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

  3. Shop drawings shall be provided for, but not limited to the following items: 
    
   Basic Electrical Materials 
   Cable - 600 volt 
   Circuit Breakers 
   Conduit  
   Contractor and Subcontractor Qualifications 
   Controllers & Control Devices 
   Disconnects 
   Electrical Connection Coordination Schedule 
   Firestopping 
   Identification System 
   Innerduct 
   Low Voltage Fuses 
   Material and Equipment List 
   Motor Starters 
   Outlet Boxes 
   Panelboards 
   Receptacles 
   Record and Information Booklet 
   Safety Switches 
   Schedule of Values 
   Sleeves, Hangers, Supports 
   Submittal Schedule 
   Tests and Reports 
   Transformers 
   Wiring Devices 
   Wiring Diagrams 
   
 Q. The Contractor, additionally, shall submit for approval any other shop drawings as required by the 

Architect.  No item listed above shall be delivered to the site, or installed, until approved.  After the 
proposed materials have been approved, no substitution will be permitted except where approved 
by the Engineer. 

 
 R. The Contractor shall prepare and submit a Detail Schedule of Values indicating the Contract costs 

for the major work items.  The Contractor shall provide additional detail and information as 
requested by the Engineer. 

 
 S. The Contractor shall prepare and submit a complete Submittal Schedule.  The Schedule shall 

include a listing of all Submittals, Shop Drawings, and Coordination Drawings. 
 
  
2.4  COORDINATION DRAWINGS 
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 A. Prepare, submit, and use composite installation and coordination drawings to assure proper 

coordination and installation of the work.  Drawings shall include, but not be limited to the following: 
  1. Mechanical Equipment Rooms, including panels, transformers, starters, equipment, etc. 
  
 B. Draw plans to a scale not less than 1/4 inch equals one foot.  Include plans of the proposed work, 

showing all equipment, major elements, conduit, and wiring in the areas involved.  Fully dimension 
all work, horizontally and vertically.  Show coordination with other work including piping, ductwork 
and other mechanical work, walls, doors, ceilings, columns, beams, joists, and other architectural 
and structural work. 

 
 C. Identify all equipment and devices on wiring diagrams.  Where field connections are shown to 

factory-wired terminals, furnish manufacturer's literature showing internal wiring. D. 
   

2.5  RECORD DRAWINGS 
 
 A. As the work progresses, record on a set of white prints the installed locations, sizes of electric 

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

 
 B. Write step-by-step detailed instructions for turn-on, turn-off, seasonal changeover, and periodic 

checks of all systems and equipment.  Include all precautions and warnings. 
 
 C. Prepare a list of the manufacturers of all major equipment, their local service representative and 

procedures for obtaining service. 
 
 D. Post one (1) copy of all instructions, lists, charts, and diagrams at the equipment or where 

indicated, mounted under glass or approved plastic cover. 
 
 E. Furnish to the Owner two (2) copies of the Manufacturer's installation and operations instructions, 

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

 
 F. Deliver all instruction materials to the Owner prior to the formal instruction period. 
 
 G. Deliver two (2) complete sets of all approved submittals to the Owner for filing, including electronic 

copies. 
 
 H. Prepare record documents in accordance with the requirements in the specifications.  In addition to 

the requirements specified, indicate installed conditions for: 
 
  1. Major raceway systems, size and location, for both exterior and interior; locations of control 

devices; distribution and branch electrical circuitry; and circuit breaker size and 
arrangements. 

  2. Equipment locations (exposed and concealed), dimensioned from prominent building lines. 
  3. Approved Substitutions, Contract Modifications, and actual equipment and materials 

installed. 
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 I. The Contractor shall keep at the site at all times during construction, one set of up-to-date Contract 
prints for the express purpose of showing any and all changes made during construction.  The 
Contractor shall make the prints showing each change and shall incorporate all changes in 
“Record/As-Built Drawings” to be submitted to the Engineer upon completion of the project. 

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

monthly invoice. 
 
 K. The Contractor shall conform to all drawings, including all revisions, addendums, alternates, 

change orders, deletions, existing conditions, and as-built conditions without extra cost to the 
Owner. 

 
PART 3 - EXECUTION 

 

3.1  EXAMINATION OF SITE, SURVEYS, AND MEASUREMENTS 
 
 A. Examine the site, determine all conditions and circumstances under which the work must be 

performed, and make all necessary allowances for same.  No additional cost to the Owner shall be 
permitted for Contractor’s failure to do so. 

 
 B. Examine the site and observe the conditions under which the work will be done or other 

circumstances which will affect the contemplated work.  No allowance will be made subsequently in 
this connection for any error or negligence on the Contractor's part. 

 
 C. The Contractor shall base all measurements, both horizontal and vertical, from established 

benchmarks.  All work shall agree with these established lines and levels.  Verify all measurements 
at the site and check the correctness of same as related to the work. 

 
 D. Any discovery of discrepancy between actual measurements and those indicated which prevents 

following good practice or the intent of the Drawings and Specifications shall be brought to the 
attention of the Owner’s Representative.  Work shall not proceed until receiving instructions from 
the Owner’s Representative. 

 
 E. The Contractor shall follow Drawings in laying out the work and check Drawings of other trades to 

verify spaces in which work will be installed.  Maintain maximum headroom and space conditions at 
all points.  Where headroom or space conditions appear inadequate, the Owner’s Representative 
shall be notified before proceeding with the installation. 

 
 F. To prevent conflict with the work of other trades and for proper execution of the work, the 

Contractor, as directed by the Owner’s Representative, shall make the necessary modifications in 
the layout as needed, at no extra charge to the Owner. 

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

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

work. 
 
 I. The Contractor shall have competent supervision on the site at all times to lay out, check, 

coordinate, and supervise the installation of all electrical work and be responsible for the accuracy 
thereof.  He shall plan the installation of all electrical work, giving consideration to the work of other 
trades, to prevent interference. 
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 J. The Contractor shall determine the location, size, etc., of all chases, sleeve openings, etc., required 
for the proper installation of the electrical work and see that such are provided.  All chases, 
sleeves, openings, etc., shall be set prior to erection of new work to prevent delay in the progress 
of other work or trades. 

 
 K. Conditions and/or situations that prevent the proper installation of any equipment or item where 

shown on the Drawings shall be called to the attention of the Engineer for instructions. 
 
 L. The Contractor shall fully investigate all peculiarities and space limitations for all materials and 

equipment. 
 
 N. Outlet, pull, and junction boxes and other appliances that require operation, examination, 

adjustment, servicing or maintenance shall be readily accessible. 
 
 O. The Contractor shall take all field measurements necessary for this work and shall assume 

responsibility for their accuracy.   
 
 P. The Contractor shall coordinate the electrical work with all other sub-contractors.  All work shall be 

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

 
 Q. The Drawings are to some extent diagrammatic and indicate the general arrangement of the 

equipment, the runs of conduit, and the manner of connection. 
 
 R. The Contractor shall confer with all sub-contractors engaged in the construction of the project, 

regarding the work that may, in any way, affect his installation.  Whenever interference occurs, 
before installing any of the work in question, the Contractor shall consult with all sub-contractors 
and shall come to an agreement with them as to the exact location and level of his conduit parts of 
his equipment. 

  
3.2  GENERAL RESPONSIBILITIES 
 
 A. The Contractor shall be responsible for systems and related damages possible, and shall hold 

harmless the Owner, the Architect and his consultants from malfunction of systems and equipment 
installed under this Contract as defined in the laws of the State of Maryland pertaining to real 
property for the period of time as defined by such laws. 

 
 B. It is the intent of these Specifications to fully cover without exception all required labor and 

materials so that the finished work will be delivered to the Owner in a complete and satisfactory 
working installation.  Excavation, wiring, distribution, etc., shall be performed in compliance with the 
Contract Documents. 

 
 C. Work not specifically outlined, but reasonably incidental to the completion of the work, shall be 

included without additional compensation from the Owner. 
 
 D. Conflicting points in the Specifications or on the Drawings shall be called to the attention of the 

Architect prior to the execution of the Contract.  
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3.3  STORAGE AND PROTECTION OF EQUIPMENT 
 
 A. All electrical equipment to be used in the construction shall be properly stored and protected 

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

 
 B. Conventional electrical construction materials such as building wire, outlet and junction boxes, 

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

 
 C. Switchboard, motor controllers, panelboards, breakers, emergency lighting, and supervisory 

equipment, if delivered to the construction site before the building is under cover, shall be 
warehoused and protected as follows:  All gear and equipment shall be covered and protected from 
the elements and other damage and shall be stored in a clean, dry, heated atmosphere, under 
cover. 

 
 D. All gear and equipment delivered to the construction site after the building is under cover shall be 

protected as described above and in addition shall be provided with auxiliary heat to prevent 
condensation damage.  The gear shall also be protected against damage caused by installation of 
any building systems and equipment; or damage caused by carelessness of workmen who are 
installing equipment connected to or adjacent to the above electrical equipment. 

 
 E. Equipment damaged as a result of the above conditions shall be properly repaired at the 

Contractor's expense or shall be replaced at the Contractor's expense, if, in the opinion of the 
Engineer the equipment has been damaged to such an extent it cannot operate properly after 
repairs are made. 

 
 F. All electrical enclosures exposed to construction damages such as paint spots, spackling or plaster 

spatter, grout splashes, waterproofing compound, tar spots or runs and pipe covering compound 
splashes, shall be completely covered and protected against damage. 

 
 G. In the event leakage into the building of any foreign material or fluid occurs or may occur, the 

Contractor shall take all steps as described above to protect any and all equipment. 
 
 H. After connections to electrical equipment are complete and the equipment is ready for operation, all 

construction debris shall be removed from all enclosures.  Such debris includes dust, dirt, wire 
clippings, tape and insulation removed in order to make the connection. 

 
3.4  ELECTRICAL INSTALLATIONS 
 
 A. General:   Sequence, coordinate, and integrate the various elements of electrical systems, 

materials, and equipment.  Comply with the following requirements: 
  1. Coordinate electrical systems, equipment, materials, and installation with landscape/irrigation 

contractor(s). 
  2. Verify all dimensions by field measurements. 
  3. Install systems, materials, and equipment to conform with approved submittal data, including 

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

  4. Install systems, materials, and equipment level and plumb, parallel and perpendicular to 
other building systems and components where installed exposed in finished spaces. 

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

  6. Install systems, materials, and equipment giving right-of-way priority to systems that require 
installation at a specified slope. 

  7. Arrange for chases, slots and openings in other building components during progress of 
construction, to allow for electrical installation. 

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

 
3.5  SUPERVISION AND COORDINATION 
 
 A. Provide complete supervision, direction, scheduling and coordination of all work under the contract, 

including that of subcontractors, using full attention and the best skill.  Be responsible for all work 
and make all subcontractors, suppliers and manufacturers fully aware of all requirements of the 
contract. 

 
 B. Coordinate the rough-in of all work performed under Mechanical & Electrical Divisions. 
 
 C. The Contractor shall coordinate all electrical rough-ins with approved shop drawings and 

coordination drawings.  Any rough-in installed without complete coordination shall be at the 
Contractor’s risk and expense. 

 
 D. Coordinate the installation of all necessary rough-in of work, sleeves, anchors and supports for 

conduit, wiring, and other work performed under Divisions Mechanical and Electrical Divisions. 
 
 E. Coordinate the spacing and arrangement of lighting fixtures, diffusers, grilles and access panels in 

ceilings to establish a symmetrical pattern. 
 
 F. Where a discrepancy exists within the Specifications or drawings or between the Specifications and 

Drawings, the more stringent (or costly) requirement shall apply until a clarification can be obtained 
from the Engineer.  Failure to clarify such discrepancies with the Engineer will not relieve the 
Contractor of the responsibility of conforming to the requirements of the Contract. 

 
 G. Failure of the Contractor to obtain a full and complete set of Contract Documents (either before or 

after bidding) will not relieve the Contractor of the responsibility of complying with the intent of the 
Contract Documents. 

 
 H. To insure proper electrical coordination between the electrical components supplied under the 

Electrical Divisions and the equipment supplied under the Mechanical Divisions, a schedule shall 
be submitted, prior to start of work, for review by the Engineer with the following column headings: 

 

 
1.Equip. 
  or Item 

 
2. HP or KVA 

 
3.Voltage 
  and 
  Phase 

 
4. Power 
   Factor 

 
5. Capacitor 

 
6.Motor 
  Starter 

 
7.Discon. 

 
8.Controls 

 
9.Remarks 

 
Description of Column Headings: 
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  1. List all the approved equipment furnished under Mechanical Division that requires electrical 

connections and designate the equipment as it appears in the Mechanical Divisions.  
Indicate the quantity, if more than one, in parentheses of identical equipment being supplied. 

  2. Indicate the supplied horsepower of the equipment listed under Column No. 1.  If equipment 
listed has more than one motor, indicate each motor and its respective horsepower.  Indicate 
the kVA rating for all other equipment requiring an electrical connection, unless the electrical 
connection is for a control circuit only. 

  3. Indicate the voltage and phase requirements for equipment listed under Column No. 1.  If 
more than one electrical circuit or voltage is required for the listed equipment, it shall be so 
indicated.  Indicate wiring required for connection, including all phase, neutral, and ground 
conductors. 

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

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

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

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

  8. Indicate the Division under which the controls for the equipment listed under Column No. 1 
are provided. 

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

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

installations, with the approved Shop Drawings and the trades involved.  Coordination shall include 
voltage, phases, quantity and size of wiring, device sizes, terminations, rough-in work, and other 
coordination for a complete installation. 

 
 J. Coordinate Division 26 work with all trades. 
 
 K. Install work with proper clearances and access.  Carefully examine all contract drawings and fit the 

work in each location without substantial alteration.  Where departures are proposed or required, 
submit detailed drawings for acceptance.  The right is reserved to make reasonable changes in 
location of equipment, conduit and wiring up to the time of rough-in or fabrication. 

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

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

under other divisions.  Connections shall be complete in all respects to render this equipment 
functional to its fullest intent.  The Contractor shall make all system connections required to 
equipment furnished under other Divisions.  Circuits shall be extended to all equipment which is 
incidental to, but not necessarily shown, for equipment specified under other divisions such as 
magnetic flow meters, ATC panels, liquid level controls, leak detection systems, etc.  Connections 
shall be complete in all respects to render this equipment functional to its fullest extent. 

 
 N. It shall be the responsibility of the Contractor to obtain complete instructions for connections.   
 
3.6  GUARANTEE 
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 A. Guarantee obligations shall be as hereinbefore specified in the GENERAL AND SPECIAL 

CONDITIONS of these specifications, except as follows: 
  1. Guarantee the complete electrical system free from all mechanical and electrical defects for 

the period of two (2) years beginning from the day of final acceptance of the work by the 
Owner. 

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

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

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

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

equipment provided. 
 
 C. Any equipment or system in need of warranty work whether during regular hours or on an 

emergency basis, shall be immediately serviced and repaired.  The warranty work and guarantee 
shall include all parts and labor and shall be furnished at no cost to the Owner. 

 
 D. The Contractor shall guarantee to make good any and all defects in his work, exclusive of lamps, 

which may develop due to defective workmanship or materials, within one year from the date of 
final acceptance of the work by the Owner. 

 
 E. In addition to the warranty and correction of work obligations contained in the General and 

supplementary Conditions, correct the work of the system as embraced by the Specification, free 
from Mechanical and Electrical defects for the warranty period beginning from the day of 
acceptance of the building by the Architect for the beneficial use of the Owner. 

 
 F. During the warranty period, take responsibility for the proper adjustments of systems, equipment 

and apparatus installed and perform work necessary to ensure the efficient and proper functioning 
of the systems and equipment. 

 
 G. Certain items of equipment hereinafter specified shall be guaranteed for a longer time than the 

general warranty period.  These guarantees shall be strictly adhered to and the Contractor shall be 
responsible for service or replacement required in connection with guarantee of these items.  
These guarantees shall commence on the same date as the final acceptance by the Architect. 

 
 H. Submission of a bid proposal for this Project warrants that the Contractor has reviewed the 

Contract Documents and has found them free from ambiguities and sufficient for the construction 
and proper operation of systems installed for this project. If discrepancies are found, have them 
clarified by Addendum. 

 
 I. It is possible that certain areas of the building or certain systems will be accepted at a time different 

than as specified.  The date of acceptance by the Architect for beneficial use of the Owner for 
these building areas or systems will be adjusted accordingly. 

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

 
 B. Coordination of work by the Contractor is essential such that power outages are kept to a minimum 

in quantity and duration.  All required outages shall be approved by the Owner for optimum time 
scheduling.  Written notice of not less than 15 calendar days shall precede all power outages.   

 
3.8  PAINTING AND FINISHES 
 
 A. Provide protective finishes on all materials and equipment.  Use coated or corrosion-resistant 

materials, hardware and fittings throughout the work.  Paint bare, untreated ferrous surfaces with 
rust-inhibiting paint.  All exterior components including supports, hangers, nuts, bolts, washers, 
vibration isolators, etc., shall be galvanized or stainless steel. 

 
 B. Clean surfaces prior to application of coatings, paint, or other finishes. 
 
 C. Provide factory-applied finishes where specified.  Unless otherwise indicated factory-applied paints 

shall be baked enamel with proper pre-treatment. 
 
 D. Protect all finishes and restore any finishes damaged as a result of work under Division 26 to their 

original condition. 
 
 E. The preceding requirements apply to all work, whether exposed or concealed. 
 
 F. Remove all construction marking and writing from exposed equipment, conduit, and building 

surfaces.  Do not paint manufacturer's labels or tags. 
 
 G. All exposed conduit, etc., shall be painted, except in electrical rooms, mechanical rooms, storage 

rooms, and crawl spaces.  Colors shall be selected by the Architect and conform to ANSI 
Standards. 

 
 H. Submit color of factory-finished equipment for approval prior to ordering. 
 
3.11 PROTECTION OF WORK 
 
 A. Protect work, material and equipment from weather and construction operations before and after 

installation.  Properly store and handle all materials and equipment. 
 
 B. Cover temporary openings in conduit and equipment to prevent the entrance of water, dirt, debris, 

or other foreign matter. 
 
 C. Cover or otherwise protect all finishes. 
 
 D. Replace damaged materials, devices, finishes and equipment. 
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3.12 OPERATION OF EQUIPMENT 
 
 A. Clean all systems and equipment prior to initial operation for testing, retesting, or other purposes.  

Set, adjust, and test all equipment in accordance with manufacturer's instructions.  Do not operate 
equipment unless all proper safety devices or controls are operational.  Provide all maintenance 
and service for equipment that is authorized for operation during construction. 

 
 B. Where specified, or otherwise required, provide the services of the manufacturer's factory-trained 

servicemen or technicians to start up the equipment. 
 
 C. Do not use electrical systems for temporary services during construction unless authorized in 

writing by the Owner.  Where such authorization is granted, temporary use of equipment shall in no 
way limit or otherwise affect warranties or guaranty period of the work. 

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

items such as filters. 
 
3.13 TESTING AND ADJUSTMENT 
 
 A. Perform all tests which are specified or required to demonstrate that the work is installed and 

operating properly.  Where formal tests are required, give proper notices and perform all necessary 
preliminary tests to assure that the work is complete and ready for final test.  

 
 B. Adjust all systems, equipment and controls to operate in a safe, efficient and stable manner. 
 
 C. On all circuits, 600 volts or less, provide circuits that are free from ground faults, short circuits and 

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

equipment. 
 
3.14 IDENTIFICATIONS, ELECTRICAL DIAGRAMS AND OPERATING INSTRUCTIONS 
 
 A. All equipment shall be plainly tagged. 
 
 C. All items of equipment, including motor starters, panels, etc., shall be furnished with white letters 

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

 
 D. Provide three (3) copies of operating and maintenance instructions for all principal items of 

equipment furnished.  This material shall be bound as a volume of the "Record and Information 
Booklet" as hereinafter specified. 

 
 E. Provide at least 24 hours of straight time instruction to the operating personnel.  This instruction 

period shall consist of not less than three (3) consecutive 8-hour days.  Time of instruction shall be 
designated by the Owner.  Provide two VHS video taped copies of all instructional 
periods/demonstrations. 
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3.15 RECORD DRAWINGS AND SPECIFICATIONS 
 
 A. Upon completion of the Electrical installations, the Contractor shall deliver to the Engineer one 

complete set of prints of the Electrical Contract Drawings which shall be legibly marked in red 
pencil to show all Addenda, approved Shop Drawings, Change Orders, changes and departures of 
the installation as compared with the original design.  They shall be suitable for use in preparation 
of Record Drawings.  Provide electronic copies of each. 

 
 B. The Contractor shall provide a record specification including all Addenda and other modifications.   

Record substantial variations in actual work performed.  Identify all substitutions. 
 
3.16 RECORD AND INFORMATION BOOKLET 
 
 A. The Contractor shall have prepared three (3) copies of the Record and Information Booklet as well 

as an electronic copy and deliver these copies of the booklet to the Owner.  The booklet shall be as 
specified herein.  The booklet must be approved and will not be accepted as final until so stamped. 

 
 B. The booklet shall be bound in a three-ring loose-leaf binder similar to "National" No. 3881 with the 

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

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

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

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

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

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

data for all components.  Include all submittal comments, and corrected catalog data 
and shop drawings on each piece of equipment and each system. 

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

   d. Operating instructions, including sequence of operation. 
    1) Description of function, normal operating characteristics and limitations, 

engineering data and tests, and complete nomenclature and commercial 
numbers of replacement parts.  Provide a description of each system 
installed. 

    2) Manufacturer’s printed operating procedures to include start-up, break-in, 
and routine and normal operating instructions; control, stopping. 

   e. Maintenance instructions for equipment and systems.  Detailed checkout 
procedures to ensure operation of systems and gear, including recommended 
cleaning methods and materials and special precautions identifying detrimental 
agents. 

   f. Servicing, diagnostic and troubleshooting instructions and procedures for systems 
and major equipment. 
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   g. Recommended preventative maintenance program, including a list of items requiring 
inspection and servicing.  Provide Chart Form indicating time and type of routine 
and preventative maintenance of electrical equipment, etc.  The chart shall also 
indicate tag number, model number of equipment, location and service.  
1) For replacement items, indicate type, size and quantity of the replaceable 

items. 
    2) Provide lubrication schedule, including type, grade, temperature range and 

frequency. 
    3) Provide a list of each type of lighting fixture lamp used, lamp fixture used, 

and source. 
    4) Include estimated mean time between failures for major parts. 
   h. Wiring Diagrams, Block Diagrams, and Assembly Drawings. 
   i. Panelboard Circuit Directory for each panelboard, including Panel Name, Panel 

Location, Panel Ratings, spare circuit breakers, spaces for additional circuit 
breakers. 

   j. List of equipment keys turned over to the Owner. 
  5. Part 3:  Project Documents and Certificates, including the following: 
   a. Shop Drawings and Product Data.  Record Documents of the systems. 
   b. Photocopies of certificates. 
   c. Photocopies of Manufacturers’ and Contractors’ warranties, guarantees. 
   d. Test Reports:  Copies of the approved results of all tests required under all sections 

of specifications. 
   e. Inspection Certificates. 
   f. Manufacturer’s Conformance Certificates. 
  6. Provide one copy (DVD video disk) of video instruction session with each booklet set.  Label 

video disk with all pertinent information.  
  7. Submit one copy of completed volumes in final form 15 days prior to final Inspection.  This 

copy will be returned with Engineer comments.  Revise content of documents as required 
prior to final submittal. 

  8. Submit final volumes revised, within ten days after final inspection. 
 
 C. Upon completion of the project, the Contractor shall furnish the Owner a complete list of suppliers 

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

 
 D. This item shall include the furnishing of a complete list of equipment installed on the project, 

including the Manufacturer’s name, the make and model number of the equipment, and address 
and telephone number of the nearest supplier who stocks maintenance and/or replacement parts.  
The list should be submitted along with as-built drawings and be typed in an organized manner. 

 
3.18 INSTALLATION AND COORDINATION DRAWINGS 
 
 A. In congested areas, prepare, submit, and use composite installation and coordination drawings to 

assure proper coordination and installation of work.  Drawings shall include, but not be limited, to 
the following: Complete Electrical Drawings showing coordination with lights, electrical equipment, 
mechanical, plumbing, HVAC, structural, and architectural elements and provision for access. 

 
 B. Draw plans to a scale not less than 3/8-inch equals one foot.  Include plans, sections, and 

elevations of proposed work, showing all equipment and conduit in areas involved.  Fully dimension 
all work including lighting fixtures, conduits, pullboxes, panelboards, and other electrical work, 
walls, doors, ceilings, columns, beams, joists, mechanical equipment, and other architectural and 
structural work. 
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 C. Identify all equipment and devices on wiring diagrams and schematics.  Where field connections 
are shown to factory-wired terminals, include manufacturer's literature showing internal wiring. 

 

 

END OF SECTION  
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SECTION 26 05 02 – ELECTRICAL DEMOLITION FOR REMODELING 

 

 

PART 1 - GENERAL 

 
1.1 SCOPE 
 

A. Electrical demolition shall be carried out per the Contract Documents.  
 
B. Provide all cutting and patching for electrical construction. 
 
C. Provide temporary service and provisions to maintain existing systems.  
 

 
PART 2 – PRODUCTS 

 

2.1 MATERIALS AND EQUIPMENT 
 

A. Materials and equipment for patching and extending work: As specified in individual sections. 
 
2.2 FIELD SERVICES AND SURVEYS 
 

A. The Contractor shall examine the site, determine all conditions and circumstances and gather all 
data and information required for the work. 

 
B. The Contractor shall survey all new and existing wiring, circuitry, cabling, equipment and devices. 

 Data gathering shall include, but not be limited to, equipment nameplate information, ratings, 
voltage, wiring configurations, conductor lengths, conductor routing, conductor sizes, equipment 
connections, and other information as required to maintain existing systems. 

 
C. The Contractor shall provide complete field investigations to determine existing and new 

conductor, cable, and conduit routing, points of connections, and tracing of existing systems. 
 
D. The Contractor shall assume that all information shall be obtained from field surveys and not 

from Owner’s records.  If Owner’s records are made available to the Contractor, for information 
only, the Contractor shall verify the Owner’s Records with the existing conditions. 

 
E. Field investigations include, but are not limited to, performing surveys, opening of equipment 

enclosures, and other work as required to maintain existing systems. 
 

 
PART 3 – EXECUTION 

 
3.1 EXAMINATION 
 

A. Verify that field measurements and circuiting arrangements are as shown on the Drawings. 
 
B. Verify that abandoned wiring and equipment serve only abandoned facilities. 
 
 
C. Demolition Drawings are based on casual field observation. Report discrepancies to the Owner, 

Engineer before disturbing existing installation. 
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D. Beginning of demolition means installer accepts existing conditions. 
 
3.2 PREPARATION 
 

A. Disconnect electrical systems in walls, floors, and ceilings scheduled for removal.   
 
B. Coordinate utility service outages with the Owner, Architect, and Engineer. Also, coordinate utility 

service outages with Utility Company. 
 
3.3 CONNECTIONS AND ALTERATIONS TO EXISTING SYSTEMS 
 

A. Keep all existing electrical systems in operation during the progress of the work.  Provide 
temporary electrical connections to systems of equipment, etc., where necessary to maintain 
continuous operation until the new systems and equipment are ready for operation. 

 
B. When existing electrical work is removed, remove all conduit, ducts, supports, etc. to a point 

below the finished floors or behind finished walls and cap.  Such points shall be far enough 
behind finished surfaces to allow for the installation of the normal thickness of finished material. 

 
C. When the work specified hereunder connects to any existing equipment, conduit, wiring, etc., 

perform all necessary alterations, cuttings, fittings, etc., of the existing work as may be necessary 
or required to make satisfactory connections between the new and existing work and leave the 
complete work in a finished and workmanlike condition. 

 
D. When the work specified under other divisions necessitates relocation of existing equipment, 

conduits, wiring, etc., perform all work and make all necessary changes to existing work as may 
be required to leave the completed work in a finished and workmanlike condition. 

 
E. Contractor shall be responsible for removing and replacing existing ceiling tile within the lay-in 

ceiling areas as required.  Contractor shall provide all necessary cutting and fitting of bushed 

holes for cable passage through tiles.  Any tiles damaged during the Contract shall be replaced 
with like kind at no cost to the Owner. 

 

F. Provide temporary wiring and connections to maintain existing systems in service during 
construction.  When work must be performed on energized equipment or circuits, use personnel 
experienced in such operations.  In particular, all security and safety systems must be 
maintained in operation at all times as required by the Owner.  This includes security and safety 
lighting. 

 
G. Existing Electrical Service:  Maintain existing system in service.  Disable system only to make 

switchovers and connections. Obtain written permission from Owner at least 15 days before 
partially or completely disabling system.  Minimize outage duration. Make temporary connections 
to maintain service in areas adjacent to work area.  The Contractor shall be responsible for 
maintaining electrical service to all areas of the building during construction.  The Contractor 
shall provide temporary power and lighting for areas of the building that are under construction 
and shall maintain power for all systems in areas of he building not under construction.  The 
contractor shall be responsible for the relocation of all electrical equipment and its associated 
wiring as required by construction phasing. 
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H. Emergency Power:  The Contractor shall provide temporary emergency lighting along paths of 
egress in completed areas through use of a temporary emergency power system or temporary 
battery pack fixtures as required by NFPA and the local authority having jurisdiction.  Outages 
required for relocation and/or extension of the existing electrical systems shall be kept to a 
minimum duration, performed while building is not occupied and scheduled in advance with the 
Owner.  Where extended outages are required, the contractor shall provide temporary generator 
backup of the existing service adequate to ensure life safety lighting, fire alarm, security and 
other systems as directed by the owner are functional.  The Contractor shall fully examine the 
existing systems, determine all existing conditions and circumstances under which the work shall 
be performed and make all allowances for same.  No additional cost to the Owner shall be 
permitted for the Contractors’ failure to do so. 

 
I. The Contractor shall trace all circuits and controls to be disconnected to ensure that vital services 

to other areas are not interrupted. 
 
3.4 PROTECTION 
 

A. Provide protection for all existing and new cabling.  Provide inner duct, conduit or other suitable 
means of protection to prevent damage to cables located in renovated areas. 

 
B. Damage to wiring, cabling or equipment shall be repaired by skilled mechanics for the trade 

involved at no additional contract amount. 
 
C. Fixtures, materials and equipment shall be protected at all times.  The Contractor shall make 

good any damage caused either directly or indirectly by his workmen.  Conduit openings shall be 
closed with caps or plugs during installation.  Fixtures and equipment shall be tightly covered and 
protected against dirt, water and chemical or other injury.  At the completion of all work, the 
fixtures, materials and equipment shall be thoroughly cleaned and turned over in a condition 
satisfactory to the Owner. 

 
D. Damage:  Where wiring, raceways, lighting fixtures, devices or equipment to remain is 

inadvertently damaged or disturbed, cut out and remove damaged section and provide new of 
equal or capacity or quality. 

 
3.5 ELECTRICAL DEMOLITION 
 

A. Remove from the premises and dispose of all existing wiring, conduit, material, fixtures, devices, 
equipment, etc., not required for re-use or re-installation. 

 

B. Deliver on the premises where directed existing material and equipment which is removed and is 
desired by the Owner or is indicated to remain the property of the Owner. 

 
C. All other equipment and materials which are removed shall become the property of the 

Contractor and shall be removed by him from the premises. 
 
D. Where electrical equipment is removed, also remove all wiring back to source panelboard or 

switch or to last remaining device on the same circuit.  All conduit, hangers, supports, etc., shall 
also be removed unless otherwise noted.  Such conduit may remain to be reused for new work 
provided said conduit is of the proper size and type as that specified and in a condition 
acceptable to Engineer and Owner. 

 
E. Any conduit abandoned in concrete slabs, walls, or other inaccessible locations shall be left 

empty except for a nylon pull wire.  Ends shall be capped with push plugs for future use. 
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F. Where an existing system is indicated to be removed, the Contractor shall provide complete 
removal of entire system including all wiring, conduit, and connected/associated fixtures and 
devices.  The system shall be removed in its entirety unless otherwise noted. 

 

3.6 EXISTING CONDUIT WORK 
 

A. Remove all abandoned raceway, including abandoned raceway above accessible ceiling 
finishes.  Cut raceway flush with walls and floors, and patch surfaces.  Remove conduit back to 
point of penetration/exposure. 

 
B. Remove concealed abandoned raceway to its source. 
 
C. Abandoned Work:  buried electrical work abandoned in place, shall be cut out approximately 2 

inches beyond the face of adjacent construction, capped and the adjacent surface patched to 
match the existing finish. 

 
D. Disconnect abandoned outlets and remove devices.  Remove abandoned outlets if raceway 

servicing them is abandoned and removed.  Provide blank cover for abandoned outlets that are 
not removed. 

 
E. Ensure access to existing boxes and other installations which remain active and which require 

access.  Modify installation or provide access panel as appropriate. 
 
F. Extend existing raceway and box installations using materials and methods compatible with 

existing electrical installations, or as specified. 
 
G. Clean and repair existing raceway and boxes that remain or are to be reinstalled. 
 
H. Remove all abandoned wiring from exiting conduits and ductbanks.  Abandoned wiring that 

cannot be removed shall be tagged at each end as “Abandoned”. 
 
I. Contractor shall provide all cutting and patching required to connect to and extend existing 

conduits, wiring, circuits, etc. 
 

3.7 EXISTING WIRING AND CABLING WORK 
 

A. Remove all abandoned and unused wire and cable, including abandoned wire and cable above 
accessible ceiling finishes.  Patch surfaces where removed cables pass through building finishes. 
 Remove abandoned and unused cabling and wiring back to the source. 

 
B. Disconnect abandoned circuits and remove circuit wire and cable.  Remove abandoned boxes if 

wire and cable servicing them is abandoned and removed.  Provide blank cover for abandoned 
boxes that are not removed. 

 
C. Ensure access to existing wiring connections which remain active and which require access.  

Modify installation or provide access panel as appropriate. 
 
D. Extend existing circuits using materials and methods compatible with existing electrical 

installations or as specified. 
 
E. Clean and repair existing wire and cable that remain or is to be reinstalled. 
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F. Provide supports for all wiring and cabling to remain as required by NEC. 
 
G. Contractor shall provide field services for racing out of all existing circuits to be maintained.  

Contractor shall locate, trace and label, all existing circuits being re-used. 
 
3.8 CLEANING AND REPAIR 
 

A. The Consultant shall show, on the drawings, all items to be cleaned or repaired. 
 
B. Clean and repair existing equipment and materials that remain or are to be reused. 
 
C. Panelboards: Clean exposed surfaces and check tightness of electrical connections.  Replace 

damaged circuit breakers and provide closure plates for vacant positions. Provide typed circuit 
directory showing revised circuiting arrangement.  Trace existing circuits to determine exact 
location and type of load served by each circuit breaker. 

 
D. Provide new labels on all existing electrical equipment being re-used. 

 
3.9 INSTALLATION 
 

A. Install relocated materials and equipment under the provisions of other sections. 
 
 
END OF SECTION 
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SECTION 26 05 13 - MEDIUM-VOLTAGE CABLES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Cables. 
2. Connectors. 
3. Solid terminations. 
4. Separable insulated connectors. 
5. Splice kits. 
6. Medium-voltage tapes. 
7. Arc-proofing materials. 
8. Fault indicators. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of cable. Include splices and terminations for cables and cable 
accessories. 

1.4 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Indicate location of each cable, splice, and termination. 

B. Source quality-control reports. 

C. Field quality-control reports. 

PART 2 - PRODUCTS 

2.1 SYSTEM DESCRIPTION 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and application. 

B. Comply with IEEE C2 and NFPA 70. 
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C. Source Limitations: Obtain cables and accessories from single source from single manufacturer. 

2.2 CABLES 

A. 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. Okonite Company. 
2. Southwire Company. 
3. Superior Essex, Inc. 
4. Rome Cable Company. 
5. Aetna Insulated Wire, Inc. 
6. Kerite Company. 
7. General Cable; General Cable Corporation. 

B. Cable Type: Type MV 105. 

C. Conductor Insulation: Ethylene-propylene rubber. 

1. Voltage Rating: 5 kV. 
2. Insulation Thickness: 133 percent insulation level. 

D. Conductor:  Copper. 

E. Comply with UL 1072, AEIC CS8, ICEA S-93-639/NEMA WC 74, and ICEA S-97-682. 

F. Conductor Stranding: Concentric lay, Class B. 

G. Strand Filling: Conductor interstices are filled with impermeable compound. 

H. Shielding and Jacket: Corrugated copper drain wires embedded in extruded, chlorinated, 
polyethylene jacket. 

I. Cable Jacket: Chlorosulfonated polyethylene. 

2.3 CONNECTORS 

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. 3-M Manufacturing Company 
2. nVent (Raychem) 
3. TE Connectivity 
4. G&W 

B. Comply with ANSI C119.4 for connectors between aluminum conductors or for connections 
between aluminum to copper conductors. 

C. Copper-Conductor Connectors: Aluminum barrel crimped connectors. 
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2.4 SOLID TERMINATIONS 

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. 3-M Manufacturing Company 
2. nVent (Raychem) 
3. TE Connectivity 
4. G&W 

B. Shielded-Cable Terminations: Comply with the following classes of IEEE 48. Insulation class 
shall be equivalent to that of cable. Include shield ground strap for shielded cable terminations. 

1. Class 1 Terminations: 

a. Modular type, furnished as a kit, with stress-relief tube; multiple, molded-silicone-
rubber, insulator modules; shield ground strap; and compression-type connector. 

b. Heat-shrink type with heat-shrink inner stress control and outer nontracking tubes; 
multiple, molded, nontracking skirt modules; and compression-type connector. 

2.5 SEPARABLE INSULATED CONNECTORS 

A. Description: Modular system, complying with IEEE 386, with disconnecting, single-pole, cable 
terminators and with matching, stationary, plug-in, dead-front terminals designed for cable 
voltage and for sealing against moisture. 

B. 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. 3-M Manufacturing Company 
2. nVent (Raychem) 
3. TE Connectivity 
4. G&W 

C. Terminations at Distribution Points: Modular type, consisting of terminators installed on cables 
and modular, dead-front, terminal junctions for interconnecting cables. 

D. Load-Break Cable Terminators: Elbow-type units with 200 A load make/break and continuous-
current rating; coordinated with insulation diameter, conductor size, and material of cable being 
terminated. Include test point on terminator body that is capacitance coupled. 

E. Tool Set: Shotgun hot stick with energized terminal indicator, fault-indicator test tool, and 
carrying case. 

2.6 MEDIUM-VOLTAGE TAPES 

A. Description: Electrical grade, insulating tape rated for medium voltage application. 
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B. 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. 3-M Manufacturing Company 
2. nVent (Raychem) 
3. TE Connectivity 
4. G&W 

C. Ethylene/propylene rubber-based, 30 mil (0.76 mm) splicing tape, rated for 130 deg C 
operation. Minimum 3/4 inch (20 mm) wide. 

D. Silicone rubber-based, 12 mil (0.30 mm) self-fusing tape, rated for 130 deg C operation. 
Minimum 1-1/2 inch (38 mm) wide. 

E. Insulating-putty, 125 mil (3.175 mm) elastic filler tape. Minimum 1-1/2 inch (38 mm) wide. 

2.7 ARC-PROOFING MATERIALS 

A. Description: Fire retardant, providing arc flash protection. 

B. 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. 3-M Manufacturing Company 
2. nVent (Raychem) 
3. TE Connectivity 
4. G&W 

C. Tape for First Course on Metal Objects: 10 mil (250 micrometer) thick, corrosion-protective, 
moisture-resistant, PVC pipe-wrapping tape. 

D. Arc-Proofing Tape: Fireproof tape, flexible, conformable, intumescent to 0.3 inch (8 mm) thick, 
and compatible with cable jacket. 

E. Glass-Cloth Tape: Pressure-sensitive adhesive type, 1 inch (25 mm) wide. 

2.8 SOURCE QUALITY CONTROL 

A. Test and inspect cables according to ICEA S-97-682 and ICEA S-94-649 before shipping. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install cables according to IEEE 576. 
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B. Proof conduits prior to conductor installation by passing a wire brush mandrel and then a rubber 
duct swab through the conduit. Separate the wire brush and the rubber swab by 48 to 72 inch 
(1200 to 1800 mm) on the pull rope. 

1. Wire Brush Mandrel: Consists of a length of brush approximately the size of the conduit 
inner diameter with stiff steel bristles and an eye on each end for attaching the pull ropes. 
If an obstruction is felt, pull the brush back and forth repeatedly to break up the 
obstruction. 

2. Rubber Duct Swab: Consists of a series of rubber discs approximately the size of the 
conduit inner diameter on a length of steel cable with an eye on each end for attaching 
the pull ropes. Pull the rubber duct swab through the duct to extract loose debris from the 
duct. 

C. Pull Conductors: Do not exceed manufacturer's recommended maximum pulling tensions and 
sidewall pressure values. 

1. Where necessary, use manufacturer-approved pulling compound or lubricant that does 
not deteriorate conductor or insulation. 

2. Use pulling means, including fish tape, cable, rope, and basket-weave cable grips, that 
do not damage cables and raceways. Do not use rope hitches for pulling attachment to 
cable. 

3. Use pull-in guides, cable feeders, and draw-in protectors as required to protect cables 
during installation. 

4. Do not pull cables with ends unsealed. Seal cable ends with rubber tape. 

D. Install exposed cables parallel and perpendicular to surfaces of exposed structural members 
and follow surface contours where possible. 

E. Support cables according to Section 260529 "Hangers and Supports for Electrical Systems." 

F. In manholes, handholes, pull boxes, junction boxes, and cable vaults, train cables around walls 
by the longest route from entry to exit; support cables at intervals adequate to prevent sag. 

G. Install sufficient cable length to remove cable ends under pulling grips. Remove length of 
conductor damaged during pulling. 

H. Install terminations at ends of conductors, and seal multiconductor cable ends with standard 
kits. 

I. Install separable insulated-connector components as follows: 

1. Protective Cap: At each terminal junction, with one on each terminal to which no feeder is 
indicated to be connected. 

2. Portable Feed-Through Accessory: At each terminal junction, with one on each terminal. 
3. Standoff Insulator: At each terminal junction, with one on each terminal. 

J. Arc Proofing: Unless otherwise indicated, arc proof medium-voltage cable at locations not 
protected by conduit, cable tray, direct burial, or termination materials. In addition to arc-
proofing tape manufacturer's written instructions, apply arc proofing as follows: 

1. Clean cable sheath. 
2. Wrap metallic cable components with 10 mil (250 micrometer) pipe-wrapping tape. 
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3. Smooth surface contours with electrical insulation putty. 
4. Apply arc-proofing tape in one half-lapped layer with coated side toward cable. 
5. Band arc-proofing tape with two layers of 1 inch (25 mm) wide half-lapped, adhesive, 

glass-cloth tape at each end of the arc-proof tape. 

K. Seal around cables passing through fire-rated elements according to Section 078413 
"Penetration Firestopping." 

L. Ground shields of shielded cable at one point only. Maintain shield continuity and connections 
to metal connection hardware at all connection points. 

M. Identify cables according to Section 260553 "Identification for Electrical Systems." Identify 
phase and circuit number of each conductor at each splice, termination, pull point, and junction 
box. Arrange identification so that it is unnecessary to move the cable or conductor to read the 
identification. 

3.2 FIELD QUALITY CONTROL 

A. Tests and Inspections: 

1. Perform each visual and mechanical inspection and electrical test stated in NETA ATS. 
Certify compliance with test parameters. 

2. After installing medium-voltage cables and before electrical circuitry has been energized, 
test for compliance with requirements. 

3. Perform direct-current High Potential test of each new conductor according to 
NETA ATS, Ch. 7.3.3. Do not exceed cable manufacturer's recommended maximum test 
voltage. 

B. Medium-voltage cables will be considered defective if they do not pass tests and inspections. 

C. Prepare test and inspection reports. 

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

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Building wires and cables rated 600 V and less. 
2. Connectors, splices, and terminations rated 600 V and less. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For testing agency. 

B. Field quality-control reports. 

1.5 QUALITY ASSURANCE 

A. Testing Agency Qualifications: Member company of NETA or an NRTL. 

1. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site testing. 

PART 2 - PRODUCTS 

2.1 CONDUCTORS AND CABLES 

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

1. Alcan Products Corporation; Alcan Cable Division. 
2. Alpha Wire. 
3. Belden Inc. 
4. Encore Wire Corporation. 
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5. General Cable Technologies Corporation. 
6. Southwire Incorporated. 

B. Copper Conductors: Comply with NEMA WC 70/ICEA S-95-658. 

C. Conductor Insulation: Comply with NEMA WC 70/ICEA S-95-658 for Type THHN-2-THWN-2, 
and Type SO. 

D. Multiconductor Cable: Comply with NEMA WC 70/ICEA S-95-658 for metal-clad cable, 
Type MC, with ground wire. 

2.2 CONNECTORS AND SPLICES 

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

1. AFC Cable Systems, Inc. 
2. Gardner Bender. 
3. Hubbell Power Systems, Inc. 
4. Ideal Industries, Inc. 
5. Ilsco; a branch of Bardes Corporation. 
6. NSi Industries LLC. 
7. O-Z/Gedney; a brand of the EGS Electrical Group. 
8. 3M; Electrical Markets Division. 
9. Tyco Electronics. 

B. Description: Factory-fabricated connectors and splices of size, ampacity rating, material, type, 
and class for application and service indicated. 

2.3 SYSTEM DESCRIPTION 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and application. 

B. Comply with NFPA 70. 

PART 3 - EXECUTION 

3.1 CONDUCTOR MATERIAL APPLICATIONS 

A. Feeders: Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.   

B. Branch Circuits: Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger. 



 

 

GAI Project No. 22082  © 2023 Gipe Associates, Inc. 
School of Technology – Chiller Replacement  LOW-VOLTAGE ELECTRICAL POWER 
Issued for Bid Submission – 11/02/2023                                                    CONDUCTORS AND CABLES 
                                                                                                                                                    26 05 19 - 3 

 

3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND WIRING 
METHODS 

A. Exposed Feeders: Type THHN-2-THWN-2, single conductors in raceway. 

B. Feeders Concealed in Ceilings, Walls, and Partitions: Type THHN-2-THWN-2, single 
conductors in raceway. 

C. Exposed Branch Circuits, Including in Crawlspaces: Type THHN-2-THWN-2, single conductors 
in raceway. 

D. Branch Circuits Concealed in Ceilings, Walls, and Partitions: Type MC cable.  Homeruns may 
be type MC cable to the source panelboard in electrical rooms when the remainder of the circuit 
is type MC.Coordinate "Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and 
Underground" Paragraph below with Section 260543 "Underground Ducts and Raceways for 
Electrical Systems." 

3.3 INSTALLATION OF CONDUCTORS AND CABLES 

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

B. Complete raceway installation between conductor and cable termination points according to 
Section 260533 "Raceways and Boxes for Electrical Systems" prior to pulling conductors and 
cables. 

C. Use manufacturer-approved pulling compound or lubricant where necessary; compound used 
must not deteriorate conductor or insulation. Do not exceed manufacturer's recommended 
maximum pulling tensions and sidewall pressure values. 

D. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will 
not damage cables or raceway. 

E. Install exposed cables parallel and perpendicular to surfaces of exposed structural members, 
and follow surface contours where possible. 

F. Support cables according to Section 260529 "Hangers and Supports for Electrical Systems." 

3.4 CONNECTIONS 

A. Tighten electrical connectors and terminals according to manufacturer's published torque-
tightening values. If manufacturer's torque values are not indicated, use those specified in 
UL 486A-486B. 

B. Make splices, terminations, and taps that are compatible with conductor material and that 
possess equivalent or better mechanical strength and insulation ratings than unspliced 
conductors. 

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

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

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

3.6 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply 
with requirements in Section 260500 "Basic Electrical Materials and Methods." 

3.7 FIRESTOPPING 

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore 
original fire-resistance rating of assembly according to Section 07 "Fire-Resistive Joint 
Systems." 

3.8 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 

1. After installing conductors and cables and before electrical circuitry has been energized, 
test feeders for compliance with requirements. 

2. Perform each visual and mechanical inspection and electrical test stated in NETA 
Acceptance Testing Specification. Certify compliance with test parameters. 

B. Test and Inspection Reports: Prepare a written report to record the following: 

1. Procedures used. 
2. Results that comply with requirements. 
3. Results that do not comply with requirements and corrective action taken to achieve 

compliance with requirements. 

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

END OF SECTION  
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SECTION 26 05 26 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section includes grounding and bonding systems and equipment. 

1.3 ACTION SUBMITTALS 

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

1.4 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For grounding to include in emergency, operation, and 
maintenance manuals. 

1.6 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and application. 

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

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

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

1. Burndy; Part of Hubbell Electrical Systems. 
2. ERICO International Corporation. 
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3. Fushi Copperweld Inc. 
4. Galvan Industries, Inc.; Electrical Products Division, LLC. 
5. Harger Lightning and Grounding. 
6. ILSCO. 
7. O-Z/Gedney; A Brand of the EGS Electrical Group. 

2.2 SYSTEM DESCRIPTION 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and application. 

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

2.3 CONDUCTORS 

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

B. Bare Copper Conductors: 

1. Solid Conductors: ASTM B 3. 
2. Stranded Conductors: ASTM B 8. 
3. Tinned Conductors: ASTM B 33. 
4. Bonding Cable: 28 kcmil, 14 strands of No. 17 AWG conductor, 1/4 inch (6 mm) in 

diameter. 
5. Bonding Conductor: No. 4 or No. 6 AWG, stranded conductor. 
6. Bonding Jumper: Copper tape, braided conductors terminated with copper ferrules; 1-5/8 

inches (41 mm) wide and 1/16 inch (1.6 mm) thick. 
7. Tinned Bonding Jumper: Tinned-copper tape, braided conductors terminated with copper 

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

2.4 CONNECTORS 

A. Listed and labeled by an NRTL acceptable to authorities having jurisdiction for applications in 
which used and for specific types, sizes, and combinations of conductors and other items 
connected. 

B. Bolted Connectors for Conductors and Pipes: Copper or copper alloy. 

C. Bus-Bar Connectors: Mechanical type, cast silicon bronze, solderless exothermic-type wire 
terminals, and long-barrel, two-bolt connection to ground bus bar. 

2.5 GROUNDING ELECTRODES 

A. Ground Rods:  Copper-clad steel, sectional type; 3/4-inch by10 feet (19 mm by 3 m) in 
diameter. 

B. Ground Plates: 1/4 inch (6 mm) thick, hot-dip galvanized. 
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PART 3 - EXECUTION 

3.1 APPLICATIONS 

A. Conductors: Install solid conductor for No. 10 AWG and smaller, and stranded conductors for 
No. 8 AWG and larger unless otherwise indicated. 

B. Conductor Terminations and Connections: 

1. Pipe and Equipment Grounding Conductor Terminations: Bolted connectors. 
2. Connections to Structural Steel: Welded connectors. 

3.2 EQUIPMENT GROUNDING 

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

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

3.3 INSTALLATION 

A. Grounding Conductors: Route along shortest and straightest paths possible unless otherwise 
indicated or required by Code. Avoid obstructing access or placing conductors where they may 
be subjected to strain, impact, or damage. 

B. Ground Rods:  Drive rods until tops are 30 inches (900 mm) below finished floor or final grade, 
unless otherwise indicated. 

1. Interconnect ground rods with grounding electrode conductor below grade and as 
otherwise indicated.  Make connections without exposing steel or damaging coating, if 
any. 

2. Use exothermic welds for all below-grade connections. 

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

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

2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports: Install 
bonding so vibration is not transmitted to rigidly mounted equipment. 

D. Grounding and Bonding for Piping: 

1. Bond each aboveground portion of gas piping system downstream from equipment 
shutoff valve. 
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3.4 FIELD QUALITY CONTROL 

A. Tests and Inspections: 

1. After installing grounding system but before permanent electrical circuits have been 
energized, test for compliance with requirements. 

2. Inspect physical and mechanical condition. Verify tightness of accessible, bolted, 
electrical connections with a calibrated torque wrench according to manufacturer's written 
instructions. 

3. Test completed grounding system at each location where a maximum ground-resistance 
level is specified, at service disconnect enclosure grounding terminal, at ground test wells 
and at individual ground rods.  Make tests at ground rods before any conductors are 
connected. 

a. Measure ground resistance not less than two full days after last trace of 
precipitation and without soil being moistened by any means other than natural 
drainage or seepage and without chemical treatment or other artificial means of 
reducing natural ground resistance. 

b. Perform tests by fall-of-potential method according to IEEE 81. 
 

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

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

C. Prepare test and inspection reports. 

D. Report measured ground resistances that exceed the following values: 
 
1. Power and Lighting Equipment or System:  5 ohms. 
2. Power Distribution Units or Panelboards Serving Electronic Equipment: 1 ohm. 
3. Substations and Pad-Mounted Equipment:  5 ohms. 
4. Manhole Grounds:  10 ohms. 

 
E. Excessive Ground Resistance:  If resistance to ground exceeds specified values, notify 

Architect promptly and include recommendations to reduce ground resistance. 

END OF SECTION  
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SECTION 26 05 29 - HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes the following: 

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

1.3 DEFINITIONS 

A. EMT: Electrical metallic tubing. 

B. IMC: Intermediate metal conduit. 

C. RMC: Rigid metal conduit. 

1.4 PERFORMANCE REQUIREMENTS 

A. Delegated Design: Design supports for multiple raceways, including comprehensive engineering 
analysis by a qualified professional engineer, using performance requirements and design 
criteria indicated. 

B. Rated Strength: Adequate in tension, shear, and pullout force to resist maximum loads 
calculated or imposed for this Project, with a minimum structural safety factor of five times the 
applied force. 

1.5 ACTION SUBMITTALS 

A. Product Data: For the following: 

1. Steel slotted support systems. 
2. Nonmetallic slotted support systems. 
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B. Shop Drawings: Signed and sealed by a qualified professional engineer. Show fabrication and 
installation details and include calculations for the following: 

1. Trapeze hangers. Include Product Data for components. 
2. Steel slotted channel systems. Include Product Data for components. 
3. Nonmetallic slotted channel systems. Include Product Data for components. 
4. Equipment supports. 

1.6 INFORMATIONAL SUBMITTALS 

A. Welding certificates. 

1.7 QUALITY ASSURANCE 

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

B. Comply with NFPA 70. 

1.8 COORDINATION 

A. Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. Concrete, 
reinforcement, and formwork requirements are specified together with concrete Specifications. 

B. Coordinate installation of roof curbs, equipment supports, and roof penetrations. These items 
are specified in Section for "Roof Accessories” under division 7. 

PART 2 - PRODUCTS 

2.1 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS 

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

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

a. Allied Tube & Conduit. 
b. Cooper B-Line, Inc. 
c. ERICO International Corporation. 
d. GS Metals Corp. 
e. Thomas & Betts Corporation. 
f. Unistrut; Atkore International. 
g. Wesanco, Inc. 
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2. Metallic Coatings: Hot-dip galvanized after fabrication and applied according to MFMA-4. 
3. Channel Dimensions: Selected for applicable load criteria. 

B. Raceway and Cable Supports: As described in NECA 1 and NECA 101. 

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

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

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

1. Mechanical-Expansion Anchors: Insert-wedge-type, zinc-coated steel, for use in 
hardened portland cement concrete with tension, shear, and pullout capacities 
appropriate for supported loads and building materials in which used. 

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

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

2. Concrete Inserts: Steel or malleable-iron, slotted support system units similar to MSS 
Type 18; complying with MFMA-4 or MSS SP-58. 

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

4. Through Bolts: Structural type, hex head, and high strength. Comply with ASTM A 325. 
5. Toggle Bolts: All-steel springhead type. 
6. Hanger Rods: Threaded steel. 
7. No Powder driven fasteners. 

2.2 FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES 

A. Description: Welded or bolted, structural-steel shapes, shop or field fabricated to fit dimensions 
of supported equipment. 

B. Materials: Comply with requirements in Section 055000 "Metal Fabrications" for steel shapes 
and plates. 
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PART 3 - EXECUTION 

3.1 APPLICATION 

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

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

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

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

3.2 SUPPORT INSTALLATION 

A. Comply with NECA 1 and NECA 101 for installation requirements except as specified in this 
Article. 

B. Raceway Support Methods: In addition to methods described in NECA 1, EMT and RMC may 
be supported by openings through structure members, as permitted in NFPA 70. 

C. Strength of Support Assemblies: Where not indicated, select sizes of components so strength 
will be adequate to carry present and future static loads within specified loading limits. Minimum 
static design load used for strength determination shall be weight of supported components plus 
200 lb (90 kg). 

D. Mounting and Anchorage of Surface-Mounted Equipment and Components: Anchor and fasten 
electrical items and their supports to building structural elements by the following methods 
unless otherwise indicated by code: 

1. To Wood: Fasten with lag screws or through bolts. 
2. To New Concrete: Bolt to concrete inserts. 
3. To Masonry: Approved toggle-type bolts on hollow masonry units and expansion anchor 

fasteners on solid masonry units. 
4. To Existing Concrete: Expansion anchor fasteners. 
5. To Steel:Beam clamps (MSS Type 19, 21, 23, 25, or 27) complying with MSS SP-69. 
6. To Light Steel: Sheet metal screws. 
7. Items Mounted on Hollow Walls and Nonstructural Building Surfaces: Mount cabinets, 

panelboards, disconnect switches, control enclosures, pull and junction boxes, 
transformers, and other devices on slotted-channel racks attached to substrate by means 
that meet seismic-restraint strength and anchorage requirements. 

8. No Powder driven fasteners. 

E. Drill holes for expansion anchors in concrete at locations and to depths that avoid reinforcing 
bars. 
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3.3 CONCRETE BASES 

A. Construct concrete bases of dimensions indicated but not less than 4 inches (100 mm) larger in 
both directions than supported unit, and so anchors will be a minimum of 10 bolt diameters from 
edge of the base. 

B. Use 3000-psi (20.7-MPa), 28-day compressive-strength concrete. Concrete materials, 
reinforcement, and placement requirements are specified in Section 033000 "Cast-in-Place 
Concrete." 

C. Anchor equipment to concrete base. 

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

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

3.4 PAINTING 

A. Touchup: Clean field welds and abraded areas of shop paint. Paint exposed areas immediately 
after erecting hangers and supports. Use same materials as used for shop painting. Comply 
with SSPC-PA 1 requirements for touching up field-painted surfaces. 

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

B. Touchup: Comply with requirements in Section 09900 "Painting” for cleaning and touchup 
painting of field welds, bolted connections, and abraded areas of shop paint on miscellaneous 
metal. 

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

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

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Metal conduits, tubing, and fittings. 
2. Nonmetal conduits, tubing, and fittings. 
3. Metal wireways and auxiliary gutters. 
4. Boxes, enclosures, and cabinets. 

1.3 DEFINITIONS 

A. GRC: Galvanized rigid steel conduit. 

B. IMC: Intermediate metal conduit. 

1.4 ACTION SUBMITTALS 

A. Product Data: For surface raceways, wireways and fittings, floor boxes, hinged-cover 
enclosures, and cabinets. 

1.5 INFORMATIONAL SUBMITTALS 

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

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

common supports. 

B. Source quality-control reports. 
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PART 2 - PRODUCTS 

2.1 METAL CONDUITS, TUBING, AND FITTINGS 

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

1. AFC Cable Systems, Inc. 
2. Allied Tube & Conduit. 
3. Anamet Electrical, Inc. 
4. Electri-Flex Company. 
5. O-Z/Gedney. 
6. Picoma Industries. 
7. Republic Conduit. 
8. Robroy Industries. 
9. Southwire Company. 
10. Thomas & Betts Corporation. 
11. Western Tube and Conduit Corporation. 
12. Wheatland Tube Company. 
13. Steel City. 

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

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

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

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

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

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

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

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

a. Material: Steel. 
b. Type: compression. 

3. Expansion Fittings: PVC or steel to match conduit type, complying with UL 651, rated for 
environmental conditions where installed, and including flexible external bonding 
jumper. 

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

5. Fasten rigid steel conduit with threaded galvanized steel fittings, double locknuts, and 
insulated bushings. Insulated bushings shall be "O.Z. Gedney" type "B", or equal.  
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6. Fasten EMT conduit with "Concretight" or "Raintight" compression fittings made from 
galvanized steel or malleable iron. Fittings using set screw or indentations as a means 
of attachment or made from cast "white metal" are prohibited. All connectors shall have 
insulated throats.  

7. Fasten liquid-tight conduit with fittings incorporating a threaded ferrule, nylon sealing ring, 
and steel or malleable iron compression nut and body. Furnish Crouse Hinds metallic 
liquid-tight fittings, or equal.  

8. Fasten flexible metallic conduit with T&B "Tite-Bite" insulated connectors, or equal. 

I. Joint Compound for IMC, GRC: Approved, as defined in NFPA 70, by authorities having 
jurisdiction for use in conduit assemblies, and compounded for use to lubricate and protect 
threaded conduit joints from corrosion and to enhance their conductivity. 

2.2 NONMETALLIC CONDUITS, TUBING, AND FITTINGS 

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

1. AFC Cable Systems, Inc. 
2. Anamet Electrical, Inc. 
3. Arnco Corporation. 
4. CANTEX Inc. 
5. CertainTeed Corporation. 
6. Condux International, Inc. 
7. Electri-Flex Company. 
8. Kraloy. 
9. Lamson & Sessions; Carlon Electrical Products. 
10. Niedax-Kleinhuis USA, Inc. 
11. RACO; Hubbell. 
12. Thomas & Betts Corporation. 

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

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

D. LFNC: Comply with UL 1660. 

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

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

G. Solvent cements and adhesive primers shall comply with the testing and product requirements 
of the California Department of Health Services' "Standard Practice for the Testing of Volatile 
Organic Emissions from Various Sources Using Small-Scale Environmental Chambers." 
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2.3 METAL WIREWAYS AND AUXILIARY GUTTERS 

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

1. Cooper B-Line, Inc. 
2. Hoffman. 
3. Mono-Systems, Inc. 
4. Square D. 

B. Description: Sheet metal, complying with UL 870 and NEMA 250, Type 1 unless otherwise 
indicated, and sized according to NFPA 70. 

1. Metal wireways installed outdoors shall be listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application. 

C. Fittings and Accessories: Include covers, couplings, offsets, elbows, expansion joints, adapters, 
hold-down straps, end caps, and other fittings to match and mate with wireways as required for 
complete system. 

D. Wireway Covers: Hinged type unless otherwise indicated. 

E. Finish: Manufacturer's standard enamel finish. 

2.4 BOXES, ENCLOSURES, AND CABINETS 

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

1. Adalet. 
2. Cooper Technologies Company; Cooper Crouse-Hinds. 
3. EGS/Appleton Electric. 
4. Erickson Electrical Equipment Company. 
5. FSR Inc. 
6. Hoffman. 
7. Hubbell Incorporated. 
8. Kraloy. 
9. Milbank Manufacturing Co. 
10. Mono-Systems, Inc. 
11. O-Z/Gedney. 
12. RACO; Hubbell. 
13. Robroy Industries. 
14. Spring City Electrical Manufacturing Company. 
15. Stahlin Non-Metallic Enclosures. 
16. Thomas & Betts Corporation. 
17. Wiremold / Legrand. 

B. General Requirements for Boxes, Enclosures, and Cabinets: Boxes, enclosures, and cabinets 
installed in wet locations shall be listed for use in wet locations and shall be NEMA 4X. 
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C. Sheet Metal Outlet and Device Boxes: Comply with NEMA OS 1 and UL 514A. 

D. Cast-Metal Outlet and Device Boxes: Comply with NEMA FB 1, aluminum, Type FD, with 
gasketed cover. 

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

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

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

H. Gangable boxes are allowed. 

PART 3 - EXECUTION 

3.1 RACEWAY APPLICATION 

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

1. Exposed Conduit: GRC. 
2. Concealed Conduit, Aboveground: GRC. 
3. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment): LFMC. 
4. Boxes and Enclosures, Aboveground: NEMA 250, Type 4. 

B. Indoors: Apply raceway products as specified below unless otherwise indicated: 

1. Exposed, Not Subject to Physical Damage: EMT. 
2. Exposed and Subject to Severe Physical Damage: GRC. Includes raceways in the 

following locations: 
a. Mechanical rooms. 
b. Loading Dock Area. 

3. Concealed in Ceilings and Interior Walls and Partitions: EMT. 
4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment): LFMC. 
5. Damp or Wet Locations: GRC. 
6. Boxes and Enclosures: NEMA 250, Type 1, except use NEMA 250, Type 3R in damp or 

wet locations. 

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

D. Raceway Fittings: Compatible with raceways and suitable for use and location. 

1. Rigid and Intermediate Steel Conduit: Use threaded rigid steel conduit fittings unless 
otherwise indicated. Comply with NEMA FB 2.10. 

2. PVC Externally Coated, Rigid Steel Conduits: Use only fittings listed for use with this type 
of conduit. Patch and seal all joints, nicks, and scrapes in PVC coating after installing 
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conduits and fittings. Use sealant recommended by fitting manufacturer and apply in 
thickness and number of coats recommended by manufacturer. 

3. EMT: Use compression, steel fittings. Comply with NEMA FB 2.10. 
4. Flexible Conduit: Use only fittings listed for use with flexible conduit. Comply with 

NEMA FB 2.20. 

E. Do not install nonmetallic conduit where ambient temperature exceeds 120 deg F (49 deg C). 

3.2 INSTALLATION 

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

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

C. Complete raceway installation before starting conductor installation. 

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

E. Install no more than the equivalent of three 90-degree bends in any conduit run except for 
control wiring conduits, for which fewer bends are allowed. Support within 12 inches (300 mm) 
of changes in direction. 

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

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

H. Stub-ups to Above Recessed Ceilings: 

1. Use EMT, or RMC for raceways. 
2. Use a conduit bushing or insulated fitting to terminate stub-ups not terminated in hubs or 

in an enclosure. 

I. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions: Apply 
listed compound to threads of raceway and fittings before making up joints. Follow compound 
manufacturer's written instructions. 

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

K. Install raceways square to the enclosure and terminate at enclosures with locknuts. Install 
locknuts hand tight plus 1/4 turn more. 

L. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove coatings in 
the locknut area prior to assembling conduit to enclosure to assure a continuous ground path. 
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M. Cut conduit perpendicular to the length. For conduits 2-inch (53-mm) trade size and larger, use 
roll cutter or a guide to make cut straight and perpendicular to the length. 

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

O. Install raceway sealing fittings at accessible locations according to NFPA 70 and fill them with 
listed sealing compound. For concealed raceways, install each fitting in a flush steel box with a 
blank cover plate having a finish similar to that of adjacent plates or surfaces. Install raceway 
sealing fittings according to NFPA 70. 

P. Install devices to seal raceway interiors at accessible locations. Locate seals so no fittings or 
boxes are between the seal and the following changes of environments. Seal the interior of all 
raceways at the following points: 

1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated 
spaces. 

2. Where an underground service raceway enters a building or structure. 
3. Where otherwise required by NFPA 70. 

Q. Comply with manufacturer's written instructions for solvent welding RNC and fittings. 

R. Expansion-Joint Fittings: 

1. Install in each run of aboveground RNC that is located where environmental temperature 
change may exceed 30 deg F (17 deg C) and that has straight-run length that exceeds 
25 feet (7.6 m). Install in each run of aboveground RMC  and EMT conduit that is 
located where environmental temperature change may exceed 100 deg F (55 deg C) 
and that has straight-run length that exceeds 100 feet (30 m). 

2. Install type and quantity of fittings that accommodate temperature change listed for each 
of the following locations: 

a. Outdoor Locations Not Exposed to Direct Sunlight: 125 deg F (70 deg C) 
temperature change. 

b. Outdoor Locations Exposed to Direct Sunlight: 155 deg F (86 deg C) temperature 
change. 

c. Indoor Spaces Connected with Outdoors without Physical Separation: 125 deg F 
(70 deg C) temperature change. 

3. Install fitting(s) that provide expansion and contraction for at least 0.00041 inch per foot 
of length of straight run per deg F (0.06 mm per meter of length of straight run per deg 
C) of temperature change for PVC conduits. Install fitting(s) that provide expansion and 
contraction for at least 0.000078 inch per foot of length of straight run per deg F 
(0.0115 mm per meter of length of straight run per deg C) of temperature change for 
metal conduits. 
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4. Install expansion fittings at all locations where conduits cross building or structure 
expansion joints. 

5. Install each expansion-joint fitting with position, mounting, and piston setting selected 
according to manufacturer's written instructions for conditions at specific location at time 
of installation. Install conduit supports to allow for expansion movement. 

S. Flexible Conduit Connections: Comply with NEMA RV 3. Use a maximum of 72 inches (1830 
mm) of flexible conduit for recessed and semirecessed luminaires, equipment subject to 
vibration, noise transmission, or movement; and for transformers and motors. 

1. Use LFMC in damp or wet locations subject to severe physical damage. 
2. Use LFMC or LFNC in damp or wet locations not subject to severe physical damage. 

T. Mount boxes at heights indicated on Drawings. If mounting heights of boxes are not individually 
indicated, give priority to ADA requirements. Install boxes with height measured to center of box 
unless otherwise indicated. 

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

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

W. Support boxes of three gangs or more from more than one side by spanning two framing 
members or mounting on brackets specifically designed for the purpose. 

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

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

Z. Pulling lubricant shall be water based, no Yellow 77. 

3.3 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply 
with requirements in Division 26 Section "Basic Electrical Materials and Methods." 

3.4 FIRESTOPPING 

A. Install firestopping at penetrations of fire-rated floor and wall assemblies. Comply with 
requirements in Division 07 Section "Fire Resistive Joint Systems" 
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3.5 PROTECTION 

A. Protect coatings, finishes, and cabinets from damage and deterioration. 

1. Repair damage to galvanized finishes with zinc-rich paint recommended by 
manufacturer. 

END OF SECTION  
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SECTION 26 05 43 - UNDERGROUND DUCTS AND RACEWAYS FOR  

ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes the following: 

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

2. Handholes and boxes. 

B. Related Sections include the following: 

1. Division 26 Section "Raceways and Boxes for Electrical Systems" for raceway types. 

1.3 DEFINITION 

A. RNC:  Rigid nonmetallic conduit. 

B. Trafficways:  Locations where vehicular or pedestrian traffic is a normal course of events. 

1.4 REFERENCES 

A. The following references are useful in specifying underground ducts and utility structures. Other 
references may be needed for design purposes. 

American Association of State Highway and Transportation Officials 

AASHTO HB 17-2002 (Errata - 2005): Standard Specifications for Highway Bridges 

American National Standards Institute 

ANSI C80.1-2005: Electrical Rigid Steel Conduit (ERSC) 

ASTM International 

ASTM A 48/A 48M-03: Specification for Gray Iron Castings 

ASTM A 123/A 123M-02: Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and 
Steel Products 
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ASTM A 153/A 153M-05: Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware 

ASTM C 270-07a: Specification for Mortar for Unit Masonry 

ASTM C 387/C 387M-06a: Specification for Packaged, Dry, Combined Materials for Mortar and 
Concrete 

ASTM C 858-07: Specification for Underground Precast Concrete Utility Structures 

ASTM C 891-90 (Reapproved 2003): Practice for Installation of Underground Precast Concrete 
Utility Structures 

ASTM C 1037-85 (Reapproved 2002): Practice for Inspection of Underground Precast Concrete 
Utility Structures 

ASTM F 512-06: Specification for Smooth-Wall Poly(Vinyl Chloride) (PVC) Conduit and Fittings 
for Underground Installation 

Institute of Electrical and Electronics Engineers, Inc. 

IEEE C2-2007: National Electrical Safety Code 

International Organization for Standardization 

ISO 9000-2005: Quality Management Systems - Fundamentals and Vocabulary 

ISO 10012-2003: Measurement Management Systems - Requirements for Measurement Pro-
cesses and Measuring EquipmeNT 

National Electrical Manufacturers Association 

NEMA TC 2-2003: Electrical Polyvinyl Chloride (PVC) Tubing and Conduit 

NEMA TC 3-2004: Polyvinyl Chloride (PVC) Fittings for Use with Rigid PVC Conduit and Tub-
ing 

NEMA TC 6 & 8-2003: Polyvinyl Chloride (PVC) Plastic Utilities for Underground Installations 

NEMA TC 9-2004: Fittings for Polyvinyl Chloride (PVC) Plastic Utilities for Underground Instal-
lation 

NFPA 

NFPA 70-2008: National Electrical Code 

Society of Cable Telecommunications Engineers 

SCTE 77-2007: Specification for Underground Enclosure Integrity (ANSI) 
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Underwriters Laboratories Inc. 

UL 514B-2004 (Rev. 2007): Conduit, Tubing, and Cable Fittings 

UL 651-2005 (Rev. 2007): Schedule 40 and 80 Rigid PVC Conduit and Fittings 

UL 651A-2000 (Rev. 2007): Type EB and A Rigid PVC Conduit and HDPE Conduit 

1.5 SUBMITTALS 

A. Product Data:  For the following: 

1. Duct-bank materials, including separators and miscellaneous components. 

2. Ducts and conduits and their accessories, including elbows, end bells, bends, fittings, 
and solvent cement. 

3. Accessories for manholes, handholes, boxes, and other utility structures. 

4. Warning tape. 

5. Warning planks. 

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

1. Duct entry provisions, including locations and duct sizes. 

2. Reinforcement details. 

3. Grounding details. 

4. Joint details. 

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

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

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

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

E. Source quality-control test reports. 

F. Field quality-control test reports. 
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1.6 QUALITY ASSURANCE 

A. Comply with ANSI C2. 

B. Comply with NFPA 70. 

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

1.7 DELIVERY, STORAGE, AND HANDLING 

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

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

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

1.8 PROJECT CONDITIONS 

A. Interruption of Existing Electrical Service:  Do not interrupt electrical service to facilities 
occupied by Owner or others unless permitted under the following conditions and then only after 
arranging to provide temporary electrical service according to requirements indicated: 

1. Notify Owner no fewer than seven days in advance of proposed interruption of electrical 
service. 

2. Do not proceed with interruption of electrical service without Owner's written permission. 

1.9 COORDINATION 

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

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

PART 2 - PRODUCTS 

2.1 CONDUIT 

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

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

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

1. ARNCO Corp. 

2. CertainTeed Corp.; Pipe & Plastics Group. 

3. Lamson & Sessions; Carlon Electrical Products. 

B. Underground Plastic Utilities Duct: NEMA TC 2, UL 651, ASTM F 512, Type EPC-80 and 
Type EPC-40, with matching fittings complying with NEMA TC 3 by same manufacturer as the 
duct.  

C. Duct Accessories: 

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

2. Warning Tape:  Underground-line warning tape specified in Division 26 Section 
"Identification for Electrical Systems." 

3. Concrete Warning Planks:  Nominal 12 by 24 by 3 inches (300 by 600 by 76 mm) in size, 
manufactured from 6000-psi (41-MPa) concrete. 

a. Color:  Red dye added to concrete during batching. 
b. Mark each plank with "ELECTRIC" in 2-inch- (50-mm-) high, 3/8-inch- (10-mm-) 

deep letters. 
2.3 PRECAST CONCRETE HANDHOLES AND BOXES 

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

1. Carder Concrete Products. 

2. Utility Concrete Products, LLC. 

3. Utility Vault Co. 

B. Comply with ASTM C 858 for design and manufacturing processes. 

C. Description:  Factory-fabricated, reinforced-concrete, monolithically poured walls and bottom.  
Frame and cover shall form top of enclosure and shall have load rating consistent with that of 
handhole or box. 

1. Frame and Cover:  Weatherproof cast-iron frame, with cast-iron cover with recessed 
cover hook eyes and tamper-resistant, captive, cover-securing bolts. 
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2. Cover Finish:  Nonskid finish shall have a minimum coefficient of friction of 0.50. 

3. Cover Legend:  Molded lettering, "ELECTRIC." and "TELEPHONE." 

4. Configuration:  Units shall be designed for flush burial and have closed bottom, unless 
otherwise indicated. 

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

a. Windows shall be located no less than 6 inches (150 mm) from interior surfaces of 
walls, floors, or frames and covers of handholes, but close enough to corners to 
facilitate racking of cables on walls. 

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

c. Window openings shall be framed with at least two additional No. 4 steel 
reinforcing bars in concrete around each opening. 

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

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

interior corners of handholes to facilitate racking of cable. 

7. Handholes 12 inches wide by 24 inches long (300 mm wide by 600 mm long)  and larger 
shall have inserts for cable racks and pulling-in irons installed before concrete is poured. 

2.4 SOURCE QUALITY CONTROL 

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

PART 3 - EXECUTION 

3.1 UNDERGROUND DUCT APPLICATION 

A. Ducts for Electrical Cables Over 600 V:  RNC, NEMA Type EPC-40 PVC, in concrete-encased 
duct bank. 

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

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

D. Underground Ducts for Telephone, Communications, or Data Utility Service Cables:  RNC, 
NEMA Type EPC-40-PVC, in concrete-encased duct bank. 
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3.2 UNDERGROUND ENCLOSURE APPLICATION 

A. Handholes and Boxes for 600 V and Less, Including Telephone, Communications, and Data 
Wiring: 

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

2. Units in Driveway, Parking Lot, and Off-Roadway Locations, Subject to Occasional, 
Nondeliberate Loading by Heavy Vehicles:  Precast concrete, AASHTO HB 17, H-20 
structural load rating. 

3. Units in Sidewalk and Similar Applications with a Safety Factor for Nondeliberate Loading 
by Vehicles:  Precast concrete, AASHTO HB 17, H-10 structural load rating. 

B. Manholes:  Precast concrete. 

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

3.3 EARTHWORK 

A. Excavation and Backfill:  Comply with Division 31 Section "Earth Moving," but do not use heavy-
duty, hydraulic-operated, compaction equipment. 

B. Restore surface features at areas disturbed by excavation and reestablish original grades, 
unless otherwise indicated.  Replace removed sod immediately after backfilling is completed. 

C. Restore areas disturbed by trenching, storing of dirt, cable laying, and other work.  Restore 
vegetation and include necessary topsoiling, fertilizing, liming, seeding, sodding, sprigging, and 
mulching.  Comply with Division 32 Sections "Turf and Grasses" and "Plants." 

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

3.4 DUCT INSTALLATION 

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

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

C. Joints:  Use solvent-cemented joints in ducts and fittings and make watertight according to 
manufacturer's written instructions.  Stagger couplings so those of adjacent ducts do not lie in 
same plane. 
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D. Duct Entrances to Manholes and Concrete and Polymer Concrete Handholes:  Use end bells, 
spaced approximately 10 inches (250 mm) o.c. for 5-inch (125-mm) ducts, and vary 
proportionately for other duct sizes. 

1. Begin change from regular spacing to end-bell spacing 10 feet (3 m) from the end bell 
without reducing duct line slope and without forming a trap in the line. 

2. Grout entrances in structure walls from both sides to provide watertight entrances. 

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

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

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

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

1. Separator Installation:  Space separators close enough to prevent sagging and deforming 
of ducts, with not less than 5 spacers per 20 feet (6 m) of duct.  Secure separators to 
earth and to ducts to prevent floating during concreting.  Stagger separators 
approximately 6 inches (150 mm) between tiers.  Tie entire assembly together using 
fabric straps; do not use tie wires or reinforcing steel that may form conductive or 
magnetic loops around ducts or duct groups. 

2. Concreting Sequence:  Pour each run of envelope between manholes or other 
terminations in one continuous operation. 

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

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

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

4. Reinforcement:  Reinforce concrete-encased duct banks where they cross disturbed 
earth and paved areas.  Arrange reinforcing rods and ties without forming conductive or 
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magnetic loops around ducts or duct groups.  Do not reinforce ductbanks used for BGE 
wiring. 

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

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

7. Depth:  Install top of duct bank at least 36 inches (750 mm) below finished grade in 
deliberate traffic paths for vehicles, unless otherwise indicated. 

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

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

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

9. Warning Tape:  Bury warning tape approximately 12 inches (300 mm) above all concrete-
encased ducts and duct banks.  Align tape parallel to and within 3 inches (75 mm) of the 
centerline of duct bank.  Provide an additional warning tape for each 12-inch (300-mm) 
increment of duct-bank width over a nominal 18 inches (450 mm).  Space additional 
tapes 12 inches (300 mm) apart, horizontally. 

3.5 INSTALLATION OF CONCRETE MANHOLES, HANDHOLES, AND BOXES 

A. Precast Concrete Handhole Installation: 

1. Comply with ASTM C 891, unless otherwise indicated. 

2. Install units level and plumb and with orientation and depth coordinated with connecting 
ducts to minimize bends and deflections required for proper entrances. 

3. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, 
graded from 1-inch (25-mm) sieve to No. 4 (4.75-mm) sieve and compacted to same 
density as adjacent undisturbed earth. 

B. Field-Installed Bolting Anchors in Manholes and Concrete Handholes:  Do not drill deeper than 
3-7/8 inches (98 mm) for manholes and 2 inches (50 mm) for handholes, for anchor bolts 
installed in the field.  Use a minimum of two anchors for each cable stanchion. 

C. Warning Sign:  Install "Confined Space Hazard" warning sign on the inside surface of each 
manhole cover. 
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3.6 GROUNDING 

A. Ground underground ducts and utility structures according to Division 26 Section "Grounding 
and Bonding for Electrical Systems." 

3.7 FIELD QUALITY CONTROL 

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

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

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

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

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

3.8 CLEANING 

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

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

END OF SECTION 
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SECTION 26 05 53 - IDENTIFICATION FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Identification for raceways. 
2. Identification of power and control cables. 
3. Identification for conductors. 
4. Equipment identification labels. 
5. Miscellaneous identification products. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each electrical identification product indicated. 

1.4 QUALITY ASSURANCE 

A. Comply with ANSI A13.1 and IEEE C2. 

B. Comply with NFPA 70. 

C. Comply with 29 CFR 1910.144 and 29 CFR 1910.145. 

D. Comply with ANSI Z535.4 for safety signs and labels. 

E. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks 
used by label printers, shall comply with UL 969. 

1.5 COORDINATION 

A. Coordinate identification names, abbreviations, colors, and other features with requirements in 
other Sections requiring identification applications, Drawings, Shop Drawings, manufacturer's 
wiring diagrams, and the Operation and Maintenance Manual; and with those required by 
codes, standards, and 29 CFR 1910.145. Use consistent designations throughout Project. 

B. Coordinate installation of identifying devices with completion of covering and painting of 
surfaces where devices are to be applied. 
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C. Coordinate installation of identifying devices with location of access panels and doors. 

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

PART 2 - PRODUCTS 

2.1 POWER AND CONTROL RACEWAY IDENTIFICATION MATERIALS 

A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of color 
field for each raceway size. 

B. Colors for Raceways Carrying Circuits at 600 V or Less: 

1. Black letters on an orange field for normal power feeders, black letters on a yellow field 
for emergency power feeders. 

2. Legend: Indicate voltage and system or service type. 

C. Snap-Around Labels for Raceways Carrying Circuits at 600 V or Less: Slit, pretensioned, 
flexible, preprinted, color-coded acrylic sleeve, with diameter sized to suit diameter of raceway 
or cable it identifies and to stay in place by gripping action. 

2.2 ARMORED AND METAL-CLAD CABLE IDENTIFICATION MATERIALS 

A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of color 
field for each cable size. 

B. Colors for Cables Carrying Circuits at 600 V and Less: 

1. Black letters on an orange field for normal power feeders, black letters on a yellow field 
for emergency power feeders. 

2. Legend: Indicate voltage and system or service type. 

C. Self-Adhesive Vinyl Tape: Colored, heavy duty, waterproof, fade resistant; 2 inches (50 mm) 
wide; compounded for outdoor use. 

2.3 POWER AND CONTROL CABLE IDENTIFICATION MATERIALS 

A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of color 
field for each cable size. 

B. Snap-Around Labels: Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with 
diameter sized to suit diameter of cable it identifies and to stay in place by gripping action. 

2.4 CONDUCTOR IDENTIFICATION MATERIALS 

A. Color-Coding Conductor Tape: Colored, self-adhesive vinyl tape not less than 3 mils (0.08 mm) 
thick by 1 to 2 inches (25 to 50 mm) wide. 
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2.5 EQUIPMENT IDENTIFICATION LABELS 

A. Engraved, Laminated Acrylic or Melamine Label: Punched or drilled for screw mounting. White 
letters on a dark-gray background. Minimum letter height shall be 3/8 inch (10 mm). 

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

2.6 CABLE TIES 

A. General-Purpose Cable Ties: Fungus inert, self extinguishing, one piece, self locking, Type 6/6 
nylon. 

1. Minimum Width: 3/16 inch (5 mm). 
2. Tensile Strength at 73 deg F (23 deg C), According to ASTM D 638: 12,000 psi (82.7 

MPa). 
3. Temperature Range: Minus 40 to plus 185 deg F (Minus 40 to plus 85 deg C). 
4. Color: Black except where used for color-coding. 

B. UV-Stabilized Cable Ties: Fungus inert, designed for continuous exposure to exterior sunlight, 
self extinguishing, one piece, self locking, Type 6/6 nylon. 

1. Minimum Width: 3/16 inch (5 mm). 
2. Tensile Strength at 73 deg F (23 deg C), According to ASTM D 638: 12,000 psi (82.7 

MPa). 
3. Temperature Range: Minus 40 to plus 185 deg F (Minus 40 to plus 85 deg C). 
4. Color: Black. 

C. Plenum-Rated Cable Ties: Self extinguishing, UV stabilized, one piece, self locking. 

1. Minimum Width: 3/16 inch (5 mm). 
2. Tensile Strength at 73 deg F ((23 deg C)), According to ASTM D 638: 7000 psi (48.2 

MPa). 
3. UL 94 Flame Rating: 94V-0. 
4. Temperature Range: Minus 50 to plus 284 deg F (Minus 46 to plus 140 deg C). 
5. Color: Black. 

2.7 MISCELLANEOUS IDENTIFICATION PRODUCTS 

A. Paint: Comply with requirements in painting Sections for paint materials and application 
requirements. Select paint system applicable for surface material and location (exterior or 
interior). 

B. Fasteners for Labels and Signs: Self-tapping, stainless-steel screws or stainless-steel machine 
screws with nuts and flat and lock washers. 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

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

B. Location: Install identification materials and devices at locations for most convenient viewing 
without interference with operation and maintenance of equipment. 

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

D. Self-Adhesive Identification Products: Clean surfaces before application, using materials and 
methods recommended by manufacturer of identification device. 

E. Attach signs and plastic labels that are not self-adhesive type with mechanical fasteners 
appropriate to the location and substrate. 

F. System Identification Color-Coding Bands for Raceways and Cables: Each color-coding band 
shall completely encircle cable or conduit. Place adjacent bands of two-color markings in 
contact, side by side. Locate bands at changes in direction, at penetrations of walls and floors, 
at 50-foot (15-m) maximum intervals in straight runs, and at 25-foot (7.6-m) maximum intervals 
in congested areas. 

G. Cable Ties: For attaching tags. Use general-purpose type, except as listed below: 

1. Outdoors: UV-stabilized nylon. 
2. In Spaces Handling Environmental Air: Plenum rated. 

H. Painted Identification: Comply with requirements in painting Sections for surface preparation 
and paint application. 

3.2 IDENTIFICATION SCHEDULE 

A. Accessible Raceways and Metal-Clad Cables, 600 V or Less, for Service, Feeder, and Branch 
Circuits More Than 50A, and 120 V to ground: Identify with snap around label applied in bands. 
Install labels at 10-foot (3-m) maximum intervals. 

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

1. Fire Alarm System – Red. 

C. Power-Circuit Conductor Identification, 600 V or Less: For conductors in pull and junction 
boxes, use color-coding conductor tape to identify the phase. 

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

a. Color shall be factory applied or field applied for sizes larger than No. 8 AWG, if 
authorities having jurisdiction permit. 
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b. Colors for 208/120-V Circuits: 

1) Phase A: Black. 
2) Phase B: Red. 
3) Phase C: Blue. 

c. Colors for 480/277-V Circuits: 

1) Phase A: Brown. 
2) Phase B: Orange. 
3) Phase C: Yellow. 

d. All control wiring shall be color coded when using wires of different color from the 
type used to designate phase wires. 

e. Field-Applied, Color-Coding Conductor Tape: Apply in half-lapped turns for a 
minimum distance of 6 inches (150 mm) from terminal points and in boxes where 
splices or taps are made. Apply last two turns of tape with no tension to prevent 
possible unwinding. Locate bands to avoid obscuring factory cable markings. 

D. Power-Circuit Conductor Identification, More than 600 V: For conductors in vaults, pull and 
junction boxes, manholes, and handholes, use nonmetallic plastic tag holder with adhesive-
backed phase tags, and a separate tag with the circuit designation. 

E. Install instructional sign including the color-code for grounded and ungrounded conductors 
using adhesive-film-type labels. 

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

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

H. Conductors to Be Extended in the Future: Attach marker tape to conductors and list source. 

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

1. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, and 
pull points. Identify by system and circuit designation. 

2. Use system of marker tape designations that is uniform and consistent with system used 
by manufacturer for factory-installed connections. 

3. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and the 
Operation and Maintenance Manual. 

J. Workspace Indication: Install floor marking tape to show working clearances in the direction of 
access to live parts. Workspace shall be as required by NFPA 70 and 29 CFR 1926.403 unless 
otherwise indicated. Do not install at flush-mounted panelboards and similar equipment in 
finished spaces. 

K. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting: Baked-
enamel warning signs or Metal-backed, butyrate warning signs. 
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1. Comply with 29 CFR 1910.145. 
2. Identify system voltage with black letters on an orange background. 
3. Apply to exterior of door, cover, or other access. 
4. For equipment with multiple power or control sources, apply to door or cover of 

equipment including, but not limited to, the following: 

a. Power transfer switches. 
b. Controls with external control power connections. 

L. Emergency Operating Instruction Signs: Install instruction signs with white legend on a red 
background with minimum 3/8-inch- (10-mm-) high letters for emergency instructions at 
equipment used for power transfer. 

M. Equipment Identification Labels: On each unit of equipment, install unique designation label that 
is consistent with wiring diagrams, schedules, and the Operation and Maintenance Manual. 
Apply labels to disconnect switches and protection equipment, central or master units, control 
panels, control stations, terminal cabinets, and racks of each system. Systems include power, 
lighting, control, communication, signal, monitoring, and alarm systems unless equipment is 
provided with its own identification. 

1. Labeling Instructions: 

a. Indoor Equipment: Engraved, laminated acrylic or melamine label. Unless 
otherwise indicated, provide a single line of text with 1/2-inch- (13-mm-) high 
letters on 1-1/2-inch- (38-mm-) high label; where two lines of text are required, use 
labels 2 inches (50 mm) high. 

b. Outdoor Equipment: Engraved, laminated acrylic or melamine label. 
c. Elevated Components: Increase sizes of labels and letters to those appropriate for 

viewing from the floor. 
d. Unless provided with self-adhesive means of attachment, fasten labels with 

appropriate mechanical fasteners that do not change the NEMA or NRTL rating of 
the enclosure. 

2. Equipment to Be Labeled: 

a. Panelboards: Typewritten directory of circuits in the location provided by 
panelboard manufacturer. Panelboard identification shall be engraved, laminated 
acrylic or melamine label,  “Panel (designation), Served from (designation).”  

b. Enclosures and electrical cabinets. 
c. Transformers: Label that includes tag designation shown on Drawings for the 

transformer, feeder, and panelboards or equipment supplied by the secondary. 
d. Enclosed switches. 
e. Enclosed circuit breakers. 
f. Enclosed controllers. 
g. Variable-speed controllers. 
h. Push-button stations. 
i. Contactors. 
j. Monitoring and control equipment. 

END OF SECTION 
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SECTION 26 05 74 - OVERCURRENT PROTECTIVE DEVICE ARC-FLASH STUDY 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section includes a computer-based, arc-flash study to determine the arc-flash hazard distance 
and the incident energy to which personnel could be exposed during work on or near electrical 
equipment. 

1.3 DEFINITIONS 

A. Existing to Remain: Existing items of construction that are not to be removed and that are not 
otherwise indicated to be removed, removed and salvaged, or removed and reinstalled. 

B. One-Line Diagram: A diagram which shows, by means of single lines and graphic symbols, the 
course of an electric circuit or system of circuits and the component devices or parts used 
therein. 

C. Protective Device: A device that senses when an abnormal current flow exists and then 
removes the affected portion from the system. 

D. SCCR: Short-circuit current rating. 

E. Service: The conductors and equipment for delivering electric energy from the serving utility to 
the wiring system of the premises served. 

1.4 ACTION SUBMITTALS 

A. Product Data: For computer software program to be used for studies. 

B. Other Action Submittals: Submit the following submittals after the approval of system protective 
devices submittals. Submittals may be in digital form. 

1. Arc-flash study input data, including completed computer program input data sheets. 
2. Arc-flash study report; signed, dated, and sealed by a qualified professional engineer. 

a. Submit study report for action prior to receiving final approval of the distribution 
equipment submittals. If formal completion of studies will cause delay in equipment 
manufacturing, obtain approval from Architect for preliminary submittal of sufficient 
study data to ensure that the selection of devices and associated characteristics is 
satisfactory. 
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1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For Arc-Flash Study Specialist. 

B. Product Certificates: For arc-flash hazard analysis software, certifying compliance with 
IEEE 1584 and NFPA 70E. 

1.6 CLOSEOUT SUBMITTALS 

A. Maintenance procedures according to requirements in NFPA 70E shall be provided in the 
equipment manuals. 

B. Operation and Maintenance Procedures: In addition to items specified in Division 01 Section 
"Operation and Maintenance Data," provide maintenance procedures for use by Owner's 
personnel that comply with requirements in NFPA 70E. 

1.7 QUALITY ASSURANCE 

A. Studies shall use computer programs that are distributed nationally and are in wide use. 
Software algorithms shall comply with requirements of standards and guides specified in this 
Section. Manual calculations are unacceptable. 

B. Arc-Flash Study Software Developer Qualifications: An entity that owns and markets computer 
software used for studies, having performed successful studies of similar magnitude on 
electrical distribution systems using similar devices. 

1. The computer program shall be developed under the charge of a licensed professional 
engineer who holds IEEE Computer Society's Certified Software Development 
Professional certification. 

C. Arc-Flash Study Specialist Qualifications: Professional engineer in charge of performing the 
study, analyzing the arc flash, and documenting recommendations, licensed in the state where 
Project is located. All elements of the study shall be performed under the direct supervision and 
control of this professional engineer. 

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

PART 2 - PRODUCTS 

2.1 COMPUTER SOFTWARE 

A. Software: Subject to compliance with requirements, available software developers offering 
software that may be used for the Work include, but are not limited to, the following]: 

1. ESA Inc. 
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2. Operation Technology, Inc. 

3. Power Analytics, Corporation. 

4. SKM Systems Analysis, Inc. 

B. Comply with IEEE 1584 and NFPA 70E. 

C. Analytical features of device coordination study computer software program shall have the 
capability to calculate "mandatory," "very desirable," and "desirable" features as listed in 
IEEE 399. 

2.2 SHORT-CIRCUIT STUDY REPORT CONTENT 

A. Executive summary. 

B. Study descriptions, purpose, basis and scope. 

C. One-line diagram, showing the following: 

1. Protective device designations and ampere ratings. 

2. Cable size and lengths. 

3. Transformer kilovolt ampere (kVA) and voltage ratings. 

4. Motor and generator designations and kVA ratings. 

5. Switchgear, switchboard, motor-control center and panelboard designations. 

D. Study Input Data: As described in "Power System Data" Article. 

E. Short-Circuit Study Output: 

1. Interrupting Duty Report: Three-phase and unbalanced fault calculations, showing the 
following for each overcurrent device location: 

a. Voltage. 
b. Calculated symmetrical fault-current magnitude and angle. 
c. Fault-point X/R ratio. 
d. No AC Decrement (NACD) ratio. 
e. Equivalent impedance. 
f. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a symmetrical 

basis. 
g. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a total basis. 

F. Incident Energy and Flash Protection Boundary Calculations: 

1. Arcing fault magnitude. 
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2. Protective device clearing time. 

3. Duration of arc. 

4. Arc-flash boundary. 

5. Working distance. 

6. Incident energy. 

7. Hazard risk category. 

8. Recommendations for arc-flash energy reduction. 

G. Fault study input data, case descriptions, and fault-current calculations including a definition of 
terms and guide for interpretation of the computer printout. 

2.3 ARC-FLASH WARNING LABELS 

A. Comply with requirements in Section 260553 "Identification for Electrical Systems." Produce a 
3.5-by-5-inch thermal transfer label of high-adhesion polyester for each work location included 
in the analysis. 

B. The label shall have an orange header with the wording, "WARNING, ARC-FLASH HAZARD," 
and shall include the following information taken directly from the arc-flash hazard analysis: 

1. Location designation. 

2. Nominal voltage. 

3. Flash protection boundary. 

4. Hazard risk category. 

5. Incident energy. 

6. Working distance. 

7. Engineering report number, revision number, and issue date. 

C. Labels shall be machine printed, with no field-applied markings. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine Project overcurrent protective device submittals. Proceed with arc-flash study only 
after relevant equipment submittals have been assembled. Overcurrent protective devices that 
have not been submitted and approved prior to arc-flash study may not be used in study. 
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3.2 SHORT-CIRCUIT STUDY 

A. Perform study following the general study procedures contained in IEEE 399. 

B. Calculate short-circuit currents according to IEEE 551. 

C. Base study on the device characteristics supplied by device manufacturer. 

D. The extent of the electrical power system to be studied is indicated on Drawings. 

E. Begin analysis at the service, extending down to the system overcurrent protective devices as 
follows: 

1. To normal system low-voltage load buses where fault current is 10 kA or less. 

F. Study electrical distribution system from normal and alternate power sources throughout 
electrical distribution system for Project. Include studies of system-switching configurations and 
alternate operations that could result in maximum fault conditions. 

G. The calculations shall include the ac fault-current decay from induction motors, synchronous 
motors, and asynchronous generators and shall apply to low- and medium-voltage, three-phase 
ac systems. 

H. Calculate short-circuit momentary and interrupting duties for a three-phase bolted fault and 
single line-to-ground fault at each of the following: 

1. Electric utility's supply termination point. 

2. Main Distribution Panel. 

3. Branch circuit panelboards. 

3.3 ARC-FLASH HAZARD ANALYSIS 

A. Comply with NFPA 70E and its Annex D for hazard analysis study. 

B. Use the short-circuit study output and the field-verified settings of the overcurrent devices. 

C. Calculate maximum and minimum contributions of fault-current size. 

1. The minimum calculation shall assume that the utility contribution is at a minimum and 
shall assume no motor load. 

2. The maximum calculation shall assume a maximum contribution from the utility and shall 
assume motors to be operating under full-load conditions. 

D. Calculate the arc-flash protection boundary and incident energy at locations in the electrical 
distribution system where personnel could perform work on energized parts. 
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E. Include medium- and low-voltage equipment locations, except 208-V ac systems fed from 
transformers less than 125 kVA. 

F. Safe working distances shall be specified for calculated fault locations based on the calculated 
arc-flash boundary, considering incident energy of 1.2 cal/sq.cm. 

G. Incident energy calculations shall consider the accumulation of energy over time when 
performing arc-flash calculations on buses with multiple sources. Iterative calculations shall take 
into account the changing current contributions, as the sources are interrupted or decremented 
with time. Fault contribution from motors and generators shall be decremented as follows: 

1. Fault contribution from induction motors should not be considered beyond three to five 
cycles. 

2. Fault contribution from synchronous motors and generators should be decayed to match 
the actual decrement of each as closely as possible (e.g., contributions from permanent 
magnet generators will typically decay from 10 per unit to three per unit after 10 cycles). 

H. Arc-flash computation shall include both line and load side of a circuit breaker as follows: 

1. When the circuit breaker is in a separate enclosure. 

2. When the line terminals of the circuit breaker are separate from the work location. 

I. Base arc-flash calculations on actual overcurrent protective device clearing time. Cap maximum 
clearing time at two seconds based on IEEE 1584, Section B.1.2. 

3.4 POWER SYSTEM DATA 

A. Obtain all data necessary for the conduct of the arc-flash hazard analysis. 

1. Verify completeness of data supplied on the one-line diagram on Drawings. Call 
discrepancies to the attention of Architect. 

2. For new equipment, use characteristics submitted under the provisions of action 
submittals and information submittals for this Project. 

3. For existing equipment, whether or not relocated, obtain required electrical distribution 
system data by field investigation and surveys, conducted by qualified technicians and 
engineers. 

B. Gather and tabulate the following input data to support coordination study. Comply with 
recommendations in IEEE 1584 and NFPA 70E as to the amount of detail that is required to be 
acquired in the field. Field data gathering shall be under the direct supervision and control of the 
engineer in charge of performing the study, and shall be by the engineer or its representative 
who holds NETA ETT Level III certification or NICET Electrical Power Testing Level III 
certification. 

1. Product Data for overcurrent protective devices specified in other Sections and involved 
in overcurrent protective device coordination studies. Use equipment designation tags 
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that are consistent with electrical distribution system diagrams, overcurrent protective 
device submittals, input and output data, and recommended device settings. 

2. Obtain electrical power utility impedance at the service. 

3. Power sources and ties. 

4. For transformers, include kVA, primary and secondary voltages, connection type, 
impedance, X/R ratio, taps measured in per cent, and phase shift. 

5. For reactors, provide manufacturer and model designation, voltage rating and 
impedance. 

6. For circuit breakers and fuses, provide manufacturer and model designation. List type of 
breaker, type of trip and available range of settings, SCCR, current rating, and breaker 
settings. 

7. Generator short-circuit current contribution data, including short-circuit reactance, rated 
kVA, rated voltage, and X/R ratio. 

8. For relays, provide manufacturer and model designation, current transformer ratios, 
potential transformer ratios, and relay settings. 

9. Busway manufacturer and model designation, current rating, impedance, lengths, and 
conductor material. 

10. Motor horsepower and NEMA MG 1 code letter designation. 

11. Low-voltage cable sizes, lengths, number, conductor material and conduit material 
(magnetic or nonmagnetic). 

12. Medium-voltage cable sizes, lengths, conductor material, and cable construction and 
metallic shield performance parameters. 

3.5 LABELING 

A. Apply one arc-flash label for each of the following locations: 
 

1. Main distribution panel 

2. Branch Circuit Panelboards 

3. Disconnect Switches 

4. Control panel. 

3.6 APPLICATION OF WARNING LABELS 

A. Install the arc-fault warning labels under the direct supervision and control of the Arc-Flash 
Study Specialist. 
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3.7 DEMONSTRATION 

A. Engage the Arc-Flash Study Specialist to train Owner's maintenance personnel in the potential 
arc-flash hazards associated with working on energized equipment and the significance of the 
arc-flash warning labels. 

END OF SECTION 
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SECTION 26 11 16.12 - SECONDARY UNIT SUBSTATIONS WITH SWITCHBOARD SECONDARY 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Manufactured units. 
2. Medium-voltage terminal compartment section. 
3. Medium-voltage metal-enclosed switchgear section. 
4. Dry-type transformer section. 
5. Secondary distribution section switchboard. 
6. Low-voltage instruments section. 
7. Identification devices. 

B. Related Requirements: 

1. Section 260513 "Medium-Voltage Cables" for requirements for terminating cables in 
incoming section of substation. 

1.3 DEFINITIONS 

A. ICCB: Insulated-case circuit breaker. 

B. MCCB: Molded-case circuit breaker. 

C. NETA ATS: Acceptance testing specification. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include rated capacities, operating characteristics, and furnished specialties and 
accessories. 
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B. Shop Drawings: Detail equipment assemblies and indicate dimensions, weights, loads, required 
clearances, method of field assembly, components, and location and size of each field 
connection. 

1. Wiring Diagrams: Power, signal, and control wiring. 
2. Dimensioned plans and elevations showing major components and features. 

a. Include a plan view and cross section of equipment base, showing clearances, 
manufacturer's recommended workspace that accounts for breaker service and 
removal, and locations of penetrations for grounding and conduits. 

3. One-line diagram. 
4. List of materials. 
5. Nameplate legends. 
6. The material, size and number of bus bars, and current rating for each bus, including 

mains and branches of phase, neutral, and ground buses. 
7. Short-time and short-circuit current ratings of secondary unit substations and 

components. 
8. Ratings of individual protective devices. 

C. Design Data: 

1. Time-Current Characteristic Curves: For overcurrent protective devices. 
2. Primary Fuses: Submit recommendations and size calculations. 

1.5 INFORMATIONAL SUBMITTALS 

A. Product Certificates: For secondary unit substations, signed by product manufacturer. 

B. Factory test reports. 

C. Field quality-control reports. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Deliver in shipping splits in sizes that can be moved past obstructions in delivery path. 

B. Coordinate delivery of secondary unit substations to allow movement into designated space. 

C. Store secondary unit substation components protected from weather and so condensation will 
not form on or in units. Provide temporary heating in accordance with manufacturer's 
instructions. 

D. Handle secondary unit substation components in accordance with manufacturer's instructions. 
Use factory-installed lifting provisions. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Basis-of-Design: Square D; a brand of Schneider Electric.  Subject to compliance with 
requirements, provide product by one of the following: 

1. Eaton Electrical Inc.; Cutler Hammer Business Unit 

2. Siemens Energy & Automation, Inc. 

3. ABB-GE Electrification Equipment 

2.2 SYSTEM DESCRIPTION 

A. Description: Medium-voltage, primary incoming section; transformer section; and low-voltage 
secondary switchgear section; and including coordinated circuit breakers, fusible switches, and 
metering components. 

B. Electrical Components, Devices, and Accessories: Listed and labeled in accordance with 
NFPA 70, by a qualified electrical testing agency, and marked for intended location and 
application. 

C. Comply with IEEE C2. 

D. Comply with IEEE C37.121. 

2.3 MANUFACTURED UNITS 

A. Indoor Unit Arrangement: Single assembly. 

B. Connections between the primary device and transformer must be cable, and between the 
transformer and secondary must be flexible bus braid unless noted otherwise. 

C. Indoor Enclosure: Steel. 

D. Enclosure Finish: 

1. Indoor Finish: Provide factory-applied finish in manufacturer's standard gray over a rust-
inhibiting primer on treated metal surface. 

2.4 MEDIUM-VOLTAGE TERMINAL COMPARTMENT SECTION 

A. Primary Incoming Section: Terminal assembly with adequate space for incoming-cable 
terminations and surge arresters, complying with NEMA SG4 and meeting thermal, mechanical, 
and dielectric requirements specified for the transformer section. 
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B. Ratings: Suitable for application in three-phase, 60 Hz, solidly grounded-neutral system. 

C. System Voltage: 4.16 kV nominal; 4.76 kV maximum. 

D. Surge Arresters: Comply with IEEE C62.11, Distribution Class; metal-oxide-varistor type, 
connected in each phase of incoming circuit and ahead of disconnecting device. 

2.5 MEDIUM-VOLTAGE METAL-ENCLOSED SWITCHGEAR SECTION 

A. Metal-enclosed, air-interrupter switchgear, without fuses, complying with IEEE C37.20.3. 

B. Ratings: Comply with IEEE C37.04; and suitable for application in three-phase, 60 Hz, solidly 
grounded-neutral system. 

1. System Voltage: 4.16 kV nominal; 4.76 kV maximum. 
2. Design Level of Available-Source Fault Current: Integrated short-circuit rating consistent 

with value of fault current indicated. 
3. Main-Bus Rating: 600 A, continuous. 

C. Interrupter Switches: Stationary, gang operated, and suitable for application at maximum short-
circuit rating of integrated switchgear assembly. 

1. Rating: 600 A continuous duty and load break. 
2. Two-Time Duty-Cycle Fault Closing: 25 000A, asymmetrical. 
3. Switch Action: No external arc and no significant quantities of ionized gas released into 

the enclosure. 
4. Switch Construction: Supported entirely by interior framework of structure, with copper 

switchblades and stored-energy operating mechanism. 
5. Phase Barriers: Full length of switchblades and fuses for each pole; designed for easy 

removal; allow visual inspection of switch components if barrier is in place. 
6. Protective Shields: Cover live components and terminals. 
7. Mechanical Interlock: Prevent opening switch compartment door unless switchblades are 

open, and prevent closing switch if door is open.  
8. Window: Permits viewing switch-blade positions when door is closed. 
9. Accessory Set: Tools and miscellaneous items required for interrupter switchgear test, 

inspection, maintenance, and operation. Include fuse-handling tool as recommended by 
switchgear manufacturer. 

D. Surge Arresters: Comply with IEEE C62.11, Distribution Class; metal-oxide-varistor type, with 
ratings as required, connected in each phase of incoming circuit and ahead of disconnecting 
device. 

2.6 DRY-TYPE TRANSFORMER SECTION 

A. Description: IEEE C57.12.01, IEEE C57.12.51, and dry-type, two-winding, secondary unit 
substation transformer. 



 

 

GAI Project No. 22082  © 2023 Gipe Associates, Inc. 
School of Technology – Chiller Replacement  SECONDARY UNIT SUBSTATIONS WITH 
Issued for Bid Submission – 11/02/2023                                                     SWITCHBOARD SECONDARY 
                                                                                                                                              26 11 16.12 - 5 
 

 

 

B. Style: 

1. Indoor, ventilated, vacuum-pressure, impregnated type, and with insulation system 
rated at 220 deg C with an 80 deg C average winding temperature rise above a 
maximum ambient temperature of 104 deg F (40 deg C). 

C. Cooling System: 

1. Class AA, air cooled, complying with IEEE C57.12.01. 

D. Insulation Materials: IEEE C57.12.01, rated 220 deg C. 

1. Insulation Temperature Rise: 150 deg C, maximum rise above 104 deg F (40 deg C). 

. 
E. BIL: 60kV. 

F. Full-Capacity Voltage Taps: Four nominal 2.5 percent taps, two above and two below rated 
primary voltage. 

2.7 SECONDARY DISTRIBUTION SECTION SWITCHBOARD 

A. The secondary distribution section must be fused, low-voltage switchgear, complying with 
NEMA PB 2 and UL 891. 

B. Switchboard Structure: Front and rear accessible. 

1. Match and align the front and rear of the switchgear. 

C. Switchboard Bus: 

1. Use bus bars to connect compartments and vertical sections. Cable connections are not 
permitted. 

2. Main Phase Bus: Uniform capacity the entire length of section. 
3. Neutral Bus: 50 percent of phase-bus ampacity, except as indicated. Equip bus with 

pressure-connector terminations for outgoing circuit neutral conductors. Include braces 
for neutral-bus extensions for busway feeders. 

4. Vertical Section Bus: Extend to spaces for future circuit breakers. 
5. Phase- and Neutral-Bus Material: 

a. Hard-drawn copper of 98 percent minimum conductivity, with copper feeder circuit-
breaker line connections. 

6. Ground Bus: Hard-drawn copper of 98 percent minimum conductivity, with pressure 
connector for feeder and branch-circuit ground conductors, minimum size 1/4-by-2 inch 
(6 by 50 mm). 

7. Neutral bus equipped with pressure-connector terminations for outgoing circuit neutral 
conductors. Neutral-bus extensions for busway feeders are braced. 
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8. Neutral Disconnect Link: Bolted, uninsulated, 1/4-by-2 inch (6-by-50 mm) copper bus, 
arranged to connect neutral bus to ground bus. 

D. Switchboard Arrangement: 

1. Main Disconnect Device(s): Bolted pressure switches. 

E. Bolted Pressure Switches: Fixed-mounted, manually operated, electrically tripped, 
fusible, bolted pressure contact switch. Comply with UL 977. 

1. Stored energy deadfront mechanism, compressed and released by the operating handle; 
switching action must be independent of the speed of the operating handle. 

2. Indication whether the switch is open or closed, and provisions for padlocking the 
operating handle. 

3. With fuse clips and fuses for UL 248 Class L time-delay fuses. 
4. Electrically tripped switches must include: 

a. Ground-fault protection, with adjustable time delay and test panel. 
b. Single-phase protection, tripping the switch on loss of a source phase. 
c. Blown fuse protection, tripping the switch on a blown fuse, with blown fuse 

indication. 

2.8 LOW-VOLTAGE INSTRUMENTS SECTION 

A. Instrument Transformers: Comply with IEEE C57.13. 

1. Potential Transformers: Secondary voltage rating of 120 V and NEMA C 12.11 Accuracy 
Class of 0.3 with burdens of W, X, and Y. 

2. Current Transformers: Burden and Accuracy Class suitable for connected relays, meters, 
and instruments. 

B. Multifunction Digital-Metering Monitor: Microprocessor-based unit suitable for three- or four-wire 
systems. 

1. Inputs from sensors or 5 A current-transformer secondaries, and potential terminals rated 
to 600 V. 

2. Switch-selectable digital display with the following features: 

a. Phase Currents, Each Phase: Plus or minus 1 percent. 
b. Phase-to-Phase Voltages, Three Phase: Plus or minus 1 percent. 
c. Phase-to-Neutral Voltages, Three Phase: Plus or minus 1 percent. 
d. Three-Phase Real Power: Plus or minus 2 percent. 
e. Three-Phase Reactive Power: Plus or minus 2 percent. 
f. Power Factor: Plus or minus 2 percent. 
g. Frequency: Plus or minus 0.5 percent. 
h. Integrated Demand, with Demand Interval Selectable from 5 to 60 Minutes: Plus or 

minus 2 percent. 
i. Accumulated energy, in megawatt hours (megajoules), plus or minus 2 percent; 

stored values unaffected by power outages for up to 72 hours. 
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3. Mounting: Display and control unit that is flush or semiflush mounted in instrument 
compartment door. 

C. Surge Suppression: Factory installed as an integral part of the low-voltage switchgear, 
complying with UL 1449 SPD, Type 1, with the following features and accessories: 

1. Integral disconnect switch. 
2. Internal thermal protection that disconnects the SPD before damaging internal 

suppressor components. 
3. Indicator light display for protection status. 
4. Form-C contacts rated at 5 A and 250 V(ac), one N.O. and one N.C., for remote 

monitoring of protection status. 
5. Surge counter. 

D. Control Power Supply: Control power transformer supplying 120 V control circuits through 
secondary disconnect devices. 

E. Control Wiring: Factory installed, complete with bundling, lacing, and protection; and complying 
with the following: 

1. Flexible conductors for No. 8 AWG and smaller, for conductors across hinges and for 
conductors for interconnections between shipping units. 

2. Conductors sized in accordance with NFPA 70 for duty required. 

F. Maintenance Tools: Furnish tools and miscellaneous items required for circuit-breaker and 
switchgear test, inspection, maintenance, and operation. 

1. Racking handle to manually move circuit breaker between "connected" and 
"disconnected" positions. 

2. Portable test set for testing functions of circuit-breaker, solid-state trip devices without 
removal from switchboard. 

3. Relay and meter test plugs suitable for testing switchgear meters and switchgear class 
relays. 

4. Spare-Fuse Cabinet: Identified and compartmented steel box or cabinet with lockable 
door. 

5. Storage for Manual: Include a rack or holder, near the operating instructions, for a copy of 
maintenance manual. 

2.9 IDENTIFICATION DEVICES 

A. Compartment Nameplates: Engraved, laminated-plastic or metal nameplate for each 
compartment, mounted with corrosion-resistant screws. Nameplates and label products are 
specified in Section 260553 "Identification for Electrical Systems." 

2.10 SOURCE QUALITY CONTROL 

A. Factory Tests: 
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1. Perform design and routine tests in accordance with standards specified for components. 
Conduct transformer tests in accordance with IEEE C57.12.90. Conduct switchgear and 
switchboard tests in accordance with NEMA C37.51. 

2. Perform the following factory-certified tests on each secondary unit substation: 

a. Resistance measurements of windings on the rated voltage connection and on tap 
extreme connections. 

b. Ratios on the rated voltage connection and on tap extreme connections. 
c. Polarity and phase relation on the rated voltage connection. 
d. No-load loss at rated voltage on the rated voltage connection. 
e. Exciting current at rated voltage on the rated voltage connection. 
f. Impedance and load loss at rated current on the rated voltage connection and on 

tap extreme connections. 
g. Applied potential. 
h. Induced potential. 
i. Notify Engineer at least 14 days before date of tests and indicate their approximate 

duration. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and space conditions for compliance with requirements for secondary unit 
substations and other conditions affecting performance of the Work. 

B. Examine roughing-in of conduits and grounding systems to verify the following: 

1. Wiring entries comply with layout requirements. 
2. Entries are within conduit-entry tolerances specified by manufacturer, and no feeders will 

have to cross section barriers to reach load or line lugs. 

C. Examine walls, floors, roofs, and concrete bases for suitable conditions for secondary unit 
substation installation. 

D. Verify that ground connections are in place and that requirements in Section 260526 
"Grounding and Bonding for Electrical Systems" have been met. Maximum ground resistance 
must be 5 ohms at secondary unit substation location. 

E. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Comply with applicable portions of NECA 400, NECA 410, NECA 430, and NEMA SG 11. 

B. Install secondary unit substations on cast-in-place concrete equipment base(s). Comply with 
requirements for equipment bases and foundations specified in Section 033000 "Cast-in-Place 
Concrete." 
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C. Comply with requirements for vibration isolation and seismic control devices specified in 
Section 260529 "Hangers and Supports for Electrical Systems" and Section 260548.16 
"Seismic Controls for Electrical Systems." 

D. Maintain minimum clearances and workspace at equipment in accordance with manufacturer's 
instructions and NFPA 70. 

3.3 IDENTIFICATION 

A. Identify system components, wiring, cabling, and terminals. Comply with requirements for 
identification specified in Section 260553 "Identification for Electrical Systems." 

1. Install the number of signs required to be readable from each accessible side, but space 
the signs a maximum of 30 ft. (9 m) apart. 

2. Install arc-flash warning labels specified in Section 260573.19 "Arc-Flash Hazard 
Analysis." 

B. Operating Instructions: Place printed operating instructions for secondary unit substations, 
including key interlocking, control sequences, elementary single-line diagram, and emergency 
procedures with the maintenance materials. 

3.4 CONNECTIONS 

A. Ground equipment in accordance with Section 260526 "Grounding and Bonding for Electrical 
Systems." 

1. At Interior Locations: For grounding to grounding electrodes, use bare copper cable not 
smaller than No. 4/0 AWG. Bond surge arrester and neutrals directly to the transformer 
enclosure and then to the grounding electrode system with bare copper conductors. Keep 
leads as short as practicable with no kinks or sharp bends. Make joints in grounding 
conductors and loops by exothermic weld or compression connector. 

B. Connect wiring in accordance with Section 260519 "Low-Voltage Electrical Power Conductors 
and Cables." 

3.5 CLEANING 

A. After completing equipment installation and before energizing, inspect unit components. 
Remove paint splatters and other spots, dirt, and debris. Repair damaged finish to match 
original finish. Vacuum interiors of secondary unit substation sections. 

3.6 FIELD QUALITY CONTROL 

A. Field tests and inspections may be witnessed by owner and/or Engineer. 

B. General Field Testing Requirements: 
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1. Comply with the provisions of NFPA 70B Ch. 11, "Testing and Test Methods." 
2. Perform each visual and mechanical inspection and electrical test. Certify compliance 

with test parameters. 
3. After installing secondary unit substation but before primary is energized, verify that 

grounding system at the substation is tested at the specified value or less. 
4. After installing secondary unit substation and after electrical circuitry has been energized, 

test for compliance with requirements. 
5. Visual and Mechanical Inspection: 

a. Verify equipment nameplate data complies with Contract Documents. 
b. Inspect bolted electrical connections for high resistance using one of the following 

two methods: 

1) Use a low-resistance ohmmeter to compare bolted connection resistance 
values to values of similar connections. Investigate values that deviate from 
those of similar bolted connections by more than 50 percent of the lowest 
value. 

2) Verify tightness of accessible bolted electrical connections by calibrated 
torque-wrench method in accordance with manufacturer's published data or 
NETA ATS, Table 100.12. Bolt-torque levels must be in accordance with 
manufacturer's published data. In the absence of manufacturer's published 
data, use NETA ATS, Table 100.12. 

C. Switchgear Field Tests: 

1. Visual and Mechanical Inspection: 

a. Inspect physical and mechanical condition. 
b. Inspect anchorage, alignment, grounding, and required area clearances. 
c. Verify the unit is clean and shipping bracing, loose parts, and documentation 

shipped inside cubicles have been removed. 
d. Verify that fuse and circuit-breaker sizes and types correspond to Drawings and 

coordination study as well as the address of the circuit breaker that is used to 
identify it in microprocessor-communication software. 

e. Verify that current and voltage-transformer ratios correspond to Drawings. 
f. Confirm correct operation and sequencing of electrical and mechanical interlock 

systems. 

1) Attempt closure on locked-open devices. Attempt to open locked-closed 
devices. 

2) Make key exchange with devices operated in off-normal positions. 

g. Verify appropriate lubrication on moving current-carrying parts and on moving and 
sliding surfaces. 

h. Inspect insulators for evidence of physical damage or contaminated surfaces. 
i. Verify correct barrier and shutter installation and operation. 
j. Exercise active components. 
k. Inspect mechanical indicating devices for correct operation. 
l. Verify that filters are in place and vents are clear. 
m. Inspect control power transformers as follows: 
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1) Inspect for physical damage, cracked insulation, broken leads, connection 
tightness, defective wiring, and overall general condition. 

2) Verify that primary- and secondary-use or circuit-breaker ratings match 
Drawings and comply with manufacturer's recommendations. 

3) Verify correct functioning of drawout disconnecting and grounding contacts 
and interlocks. 

2. Electrical Tests: 

a. Perform dc voltage insulation-resistance tests on each bus section, phase-to-
phase and phase-to-ground, for one minute. If the temperature of the bus is other 
than plus or minus 20 deg C, adjust the resulting resistance as provided in 
NETA ATS Table 100.11. 

1) Insulation-resistance values of bus insulation must be in accordance with 
manufacturer's published data. In the absence of manufacturer's published 
data, comply with NETA ATS, Table 100.1. Investigate and correct values of 
insulation resistance less than manufacturer's recommendations or 
NETA ATS, Table 100.1. 

2) Do not proceed to the dielectric-withstand-voltage tests until insulation-
resistance levels are raised above minimum values. 

b. Perform a dielectric-withstand-voltage test on each bus section, each phase-to-
ground with phases not under test grounded, in accordance with manufacturer's 
published data. If manufacturer has no recommendation for this test, it must be 
conducted in accordance with NETA ATS, Table 100.2. Apply the test voltage for 
one minute. 

1) If no evidence of distress or insulation failure is observed by the end of the 
total time of voltage application during the dielectric-withstand-voltage test, 
the test specimen is considered to have passed the test. 

c. Voltage Transformers: 

1) Perform secondary wiring integrity test. Verify correct potential at devices. 
2) Verify secondary voltages by energizing the primary winding with system 

voltage. 

d. Perform current-injection tests on the entire current circuit in each section of 
switchgear. 

1) Perform current tests by secondary injection with magnitudes such that a 
minimum current of 1.0 A flows in the secondary circuit. Verify correct 
magnitude of current at each device in the circuit. 

2) Perform current tests by primary injection with magnitudes such that a 
minimum of 1.0 A flows in the secondary circuit. Verify correct magnitude of 
current at each device in the circuit. 

e. Verify operation of space heaters. 
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f. Perform phasing checks on double-ended or dual-source switchgear to ensure 
correct bus phasing from each source. 

D. Medium-Voltage Surge Arrester Field Tests: 

1. Visual and Mechanical Inspection: 

a. Inspect physical and mechanical condition. 
b. Inspect anchorage, alignment, grounding, and clearances. 
c. Verify the arresters are clean. 
d. Verify that the ground lead on each device is individually attached to a ground bus 

or ground electrode. 
e. Verify that the stroke counter is correctly mounted and electrically connected if 

applicable. Record the stroke counter reading. 

2. Electrical Test: 

a. Perform an insulation-resistance test on each arrester, phase terminal-to-ground. 
Apply voltage in accordance with manufacturer's published data. In the absence of 
manufacturer's published data, comply with NETA ATS, Table 100.1. Replace 
units that fail to meet recommended minimum insulation resistance listed in the 
table. 

b. Perform a watts-loss test. Evaluate watts-loss values by comparison with similar 
units and test equipment manufacturer's published data. 

E. Instrument Transformer Field Tests: 

1. Visual and Mechanical Inspection: 

a. Inspect physical and mechanical condition. 
b. Verify correct connection of transformers with system requirements. 
c. Verify that adequate clearances exist between primary and secondary circuit 

wiring. 
d. Verify the unit is clean. 
e. Verify that required grounding and shorting connections provide contact. 
f. Verify correct operation of transformer withdrawal mechanism and grounding 

operation. 
g. Verify correct primary- and secondary-fuse sizes for voltage transformers. 
h. Verify appropriate lubrication on moving current-carrying parts and on moving and 

sliding surfaces. 

2. Electrical Tests of Current Transformers: 

a. Perform insulation-resistance test of each current transformer and its secondary 
wiring with respect to ground at 1000 V(dc) for one minute. For units with solid-
state components that cannot tolerate the applied voltage, comply with 
manufacturer's recommendations. Insulation-resistance values of instrument 
transformers must not be less than values shown in NETA ATS, Table 100.5. 

b. Perform a polarity test of each current transformer in accordance with 
IEEE C57.13.1. Polarity results must agree with transformer markings. 
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c. Perform a ratio-verification test using the voltage or current method in accordance 
with IEEE C57.13.1. Ratio errors must comply with IEEE C57.13. 

d. Perform an excitation test on transformers used for relaying applications in 
accordance with IEEE C57.13.1. Excitation results must match the curve supplied 
by the manufacturer or must comply with IEEE C57.13.1. 

e. Measure current circuit burdens at transformer terminals in accordance with 
IEEE C57.13.1. The measured burdens must match the instrument transformer 
Accuracy Class rating. 

f. Perform power-factor or dissipation-factor tests in accordance with test equipment 
manufacturer's published data. Power-factor or dissipation-factor values must be in 
accordance with manufacturer's published data. In the absence of manufacturer's 
published data, comply with test equipment manufacturer's published data. 

g. Verify that current-transformer secondary circuits are grounded and have only one 
grounding point in accordance with IEEE C57.13.3. 

3. Electrical Tests of Voltage and Potential Transformers: 

a. Perform insulation-resistance tests winding-to-winding and each winding-to-
ground. Apply the test voltage for one minute in accordance with NETA ATS, 
Table 100.5. For units with solid-state components that cannot tolerate the applied 
voltage, follow manufacturer's recommendations. Insulation-resistance values of 
instrument transformers must be in accordance with manufacturer's published 
data. In the absence of manufacturer's published data, comply with NETA ATS, 
Table 100.5. 

b. Perform insulation-resistance tests winding-to-winding and each winding-to-
ground. Test voltages must be applied for one minute in accordance with 
NETA ATS, Table 100.5. Insulation-resistance values of the transformers must not 
be less than values shown in NETA ATS, Table 100.5. 

c. Perform a polarity test on each transformer to verify the polarity marks or H(1)- 
X(1) relationship. Polarity results must agree with transformer markings. 

d. Perform a turns-ratio test on tap positions. Ratio errors must not exceed the 
tolerances specified in IEEE C57.13. 

e. Measure voltage circuit burdens at transformer terminals. Measured burdens must 
be compared to instrument transformer ratings. The measured burdens must 
match the instrument transformer Accuracy Class rating. 

f. Perform power-factor or dissipation-factor tests in accordance with test equipment 
manufacturer's published data. Power-factor or dissipation-factor values must be in 
accordance with manufacturer's published data. In the absence of manufacturer's 
published data, comply with test equipment manufacturer's published data. 

g. Verify that voltage-transformer secondary circuits are grounded and have only one 
grounding point in accordance with IEEE C57.13.3. 

F. Dry-Type Transformer Section Field Tests: 

1. Visual and Mechanical Inspection: 

a. Inspect physical and mechanical condition. 
b. Inspect anchorage, alignment, and grounding. 
c. Verify that resilient mounts are free and that shipping brackets have been 

removed. 
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d. Verify the unit is clean. 
e. Verify that alarm, control, and trip settings on temperature and level indicators are 

set and operate within manufacturer's recommended settings. 
f. Verify that cooling fans operate and that fan motors have correct overcurrent 

protection. 
g. Perform specific inspections and mechanical tests recommended by the 

manufacturer. 
h. Verify that as-left tap connections are as specified. 
i. Verify the presence of surge arresters and that their ratings are as specified. 

2. Electrical Tests: 

a. Perform insulation-resistance tests winding-to-winding and each winding-to-
ground. Apply voltage in accordance with manufacturer's published data. In the 
absence of manufacturer's published data, comply with NETA ATS, Table 100.5. 
Calculate polarization index; the value of the index must not be less than 1.0. 

b. Perform power-factor or dissipation-factor tests on windings in accordance with the 
test equipment manufacturer's published data. Investigate and correct power-factor 
values that exceed: 

1) 2.0 percent for power transformers. 
2) 5.0 percent for distribution transformers. 
3) Measure core insulation resistance at 500 V dc if the core is insulated and 

the core ground strap is removable. Core insulation-resistance values must 
not be less than 1 megohm at 500 V(dc). 

c. Verify correct secondary voltage, phase-to-phase and phase-to-neutral, after 
energization and prior to loading. 

G. Low-Voltage Ground-Fault Protection System Field Tests: 

1. Visual and Mechanical Inspection: 

a. Inspect the components for damage and errors in polarity or conductor routing. 

1) Verify that ground connection is made on the source side of the neutral 
disconnect link and on the source side of ground-fault sensor. 

2) Verify that the neutral sensors are connected with correct polarity on both 
primary and secondary. 

3) Verify that phase conductors and the neutral pass through the sensor in the 
same direction for zero sequence systems. 

4) Verify that grounding conductors do not pass through zero sequence 
sensors. 

5) Verify that grounded conductor is solidly grounded. 

b. Verify the unit is clean. 
c. Operate the circuit breaker to ensure smooth operation. 
d. Verify correct operation of functions of the self-test panel if provided. 
e. Verify that the control power transformer has adequate capacity for the system. 
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f. Set pickup and time-delay settings in accordance with "Quality Control" Article. 
Record appropriate operation and test sequences in accordance with NFPA 70, 
Article 230, Section 230.95 "Ground-Fault Protection of Equipment." 

2. Electrical Tests: 

a. Measure the system neutral-to-ground insulation resistance with the neutral 
disconnect link temporarily removed. Replace the neutral disconnect link after 
testing. System neutral-to-ground insulation resistance must be a minimum of 1 
megohm. Correct wiring until the minimum is achieved. 

b. Perform ground-fault protective-device pickup tests using primary injection. Results 
of pickup test must be greater than 90 percent of the ground-fault protective-device 
pickup setting and less than 1200 A or 125 percent of the pickup setting, 
whichever is smaller. Adjust or replace the device until these parameters are 
achieved. 

c. For summation-type systems utilizing phase and neutral current transformers, 
verify correct polarities by applying current to each phase-neutral current-
transformer pair. This test also applies to MCCBs utilizing an external neutral 
current transformer. The ground-fault protective device must operate when current 
direction is the same relative to polarity marks in the two current transformers. The 
ground-fault protective device must not operate when current direction is opposite 
relative to polarity marks in the two current transformers. 

d. Measure time delay of the ground-fault protective device at a value equal to or 
greater than 150 percent of the pickup value. Relay timing must be in accordance 
with manufacturer's published data but must be no longer than one second at 
3000 A in accordance with NFPA 70, Article 230, Section 230.95 "Ground-Fault 
Protection of Equipment." 

e. Verify reduced control voltage tripping capability is 55 percent for ac systems and 
80 percent for dc systems. Replace the ground-fault system if the reduced control 
voltage tripping requirement is not achieved, and retest. 

H. Metering Device Field Tests: 

1. Visual and Mechanical Inspection: 

a. Inspect physical and mechanical condition. 
b. Inspect cover gasket, cover glass, condition of spiral spring, disk clearance, 

contacts, and case shorting contacts, as applicable. 
c. Verify the unit is clean. 
d. Verify freedom of movement, end play, and alignment of rotating disk(s). 

2. Electrical Tests: 

a. Verify accuracy of meters at cardinal points. Meter accuracy must be in 
accordance with manufacturer's published data. 

b. Calibrate meters in accordance with manufacturer's published data. Calibration 
results must be within manufacturer's published tolerances. 

c. Verify instrument multipliers. Instrument multipliers must be in accordance with 
system design specifications. 
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d. Verify that current-transformer and voltage-transformer secondary circuits are 
intact. Test results must confirm the integrity of the secondary circuits of current 
and voltage transformers. 

I. Nonconforming Work: 

1. Equipment and devices will be considered defective if they do not pass tests and 
inspections. 

2. Remove and replace defective units and retest. 

J. Prepare test and inspection reports. Record as-left set points of adjustable devices. 

3.7 FOLLOW-UP SERVICE 

A. Voltage Monitoring and Adjusting: After Substantial Completion, if requested by Owner, but not 
more than six months after Final Acceptance, perform the following voltage monitoring: 

1. During a period of normal load cycles as evaluated by Owner, perform seven days of 
three-phase voltage recording at the outgoing section of each secondary unit substation. 
Use voltmeters with calibration traceable to the National Institute of Science and 
Technology standards and with a chart speed of not less than 1 inch (25 mm) per hour. 
Voltage unbalance greater than 1 percent between phases, or deviation of phase voltage 
from the nominal value by more than plus or minus 5 percent during the test period, is 
unacceptable. 

2. Corrective Action: If test results are unacceptable, perform the following corrective action, 
as appropriate: 

a. Adjust transformer taps. 
b. Rebalance loads. 
c. Prepare written request for voltage adjustment by electric utility. 

3. Retests: Repeat monitoring, after corrective action has been performed, until satisfactory 
results are obtained. 

4. Report: 

a. Prepare a written report covering monitoring performed and corrective action 
taken. 

b. For each relay and adjustable circuit breaker, tag the device with adjusting 
technician's initials and the date of the adjustment. Record the settings and file 
with test records specified in "Field Quality Control" Article. 

B. Infrared Inspection: Perform the survey during periods of maximum possible loading. Remove 
covers prior to the inspection. 

1. After Substantial Completion, but not more than 60 days after Final Acceptance, perform 
infrared inspection of the electrical power connections of the unit substation. 

2. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of each 
switchgear 11 months after date of Substantial Completion. 
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3. Instrument: Inspect distribution systems with imaging equipment capable of detecting a 
minimum temperature difference of 1 deg C at 30 deg C. 

4. Record of Infrared Inspection: Prepare a certified report that identifies the testing 
technician and equipment used, and lists the results as follows: 

a. Description of equipment to be tested. 
b. Discrepancies. 
c. Temperature difference between the area of concern and the reference area. 
d. Probable cause of temperature difference. 
e. Areas inspected. Identify inaccessible and unobservable areas and equipment. 
f. Identify load conditions at time of inspection. 
g. Provide photographs and thermograms of the deficient area. 

5. Act on inspection results in accordance with the recommendations of NETA ATS, 
Table 100.18. Correct possible and probable deficiencies as soon as Owner's operations 
permit. Retest until deficiencies are corrected. 

END OF SECTION 
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SECTION 26 27 26 - WIRING DEVICES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Receptacles, receptacles with integral GFCI, and associated device plates. 
2. Weather-resistant receptacles. 
3. Emergency Pushbuttons. 

1.3 DEFINITIONS 

A. GFCI: Ground-fault circuit interrupter. 

B. Pigtail: Short lead used to connect a device to a branch-circuit conductor. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: List of legends and description of materials and process used for premarking 
wall plates. 

1.5 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For wiring devices to include in all manufacturers' packing-
label warnings and instruction manuals that include labeling conditions. 

1.7 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective 
covering for storage and identified with labels describing contents. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers' Names: Shortened versions (shown in parentheses) of the following 
manufacturers' names are used in other Part 2 articles: 

1. Hubbell Incorporated; Wiring Device-Kellems (Hubbell). 
2. Leviton Mfg. Company Inc. (Leviton). 
3. Pass & Seymour/Legrand (Pass & Seymour). 

B. Source Limitations: Obtain each type of wiring device and associated wall plate from single 
source from single manufacturer. 

2.2 GENERAL WIRING-DEVICE REQUIREMENTS 

A. Wiring Devices, Components, and Accessories: Listed and labeled as defined in NFPA 70, by 
a qualified testing agency, and marked for intended location and application. 

B. Comply with NFPA 70. 

C. Devices that are manufactured for use with modular plug-in connectors may be substituted 
under the following conditions: 

1. Connectors shall comply with UL 2459 and shall be made with stranding building wire. 
2. Devices shall comply with the requirements in this Section. 

2.3 STRAIGHT-BLADE RECEPTACLES 

A. Tamper-Resistant Convenience Receptacles, 125 V, 20 A: Comply with NEMA WD 1, 
NEMA WD 6 Configuration 5-20R, UL 498 Supplement sd, and FS W-C-596. 

1. Products: Subject to compliance with requirements, provide one of the following: 
a. Hubbell; BR20*. 
b. Leviton; 5362-SG*. 
c. Pass & Seymour; TR5262*. 

2.4 GFCI RECEPTACLES 

A. General Description: 

1. Straight blade, non-feed-through type. 
2. Comply with NEMA WD 1, NEMA WD 6, UL 498, UL 943 Class A, and FS W-C-596. 
3. Include indicator light that shows when the GFCI has malfunctioned and no longer 

provides proper GFCI protection. 

B. Tamper-Resistant GFCI Convenience Receptacles, 125 V, 20 A: 

1. Products: Subject to compliance with requirements, provide one of the following: 
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a. Hubbell; GFTR20. 
b. Pass & Seymour; 2095TR. 

2. Receptacle(s) shall also be weather-resistant type for exterior applications. 

2.5 EMERGENCY PUSHBUTTONS 
 

A.    Emergency pushbuttons shall be Stopper Station with Bopper Stopper cover, as manufactured 
by Safety Technology International, Inc. (STI), or approved equal. 

 
B.    Features: 

 
1. Button activation shall be Push-to-Activate, Turn-to-Reset. 
2. Interchangeable or replaceable Normally Open (N.O.) or Normally Closed (N.C.), Single-

Pole, Single-Throw (SPST) gold-plated contact blocks rated for three (3) amps at 600 
VAC or one (1) amp at 250VDC. 

3. Standard switch shall include one N.O. and one N.C. contact. 
4. Switch shall hold up to three (3) sets of isolated contacts. 

C.    Construction: 
 

1. Housing shall be molded of polycarbonate rated for temperature range of -40 degrees to 
250 degrees Fahrenheit. 

2. Housing color shall be yellow, unless otherwise indicated. 
3. Pushbutton shall be provided with stainless steel backplate and matching polycarbonate 

spacer (as required), both having a 5VA flammability rating. 
4. Pushbuttons shall be provided with a vinyl label that is customized to suit each 

application, including, but not limited to the following: 
a. “Boiler Master Shut-off” 

D.    Pushbutton covers shall have the following features: 
 

1.       Molded from thick clear polycarbonate material. 
2.       UV stabilized. 
3.       94V-2 flammability rating. 
4.       Stainless steel torsion spring to maintain cover in a closed position. 
5.       Mounting hardware and gasket. 
6.       Lifetime guarantee against breakage of polycarbonate from normal use. 

 
E.  Pushbuttons shall be tested and approved or listed by: 

 
1. Underwriter Laboratories (UL) and Canadian Underwriter Laboratories No. S7255. 
2. Complies with UL 2017. 
3. UL listed for indoor and outdoor use, when used with appropriate weather cover. 

 
F.    Pushbuttons shall be ADA Compliant. 

 
G.    Warranty  

 
1. Pushbuttons shall be provided with lifetime guarantee against breakage of polycarbonate 

in normal use. 
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2. Pushbuttons shall be provided with one year guarantee on electro-mechanical and 
electronic components. 

2.6 FINISHES 

B. Device Color:   Wiring device catalog numbers in Section Text do not designate device color. 

1. Wiring Devices Connected to Normal Power System: Match existing, unless otherwise 
indicated or required by NFPA 70 or device listing.  

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Comply with NECA 1, including mounting heights listed in that standard, unless otherwise 
indicated. 

B. Coordination with Other Trades: 

1. Protect installed devices and their boxes. Do not place wall finish materials over device 
boxes and do not cut holes for boxes with routers that are guided by riding against 
outside of boxes. 

2. Keep outlet boxes free of plaster, drywall joint compound, mortar, cement, concrete, dust, 
paint, and other material that may contaminate the raceway system, conductors, and 
cables. 

C. Conductors: 

1. Do not strip insulation from conductors until right before they are spliced or terminated on 
devices. 

2. Strip insulation evenly around the conductor using tools designed for the purpose. Avoid 
scoring or nicking of solid wire or cutting strands from stranded wire. 

3. The length of free conductors at outlets for devices shall meet provisions of NFPA 70, 
Article 300, without pigtails. 

4. Existing Conductors: 

a. Cut back and pigtail, or replace all damaged conductors. 
b. Straighten conductors that remain and remove corrosion and foreign matter. 
c. Pigtailing existing conductors is permitted, provided the outlet box is large enough. 

D. Device Installation: 

1. Keep each wiring device in its package or otherwise protected until it is time to connect 
conductors. 

2. Do not remove surface protection, such as plastic film and smudge covers, until the last 
possible moment. 

3. Connect devices to branch circuits using pigtails that are not less than 6 inches (152 mm) 
in length. 
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4. When there is a choice, use side wiring with binding-head screw terminals. Wrap solid 
conductor tightly clockwise, two-thirds to three-fourths of the way around terminal screw. 

5. Use a torque screwdriver when a torque is recommended or required by manufacturer. 
6. When conductors larger than No. 12 AWG are installed on 15- or 20-A circuits, splice 

No. 12 AWG pigtails for device connections. 
7. Tighten unused terminal screws on the device. 
8. When mounting into metal boxes, remove the fiber or plastic washers used to hold 

device-mounting screws in yokes, allowing metal-to-metal contact. 

E. Receptacle Orientation: 

1. Install ground pin of vertically mounted receptacles up, and on horizontally mounted 
receptacles to the left. 

F. Device Plates: 

1. Do not use oversized or extra-deep plates. Repair wall finishes and remount outlet boxes 
when standard device plates do not fit flush or do not cover rough wall opening. 

G. Arrangement of Devices: Unless otherwise indicated, mount flush, with long dimension vertical 
and with grounding terminal of receptacles on top.  

3.2 GFCI RECEPTACLES 

A. Install non-feed-through-type GFCI receptacles where protection of downstream receptacles is 
not required. 

3.3 IDENTIFICATION 

A. Comply with Division 26 Section "Identification for Electrical Systems." 

B. Identify each receptacle with panelboard identification and circuit number. Use hot, stamped, or 
engraved machine printing with black-filled lettering on face of plate, and durable wire markers 
or tags inside outlet boxes. 

3.4 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 
1. Test Instruments: Use instruments that comply with UL 1436. 
2. Test Instrument for Convenience Receptacles: Digital wiring analyzer with digital readout 

or illuminated digital-display indicators of measurement. 

B. Tests for Convenience Receptacles: 

1. Line Voltage: Acceptable range is 105 to 132 V. 
2. Percent Voltage Drop under 15-A Load: A value of 6 percent or higher is unacceptable. 
3. Ground Impedance: Values of up to 2 ohms are acceptable. 
4. GFCI Trip: Test for tripping values specified in UL 1436 and UL 943. 
5. Using the test plug, verify that the device and its outlet box are securely mounted. 
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6. Tests shall be diagnostic, indicating damaged conductors, high resistance at the circuit 
breaker, poor connections, inadequate fault current path, defective devices, or similar 
problems. Correct circuit conditions, remove malfunctioning units and replace with new 
ones, and retest as specified above. 

C. Wiring device will be considered defective if it does not pass tests and inspections. 

D. Prepare test and inspection reports. 

END OF SECTION  
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SECTION 26 28 13 - FUSES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Cartridge fuses rated 600-V ac and less for use in control circuits, enclosed switches, and 
enclosed controllers. 

2. Spare-fuse cabinets. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. Include construction details, material, 
dimensions, descriptions of individual components, and finishes for spare-fuse cabinets. Include 
the following for each fuse type indicated: 

1. Ambient Temperature Adjustment Information: If ratings of fuses have been adjusted to 
accommodate ambient temperatures, provide list of fuses with adjusted ratings. 

a. For each fuse having adjusted ratings, include location of fuse, original fuse rating, 
local ambient temperature, and adjusted fuse rating. 

b. Provide manufacturer's technical data on which ambient temperature adjustment 
calculations are based. 

2. Dimensions and manufacturer's technical data on features, performance, electrical 
characteristics, and ratings. 

3. Current-limitation curves for fuses with current-limiting characteristics. 
4. Time-current coordination curves (average melt) and current-limitation curves 

(instantaneous peak let-through current) for each type and rating of fuse. 
5. Coordination charts and tables and related data. 
6. Fuse sizes for elevator feeders and elevator disconnect switches. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For fuses to include in emergency, operation, and 
maintenance manuals. In addition to items specified in Section 017800 "Operation and 
Maintenance Data," include the following: 

1. Ambient temperature adjustment information. 
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2. Current-limitation curves for fuses with current-limiting characteristics. 
3. Time-current coordination curves (average melt) and current-limitation curves 

(instantaneous peak let-through current) for each type and rating of fuse. 
4. Coordination charts and tables and related data. 

1.5 MAINTENANCE MATERIAL SUBMITTALS 

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

1. Fuses: Equal to 10 percent of quantity installed for each size and type, but no fewer than 
three of each size and type. 

1.6 QUALITY ASSURANCE 

A. Source Limitations: Obtain fuses, for use within a specific product or circuit, from single source 
from single manufacturer. 

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and application. 

C. Comply with NEMA FU 1 for cartridge fuses. 

D. Comply with NFPA 70. 

E. Comply with UL 248-11 for plug fuses. 

1.7 PROJECT CONDITIONS 

A. Where ambient temperature to which fuses are directly exposed is less than 40 deg F (5 deg C) 
or more than 100 deg F (38 deg C), apply manufacturer's ambient temperature adjustment 
factors to fuse ratings. 

1.8 COORDINATION 

A. Coordinate fuse ratings with utilization equipment nameplate limitations of maximum fuse size 
and with system short-circuit current levels. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

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

1. Cooper Bussmann, Inc. 
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2. Edison Fuse, Inc. 
3. Ferraz Shawmut, Inc. 
4. Littelfuse, Inc. 

2.2 CARTRIDGE FUSES 

A. Characteristics: NEMA FU 1, current-limiting, nonrenewable cartridge fuses with voltage ratings 
consistent with circuit voltages. 

2.3 SPARE-FUSE CABINET 

A. Characteristics: Wall-mounted steel unit with full-length, recessed piano-hinged door and key-
coded cam lock and pull. 

1. Size: Adequate for storage of spare fuses specified with 15 percent spare capacity 
minimum. 

2. Finish: Gray, baked enamel. 
3. Identification: "SPARE FUSES" in 1-1/2-inch- (38-mm-) high letters on exterior of door. 
4. Fuse Pullers: For each size of fuse, where applicable and available, from fuse 

manufacturer. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine fuses before installation. Reject fuses that are moisture damaged or physically 
damaged. 

B. Examine holders to receive fuses for compliance with installation tolerances and other 
conditions affecting performance, such as rejection features. 

C. Examine utilization equipment nameplates and installation instructions. Install fuses of sizes and 
with characteristics appropriate for each piece of equipment. 

D. Evaluate ambient temperatures to determine if fuse rating adjustment factors must be applied to 
fuse ratings. 

E. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 FUSE APPLICATIONS 

A. Cartridge Fuses: 

1. Large Motor Branch (601-4000 A): Class L, time delay. 
2. Motor Branch Circuits: Class RK1, time delay.   
3. Other Branch Circuits: Class RK1, time delay. 
4. Control Circuits: Class CC, time delay. 
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3.3 INSTALLATION 

A. Install fuses in fusible devices. Arrange fuses so rating information is readable without removing 
fuse. 

B. Install spare-fuse cabinet(s). 

3.4 IDENTIFICATION 

A. Install labels complying with requirements for identification specified in Section 260553 
"Identification for Electrical Systems" and indicating fuse replacement information on inside door 
of each fused switch and adjacent to each fuse block, socket, and holder. 

END OF SECTION  
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SECTION 26 28 16 - ENCLOSED SWITCHES AND CIRCUIT BREAKERS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Fusible switches. 
2. Nonfusible switches. 
3. Receptacle switches. 
4. Shunt trip switches. 
5. Molded-case circuit breakers (MCCBs). 
6. Enclosures. 

1.3 DEFINITIONS 

A. NC: Normally closed. 

B. NO: Normally open. 

C. SPDT: Single pole, double throw. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of enclosed switch, circuit breaker, accessory, and component 
indicated. Include dimensioned elevations, sections, weights, and manufacturers' technical data 
on features, performance, electrical characteristics, ratings, accessories, and finishes. 

1. Enclosure types and details for types other than NEMA 250, Type 1. 
2. Current and voltage ratings. 
3. Short-circuit current ratings (interrupting and withstand, as appropriate). 
4. Detail features, characteristics, ratings, and factory settings of individual overcurrent 

protective devices, accessories, and auxiliary components. 
5. Include time-current coordination curves (average melt) for each type and rating of 

overcurrent protective device; include selectable ranges for each type of overcurrent 
protective device. 

B. Shop Drawings: For enclosed switches and circuit breakers. Include plans, elevations, sections, 
details, and attachments to other work. 
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1. Wiring Diagrams: For power, signal, and control wiring. 

1.5 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

1. Test procedures used. 
2. Test results that comply with requirements. 
3. Results of failed tests and corrective action taken to achieve test results that comply with 

requirements. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For enclosed switches and circuit breakers to include in 
emergency, operation, and maintenance manuals. In addition to items specified in 
Section 017800 "Operation and Maintenance Data," include the following: 

1. Manufacturer's written instructions for testing and adjusting enclosed switches and circuit  
2. Time-current coordination curves (average melt) for each type and rating of overcurrent 

protective device; include selectable ranges for each type of overcurrent protective 
device. 

1.7 MAINTENANCE MATERIAL SUBMITTALS 

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

1. Fuses: Equal to 10 percent of quantity installed for each size and type, but no fewer than 
three of each size and type. 

2. Fuse Pullers: Two for each size and type. 

1.8 QUALITY ASSURANCE 

A. Source Limitations: Obtain enclosed switches and circuit breakers, overcurrent protective 
devices, components, and accessories, within same product category, from single source from 
single manufacturer. 

B. Product Selection for Restricted Space: Drawings indicate maximum dimensions for enclosed 
switches and circuit breakers, including clearances between enclosures, and adjacent surfaces 
and other items. Comply with indicated maximum dimensions. 

C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and application. 

D. Comply with NFPA 70. 
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1.9 PROJECT CONDITIONS 

A. Environmental Limitations: Rate equipment for continuous operation under the following 
conditions unless otherwise indicated: 

1. Ambient Temperature: Not less than minus 22 deg F (minus 30 deg C) and not 
exceeding 104 deg F (40 deg C). 

2. Altitude: Not exceeding 6600 feet (2010 m). 

1.10 COORDINATION 

A. Coordinate layout and installation of switches, circuit breakers, and components with equipment 
served and adjacent surfaces. Maintain required workspace clearances and required 
clearances for equipment access doors and panels. 

PART 2 - PRODUCTS 

2.1 FUSIBLE SWITCHES 

A. Basis-of-Design Product: Subject to compliance with requirements, provide Square D; a brand 
of Schneider Electric or comparable product by one of the following: 

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit 
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
3. Siemens Energy & Automation, Inc. 

B. Type HD, Heavy Duty, Single Throw, 600-V ac, 1200 A and Smaller: UL 98 and NEMA KS 1, 
horsepower rated, with clips or bolt pads to accommodate specified fuses, lockable handle with 
capability to accept three padlocks, and interlocked with cover in closed position. 

 
C. Accessories: 

1. Equipment Ground Kit: Internally mounted and labeled for copper ground conductors. 
2. Neutral Kit: Internally mounted; insulated, capable of being grounded and bonded; 

labeled for copper and aluminum neutral conductors. 
3. Class R Fuse Kit: Provides rejection of other fuse types when Class R fuses are 

specified. 
4. Auxiliary Contact Kit (where indicated on drawings or required for proper operation): One 

NO/NC (Form "C") auxiliary contact(s), arranged to activate before switch blades open. 
5. Hookstick Handle: Allows use of a hookstick to operate the handle. 
6. Lugs: Compression type, suitable for number, size, and conductor material. 

2.2 NONFUSIBLE SWITCHES 

A. Basis-of-Design Product: Subject to compliance with requirements, provide Square D; a brand 
of Schneider Electric or comparable product by one of the following: 
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1. Eaton Electrical Inc.; Cutler-Hammer Business Unit 
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
3. Siemens Energy & Automation, Inc. 

B. Type HD, Heavy Duty, Single Throw, 600-V ac, 1200 A and Smaller: UL 98 and NEMA KS 1, 
horsepower rated, lockable handle with capability to accept three padlocks, and interlocked with 
cover in closed position. 

C. Accessories: 

1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum ground 
conductors. 

2. Neutral Kit: Internally mounted; insulated, capable of being grounded and bonded; 
labeled for copper and aluminum neutral conductors. 

3. Auxiliary Contact Kit (where indicated on drawings or required for proper operation): One 
NO/NC (Form "C") auxiliary contact(s), arranged to activate before switch blades open. 

4. Hookstick Handle: Allows use of a hookstick to operate the handle. 
5. Lugs: Compression type, suitable for number, size, and conductor material. 

2.3 MOLDED-CASE CIRCUIT BREAKERS 

A. Basis-of-Design Product: Subject to compliance with requirements, provide Square D; a brand 
of Schneider Electric or comparable product by one of the following: 

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit 
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
3. Siemens Energy & Automation, Inc. 

B. General Requirements: Comply with UL 489, NEMA AB 1, and NEMA AB 3, with interrupting 
capacity to comply with available fault currents. 

C. Thermal-Magnetic Circuit Breakers: Inverse time-current element for low-level overloads and 
instantaneous magnetic trip element for short circuits. Adjustable magnetic trip setting for 
circuit-breaker frame sizes 250A and larger. 

D. Adjustable, Instantaneous-Trip Circuit Breakers: Magnetic trip element with front-mounted, field-
adjustable trip setting. 

E. Ground-Fault, Circuit-Interrupter (GFCI) Circuit Breakers: Single- and two-pole configurations 
with Class A ground-fault protection (6-mA trip). 

F. Ground-Fault, Equipment-Protection (GFEP) Circuit Breakers: With Class B ground-fault 
protection (30-mA trip). 

G. Accessories: 
1. Lugs: Compression type, suitable for number, size, trip ratings, and conductor material. 
2. Application Listing: Appropriate for application; Type SWD for switching fluorescent 

lighting loads; Type HID for feeding fluorescent and high-intensity discharge lighting 
circuits. 

3. Shunt Trip (where indicated on drawings or required for proper operation): Trip coil 
energized from separate circuit, with coil-clearing contact. 



 

 

GAI Project No.22082  © 2023 Gipe Associates, Inc. 
School of Technology – Chiller Replacement ENCLOSED SWITCHES AND CIRCUIT BREAKERS 
Issued for Bid Submission – 11/02/2023                                                                                     26 28 16 - 5 

 

 

4. Auxiliary Contacts (where indicated on drawings or required for proper operation): One 
SPDT switch with "a" and "b" contacts; "a" contacts mimic circuit-breaker contacts, "b" 
contacts operate in reverse of circuit-breaker contacts. 

5. Accessory Control Power Voltage (where indicated on drawings or required for proper 
operation): Remote mounted and powered; 120-V ac. 

2.4 ENCLOSURES 

A. Enclosed Switches and Circuit Breakers: NEMA AB 1, NEMA KS 1, NEMA 250, and UL 50, to 
comply with environmental conditions at installed location. 

1. Indoor, Dry and Clean Locations: NEMA 250, Type 1. 
2. Outdoor Locations: NEMA 250, Type 3R. 
3. Other Wet or Damp, Indoor Locations: NEMA 250, Type 4. 
4. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids: 

NEMA 250, Type 12. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine elements and surfaces to receive enclosed switches and circuit breakers for 
compliance with installation tolerances and other conditions affecting performance of the Work. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Install individual wall-mounted switches and circuit breakers with tops at uniform height unless 
otherwise indicated. 

B. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets and 
temporary blocking of moving parts from enclosures and components. 

C. Install fuses in fusible devices. 

D. Comply with NECA 1. 

3.3 IDENTIFICATION 

A. Comply with requirements in Section 260553 "Identification for Electrical Systems." 

1. Identify field-installed conductors, interconnecting wiring, and components; provide 
warning signs. 

2. Label each enclosure with engraved metal or laminated-plastic nameplate. 
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3.4 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Acceptance Testing Preparation: 

1. Test insulation resistance for each enclosed switch and circuit breaker, component, 
connecting supply, feeder, and control circuit. 

2. Test continuity of each circuit. 

C. Tests and Inspections: 

1. Perform each visual and mechanical inspection and electrical test stated in NETA 
Acceptance Testing Specification. Certify compliance with test parameters. 

2. Correct malfunctioning units on-site, where possible, and retest to demonstrate 
compliance; otherwise, replace with new units and retest. 

3. Test and adjust controls, remote monitoring, and safeties. Replace damaged and 
malfunctioning controls and equipment. 

D. Enclosed switches and circuit breakers will be considered defective if they do not pass tests and 
inspections. 

E. Prepare test and inspection reports, including a certified report that identifies enclosed switches 
and circuit breakers and that describes scanning results. Include notation of deficiencies 
detected, remedial action taken, and observations after remedial action. 

3.5 ADJUSTING 

A. Adjust moving parts and operable components to function smoothly, and lubricate as 
recommended by manufacturer. 

END OF SECTION 
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SECTION 26 29 13 - ENCLOSED CONTROLLERS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section includes the following enclosed controllers rated 600 V and less: 

1. Full-voltage manual. 
2. Full-voltage magnetic. 

B. Related Section: 

1. Division 23 for Variable-Frequency Motor Controllers for general-purpose, ac, adjustable-
frequency, pulse-width-modulated controllers for use on variable torque loads in ranges 
up to 200 hp. 

1.3 DEFINITIONS 

A. CPT: Control power transformer. 

B. MCCB: Molded-case circuit breaker. 

C. MCP: Motor circuit protector. 

D. N.C.: Normally closed. 

E. N.O.: Normally open. 

F. OCPD: Overcurrent protective device. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of enclosed controller. Include manufacturer's technical data on 
features, performance, electrical characteristics, ratings, and enclosure types and finishes. 

B. Shop Drawings: For each enclosed controller. Include dimensioned plans, elevations, sections, 
details, and required clearances and service spaces around controller enclosures. 

1. Show tabulations of the following: 
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a. Each installed unit's type and details. 
b. Factory-installed devices. 
c. Nameplate legends. 
d. Short-circuit current rating of integrated unit. 
e. Features, characteristics, ratings, and factory settings of individual OCPDs in 

combination controllers. 

2. Wiring Diagrams: For power, signal, and control wiring. 

1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For qualified testing agency. 

B. Field quality-control reports. 

C. Load-Current and List of Settings of Adjustable Overload Relays: Compile after motors have 
been installed, and arrange to demonstrate that switch settings for motor running overload 
protection suit actual motors to be protected. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For enclosed controllers to include in emergency, operation, 
and maintenance manuals. In addition to items specified in Section 017823 "Operation and 
Maintenance Data," include the following: 

1. Routine maintenance requirements for enclosed controllers and installed components. 
2. Manufacturer's written instructions for setting field-adjustable overload relays. 

1.7 MATERIALS MAINTENANCE SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective 
covering for storage and identified with labels describing contents. 
1. Control Power Fuses: Equal to 10 percent of quantity installed for each size and type, but 

no fewer than two of each size and type. 
2. Indicating Lights: Two of each type and color installed. 

1.8 QUALITY ASSURANCE 

A. Testing Agency Qualifications: Member company of NETA or an NRTL. 

1. Testing Agency's Field Supervisor: Currently certified by NETA to supervise on-site 
testing. 

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and application. 

C. Comply with NFPA 70. 
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1.9 DELIVERY, STORAGE, AND HANDLING 

A. Store enclosed controllers indoors in clean, dry space with uniform temperature to prevent 
condensation. Protect enclosed controllers from exposure to dirt, fumes, water, corrosive 
substances, and physical damage. 

B. If stored in areas subject to weather, cover enclosed controllers to protect them from weather, 
dirt, dust, corrosive substances, and physical damage. Remove loose packing and flammable 
materials from inside controllers; install temporary electric heating, with at least 250 W per 
controller. 

1.10 PROJECT CONDITIONS 

A. Environmental Limitations: Rate equipment for continuous operation under the following 
conditions unless otherwise indicated: 

1. Ambient Temperature: Not less than minus 22 deg F (minus 30 deg C) and not 
exceeding 104 deg F (40 deg C). 

2. Altitude: Not exceeding 6600 feet (2010 m). 

1.11 COORDINATION 

A. Coordinate layout and installation of enclosed controllers with other construction including 
conduit, piping, equipment, and adjacent surfaces. Maintain required workspace clearances and 
required clearances for equipment access doors and panels. 

B. Coordinate installation of roof curbs, equipment supports, and roof penetrations. 

PART 2 - PRODUCTS 

2.1 FULL-VOLTAGE CONTROLLERS 

A. General Requirements for Full-Voltage Controllers: Comply with NEMA ICS 2, general purpose, 
Class A. 

B. Fractional Horsepower Manual Controllers: "Quick-make, quick-break" toggle or push-button 
action; marked to show whether unit is off, on, or tripped. 
1. Basis-of-Design Product: Subject to compliance with requirements, provide Square D; a 

brand of Schneider Electric or comparable product by one of the following: 
 
a. Eaton Electrical Inc.; Cutler-Hammer Business Unit 
b. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
c. Siemens Energy & Automation, Inc. 

2. Configuration: Nonreversing. 
3. Overload Relays: Inverse-time-current characteristics; NEMA ICS 2, Class 10 tripping 

characteristics; heaters matched to nameplate full-load current of actual protected motor; 
external reset push button; bimetallic type. 



 

 

GAI Project No. 22082  © 2023 Gipe Associates, Inc. 
School of Technology – Chiller Replacement  ENCLOSED CONTROLLERS 
Issued for Bid Submission – 11/02/2023                                                                                     26 29 13 - 4 

 

 

4. Surface mounting. 
5. Red pilot light. 
6. Hand-Off-Automatic Selector Switch  
7. Handle guard with locking provision. 

C. Magnetic Controllers: Full voltage, across the line, electrically held. 

1. Basis-of-Design Product: Subject to compliance with requirements, provide Square D; a 
brand of Schneider Electric or comparable product by one of the following: 
 
a. Eaton Electrical Inc.; Cutler-Hammer Business Unit 
b. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
c. Siemens Energy & Automation, Inc. 

2. Configuration: Nonreversing. 
3. Contactor Coils: Pressure-encapsulated type. 

a. Operating Voltage: Depending on contactor NEMA size and line-voltage rating, 
manufacturer's standard matching control power or line voltage. 

4. Power Contacts: Totally enclosed, double-break, silver-cadmium oxide; assembled to 
allow inspection and replacement without disturbing line or load wiring. 

5. Control Circuits: 120-V ac; obtained from integral CPT, with primary and secondary 
fuses, with CPT of sufficient capacity to operate integral devices and remotely located 
pilot, indicating, and control devices. 

a. CPT Spare Capacity: 50 VA. 

6. Solid-State Overload Relay: 

a. Switch or dial selectable for motor running overload protection. 
b. Sensors in each phase. 
c. Class 10/20 selectable tripping characteristic selected to protect motor against 

voltage and current unbalance and single phasing. 

D. Combination Magnetic Controller: Factory-assembled combination of magnetic controller, 
OCPD, and disconnecting means. 

1. Basis-of-Design Product: Subject to compliance with requirements, provide Square D; a 
brand of Schneider Electric or comparable product by one of the following: 
 
a. Eaton Electrical Inc.; Cutler-Hammer Business Unit 
b. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
c. Siemens Energy & Automation, Inc. 

2. Auxiliary Contacts: N.O./N.C., arranged to activate before switch blades open. 
3. Nonfusible Disconnecting Means: 

a. NEMA KS 1, heavy-duty, horsepower-rated, nonfusible switch. 
b. Lockable Handle: Accepts three padlocks and interlocks with cover in closed 

position. 
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2.2 ENCLOSURES 

A. Enclosed Controllers: NEMA ICS 6, to comply with environmental conditions at installed 
location. 

1. Dry and Clean Indoor Locations: Type 1. 
2. Outdoor Locations: Type 3R. 
3. Wet or Damp Indoor Locations: Type 4. 
4. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids: 

Type 12. 

2.3 ACCESSORIES 

A. General Requirements for Control Circuit and Pilot Devices: NEMA ICS 5; factory installed in 
controller enclosure cover unless otherwise indicated. 

1. Push Buttons, Pilot Lights, and Selector Switches: Heavy-duty type. 

a. Push Buttons: types; maintained as indicated. 
b. Pilot Lights: LED type; Red for “power available”, green for “running”; push to test. 

B. Control Relays:  Two (2) N.O./N.C. auxiliary contacts, and adjustable solid-state time-delay 
relays as required by automation and control sequences. 

C. Phase-Failure, Phase-Reversal, and Undervoltage and Overvoltage Relays: Solid-state sensing 
circuit with isolated output contacts for hard-wired connections. Provide adjustable 
undervoltage, overvoltage, and time-delay settings, with automatic reset.   

D. Cover gaskets for Type 1 enclosures. 

E. Terminals for connecting power factor correction capacitors to the line side of overload relays. 

F. Hand-Off-Automatic Selector Switch, NEMA ICS2, heavy-duty type. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and surfaces to receive enclosed controllers, with Installer present, for 
compliance with requirements and other conditions affecting performance of the Work. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Wall-Mounted Controllers: Install enclosed controllers on walls with tops at uniform height 
unless otherwise indicated, and by bolting units to wall or mounting on lightweight structural-
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steel channels bolted to wall. For controllers not at walls, provide freestanding racks complying 
with Section 260529 "Hangers and Supports for Electrical Systems." 

B. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets and 
temporary blocking of moving parts from enclosures and components. 

C. Install fuses in control circuits if not factory installed. Comply with requirements in 
Section 262813 "Fuses." 

D. Install heaters in thermal overload relays. Select heaters based on actual nameplate full-load 
amperes after motors have been installed. 

E. Install, connect, and fuse thermal-protector monitoring relays furnished with motor-driven 
equipment. 

F. Install power factor correction capacitors. Connect to the line side of overload relays. If 
connected to the load side of overload relays, adjust overload heater sizes to accommodate the 
reduced motor full-load currents. 

G. Comply with NECA 1. 

3.3 IDENTIFICATION 

A. Identify enclosed controllers, components, and control wiring. Comply with requirements for 
identification specified in Section 260553 "Identification for Electrical Systems." 

1. Identify field-installed conductors, interconnecting wiring, and components; provide 
warning signs. 

2. Label each enclosure with engraved nameplate. 
3. Label each enclosure-mounted control and pilot device. 

3.4 CONTROL WIRING INSTALLATION 

A. Install wiring between enclosed controllers and remote devices.  

B. Bundle, train, and support wiring in enclosures. 

C. Connect selector switches and other automatic-control selection devices where applicable. 

1. Connect selector switches to bypass only those manual- and automatic-control devices 
that have no safety functions when switch is in manual-control position. 

2. Connect selector switches with enclosed-controller circuit in both manual and automatic 
positions for safety-type control devices such as low- and high-pressure cutouts, high-
temperature cutouts, and motor overload protectors. 

3.5 FIELD QUALITY CONTROL 

A. Acceptance Testing Preparation: 
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1. Test insulation resistance for each enclosed controller, component, connecting supply, 
feeder, and control circuit. 

2. Test continuity of each circuit. 

B. Tests and Inspections: 

1. Inspect controllers, wiring, components, connections, and equipment installation.  Test 
and adjust controllers, components, and equipment. 

2. Test insulation resistance for each enclosed-controller element, component, connecting 
motor supply, feeder, and control circuits. 

3. Test continuity of each circuit. 
4. Verify that voltages at controller locations are within plus or minus 10 percent of motor 

nameplate rated voltages. If outside this range for any motor, notify Construction 
Manager before starting the motor(s). 

5. Test each motor for proper phase rotation. 
6. Perform each electrical test and visual and mechanical inspection stated in 

NETA Acceptance Testing Specification. Certify compliance with test parameters. 
7. Correct malfunctioning units on-site, where possible, and retest to demonstrate 

compliance; otherwise, replace with new units and retest. 

8. Test and adjust controls, remote monitoring, and safeties. Replace damaged and 
malfunctioning controls and equipment. 

C. Enclosed controllers will be considered defective if they do not pass tests and inspections. 

D. Prepare test and inspection reports including a certified report that identifies enclosed 
controllers and that describes scanning results. Include notation of deficiencies detected, 
remedial action taken, and observations after remedial action. 

3.6 ADJUSTING 

A. Set field-adjustable switches, auxiliary relays, time-delay relays, timers, and overload-relay 
pickup and trip ranges. 

B. Set the taps on reduced-voltage autotransformer controllers at 50 percent. 

C. Set field-adjustable switches and program microprocessors for required start and stop 
sequences in reduced-voltage solid-state controllers. 

3.7 PROTECTION 

A. Temporary Heating: Apply temporary heat to maintain temperature according to manufacturer's 
written instructions until enclosed controllers are ready to be energized and placed into service. 

B. Replace controllers whose interiors have been exposed to water or other liquids prior to 
Substantial Completion. 

END OF SECTION 
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