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PART 1 - GENERAL 
 

1.1 RELATED DOCUMENTS 
 

A. Drawings and general provisions of contract, including Division – 1 Specifications sections 
shall apply to work of this section. 

 
1.2 SUMMARY 

 
A. This Section includes through-penetration firestop systems for penetrations through the 

following fire-resistance-rated assemblies, including both empty openings and openings 
containing penetrating items: 

1. Walls and partitions. 
2. Smoke barriers. 
3, Horizonal barriers (floor/ceiling assemblies) 
4. Vertical Service Shaft walls and partitions 
5. Construction enclosing compartmentalized areas. 
6. Penetrations for the passage of duct, cable, cable tray, conduit, piping, electronics and 

electrical busways and raceways 
7. Closures of openings in walls, floors, and roof decks against penetration of flame, heat, 

and smoke or gases in fire resistant rated construction. 
8. Closure of openings in walls against penetration of gases or smoke in smoke partitions. 

 
1.3 PERFORMANCE REQUIREMENTS 

 
A. General: For penetrations through the following fire-resistance-rated constructions, including 

both empty openings and openings containing penetrating items, provide through-penetration 
firestop systems that are produced and installed to resist spread of fire according to 
requirements indicated, resist passage of smoke and other gases, and maintain original fire- 
resistance rating of construction penetrated. 

1. Fire-resistance-rated load-bearing walls, including partitions, with fire-protection-rated 
openings. 

2. Fire-resistance-rated non-load-bearing walls, including partitions, with fire-protection-rated 
openings. 

3. Fire-resistance-rated floor assemblies. 
4. Fire-resistance-rated roof assemblies. 

 
B. Rated Systems: Provide through-penetration firestop systems with the following ratings 

determined per ASTM E 814; UL 1479; UL 2079: 

1. F-Rated Systems: Provide through-penetration firestop systems with F-ratings indicated, 
but not less than that equaling or exceeding fire-resistance rating of constructions 
penetrated. 

2. T-Rated Systems: For the following conditions, provide through-penetration firestop 
systems with T-ratings indicated, as well as F-ratings, where systems protect penetrating 
items exposed to potential contact with adjacent materials in occupiable floor areas: 

a. Penetrations located outside wall cavities. 
b. Penetrations located outside fire-resistance-rated shaft enclosures. 
c. Penetrations located in construction containing fire-protection-rated openings. 
d. Penetrating items larger than 100-mm-diameter nominal pipe or 100 sq. cm in 

overall cross-sectional area. 
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C. For through-penetration firestop systems exposed to view, traffic, moisture, and physical 
damage, provide products that, after curing, do not deteriorate when exposed to these 
conditions both during and after construction. 

1. For piping penetrations for plumbing and wet-pipe sprinkler systems, provide moisture- 
resistant through-penetration firestop systems. 

2. For floor penetrations with annular spaces exceeding 100 mm (4 inches) 
3. In width and exposed to possible loading and traffic, provide firestop systems capable of 

supporting floor loads involved, either by installing floor plates or by other means. 
4. For penetrations involving insulated piping, provide through-penetration firestop systems 

not requiring removal of insulation. 

D. For through-penetration firestop systems exposed to view, provide products with flame-spread 
and smoke-developed indexes of less than 25 and 450, respectively, as determined per ASTM 
E 84. 

 
1.4 QUALITY ASSURANCE 

 
A. Installer Qualifications: A firm experienced in installing through-penetration firestop systems 

similar in material, design, and extent to that indicated for this Project, whose work has 
resulted in construction with a record of successful performance. Qualifications include having 
the necessary experience, staff, and training to install manufacturer's products per specified 
requirements. Manufacturer's willingness to sell its through-penetration firestop system 
products to Contractor or to Installer engaged by Contractor does not in itself confer 
qualification on buyer. 

B. A manufacturer’s direct representative (not distributor or agent) to be on-site during initial 
installation of firestop systems to train appropriate contractor personnel in proper selection and 
installation procedures. This will be done per manufacturer’s written recommendations 
published in their literature and drawing details. 

 
C. Installation Responsibility: Assign installation of through-penetration firestop systems and fire- 

resistive joint systems in Project to a single qualified installer. 

D. Source Limitations: Obtain through-penetration firestop systems, for each kind of penetration 
and construction condition indicated, through one source from a single manufacturer. 

E. Fire-Test-Response Characteristics: Provide through-penetration firestop systems that comply 
with the following requirements and those specified in Part 1 "Performance Requirements" 
Article: 

1. Firestopping tests are performed by a qualified testing and inspecting agency. A qualified 
testing and inspecting agency is UL, or another agency performing testing and follow-up 
inspection services for firestop systems acceptable to authorities having jurisdiction. 

2. Through-penetration firestop systems are identical to those tested per testing standard 
referenced in "Part 1 Performance Requirements" Article. Provide rated systems 
complying with the following requirements: 

a. Through-penetration firestop system products bear classification marking of 
qualified testing and inspecting agency. 

b. Through-penetration firestop systems correspond to those indicated by reference to 
through-penetration firestop system designations listed by the following: 

b.1. UL in its "Fire Resistance Directory." 
 

F. Preinstallation Conference: Conduct conference at Project site to comply with requirements in 
Division 1 Sections. 
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G. LEED Submittals (As applicable): 

 
1. EQ Credit: Low-Emitting Materials Manufacturer’s product data for interior sealants, 

including printed statement of VOC content. 
 

a. Cut Sheet 
b. Material Safety Data Sheet (MSDS) highlighting compliance with VOC limits 

stipulated in SCAQMD Rule 1168. 
c. An updated LEED V4 Letter Template, as appropriate to submittal content, with 

attached updated list of all sealants and sealant primers applied on the interior of 
the Project. 

 
1.5 DELIVERY, STORAGE, AND HANDLING 

 
A. Deliver through-penetration firestop system products to Project site in original, unopened 

containers or packages with intact and legible manufacturers' labels identifying product and 
manufacturer; date of manufacture; lot number; shelf life, if applicable; qualified testing and 
inspecting agency's classification marking applicable to Project; curing time; and mixing 
instructions for multicomponent materials. 

 
B. Store and handle materials for through-penetration firestop systems to prevent their 

deterioration or damage due to moisture, temperature changes, contaminants, or other 
causes. 

 
1.6 PROJECT CONDITIONS 

 
A. Environmental Limitations: Do not install through-penetration firestop systems when ambient 

or substrate temperatures are outside limits permitted by through-penetration firestop system 
manufacturers or when substrates are wet due to rain, frost, condensation, or other causes. 

B. Ventilate through-penetration firestop systems per manufacturer's written instructions by 
natural means or, where this is inadequate, forced-air circulation. 

 
1.7 COORDINATION 

 
A. Coordinate construction of openings and penetrating items to ensure that through-penetration 

firestop systems are installed according to specified requirements. 

B. Coordinate sizing of sleeves, openings, core-drilled holes, or cut openings to accommodate 
through-penetration firestop systems. 

C. Notify inspecting agency and building inspector at least seven days in advance of through- 
penetration firestop system installations; confirm dates and times on days preceding each 
series of installations. 

D. Do not cover up through-penetration firestop system installations that will become concealed 
behind other construction until inspecting agency and building inspector, if required by 
authorities having jurisdiction, have examined each installation. 

 
1.8 SUBMITTALS 

 
A. Submit Product Data: Manufacturer’s specifications and technical data for each 

material including the composition and limitations, documentation of UL firestop 
systems to be used and manufacturer’s installation instructions. 

 
B. Manufacturer’s engineering judgement identification number and drawing details when 

no UL system is available for an application. Engineer judgement must include both 
project name and contractor’s name that will install firestop system as described in 
drawing. 

 
C. Submit material safety data sheets provided with product delivered to job-site. 
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PART 2 - PRODUCTS 
 

2.1 FIRESTOPPING, GENERAL 
 

A. Compatibility: Provide through-penetration firestop systems that are compatible with one 
another, with the substrates forming openings, and with the items, if any, penetrating through- 
penetration firestop systems, under conditions of service and application, as demonstrated by 
through-penetration firestop system manufacturer based on testing and field experience. 

B. Accessories: Provide components for each through-penetration firestop system that are 
needed to install fill materials and to comply with "Performance Requirements" Article. Use 
only components specified by through-penetration firestop system manufacturer and approved 
by the qualified testing and inspecting agency for firestop systems indicated. Accessories 
include, but are not limited to, the following items: 

1. Permanent forming/damming/backing materials, including the following: 

a. Slag/rock-wool-fiber insulation. 
b. Sealants used in combination with other forming/damming/backing materials to 

prevent leakage of fill materials in liquid state. 
c. Fire-rated form board. 
d. Fillers for sealants. 

2. Temporary forming materials. 
3. Substrate primers. 
4. Collars. 
5. Steel sleeves. 

 
2.2 FIRE AND SMOKE SEALS 

 
A. A fire and smoke stopping system is provided at every floor between the slab edges and the 

cladding wherein the cladding is proud of the slab edges. 

B. Provide fire stopping and smoke seal materials and/or systems to act as fire stop and smoke 
seals at openings around penetrations, at unpenetrated openings, at projecting or recessed 
items, and at openings and joints within fire separations and assemblies having a fire- 
resistance rating. 

C. Provide seals to form draft free and effective barriers against passage of fire, smoke and 
gases, and to provide and maintain fire resistance ratings not less than the fire resistance 
ratings of the surrounding floor, wall or other assemblies. 

D. Provide 2 hr. fire separation where installed in all walls and in floor and roof slabs. 

E. Fire Stopping and Smoke Seal Materials and Systems: Certified by ULC in accordance with 
CAN4-S115 or approved similar, asbestos free, and complying with standards specified 
herein, by one or more of the specified acceptable manufacturers, installed in accordance with 
tested assemblies acceptable to authorities having jurisdiction. 

F. The acceptable manufacturers of the Firestopping Sealant shall be as per Section 260007. 

G. Service Penetration Assemblies: Certified by ULC or ULI and listed in ULC Guide No. 40 U19 
or equivalent ULI or equivalent BSI standards. 

H. Service Penetration Firestop Components: Certified by ULC or ULI and listed in ULC Guide 
No. 40 U19.13 under the Label Service of ULC or equivalent ULI or equivalent BSI standards. 

I. Materials at Openings Intended for Re-entry Such as Cables: Elastomeric seal (FS-1). 

J. Materials at Openings Around Penetrations for Pipes, Ductwork and Other Mechanical Items 
for interior applications: Elastomeric seal (FS-1). 

K. Materials at Openings Around Penetrations for Pipes, Ductwork and Other Mechanical Items 
Requiring Sound and Vibration Control: Elastomeric seal (FS-1). 

L. Interior walls requiring Fire-Rating: Acrylic seal (FS-2) 

M. Interior walls requiring Seismic Control: Elastomeric seal (FS-1). 

N. Materials at Moveable Joints and Spaces: Flexible, elastomeric seal suitable to withstand the 
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required movement and capable of returning to original configuration without damage to the 
seal and without adhesive or cohesive failure. 

O. Primers: To manufacturer's recommendation for specific material, substrate, and end use. 

P. Water: Potable, clean and free from injurious amounts of deleterious substances. 

Q. Sealants to comply with LEED’s low VOC requirement. 
 

2.3 MIXING 
 

A. For those products requiring mixing before application, comply with through-penetration 
firestop system manufacturer's written instructions for accurate proportioning of materials, 
water (if required), type of mixing equipment, selection of mixer speeds, mixing containers, 
mixing time, and other items or procedures needed to produce products of uniform quality with 
optimum performance characteristics for application indicated. 

 
 

PART 3 - EXECUTION 
 

3.1 EXAMINATION 
 

A. Examine substrates and conditions, with Installer present, for compliance with requirements 
for opening configurations, penetrating items, substrates, and other conditions affecting 
performance. 

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

3.2 PREPARATION 
 

A. Surface Cleaning: Clean out openings immediately before installing through-penetration 
firestop systems to comply with written recommendations of firestop system manufacturer and 
the following requirements: 

1. Remove from surfaces of opening substrates and from penetrating items foreign  
materials that could interfere with adhesion of through-penetration firestop systems. 

2. Clean opening substrates and penetrating items to produce clean, sound surfaces 
capable of developing optimum bond with through-penetration firestop systems. Remove 
loose particles remaining from cleaning operation. 

3. Remove laitance and form-release agents from concrete. 

B. Priming: Prime substrates where recommended in writing by through-penetration firestop 
system manufacturer using that manufacturer's recommended products and methods.  
Confine primers to areas of bond; do not allow spillage and migration onto exposed surfaces. 

C. Masking Tape: Use masking tape to prevent through-penetration firestop systems from 
contacting adjoining surfaces that will remain exposed on completion of Work and that would 
otherwise be permanently stained or damaged by such contact or by cleaning methods used to 
remove smears from firestop system materials. Remove tape as soon as possible without 
disturbing firestop system's seal with substrates. 

 
3.3 THROUGH-PENETRATION FIRESTOP SYSTEM INSTALLATION 

 
A. General: Install through-penetration firestop systems to comply with "Performance 

Requirements" Article and firestop system manufacturer's written installation instructions and 
published drawings for products and applications indicated. 
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B. Install forming/damming/backing materials and other accessories of types required to support 
fill materials during their application and in the position needed to produce cross-sectional 
shapes and depths required to achieve fire ratings indicated. 

1. After installing fill materials, remove combustible forming materials and other accessories 
not indicated as permanent components of firestop systems. 

C. Install fill materials for firestop systems by proven techniques to produce the following results: 

1. Fill voids and cavities formed by openings, forming materials, accessories, and 
penetrating items as required to achieve fire-resistance ratings indicated. 

2. Apply materials so they contact and adhere to substrates formed by openings and 
penetrating items. 

3. For fill materials that will remain exposed after completing Work, finish to produce 
smooth, uniform surfaces that are flush with adjoining finishes. 

 
3.4 IDENTIFICATION 

 
A. Identify through-penetration firestop systems with preprinted metal or plastic labels. Attach 

labels permanently to surfaces adjacent to and within 150 mm (6 inches) of edge of the 
firestop systems so that labels will be visible to anyone seeking to remove penetrating items or 
firestop systems. Use mechanical fasteners for metal labels. For plastic labels, use self- 
adhering type with adhesives capable of permanently bonding labels to surfaces on which 
labels are placed and, in combination with label material, will result in partial destruction of 
label if removal is attempted. Include the following information on labels: 

1. The words "Warning - Through-Penetration Firestop System - Do Not Disturb. Notify 
Building Management of Any Damage." 

2. Contractor's name, address, and phone number. 
3. Through-penetration firestop system designation of applicable testing and inspecting 

agency. 
4. Date of installation. 
5. Through-penetration firestop system manufacturer's name. 
6. Installer's name. 

 
3.5 CLEANING AND PROTECTION 

 
A. Clean off excess fill materials adjacent to openings as Work progresses by methods and with 

cleaning materials that are approved in writing by through-penetration firestop system 
manufacturers and that do not damage materials in which openings occur. 

B. Provide final protection and maintain conditions during and after installation that ensure 
through-penetration firestop systems are without damage or deterioration at time of Substantial 
Completion. If, despite such protection, damage or deterioration occurs, cut out and remove 
damaged or deteriorated through-penetration firestop systems immediately and install new 
materials to produce through-penetration firestop systems complying with specified 
requirements. 

 
3.6 CERTIFICATION 

 
The Contractor shall secure certification from the Manufacturer (not distributor nor supplier) 

that the Installation done by the Contractor is in conformance set by the U.L. 

 
END OF SECTION 
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PART 1 - GENERAL 

 
 

1.1 RELATED DOCUMENTS 

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

Conditions, the following section of Division 26 Specification Sections, apply to this Section. 
 

1. 260548 – Vibration Control for Electrical Systems 
2. 260533 – Raceway & Boxes 
3. 260519 – Conductors & Cables 
4. 262816 – Disconnect Switches 
5. 262416 – Panelboards 

 
 

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 

 
A. EPDM: Ethylene-propylene-diene terpolymer rubber. 

 
B. NBR: Acrylonitrile-butadiene rubber. 

 
 

1.4 SUBMITTALS 

 
A. Product Data: For sleeve seals. 

 
 

1.5 COORDINATION 

 
A. Coordinate arrangement, mounting, and support of 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 location of access panels and doors for electrical items that are behind finished 

surfaces or otherwise concealed. Access doors and panels are specified in Division 8 
Section "Access Doors and Frames." 
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D. Coordinate sleeve selection and application with selection and application of firestopping 
specified in Division 7 Section 078413 "Penetration Firestopping". 

 
 

PART 2 - PRODUCTS 
 
 

2.1 SLEEVES FOR RACEWAYS AND CABLES 

 
A. Cast-Iron Pipe Sleeves: Cast or fabricated "wall pipe," equivalent to ductile-iron pressure 

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

B. Sleeves for 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). 

b. For sleeve cross-section rectangle perimeter equal to, or more than, 50 inches 
(1270 mm) and 1 or more sides equal to, or more than, 16 inches (400 mm), 
thickness shall be 0.138 inch (3.5 mm). 

 
 

2.2 SLEEVE SEALS 

 
A. Description: Modular sealing device, designed for field assembly, to fill annular space 

between sleeve and raceway or cable. 
 

1. Acceptable Manufacturers: See Section 260007 “Acceptable Equipment and 
Suppliers” 

2. Sealing Elements: EPDM, NBR 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, non-staining, mixed with water to consistency suitable for 
application and a 30-minute working time. 

 
 

PART 3 - EXECUTION 
 
 

3.1 COMMON REQUIREMENTS FOR ELECTRICAL INSTALLATION 

 
A. Comply with NECA 1. 

 
B. Measure indicated mounting heights to bottom of unit for suspended items and to center of 

unit for wall-mounting items. 
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C. Headroom Maintenance: If mounting heights or other location criteria are not indicated, 
arrange and install components and equipment to provide maximum possible headroom 
consistent with these requirements. 

 
D. Equipment: Install to facilitate service, maintenance, and repair or replacement of 

components of both electrical equipment and other nearby installations. Connect in such a 
way as to facilitate future disconnecting with minimum interference with other items in the 
vicinity. 

 
E. Right of Way: Give to piping systems installed at a required slope. 

 
 

3.2 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS 

 
A. Electrical penetrations occur when raceways, cables, wireways, cable trays, or busways 

penetrate concrete slabs, concrete or masonry walls, or fire-rated floor and wall assemblies. 
 

B. Concrete Slabs and Walls: Install sleeves for penetrations unless core-drilled holes or 
formed openings are used. Install sleeves during erection of slabs and walls. 

 
C. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening. 

 
D. Fire-Rated Assemblies: Install sleeves for penetrations of fire-rated floor and wall 

assemblies unless openings compatible with firestop system used are fabricated during 
construction of floor or wall. 

 
E. Cut sleeves to length for mounting flush with both surfaces of walls. 

 
F. Extend sleeves installed in floors 2 inches (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 7 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 7 Section "Through-Penetration Firestop Systems." 

 
K. Roof-Penetration Sleeves: Seal penetration of individual raceways and cables with flexible 

boot-type flashing units applied in coordination with roofing work. 
 

L. Aboveground, Exterior-Wall Penetrations: Seal penetrations using steel pipe sleeves and 
mechanical sleeve seals. Select sleeve size to allow for 1-inch (25-mm) annular  clear  
space between pipe and sleeve for installing mechanical sleeve seals. 

 
M. Underground, Exterior-Wall Penetrations: Install cast-iron pipe sleeves. Size sleeves to 

allow for 1-inch (25-mm) annular clear space between raceway or cable and sleeve for 
installing mechanical sleeve seals. 
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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 Section 078413. 

 
 

END OF SECTION 
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PART 1 – GENERAL 

 
1.1 DESCRIPTION 

 
A. Provide 35.0 KV cable in accordance with the Contract Documents. 

 
1.2 STANDARDS 

 
A. PS 

 
B. PEC (Parts 1 and 2) – Latest Edition. 

 
C. Ethylene Propylene Insulation: IPCEA S-68-516. 

 
D. Annealed Copper Wire for Conductors: ASTM B-3. 

 
E. Flame Test: IEEE Standard 383. 

 
F. Load Break Connectors: ANSI C119.2. 

 
1.3 SUBMITTALS 

 
A. Product Data: Submit manufacturer's catalog cuts and specifications for cable, splice kits, 

terminators and load-break devices. Indicate cable manufacturer's recommendation for 
splice kits, terminators and load-break devices used. 

 
B. Factory test reports 

 
C. Field test reports. 

 
1.4 FIELD TESTING 

 
Each cable shall be fully tested by an approved certified independent testing contractor. Cable 
shall be tested after all splices and terminations are installed. Cables shall not be connected to 
any equipment. 

 
35 KV shielded cables shall be tested at 56 KV for 15 minutes. The 56 KV test voltage shall be 
applied in 4 equal steps of 14 KV in accordance with the following test procedure. 

 
Test Procedure: 

 
A. Set up test equipment. Do not connect test lead to cables, but temporarily hang the lead 

free with an insulator over the clip. Raise the voltage to the same final level at which the 
cables are going to be tested. The leakage current seen on the DC meter is leakage in 
the test lead and should be subtracted from the readings taken later during the cable test. 

 
B. Apply the test voltage to each phase separately, making sure that all other phases, all 

cable shields, any armoring or neutral conductors and other nearby metallic objects are 
grounded to prevent voltage pick-up. 

 
C. Raise the voltage to each increment level, recording the leakage current value after a 

one-minute wait at each level. Upon reaching the final level, record the leakage current 
values at one-minute intervals. These final level values should remain fairly constant or 
drop off slightly. A continually rising current at any voltage level indicates an imminent 
failure. 
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D. Upon completion of a successful test, shut down the test set and allow the voltage to 
decay to one-fourth the full value. Record the decay time. 

 
Solidly ground the conductor and allow the ground to remain in place for a period at least 
as long as the test time. 

 
Repeat the same test sequence for each phase cable. 

 
Provide a graphic plot of current versus voltage for each cable to be submitted with all the 
actual test readings. 

 
E. Inspect splices and terminations and make mechanically and electrically tight. 

 
F. Demonstration: Subsequent to wire and cable installation and connection, energize 

circuits and demonstrate functioning in accordance with contract requirements. Correct 
deficiencies and retest to demonstrate compliance. 

 
 

PART 2 – PRODUCTS 

 
2.1 35 KV CABLE 

 
A. General: 

 
1. Single copper conductor, XLPE/PVC Jacket. 
2. Grounded: 133% insulation level. 

 
B. Conductor: 

 
1. Single conductor. 
2. Bare annealed copper Class B strand. 

 
C. Conductor Shield 

 
1. Semi-conducting tape or extruded semi-conducting compound. 

 
 

D. Insulation: 
 

1. Cross-linked polyethylene (XLPE) compound in accordance with IPCEA S-66- 
524 

 
 

E. Insulation Shield 
 

1. Semi-conducting tape or extruded semi-conducting compound over the 
insulation with annealed bare copper tape helically applied with minimum of 
10% overlap. 

 
F. Jacket 

 
1. PVC (Polyvinyl Chloride Compounds) in accordance with IPEA S-65-524. 
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PART 3 – EXECUTION 

 
3.1 GENERAL 

 
A. Cable Installation: 

 
1. Pulling Tensions: Do not exceed manufacturer's recommended cable pulling 

tensions during cable installation. 
2. Use only pulling compounds during cable installation as recommended by 

manufacturer of cable. 
3. Ground cable sheaths near all terminals according to manufacturer's 

recommendations. 
 

B. Terminations and Splices: 
 

1. Make all terminations and splices in accordance with manufacturer's 
recommendations. 

 
C. Separable Load Break Connectors: 

 
1. Install load break elbows, switch modules, integrated bushings and 

miscellaneous accessories as required for connections to dead front 
transformers and equipment. 

 
END OF SECTION 
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PART 1 - GENERAL 

 
1.1 DESCRIPTION 

 
A. Provide 600 volt wire and cable in accordance with the Contract Documents. 

 
 

1.2 STANDARDS 

 
A. PS 

 
B. PEC Latest Edition (PART 1 & PART 2) 

 
C. Rubber Insulated Wire and Cables: IPCEA S-19-81, NEMA WC 3, and UL 44. 

 
D. Thermoplastic Insulated Wire and Cables: IPCEA S-61-402, NEMA WC 3, and UL 83. 

 
E. Annealed Copper Wire for Conductors: ASTM B-3. 

 
F. Terminal Blocks: UL 1059. 

 
1.3 QUALITY ASSURANCE 

 
A. Wires and cables shall be of the same manufacturer. 

 
1.4 SUBMITTALS 

 
A. Manufacturer’s product data sheet. 

 
B. Samples 

 
C. Field test reports. 

 
1.5 FIELD TESTING 

 
A. Inspect splices and terminations and make mechanically and electrically tight prior to 

final acceptance of the work. 
 

B. Feeder and branch circuit insulation shall be tested after installation, and before 
connection to fixtures and appliances. 

 
1. Tests shall be performed with a 1000 volt megger, and conductors shall test 

free from short circuits and grounds. 
 

2. Conductors shall be tested phase-to-phase and phase-to-ground and phase-to- 
neutral. 

 
3. Furnish the instruments, materials, and labor required. 
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C. Demonstration: Subsequent to wire and cable installation and connection, energize 
circuits and demonstrate functioning in accordance with contract requirements. Correct 
deficiencies and retest to demonstrate compliance. 

 
 

PART 2 – PRODUCTS 
 

2.1 WIRE AND CABLE 

 
A. General: 

 
1. 600V minimum insulation rating. 

 
B. Conductor: 

 
1. Electrical grade, annealed copper, tinned if rubber insulated, and fabricated in 

accordance with ASTM and IPCEA standards. Minimum size number 2.0mm2. 
 

2. Refer to wiring schedule for the sizer permitted to use aluminum conductors. 
 

C. Stranding and Number of Conductors: 
 

1. Size 3.5mm2 and 5.5mm2 solid. 
 

2. Larger than 5.5mm2, stranded ASTM Class B. 
 
 

3. Control wires stranded in accordance with ASTM Class B stranding designations. 
 

4. Cables for low voltage systems shall be multi conductor type unless otherwise 
noted. 

 
D. Insulated Single Conductors 

 
1. Type THW or THWN – Flame retardant, moisture and heat resistant 

thermoplastic with nylon jacket or equivalent, maximum operating, temperature 
75C. Thermoplastic insulation suitable for use in wet locations up to75oC. 

 
2. Type THHN – Flame Retardant and Heat-resistant thermoplastic insulation, with 

nylon jacket or equivalent, maximum operating temperature 90C. 
 

E. Color Coding: 
 

1. Wiring shall be color coded as follows: 
 

1 phase, 2 wire + Ground Phase A - Red 
Neutral - White 
Ground - Green & Yellow 

 
3 phase, 4 wire + Ground Phase A - Red 

Phase B - Yellow 
Phase C - Blue 
Neutral - White 
Ground - Green & Yellow 

 
2. Control wiring shall be color coded in accordance with manufacturer's 

recommendations. 
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F. Multi-Conductor Power Cable 
 

1. Sizes No. 3.5mm2 through No. 30mm2 as shown on Drawings. 
 

2. Suitable for direct burial, duct, open air or conduit installation. 
 

3. Temperature Rating: 90oC Dry/75oC Wet. 
 

4. Three uninsulated ground wires for three conductor cables and two uninsulated 
ground wires for four conductor cables in cable interstices with conductivity of 
approximately one-half that of one phase conductor. 

 
5. Cross-Linked Polyetylene Conductor Insulation: Insulation thickness satisfying 

requirements of ICEA Pub. No. S-66-524 (NEMA WC7), Table 4-5. 
 

6. Overall polyvinyl chloride jacket satisfying requirements of ICEA Pub. S-66-524 
(NEMA WC 7), Table 4-5. 

 
G. Multi-Conductor Control and Supervisory Control Cables 

 
1. Size No. 2mm2 

 
2. Suitable for direct burial, open air, duct or conduit installation. 

 
3. Temperature Rating: 75oC Wet or Dry. 

 
4. PVC or cross – linked polyethylene conductor insulation: thickness satisfying 

requirements of ICEA Pub. No. S-66-524 (NEMA WC 7), Table 3-1, for cross- 
linked thermosetting polyethylene insulated conductors of ICEA Pub. S-61-402 
(NEMA WC 5), for polyvinyl chloride insulated conductors. 

 
H. Fire Rated Cable 

 
1. Fire rated cable shall be rated for 3 hours low acid, low corrosive gas emission 

and low or zero halogen (low smoke emission and non-toxic). 
 

2. Fire rated cable shall be manufactured in accordance to IEC-331 and passed BS 
6387 with highest categories CWZ: 

 
- C = 950 oC for 3 hours fire 
- W = 650 oC fire with water 
- Z = 950 oC fire with mechanical shock 

 
 

PART 3 - EXECUTION 

 
3.1 GENERAL 

 
A. Provide minimum 5.5mm2 wiring for 220 volt 20A, branch circuits exceeding 30 meters 

in length from panelboard to farthest outlet. 
 

B. Do not install wire until raceway systems are complete. 
 

C. Provide cable supports for vertical risers. 
 

D. Wire size shall be uniform for the entire length of the circuit unless noted otherwise. 
 

E. Do not splice feeders or dedicated branch circuits unless otherwise indicated. 
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F. Make connections, splices, taps, and joints with solderless devices, mechanically and 

electrically secure. 
 

G. Lubricate cables to facilitate pulling. Lubrication material shall be inert to cable and 
raceways. 

 
H. Install compression connectors with hydraulic die, embossing die code into connector. 

Connect to bus with Belleville type washers for positive pressure over complete contact 
area. Insulate with heat shrink tubing. 

 
I. Provide a separate neutral for dimmer branch circuits, ground fault interrupter branch 

circuits, lighting branch circuits serving electronic ballasts, and branch circuits serving 
isolated ground and isolated ground surge suppressor type receptacles. 

 
3.2 FIRE RATED CABLE 

 
A. Fire rated cable shall be installed in accordance with the manufacturer 

recommendations and instructions. Fire rated cable shall be run on proprietary make 
horizontal cable trays, vertical cable ladders, trunkings or conduits depending on the 
sizes. For horizontal runs, fire rated cable of larger sizes shall be secured neatly on the 
cable trays or ladders at close interval. 

 
 
 

B. All installation accessories shall be of manufacturer’s standard products. Cable glands 
bending radius of the cables measured from the inside of the bend shall be not less 
than eight times the diameter of the cable. 

 
 

END OF SECTION 
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PART 1 – GENERAL 

 
1.1 DESCRIPTION 

 
A. Provide grounding system in accordance with the Contract Documents. 

 
1.2 QUALITY ASSURANCE 

 
A. Utility company approval of serviceinstallation. 

 
1.3 STANDARDS 

 
A. American National Standards Institute (ANSI): 

 
ANSI/IEEE 81 - Guide for Measuring Earth Resistivity, Ground Impedance and Earth 
Surface Potentials of a Ground System Part 1: Nominal Measurements 

 
B. National Fire ProtectionAssociation (NFPA): 

NFPA 99 - Health Care Facilities 

C. Philippine Electrical Code (PEC): 

PEC (PART 1&2) Latest Edition 

D. Underwriter’s Laboratories, Inc. (UL): 
 

UL 44 - Thermoset Insulated Wires and Cables 

UL 83 - Thermoplastic Insulated Wires and Cables 

UL 467 - Grounding and Bonding Equipment 

G. Utility company requirements 
 

1.4 SUBMITTALS 

 
A. Shop Drawings: 

 
1. Showing the location of system grounding electrode connections and the routing 

of grounding electrode conductor. 
 

B. Test Reports: 
 

1. Certified test reports of ground resistance. 
 

C. Certifications: Two weeks prior to final inspection, deliver to the Resident Engineer four 
copies of the certification that the material and installation is in accordance with the 
drawings and specifications and has been properlyinstalled. 



DIVISION 26 – ELECTRICAL Grounding and Bonding 
SECTION 260526 

FOR TENDER 
Page 2 of 6 

MEINHARDT PHILIPPINES, INC. 

 

 

1.5 FIELD TESTING 

 
A. Resistance testing of ground rod system indicating maximum 2 ohms resistance to 

ground (except that it shall be 1 ohm maximum for telecommunications grounding 
system). 

 
1.6 IDENTIFICATION 

 
A. Provide an identification nameplate for each ground bus cabinet. 

 
 

PART 2 - PRODUCTS 

 
2.1 GENERAL 

 
A. Grounding connections shall be brazed molded exothermic welded, bolted clamp 

terminal, or pressure connector type. 
 

2.2 GROUNDING WIRES 

 
A. General Purpose: UL and NEC approved types, copper, with TW, THW, XHHW or 

dual rated THHN-THWN insulation color identified green. 
 

B. Size wire not less than what is shown and not less than required by the latest edition 
of PEC. 

 
2.3 GROUNDING ELECTRODE SYSTEM 

 
A. Provide the following earthing electrodes, bonded together to form the earthing electrode 

system: 
 

1. Metal underground water pipe in direct contact with the earth for 3 meters or 
more and electrically continuous to the points of connection of the earthing 
electrode conductor and the bonding conductors. 

2. Concrete encased electrode consisting of a minimum of 6 meters of bare 
copper conductor encased by a minimum of 5 cm of concrete, located within 
and near the bottom of a concrete foundation or footing that is in direct contact 
with the earth. Provide one User ground for the High Voltage and Low Voltage 
Switchgears, extend 20 mm conduit with 80 mm2 copper conductor from Upper 
ground to each main earthing bus cabinet. 

3. Grounding rod of copper clad steel, minimum 20 mm diameter, minimum 3 
meters long, driven full length into the earth. If the maximum resistance to 
ground cannot be obtained with a single ground rod, provide additional ground 
rods installed not closer than 2 meters apart until the required maximum 
resistance to ground is obtained. 

4. Other grounding electrodes as shown on the Drawings. 
 

2.4 GROUNDING BUS CABINETS 

 
A. Provide a grounding bus cabinet in the Main Electrical, Transformer and Genset room. 

Provide grounding bus cabinets in other locations shown on the Drawings. 
 

B. Grounding bus cabinets shall be NEMA 1 enclosure with drilled copper bus on stand off 
insulators. 
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2.5 TELECOMMUNICATIONS GROUNDING SYSTEM 

 
A. Provide a continuous bare copper grounding conductor to each telecom terminal 

backboard and telecom terminal cabinet. Bond the telecommunications grounding 
system to the grounding electrode system. 

 
 

PART 3 – EXECUTION 

 
3.1 GENERAL 

 
A. Ground in accordance with the PEC, as shown on drawings, and as hereinafter 

specified. 
 

B. System Grounding: 
 

1. Secondary service neutrals: Ground at the supply side of the secondary 
disconnecting means and at the related transformers. 

2. Separately derived systems (transformers downstream from the service 
entrance): Ground the secondary neutral. 

 
Metallic structures, enclosures, raceways, junction boxes, outlet boxes, cabinets, 
machine frames, and other conductive items in close proximity with electrical circuits 
shall be bonded to the grounding system for personnel safety and to provide a low 
impedance path for possible ground fault currents. Non conductive paint, enamel, or 
similar coating shall be removed at threads and contact surfaces to preserve 
grounding continuity or fittings shall be provided to make such removal unnecessary. 

 
3.2 PRIMARY EQUIPMENT AND CIRCUITS 

 
A. Switchboard: Provide a bare grounding electrode conductor from the switchgear 

ground bus to the grounding electrode system, metal underground water pipe or 
driven ground rods for the grounding electrode. 

 
B. Duct Banks and Manholes: 

 
1. Provide a bare equipment grounding conductor in each duct containing 

medium or high voltage cables. Connect the grounding conductors to the 
switchgear ground bus, to all manhole hardware, to the cable shielding of 
medium or high voltage cable splices and terminations, and equipment 
enclosures. 

2. Provide a grounding conductor having at least 50 percent ampacity of the 
largest phase conductor in the duct bank. 

3. Connect the equipment grounding conductor to the ground rod. 
 

C. Power Transformers: 
 

1. Provide a driven ground rod and connect with a grounding electrode 
conductor to the grounding facilities at the transformer. 

1. Ground the secondary neutral. 
2. Connect lightning arrester grounds to the pad ground per PEC. 

 
D. Lightning Arresters: Connect lightning arresters grounds to the equipment ground bus 

or ground rods as applicable. 
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E. Outdoor Fences: Connect outdoor fences around electrical equipment to the 
grounding electrode system. 

 
 

F. Metallic Conduit: Metallic conduits which terminate without mechanical connection to 
a housing of electrical equipment by means of locknut and bushings or adapters 
provided with grounding bushings. Connect bushings with a bare grounding 
conductor to the equipment ground bus. 

 
3.3 SECONDARY EQUIPMENT AND CIRCUITS 

 
A. Main Bonding Jumper: Connect the secondary service neutral to the ground bus in 

the service equipment. 
 

B. Water Pipe and Supplemental Electrode: 
 

1. Provide a ground conductor connection between the service equipment 
ground bus and the metallic water pipe system. Jumper insulating joints in  
the water pipe. 

2. Provide a supplemental ground electrode and bond to the water pipe ground, 
or connect to the service equipment ground bus. 

 
C. Service Disconnect (Separate Individual Enclosure): Provide a ground bar bolted to 

the enclosure with lugs for connecting the various grounding conductors. 
 

D. Switchgear, Switchboards, Unit Substations: 
 

1. Connect the various feeder green grounding conductors to the ground bus in 
the enclosure with suitable pressure connectors. 

2. Connect the grounding electrode conductor to the ground bus. 
3. Connect the neutral to the ground bus (main bonding jumper). 
4. Connect metallic conduits, which terminate without mechanical connection to 

the housing, by grounding bushings and ground wire to the ground bus. 
 

E. Transformers: 
 

1. Exterior: Exterior transformers supplying interior service equipment shall also 
have the neutral grounded at the transformer secondary. Provide a  
grounding electrode at the transformer. 

2. Separately derived systems (transformers downstream from service 
equipment): Ground the secondary neutral at the transformer. Provide a 
grounding electrode conductor from the transformer to the nearest cold water 
pipe. 

 
F. Conduit Systems: 

 
1. Ground all metallic conduit systems. 
2. Non-metallic conduit systems shall contain a grounding conductor. 
3. Conduit provided for mechanical protection containing only a grounding 

conductor, bond to that conductor at the entrance and exit from the conduit. 
 

G. Feeders and Branch Circuits: Install green grounding conductors with feeders and 
branch circuits as follows: 

 
1. Feeders. 
2. Circuits serving preparation and kitchen equipment. 
3. Receptacle outlets. 
4. Directly connected laboratory equipment. 
5. Motors and motor controllers. 
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6. Fixed equipment and appliances. 
7. Items of equipment where the final connection is made with flexible metal 

conduit shall have grounding wire 
8. Additional locations and systems as shown. 

 
9. Provide an insulated, isolated grounding conductor for branch circuits serving 

isolated ground and isolated ground surge suppressor type receptacles. 
Isolated grounding conductors shall be isolated from other  grounding 
systems back to the system point of origin. 

 
H. Boxes, Cabinets, Enclosures, and Panelboards: 

 
1. Bond the grounding wires to each pullbox, junction box, outlet box, cabinets, 

and other enclosures through which the ground wires pass (except for special 
grounding systems for intensive care units and other critical units shown). 

2. Provide lugs in each box and enclosure for ground wire termination. 
3. Provide ground bars in panelboards, bolted to the housing, with sufficient 

lugs for terminating the ground wires. 
 

I. Motors and Starters: 
 

1. Provide lugs in motor terminal box and starter housing for ground wire 
termination. 

2. Make ground wire connections to ground bus in motor control centers. 
 

J. Receptacles are not approved for grounding through their mounting screws. Ground 
with a ground wire from green ground terminal on the receptacle to the outlet box 
ground screw. 

 
K. Ground lighting fixtures to the green grounding conductor of the wiring system when 

the green ground is provided; otherwise, ground the fixtures through the conduit 
systems. Fixtures connected with flexible conduit shall have a green ground wire 
included with the power wires from the fixture through the flexible conduit to the first 
outlet box. 

 
L. Fixed electrical appliances and equipment shall have ground lug installed for 

termination of the green ground conductor. 
 

3.4 CONDUCTIVE PIPING 

 
A. Bond all conductive piping systems in the building to the electrical system ground. 

Bonding connections shall be made as close as practical to the water pipe ground or 
service equipment ground bus. 

 
B. In operating rooms and at intensive care and coronary care type beds, bond the gas 

and suction piping, at the outlets, directly to the room or patient ground bus. 
 

3.5 LIGHTNING PROTECTION SYSTEM 

 
Bond the lightning protection system to the electrical system grounding electrode. 

 
3.6 GROUND RESISTANCE 

 
A. Grounding system ground resistance must not exceed to 2 ohms (1 ohm for 

telecommunication systems). Final tests shall assure that this requirement is met. 
 

B. Services at power company interface points shall comply with the power company 
ground resistance requirements. 
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C. Make necessary modifications to the ground electrodes for compliance that are 
needed without additional cost to the Owner, including the provisions of a multi rod 
system. 

 
3.7 GROUND ROD INSTALLATION 

 
A. Drive each rod vertically in the earth for not less than ten feet in depth. 

 
B. Where permanently concealed ground connections are required, make the 

connections by the exothermic process to form solid metal joints. Make accessible 
ground connections with mechanical pressure type ground connectors. 

 
C. When making exothermic welds, wire brush or file the point of contact to a bare metal 

surface. Use cartridges and molds in accordance with the manufacturer’s 
recommendations. After welds have been made and cooled, brush slag from the weld 
area and thoroughly clean the joint. 

 
D. For compression connectors, use homogenous copper, anticorrosion, surface treatment 

compound at connectors in accordance with connector manufacturer’s 
recommendations. Use connectors of proper size for conductors and ground rods 
specified. Use connector manufacturer’s compression tool. Notify Engineer prior to back 
filling any ground connections. 

 
E. Grounding electrodes in horizontal trenches to achieve the specified resistance. 

 
 

END OF SECTION 
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PART 1 – GENERAL 

 
1.1 RELATED DOCUMENTS 

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

Supplementary Conditions and Division 1 Specification Sections, apply to this 
Section. 

 
1.2 SUMMARY 

 
A. This Section includes the following: 

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

 
B. Related Sections include the following: 

 
1. Division 26 Section "Vibration and Seismic Controls” for products and 

installation requirements necessary for compliance with seismic criteria. 
 

1.3 DEFINITIONS 

 
A. EMT: Electrical metallic tubing. 

 
B. IMC: Intermediate metal conduit. 

 
C. RMC: Rigid metal conduit. 

 
D. NECA: National Electrical Contractor’s Association (Standard Practices for Good 

Workmanship in Electrical Contracting) 

 
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. Design supports for multiple raceways capable of supporting combined weight of 

supported systems and its contents. 
 

C. Design equipment supports capable of supporting combined operating weight of 
supported equipment and connected systems and components. 

 
D. Rated Strength: Adequate in tension, shear, and pullout force to resist maximum 

loads calculated or imposed for this Project, with a minimum structural safety factor of 
five times the applied force. 

 
1.5 SUBMITTALS 

 
A. Product Data: For the following: 

1. Steel slotted support systems. 
2. Nonmetallic slotted support systems. 

 
 

B. Shop Drawings: Signed and sealed by a qualified professional engineer. Show 
fabrication and installation details and include calculations for the following: 
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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. 

 
C. Welding certificates. 

 
1.6 QUALITY ASSURANCE 

 
A. Welding: Qualify procedures and personnel according to AWS D1.1/D1.1M, 

"Structural Welding Code - Steel." 
 

B. Comply with latest edition of the PEC. 
 

1.7 COORDINATION 

 
A. Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. 

Concrete, reinforcement, and formwork requirements are specified in Division 3. 
 

B. Coordinate installation of roof curbs, equipment supports, and roof penetrations. 
These items are specified in Division 7 Section "Roof Accessories." 

 
 

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. Acceptable Manufacturers: See Section 260007 “Alternative Equipment and 
Suppliers”. 

2. Metallic Coatings: Hot-dip galvanized after fabrication and applied according 
to MFMA-4. 

3. Nonmetallic  Coatings: Manufacturer's standard PVC, polyurethane, or 
polyester coating applied according to MFMA-4. 

4. Channel Dimensions: Selected for applicable load criteria. 
 

B. Nonmetallic Slotted Support Systems: Structural-grade, factory-formed, glass-fiber- 
resin channels and angles with 9/16-inch- (14-mm-) diameter holes at a maximum of 
8 inches (200 mm) o.c., in at least 1 surface. 

 
1. Acceptable Manufacturers: See Section 260007 “Alternative Equipment and 

Suppliers”. 
2. Fittings and Accessories: Products of channel and angle manufacturer and 

designed for use with those items. 
3. Fitting  and  Accessory Materials: Same as channels and angles, except 

metal items may be stainless steel. 
4. Rated Strength:  Selected to suit applicable load criteria. 

 
C. Raceway and Cable Supports:  As described in NECA 1 and NECA 101. 

 
D. Conduit and Cable Support Devices: Steel and malleable-iron hangers, clamps, and 

associated fittings, designed for types and sizes of raceway or cable to be supported. 
 
 

E. Support for Conductors in  Vertical Conduit:  Factory-fabricated assembly consisting 
of threaded body and insulating wedging plug or plugs for non-armored electrical 
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conductors or cables in riser conduits. Plugs shall have number, size, and shape of 
conductor gripping pieces as required to suit individual conductors or cables 
supported. Body shall be malleable iron. 

 
F. Structural Steel for Fabricated Supports and Restraints: ASTM A 36/A 36M, steel 

plates, shapes, and bars; black and galvanized. 
 

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

 
1. Powder-Actuated Fasteners: Threaded-steel stud, for use in hardened 

portland cement concrete, steel, or wood, with tension, shear, and pullout 
capacities appropriate for supported loads and building materials where  
used. 
a. Acceptable Manufacturers: See Section 260007 “Alternative 

Equipment and Suppliers”. 
2. Mechanical-Expansion Anchors: Insert-wedge-type, zinc-coated stainless 

steel, for use in hardened portland cement concrete with tension, shear, and 
pullout capacities appropriate for supported loads and building materials in 
which used. 
a. Acceptable Manufacturers: See Section 260007 “Alternative 

Equipment and Suppliers”. 
3. Concrete Inserts: Steel or malleable-iron, slotted support system units similar 

to MSS Type 18; complying with MFMA-4 or MSS SP-58. 
4. Clamps for Attachment to Steel Structural Elements: MSS SP-58, type 

suitable for attached structural element. 
5. Through Bolts: Structural type, hex head, and high strength. Comply with 

ASTM A 325. 
6. Toggle Bolts: All-steel springhead type. 
7. Hanger Rods: Threaded steel. 

 
2.2 FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES 

 
A. Description: Welded or bolted, structural-steel shapes, shop or field fabricated to fit 

dimensions of supported equipment. 
 

B. Materials: Comply with requirements in Division 5 Section "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, 

single-bolt conduit clamps, single-bolt conduit clamps using spring friction 
action for retention in support channel. 

 
D. Spring-steel clamps designed for supporting single conduits without bolts may be 

used for 1-1/2-inch (38-mm) and smaller raceways serving branch circuits and 
communication systems above suspended ceilings and for fastening raceways to 
trapeze supports. 

 
3.2 SUPPORT INSTALLATION 

 
A. Comply with NECA 1 and NECA 101 for installation requirements except as specified 

in this Article. 
 

B. Raceway Support Methods: In addition to methods described in NECA 1, EMT, IMC, 
and RMC may be supported by openings through structure members, as permitted in 
NFPA 70. 

 
C. Strength of Support Assemblies: Where not indicated, select sizes of components so 

strength will be adequate to carry present and future static loads within specified 
loading limits. Minimum static design load used for strength determination shall be 
weight of supported components plus 200 lb (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. Instead of expansion anchors, powder-actuated driven threaded studs 

provided with lock washers and nuts may be used in existing standard-weight 
concrete 4 inches (100 mm) thick or greater. Do not use for anchorage to 
lightweight-aggregate concrete or for slabs less than 4 inches (100 mm) thick. 

6. To Steel: Spring-tension clamps. 
7. To Light Steel: Sheet metal screws. 
8. Items Mounted on Hollow Walls and Nonstructural Building Surfaces: Mount 

cabinets, panelboards, disconnect switches, control enclosures, pull and 
junction boxes, transformers, and other devices on slotted-channel racks 
attached to substrate by means that meet seismic-restraint strength and 
anchorage requirements. 
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E. Drill holes for expansion anchors in concrete at locations and to depths that avoid 
reinforcing bars. 

 
3.3 INSTALLATION OF FABRICATED METAL SUPPORTS 

 
A. Comply with installation requirements in Division 5 Section "Metal Fabrications" for 

site-fabricated metal supports. 
 

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

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

 
3.4 CONCRETE BASES 

 
A. Construct concrete bases of dimensions indicated but not less than 4 inches (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. Anchor equipment to concrete base. 

 
1. Place and secure anchorage devices. Use supported equipment 

manufacturer's setting drawings, templates, diagrams, instructions, and 
directions furnished with items to be embedded. 

2. Install anchor bolts to elevations required for proper attachment to supported 
equipment. 

3. Install anchor bolts according to anchor-bolt manufacturer's written 
instructions. 

 
3.5 PAINTING 

 
A. Touchup: Clean field welds and abraded areas of shop paint. Paint exposed areas 

immediately after erecting hangers and supports. Use same materials as used for 
shop painting. Comply with SSPC-PA 1 requirements for touching up field-painted 
surfaces. 

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

(0.05 mm). 
 

B. Touchup: Comply with requirements in Division 9 painting Sections Section "High- 
Performance Coatings" 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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PART 1 - GENERAL 
 

1.1 DESCRIPTION 

 
A. Provide raceways and boxes in accordance with the Contract Documents. 

 
1.2 STANDARDS 

 
A. PS 

 
B. PEC Latest Edition (PART 1 & PART 2) 

 
C. ANSI 

 
D. UL 

 
E. NEMA 

 
1.3 SUBMITTALS 

 
A. Conduit, Boxes, Wireways and Auxiliary Gutters: 

 
1. Manufacturer’s product data sheets 

 
2. Samples 

 
1.4 IDENTIFICATIONS 

 
A. Mark junction box covers with permanent stencil identification of panelboard and circuit 

numbers of wiring contained within. 
 

B. Paint fire alarm and life safety system boxesred. 
 
 

PART 2 - PRODUCTS 
 

2.1 CONDUIT AND FITTINGS 

 
A. Intermediate Metal Conduit: 

 
1. Mild steel conduit, heavy wall, hot dipped galvanized inside and out, threaded 

ends. 
 

2. Threaded type fittings. 
 

B. Electrical Metallic Tubing: 
 

1. Continuous, seamless steel tubing galvanized or sherardized onexterior, coated 
on interior with smooth hard finish of lacquer, varnish or enamel. 

 
2. Steel, set screw or compression type fittings. Provide concrete type fittings 

where required. 
 

C. Flexible Steel Conduit: 
 

1. Single strip, continuous, flexible interlocked double-wrapped steel, hot dip 
galvanized inside and out forming smooth internal wiring channel. 



Raceways and Boxes 
SECTION 260533 

DIVISION 26 – ELECTRICAL 

MEINHARDT PHILIPPINES, INC. FOR TENDER 
Page 2 of 8 

 

 

2. Steel, compression type fittings. 
 

D. Liquid Tight Flexible Conduit: 
 

1. Same as flexible steel conduit except with tough, inert, watertight plastic outer 
jacket. 

 
2. Fittings shall be cast malleable iron body and gland nut, cadmium plated with 

one-piece brass grounding bushings threaded to interior of conduit. Spiral 
molded vinyl sealing ring between gland nut and bushing and nylon insulated 
throat. 

 
E. Polyvinylchloride (PVC) Conduit: 

 
1. Schedule 40 polyvinyl chloride suitable for 90C. 

 
2. Solvent cemented type fittings. 

 
1. 20 mm. minimum. 

 
F. Cable Tray /Trunking/Ladder: 

 
1. Cable raceway systems shall consist of straight sections, fittings, and required 

and classified as equipment grounding conductors. Provide radiused elbows, 
tees, crosses, splice plates, wall and overhead supports, and other fittings 
necessary for a complete, continuouslygrounded system. 

 
2. Pre-Galvanized Steel: Straight sections and fitting siderails and rungs shall be 

made from steel meeting the minimum mechanical properties of ASTM A446, 
Grade A and mill galvanized in accordance with ASTM A525, Coating 
Designation G90. Splice plates shall be manufactured from high strength steel, 
using ribbed carriage bolts and serrated flange locknuts. 

 
a. Steel sheet thickness shall be 1.6mm (Ga.15) for trays up to 300mm in 

width 2.0mm (Ga.13) for trays above 300mm inwidth. 
 

3. Ladder: Ladder type trays shall consists of two longitudinal members (siderails) 
with transverse members (rungs) welded to the siderails. Rungs shall be spaced 
15 cm on center. Rung spacing in radiused fittings shall be 22 cm measured at 
the center of the trays width. Rungs shall have a minimum cable bearing surface 
of 20 mm with radiused edges. No portion of the rungs shall protrude below the 
bottom plane of the siderails. 

 
4. Trunking: Formed sheet steel, heavy duty type, standard baked enamel over 

lead primer finish. 1.6mm (Ga.15) minimum thickness. 
 

G. Loading capacity shall meet include weight of cables installed plus a safety factor of 1.5. 
 

2.2 WIREWAYS AND AUXILIARY GUTTERS 

 
A. Sizes and shapes as indicated and/or as required. 

 
B. Provide necessary elbows, tees, connectors, adapters, etc. 

 
C. Continuous removable cover secured with screws and keyhole slots. Hinged cover 

where installed above suspended ceiling. 
 

D. Provide wire retainers at not greater than 30 cm on center. 
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2.3 OUTLET, JUNCTION, AND PULL BOXES 

 
A. Cast Type Boxes: 

 
1. Ferrous alloy box with inside threaded hubs forrigid steel conduit. 

 
2. Aluminum box with inside threaded hubs for rigid aluminum conduit. 

 
3. Ferrous alloy box with compression or inside threaded hubs with adapter for 

electrical metallic tubing. 
 

4. Cast raised cover, size matched to contour of box. 
 

5. Tapered threads for hubs. 
 

B. Galvanized Pressed Steel Type Boxes: 
 

1. General: 
 

a. Pressed steel, galvanized or cadmium-plated, 10 cm minimum square 
deep type with galvanized cover or extension ring as required. 

 
2. Lighting Fixture Box: 

 
a. 10 cm minimum square, deep type 

 
b. Where fixtures are mounted on or in an accessible type ceiling and a 

modular wiring system is not used, provide a junction box and extend 
flexible steel conduit to each fixture. 

 
3. Provide 10 mm bolt fixture studs whererequired. 

 
C. Sheet Steel Boxes: 

 
1. No. 12 gauge sheet steel for boxes with maximum side less than 1 meter, and 

maximum area not exceeding 6,500 square cm; riveted or welded 20 mm 
flanges at exterior corners. 

 
2. No. 10 gauge sheet steel for boxes with maximum side 1 meter to 1.5 meters, 

and maximum area 6,500 to 10,000 square cm; riveted or welded 20 mm 
flanges at exterior corners. 

 
3. No. 10 gauge sheet steel riveted or welded to 40 mm x 40 mm x 6 mm welded 

angle iron framework for boxes with maximum side exceeding 1.5 meter and 
more than 10,000 square cm in area. 

 
4. Covers: 

 
a. Same gauge steel as box. 

 
b. Subdivided single covers so no section of cover exceeds 23 kg. 

 
c. Machine bolts or machine screws threaded into tapped holes. 

 
5. Paint: 

 
a. Rust inhibiting primer, ANSI 61 gray enamel finish coat. 

 
6. Fire Rated Board 
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a. Provide a 20mm thick fire rated board to the compartmentalized box of 
BCOC. 

 
 

PART 3 - EXECUTION 
 

3.1 GENERAL 

 
A. Provide raceways for all systems. Provide insulated grounding conductor in metallic or 

nonmetallic raceways. Minimum conduit size shall be 15 mm. Wiring of each type and 
system shall be installed in separate raceways. 

 
B. Protect metallic raceway in earth or fill from corrosion with two coats of corrosion 

resistant paint or tape wrap. 
 

C. Elbows for the connection of an exposed steel conduit above grade to the conduit 
installed below grade or embedded within floor slabs shall be rigid steel conduit with two 
coats of corrosion resistant paint or tape wrap. 

 
D. Branch circuit conduits or wiring device conduits for miscellaneous systems shall not be 

installed below slab on grade or embedded within floor slabs in tenant areas. 
 

E. Locate raceways so that the integrity of structural members is not affected and they do 
not conflict with the services of other trades. Draw up couplings and fittings full and tight. 
Protect threads from corrosion after installation with zinc chromate or equivalent 
protection. 

 
F. Conceal raceways except at surface mounted cabinets and freestanding equipment. 

Provide flashing and counter-flashing for waterproofing of raceways which penetrate the 
roof. Route exposed raceways and raceways above suspended ceilings parallel or 
perpendicular to building lines with right angle turns and symmetrical bends. Provide 
sleeves in concrete walls, floor slabs and partitions. Waterproof sleeved  raceways 
where required. 

 
G. Provide raceway expansion joints for exposed and concealed raceways at expansion 

joints and between structures to compensate for differential movement. Provide bonding 
conductor. 

 
H. Provide one empty 20 mm inch raceway for each three spare unused poles or spaces of 

flush-mounted panelboards. Terminate conduit in an accessible location for future 
extension. 

 
I. Provide raceways with appropriate seal-offs, explosion-proof fittings, etc. in special 

occupancy areas as required. Provide conduit seal-offs where portions of an interior 
raceway system pass through walls, ceiling or floors which separate adjacent rooms 
having substantially different maintained temperatures, refrigeration, or cold storage 
rooms. 

 
J. Provide pull cord in empty raceways. Tag both ends noting destination. 

 
K. Clear raceway of all obstructions and dirt prior to pulling in wires or cables. Use ball 

mandrel (diameter approximately 85% of conduit inside diameter) followed by close 
fitting wire brush and wad of felt or similar material. This assembly may be pulled with, 
but ahead of cable being installed. Clean empty raceways similarly. Clear or replace  
any raceway which rejects ball mandrel. 
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L. Secure raceway clamps or supports to masonry materials with toggle bolts, expansion 
bolts, or steel inserts. Install raceway on steel construction with approved clamps which 
do not depend on friction or set-screw pressure alone. 

 
M. Install exterior underground conduits 60 cm minimum below finished grade. Do not 

penetrate waterproof membranes unless proper seal is provided. 
 

N. Raceways above Suspended Ceilings: 
 

1. Provide independent support for single run conduits. 
 

2. Provide independent support of multiple raceways (more than one). Provide 
unistrut support and threaded rod to structure above. Attachment to ceiling 
support wires is not permitted. 

 
3. Provide independent support of raceways installed above fire rated ceilings. 

Attachment to ceiling support wires is not permitted. 
 

4. Install conduit 30 cm minimum above top of ceiling. 
 

O. Conduit connected to rotating or vibrating equipment shall be flexible metal conduit or 
liquid tight flexible conduit. 

 
P. Raceways Embedded in Floor Slabs: 

 
1. Raceways shall not be installed in slab without the approval of the Structural 

Engineer. 
 

2. Raceways shall not interfere with placement of floor slab reinforcement 
components. 

 
3. Install raceways between the upper and the lower layers of reinforcing steel. 

 
4. Space raceways not less than 200mm on centers except where they converge 

at panels or junction boxes. 
 

5. Raceways running parallel to slabs supports, such as beams, columns and 
structural walls, shall be installed not less than 300mm from such supporting 
elements. 

 
Q. Non Metallic Raceway Installations: 

 
1. Joints shall be made using the material recommended by the raceway 

manufacturer. Components shall be cleaned prior to assembly. 
 

2. Raceway cutoffs shall be square and shall not deform conduit. Ream rough 
surfaces. 

 
3. Provide male box adapters to terminate raceways. 

 
4. Where separable terminations are required, provide PVC threaded adapters 

with locknuts or bushings. Provide "O" rings for watertight installations. 
 

5. Bends shall be made by methods that do not deform or damage the conduit. 
 

6. Provide expansion fittings where required. 
 

7. Raceway supports shall be installed to allow the non metallic conduit to slide 
through the supports. 
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R. Underground Duct Banks: 
 

1. Provide underground duct banks as indicated. Provide concrete encasement of 
power systems duct banks except where duct banks run beneath building slab 
on grade. Provide concrete encasement of duct bank elbows for all systems. 
Provide steel reinforcing bars for concrete encased duct banks.  Provide 
spacers to permit concrete to completely surround and encase each conduit. 
Concrete strength shall be 200 kgs/square meter. Provide red dye inhibiting 
agent in concrete mix. 

 
2. Pitch conduit down and away where duct bank enters the building or equipment. 

 
3. Support raceways installed in duct banks every 1.5 meters to assure correct 

alignment prior to placing concrete. 
 

4. Terminate raceways with flared end bells. Clear raceway terminations of burrs 
and rough edges. 

 
S. Conductors serving electric fire pumps shall be either in conduit encased in a minimum 

of 75 mm of concrete (concrete encasement is not required within fire pump room and 
electrical room where service originates), in conduit run beneath the slab on grade, or 
fire rated cable. 

 
T. Raceways and fittings installed in hazardous (classified locations shall conform to local 

electrical code requirements for theassociated Class and Division. 
 

3.2 WIREWAYS AND AUXILIARY GUTTERS 

 
A. Install wireways above suspended ceilings such that cover will hinge upward from side. 

 
B. Provide at least 150 mm clear from wireway cover when in open position. 

 
3.3 CABLE TRAY/TRUNKING/LADDER 

 
A. Cable Raceway shall be supported at a maximum of 1.5 meters centers and at each 

bend, tee, cross, and elbow fitting. Supports shall be threaded rod trapeze style hangers 
or wall brackets. Side rails shall bear on the supports; rungs shall not bear on the 
supports. 

 
B. Cable Raceway shall be installed level. Manufactured offsets shall be used to change 

height or direction. 
 

C. Coordinate location of cable raceway with other trades to avoid conflicts and maintain 
accessibility. 

 
3.4 OUTLET, JUNCTION, AND PULL BOXES 

 
A. Provide outlet, junction, and pull boxes as indicated and as required for a complete  

installation and to facilitate proper pulling of wires and cables. Boxes shall be sized per 
electrical code as minimum. Plug open knock outs. 

 
B. The exact location of outlets and equipment is governed by field conditions. Where 

necessary, relocate outlets so that fixtures and equipment are symmetrically located in 
accordance with the room layout and will not interfere with other work or equipment. 
Verify final location of outlets, fixtures, and equipment with Architect. 

 
C. Back-to-back outlets in the same wall, or "through-wall" type boxes are not permitted. 

Provide 30 mm minimum spacing for outlets shown on opposite sides of a commonwall. 
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Provide acoustical potting compound on outlet boxes installed in private offices and 
conference rooms. 

 
D. Fit outlet boxes in finished ceilings or wall with appropriate covers, set flush with the 

finished surface. Where more than one switch or device is located at one point, use 
multiple gang boxes and covers. Provide tile box or a 10 mm square box with tile ring in 
masonry walls not plastered or furred. Where drywall material is utilized, provide plaster 
ring. Provide outlet boxes of type and size suitable for the specific application. Provide 
barriers where required for voltage or systemsseparation. 

 
E. Provide pull boxes so that an individual run of conduit does not contain more than the 

equivalent of four ninety-degree bends (360 degreestotal). 
 

3.5 APPLICATION OF RACEWAYS 

 
A. Intermediate Metal Conduit 

 
1. Where exposed to physical damage. 

 
2. Indoors where exposed to moisture. 

 
3. Where required by code. 

 
4. Exposed indoor installations within 3000mm above finished floor. 

 
5. Exposed outdoor installations. 

 
6. General purpose feeders, power and lighting branch circuits, auxiliary systems, 

telephone system except where another conduit type is specificallyrequired. 
 

B. Flexible Steel Conduit: 
 

1. Dry locations only. 
 

2. Connections for wiring feed to furniture wiring managementsystem. 
 

3. Connections to lighting fixtures in suspended ceilings. 
 

4. Connections to equipment installed in suspended ceilings. 
 

5. Transformer connections. 
 

6. Connections to equipment where vibration isolation is needed. 
 

7. Maximum length shall be 1000mm. 
 

8. Busway plug in units. 
 

C. Liquid Tight Flexible Steel Conduit: 
 

1. Same as flexible steel conduit in dampor wet locations. 
 

2. Motor connections. 
 

D. Wireways and Auxiliary Gutters: 
 

1. Where indicated. 
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2. Above and below panelboards, lighting relay cabinets, and terminal cabinets to 
accommodate large concentrations of wires. 

 
E. Cable Trays/Trunking/Ladder: 

 
1. Low Voltage Feeders. 

 
2. Medium Voltage armored cable feeders. 

 
3. Exposed and accessible locations shall be solid bottom type cabletray. 

 
4. Communication System 

 
F. Polyvinylchloride (PVC) Conduit 

 
1. Underground duct banks 

 
2. Below slab on grade 

 
3. Embedded in floor slabs 

 
 

3.6 APPLICATION OF BOXES OUTLET, JUNCTION AND PULL BOXES 

 
A. Cast Type Boxes: 

 
1. Where connected to rigid steel, intermediate metal, rigid aluminum conduit and 

liquid tight flexible conduit, 32 mm and smaller. 
 

2. Exposed conduit installations within 3 meters above finished floor. 
 

3. Where exposed to moisture and outdoors. 
 

B. Galvanized Pressed Steel Type Boxes: 
 

1. Where connected to electrical metallic tubing and flexible steel conduit, 32 mm 
and smaller. 

 
2. Dry locations. 

 
3. Where concealed in walls and above suspendedceilings. 

 
C. Sheet Steel Boxes: 

 
1. Where connected to conduit larger than 32mmØ. 

 
3.7 SLEEVES 

 
A. Sleeves shall be 10 cm rigid steel nipples. Extend floor sleeves a minimum of 10 cm 

above and below finished floor. Extend wall sleeves a minimum of 10 cm on either side 
of wall. Sleeve ends shall be threaded. 

 
B. Provide sleeves between floors of telecommunication closets as in quantities and 

locations shown on the Drawings. 
 

C. Fire seal floor sleeves and sleeves in fire rated walls to maintain fire rating of wall after 
telephone cables are installed. 

 
END OF SECTION 
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PART 1 - GENERAL 
 
 

1.1 RELATED DOCUMENTS 

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

 
1.2 

 
SUMMARY 

A. This Section includes the following: 

 
1. Isolation pads. 
2. Spring isolators. 
3. Restrained spring isolators. 
4. Channel support systems. 
5. Restraint cables. 
6. Hanger rod stiffeners. 
7. Anchorage bushings and washers. 

B. Related Sections include the following: 

 
1. Division 26 Section 260529 "Hangers and Supports" for commonly used electrical 

supports and installation requirements. 

 
1.3 

 
DEFINITIONS 

 

A. The IBC: International Building Code. 
 

B. AHJ: Authority Having Jurisdiction 
 
 

1.4 SUBMITTALS 

 
A. Product Data: For the following: 

 
1. Include rated load, rated deflection, and overload capacity for each vibration isolation 

device. 
2. Illustrate and indicate style, material, strength, fastening provision, and finish for each 

type and size of seismic-restraint component used. 
 

a. Tabulate types and sizes of seismic restraints, complete with report numbers 
and rated strength in tension and shear as evaluated by AHJ. 

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

 
3. Restrained-Isolation Devices: Include ratings for horizontal, vertical, and combined 

loads. 
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B. Delegated-Design Submittal: For vibration isolation  and seismic-restraint details  indicated 
to comply with performance requirements and design criteria, including analysis data signed 
and sealed by the qualified professional engineer responsible for their preparation. 

 
1. Design Calculations: Calculate static and dynamic loading due to equipment weight 

and operation, seismic forces required to select vibration isolators and seismic 
restraints. 

 
a. Coordinate design calculations with wind-load calculations required for 

equipment mounted outdoors. Comply with requirements in other Division 26 
Sections for equipment mounted outdoors. 

 
2. Indicate materials and dimensions and identify hardware, including attachment and 

anchorage devices. 
3. Field-fabricated supports. 
4. Seismic-Restraint Details: 

 
a. Design Analysis: To support selection and arrangement of seismic restraints. 

Include calculations of combined tensile and shear loads. 
b. Details: Indicate fabrication and arrangement. Detail attachments of restraints 

to the restrained items and to the structure. Show attachment locations, 
methods, and spacings. Identify components, list their strengths, and indicate 
directions and values of forces transmitted to the structure during seismic 
events. 

c. Preapproval and Evaluation Documentation: By AHJ, showing maximum 
ratings of restraint items and the basis for approval (tests or calculations). 

 
C. Coordination Drawings: Show coordination of seismic bracing for electrical components  

with other systems and equipment in the vicinity, including other supports and seismic 
restraints. 

 
D. Welding certificates. 

 
E. Qualification Data: For Structural Engineer 

 
F. Field quality-control test reports. 

 
 

1.5 QUALITY ASSURANCE 

 
A. Testing Agency Qualifications: An independent agency, with the experience and capability 

to conduct the testing indicated, that is a nationally recognized testing laboratory (NRTL) as 
defined by OSHA in 29 CFR 1910.7, and that is acceptable to authorities having jurisdiction. 

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

are more stringent. 
 

C. Welding: Qualify procedures and personnel according to AWS D1.1/D1.1M, “Structural 
Welding Code – Steel.” 

 
D. Seismic-restraint devices shall have horizontal and vertical load testing and analysis and 

shall bear anchorage preapproval by another agency acceptable to authorities having 
jurisdiction, showing maximum seismic-restraint ratings. Ratings based on independent 
testing are preferred to ratings based on calculations. If preapproved ratings are not 
available, submittals based on independent testing are preferred. Calculations (including 
combining shear and tensile loads) to support seismic-restraint designs must be signed and 
sealed by a qualified professional engineer. 

 
E. Comply with NFPA 70. 
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PART 2 - PRODUCTS 

 
2.1 VIBRATION ISOLATORS 

 
A. Acceptable Manufacturers: See Section 260007 “Alternative Equipment and Suppliers”. 

 
B. Pads: Arrange 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 neoprene, rubber, hermetically sealed 

compressed fiberglass. 
 

C. Spring Isolators: 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- (6-mm-) 

thick, rubber isolator pad attached to baseplate underside. Baseplates shall limit floor 
load to 500 psig (3447 kPa). 

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

 
D. Restrained Spring Isolators: 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- (6-mm-) 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. 
 
 

2.2 SEISMIC-RESTRAINT DEVICES 

 
A. Acceptable Manufacturers: See Section 260007 “Alternative Equipment and Suppliers”. 

 
B. General Requirements for Restraint Components: Rated strengths, features,  and 

application requirements shall be as defined in reports by an agency acceptable to 
authorities having jurisdiction. 

 
1. Structural Safety Factor: Allowable strength in tension, shear, and pullout force of 

components shall be at least four times the maximum seismic forces to which they 
will be subjected. 

 
C. Channel Support System: MFMA-3, shop- or field-fabricated support assembly made of 

slotted steel channels with accessories for attachment to braced component at one end and 
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to building structure at the other end and other matching components and with corrosion- 
resistant coating; and rated in tension, compression, and torsion forces. 

 
D. Restraint Cables: ASTM A 492 stainless-steel cables with end connections made of steel 

assemblies with thimbles, brackets, swivels, and bolts designed for restraining cable 
service; and with a minimum of two clamping bolts for cable engagement. 

 
E. Hanger Rod Stiffener: Steel tube or steel slotted-support-system sleeve with  internally 

bolted connections, Reinforcing steel angle clamped to hanger rod. Do not weld stiffeners  
to rods. 

 
F. Bushings for Floor-Mounted Equipment Anchor: Neoprene bushings designed for rigid 

equipment mountings, and matched to type and size of anchors and studs. 
 

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

 
H. Resilient Isolation Washers and Bushings: One-piece, molded, oil- and water-resistant 

neoprene, with a flat washer face. 
 

I. Mechanical Anchor: Drilled-in and stud-wedge or female-wedge type in zinc-coated steel   
for interior applications and stainless steel for exterior applications. Select anchors with 
strength required for anchor and as tested according to ASTM E 488. Minimum length of 
eight times diameter. 

 
J. Adhesive Anchor: Drilled-in and capsule anchor system containing polyvinyl or urethane 

methacrylate-based resin and accelerator, or injected polymer or hybrid mortar adhesive. 
Provide anchor bolts and hardware with zinc-coated steel for interior applications and 
stainless steel for exterior applications. Select anchor bolts with strength required for  
anchor and as tested according to ASTM E 488. 

 
 

2.3 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 galvanize metal components for exterior 

use. 
3. Baked enamel or powder coat for metal components on isolators for interior use. 
4. Color-code or otherwise mark vibration isolation and seismic-control devices to 

indicate capacity range. 
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PART 3 - EXECUTION 
 
 

3.1 EXAMINATION 

 
A. Examine areas and equipment to receive vibration isolation and seismic-control devices for 

compliance with requirements for installation tolerances and other conditions affecting 
performance. 

 
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 Raceways or Cables: Secure raceways and cables to trapeze member with clamps 

approved for application by an agency acceptable to authorities having jurisdiction. 
 

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

 
C. Strength of Support and Seismic-Restraint Assemblies: Where not indicated, select sizes of 

components so strength will be adequate to carry present and future static and seismic 
loads within specified loading limits. 

 
 

3.3 SEISMIC-RESTRAINT DEVICE INSTALLATION 

 
A. Equipment and Hanger Restraints: 

 
1. Install restrained isolators on electrical equipment. 
2. Install resilient, bolt-isolation washers on equipment anchor bolts where clearance 

between anchor and adjacent surface exceeds 0.125 inch (3.2 mm). 
3. Install seismic-restraint devices using methods approved by an agency acceptable to 

authorities having jurisdiction providing required submittals for component. 
 

B. 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. 

 
C. 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. 
 

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

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

applications. 
 
 

3.4 ACCOMMODATION OF DIFFERENTIAL SEISMIC MOTION 

 
A. Install flexible connections in runs of raceways, cables, wireways, cable trays, and busways 

where they cross seismic joints, where adjacent sections or branches are supported by 
different structural elements, and where they terminate with connection to equipment that is 
anchored to a different structural element from the one supporting them as they approach 
equipment. 

 
 

3.5 FIELD QUALITY CONTROL 

 
A. Testing Agency: Engage a qualified testing agency to perform tests and inspections and 

prepare test reports. 
 

B. Perform tests and inspections. 
 

C. Tests and Inspections: 
 

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

2. Schedule test with EMPLOYER’S REPRESENTATIVE, through MEEPF 
CONSULTANT, before connecting anchorage device to restrained component 
(unless post connection testing has been approved), and with at least seven days' 
advance notice. 

3. Obtain MEEPF CONSULTANT’S approval before transmitting test loads to structure. 
Provide temporary load-spreading members. 

4. Test at least four of each type and size of installed anchors and fasteners selected by 
MEEPF CONSULTANT’S. 

5. Test to 90 percent of rated proof load of device. 
6. Measure isolator restraint clearance. 
7. Measure isolator deflection. 
8. Verify snubber minimum clearances. 
9. If a device fails test, modify all installations of same type and retest until satisfactory 

results are achieved. 
 

D. Remove and replace malfunctioning units and retest as specified above. 
 

E. Prepare test and inspection reports. 
 
 

3.6 ADJUSTING 

 
A. Adjust isolators after isolated equipment 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 active height of spring isolators. 
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D. Adjust restraints to permit free movement of equipment within normal mode of operation. 
 
 

3.7 ELECTRICAL VIBRATION-CONTROL AND SEISMIC-RESTRAINT DEVICE SCHEDULE 

 
A. Supported or Suspended Equipment: As indicated on plans or as required 

 
1. Equipment Location: As indicated on plans 
2. Pads: 

 
a. Material: Neoprene, Rubber, Hermetically sealed compressed fiberglass. 
b. Thickness: As per Structural recommendation 
c. Durometer: As per Structural recommendation 
d. Number of Pads: As per Structural recommendation 

 
3. Isolator Type: As indicated on Part 2. 
4. Component Importance Factor: Refer to Structural specs 
5. Component Response Modification Factor: Refer to Structural specs 
6. Component Amplification Factor: Refer to Structural specs 

 
END OF SECTION 
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PART 1 - GENERAL 
 
 

1.1 RELATED DOCUMENTS 

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

Conditions and Division 1 Specification Sections, apply to this Section. 
 
 

1.2 SUMMARY 

 
A. Section Includes: 

 
1. Identification for raceways. 
2. Identification of power and control cables. 
3. Identification for conductors. 
4. Underground-line warning tape. 
5. Warning labels and signs. 
6. Instruction signs. 
7. Equipment identification labels. 
8. Miscellaneous identification products. 

 
 

1.3 SUBMITTALS 

 
A. Product Data: For each electrical identification product indicated. 

 
B. Samples: For each type of label and sign to illustrate size, colors, lettering style, mounting 

provisions, and graphic features of identification products. 
 

C. Identification Schedule: An index of nomenclature of electrical equipment and system 
components used in identification signs and labels. 

 
 

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

 
C. Coordinate installation of identifying devices with location of access panels and doors. 

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

 
 

PART 2 - PRODUCTS 
 
 

2.1 POWER RACEWAY IDENTIFICATION MATERIALS 

 
A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of 

color field for each raceway size. 
 

B. Colors for Raceways Carrying Circuits at 600 V or Less: 
 

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

 
C. Colors for Raceways Carrying Circuits at More Than 600 V: 

 
1. Black letters on an orange field. 
2. Legend: "DANGER CONCEALED HIGH VOLTAGE WIRING" with 3-inch- (75-mm-) 

high letters on 20-inch (500-mm) centers. 
 

D. Self-Adhesive Vinyl Labels for Raceways Carrying Circuits at 600 V or Less: Preprinted, 
flexible label laminated with a clear, weather- and chemical-resistant coating and matching 
wraparound adhesive tape for securing ends of legend label. 

 
E. 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. 

 
F. Snap-Around, Color-Coding Bands for Raceways Carrying Circuits at 600 V or Less: Slit, 

pretensioned, flexible, solid-colored acrylic sleeve, 2 inches (50 mm) long, with diameter 
sized to suit diameter of raceway or cable it identifies and to stay in place by gripping action. 

 
G. Tape and Stencil for Raceways Carrying Circuits More Than 600 V: 4-inch- (100-mm-) wide 

black stripes on 10-inch (250-mm) centers diagonally over orange background that extends 
full length of raceway or duct and is 12 inches (300 mm) wide. Stop stripes at legends. 

 
H. Metal Tags: Brass or aluminum, 2 by 2 by 0.05 inch (50 by 50 by 1.3 mm), with stamped 

legend, punched for use with self-locking cable tie fastener. 
 

I. Write-On Tags: Polyester tag, 0.010 inch (0.25 mm) 0.015 inch (0.38 mm) thick, with 
corrosion-resistant grommet and cable tie for attachment to conductor or cable. 

 
1. Marker for Tags: Permanent, waterproof, black ink marker recommended by tag 

manufacturer. 
2. Marker  for  Tags: Machine-printed, permanent, waterproof, black ink marker 

recommended by printer manufacturer. 
 
 

2.2 ARMORED AND METAL-CLAD CABLE IDENTIFICATION MATERIALS 
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A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of 
color field for each raceway and cable size. 

 
B. Colors for Raceways Carrying Circuits at 600 V and Less: 

 
1. Black letters on an orange field 
2. Legend: Indicate voltage 

 
C. Colors for Raceways Carrying Circuits at More Than 600 V: 

 
1. Black letters on an orange field. 
2. Legend: "DANGER CONCEALED HIGH VOLTAGE WIRING" with 3-inch- (75-mm-) 

high letters on 20-inch (500-mm) centers. 
 

D. Self-Adhesive Vinyl Labels: Preprinted, flexible label laminated with a clear, weather- and 
chemical-resistant coating and matching wraparound adhesive tape for securing ends of 
legend label. 

 
E. 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 raceway and cable size. 
 

B. Self-Adhesive Vinyl Labels: Preprinted, flexible label laminated with a clear, weather- and 
chemical-resistant coating and matching wraparound adhesive tape for securing ends of 
legend label. 

 
C. Metal Tags: Brass or aluminum, 2 by 2 by 0.05 inch (50 by 50 by 1.3 mm), with stamped 

legend, punched for use with self-locking cable tie fastener. 
 

D. Write-On Tags: Polyester tag, 0.010 inch (0.25 mm) 0.015 inch (0.38 mm) thick, with 
corrosion-resistant grommet and cable tie for attachment to conductor or cable. 

 
1. Marker for Tags: Permanent, waterproof, black ink marker recommended by tag 

manufacturer. 
2. Marker  for  Tags: Machine-printed, permanent, waterproof, black ink marker 

recommended by printer manufacturer. 
 

E. Snap-Around Labels: Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with 
diameter sized to suit diameter of raceway or cable it identifies and to stay in place by 
gripping action. 

 
F. Snap-Around, Color-Coding Bands: Slit, pretensioned, flexible, solid-colored acrylic sleeve, 

2 inches (50 mm) long, with diameter sized to suit diameter of raceway or 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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B. Self-Adhesive Vinyl Labels: Preprinted, flexible label laminated with a clear, weather- and 
chemical-resistant coating and matching wraparound adhesive tape for securing ends of 
legend label. 

 
C. Snap-Around Labels: Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with 

diameter sized to suit diameter of raceway or cable it identifies and to stay in place by 
gripping action. 

 
D. Snap-Around, Color-Coding Bands: Slit, pretensioned, flexible, solid-colored acrylic sleeve, 

2 inches (50 mm) long, with diameter sized to suit diameter of raceway or cable it identifies 
and to stay in place by gripping action. 

 
E. Marker Tapes: Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification 

legend machine printed by thermal transfer or equivalent process. 
 

F. Write-On Tags: Polyester tag, 0.010 inch (0.25 mm) 0.015 inch (0.38 mm) thick, with 
corrosion-resistant grommet and cable tie for attachment to conductor or cable. 

 
1. Marker for Tags: Permanent, waterproof, black ink marker recommended by tag 

manufacturer. 
2. Marker  for  Tags: Machine-printed, permanent, waterproof, black ink marker 

recommended by printer manufacturer. 
 
 

2.5 FLOOR MARKING TAPE 

 
A. 2-inch- (50-mm-) wide, 5-mil (0.125-mm) pressure-sensitive vinyl tape, with black and white 

stripes and clear vinyl overlay. 
 
 

2.6 UNDERGROUND-LINE WARNING TAPE 

 
A. Tape: 

 
1. Recommended by manufacturer for the method of installation and suitable to identify 

and locate underground electrical [and communications] utility lines. 
2. Printing on tape shall be permanent and shall not be damaged by burial operations. 
3. Tape material and ink shall be chemically inert, and not subject to degrading when 

exposed to acids, alkalis, and other destructive substances commonly found in soils. 
 

B. Color and Printing: 
 

1. Comply with ANSI Z535.1 through ANSI Z535.5. 
2. Red-Colored Tapes: ELECTRIC LINE, HIGH VOLTAGE. 
3. Orange-Colored Tapes: TELEPHONE CABLE, CATV CABLE, COMMUNICATIONS 

CABLE, OPTICAL FIBER CABLE. 
 
 

2.7 WARNING LABELS AND SIGNS 

 
A. Comply with PEC and 29 CFR 1910.145. 

 
B. Self-Adhesive Warning Labels: Factory-printed, multicolor, pressure-sensitive adhesive 

labels, configured for display on front cover, door, or other access to equipment unless 
otherwise indicated. 

 
C. Baked-Enamel Warning Signs: 
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1. Preprinted aluminum signs, punched or drilled for fasteners, with colors, legend, and 
size required for application. 

2. 1/4-inch (6.4-mm) grommets in corners for mounting. 
3. Nominal size, 7 by 10 inches (180 by 250 mm). 

 
D. Metal-Backed, Butyrate Warning Signs: 

 
1. Weather-resistant, nonfading, preprinted, cellulose-acetate butyrate signs with 

0.0396-inch (1-mm) galvanized-steel backing; and with colors, legend, and size 
required for application. 

2. 1/4-inch (6.4-mm) grommets in corners for mounting. 
3. Nominal size, 10 by 14 inches (250 by 360 mm). 

 
E. Warning label and sign shall include, but are not limited to, the following legends: 

 
1. Multiple Power Source Warning: "DANGER - ELECTRICAL SHOCK HAZARD - 

EQUIPMENT HAS MULTIPLE POWER SOURCES." 
2. Workspace Clearance Warning: "WARNING - OSHA REGULATION - AREA IN 

FRONT OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 36 INCHES 
(915 MM)." 

 
 

2.8 INSTRUCTION SIGNS 

 
A. Engraved, laminated acrylic or melamine plastic, minimum 1/16 inch (1.6 mm) thick for signs 

up to 20 sq. inches (129 sq. cm) and 1/8 inch (3.2 mm) thick for larger sizes. 
 

1. Engraved legend with black letters on white face 
2. Punched or drilled for mechanical fasteners. 
3. Framed with mitered acrylic molding and arranged for attachment at applicable 

equipment. 
 

B. Adhesive Film Label: Machine printed, in black, by thermal transfer or equivalent process. 
Minimum letter height shall be 3/8 inch (10 mm). 

 
C. Adhesive Film Label with Clear Protective Overlay: Machine printed, in black, by thermal 

transfer or equivalent process. Minimum letter height shall be 3/8 inch (10 mm). Overlay 
shall provide a weatherproof and UV-resistant seal for label. 

 
 

2.9 EQUIPMENT IDENTIFICATION LABELS 

 
A. Adhesive Film Label: Machine printed, in black, by thermal transfer or equivalent process. 

Minimum letter height shall be 3/8 inch (10 mm). 
 

B. Adhesive Film Label with Clear Protective Overlay: Machine printed, in black, by thermal 
transfer or equivalent process. Minimum letter height shall be 3/8 inch (10 mm). Overlay 
shall provide a weatherproof and UV-resistant seal for label. 

 
C. Self-Adhesive, Engraved, Laminated Acrylic or Melamine Label: Adhesive backed, with 

white letters on a dark-gray background. Minimum letter height shall be 3/8 inch (10 mm). 
 

D. 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). 

 
E. Stenciled Legend: In nonfading, waterproof, black ink or paint. Minimum letter height shall 

be 1 inch (25 mm) 
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2.10 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. 

 
 

2.11 MISCELLANEOUS IDENTIFICATION PRODUCTS 

 
A. Paint: Comply with requirements in Division 9 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. 
 
 

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. 
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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. Aluminum Wraparound Marker Labels and Metal Tags: Secure tight to surface of conductor 

or cable at a location with high visibility and accessibility. 
 

H. 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. 

 
I. Underground-Line Warning Tape: During backfilling of trenches install continuous 

underground-line warning tape directly above line at 6 to 8 inches (150 to 200 mm) below 
finished grade. Use multiple tapes where width of multiple lines installed in a common  
trench or concrete envelope exceeds 16 inches (400 mm) overall. 

 
J. Painted Identification: Comply with requirements in Division 9 painting Sections for surface 

preparation and paint application. 
 
 

3.2 IDENTIFICATION MODULE 

 
A. Concealed Raceways, Duct Banks, More Than 600 V, within Buildings: Tape and stencil 4- 

inch- (100-mm-) wide black stripes on 10-inch (250-mm) centers over orange background 
that extends full length of raceway or duct and is 12 inches (300 mm) wide. Stencil legend 
"DANGER CONCEALED HIGH VOLTAGE WIRING" with 3-inch- (75-mm-) high black  
letters on 20-inch (500-mm) centers. Stop stripes at legends. Apply  to  the  following 
finished surfaces: 

 
1. Floor surface directly above conduits running beneath and within 12 inches (300 mm) 

of a floor that is in contact with earth or is framed above unexcavated space. 
2. Wall surfaces directly external to raceways concealed within wall. 
3. Accessible surfaces of concrete envelope around raceways in vertical shafts, 

exposed in the building, or concealed above suspended ceilings. 
 

B. Accessible Raceways, Armored and Metal-Clad Cables, More Than 600 V: Self-adhesive 
vinyl labels. Install labels at [10-foot (3-m)] [30-foot (10-m)] maximum intervals. 

 
C. Accessible Raceways and Metal-Clad Cables, 600 V or Less, for Service, Feeder, and 

Branch Circuits More Than 30 A, and 220 V to ground: Identify with self-adhesive vinyl  
label. Install labels at [10-foot (3-m)] [30-foot (10-m)] maximum intervals. 

 
D. Accessible Raceways and Cables within Buildings: Identify the covers of each junction and 

pull box of the following systems with self-adhesive vinyl labels with the wiring system 
legend and system voltage. System legends shall be as follows: 

 
1. Emergency Power. 
2. Power. 
3. UPS. 

 
E. Power-Circuit Conductor Identification, 600 V or Less: For conductors in vaults, pull and 

junction boxes, manholes, and handholes, use color-coding conductor tape to identify the 
phase. 

 
1. Color-Coding for Phase Identification, 600 V or Less: Use colors listed below for 

ungrounded service, feeder, and branch-circuit conductors. 
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a. Color shall be factory applied 
 

b. Colors for 220V, 1Ø Circuits: 
 

1) Phase: Red 
2) Neutral: White 
3) Ground: Green 

 
c. Colors for 380/220V, 3Ø Circuits: 

 
1) Phase A: Red 
2) Phase B: Yellow 
3) Phase C: Blue 
4) Neutral: White 
5) Ground: Green 

 
d. 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. 

 
F. Power-Circuit Conductor Identification, More than 600 V: For conductors in vaults, pull and 

junction boxes, manholes, and handholes, use write-on tags. 
 

G. Install instructional sign including the color-code for grounded and ungrounded conductors 
using adhesive-film-type labels. 

 
H. Conductors to Be Extended in the Future: Attach write-on tags 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. Locations of Underground Lines: Identify with underground-line warning tape for power, 
lighting, communication, and control wiring and optical fiber cable. 

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

raceway. 
 

K. 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. 

 
L. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting: Metal- 

backed, butyrate warning signs. 
 

1. Comply with 29 CFR 1910.145. 
2. Identify system voltage with black letters on an orange background. 
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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. 

 
M. Operating Instruction Signs: Install instruction signs to facilitate proper operation and 

maintenance of electrical systems and items to which they connect. Install instruction signs 
with approved legend where instructions are needed for system or equipment operation. 

 
N. 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 load shedding. 

 
O. 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: Adhesive film label with clear protective overlay. 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] [Stenciled 
legend 4 inches (100 mm) high. 

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 laminated acrylic 
or melamine label. 

b. Enclosures and electrical cabinets. 
c. Access doors and panels for concealed electrical items. 
d. Switchgear. 
e. Switchboards. 
f. Transformers: Label that includes tag designation shown on Drawings for the 

transformer, feeder, and panelboards or equipment supplied by the secondary. 
g. Substations. 
h. Emergency system boxes and enclosures. 
i. Motor-control centers. 
j. Enclosed switches. 
k. Enclosed circuit breakers. 
l. Enclosed controllers. 
m. Variable-speed controllers. 
n. Push-button stations. 
o. Power transfer equipment. 
p. Contactors. 
q. Remote-controlled switches, dimmer modules, and control devices. 
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r. Battery-inverter units. 
s. Battery racks. 
t. Power-generating units. 
u. Monitoring and control equipment. 
v. UPS equipment. 

 
END OF SECTION 
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PART 1 - GENERAL 
 

1.1 INTRODUCTION 

 
A. Provide centralized lighting control system for the areas of as mentioned in the 

drawing & in LP schedule. 
 

B. The Addressable Lighting Control system / Dimming System shall provide different 
Preset controls of Lighting as required. The system shall permit the user to turn ON / 
OFF and dimming control of Individual load and group of loads and to set 
preprogrammed Lighting pattern via Manual preset push button scene commander. 

 
The system programming shall be implemented via a computer interface, and shall be 
designed for centralized system with full automatic control and local control self- 
contained within the lighting management system for which a dedicated computer 
need not to be supplied by the supplier. 

 
C. The system shall be completely programmable using advanced Lighting control 

software operating under Windows to enable the lighting operation to be centrally 
programmed and adapted. The system shall incorporate virtual wiring software, 
enabling lighting switching patterns to be set up and instantly altered from the PC 
without the need to access equipment or disruptive wiring alterations. The entire 
system shall be centrally monitored in real time both On line and Off line. 

 
D. The system shall be provided with multi sensors in order to maximize on energy 

saving using daylight sensing to have constant lighting, Lighting control using hand 
held remote control, presence detection etc and at the same time extend the life of 
lamps within each of the required areas like corridor, car park, stair case, plant room 
etc where ever applicable and as required by the client. 

 
E. All luminaries shall be suitable for dimming control and will be equipped with high 

frequency dimmable electronic ballast with variable output analogue control HF 0 -10V 
DC interface when applicable where fluorescent lamps / compact fluorescent lamps 
are utilized. 

 
F. The system shall comprise rack / panel housings stackers, plug in type Dual channel 

hard fired Thyristor dimmer modules, Lighting Router, local scene commander control 
stations, programming sockets…etc. 

 
G. The dimming systems Racks shall be suitable for operating at 400V/230V Ac – 60HZ 

supply, and integrated with suitably rated TPN ISOLATOR, COELCB, and 10A/15A 
MCB’S for output circuit protection. 

 
H. The plug in type Thyristor dimmer modules shall be rated for 10A / 20Amps load as 

Required and as per the load (LP) Schedule. 
 

I. The dimming system shall be suitable for continuous 24 Hr. operation at a maximum 
ambient temperature of 40  centigrade and 90 % humidity (non condensing). 

 
J. The dimming system shall be guaranteed for a period of not less than 24 months from 

the date of commissioning. 
 

1.2 EQUIPMENT DESCRIPTIONS AND APPLICATION: 
 

A. The dimmer rack shall consist of 10A / 20Amps dual channel plug in type, Thyristor 
dimmer module as per the load requirement, Lighting Router etc. with an incomer 
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TPN Isolator and COELCB. A facility shall be provided to isolate any individual circuit 
as required, by providing an auxiliary housing / in the extended dimmer rack with the 
rated MCB’s for out going circuits protection. 

 
B. Output level override facility shall be provided to allow illumination for cleaning and 

maintenance of the area incase of any defect in the lighting control system. 
 

C. All the dimming & switching operation of lighting circuits mentioned in the load 
schedule shall be considered for programming with the same type of dimming push 
button control panel. 

 
D. All the required areas as mentioned in the drawing shall be provided with 4 scenes 

and Off Preset push button control scene commander panels with inbuilt infra red 
receiver and Raise/Lower facility as shown in the Block Schematic Drawing. Where 
ever double entrances are available, two way operation scene commander push 
button control panels shall be provided. 

 
E. All the push button control panels should be provided with polished brass or brushed 

stainless steel fascia plate with a led tell back in the push buttons, in coordination with 
other switch/sockets finishes. 

 
F. A lighting router shall be provided to store the programmed Lighting scenes and all 

the other programmed data and keep them in memory for ever. 
 

1.3 RELATED SECTIONS 

 
A. Section 260533 Raceways and Boxes 

 
B. Section 260010 Basic Electrical Materials and Methods 

 
C. Section 260923 Lighting Control Devices 

 
D. Section 265100 Luminaires and Accessories 

 
1.4 REFERENCES 

 
A. The equipment shall comply with all relevant proposed and current national, European 

and inter -national safety and technical standards for electrical and electronic dimming 
system. These will include strict compliance with electro magnetic conduction (EMC) 
standards EN50 081-1 and EN50 082-1, safety standard EN60 950 and RFI 
suppression standard EN50 014. 

 
B. The equipment shall be fabricated in accordance with all procedures for quality 

assurance to ISO 9002. 
 

1.5 SUBMITTALS 

 
A. Shop drawings: provide working drawings and schematic diagrams. 

 
B. Manufacturers instruction: 

 
C. Indicate instructions for storage, handling, protection, examination, installation & 

wiring of equipment. 
 

1.6 PROJECT RECORD DOCUMENTS 

 
A. Submit Under Provisions Of Division 1. 
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B. Accurately record actual locations of each item of equipment. 
 

1.7 PROJECT RECORD DOCUMENTS 

 
A. Submit under provision of Division 1. 

 
B. Maintenance Data: Include recommended spare parts list as recommended by the 

manufacturer. 
 

1.8 MANUFACTURER 

 
A. The Dimming system equipment specified shall be manufactured, supplied and 

commissioned by one of the following complying with the specification. 
 

1. Clipsal 
2. Cooper 
3. Lutron. 

 
B. Main Contractor to provide three (3) separate proposals for the different brands 

mentioned. 
 

1.9 REGULATORY REQUIREMENTS 

 
A. Furnish products listed and classified as suitable for purpose specified and shown. All 

the equipment & accessories should be manufactured by one manufacturer & any 
deviation from the specification will not be accepted. 

 
B. The system supplier should have minimum 10 years of documentary evidence of 

continuous supply, installation, testing and commissioning experience in major 
projects, local technical support for maintenance and spare parts availability. 

 
C. Submit Projects reference list executed in Kuwait in order to prove the ability of the 

local authorized agent to give a reliable service and maintenance support to the client. 
 

D. The supplier should have qualified engineering team for installation, testing and 
commissioning and technical support to the client for maintenance and trouble 
shooting. 

 
1.10 MAINTENANCE SERVICE 

 
A. Furnish service and maintenance of the system for 24 months from the date of 

substantial completion. 
 
 

PART 2 - PRODUCTS 
 

2.1 DIMMER RACKS OR PANELS 

 
A. The rack(s) shall be factory assembled, pre-wired and fitted with 3-phase and neutral 

incoming power distribution and output load connections. All power and low voltage 
wiring shall be distance segregated. 

 
B. The rack shall be fabricated from 16 gauge sheet steel, suitable for wall or floor 

mounting with front access and painted semi matt finish. 
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C. Cable entry shall be provided top and bottom with separate detachable side panels for 
contractor’s access. 

 
D. The rack shall be fitted with a removable hinged (reversible) lockable front cover. The 

cover shall be pierced to provide ventilation and sight of the dimmer status. 
 

E. The Dimmer rack shall be available in two sizes, and the modules shall be provided in 
the Dimmer Rack as required. 

 
F. The rack shall be fitted and wired with either single or double stacker assemblies 

according to size. 
 

G. The terminal connectors for the Lighting circuit loads and the low voltage connections 
shall be at one side of the Dimmer Rack and should not be behind the Dimmer 
modules. 

 
H. The Dimmer rack shall have a separate Low voltage Break out module for inter 

connections of Dimmer racks, connecting to lighting router etc. 
 

I. Pressure pad terminals shall be provided grouped in a L.N.E. arrangement to 
accommodate incoming load cables up to 16 sq.mm line, 35 sq.mm neutral and earth 
and 4 sq.mm for output load wiring. 

 
J. Each dimmer module shall be protected by a suitably rated Double pole MCB. 

 
K. The dimmer rack shall be fitted & wired with suitable TPN incomer isolator, and 

COELCB as mentioned in the DB schedule of points. Above the dimmer rack, an 
auxiliary housing / in the extended dimmer rack, shall have required number of 
10A/15A MCB’s for outgoing load circuits protection. 

 
2.2 STACKER ASSEMBLY 

 
A. A stacker assembly shall be provided within the dimmer rack to accommodate 

dimmer modules & break out unit. 
 

B. The stacker shall be of sheet steel fabrication constructed with a unique 45 high 
density support framework for dimmer modules to ensure good ventilation. A rear air 
chimney shall be formed to provide an optimized cooling airflow over the dimmer 
modules irrespective of the number of modules in either natural or force ventilated 
operation. 

 
C. The stacker assembly fitted and wired within the dimmer rack shall also be suitable for 

use in other electrical assemblies such as distribution boards and switch panels 
subject to local safety and electrical regulations. 

 
 

D. The stacker assembly shall be suitable for double mounting by removal of a simple 
baffle. 

 
E. The stacker shall be fitted with a flexible low voltage motherboard for ease of 

assembly. 
 

F. A continuously operating low noise fan shall be available as a simple addition to 
maintain air flow efficiency with 20A loads in ambient conditions above 35 centigrade. 
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2.3 DIMMER MODULE 

 
A. The dimmer module units shall be of plug in hard fired thyristor type and shall 

comprise of a two part encapsulated module, universally suitable for all types of 
incandescent, halogen, low voltage halogen, compact fluorescent and fluorescent 
lamps (with appropriate electronic or wire wound devices where required) and shall be 
suitable to interchange with any other dimmer module within a system. 

 
B. Each dimmer module shall contain strictly two independent dimming channels 

incorporating 12 bit hard firing Opto-isolated Thyristors with low Q suppression 
filtering in a high temperature (130 centigrade) ABS-Polycarbonate molded enclosure 
with VO flammability. 

 
C. Each dimmer channel shall be capable of controlling minimum up to 10A load with 

convection cooling or 20A load with forced ventilation. 
 

D. Each dimmer channel shall incorporate up to 10 dimming curves including a switched 
output, which shall be selected at module face. 

 
E. Each dimmer shall be capable of self-sensing voltage and frequency fluctuations 

without affecting light output. Fluctuations in supply frequency shall range between 45 
and 56 Hz and supply voltage such that a 10% change will affect light output by a 
maximum of 1%. 

 
F. Each dimmer module shall incorporate self-sensing thermal overload protection, 

which shall reduce load outputs upon internal temperature rising to 70C and auto 
shutdown at 90 centigrade. After the temperature returns to the normal, the lighting 
level automatically should come back to the previous preset level. 

 
G. Each dimmer shall be capable of either reducing or shutting down output in the event 

of overload being undetected by the input MCB. 
 

H. Each dimmer channel shall be suitable for either serial digital SDim RS485 serial or 0 
- 10V analogue signal. 

 
I. Each dimmer shall be fully programmable to allow the soft patching of any output to 

any addressed channel. 
 

J. Each module shall incorporate an integral three digits, seven segments red led display 
with four operational push buttons. This shall enable the display adjustment and 
setting on a cycle menu of the following: Light output status in 10% increments, 
raising and lower of light output (also default status), soft patching of two 10A 
channels to the same control channel, selection of dimmer response curves, defining 
of switch ON and OFF Hysterisis, defining of fall back watch-dog light output levels, 
display of error messages owing to over temperature or over current, auto reverse to 
default status. 

 
K. All programmed information shall be retained in the Lighting router for minimum of 

twenty five years. 
 

L. Maximum heat dissipation from the dimmer module shall not be greater than 3W at 
zero load 35W with 2 x 10A dimmers fully loaded and 100w with 2 x 20A dimmers fully 
loaded. 

 
M. The dimmer channels shall strictly comply with emission standard EN50 081 Part 1, 

immunity standard EN50 082 Part 1, RFI suppression EN50 014, safety standard 
EN60 950 and ingress protection rating of IP 30. 
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2.4 RELAY MODULES 

 
A. Where ever required, Provide addressable relay modules an economical means of 

controlling switched (ON / OFF) loads like Metal Halide Lamps, Motor operated 
curtains etc. In case of metal halide lamps and inductive loads are to be switched ON 
there shall be required rating contactors, through these relay modules. The relay 
modules shall be designed for wall mounted or Din rail mounted type fixed in a wall 
mounted cabinet for installation in electrical rooms. The relay modules shall be of 8 
channels, each with 1X10A changeover contact and shall meet the following  
technical specification: 

 
Operating Conditions: 

 
Supply Voltage : 180V – 260V AC 
Relay load : Max 10A 
Protective Device : self resetting thermal cut-off for electronics 
Ambient Temperature : 0 - 40˚C in operation, -10 to + 70˚C in store 
Relative Humidity : 0 – 90%(non-condensing 

 
2.5 SCENE SET LIGHTING ROUTERS 

 
A. Lighting Router shall be provided to have a central system controller which shall be 

capable of storing, generating and coordinating all system stimuli and resultant 
actions. 

 
B. The Lighting Router shall have the complete working database of the system. 

 
C. The Lighting router shall directly accept a DMX I/P to offer interactive control of the 

Dimmer channels and multiple routers connect via Ethernet, which also provides 
general TCP/IP access and system programming, monitoring and scheduling using 
the lighting system software. 

 
D. A single Phase power supply shall be provided for the Lighting router and for Ethernet 

switch. 
 

E. The Lighting router shall strictly comply with emission standard EN55 015, immunity 
standard EN61 547, safety standard EN60 950, IP rating IP10, Isolation 4kV, Storage 
temperature -10 to 70 Centigrade and shall be suitable for continuous operation at 
40 centigrade. 

 
F. The system shall be programmed using Laptop computer through the Lighting 

Routers 
 

G. Ethernet Switch shall be provided near to Lighting router and wired for programming 
sockets wherever required. 

 
2.6 SCENE COMMANDER CONTROL STATIONS 

 
A. Local control stations shall be provided to select programmed lighting scene either 

manually by means of a scene commander push button station or against timed 
commands from a scene scheduler. 

 
B. The control station shall feature a low profile construction and shall comprise of two 

elements, a mounting base with wiring access and a decorative polished brass/ 
brushed stainless steel control fascia plate without the fixing screws on the facia plate. 
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C. Scene commander control stations shall be 4 scene and OFF with raise and lower 
scene modifiers facility as required. Push buttons shall have variable back illumination 
tell back according to light level selected. 

 
D. For switching operation provide ON / OFF Control stations. 

 
E. The scene commander control stations shall be provided with in built infra red 

receiver. 
 

2.7 SOFTWARE REQUIREMENT 

 
A. The system Programming, monitoring and scheduling shall be Performed using a 

Lighting control software based on windows NT/2000/XP via the Ethernet Link. 
 

B. The system programming access can be from any Ethernet connection point in the 
lighting control system. The Lighting system can be a part of an existing Ethernet 
installation. 

 
C. Lighting Software shall employ a tree structure to facilitate access and manipulation of 

all the system components. The system shall allow offline / online simulation of 
program operation and make online control more intuitive. 

 
D. The Lighting system software shall have the capability of Automatic Recognition of the 

field components installed in the network. 
 

E. The system programming shall be through a Laptop computer. 
 

F. The Lap top computer shall be plugged in to the Lighting router or Ethernet switch or 
Programming socket for programming the system. 

 
G. The programmer shall provide the capability to pre-set all lighting scene requirements 

such as light levels, fade times, Scenes naming and circuit numbering with the aid of 
the graphical presentation of programming entries, database setting, pop up menus, 
job windows and help screens at all stages. 

 
H. The Software shall have the facility of monitoring the status of the circuits that are 

connected to the system, which facilitates to find out if the lamps are present / fused. 
The system software should have the feature to monitor the dimmer module 
temperature. 

 
I. Provide RJ 45 sockets for programming the system and shall be installed in the 

location as required by the engineer at site. 
 

2.8 CABLE 

 
Data cable and Ethernet cable shall be provided for the system as recommended by the 
manufacturer. 

 
PART 3 - EXECUTION 

 
3.1 EXAMINATION 

 
A. Examine end luminaries to determine suitability for lighting control by means of a high 

frequency dimmable electronic ballast with variable output. Analogue control HF 0-10 
V DC suitable for operation in ambient temperature up to 35 centigrade. 

 
B. Examine subs rate and supporting grids where any controls are to be fixed. 
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3.2 INSTALLATION 

 
A. Install in accordance with manufacturers instructions. 

 
B. Install connections to all luminaries in a tidy manner and no wiring shall be left coiled 

up. 
 

C. Ensure all items are earth bonded. 
 

D. Location and equipment main incoming power supply etc. shall be coordinated with 
electrical contractor. 

 
E. Install dimmer racks and relay panels as mentioned in drawing. 

 
3.3 FIELD QUALITY CONTROL 

 
Operate each luminaries after installation of controls and for proper connection and 
operation. 

 
3.4 ADJUSTING 

 
Adjust work under provisions of division 1. 

 
3.5 CLEANING 

 
A. Clean work under provisions of division 1. 

 
B. Clean electrical parts to remove conductive and detritus materials. 

 
C. Remove dirt and debris from any enclosure or item of equipment. 

 
D. Clean photometric control surfaces as recommended by manufacturers. 

 
E. Clean all finishes. 

 
3.6 DEMONSTRATION 

 
A. Provide systems demonstration under provisions of Division 1. 

 
B. Provide minimum of 24 hours demonstration of system operation. 

 
 

END OF SECTION 
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PART 1 - GENERAL 

 
 

1.1 RELATED DOCUMENTS 

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

Conditions and Division 1 Specification Sections, apply to this Section. 
 
 

1.2 SUMMARY 

 
A. This Section includes computer-based, fault-current and overcurrent protective device 

coordination studies. Protective devices shall be set based on results of the protective 
device coordination study. 

 
1. Coordination of series-rated devices is permitted where indicated on Drawings. 

 
 

1.3 SUBMITTALS 

 
A. Product Data: For computer software program to be used for studies. 

 
B. Product Certificates: For coordination-study and fault-current-study computer software 

programs, certifying compliance with IEEE 399. 
 

C. Qualification Data: For coordination-study specialist. 
 

D. Other Action Submittals: The following submittals shall be made after the approval process 
for system protective devices has been completed. Submittals may be in digital form. 

 
1. Coordination-study input data, including completed computer program input data 

sheets. 
2. Study and Equipment Evaluation Reports. 
3. Coordination-Study Report. 

 
 

1.4 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 not acceptable. 

 
B. Coordination-Study Specialist Qualifications: An entity experienced in the application of 

computer software used for studies, having performed successful studies of similar 
magnitude on electrical distribution systems using similar devices. 

 
1. Professional engineer, licensed in the state where Project is located, shall be 

responsible for the study. All elements of the study shall be performed under the 
direct supervision and control of engineer. 

 
C. Comply with IEEE 242 for short-circuit currents and coordination time intervals. 

 
D. Comply with IEEE 399 for general study procedures. 
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PART 2 - PRODUCTS 
 
 

2.1 COMPUTER SOFTWARE DEVELOPERS 

 
A. Acceptable Software: See Section 260007 “Alternative Equipment and Suppliers” 

 
 

2.2 COMPUTER SOFTWARE PROGRAM REQUIREMENTS 

 
A. Comply with IEEE 399. 

 
B. Analytical features of fault-current-study computer software program shall include 

"mandatory," "very desirable," and "desirable" features as listed in IEEE 399. 
 

C. Computer software program shall be capable of plotting and diagramming time-current- 
characteristic curves as part of its output. Computer software program shall report device 
settings and ratings of all overcurrent protective devices and shall demonstrate selective 
coordination by computer-generated, time-current coordination plots. 

 
1. Optional Features: 

 
a. Arcing faults. 
b. Simultaneous faults. 
c. Explicit negative sequence. 
d. Mutual coupling in zero sequence. 

 
 

PART 3 - EXECUTION 

 
3.1 EXAMINATION 

 
A. Examine Project overcurrent protective device submittals for compliance with electrical 

distribution system coordination requirements and other conditions affecting performance. 
Devices to be coordinated are indicated on Drawings. 

 
1. Proceed with coordination study only after relevant equipment submittals have been 

assembled. Overcurrent protective devices that have not been submitted and 
approved prior to coordination study may not be used in study. 

 
3.2 POWER SYSTEM DATA 

 
A. Gather and tabulate the following input data to support coordination study: 

 
1. Product Data for overcurrent protective devices specified in other Division 26  

Sections and involved in overcurrent protective device coordination studies. Use 
equipment designation tags that are consistent with electrical distribution system 
diagrams, overcurrent protective device submittals, input and output data, and 
recommended device settings. 

2. Impedance of utility service entrance. 
3. Electrical Distribution System Diagram: In hard-copy and electronic-copy formats, 

showing the following: 
 

a. Circuit-breaker and fuse-current ratings and types. 
b. Relays and associated power and current transformer ratings and ratios. 
c. Transformer kilovolt amperes, primary and secondary voltages, connection 

type, impedance, and X/R ratios. 
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d. Generator kilovolt amperes, size, voltage, and source impedance. 
e. Cables: Indicate conduit material, sizes of conductors, conductor material, 

insulation, and length. 
f. Busway ampacity and impedance. 
g. Motor horsepower and code letter designation according to NEMA MG 1. 

 
4. Data sheets to supplement electrical distribution system diagram, cross-referenced 

with tag numbers on diagram, showing the following: 
 

a. Special load considerations, including starting inrush currents and frequent 
starting and stopping. 

b. Transformer characteristics, including primary protective device, magnetic 
inrush current, and overload capability. 

c. Motor full-load current, locked rotor current, service factor, starting time, type of 
start, and thermal-damage curve. 

d. Generator thermal-damage curve. 
e. Ratings, types, and settings of utility company's overcurrent protective devices. 
f. Special overcurrent protective device settings or types stipulated by utility 

company. 
g. Time-current-characteristic curves of devices indicated to be coordinated. 
h. Manufacturer, frame size, interrupting rating in amperes rms symmetrical, 

ampere or current sensor rating, long-time adjustment range, short-time 
adjustment range, and instantaneous adjustment range for circuit breakers. 

i. Manufacturer and type, ampere-tap adjustment range, time-delay adjustment 
range, instantaneous attachment adjustment range, and current transformer 
ratio for overcurrent relays. 

j. Panelboards, switchboards, motor-control center ampacity, and interrupting 
rating in amperes rms symmetrical. 

 
 

3.3 FAULT-CURRENT STUDY 

 
A. Calculate the maximum available short-circuit current in amperes rms symmetrical at circuit- 

breaker positions of the electrical power distribution system. The calculation shall be for a 
current immediately after initiation and for a three-phase bolted short circuit at each of the 
following: 

 
1. Switchgear and switchboard bus. 
2. Medium-voltage controller. 
3. Motor-control center. 
4. Paralleling Switchgear and Switchboard 
5. Distribution panelboard. 
6. Branch circuit panelboard. 

 
B. 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. 

 
C. Calculate momentary and interrupting duties on the basis of maximum available fault 

current. 
 

D. Calculations to verify interrupting ratings of overcurrent protective devices shall comply with 
IEEE 141, IEEE 241 and IEEE 242. 

 
1. Transformers: 

 
a. ANSI C57.12.10. 
b. ANSI C57.12.22. 
c. ANSI C57.12.40. 
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d. IEEE C57.12.00. 
e. IEEE C57.96. 

 
2. Medium-Voltage Circuit Breakers: IEEE C37.010. 
3. Low-Voltage Circuit Breakers: IEEE 1015 and IEEE C37.20.1. 
4. Low-Voltage Fuses: IEEE C37.46. 

 
E. Study Report: 

 
1. Show calculated X/R ratios and equipment interrupting rating (1/2-cycle) fault currents 

on electrical distribution system diagram. 
2. Show interrupting (5-cycle) and time-delayed currents (6 cycles and above) on 

medium- and high-voltage breakers as needed to set relays and assess the  
sensitivity of overcurrent relays. 

 
F. Equipment Evaluation Report: 

 
1. For 600-V overcurrent protective devices, ensure that interrupting ratings are equal to 

or higher than calculated 1/2-cycle symmetrical fault current. 
2. For devices and equipment rated for asymmetrical fault current, apply multiplication 

factors listed in the standards to 1/2-cycle symmetrical fault current. 
3. Verify adequacy of phase conductors at maximum three-phase bolted fault currents; 

verify adequacy of equipment grounding conductors and grounding electrode 
conductors at maximum ground-fault currents. Ensure that short-circuit withstand 
ratings are equal to or higher than calculated 1/2-cycle symmetrical fault current. 

 
 

3.4 COORDINATION STUDY 

 
A. Perform coordination study using approved computer software program. Prepare a written 

report using results of fault-current study. Comply with IEEE 399. 
 

1. Calculate the maximum and minimum 1/2-cycle short-circuit currents. 
2. Calculate the maximum and minimum interrupting duty (5 cycles to 2 seconds) short- 

circuit currents. 
3. Calculate the maximum and minimum ground-fault currents. 

 
B. Comply with IEEE 141, IEEE 241, IEEE 242 recommendations for fault currents and time 

intervals. 
 

C. Transformer Primary Overcurrent Protective Devices: 
 

1. Device shall not operate in response to the following: 
 

a. Inrush current when first energized. 
b. Self-cooled, full-load current or forced-air-cooled, full-load current, whichever is 

specified for that transformer. 
c. Permissible transformer overloads according to IEEE C57.96 if required by 

unusual loading or emergency conditions. 
 

2. Device settings shall protect transformers according to IEEE C57.12.00, for fault 
currents. 

 
D. Motors served by voltages more than 600 V shall be protected according to IEEE 620. 

 
E. Conductor Protection: Protect cables against damage from fault currents  according  to  

ICEA P-32-382, ICEA P-45-482, and conductor melting curves in IEEE 242. Demonstrate 
that equipment withstands the maximum short-circuit current for a time equivalent to the 
tripping time of the primary relay protection or total clearing time of the fuse. To determine 



Overcurrent Protective Device Short Circuit & Coordination Study 
SECTION 260573 

DIVISION 26 – ELECTRICAL 

FOR TENDER MEINHARDT PHILIPPINES, INC. 

 

 

temperatures that damage insulation, use curves from cable manufacturers or from listed 
standards indicating conductor size and short-circuit current. 

 
F. Coordination-Study Report: Prepare a written report indicating the following results of 

coordination study for electrical distribution system from Normal and alternate power source 
throughout electrical distribution system for Project: 

 
1. Tabular Format of Settings Selected for Overcurrent Protective Devices: 

 
a. Device tag. 
b. Relay-current transformer ratios; and tap, time-dial, and instantaneous-pickup 

values. 
c. Circuit-breaker sensor rating; and long-time, short-time, and instantaneous 

settings. 
d. Fuse-current rating and type. 
e. Ground-fault relay-pickup and time-delay settings. 

 
2. Coordination Curves: Prepared to determine settings of overcurrent protective 

devices to achieve selective coordination. Graphically illustrate that adequate time 
separation exists between devices installed in series, including power utility 
company's upstream devices. Prepare separate sets of curves for the switching 
schemes and for emergency periods where the power source is local generation. 
Show the following information: 

 
a. Device tag. 
b. Voltage and current ratio for curves. 
c. Three-phase and single-phase damage points for each transformer. 
d. No damage, melting, and clearing curves for fuses. 
e. Cable damage curves. 
f. Transformer inrush points. 
g. Maximum fault-current cutoff point. 

 
G. Completed data sheets for setting of overcurrent protective devices. 

 
 

END OF SECTION 
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PART 1 – GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. This Section shall be used in conjunction with the following other specifications and 

related Contract Documents to establish the total requirements for startup testing and 
commissioning of electrical equipment: 

 
1. Section 260500 - Common Work Results For Electrical 
2. Section 260573 - Overcurrent Protective Device Coordination 
3. Section 260526 - Grounding and Bonding 

 
B. In the event of conflict regarding startup testing and commissioning of electrical 

equipment requirements between this Section and any other section, the provisions of 
this Section shall govern. 

 
1.2 SUMMARY 

 
A. The GENERAL CONTRACTOR shall engage the services of an approved testing 

organization to provide startup testing and commissioning of the electrical equipment 
and/or systems as listed herein and other section of the specifications. 

 
B. It is the intent of these test to assure that all electrical equipment, both GENERAL 

CONTRACTOR and EMPLOYER-Furnished, is operational within industry and the 
manufacturer’s tolerances and is installed in accordance with design specifications 
and the manufacturer’s recommendations. 

 
C. Where applicable, the tests and inspections shall determine the suitability for 

energization. 

 
1.3 TESTING CRITERIA 

 
A. General: 

1. The testing company shall provide the supervision, material, equipment, labor and 
technical personnel to perform all tests and inspections according to NETA. The 
GENERAL CONTRACTOR shall, at his expense, furnish any personnel 
necessary to assist in the testing and inspection. 

2. When the tests and inspections have been completed, a label shall be attached to 
all devices tested. The label shall provide the name of the testing company, the 
date the tests were completed, and the initials of the person who performed the 
tests. 

 
B. Responsibilities: 

1. The GENERAL CONTRACTOR shall clean the equipment, torque down all 
accessible bolts according to the equipment manufacturer’s instructions, perform 
routine insulation resistance tests on all branch and feeder circuits, continuity 
checks on all branch and control wiring, and rotation tests for all distribution and 
utilization equipment. 

2. The GENERAL CONTRACTOR shall furnish a complete set of current plans and 
specifications to the testing company prior to commencement of any testing. At 
each test site, the GENERAL CONTRATOR shall provide any test control power 
necessary to perform the tests specified. The test organization shall be consulted 
as to the specific power requirements. The GENERAL CONTRACTOR shall 
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notify the testing organization when the equipment and systems are ready for their 
inspection and testing. After review by the testing engineer, the GENERAL 
CONTRACTOR shall correct any deficiencies noted by the testing company. 

3. The GENERAL CONTRACTOR shall be responsible for having the manufacturer 
of each equipment and/or system provide factory-trained representative(s) that 
will perform all required functional testing, checkout, and repairs in order to 
pronounce the equipment and/or systems meet the requirements of these 
specifications and Drawings and it is ready for startup testing and commissioning 
by the testing organization as specified hereafter. 

4. The GENERAL CONTRACTOR shall furnish settings of protective devices. 
5. The testing organization shall notify the EMPLOYER’S RERESENTATIVE prior to 

the commencement of any testing. The testing organization shall set and adjust 
the protective devices and associated auxiliary timing devices in accordance with 
the values furnished by the MEEPF CONSULTANT. 

6. The testing organization shall maintain a written record of all tests and, upon 
completion of the tests, include them in a final report. The report shall detail any 
deficiencies in the system material, workmanship or design. The testing company 
shall, upon identification, report deficiencies to the EMPLOYER’S 
REPRESENTATIVE in written form. The EMPLOYER’S REPRESENTATIVE will 
report these deficiencies to the Contractor or manufacturer to schedule remedies. 

7. When directed, the testing organization shall enter “address” codes for power 
monitoring devices or similar instrumentation where shown. Test monitoring 
instrumentation for accuracy in combination with associated PTs and CTs. 

 
C. Safety: 

1. Safety practices shall comply with applicable state and local safety orders, as well 
as with the Occupational Safety and Health Act of 1970 (OSHA) and IEEE 
Standard 510. Compliance with the National Fire Protection Association (NFPA) 
Standard NFPA 70E, and the Accident Prevention Manual for Industrial 
Operations of the National Safety Council shall be observed. 

2. Tests shall only be performed on apparatus that is deenergized. The testing 
company’s lead test engineer for the project shall be a designated safety 
representative and shall supervise testing observations and safety requirements. 
Work shall not proceed until he has determined that it is safe to do so. 

3. Power circuits shall have conductors shorted to ground by a hotline-grounding 
device approved for the purpose. Warning signs and protective barriers shall be 
provided as necessary to conduct the tests safely. 

 
D. Reports: 

1. General: Provide full documentation of all tests in the form of a report. 
2. The test report shall include the following sections: 

a. Scope of testing. 
b. Equipment tested. 
c. Description of test. 
d. Test results. 
e. Conclusions and recommendations. 
f. Appendix, including test forms. 

3. Each piece of equipment shall be recorded on a data sheet listing the condition of 
the equipment as found and as left. Included shall be recommendations for any 
necessary repair and/or replacement parts. The data sheets shall indicate the 
name of the engineer who tested the equipment and the date of the test 
completion. The EMPLOYER’S REPRESENTATIVE shall be notified within 24 
hours of any defects found during testing. 

4. Record copies of the completed test report shall be submitted to the 
EMPLOYER’S REPRESENTATIVE no more than 30 days after completion of the 
testing and inspection. 
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5. Test reports for circuit breakers shall be provided at equipment startup. 

 
1.4 QUALITY ASSURANCE, REFERENCES AND REGULATORY REQUIREMENTS 

 
A. The testing and inspection shall comply with all applicable sections of the applicable 

codes and standards listed in Division 1 of the project specifications. 
 

B. The inspection and testing shall comply with the project plans and specifications, as 
well as with the manufacturer’s drawings, instruction manuals, and other applicable 
data that may be provided by the Owner, for the apparatus tested. 

 
C. Conform to the following Standards: 

1. ANSI/IEEE Standard 43-2000 – IEEE Recommended Practice for Testing 
Insulation Resistance of Rotating Machinery. 

2. ANSI/IEEE 112-1996 – Test Procedures for Polyphase Induction Motors and 
Generators. 

3. ANSI/IEEE Standard 400-1991 – IEEE Guide for Making High-Direct-Voltage 
Tests On Power Cable Systems in the Field. 

4. ANSI/IEEE C62.45-2002 – IEEE Guide on Surge Testing for Equipment 
Connected to Low Voltage AC Power Circuits. 

5. ASTM D 877-2004 – Standard Test Method for Dielectric Breakdown Voltage of 
Insulating Liquids Using Disk Electrodes. 

6. ICEA S-93-639 / NEMA WC74-2000 – Shielded Power Cable 5-46 kV. 
7. IEEE Standard 81-1983 – IEEE Guide for Measuring Earth Resistivity, Ground 

Impedance, and Earth Surface Potential of a Ground System. 
8. IEEE Standard 510-1983 (R1992) – Recommended Practices For Safety In High- 

Voltage And High-Power Testing. 
9. IEEE Standard 576-2000 – Recommended Practice for Installation, Termination 

and Testing of Insulated Power Cables as Used in Industrial and Commercial 
Applications. 

10. IEEE Standard C57.12.90-1999 – Standard Test Code for Liquid-Immersed 
Distribution, Power, and Regulating Transformers. 

11. IEEE Standard C57.12.91-2001 – Standard Test Code for Dry-Type Distribution 
and Power Transformers. 

12. NECA – National Electrical Contractors Association. 
13. NETA – International Electrical Testing Association. 
14. NETA ATS-2003 – Acceptance Testing Specifications for Electric Power 

Distribution Equipment and Systems. A copy of this is in Section 260800_app. 
15. NFPA 70E-2004 – Standard for Electrical Safety Requirements for Employee 

Workplaces. 
16. NICET – National Institute of Certification in Engineering Technologies. 

 
1.5 QUALIFICATIONS 

 
A. The testing organization shall be an independent, third party testing organization, 

which will function as an unbiased testing authority, professionally independent of the 
manufacturers, suppliers and installers of equipment or systems evaluated by the 
testing organization. 

 
B. Manufacturer’s representative or equally qualified individual shall be present during all 

testing to ensure the testing is performed properly and that any deficiencies 
discovered are promptly corrected. 

 
C. The testing organization shall be a full-service company and shall be regularly 
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engaged in the testing of electrical equipment, devices, installations, and systems. 
The testing organization shall utilize factory-trained test engineers who are regularly 
employed for testing services and who are capable of troubleshooting, as well as 
identifying power equipment problems. 

 
D. All work outlined shall be performed under the full-time, onsite supervision of a 

graduate engineer with a minimum of 5 years of field-testing experience. Supervisor 
shall hold a current registered certification in electrical testing applicable to each type 
of apparatus to be inspected or tested. Certification in electrical testing shall be  
issued by an independent, nationally recognized, technician certification agency. 
Acceptable agencies and certifications: 
1. NETA: Certified Technician/Level III or Certified Senior Technician/Level IV. 
2. NICET: Engineering Technician/Level III or Senior Engineering Technician/Level 

IV. 
 

E. Upon request, the testing company shall submit proof of its qualifications. 

 
1.6 CALIBRATION 

 
A. Any system material or workmanship, which is found defective on the basis of 

acceptance tests, shall be reported directly to the EMPLOYER’S REPRESENTATIVE. 
 

B. GENERAL CONTRACTOR shall replace the defective material or equipment and 
have test repeated until test proves satisfactory without additional cost to the 
EMPLOYER. 

 
1.7 FAILURE TO MEET TEST 

 
A. Any system material or workmanship, which is found defective on the basis of 

acceptance tests, shall be reported directly to the EMPLOYER’S REPRESENTATIVE. 
 

B. Contractor shall replace the defective material or equipment and have test repeated 
until test proves satisfactory without additional cost to the EMPLOYER. 

 
1.8 NOTIFICATION OF TESTING 

 
A. Notify the GENERAL CONTRACTOR, MEEPF CONSULTANT and the EMPLOYER’S 

REPRESENTATIVE ten (10) working days before any scheduled testing begins. 
 
 

PART 2 – PRODUCTS (NOT USED) 
 
 

PART 3 – EXECUTION 

 
3.1 EQUIPMENT TO BE TESTED 

 
A. Section 262726, Wiring Devices: 

1. Receptacles or Outlets 
a. Ground Fault Circuit Interrupters (GFCI) 

i. All GFCI outlets and protected outlets will be tested individually to ensure 
they all meet protection requirements. A full GFCI test involves the 
Test/Reset Button Test, Wiring Test and GFCI Circuit Challenge. 
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(a) Test/Reset Button Test: 
(1) Ensure the energized circuit can be appropriately de-energized. 
(2) It is preferable to have a light, a fan, or a circuit tester connect 

to the outlet to ensure the energization status of the circuit. 
(3) Press the Test Button. 
(4) The Reset Button should pop out. If it does not, proceed to 

step (8). 
(5) If the Reset Button pops out, check to ensure the electrical 

equipment has become de-energized. If the electrical 
equipment has not de-energized, proceed to step (8). 

(6) If the electrical equipment has de-energized, press the Reset 
Button. The Reset Button should stay reset and the electrical 
equipment should re-energize. If the Reset Button does not 
reset or the electrical equipment does not re-energize, proceed 
to step (8). 

(7) Repeat steps (3) through (6) with the light, fan, or circuit tester 
plugged into the other receptacles. 

(8) If the outlet fails any part of the Reset Button test, either the 
outlet is miswired or needs to be replaced. If the repair cannot 
be accomplished immediately and the outlet must remain in 
service, place a caution label over the outlet to prevent usage 
until the repairs or replacement are completed. Once repaired 
or replaced the outlet must be fully tested before use is 
allowed. 

(9) When testing slaved outlets, repeat steps (3) through (8) with a 
device plugged into the slaved outlet. Use the Test and Reset 
Buttons on the GFCI that provides protection for the outlet to 
perform the Test/Reset Button Test. 

(b) Wiring Test: 
(1) Acquire an accepted wiring test similar to the Greenlee GFCI 

Circuit Tester with a wiring tester, catalog number 5708, 
NAED/DCI# 78-3310/34523. 

(2) If using a combination GFCI/Wiring Tester, set the nominal 
leakage current knob to zero mA. 

(3) Plug the tester into a receptacle on the outlet to be tested. 
(4) Check the tester display to ensure proper wiring. 
(5) If the wiring is improper and cannot be immediately repaired, 

proceed no further, cover the outlet with a caution label until the 
outlet has been properly wired and then repeat the tests prior to 
allowing the outlet to be used. 

(c) GFCI Circuit Challenge: 
(1) Test the current that causes the GFCI to trip. 

(i) Turn the current selector knob to the next higher current 
setting; 

(ii) Wait for the test light to flash; 
(iii) If the GFCI trips out; 

 Reset the knob to zero current; 
 Press the Reset Button on the GFCI the outlet the 

GFCI is wired to or the GFCI circuit; 
 Check for test lights to indicate the circuit is re- 

energized; 
 Remove the tester from the outlet. 

(iv) If the circuit does not trip out, repeat steps (i) through (iv). 
(v) If the GFCI fails to trip within 4 to 7 mA and the GFCI 

cannot be currently replaced, proceed no further, place a 
caution label over the outlet, indicate faulty GFCI and 
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once the outlet has been replaced repeat the tests prior 
to allowing the outlet to be used. 

(2) After the GFCI has tripped, repeat the tests in (a), (b) and (c) 
for the other receptacle (on a 2-receptacle GFCI outlet) and all 
GFCI protected outlets. 

(d) Placing a Test Sticker: 
(1) If the outlet passes all of the above tests, place a GFCI test 

sticker on the outlet cover with the following information: 
(i) The test date; 
(ii) The tester’s initials and company; 
(iii) The current level where the interruption occurred; 
(iv) The wiring status; 
(v) And the number of the outlet (to distinguish the GFCI 

protected outlets from each other for documentation 
purposes). 

 
B. Section 260526, Grounding and Bonding: 

1. Test, in the EMPLOYER’S REPRESENTATIVE’S presence, the ground 
resistance of the grounding system. Test by means of the [fall-of-potential] [two 
terminal or direct] method per IEEE Standard 81. 
a. Testing Instrument: Battery-powered or hand-cranked AC tester. 

i. Indicates ground resistance in ohms from digital decade switches when 
the unit’s self-contained meter indicates a null condition. 

ii. Range: 0.01 ohm to 9,990 ohms in four overlapping ranges. 
iii. Null condition occurs when no current flows through the potential 

electrodes. 
iv. Instrument Accuracy: Plus or minus 2 percent or greater. 
v. Manufacturer: Biddle Instruments Model 250241 (battery powered) or 

250220-2 (hand-cranked) Megger Null Balance Earth Tester. 
b. Fall-of-Potential Test (Intersecting Slope Method): 

i. Connect instrument as shown on the Drawings. 
ii. Place Rod P2 at various locations in line between the tested electrode 

and Probe C2 and plot the results on a graph (distance versus 
resistance). Take sufficient readings to yield a portion of the plotted 
curve as being constant (rate-of-resistance change becomes so small 
with respect to distance as to be insignificant). 

c. Two-Terminal Test (Direct Method): 
i. Connect jumper between terminals C1 and P1 and between C2 and P2. 
ii. Connect terminal P1 and C1 to the electrode under test. Connect P2 

and C2 to an all metallic water pipe system extensive enough to have a 
negligible resistance and metallic throughout, without insulating 
couplings or flanges. 

d. Conduct two separate tests on opposite sides of the grounding grid. 
e. Report failure to obtain specified ground resistance to the EMPLOYER’S 

REPRESENTATIVE. 
f. Test report shall be in writing, and shall show temperature, humidity, and 

condition of the soil at the time of the tests. 
 

C. Section 260513, Medium-Voltage Cables: 
1. Inspect exposed cable sections for physical damage. 
2. Verify cable is connected according to the Drawings and shield grounding, cable 

support, and terminations are properly installed. 
3. DC High-Potential Test: 

a. Perform high-potential tests on 5, 15, 25, and 35 kV cable after installation in 
accordance with ICEA S-93-639 / NEMA WC74, ANSI/IEEE Standard 400 
and IEEE Standard 576. 
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b. Perform tests in the presence of the EMPLOYER’S REPRESENTATIVE. 
Test each length of each phase of cable in the system after installation, with 
splices and terminations in place but disconnected from equipment. 

c. Use the data sheets at the end of this Section to record the results of DC 
high-potential test, or if approved by the EMPLOYER’S 
REPPRESENTATIVE, use the data sheets provided by the testing company. 

d. The voltage may be increased continuously or in steps to the maximum test 
value. If increased continuously, apply the test voltage at a uniform rate, 
increasing to maximum voltage in not less than 10 seconds  or more than  
60 seconds. If applied in steps, increase the test voltage from one step to 
the next in approximately five to eight equal steps. Make the duration of 
each step long enough for the absorption current to attain reasonable 
stabilization (1 minute). 

4. Record current and voltage readings at the end of each step on 5, 15, 25 or 35 
kV cable high-potential test data sheets included in this Section; prepare a 
written copy of the test data for submission to the EMPLOYER’S 
REPRESENTATIVE and include in the operations and maintenance manual. 
Test company forms may be substituted for the data sheets in this Section, if 
they include, at a minimum, the same information. 

5. Immediately following these tests, ground the conductor to drain any charge to 
earth. GENERAL CONTRACTOR shall replace cables and terminations not 
passing the test. 

 
D. Section 263213, Packaged Engine Generators: 

1. Test the system per the manufacturer’s recommendation and the requirements in 
Section 263213 along with the following: 
1. Visual and mechanical inspection: 
a. Inspect for physical damage. 
b. Compare nameplate information and connection with Drawings and 

Specifications. 
c. Inspect for proper anchorage and grounding. 

2. Electrical and mechanical tests: 
a. Perform an insulation-resistance test on generator winding with respect to 

ground in accordance with ANSI/IEEE Standard 43. Determine polarization 
index. 

b. Test protective relay devices in accordance with applicable portions of this 
Section. 

c. Perform phase rotation test to determine compatibility with load 
requirements. 

d. Functionally test engine shutdown for low oil pressure, overtemperature, 
overspeed, and other features as applicable. 

 
e. Perform vibration base-line test. Plot amplitude versus frequency for each 

main bearing cap. 
f. Perform load bank test in accordance with the following schedule: 
g. Perform a cooling system test to validate the engine cooling system. 

3. Test values: 
a. Perform an insulation-resistance test at minimum test voltage of 1,000 volts. 

Minimum insulation resistance shall be 100 megohms. 
b. Vibration levels shall not exceed manufacturer’s recommendations and 

specification. 
c. Load test results shall demonstrate the ability of the unit to deliver rated load 

for the test period. 
 

E. Section 263353, Uninterruptible Power Supply (UPS): 
1. Test the system per the manufacturer’s recommendation and the requirements in 
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Section 263353. 
 

F. Section 261200 series, Power Transformers: 
1. Visual and Mechanical Inspection: 

a. Check primary, secondary, and ground connections. 
b. Clean and inspect bushings. 
c. Check accessory devices for condition and proper operation. 
d. Liquid-Filled Transformers Only: 

i. Inspect bushing clamps and gaskets. 
ii. Inspect cover and handhole gasket seals. 
iii. Inspect tap changer seals. 
iv. Check for oil leaks and external damage to radiators. 
v. Check liquid level. 
vi. Inspect for damaged insulators and potheads. 

2. Electrical Tests: 
a. Perform insulation resistance test by meggering transformer windings high to 

low and ground, low to high and ground, and high and low to ground. 
b. Perform turns ratio test. 
c. Where cooling fans have been provided, verify proper operation of same. 
d. Power factor test. 
e. Liquid-Filled Transformers Only: 

i. Test dielectric liquid to ASTM D877, using 25,000 volts minimum 
breakdown voltage, after installation and before energizing from system. 

ii. Test transformer to IEEE C57.12.90. 
iii. Perform a turns ratio test for each tap position. 

f. Dry-Type Distribution and Power Transformers Only: 
i. Test transformer to IEEE C57.12.91. 

 
G. Section 261300, High Voltage Switchgear: 

1. Switchgear: 
a. Visual and Mechanical Inspections: 

i. Verify enclosure interiors are cleaned and free of accumulated dust, dirt, 
films, and other foreign material. 

ii. Inspect and clean all bus and support insulators. 
iii. Inspect all electrical and mechanical components for condition and any 

evidence of defects or failure. 
iv. Check for proper travel and alignment of drawout circuit breakers. 
v. Check breaker connections to bus. 
vi. Inspect  bolted  connections. The GENERAL CONTRACTOR shall 

torque wrench tighten or remake any questionable connections. 
vii. Inspect for missing or loose hardware or accessories. 
viii. Inspect ground bus connections. 
ix. Operate key and door interlock devices to ensure proper operation. 

 
b. Electrical Tests: 

i. Insulation Resistance Test: Megger main secondary bus and feeder 
circuits phase-to-phase and phase-to-ground. 

ii. Energize any space heater circuits to ensure proper operation. 
c. Instruments and Meter Tests: Inspect panel-mounted instruments and 

meters. Clean and check for calibration accuracy. Make minor adjustments, 
as necessary. 

 
2. Circuit Breakers: 

a. Visual and Mechanical Inspection: 
i. Remove drawout circuit breaker from cell. 
ii. Clean circuit breaker and inspect for defects or damage. 
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iii. Inspect and check contact alignment. 
iv. Inspect finger clusters on line and load stabs. 
v. Check for proper mechanical operation. Lubricate where necessary. 
vi. Check auxiliary devices for proper operation. 
vii. Check breaker racking-device (if applicable) for alignment and friction- 

free operation. Lubricate if necessary. 
b. Electrical Tests: 

i. Insulation Resistance Test: Megger main secondary bus and feeder 
circuits phase-to-phase and phase-to-ground. 

ii. Energize any space heater circuits to ensure proper operation. 
c. Instruments and Meter Tests: Inspect panel-mounted instruments and 

meters. Clean and check for calibration accuracy. Make minor adjustments, 
as necessary. 

 
3. Protective Relays: 

a. Visual and Mechanical Inspection: 
i. Remove relay from case. Visually inspect each relay and case for 

damaged or broken parts. 
ii. Check contact and bearing clearances. Check hardware for tightness. 

Check electrical connections for proper contact. Make  minor 
adjustments, as necessary. 

b. Electrical Tests: 
i. Insulation Resistance Test: Megger each relay circuit to relay frame. 
ii. Operational Tests: Calibrate relays to settings provided by the fault 

calculation and protective device coordination study provided by the 
Owner. 
(a) Time Overcurrent Relays 

(1) Test minimum pickup. 
(2) Test the minimum timing points at three times tap value and at 

five times tap value unless otherwise specified. 
(3) Test pickup of instantaneous trip attachment, if applicable. 
(4) Check operation of target indicator. 

(b) Directional Overcurrent Relays: 
(1) Test operation of directional units in tripping and nontripping 

directions at rated current and voltage. 
(2) Test time overcurrent unit as described for time overcurrent 

relays above. 
(c) Voltage-Controlled Overcurrent Relays: 

(1) Test dropout of voltage unit. 
(2) Test time overcurrent unit as described for time overcurrent 

relays above. 
 

(d) Instantaneous Overcurrent Relays: 
(1) Test pickup of each coil by itself. 
(2) Apply equal current to opposing coils to test for balanced or no- 

trip condition. 
(3) Check operation of target indicator. 

(e) Differential Relays: 
(1) Test pickup of relay with current in one restraint coil and 

operating coil for each set of windings. 
(2) Check operation of target indicator. 
(3) Test current transformer connections and polarities to ensure 

proper operation. 
iii. After the relays have been tested, they shall be reinstalled in the relay 

cases. Each relay circuit shall be tested for proper operation by applying 
control power and manually closing the relay contacts to trip the breaker. 
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H. Section 262913, Disconnect Switches & Individual Motor Controllers 
1. Visual and Mechanical Inspection: 

a. Inspect cover and case, and check for broken or loose terminals. 
b. Operate breaker to check operation. 

2. Electrical Tests (all breakers with frames rated 600A and above plus 10 percent 
of breakers with frames rated 250A frame to 600A frame): 
a. Insulation Resistance Test: Megger main poles of breaker pole to pole, from 

each pole to ground, and across the open contacts of each pole. 
b. Contact Resistance Test: Measure contact resistance in microhms across 

main pole contacts with breaker closed and latched to check for good, low- 
resistance contact. Investigate any value exceeding 500 microhms or 
deviation of 50 percent or more from adjacent contacts or similar breakers. 

c. Test overcurrent trip device by primary current injection and calibrate to 
settings provided on all circuit breakers 600A and larger and 10 percent of 
circuit breakers 200A-599A and calibrate to settings provided by A/E. 
i. All trip units shall be tested by primary injection. 
ii. Static overcurrent trip devices shall be tested per manufacturer’s 

instructions. 
iii. Test for minimum pickup current. 
iv. Apply 300 percent of pickup current and measure time necessary to trip 

breaker (long-time delay). 
v. Where short-time delay characteristics are provided, test short-time pickup 

and delay. 
vi. Test instantaneous trip by passing current sufficiently high to trip breaker 

instantaneously. 
vii. Where ground fault protection is provided, test ground fault pickup and 

delay. 
viii. Check reset characteristics of trip unit. 

d. For the 10 percent group of breakers tested, if one of these breakers fails the 
test, then 10 more breakers shall be tested. 

 
I. Section 263600, Automatic Transfer Switch: 

1. Test the system per the manufacturer’s recommendation and the requirements in 
Section 263600. 

 
J. Section 262300, Low Voltage Switchgear: 

1. Visual and Mechanical Inspection: 
a. Verify enclosure interiors are cleaned and free of accumulated dust, dirt, oil 

films, and other foreign material. 
b. Inspect all electrical and mechanical components for condition and any 

evidence of defect or failure. 
c. Check for proper travel and alignment of any drawout or plug-in circuit 

breakers. 
d. Check breaker connections to bus. 
e. Inspect bolted connections. The GENERAL CONTRACTOR shall torque 

wrench tighten or remake any questionable connections. 
f. Inspect for missing or loose hardware or accessories. 
g. Inspect ground bus connections. 
h. Operate key and door interlock devices to ensure proper operation. 

2. Electrical Tests: 
a. Insulation Resistance Test: Megger main secondary bus and feeder circuits 

phase to phase and phase to ground. 
b. Energize any space heater circuits to ensure proper operations. 

3. Circuit Breakers: 
a. Visual and Mechanical Inspection: 
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i. Remove each drawout type circuit breaker. 
ii. Inspect arc chutes of power circuit breakers. 
iii. Inspect circuit breaker for defects or damage. 
iv. Inspect and check contacts. Check alignment, overtravel, and pressure. 

Adjust if necessary. 
v. Inspect finger clusters on line and load stabs of drawout circuit breakers. 
vi. Check for proper mechanical operation. Lubricate where necessary. 
vii. Check auxiliary devices for proper operation. 
viii. Check breaker racking-device (if applicable) for alignment and friction- 

free operation. Lubricate if necessary. 
b. Electrical Tests: 

i. Insulation Resistance Test: Megger main poles of breaker pole to pole, 
from each pole to ground, and across the open contacts of each pole. 

ii. Contact Resistance Test: Measure contact resistance in microhms  
across main pole contacts with breaker closed and latched to check for 
good,   low-resistance   contact.   Investigate   any   value   exceeding 
500 microhms or deviation of 50 percent or more from adjacent contacts 
or similar breakers. 

iii. Test overcurrent trip device by primary injection and calibrate to settings 
provided by A/E. Static overcurrent trip devices shall be tested per the 
manufacturer’s instructions. Test each pole of the breaker individually. 
Data shall be compared with manufacturer’s published data. 
(a) Test for minimum pickup current. 
(b) Apply 300 percent of pickup current and measure time necessary to 

trip breaker (long-time delay). 
(c) Where short-time delay characteristics are provided, test short-time 

pickup and delay. 
(d) Test instantaneous trip by passing current sufficiently high to trip 

breaker instantaneously. 
(e) Where ground fault protection is provided, test ground fault pickup 

and delay. 
(f) Check reset characteristics of trip unit. 

c. Electrically test any auxiliary devices, such as shunt trips, undervoltage trips, 
alarm contacts, and auxiliary contacts. 

 
K. Section 262416, Panelboards 

1. Visual and Mechanical Inspection - Circuit Breakers: 
a. Inspect cover and case, and check for broken or loose terminals. 
b. Operate breaker several times to check proper operation. 
c. Glastic and phenolic components to be inspected for cracks. 
d. Contacts, shunts, etc to be visually inspected for alignment. 

 
2. Electrical Tests - Circuit Breakers (all breakers with frames rated 600A and above 

plus 10 percent of breakers with frames rated 200A through 599A). For CPS and 
emergency power switchboard and panelboards, test all main circuit breakers 
regardless of size: 
a. Insulation Resistance Test: Megger main poles of breaker pole to pole, from 

each pole to ground, and across the open contacts of each pole. 
b. Contact Resistance Test: Measure contact resistance in microhms across 

main pole contacts with breaker closed and latched to check for good, low 
resistance contact. Investigate any value exceeding 500 microhms or 
deviation of 50 percent or more from adjacent contacts or similar breakers. 

c. For the 10 percent group of breakers tested, if one of these breakers fails the 
test, then 10 more breakers shall be tested. 

d. Test overcurrent trip device by primary current injection and calibrate to 
settings provided on all circuit breakers 600A and larger and 10 percent of 
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circuit breakers 200A-599A. 

3.2 COMMISSIONING 

3.3 DEMONSTRATION 

A. Engage a factory authorized service representative to train EMPLOYER’S maintenance 
personnel to adjust, operate, and maintain the electrical equipment and systems. 

 
 

END OF SECTION 
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PART 1 - GENERAL 

 
 

1.1 RELATED DOCUMENTS 

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

Conditions and Division 1 Specification Sections, apply to this Section. 
 

B. Division 26 will be responsible to carry out the commissioning requirements specified in 
Sections 260800, and other sections referenced in 260800. These include, but are not 
limited to, commissioning, enhanced commissioning, preparation of a detailed O&M manual, 
and detailed training of the EMPLOYER’S personnel. 

 
 

1.2 SUMMARY 

 
A. This Section includes the following for monitoring and control of electrical power system: 

 
1. PC-based workstation(s) and software. 
2. Communication network and interface modules for RS-232, RS-485, Modbus TCP/IP, 

IEEE 802.3 data transmission protocols. 
 

B. Related Sections include the following: 
 

1. Division 26 Section 262713 "Electricity Metering" for equipment to meter electricity 
consumption and demand for every floor. 

 
 

1.3 DEFINITIONS 

 
A. Ethernet: Local area network based on IEEE 802.3 standards. 

 
B. Firmware: Software (programs or data) that has been written onto read-only memory  

(ROM). Firmware is a combination of software and hardware. Storage media with ROMs  
that have data or programs recorded on them are firmware. 

 
C. HTML: Hypertext markup language. 

 
D. I/O: Input/output. 

 
E. KB: Short for kilobyte. When used to describe data storage, "KB" represents 1024 bytes. 

 
F. KY Pulse: A term used by the metering industry to describe a method of measuring 

consumption of electricity that is based on a relay changing status in response to the 
rotation of the disk in the meter. 

 
G. LAN: Local area network; sometimes plural as "LANs." 

 
H. LCD: Liquid crystal display. 

 
I. Low Voltage: As defined in NFPA 70 for circuits and equipment operating at less that 50 V 

or remote-control, signaling and power-limited circuits. 
 

J. Modbus TCP/IP: An open protocol for exchange of process data. 
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K. Monitoring: Acquisition, processing, communication, and display of equipment status data, 
metered electrical parameter values, power quality evaluation data, event and alarm signals, 
tabulated reports, and event logs. 

 
L. PC: Personal computer; sometimes plural as "PCs." 

 
M. rms: Root-mean-square value of alternating voltage, which is the square root of the mean 

value of the square of the voltage values during a complete cycle. 
 

N. RS-232: A TIA standard for asynchronous serial data communications between terminal 
devices. 

 
O. RS-485: A TIA standard for multipoint communications using two twisted-pairs. 

 
P. TCP/IP: Transport control protocol/Internet protocol incorporated into Microsoft Windows. 

 
Q. THD: Total harmonic distortion. 

 
R. UPS: Uninterruptible power supply; used both in singular and plural context. 

 
S. WAN: Wide area network. 

 
 

1.4 SUBMITTALS 

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

 
1. Attach copies of approved Product Data submittals for products (such as 

switchboards and switchgear) that describe power monitoring and control features to 
illustrate coordination among related equipment and power monitoring and control. 

 
B. Shop Drawings: For power monitoring and control equipment. Include plans, elevations, 

sections, details, and attachments to other work. 
 

1. Outline Drawings: Indicate arrangement of components and clearance and access 
requirements. 

2. Block Diagram: Show interconnections between components specified in this Section 
and devices furnished with power distribution system components. Indicate data 
communication paths and identify networks, data buses, data gateways, 
concentrators, and other devices to be used. Describe characteristics of network and 
other data communication lines. 

3. Detail equipment assemblies and indicate dimensions, weights, loads, required 
clearances, method of field assembly, components, and location and size of each 
field connection. 

4. Wiring Diagrams: Power, signal, and control wiring. Coordinate nomenclature and 
presentation with a block diagram. 

5. UPS sizing calculations for workstation. 
 

C. Software and Firmware Operational Documentation: 
 

1. Self-study guide describing the process for setting equipment's network address; 
setting Owner's options; procedures to ensure data access from any PC on the 
network, using a standard Web browser; and recommended firewall setup. 

2. Software operating and upgrade manuals. 
3. Software Backup: On a magnetic media or compact disc, complete with Owner- 

selected options. 
4. Device address list and the set point of each device and operator option, as set in 

applications software. 
5. Graphic file and printout of graphic screens and related icons, with legend. 
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D. Software Upgrade Kit: For Owner to use in modifying software to suit future power system 
revisions or power monitoring and control revisions. 

 
E. Software licenses and upgrades required by and installed for operating and programming 

digital and analog devices. 
 

F. Qualification Data: For Installer and manufacturer. 
 

G. Field quality-control test reports. 
 

H. Operation and Maintenance Data: For power monitoring and control units, to include in 
emergency, operation, and maintenance manuals. In addition  to  items  specified  in 
Division 1 Section "Operation and Maintenance Data," include the following: 

 
1. Operating and applications software documentation. 
2. Software licenses. 
3. Software service agreement. 
4. PC installation and operating documentation, manuals, and software for the PC and 

all installed peripherals. Software shall include system restore,  emergency boot,  
flash drive, and drivers for all installed hardware. Provide separately for each PC. 

5. Hard copies of manufacturer's specification sheets, operating specifications, design 
guides, user's guides for software and hardware, and PDF files on CD-ROM of the 
hard-copy submittal. 

 
I. Other Informational Submittals: 

 
1. System installation and setup guides, with data forms to plan and record options and 

setup decisions. 
 
 

1.5 QUALITY ASSURANCE 

 
A. Installer Qualifications: Manufacturer's authorized representative who is trained and 

approved for installation of units required for this Project. 
 

B. Manufacturer Qualifications: A firm experienced in manufacturing power monitoring and 
control equipment similar to that indicated for this Project and with a record of successful in- 
service performance. 

 
C. Electrical Components, Devices, and Accessories: Listed  and  labeled  as  defined  in 

NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and 
marked for intended use. 

 
 

1.6 COORDINATION 

 
A. Coordinate features of distribution equipment and power monitoring and control components 

to form an integrated interconnection of compatible components. 
 

1. Match components and interconnections for optimum performance of specified 
functions. 

 
B. Coordinate Work of this Section with those in Sections specifying distribution components 

that are monitored or controlled by power monitoring and control equipment. 
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1.7 SOFTWARE SERVICE AGREEMENT 

 
A. Technical Support: Beginning with Substantial Completion, provide software support for two 

years. 
 

B. Upgrade Service: Update software to latest version at Project completion. Install and 
program software upgrades that become available within two years from date of Substantial 
Completion. Upgrading software shall include the operating systems. Upgrade shall include 
new or revised licenses for use of software. 

 
1. Provide 30-day notice to Owner to allow scheduling and access to system and to 

allow Owner to upgrade computer equipment if necessary. 
 
 

PART 2 - PRODUCTS 
 
 

2.1 MANUFACTURERS 

 
A. Acceptable Manufacturers: See Section 260007 “Acceptable Equipment and Suppliers”. 

 
 

2.2 FUNCTIONAL DESCRIPTION 

 
A. Instrumentation and Recording Devices: Monitor and record load profiles and chart energy 

consumption patterns. 
 

1. Calculate and Record the Following: 
 

a. Load factor. 
b. Peak demand periods. 
c. Consumption correlated with facility activities. 

 
2. Measure and Record Metering Data for the Following: 

 
a. Electricity. 

 
B. Software: Calculate allocation of utility costs. 

 
1. Automatically Import Energy Usage Records to Allocate Energy Costs for the 

Following: 
 

a. At least 20 levels (floors) 
b. At least 100 departments. 
c. At least 20 processes. 

 
2. Verify utility bills and analyze alternate energy rates. 

 
C. Power Quality Monitoring: Identify power system anomalies and measure, display, and 

record trends and alarms of the following power quality parameters: 
 

1. Voltage regulation and unbalance. 
2. Continuous three-phase rms voltage. 
3. Periodic max./min./avg. samples. 
4. Harmonics. 
5. Voltage excursions. 

 
D. System: Report equipment status and power system control. 
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2.3 SYSTEM REQUIREMENTS 

 
A. Monitoring and Control System: Include multiple PC-based workstations with graphics 

capability and Web access, with its operating system and application software, connected to 
data transmission network. 

 
B. Surge Protection: For external wiring of each conductor entry connection to components to 

protect components from voltage surges originating external to equipment housing and 
entering through power, communication, signal, control, or sensing leads. 

 
1. Minimum Protection for Power Lines 120 V and More: Auxiliary panel suppressors 

complying with requirements in Division 26 Section "Transient Voltage Suppression." 
2. Minimum Protection for Communication, Signal, Control, and Low-Voltage Power 

Lines: Comply with requirements as recommended by manufacturer for type of line 
being protected. 

 
C. Addressable Devices: All transmitters and receivers shall communicate unique device 

identification and status reports to monitoring and control clients. 
 
 

2.4 OPERATING SYSTEM 

 
A. Software: Configured to run on a single PC, with capability for accessing multiple devices 

simultaneously. Modbus TCP/IP, RS-232, and RS-485 digital communications. 
 

B. Operating System Software: Based on 32-bit, Microsoft Windows workstation operating 
system. Software shall have the following features: 

 
1. Multiuser and multitasking to allow independent activities and monitoring to occur 

simultaneously at different workstations. 
2. Graphical user interface to show pull-down menus and a menu tree format. 
3. Capability for future additions within the indicated system size limits. 

 
C. Peer Computer Control Software: Shall detect a failure of workstation and associated 

server, and shall cause other workstation and associated server to assume control of all 
system functions without interruption of operation. Drivers shall be provided in both central 
computers to support this mode of operation. 

 
 

2.5 APPLICATIONS SOFTWARE 

 
A. Basic Requirements: 

 
1. Fully compatible with and based on the approved operating system. 
2. Password-protected operator login and access; three levels, minimum. 
3. Password-protected setup functions. 
4. Context sensitive on-line help. 
5. Capability of creating, deleting, and copying files; and automatically maintaining a 

directory of all files, including size and location of each sequential and random- 
ordered record. 

6. Capability for importing custom icons into graphic views to represent alarms and I/O 
devices. 

7. Automatic and encrypted backups for database and history; automatically stored at 
central control PC or selected workstation and encrypted with a nine-character 
alphanumeric password, which must be used to restore or read data contained in 
backup. 

8. Operator audit trail for recording and reporting all changes made to user-defined 
system options. 



DIVISION 26 – ELECTRICAL Electrical Power Monitoring and Control 
SECTION 260913 

FOR TENDER 
Page 6 of 17 

MEINHARDT PHILIPPINES, INC. 

 

 

B. Data Formats: 
 

1. User-programmable export and import of data to and from commonly used Microsoft 
Windows spreadsheet, database, billing, and other applications; using dynamic data 
exchange technology. 

2. Option to convert reports and graphics to HTML format. 
3. Interactive graphics. 
4. Option to send preprogrammed or operator designed e-mail reports. 

 
C. Metered Data: Display metered values in real time. 

 
D. Equipment Documentation: Database for recording of equipment ratings and characteristics; 

with capability for graphic display on monitors. 
 

E. Graphics: Interactive color-graphics platform with pull-down menus and mouse-driven 
generation of power system graphics, in formats widely used for such drafting; to include the 
following: 

 
1. Site plan. 
2. Floor plans. 
3. Equipment elevations. 
4. Single-line diagrams. 

 
F. User-Defined Monitoring and Control Events: Display and record with date and time stamps 

accurate to 0.1 second, and including the following: 
 

1. Operator log on/off. 
2. Attempted operator log on/off. 
3. All alarms. 
4. Equipment operation counters. 
5. Out-of-limit, pickup, trip, and no-response events. 

 
G. Trending Reports: Display data acquired in real-time from different meters or devices, in 

historical format over user-defined time; unlimited as to interval, duration, or quantity of 
trends. 

 
1. Spreadsheet functions of sum, delta, percent, average, mean, standard deviation, 

and related functions applied to recorded data. 
2. Charting, statistical, and display functions of standard Windows-based spreadsheet. 

 
H. Alarms: Display and record alarm messages from discrete input and controls outputs, 

according to user programmable protocol. 
 

1. Functions requiring user acknowledgment shall run in background during computer 
use for other applications and override other presentations when they occur. 

 
I. Waveform Data: Display and record waveforms on demand or automatically on an alarm or 

programmed event; include the graphic displays of the following, based on user-specified 
criteria: 

 
1. Phase voltages, phase currents, and residual current. 
2. Overlay of three-phase currents, and overlay each phase voltage and current. 
3. Waveforms ranging in length from 2 cycles to 5 minutes. 
4. Disturbance and steady-state waveforms up to 512 points per cycle. 
5. Transient waveforms up to 83,333 points per cycle on 60-Hz base. 
6. Calculated waveform on a minimum of four cycles of data of the following: 

 
a. THD. 
b. rms magnitudes. 
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c. Peak values. 
d. Crest factors. 
e. Magnitude of individual harmonics. 

 
J. Data Sharing: Allow export of recorded displays and tabular data to third-party applications 

software. 
 

K. Tenant or Activity Billing Software: 
 

1. Automatically compute and prepare tenant bills, activity demand and energy-use 
statements based on metering of energy use and peak demand integrated over user- 
defined interval. 

2. Intervals shall be same as used by electric utilities, including current vendor. 
3. Import metered data from saved records that were generated by metering and 

monitoring software. 
4. Maintain separate directory for each tenant's historical billing information. 
5. Prepare summary reports in user-defined formats and time intervals. 

 
L. Reporting: User commands initiate the reporting of a list of current alarm, supervisory, and 

trouble conditions in system or a log of past events. 
 

1. Print a record of user-defined alarm, supervisory, and trouble events on workstation 
printer. 

2. Sort and report by device name and by function. 
3. Report type of signal (alarm, supervisory, or trouble), description, date, and time of 

occurrence. 
4. Differentiate alarm signals from other indications. 
5. When system is reset, report reset event with same information concerning device, 

location, date, and time. 
 
 

2.6 COMMUNICATION COMPONENTS AND NETWORKS 

 
A. Transient Voltage Surge Suppression and Electromagnetic-Interference Immunity: Include  

in solid-state equipment. Comply with IEEE C37.90. 
 

B. Network Configuration: High-speed, multi-access, open nonproprietary, industry standard 
communication protocol; LANs complying with EIA 485, 100 Base-T Ethernet, and Modbus 
TCP/IP. 

 
 

2.7 POWER MONITORS 

 
A. Separately mounted, permanently installed instrument for power monitoring and control. 

 
1. Enclosure: NEMA 250, Type 1 for indoor. 

 
B. Environmental Conditions: System components shall be capable of withstanding the 

following environmental conditions without mechanical or electrical damage or degradation 
of operating capability: 

 
1. Indoor installation in non-air-conditioned, nontemperature-controlled spaces that have 

environmental controls to maintain ambient conditions of 0 to 122 deg F (minus 0 to 
plus 50 deg C) dry bulb and 20 to 90 percent relative humidity, noncondensing. 

 
C. rms Real-Time Measurements: 

 
1. Current: Each phase, neutral, average of three phases, percent unbalance. 
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2. Voltage: Line-to-line each phase, line-to-line average of three phases, line-to-neutral 
each phase, line-to-neutral average of three phases, line-to-neutral percent 
unbalance. 

3. Power: Per phase and three-phase total. 
4. Reactive Power:  Per phase and three-phase total. 
5. Apparent Power:  Per phase and three-phase total. 
6. Power Factor: Per phase and three-phase total. 
7. Displacement Power Factor: Per phase and three-phase total. 
8. Frequency. 
9. THD: Current and voltage. 
10. Accumulated Energy: Real kWh, reactive kVARh, apparent kVAh (signed/absolute). 
11. Incremental Energy: Real kWh, reactive kVARh, apparent kVAh (signed/absolute). 
12. Conditional Energy: Real kWh, reactive kVARh, apparent kVAh (signed/absolute). 

 
D. Demand Current Calculations, per Phase, Three-Phase Average and Neutral: 

 
1. Present. 
2. Running average. 
3. Last completed interval. 
4. Peak. 

 
E. Demand Real Power Calculations, Three-Phase Total: 

 
1. Present. 
2. Running average. 
3. Last completed interval. 
4. Predicted. 
5. Peak. 
6. Coincident with peak kVA demand. 
7. Coincident with kVAR demand. 

 
F. Demand Reactive Power Calculations, Three-Phase Total: 

 
1. Present. 
2. Running average. 
3. Last completed interval. 
4. Predicted. 
5. Peak. 
6. Coincident with peak kVA demand. 
7. Coincident with kVAR demand. 

 
G. Demand Apparent Power Calculations, Three-Phase Total: 

 
1. Present. 
2. Running average. 
3. Last completed interval. 
4. Predicted. 
5. Peak. 
6. Coincident with peak kVA demand. 
7. Coincident with kVAR demand. 

 
H. Average Power Factor Calculations, Demand Coincident, Three-Phase Total: 

 
1. Last completed interval. 
2. Coincident with kW peak. 
3. Coincident with kVAR peak. 
4. Coincident with kVA peak. 
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I. Power Analysis Values: 
 

1. THD, Voltage and Current: Per phase, three phase, and neutral. 
2. Displacement Power Factor: Per phase, three phase. 
3. Fundamental Voltage, Magnitude and Angle: Per phase. 
4. Fundamental Currents, Magnitude and Angle: Per phase. 
5. Fundamental Real Power: Per phase, three phase. 
6. Fundamental Reactive Power:  Per phase. 
7. Harmonic Power:  Per phase, three phase. 
8. Phase rotation. 
9. Unbalance: Current and voltage. 
10. Harmonic Magnitudes and Angles for Current and Voltages: Per phase, up to 63rd 

harmonic. 
 

J. Power Demand Calculations: According to one of the following calculation methods, 
selectable by the user: 

 
1. Thermal Demand: Sliding window updated every second for the present demand and 

at end of the interval for the last interval. Adjustable window that can be set in 1- 
minute intervals, from 1 to 60 minutes. 

2. Block Interval with Optional Subintervals: Adjustable for 1-minute intervals, from 1 to 
60 minutes. User-defined parameters for the following block intervals: 

 
a. Sliding block that calculates demand every second, with intervals less than 15 

minutes, and every 15 seconds with an interval between 15 and 60 minutes. 
b. Fixed block that calculates demand at end of the interval. 
c. Rolling block subinterval that calculates demand at end of each subinterval and 

displays it at end of the interval. 
 

3. Demand Calculation Initiated by a Synchronization Signal: 
 

a. Signal is a pulse from an external source. Demand period begins with every 
pulse. Calculation shall be configurable as either a block or rolling block 
calculation. 

b. Signal is a communication signal. Calculation shall be configurable as either a 
block or rolling block calculation. 

c. Demand can be synchronized with clock in the power meter. 
 

K. Sampling: 
 

1. Current and voltage shall be digitally sampled at a rate high enough to provide 
accuracy to 63rd harmonic of 60-Hz fundamental. 

2. Power monitor shall provide continuous sampling at a rate of 128 samples per cycle 
on all voltage and current channels in the meter. 

 
L. Minimum and Maximum Values: Record monthly minimum and maximum values, including 

date and time of record. For three-phase measurements, identify phase of recorded value. 
Record the following parameters: 

 
1. Line-to-line voltage. 
2. Line-to-neutral voltage. 
3. Current per phase. 
4. Line-to-line voltage unbalance. 
5. Line-to-neutral voltage unbalance. 
6. Power factor. 
7. Displacement power factor. 
8. Total power. 
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9. Total reactive power. 
10. Total apparent power. 
11. THD voltage L-L. 
12. THD voltage L-N. 
13. THD current. 
14. Frequency. 

 
M. Harmonic Calculation: Display and record the following: 

 
1. Harmonic magnitudes and angles for each phase voltage and current through 63rd 

harmonic. Calculate for all three phases, current and voltage, and residual current. 
Current and voltage information for all phases shall be obtained simultaneously from 
same cycle. 

2. Harmonic magnitude reported as a percentage of the fundamental or as a percentage 
of rms values, as selected by user. 

 
N. Current and Voltage Ratings: 

 
1. Designed for use with current inputs from standard instrument current transformers 

with 5-A secondary and shall have a metering range of 0-10 A. 
2. Withstand ratings shall be not less than 15 A, continuous; 50 A, lasting over 10 

seconds, no more frequently than once per hour; 500 A, lasting 1 second, no more 
frequently than once per hour. 

3. Designed for use with voltage inputs from standard instrument potential transformers 
with a 220-V secondary. 

 
O. Accuracy: 

 
1. Comply with ANSI C12.20, Class 0.5; and IEC 60687, Class 0.5 for revenue meters. 
2. Accuracy from Light to Full Rating: 

 
a. Power: Accurate to 0.25 percent of reading, plus 0.025 percent of full scale. 
b. Voltage and Current: Accurate to 0.075 percent of reading, plus 0.025 percent 

of full scale. 
c. Power Factor: Plus or minus 0.002, from 0.5 leading to 0.5 lagging. 
d. Frequency: Plus or minus 0.01 Hz at 45 to 67 Hz. 

 
P. Waveform Capture: 

 
1. Capture and store steady-state waveforms of voltage and current channels; initiated 

manually. Each capture shall be for 3 cycles, 128 data points for each cycle, allowing 
resolution of harmonics to 31st harmonic of basic 60 Hz. 

2. Store captured waveforms in internal nonvolatile memory; available for PC display, 
archiving, and analysis. 

 
Q. Input: One digital input signal(s). 

 
1. Normal mode for on/off signal. 
2. Demand interval synchronization pulse, accepting a demand synchronization pulse 

from a utility demand meter. 
3. Conditional energy signal to control conditional energy accumulation. 

 
R. Outputs: 

 
1. Operated either by user command sent via communication link, or set to operate in 

response to user-defined alarm or event. 
2. Closed in either a momentary or latched mode as defined by user. 
3. Each output relay used in a momentary contact mode shall have an independent 

timer that can be set by user. 
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4. One digital KY pulse to a user-definable increment of energy measurement. Output 
ratings shall be up to 120-V ac, 300-V dc, 50 mA, and provide 3500-V rms isolation. 

5. One relay output module(s), providing a load voltage range from 20- to 240-V ac or 
from 20- to 30-V dc, supporting a load current of 2 A. 

6. Output Relay Control: 
 

a. Relay outputs shall operate either by user command sent via communication 
link or in response to user-defined alarm or event. 

b. Normally open and normally closed contacts, field configured to operate as 
follows: 

 
1) Normal contact closure where contacts change state for as long as 

signal exists. 
2) Latched mode when contacts change state on receipts of a pickup 

signal; changed state is held until a dropout signal is received. 
3) Timed mode when contacts change state on receipt of a pickup signal; 

changed state is held for a preprogrammed duration. 
4) End of power demand interval when relay operates as synchronization 

pulse for other devices. 
5) Energy Pulse Output: Relay pulses quantities used for absolute kWh, 

absolute kVARh, kVAh, kWh In, kVARh In, kWh Out, and kVARh Out. 
6) Output controlled by multiple alarms using Boolean-type logic. 

 
S. Onboard Data Logging: 

 
1. Store logged data, alarms, events, and waveforms in 800 KB of onboard nonvolatile 

memory. 
2. Stored Data: 

 
a. Billing Log: User configurable; data shall be recorded every 15 minutes, 

identified by month, day, and 15-minute interval. Accumulate 24 months of 
monthly data, 32 days of daily data, and between 2 to 52 days of 15-minute 
interval data, depending on number of quantities selected. 

b. Custom Data Logs: Three user-defined log(s) holding up to 96 parameters. 
Date and time stamp each entry to the second and include the following user 
definitions: 

 
1) Schedule interval. 
2) Event definition. 
3) Configured as "fill-and-hold" or "circular, first-in first-out." 

 
c. Alarm Log: Include time, date, event information, and coincident information  

for each defined alarm or event. 
d. Waveform Log: Store captured waveforms configured as "fill-and-hold" or 

"circular, first-in first-out." 
 

3. Default values for all logs shall be initially set at factory, with logging to begin on 
device power up. 

 
T. Alarms. 

 
1. User Options: 

 
a. Define pickup, dropout, and delay. 
b. Assign one of four severity levels to make it easier for user to respond to the 

most important events first. 
c. Allow for combining up to four alarms using Boolean-type logic statements for 

outputting a single alarm. 
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2. Alarm Events: 
 

a. Over/undercurrent. 
b. Over/undervoltage. 
c. Current imbalance. 
d. Phase loss, current. 
e. Phase loss, voltage. 
f. Voltage imbalance. 
g. Over kW demand. 
h. Phase reversal. 
i. Digital input off/on. 
j. End of incremental energy interval. 
k. End of demand interval. 

 
U. Control Power: 90- to 457-V ac or 100- to 300-V dc. 

 
V. Communications: 

 
1. Power monitor shall be permanently connected to communicate via Modbus TCP via 

a 100 Base-T Ethernet or RS-485 Modbus TCP/IP. 
2. Local plug-in connections shall be for RS-232 and 100 Base-T Ethernet. 

 
W. Display Monitor: 

 
1. Backlighted LCD to display metered data with touch-pad selecting device. 
2. Touch-screen display shall be a minimum 12-inch diagonal, resolution of 800 by 600 

RGB pixels, 256 colors; NEMA 250, Type 1 display enclosure. 
3. Display four values on one screen at same time. 

 
a. Current, per phase rms, three-phase average and neutral. 
b. Voltage, phase to phase, phase to neutral, and three-phase averages of phase 

to phase and phase to neutral. 
c. Real power, per phase and three-phase total. 
d. Reactive power, per phase and three-phase total. 
e. Apparent power, per phase and three-phase total. 
f. Power factor, per phase and three-phase total. 
g. Frequency. 
h. Demand current, per phase and three-phase average. 
i. Demand real power, three-phase total. 
j. Demand apparent power, three-phase total. 
k. Accumulated energy (MWh and MVARh). 
l. THD, current and voltage, per phase. 

 
4. Reset: Allow reset of the following parameters at the display: 

 
a. Peak demand current. 
b. Peak demand power (kW) and peak demand apparent power (kVA). 
c. Energy (MWh) and reactive energy (MVARh). 

 
 

2.8 WORKSTATION HARDWARE 

 
A. Environmental Conditions: System components shall be capable of withstanding the 

following environmental conditions without mechanical or electrical damage or degradation 
of operating capability: 

 
1. Indoor installation in spaces that have environmental controls to maintain ambient 

conditions of (2 to 50 deg C) dry bulb and 20 to 90 percent relative humidity, 
noncondensing. 
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B. Computer: Standard unmodified PC of modular design. CPU word size shall be 32 bytes or 
larger; CPU operating speed shall be at least 3.0 GHz.. 

 
1. Memory: 2.0 GB of usable installed memory, expandable to a minimum of 4.0 GB 

without additional chassis or power supplies. 
2. Real-Time Clock: 

 
a. Accuracy: Plus or minus 1 minute per month. 
b. Time Keeping Format: 24-hour time format including seconds, minutes, hours, 

date, day, and month; automatic reset by software. 
c. Clock shall function for one year without power. 
d. Provide automatic time correction once every 24 hours by synchronizing clock 

with the Time Service Department of the U.S. Naval Observatory. 
 

3. Serial Ports: Two RS-232-F serial ports for general use, with additional ports as 
required. Data transmission rates shall be selectable under program control. 

4. Parallel Port: Enhanced. 
5. LAN Adapter Card: 10/100-Mbps PCI bus, internal network interface card. 
6. Sound Card: For playback and recording of digital WAV sound files associated with 

audible warning and alarm functions. 
7. Color Monitor: PC compatible, not less than 18 inches (455 mm), LCD type, with a 

minimum resolution of 1280 by 1024 pixels, noninterlaced, and a maximum dot pitch 
of 0.28 mm. 

8. Keyboard: Minimum of 64 characters, standard  ASCII  character  set  based  on 
ANSI INCITS 154. 

9. Mouse: Standard, compatible with installed software. 
10. Disk Storage: Include the following, each with appropriate controller: 

 
a. Minimum 320-GB hard disk, maximum average access time of 10 ms. 
b. Floppy Disk Drive: High density, 3-1/2-inch (90-mm) size. 
c. PCMCIA slot with removable 500-MB media. 
d. 100-MB Iomega Zip drive. 
e. 250-MB Iomega Jaz drive. 

 
11. Modem: 56,600 bps, full duplex for asynchronous communications. With error 

detection, auto answer/autodial, and call-in-progress detection. Modem shall comply 
with requirements in ITU-T v.34, ITU-T v.42, ITU-T v.42 Appendix VI for error 
correction, and ITU-T v.42 BIS for data compression standards; and shall be suitable 
for  operating  on  unconditioned   voice-grade   telephone   lines   complying    with 
47 CFR 68. 

12. Audible Alarm: Manufacturer's standard. 
13. DVD/CD-ROM Drive: 

 
a. Nominal Storage Capacity: 4667 MB. 
b. Data Transfer Rate: 1.2 Mbps. 
c. Average Access Time: 150 ms. 
d. Cache Memory: 256 KB. 
e. Data Throughput: 1 MB/second, minimum. 

 
14. Report Printer: Minimum resolution 600 dpi laser printer. 

 
a. Connected to central station and designated workstations. 
b. RAM: 2 MB, minimum. 
c. Printing Speed: Minimum 12 pages per minute. 
d. Paper Handling: Automatic sheet feeder with 250-sheet paper cassette and 

with automatic feed. 
 

15. Interface: Bidirectional parallel and universal serial bus. 
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C. Redundant Central Computer: Connected in a hot standby, peer configuration; automatically 
maintains copies of system software, application software, and data files. System 
transactions and other activities that alter system data files shall be updated to system files 
of redundant computer in near real-time. If central computer fails, redundant computer shall 
assume control immediately and automatically. 

 
D. UPS: Self-contained; complying with requirements in Division 26 Section "Static 

Uninterruptible Power Supply." 
 

1. Size: Provide a minimum of 6 hours of operation of workstation station 
equipment, including 2 hours of alarm printer operation. 

2. Batteries: Sealed, valve regulated, recombinant, lead calcium. 
3. Accessories: 

 
a. Transient voltage suppression. 
b. Input-harmonics reduction. 
c. Rectifier/charger. 
d. Battery disconnect device. 
e. Static bypass transfer switch. 
f. Internal maintenance bypass/isolation switch. 
g. External maintenance bypass/isolation switch. 
h. Output isolation transformer. 
i. Remote UPS monitoring. 
j. Battery monitoring. 
k. Remote battery monitoring. 

 
 

2.9 RS-232 ASCII INTERFACE 

 
A. ASCII interface shall allow RS-232 connections to be made between a meter or circuit 

monitor operating as the host PC and any equipment that will accept RS-232 ASCII 
command strings, such as local display panels, dial-up modems and alarm transmitters. 

 
B. Pager System Interface: Alarms shall be able to activate a pager system with customized 

message for each input alarm. 
 

1. RS-232 output shall be capable of connection to a pager interface that can be used to 
call a paging system or service and send a signal to a portable pager. System shall 
allow an individual alphanumeric message per alarm input to be sent to paging 
system. This interface shall support both numeric and alphanumeric pagers. 

 
C. Alarm System Interface: 

 
1. RS-232 output shall be capable of transmitting alarms from other monitoring and 

alarm systems to workstation software. 
 

D. Cables: 
 

1. PVC-Jacketed, RS-232 Cable: Paired, 2 pairs, No. 22 AWG, stranded (7x30) tinned 
copper conductors, polypropylene insulation, and individual aluminum foil-polyester 
tape shielded pairs with 100 percent shield coverage; PVC jacket. Pairs are cabled  
on common axis with No. 24 AWG, stranded (7x32) tinned copper drain wire. 

 
a. NFPA 70, Type CM. 
b. Flame Resistance: UL 1581, Vertical Tray. 

 
2. Plenum-Type, RS-232 Cable: Paired, 2 pairs, No. 22 AWG, stranded (7x30) tinned 

copper conductors, plastic insulation, and individual aluminum foil-polyester tape 
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shielded pairs with 100 percent shield coverage; plastic jacket. Pairs are cabled on 
common axis with No. 24 AWG, stranded (7x32) tinned copper drain wire. 

 
a. NFPA 70, Type CMP. 
b. Flame Resistance: NFPA 262, Flame Test. 

 
 

2.10 LAN CABLES 

 
A. Comply with Division 27 Section 270500 "Control Communications Cables" 

 
B. RS-485 Cable: 

 
1. PVC-Jacketed, RS-485 Cable: Paired, 2 pairs, twisted, No. 22 AWG, stranded (7x30) 

tinned copper conductors, PVC insulation, unshielded, PVC jacket, and NFPA 70, 
Type CMG. 

2. Plenum-Type, RS-485 Cable: Paired, 2 pairs, No. 22 AWG, stranded (7x30) tinned 
copper conductors, fluorinated-ethylene-propylene insulation, unshielded, and 
fluorinated-ethylene-propylene jacket, and NFPA 70, Type CMP. 

 
C. Unshielded Twisted Pair Cables: Category 5e as specified for horizontal cable for data 

service in Division 27 Section 270500 "Control Communications Cables" 
 
 

2.11 LOW-VOLTAGE WIRING 

 
A. Low-Voltage Control Cable: Multiple conductor, color-coded, No. 20 AWG copper, minimum. 

 
1. Sheath: PVC; except in plenum-type spaces, use sheath listed for plenums. 
2. Ordinary Switching Circuits: Three conductors, unless otherwise indicated. 
3. Switching  Circuits  with  Pilot  Lights  or Locator Feature: Five conductors, unless 

otherwise indicated. 
 

PART 3 - EXECUTION 
 
 

3.1 EXAMINATION 

 
A. Examine pathway elements intended for cables. Check raceways, cable trays, and other 

elements for compliance with space allocations, installation tolerances, hazards to cable 
installation, and other conditions affecting installation. 

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

 
 

3.2 CABLING 

 
A. Comply with NECA 1. 

 
B. Install cables and wiring according to requirements in Division 27 Section "Voice and Data 

Communication Cabling." 
 

C. Wiring Method: Install wiring in raceway and cable tray except within consoles, cabinets, 
desks, and counters. Conceal raceway and wiring except in unfinished spaces. 

 
D. Wiring Method: Install wiring in raceway and cable tray except within consoles, cabinets, 

desks, and counters and except in accessible ceiling spaces and in gypsum board partitions 
where unenclosed wiring method may be used. Use NRTL-listed plenum cable in 



DIVISION 26 – ELECTRICAL Electrical Power Monitoring and Control 
SECTION 260913 

FOR TENDER 
Page 16 of 17 

MEINHARDT PHILIPPINES, INC. 

 

 

 
environmental air spaces, including plenum ceilings. Conceal raceway and cables except in 
unfinished spaces. 

E. Install LAN cables using techniques, practices, and methods that are consistent with 
specified category rating of components and that ensure specified category performance of 
completed and linked signal paths, end to end. 

F. Install cables without damaging conductors, shield, or jacket. 

 
3.3 

 
IDENTIFICATION 

A. Identify components and power and control wiring according to Division 26 Section 
"Electrical Identification." 

B. Label each power monitoring and control module with a unique designation. 

 
3.4 

 
GROUNDING 

A. Comply with IEEE 1100, "Power and Grounding Sensitive Electronic Equipment." 

 
3.5 

 
FIELD QUALITY CONTROL 

A. Testing Agency: Owner will engage a qualified independent testing and inspecting agency 
to perform tests and inspections and prepare test reports. 

B. Manufacturer's Field Service: Engage a factory-authorized service representative to  
inspect, test, and adjust components, assemblies, and equipment installations, including 
connections. Report results in writing. 

C. Perform tests and inspections and prepare test reports. 

 
1. Manufacturer's Field Service: Engage a factory-authorized service representative to 

inspect components, assemblies, and equipment installations, including connections, 
and to assist in testing. 

D. Tests and Inspections: 
 

1. Electrical Tests: Use caution when testing devices containing solid-state  
components. 

2. Continuity tests of circuits. 
3. Operational Tests: Set and operate controls at workstation and at monitored and 

controlled devices to demonstrate their functions and capabilities. Use a methodical 
sequence that cues and reproduces actual operating functions as recommended by 
manufacturer. Submit sequences for approval. Note response to  each  test  
command and operation. Note time intervals between initiation of alarm conditions 
and registration of alarms at central-processing workstation. 

 
a. Coordinate testing required by this Section with that required by Sections 

specifying equipment being monitored and controlled. 
b. Test LANs according to requirements in Division 27 Section "Voice and Data 

Communication Cabling." 
c. System components with battery backup shall be operated on battery power 

for a period of not less than 10 percent of calculated battery operating time. 
d. Verify accuracy of graphic screens and icons. 
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e. Metering Test: Load feeders, measure loads on feeder conductor with an rms 
reading clamp-on ammeter, and simultaneously read indicated current on the 
same phase at central-processing workstation. Record and compare values 
measured at the two locations. Resolve discrepancies greater than 5 percent 
and record resolution method and results. 

f. Record metered values, control settings, operations, cues, time intervals, and 
functional observations and submit test reports printed by workstation printer. 

 
E. Correct deficiencies, make necessary adjustments, and retest. Verify that specified 

requirements are met. 
 

F. Test Labeling: After satisfactory completion of tests and inspections, apply a label to tested 
components indicating test results, date, and responsible agency and representative. 

 
G. Reports: Written reports of tests and observations. Record defective materials and 

workmanship and unsatisfactory test results. Record repairs and adjustments. 
 

H. Remove and replace malfunctioning devices and circuits and retest as specified above. 
 
 

3.6 DEMONSTRATION 

 
A. Engage a factory-authorized service representative to train EMPLOYER’S maintenance 

personnel to adjust, operate, and maintain systems. Refer to Division 1 Section 
"Demonstration and Training." and to Section 260800 “Commissioning.” 

 
1. Train Owner's management and maintenance personnel in interpreting and using 

monitoring displays and in configuring and using software and reports. Include 
troubleshooting, servicing, adjusting, and maintaining equipment. Provide a minimum 
of 12 hours' training. 

2. Training Aid: Use approved final versions of software and maintenance manuals as 
training aids. 

3. Video record all training sessions and provide recordings to EMPLOYER’S 
REPRESENTATIVE. 

 

3.7 ON-SITE ASSISTANCE 

 
A. Occupancy Adjustments: When requested within 12 months of date of Substantial 

Completion, provide on-site assistance in adjusting system to suit actual occupied 
conditions. Provide up to three visits to Project during other-than-normal occupancy hours 
for this purpose. 

 
 

END OF SECTION 
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PART 1 - GENERAL 

 
 

1.1 RELATED DOCUMENTS 

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

Conditions and Division 1 Specification Sections, apply to this Section. 
 

B. Division 26 will be responsible to carry out the commissioning requirements and other 
sections referenced in 270100. These include, but are not limited to, commissioning, 
enhanced commissioning, preparation of a detailed O&M manual, and detailed training of 
the EMPLOYER’S personnel. 

 
 

1.2 SUMMARY 

 
A. This Section includes the following lighting control devices: 

 
1. Time switches. 
2. Indoor photoelectric switches. 
3. Indoor occupancy sensors. 
4. Lighting contactors. 

 
 

1.3 DEFINITIONS 

 
A. LED: Light-emitting diode. 

 
B. PIR: Passive infrared. 

 
 

1.4 SUBMITTALS 

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

 
B. Shop Drawings: Show installation details for occupancy and light-level sensors. 

 
1. Interconnection diagrams showing field-installed wiring. 

 
C. Field quality-control test reports. 

 
D. Operation and Maintenance Data: For each type of product to include in emergency, 

operation, and maintenance manuals. 
 
 

1.5 QUALITY ASSURANCE 

 
A. Electrical Components, Devices, and Accessories: Listed  and  labeled  as  defined  in 

NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and 
marked for intended use. 
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1.6 COORDINATION 

 
A. Coordinate layout and installation of ceiling-mounted devices with other construction that 

penetrates ceilings or is supported by them, including light fixtures, HVAC equipment, 
smoke detectors, fire-suppression system, and partition assemblies. 

 
 

PART 2 - PRODUCTS 
 
 

2.1 TIME SWITCHES 

 
A. Electronic Time Switches: Electronic, solid-state programmable units with alphanumeric 

display; complying with UL 917. 
 

1. Contact Configuration: SPST. 
2. Contact Rating: 20-A ballast load, 240-V ac. 
3. Program: 8 on-off set points on a 24-hour schedule and an annual holiday schedule 

that overrides the weekly operation on holidays. 
4. Battery Backup: For schedules and time clock. 

 
 

2.2 OUTDOOR PHOTOELECTRIC SWITCHES 

 
A. Description: Solid state, with SPST dry contacts rated for 1800-VA tungsten or 1000-VA 

inductive, to operate connected relay, contactor coils, or microprocessor input; complying 
with UL 773A. 

 
1. Light-Level Monitoring Range: 1.5 to 10 fc (16.14 to 108 lx), with an adjustment for 

turn-on and turn-off levels within that range, and a directional lens in front of photocell 
to prevent fixed light sources from causing turn-off. 

2. Time Delay: 15-second minimum, to prevent false operation. 
3. Surge   Protection:   Metal-oxide   varistor,    complying    with    IEEE C62.41.1,   

IEEE C62.41.2, and IEEE 62.45 for Category A1 locations. 
4. Mounting: Twist lock complying with IEEE C136.10, with base-and-stem mounting or 

stem-and-swivel mounting accessories as required to direct sensor to the north sky 
exposure. 

 
B. Description: Solid state, with SPST dry contacts rated for 1800 VA to operate connected 

load, relay, or contactor coils; complying with UL 773. 
 

1. Light-Level Monitoring Range: 1.5 to 10 fc (16.14 to 108 lx), with an adjustment for 
turn-on and turn-off levels within that range. 

2. Time Delay: 30-second minimum, to prevent false operation. 
3. Lightning Arrester: Air-gap type. 
4. Mounting: Twist lock complying with IEEE C136.10, with base. 

 
 

2.3 INDOOR PHOTOELECTRIC SWITCHES 

 
A. Ceiling-Mounted Photoelectric Switch: Solid-state, light-level sensor unit, with  separate 

relay unit mounted on luminaire, to detect changes in lighting levels that are perceived by 
the eye. Cadmium sulfide photoresistors are not acceptable. 

 
1. Sensor Output: Contacts rated to  operate  the  associated  relay,  complying  with  

UL 773A. Sensor shall be powered from the relay unit. 
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2. Relay Unit: Dry contacts rated for 20-A ballast load at 120- and 220-V ac, for 13-A 
tungsten at 120-V ac, and for 1 hp at 120-V ac. Power supply to sensor shall be 24-V 
dc, 150-mA, Class 2 power source as defined by PEC. 

3. Light-Level Monitoring Range: [10 to 200 fc (108 to 2152 lx)] [100 to 1000 fc (1080 to 
10 800 lx)], with an adjustment for turn-on and turn-off levels within that range. 

4. Time Delay: Adjustable from 5 to 300 seconds to prevent cycling, with deadband 
adjustment. 

5. Indicator: Two LEDs to indicate the beginning of on-off cycles. 
 

B. Skylight Photoelectric Sensors: Solid-state, light-level sensor; housed in a threaded, plastic 
fitting for mounting under skylight, facing up at skylight; with separate relay unit mounted on 
luminaire, to detect changes in lighting levels that are perceived by the eye. Cadmium 
sulfide photoresistors are not acceptable. 

 
1. Sensor Output: Contacts rated to  operate  the  associated  relay,  complying  with  

UL 773A. Sensor shall be powered from the relay unit. 
2. Relay Unit: Dry contacts rated for 20-A ballast load at 120- and 220-V ac, for 13-A 

tungsten at 220-V ac, and for 1hp at 120-V ac. Power supply to sensor shall be 24-V 
dc, 150-mA, Class 2 power source as defined by PEC. 

3. Light-Level Monitoring Range: 1000 to 10,000 fc (10 800 to 108 000 lx), with an 
adjustment for turn-on and turn-off levels within that range. 

4. Time Delay: Adjustable from 5 to 300 seconds to prevent cycling, with deadband 
adjustment. 

5. Indicator: Two LEDs to indicate the beginning of on-off cycles. 
 
 

2.4 INDOOR OCCUPANCY SENSORS 

 
A. General Description: Wall- or ceiling-mounting, solid-state units with a separate relay unit. 

 
1. Operation: Unless otherwise indicated, turn lights on when covered area is occupied 

and off when unoccupied; with a time delay for turning lights off, adjustable over a 
minimum range of 1 to 15 minutes. 

2. Sensor Output: Contacts rated  to  operate  the  connected  relay,  complying  with  
UL 773A. Sensor shall be powered from the relay unit. 

3. Relay Unit: Dry contacts rated for 20-A ballast load at 220V ac, for 13-A tungsten at 
220-V ac, and for 1 hp at 220-V ac. Power supply to sensor shall be 24-V dc, 150- 
mA, Class 2 power source as defined by PEC. 

4. Mounting: 
 

a. Sensor: Suitable for mounting in any position on a standard outlet box. 
b. Relay: Externally mounted through a 1/2-inch (13-mm) knockout in a standard 

electrical enclosure. 
c. Time-Delay  and Sensitivity Adjustments: Recessed and concealed behind 

hinged door. 
 

5. Indicator: LED, to show when motion is being detected during testing and normal 
operation of the sensor. 

6. Bypass Switch: Override the on function in case of sensor failure. 
7. Automatic Light-Level Sensor: Adjustable from 2 to 200 fc (21.5 to 2152 lx); keep 

lighting off when selected lighting level is present. 
 

B. PIR Type: Ceiling mounting; detect occupancy by sensing a combination of heat and 
movement in area of coverage. 

 
1. Detector Sensitivity: Detect occurrences of 6-inch- (150-mm-) minimum movement of 

any portion of a human body that presents a target of not less than 36 sq. in. (232 sq. 
cm). 



DIVISION 26 – ELECTRICAL Lighting Control Devices 
SECTION 260923 

FOR TENDER 
Page 4 of 6 

MEINHARDT PHILIPPINES, INC. 

 

 

2. Detection Coverage (Room): Detect occupancy anywhere in a circular area of 1000 
sq. ft. (93 sq. m) when mounted on a 96-inch- (2440-mm-) high ceiling. 

3. Detection Coverage (Corridor): Detect occupancy within 90 feet (27.4 m) when 
mounted on a 10-foot- (3-m-) high ceiling. 

 
C. Ultrasonic Type: Ceiling mounting; detect occupancy by sensing a change in pattern of 

reflected ultrasonic energy in area of coverage. 
 

1. Detector Sensitivity: Detect a person of average size and weight moving not less  
than 12 inches (305 mm) in either a horizontal or a vertical manner at an approximate 
speed of 12 inches/s (305 mm/s). 

2. Detection Coverage (Small Room): Detect occupancy anywhere within a  circular 
area of 600 sq. ft. (56 sq. m) when mounted on a 96-inch- (2440-mm-) high ceiling. 

3. Detection Coverage (Standard Room): Detect occupancy anywhere within a circular 
area of 1000 sq. ft. (93 sq. m) when mounted on a 96-inch- (2440-mm-) high ceiling. 

4. Detection Coverage (Large Room): Detect occupancy anywhere within a circular  
area of 2000 sq. ft. (186 sq. m) when mounted on a 96-inch- (2440-mm-) high ceiling. 

5. Detection Coverage (Corridor): Detect occupancy anywhere within 90 feet (27.4 m) 
when mounted on a 10-foot- (3-m-) high ceiling in a corridor not wider than 14 feet 
(4.3 m). 

 
D. Dual-Technology Type: Ceiling mounting; detect occupancy by using a combination of PIR 

and ultrasonic detection methods in area of coverage. Particular technology or combination 
of technologies that controls on-off functions shall be selectable in the field by operating 
controls on unit. 

 
1. Sensitivity Adjustment: Separate for each sensing technology. 
2. Detector Sensitivity: Detect occurrences of 6-inch- (150-mm-) minimum movement of 

any portion of a human body that presents a target of not less than 36 sq. in. (232 sq. 
cm), and detect a person of average size and weight moving not less than 12 inches 
(305 mm) in either a horizontal or a vertical manner at an approximate speed of 12 
inches/s (305 mm/s). 

3. Detection Coverage (Standard Room): Detect occupancy anywhere within a circular 
area of 1000 sq. ft. (93 sq. m) when mounted on a 96-inch- (2440-mm-) high ceiling. 

 
 

2.5 INDOOR MOTION SENSOR (PIR) 
 

A. Performance Requirements: Suitable for operation in ambient temperatures ranging from 
minus 40 to plus 130 deg  F (minus 40 to plus  54 deg C), rated as raintight according to   
UL 773A. 

 
1. Operation: Turn lights on when sensing infrared energy changes between 

background and moving body in area of coverage; with a time delay for turning lights 
off, adjustable over a minimum range of 1 to 15 minutes. 

2. Mounting: 
 

a. Sensor: Suitable for mounting in any position on a standard outdoor junction 
box. 

b. Relay: Internally mounted in a standard weatherproof electrical enclosure. 
c. Time-Delay  and Sensitivity Adjustments: Recessed and concealed behind 

hinged door. 
 

3. Bypass Switch: Override the on function in case of sensor failure. 
4. Automatic Light-Level Sensor: Adjustable from 1 to 20 fc (11 to 215 lx); keep lighting 

off during daylight hours. 
 

B. Detector Sensitivity: Detect occurrences of 6-inch- (150-mm-) minimum movement of any 
portion of a human body that presents a target of not less than 36 sq. in. (232 sq. cm). 
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C. Detection Coverage: Up to 35 feet (11 m), with a field of view of 360. 
 

D. Lighting Fixture Mounted Sensor: Suitable for switching 300 W of tungsten load at 220-V  
ac. 

 
E. Individually Mounted Sensor: Contacts rated to operate the connected relay, complying with 

UL 773A. Sensor shall be powered from the relay unit. 
 

1. Relay Unit: Dry contacts rated for 20-A ballast load at 220-V ac, for 13-A tungsten at 
220-V ac, and for 1 hp at 220-V ac. Power supply to sensor shall be 24-V dc, 150- 
mA, Class 2 power source as defined by PEC. 

2. Indicator: LED, to show when motion is being detected during testing and normal 
operation of the sensor. 

 
 

2.6 CONDUCTORS AND CABLES 

 
A. Power Wiring to Supply Side of Remote-Control Power Sources: Not smaller than No. 12 

AWG. Comply with requirements in Division 26 Section 260519 "Conductors and Cables." 
 

B. Classes 2 and 3 Control Cable: Multiconductor cable with stranded-copper conductors not 
smaller than No. 18 AWG. Comply with requirements in Division 26 Section 260519 
"Conductors and Cables." 

 
C. Class 1 Control Cable: Multiconductor cable with stranded-copper conductors not smaller 

than No. 14 AWG. Comply with requirements in Division 26 Section 260519 "Conductors 
and Cables." 

 
 
 

PART 3 - EXECUTION 
 
 

3.1 SENSOR INSTALLATION 

 
A. Install and aim sensors in locations to achieve not less than 90 percent coverage of areas 

indicated. Do not exceed coverage limits specified in manufacturer's written instructions. 
 
 

3.2 CONTACTOR INSTALLATION 

 
A. Mount electrically held lighting contactors with elastomeric isolator pads, to eliminate 

structure-borne vibration, unless contactors are installed in an enclosure with factory- 
installed vibration isolators. 

 
 

3.3 WIRING INSTALLATION 

 
A. Wiring Method: Comply with Division 26 Section 260519 "Conductors and Cables." 

Minimum conduit size shall be 1/2 inch (13 mm). 
 

B. Wiring within Enclosures: Comply with NECA 1. Separate power-limited and nonpower- 
limited conductors according to conductor manufacturer's written instructions. 

 
C. Size conductors according to lighting control device manufacturer's written instructions, 

unless otherwise indicated. 
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D. Splices, Taps, and Terminations: Make connections only on numbered terminal strips in 
junction, pull, and outlet boxes; terminal cabinets; and equipment enclosures. 

 
 

3.4 IDENTIFICATION 

 
A. Identify components and power and control wiring according to Division 26 Section 

"Electrical Identification." 
 

1. Identify controlled circuits in lighting contactors. 
2. Identify circuits or luminaries controlled by photoelectric and occupancy sensors at 

each sensor. 
 

B. Label time switches and contactors with a unique designation. 
 
 

3.5 FIELD QUALITY CONTROL 

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

 
1. After installing time switches and sensors, and after electrical circuitry has been 

energized, adjust and test for compliance with requirements. 
2. Operational Test: Verify operation of each lighting control device, and adjust time 

delays. 
 

B. Lighting control devices that fail tests and inspections are defective work. 
 
 

3.6 ADJUSTING 

 
A. Occupancy Adjustments: When requested within 12 months of date of Substantial 

Completion, provide on-site assistance in adjusting sensors to suit occupied conditions. 
Provide up to two visits to Project during other-than-normal occupancy hours for this 
purpose. 

 
 

3.7 DEMONSTRATION 

 
A. Coordinate demonstration of products specified in this Section with demonstration 

requirements for low-voltage, programmable lighting control system specified in Division 26 
Section "Lighting Controls." Refer to Section 270100 “Commissioning.” 

 
B. Engage a factory-authorized service representative to train EMPLOYER’S maintenance 

personnel to adjust, operate, and maintain lighting control devices. Refer to detailed scope 
matrix of the tender documents and to Section 270100 “Commissioning.” 

 
 

3.8 COMMISSIONING 

 
A. Refer to Section 270100 “Commissioning” for commissioning requirements. 

 

END OF SECTION 
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PART 1 - GENERAL 

 
1.1 DESCRIPTION 

 
A. Provide oil immersed power transformers with less flammable type insulating fluid in 

accordance with the Contract Documents. 
 

1.2 STANDARDS 

 
A. PS 

 
B. PEC (PART 1: 2009) 

 
C. ANSI 

 
D. IEC 

 
E. IEEE 

 
F. NEMA 

 
G. UL 

 
1.3 SUBMITTALS 

 
A. Manufacturer's product data sheets, electrical ratings, heat release data, physical 

dimensions, noise ratings, and weights. 
 

B. Shop Drawings which indicate the external layout and details including the connection and 
support points, weights, specified ratings and materials. 

 
C. Factory test reports. 

 
D. Certified vibration isolation and seismic restraint details and product data showing the number 

and location of each support and restraint and the exact number, size, and type of each 
anchor. 

 
E Field test reports. 

 
1.4 FACTORY TESTING 

 
A. No load losses. 

 
B. Excitation current. 

 
C. Resistance measurement. 

 
D. Ratio test. 

 
E. Polarity and phase relations test. 

 
F. Impedance and load loss. 
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G. Applied potential test. 
 

H. Induced potential test. 
 

I. Partial discharge. 
 

J. Temperature Test (typical data from previous unit is acceptable) 
 

K. Sound Test (typical data from previous unit is acceptable) 
 
 

PART 2 - PRODUCTS 

 
2.1 RATINGS 

 
A. Oil Immersed power transformers shall be two winding type, three phase, 60 hertz, self- 

cooled (OA) KVA ratings suitable for 300 C average, 400 C maximum ambient temperature. 
The de-energised switch shall be provided with a locking mechanism. 

 
 

B. Oil type transformers shall be rated as follows: 
 

1. Primary voltage: [34.5kV, 3 Phase] 
2. Secondary voltage: 400V/230V, 3 phase, 3 wire, wye solidlygrounded. 
3. Basic Impulse Level (BIL), primary: [34.5kV - 150kVBIL]. 

 
C. High voltage taps shall be full capacity with 2 - 2 1/2% above and below rated primary voltage 

with tap-changing mechanism designed for de-energized operation. 
 

D. Temperature rise shall not exceed 650 C at rated KVA. 

Sound levels: ANSI standard. 

The transformers impendence shall not exceed [6%]. 
 

The transformer shall designed and constructed for low no-load (iron) and load (copper) 
losses. Guaranteed values of the losses shall be entered in the manufacturer’s data sheet. 

 
2.3 COOLANT & INSULATING FLUIDS 

 
A. Coolant and insulating fluid shall be less flammable, natural esther (FR3, Biotemp or 

approved UL listed equivalent) and UL listed as complying with NFPA 70 and PEC (Philippine 
Electrical Code) requirements for fire point of not less than 300 deg C when tested according 
to ASTM D92. Liquid shall be biodegradable and nontoxic. 

 
 

2.4 CORE AND COIL ASSEMBLY 

 
A. The coil windings shall be of the two winding type, designed to reduce losses, and 

manufactured with the copper conductors. The windings shall incorporate a secondary 
sheet conductor to maximize short-circuit strength. All insulating materials shall be rated 
65 C rise 80C hot spot operation. 
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B. The core shall be cruciform shape constructed of high grade non aging, cold rolled, grain 
oriented, high permeability, low hysteresis and eddy current losses silicon steel lamination. 
Core shall be carefully annealed after fabrication to restore high magnetic permeability, 
reduce stress during manufacturing process and reduce core loss. Magnetic flux is to be kept 
well below the saturation point to allow for a minimum of 10% over voltage excitation. 

 
C. Core laminations shall be free of burrs, stacked without gaps. The core framing structure shall 

be of rigid construction to provide full clamping pressure upon the core and provide the 
support points for the coils. 

 
D. The core frame shall be designed to provide maximum support of the core and coil 

assembly. The core frame shall be welded or bolted to ensure maximum short-circuit 
strength. The core and coil assembly shall be designed and manufactured to meet the 
short circuit requirements of ANSI C57.12.90. The core and coil assembly shall be baked 
in an oven prior to tanking to “set” the epoxy coatings on the Kraft paper. Remove moisture 
from the insulation prior to vacuum filling. 

 
E. The primary and secondary coils shall be continuously wound with Copper conductors. Coils 

shall be adequately braced for full short circuit capability. 
 

F. Vibration dampening pads shall be provided to isolate core/coil assembly from the base 
structure. 

 
G. Transformer shall be vacuum-filled with the appropriate fluid as indicated above. The 

process shall be of sufficient vacuum and duration to ensure that the core and coil 
assembly are free of moisture prior to filling the tank. 

 
2.5 TERMINATIONS 

 
A. Terminations shall be side-wall mounted for close-coupling to low voltage switchgear on the 

secondary side and termination in an air-filled terminal compartment on the primary side for 
cable entrance. 

 
2.6 ENCLOSURE 

 
A. The transformers shall be sealed-tank connection of sufficient strength to withstand a 

pressure of 7 psig without permanent distortion and 15 psig without rupture. The cover shall 
be welded. The tank cover shall be domed to shed water and with a tamper-resistant 
access handhole sized to allow access to internal bushing and switch connections. The 
transformer shall remain effectively sealed for a top oil temperature range of –5 oC to 105 oC. 
When required to meet the temperature rise limit, flat-cooling panels of the common header 
type shall be provided. Lifting eyes and jacking pads will be provided. 

 
B. Tank radiators, and terminal chambers, if provided, shall be treated to remove oil and scale by 

either shotblast or phosphating treatment to provide proper paint adhesion. All exterior 
surfaces shall be primed, using a high quality solid two-paint catalyzed epoxy. Minimum dry 
film thickness shall be 2 mils. A durably hard polyurethane top coat with a minimum dry film 
thickness of 1 mil shall be applied to all primed surfaces. The color of the finish coat shall be 
ANSI 24 and shall be coordinated with the switchgear manufacturer in order to match the 
color of the switchgear. 
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2.7 FORCED AIR COOLING 

 
A. The transformer(s) shall be designed for use with fans to increase the current carrying 

capability in accordance with the ratings of Article 2.2. The tranformer shall be equipped with 
forced air cooling or be designed for the future addition of forced air cooling. The fan control 
equipment will be actuated by contacts that sense [the temperature of the top oil] [the average 
winding temperature] of the transformer. Temperature sensors, motor starter for fan motors, 
test modes of operation, as well as fans and fan motors, will be provided on units designated 
OA/FA. Temperature sensors and details for future mounting of fans and controls will be 
provided on units designated OA/FFA. Fan motors will operate from a 240V, single-phase, 60 
HZ source of power provided by the user. 

 
2.8 ACCESSORIES 

 
A. Accessories – The following accessories shall be included on all transformers: 

 
1. Padlockable tap changer for de-energized operation 
2. Upper filling plug and filter press connection 
3. Drain valve with a 3/8 inchsampler 
4. Dial type thermometer 
5. Pressure/vaccum gauge [with] [without]bleeder connection 

 
Pressure relief valve, with manual bleeder and automatic resealing, set to operate at 
10 psi with a flow rate of [35 scfm] [50 scfm]. 

 
a. Alarm contacts on [all gauges] [dial thermometer] [liquid level gauge] 

[pressure vacuum gauge] 
b. Pressure relief diaphragm to operate at 10 psi and relieve 10,000 scfm at 15 

psi 
c. Sudden pressure relay permitting remote alarm or trip due to a 

predetermined rate of pressyre rise [with] [without] seal-indelay 
 
 

PART 3 - EXECUTION 

 
3.1 GENERAL 

 
A. Transformers shall be floor mounted on 15 cm high concrete housekeeping pads. The 

concrete pad shall follow the contour of the housing with 100mm clear all around. 
 

B. Provide grounding electrode conductor from transformer secondary neutral to nearest 
concrete embedded steel reinforcing bar and cold waterpipe. 

 
C. Conduit connected to transformers shall be flexible metal conduit, 60 cm minimum length, 

150 cm maximum length. 
 

D. Provide seismic restraints. 
 

3.2 FIELD QUALITY CONTROL 

 
The following standard field tests shall be performed on the equipment prior to energizing transformer. 

Turns ratio tests at the rated voltage connection and at all tap connections. 
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Polarity and phase relation tests on the rated voltage connection. 
 

Insulation Resistance Test: Megger transformer windings high to low and ground, low to high and 
ground, and high & low to ground. 

 
Check for damage and tight connection prior to energizing transformer. 

 
Adjust primary taps so secondary voltage is within zero to 2 percent of rated voltage at no load. 

 
3.3 VISUAL AND MECHANICAL INSPECTION 

 
Check primary, secondary and ground connections. 

Clean and inspect bushings. 

Inspect bushing clamp and business. 
 

Check accessory devices for condition and proper operation. 
 
 
 

END OF SECTION 
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PART 1 – GENERAL 

 
1.1 DESCRIPTION 

 
A. Provide high voltage switchgear in accordance with the Contract Documents. 

 
1.2 STANDARDS 

 
A. PS 

 
B. PEC (Parts 1 and 2): Latest Edition 

 
C. ANSI 

 
D. IEC 

 
E. IEEE 

 
F. NEC 

 
G. NEMA 

 
1.3 SUBMITTALS 

 
A. Shop Drawings: 

 
1. Shop drawings shall not be submitted until the Electrical System Short Circuit 

& Protective Device Coordination Study has been submitted and approved. 
2. Sufficient information, clearly presented, shall be included to determine 

compliance with drawings and specifications. 
3. Prior to fabrication of switchgear, submit four copies of the following data for 

approval: 
 

a. One line diagram of the primary distribution system. 
b. Elementary and interconnection wiring diagrams. 
c. Technical data for each component. 
d. Dimensioned exterior views of the switchgear. 
e. Dimensioned section views of the switchgear. 
f. Floor plan of the switchgear. 
g. Foundation plan for the switchgear. 
h. Provisions and required locations for external conduit and wiring 

entrances. 
i. Dimensions and approximate design weights. 

 
4. Obtain and submit written approval from the local power company, that the 

equipment and material interface with the customer meets with their 
requirements and approval. 

 
B. Manuals: 

 
1. Submit, simultaneously with the shop drawings, companion copies of 

complete operating and maintenance manuals, including technical data 
sheets, wiring diagrams and information for ordering replacement parts. 

 
a. Include complete interconnection diagrams that shows all 

components of the switchgear line-up. 
b. Include complete diagrams of the internal wiring for each of the items 

of equipment. 
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c. The diagrams shall identify the terminals to facilitate in the 
installation, operation and maintenance. 

d. Approvals will be based on complete submissions of manuals 
together with shop drawings. 

 
C. Test Reports: 

 
1. Submit five copies of certified conformance test reports for approval. Reports 

shall include, but not be limited to, interrupting, short time, momentary, BIL, 
high potential, fault close and endurance performance. 

2. Submit five copies of the certified factory design and production test reports 
for approval. 

3. Two weeks prior to the phase or project final inspection, submit five copies of 
the certified field test reports and data sheets to the Engineer. 

 
D. Certifications: Two weeks prior to the project final inspection or the inspection of the 

applicable phase which includes switchgear installation, submit five copies of the 
following certifications to the Resident Engineer: 

 
1. Certification by the manufacturer of the switchgear that the equipment has 

been properly installed, adjusted and tested. 
 

E. Seismic Restraint Calculations 
 

1.4 FACTORY TESTING 

 
A. Switchgear assemblies and circuit breakers shall be inspected and type tested as part of 

the regular manufacturing procedure. The tests and inspections shall conform to ANSI 
C37.20.2 (clause 5.3) for metal clad switchgear assemblies and ANSI C37.09 (clause 5) 
for AC high voltage circuitbreakers. 

 
1.5 FIELD TESTING 

 
A. Field inspection and testing shall occur after installation is complete, feeders are 

terminated, and the room is secure. Testing shall be conducted not more than 4 weeks 
before equipment is energized. 

 
B. Testing Scope: 

 
1. Visual and physical inspection of equipment. 
2. Check control wiring and metering. 
3. Meter calibration. 
4. Ground fault protection. 
5. Adjust circuit breaker settings based on recommendations in the short circuit 

and coordination study. 
6. Primary current injection testing of circuitbreakers. 
7. System grounding. 

 
C. Certified Test Reports: 

 
1. Field testing shall be performed by an independent third party testing agency. 
2. Verify that the installation is in accordance with the manufacturer's instructions. 
3. Verify that the equipment has been fully tested and is operational. 
4. Perform testing and compile detailed test reports for each switchboard and 

overcurrent protection device. 
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1.6 IDENTIFICATION 

 
A. Provide an identification nameplate for each switchboard, each main and each feeder 

overcurrent protection device. 
 
 

PART 2 – PRODUCTS 

 
2.1 GENERAL REQUIREMENTS 

 
A. The switchgear shall be PROTO TYPE–TESTED. 

 
B. The switchgear line-up shall be a complete, grounded, continuous-duty, integral 

assembly, metal enclosed, dead-front, dead-rear, self-supporting, indoor type switchgear 
assembly, tamperproof with metal housing. 

 
C. High voltage switchgear and overcurrent protection devices shall have a minimum short 

circuit rating as specified herein or greater where indicated on the Drawings. 
 

D. The switchgear sections shall be 35.0 KV class, with a maximum design voltage of 35.0 
KV. The equipment shall operate at a service voltage of 34.5 KV, 3 phase, 3 wire, 60 
hertz. 

 
E. The assembled switchgear structures shall be designed for the following insulation 

levels: 
 

1. Insulation Test: 70 KV. 
2. Full Wave Impulse Test (BIL): 170 KV. 

 
F. Shall conform to the arrangements and details of the drawings and space designed 

for installation. 
 

G. Coordinate the components of the switchgear line-up electrically and mechanically. 
Coordinate all requirements with the power company supplying electrical service to 
the switchgear so the incoming power supply feeder and revenue metering 
installations will conform to the requirements of the power company. 

 
H. Switchgear shall be designed to withstand the mechanical stresses caused by rough 

handling during shipment in addition to the electrical (short circuit) and mechanical 
stresses, which will occur during operation of the station. 

 
I. Interlocking shall be provided as shown on the drawings and as required for the 

safety of personnel and safe operation of the equipment. 
 

J. Switchgear shall be assembled, connected and wired at the factory so that only 
external circuit connections are required at the construction site. Split the structure 
only as required for shipping and installation. Circuit breakers and accessories shall 
be packaged and shipped separately. 

 
K. All non-current carrying parts shall be grounded per applicable articles of the 

Philippine Electrical Code. Refer to Section 260526, GROUNDING & BONDING for 
additional requirements. 

 
2.3 ENCLOSURE 

 
A. The switchgear assembly shall be NEMA 1 and shall consist of one or more vertical 

sections, each of which shall have a main bus compartment and two vertically stacked 
equipment cells. The cells shall be arranged for circuit breakers or auxiliary devices or 
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shall be blank (space for future circuit breaker). It shall be possible to locate voltage 
transformers with their associated fuses in the same section as the circuit breaker. 

 
B. The equipment and structure shall have the following features: 

 
1. Frames and enclosures: 

 
a. The assembly shall be braced with reinforcing gussets and jig welds 

as required to assure rectangular rigidity. 
b. The enclosure shall be steel, leveled and not less than the gauge 

required by the NEMA and ANSI Standards. 
c. Die-pierce the holes for connecting adjacent structures to insure 

proper alignment and to allow for future additions. 
d. All bolts, nuts and washers shall be cadmium-plated steel. 

 
 

2. Cubicles: 
 

a. An individual cubicle shall be supplied for each circuit breaker and 
each future circuit breaker indicated. Cubicles shall also be provided 
for auxiliaries, revenue metering and transitions as indicated on the 
drawings. 

 
1. Compartment each cubicle so that the circuit breaker, buses 

and cable terminations are in separate compartments with 
steel partitions or barriers of approved and properly installed 
insulation. 

2. Each cubicle furnished with a circuit breaker (active or spare) 
shall be fully equipped as noted on drawings and specified 
below. 

3. Each cubicle noted as space for future circuit breaker shall 
be fully equipped for positioning and connecting the 
breakers. Provide all equipment required to implement the 
future breaker installation, except the relays and meters on 
the cubicle doors and the associated current transformers. 

 
b. Conveniently locate test blocks within each cubicle for circuit breaker 

wiring connections. 
 

3. Cubicle doors: 
 

a. The doors shall permit convenient removal and interchanging of the 
circuit breakers between cubicles. The doors shall be capable of a 
swing approaching 180 degrees and shall be provided with 
intermediate doorstops. 

b. Each door shall include suitable handles and padlocking provisions. 
Concealed or semi-concealed hinges shall be provided to attach the 
doors. Weld the hinges to the equipment structure and to the cubicle 
doors. 

c. The following equipment shall be mounted on the door of circuit 
breaker cubicles: 

 
1. Draw out, induction type relays. 
2. A breaker control switch. 
3. Breaker-position-indicator lamps energized by the station 

battery. 
4. Indicating ammeters and voltmeters and selector switches. 
5. Install any additional items indicated on the drawings. 
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B. Finish: 
 

1. All metal surfaces shall be thoroughly cleaned, phosphatized and factory 
primed prior to applying baked enamel finish. 

 
2.4 BUS SYSTEM 

 
A. Bus Bars and Interconnections: 

 
1. Provide copper fully rated bus for the amperage shown on the drawings. All 

ground bus shall be copper. 
2. Bus bars shall be arranged throughout A-B-C left to right, top to bottom and front 

to rear. Bus bars shall be permanently labelled by phase. Bus joints shall be 
bolted with high tensile steel bolts with spring loaded Belleville typewashers. 

3. Bus bars shall be 98% conductivity silver plated copper sized at not more than 
1000 amperes per square inch. Bus bars shall be of the ampere rating 
(continuous) shown on the Drawings. 

4. Fully insulate and totally enclose the buses within the bus compartment of the 
switchgear cubicle. 

5. Mount the buses on appropriately spaced insulators and brace to withstand the 
available short circuit breaker. 

6. The bus and bus compartment shall be designed so that the acceptable NEMA 
Standard temperature rises are not exceeded. 

7. Install a ground bus the full length of the switchgear assembly. Bus size shall be 
50mm by 6 mm (12-inches by ¼ - inches). 

 
B. Insulation: The insulation shall be a high flame-retardant, self-extinguishing, high 

track-resistant material that complies with the NEMA Standard 65 degree C 
temperature rise. 

 
C. Control Bus: Extend the control buses to all of the circuit breaker cubicles including 

spare and spaces for future circuit breakers. 
 

2.5 CIRCUIT BREAKERS 

 
A. Breakers which have the same ratings shall be interchangeable with other breakers in 

that line-up. 
 

B. The circuit breakers shall be in accordance with IEEE C37.04, NEMA C37.06 and 
NEMA SG-4. Breakers shall have the following features: 

 
1. Vacuum Circuit Breakers shall be as follows: 

 
a. Nominal voltage class: 35 KV 
b. Nominal 3 phase MVA class: 1000 
c. Rated maximum voltage: 36 KV 
d. Rated continuous current at 60 hertz: 630A, or as shown on the 

Drawings. 
e. Rated short circuit current at maximum voltage: 25 KA, RMS 
f. Rated interrupting time: 5 cycles 
g. Maximum symmetrical interrupting capability: 25 KA, RMS 
h. Short time (5 seconds) current carrying capability: 25 KA 
i. Closing and latching capability: 68 KA 

 
2. Operating mechanism: 

 
a. The mechanism shall operate in a quick-make, quick-break manner 

and shall be charged by a small universal motor to provide 
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stored-energy for breaker operation. Breaker tripping, closing and 
indicating lamps shall be DC operated. 

b. The speed of the contacts during the operation shall be independent 
of the control voltage and the operator's movements. 

c. Equip the mechanism for manual opening and closing of the contacts 
during loss of normal control power and provide capability for slow 
manual operation during inspection of the contact wiping action. 

 
3. Draw-out rails: 

 
a. Design the rails to guide the breakers to their disconnected, test and 

connected positions. Provide a positive stop at each of the positions 
by a levering mechanism. 

b. The breaker shall maintain contact with ground in all positions 
through flexible connections and ground shoes. 

c. Make provisions for padlocking the breaker in the test and 
disconnected position. 

 
4. Power line and load disconnecting contact fingers and springs: 

 
a. The contact fingers shall be silver plated, full-floating, self-aligning, 

self-coupling and designed for cleaning action during engaging and 
disengaging movements. 

b. Provide adequate flexibility between stationary and movable 
components to assure proper meeting of the contact fingers, while 
also providing adequate pressure on the contact surfaces. 

c. Mount the contacts on the breaker so that they can be conveniently 
inspected. 

 
5. The stationary contacts for the line and load breaker contact fingers shall be 

isolated from the breaker compartment by shutters when the breaker is 
removed from the connected position. 

6. The control and auxiliary contacts of the breaker shall be silver plated, multi- 
contact, self-coupling, plug and socket type. The contacts shall connect the 
circuits through terminal blocks which shall be conveniently mounted on the 
breaker for visual inspection. 

7. Mechanical interlocks: 
 

a. Prevent the breaker from movement, except when the breaker 
contacts are in the open position. 

b. Prevent the breaker from closing the contacts while in the connected 
position, except when the power line and load disconnecting contacts 
are completely connected. 

 
C. The interrupting ratings of the breakers shall be not less than as shown in the 

drawings. 
 

2.6 POWER COMPANY EQUIPMENT 

 
A. Provide suitable arrangements within the Power Company primary metering 

compartment for mounting metering equipment, including drilling or tapping the bus. 
Obtain the Power Company's approval of the cubicle arrangements prior to  
fabrication of the switchgear. 

 
B. Install the Power Company furnished equipment in the switchgear in accordance with 

the requirements of the Power Company. Submit written Power Company approval to 
the Resident Engineer. 
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2.7 LOAD BREAK SWITCH 

 
A. The Load Break Switch shall be rated 36KV, 630A, 170KV BIL complete with disc 

actuator type, equipped with single phasing mechanism, shunt trip for remote 
mechanism and 2N0 / 2NC auxiliary switches. 

 
2.8 OTHER EQUIPMENT 

 
A. Cable Terminations: 

 
1. Cable terminations shall conform to the Section 260513, 35 KV Cable. 

 
2. Coordinate cable terminations with the switchgear being furnished. 

 
B. High Voltage Lightning Arresters: 

 
1. Lightning arresters shall be valve type with wet process porcelain insulators. 

Supports that hold the porcelain in compression shall be rustproof steel. 
Arresters shall be in accordance with NEMA LA 1. 

2. Provide each ungrounded conductor of each incoming circuit with an arrester. 
3. Unless the class of the arrester is specifically shown on the drawings, the 

switchgear manufacturer shall provide the class arrester required to protect 
the equipment. Provide a suitable dielectric barrier to isolate the arresters 
from the switchgear compartment. 

 
2.9 INSTRUMENTATION 

 
1. Provide instrumentation as shown on drawings. Meters, instruments and 

relays shall be isolated from high voltage by grounded metal barriers. 
2. Furnish fuse blocks, terminal blocks and low voltage wiring required and / or 

as shown. 
3. Provide multifunction microprocessor based overcurrent protective relay, 

fixed mounted with the following features: 
 

a. Protective Relaying Functions: 
 

 Phase overcurrent protective per time-current curve. 
 Independent ground fault protection per time-current 
 Phase instantaneous OC 
 Ground instantaneous OC 
 Differential Phase & Ground Fault/Lockout 
 Zone selective interlocking (phase and ground) for bus 

protection 
 

b. Monitored Values: 
 

 Phase current 
 Ground current 
 Magnitude and phase of current causing trip 
 Peak demand current for each phase and ground since last 

reset. 
 
 

4. Provide Digital Power Monitoring Logic microprocessor based with standard 
measurement parameters such as Voltage, Current, Wattmeter, Watt-hour 
meter, KVAR, kVA, power factor, frequency, harmonics waveform captured 
and with communication ports RS 232 and 485 for digital IMS interfacing, 5A 
230V power input. 
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5. Current transformer shall be wound type, epoxy resin type molded, 1200-5 
ratio, C-200 relaying accuracy class. 

6. Potential transformer shall be designed to withstand a secondary short circuit 
for at least one second. The accuracy shall be not less than ANSI Standard 
Classification. 

7. Provide a Remote Terminal Unit (RTU) in each compartment of the HVSG. 
All digital and analog input/output signal wiring to all breakers shall be 
terminated at RTU. The terminals at RTU shall be labeled for field 
connections to Building Management System. 

 
2.10 SWITCHGEAR WIRES 

 
Switchgear control wires shall not be less than No. 14 AWG copper 600 volt Class B, 
Stranded SIS. Install wiring complete at the factory, adequately bundled and protected. All 
conductors across hinges and all conductors for interconnection between shipping units shall 
be Class C stranded. Size conductors in accordance with the NEC. Provide separate control 
circuit fuses in each breaker compartment and locate for ease of access and maintenance. 

 
2.11 TEST CABINET 

 
The test cabinet shall facilitate the convenient testing of the power circuit breakers and shall 
be installed where indicated on the drawings. 

 
2.12 IDENTIFICATION SIGNS AND MIMIC BUS 

 
A. Permanently identify each cubicle of the switchgear assembly by a sign which clearly 

indicates the enclosed equipment or breaker designation. 
 

B. Provide signs of laminated black phenolic resin with a white core and engraved 
lettering of not less than 6 mm (1/4-inch) high. 

 
C. Provide an approved mimic bus on the front of each switchgear assembly, either 

factory painted, plastic or metal strips. Secure strips in place by plated screws. Strips 
shall be secured flat and free of waves. Plastic tape shall not be used. Use symbols 
similar to a one-line diagram (refer to drawings). 

 
2.13 ONE LINE DIAGRAM 

 
A. An as-built one-line diagram, clearly identified, shall be laminated or mounted under 

plexiglas, installed in a frame and mounted on a wall adjacent to the switchgear 
assembly. 

 
B. Deliver an additional four spare copies (same as the switchgear unit) of the one line 

diagram to the Project Manager. 
 

2.14 VOLTAGE WARNING SIGN 

 
Mount on each entrance door of the switchgear room, approximately 1500mm (five feet) 
above grade or floor, a clearly lettered high voltage sign for warning personnel. The sign shall 
be attached with rust-proofed metal screws. 

 
 

2.15 ACCESSORIES 

 
Furnish all accessories to the Project Manager as recommended by the switchgear assembly 
manufacturer to facilitate the convenient operation and maintenance of the assembly. 
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2.16 RELAY SETTING 

 
A. Coordinate relay settings of the high voltage switchgear breakers in accordance with 

the Section 260050, Overcurrent Protective Device Coordination. 
 

B. The settings of the main breaker(s) shall be reviewed by the power company to 
assure coordination with the utility primary fusing. Prior to switchgear activation, 
provide verification of this review to the Resident Engineer. 

 
C. The desired settings shall be calibrated and set in the field by an authorized 

representative of the switchgear manufacturer. 
 

2.17 BATTERY AND BATTERY CHARGER 

 
A. Provide battery bank and battery charger to supply the control voltage of the High 

Voltage Switchgear. 
 

B. The batteries shall be maintenance free battery @ 20 hours discharged rate with inter 
battery connector. 

 
C. The bank shall include hybrid battery charger, phase firing type, 20 amps capacity, input 

voltage of 180 to 250 VAC, output voltage 48 VDC, single phase, FA cooling,  1% 
regulation. 

 
2.18 INTERFACING 

 
Provide a remote terminal unit (RTU) in the High Voltage Switchgear. All the digital and analog 
input/output signal wiring to all solid state protection and metering devices at circuit breakers  
shall be terminated at the RTU. The terminals at RTU shall be labelled for field connections to 
BMS. All interface shall be prepared and coordinated by the Contractor and shall be submitted to 
the Consultant for approval. 

 
 

PART 3 – EXECUTION 

 
3.1 GENERAL 

 
A. Install high voltage switchgear when the area is free and clear of dust and debris. 

Protect from dust and moisture. 
 

B. Install high voltage switchgear on 10 cm high concrete housekeeping pads which shall 
follow the contour of low voltage switchboards with 25 mm of overlap on all sides. 

 
C. Provide channel iron sills below each switchboard where the switchboard frame is not 

suitable for use as a floor sill. 
 

D. Provide floor mats manufactured from black corrugated rubber matting without 
perforations for the front and rear of the switchboard. The mats shall be minimum 
750mm wide and 12mm thick. 

 
 

3.2 TECHNICAL SERVICES DURING INSTALLATION AND FIELD TESTING 

 
A. An authorized representative of the switchgear manufacturer shall technically 

supervise and participate during all of the field adjustments and tests. Major 
adjustments and field tests shall be witnessed by the Resident Engineer. 
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B. Prior to the final inspection for acceptance, a technical representative from the Power 
Company shall witness the testing of the equipment to assure the proper operation of 
the individual components and to eliminate any electrical and mechanical defects. 

 
1. When any defects are detected, make corrections and repeat all tests as 

requested by the Resident Engineer, at no additional cost to the Owner. 
 
 

END OF SECTION 
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PART 1 – GENERAL 

 
1.1 DESCRIPTION 

 
A. Provide low voltage switchboards in accordance with the Contract Documents. 

 
1.2 STANDARDS 

 
A. Low voltage switchboards: 

 
1. PS 

 
2. PEC Latest Edition (PART 1 & PART 2) 

 
3. IEC 

 
4. NEMA 

 
5. UL 

 
6. ANSI 

 
B. Overcurrent Protection Devices: 

 
1. PS 

 
2. IEC 

 
3. NEMA 

 
4. UL 

 
 

1.3 SUBMITTALS 

 
A. Manufacturers product data sheets for overcurrent protection devices. 

 
B. Dimensioned layout and elevation drawings showing low voltage switchboards, 

housekeeping pads, and support locations and types. 
 

C. One line diagram showing electrical ratings, overcurrent protection device ratings, 
cable lugs, metering displays, identification nameplate, and fuse clip sizes. 

 
D. Wiring diagrams. 

 
E. Installation instructions. 

 
F. Short circuit and coordination study. 

 
G. Certified test reports. 

 
H. Seismic restraint calculations. 
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1.4 FIELD TESTING 

 
A. Field inspection and testing shall occur after installation is complete, feeders are 

terminated, and the room is secure. Testing shall be conducted not more than 4 
weeks before equipment is energized. 

 
B. Testing Scope: 

 
1. Visual and physical inspection of equipment. 

 
2. Check control wiring and metering. 

 
3. Meter calibration. 

 
4. Ground fault protection. 

 
5. Adjust circuit breaker settings based on recommendations in the short circuit 

and coordination study. 
 

6. Primary current injection testing of circuit breakers. 
 

7. System grounding. 
 

C. Certified Test Reports: 
 

1. Field testing shall be performed by the manufacturer. 
 

2. Verify that the installation is in accordance with the manufacturer's 
instructions. 

 
3. Verify that the equipment has been fully tested and is operational. 

 
4. Perform testing and compile detailed test reports for each switchboard and 

overcurrent protection device. 
 

1.5 IDENTIFICATION 

 
A. Provide an identification nameplate for each switchboard, each main, and each 

feeder overcurrent protection device. 
 

1.6 SHORT CIRCUIT AND COORDINATION STUDY 

 
A. Prepare a short circuit and coordination study based on the actual overcurrent 

protection devices proposed for use. Provide overcurrent protective devices of 
suitable type and rating to meet or exceed the available short circuit currents 
indicated in the short circuit study. The study shall be prepared by a locally registered 
electrical engineer. 

 
B. The study shall be submitted with the distribution equipment submittal and shall 

indicate where device substitutions are being made in order to achieve adequate 
interrupting capacity ratings for each piece of equipment. 

 
C. The study shall include recommended settings of adjustable overcurrent and ground 

fault settings. 
 

D. The study shall indicate the current limiting effect of fuses and series rated current 
limiting circuit breakers. Submit evidence of UL series ratings of overcurrent 
protection devices. 



DIVISION 26 – ELECTRICAL Low Voltage Switchgear (LVSG) 
SECTION 262300 

FOR TENDER 
Page 3 of 12 

MEINHARDT PHILIPPINES, INC. 

 

 

 

PART 2 – PRODUCTS 
 

2.1 RATINGS 

 
A. Low voltage switchboards shall be of the ratings and configurations shown on the 

Drawings. 
 

B. Low voltage switchboards and overcurrent protection devices shall have a minimum 
short circuit rating as specified herein or greater where indicated on the Drawings. 

 
C. Low Voltage Switchgear: 

 
1. Low voltage switchgear is identified with the prefix LVSG as shown on the 

Drawings. 
 

2. Maximum allowable physical dimensions: 800 mm wide by 1600 mm deep 
per section. 

 
3. Low voltage switchboards: Main bus shall withstand a prospective fault level 

of 85kA at 460V, 3 phase (RMS Symmetrical) for 1 second in accordance 
with the test procedures laid down in the relevant NEMA/ANSI or IEC 
Standards. 

 
2.2 CONSTRUCTION 

 
A. LVSG shall be free standing metal clad, tamper proof, front and rear accessible, with 

individually mounted main and feeder overcurrent protection devices of the number, 
rating, and arrangement as shown on the Drawings. Vertical sections shall be aligned 
front and rear. 

 
B. LVSG shall be completely self supporting structures of the required number of vertical 

sections bolted together to form a single metal enclosed switchboard. Sides and top 
covers shall be code gauge steel, bolted to the switchboard structure. Front and rear 
doors should be hinged. The frame structure members shall be die-formed, 12 gauge 
steel bolted together and reinforced at corners with rugged gussets internal and 
external to the switchboard members. 

 
C. The LVSG shall have a full height and depth fire retardant and non-hygroscopic 

barriers, from top to bottom and from front to rear to contain faults and to minimize the 
passage of ionized gases between vertical Sections. 

 
D. LVSG shall be provided with adequate lifting means, and be capable of being rolled or 

moved into position and bolted directly to the floor without the use of floor sills. 
 

E. Steel surfaces shall be chemically cleaned and treated, providing a bond between 
paint and metal surfaces to prevent the entrance of moisture and formation of rust 
under the paint finish. Finish shall be ANSI-61 grey enamel paint. 

 
F. Space for future devices shall include all necessary bus, overcurrent  protection 

device supports and mounting, and connections. 
 

G. LVSG enclosures shall be NEMA Type 1 where installed indoors. Low voltage 
switchboards enclosures shall be NEMA Type 3R where installed outdoors. 
Switchboard sections shall be aligned on top, 2200 mm high, unless lower height is 
required due to space limitations. 
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H. Where required for conduit terminations, provide pullbox on top of switchboard of 
same type of construction and finish as the switchboard. 

 
I. Provide entry provisions for incoming LV Busduct. 

 
J. Cables shall be supported within the Switchboard so that stress is not imposed on 

termination. 
 

2.3 BUS SYSTEM 

 
A. Bus bars shall be fully insulated with removable snap-on boots to be provided for joint 

covers and shall be arranged throughout A-B-C-N left to right, top to bottom, and front 
to rear. Bus bars shall be permanently labeled by phase. Bus joints shall be bolted 
with high tensile steel bolts with spring loaded Belleville type washers. 

 
B. Bus bars shall be 98% conductivity silver plated copper sized at not more than 1000 

amperes per square inch. Bus bars shall be of the ampere rating (continuous) shown 
on the Drawings. Neutral bus shall be full size. Provide a 50% minimum ground bus, 
extending along the full length of the switchboard. 

 
C. Horizontal bus shall be full size, tapered bus is not permitted. Provide bolt holes 

drilled and tapped for future extension at the end of bus bars including neutral and 
ground bus so that the addition of a future section would require only the installation 
of standard bolted splice plates. 

 
D. Busway terminating at switchboard shall be bus connected and phase connection 

shall take place within Switchboard. Cable connections are unacceptable. 
 

2.4 MAIN PROTECTIVE DEVICES 

 
Air Circuit Breakers (ACB), shall be individually mounted manufactured and tested in 
accordance with applicable IEC/NEMA/ANSI standards. 

 
A. ACB shall be 4-pole and having fault interrupting rating of 65 kA at 400 volt, 60 HZ. 

ACB shall be UL listed for continuous operation at 100% rated load and electrically 
operated, draw-out type and shall operate as follows: 

 
1. Close – Stored energy spring, manual release to close. 

 
2. Open – Auto protection trip, or manual trip. Trip free operation shall be 

provided. 
 

B. Air circuit breakers shall be provided with the following: 
 

1. Positive mechanically driven visual indicating devices to indicate whether the 
breakers are open or closed and whether they are in the “service”, “test”, or 
“isolated” positions. 

 
2. A set of shutters shall be provided for automatic shielding of stationary main 

contacts in the breaker in the isolated position. Each set shall be capable of 
being individually operated and padlock closed. 

 
3. Bus bar shutters shall be painted “Red” and shall be clearly labeled “Busbars” 

in large white letters. Circuit shutters shall be painted “Yellow” and clearly 
“circuit” in large white letters. 

 
4. Auxiliary switches for remote indication of breaker OPEN/CLOSED/TRIPPED 

Status 
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C. Microelectronic digital processor based true RMS trip unit with interchangeable rating 
plugs to change the continuous current rating. Provide a hand held, portable plug in 
test kit for testing and verifying programmer settings. Provide the following functions: 

 
1. Current setting: adjustable. 

 
2. Long time pick-up: adjustable 

 
3. Long-time delay: adjustable. 

 
4. Short-time pick-up: adjustable. 

 
5. Short-time delay: adjustable. 

 
6. Instantaneous pick-up: adjustable. 

 
7. Ground-fault pick-up: adjustable. 

 
8. Ground-fault delay: adjustable. 

 
9. I2t-In-Out: adjustable. 

 
10. Trip indication targets; overload, short circuit and ground fault 

 
11. Zone selective interlock for ground fault and short time 

 
D. Ground fault protection shall be provided on all service disconnect switches rated 

1000 amperes or more as required by the local electrical code. The ground fault 
protection shall consist of the following: 

 
1. Current Monitor: The current monitor shall consist of a zero-sequence current 

transformer which shall enclose all current carrying conductors, including the 
neutral conductor if used, of the circuit being protected. 

 
2. Ground Fault Sensor: The ground fault sensor shall continuously sense the 

output of the current monitor. Should the sensor detect a ground current in 
excess of the pick-up setting for a duration exceeding the time delay, the 
sensor shall shunt-trip the appropriate device. The sensor shall have an 
adjustable pick-up of 100 to 1200 amperes and an adjustable time delay from 
0 to 60 cycles. 

 
3. Test Panels: Each ground fault sensor shall be provided with a test panel 

which shall completely test the ground fault system. The test panel shall 
indicate that a ground fault was sensed or test the system with or without 
tripping the switch or circuit breaker. The test panel shall be installed in the 
front of the switchboard adjacent to the device being protected. 

 
4. Shunt-Trip: Each device with ground fault protection shall be provided with a 

shunt-trip which shall automatically open the device when signalled by the 
sensor. 

 
5. Provide fuse protected control power transformer from the switchboard line 

side for the ground fault system. Ground fault and shunt-trip device shall be 
capable of operation at 55% of rated voltage. 

 
6. Set each ground fault sensor pick up setting at 25 percent of the rating of 

over-current device with a 6-cycle time delay unless specifically indicated 
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otherwise in the accepted short circuit and coordination study. 
 

E. Other Standard Features 
 

1. The circuit breaker truck must be locked in service position before the circuit 
breaker shall be operated and the circuit breaker truck can only be released if 
the circuit breaker is open. 

 
2. No access shall be possible to ACB in the “open”, “test”, and “isolated” 

positions. 
 

3. Main current connections shall be self-aligning silver-plated copper contacts. 
 

4. Main contact arching contacts shall be rated and protected to the fault current 
level of the circuit breaker. 

 
5. Circuit breakers shall have at least nine auxiliary contacts in any combination 

of normally open, normally closed and changeover. 
 

6. Auxiliary contacts shall be self-cleaning; silver-plated and shall be available 
for 500 volts AC and 110 volts DC. 

 
7. Circuit breakers shall be suitable for mechanical and key interlocking. 

 
8. Circuit breakers shall have manual local and remote operating facilities. 

 
 

2.5 METERING DISPLAY 

 
A. Metering and circuits shall be supplied and installed in accordance with ANSI Cl2.4, 

Cl2.10, ANSI C39.1, and ANSI C57.13 and the following requirements. In addition to 
the items listed below, the terminals for connection of portable check metering shall 
be provided. These terminals shall be clearly labeled and cross referenced to the 
circuits to which they are connected. Metering display shall be provided on each 
branches of LVSG. 

 
B. Kilowatt-hour and Maximum Demand meters 

 
1. Suitable for 3 phase, 4 wire, unbalanced load shall be installed to record the 

energy consumption and complete with pulse initiator. 
 

2. Flush mounted, with black bezels and digital type read-outs. 
 

3. Arranged for connection to 5 ampere current transformer secondary. 
 

4. Maximum Demand meters shall be installed adjacent to all Kilowatt-hour 
meters in the respective main switchboards. 

 
C. Voltmeters and Ammeters 

 
1. Fitted with taut band suspensions 

 
2. Arranged for connection to 5 amperes current transformer secondary. 

 
3. Scale shall be minimum 260 degrees. 
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D. Power factor Meter 
 

1. Arranged for connection to 5 ampere current transformer secondary. 
 

2. Suitable for 3-phase, 4 wire circuits 
 

3. Accuracy shall be +/- 0.01 
 

E. Control and Metering Switches 
 

1. Shall be of the rotary pattern, panel mounted and shall be lockable in 
positions. 

 
2. Shall be double break type and rated at a minimum of 10 amps inductive. The 

contact arrangement shall suit the application of the switch. 
 

3. Voltmeter selector switch shall be installed to indicate phase to phase and 
phase to neutral voltages of incoming supplies. 

 
4. Ammeter selector switch shall be installed to indicate phase amperes of 

incoming supplies. 
 

F. Control Transformer 
 

1. Control Transformer shall comply with the requirements of applicable 
NEMA/ANSI standard for non-short-circuit proof transformers. 

 
2. Metal screen between primary and secondary windings shall be provided. 

 
3. One side of the secondary winding and the metal screen shall be solidly 

grounded. 
 

4. Complete with two fuses in the primary winding. 
 

G. Current Transformer 
 

1. Shall comply fully with the requirements of ANSI57.13 and shall be of 
adequate burden and class for the duty. 

 
2. Shall have 5 amperes secondary. 

 
3. Shall withstand safely the mechanical and thermal stresses of its associated 

ACB. 
 

4. The polarity of windings shall be marked with approved labels. 
 

5. Current transformers shall be connected to equipment via test links. 
 

6. Accuracy shall be as listed in table B of ANSI C37.20 
 
 

2.6 CONTROL AND INDICATING DEVICES 

 
A. Push Buttons 

 
1. Shall be oil tight pattern, heavy duty, and rated at a minimum of 10 amps 

inductive. 
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2. Consist of an actuating button assembly coupled to an interchangeable 
contact assembly of sufficient poles to suit the application. 

 
3. Color codes shall be: 

 
“Close” or “On” - Green 
“Open” or “Off”  - Red 
“Reset” - Black 

 
4. Push button bezels shall be black. 

 
B. Indication Lights 

 
1. Shall be of the domed glass or plastic lens type employing connected neon 

lamps rated at 6 watts. The indication must be clearly visible from the sides or 
front at a distance of 15 meters in a normally illuminated room. 

 
2. Indication lights shall have black bezels. 

 
3. The bodies shall be ventilated to ensure efficient heat dissipation. Connection 

to lights shall be by screw to clamp terminals. Soldered termination is 
unacceptable. 

 
4. Color Codes shall be: 

 
De-energized - Green 
Energized - Red 
Abnormal condition - Amber 
Other functions - Blue or White 

 
C. Relays 

 
1. Protection Relays shall comply with the following; 

 
a. Operate from 5 ampere secondary current transformers. 

 
b. Draw-out type contained in dust proof flush mounted metal cases 

arranged so that on opening the cases it shall be impossible for any dust 
which may have collected in or on the cases to fall on the relay 
mechanism. 

 
c. All cases shall be grounded. 

 
d. Provided with approved trip flag indicators, which can be mechanically 

reset from outside the case. 
 

 Provided with at least two separate pairs of independent contacts. 
 Relay contacts shall be of silver, platinum or other approved material. 

 
2. Auxiliary Relays 

 
a. Shall be plug-in-type with minimum of 6 contacts rated at 5 amps 

minimum for an inductive load. 
 

b. Shall close satisfactorily at 80% nominal volts and hold in satisfactorily at 
65% nominal volts. 
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c. Auxiliary relay contacts shall be capable of carrying and breaking without 
damage, the inrush and operating current of circuits they are switching. 
The contact arrangement must be easily alterable. 

 
3. Timing Relays and Timers 

 
a. Shall be plug-in type and of the same manufacture as auxiliary relays. 

 
b. Timing relays shall operate under the same conditions as auxiliary relays 

shall have contacts rated at a minimum of 5 amps inductive load. 
 

4. Time Switches 
 

a. Time switches shall be solid state programmable for a minimum of 7 
days, 4 switching periods per day and provided with manual override 
switches. 

 
b. The switching periods shall be adjustable with a minimum setting period 

of 30 minutes. 
 

c. Time switches shall be provided with a rechargeable battery back up of 
minimum 24 hours reserve to maintain accurate operation during power 
outages. 

 
d. Contacts with a minimum of 15 amp. Resistive, 10 amp inductive at 

0.7 p.f., 230 volt A.C shall be provided. 
 

D. Control Wiring shall have the following: 
 

1. Conductors running within the bus bar chambers shall be double insulated. 
 

2. All control wiring shall be color coded and marked at both ends, indicating the 
device or equipment, including specific terminal number to which the remote 
end of the wire is attached. 

 
 Factory-installed wiring Use white plastic tubing, heat 

stamped with black block 
letters. 

 
type 

 Field-installed wiring Use white preprinted polyvinyl 
Chloride (PVC) sleeves, 

 
heat 

 stamped with black block 
letters. 

type 

 
3. The sleeves shall be unaffected by oil or damp. 

 
4. Control wiring shall be run separately from power circuit wiring. 

 
5. Control wiring shall be supported on approved wiring cleats and may run in 

insulated duct as per manufacturer’s standard. Wire ties shall be used 
throughout. 

 
6. Fuses and links shall be provided for the protection of all control circuits and 

for isolation from the busbars or bus wires. It shall be possible to work on 
control wiring for test and maintenance purposes without making a 
switchboard “dead”. 
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7. Each wire shall be separately terminated with tinned insulated crimped lugs 
of approved type suitable for the terminal and wire used. Only one wire shall 
be connected to each terminal of insertion or tunnel type blocks. 

 
8. An allowance shall be made on the length of each wire at the point of 

connection to a terminal for the remaking of the termination at least once 
without the need to disturb the main run of the wire. 

 
9. The terminal blocks shall be adequately rated for the duty and shall have 

20% spare capacity for future use. 
 

10. Terminal blocks of the insertion or tunnel type shall incorporate captive 
pinching screws and saw-toothed clamping plates with an inherent locking 
feature. 

 
2.7 ANTI-CONDENSATION HEATER 

 
A. Anti-condensation heaters shall be provided within HVSG/LVSG. 

 
B. The heaters shall be suitable for operation on 230V 60HZ AC supply with thermostat 

control and manual local ‘ON/OFF’ switch. 
 

2.8 BUS TIE UNIT 

 
Bus tie unit shall be 4-pole 400 volts Air circuit breaker. Design features and tripping 
characteristics shall be the same as main circuit breaker specified herein. 

 
2.9 AUTOMATIC TRANSFER SWITCH 

 
A. The Automatic Transfer Switches (ATS) shall consist of a power transfer switch unit 

and a control module interwired to provide complete automatic operation. ATS shall 
be 4 pole and shall have current capacity, voltage and short circuit interrupting rating 
in accordance with the capacity of generator. 

 
B. The ATS shall operate as a conventional break-before-make (open transition) switch 

when the power source servicing the load fails. 
 

C. The transfer switch unit shall be electrically operated and mechanically held. The 
electrical operation shall be a solenoid mechanism momentarily energized to 
minimize power consumption and heat generation. 

 
D. The switch shall be positively locked and unaffected by voltage variations and 

momentary outages so that contact pressure is maintained at a constant value and 
temperature rise at the contacts is minimized for maximum reliability and operating 
life. 

 
E. The control module shall direct the operation of the transfer switch and it shall be 

connected to the transfer switch. 
 

F. The ATS mounted in the essential switchboard shall isolate the mains and connect 
the generator to the load immediately when the terminal voltage reaches a 
predetermined value. The generator shall then continue to supply the load until the 
mains are restored after which the generator can be shutdown. 

 
G. The ATS shall transmit signal (via control wire) to the following: 

 
1. Each elevator controller 
2. Fire alarm system 
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3. Contactor Panel 
 

H. Other features: 
 

1. Test switch to simulate failure of the normal power source and to test the 
operation of the transfer switch. 

 
2.10 DISTRIBUTION SECTION 

 
A. Distribution section shall consist of individually mounted feeder breakers having 

current transformers and AC ammeter with selector switch in each compartment, 
arranged so that they may remove and interchanged from the front of the LVSG 
without disturbing the adjacent devices. 

 
B. Where indicated “space for future” or “space” shall mean to include bus, devices 

supports and connections. 
 

C. The individually mounted device shall be isolated in its own compartment and shall be 
positioned vertically with operating handles extending through the hinged front cover. 

 
D. Feeder Breaker shall have: 

 
1. Individually mounted, drawout type Air Circuit Breaker (1000A and above) or 

molded case circuit breakers (below 1000A) with thermal/magnetic or solid 
state inverse time over current tripping devices of sizes and capacity as 
indicated and provided with external operating handle mechanism. 

 
2. Interrupting capacity of 65KA RMS symmetrical at 400V 60HZ for upstream 

breaker and calculated fault level for downstream breaker. 
 

3. Terminal studs shall not be used for securing circuit breakers. 
 

4. Over current sensing and operating mechanisms shall compensate for 
ambient temperatures. 

 
5. Adjustable rating plugs shall be keyed to prevent interchangeability between 

breaker frame sizes. 
 

6. Adjustable short time delay from instantaneous to 140 millisecond and 
adjustable magnetic pick-up current and time delay simultaneously in all 
phases. 

 
7. A trip button shall be provided on the breaker. 

 
8. Closing/Tripping Mechanism as dictated by the Load Shedding Controller of 

the Genset. 
 

2.11 MIMIC BUS 

 
A. Provide factory installed mimic bus on switchboards, accurately depicting phase bus 

work, transfer switches and connections, meters and disconnecting means. The 
mimic diagram shall be with black or dark gray plastic strip of at least 10mm width  
and 3mm thickness. 
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PART 3 – EXECUTION 
 

3.1 GENERAL 

 
A. Install low voltage switchboards when the area is free and clear of dust and debris. 

Protect low voltage switchboards from dust and moisture. Do not utilize switchboard 
for temporary lighting and power services. 

 
B. Install low voltage switchboards on 10 cm high concrete housekeeping pads which 

shall follow the contour of low voltage switchboards with 25 mm of overlap on all 
sides. 

 
C. Provide channel iron sills below each switchboard where the switchboard frame is not 

suitable for use as a floor sill. 
 

D. Provide floor mats manufactured from black corrugated rubber matting without 
perforations for the front and rear of the switchboards. The mats shall be minimum 
750mm wide, 12mm thick and are to extend at least 600mm beyond each LVSG. 

 
3.2 TOUCH UP AND CLEANING 

 
A. Vacuum backboxes clean of debris after installation and wiring of feeder cables. 

 
B. Repair and touch up paint damaged surfaces. 

 
3.3 FIELD QUALITY CONTROL 

 
A. Inspect for physical damage, proper alignment, anchorage and grounding. Check 

proper installation and tightness of connection of busbars, circuit breakers as well as 
feeder termination 

 
 

END OF SECTION 
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PART 1 – GENERAL 

 
1.1 DESCRIPTION 

 
A. Provide paralleling switchgear in accordance with the contract documents. 

 
B. Paralleling switchgear is integrated in the Generator Switchboard (GSB). 

 
C. Refer to Section 262300 for Low Voltage Switchgear Specification. 

 

 
1.2 DEFINITIONS 

 
A. ATS: Acceptance Testing Specifications. 

 
B. GFCI: Ground-fault circuit interrupter. 

 
C. HMI: Human Machine Interface 

 

 
1.3 SUBMITTALS 

 
A. Product Data: For each type of switchgear and related equipment, include the 

following: 
 

1. Technical data on features, performance, electrical characteristics, ratings, and 
finishes. 

2. Rated capacities, operating characteristics, furnished specialties, and accessories 
for individual relays and overcurrent protective devices 

3. Features, characteristics, ratings, factory settings, and time-current characteristic 
curves for individual relays and overcurrent protective devices. 

4. Description of sequence of operation for paralleling controls. 
 

B. Shop Drawings: For each type of switchgear and related equipment, include the 
following: 

 
1. Dimensioned plans, elevations, sections, and details, including required 

clearances and services space around equipment. Include the following: 
 

a. Tabulation of installed devices with features and ratings. 
b. Enclosure types and details. 
c. Outline and general arrangement drawing showing dimensions, shipping 

sections, and weights of each assembled section. 
d. Floor plan drawing showing location for anchor bolts and level channels. 
e. Bus configuration with current rating, size, and number of conductors in each 

bus run, including phase, neutral, and ground conductors of main and branch 
buses. 

f. Short-time and short-circuit current rating of switchgear assembly. 
g. Features, characteristics, ratings, and factory   settings of individual 

overcurrent protective devices and auxiliary components. 
h. Nameplate legends. 
i. Mimic-bus diagram. 
j. UL listing for series rating of installed devices. 

 
2. Wiring Diagrams: For switchgear, paralleling control system, and related 
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equipment include the following: 
 

a. Power, signal, and control wiring. 
b. Schematic control diagrams. 
c. Diagrams showing connections of component devices and equipment. 
d. Three-line diagrams of current and future circuits showing device terminal 

numbers and internal diagrams 
e. Schematic diagrams showing connections to remote devices including 

SCADA remote terminal unit. 
 

C. Retain subparagraph below if products are required to withstand specific seismic 
loads and Architect either has delegated design responsibility to Contractor or wants 
to review structural data as another way to verify products’ compliance with 
performance requirements. Professional engineer qualifications are specified in 
Division 1 Section “Quality Requirements.” 

 
D. Coordination Drawings: Floor plans showing dimensioned layout, required working 

clearances, and required area above and around switchgear where pipe and ducts 
are prohibited. Show switchgear layout and relationships between components and 
adjacent structural and mechanical elements. Show support locations, type of 
support, and weight on each support. Indicate field measurements. 

 
E. Samples: Representative portion of mimic bus with specified finish. Manufacturer’s 

color charts showing colors available for mimic bus. 
 

F. Qualification Data: For testing agency. 
 

G. Source quality-control test reports. 
 

H. Field quality-control test reports. 
 

I. Updated mimic bus diagram reflecting field changes after final switchgear load 
connections have been made, for record. 

 
J. Operation and Maintenance Data: For switchgear and components to include in 

emergency, operation, and maintenance manuals. Include the following minimum 
requirements. 

 
1. Manufacturer’s written instructions for sequence of operation. 
2. Manufacturer’s sample system checklists and log sheets. 
3. Manufacturer’s written instructions for testing and adjusting relays and overcurrent 

protective devices. 
4. Time-current curves, including selectable ranges for each type of relay and 

overcurrent protective device. 

 
PART 2 - PRODUCTS 

 
2.1 CONTROL POWER 

 
A. Control power for the system shall be derived from the generator set starting 

batteries. A solid state, no break “best battery” selector system shall be provided to 
assure that control voltage is available as long as any battery bank in the system is 
available and that all battery banks are isolated to prevent the failure of one battery 
from disabling the entire system. 



DIVISION 26 – ELECTRICAL Paralleling Switchgear 
SECTION 262313 

MEINHARDT PHILIPPINES, INC. FOR TENDER 
Page 3 of 7 

 

 

2.2 GENERATOR PARALLELING MONITOR AND CONTROL SYSTEM 

 
A. Individual Generator Control and Monitoring Panel: Provide each generator with a 

control and monitoring panel that allows the operator to view status and control 
operation of respective generator. Provide panel with the following features and 
characteristics: 

 
 

1) Generator Metering: 1 percent accuracy class or better. 
 

a. Ammeter, Voltmeter, Frequency Meter, Wattmeter, Kilowatt-Hour Meter, 
and Power Factor Meter: 

 
1) For three-phase and four-wire systems, indicate line-to-line and 

line-to-neutral conditions on voltmeter. 
2) Retain first subparagraph below if analog meters are preferable 

to digital devices. 
3) Provide analog devices for voltmeter and frequency meters. 
4) Provide switches or other provisions to allow reading of both 

generator and bus voltages and frequencies from this metering 
set. 

b. Synchroscope and "Generator Set Synchronized" Indication: 
 

1) Provide lamp or LED indication of synchronization. 
2) Provide 360-degree analog movement synchroscope. 

 
c. Engine run-time meter, start counter, rpm meter, and battery voltage 

meter. 
 

d. Engine oil temperature gage and engine coolant temperature gage. 
 

2) Generator  Protective  and  Control Switches: Provide oiltight, industrial-grade 
switches in generator control and monitoring panel. 

 
a. Mode Selector Switch (Run/Off/Auto): 

 
1) "Run" mode to start and accelerate unit to rated speed and 

voltage, but not close paralleling circuit breaker. 
2) "Off" mode to prevent generator from starting or to immediately 

shutdown generator if running. 
3) "Auto" mode to allow generator to start on receipt of remote start 

signal. 
 

b. Circuit-Breaker Trip/Close Switch: Interlocked with system control so that 
circuit-breaker closure is impossible unless the following occurs: 

 
1) Mode selector switch is in "Run" position. 
2) Generator set is synchronized with system bus. 

 
c. Control/reset push button with flashing lamp to indicate generator is 

locked out due to fault condition. 
 

d. Lamp test push button to simultaneously test all lamps on panel. 
 

e. Control Panel Illumination: DC lamps to illuminate panel when lighting 
from surrounding environment is not available. 

f. Emergency Stop Push Button: Red mushroom-head switch maintaining 
its position until manually reset. 
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g. Voltage and Frequency Raise/Lower Switches: 
 

1) Allow plus/minus 5 percent adjustment when generator set is 
operating but not paralleled. 

 
3) Generator Protective and Control Devices: Solid-state industrial relays, integrated 

microprocessor-based control devices, and other accessories and devices 
located either in generator control and monitoring panel or in switchgear control 
section to provide the following features and functions: 

 
a. Kilowatt Load Sharing Control: 

 
1) Operates engine governors during synchronizing and provides 

isochronous load sharing when paralleled. 
2) Allows generator set to ramp up to kilowatt load level signaled by 

system master controller. 
 

b. Load-Demand Governing Control: 
 

1) Causes generator set to ramp down to zero load when signaled 
to shut down in load-demand mode. 

2) Causes generator set to ramp up to a proportional share of total 
bus load. 

 
c. Kilovolt Ampere Rating Load Sharing Control: 

 
1) Operates alternator excitation system while generator set is 

paralleled. 
2) Causes sharing of reactive load among all generator sets to 

within 1 percent of equal levels without voltage drop. 
 

d. Sync-Check and Paralleling Monitor and Control: 
 

1) Monitors and verifies that generator set has reached 90 percent 
of nominal voltage and frequency before closing to bus. 

2) Prevents out-of-phase paralleling if two or more generator sets 
reach operating conditions simultaneously, by sending "inhibit" 
signal to sets not designated bysystem as "first to close to bus." 

3) Recognizes failure of "first-to-close" generator set and signals 
system paralleling to continue. 

4) Prevents out-of-phase closure to bus due to errant manual or 
automatic operation of synchronizer. 

 
e. Synchronizer Control: 

 
1) Adjusts engine governor to match voltage, frequency, and phase 

angle of paralleling bus. 
2) Maintains generator-set voltage within 1 percent of bus voltage, 

and phase angle within 20 electrical degrees of paralleling bus for 
0.5 seconds before circuit-breaker closing. 

3) Provides "fail-to-synchronize time delay" adjustable from 10 to 
120 seconds; with field selectivity to either initiate alarm or shut 
down generator set on failure condition. 

 
f. Reverse Power Monitor and Control: 

 
1) Prevents sustained reverse power flow in generator set. 
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2) Trips generator circuit breaker and initiates generator set 
shutdown when reverse power condition exceeds 10 percent of 
generator set kilowatt for three seconds. 

 
g. Phase Rotation Monitor and Control: 

 
1) Verifies generator set and paralleling bus phase rotation match 

prior to closing paralleling circuit breaker. 
 

h. Electronic Alternator Overcurrent Alarm and Shutdown Control: 
 

1) Monitors current flow at generator-set output terminals. 
2) Initiates alarm when load current on generator set is more than 

110 percent of rated current for more than 60 seconds. 
3) Provides overcurrent shutdown function matched to thermal 

damage curve of alternator. Provide without instantaneous-trip 
function. 

 
i. Electronic Alternator Short-Circuit Protection: 

 
1) Provides shutdown when load current is more than 175 percent 

of rated current and combined time/current approaches thermal 
damage curve of alternator. Provide without instantaneous-trip 
function. 

 
j. Loss of Excitation Monitor: 

 
1) Initiates alarm when sensing loss of excitation to alternator while 

paralleled to system bus. 
 

k. Generator-Set Start Contacts: Redundant system, 10 A at 32-V dc. 
l. Cool-Down Time-Delay Control: Adjustable, 0 to 600 seconds. 
m. Start Time-Delay Control: Adjustable, 0 to 300 seconds. 
n. Paralleling Circuit-Breaker Monitor and Control: 

 
1) Monitors circuit-breaker auxiliary contacts. 
2) Initiates fault signal if circuit breaker fails to close within 

adjustable time-delay period (0.5 to 15 seconds). 
3) Trips open and locks out paralleling circuit breaker upon 

paralleling circuit breaker failure to close, until manually reset. 
4) Engine Protection and Local Annunciation: 

 
a. Provide annunciation and shutdown control modules for 

alarms indicated. 
b. Provide visual alarm status indicator and alarm horn with 

silence/acknowledge push button on generator control and 
monitoring panel. 

c. Annunciate the following conditions: 
 

1) Status, Light Only (Nonlatching): 
 

a) Generator engine control switch not in auto (red). 
b) Generator engine control switch in auto (green). 
c) Emergency mode (red). 
d) Generator circuit breaker closed (red). 
e) Generator circuit breaker open (green). 
f) Engine stopped (green). 
g) Engine running (red). 
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h) Engine cool-down (amber). 
 

2) Pre-Alarm, Light and Horn (Nonlatching): 
 

a) Pre-high coolant temperature (amber). 
b) Pre-low oil pressure (amber). 
c) Low coolant temperature (amber). 
d) Engine low battery (amber). 
e) Engine low fuel (amber). 
f) Generator fails to synchronize (amber). 

 
3) Shutdown Alarm, Light and Horn (Latching): 

 
a) Engine overcrank (red). 
b) Engine overspeed (red). 
c) Engine low oil pressure (red). 
d) Engine high coolant temperature (red). 
e) Engine low coolant level (red). 
f) Engine remote emergency shutdown (red). 
g) Generator circuit breaker tripped (red). 
h) Generator loss of field (red). 
i) Generator reverse power (red). 
j) Generator undervoltage (red). 
k) Generator overvoltage (red). 
l) Generator underfrequency (red). 
m) Generator overfrequency (red). 

 
B. Master Control System and Monitoring Equipment: Paralleling and monitoring 

equipment, components, and accessories for multiple generators with the following 
features and characteristics: 

 
1) Components and devices shall be mounted in the switchgear control section of 

the switchgear lineup. 
 

2) Paralleled System Metering: 1 percent accuracy class or better to monitor total 
output of generator bus. 

 
a. Ammeter, voltmeter, frequency meter, wattmeter, kilowatt-hour meter, power 

factor meter, kilovolt ampere, kilovolt ampere rating, and kilowatt demand 
meters. 

 
1) For three-phase/four-wire systems, indicate line-to-line and line-to- 

neutral conditions on voltmeter. 
2) Display all functions on the HMI device. 

 
3) Full-Color HMI Device: Touchscreen with minimum viewing area of 60 square 

inches. 
 

a. Allows operator to monitor and control the complete system of paralleled 
generator sets. 

b. Screens shall include the following: 
 

1) Main Menu: Include date, time, and system status messages with screen 
push buttons to access one-line diagram, system controls, load controls, 
alarms, bus metering, and individual generator-set data. 
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2) One-Line Diagram Screen: Depicting system configuration and system 
status by screen animation, screen colors, text messages, or pop-up 
indicators. Indicate the following minimum system conditions: 

 
a) Generator sets, buses, and paralleling circuit breakers 

energized/de-energized. 
b) Generator-set mode (run/off/auto). 
c) Generator-set status (normal/warning/shutdown/load-demand 

stop). 
d) Paralleling circuit-breaker status (open/closed/tripped). 
e) Bus conditions (energized/de-energized). 
f) Provide access to other screens. 

 
3) AC Metering Screen: Displays the following minimum meter data for the 

paralleling bus: 
 

a) Phase volts and amperes, kilowatt, kilovolt ampere, kilovolt 
ampere rating, power factor, frequency, kilowatt hour, and kilowatt 
demand. 

b) Real-time trend chart for system kilowatts and volts updated on 
not less than one-second intervals. 

c) A minimum of one historical trend chart for total system loads 
with intervals no shorter than five minutes and a minimum 
duration of four hours. 

 
4) Generator-Set Control Screen: Provides control over individual 

generator sets from master system control panel. Includes the following 
minimum functions: 

 
a) Generator manual start/stop control (functional only when 

generator-set mounted control switch is in "Auto" position). 
b) Generator-set alarm reset. 
c) Manual paralleling and circuit-breaker controls. 

 

2.3 INTERFACING 
 

Provide a remote terminal unit (RTU) in the paralleling switchgear. All the digital and analog 
input/output signal wiring to all solid state protection and metering devices at circuit breakers 
shall be terminated at the RTU. The terminals at RTU shall be labelled for field connections to 
BMS. 

 
 

PART 3 - EXECUTION 

 
3.1 GENERAL 

 
A. Provide a mimic boards depicting accurately the Electrical System single line 

diagrams of the whole project. 
 
 

END OF SECTION 
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PART 1 – GENERAL 
 

1.1 DESCRIPTION 

 
A. Provide panelboards in accordance with the Contract Documents. 

 
B. Panelboards include both branch panelboards and distribution panels. 

 
1.2 QUALITY ASSURANCE 

 
A. Panelboards shall be the same manufacturer as the switchboards. 

 
B. Provide series rated overcurrent protection devices where required by results of short 

circuit study. 
 

1.3 STANDARDS 

 
A. Branch Panelboards 

 
1. PS 
2. PEC (Part 1): Latest Edition 
3. IEC 60695-2-1 
4. CEI 23-48 
5. CEI 23-49 
6. IEC 60 670 

 
B. Distribution Panel 

 
1. PS 
2. PEC (Part 1): Latest Edition 
3. NEMA PB-1 
4. UL 50 and 67 

 
C. Circuit Breakers: 

 
1. PS 
2. PEC (Part 1): Latest Edition 
3. NEMA AB-1* 
4. UL 489* 
5. IEC69898** 
6. DIN VDE 0660** 
7. IEC 60947-2** 

 
Note: 
* - Applicable to Distribution Panel Only 
** - Applicable to Branch Panelboards Only 

 
1.4 SUBMITTALS 

 
A. General: 

 
1. Short Circuit and Coordination Study (prior to fabrication of panelboards). 
2. Manufacturer’s product data sheets, electrical ratings, coordination of tripping 

curves between main & branches circuit breaker and installation instructions. 
3. Support locations and types. 
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B. Branch Panelboards: 
 

1. Detailed description and layout of each panelboard, showing physical 
dimensions, circuit breaker ratings and layout, identification nameplate and 
cable lugs. 

 
C. Distribution Panels: 

 
1. Dimensioned layout and elevation drawings showing physical overcurrent 

protection housekeeping pads. 
2. Detailed description of each distribution panel, showing overcurrent 

protection device ratings and layout, identification nameplate, cable lugs and 
fuse clip sizes. 

 
D. Seismic restraint calculations. 

 
E. Manufacturer Certification of Busbar Current Density. 

 
1.5 IDENTIFICATION 

 
A. Provide an identification nameplate for each panelboard, each main and each feeder 

overcurrent protection device. The nameplate should include voltage and source of 
power for each panel. 

 
B. Provide a typewritten directory card indicating load served by type and location for 

each branch circuit in each branch panelboard. Mount directory in frame on inside of 
branch panelboard door. 

 
C. Panelboard series connected ratings shall be displayed and current ratings of 

overcurrent protection devices shall be displayed on the device. 
 

1.6 SHORT CIRCUIT AND COORDINATION STUDY 

 
A. Prepare a short circuit and coordination study based on the actual overcurrent 

protection devices proposed for use. Provide overcurrent protective devices of 
suitable type and rating to meet or exceed the available short circuit currents 
indicated in the short circuit study. The study shall be prepared by a third party  
agency which is well versed and experienced (at least 15 years) in Power System. 

 
B. The study shall be submitted with the distribution equipment submittal and shall 

indicate where device substitutions are being made in order to achieve adequate 
interrupting capacity ratings for each piece of equipment. 

 
C. The study shall include recommended settings of adjustable overcurrent and ground 

fault settings. 
 

D. The study shall indicate the current limiting effect of fuses and series rated current 
limiting circuit breakers. Submit evidence of UL series ratings of overcurrent 
protection devices. 
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PART 2 – PRODUCTS 
 
 

2.1 RATINGS 

 
 

A. Panelboards shall be of the ratings and configurations shown on Drawings. 
 

B. Panelboards and overcurrent protection devices shall have a minimum short circuit 
rating as specified herein or greater where indicated on the Drawings. 

 
C. Branch Panelboards: 

 
1. Branch panelboards are identified with the prefix LP, SP and PP as shown on 

the Drawings. 
2. Maximum allowable physical dimensions: 50cm wide by 15 cm deep. 
3. Branch panelboards (LP): 14,000 RMS symmetrical amperes minimum 

interrupting capacity, unless noted otherwise. 
 

D. Distribution Panels: 
 

1. Distribution panels are identified with the prefix, MDP and DP as shown on 
the Drawings. 

2. Maximum allowable physical dimensions: 60cm wide by 40 cm deep per 
section. 

3. Distribution panel (DP): 65,000 RMS symmetrical amperes minimum 
interrupting capacity, unless noted otherwise. 

 
2.2 CONSTRUCTION 

 
2.2.1 METAL ENCLOSURE 

 
A. Enclosures shall be corrosion resistant galvanized (zinc finished) sheet steel. Fronts 

shall be cold rolled steel, finish coated with ANSI 61 gray enamel over a rust inhibitor. 
The panel for the box shall be keyed alike. Screw on type will not be accepted. 
Knockouts shall be provided for cable entry. Recessed flush mounted panels shall 
have overlapping front. 

 
B. Panelboards shall be of totally enclosed, sheet metal type of minimum thickness 1.6 

mm cubicle construction and suitable for installation on the surface of the walls or 
recessed in walls, as indicated on the Drawings, unless otherwise specified. 

 
C. Doors for branch panelboards shall be one piece bolt on front with a lockable hinged 

door over the overcurrent protection devices. The hinges for the covers should as far 
as possible be concealed. 

 
D. For magnetic contactors incorporated in panelboards, provide separate doors for the 

contactors. 
 

E. Circuit breaker shall be mounted on a metal strip of sufficient thickness and tightly 
fixed. Sufficient length of busbars and metal strip space shall be provided to 
accommodate future circuit breakers. Sufficient terminal lugs shall be provided  for 
the neutral bars and earth bars to accommodate neutral wires and earth wires. The 
distribution board wires shall be color coded for easy identification and prevention of 
wrong phase connection. Colored adhesive tape on distribution wires shall not be 
acceptable as color code. 
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F. Additional space necessary bus, supports and connections shall be allowed in each 
distribution board for increasing the number of circuit ways by at least 10% and 
suitable blank plates shall be provided for the initial installation. 

 
G. Panelboards to be installed indoor should be NEMA 1 while outdoor type panelboards 

shall be NEMA 4 or as required by site condition. 
 

H. Gutter size in panel boxes, on all sides, shall be in accordance with the PEC. 
Cabinets containing through feeders shall have the gutter space increased by the 
amount required for auxiliary gutters in the NEC. Penetrations through gutter to live 
area of the panelboard shall incorporate approved non-metallic-grommet type of 
insulation to protect wire passing through. 

 
2.3 BUS SYSTEM 

 
2.3.1 METAL ENCLOSURE 

 
A. Bus bars shall be sequence phased, rigidly supported by high impact resistant, 

insulated supporting bus assemblies to prevent vibration and resulting damage when 
subject to stress, vibration or short circuits. Solderless terminations shall be suitable 
for either copper or aluminum wire or cable. 

 
B. Bus bars shall be 98% conductivity silver plated copper sized at not more than 1000 

amperes per square inch. Bus bars shall be of the ampere rating shown on the 
Drawings. Neutral and ground buses shall be capable of terminating one conductor 
per pole position minimum. 

 
C. The busbars shall have arrangement counting from left to right, top to bottom and 

front to back, as viewed from the front. 
 

D. All connections, tapping and clamping shall be made in an approved manner to 
ensure minimum contact resistance. All connections in the busbars shall be firmly 
bolted and clamped with even tension. Before assembly, all busbar joint surfaces 
shall be filed or finished to remove burrs, dents and oxides and silvered to maintain 
good continuity at all joints. 

 
2.4 OVERCURRENT PROTECTION DEVICES 

 
A. Overcurrent protection types: 

 
1. Branch panelboards (LP): Molded case circuit breakers. 
2. Distribution panels (DP): Molded case circuit breakers. 

 
B. Molded case circuit breakers: 

 
1. Completely sealed enclosure. Bolt-on type Toggle type operating handle. Trip 

ampere rating and ON/OFF indication clearly visible. 
2. Thermal-magnetic trip-free, trip-indicating, quick-make, quick-break, with 

inverse time characteristic. Single-handle and common tripping on multiple 
breakers. External handle shall be suitable for locking in the OFF position. 

3. Silver alloy contacts with auxiliary arc-quenching devices. 
4. Breakers for lighting circuits shall be SWD rated. 
5. Provide main breakers in panelboards served from transformers unless 

separate transformer secondary protection is provided. 
6. Shunt trip breakers shall be supplied with 230V AC coils. 
7. Provide auxiliary contracts for ON/OFF status monitoring. 

 
C. Miniture Circuit Breakers (for branch panelboards only): 
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1. Completely sealed maintenance-free. Toggle operating handle. Trip ampere 
rating and ON/OFF indication clearly visible. 

2. Thermal-magnetic trip-free, trip-indicating, quick-make, quick-break, with 
inverse time characteristic. Single-handle and common tripping on multiple 
breakers. 

3. Current limiting type with contact and trip position indication. Quick mounting 
and removal to standard mounting rail (DIN-rail). 

 
D. Ground Fault Interrupters 

 
Ground fault interrupter branch circuit breakers shall be as indicated on the Drawings. 
Circuit breakers shall be circuit interrupting which will operate manually for normal 
switching functions and automatically under overload, short circuit and 0.005 amp 
line-to-ground fault conditions. The operating mechanism shall be entirely trip-free so 
that contact cannot be held close against an abnormal overcurrent, short circuit or 
ground fault condition. The device shall be bolt-on type with insulated case 
construction and shall be interchangeable with standard single pole breakers utilized 
in the panelboard. 

 
E. Control and Indicating Devices 

 
1. Push Buttons 

 
a. Shall be oil tight pattern, heavy duty and rated at a minimum of 10 

amps inductive. 
 

b. Consist of an actuating button assembly coupled to an 
interchangeable contact assembly of sufficient poles to suit the 
application. 

 
c. Color codes shall be: 

 
“Close” or “On” - Green 
“Open” or “Off”  - Red 
“Reset” - Black 

 
d. Push button bezels shall be black. 

 
2. Indication Lights 

 
a. Shall be of the domed glass or plastic lens type employing connected 

neon lamps rated at 6 watts. The indication must be clearly visible 
from the sides or front at a distance of 15 meters in a normally 
illuminated room. 

 
b. Indication lights shall have black bezels. 

 
c. The bodies shall be ventilated to ensure efficient heat dissipation. 

Connection to lights shall be by screw to clamp terminals. Soldered 
termination is unacceptable. 

 
d. Color Codes shall be:  

 
De-energized 
Energized 
Abnormal condition 
Other functions 

- Green 
- Red 
- Amber 
- Blue or White 
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E. Relays 
 

1. Protection Relays shall comply with the following; 
 

a. Operate from 5-ampere secondary current transformers. 
b. Draw-out type contained in dust proof flush mounted metal cases 

arranged so that on opening the cases it shall be impossible for any 
dust which may have collected in or on the cases to fall on the relay 
mechanism. 

c. All cases shall be grounded. 
d. Provided with approved trip flag indicators, which can be 

mechanically reset from outside the case. 
 

 Provided with at least two separate pairs of independent 
contacts. 

 Relay contacts shall be of silver, platinum or other approved 
material. 

 
2. Auxiliary Relays 

 
a. Shall be plug-in-type with minimum of 6 contacts rated at 5 amps 

minimum for an inductive load. 
b. Shall close satisfactorily at 80% nominal volts and hold in 

satisfactorily at 65% nominal volts. 
c. Auxiliary relay contacts shall be capable of carrying and breaking 

without damage, the inrush and operating current of circuits they are 
switching. The contact arrangement must be easily alterable. 

 
3. Timing Relays and Timers 

 
a. Shall be plug-in type and of the same manufacture as auxiliary 

relays. 
b. Timing relays shall operate under the same conditions as auxiliary 

relays shall have contacts rated at a minimum of 5 amps inductive 
load. 

 
4. Time Switches 

 
a. Time switches shall be solid state programmable for a minimum of 7 

days, 4 switching periods per day and provided with manual override 
switches. 

b. The switching periods shall be adjustable with a minimum setting 
period of 30 minutes. 

c. Time switches shall be provided with a rechargeable battery back up 
of minimum 24 hours reserve to maintain accurate operation during 
power outages. 

d. Contacts with a minimum of 15 amp. Resistive, 10 amp inductive at 
0.7 p.f., 230 volt A.C shall be provided. 

 
 

D. Control Wiring shall have the following: 
 

1. Conductors running within the bus bar chambers shall be double insulated. 
2. All control wiring shall be color coded and marked at both ends, indicating the 

device or equipment, including specific terminal number to which the remote 
end of the wire is attached. 
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 Factory-installed wiring Use white plastic tubing, heat 
stamped with black block type 
letters. 

 
 Field-installed wiring Use white preprinted polyvinyl 

Chloride (PVC) sleeves, heat 
stamped with black block type 
letters. 

 
3. The sleeves shall be unaffected by oil or damp. 
4. Control wiring shall be run separately from power circuit wiring. 
5. Control wiring shall be supported on approved wiring cleats and may run in 

insulated duct as per manufacturer’s standard. Wire ties shall be used 
throughout. 

6. Fuses and links shall be provided for the protection of all control circuits and 
for isolation from the busbars or bus wires. It shall be possible to work on 
control wiring for test and maintenance purposes without making a 
switchboard “dead”. 

7. Each wire shall be separately terminated  with tinned insulated crimped lugs 
of approved type suitable for the terminal and wire used. Only one wire shall 
be connected to each terminal of insertion or tunnel type blocks. 

8. An allowance shall be made on the length of each wire at the point of 
connection to a terminal for the remaking of the termination at least once 
without the need to disturb the main run of the wire. 

9. The terminal blocks shall be adequately rated for the duty and shall have 
20% spare capacity for future use. 

10. Terminal blocks of the insertion or tunnel type shall incorporate captive 
pinching screws and saw-toothed clamping plates with an inherent locking 
feature. 

 
E. BMS Interface 

 
The panelboards should be provided with all the necessary relays and devices for 
proper interfacing with the BMS. Coordination with BMS system shall be under the 
responsibility of this Contractor. 

 
 

PART 3 – EXECUTION 
 

3.1 INSTALLATION 

 
A. Mount panels 1.8 meters above finished floor to top unless otherwise noted. 

 
B. Connect feed-through panels to main feeder by insulated parallel gutter taps. 

 
C. Where panelboards are mounted recessed flush in wall, maintain fire integrity of wall. 

Provide one empty 20 mm IMC conduit stubbed up into nearest accessible ceiling 
location for every three spare or space positions. 

 
D. Neatly arrange wiring and tie together in each gutter with nylon tie wraps at minimum 

10 cm intervals. 
 

E. Provide plugs on open knockouts. 
 

F. Provide filler plates for unused spaces in panelboards. 
 

3.2 TOUCH UP AND CLEANING 
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A. Backboxes shall be clean, dry and free of construction debris and fireproofing 
overspray prior to installation of panelboard interior. 

 
B. Vacuum backboxes clean of debris after installation and wiring of branch circuits. 

 
C. Repair and touch up paint damaged surfaces. 

 
3.3 FIELD QUALITY CONTROL 

 
A. Measure steady state load current at each panelboard feeder. Should the difference at 

any panelboard between phases exceed 10 percent, rearrange circuits in the 
panelboard to balance the phase loads within 10 percent. However, proper phasing for 
multi-wire branch circuits should be maintained. 

 
B. Inspect for physical damage, proper alignment, anchorage and grounding. Check 

proper installation and tightness of connection for circuit breakers, fusible switches and 
fuses. 

 
END OF SECTION 
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PART 1 - GENERAL 

 
1.1 DESCRIPTION 

 
This section applies to supply and delivery of digital electricity meters. 

 
 

1.2 STANDARDS 

 
All meters shall comply, be tested and certified by Energy Regulatory Commission. 

 
The meter shall comply, be tested and certified by International Accredited Body to following 
standards: 

- IEC 62052-11 and IEC 62053-21 for alternating static watt-hour meters for active and 
reactive energy including: 

Standard electrical values according - IEC 62052-11 

Mechanical requirements according - IEC 62052-11 

Climatic conditions according - IEC 62052-11 

Electrical requirements according - IEC 62052-11 

Electromagnetic comp ability according - IEC 62052-11 

Accuracy requirements according - IEC 62053-21 

IEC 62053-31 (SO DIN 43864) 
 

 
PART 2 - PRODUCTS 

 
2.1 GENERAL 

 
The Digital Electric Meter must have a minimum of 2 tariff. 

 
The electricity meter (hereafter called only meter) shall be of full electronic DIN-rail or wall 
mounted type for CT respectively VT connection or direct connected. The meter shall 
measure active energy and have a polarity independent AC/DC powered programmable pulse 
output. 

 
The accuracy shall be Class 1. The meter shall comply with IEC 62053-21 and IEC 62052-11 / 
Alternating current static watt-hour meters for active energy with anyamendments made. 

 
The meter shall allow direct reading of 100A without need for CT. 

 
2.2 MECHANICAL DESIGN 

 
The material used in the meter shall be of polycarbonate in the frontal glass and casing. 

The terminal base shall be of glassfibre - reinforced polycarbonate. 

 
2.3 PRESENTATION OF INFORMATION 

 
The display shall be of LCD-type with minimum 7 digits and minimum 7 mm of height. 

The display shall be able to present following information: 
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- Active and reactive energy, primary reading 

- Active energy value in kW or MW with decimal(s) (Automatic swifting depending on 

programmed CT resp. VT ratio) 

- Load indicator 

- Presence of phase voltages 

- Current transformer symbol (Indication of primary reading) 

- Installation status (Automatic installation check – Error status/code) 

- Programmed CT and VT-ratio 

- Instrumentation values (analyzer) kW-hr 

 
2.4 PRIMARY READING 

 
The meter shall have a programmable CT and VT ratio, allowing a 4-digit ratio to be set for 
primary reading. 

 
2.5 AUTOMATIC INSTALLATION CHECK (ERROR STATUS/CODE) 

 
The meter shall have an automatic installation check which shall verify the installation of the 
meter. Any error(s) shall generate error code(s) displayed on the LCD. The installation check 
shall include: 

a. Phase Voltage presence test. Shall verify if some voltage is missing 

b. Maximum current test. Verifying if the current exceeds the maximum rated. 

c. Maximum and Minimum frequency test. Shall verify that the frequency is within 
permitted range of the specified nominal frequency, 45 Hz- 65Hz. 

d. Phase angle test. Shall verify correct phase sequence (L1L2 L3) 

e. Power measurements. Shall verify that the power measured is positive on each phase 
as well as on the total. (The meter shall measure active energy in only one direction, 
from utility to customer, i.e. positive active energy) 

 
2.6 TECHNICAL DATA 

 
Electric data and accuracy classes 

Base / Max current: CT / VT connected 1 / 6A – Direct connected 5 / 100 

Accuracy: Class 1 according to IEC 62053-21 

Starting current: < 2mA for CT / VT connected resp < 20mA for direct connected 

Frequency: 60 Hz  5% 

Temperature range: Operating -40C to +55C / Storage -40C to +70C 

Voltages: 

Line Neutral 3x230/400V;3x220/380V,3x58/100V,3x63/110V,3x115/200V 
380/230V3x127/220V,3x132/230v 

 
 

1x57-288 V (single phase) 

( -20% to +15% of nominal voltage) 

Pulse output 
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Maximum current: 100 mA 

Maximum voltage: 247 V AC/DC 

Pulse length: 100 ms 

Pulse output frequency: Programmable after a table 

Pulse frequency table 0.01,0.1, 1, 10,100, 500, 640, 5000 imp/kWh 

Polarity independent, galvanic ally isolated 

LED 

Red Light Emitting Diode flashes proportionally to energy measured 

Mechanical data 

Resistance to heat and fire: IEC 695-2-1 

Protection against penetration 

of dust and water: IEC 529 class IP51 with long cover and IP20 without long cover 

Mounting: DIN-rail. Option: Front panel mounting, IP 51. 

Size: 122.5x100x50 mm / 7 DIN modules 

Max. Connection at terminal: 10 mm2 for CT / VT connected types resp 25 mm2 

Relative Humidity 90% at 40 C non condensing 

 
2.7 LOAD INDICATOR 

 
The meter shall on the LCD have a load indicator indicating that the meter is recording energy. 
Starting current  2 mA for CT / VT connected resp  20 mA for direct connected. 

 
2.8 STORAGE OF DATA 

 
All data and recorded energy shall be saved in a non-volatile memory (EE prom) in case of 
power-failure. 

 
2.9 LIGHT SENSOR / EXTERNAL SCROLL 

 
A light sensor shall operate the LCD when the meter is front mounted or sealed and allow 

Installation check status - Error code/status 

- Active energy consumption 

- Programmed CTxVT ratio 

- Complete LCD segment test 

- The light sensor shall operate with a standard filament lamp 
 
 
 

2.10 HIGH LEVEL INTERFACE 

 
Shall be provided with a port which allow possibly for a serial communication with the meter 
viastandardized adaptor for protocols and interfaces, Modbus, LON, GPRS, TCP/IP, RS232, 
RS 485 etc 
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2.11 SEALING 

 
Shall be provided with sealings possibilities in 2 positions on each upper lid (Covers set and 
scroll buttons) resp. lower lid (Covers terminals) 

 
2.12 OPTIONS 

 
- Panel mounting kit 

- Internal clock with built in calendar (No battery but super cap back up 48h to 
conditions -40C to +55C) 

- Configure software and adapter for tariff programming 

- Built in I / O interface – 2 inputs or 2 outputs or 1 input + 1 output All galvanically 
isolated from other electronics in the meter. (Output e.g. for cut out signal for main 
supply of energy media / Input e.g. for pulse input for water or gas meter) 

- Load profile log 

- Voltage quality log 

- Maximum demand 

 
2.13 SOFTWARE 

 
The manufacturer must provide Software for High Level Interface, Billing, Monitoring & other 
related program to run the system. 

 
 

PART 3 - EXECUTION 

 
3.1 INSTALLATION 

 
1. Verify electric meter dimension as shown on the drawing. 
2. Provide installation and supporting hardwares for the mounting of electric meter at the 

electrical room. 
3. Check the feeders control wiring and accessories of each meter for final installation and 

mounting to keep the electric meter function properly. 
4. Calibrate the meter setting properly prior to the utilized by the respective unit owner. 

 
 

END OF SECTION 
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PART 1 – GENERAL 

 
1.1 DESCRIPTION 

 
A. Provide wiring devices in accordance with the Contract Documents. 

 
1.2 QUALITY ASSURANCE 

 
A. Switches and receptacles shall be of the same manufacturer. 

 
B. Occupancy sensors shall be certified for operation with specific ballasts utilized in 

controlled lighting fixtures. 
 

C. Occupancy sensors shall have a three years warranty. 
 
 

1.3 STANDARDS 

 
A. PS 

 
B. PEC Latest Edition (PART 1 & PART 2) 

 
C. Switches and Receptacles: NEMA WD-1, and UL 498. 

 
D. Ground Fault Interrupter Receptacles: UL 943 Class A. 

 
E. Wall Dimmers: ANSI C62.41, UL 20. 

 
1.4 SUBMITTALS 

 
A. Manufacturer's product data sheets. 

 
B. Sample for each wiring device and cover plate. 

 
1.5 COLORS 

 
A. Device and coverplate colors shall be as selected by Architect. 

 
B. Switches and receptacles connected to the emergency power system shall be red. 

 
 

PART 2 – PRODUCTS 
 
 

2.1 SWITCHES 

A. General: 
 

1. Switches shall be of the type indicated on the Drawings. 
 

2. Switches shall be commercial specification grade, 10A, 220V, back and side 
wired, silent handle operation. 
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B. Lighting Switches: 
 

1. Rocker handle type: 
 

a. Single pole 
 

b. Double pole 
 

c. 3 way 
 

d. 4 way 
 

C. Illuminated Handle Switches: 
 

1. Rocker handle type: 
 

a. Single pole. 
 

b. 3 way. 
 

D. Key Switches: 
 

1. Single pole. 
 

E. Weatherproof Switches: 
 

1. Weatherproof handle/coverplate. 

 
2.2 RECEPTACLES 

 
A. General: 

 
1. Receptacles shall be of the type indicated on the Drawings. 

 
2. Receptacles shall be commercial specification grade, 220V, grounding type, 

back and side wired. 
 

B. Receptacles: 
 

1. Single, 15A. 
 

2. Duplex, 15A. 
 

C. Ground Fault Interrupter Receptacles: 
 

1. Single, 15A. 
 

2. Duplex, 15A. 
 

D. Special purpose receptacles: Rating as indicated on the Drawings. 
 

E. Weatherproof Receptacles: 
 

1. Duplex, weatherproof coverplate with hinged door. 
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2.3 WALL DIMMERS 

A. Wall dimmers shall be suitable for control of the load type (incandescent, low voltage, 
or fluorescent), load capacity, and branch circuit voltage of the lighting fixtures 
controlled. 

 
B. Thin profile, linear slide to off control, power failure memory, front accessible service 

switch. 

 
2.4 FLOOR BOXES AND FITTINGS 

 
A. General: 

 
1. Provide floor boxes and fittings of the types, ratings, and configurations as 

shown on the Drawings. 
 

2. Floor boxes and fittings shall be suitable for the fire rating and thickness of 
the floor. 

 
3. Combination power/telecom outlets shall have barrier to separate power and 

telecom wiring. 
 

B. Poke Through Pedestal Floor Box: 
 

1. Fire rated insert, junction box, and service fitting. Service fittings shall be 
diecast aluminum, satin finish. 

 
2. Single receptacle outlet, 220V, 15A. 

 
3. Duplex receptacle outlet, 220V, 15A. 

 
4. Double duplex receptacle outlet, 220V, 15A. 

 
5. Special purpose receptacle outlet: Poke through, outlet type as indicated on 

the Drawings. 
 

6. Combination duplex receptacle/telecom outlet, 220V, 15A: Poke through 
fitting with grommeted hole and 2 factory installed telecom modular jacks 
(coordinate modular jack types with Owner). 

 
7. Combination double duplex receptacle/telecom outlet, 220V, 15A: Poke 

through fitting with grommeted hole and 2 factory installed telecom modular 
jacks (coordinate modular jack types with Owner). 

 
8. Telecom outlet: Grommeted hole and 2 factory installed telecom modular 

jacks (coordinate modular jack types with Owner). 
 

C. Poke Through Flush Floor Box: 
 

1. Fire rated insert, junction box, and service fitting. Combination power/telecom 
outlets shall have barrier to separate power and telecom wiring. Carpet flange 
shall be diecast aluminum, painted or plated finish as selected by Architect. 

 
2. Combination duplex receptacle/telecom outlet, 220V, 15A. 

 
D. Recessed Flush Floor Box: 
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1. Cast iron box, multiple gang, shallow depth, brass carpet flange and 
coverplates. 

 
2.5 COVERPLATES 

 
A. Provide thermoplastic coverplates for wiring devices including the coverplates for 

CATV outlets. Provide multiple gang coverplates where multiple devices are installed 
in a common location. 

 
 

2.6 MISCELLANEOUS DEVICES 

 
A. Pushbutton 

 
B. Buzzer 

 
C. Bell 

 
 

PART 3 - EXECUTION 
 
 

3.1 GENERAL 

 
A. General: 

 
1. Verify the exact location of wiring devices with Architect. 

 
2. Devices mounted above counters shall be 5 cm above the top of the 

backsplash to the bottom of the coverplate. 
 

3. Provide an individual grounding conductor from the device grounding terminal 
to the panelboard ground bus. 

 
B. Switches: 

 
1. Mount switch plate vertically with the ON position on top. 

 
2. Mount switches on the strike side of doors. 

 
C. Receptacles: 

 
1. Mount receptacles vertically with the grounding pin on bottom. 

 
D. Coverplates: 

 
1. Install device plates in full contact with wall surface. Plates shall not project 

out from the wall. 
 

2. Coverplates for multiple gang wall dimmers shall be continuous flush type 
tailored to match wall dimmer physical dimensions. 

 
3. Provide stainless steel, smooth face coverplates in equipment rooms. Provide 

thermoplastic, smooth face coverplates in all other spaces. 
 

4. Color of cover plates should be referred to Architect for approval. 
 

END OF SECTION 
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PART 1 – GENERAL 

 
1.1 WORK INCLUDED 

 
A. This Section specifies the requirements necessary to furnish and install: 

 
1. Individually mounted, enclosed low-voltage circuit breakers. 
2. Disconnect switches. 
3. Fuses. 

 
1.2 RELATED WORK 

 
A. This Section shall be used in conjunction with the following other specifications and 

related Contract Documents to establish the total requirements for enclosed circuit 
breakers and disconnect switches: 

 
1. Section 260000 - Electrical General Provisions. 
2. Section 260050 - Basic Electrical Materials and Methods. 
3. Section 260800 - Startup Testing and Commissioning of Electrical Equipment. 
4. Section 260519 - Conductors and Cable (600V and less). 

 
B. In the event of conflict regarding enclosed circuit breaker and disconnect switch 

requirements between this Section and any other section, the provisions of this 
Section shall govern. 

 
1.3 SUBMITTALS 

 
A. Provide the following information in addition to the standard requirements with the Bid: 

 
1. Electrical characteristics for circuit breakers, including voltage, frame size, trip 

ratings and integrated short-circuit ratings in rms symmetrical amperes. 
 

2. Electrical characteristics for switches, including voltage, switch size and 
integrated short-circuit ratings in rms symmetrical amperes. 

 
B. Provide the following information in addition to the standard requirements with the 

submittal: Standard time-current curves, electronic format preferred, of all breakers 
and fuses. 

 
1.4 REFERENCES AND REGULATORY REQUIREMENTS 

 
A. Electrical components and/or systems shall be listed and labeled by a nationally 

recognized testing laboratory (NRTL) such as: UL, ETL, CSA, or FM; shall be labeled 
and/or listed as part of a UL-labeled assembly, or shall be evaluated by a third party 
acceptable to the authority having jurisdiction (AHJ) as suitable for the use intended. 
All labels shall be applied at the manufacturer’s factory or facility prior to shipment. 

 
B. Conform to the following Standards: 

 
1. [BS EN 60947-2-2003 – Low-Voltage Switchgear and Control gear – Part 2: 

Circuit-Breakers.] 
2. [IEC 60947-2-2003 – Low-Voltage Switchgear and Control gear – Part 2: 

Circuit-Breakers.] 
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3. IEEE Standard C37.13-1990 (R1995) – Low Voltage AC Power Circuit 
Breakers Used in Enclosures. 

4. JIS C 8201-2-1999 – Low-Voltage Switchgear and Control gear – Part 2: 
Circuit-Breakers. 

5. JIS C 8370-1996 – Molded-Case Circuit-Breakers (MCCB). 
6. JIS C 8372-1991 – Low-Voltage Circuit Breakers. 
7. NEMA Type 1, 3R or 4X – See NEMA 250. 
8. NEMA 250-2003 – Enclosures for Electrical Equipment (1000 Volts 

Maximum), which consolidates the descriptions and applications, features 
and test criteria, and design tests of all NEMA type enclosures (except for 
rotary type apparatus) into a single document. 

9. NEMA AB 1-2002 – Molded Case Circuit Breakers and Molded Case 
Switches. 

10. NEMA KS 1-2001 – Enclosed and Miscellaneous Distribution Equipment 
Switches (600 Volts Maximum). 

11. NEMA SG 3-1995 – Low Voltage Power Circuit Breakers – Power Switching 
Equipment. 

12. UL 489-2002 (R2003) – Molded-Case Circuit Breakers, Molded-Case 
Switches, and Circuit-Breaker Enclosures. 

 
 

PART 2 – PRODUCTS 
 

2.1 INDIVIDUALLY MOUNTED, ENCLOSED LOW-VOLTAGE CIRCUIT BREAKERS 

 
A. Enclosure: 

 
1. NEMA Type 1 for units  mounted  indoors  unless  indicated  otherwise, 

NEMA Type 3R for units mounted outdoors and where WP (weather proof) is 
indicated on the Drawings, NEMA Type 4X for units mounted in corrosive 
areas. 

2. Provide surface mounted box with door. 
3. Finish: Provide with manufacturer’s standard gray enamel or epoxy paint. 
4. Means shall be provided to lock and tag the breaker in the off position. 
5. Enclosure shall not have concentric knockouts. 

 
B. Molded Case Circuit Breakers: NEMA AB 1. Provide circuit breakers having a 

minimum short-circuit current rating of [10,000] [14,000] [22,000] [65,000] amps rms 
symmetrical, unless indicated otherwise on the Drawings. 

 
C. Do not use tandem circuit breakers (single-pole units with handle ties) where two- or 

three-pole units are indicated. 
 

D. Terminations: Provide hardware to accommodate the type of connections specified in 
Section 260519, Conductors and Cables (600V and less). 
1. Device Net 
2. Allen Bradley Remote I/O 
3. Control Net 
4. Ethernet 
5. Data Highway Plus 
6. Serial Point-to-Point 

 
2.2 DISCONNECT SWITCHES 

 
A. Fusible Switch Assemblies: NEMA KS 1; Type HD; quick-make, quick-break, load 

interrupter enclosed knife switch with externally operable handle interlocked to prevent 
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opening front cover with switch in ON position. Interlock shall be defeatable for 
access by qualified personnel. Handle lockable in OFF position. Provide fuses of the 
indicated ratings on the Drawings and the types specified in Section 260050, Basic 
Electrical Materials and Methods. 

 
B. Non-fusible Switch Assemblies: NEMA KS 1; Type HD; quick-make, quick-break,  

load interrupter enclosed knife switch with externally operable handle interlocked to 
prevent opening front cover with switch in ON position. Interlock shall be defeatable 
for access by qualified personnel. Handle lockable in OFF position. 

 
C. Enclosure: NEMA Type 1 for units mounted indoors unless indicated otherwise, 

NEMA Type [3R] [4X] for units mounted outdoors and where WP is indicated on the 
Drawings, NEMA Type 4X for units mounted in corrosive areas. 

 
D. Terminations: Provide all hardware as required to accommodate the type of 

connectors specified in Section 260519, Conductors and Cables. 
 

E. Nameplates: The installing Contractor shall provide and install laminated plastic 
nameplates  with  engraved  letters  on  each  unit  per  the  requirements   of   
Section 260553, Electrical Identification. 

 
F. Finish: Provide manufacturer’s standard, gray enamel or epoxy paint. 

 
2.3 FUSES 

 
A. See Section 260050, Basic Electrical Materials and Methods for fuse requirements. 

 
B. Provide overcurrent protective devices of the proper characteristics for the load 

served. 
 

C. Coordinate fuse sizes and circuit breaker combinations for selective tripping with a 
minimum interruption of service. 

 
 

PART 3 – EXECUTION 

 
3.1 INSTALLATION - DISCONNECT SWITCHES 

 
A. Install disconnect switches where indicated on Drawings. 

 
B. Install fuses in fusible disconnect switches. 

 
C. Bottom penetration for outdoor disconnect switches: Penetrate bottom of enclosure 

for entry into outdoor disconnect switches. Do not penetrate top or outdoor disconnect 
enclosure. A Meyers-hub shall not be used. 

 
3.2 INSTALLATION - INDIVIDUALLY MOUNTED ENCLOSED CIRCUIT BREAKERS 

 
A. Install circuit breakers plumbed. 

 
B. Maximum Height: Top of enclosure at 72 inches (1.8 meters) AFF. 

 
C. Visual and Mechanical Inspection: Inspect for physical damage, proper alignment, 

anchorage and grounding. Check for proper installation and tightness of connections 
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for circuit breakers. 

 
3.3 INSTALLATION - FUSES 

 
A. Provide and install a fuse in each fuse-holder. 

 
B. Contractor shall not install fuses until all electrical terminations are made on both the 

line and load side of the disconnect. 

 
3.4 FIELD QUALITY CONTROL 

 
A. Test enclosed circuit breakers in accordance with the requirements of 

Section 260800, Startup Testing and Commissioning of Electrical Equipment. 

 
3.5 OPERATIONAL ACCEPTANCE TEST REPORT 

 
A. Use the OAT form at the end of this Section to record progress and results of 

installation for completing the Operational Acceptance Test for each unit. 
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Operational Acceptance Test Report 
Section 262816 

Enclosed Circuit Breakers and Disconnect Switches 
 

Construction Manager (CM) General Contractor (GC) Date of Test 
   

Equipment ID: 

Tag number 

Type of Equipment: 

i.e. Panel, MCC 

 

1. Check for proper anchorage, required area clearances and proper alignment. Yes No 

2. Inspect equipment for cleanliness and physical condition. Inspect doors and 
panels for dents, scratches & other damage. 

Yes No 

3. Verify NEMA rating is proper for environment. Yes No 

4. Verify equipment identification tags are installed. Yes No 

5. Verify conduits are installed and supported per Sections 260000, 260010, 
260533, 260529, 262816 and NEC. 

Yes No 

6. Verify grounding and bonding is installed per Section 260526 and NEC. Yes No 

7. Verify breaker / disconnect is sized properly and AIC ratings meet 
specifications. Verify plug ratings. Verify LOTO capability. 

Yes No 

8. Verify that the OAT is complete for low-voltage conductors and cable per 
Section 260519. 

Yes No 

9. Verify that conductor terminations are correct, verified tight and where 
applicable tightened per vendor torque specs. 

Yes No 

10. Verify that the test organization has completed testing per Section 260800. Yes No 

 
Note: Test Reports must be attached. 

 
Signature and date of persons performing and witnessing test(s) - Witness shall be by GC or Owner’s 
Rep. 

 
Performer:  Date:  Performer:  Date:  

 
Witness: 

  
Date: 

  
Witness: 

  
Date: 

 

 
 

END OF SECTION 
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SECTION 262913 
 

DISCONNECT SWITCHES AND INDIVIDUAL MOTOR 
 
 

PART 1 - GENERAL 
 

 
1.1 DESCRIPTION 

A. Provide disconnect switches and individual motor controllers in accordance with the Contract Documents. 

 
1.2 

 
QUALITY ASSURANCE 

A. Disconnects and individual motor controllers shall be the same manufacturer as the switchboards. 

 
1.3 

 
STANDARDS 

A. Disconnect Switches: 

 
1. PS 
2. PEC Latest Edition (PART1 & PART 2) 
3. IEC 
4. NEMA KS1. 
5. UL 98 (File #4776) and 508. 

B. Individual Motor Controllers: 

 
1. PS 
2. PEC Latest Edition (PART 1 & PART 2) 
3. EC 439-1 
4. NEMA ICS 2-321. 
5. UL 547, 845 and 1004. 

 
1.4 

 
SUBMITTALS 

A. Manufacturer’s product data sheets, electrical ratings, physical dimensions, etc. 

B. Field test reports 

 
1.5 

 
FIELD TESTING 

A. Test each individual motor controller and verify proper operation. 

B. Test motors under load and verify proper rotation. 
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1.6 IDENTIFICATION 

 
A. Provide an identification nameplate for each disconnect switch and individual motor controller. 

 
 

PART 2 – PRODUCTS 
 
 

2.1 DISCONNECT SWITCHES 

 
A. Heavy duty, horsepower rated, Circuit Breaker type, quick-make, quick-break, dead-front. Self contained unit 

in a NEMA 1 gasketed enclosure (NEMA 3R where installed outdoors), externally operable from the front. 

 
B. Defeatable interlock to prevent opening the door when the switch is in the ON position. Handle shall be 

capable of being padlocked in the OFF position. 

 
C. Voltage, ampacity, horsepower rating, and number of poles shall be appropriate for system and load served. 

Provide neutral pad for circuits with neutral conductors. Provide groundlug. 

 
D. Provide 6 pole switches for connection to motors requiring 6 motor leads. 

 
 

2.2 MANUAL MOTORSTARTERS 

 
A. Integral Horsepower Motor Starter: size and poles as indicated on Drawing; AC general purpose, Type A, 

manually operated, non-reversing, full-voltage controller for induction motors rated in horsepower. Provide 
with field-convertible manual/automatic reset feature factory set in manual reset mode. Relay shall be Class 
10-type ambient compensated with adjustable (85 to 115 percent of respective rating) trip. Provide with an 
SPST NC contact. Thermal elements shall be bimetallic type. Provide red (run) transformer-type pilot lights, 
one N.O. auxiliary contact, and push-button operator with provisions for padlock. 

 
Fractional Horsepower Manual Motor Starter: horsepower rating and poles as indicated on Drawing; AC, 
general purpose, Type A, manually operated full-voltage controller for fractional horsepower induction motors 
with adjustable thermal overload unit (bimetallic). Provide pilot lights and toggle with provisions for padlock 
operator. 

 
 

2.3 INDIVIDUAL MOTOR CONTROLLER 

 
A. Self contained unit in a NEMA 1 gasketed enclosure (NEMA 3R where installed outdoors), externally 

operable from the front. 

 
B. Provide full voltage non-reversing (FVNR) type combination magnetic starters for motors of ½ HP to 7.5 HP. 

 
C. Provide reduced voltage, non-reversing, Wye-delta type combination magnetic tarters for motors 10 HP up to 

50 HP. 
1. Adjustable timing relay for start to run transfer timing. 
2. Closed transition from reduced to full voltage. 

 
D. Provide reduced voltage, non-reversing, auto-transformer type, combinations tarters for motors above 50 HP. 
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1. Two winding, open delta connected. 
2. Adjustable timing relay for start to run transfertiming. 
3. Closed transition from reduced to full voltage. 
4. Field adjustable auto transformer taps, 50%, 65%, and 80%, factory set at 80%. 

 
E. Provide an individual control transformer with control fuses for each motor controller to adopt with the supply 

voltage 

 
F. Provide each motor controller with three phase, ambient temperature compensating, thermal overload relays 

with heaters. Overload relays shall have be adjustable from 90% to 110% of heater rating, factory set at 
100%. Provide an insulated pushbutton on the outside of door to reset overload relays. 

 
G. Provide each motor controller with a Hand-Off-Automatic (HOA) selector switch. Provide an Hand-Automatic 

(HA) selector switch for life safety equipment. Mount switch on outside of door. 

 
H. Provide each motor controller with 2 normally open and 2 normally closed auxiliary contacts, green OFF and 

red RUNNING long life (50,000 hours) pilot indicators on outside of door, auxiliary relays, and other devices 
required for operation of the equipment to becontrolled. 

 
I. Provide transformer type indicating lights in front cover (Lens color(s) red-stop, green-run) and push to test 

type indicating lights. 

 
J. For two (2) speed motors, provide a timing relay that will cause the motor to stop first before switching to 

second speed. 

 
K. Provide time switches (Refer to Item 2.7.C of Section 262300) for all motors as indicated in 

Mechanical/HVAC Equipment Schedule. 

 
 

2.4 CONTROLLER OVERCURRENT PROTECTION AND DISCONNECTION MEANS FOR COMBINATION 
STARTER 

 
A. Motor Circuit Protector: A motor short circuit protector shall be permitted in lieu of devices as listed in PEC 

Part 1 Table 4.30.14.6. Motor short circuit protector is part of a PS or UL listed combination controller having 
both motor over load protection and short circuit & protection in each conductor and if it will operate at not 
more than 13 times of full load motor current. Provide interlock to prevent opening front cover with motor 
circuit protector in ON position. Handle lockable in OFF position, where required to achieve specified short- 
circuit rating, provide a current-limiter attachment. 

 
B. Molded-Case Thermal/Magnetic Circuit Breakers: circuit breakers with integral thermal and instantaneous 

magnetic trip in each pole. Provide interlock to prevent opening front cover with circuit breaker in ON position 
defeatable with screw driver. Handle lockable in OFF position. Interrupting rating shall be as indicated in the 
drawings. Where required to achieve specified short-circuit rating, provide a current-limiterattachment. 

 
PART 3 – EXECUTION 

 

 
3.1 GENERAL 

 
A. Disconnect switches and individual motor controller shall be installed within 3 meters of load served. 
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B. Provide independent support, do not mount on the housing of the equipment served. 
 

 
3.2 INSTALLATION 

 
A. Select and install overload relay elements in motor starters based on actual motor nameplate ratings, such 

as full-load current, service factor, temperature rise, and ambient motor temperature. 

 
B. Motor Data: Provide neatly typed label inside each motor starter enclosure door identifying motor served, 

nameplate horsepower, full-load amperes, code letter, service factor, and voltage/phaserating. 

 
C. Set motor circuit protectors to the minimum trip setting which will permit motor starting under normal 

conditions using the procedures outlined in the manufacturer’s instructions booklet. 

 
 

END OF SECTION 262913 
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PART 1 - GENERAL 
 
 

1.1 RELATED DOCUMENTS 

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

Conditions and Division 1 Specification Sections, apply to this Section. 
 
 

1.2 SUMMARY 

 
A. This Section includes packaged stand by rated engine-generator sets for standby power 

supply application with the following features: 
 

1. Diesel engine. 
2. Unit-mounted cooling system. 
3. Remote-mounting control and monitoring. 
4. Performance requirements for sensitive loads. 
5. Load banks. 

 
B. Related Sections include the following: 

 
1. Division 26 Section 260526 "Grounding and Bonding" for grounding and bonding of 

metallic parts of the generators etc. 
 

2. Division 26 Section 260529 "Hangers and Supports" for mounting of the generators, 
busducts, paralleling switchgear etc. 

 
3. Division 26 Section 260548 "Vibration & Seismic Controls" 

 
4. Division 26 Section 260553 "Electrical Identification" 

 
5. Division 26 Section 260800 "Start-up Testing and Commissioning of Electrical 

Equipment" 
 

6. Division 26 Section 263600 "Automatic Transfer Switch" for transfer switches 
including sensors and relays to initiate automatic-starting and -stopping signals for 
engine-generator sets. 

 
7. Division 26 Section 262300 “Low Voltage Switchgear”. 

 
8. Division 26 Section 262313 “Paralleling Switchgear” 

 
9. Division 26 Section 262500 “Busducts” 

 
 

1.3 DEFINITIONS 

 
A. Operational Bandwidth: The total variation from the lowest to highest value of a parameter 

over the range of conditions indicated, expressed as a percentage of the nominal value of 
the parameter. 

 
B. DENR – Department of Environmental and Natural Resources 
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1.4 SUBMITTALS 

 
A. Technical data sheets (TDS): These include published performance, rating and derating 

curves, published ratings, catalog cuts, pictures, manufacturer's specifications, material 
composition and gauge thickness. 

 
B. Description of operation (DO): Manufacturer's literatures and, if suitable, diagrams. 

 
C. Calculations (CALC): Detailed engineering calculations with all equations, graphs, 

assumptions, and approximations shown and data sources referenced. 
 

D. Certification (CERT): Written confirmation as to the document's accuracy and genuineness. 
 

E. Shop Drawings (SD): Scaled drawings showing plan views, side views, elevations and cross 
sections. 

 
F. Diagrams (DGM): These include control system diagrams, elementary diagrams, control 

sequence diagrams or table, wiring diagrams, interconnections diagrams (between local 
control cubicles, remote annunciator panels, remote derangement panels, remote monitoring 
panels, remote exercising panel and underground fuel storage tanks), wireless connection 
diagrams, illustrative diagrams, flow diagrams and other like items. 

 
G. Additional Requirement 

 
1. Name and location of factory authorized service agency to approve and start-up 

installation. 
2. Name and location of certified testing agency to perform field testing. 
3. Certified prototype, factory and field test repots. 

 
H. Prior to fabrication, submit for approval the following data for each engine-generator set, 

transfer device and control and supervisory equipment: 
 

1. Engine generator set: TDS, SD 
2. Engine jacket water heaters: TDS 
3. Muffler assembly: TDS, SD 
4. Motor-operated damper assembly: TDS 
5. Day tank and pumps: TDS 
6. Batteries, racks and charger: TDS, CALC 
7. Torsional Vibration: CERT 
8. Control and Supervisory Equipment: TDS, DGM, DO, SD 
9. Performance: 

a. Voltage regulating equipment: TDS 
b. Frequency regulating equipment: TDS 
c. Voltage and frequency dips and recovery times due to specified motor loading: 

CALC 
d. Antifreeze derating: TDS 
e. Ambient derating: TDS 

10. Fuel oil system: DGM 
11. Cooling system: DGM 
12. Vibration isolators: TDS, CALC 

 
I. Manuals: 

 
1. Submit, simultaneously with the shop drawings, companion 3 sets hard copy and 2 

sets soft copies of complete maintenance and operating manuals of the engine 
generator set and auxiliaries including technical data sheets, wiring diagrams and 
information, such as telephone number, fax number and web sites, for ordering 
replacement parts. 

2. Two weeks prior to the final inspection, submit four copies of the updated 
maintenance and operating manual to the EMPLOYER’S REPRESENTATIVE. 
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a. Include complete "As Built" diagrams, which indicate all items of equipment and 
their interconnecting wiring. 

 
b. Include complete diagrams of the internal wiring for each of the items of 

equipment, including "As Built" revisions of the diagrams. 
 

c. The wiring diagrams shall identify the terminals to facilitate installation, 
maintenance, operation and testing. 

 
d. Complete lists of spare parts and special tools recommended for two years of 

normal operation of the complete system. 
 
 

1.5 QUALITY ASSURANCE 

 
A. Installer Qualifications: Manufacturer's authorized representative who is trained and 

approved for installation of units required for this Project. 
 

1. Maintenance Proximity: Not more than one hour normal travel time from Installer's 
place of business to Project site. 

2. Engineering Responsibility: Preparation of data for vibration isolators and seismic 
restraints of engine skid mounts, including Shop Drawings, based on testing and 
engineering analysis of manufacturer's standard units in assemblies similar to those 
indicated for this Project. 

 
B. Manufacturer Qualifications: A qualified manufacturer. Maintain, within 100 km Project site, 

a service center capable of providing training, parts, and emergency maintenance repairs. 
 

C. Testing Agency Qualifications: An independent agency, with the experience and capability 
to conduct the testing indicated, that is a member company of the InterNational Electrical 
Testing Association or is a nationally recognized testing laboratory (NRTL), and that is 
acceptable to authorities having jurisdiction. 

 
1. Testing Agency's Field Supervisor: Person currently certified by the InterNational 

Electrical Testing Association or the National Institute for Certification in Engineering 
Technologies to supervise on-site testing specified in Part 3. 

 
D. Source Limitations: Obtain packaged generator sets and auxiliary components through one 

source from a single manufacturer. 
 

E. 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. 

 
F. Comply with ASME B15.1. 

 
G. Comply with NFPA 37. 

 
H. Comply with NFPA 70. 

 
I. Comply with NFPA 99. 

 
J. Comply with NFPA 110 requirements for Level 1 emergency power supply system. 

 
K. Comply with UL 2200. 

 
L. Engine Exhaust Emissions: Comply with applicable state and local government 

requirements. 
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M. Noise Emission: Comply with local government requirements for maximum noise level at 
due to sound emitted by generator set including engine, engine exhaust, engine cooling-air 
intake and discharge, and other components of installation. 

 
 

1.6 SYSTEM TESTING 

 
A. Factory Tests 

 
1. Factory tests shall be conducted by the manufacturer. 
2. EMPLOYER’S REPRESENTATIVES and MEEPF CONSULTANT (2 people) should 

witness factory testing. Provide 14 day advance notification. 
3. Sufficient allowance should be made for business class trip if normal travel time is 

more than 5 hours 
4. Test alarm points. 
5. Test shut-down points. 
6. 4 hour, 100% resistive and reactive load test at full rated load and power factor. 

 
a. Monitor voltage stability 
b. Monitor frequency stability 
c. Apply and remove load in 25% increments 

 
7. Oscillograph chart recordings of voltage and frequency of generator set transient per- 

formance for 100% step load addition and subtraction indicating compliance with 
specifications. 

8. Equipment shall be Prototype Test Supported certified. 
 
 

B. Field Tests 
 

1. Field tests shall be conducted by factory certified technicians, together with the Own- 
er’s testing engineer. 

2. Field inspection and testing shall occur after installation is complete and the room is 
secure. 

3. Test engine start circuits, time delay circuits, status points and system control points. 
4. Perform 30 min @ 25%, 2 hrs. @ 50% load, 2 hrs @ 75% load, 2 hrs @ 100% load 

using full resistive load test using a temporary load bank provided by the contractor. 
During this test, record data at 20 minute interval. Unsuccessful tests shall be fully 
documented, submitted and re-tested until successful. 

5. Quick Start Test: Record time required for the engine generator set to develop speci- 
fied voltage, frequency and kw load from a stand still condition. 

6. Conduct function tests on safety devices. The function tests should show that the 
control and performance complies fully with the design intent and specification re- 
quirement. 

7. Conduct acoustic measurement by recognized acoustic consultant to EMPLOYER’S 
REPRESENTATIVE’S approval to confirm meeting with Design Criteria. 

 
 

1.7 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 Construction Manager no fewer than seven days in advance of proposed 

interruption of electrical service. 
2. Do not proceed with interruption of electrical service without Construction Manager's 

written permission. 
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B. Environmental Conditions: Engine-generator system shall withstand the following 
environmental conditions without mechanical or electrical damage or degradation of 
performance capability: 

 
1. Ambient Temperature: 20 to 40 deg C. 
2. Relative Humidity: 0 to 99 percent. 
3. Altitude: Sea level to 1000 feet (300 m). 

 
 

1.8 COORDINATION 

 
A. Coordinate size and location of concrete bases for package engine generators. Cast 

anchor-bolt inserts into bases. Concrete, reinforcement, and formwork requirements are 
specified in Division 3. 

 
 

1.9 WARRANTY 

 
A. Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or 

replace components of packaged engine generators and associated auxiliary components 
that fail in materials or workmanship within specified warranty period. 

 
1. Warranty Period: One year from date of Substantial Completion. 

 
1.10 MAINTENANCE SERVICE 

 
A. Requirement set forth under Instruction to Bidders. 

 
 

1.11 EXTRA MATERIALS 

 
A. Furnish extra materials described in MEEPF spare parts list. 

 
 
 
PART 2 - PRODUCTS 

 
 

2.1 ENGINE-GENERATOR SET 

 
A. Factory-assembled and -tested, engine-generator set. 

 
B. Mounting Frame: Maintain alignment of mounted components without depending on 

concrete foundation; and have lifting attachments. 
 

1. Rigging Diagram: Inscribed on metal plate permanently attached to mounting frame  
to indicate location and lifting capacity of each lifting attachment and generator-set 
center of gravity. 

 
C. Capacities and Characteristics: 

 
1. Power Output Ratings: Nominal ratings as indicated, with capacity as required to 

operate as a unit as evidenced by records of prototype testing. 
2. Output Connections: Three-phase, four wire. 
3. Nameplates: For each major system component to identify manufacturer's name and 

address, and model and serial number of component. 
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D. Generator-Set Performance: 
 

1. Steady-State Voltage Operational Bandwidth: 3 percent of rated output voltage from 
no load to full load. 

2. Transient Voltage Performance: Not more than 20 percent variation for 50 percent 
step-load increase or decrease. Voltage shall recover and remain within the steady- 
state operating band within three seconds. 

3. Steady-State Frequency Operational Bandwidth: 0.5 percent of rated frequency from 
no load to full load. 

4. Steady-State Frequency Stability: When system is operating at any constant load 
within the rated load, there shall be no random speed variations outside the steady- 
state operational band and no hunting or surging of speed. 

5. Transient Frequency Performance: Less than 5 percent variation for 50 percent step- 
load increase or decrease. Frequency shall recover and remain within the steady- 
state operating band within five seconds. 

6. Output Waveform: At no load, harmonic content measured line to line or line to 
neutral shall not exceed 5 percent total and 3 percent for single harmonics. 
Telephone influence factor, determined according to NEMA MG 1, shall not exceed 
50 percent. 

7. Sustained Short-Circuit Current: For a 3-phase, bolted short circuit at system output 
terminals, system shall supply a minimum of 250 percent of rated full-load current for 
not less than 10 seconds and then clear the fault automatically, without damage to 
generator system components. 

8. Start Time: Comply with NFPA 110, Type 10, system requirements. 
 
 

2.2 ENGINE 

 
A. Fuel: number 2 diesel 

 
B. Rated Engine Speed: 1800 RPM 

 
C. The net brake horsepower of the engine at rated operating speed shall be not less than 1.45 

times the rated standby electric kilowatt rating of the engine generator. Net brake 
horsepower is defined as the horsepower that the fully derated bare engine can deliver less 
all parasitic loads. 

 
D. Fuel consumption of the engine generator shall be substantiated by means of 

manufacturer’s certified curves. 
 

E. The engine shall be equipped with an electronic governor to maintain engine speed within 
specified limits. Governor shall be adjustable from isochronous to five percent droop. 
Frequency shall be factory set at rated frequency. 

 
F. Engine safety devices, including high water temperature switch, overspeed sensing switch, 

low oil pressure switch, low water temperature switch and the following measurement 
devices, shall be mounted on the engine: 

- Tachometers 
- Cooling Water Temperatures Gauges 
- Lubricating Oil Temperature Gauges 
- Lubricating Oil Pressure Gauges 
- Immersion heater’s status indication 
- Hours Run Meter 
All the above devices shall be connected to the control and status panel instruments 
and alarms as specified herein. 

 
G. Engine wiring shall be industrial quality, heat and oil resistant, insulated, copper conductors. 

Wiring shall be protected and shall be isolated form high temperature engine parts. Wiring 
for alternating current power circuits shall be installed in conduit. 
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2.3 ELECTRIC STARTING SYSTEM 

 
A. Comply with NFPA 30. 

 
B. Provide an engine mounted electric starting motor with solenoid and over-running clutch 

drive. The starting motor shall be of the required voltage and ampere rating. 
 

C. Provide a system of lead acid batteries sized such that the engine generator set may 
complete four, sixty second complete cranking cycles at firing speed and specified room 
temperature. Provide a seismic rack and cables of sufficient ampacity. 

 
D. Provide a wall mounted 230V AC battery charger which shall recharge battery to full 

capacity within eight hours. Battery charger shall have both a high rate and float rate 
charging system. The battery charger shall be current limiting and shall not  require  
cranking cutout contacts for charger protection when cranking. Accessories shall include: 
DC ammeter, fused input, DC voltmeter, high/low DC output voltage relay and input voltage 
failure relay. Battery charger output shall be rated ten amperes minimum at required 
voltage. Controls to adjust both the float and equalize voltage shall be located on the front of 
the charger. Charger current level shall automatically drop to a sufficiently low level to 
eliminate overcharging of the batteries. 

 
E. Battery racks shall be metal with an alkali resistant finish and thermal insulation, and 

secured to the floor. 
 
 

2.4 ENGINE COOLING SYSTEM 

 
A. The engine shall be provided with Engine–mounted radiator and blower type fan, size to 

provide adequate cooling and safe operation at 50ºC maximum ambient temperature. The 
radiator fan shall be sized at the manufacturer’s rated air flow at 190 Pa external static 
pressure excluding the pressure drop through the radiator with 48 ºC entering air 
temperature. The cooling system shall allow proper de-aeration for the engine. An engine 
driven propeller type fan shall be provided. Engine coolant shall be a mixture of fifty (50) 
percent water. A duct adaptor flange shall be included for flex connection. 

 
B. A coolant recovery tank, either by means of surge tanks or radiator top tank shall be 

provided to prevent air build up in the radiators 
 

C. The engine shall be equipped with a centrifugal type water circulating pump and thermostat 
valve to maintain the engine at recommended temperature level. 

 
D. The engine cooling system shall include one or more spin-on type engine water filters which 

will treat the coolant and prevent corrosion and scale deposits inside the cooling system. 
 
 

2.5 AIR INTAKE AND EXHAUST SYSTEM 

 
A. Provide an air cleaner/silencer as recommended by the engine manufacturer. Air cleaners 

shall be dry type with replaceable elements complying with DENR requirements. 
 

B. Engine exhaust outlets shall be coupled to the exhaust silencers by means of an adequately 
sized section of stainless steel corrugated flex Grade 316. Flex connector(s) shall be 
flanged at both ends for mating to the engine and exhaust system. 

 
C. Exhaust silencers shall be critical grade. Exhaust silencers shall be sized to limit exhaust 

back pressure to acceptable values. Exhaust silencers shall be suitable for horizontal 
mounting, equipped with flanged bottom inlet and flanged end outlet. The exhaust silencers 
shall be double wall construction and shall have a high temperature anti-corrosion coating 
applied uniformly on the outside surface. 
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2.6 EXHAUST STACK 

 
A. Provide standard weight ASTM Specification steel pipe. Weld all joints, except at connection 

to muffler discharge pipe where flanges shall be used. 
 

B. Provide 1035 kPa forged steel, welding flange, flanged faced and drilled to conform to ASA 
B16.5. Provide asbestos-free high temperature gaskets 1.6m thickness. 

 
C. Provide flapper type weathercap at exterior end of stack, manufactured as an accessory 

item for the installation. Do not use field manufactured type. 
 

D. Where piping is exposed to weather, supply two coats of high temperature anti-rust paint. 
 

E. Refer to Mechanical Specification, Section 15080 – Mechanical Insulation, for the insulation 
material for exhaust pipe. 

 
F. The exhaust pipe shall be sized in accordance with the allowable engine back pressure. 

 
 

2.7 FUEL SYSTEM 

 
A. General 

1. Fuel lines between injection pumps and valves shall be heavy seamless tubing. 
2. Provide  fuel  filters  with replaceable elements. Fuel filters shall be located in an 

accessible housing ahead of the injection pumps. 
3. Provide an engine driven explosion-proof fuel transfer pump. 

 
B. Fuel Storage Day Tank 

1.  Provide diesel fuel storage tank, complete with support stands for each generator, 
the capacity should be as indicated in the drawing. 

2. Factory pressure tested tank to 5 PSI. 
 

C. Fuel Storage Day Tank Controls 
1. Provide Magnetrol Model 802 Sentinel transmitter with dual D.P.D.T relays for 

high/low level and 4-20 mA output proportional to level, complete with integral 90- 
second time delay. 

2. Install probe in 32 mm external oil column with isolation, drain and vent valves. 
3. Set relays for low level failsafe operation. 

 
D. Fuel Oil Filter 

1. Provide Raycor Turbine Series filter and water separator in the fuel supply line 
downstream of the day tank. Assembly shall be 1000 FG (maximum 180 GPH) or 
approved equivalent. 

2. Locate assembly within the oil containment area. 
 
 

2.8 ALTERNATOR 

 
A. The engine generators shall be rated as shown in the drawings. 

 
B. The rated output shall be available for varying load for 200hour of operation per year. The 

Emergency Standby Power Duty rating shall be in accordance with the following standards: 
 

 ISO 8528 
 ISO 3046 / 1 
 AS 2789 
 DIN 6271 
 BS 5514 
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C. The alternator shall be four pole, synchronous brushless type. The alternator shall be single 
bearing type coupled directly to the engine flywheel by means of a flexible disc coupling. 
The alternator shall be capable of withstanding an overspeed of 20% above nominal value. 
The alternator shall be equipped with anti-condensation heaters. 

 
D. The alternator voltage regulator shall be automatic, solid state type, three phase sensing 

and shall incorporate an under frequency protective circuit to limit generator excitation at 
lower than normal operating speeds. The voltage regulator shall be equipped with a voltage 
adjusting rheostat capable of plus or minus five percent rated voltage adjustment. The 
voltage regulator shall maintain the voltage within the limits specified. 

 
E. The alternator insulation system shall be NEMA Class H and shall be a combination of 

epoxy coating and varnish. The alternator shall be sized and properly derated according to 
NEMA MG1-22-1975 to yield a maximum temperature rise of 80 degrees centigrade by 
resistance above an ambient temperature of 40 degrees centigrade at rated altitude and 
load. 

 
F. Excitation shall be provided by a direct connected brushless permanent magnetic rotating 

exciter. The armature shall be of the three phase design and connected to a full wave three 
phase rotating bridge. Diodes used shall be of the silicon type mounted on proper heat  
sinks with surge protector. 

 
G. Exciter field power shall be provided by a separate permanent magnet generator directly 

connected to the brushless exciter. The PMG shall provide sufficient power to the excitation 
system to produce 300% current from the main operator armature during a three phase fault 
with sufficient duration for protective devices to operate. 

 
 
 
 
 

2.9 CONTROL AND STATUS PANELS 

 
A. General 

 
1. Provide an audible alarm signal, silence switch and lamp test button on each control 

and status panel. Provide power for alarm system from generator battery system. 
2. Upon alarm activation, sound the audible alarm signal and indicate, by means of 

individual lights at annunciator panels, which particular malfunction is initiating the 
alarm. Provide 3/16 inch high (minimum) labeling to identify the alarm. 

 
B. Main Control and Status Panel 

 
1. Generator running indicator 
2. Voltage adjuster 
3. Frequency adjuster 
4. Emergency stop switch 
5. Selector switch (STOP/RESET, AUTO, MANUAL) 
6. Manual start button 
7. Common alarm indicator 
8. Scroll button for the display on LCD 
9. Value display on LCD 

a. Frequency / RPM 
b. AC voltage Line-Neutral 
c. AC voltage Line-Line 
d. AC Line Current 
e. Oil pressure 
f. Coolant temperature 
g. Engine hours run 
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h. DC battery voltage 
10. Alarm indication with graphical symbol on LCD (see C) 
11. Status indicator (see E) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
C. Fault Operation 

 
1. Fault operation shall be operated as follows: 

 
 

 
Item 

 
 

Eng. 
Stop 

 

Common 
Alarm 
Signal 

 
 

Shutdown 
Signal 

Indication (Digital 
Display Built-in in 

the Paralleling 
Switchgear) 

(graphical 
symbol) 

(status) 

Battery charge failure – X – X – 

Battery low voltage – X – X – 

Battery high voltage – X – X – 

Fail to stop – X – X – 

Generator high current – X – X – 

Fail to start – X – X – 

Emergency stop – X – X – 

Low oil pressure – X – X – 

High engine temperature – X – X – 

Over speed/frequency – X – X – 

Under speed/frequency – X – X – 
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Generator high voltage – X – X – 

Generator low voltage – X – X – 

Oil pressure sender 
open circuit 

– X – X – 

Loss of speed signal – X – X – 

L.O. filter clogged – X – X – 

Electrical trip signal – X – – X 
 

Note: 1. “X” marks are applicable items. 
2. “–“ marks are not applicable items. 
3. Common signal means warning signal or shutdown signal 
4. Eng stop by Electrical trip signal will be done after Eng cooled. 

 
D. Auxiliary input signals 

1. If the functions as follows are necessary, please input external command signals to 
the control panel. 
a. Remote start/stop 
b. Indication test 
c. Electrical trip 

 
E. Status indicator 

1. Remote start present 
2. Generator ready 
3. LO filter clogged 
4. Electrical trip 

 
 

F. Auxiliary output signals 
1. These signals are output from control panel. 

a. Shutdown signal (for CB trip) 
b. High current alarm (for Auxiliary speed adjust unit) 
c. Crank disconnected (low speed detected) 

 
G. Operation 

1. Engine start and stop shall be done by operator, start/stop control switch which is 
located in front of generator panel and also automatic stop controlled at engine 
trouble conditions. 

2. Remote start and stop control available, when mode selector switch is in AUTO 
position. 

 
2.10 LOAD BANK 

 
A. Description: On site testing, outdoor, weatherproof, remote-controlled, forced-air-cooled, 

resistive and reactive unit capable of providing a balanced 3-phase, delta-connected load to 
generator set at 100 percent rated-system capacity, at 80 percent power factor, lagging.  
Unit may be composed of separate resistive and reactive load banks controlled by a 
common control panel. Unit shall be capable of selective control of load in 25 percent steps 
and with minimum step changes of approximately 5 and 10 percent available. 

 
B. Resistive Load Elements: Corrosion-resistant chromium alloy with ceramic and steel 

supports. Elements shall be double insulated and designed for repetitive on-off cycling. 
Elements shall be mounted in removable aluminized-steel heater cases. 

 
C. Load-Bank Heat Dissipation: Integral fan with totally enclosed motor shall provide uniform 

cooling airflow through load elements. Airflow and coil operating current shall be such that, 
at maximum load, with ambient temperature at the upper end of specified range, load-bank 
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elements operate at not more than 50 percent of maximum continuous temperature rating of 
resistance elements. 

 
D. Load Element Switching: Remote-controlled contactors switch groups of load elements. 

Contactor coils are rated 220 V. Contactors shall be located in a separate  NEMA 250,  
Type 3R enclosure within load-bank enclosure, accessible from exterior through hinged 
doors with tumbler locks. 

 
E. Contactor Enclosures: Heated by thermostatically controlled strip heaters to prevent 

condensation. 
 

F. Load-Bank Enclosures: NEMA 250, Type 3R, complying with NEMA ICS 6. Louvers at 
cooling-air intake and discharge openings shall prevent entry of rain. Openings for airflow 
shall be screened with 1/2-inch- (13-mm-) square, galvanized-steel mesh. Reactive load 
bank shall include automatic shutters at air intake and discharge. 

 
G. Protective Devices: Power input circuits to load banks shall be fused, and fuses shall be 

selected to coordinate with generator circuit breaker. Fuse blocks shall be located in 
contactor enclosure. Cooling airflow and over temperature sensors shall automatically shut 
down and lock out load bank until manually reset. Safety interlocks on access panels and 
doors shall disconnect load power, control, and heater circuits. Fan motor shall be 
separately protected by overload and short-circuit devices. Short-circuit devices shall be 
non-interchangeable fuses with 65,000-A interrupting capacity. 

 
H. Remote-Control Panel: Separate from load bank in NEMA 250, Type 1 enclosure with a 

control power switch and pilot light, and switches controlling groups of load elements. 
 

I. Control Sequence: Control panel may be preset for adjustable single-step loading of 
generator during automatic exercising. 

 
 

2.11 VIBRATION ISOLATION DEVICE 

 
A. Installation shall be in accordance with approved vibration isolation and seismic restraint 

submittal. 
 

B. The vibration isolator for the Genset shall be spring type with 150mm maximum detection. 
The vibration isolator shall incorporate internal neoprene shear rubber sided dampenings, 
sound pad and level adjusting bolt. The isolator shall be designed for use in Zone 4. 

 
C. Pipe hangers shall be isolated from the soffit with 75mm deflector springs for 15 meters 

(minimum). 
 

D. Fuel oil and coolant lines shall be flexible braided bronze hoses. 
 

E. Raceway connections to unit shall be in liquid tight flexible metal conduit. 
 

F. Refer to Section 230074 the detailed requirements. 
 
 

2.12 THE EQUIPMENT SHALL BE TREATED TO RESIST FUNGUS AND MOISTURE AS FOLLOWS: 
 

A. Electrical components such as switches, fuses, contacts, heater elements, distributors, 
spark plugs and magnetoes shall not be treated. Other materials and components which  
are inherently fungus resistant or are protected by hermetic sealing need not be treated. 

 
B. Circuit elements not covered above and which have a temperature rise of not more than 24- 

degree C, when operating at full load, shall be coated with a fungus-resistant varnish.  
Circuit elements include, but are not limited to cable, wire, switchboards, panelboards, 
condensers and coils of the engine, generator and engine control panel. 
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C. Circuit elements such as motor coils, generator and transformer windings and similar 
electrical components, which have a temperature rise exceeding 24-degree C when 
operating at full load, shall not be coated with a fungi-toxic compound. 

 
 

2.13 RADIO INTERFERENCE SUPPRESSIONS 

 
A. The generator sets shall be fully equipped with radio interference suppressions and should 

also include earth terminals and conductors for bonding of the engines and oil tanks to the 
earthing system. 

 
 

2.14 SPARE PARTS 

 
A. For each engine-generator set: 

1. Six lubricating oil filters. 
2. Six primary fuel oil filters. 
3. Six secondary fuel oil filters. 
4. Six intake air filters. 

 
B. For each battery charger: 

1. Three complete sets of fuses. 
2. One complete set of indicating lamps. 

 
C. For each control and supervisory panel: 

1. Three complete sets of fuses. 
2. One complete set of indicating lamps. 

 
 
PART 3 - EXECUTION 

 
 

3.1 EXAMINATION 

 
A. Examine areas, equipment bases, and conditions, with Installer present, for compliance with 

requirements for installation and other conditions affecting packaged engine-generator 
performance. 

 
B. Examine roughing-in of piping systems and electrical connections. Verify actual locations of 

connections before packaged engine-generator installation. 
 

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

3.2 INSTALLATION 

 
A. Installation of the engine generator set shall comply with manufacturer's written instructions 

and with NFPA 110: Standard for Emergency and Standby Power Systems. 
 

B. Mounting 
1. Support the base of engine-generator set on vibration isolators, each isolator bolted 

to the floor (pad), generator base bolted to isolator. 
2. Install sufficient number of isolators so that the floor (pad) bearing pressure under 

each isolator is within the floor (pad) loading specification. 
3. Install equal number of isolators on each side of the engine-generator set's base. 
4. Locate isolators for approximately equal load distribution and deflection per isolator. 

Base of the engine-generator set shall be drilled at the factory for the isolator bolts. 
5. Isolators shall be shipped loose with the engine-generator set. 
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6. All connections between the engine-generator set and exterior systems, such as fuel 
lines, electrical connections, and engine exhaust system and air exhaust shroud,  
shall be flexible. 

 
C. Balance: 

1. The vibration velocity in the horizontal, vertical and axial directions shall not exceed 
16.25 mm (0.65 inch) per second peak at any specific frequency. These limits apply 
to main structural components such as the engine block and the generator frame at 
the bearings. 

2. Balance the engine-generator set statically and dynamically at the factory in order to 
comply with the maximum specified vibration velocity. 

 
D. Connect all components of the essential electrical power system so that they will continue to 

be energized by the auxiliary electrical power system during failures of the normal electrical 
power supply system. 

 
E. Install piping between diesel engine and remote components of cooling, fuel and exhaust 

systems. 
 

F. Flexible connection between radiator and exhaust shroud at the wall damper: 
1. Install non-combustible flexible connections made of 20-ounce neoprene-coated 

fiberglass fabric approximately six inches wide. 
2. Crimp and fasten the fabric to the sheet metal with screws two inches on center. The 

fabric shall not be stressed, except by the air pressure. 
 

G. Exhaust System Insulation 
1. Adhesive and insulation materials shall be applied on clean, dry surfaces from which 

loose scale and construction debris has been removed by wire brushing. 
2. Fill all cracks, voids and joints of applied insulation material with high temperature 

1093 degrees C (2000 degrees F) insulating cement before applying the outer 
covering. 

3. The installation shall be neat, thermally and structurally tight without sag, neatly 
finished at all hangers or other penetrations and shall provide a smooth finish surface. 

4. Insulation and jacket shall terminate hard and tight at all anchor points. 
5. Insulate completely from engine exhaust flexible connection through roof or wall 

construction, including muffler. 
 
 

3.3 START AND TESTING 

 
A. Provide the services of a factory-authorized, factory-trained representative of the diesel 

engine-generator set manufacturer to inspect field-assembled components, and equipment 
installation and supervise the field tests. Connect fuel, cooling-system, and exhaust-system 
piping adjacent to packaged engine generator to allow service and maintenance. 

 
B. When the complete auxiliary electrical power system has been installed and prior to the final 

inspection, tests all components of the system in the presence of the Engineer for proper 
operation of the individual components and the complete system and to eliminate electrical 
and mechanical defects. 

 
C. Furnish fuel oil, lubricating oil, anti-freeze liquid, water treatment and rust inhibitor and load 

bank for testing of the diesel engine-generator set. 
 

D. Field Tests for the Diesel Engine-Generator Set 
 

1. Test the engine generator set in accordance with section 1.6.B. 
 

2. Record the following test data at 30-minute intervals: 
 

a. Time of day, also reading of running time indicator. 
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b. KW. 
c. Voltage on each phase. 
d. Amperes on each phase. 
e. Engine RPM. 
f. Frequency. 
g. Engine water temperature. 
h. Fuel pressure 
i. Oil pressure. 
j. Outdoor temperature 
k. Average ambient temperature in the vicinity of the diesel engine. 
l. Average ambient temperature in the vicinity of the starting batteries. 

 
3. Demonstrate that the generator set will attain proper voltage, frequency and will 

accept 70 percent block load within 10 seconds from a cold start after the closing of a 
single contact. 

 
4. Furnish a resistance type load for the testing of the generator: 

 
a. When approved in writing by the MEEPF CONSULTANT prior to the testing, 

the CONTRACTOR may use connected loads in the building (resistant plus 
other types) as part of the test load provided the Contractor assumes complete 
responsibility for the use of the connected loads, including personnel injuries 
and property damage. 

 
b. Test loads shall always include adequate resistance to assure stability of the 

loads and equipment during all of the testing operations. The test load KW 
rating: 

 
1) Shall not be less than 100 percent of the specified KW rating of the 

largest generator set. 
2) Shall not be less than 35 percent of the sum of the specified KW ratings 

of the all generator sets in a paralleling system. 
 

E. Battery and Starting System Test: 
1. Demonstrate that the batteries and cranking motor are capable of 5 starting attempts 

of 10 second cranking each at 10 second intervals with the battery charger turned off. 
 

F. Test local and remote panels: Simulate engine failures while checking for proper operation 
of each indicating lamp, alarm device and reset button. (It is recommended that one VA 
inspector be located in the generator room and another at the site of remote panels. By 
means of telephone or walkie-talkies, the inspectors should be assured of proper operation 
and coordination of these panels.) 

 
G. At the completion of the field tests, fill the underground storage tank with fuel of grade and 

quality as recommended by the manufacturer of the engine. 
 

H. When any defects are detected during the tests, correct all the deficiencies and repeat all or 
part of the 8-hour continuous test as requested by the Engineer, at no additional cost to the 
Owner. 

 
I. Provide test and inspection results in writing to the Resident Engineer. 

 
 

3.4 INSTRUCTIONS AND FINAL INSPECTIONS 

 
A. Laminate or mount under plexiglass a set of operating instructions for the system and install 

instructions within a frame mounted on the wall near the diesel engine-generator set as 
requested by the Engineer. 
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B. At the final inspection in the presence of a representative, demonstrate that the complete 
auxiliary electrical power system operates properly in every respect. 

 
C. Furnish the services of a competent, factory-trained engineer or technician for five, 4-hour 

periods for instructions to personnel in operation and maintenance of the equipment, on the 
dates requested by the Engineer. 

 
 

3.5 DEMONSTRATION 

 
A. Engage a factory authorized service representative to train EMPLOYER’S maintenance 

personnel to adjust, operate, and maintain the engine generator. 
 

B. Video record all training sessions and provide recordings to EMPLOYER’S 
REPRESENTATIVE. 

 
 

3.6 COMMISSIONING 

 
 
 

END OF SECTION 
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SECTION 263213-1 

STATIC THREE-PHASE UNINTERRUPTIBLE POWER SUPPLY (UPS) SYSTEM 

 
Modular Rack Type UPS 

 
 

PART 1 – GENERAL 
 
 

1.1 SUMMARY 

 
This specification describes a modular, rack format, continuously rated,  solid  state 
Uninterruptible Power Supply (UPS). The UPS utilizes true on-line, double conversion topology, 
whereby the output power supplied is derived directly from the UPS inverter without the need for 
an internal step-up output transformer. The UPS will be used to operate in conjunction with the 
existing building supplies and shall provide high quality power distribution for critical loads. 

 

1.2 STANDARDS 

 
The product shall have CE marking in compliance with the following European directives: 
 Low Voltage Directive 2006/95/EC 
 EMC Directive 2004/108/EC 

 
The manufacturer shall demonstrate conformity with the UPS harmonized standards and 
directives EN 62040-1-1 (Safety) and EN 62040-2 (EMC). 

 
The UPS shall be designed in accordance with the applicable sections of the current revision of 
the following standards. W here a conflict arises between these documents and statements made 
herein, the statements in this specification shall govern. 

 

Safety Standard: EN 62040 -1-1:2003 
EN 60950 -1:2001/A11:2004 

 
 

Electromagnetic Compatibility Standard (EMC): 

EN 62040-2:2005 
EN 61000 -3-2:2000 
EN61000-3-3:1995?A1:2001 
EN61000-6-2:2001 
EN61000-6-4:2001 

Performance Standard: EN 62040 -3:2001 

 

1.3 SYSTEM DESCRIPTION 

 
1.3.1 General 

 
The UPS system shall consist of a single UPS module or the appropriate number of UPS 
modules connected in parallel for operation in capacity or N+n redundancy mode. The UPS 
modules shall be located within a fully enclosed, free standing, system cabinet which  shall 
contain automatic parallel connection terminals, communication cables, individual module 
isolators, input/output power terminals and an integral wrap around maintenance bypass switch. 

 
For a parallel configurations single points of failure shall be eliminated whereby each UPS 
module is autonomous, incorporating individual active components such as Power Units, Static 
Bypass Switches, CPU’s, Control Panels and Separate Battery Sets. All UPS modules must 
operate simultaneously and equally share the load without utilizing a centralized static bypass 
switch or system control module. 
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1.3.2 Parallel Installation 
 

1.3.2.1 Capacity (non-redundant) system. 
 

All the UPS modules connected in parallel are required to supply the full rated load. If a 
UPS module should malfunction, the load is to be transferred automatically, and 
simultaneously, to the bypass line via each of the UPS internal static bypass switches. 
The battery set should consist of at least two protected strings so that in the event of a 
battery malfunction the affected string is automatically  isolated  from  the  system  
thereby ensuring battery autonomy is retained, albeit of a shorter duration. 

 
1.3.2.2 Redundant operation 

 
The UPS system shall operate in an N+n configuration where N is the number of UPS 
units connected in parallel to support the load and n is the number of UPS units 
connected in parallel to provide the co-efficiency of redundancy. 

 
The parallel UPS units shall be capable of  operation with  a  separate dc  supply for  
each UPS unit. The batteries should be configured so that in the event of  a failure of  
one battery set the specified autonomy at full load is maintained. 

 
The malfunction of one of the UPS modules shall cause that particular UPS module to be 
automatically isolated from the system  and the remaining UPS modules shall continue  
to support the load. 

 
Replacement or repair of a UPS module shall be achieved on line, without risk to 
personnel, and without disturbance or risk to the connected load. It should not be 
necessary to place the parallel UPS configuration into maintenance bypass mode, 
thereby switching the connected load directly on to mains or generator supply, to  
facilitate the replacement or repair of a UPS module. 

 
1.3.3 Modes of Operation 

 
The UPS module shall be designed to operate as a true on-line, double conversion, Voltage and 
Frequency Independent (VFI-SS-111) system where the UPS output is independent of supply 
(utility/generator) voltage variations, and frequency variations are controlled within EN 
62040-3:2001 limits. The following modes of operation shall apply 

 
A Normal - The critical a.c. load is continuously supplied directly by the UPS inverter. The 

UPS input free running rectifier derives power from the utility or generator a.c.  source  
and supplies d.c. power to the inverter. A separate but integral battery charger shall 
maintain a ripple free float-charge voltage to the battery. 

 
B Battery - Upon failure of the input a.c. power  supply the critical a.c. load is  supplied by 

the inverter, which obtains power from the battery. There shall be no  interruption  in 
power to the critical load upon failure or restoration of the utility or generator a.c. source. 

 
C Recharge - Upon restoration of utility or generator a.c. power after a power outage, the 

input rectifier shall automatically restart and resume supplying power to the inverter and 
the battery charger shall recommence recharging the battery. The UPS input rectifier  
shall provide a soft start on the return of the utility or generator a.c. power. For parallel 
configurations, each UPS module shall switch on sequentially, with a switch on delay of 
between approximately 5 to 10 seconds. 
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D Automatic Restart - Upon restoration of utility or generator a.c. power, after an a.c.  
power outage and after a complete battery discharge, the UPS module(s) shall 
automatically restart and resume supplying power to the connected load via the inverter. 

 
E Static Bypass - The static bypass shall provide an alternate path for power to the 

connected a.c. load and shall be capable of operating in the following manner: 
 

Single UPS module installation 
 

1 Automatic - In the event of  a  UPS  failure  or  should  the  inverter  overload  capacity  
be exceeded the UPS unit shall perform an automatic  transfer  of  the connected a.c. 
load from the inverter to the bypass source. 

 
2 Manual Operation - Should the UPS module need to be  taken  out  of  service  for  

limited maintenance or repair, manual activation of the bypass shall cause an immediate 
transfer of the connected a.c. load from the inverter to the bypass source. Full electrical 
isolation of the UPS system shall therefore be obtained, without disruption to the critical 
load, by operation of an integral wrap-around maintenance bypass switch. 

 
Parallel UPS module installation 

 
1 Automatic - In  the  event  of  a  UPS  failure  the  faulty  UPS  module  shall  

automatically disconnect itself from the critical bus without affecting the critical load. If  
the remaining UPS module(s) are unable to support the load,  e.g.  an  overload 
condition, all the UPS modules (including the faulty module) shall perform an automatic 
transfer of the connected a.c. load to the bypass source via each of their internal static 
bypass switches. 

 
2 Manual - Should all the UPS modules need to be taken out of service for limited 

maintenance or repair, manual activation of the static bypass switch on one of the UPS 
modules shall cause  an  immediate  transfer  of  the  connected  a.c.  load  to  the 
bypass source via each of the UPS modules’ internal static bypass switch. Full electrical 
isolation of the UPS system shall therefore be obtained, without disruption to the critical 
load, by operation of an integral wrap-around maintenance bypass switch. 

 

1.4 SYSTEM CONFIGURATION 

 
The UPS system configuration shall comprise of one/two fully enclosed, free standing, rack 
format system cabinet(s) 

 
One System cabinet (N/A) 

 
1. The system cabinet shall be fitted with UPS modules as described below. Each module 

shall be rated for a full load capacity of 20 kVA (30 kVA), at 0.9p.f., 400V/230V, 60Hz, three 
phase input/output + N. Each UPS module shall 15-minutes battery back-up time (2- 
string, min). 

 
2. The modules shall be internally and automatically connected in parallel within  the  

system cabinet. 
 

3. The above configuration shall include spare ways within the system cabinet to permit 
future UPS redundancy, or capacity, upgrade without disruption to the critical load. 

 
Two System cabinets 

 
1. The system cabinets shall be fitted with a total of two (2) UPS modules. Each module 

shall be rated for a full load capacity of 80 kVA (20 kVA), at 0.9p.f., 400V/230V, 60Hz, 
three phase input/output + N. Each UPS module shall 10 minutes battery back-up time 
(2-string, min). Initial UPS requirement is 80 kVA. 
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2. The modules shall be internally and automatically connected in parallel within each 
system cabinet. Separate external switchgear shall be provided by the UPS  
manufacturer to enable the output of each system cabinet to be connected in parallel. 
The switchgear shall be designed to comply with the LV specifications described 
elsewhere and shall incorporate all the necessary, protective devices, isolators and 
bypass switches to ensure safe and correct parallel operation in accordance with the 
UPS manufacturers recommendations. The overall configuration shall provide N+1 
redundancy (kVA + kVA) or kVA capacity. 

 
3. The above configuration shall include spare ways within the two system cabinets to permit 

future UPS redundancy, or capacity, upgrade without disruption to the critical load. 
 

1.5 PERFORMANCE REQUIREMENTS 

 
The UPS shall be a true on-line double conversion, Voltage and Frequency Independent (VFI- 
SS-111) technology in accordance with the  performance  standard  EN  62040-3:2001.  The  
UPS system shall be capable of paralleling for capacity or redundancy up to a maximum of 10 x 
UPS modules connected in parallel. 

 
1.5.1 AC Input to UPS 

 
 

Voltage configuration 400/230, 415/240 or 380/220 Vac nominal, three- phase, 4- 
wire-plus-ground. 

Input frequency 35 to 70 Hz, without switching to battery supply 

Input current distortion sinewave <2% THDi maximum at 100% rated load, 400/230 
Vac 

Input power factor 
equal to or greater than 0.99 at 100% rated load, 0.96 at 50% 
rated load (lagging) 

Inrush current limited by soft start and not exceeding In 

 

The input voltage window shall be as shown in the table below, based on a  nominal input  
voltage of 230/400V and according to the output load of the UPS.  Within the input  voltage  
range shown below the UPS shall not draw power from the batteries to support the load. 

 

Load 
(% of UPS rating) 

Input voltage 
(Lower limit) 

Input voltage 
(Upper limit) 

100 - 23 % + 15 % 

80 - 30 % + 15 % 

60 - 40 % + 15 % 
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1.5.2 AC Output 
 

Output Rating 
Single or Capacity UPS Installation 
Continuously rated at kVA /0.9 p.f. 

 
Output Rating 

Parallel Redundant UPS Installation 
N+1 parallel redundant, continuously rated at 80 kVA/0.9 p.f. 

Voltage configuration 
3 x 400/230, 415/240 or 380/220 Vac, three-phase, 4- wire- 
plus-ground. 

Voltage tolerance 
static ± 1% 
dynamic ± 4% (zero to 100% to zero load steps) 

Frequency regulation 60 Hz, ± 0.1% (free running) 

Frequency slew rate 2.0 Hz/sec maximum 

Bypass frequency synchr. 
range (selectable) 

<± 2% 
<± 4% 

 

Voltage Distortion 

± 2% total harmonic distortion (THD) maximum - 100% linear 
load 
± 4% total harmonic distortion (THD) maximum - 100% non- 
linear load (EN 62040-3:2001) 

Load power factor range 0.9 lagging to 0.9 leading, without de-rating 

Load peak (crest) factor 3:1 minimum 

Load unbalance 100% (all 3 inverter phases shall be regulated independently) 

 
Overload capability 
(inverter) 

 
125% Load  -  10 min 
150% Load  -  60 sec 
If the overload limits or times are exceeded the UPS(s) will 
transfer the load to bypass supply (if available) via the internal 
static transfer switch(s) 

Phase Angle Tolerance ± 0 deg. 

Short circuit capability 
(rms) 

Inverter 2 x In for 250ms 
Bypass 10 x In for 10ms 

Transient recovery time 
to within 1% of steady state output voltage within 20 
milliseconds 

 
 

1.5.3 UPS Efficiency 
 

The overall efficiency (ac-dc-ac, on-line mode) shall not be less than the figures shown in the table 
below: 

 
 

 
UPS module rating 

Load % 

100% 75% 50% 25% 

30 to 50 kVA 95.4 95.4 94.0 93.0 

10 to 25 kVA 95.0 95.0 94.5 92.0 

Measurement with linear load (Cos Ø = 0.8 ind.) 
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1.5.4 Batteries 
 

A The battery system shall be sized to support the full load rating of the UPS System (0.9 
p.f.) for a minimum of 15 minutes at an ambient temperature of 25 °C. 

 
B The battery system shall consist of gas recombination, valve regulated, lead acid cells 

(VRLA), compliant to BS6290 Part 4 and BS 
EN6089-2. 

 
C The UPS battery charging circuit shall comprise of a separate battery charger and not 

depend on a charge voltage being derived from the UPS  input rectifier.  Consequently 
the battery charging voltage shall have zero a.c. (ripple) content. 

 
D For single UPS modules the battery system shall consist of a minimum of 2 parallel 

strings of multiple cells. Each individual parallel string shall have its own dedicated 
means of electrical protection. 

 
E For multiple UPS modules connected in parallel the battery system shall comprise of a 

separate battery set for each individual UPS module. Each separate battery set may 
consist of one protected string of multiple cells. If two or more parallel strings are used 
then each individual string shall have its own dedicated means of electrical circuit 
protection. 

 
For the above battery system arrangements the batteries shall be configured so that in 
the event of a battery malfunction the affected string is automatically isolated from the 
system thereby ensuring battery autonomy is retained (see System Description 1.3.2). 

 
F The batteries shall be housed in cabinet/s comprising a floor-standing steel enclosure 

with dimensions and paint finish to match the UPS system cabinet/s to form  a  
continuous suite when standing immediately adjacent to the  UPS  system  cabinet/s.  
The battery cabinet/s shall have full width opening doors to permit ease of  access for  
the purposes of maintenanceand/or repair of the batteries. 

 
G Alternatively, the batteries shall be housed on open or cladded racks of a steel 

construction, having an epoxy powder-coated finish, with adjustable feet for levelling and 
adequately designed to support the weight of the batteries and  permit ease of access   
for the purposes of maintenance and/or repair of the batteries. If the battery system is 
located on open stands then all individual battery cell terminals shall be fully shrouded to 
prevent inadvertent contact. 

 
H A fully discharged battery system shall be capable of being recharged to 80% of  the  

UPS output capacity within a maximum period of 10 times the normal total discharge  
time period, and to 90% of the UPS output capacity within a maximum period  of  4  
hours. 

 
I The UPS d.c. bus voltage shall be variable whereby the number of battery blocks can be 

adjusted between 40 to 50 (12 Vdc blocks) or 80 to 100 ( 6 Vdc blocks) to enable the 
battery system to be optimized for size and cost. 

1.6 ENVIRONMENTAL CONDITIONS 

 
1.6.1  The UPS system shall be designed to operate continuously at full load without 

degradation of its reliability, operating characteristics or service life in the following 
environmental conditions: 

 
 UPS ambient temperature range 0°C to 40°C, 
 Battery ambient temperature range 20 °C to 25°C 
 Humidity 5 to 95% RH non-condensing 
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1.6.2  The UPS system shall be designed for operation in altitudes up  to  1000  metres,  
without the need for derating or reduction of the above environmental operating 
temperatures. 

 
1.6.3  The audible noise generated by each UPS module during normal operation shall not 

exceed 65 dBA measured at 1 metre from the surface of the UPS. 
 

1.6.4  The UPS system shall be able to withstand a minimum 15kV electrostatic discharge 
without affecting the critical load. 

 
1.6.5 The maximum floor load of a fully populated system cabinet (excluding batteries) shall not 

exceed a UDL of 9.0 kN/ m2 

 
1.6.6 To permit access through a standard single doorway opening, either the width or the 

depth of the UPS system and battery cabinets shall not exceed 750mm. 
 

1.6.7 The UPS system cabinet shall comprise of a floor standing steel enclosure to house the 
UPS module(s), automatic parallel connection terminals, communication cables, 
individual module isolators, input/output power terminals and an integral wrap around 
maintenance bypass switch, necessary for the correct operation of the UPS in 
accordance   with   the   requirement   of  the  specifications. All switchgear and 
interconnections must be adequately protected to enable an isolated UPS module to be 
safely maintained or repaired whilst the remaining system supports the load. 

 
1.6.8 It shall be possible to true ‘hot-swap’ each UPS module to enable the safe removal, or 

insertion, of a UPS module without risk or disruption to the critical load and without the 
need to transfer the critical load directly to mains or generator supply. 

 
1.6.9 The UPS system shall be designed to limit the injection of current harmonics in to the 

incoming utility supply and as such the maximum total input current harmonic distortion 
should not exceed 2% THDi when the UPS system is operating at the UPS 
manufacturer’s specified rating. 

 
1.7 USER DOCUMENTATION 

 
The  specified UPS  system  shall  be  supplied with  one  (1) user's manual. Manuals shall 
include: 

 
1. General arrangement of the UPS showing dimensions and weight 
2. User operating instructions 
3. Single line schematic diagram with functional description of the equipment 
4. Installation drawing along with recommended cable and protective device sizes 
5. Safety and maintenance guidelines 

 

1.8 AFTER SALESSERVICE 

 
1.8.1 Warranty 

 
The UPS manufacturer shall warrant the UPS system, including the batteries, against defects in 
materials and workmanship for 12 months from the date of commissioning  or  15 months from 
the date of delivery, whichever is soonest. Subject to the UPS’s being commissioned by the 
manufacturers trained engineer, the warranty shall provide free replacement parts and on- site 
labour. 
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1.8.2 Extended Warranty 
 

The UPS manufacturer shall provide the facility for enhancing or extending the warranty by 
providing an annual maintenance contract. The maintenance contract shall provide: 
 guaranteed response time 
 two preventative maintenance visits per year 
 24 hour telephone support directly from the UPS manufacturer 
 free labour, travelling to site and incurred expenses 
 free replacement parts (excluding batteries outside the warranty period) 

 

1.9 QUALITY ASSURANCE 

 
1.9.1 UPS Manufacturer Qualifications 

 
The UPS manufacturer shall have a minimum of 10 years’ experience in the design, 
manufacture, and testing of static UPS systems. 

 
1.9.2 Factory Testing 

 
Before shipment, the manufacturer shall fully and comprehensively test the system to assure 
compliance with the specification. These tests shall include full functional tests  at  the  UPS  
rated load and a minimum 24 hour continuous burn in test varying between no load and the UPS 
rated load. 

 
PART 2 - PRODUCT 

 

2.1 FABRICATION 

 
 

2.1.1 Construction 
 

All materials and components making up the UPS shall be new, of current manufacture, and shall 
not have been in prior service except as required during factory testing. The UPS shall be 
constructed of replaceable sub-assemblies. 

 
2.1.2 Wiring 

 
Wiring practices, materials, and coding shall be in accordance with the requirements of the EN 
50091 and other applicable British and European codes and standards. 

 
2.1.3 UPS Cabinet 

 
The UPS system cabinet shall offer a minimum degree of protection to the EN 60529 standard, 
IP20 code. 

 
The UPS cabinet shall be cleaned, primed and painted in RAL 9007. Either the width or the  
depth of the UPS system cabinet should not exceed 750mm, to permit access through  a 
standard doorway. 

 
2.1.4 Battery Cabinet 

 
The battery cabinet shall offer a minimum degree of protection to the EN 60529 
standard, IP20 code. 

 
The battery cabinet shall be cleaned, primed and painted to RAL 9007 and should match the 
UPS system cabinet(s) in appearance and height. Either the width or the depth of the battery 
cabinet should not exceed 800mm to permit access through a standard doorway. 
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2.1.5 Battery Racks 
 

The battery racks shall be of a steel construction, having an epoxy powder-coated finish, with 
adjustable feet for levelling. Open racks shall not exceed 2 meters in height to the top tier and 
should not be more than 2 rows deep if it is not possible to gain rear access, e.g. the rack is 
placed against a wall. 

 
Cladded racks shall offer a minimum degree of protection to the EN 60529 standard, IP20 
code and the panels shall be cleaned, primed and painted to RAL 9007. 

 
2.1.6 Cooling 

 
The UPS module shall be forced-air cooled by an internally mounted fan. 

2.2 COMPONENTS 

 
2.2.1 Input Converter 

 
A General 

Incoming a.c. power shall be converted to a regulated d.c. output by the input converter 
for supplying d.c. power to the inverter. The input converter shall provide input power 
factor and input current harmonic distortion correction. 12 pulse rectifier and/or filter 
devices will not be accepted if they have a detrimental effect on the overall UPS 
efficiency. 

 
B AC Input Current Limit 

The input converter shall be provided with a.c. input over current protection. 

 
C Input Protection 

The UPS shall have built-in protection against under voltage, overcurrent, and 
overvoltage conditions, including low- energy surges introduced on the primary a.c. 
source and the bypass source. The UPS cabinet shall not contain an input circuit 
breaker. The electrical contractor shall supply an input circuit breaker/fuse sized to  
supply the rated load and to recharge the battery at the same time. 

 
D Battery Recharge 

To prolong battery life, the UPS shall have the facility for automatically adjusting the 
battery charging voltage according to the environmental temperature of the batteries. 
The battery charger shall be ripple-free avoiding premature battery ageing. 

 
2.2.2 Inverter 

 
A General 

The inverter shall convert d.c. power from the input converter output, or the battery, 
into precise regulated sinusoidal wave a.c. power for supporting the critical a.c. load. 

 
B Overload 

The inverter shall be capable of supplying current and voltage for overloads exceeding 
100% and up to 150% of full load current. A visual indicator and audible alarm shall 
indicate overload operation. The load shall be immediately transferred to bypass when 
the load current exceeds this level of overload. 

 
In the event the bypass supply is unavailable (e.g. mains failure),  the  inverter  shall  
have electronic current-limiting protection to prevent damage to internal components.  
The inverter shall be self-protecting against any magnitude of connected output overload 
and the inverter control logic shall sense and disconnect the inverter from the critical a.c. 
load within 200 mS. 
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C Output Frequency 
The output frequency of the inverter shall be controlled by an oscillator. The oscillator 
shall hold the inverter output frequency to ± 0.1% for steady state and transient 
conditions. The inverter shall synchronize with the bypass supply assuming the 
bypass  supply stays  within  the selected range. If the bypass source fails to remain 
within the selected range, the inverter shall revert to the internal oscillator. 

 
D Battery over Deep Discharge Protection 

To prevent battery damage from deep discharging, the UPS control logic shall monitor 
the discharge voltage and shut the UPS down at a pre-set minimum dc voltage. This 
level is dependent on the rate of discharge and battery autonomy and shall be 
adjusted at the time of commissioning the UPS equipment. Under any circumstances it 
should not be set to less than 1.67V per cell. 

2.2.3  Display and Controls 

A General 
Each UPS module shall have its own discrete status/alarm panel located on the front 
door of the system cabinet. The status/alarm panel shall consist of  multiple  status  
LEDs, switches, and an alphanumeric LCD display for additional alarm/configuration 
information. During normal operation (on-line), all mimic display LEDs shall be green in 
colour and indicate the following: 

 
Line 1 (a.c. Input rectifier) Line 2 (a.c. Input by-pass) 
Battery (Load supplied from the battery) 

On Inverter (Load supplied from the inverter) 
On Bypass (Load supplied from the by-pass) 

 
A UPS fault shall be identified via additional indicators and audible alarms to 
notify the user that a UPS fault condition has occurred. During  mains  
failure the colour of the LED’s shall be as follows: 

 
Line 1 (a.c. Input rectifier) red Line 2 

(a.c. Input by-pass) red Battery 
(Load supplied from the battery) green On Inverter 
(Load supplied from the inverter) green 

On Bypass (Load supplied from the by-pass) off (no colour) 
 

If there is a fault condition, the UPS shall attempt to maintain conditioned power to the 
load or at minimum transfer to bypass. 

 
In addition to a visual fault signal (alarm), the UPS shall also record fault occurrences in  
a rolling event log. The event log shall record up to 64 occurrences, with the oldest 
events discarded first, etc. The user shall have access to the  event  log  through the  
LCD display. Every alarm and/or event recorded in  the event log  will contain a  time  
and date stamp. 

 
B Audible Alarms 

The volume of all audible alarms shall be at least 65 dBA at a distance of one meter. 
An audible alarm shall be used in conjunction with the LED/LCD display to indicate a 
change in UPS status. 

 
The audible alarms shall warn loss of mains or generator supply, low battery (whilst on 
battery), and all other alarm conditions. For all audible alarm  conditions, the  display  
shall identify the cause of error/alarm. All alarm tones shall be a continual tone until the 
condition rectifies itself or the alarm is silenced. Once silenced, the audible alarm shall 
not sound until a new alarm  condition is  present, but the LED indication shall continue  
to identify the alarm condition. 
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C Alarm Silence Button 
The display panel shall include an audible alarm ‘Reset’ switch. If the alarm  mute 
(Reset) switch is pressed for one second, all current audible alarms shall be disabled. If 
a new alarm occurs, or a cancelled alarm condition disappears and then re-appears, the 
audible alarm is re-enabled. 

 
D LCD Display 

The LCD display shall be used to provide the following information to the user and 
UPS service engineer: 

 
Phase Voltages: Input to converter Input to by-pass UPS output 

Battery DC Voltage (voltage to/from battery) Current: UPS output (line current) 

Battery charging/discharging 

Frequency:  UPS Input 
UPS output 

 
Autonomy: Remaining back-up time (minutes) Batterycapacity (%) 

 
Others: UPS output active power (kW) UPS output reactive power (Kvar) 

UPS output apparent power (kVA) UPS load (% per phase) 
 

2.2.4 Automatic Battery Test 
 

The UPS shall initiate an automatic battery testing sequence periodically (default setting once a 
month), at a programmed day and time of day, selectable  by  the  end  user.  It  shall  be  
possible for the user to disable the automatic battery test. 

 
Should a fault with the battery be detected, the  UPS  will  immediately return to  normal mode 
and a fault status (visual, audible, and remote) shall be indicated. No audible or remote signal 
indication of the battery test shall be communicated during the  duration  of  the  automatic  
battery test. 

 
The automatic battery test shall operate if no UPS alarm conditions are present and if  the  
battery is at least 90% of its full capacity. 

 
2.2.5 Remote Emergency Power Off (EPO) 

 
The remote ‘emergency power off’ function (EPO) shall  allow  the  user  to  immediately 
shutdown the UPS output supply in an emergency situation. The EPO shall be able to interface 
with normally closed, volt-free contacts external to the UPS. The EPO connection to the UPS 
shall be to a clearly identified terminal block type connector. 

 
The UPS EPO shutdown function shall not operate if the UPS internal manual bypass switch is in 
the bypass position. W hen the external EPO function has been re-set, manual intervention is 
required to restart the UPS. The electrical contractor shall include the facility for interfacing the 
EPO circuit with the supply feed of the UPS  and  provide  a  means  of  disconnecting  all 
sources of power to the UPS. 

 
2.2.6 Standby Generator On contact 

 
The UPS shall have the facility whereby, on receipt of a volt free contact closure start signal from a 
standby generator supplying the UPS, the UPS system will automatically 

 inhibit battery recharge (selectable) 
 inhibit transfer to bypass (selectable) 
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2.2.7 Bypass 
 

A. General 
A static bypass circuit shall be provided as an integral  part  of  the  UPS  module. 
The bypass control logic shall contain an automatic transfer control circuit that senses 
the status of the inverter logic signals and operating and alarm conditions. This control 
circuit shall provide a transfer of the load to the bypass source, without exceeding the 
transient limits specified herein, when an overload or malfunction occurs within the 
UPS. 

 
B. Automatic Transfers 

 
The transfer control logic shall automatically activate the bypass, transferring the 
critical a.c. load to the bypass source, after the transfer logic senses one of the 
following conditions: 

 Inverter overload capacity exceeded 
 Inverter over temperature 
 UPS fault condition (non-redundant configuration) 

 
For inverter overload conditions, the transfer control logic shall inhibit an automatic 
transfer of the critical load to the bypass source if one of  the  following conditions  
exists: 

 Inverter/Bypass voltage difference exceeding preset limits (-20/+15 % of 
nominal load) 

 Bypass frequency out of preset limits (± 4 % of nominal frequency) 
 

C. Automatic Retransfer 
 

Retransfer of the critical a.c. load from the bypass source to the inverter output shall 
be automatically initiated unless inhibited by manual control. The transfer control logic 
shall inhibit an automatic retransfer of the critical load to the inverter if one of the 
following conditions exists: 

 
 Bypass out-of-synchronization range with inverter output 
 Overload condition exists in excess of inverter full load rating 
 UPS fault condition present (non-redundant configuration) 

 
D. Manual Transfer 

 
In addition to the UPS module internal static bypass switch, the UPS system cabinet 
shall have an internal manual bypass ‘make-before-break’  transfer  switch.  The  
manual bypass function shall be provided via a switch, which is accessible from the  
front of the system cabinet and located behind the system cabinet door. 

 
The manual bypass switch shall be electrically interlocked to prevent back-feeding the 
UPS output in the event of incorrect operation, e.g. transferring the load to bypass via 
the manual bypass switch when the load ids supplied by the inverter. 

 
The UPS module(s) shall initiate an audible alarm upon  transfer to  manual bypass.  
The audible alarm shall be capable of being muted by the user. The alarm  shall 
continue to sound (unless muted) while in bypass mode. This shall provide a reminder  
to the user that the load continues to be powered from utility or generator supply alone. 
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2.2.8 Battery 
 

The battery system shall consist of gas recombination, valve regulated, lead acid cells, 
compliant to BS6290 Part 4 and BS EN6089-2. 

 
The UPS module battery charging circuit shall comprise of a separate battery charger and 
not depend on a charge voltage being  derived  from  the  UPS  input  rectifier. 
Consequently the battery charging voltage shall have zero a.c. (ripple) content. 

 
For single UPS modules the battery system shall consist of a minimum of 2 parallel strings 
of multiple cells. Each individual parallel string shall have its own dedicated means of 
electrical protection. 

 
For multiple UPS modules connected in parallel the battery system shall comprise of a 
separate battery set for each individual UPS module. Each separate battery set  may 
consist of one protected string of multiple cells. If two  or  more parallel strings are used  
then each individual string shall have its own dedicated means of electrical circuit protection. 

 
For the above battery system arrangements the batteries shall be configured so that in the 
event of a battery malfunction the affected string  is  automatically  isolated  from  the 
system thereby ensuring battery autonomy is retained (see System Description 1.3.2). 

 
2.3 COMMUNICATIONS 

 
2.3.1 The UPS shall incorporate voltage-free relay contacts suitable for direct communication with 

either a computer system, remote alarm panel or the clients BMS system and an RS-232 
communication port for serial communications and to enable communication via modem 
equipment. 

 
2.3.2 Relay Contacts 

 
The relay contacts shall be available through via a multi-port connector block comprising of 
Phoenix spring terminals suitable for 0.5 mm² and shall easily be accessible behind the 
system cabinet front door. The UPS shall communicate, via volt-free relay changeover 
contacts, the following status signals: 

 
Mains Present (normally open) 
Mains Failure (normally closed) 
Load on inverter (normally closed) 
Load on mains (normally open) 
Battery low (normally open) 
Battery OK (normally closed) 
Load on mains (normally open) 
Load on inverter (normally closed) 
Common alarm (system) (normally open) 
No alarm condition (normally closed) 
UPS Module 1 alarm (normally open) 
UPS Module 1 no alarm (normally closed) 
UPS Module 2 alarm (normally open) 
UPS Module 2 no alarm (normally closed) 
UPS Module 3 alarm (normally open) 
UPS Module 3 no alarm (normally closed) 
UPS Module 4 alarm (normally open) 
UPS Module 4 no alarm (normally closed) 
UPS Module 5 alarm (normally open) 
UPS Module 5 no alarm (normally closed) 

 
All the volt free relay changeover contacts shall be rated to a minimum 60Vac, 500mA 
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2.3.3 Serial Communications 

 
The UPS shall have the facility for communication via an RS-232 port for monitoring and 
network management integration. As a  minimum, the  number  of  ports  available shall be  
as follows: 

 
RS232 - Sub-D9 1 per system cabinet 
RS232 - Sub-D9 1 per UPS module 

 
2.3.4 Network Communications 

 
The UPS system cabinet shall include a facility for installing an optional SNMP adapter card 
to the UPS to permit one or more network management systems (NMS)  to  monitor  the  
UPS system in TCP/IP network environments. 10/100 Mbit Ethernet support shall be 
included. 

 
PART 3 – EXECUTION 

 
3.1 INSPECTION 

 
A. Examine areas and conditions under which UPS is to be installed and notify Architect 

in writing of conditions detrimental to proper completion of the work. Do not proceed 
with the work until unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

 
A. Install complete UPS System, including associated control devices as indicated, in 

accordance with manufacturer’s written instructions, requirements of applicable 
standards, and in accordance with local authority requirements to ensure that 
installation complies with requirements and serves intended function. 

B. Coordinate with other work as necessary to interface installation of UPS System with 
other work. 

 
C. Tighten connectors and terminals, including screws and bolts, in accordance with 

equipment manufacturer’s published torque tightening values for equipment 
connectors. 

 
D. Anchor mounting hardware firmly to floors. To ensure enclosures are permanently 

and mechanically secured. Provide all hardware 
 

E. UPS shall be mounted on structural frame as high as the raised flooring laid on 
double neoprene pad isolators. 

 
F. Provide equipment earthing (grounding) connections for UPS System as required. 

 
3.3 FIELD QUALITY CONTROL 

 
A. Upon completion of installation and after circuitry has been energized, demonstrate 

capability and compliance of UPS Systems with requirements. Where possible, 
correct malfunctioning units at site then retest to demonstrate compliance, otherwise, 
remove and replace with new units, and retest. 

 
B. Provide site testing by the manufacturer’s field service personnel or representative. 

Site testing to consist of a complete test of the UPS Systems under load and the 
associated accessories supplied by the manufacturer. Document the test results, sign 
and date for Architect. 
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3.4 PERSONNEL TRAINING 

 
A. Building Operating Personnel Training: Train Owner and operator’s building 

personnel in procedures for starting up, bypassing and operating UPS System. 
Furnish operator’s manuals providing installation and operation instructions for each 
UPS System. 

3.5 MAINTENANCE CONTRACT 

 
A. Emergency Breakdown 

 
1. The maximum delay in answering an emergency call (the time between receiving 

the first call giving the full details of the fault and the arrival of an engineer on the 
site) is fixed at two (2) hours in Metro Manila. 

 
2. The Contractor shall provide twenty four (24) hours; seven days a week service 

for emergency breakdown calls i.e. unexpected and unintentional shutdown or 
malfunctioning of the equipment. 

 
3. The Contractor shall agree to provide the labor, parts and necessary tools and 

testing instruments needed to repair the unit. 
 

4. All defective components replaced during the contract period will remain the 
property of Owner. 

 
B. Preventive Maintenance Check-up 

 
1. The Contractor shall make its services available FOUR (4) times a year for 

preventive maintenance check-up which shall be scheduled once every THREE 
(3) months. 

 
 

The contractors shall also provide monthly preventive maintenance check-up and 
yearly detailed maintenance for the system. 

2. The following shall be included in the Contractors Scope of Work: 
 

 Shut-down of the unit 
- inspection of surrounding environment and measurement of UPS 

room temperature 
 Mechanical check on the unit. 

- tightness of screws, connections, etc 
- check welded and soldered joints 
- visual inspection of all UPS parts and components for possible early 

breakdown 
- cleaning and clearing of dust on all UPS parts 
- check-up all cooling fans for all bearing noise 

 Check-up on Battery charger/Rectifier 
- calibration of battery float and charge voltage 
- testing of battery charger electrolytic capacitors 

 Check-up on Battery 
- tightness of each individual battery terminal 
- measurement and recording of battery float voltage 
- cleaning of battery and battery racks from corrosion 
- measurement and recording of individual battery voltage 
- perform equalized charging for lead acid battery type. 
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 Check-up on Inverter Unit 
- measurement and recording of output voltage, output load current, 

output frequency 
- check on different parameters and calibration, if necessary 

 
 

 Performance test 
- simulation of power failure to test system on battery 
- simulation of inverter failure to test static switch to transfer the load 

without interruption to commercial power or Electric Power Utility 
lines 

- simulate battery breakdown to test UPS response in transferring load 
to Electric Power Utility lines without interruption. 

 
 

 Preparation of report 
- Customer will be provided a copy of report regarding the 

maintenance. 
- The Contractor shall maintain a complete list of reports and 

intervention to update field engineers on the history of customer unit. 
 
 

END OF SECTION 
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PART 1 – GENERAL 

 
1.1 DESCRIPTION 

 
A. Provide Uninterruptible Power Supply at the location shown on the drawings. The UPS 

must not cause interference to any connected UPS line or line side non-UPS load. 
 

1.2 STANDARDS 

 
The following specifications and standards are incorporated into and become part of this 
specification by reference. 

 
A. PS 

 
B. PEC (PART 1: and PART 2:) – Latestedition. 

 
C. ANSI 

 
D. IEC 

 
E. IEEE 

 
F. NEMA/NEC 

 
G. UL 

 
H. FCC 

 
I. OSHA 

 
1.3 SCOPE OF WORK 

 
A. The vendor shall provide all labour, materials, equipment, and maintenance services 

for the complete UPS System, as indicated on the drawings and specified to this 
section. 

 
B. The work shall include the following items: 

 
1. Furnish, install, test and commission UPS equipment, battery, external 

maintenance bypass switch, and accessories. 
2. Testing and commissioning. The vendor shall carry out all tests on the complete 

UPS System to show that it is functioning satisfactorily within the requirements of 
this specification. 

 
1.4 SUBMITTALS 

 
A. Manufacturers product data sheets, electrical ratings, heat release data, physical 

dimensions, noise ratings and weights. 
 

B. Factory test reports. 
 

1. Detailed test procedures and checklists for all T & C that will be carried out shall be 
submitted at least four (4) weeks prior to the test. 

2. On completion of each test, completed test sheets with all the results signed off by 
the contractor’s authorized engineers 
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C. Wiring/Control Diagrams 
 

D. UPS room/ equipment layout 
 

E. Operating and maintenance manual. 
 

F. On site written test procedure. 
 

1.5 FACTORY TESTING 

 
A. UPS system shall be tested as defined here for compliance with this Specification. Tests 

described in this Section shall be performed at the UPS manufacturer’s facility. 
 

B. All equipment, instruments, load banks and apparatuses for testing shall be, provided by 
the UPS manufacturer. All instruments shall be of sufficient accuracy to verify the 
specified performance parameters. 

 
C. All testing shall be performed at normal ambient conditions within the test facility to 

include the following: 
 

1. Verify that all operating controls, alarms, meters and mimic lights are functioning 
properly. 

2. Verify that all alarms function properly. Record all trip points either by simulation 
or actual condition. Indicate on the test procedure which faults were conducted by 
which means. 

3. The following test shall be carried out in the factory: 
 

a. Voltage Regulation 
b. Efficiency 
c. Harmonic Distortion Test 
d. Input Power Factor 
e. Transient Test 
f. Operation without Batteries 
g. Loss of Bypass 
h. Short Circuit Test 
i. DC Ripple 
j. Logic Power Supply Failure 
k. Overload Test 
l. Burn In Test (4 Hours) 
m. Load Bus Sync Test ( If applicable) 
n. System Battery Test 

 
D. System Tests: System tests shall be performed exclusive of the battery bank. The 

system may be tested in increments, as long as it is demonstrated that each power 
module performs as specified when operating with any other power module. Systems 
with two power modules shall be tested with both power modules operational. Control 
and power tests may be conducted simultaneously, if appropriate. 
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1. Control Tests - Operational of the following system items/functions shall be 
tested: 

 
a. Instrumentation: 

 
1. Accuracy on display. 
2. Operation upon command. 

 
b. Annunciation: 

 
1. Sensor operation. 
2. Distinction between troubleshooting controls, normal status, Priority 1 

alarm, and Priority 2 alarm. 
3. Status command. 
4. Display operation normal alarms. 

 
c. Logic: 

 
1. Protective functions. 
2. Normal operation functions. 

 
d. Operator controls. 

 
e. Troubleshooting controls. 

 
2. Power Tests, Steady State: For the steady-state tests in this paragraph, all 

three-phase voltages, all three-line currents, frequency and power factor (or 
kilowatts) shall be measured at the system input termination and the output 
termination of the system and continuously recorded. 

 
a. No load. 
b. 50 percent of rated system kW load, balanced. 
c. 100 percent rated system kW load, balanced. 

 
3. Power Tests, Transient: For the transient tests in this paragraph, all voltages 

shall be measured with continuous recording instruments at the output 
termination of the system output/bypass module. 

 
a. Zero to 50 percent load addition. 
b. 50 to 100 percent load rejection. 
c. Manually initiated transfer. 
d. Manually initiated retransfer. 
e. 125 percent of rated system load, balanced. 
f. 150 percent of rated system load, balanced. 
g. Automatic transfer. 
h. Automatic retransfer. 

 
E. Load Test 

 
The load banks used for factory testing shall be capable for simulating the following 
load conditions including overload: 

 
a. Full load using resistive load 
b. Full load using inductive load at 0.8 power factor. 
c. Full load using capacitive load at 0.8 power factor. 
d. Full load using a harmonic Load with a crest factor of 3. 
e. 100% phase unbalance load. 
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For factory testing, all load test described shall be repeated for all the load conditions 
repeated above. 

 
1.6 SITE TESTING 

 
A. Detailed test procedures and checklist for all T & C that will be carried out during the 

site acceptance test shall be submitted at least four (4) weeks prior to the test. On 
completion of each test, completed test sheets with all the results signed off by the 
Contractor’s authorized engineers shall be submitted. On handing over of the system, 
a complete set of all test sheets and commissioning certificate stating that the system 
has been commissioned to the requirement of the specifications shall be submitted. 

 
B. The Contractor shall be responsible for the performance of all site tests on the UPS 

system, including switchboards and disconnecting devices, as required to certify the 
proper operation of the system as a whole. A recommended site test procedure shall 
be provided by the Contractor and approved by the Engineer. The Contractor shall 
inspect the installation location of the UPS system for the purpose of choosing 
locations for load bank installation. The Contractor shall provide qualified field service 
personnel as required to supervise the site tests, The Contractor shall provide all 
special instrumentation, including line disturbance analysers, oscilloscopes and event 
recorders, required to perform the tests. 

 
Load banks (resistive) and load banks cables as required for site testing shall be 
supplied and operated by the UPS Contractor. Load banks shall be sized to 110% of 
total UPS System. 

 
C. As a minimum, the following site tests are required: 

 
1. Verify that all operating controls, alarms, meters and mimic lights are 

functioning properly. 
2. Verify all values displayed on the panel against the values measured using a 

currently calibrated meter. 
3. Verify that all alarms function properly. Record all trip points either by 

simulation or actual fault condition. Indicate on documented procedure, which 
faults were conducted by what means. 

4. Verify all switchboard functions including all transfer capabilities. 
 

D. The following test shall be carried out on site after the UPS has been started: 
 

1. Voltage Regulation 
2. Efficiency 
3. Harmonic Distortion Test (Test shall be repeated on Generator Supply) 
4. Input Power Factor (Test shall be repeated on Generator Supply) 
5. Transient Test 
6. Operation without Batteries 
7. Loss of Bypass 
8. DC Ripple 
9. Overload Test up to 110% 
10. Burn in test 
11. Battery Commissioning & Discharge Test. 

 
 

1.7 MAINTENANCE SERVICE 

 
A. Furnish service and preventive maintenance of UPS for 2 years from Date of Final 

Completion and acceptance as outlined under item 3.5, maintenancecontract. 
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PART 2 – PRODUCTS 

 
2.1 ON-LINE DOUBLE CONVERSION UPS 

 
The UPS shall have the following capacity, as indicated in the drawings. 

 
A. Manufacturer : See section 260007 “Alternative Equipment and Suppliers”. 

 
B. Rating : 1 unit 400/230-kVA, 15 minutes back-up time (minimum) with 

2 string battery system 
 

C. Input Requirements 
 

1. Voltage: 400/230 VAC, 3 phase, 3 wire + G + 10% 
(adjustable ±10%) 

2. Input Frequency: 60 Hz + 10% 
3. Input Current: as required 
4. Input Power Factor: Up to 98 lagging 
5. Input Current Total Harmonic Distortion: 

An input filter shall be built-in to limit input current harmonic distortion (THD) to 
less than 10% THD and improve input power factor to 0.98. The input filter 
shall be mounted inside the UPS cabinet. 

6. Power Walk-in: 0 to 1 00% over a 1 0 second period. 
 

D. Output Characteristics 
 

1. Voltage: 400/230 VAC, 3 ph, 3 wire + G ± 1% (adjustable ±10%) 
2. Voltage Regulation: 

 
+ 1.0% for 100% balanced load 
+ 1.75% for 50% unbalanced load 
+ 2.5% for 100% unbalanced load 

 

3. Voltage Transient Response: 
 

+ 6% for 1 00% step load change 
+ 3% for 50% step load change 
+ 1 % for loss or return of AC input power 
+ 1 % for manual transfer at full load 

 

4. Voltage Recovery Time: Return to within 1 % of nominal value within 16.67 
milliseconds 

5. Phase Angle Displacement: 
1200 +10 for balanced load 
1200 + 30 for 1 00% unbalanced load 

 

6. Linear Load Capability: Output voltage total harmonic distortion (THD) shall 
be maximum 2% and 1% for any single harmonic order when the UPS is 
connected to 100% linear loads. 

7. Non-Linear Load Capability: Output voltage total harmonic distortion shall be 
less than 3.5% when connected to a 1 00% non-linear load with a crest factor 
not to exceed 3.5. 

8. Frequency: 60 Hz + 2% synchronized with bypass (selectable in 1%, 1.5%, 
3%, 4% increments). 60 Hz + 0. 1 % free running. 

 

Slew Rate: Set at 1 Hz/second maximum (selectable up to 2.0 Hz). 
 

9. Power Factor: 0.8 at the rated volt-amperes (VA). 
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 10. Overload Capability: 

 
110% of rated load for 10 minutes 
125% of rated load for 2 minutes 
150% of rated load for 1 minute 
160% instantaneous 

11. Efficiency: 

 
The UPS efficiency (AC to AC) with nominal input voltage and battery fully 
charged under linear or non-linear loading shall be 91% at half load and 92% 
at full load. 

E. DC Bus 
 

 
1. VDC minimum: 238 VDC at 250C, 770F 

VDC maximum: 340 VDC at 250C, 770F 
VDC Float: 325 VDC at 250C, 770F 

 
2. Nominal DC Bus: 

 

Temperature Rating: 770 F, 250 C 
 

3. AC Ripple: 
4. Minimum Internal Battery Run Time: 30/75 

At 0.8 pf (Full load/Half load) 
5. Battery Protection: 

 
a. Temperature Compensation: The UPS will include provisions for 

automatic temperature compensation charging during the charging cycle. 
Between 30oC and 40oC ambient temperature inside the battery 
compartment, the charger voltage will phase back to prevent 
overcharging of the battery in a high temperature condition. Above 40oC 
the UPS will stop charging the battery and alarm on a high battery 
temperature. 

b. Deep Cycle Protection: The battery cut off voltage will be automatically 
raised during long discharges to extend battery life. 

c. Long Outage Protection: The UPS will remain connected to the battery 
and automatically restart the charger and UPS for outages less than 3 
times the full load battery time plus two hours. For longer outages the 
UPS will shutdown to protect the battery and require a manual restart. 

 
F. Environmental Conditions 

 
1. Ambient Temperature: 

 
Operating: 0o to 30oC 

Up to 40oC for 8 hours 
 

Non-Operating: -25oC to +70oC 
 

2. Relative humidity (operating and storage): 0 to 95% non-condensation 
3. Barometric Pressure: 

 
 Operating: Up to 3000 feet above sea level (up to 6000 feet with 
  

 
Non-Operating: 

ambient temperature less than 28oC) 
 

Up to 36,000 feet above sea level 

4. Acoustical Noise: >65 dB "A" weighting at 3 feet 
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G. System Description and Operation 
 

1. Normal 
 

The inverter shall continuously supply power to the critical load. The 
rectifier/battery charger shall derive power from the utility AC source and 
supply DC power to the inverter while simultaneously float charging the 
battery. 

 
2. Emergency 

 
Upon failure of the utility AC power source, the critical load shall be supplied 
by the inverter, which, without any switching, shall obtain its power from the 
battery. 

 
3. Recharge 

 
Upon restoration of the utility AC power source (prior to complete battery 
discharge), the rectifier/battery charger shall power the inverter and 
simultaneously recharge the battery. 

 
4. Bypass Mode 

 
The static bypass transfer switch shall be used to transfer the load to the 
bypass without interruption to the critical power load. This shall be 
accomplished by turning the inverter off. Automatic retransfer or forward 
transfer of the load shall be accomplished by turning the inverter on. 

 
5. Maintenance Bypass/Test Mode 

 
A manual make before break maintenance bypass switch shall be provided to 
isolate the UPS inverter output and static bypass transfer switch for 
maintenance. This shall allow the UPS to be tested or repaired without 
affecting load operation. 

 
6. External Maintenance Bypass Switch (MBPS) 

 
The maintenance bypass switch should be provided to isolate the entire UPS 
unit for maintenance. This shall allow the UPS to be tested and repaired 
without affecting the load. 

 
H. Functional Description 

 
1. Rectifier/Battery Charger 

 
A six (6) pole, solid-state rectifier shall convert the incoming AC power to 
regulated DC voltage, which shall be subsequently filtered to provide power 
for the battery charging functions. The rectifier/battery charger shall have 
sufficient capacity to support recharging of the battery. The rectifier/battery 
charger assembly shall be constructed of modular design to facilitate 
maintenance. 

 
a. Input Protection: 

 
The rectifier/battery charger shall be protected by input fuses. 
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2. Inverter 
 

The UPS output shall be derived from a Pulse Width Modulated (PWM) IGBT 
inverter design. The inverter shall be capable of providing the specified 
precise output power characteristics (specified in paragraph 2.1D) while 
operating over the battery voltage range. The inverter assembly shall be 
constructed of modular rack out assemblies to facilitate maintenance. 

 
3. Static Bypass 

 
The static bypass transfer switch shall be solid-state, rated for continuous 
duty and shall operate under the following conditions: 

 
a. Uninterrupted Transfer 

 
The static bypass transfer switch shall automatically cause the bypass 
source to assume the critical load without interruption after the logic 
senses one of the following conditions: 

 
1. Inverter overload exceeds unit rating 
2. Battery protection period expired and bypass available 
3. Inverter failure 

 
b. Interrupted Transfer 

 
If the bypass source is beyond the conditions stated below, interrupted 
transfer shall be (not less than 500 msec. in duration) made upon 
detection of a fault condition. 

 
1. Bypass voltage greater than + 10%, -10% from the UPS rated output 

voltage. 
2. Bypass frequency greater than + 2 Hz from the UPS rated output 

frequency. 
 

c. Automatic Uninterrupted Forward Transfer 
 

The static bypass transfer switch shall automatically forward transfer, 
without interruption, after the UPS inverter is turned "ON", after an 
instantaneous overload-induced reverse transfer has occurred and the 
load current returns to less than the unit's 100% rating. 

 
d. Manual Transfer 

 
A manual static transfer shall be initiated from the System Status and 
Control Panel by turning the UPS inverter off. 

 
e. Overload Ratings 

 
The static bypass transfer switch shall have the following overload 
characteristics: 

 
1. 1000% of UPS output rating for 0.016 seconds (one cycle) 
2. 130% of UPS output rating for 1 minute 
3. 110% of UPS output rating for 1 0 minutes 
4. 1000% of UPS rating for 1 cycle 

 
4. Input Filter 

 
An input filter shall be included to limit input current harmonic distortion to 
less than 10%. 
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5. Microprocessor Controlled Logic 
 

The full UPS operation shall be provided through the use of microprocessor 
controlled logic. All operation and parameters are firmware controlled, thus 
eliminating the need for manual adjustments or potentiometers. The logic 
shall include a self-test and diagnostic circuitry such that a fault can be 
isolated down to the printed circuit assembly or plug-in power assembly level. 
Every printed circuit assembly or plug-in power assembly shall be monitored. 
Diagnostics shall be performed via a PC through the local diagnostics port on 
the unit, or via a modem through the RS232 communication port. 

 
6. Standard Communication Panel 

 
The UPS will include a standard easy to use communication panel. Included 
will be visual and audible indicators for UPS On line, UPS fault, UPS on 
battery, and UPS off line. The UPS communication panel will include fail safe 
UPS "ON" and UPS "OFF" pushbuttons that will permit the user to safely 
command the UPS on or off without risk of load loss. 

 
a. The communication panel shall have as a minimum the following 

indicators/alarms: 
 

1. LED Green: Load on Inverter 
2. LED Green: Bypass within limit 
3. LED Yellow: Load on bypass 
4. LED Red: Overload 
5. LED Red: Battery Disconnected 
6. LED Red: Discharging 
7. LED Red: Low Battery 

 
b. Audible Alarm Reset Touch Pad 

 
Shall be used to silence the audible alarm. If a new alarm is sensed after 
the original alarm has been silenced, it shall reactivate the audible alarm. 

 
c. Emergency Power Off (EPO) 

 
When EPO is pressed, it shall cause the AC input contactor bypass input 
contactor and battery circuit breakers to open, thereby shutting down the 
UPS and the load. The EPO function shall be capable of being initiated by 
an externally provided N/C isolated drycontact (REPO). 

 
7. Mechanical Design/Cable Entry 

 
a. Enclosure 

 
The UPS shall be housed in a free standing enclosure with dead front 
construction. The UPS can accommodate both bottom and top entry 
cables. 

 
b. Ventilation: 

 
The UPS shall be designed for forced air cooling. Air inlets shall be 
provided from the front bottom of the UPS enclosure.  Air exhaust shall 
be from the top rear portion of the unit. Air filters shall be provided as 
standard. 
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I. Communication Feature 
 

1. Standard Communication Panel: 
 

The UPS will include a standard easy to use communication panel. Included 
will be both visual LCD and audible indicators. The UPS communication 
panel will include fail safe UPS "ON" and UPS "OFF" pushbuttons that will 
permit the user to safely command the UPS without risk of load loss. A local 
Emergency Power Off (EPO) will be provided to turn the UPS off and isolate 
it from incoming and battery power. An alphanumeric display will be included 
for indication of UPS alarms and metering information advanced operational 
features. 

 
The display system operations and parameters. 

 
a. System Parameters Monitored 

 
The visual display will display the following system parameters based on 
true RMS metering: 

 
 Input voltage 
 Bypass voltage 
 Bypass input frequency 
 UPS output voltage (3 phase simultaneously) 
 UPS output current (3 phase simultaneously) 
 UPS output frequency 
 UPS output % load 
 UPS output KVA 
 DC voltage 
 Time remaining on battery and available battery time. 

 

 
2. DB-9 Connector: One DB-9 connector will be provided for field diagnostics. 

Also, for high level interface with the Building Management System (BMS). 
3. Dry Contacts: 

 
Four (4) isolated dry contacts shall be available for external connection on a 
DB-1 5 connector provided on the rear panel. Contacts available include: 

 
 UPS on Line 
 Load on Bypass 
 UPS on Battery 
 UPS Battery Low 

 
The contacts will be normally open and will change state to indicate the 
operating status. The contacts will be rated 1 00 milliamp at 24 VDC. 

 
J. Battery Cabinets 

 
The battery cabinets shall be a matching and available in both adjacent or stand 
alone versions. All power wiring and control cables for adjacent versions will be 
included for adjacent models. 

 
Battery disconnect shall be provided. 

 
1. Battery Type: Sealed maintenance free high rate discharge, lead acid cells 
2. Minimum End Volts Per Cell: 1.67 
3. The battery must be arranged in at least two (2) strings. 
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K. Dry Type Transformers (Not Used) 
 

The transformer shall be energy efficient dry type transformer of two winding type, 
self cooled, 1-unit, 100 KVA, 3Ø, 400V/230V, 60Hz. Transformer shall be 
manufactured by GE, Federal Pacific or approved equal. 

 
The transformer shall be properly rated (K13) to cater to the highly non-linear load. 

 
Transformer shall be designed, manufactured and tested in accordance with all 
applicable ANSI, NEMA, IEEE. Standards shall be listed by Underwriters Laboratory 
and bear the UL Label. 

 
Transformer shall be insulated with 1500C insulation system and shall be capable of 
carrying a continuous 30% overload. Required performance must be obtained without 
exceeding the above rise in a 400C maximum, 300C average ambient temperature. 
All insulation materials shall be flame retardant and shall not support combustion as 
defined in ASTM Standard Test Method D635. 

 
L. Optional Items (Include Provision) 

 
1. Two communication slots shall be provided for customer use. The 

communication port options are listed as follows: 
 

a. RS232 (U-Talk). Active RS 232 with U-Talk protocol for remote 
monitoring and file server shutdown for most popular file servers and 
operating systems shall be provided. Includes one  communication  
board, software and communication cable. Requires one communication 
slot. 

b. SNMP communication. Includes UM link (SNMP communication 
translator), communication card, and wiring. Requires one 
communication slot. 

c. Contact Five Board. Five (5) dry contacts (rated 120 volts @ 1 amps) on 
a terminal block. Includes one communication board. Requires one 
communication slot. Five Form-C contacts include: 

 
 UPS on Line 
 Load on Bypass 
 UPS on Battery 
 UPS Battery Low 
 Summary Alarm 

 
d. RS232 (J-Bus). Remote communication Link, require one communication 

slot: The RS 232 communication port will be available for communication 
for external monitoring system. 

e. Remote Alarm Status Panel 

1. A wall mounted panel with indicating LED'S: 

UPS on line 
Load on bypass 
UPS on battery 
Summary alarm 
Battery shut down imminent 

 
The alarms shall be a latching type, such that if an alarm is triggered, 
the LED will stay ON (latch) even if the alarm is corrected. This 
feature will provide the operator the chance to verify the occurrence 
of the alarm. 
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2. The Remote Alarm Status Panel shall also be equipped with: 
 

 ALARM RESET push-button (White LED), to reset the latching 
alarm 

 HORN for alarm annunciation 
 HORN RESET push-button (White LED), to silence the audible 

alarm 
 

f. Remote Monitor Plus Remote Communication Panel 
 

The Monitor Plus system status and control panel will be available locally 
or remotely to control, monitor and display system operations and 
parameters. The display will be available in English, Requires 1 
communication slots. 

 
1. System Parameters Monitored 

 
The visual display will display the following system parameters based 
on true RMS metering: 

 
 Input voltage 
 Bypass voltage 
 Bypass input frequency 
 UPS output voltage (3 phase simultaneously) 
 UPS output current/phase (3 phase simultaneously) 
 UPS output frequency 
 UPS output % load 
 UPS output kVA 
 DC voltage 
 Time remaining on battery and available battery time. 

 
2. Audible Alarm Reset Touch Pad 

 
Will be used to silence the audible alarm. If a new alarm is sensed 
after the original alarm has been silenced, it will reactivate the audible 
alarm. 

 
g. Teleservice: 

 
Teleservice, which is a twenty-four hour-per-day seven day-per-week 
remote UPS monitoring and reporting service shall be provided. 
Teleservice uses standard analog telephone lines (via modem) as the 
communication medium to transmit critical UPS data back to a Central 
Station. In addition, the Central Station will communicate with each of   
the subscribing UPSs on a routine basis to check equipment status, 
operating conditions and all measured values. The Teleservice Central 
Station will receive notification about UPS anomalies and equipment 
status. Each UPSs reported anomalies and all routine interrogation data 
will be accumulated for utilization in generating a quarterly customer 
report. (Requires one communication slot) 

 
M. Distribution Panel Boards (By Others) 

 
Distribution panel boards shall be provided together with the UPS. The panel board 
shall be a Square D, NQO panel compatible with breakers. Refer to Panelboard 
Schedule the configuration of the Panelboards. 
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N. Two (2) circuit breaker external maintenance bypass. Requires contact -5 board 
 

The maintenance bypass option provides for two (2) additional circuit breakers 
mounted inside a wall mounted enclosure for total UPS isolation and UPS 
maintenance. Maintenance bypass transfers shall be without interruption and kirk- 
key interlocked to protect the UPS from damage in the event of out of sequence 
transfers. 

 
O. An external wall mounted battery disconnect shall be provided to isolate the battery 

from the UPS system for maintenance. 
 

P. Seismic Zone 4 brackets shall be available for the UPS cabinet and matching 
auxiliary batteries cabinets. 

 
Q. Dual cable input shall be provided. 

 
R. The systems are capable for UPS hot standby redundancy. The bigger capacity size 

UPS have the capability to back-up the smaller size UPS. 
 
 

PART 3 – EXECUTION 

 
3.1 INSPECTION 

 
A. Examine areas and conditions under which UPS is to be installed and notify Architect 

in writing of conditions detrimental to proper completion of the work. Do not proceed 
with the work until unsatisfactory conditions have been corrected. 

 
3.2 INSTALLATION 

 
A. Install complete UPS System, including associated control devices as indicated, in 

accordance with manufacturer’s written instructions, requirements of applicable 
standards, and in accordance with local authority requirements to ensure that 
installation complies with requirements and serves intended function. 

 
B. Coordinate with other work as necessary to interface installation of UPS System with 

other work. 
 

C. Tighten connectors and terminals, including screws and bolts, in accordance with 
equipment manufacturer’s published torque tightening values for equipment 
connectors. 

 
D. Anchor mounting hardware firmly to floors. To ensure enclosures are permanently 

and mechanically secured. Provide all hardware and accessories for proper 
mounting. 

 
E. UPS shall be mounted on double neoprene pad isolators. 

 
F. Provide equipment earthing (grounding) connections for UPS System as required. 

 
3.3 FIELD QUALITY CONTROL 

 
A. Upon completion of installation and after circuitry has been energized, demonstrate 

capability and compliance of UPS Systems with requirements. Where possible, 
correct malfunctioning units at site then retest to demonstrate compliance, otherwise, 
remove and replace with new units, and retest. 
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B. Provide site testing by the manufacturer’s field service personnel or representative. 
Site testing to consist of a complete test of the UPS Systems under load and the 
associated accessories supplied by the manufacturer. Document the test results, sign 
and date for the client. 

 
3.4 PERSONNEL TRAINING 

 
A. Building Operating Personnel Training: Train Owner and operator’s building 

personnel in procedures for starting up, bypassing and operating UPS System. 
Furnish operator’s manuals providing installation and operation instructions for each 
UPS System. 

 
3.5 MAINTENANCE CONTRACT 

 
A. Emergency Breakdown 

 
1. The maximum delay in answering an emergency call (the time between 

receiving the first call giving the full details of the fault and the arrival of an 
engineer on the site) is fixed at two (2) hours. 

2. The Contractor shall provide a twenty four (24) hours, seven days a week 
service for emergency breakdown calls i.e. unexpected and unintentional 
shutdown or malfunctioning of the equipment. 

3. The Contractor shall agree to provide the labor, parts and necessary tools 
and testing instruments needed to repair the unit. 

4. All defective components replaced during the contract period will remain the 
property of Owner. 

 
B. Preventive Maintenance Check-up 

 
1. The Contractor shall make its services available FOUR (4) times a year for 

preventive maintenance check-up which shall be scheduled once every 
THREE (3) months. 

2. The following shall be included in the Contractors Scope of Work: 
 

 Shut-down of the unit 
 

- inspection of surrounding environment and measurement of UPS 
room temperature 

 
 Mechanical check on the unit. 

 
- tightness of screws, connections, etc 
- check welded and soldered joints 
- visual inspection of all UPS parts and components for possible early 

breakdown 
- cleaning and clearing of dust on all UPS parts 
- check-up all cooling fans for all bearing noise 

 
 Check-up on Battery charger/Rectifier 

 
- calibration of battery float and charge voltage 
- testing of battery charger electrolytic capacitors 

 
 Check-up on Battery 

 
- tightness of each individual battery terminal 
- measurement and recording of battery float voltage 
- cleaning of battery and battery racks from corrosion 
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- measurement and recording of individual battery voltage 
- perform equalized charging for lead acid battery type. 

 
 Check-up on Inverter Unit 

 
- measurement and recording of output voltage, output load current, 

output frequency 
- check on different parameters and calibration, if necessary 

 
 Performance test 

 
- simulation of power failure to test system on battery 
- simulation of inverter failure to test static switch to transfer the load 

without interruption to commercial power or Akelco line 
- simulate battery breakdown to test UPS response in transferring load 

to Akelco line without interruption. 
 

 Preparation of report 
 

- Customer will be provided a copy of report regarding the 
maintenance. 

- The Contractor shall maintain a complete list of reports and 
intervention to update field engineers on the history of customer unit. 

 
 

END OF SECTION 
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PART 1 - GENERAL 
 

1.1 DESCRIPTION 
 

A. Provide power factor correction equipment in accordance with the Contract 
Documents. 

 
1.2 STANDARDS 

 
A. Capacitor Banks: 

 
1. PS 

 
2. PEC Latest Edition (PART 1 & PART 2) 

 
3. IEC 

 
4. NEMA 

 
5. UL 891. 

 
6. IEEE 

 
B. Overcurrent Protection Devices: 

 
1. PS 

 
2. PEC Latest Edition (PART 1 & PART 2) 

 
3. IEC 

 
4. NEMA 

 
5. UL 

 
1.3 SUBMITTALS 

 
A. Manufacturers product data sheets for Capacitor Banks, over current protection 

devices, automatic power factor regulators, harmonic filters, etc. 
 

B. Dimensioned layout and elevation drawings showing the capacitor banks, 
housekeeping pads, and support locations and types. 

 
C. One line diagram showing capacitor ratings, over current protection device ratings, 

cable lugs, metering displays, identification nameplate, and fuse clip sizes. 
 

D. Wiring diagrams. 
 

E. Installation instructions. 
 

F. Certified test reports. 
 

G. Seismic restraint calculations. 
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1.4 FIELD TESTING 

 
A. Field inspection and testing shall occur after installation is complete, feeders are 

terminated, and the room is secure. Testing shall be conducted not more than 4 
weeks before equipment is energized. 

 
B. Testing Scope: 

 
1. Visual and physical inspection of equipment. 

 
2. Check control wiring and metering. 

 
3. Meter calibration. 

 
4. System Grounding 

 
C. Certified Test Reports: 

 
1. Field testing shall be performed by the manufacturer. 

 
2. Verify that the installation is in accordance with the manufacturer's 

instructions. 
 

3. Verify that the equipment has been fully type tested and is operational. 
 

4. Perform testing and compile detailed test reports for each capacitor banks 
and over current protection device. 

 
 

PART 2 – PRODUCTS 
 

2.1 POWER FACTOR CORRECTION/HARMONIC FILTERING EQUIPMENT 

 
A. Voltage: 400V volts, three phase, 60HZ 

 
B. Operating Temperature Limits: designed to operate at 100 percent rated voltage in 

ambient air temperature between minus 20oC to 40oC. 
 

C. Indicators: Include LED indicating light for each step of capacity. 
 

D. Insulation Level: 15 KV crest 
 

E. Integrated Equipment Short Circuit Rating: 65,000 rms amperes symmetrical. 
 

F. Power Factor Sensing and Control: Utilize reactive current sensing and solid state 
electronic controller to automatically connect appropriate correction capacitors and 
harmonic filters to line through contactors. Include time delay to accommodate 
capacitor resistor discharge and prevent hunting. 

 
G. Contactors: electrically held, three-pole, 600-volt, general-purpose magnetic 

contactors sized in accordance with NEMA ICS 2, Part 210. Contacts shall be silver 
plated. Allow 50 kVAR steps. 

 
H. Power Bus: tin-plated copper sized to handle rated current without abnormal 

temperature rise. 
 

I. Under Voltage Relay: Controller shall incorporate an under-voltage relay to interrupt 
control relays for power failures longer than 15 milliseconds. 
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J. Circuit Breaker on each individual capacitor branch circuit on the line side of the 
contactor shall be provided. Circuit Breaker shall be current-limiting type with 65,000- 
ampere symmetrical interrupting capacity. 

 
K. Transient Suppressors: Each capacitor and harmonic filter branch circuit shall include 

a current-limiting air core inductor. The inductor shall be sized to limit the capacitor in- 
rush current to a value equal to or less than the capacitor switching rating of the 
contactor. 

 
L. Blocking Reactor: The blocking reactor must be of 3-phase iron core type and to be 

series connected with three phase capacitor unit. The reactor shall be tuned to 
resonance frequency of 227 Hz with the capacitor. The tuning frequency of  the 
reactor shall be within +/ - 2%. 

 
M. Power Factor Meter: switchboard-type power factor meter with display range of 0.5 

lagging accuracy, plus or minus 1 percent to 0.5 leading. Meter shall be located in the 
door of the controller enclosure. 

 
N. Current Transformer: Provide a current transformer with turns ratio as shown on the 

Drawings. Extend control conductors to controller. 
 

O. Dielectric Impregnant: non-PCB, non combustible liquid. 
 

P. Enclosure: NEMA 250, Type 5. 
 

Q. Construction: internally circuit protected, replaceable capacitor cells factory 
assembled and bussed and together in protective enclosure; include internal 
discharge resistor. 

 
R. Cooling: naturally ventilated. 

 
S. Access: enclosure access through a removable capacitor door located on top of 

enclosure; access door shall be interlocked to de-energized contactor(s) when the 
door is opened. 

 
T. Finish: manufacturer’s standard gray enamel 

 
 

PART 3 - EXECUTION 
 

3.1 EXAMINATION 

 
A. Install in accordance with manufacturer’s instructions. 

 
B. Locate capacitors and harmonic filters to allow adequate ventilation around 

enclosure. 
 

C. Provide disconnecting switch to remove capacitors and harmonic filters. 
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3.2 DEMONSTRATION 

 
A. Provide a factory trained field representative to instruct the Owner’s personnel for a 

period of no less than 2 days in maintenance and operation of the equipment. 
 

3.3 FIELD QUALITY CONTROL 

 
A. Test the Capacitor Banks in accordance with the requirements of Start-up Testing and 

Commissioning of Electrical Equipment. 
 
 

END OF SECTION 
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PART 1 – GENERAL 

 
1.1 RELATED DOCUMENTS 

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

Supplementary Conditions and Division 1 Specification Sections, apply to this 
Section. 

 
1.2 SUMMARY 

 
A. This Section includes transfer switches for medium and low voltage, including the 

following: 
 

1. Automatic transfer switches. 
2. Bypass/isolation switches. 
3. Remote annunciation systems. 
4. Remote annunciation and control systems. 

 
B. Related Sections include the following: 

 
1. Section 262933 "Fire Pump and Controller" for automatic transfer switches 

for fire pumps. 
2. Section 260341 – Medium Voltage Switchboard 
3. Section 260430 - Low Voltage Switchboard 

 
C. Scope 

 
1. Furnish and install where indicated Transfer Switches having the ratings 

features/accessories, enclosures, etc. indicated on the drawings or noted 
herein. 

 
2. The Automatic Transfer Switches shall be fully rated to protect all types of 

loads, inductive and resistive, from loss of continuity of power, without 
derating, either open or enclosed. 

 
3. Material and equipment shall be a standard product of a manufacturer 

regularly engaged in the manufacture of Transfer Switches. The experience 
shall include applications of equipment and materials of the same detail 
and/or rating as the Transfer Switches specified. 

 
 

1.3 SUBMITTALS 

 
A. Product Data: For each type of product indicated. Include rated capacities, weights, 

operating characteristics, furnished specialties, and accessories. 
 

B. Shop Drawings: Dimensioned plans, elevations, sections, and details showing 
minimum clearances, conductor entry provisions, gutter space, installed features and 
devices, and material lists for each switch specified. 

 
1. Single-Line Diagram: Show connections between transfer switch, 

bypass/isolation switch, power sources, and load; and show interlocking 
provisions for each combined transfer switch and bypass/isolation switch. 

 
C. Manufacturer Seismic Qualification Certification: Submit certification that transfer 

switches accessories, and components will withstand seismic forces defined in 
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Division 26 Sections 260529 and 260548 "Hangers and Supports for Electrical 
Systems and Vibration and Seismic Controls for Electrical Systems" Include the 
following: 

 
1. Basis for Certification: Indicate whether withstand certification is based on 

actual test of assembled components or on calculation. 
a. The term "withstand" means "the unit will remain in place without 

separation of any parts from the device when subjected to the seismic 
forces specified." 

b. The term "withstand" means "the unit will remain in place without 
separation of any parts from the device when subjected to the seismic 
forces specified and the unit will be fully operational after the seismic 
event." 

2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity  
and locate and describe mounting and anchorage provisions. 

3. Detailed description of equipment anchorage devices on which the certification 
is based and their installation requirements. 

 
D. Qualification Data: For manufacturer and testing agency. 

 
E. Field quality-control test reports. 

 
F. Operation and Maintenance Data: For each type of product to include in emergency, 

operation, and maintenance manuals. In addition to items specified in Division 1 
Section 017823 "Operation and Maintenance Data," include the following: 

 
1. Features and operating sequences, both automatic and manual. 
2. List of all factory settings of relays; provide relay-setting and calibration 

instructions, including software, where applicable. 
 
 

1.4 QUALITY ASSURANCE 

 
A. Manufacturer Qualifications: Maintain a service center capable of providing training, 

parts, and emergency maintenance repairs within a response period of less than 
eight hours from time of notification. 

 
B. Testing Agency Qualifications: An independent agency, with the experience and 

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

 
1. Testing Agency's Field Supervisor: Person currently certified by the  

InterNational Electrical Testing Association or the National Institute for 
Certification in Engineering Technologies to supervise on-site testing specified in 
Part 3. 

 
C. Source Limitations: Obtain automatic transfer switches, bypass/isolation switches, 

nonautomatic transfer switches, remote annunciators and remote annunciator and 
control panels through one source from a single manufacturer. 

 
D. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 

NFPA 70, Article 100, by a testing agency acceptable to authorities having 
jurisdiction, and marked for intended use. 

 
E. Comply with NEMA ICS 1. 

 
F. Comply with PEC. 



Transfer Switch 
SECTION 263600 

DIVISION 26 – ELECTRICAL 

MEINHARDT PHILIPPINES, INC. FOR TENDER 
Page 3 of 10 

 

 

 

G. Comply with NFPA 99. 
 

H. Comply with NFPA 110. 
 

I. Comply with UL 1008 unless requirements of these Specifications are stricter. 
 

J. Comply with ASTA BEAB listing for Transfer Switches. 
 
 

1.6 COORDINATION 

 
A. Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. 

Concrete, reinforcement, and formwork requirements are specified in Division 3. 
 
 

1.7 SEQUENCE OF OPERATION 

 
A. Upon loss of phase-to-phase voltage of the normal source to 70% of nominal, and 

after a time delay, adjustable from 0.5 to 15 seconds, to override momentary dips 
and/or outages, a 10 ampere, 48VDC contact shall close to initiate starting of the 
emergency or standby source power plant. Transfer to the alternate source shall take 
place immediately upon attainment of 90% of rated voltage and frequency of the 
source. For switches not involving engine generator sets as a power source, transfer 
shall occur after an adjustable time delay of 1 to 60 seconds to override momentary 
dips and outages. 

 
B. When the normal source has been restored to 90% or rated voltage, and after a time 

delay, adjustable from 0.5 to 32 minutes (to ensure the integrity of the normal power 
source), the load shall be retransferred to the normal source. 

 
C. A time delay, adjustable from 0.5 to 32 minutes, shall delay shutdown of the 

emergency or standby power source after retransfer to allow the generator to run 
unloaded for cool-down, after which the generator to run unloaded for cool-down, 
after which the generator shall be automatically shut down. 

 
D. If the emergency or standby power plant shall fail while carrying the load, transfer to 

the normal power supply shall be made instantaneously upon restoration of the 
normal source to satisfactory conditions. 

 
 
 

PART 2 – PRODUCTS 
 
 

2.1 GENERAL TRANSFER-SWITCH PRODUCT REQUIREMENTS 

 
A. Indicated Current Ratings: Apply as defined in UL 1008 for continuous loading and 

total system transfer, including tungsten filament lamp loads not exceeding 30 
percent of switch ampere rating, unless otherwise indicated. 

 
B. Tested Fault-Current Closing and Withstand Ratings: Adequate for duty imposed by 

protective devices at installation locations in Project under the fault conditions 
indicated, based on testing according to UL 1008. 

 
C. Solid-State Controls: Repetitive accuracy of all settings shall be plus or minus 2 

percent or better over an operating temperature range of minus 20 to plus 70 deg C. 
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D. Resistance to Damage by Voltage Transients: Components shall meet or exceed 
voltage-surge  withstand  capability  requirements  when   tested   according   to  
IEEE C62.41. Components shall meet or exceed voltage-impulse withstand test of 
NEMA ICS 1. 

 
E. Electrical Operation: Accomplish by a nonfused, momentarily energized solenoid or 

electric-motor-operated mechanism, mechanically and electrically interlocked in both 
directions. 

 
F. Switch Characteristics: Designed for continuous-duty repetitive transfer of full-rated 

current between active power sources. 
 

1. Limitation: Switches using molded-case switches or circuit breakers or 
insulated-case circuit-breaker components are not acceptable. 

2. Switch Action: Double throw; mechanically held in both directions. 
3. Contacts: Silver composition or silver alloy for load-current switching. 

Conventional automatic transfer-switch units, rated 225 A and higher, shall 
have separate arcing contacts. 

 
G. Neutral Switching. Where four-pole switches are indicated, provide neutral pole 

switched simultaneously with phase poles. 
 

H. Oversize Neutral: Ampacity and switch rating of neutral path through units indicated 
for oversize neutral shall be double the nominal rating of circuit in which switch is 
installed. 

 
I. Annunciation, Control, and Programming Interface Components: Devices at transfer 

switches for communicating with remote programming devices, annunciators, or 
annunciator and control panels shall have communication capability matched with 
remote device. 

 
J. Factory Wiring: Train and bundle factory wiring and label, consistent with Shop 

Drawings, either by color-code or by numbered or lettered wire and cable tape 
markers at terminations. Color-coding and wire and cable tape markers are specified 
in Division 26 Section 260553 "Electrical Identification." 

 
1. Designated Terminals: Pressure type, suitable for types and sizes of field 

wiring indicated. 
2. Power-Terminal Arrangement and Field-Wiring Space: Suitable for top, side, 

or bottom entrance of feeder conductors as indicated. 
3. Control Wiring: Equipped with lugs suitable for connection to terminal strips. 

 
K. Enclosures: General-purpose  NEMA  250,  Type  1,  3R,  12,  complying  with  

NEMA ICS 6 and UL 508, unless otherwise indicated. 
 
 

2.2 AUTOMATIC TRANSFER SWITCHES 

 
A. Comply with Level 1 equipment according to NFPA 110. 

 
B. Switching Arrangement: Double-throw type, incapable of pauses or intermediate 

position stops during normal functioning, unless otherwise indicated. 
 

C. Manual Switch Operation: Under load, with door closed and with either or both 
sources energized. Transfer time is same as for electrical operation. Control circuit 
automatically disconnects from electrical operator during manual operation. 

 
D. Manual Switch Operation: Unloaded. Control circuit automatically disconnects from 

electrical operator during manual operation. 
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E. Signal-Before-Transfer Contacts: A set of normally open/normally closed  dry 
contacts operates in advance of retransfer to normal source. Interval is adjustable 
from 1 to 30 seconds. 

 
F. Digital Communication Interface: Matched to capability of remote annunciator or 

annunciator and control panel. 
 

G. Transfer Switches Based on Molded-Case-Switch  Components:  Comply  with  
NEMA AB 1, UL 489, and UL 869A. 

 
H. Motor Disconnect and Timing Relay: Controls designate starters so they disconnect 

motors before transfer and reconnect them selectively at an adjustable time interval 
after transfer. Control connection to motor starters is through wiring external to 
automatic transfer switch. Time delay for reconnecting individual motor loads is 
adjustable between 1 and 60 seconds, and settings are as indicated. Relay contacts 
handling motor-control circuit inrush and seal currents are rated for actual currents to 
be encountered. 

 
I. Automatic Transfer-Switch Features: 

 
1. Undervoltage Sensing for Each Phase of Normal Source: Sense low phase-to- 

ground voltage on each phase. Pickup voltage shall be adjustable from 85 to 
100 percent of nominal, and dropout voltage is adjustable from 75 to 98 percent 
of pickup value. Factory set for pickup at 90 percent and dropout at 85 percent. 

2. Adjustable Time Delay: For override of normal-source voltage sensing to delay 
transfer and engine start signals. Adjustable from zero to six seconds, and 
factory set for one second. 

3. Voltage/Frequency Lockout Relay: Prevent premature transfer to generator. 
Pickup voltage shall be adjustable from 85 to 100 percent of nominal. Factory 
set for pickup at 90 percent. Pickup frequency shall be adjustable from 90 to 
100 percent of nominal. Factory set for pickup at 95 percent. 

4. Time Delay for Retransfer to Normal Source: Adjustable from 0 to 30 minutes, 
and factory set for 10 minutes to automatically defeat delay on loss of voltage 
or sustained undervoltage of emergency source, provided normal supply has 
been restored. 

5. Test Switch: Simulate normal-source failure. 
6. Switch-Position Pilot Lights: Indicate source to which load is connected. 
7. Source-Available Indicating Lights: Supervise sources via transfer-switch 

normal- and emergency-source sensing circuits. 
a. Normal Power Supervision: Green light with nameplate engraved "Normal 

Source Available." 
b. Emergency Power Supervision: Red light with nameplate engraved 

"Emergency Source Available." 
8. Unassigned Auxiliary Contacts: Two normally open, single-pole, double-throw 

contacts for each switch position, rated 10 A at 240-V ac. 
9. Transfer Override Switch: Overrides automatic retransfer control so automatic 

transfer switch will remain connected to emergency power source regardless of 
condition of normal source. Pilot light indicates override status. 

10. Engine Starting Contacts: One isolated and normally closed, and one isolated 
and normally open; rated 10 A at 32-V dc minimum. 

11. Engine Shutdown Contacts: Time delay adjustable from zero to five minutes, 
and factory set for five minutes. Contacts shall initiate shutdown at remote 
engine-generator controls after retransfer of load to normal source. 

12. Engine-Generator Exerciser: Solid-state, programmable-time switch starts 
engine generator and transfers load to it from normal source for a preset time, 
then retransfers and shuts down engine after a preset cool-down period. 
Initiates exercise cycle at preset intervals adjustable from 7 to 30 days.  
Running periods are adjustable from 10 to 30 minutes. Factory settings are for 



Transfer Switch 
SECTION 263600 

DIVISION 26 – ELECTRICAL 

MEINHARDT PHILIPPINES, INC. FOR TENDER 
Page 6 of 10 

 

 

7-day exercise cycle, 20-minute running period, and 5-minute cool-down 
period. Exerciser features include the following: 
a. Exerciser Transfer Selector Switch: Permits selection of exercise with and 

without load transfer. 
b. Push-button programming control with digital display of settings. 
c. Integral battery operation of time switch when normal control power is not 

available. 
 

2.3 BYPASS/ISOLATION SWITCHES 

 
A. Comply with requirements for Level 1 equipment according to NFPA 110. 

 
B. Description: Manual type, arranged to select and connect either source of power 

directly to load, isolating transfer switch from load and from both power sources. 
Include the following features for each combined automatic transfer switch and 
bypass/isolation switch: 

 
1. Means to lock bypass/isolation switch in the position that isolates transfer 

switch with an arrangement that permits complete electrical testing of transfer 
switch while isolated. While isolated, interlocks prevent transfer-switch 
operation, except for testing or maintenance. 

2. Drawout Arrangement for Transfer Switch: Provide physical separation from 
live parts and accessibility for testing and maintenance operations. 

3. Bypass/Isolation Switch Current, Voltage, Closing, and Short-Circuit 
Withstand Ratings: Equal to or greater than those of associated automatic 
transfer switch, and with same phase arrangement and number of poles. 

4. Contact temperatures of bypass/isolation switches shall not exceed those of 
automatic transfer-switch contacts when they are carrying rated load. 

5. Operability: Constructed so load bypass and transfer-switch isolation can be 
performed by 1 person in no more than 2 operations in 15 seconds or less. 

6. Legend: Manufacturer's standard legend for control labels and instruction 
signs shall describe operating instructions. 

7. Maintainability: Fabricate to allow convenient removal of major components 
from front without removing other parts or main power conductors. 

 
C. Interconnection of Bypass/Isolation Switches with Automatic Transfer Switches: 

Factory-installed copper bus bars; plated at connection points and braced for the 
indicated available short-circuit current. 

 
 

2.4 REMOTE ANNUNCIATOR SYSTEM 

 
A. Functional Description: Remote annunciator panel shall annunciate conditions for 

indicated transfer switches. Annunciation shall include the following: 
 

1. Sources available, as defined by actual pickup and dropout settings of 
transfer-switch controls. 

2. Switch position. 
3. Switch in test mode. 
4. Failure of communication link. 

 
B. Annunciator Panel: LED-lamp type with audible signal and silencing switch. 

 
1. Indicating Lights: Grouped for each transfer switch monitored. 
2. Label each group, indicating transfer switch it monitors, location of switch, 

and identity of load it serves. 
3. Mounting: Flush, modular, steel cabinet, unless otherwise indicated. 
4. Lamp Test: Push-to-test or lamp-test switch on front panel. 
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2.5 REMOTE ANNUNCIATOR AND CONTROL SYSTEM 

 
A. Functional Description: Include the following functions for indicated transfer switches: 

 
1. Indication of sources available, as defined by actual pickup and dropout 

settings of transfer-switch controls. 
2. Indication of switch position. 
3. Indication of switch in test mode. 
4. Indication of failure of digital communication link. 
5. Key-switch or user-code access to control functions of panel. 
6. Control of switch-test initiation. 

 
B. Malfunction of annunciator, annunciation and control panel, or communication link 

shall not affect functions of automatic transfer switch. In the event of failure of 
communication link, automatic transfer switch automatically reverts to stand-alone, 
self-contained operation. Automatic transfer-switch sensing, controlling, or operating 
function shall not depend on remote panel for proper operation. 

 
2.6 SOURCE QUALITY CONTROL 

 
A. Factory test and inspect components, assembled switches, and associated 

equipment. Ensure proper operation. Check transfer time and voltage, frequency,  
and time-delay settings for compliance with specified requirements. Perform  
dielectric strength test complying with NEMA ICS 1. 

 
 

PART 3 – EXECUTION 
 

3.1 INSTALLATION 

 
A. Design each fastener and support to carry load indicated by seismic requirements 

and according to seismic-restraint details. See Division 26 Sections 260529 and 
260548 "Hangers and Supports for Electrical Systems and Vibration and Seismic 
controls for Electrical Systems" respectively. 

 
B. Floor-Mounting Switch: Anchor to floor by bolting. 

 
1. Concrete Bases: 4 inches (100 mm) high, reinforced, with chamfered edges. 

Extend base no more than 4 inches (100 mm) in all directions beyond the 
maximum dimensions of switch, unless otherwise indicated or  unless 
required for seismic support. Construct concrete bases  according  to  
Division 26 Sections 260529 and 260548 "Hangers and Supports for 
Electrical Systems and Vibration and Seismic controls for Electrical Systems" 
respectively. 

 
C. Annunciator and Control Panel Mounting: Flush in wall, unless otherwise indicated. 

 
D. Identify components according to Division 26 Section "Electrical Identification." 

 
E. Set field-adjustable intervals and delays, relays, and engine exerciser clock. 

 
3.2 CONNECTIONS 

 
A. Wiring to Remote Components: Match type and number of cables and conductors to 

control and communication requirements of transfer switches as recommended by 
manufacturer. Increase raceway sizes at no additional cost to Owner if necessary to 
accommodate required wiring. 
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B. Ground equipment according to Division 26 Section 260526 "Grounding and 
Bonding." 

 
C. Connect wiring according to Division 26 Section 260519 "Conductors and Cables." 

 
3.3 FIELD QUALITY CONTROL 

 
A. Testing Agency: Engage a qualified independent testing and inspecting agency to 

perform tests and inspections and prepare test reports. 
 

B. Manufacturer's Field Service: Engage a factory-authorized service representative to 
inspect, test, and adjust components, assemblies, and equipment installations, 
including connections. Report results in writing. 

 
C. Perform tests and inspections and prepare test reports. 

 
1. Manufacturer's Field Service: Engage a factory-authorized service 

representative to inspect components, assemblies, and equipment 
installation, including connections, and to assist in testing. 

2. After installing equipment and after electrical circuitry has been energized, 
test for compliance with requirements. 

3. Perform each visual and mechanical inspection and electrical test stated in 
NETA Acceptance Testing Specification. Certify compliance with test 
parameters. 

4. Measure insulation resistance phase-to-phase and phase-to-ground with 
insulation-resistance tester. Include external annunciation and  control 
circuits. Use test voltages and procedure recommended by manufacturer. 
Comply with manufacturer's specified minimum resistance. 
a. Check for electrical continuity of circuits and for short circuits. 
b. Inspect for physical damage, proper installation and connection, and 

integrity of barriers, covers, and safety features. 
c. Verify that manual transfer warnings are properly placed. 
d. Perform manual transfer operation. 

5. After energizing circuits, demonstrate interlocking sequence and operational 
function for each switch at least three times. 
a. Simulate power failures of normal source to automatic transfer switches 

and of emergency source with normal source available. 
b. Simulate loss of phase-to-ground voltage for each phase of normal 

source. 
c. Verify time-delay settings. 
d. Verify pickup and dropout voltages by data readout or inspection of 

control settings. 
e. Test bypass/isolation unit functional modes and related automatic 

transfer-switch operations. 
f. Perform contact-resistance test across main contacts and correct 

values exceeding 500 microhms and values for 1 pole deviating by 
more than 50 percent from other poles. 

g. Verify proper sequence and correct timing of automatic engine starting, 
transfer time delay, retransfer time delay on restoration of normal 
power, and engine cool-down and shutdown. 

6. Ground-Fault Tests: Coordinate with testing of ground-fault protective  
devices for power delivery from both sources. 
a. Verify grounding connections and locations and ratings of sensors. 

 
D. Testing Agency's Tests and Inspections: 

 
1. After installing equipment and after electrical circuitry has been energized, 

test for compliance with requirements. 
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2. Perform each visual and mechanical inspection and electrical test stated in 
NETA Acceptance Testing Specification. Certify compliance with test 
parameters. 

3. Measure insulation resistance phase-to-phase and phase-to-ground with 
insulation-resistance tester. Include external annunciation and  control 
circuits. Use test voltages and procedure recommended by manufacturer. 
Comply with manufacturer's specified minimum resistance. 
a. Check for electrical continuity of circuits and for short circuits. 
b. Inspect for physical damage, proper installation and connection, and 

integrity of barriers, covers, and safety features. 
c. Verify that manual transfer warnings are properly placed. 
d. Perform manual transfer operation. 

4. After energizing circuits, demonstrate interlocking sequence and operational 
function for each switch at least three times. 
a. Simulate power failures of normal source to automatic transfer switches 

and of emergency source with normal source available. 
b. Simulate loss of phase-to-ground voltage for each phase of normal 

source. 
c. Verify time-delay settings. 
d. Verify pickup and dropout voltages by data readout or inspection of 

control settings. 
e. Test bypass/isolation unit functional modes and related automatic 

transfer-switch operations. 
f. Perform contact-resistance test across main contacts and correct 

values exceeding 500 microhms and values for 1 pole deviating by 
more than 50 percent from other poles. 

g. Verify proper sequence and correct timing of automatic engine starting, 
transfer time delay, retransfer time delay on restoration of normal 
power, and engine cool-down and shutdown. 

5. Ground-Fault Tests: Coordinate with testing of ground-fault protective  
devices for power delivery from both sources. 
a. Verify grounding connections and locations and ratings of sensors. 

 
E. Coordinate tests with tests of generator and run them concurrently. 

 
F. Report results of tests and inspections in writing. Record adjustable relay settings  

and measured insulation and contact resistances and time delays. Attach a label or 
tag to each tested component indicating satisfactory completion of tests. 

 
G. Remove and replace malfunctioning units and retest as specified above. 

 
H. Infrared Scanning: After Substantial Completion, but not more than 60 days after 

Final Acceptance, perform an infrared scan of each switch. Remove all  access 
panels so joints and connections are accessible to portable scanner. 

 
1. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of 

each switch 11 months after date of Substantial Completion. 
2. Instrument: Use an infrared scanning device designed to measure 

temperature or to detect significant deviations from normal values. Provide 
calibration record for device. 

3. Record of Infrared Scanning: Prepare a certified report that identifies 
switches checked and that describes scanning results. Include notation of 
deficiencies detected, remedial action taken, and observations after remedial 
action. 
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3.4 DEMONSTRATION 

 
A. Engage a factory-authorized service representative to train EMPLOYER’s maintenance 

personnel to adjust, operate, and maintain transfer switches and related equipment as 
specified below. 

 
B. Coordinate this training with that for generator equipment. 

 
 

END OF SECTION 
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PART 1 – GENERAL 

 
1.1 WORK INCLUDED 

 
A. Automatic transfer switches. 

 
1.2 RELATED WORK 

 
A. This Section shall be used in conjunction with the following other specifications and 

related Contract Documents to establish the total requirements for automatic transfer 
switches: 
1. Section 260010 - Basic Electrical Requirements. 
2. Section 260553 - Electrical Identification. 
3. Section 260800 - Startup Testing and Commissioning of Electrical Equipment. 
4. Section 260519 - 600V Wire and Cable. 

 
B. CAUTION! Use of this Section without including all of the above-listed items will 

result in omission of basic requirements. 
 

C. In the event of conflict regarding automatic transfer switch requirements between this 
Section and any other section, the provisions of this Section shall govern. 

 
1.3 QUALITY ASSURANCE, REFERENCES AND REGULATORY REQUIREMENTS 

 
A. Electrical components and/or systems shall be listed and labeled by a nationally 

recognized testing laboratory (NRTL) such as: UL, ETL, CSA, or FM; shall be labeled 
and/or listed as part of a UL-labeled assembly, or shall be evaluated by a third party 
acceptable to the authority having jurisdiction (AHJ) as suitable for the use intended. 
All labels shall be applied at the manufacturer’s factory or facility prior to shipment. 

 
B. Conform to the following Standards: 

1. NEMA Type 1 – See NEMA 250. 
2. NEMA 250-1997 – Enclosures for Electrical Equipment (1000 Volts 

Maximum), which consolidates the descriptions and applications, features 
and test criteria, and design tests of all NEMA type enclosures (except for 
rotary type apparatus) into a single document. 

3. UL 1008-1996 (R2002) – Transfer Switch Equipment. 

 
1.4 SUBMITTALS 

 
A. The following drawings and information are to be submitted with the bid proposal: 

1. All proposed deviations from this Section. 
2. Base bid must comply with minimum requirements of this Section. 
3. System configuration with single-line diagrams. See the Drawings for the 

short-circuit withstand current available at the terminals. 
4. Functional description of proposed equipment: 

a. Sequence of operation; 
b. System capabilities; 
c. Other switch features; 
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5. Features which distinguish submitted equipment from competitors should be 

listed. 
6. Items, which are available as optional equipment and not required by the base 

specification, may be listed and offered as voluntary alternates. 
7. Size and weight of individual shipping units, to be handled by the Contractor in 

the field. 
8. Detailed  layouts  of  all  metering,  alarm  and mimic panels. The metering 

sensing points are to be shown on the single-line diagram. 
9. Staffing plan for startup, testing and commissioning of equipment. 

 
B. Provide the following in addition to the standard requirements 4 weeks after award of 

the Contract: 
1. Detailed installation drawings, including all terminal locations. 
2. Complete operation and maintenance manuals. 

 
C. In addition to the required number of copies of paper drawings, all drawings shall be 

provided in electronic format on CD or diskettes in either “DWG (drawing file) or DXF” 
format. 

 
 
 

PART 2 – PRODUCTS 

 
2.1 AUTOMATIC TRANSFER SWITCHES 

 
A. In-phase Monitor: Provide in-phase monitor circuitry built in to the ATS. The in-phase 

monitor shall operate without-external control of electrical loads and without any 
external control of the power sources. The monitor shall compare the phase 
relationship and frequency difference between the normal and emergency sources 
and permit transfer the first time the sources are within 15 electrical degrees and only 
if transfer can be accomplished within 60 electrical degrees as determined by 
monitoring the frequency difference. In-phase transfer shall be accomplished if both 
sources are within 2 Hz of nominal frequency and 70 percent or more nominal 
voltage. 

 
B. Provide quantity indicated on the Drawings. 

 
C. Short-circuit withstand capability as indicated on the Drawings. 

 
D. Transfer Mechanism: 

1. Dual, momentarily energized electric operator to activate a double-throw 
switch. Overcenter type linkage to provide quick-make, quick-break action of 
the switch contacts. 

2. Capable of operating at 70 percent of nominal system voltage. 
3. Interlocked normal and emergency contacts (mechanically and electrically) to 

prevent simultaneous closing. 
4. Silver-tungsten alloy main contacts mechanically held without the use of 

hooks, latches, magnets or springs. 
5. Separate arcing contacts and arc extinguishing chutes. 
6. Open transition. 

 
E. Manual Operator: capable of actuating the switch with the same action and speed as 

the electric operator. 
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F. Enclosure: 

1. NEMA Type 1 with gasketing and padlockable hinged-door. 
2. Finish: manufacturer’s standard. 

 
G. Transfer Inhibit, Load Shed: circuitry that prevents transfer of load from emergency to 

normal or normal to emergency when system capacity is not available. 
 

H. Transfer Neutral Alternate: Provide additional cost for neutral position off with the Bid. 
Switch shall transfer from emergency source to a neutral position for shedding 
noncritical loads. 
1. Neutral-Off Position Feature: 

a. Contact position available which isolates load from both normal and 
standby (emergency) sources. 

b. Transfer inhibit control which enables remote control of each transfer 
switch from the load relay for the purpose of load shedding in 
accordance with the PEC. 

c. Transfer switches can be programmed to remotely operate 
individually or as a group. 

 
2.2 BYPASS ISOLATION SWITCH 

 
A. Fully rated, manually operated. 

 
B. Rated for same loads, withstands, and voltages as automatic transfer switch with 

which it is used, as indicated on the Drawings. 
 

C. Bypass to either normal or emergency source by use of a selector switch and a 
permanently mounted external lever. 

 
D. Quick-make, quick-break overcenter contact action shall prevent partial transfer. 

 
2.3 AUTOMATIC TRANSFER SWITCH ACCESSORIES 

 
A. Provide one normally open and one normally closed contact, rated 5A at 120 V AC, 

for interface with the facility management system (FMS) for each of the following: 
1. Loss of normal voltage (voltage sensing relay on normal source). 
2. Emergency source detected at line side of transfer switch (voltage sensing 

relay on emergency source). 
3. Transfer switch in normal position. 
4. Transfer switch in emergency position. 
5. Transfer switch in bypass to normal position. 
6. Transfer switch in bypass to emergency position. 
7. Transfer switch in neutral position. 

 
B. All alarm contacts shall be fail-safe, configured from the factory, incorporated into the 

equipment’s controls, not added on in the field with additional relays. The correct 
operation shall be energized relay in the equipment to maintain a set of normally open 
contacts closed as long as there is no alarm. This will provide an energized signal to 
the FMS and will cause an alarm if any of the following conditions exist: 
1. The power is lost to the equipment. 
2. The physical wire connection is lost. 
3. The equipment is in alarm. 
4. The fuse in the PLC blows. 
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C. Provide one red and one green indicating light on enclosure door. 

1. Green light illuminated when switch is in normal position. 
2. Red light illuminated when switch is in emergency position. 

 
D. Provide three amber indicating lights on enclosure door. 

1. One light illuminated when normal source is present. 
2. Second light illuminated when emergency source is present. 
3. Lights operate from voltage sensing relays, not directly from main buses. 
4. Third light illuminated when ATS is in bypass position. 

 
E. Identify all control wire terminations with tubular sleeve-type markers. 

 
F. Provide schematic drawing under clear plastic on interior of enclosure door. 

 
G. Meters: glass-face, 3½-inch, 2 percent accuracy with phase selector switches. 

1. Voltmeter, emergency bus. 
2. Voltmeter, normal bus. 
3. Ammeter, load side. 

 
H. Accessories. Equip the transfer switch with the following accessories: 

1. Time delay: 0-6 seconds engine start. 
2. Time delay: nominal 1-3 seconds to transfer to emergency. 
3. Time delay: adjustable 2-25 minutes retransfer to utility. 
4. Time delay: adjustable 1-30 minutes for unloaded engine cooldown. 
5. Voltage and frequency lockout relay. 
6. Differential protection 3-phase, dropout at 70% and pickup at 90% voltage. 
7. Test switch. 
8. Engine starting contact. 
9. Four auxiliary contacts: two close on emergency, two close on normal. 
10. Pilot lights for indicating load on normal and on emergency. 
11. Open transition. 

 
2.4 AUTOMATIC TRANSFER SWITCH CONTROL DEVICES 

 
A. Three-position switch mounted on enclosure door with three modes as follows: 

1. Off: 
a. Control relays deenergized. No operation under any circumstances. 
b. Provide white, door-mounted indicating light illuminated when in “off” 

position. 
2. Auto: Complete automatic operation as specified. 
3. Test: Simulates failure of normal source - transfer to emergency as specified. 

Retransfer to normal after switch is returned to AUTO position after 
appropriate time delay (provide momentary contact switch to override time 
delay from emergency to normal). 

 
2.5 ACCESSORIES - GENERAL 

 
A. Ramp: Provide ramps for removal of transfer switch assembly from enclosure. 

 
B. Terminations: Provide all hardware as required to accommodate the type of 

connectors specified in Section 260519, Conductors and Cable (600V & Less). 
 

C. Nameplates: The installing Contractor is to provide and install laminated plastic 
nameplates with engraved letters on each unit per the requirements of 
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Section 260553, Electrical Identification. 

 
 
 

PART 3 – EXECUTION 

 
3.1 INSTALLATION 

 
A. Install automatic transfer switches in accordance with manufacturer’s instructions. 

 
B. Provide all seismic anchoring as required by Section 260010. 

 
3.2 ADJUSTING AND CLEANING 

 
A. Adjust contactors, time delays, and all functioning parts. 

 
B. Clean all exterior and interior surfaces. 

 
3.3 DEMONSTRATION 

 
A. Provide a factory-trained field representative to instruct Owner’s personnel for a 

period of no less than 1 day in maintenance and operation of the equipment. 

 
3.4 FIELD QUALITY CONTROL 

 
A. Test automatic transfer switches in accordance with the requirements of Section 

260800, Startup Testing And Commissioning Of Electrical Equipment. 

 
3.5 OPERATIONAL ACCEPTANCE TEST REPORT 

 
A. Use the OAT form at the end of this Section to record progress and results of 

installation for completing the Operational Acceptance Test for each unit. 
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Operational Acceptance Test Report 

Section 263623 
Automatic Transfer Switches 

 

CM/GC Contractor Date of Test 
   

Equipment ID: 

Tag number 

Type of Equipment: 

i.e. Panel, MCC 

 

1. Check for proper anchorage, required area clearances, and proper 
alignment. 

Yes No 

2. Inspect equipment for cleanliness and physical condition. Inspect doors 
and panels for dents, scratches, & other damage. 

Yes No 

3. Verify equipment identification tags are installed. Yes No 

4. Verify conduits are sized per Drawing package, meet PEC® and are color- 
coded and labeled per Section 260553. 

Yes No 

5. Verify conduits are installed and supported per Sections 260533, 260529 
and PEC. 

Yes No 

6. Verify grounding and bonding is installed per Section 260526 and PEC. Yes No 

7. Verify that the OAT is complete for Low-Voltage Conductors and Cable per 
Section 260513. 

Yes No 

8. Verify that conductor terminations are correct, verified tight and where 
applicable tightened per vendor torque specs. 

Yes No 

9. Verify that the test organization has completed testing per Section 260080. Yes No 

Note:  Test Reports must be attached. Note: SOR must be generated for each no . 
 

Signature and date of persons performing and witnessing test(s) - Witness shall be by GC or Owner’s 
Rep. 

 

Performer:  Date:  Performer:  Date:  

 
Witness: 

  
Date: 

  
Witness: 

  
Date: 

 

 
 

END OF SECTION 
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PART 1 – GENERAL 

 
1.1 DESCRIPTION 

 
A. Provide lightning protection system in accordance with the ContractDocuments. 

 
1.2 STANDARDS 

 
A. PS 

 
B. PEC (PART 1 and 2) 

 
C. NFPA-78 

 
D. ANSI – 61.2 

 
E. IEC 62305 

 
1.3 QUALITY ASSURANCE 

 
A. The system to be provided shall be the standard product of a manufacturer regularly 

engaged in the production of lightning protection systems and shall be the 
manufacturer's latest approved design. 

 
1.4 COORDINATION 

 
A. Ensure that installation including air terminals does not conflict with the operation  of 

other rooftop systems. Where required provide alternate components such as spring 
mounted air terminals to accomplish this coordination. 

 
1.5 SUBMITTALS 

 
A. Manufacturer’s data sheets showing dimensions and materials of each equipment. 

 
B. Shop drawings showing layout of air terminals, grounding electrodes and bonding 

connections to structure and other metal objects. Include terminal, electrode and 
conductor sizes, and connection and terminationdetails. 

 
 

PART 2 – PRODUCTS 

 
2.1 AIR TERMINALS 

 
A. Provide the required number of air terminals on the roof and other pertinent parts of the 

building as indicated on the drawings. 
 

B. The air terminal shall be copper and the minimum diameter of the air terminal shall be 
20mm. 

 
C. Air terminals shall extend a minimum of 250mm above the object it protects. They shall 

have a proper base support for the surface on which they are used and shall be securely 
anchored to the surface. 
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2.2 DOWN SPACE CONDUCTOR 

 
A. Conductors shall be commercially pure copper cable complying with the weight and 

construction requirements of the lightning protection codes and shall be coursed to 
interconnect with air terminals and provide a two-way to ground. The angle of any tern 
shall not exceed 90 degrees and a horizontal or downward course shall be maintained. 

 
B. Provide the required number of down conductors evenly distributed on the outer walls of 

building. Install in a concealedmanner. 
 

C. Conductors shall be a minimum of 60 mm2 copper cables consisting of multiple strands 
of braided conductors in a round cross section. The minimum cable weight shall be 60 
kg/100m. Roof conductors may be tinned copper for compatibility with roof material. 

 
2.4 FASTENERS 

 
A. Conductor fasteners shall be of non-corrosive metal having ample strength to support 

the conductor. 
 

B. Fasteners shall be spaced on not more than 1.2 meters centers for horizontal and 1 
meter for vertical runs. 

 
C. The fastening mechanism shall be compatible with the roof construction and materials. 

The method of fastening shall be submitted with the shop drawings and shall be subject 
to the approval of Architect. 

 
 

PART 3 – EXECUTION 

 
3.1 GENERAL 

 
A. Ground connections shall be made in accordance with requirements of the lightning 

protections codes. Soil conditions shall determine the type of ground to be used. 
 

B. The lightning protection system shall be connected to the building electrical grounding 
system. 

 
C. The installation shall be made in a neat incospicuous manner with all conductors 

coursed conceal the equipment as much aspossible. 
 

D. Down conductors shall be installed in non-metallic HPDE conduits from the roof to below 
grade. Conduits shall be installed concealed. 

 
E. All metallic bodies of conductance on the roof shall be bonded to the lightning protection 

system. At least two paths of grounding shall be provided for all equipment. One 
connection to piping vents is satisfactory. Bonding shall be with copper braidedstraps. 

 
F. The lift steelwork shall be bonded to the lightning protection system. 

 
G. Curtain wall shall be properly earthed to the building lightning protection system. 

 
H. Air terminals shall be provided on aviation obstruction lights, if required by codes. 

 
I. The building frame shall be connected to the earth mat by 60mm2 stranded copper 

conductor. 
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3.2 GROUNDING RODS 

 
Grounding rods have been provided as part of grounding electrode system. Extend cable to and 
connect to grounding electrode system. Where cable must be extended, all connections shall be 
made with exothermic welds. 

 
3.3 TEST AND CERTIFICATION 

 
A. After completion, the system shall be tested for compliance with the Specifications, 

complete system continuity and certification by the installing Contractor shall be 
provided. 

 
B. Provide system certification by local testing authority indicating installation is in full 

conformance with applicable codes. 
 
 

END OF SECTION 
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PART 1 - GENERAL 
 

1.1 WORK INCLUDED 

A. The work required under this division shall include all materials, labor and auxiliaries 
required to furnish and install complete surge suppression for the protection of 
building electrical and electronics systems from the effects of line induced transient 
voltage surge and lightning discharge as indicated on the electrical plans or specified 
in this section. 

B. Related work specified elsewhere: 
 

1. Section 260010 – Electrical General Provisions. 
2. Section 260526 – Grounding and Bonding 

 

1.2 QUALITY ASSURANCE 

A. All surge suppression devices shall be manufactured by a company normally engaged 
in the design, development, and manufacture of such devices for electrical and 
electronics systems equipment. The said firm shall offer a FIVE-YEAR (5) warranty. 

B. The surge suppressor manufacturer shall offer the technical assistance of a 
registered professional electrical engineer. The manufacturer shall also provide the 
support of a factory representative and local stocking distributor. 

C. Submittals: Surge suppression submittal shall include: 
 

1. Manufacturer’s performance data on each suppressor type to comply with part 
1.4. 

2. Dimensioned drawing of each suppressor type to be submitted for approval. 

D. To establish the type and operating characteristics of the surge suppression devices, 
equipment manufactured by Leviton Manufacturing Company is used as a guide in 
determining the functions of the surge suppression system. Other equipment will be 
considered for approval provided the following is submitted in writing to the Engineer 
ten days prior to the bid date. 

 
1. Manufacturer qualifications (as listed above in par. 1.2 (C) (1)) 
2. Complete submittals (as listed above in par. 1.2 (C) (2)) 

E. Equipment certification: Items shall be listed by Underwriters’ Laboratories, shall bear 
the UL seal, and be marked in accordance with referenced standard. 

F. Surge Suppression devices shall be installed and located in accordance with 
requirements of all applicable National Fire Protection Association (NFPA) codes. 

G. It should be noted that all TVSS panels are parallel operated/connected and therefore 
are not required by Underwriters Laboratories (Std. UL 1449) nor the National 
Electrical Code (ANSI/NFPA 70) to have a nameplate rated ampacity assigned to the 
equipment or required connection to a dedicated circuit breaker. 

 
1.3 WARRANTY 

A. All surge suppression devices shall be warranted to be free from defects in materials 
and workmanship under normal use in accordance with the instructions provided for a 
period of five (5) years. 

B. Any suppressor which shows evidence of failure or incorrect operation during the 
warranty period shall be repaired or replaced by the manufacturer and installer. 
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1.4 CODES AND STANDARDS 

A. THE FOLLOWING STANDARDS AND PUBLICATIONS REFERENCED IN VARIOUS 
PARTS OF THIS SPECIFICATION SHALL APPLY: 

B. UL 1449-1987 - Standard for safety, transient voltage surge suppressors. 

C. UL 1363-1986 - Standard for temporary power taps. 

D. ANSI/IEEE C62.41-1991 (IEEE 587) - Guide for surge voltages in low voltage AC 
power circuits. 

E. ANSI/IEEE C62.33-1982 - Standard test specifications for varistor surge protection 
devices. 

F. ANSI/IEEE C62.45-1987 - IEEE guide for surge testing for equipment connected to 
low voltage AC power circuits. 

 
1.5 REQUIRED SUPPRESSORS AS PER ELECTRICAL PLANS 

A. Provide surge suppression for the equipment described herein: 

1. On main electrical service entrance panels. 
 

PART 2 - PRODUCTS 
 

2.1 PRODUCTS: PANEL PROTECTOR (MODULAR FIELD SERVICEABLE) 

A. The surge suppressor manufacturer shall offer a complete line of surge suppressor 
products to support the requirements for main service entrance panels, as described 
in paragraph 1.4. 

B. The panel mount suppressor unit shall be designed with replaceable modules for 
purposes of in-service replacement. One extra set of replacement modules shall be 
furnished to the job site. The unit suppressor shall be designed with redundant back- 
up surge protection in the event of a module failure. 

C. Suppressor Network configuration. The work required under this section consists of 
furnishing, installing and connecting of TVSS devices as specified and as shown on 
the drawings. The TVSS device shall be installed in a NETWORK configuration, 
consisting of one TVSS panel device at the service entrance switchboard. All TVSS 
panel devices in this network configuration shall be of the same manufacture. All 
TVSS panel devices shall be of the modular design and be field replaceable, without 
any interruption of electrical distribution service. 

 
1. Module status indicators shall be provided to indicate individual module status. 

When a module has failed, the module LED status indicator shall indicate said 
failure. 

2. Unit status indicators LED’s shall be provided to indicate the status of the 
complete suppressor unit. The LED status indicators shall be located on the 
hinged front cover to indicate the status of all modules and will identify any 
modules that have failure. 

D. Suppressors shall be designed for the specific type and voltage of the electrical 
service and shall provide clamping for both normal (L-N) and common (L-N-G) mode 
protection. 

E. Suppressors shall be of a hybrid design, and include circuitry with full cycle tracking of 
the (AC) sine wave, in both the normal and common modes of operation. Unit 
clamping characteristics must meet the standards set forth in (section 2.2) 
Suppressor criteria. 
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F. Suppressors shall be designed to withstand a maximum continuous operating voltage 
of not less than 115% of normal RMS line voltage. 

G. Suppressors shall contain internal safety fusing, when required, to disconnect the 
suppressor from the electrical source for routine maintenance, suppressor module 
failure and in order to prevent catastrophic failure modes. 

H. Suppressors shall be a fail-safe type device, shall allow no follow-through current, 
shall have repeated surge capability, shall be solid state, shall be self-restoring and be 
fully automatic in all modes of operation. 

I. Suppressors shall be UL-1449 listed and shall be approved for the location in which 
they are installed. 

J. Suppressors shall have an operating temperature range of -40 degrees C to 
+85 degrees C. 

 
2.2 SUPPRESSOR CRITERIA 

A. Suppressors shall meet or exceed the following performance criteria as specified. 
 

1. Service Entrance: Installer MUST VERIFY VOLTAGE of each panel protector to 
be installed. Panels available in the following voltage; single phase & three 
phase, 120/240/277/346/480/600 volts. Modified NEMA-12 enclosure, with 
collar for flush mounting as standard. 

2. Designed to comply as described in section 1.4 UL 1449-1987 
 

a. ANSI/IEEE C62.41-1991 & C62-45-1987. 
b. Category B-1 ANSI C62.41 (2kv-1.2X50 us, 1ka-8X20us) 
c. Category B-2 ANSI C62.41 (4kv-1.2X50 us, 2ka-8X20us) 
d. Category B-3 ANSI C62.41 (6kv-1.2X50 us, 3ka-8X20 us) 
e. Category C-1 ANSI C62-41 (6kv-1.2X50 us, 3ka-8X20 us) combined 

Wave. 
f. Category C-2 ANSI C62-41 (10kv-1.2X50 us, 5ka-8X20 us) combined 

Wave. 
g. Category C-3 ANSI C62-41 (20kv-1.2X50 us, 10ka-8X20 us) combined 

Wave. 
3. Minimum surge capacity of 125,000 AMPS, Peak, perPhase. 

B. Minimum surge capacity of 50,000 AMPS. Peak, per Phase. 
 

1. Although section 240-21 of the National Electric code does not require the 
installation of an over current protection device up to 10 feet of tapped 
conductors, it is recommended that a 30 Amp. overcurrent protection device be 
installed to disconnect all energized terminals. (i.e.: interrupting capacity of the 
device shall be rated to comply as per sections 110-9, 110-10 and 110-22 of the 
National Electrical Codes). 

2. Suppressor shall be of the replaceable modular type, protector shall provide 
both normal and common mode protection, provide EMI/RFI noise rejection a 
minimum of -20 to -40 dB in both normal and common modes. 

3. Manufacturer shall supply Documentation of testing and compliance to all 
described UL 1449 and ANSI/IEEE C62-41, C62-45 tests. Note:  No 
calculations or formulas may be submitted as claim of compliance. 

C. Testing and compliance section 1.4, UL 1449-1987 ANSI/IEEE 

1. C62.41-1991 & C62.45-1987. 
2. Category B-3 ANSI C62.41 (kV-1.2X50 us, kA-8X20 us). 
3. Category C-3 ANSI C62.41 (20 kV-1.2X50 us, 10 kA-8X20 us) combined Wave. 
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PART 3 - EXECUTION 

 
3.1 INSTALLATION OF SUPPRESSION 

A. Suppression shall be installed as close as practical to the electrical panel or electronic 
equipment to be protected, consistent with available space. Suppressor shall be close 
nippled to the device being protected in a position near the neutral bus which will 
minimize the lead length between suppressor and the buses or circuit breaker to 
which the suppressor connects. Suppressor leads shall not extend beyond the 
suppressor manufacturer’s recommended maximum lead length. 

A. Suppressor shall be installed in a neat, workman like manner. The lead dress shall  
be as short and straight as possible and be consistent with recommended industry 
practices for the system on which these devices are installed. 

B. Supplementary grounding and bonding connections required between the bonding 
bus or ground plane for each equipment cluster and other locations as indicated 
herein shall be accomplished using #6 AWG core copper conductor and approved 
connections unless otherwise noted. Reference to a common earth ground. It shall 
comply with provisions of article 250 of the N E C. 

C. Suppressor shall be installed in a manner that allows simple replacement within a 
short period of downtime. 

D. Although Section 240-21 of the National Electrical Code (NEC) does not require the 
installation of an over correct protection device when installed within 10 feet of the 
tapped conductors, it is recommended that a 30 ampere overcorrect protection device 
be installed to disconnect all energized terminals. (i.e. interrupting capacity of such 
device shall be rated to comply as per sections 110-9, 110-10 and 110-22 of the 
National Electrical Code) Label the disconnect or overcorrect protection device 
“SURGE SUPPRESSOR’’. 

 

END OF SECTION 
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PART 1 - GENERAL 

 
1.1 DESCRIPTION 

 
A. Provide luminaires and accessories in accordance with theContract Documents. 

 
1.2 QUALITY ASSURANCE 

 
A. Lamps shall be of the same manufacturer. 

 
B. Ballasts shall be of the same manufacturer. 

 
C. Occupancy sensors shall be certified for operation with specific ballasts utilized in 

controlled lighting fixtures. 
 

D. Equipment shall meet local energy ordinances. 
 

1.3 STANDARDS 

 
A. General: PS, PEC Latest Edition (PART 1) 

 
B. Ballasts: ANSI C82.2 and UL 935 and 1029. 

 
C. Cords: UL 62. 

 
D. Exit Signs and Emergency Luminaires: NFPA 70 and UL 101 and 924. 

 
E. Hazardous Locations: UL 506, 844, 886, 1203, and 1225. 

 
F. Lamp Holders and Starters: UL 496, 542, and879. 

 
G. Luminaires: UL 57, 676, 1570, 1571, and 1572. 

 
H. Metal Halide and Mercury Vapor Lamps: Federal Standard 21 CFR 1040.30. 

 
I. Photometric data: Independent testing laboratory certified. 

 
J. LED Luminaires : IEC 60598 

 
1.4 SUBMITTALS 

 
A. Manufacturer's product data sheets for each luminaire indicating luminaire type, ballasts 

quantity and type, lamp quantity and type, photometric data, materials, finishes, 
accessories, voltage, input watts, CFM data, andphotographic image of luminaire. 

 
B. Manufacturer's data sheets for each ballasts including ballast type, power factor, input 

voltage, input watts, and ballast factor. 
 

C. Scaled and dimensioned detailed plan and elevation drawings of custom and continuous 
row type luminaires. 

 
D. Seismic restraint calculations. 
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1.5 EXTRA STOCK 

 
A. Lamps: 1 percent of quantity furnished; minimum 2 pcs. of each size and type. 

 
B. Lenses/Louvers: 1 percent of quantity furnished; minimum of 2 of pcs. each size and 

type. 
 

C. Ballasts: 0.25 percent of quantity furnished; minimum of 2 pcs. of each size and type. 
 
 

PART 2 - PRODUCTS 
 
 

2.1 LAMPS 

 
A. Provide a complete set of new lamps in each luminaire. 

 
B. Lamps shall be as follows unless otherwise noted on the luminaire schedule on the 

Drawings: 
 

1. Linear fluorescent: T-5, 4000K, energy saving type. 
 

2. Compact fluorescent (Biax): 4000K. 
 

3. Incandescent: 240V, inside frosted. 
 

4. Light Emitting Diode (LED): 
 

2.2 BALLASTS 

 
A. General: 

 
1. Ballasts shall be suitable for the electrical characteristics of the supply circuits to 

which they are to be connected, and which are suitable for operating the 
specified lamps. 

 
2. Where installed outdoors and wherever ballasts are installed in a non-heated 

environment (such as walk in freezers, cold food handling areas, or outside air 
plenums) ballasts shall be capable of lamp starting at ambient temperatures 
down to minus 20 F. 

 
3. Luminaires controlled by dimmers shall be provided with dimming type ballasts. 

 
4. Single lamp ballasts for long fluorescent lamps shall be kept to a minimum, and 

shall only be used for the last odd lamp in a room or space. 
 

B. Fluorescent: 
 

1. Provide electronic ballasts wherever there is an electronic ballast available for 
any specified lamp or combination of lamps. Where electronic ballasts are not 
available, provide electromagnetic low loss, high power factor ballasts as per 
the Engineer’s approval. 

 
 

2. Electronic Ballasts: 
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a. High frequency electronic type (rapid start type) operating lamps at a 
frequency of 40 KHZ or higher with no detectable lamp flicker. 

 
b. Ballasts shall meet or exceed FCC 47CFR Regulations Part 18 and 

NEMA standards regarding electromagnetic and radio frequency 
interference and shall not interfere with operation of other electrical 
equipment. 

 
c. Ballasts shall meet or exceed ANSI C62.41, Category A and IEEE 587 

standards regarding harmonic distortion and surge protection. 
 

d. Ballasts shall not be affected by lamp failure and shall yield normal 
lamp life. 

 
e. Lamp current crest factor shall not exceed1.6. 

 
f. Total harmonic distortion shall be less than 10% and as required to 

meet utility company requirements. Third harmonic (180 HZ) RMS 
current must be less than 27 1/2% of the fundamental (60 HZ) current. 

 
g. Three year warranty. 

 
C. High Intensity Discharge: 

 
1. Constant wattage auto transformer type, regulated, with integral thermal 

protection and primary circuit fuse. Ballast shall allow maximum of ±5% lamp 
voltage change with a line voltage variant of ±10% voltage. 

 
2.3 MATERIALS AND FABRICATION 

 
A. Luminaires shall be completely factory assembled and wired, and equipped with 

necessary lampholders, ballasts, wiring, shielding, reflectors, channels, lenses, and 
other parts necessary to complete the luminaireinstallation. 

 
B. Luminaire hardware shall be concealed. Weld exposed metal at joints, should be filled 

with weld material, grind smooth, and make free from light leaks. Place gasket or 
incandescent luminaires with overlapping trim. Weld ballast support studs, socket  
saddle studs, and reflector support studs to luminaire body; self threading screws are  
not acceptable. Ventilate ballast compartments and firmly secure ballast to conducting 
metal surface. Luminaires shall be designed for bottom relamping, unless otherwise  
noted. 

 
C. Construct luminaires with a minimum number of joints. Unexposed joints by shall be 

welded, screwed or bolted; soldered joints are not acceptable. Do not use self tapping 
methods or rivets for fastening removable parts used to gain access to electrical 
components requiring service or replacement, or for fastening electrical components or 
their supports. 

 
D. Cast or extruded parts of luminaires shall be close grained and free from imperfections 

or discolorations, rigid, true to pattern, of ample weight and thickness, and properly fitted, 
filed, ground, and buffed to provide finished surfaces and joints free of imperfections. 

 
E. Housings for fluorescent and HID luminaires shall be designed to make electrical 

components easily accessible and replaceable, without removing the luminaire body 
from its mounting. 
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2.4 FINISHES 

 
A. Luminaire finishes shall provide a durable, wear resistant surface. Surfaces shall be 

chemically cleaned and treated with corrosion inhibiting (phosphating) material to assure 
positive paint adhesion. Exposed metal surfaces (brass, bronze, aluminum, etc.) and 
finished castings (except chromium plated or stainless steel parts) shall have an even 
coat of high grade methacrylate lacquer or transparent epoxy. Anodize exposed 
aluminum surfaces in a 20 minute bath for corrosion resistance. Sheet steel luminaire 
housings, and iron and steel parts which have not received phosphating treatment, or 
which are to be utilized in exterior applications, shall be zinc or cadmium plated, or hot 
dip zinc galvanized after completion of all forming, welding, and drilling operations. 

 
B. Screws, bolts, nuts, and other fastening or latching hardware shall be cadmium plated. 

 
C. Provide luminaires with a high temperature baked enamel coating of selected color and 

finish, unless otherwise noted. White baked enamel finished surfaces shall have a 
minimum reflectance of 86%, unless otherwise noted. 

 
2.5 REFLECTORS 

 
A. Aluminum Reflectors: 

 
1. Reflectors and reflecting cones or baffles shall be fabricated from #12 aluminum 

reflector sheet, minimum (15 gauge). Material shall be free of tooling marks, 
spinning lines, and marks or indentation caused by riveting or other assembly 
techniques. No rivets, springs, or other hardware shall be visible after 
installation. 

 
2. Reflectors and baffles shall be polished, buffed, and anodized (Alzak), with 

finish color as selected by the Architect. 
 

B. Painted Reflectors: 
 

1. Painted reflectors shall be formed before application of primer and paint. 
Reflectors and reflector bodies for luminaires with baked white enamel finish 
shall meet the following requirements and tests: 

 
a. After 100 hours of exposure to fade-o-meter, reflectance shall be not 

less than 86%, and finish shall show no visible color change. 
 

b. After 100 hours of exposure to 100% humidity at 100F, (cook box test) 
finish shall show no blistering orother degraded effects. 

 
c. After 150 hours of exposure to salt spray (20% sodium chloride) shall 

cause no breakdown of film. 
 

2.6 LENSES, FACEPLATES AND TRIMS 

 
A. Plastic lenses shall be of virgin methyl methacrylate, unless otherwise indicated. 

Polystyrene lenses are not acceptable. 
 

B. Lenses, louvers, and other light diffusing components shall be contained in frames. 
Lenses shall be removable but positively held within the frames so that hinging or other 
motion of the frame will not cause the diffusing component to drop out. 

 
C. Faceplates on incandescent recessed luminaires shall open for access to the interior of 

the luminaire, serve as a ceiling trim, and positively held to the luminaire body by 
adjustable means that permit the faceplate to be drawn up to the ceiling as tight as 
necessary to insure complete contact of faceplate with the finished ceiling. 
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D. Provide ceiling trims for rectangular recessed luminaires with mitered corners, 

continuously welded and smoothed before shop finishing. Lapping of trim metal is not 
acceptable. 

 
2.7 LUMINAIRE WIRING 

 
A. Provide wiring between fluorescent and HID lampholders and ballasts of same or 

heavier gauge than the leads furnished with the ballasts, and having same or higher 
insulating and heat resisting characteristics. Internal wiring of luminaires shall contain a 
minimum number of splices. Splices shall be made with suitable mechanical insulated 
steel spring type connectors. 

 
B. Wiring channels and wireways shall be free from projections and rough or sharp edges. 

Provide bushings at points or edges over which conductors pass. 
 

2.8 LAMPHOLDERS 

 
A. Incandescent and HID lampholders shall be porcelain bases with copper screw shells. 

 
B. Fluorescent lampholders shall be white, heat resistant plastic. Fluorescent lampholders 

operating with an open circuit voltage in excess of 300 volts shall be of the safety type 
which opens the supply circuit when the lamp is removed from the socket. 

 
C. Rigidly and securely attach lampholders to the luminaire enclosure or husk. 

 
D. Pull chains shall be insulated joint type. 

 
E. Provide lampholders suitable for specified lamps, and set to position the lamps in 

optically correct spacing and relationship to lenses, reflectors, filters, and baffles. 
 

F. Where fluorescent lamps are installed in unenclosed luminaires, provide a minimum of 
two lamp retaining clips per lamp. 

 
2.9 EXTERIOR LUMINAIRES 

 
A. Exterior luminaires shall be designed and manufactured specifically for outdoor service. 

Components including nuts, bolts, rivets, springs, and similar parts, shall be corrosion 
resistant. 

 
B. Exterior luminaires shall be suitably and effectively gasketed to prevent entrance of 

moisture into luminaire. Luminaires which are directly exposed to the elements shall be 
labeled for wet locations. Luminaires which are exposed to dampness shall be labeled 
for damp locations. 

 
C. Metal parts of luminaires requiring painting shall be painted with suitable weather and 

moisture resisting paint equal to epoxy-based coatings. 
 

D. Aluminum parts of exterior luminaires which are not specified as requiring a painted  
finish shall be anodized. 

 
 

2.10 ACCESSORIES 

 
A. Recessed incandescent luminaires shall be furnished with thermal protection in 

accordance with the local electrical code. 
 

B. Where utilized as raceways, luminaires shall be suitable for use as raceways. Provide 
feed through splice boxes where necessary. 
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C. Provide installation and supporting hardware including stems, plates, plaster frames,  

hangers, and similar items, for support of luminaires for the ceiling construction in which 
they shall be installed. Provide plaster frames made of non ferrous metal, or of steel that 
has been suitably rustproofed after fabrication. 

 
D. Air handling luminaires shall have hinged air control vanes within the side slots (bent  

metal vanes are not acceptable) factory set at fully open. Provide heat removal slots at 
luminaire ends. 

 
E. Interior fluorescent and HID luminaires utilizing ballast sound rating of lower than A shall 

be provided with acoustical mounting pads between luminaire housing and ballast to 
minimize vibration and noise level. 

 
F. Provide tempered glass lenses for metal halideluminaires. 

 
G. Provide fastening devices of a positive locking type, which do not require special tools to 

apply or remove them. Do not use tie wires in place of fastening devices. 
 

H. Attach reflectors to housing by means of safety chains to prevent reflectors from falling. 
No part of the chain shall be visible after installation. 

 
I. Provide a ceiling canopy for each stem. Canopy finish shall match stem finish. 

 
J. Luminaires installed in air plenums shall be enclosed andgasketed. 

 
K. HID luminaires connected to the emergency power system shall have an integral quartz 

lamp instant restrike system to provide light output immediately after a loss of power to 
the luminaire. The instant restrike lamp shall automatically turn off after the HID lamp 
has restrikes. 

 
L. Provide factory installed integral emergency battery packs in luminaires shown on the 

Drawings. Battery pack shall be sealed, maintenance free nickel cadmium battery 
capable of operating one or two 1200 mm long fluorescent lamps for a minimum of 120 
minutes, with integral charger, pilot light and test switch. 

 
 

2.11 SPECIFICATION OF LIGHT EMITTING DIODE (LED) LUMINAIRES 

 
A. General Requirements 

 
1. The “Light Emitting Diode” (LED) luminaires, including the electronic driver 

and LED module shall be suitable for operation at 220V ± 6%, 60 Hz ± 2%, 
single phase, a.c. supply. 

 
2. The LED luminaires shall be fully assembled and tested before shipment  

from factory. The LED luminaires shall comply both in manufacturing and 
testing with the following international standards and their manufacturing 
process shall conform to the relevant quality standard of ISO 9000:2005: 

 
Luminaires : IEC 60598-1:2008 for general requirements and 

tests; and IEC 60598-2-1:1987 for general purpose 
luminaires or IEC 60598-2-2:1997 for recessed 
luminaires. 

 
Type test certificate shall be provided to demonstrate the compliance with the 
above standards issued by an accredited test laboratory for the LED 
luminaires. The LED luminaires shall be marked in accordance with the 
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requirements of IEC 60598-2-1:1987 for general-purpose luminaires or IEC 
60598-2-2:1997 for recessed luminaires. 

 
3. The LED luminaires shall be rated for continuous service at an ambient 

temperature of 40ºC without affecting the performance requirements as 
stated in clause 4 of this specification. The Contractor shall be responsible to 
advise the Architect if the performance of the LED luminaires will be affected 
due to the installation conditions affecting the thermal dissipation from the 
LED luminaires. 

4. The LED luminaires shall be “Restriction of Hazardous Substances (RoHS) 
Compliance”. RoHS Compliance certificate issues by an accredited test 
laboratory shall be submitted. 

 
5. The LED luminaires shall have a full set of photometric data prepared to 

CIBSE TM5 or IES format for general lighting design purpose. IES/LDT plug- 
in files shall be provided together with the “Dialux” simulation files. 

 
B. Electronic Driver for LED Module 

 
1. The electronic driver for LED module (driver) shall be the unit, inserted 

between the power supply and one or more LED modules, which serves to 
supply the LED module(s) with its constant rated voltage or rated current.  
The driver shall include the components of power factor correction, radio 
interferences suppression and also dimming facility if it is specified. 

 
2. The driver shall conform to the following international standards: 

 
(i) IEC 61347-1:2007 Lamp controlgear – Part 1: General and safety 

requirements; 
 

(ii) IEC 61347-2-13:2006 Lamp controlgear – Part 2-13: Particular 
requirements for d.c. or a.c. supplied electronic controlgear for LED 
modules; 

 
(iii) IEC 62384:2006 DC or AC supplied electronic control gear for LED 

modules – Performance requirements; 
 

(iv) IEC 61000-3-2:2009 Electromagnetic compatibility (EMC) – Part 3-2: 
Limits – Limits for harmonic current emissions (equipment input 
current O 16A per phase); 

(v) IEC 61547:2000 Equipment for general lighting purposes – EMC 
immunity requirements; and 

 
(vi) EN 55015:2009 Limits and methods of measurement of radio 

disturbance characteristics of electrical lighting and similar 
equipment. 

 
3. Certificates of compliance with the above standards shall be issued by an 

accredited test laboratory for different ratings of drivers. 
 

C. LED Module 
 

The “LED module” contains one or more LEDs are to supply the light source and it 
may also include the optical, electrical and electronic components, but excluding the 
electronic driver. For the “self-ballasted LED module”, the electronic driver integrates 
with one or more LEDs as a unit for direct connection to a.c. supply. If the self- 
ballasted LED module is equipped with a lamp camp, it is regarded as “self-ballasted 
LED lamp”. The LED module, self-ballasted LED module or self-ballasted LED lamp 
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shall be manufactured and tested to comply with IEC 62031:2008: LED modules for 
general lighting – Safety specifications. Certificate of compliance with the above 
standard shall be issued by an accredited test laboratory or the manufacturer. 

 
 

D. Performance Requirements (Note: Project officer shall add any particular 
performance requirements to meet the project specific needs if necessary). 

 
Each model of LED luminaire shall comply with the following performance 
requirements: 

 
a. Luminaire efficacy (lumen/watt): 

 
Refer to Appendix 2 for the minimum requirement. 

 
b. Lumen maintenance (L70): 

 
The lumen output shall deliver at least 70% of its initial lumen output after 
operating 50,000 hours and 25,000 hours for LED module and self-ballasted 
LED lamp respectively. 

 
c. Colour Rendering Index (CRI): 

 
CRI shall be minimum 75 for colour temperature from 2700 – 6500K for indoor 
luminaires and minimum 80 for self-ballasted LED lamp. 

d. Power factor: 
 

The power factor of the LED luminaire circuit and self-ballasted LED lamp shall 
be minimum 0.9 and minimum 0.7 respectively. 

 
Refer to Appendix 3 for the requirement. 

 
E. Testing Standards for Compliance with Performance Requirements 

 
The performance requirements as stated in Clause D of each model of LED luminaire 
shall be tested and certified by the accredited laboratories. The test reports shall be 
submitted for approval. If the test reports of the above performance requirements  
from the accredited laboratories are not available for the model of LED luminaire, the 
test reports certifying their compliance with the other recognized international or 
national standards or other standards on similar performance requirements shall be 
submitted for approval. 

 
 

PART 3 - EXECUTION 
 

3.1 GENERAL 

 
A. Luminaire locations as indicated on the Drawings are general and approximate. Verify 

exact location of luminaires with Architect prior to installation. Verify adequacy of 
clearance with other equipment such as ducts, pipes, conduit, or structural elements. 
Bring conflicts to Architect's attention before proceeding with work. 

 
B. Verify ceiling construction and furnish appropriate luminaire mounting supports, 

hardware, trim, and accessories for eachluminaire. 
 

C. Install luminaires in mechanical equipment rooms after ductwork and piping installation. 
Locate and mount luminaires as indicated on Drawings unless mechanical 

equipment prohibits or makes it impractical to do so. In such cases, chain or wall mount 
  luminaires so that serviceable equipment isilluminated.  
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D. Luminaires shall be installed free of light leaks, warps, dents, or other irregularities. Light 

leaks are not acceptable. 
 

E. Install reflector cones, aperture plates, lenses, diffusers, louvers, and decorative 
elements of luminaires after completion of wet work, plastering, painting, and general 
clean up in the area of the luminaires. Provide final focusing and adjusting of lighting 
equipment. Focusing and adjusting shall be performed under the Architect's supervision 
after normal working hours. 

 
F. Parabolic luminaires shall be installed with mylar cover over louvers. Cover shall be UL 

listed for temporary lighting. Upon completion of work, remove mylar cover with white 
gloves. 

 
G. Visible hanging devices shall be finished to match the luminaire finish, unless otherwise 

noted. Suspended fixtures shall hang level and aligned when installed in rows. 
 

H. Provide fire rated enclosures around recessed luminaires that are installed in fire rated 
ceilings. 

 
I. Provide attachment devices, brackets, plaster rings, saddle hanger and tie bars made of 

formed, rolled, or cast metal shapes with the requisite rigidity and strength to maintain 
continuous alignment and support of installed luminaires. 

 
J. Luminaires mounted in suspended ceilings shall be attached to the main runners of the 

ceiling system with appropriate mounting hardware. Provide independent 450 slack 
cables from corners of luminaires to structure above. 

 
K. Provide at least two supports for single fluorescent luminaires. Where luminaires are 

continuously mounted in rows, provide supports at maximum intervals of 2400 mm, or 
closer if necessary to prevent visible deflection. 

 
L. Equipment requiring access for service and maintenance shall be installed so that 

components requiring access are readilyaccessible. 
 

M. Immediately prior to occupancy clean reflectors, reflector cones, aperture plates, lenses, 
trim rings, faceplates, louvers, lamps and decorative elements. 

 
N. Replace burnt out lamps and noisy or defective ballasts. 

 
O. Luminaires with emergency battery packs connected to unswitched circuits shall be 

permanently on and shall go into the emergency mode upon loss of power to the 
emergency battery pack. Luminaires with emergency battery packs connected to 
switched circuits shall be controlled on and off by the controlling device and shall go into 
the emergency mode upon loss of power to the emergency battery pack (provide 
switched and unswitched leads to these luminaires). 

 
 

END OF SECTION 
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PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

Conditions and Division 1 Specification Sections, apply to this Section. 
 

B. Luminaire Schedule with document no. MP729-SCH-EE-402-00. 

1.2 SUMMARY 

 
A. Section Includes: 

 
1. Exterior luminaires with lamps and ballasts. 
2. Luminaire-mounted photoelectric relays. 
3. Luminaire lowering devices. 

 
B. Related Sections: 

 
1. Division 26 Section 265100 "Luminaires and Accessories" for exterior luminaires 

normally mounted on exterior surfaces of buildings. 

1.3 DEFINITIONS 

 
A. CCT: Correlated color temperature. 

 
B. CRI: Color-rendering index. 

 
C. HID: High-intensity discharge. 

 
D. LER: Luminaire efficacy rating. 

 
E. Luminaire: Complete lighting fixture, including ballast housing if provided. 

1.4 SUBMITTALS 

 
A. Product Data: For each luminaire and support component, arranged in order of lighting unit 

designation. Include data on features, accessories, finishes, and the following: 
 

1. Physical description of luminaire, including materials, dimensions, effective projected 
area, and verification of indicated parameters. 

2. Details of attaching luminaires and accessories. 
3. Details of installation and construction. 
4. Luminaire materials. 
5. Photometric data based on laboratory tests of each luminaire type, complete with 

indicated lamps, ballasts, and accessories. 
 

a. Testing Agency Certified Data: For indicated luminaires,  photometric  data 
shall be certified by a qualified independent testing agency. Photometric data 
for remaining luminaires shall be certified by manufacturer. 

b. Manufacturer Certified Data: Photometric data shall be certified by 
manufacturer's laboratory with a current accreditation under the National 
Voluntary Laboratory Accreditation Program for Energy Efficient Lighting 
Products. 

 
6. Photoelectric relays. 
7. Ballasts, including energy-efficiency data. 
8. Lamps, including life, output, CCT, CRI, lumens, and energy-efficiency data. 
9. Materials, dimensions, and finishes of poles. 
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10. Means of attaching luminaires to supports, and indication that attachment is suitable 
for components involved. 

11. Anchor bolts for poles. 
12. Manufactured pole foundations. 

 
B. Shop Drawings: Include plans, elevations, sections, details, and attachments to other work. 

 
1. Detail equipment assemblies and indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each 
field connection. 

2. Anchor-bolt templates keyed to specific poles and certified by manufacturer. 
3. Design calculations, certified by a qualified professional engineer, indicating strength 

of screw foundations and soil conditions on which they are based. 
4. Wiring Diagrams: For power, signal, and control wiring. 

 
C. Samples: For products designated for sample submission in the Exterior Lighting Device 

Schedule. Each Sample shall include lamps and ballasts. 
 

D. Pole and Support Component Certificates: Signed by manufacturers of poles, certifying that 
products are designed for indicated load requirements in AASHTO LTS-4-M and that load 
imposed by luminaire and attachments has been included in design. The certification shall 
be based on design calculations by a professional engineer. 

 
E. Qualification Data: For qualified agencies providing photometric data for lighting fixtures. 

 
F. Field quality-control reports. 

 
G. Operation and Maintenance Data: For luminaires to include in emergency, operation, and 

maintenance manuals. 
 

H. Warranty: Sample of special warranty. 

1.5 QUALITY ASSURANCE 

 
A. Luminaire Photometric Data Testing Laboratory Qualifications: Provided by manufacturers' 

laboratories that are accredited under the National Volunteer Laboratory Accreditation 
Program for Energy Efficient Lighting Products. 

 
B. Luminaire Photometric Data Testing Laboratory Qualifications: Provided by an independent 

agency, with the experience and capability to conduct the testing indicated, that is an NRTL 
as defined by OSHA in 29 CFR 1910. 

 
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 IEEE C2, "National Electrical Safety Code." 
 

E. Comply with NFPA 70. 

1.6 DELIVERY, STORAGE AND HANDLING 

 
A. Package aluminum poles for shipping according to ASTM B 660. 

 
B. Store poles on decay-resistant-treated skids at least 12 inches (300 mm) above grade and 

vegetation. Support poles to prevent distortion and arrange to provide free air circulation. 
 

C. Handle wood poles so they will not be damaged. Do not use pointed tools that can indent 
pole surface more than 1/4 inch (6 mm) deep. Do not apply tools to section of pole to be 
installed below ground line. 
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D. Retain factory-applied pole wrappings on fiberglass and laminated wood poles until right 
before pole installation. Handle poles with web fabric straps. 

 
E. Retain factory-applied pole wrappings on metal poles until right before pole installation. For 

poles with nonmetallic finishes, handle with web fabric straps. 

1.7 WARRANTY 

 
A. Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or 

replace products that fail in materials or workmanship; that corrode; or that fade, stain, 
perforate, erode, or chalk due to effects of weather or solar radiation within specified 
warranty period. Manufacturer may exclude lightning damage, hail damage, vandalism, 
abuse, or unauthorized repairs or alterations from special warranty coverage. 

 
1. Warranty Period for Luminaires:  one year from date of Substantial Completion. 
2. Warranty Period for Metal Corrosion:  one year from date of Substantial Completion. 
3. Warranty Period for Color Retention:  one year from date of Substantial Completion. 
4. Warranty Period for Poles: Repair or replace lighting poles and standards that fail in 

finish, materials, and workmanship within manufacturer's standard warranty period, 
but not less than one year from date of Substantial Completion. 

 
 

PART 2 - PRODUCTS 

2.1 GENERAL REQUIREMENTS FOR LUMINAIRES 

 
A. Luminaires shall comply with UL 1598 and be listed and labeled for installation in wet 

locations by an NRTL acceptable to authorities having jurisdiction. 
 

1. LER Tests Incandescent Fixtures: Where LER  is  specified,  test  according  to 
NEMA LE 5A. 

2. LER Tests Fluorescent Fixtures:  Where  LER  is  specified,  test  according  to  
NEMA LE 5 and NEMA LE 5A as applicable. 

3. LER Tests HID Fixtures: Where LER is specified, test according to NEMA LE 5B. 
 

B. Lateral Light Distribution Patterns: Comply with IESNA RP-8 for parameters of lateral light 
distribution patterns indicated for luminaires. 

 
C. Metal Parts: Free of burrs and sharp corners and edges. 

 
D. Sheet Metal Components: Corrosion-resistant aluminum unless otherwise indicated. Form 

and support to prevent warping and sagging. 
 

E. Housings: Rigidly formed, weather- and light-tight enclosures that will not warp, sag, or 
deform in use. Provide filter/breather for enclosed luminaires. 

 
F. Doors, Frames, and Other Internal Access: Smooth operating, free of light leakage under 

operating conditions, and designed to permit relamping without use of tools. Designed to 
prevent doors, frames, lenses, diffusers, and other components from falling accidentally 
during relamping and when secured in operating position. Doors shall be removable for 
cleaning or replacing lenses. Designed to disconnect ballast when door opens. 

 
G. Exposed Hardware Material: Stainless steel. 

 
H. Plastic Parts: High resistance to yellowing and other changes due to aging, exposure to 

heat, and UV radiation. 
 

I. Light Shields: Metal baffles, factory installed and field adjustable, arranged to block light 
distribution to indicated portion of normally illuminated area or field. 
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J. Reflecting surfaces shall have minimum reflectance as follows unless otherwise indicated: 
 

1. White Surfaces: 85 percent. 
2. Specular Surfaces: 83 percent. 
3. Diffusing Specular Surfaces: 75 percent. 

 
K. Lenses and Refractors Gaskets: Use heat- and aging-resistant resilient gaskets to seal and 

cushion lenses and refractors in luminaire doors. 
 

L. Luminaire Finish: Manufacturer's standard paint applied to factory-assembled and -tested 
luminaire before shipping. Where indicated, match finish process and color of pole or 
support materials. 

 
M. Factory-Applied Finish for Steel Luminaires: Comply with NAAMM's "Metal Finishes Manual 

for Architectural and Metal Products" for recommendations for applying and designating 
finishes. 

 
1. Surface Preparation: Clean surfaces to comply with SSPC-SP 1, "Solvent Cleaning," 

to remove dirt, oil, grease, and other contaminants that could impair paint bond.  
Grind welds and polish surfaces to a smooth, even finish. Remove mill scale  and 
rust, if present, from uncoated steel, complying with SSPC-SP 5/NACE No. 1, "White 
Metal Blast Cleaning," or SSPC-SP 8, "Pickling." 

2. Exterior Surfaces: Manufacturer's standard finish consisting of one or more coats of 
primer and two finish coats of high-gloss, high-build polyurethane enamel. 

 
a. Color: As selected from manufacturer's standard catalog of colors. 
b. Color: Match ARCHITECT’S sample of manufacturer's standard color. 
c. Color: As selected by Architect from manufacturer's full range. 

 
N. Factory-Applied Finish for Aluminum Luminaires: Comply with NAAMM's "Metal Finishes 

Manual for Architectural and Metal Products" for recommendations for applying and 
designating finishes. 

 
1. Finish designations prefixed by AA comply with the system established by the 

Aluminum Association for designating aluminum finishes. 
2. Natural Satin Finish: Provide fine, directional, medium satin polish (AA-M32); buff 

complying with AA-M20; and seal aluminum surfaces with clear, hard-coat wax. 
3. Class I, Clear Anodic Finish: AA-M32C22A41 (Mechanical Finish: medium satin; 

Chemical Finish: etched, medium matte; Anodic Coating: Architectural Class I, clear 
coating 0.018 mm or thicker) complying with AAMA 611. 

4. Class I, Color Anodic Finish: AA-M32C22A42/A44 (Mechanical  Finish:  medium 
satin; Chemical Finish: etched, medium matte; Anodic Coating: Architectural Class I, 
integrally colored or electrolytically deposited color coating 0.018 mm or thicker) 
complying with AAMA 611. 

 
a. Color: Black. 

 
O. Factory-Applied Labels: Comply with UL 1598. Include recommended lamps and ballasts. 

Labels shall be located where they will be readily visible to service personnel, but not seen 
from normal viewing angles when lamps are in place. 

 
1. Label shall include the following lamp and ballast characteristics: 

 
a. "USES ONLY" and include specific lamp type. 
b. Lamp diameter code (T-4, T-5, T-8, T-12), tube configuration (twin, quad, 

triple), base type, and nominal wattage for fluorescent and compact fluorescent 
luminaires. 

c. Lamp type, wattage, bulb type (ED17, BD56, etc.) and coating (clear or coated) 
for HID luminaires. 
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d. Start type (preheat, rapid start, instant start) for fluorescent and compact 
fluorescent luminaires. 

e. ANSI ballast type (M98, M57, etc.) for HID luminaires. 
f. CCT and CRI for all luminaires. 

2.2 FLUORESCENT BALLASTS AND LAMPS 

 
A. Ballasts for Low-Temperature Environments: 

 
1. Temperatures 0 Deg F (Minus 17 Deg C) and Higher: Electronic  type  rated for  0 

deg F (minus 17 deg C) starting and operating temperature with indicated lamp types. 
2. Temperatures Minus 20 Deg F (Minus 29 Deg C) and Higher: Electromagnetic type 

designed for use with indicated lamp types. 
 

B. Ballast Characteristics: 
 

1. Power Factor: 90 percent, minimum. 
2. Sound Rating: Class A except Class B for T12/HO ballasts. 
3. Total Harmonic Distortion Rating: Less than 10 percent. 
4. Electromagnetic  Ballasts: Comply with ANSI C82.1, energy-saving, high power 

factor, Class P, automatic-reset thermal protection. 
5. Case Temperature for Compact Lamp Ballasts: 65 deg C, maximum. 
6. Transient-Voltage  Protection: Comply with IEEE C62.41.1 and IEEE C62.41.2, 

Category A or better. 
 

C. Low-Temperature Lamp Capability: Rated for reliable starting and operation with ballast 
provided at temperatures 0 deg F (minus 18 deg C) and higher. 

2.3 BALLASTS FOR HID LAMPS 

 
A. Comply with ANSI C82.4 and UL 1029 and capable of open-circuit operation without 

reduction of average lamp life. Include the following features unless otherwise indicated: 
 

1. Ballast Circuit: Constant-wattage autotransformer or regulating high-power-factor 
type. 

2. Minimum Starting Temperature: Minus 22 deg F (Minus 30 deg C). 
3. Normal Ambient Operating Temperature: 104 deg F (40 deg C). 
4. Ballast Fuses: One  in  each  ungrounded  power supply conductor. Voltage and 

current ratings as recommended by ballast manufacturer. 
 

B. Auxiliary, Instant-On, Quartz System: Factory-installed feature automatically  switches 
quartz lamp on when fixture is initially energized and when momentary power outages 
occur. System automatically turns quartz lamp off when HID lamp reaches approximately  
60 percent of light output. 

 
C. High-Pressure Sodium Ballasts: Electromagnetic type with solid-state igniter/starter and 

capable of open-circuit operation without reduction of average lamp life. Igniter/starter shall 
have an average life in pulsing mode of 10,000 hours at an igniter/starter-case temperature 
of 90 deg C. 

 
1. Instant-Restrike Device: Integral with ballast, or solid-state potted module, factory 

installed within fixture and compatible with lamps, ballasts, and mogul sockets up to 
150 W.  

 
a. Restrike Range: 105- to 130-V ac. 
b. Maximum Voltage: 250-V peak or 150-V ac rms. 

 
2. Minimum Starting Temperature: Minus 40 deg F (Minus 40 deg C). 



Exterior Lighting 
SECTION 265600 

DIVISION 26 – ELECTRICAL 

FOR TENDER 
Page 6 of 9 

MEINHARDT PHILIPPINES, INC. 

 

 

2.4 HID LAMPS 

 
A. High-Pressure Sodium Lamps: ANSI C78.42, CRI 21 (minimum), CCT color temperature 

1900 K, and average rated life of 24,000 hours, minimum. 
 

1. Dual-Arc Tube Lamp: Arranged so only one of two arc tubes is lighted at one time 
and, when power is restored after an outage, the cooler arc tube, with lower internal 
pressure, lights instantly, providing an immediate 8 to 15 percent of normal light 
output. 

 
B. Low-Pressure Sodium Lamps: ANSI C78.43. 

 
C. Metal-Halide Lamps: ANSI C78.43, with minimum CRI 65, and CCT color temperature 

4000 K. 
 

D. Pulse-Start, Metal-Halide Lamps: Minimum CRI 65, and CCT color temperature 4000 K. 
 

E. Ceramic, Pulse-Start, Metal-Halide Lamps: Minimum CRI 80, and CCT color temperature 
4000 K. 

2.5 GENERAL REQUIREMENT FOR POLES AND SUPPORT COMPONENTS 

 
A. Structural Characteristics: Comply with AASHTO LTS-4-M. 

 
1. Wind-Load Strength of Poles: Adequate at indicated heights above grade without 

failure, permanent deflection, or whipping in steady winds of speed indicated in 
"Structural Analysis Criteria for Pole Selection" Article. 

2. Strength Analysis: For each pole, multiply the actual equivalent projected area of 
luminaires and brackets by a factor of 1.1 to obtain the equivalent projected area to 
be used in pole selection strength analysis. 

 
B. Luminaire  Attachment  Provisions: Comply with luminaire manufacturers' mounting 

requirements. Use stainless-steel fasteners and mounting bolts unless otherwise indicated. 
 

C. Mountings,  Fasteners,  and  Appurtenances: Corrosion-resistant items compatible with 
support components. 

 
1. Materials: Shall not cause galvanic action at contact points. 
2. Anchor Bolts, Leveling Nuts, Bolt Caps, and Washers: Hot-dip galvanized after 

fabrication unless otherwise indicated. 
3. Anchor-Bolt Template: Plywood or steel. 

 
D. Breakaway Supports: Frangible breakaway supports, tested by an independent testing 

agency acceptable to authorities having jurisdiction, according to AASHTO LTS-4-M. 

2.6 PERFORMANCE SPECIFICATION OF LIGHT EMITTING DIODES (LED) LUMINAIRES 

 
A. General Requirements 

 
1.  The “Light Emitting Diode” (LED) luminaires, including the electronic driver and LED 

module shall be suitable for operation at 220V ± 6%, 60 Hz ± 2%, single phase, a.c. 
supply. 

2. The LED luminaires shall be fully assembled and tested before shipment from factory. 
The LED luminaires shall comply both in manufacturing and testing with the following 
international standards and their manufacturing process shall conform to the relevant 
quality standard of ISO 9000:2005: 

 
Luminaires : IEC 60598-1:2008 for general requirements and tests; and IEC 

60598-2-1:1987 for general purpose luminaires or IEC 60598-2- 
2:1997 for recessed luminaires. 
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Type test certificate shall be provided to demonstrate the compliance with the above 
standards issued by an accredited test laboratory for the LED luminaires. The LED 
luminaires shall be marked in accordance with the requirements of IEC 60598-2- 
1:1987 for general-purpose luminaires or IEC 60598-2-2:1997 for recessed 
luminaires. 

 
3. The LED luminaires shall be rated for continuous service at an ambient temperature 

of 40ºC without affecting the performance requirements as stated in clause 4 of this 
specification. The Contractor shall be responsible to advise the Architect if the 
performance of the LED luminaires will be affected due to the installation conditions 
affecting the thermal dissipation from the LED luminaires. 

4. The LED luminaires shall be “Restriction of Hazardous Substances (RoHS) 
Compliance”. RoHS Compliance certificate issues by an accredited test laboratory 
shall be submitted. 

5. The LED luminaires shall have a full set of photometric data prepared to CIBSE TM5 
or IES format for general lighting design purpose. IES/LDT plug-in files shall be 
provided together with the “Dialux” simulation files. 

 
B. Electronic Driver for LED Module 

 
1. The electronic driver for LED module (driver) shall be the unit, inserted between the 

power supply and one or more LED modules, which serves to supply the LED 
module(s) with its constant rated voltage or rated current. The driver shall include the 
components of power factor correction, radio interferences suppression and also 
dimming facility if it is specified. 

2. The driver shall conform to the following international standards: 
 

(i) IEC 61347-1:2007 Lamp controlgear – Part 1: General and safety 
requirements; 

(ii) IEC 61347-2-13:2006 Lamp controlgear – Part 2-13: Particular requirements for 
d.c. or a.c. supplied electronic controlgear for LED modules; 

(iii) IEC 62384:2006 DC or AC supplied electronic control gear for LED modules – 
Performance requirements; 

(iv) IEC 61000-3-2:2009 Electromagnetic compatibility (EMC) – Part 3-2: Limits – 
Limits for harmonic current emissions (equipment input current O 16A per 
phase); 

(v) IEC 61547:2000 Equipment for general lighting purposes – EMC immunity 
requirements; and 

(vi) EN 55015:2009 Limits and methods of measurement of radio disturbance 
characteristics of electrical lighting and similar equipment. 

 
3. Certificates of compliance with the above standards shall be issued by an accredited 

test laboratory for different ratings of drivers. 
 

B. LED Module 
 

The “LED module” contains one or more LEDs are to supply the light source and it may also 
include the optical, electrical and electronic components, but excluding the electronic driver. 
For the “self-ballasted LED module”, the electronic driver integrates with one or more LEDs 
as a unit for direct connection to a.c. supply. If the self-ballasted LED module is equipped 
with a lamp camp, it is regarded as “self-ballasted LED lamp”. The LED module, self- 
ballasted LED module or self-ballasted LED lamp shall be manufactured and tested to 
comply with IEC 62031:2008: LED modules for general lighting – Safety specifications. 
Certificate of compliance with the above standard shall be issued by an accredited test 
laboratory or the manufacturer. 

 
C. Performance Requirements (Note: Project officer shall add any particular performance 

requirements to meet the project specific needs if necessary). 
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Each model of LED luminaire shall comply with the following performance requirements: 
 

a. Luminaire efficacy (lumen/watt): 
 

Refer to Appendix 2 for the minimum requirement. 
 

b. Lumen maintenance (L70): 
 

The lumen output shall deliver at least 70% of its initial lumen output after 
operating 50,000 hours and 25,000 hours for LED module and self-ballasted 
LED lamp respectively. 

 
c. Colour Rendering Index (CRI): 

 
CRI shall be minimum 75 for colour temperature from 2700 – 6500K for indoor 
luminaires and minimum 80 for self-ballasted LED lamp. 

 
d. Power factor: 

 
The power factor of the LED luminaire circuit and self-ballasted LED lamp shall 
be minimum 0.9 and minimum 0.7 respectively. 
Refer to Appendix 3 for the requirement. 

 
D. Testing Standards for Compliance with Performance Requirements 

 
The performance requirements as stated in Clause D of each model of LED luminaire shall 
be tested and certified by the accredited laboratories. The test reports shall be submitted   
for approval. If the test reports of the above performance requirements from the accredited 
laboratories are not available for the model of LED luminaire, the test reports certifying their 
compliance with the other recognized international or national standards or other standards 
on similar performance requirements shall be submitted for approval. 

 
 

PART 3 - EXECUTION 

3.1 LUMINAIRE INSTALLATION 

 
A. Install lamps in each luminaire. 

 
B. Fasten luminaire to indicated structural supports. 

 
1. Use fastening methods and materials selected to resist seismic forces defined for the 

application and approved by manufacturer. 
 

C. Adjust luminaires that require field adjustment or aiming. Include adjustment of photoelectric 
device to prevent false operation of relay by artificial light sources, favoring a north 
orientation. 

3.2 CORROSION PREVENTION 

 
A. Aluminum: Do not use in contact with earth or concrete. When in direct contact with a 

dissimilar metal, protect aluminum by insulating fittings or treatment. 
 

B. Steel Conduits: Comply with Division 26 Section 260533 "Raceways and Boxes." In 
concrete foundations, wrap conduit with 0.010-inch- (0.254-mm-) thick,  pipe-wrapping 
plastic tape applied with a 50 percent overlap. 
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3.3 GROUNDING 

 
A. Ground metal poles and support structures according to Division 26 Section 260526 

"Grounding and Bonding." 
 

1. Install grounding electrode for each pole unless otherwise indicated. 
2. Install grounding conductor pigtail in the base for connecting luminaire to grounding 

system. 
 

B. Ground nonmetallic poles and support structures according to Division 26 Section 260526 
"Grounding and Bonding." 

 
1. Install grounding electrode for each pole. 
2. Install grounding conductor and conductor protector. 
3. Ground metallic components of pole accessories and foundations. 

3.4 FIELD QUALITY CONTROL 

 
A. Inspect each installed fixture for damage. Replace damaged fixtures and components. 

 
B. Illumination Observations: Verify normal operation of lighting units after installing luminaires 

and energizing circuits with normal power source. 
 

1. Verify operation of photoelectric controls. 
 

C. Illumination Tests: 
 

1. Measure light intensities at night. Use photometers with calibration referenced to 
NIST standards. Comply with the following IESNA testing guide(s): 

 
a. IESNA LM-5, "Photometric Measurements of Area and Sports Lighting 

Installations." 
b. IESNA LM-50, "Photometric Measurements of Roadway Lighting Installations." 
c. IESNA LM-52, "Photometric Measurements of Roadway Sign Installations." 
d. IESNA LM-64, "Photometric Measurements of Parking Areas." 
e. IESNA LM-72, "Directional Positioning of Photometric Data." 

 
D. Prepare a written report of tests, inspections, observations, and verifications indicating and 

interpreting results. If adjustments are made to lighting system, retest to demonstrate 
compliance with standards. 

3.5 DEMONSTRATION 

 
A. Train Owner's maintenance personnel to adjust, operate, and maintain luminaire lowering 

devices. 
 
 

END OF SECTION 


