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SECTION 03 200 – CONCRETE REINFORCEMENT 

 

PART 1 - GENERAL 
 

1.1 DESCRIPTION 
 

A. Scope: 
1. CONTRACTOR shall provide all labor, materials, equipment and incidentals as shown, 

specified and required to furnish and install concrete reinforcement. 

2. The extent of concrete reinforcement is shown. 
3. The Work includes fabrication and placement of reinforcement including bars, ties and 

supports, and welded wire fabric for concrete, encasements and fireproofing. 

 

B. Related Sections: 

1. Section 03300, Cast-In-Place Concrete. 

 

1.2 QUALITY ASSURANCE 
 

A. Reference Standards: Comply with applicable provisions and recommendations of the 

following, except as otherwise shown or specified: 

1. Concrete Reinforcing Steel Institute, Manual of Standard Practice, includes ASTM 

standards referred to herein. 

2. ACI 315, Manual of Engineering and Placing Drawings for Reinforced Concrete 

Structures. 

3. ACI 318, Building Code Requirements for Reinforced Concrete. 
 

B. Allowable Placing Tolerances: Comply with ACI 318, Chapter 7 - Details of Reinforcement, 

except as specified below: 

1. Concrete surfaces which are in contact with liquids: 2-inches minimum coverage. 

 

1.3 SUBMITTAL 
 

A. Shop Drawings: Submit for approval the following: 

1. Manufacturer's specifications and installation instructions for all materials and 

reinforcement accessories. 

2. Drawings for fabrication, bending, and placement of concrete reinforcement. Comply 

with ACI 315, Parts A and B. For walls, show elevations to a minimum scale of 1/4-inch 

to I foot. For slabs, show top and bottom reinforcing on separate plan views. Show bar 

schedules, stirrup spacing, diagrams of bent bars, arrangements and assemblies, as 

required for the fabrication and placement of concrete reinforcement, unless otherwise 

noted. Splices shall be kept to a minimum. Splices in regions of maximum tension 

stresses shall be avoided whenever possible. 

a. Drawings detailing the location of all construction and expansion joints as required 

under Section 03251, Concrete Joints, shall be submitted and approved before Shop 

Drawings for reinforcing steel are submitted. 
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B. Certificates: 
1. Submit one (1) copy of steel producer's certificates of mill analysis, tensile and bend tests 

for reinforcing steel. 

 

1.4 DELIVERY, HANDLING AND STORAGE 
 

A. Deliver concrete reinforcement materials to the site bundled, tagged and marked. Use metal 

tags indicating bar size, lengths, and other information corresponding to markings shown on 

placement diagrams. 

 

B. Store concrete reinforcement material at the site to prevent damage and accumulation of dirt 

or excessive rust. Store on heavy wood blocking so that no part of it will come in contact  

with the ground. 

 
 

PART 2 - PRODUCTS 
 

2.1 MATERIALS 
 

A. Reinforcing Bars: ASTM A 615, and as follows: 

1. Provide Grade 60 for all bars. 
 

B. Mechanical Couplers: Reinforcement bars may be spliced with a mechanical connection.  

This connection shall be a full mechanical connection which shall develop in tension or 

compression, as required, at least 125 percent of specified yield strength (fy) of the bar in 

accordance with ACI 318 Section 12.14.3.4. Location of the connections shall be approved 

by the OWNER. 

 

C. Steel Wire: ASTM A 82. 

 

D. Welded Smooth Wire Fabric: ASTM A 185. 

1. Furnish in flat sheets, not rolls. 

 

E. Supports for Reinforcement: Bolsters, chairs, spacers and other devices for spacing, 

supporting and fastening reinforcement in place. 

1. Use wire bar type supports complying with CRSI recommendations, except as 

specified below. Do not use wood, brick, or other unacceptable materials. 

2. For slabs on grade, use supports with sand plates or horizontal runners where base 

material will not support chair legs. 

3. For all concrete surfaces where legs of supports are in contact with forms, provide 

supports complying with CRSI "Manual of Standard Practice" as follows: 

a. Either hot-dip galvanized, plastic protected or stainless steel legs. 

4. Over waterproof membranes, use precast concrete chairs. 

5. For all polyvinyl chloride (PVC) lined concrete surfaces, where legs of supports 

are in contact with forms, provide supports complying with CRSI "Manual of 

Standard Practice" as follows: 

a. Either plastic or metal protected legs. 
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2.2 FABRICATION 
 

A. General: Fabricate reinforcing bars to conform to required shapes and dimensions, 

with fabrication tolerances complying with CRSI, "Manual of Standard Practice". In 

case of fabricating errors, do not re-bend or straighten reinforcement in a manner that 

will injure or weaken the material. 

 

B. Unacceptable Materials: Reinforcement with any of the following defects will not be 

permitted in the Work: 

1. Bar lengths, bends, and other dimensions exceeding specified fabrication 

tolerances. 

2. Bends or kinks not shown on approved Shop Drawings. 

3. Bars with reduced cross-section due to excessive rusting or other cause. 

 
 

PART 3 - EXECUTION 
 

3.1 INSPECTION 
 

A. Inspections shall be performed by OWNER. CONTRACTOR and his installer 

shall examine the substrate and the conditions under which concrete reinforcement is 

to be placed, and notify OWNER, in writing, of unsatisfactory conditions. Do not 

proceed with the Work until unsatisfactory conditions have been corrected in a 

manner acceptable to OWNER. 

 
3.2 INSTALLATION 

 

A. Comply with the applicable recommendations of specified codes and standards, and CRSI, 

Manual of Standard Practice, for details and methods of reinforcement placement and 

supports. 

 

B. Clean reinforcement to remove loose rust and mill scale, earth, ice, and other materials which 

reduce or destroy bond with concrete. 

 

C. Position, support, and secure reinforcement against displacement during formwork 

construction or concrete placement operations. Locate and support reinforcing by metal 

chairs, runners, bolsters, spacers and hangers, as required. 

1. Place reinforcement to obtain the minimum concrete coverages as shown and as specified 

in ACI 318. Arrange, space, and securely tie bars and bar supports together with 16-gage 

wire to hold reinforcement accurately in position during concrete placement operations. 

Set wire ties so that twisted ends are directed away from exposed concrete surfaces. 

2. Reinforcing steel shall not be secured to forms with wire, nails or other ferrous metal. 

Metal supports subject to corrosion shall not touch formed or exposed concrete surfaces. 

 

D. Install welded wire fabric in as long lengths as practical. Lap adjoining pieces at least one  

full mesh and lace splices with 16-gage wire. Do not make end laps midway between 
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supporting beams or directly over beams of continuous structures. Offset end laps in adjacent 

widths to prevent continuous laps. 

E. Provide sufficient numbers of supports of strength required to carry reinforcement. Do not 

place reinforcing bars more than 2-inches beyond the last leg of any continuous bar support. 

Do not use supports as bases for runways for concrete conveying equipment or similar 

construction loads. 

 

F. Splices: 

1. Provide standard reinforcement splices by lapping ends, placing bars in contact, and tying 

tightly with wire. Comply with requirements shown for minimum lap of spliced bars. 

 

G. Mechanical Couplers in Lieu of Lap Splicing: 
1. Mechanical butt splices shall be in accordance with the recommendation of the 

manufacturer of the mechanical splicing device. Butt splices shall develop 125 percent of 

the specified minimum yield tensile strength of the spliced bars or of the smaller bar in 

transition splices. Bars shall be flame dried before butt splicing. Adequate jigs and 

clamps or other devices shall be provided to support, align, and hold the longitudinal 

centerline of the bars to be butt spliced in a straight line. 

2. Product and Manufacturer: Provide one of the following: 

a. Bar-Lock (MBT) Coupler, as manufactured by Bar-Lock (MBT) Coupler Systems. 

b. Dayton-Superior DBR Coupler - Allow for the reduction of bar area at threads. 

c. Or equal. 

 

3.3 INSPECTION OF REINFORCEMENT 
 

A. Concrete shall not be placed until the reinforcing steel is inspected by OWNER and 

permission for placing concrete is granted by OWNER. All concrete placed in violation of 

this provision will be rejected. 

 
 

END OF SECTION 
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SECTION 03 251 – CONCRETE JOINTS 

PART 1 - GENERAL 
 

1.1 DESCRIPTION 
 

A. Scope: 

1. CONTRACTOR shall provide all labor, materials, equipment and incidentals as shown, 

specified and required to furnish and install concrete joints. 

2. The types of concrete joints required include the following: 

a. Construction joints. 

b. Expansion joints and fillers. 

c. Waterstops. 

d. Control joints. 

 

B. General: All joints subject to hydrostatic pressure shall be provided with continuous 

waterstop. 

 

C. Related Sections: 

1. Section 03100, Concrete Formwork. 

2. Section 03200, Concrete Reinforcement. 

3. Section 03300, Cast-In-Place Concrete. 

 

1.2 QUALITY ASSURANCE 
 

A. Reference Standards: Comply with applicable provisions and recommendations of the 

following, except as otherwise shown or specified: 

1. ACI 301, Specifications for Structural Concrete for Buildings. 

2. ASTM A 36, Standard Specification for Structural Steel. 

3. ASTM D 1752, Standard Specification for Preformed Sponge Rubber and Cork 

Expansion Joint Fillers for Concrete Paving and Structural Construction. 

4. CRD-C572, Corps of Engineers Specifications for Polyvinyl- Chloride Waterstop. 

 

B. All manufactured items shall be installed in accordance with manufacturer's instructions. 

 

1.3 SUBMITTALS 
 

A. Shop Drawings: Submit for approval the following: 

1. Manufacturer's specifications and installation instructions for all materials required. 

2. Layout of all construction joint locations prior to the submittal of steel reinforcing 

drawings. 

3. Detail for joining polyvinyl chloride to steel waterstops. 

B. Samples: Submit for approval the following: 

1. Polyvinyl chloride and steel waterstops for joints. 

2. Cork expansion joint fillers. 
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PART 2 – PRODUCTS 
 

2.1 WATERSTOPS 
 

A. Polyvinyl Chloride: 

1. Reference Standard: CRD-C572. 

2. Construction Joints: Minimum of 3/8-inch thick. 

a. Width shall be as shown, or if not shown, as recommended by the manufacturer. 

3. Expansion Joints: Uniform minimum thickness of 1/4-inch by 9-inches minimum  

width. Center bulb shall be "O" or "U" shaped. The "O" shall have an outside diameter 

of 3/4-inch minimum. The top of the "U" shall be jointed by a membrane which will 

tear when the expansion occurs. 

4. Product and Manufacturer: Provide polyvinyl chloride waterstops of one of the 

following: 

a. W.R. Meadows, Incorporated. 

b. A.C. Hom, Incorporated. 

c. Or equal. 

 

B. Hypalon: 

1. Provide hypalon waterstops as shown, 40-mils thick. 

2. Waterstop shall be an integral part of a manufacturer's joint sealing system and shall be 

in accordance with the manufacturer's published recommendations. 

3. Product and Manufacturer: Provide one of the following: 

a. Sikadur Combiflex, as manufactured by Sika Corporation. 

b. Or equal. 

 

C. Neoprene: General purpose high quality synthetic rubber sheet of 1/4-inch thickness unless 

otherwise noted on Drawings and a durometer of 60. 

1. Product and manufacturer: Provide one of the following: 

a. E.E. Dupont DeNemours and Company. 

b. Or equal. 

 

2.2 PREFORMED EXPANSION JOINT FILLER 
 

       A. Provide preformed expansion joint filler complying with ASTM D 1752, Type II, cork. 

 

2.3 CONCRETE CONSTRUCTION JOINT ROUGHENER 
 

A. Provide a water soluble non-flammable, surface-retardant roughener. 

 

B. Product and Manufacturer: Provide one of the following: 

1. Rugasol-S, as manufactured by Sika Corporation for horizontal joints only. 

2. EAC-S, as manufactured by Preco Industries, Ltd. for horizontal joints only. 

3. Tuf-Cote (Deep Etch), as manufactured by Preco Industries Ltd. for vertical joints. 

4. Or equal. 
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2.4 EPOXY BONDING AGENT 
 

A. Provide an epoxy-resin bonding agent, two component type. 

B. Product and Manufacturer: Provide one of the following: 

1. Sikadur 32 Hi-Mod LPL, as manufactured by Sika Corporation. 

2. Eucopoxy LPL, as manufactured by the Euclid Chemical Company. 

3. Epoxtite Binder (Code # 2390), as manufactured by A.C. Hom, Incorporated. 

4. Or equal. 

 

2.5 RUBBER BONDING AGENT 
 

A. Product and Manufacturer: Provide one of the following: 

1. Scotch-Grip 1300 Rubber Adhesive, as manufactured by 3M Company. 

2. Or equal. 

 

2.6 NEOPRENE BEARING PADS 
 

A. Product and Manufacturer: Provide one of the following: 

1. 65 Durometer, Sheet Neoprene No. 1200, as manufactured by Williams Products 

Company. 

2. Or equal. 

 
 

PART 3 – EXECUTION 
 

3.1 INSPECTION 
 

A. Inspections shall be performed by OWNER. CONTRACTOR and his installer shall 

examine the substrate and the conditions under which Work is to be performed and notify 

OWNER, in writing, of unsatisfactory conditions. Do not proceed with the Work until 

unsatisfactory conditions have been corrected in a manner acceptable to OWNER. 

 

3.2 CONSTRUCTION JOINTS 
 

A. Comply with ACI 301, Chapter 2.2, and as specified below. 

 

B. Locate and install construction joints as shown. Additional construction joints shall be 

located as follows: 

1. In walls locate joints at a spacing of 40 feet maximum and approximately 12 feet from 

comers. 

2. In foundation slabs and slabs on grade locate joints at a spacing of approximately 40 

feet. Place concrete in a strip pattern. 

3. In mats and structural slabs and beams, at a spacing of approximately 40 feet. Locate 

joints in compliance with ACI 3 0 1, Chapter 6. 

4. Provide other additional construction joints as required to satisfactorily complete all 

Work. 
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5. Horizontal Joints: 

6. Roughen concrete at the interface of construction joints by sandblasting to expose the 

aggregate and remove accumulated concrete on rebar immediately subsequent to form 

stripping, unless otherwise approved by OWNER. Immediately before placing fresh 

concrete, thoroughly clean the existing contact surface using a stiff brush or other tools 

and a stream of water under pressure. The surface shall be clean and wet, but free from 

pools of water at the moment the fresh concrete is placed.Remove laitance, waste 

mortar or other substance which may prevent complete adhesion. 
7. Place a 2-inch thick coat of mortar, of similar proportions to the mortar in the concrete, 

over the contact surface of the old concrete. Place fresh concrete before the mortar has 

attained its initial set. 

 

C. Vertical Joints: 

1. Apply roughener to the form in a thin, even film by brush, spray or roller in accordance 

with the manufacturer's instructions. After roughener is dry, concrete may be placed. 

2. When concrete has been placed and the form removed, wash loosened material off with 

high pressure water spray to obtain roughened surface subject to approval by OWNER. 

 

3.3 EXPANSION JOINTS 
 

A. Locate and install expansion joints as shown. Install cork filler in accordance with 

manufacturer's instructions. Calking and sealants shall be installed as specified in Section 

07920, Calking and Sealants. 

 

3.4 WATERSTOPS 
 

A. General: 

1. Comply with AC1301, Chapter 2, and as specified below. All joints shall be made in 

accordance with manufacturer's instructions. 

2. Obtain OWNER'S approval for waterstop locations not shown. 

3. Provide waterstops in all foundations, tanks and other substructures up to an elevation at 

least 12-inches above grade or to an elevation at least 12-inches above highest liquid 

level in tanks, whichever is higher, except where otherwise shown or noted. 

 

B. Polyvinyl Chloride Waterstop: 

1. Tie waterstop to reinforcement so that it is securely and rigidly supported in the proper 

position during concrete placement. Continuously inspect waterstops during concrete 

placement to ensure their proper positioning. 

2. Waterstops shall be fused using equipment as supplied by or recommended by the 

manufacturer. 

 

C. Hypalon Waterstop: Install in accordance with joint sealing system manufacturer's 

recommendations. 

 

D. Neoprene Waterstop or Bearing Pad: Install with water insensitive adhesive in accordance 

with manufacturer's instructions. 
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3.5 BONDING WITH EPOXY ADHESIVE 
 

A. Use adhesive for the following: 

1. Bonding of fresh concrete to concrete cured at least 45 days or to existing concrete. 

2. Bonding of horizontal surfaces which will receive a topping. 

 

B. Handle and store epoxy adhesive in compliance with the manufacturer's  printed 

instructions, including safety precautions. 

C. Mix the epoxy adhesive in complete accordance with the instructions of the manufacturer. 

D. Before placing fresh concrete, thoroughly roughen and clean hardened concrete surfaces 

and coat with epoxy grout not less than 1/16-inch thick. Place fresh concrete while the 

epoxy material is still tacky, without removing the in-place grout coat, and as directed by 

the epoxy manufacturer. 

 
 

END OF SECTION 
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SECTION 03 300 – CAST-IN-PLACE CONCRETE 

 

PART 1 - GENERAL 
 

1.1 DESCRIPTION 
 

A. Scope: 
1. CONTRACTOR shall provide all labor, materials, equipment and incidentals as shown, 

specified and required to furnish and install cast-in-place concrete. 

2. The Work includes providing concrete consisting of Portland cement, fine and coarse 

aggregate, water, and approved admixtures; combined, mixed, transported, placed, 

finished and cured. The Work also includes: 

a. Providing openings in concrete to accommodate the Work under this and other 

Sections and building into the concrete all items such as sleeves, frames, anchor bolts, 

inserts and all other items to be embedded. 
 

B. Coordination: 
1. Review installation procedures under other Sections and coordinate the installation of 

items that must be installed in the concrete. 

 

C. Classes of Concrete: 

1. Class "A" concrete shall be steel reinforced and includes the following: 

a. Foundations 

b. Walls 

c. Slabs 

d. Beams 

e. Girders 

f. Columns 
2. Class "B" concrete shall be placed without forms or with simple forms, with little or no 

reinforcing, and includes the following: 

a. Concrete fill 

b. Equipment bases 

c. Pipe supports 

d. Curbs and gutters 

e. Sidewalks 

f. Encasements 
 

D. Related Sections: 
1. Section 01411, Testing Laboratory Services Furnished by CONTRACTOR. 

2. Section 03200, Concrete Reinforcement. 

3. Section 03251, Concrete Joints. 

 

1.2 QUALITY ASSURANCE 
 

A. Reference Standards: Comply with the applicable provisions and recommendations of the 

following, except as otherwise shown or specified. 
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1. ACI 21 1.1, Standard Practice for Selecting Proportions for Normal, Heavyweight and 

Mass Concrete. 

2. ACI 214, Recommended Practice for Evaluation of Strength Test Results of Concrete. 

3. ACI 301, Specifications for Structural Concrete for Buildings, (includes ASTM 

Standards referred to herein). 

4. ACI 304, Guide for Measuring, Mixing, Transporting and Placing Concrete. 

5. ACI 305, Hot Weather Concreting. 

6. ACI 306, Cold Weather Concreting. 

7. ACI 309, Guide for Consolidation of Concrete. 

8. ACI 31 1, Guide for Concrete Inspection. 

9. ACI 318, Building Code Requirements for Reinforced Concrete. 

10. ACI 350R, Environmental Engineering Concrete Structures. 

11. AASHTO M 182, Burlap Cloth Made From Jute or Kenaf. 

 

B. Concrete Testing Service: 
1. CONTRACTOR shall employ, at his own expense, a testing laboratory experienced in 

design and testing of concrete materials and mixes to perform material evaluation tests 

and to design concrete mixes. 

a. Testing agency shall meet the requirements of ASTM E 329. 

b. Selection of a testing laboratory is subject to OWNER'S approval. 

c. Submit a written description of the proposed concrete testing laboratory giving 

qualifications of personnel, laboratory facilities and equipment, and other information 

which may be requested by OWNER. 
2. Materials and installed Work may require testing and re-testing, as directed by OWNER, 

at any time during the progress of the Work. Allow free access to material stockpiles and 

facilities at all times. Tests not specifically indicated to be done at OWNER’S expense, 

including the re-testing of rejected materials and installed Work, shall be done at 

CONTRACTOR’S expense. 

 

C. Qualifications of Water-Reducing Admixture Manufacturer:'- 
1. Water-reducing admixtures shall be manufactured under strict quality control in facilities 

operated under a quality assurance program. CONTRACTOR shall furnish copy of 

manufacturer's quality assurance handbook to document the existence of the program. 

Manufacturer shall maintain a concrete testing laboratory that has been approved by the 

Cement and Concrete Reference Laboratory at the Bureau of Standards, Washington, 

D.C. 

2. Provide a qualified concrete technician employed by the admixture manufacturer to assist 

in proportioning the concrete for optimum use of the admixture. The concrete technician, 

shall advise on proper addition of the admixture to the concrete and on adjustment of the 

concrete mix proportions to meet changing job site conditions. 

 

D. Tests for Concrete Materials: 
1. Submit written reports to OWNER, for each material sampled and tested, prior to the start 

of Work. Provide the Project identification name and number, date of report, name of 

CONTRACTOR, name of concrete testing service, source of concrete aggregates, 

material manufacturer and brand name for manufactured materials, values specified in the 

referenced specification for each material, and test results. Indicate whether or not 
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material is acceptable for intended use. 

1.3 SUBMITTALS 
 

A. Samples: Submit samples of materials as specified and as otherwise may be requested by 

OWNER, including names, sources and descriptions. 

 

B. Shop Drawings: Submit for approval the following: 
1. Manufacturer's specifications with application and installation instructions for proprietary 

materials and items, including admixtures and bonding agents. 

2. List of concrete materials and concrete mix designs proposed for use. Include the results 

of all tests performed to qualify the materials and to establish the mix designs. 

3. The following information, if ready-mixed concrete is used. 

a. Physical capacity of mixing plant. 

b. Trucking facilities available. 

c. Estimated average amount that can be produced and delivered to the site during a 

normal 8 hour day, excluding the output to other customers. 

 

C. Laboratory Test Reports: Submit copies of laboratory test reports for concrete cylinders, 

materials and mix design tests. OWNER’S review will be for general information only. 

Production of concrete to comply with specified requirements is the responsibility of 

CONTRACTOR. 
 

D. Submit notarized certification of conformance to referenced standards when requested by 

OWNER. 

 

E. Delivery Tickets: Furnish to OWNER copies of all delivery tickets for each load of concrete 

delivered to the site. Provide items of information as specified in ASTM C 94, Section 16. 
 

1.4 PRODUCT DELIVERY, STORAGE AND HANDLING 
 

A. All materials used for concrete must be kept clean and free from all foreign matter during 

transportation and handling and kept separate until  measured and placed in the mixer.  Bins or 

platforms having hard clean surfaces shall be provided for storage.  Suitable means shall  be 

taken during hauling, piling and handling to ensure that segregation of the coarse and fine 

aggregate particles does not occur and the grading is not affected. 

 
 

PART 2 - PRODUCTS 
 

2.1 CONCRETE MATERIALS 
 

A. Cement: 
1. Portland cement, ASTM C 150, Type II; or blended hydraulic cement, ASTM C 595, 

Type IP (MS). 

2. Use Portland cement made by a well-known acceptable manufacturer and produced by 

not more than one plant. 
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3. Do not use cement that has deteriorated because of improper storage or handling. 

 

B. Aggregates: ASTM C 33 and as herein specified. 
1. Do not use aggregates containing soluble salts or other substances such as iron sulfides, 

pyrite, marcasite, ochre, or other materials that can cause stains on exposed concrete 

surfaces. 

2. Fine Aggregate: Clean, sharp, natural sand free from loam, clay, lumps or other 

deleterious substances. 

a. Dune sand, bank run sand and manufactured sand are not acceptable. 
3. Coarse Aggregate: Clean, uncoated, processed aggregate containing no clay, mud, loam, 

or foreign matter, as follows: 

a. Crushed stone processed from natural rock or stone. 

b. Coarse Aggregate Size: Size to be ASTM C 33, Nos. 57 or 67, except that No. 467 

may be used for footings, foundation mats and walls 16inches or greater in thickness. 

c. Water: Clean, free from injurious amounts of oils, acids, alkalis, organic materials or 

other substances that may be deleterious to concrete or steel. 

 

2.2 CONCRETE ADMIXTURES 
 

A. Provide admixtures produced by established reputable manufacturers, and use in compliance 

with the manufacturer's printed instruction. Do not use admixtures that have not been 

incorporated and tested in the accepted mixes, unless otherwise authorized in writing by 

OWNER. 
 

B. Air-Entraining Admixtures: ASTM C 260. 
1. Product and Manufacturer: Provide one of the following: 

a. SIKA AER, as manufactured by Sika Corporation. 

b. MB-VR, as manufactured by Master Builders Inc. 

c. Daravair, as manufactured by W.R. Grace & Conn. 

d. Or equal. 
 

C. Water-Reducing High Range Admixture: ASTM C 494, Type F/G. 
1. High range water-reducer shall be used in all Class "A" concrete. The admixture shall  

not contain more chloride ions than are contained in municipal drinking water. It shall be 

added only at the job site to concrete in compliance with the manufacturer's printed 

instruction. 

2. Product and Manufacturer: Provide one of the following: 

a. Sikament 320, as manufactured by Sika Corporation. 

b. Rheobuild 1000 or 716, as manufactured by Master Builders Inc. 

c. Daracem- 100, as manufactured by W.R. Grace & Conn. 

d. Or equal. 
 

D. Water-Reducing Admixture: ASTM C 494, Type A. 
1. Proportion all Class "B" concrete with non-air entraining, normal setting, water-reducing, 

aqueous solution of a modification of the salt of polyhydroxylated organic acids. The 

admixture shall not contain any lignin, nitrates or chlorides added during manufacture. 
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2. Product and Manufacturer: Provide one of the following: 

a. Eucon VVR-75, as manufactured by The Euclid Chemical Company. 

b. Pozzolith, as manufactured by Master Builders Inc. 

c. WRDA- 1 5, as manufactured by W.R. Grace & Conn. 

d. Or equal. 
 

E. Pozzolanic Admixtures: 
1. Mineral admixtures, when used, shall meet the requirements of ASTM C 618 Class F, 

except as follows: 

a. The loss on ignition shall be a maximum of 4 percent. 

b. The maximum percent of sulfur trioxide (SO3) shall be 4.0. 
2. A substitution by weight, of the Portland cement by pozzolan, so that the total tricalcium 

aluminate content of the resulting cement plus pozzolan is not greater than 8 percent, will 

be considered. However, the pozzolan shall not exceed 15 percent by weight of the 

cement plus pozzolan. Under no circumstances shall the weight of cement be below that 

listed in 2.3.A.1.c and 2.3.A.2.c. 

 

F. Set-Control Admixtures: ASTM C 494, as follows: 
1. Type B Retarding. 

2. Type C Accelerating. 

3. Type D Water-reducing and -Retarding. 

4. Type E Water-reducing and -Accelerating. 

5. Type F Water-reducing, high-range admixtures. 

6. Type G Water-reducing, high range, and retarding admixtures. 

 

G. Calcium Chloride: Do not use calcium chloride in concrete, unless otherwise authorized in 

writing by OWNER. Do not use admixtures containing calcium chloride where concrete is 

placed against galvanized steel. 

 

H. If super plasticizer is used in mix design, the mix shall be slumped at the job site prior to 

addition of plasticizer. 

 

2.3 PROPORTIONING AND DESIGN OF MIXES 
 

A. Prepare design mixes of concrete. Mixes subject to the following limitations: 
1. Class A Concrete 

a. Specified 28-day Compressive Strength: 4,000 psi. 

b. Maximum Water-Cement Ratio by Weight: 0.45. 
c. Coarse 

Aggregate 

Number 

Minimum Cement 

Content-Pounds 

Per Cubic Yard 

Percent 

Air 

Content 

57,67, 564 6 ± 1 
467 517 5 + 1 

 

2. Class B Concrete 
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a. Specified 28-day Compressive Strength: 2,500 psi. 

b. Maximum Water-Cement Ratio by Weight: 0.48. 

c. Coarse Minimum Cement Percent Aggregate Content-Pounds Air 
Number Per Cubic Yard Content 

 

57,67 470 5 ± 1 

 

B. Use an independent testing facility acceptable to OWNER for preparing and reporting 

proposed mix designs. 
1. The testing facility shall not be the same as used for field quality control testing. 

 

C. Proportion mixes by either laboratory trial batch or field experience methods, using materials 

to be employed on the Project for concrete required. Comply with ACI 21 1.1 and report to 

OWNER the following data: 
1. Complete identification of aggregate source of supply. 

2. Tests of aggregates for compliance with specified requirements. 

3. Scale weight of each aggregate. 

4. Absorbed water in each aggregate. 

5. Brand,, type and composition of cement. 

6. Brand, type and amount of each admixture. 

7. Amounts of water used in trial mixes. 

8. Proportions of each material per cubic yard. 

9. Gross weight and yield per cubic yard of trial mixtures. 

10. Measured slump. 

11. Measured air content. 

12. Compressive strength developed at 7 days and 28 days, from not less than 3 test cylinders 

cast for each 7 day and 28 day test, and for each design mix. 

 

D. Submit written reports to OWNER of proposed mix of concrete at least 15 days prior to start of 

Work. Do not begin concrete production until mixes have been approved by OWNER. 

 

E. Laboratory Trial Batches: When laboratory trial batches are used to select concrete 

proportions, prepare test specimens and conduct strength tests as specified in ACI 301, Chapter 

4. However, 4,000 psi concrete mixes need not be designed for greater than 4,600 psi 

regardless of the production facilities standard deviation. 

 

F. Field Experience Method: When field experience methods are used to select concrete 

proportions, establish proportions as specified in ACI 301, Chapter 4. 

 

G. Adjustment to Concrete Mixes: Mix design adjustments may be requested by CONTRACTOR 

when characteristics of materials, job conditions, weather, test results, or other circumstances 

warrant; at no additional cost to the OWNER and as accepted by OWNER. Laboratory test 

data for revised mix designs and strength results must be submitted to and accepted by 

OWNER before using the revised mixes. 

 

H. Admixtures: 
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1. Use air-entraining admixture in all concrete, except interior slabs subject to abrasion, 

unless otherwise shown or specified. Add air-entraining admixture at the manufacturer's 

prescribed rate to result in concrete at the point of placement having air content within  

the prescribed limits. 

2. Use amounts of admixtures as recommended by the manufacturer for climatic conditions 

prevailing at the time of placing. Adjust quantities and types of admixtures as required to 

maintain quality control. 

 

I. Slump Limits: 
1. Proportion and design mixes to result in concrete slump at the point of placement of not 

less than 1 -inch and not more than 4-inches. 

2. Class "A" Concrete: Proportion and design mixes to result in concrete slump: 

a. Not more than 3-inches prior to adding high range water-reducer. 

b. Not more than 8-inches at point of placement after adding high range water-reducer. 
3. Class "B" Concrete: Proportion and design mixes to result in concrete slump at point of 

placement of not less than 1 -inch and not more than 4-inches. 

4. Slump tolerances shall meet the requirements of ACI 117. 

2.4 EPOXY BONDING AGENT 
 

A. Provide an epoxy-resin bonding agent, two component, polysulfide type. 
 

B. Product and Manufacturer: Provide one of the following: 
1. Sikadur 32, Hi-Mod LPL, as manufactured by Sika Corporation. 

2. Eucopoxy LPL, as manufactured by the Euclid Chemical Company. 

3. Or equal. 

 

2.5 CONCRETE CURING MATERIALS 
 

A. Absorptive Cover: Burlap cloth made from jute or kenaf, weighing approximately 10 ounces 

per square yard and complying with AASHTO Ml 82, Class 3. 

 

B. Moisture-Retaining Cover: One of the following, complying with ASTM C 17 1. 
1. Waterproof paper. 

2. Polyethylene film. 

3. White burlap-polyethylene sheet. 

 

C. Curing Compound: ASTM C 309 Type I-D (water retention requirements): 
1. Product and Manufacturer: Provide one of the following: 

a. Super Aqua Cure VOX, as manufactured by The Euclid Chemical Company. 

b. Sealtight 1100, as manufactured by W.R. Meadows, Incorporated. 

c. MasterKure, as manufactured by Master Builders, Inc. 

d. Or equal. 
2. Provide red fugitive dye. 

 

2.6 EMBEDDED ITEMS 
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A. Items such as plates, angles, inserts, bolts and similar items not specified elsewhere shall be 

provided and installed under this Section. All embedded items shall be hot dip galvanized after 

fabrication. After galvanizing, coat with zinc chromate paint. Stainless steel items shall not be 

galvanized. 

 

2.7 VAPOR BARRIERS 
 

A. Vapor Retarder: ASTM E 1745, Class C, of one of the following materials; or polyethylene 

sheet, ASTM D 4397, not less than 10 mils (0.25 mm) thick: 
1. Non-woven, polyester-reinforced, polyethylene coated sheet: 10 mils thick  (0.25 mm) 

thick 

2. Three-ply nylon, or polyester-cord-reinforced, laminated, high density polyethylene 

sheet; 7.8 mils (0.18 mm) thick. 

B. Fine-Graded Granular Materilal: Clean mixture of crushed stone, crushed gravel, and 

manufactured or natural sand; ASTM D 448, Size 10, with 100-percent passing a No. 4 (4.75 

mm) sieve and 10- to 30-percent passing a No. 100 (0.15 mm) sieve; meeting deleterious 

substance limits of ASTM C 33 for fine aggregates. 

C. Provide the vapor barrier below the Chlorine System Rooms. 

2.8 FLOOR AND SLAB TREATMENTS 
 

A. Penetrating Liquid Floor Treatment: Chemically reactive, waterborne solutuion of inorganic 

silicate or siliconate materials and proprietary components; odorless; colorless; that penetrates, 

hardens, and densifies concrete surfaces. 
1. Concrete Sealer (use at areas shown on Finish Schedule as “Sealed Concrete”) as 

manufactured by: 

i. Ashford Formula; Curecrete Chemical Co., Inc. 

ii. Euco Diamond Hard; Euclid Chemical Co. 

iii. Seal hard; L&M Construction Chemicals, Inc. 

 
 

PART 3 - EXECUTION 
 

3.1 INSPECTION 
 

A. Inspections shall be performed by OWNER. CONTRACTOR and his installer shall 

examine the substrate and the conditions under which Work is to be performed and notify 

OWNER, in writing, of unsatisfactory conditions. Do not proceed with the Work until 

unsatisfactory conditions have been corrected in a manner acceptable to OWNER. 

 

3.2 CONCRETE MIXING 
 

A. General: 
1. Concrete may be produced at batch plants or it may be produced by the ready-mixed 

process. Batch plants shall comply with the recommendations of ACI 304, and shall have 

sufficient capacity to produce concrete of the qualities specified, in quantities required to 

meet the construction schedule. All plant facilities are subject to testing laboratory 
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inspection and acceptance of OWNER. 

2. Mixing: 

a. Mix concrete with an approved rotating type batch machine, except where hand 

mixing of very small quantities may be permitted. 

b. Remove hardened accumulations of cement and concrete frequently from drum and 

blades to assure acceptable mixing action. 

c. Replace mixer blades when they have lost 10 percent of their original height. 

d. Use quantities such that a whole number of bags of cement is required, unless 

otherwise permitted. 

 

B. Ready-Mix Concrete: 
1. Comply with the requirements of ASTM C 94, and as herein specified.  Proposed 

changes in mixing procedures, other than herein specified, must be accepted by OWNER 

before implementation. 

a. Plant equipment and facilities: Conform to National Ready- Mix Concrete Association 

"Plant and Delivery Equipment Specification." 

b. Mix concrete in revolving type truck mixers which are in good condition and which 

produce thoroughly mixed concrete of the specified consistency and strength. 

c. Do not exceed the proper capacity of the mixer. 

d. Mix concrete for a minimum of two minutes after arrival at the job site, or as 

recommended by the mixer manufacturer. 

e. Do not allow the drum to mix while in transit. 

f. Mix at proper speed until concrete is discharged. 

g. Maintain adequate facilities at the job site for continuous delivery of concrete at the 

required rates. 

h. Provide access to the mixing plant for OWNER at all times. 
 

C. Maintain equipment in proper operating condition, with drums cleaned before charging each 

batch. Schedule rates of delivery in order to prevent delay of placing the concrete after mixing, 

or holding dry-mixed materials too long in the mixer before the addition of water and 

admixtures. 
 

3.3 TRANSPORTING CONCRETE 
 

A. Transport and place concrete not more than 90 minutes after water has been added to the dry 

ingredients. 

 

B. Take care to avoid spilling and separation of the mixture during transportation. 

 

C. Do not place concrete in which the ingredients have been separated. 

 

D. Do not re-temper partially set concrete. 
 

E. Use suitable and approved equipment for transporting concrete from mixer to forms. 
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3.4 CONCRETE PLACEMENT 
 

A. General: Place concrete continuously so that no concrete will be placed on concrete which has 

hardened sufficiently to cause the formation of seams or planes of weakness within the section. 

If a section cannot be placed continuously, provide construction joints as specified in Section 

O3251, Concrete Joints. Deposit concrete as nearly as practical in its final location to avoid 

segregation due to re-handling or flowing. Do not subject concrete to any procedure that will 

cause segregation. 
1. Screed concrete which is to receive other construction to the proper level to avoid 

excessive skimming or grouting. 

2. Do not use concrete which becomes non-plastic and unworkable, or does not meet the 

required quality control limits, or which has been contaminated by foreign materials. Do 

not use re-tempered concrete. Remove rejected concrete from the job site and dispose of 

it in an acceptable location. 

3. Do not place concrete until all forms, bracing, reinforcement, and embedded items are in 

final and secure position. 

4. Do not place footings in freezing weather, unless adequate precautions are taken against 

frost action. 

5. Do not place footings, piers or pile caps on frozen soil. 

6. Unless otherwise approved, place concrete only when OWNER is present. 

7. Allow a minimum of three (3) days before placing concrete against a slab or wall already 

in place. 

 

B. Concrete Conveying: 
1. Handle concrete from the point of delivery and transfer to the concrete conveying 

equipment and to the locations of final deposit as rapidly as practical by methods that will 

prevent segregation and loss of concrete mix materials. 

2. Provide mechanical equipment for conveying concrete to ensure a continuous flow of 

concrete at the delivery end. Provide runways for wheeled concrete conveying 

3. equipment from the concrete delivery point to the locations of final deposit. Keep  

interior surfaces of conveying equipment including chutes, free of hardened concrete, 

debris, water, ice and other deleterious materials. 

4. Do not use chutes for distributing concrete, unless approved in writing by OWNER. 

5. Provide sketches showing methods by which chutes will be employed when requesting 

such approval. 

6. Design chutes, if permitted, with proper slopes and supports to permit efficient handling 

of the concrete. 

7. Pumping concrete is permitted, however do not use aluminum pipe for conveying. 

 

C. Placing Concrete into Forms: 
1. Deposit concrete in forms in horizontal layers not deeper than 18-inches and in a manner 

to avoid inclined construction joints. Where placement consists of several layers, place 

concrete at such a rate that concrete that is being integrated with fresh concrete is still 

plastic. 

2. Do not permit concrete to free fall within the form from a distance exceeding 4 feet. Use 

"elephant trunks" to prevent free fall and excessive splashing on forms and 

reinforcement. 
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3. Remove temporary spreaders in forms when concrete placing has reached the elevation of 

such spreaders. 

4. Consolidate concrete placed in forms by mechanical vibrating equipment supplemented 

by hand-spading, rodding or tamping. Use equipment and procedures for consolidation  

of concrete in accordance with the applicable recommended practices of ACI 309. 

Vibration of forms and reinforcing will not be permitted, unless otherwise accepted by 

OWNER. 

5. Do not use vibrators to transport concrete inside of forms. Insert and withdraw vibrators 

vertically at uniformly spaced locations not farther than the visible effectiveness of the 

machine. Place vibrators to rapidly penetrate the layer of concrete and at least 6-inches 

into the preceding layer. Do not insert vibrators into lower layers of concrete that have 

begun to set. At each insertion, limit the duration of vibration to the time necessary to 

consolidate the concrete and complete embedment of reinforcement and other embedded 

items without causing segregation of the mix. 

6. Do not place concrete in beam and slab forms until the concrete previously placed in 

columns and walls is no longer plastic. 

7. Force concrete under pipes, sleeves, openings and inserts from one side until visible from 

the other side to prevent voids. 

 

D. Placing Concrete Slabs: 
1. Deposit and consolidate reservoir concrete slab on grade in a continuous operation. 

2. Consolidate concrete during placing operations using'-mechanical vibrating equipment, 

so that concrete is thoroughly worked around reinforcement and other embedded items 

and into comers. 

3. Consolidate concrete placed in beams and girders of supported slabs, and against 

bulkheads of slabs on ground, as specified for formed concrete structures. 

4. Bring slab surfaces to the correct level. Smooth the surface, leaving it free of humps or 

hollows. Do not sprinkle water on the plastic surface. Do not disturb the slab surfaces 

prior to beginning finishing operations. 

 

E. Bonding for Next Concrete Pour: Roughen surfaces of set concrete at all joints, except where 

bonding is obtained by use of a concrete bonding agent. Construction joints shown on the 

Drawings are specified in Section O3251, Concrete Joints. Clean surfaces of laitance, 

coatings, loose particles, and foreign matter. Roughen surfaces in a manner to expose bonded 

aggregate uniformly and to not leave laitance, loose particles of aggregate, or damaged 

concrete at the surface. 

1. Prepare for bonding of fresh concrete to new concrete that has set but is not fully cured, 

as follows: 

a. Thoroughly wet the surface but allow no free standing water. 

b. For horizontal surfaces place a 2-inch layer of mortar, 1 part sand and I part cement 

with water, over the hardened concrete surface. 

c. Place fresh concrete before the mortar has attained its initial set. 
2. Bonding of fresh concrete to fully-cured hardened concrete or existing concrete, and 

horizontal surfaces which will receive a topping shall be accomplished by using an 

epoxy-resin bonding agent as specified in Section 03251, Concrete Joints. 

 

F. Quality of Concrete Work: 



ADELANTO DETENTION CENTER  

CAST IN-PLACE CONCRETE 

                       03300-12 

 

1. Make all concrete solid, compact and smooth, and free of laitance, cracks and cold joints. 

2. All concrete for liquid retaining structures, and all concrete in contact with earth, water, 

or exposed directly to the elements shall be watertight. 

3. Cut out and properly replace to the extent ordered by OWNER, or repair to the 

satisfaction of OWNER, surfaces which contain cracks or voids, are unduly rough, or are 

in any way defective. Thin patches or plastering will not be acceptable. 

4. All leaks through concrete, and cracks, holes or other defective concrete in areas of 

potential leakage, shall be repaired and made watertight by CONTRACTOR. 

5. Repair, removal, and replacement of defective concrete as ordered by OWNER shall be  

at no additional cost to OWNER. 

 

G. Cold Weather Placing: 
1. Protect all concrete Work from physical damage or reduced strength which could be 

caused by frost, freezing actions, or low temperatures, in compliance with the 

requirements of ACI 306 and as herein specified. 

2. When the air temperature has fallen to or may be expected to fall below 40'F, provide 

adequate means to maintain the temperature, in the area where concrete is being placed, 

at between 50ºF and 70ºF for at least seven days after placing. Provide temporary 

housings or coverings including tarpaulins or plastic film. Maintain the heat and 

protection, if necessary, to ensure that the ambient temperature does not fall more than 

30ºF in the 24 hours following the seven-day period. Avoid rapid dry-out of concrete due 

to overheating, and avoid thermal shock due to sudden cooling or heating. 

3. When air temperature has fallen to or is expected to fall below 40ºF, uniformly heat all 

not less than 55ºF and not more than 85ºF at point of placement. 

4. Do not use frozen materials containing ice or snow. Do not place concrete on frozen 

subgrade or on subgrade containing frozen materials. Ascertain that forms, reinforcing 

steel, and adjacent concrete surfaces are entirely free of frost and ice before placing 

concrete. 

5. Do not use salt and other materials containing antifreeze agents or chemical accelerators, 

or set-control admixtures, unless approved by OWNER, in mix designs. 

 

H. Hot Weather Placing: 
1. When hot weather conditions exist that would seriously impair the quality and strength of 

concrete, place concrete in compliance with ACI 305 and as herein specified. 

2. Cool ingredients before mixing to maintain concrete temperature at time of placement 

below 80ºF when the temperature is rising and below 85ºF when the temperature is 

falling. Mixing water may be chilled, or chopped ice may be used to control the concrete 

3. temperature provided the water equivalent of the ice is calculated in the total amount of 

mixing water. 

4. Cover reinforcing steel with water-soaked burlap if it becomes too hot, so that the steel 

temperature will not exceed the ambient air temperature immediately before embedment 

in concrete. 

5. Wet forms thoroughly before placing concrete. 

6. Do not place concrete at a temperature so as to cause difficulty from loss of slump, flash 

set, or cold joints. 

7. Do not use set-control admixtures, unless approved by OWNER in mix designs. 

8. Obtain OWNER’S approval of other methods and materials proposed for use. 



ADELANTO DETENTION CENTER  

CAST IN-PLACE CONCRETE 

                       03300-13 

 

 

3.5 FINISH OF FORMED SURFACES 
 

A. Rough Form Finish: 
1. Standard rough form finish shall be the concrete surface having the texture imparted by 

the form material used, with tie holes and defective areas repaired and patched with 

mortar of 1 part cement to 1 ½-parts sand and all fins and other projections exceeding ¼- 

inch in height rubbed down or chipped off. 

2. Use rough form finish for the following: 

a. Exterior vertical surfaces up to 1 foot below grade. 

b. Interior exposed vertical surfaces of liquid containers up to 1-foot below liquid level. 

c. Interior and exterior exposed beams and undersides of slabs. 

d. Other areas shown. 

B. Smooth Form Finish: 
1. Produce smooth form finish by selecting form materials that will impart a smooth, hard, 

uniform texture. Arrange panels in an orderly and symmetrical manner with a minimum 

of seams. Repair and patch defective areas as above with all forms or other projections 

completely removed and smoothed. 

2. Use smooth form finish for surfaces that are to be covered with a coating material. The 

material may be applied directly to the concrete or may be a covering bonded to the 

concrete such as waterproofing, rainproofing, painting or other similar system. 

 

C. Smooth Rubbed Finish: 
1. Provide smooth, Class A, rubbed finish to concrete surfaces which have received smooth 

form finish as follows: 

a. Rubbing of concrete surfaces not later than the day after form removal. 
b. Moistening of concrete surfaces and rubbing with carborundum brick or other 

abrasive until a uniform color and texture is produced. Do not apply cement grout 

other than that created by the rubbing process. 

2. Except where surfaces have been previously covered as specified above, use smooth 

rubbed finish for the following: 

a. Interior exposed walls and other vertical surfaces. 

b. Exterior exposed walls and other vertical surfaces down to 1 foot below grade. 

c. Interior and exterior horizontal surfaces, except exterior exposed slabs and steps. 

d. Interior exposed vertical surfaces of liquid containers down to 1 foot below liquid 

level. 

e. Other areas shown. 
 

D. Related Unformed Surfaces: 
1. At tops of walls, horizontal offsets, and similar unformed surfaces occurring adjacent to 

formed surfaces, strike off smooth and finish with a texture matching the adjacent formed 

surfaces. Continue the final surface treatment of formed surfaces uniformly across the 

adjacent unformed surfaces, unless otherwise shown. 

 

3.6 MONOLITHIC SLAB FINISHES 
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A. Float Finish: 
1. After placing concrete slabs, do not work the surface further until ready for floating. 

Begin floating when the surface water has disappeared or when the concrete has stiffened 

sufficiently. Check and level the surface plane to a tolerance not exceeding 1/4-inch in  

10 feet when tested with a 10 foot straightedge placed on the surface at not less than two 

different angles. Cut down high spots and fill all low spots. Uniformly slope surfaces to 

drains. Immediately after leveling, re-float the surface to a uniform, smooth, granular 

texture. 

2. Use float finish for the following: 

a. Interior exposed horizontal surfaces of liquid containers, except those to receive  grout 

topping. 

b. Exterior below-grade horizontal surfaces. 

c. Surfaces to receive additional finishes, except as shown or specified. 

 

B. Trowel Finish: 
1. After floating, begin the first trowel finish operation using a power-driven trowel. Begin 

final troweling when the surface produces a ringing sound as the trowel is moved over the 

surface. 

2. Consolidate the concrete surface by the final hand troweling operation. Finish shall be 

free of trowel marks, uniform in texture and appearance, and with a surface plane 

tolerance not exceeding 1/8-inch in 10 feet when tested with a 10-foot straight edge. 

Grind smooth surface defects that would telegraph through applied floor covering system. 

3. Use trowel finish for the following: 

a. Interior exposed slabs, unless otherwise shown or specified. 

b. Slabs to receive resilient floor finishes. 
 

C. Non-Slip Broom Finish: 
1. Immediately after float finishing, slightly roughen the concrete surface by brooming in 

the direction perpendicular to the main traffic route. Use fiber-bristle broom, unless 

otherwise directed. Coordinate the required final finish with OWNER before application. 

2. Use Non-Slip Broom Finish for the following: 

a. Exterior exposed horizontal surfaces subject to light foot traffic. 

b. Interior and exterior concrete steps and ramps. 

c. Horizontal surfaces which will receive a grout topping or a concrete equipment base 

slab. 

 

3.7 CONCRETE CURING AND PROTECTION 
 

A. General: 
1. Protect freshly placed concrete from premature drying and excessive cold or hot 

temperature, and maintain without drying at a relatively constant temperature for the 

period of time necessary for hydration of the cement and proper hardening of the 

concrete. 
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2. Start initial curing after placing and finishing concrete as soon as free moisture has 

disappeared from the concrete surface. Keep continuously moist for not less than 72 

hours. 

3. Begin final curing procedures immediately following initial curing and before the 

concrete has dried. Continue final curing for at least seven (7) days and in accordance 

with ACI 301 procedures. For concrete sections over 30-inches thick, continue final 

curing for an additional seven (7) days, minimum. Avoid rapid drying at the end of the 

final curing period. 

4. Areas to receive concrete hardener or corrosion resistant toppings shall only be water 

cured. 

5. Reservoir base slab shall be water cured for a minimum of 7-days prior to application of 

curing compound. 

 

B. Curing Methods: 
1. Perform curing of concrete by moist curing, or by moisture- retaining cover curing. Use 

curing compound only in cold weather and only when permitted by OWNER. 

a. For curing, use water that is free of impurities that could etch or discolor exposed, 

natural concrete surfaces. 
2. Provide moisture curing by any of the following methods: 

a. Keeping the surface of the concrete continuously wet by covering with water. 

b. Continuous water-fog spray. 

c. Covering the concrete surface with the specified absorptive cover, thoroughly 

saturating the cover with water, and keeping the absorptive cover continuously wet 

with sprinklers or porous hoses. Place absorptive cover so as to provide coverage of 

the concrete surfaces and edges, with a 4-inch lap over adjacent absorptive covers. 
3. Provide moisture-retaining cover curing as follows: 

a. Cover the concrete surfaces with the specified moisture- retaining cover for curing 

concrete, placed in the widest practical width with sides and ends lapped at least 3- 

inches and sealed by waterproof tape or adhesive. Immediately repair any holes or 

tears during the curing period using cover material and waterproof tape. 
4. Provide liquid curing compound as follows: 

a. Apply the specified curing compound to all concrete surfaces when permitted by 

OWNER. Slabs to receive terrazzo floors, chemical resistant heavy-duty concrete 

topping or ceramic tile, shall not be cured with liquid curing compound, but shall be 

moisture cured. The compounds shall be applied immediately after final finishing in  a 

continuous operation by power spray equipment in accordance with the manufacturer's 

directions. Re-coat areas that are subjected to heavy rainfall within three (3) hours 

after initial application. Maintain the continuity of the coating and repair damage to the 

coat during the entire curing period. For concrete surfaces that will be in contact with 

potable water, the manufacturer shall certify that the curing compound used is EPA 

approved. 
 

C. Curing Formed Surfaces: 
1. Cure formed concrete surfaces, including the undersides of girders, beams, supported 

slabs and other similar surfaces by moist curing with the forms in place for the full curing 

period or until forms are removed. If forms are removed, continue curing by methods 

specified above, as applicable. 
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D. Curing Unformed Surfaces: 
1. Initially cure unformed surfaces, such as slabs, floor topping, and other flat surfaces by 

using the appropriate method specified above. 

2. Final cure unformed surfaces, unless otherwise specified, by utilizing methods specified 

above, as applicable. 

 

E. Temperature of Concrete During Curing: 
1. When the atmospheric temperature is 40ºF and below, maintain the concrete temperature 

between 50 degrees F and 70 degrees  F continuously throughout the curing period.  

When necessary, make arrangement before concrete placing for heating, covering, 

insulation or housing as required to maintain the specified temperature and moisture 

conditions continuously for the concrete curing period. Provide cold weather protection 

complying with the requirements of ACI 306. 

2. When the atmospheric temperature is 80ºF and above, or during other climatic conditions 

which will cause too rapid drying of the concrete, make arrangements before the start of 

concrete placing for the 'installation of wind breaks or shading, and for fog spraying, wet 

sprinkling, or moisture-retaining covering. Protect the concrete continuously for the 

concrete curing period. Provide hot weather protection complying with the requirements 

of ACI 305, unless otherwise specified. 

3. Maintain concrete temperature as uniformly as possible, and protect from rapid 

atmospheric temperature changes. Avoid temperature changes in concrete that exceed  

5ºF in any one hour and 50ºF in any 24-hour period. 

 

F. Protection from Mechanical Injury: 
1. During the curing period, protect concrete from damaging mechanical disturbances 

including load stresses, heavy shock, excessive vibration, and from damage caused by 

rain or flowing water. Protect all finished concrete surfaces from damage by subsequent 

construction operations. 

 

3.8 FIELD QUALITY CONTROL 
 

A. OWNER shall employ a testing laboratory to perform field quality control testing. OWNER 

will direct the number of tests and cylinders required. CONTRACTOR shall make standard 

compression test cylinders and entrained air tests as specified below, under the direct 

inspection by OWNER. CONTRACTOR shall furnish all necessary assistance required by 

OWNER. 

 

B. Quality Control Testing During Construction: 
1. Perform sampling and testing for field quality control during the placement of concrete, 

as follows: 

a. Sampling Fresh Concrete: ASTM C 172. 

b. Slump: ASTM C 143; one test for each concrete load at point of discharge; and one for 

each set of compressive strength test specimens. 

c. Air Content: ASTM C 231; one for every other concrete load at point of discharge, or 

when required by an indication of change. 
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d. Compressive Strength Tests: ASTM C 39; one set of compression cylinders for each 

50 cubic yards or fraction thereof, of each mix design placed in any one day or for 

each 2,500 square feet of surface area placed; 1 specimen tested at 7 days, and 2 

specimens tested at 28 days. 

1) Adjust mix if test results are unsatisfactory and resubmit for OWNER'S approval. 
2) Concrete which does not meet the strength requirements is subject to rejection 

and removal from the Work, or to other such corrective measures as directed by 

OWNER, at the expense of CONTRACTOR. 

e. Compression Test Specimens: ASTM C 31; make one (1) set of four (4) standard 

cylinders for each compressive strength test, unless otherwise directed. 

1) Cast, store and cure specimens as specified in ASTM C 31. 

f. Concrete Temperature: Test hourly when air temperature is 40ºF and below, and when 

80ºF and above; and each time a set of compression test specimens is made. 
2. The testing laboratory shall submit certified copies of test results directly to OWNER and 

CONTRACTOR after tests are made. 

 

C. Evaluation of Quality Control Tests: 
1. Do not use concrete delivered to the final point of placement that has slump or total air 

content outside the specified values. 

2. Compressive strength tests for laboratory-cured cylinders will be considered satisfactory 

if the averages of all sets of three consecutive compressive strength tests results equal or 

exceed the 28-day design compressive strength of the type or class of concrete; and, no 

individual strength test falls below the required compressive strength by more than 500 

psi. 

a. Where questionable field conditions may exist during placing concrete or immediately 

thereafter, strength tests of specimens cured under field conditions will be required by 

OWNER to check -the adequacy of curing and protecting of the concrete placed. 

Specimens shall be molded at the same time and from the same samples as the 

laboratory-cured specimens. 
1) Provide improved means and procedures for protecting concrete when the 28-day 

compressive strength of field- cured cylinders is less than 85 percent of 

companion laboratory-cured cylinders. 

2) When laboratory-cured cylinder strengths are appreciably higher than the 

minimum required compressive strength, field-cured cylinder strengths need not 

exceed the minimum required compressive strength by more than 500 psi even 

though the 85 percent criterion is not met. 

3) If individual tests of laboratory-cured specimens produce strengths more than 

500 psi below the required minimum compressive strength, or if tests of field- 

cured cylinders indicate deficiencies in protection and curing, provide additional 

measures to assure that the load-bearing capacity of the structure is not 

jeopardized. If the likelihood of low-strength concrete is confirmed and 

computations indicate the load-bearing capacity may have been significantly 

reduced, tests of cores drilled from the area in question will be required at 

CONTRACTOR’S expense. 

b. If the compressive strength tests fail to meet the minimum requirements specified, the 

concrete represented by such tests will be considered deficient in strength and subject 

to replacement, reconstruction or to other action approved by OWNER. 
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D. Testing Concrete Structure for Strength: 
1. When there is evidence that the strength of the in-place concrete does not meet 

specification requirements, CONTRACTOR shall employ at his expense the services of a 

concrete testing service to take cores drilled from hardened concrete for compressive 

strength determination. Tests shall comply with ASTM C 42 and the following: 

a. Take at least three (3) representative cores from each member or suspect area at 

locations directed by OWNER. 

b. Strength of concrete for each series of cores will be considered satisfactory if their 

average compressive strength is at least 85 percent and no single core is less than 75 

percent of the 28-day required compressive strength. 

c. Report test results, in writing, to OWNER on the same day that tests are made. Include 

in test reports the Project identification name and number, date, name of 

CONTRACTOR, name of concrete testing service, location of test core in the 

structure, type or class of concrete represented by core sample, nominal maximum size 

aggregate, design compressive strength, compression breaking strength and type of 

break (corrected for length-diameter ratio), direction of applied load to core with 

respect to horizontal plane of the concrete as placed, and the moisture condition of the 

core at time of testing. 
2. Fill core holes solid with non-shrink, high strength grout, and finish to match adjacent 

concrete surfaces. 

3. Conduct static load test and evaluations complying with ACI 318 if the results of the core 

tests are unsatisfactory, or if core tests are impractical to obtain, as directed by OWNER. 

 

3.9 MISCELLANEOUS CONCRETE ITEMS 
 

A. Steel Pan Stairs: 
1. Provide concrete fill for steel pan stair treads and landings and associated items. Screed, 

tamp, and finish concrete surfaces as shown. 

a. Cast-in safety inserts and accessories as shown. 
 

B. Filling-In: 
1. Fill-in holes and openings left in concrete structures for the passage of work by other 

contractors, unless otherwise shown or directed, after the work of other contractors is in 

place. Mix, place and cure concrete as herein specified, to blend with in-place 

construction. Provide all other miscellaneous concrete filling shown or required to 

complete the Work. 

 

C. Curbs: 
1. Provide monolithic finish to interior curbs by stripping forms while concrete is still green 

and steel-troweling surfaces to a hard, dense finish with comers, intersections, and 

terminations slightly rounded. 

2. Exterior curbs shall have rubbed finish for vertical surfaces and a broomed finish for top 

surfaces. 

 

D. Equipment Bases: 
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1. Unless specifically shown otherwise, provide concrete bases for all pumps and other 

equipment. Construct bases to the dimensions shown, or as required to meet 

manufacturers; requirements and Drawing elevations. Where no specific elevations are 

shown, bases shall be 6-inches thick and extend 3-inches outside the metal equipment 

base or supports. Bases to have smooth trowel finish, unless a special finish such as 

terrazzo, ceramic tile or heavy-duty concrete topping is required. In those cases, provide 

appropriate concrete finish. 

2. Include all concrete equipment base work not specifically included under other Sections. 

3. In general, place bases up to 1-inch below the metal base. Properly shim equipment to 

grade and fill I -inch void with non-shrink grout as specified in Section 03600, Grout. 

 

3.10 CONCRETE REPAIRS 
 

A. Repair of Formed surfaces: 
1. Repair exposed-to-view formed concrete surfaces, that contain defects that adversely 

affect the appearance of the finish. Surface defects that require repair include color and 

texture irregularities, cracks, spalls, air bubbles, honeycomb, rock pockets, and holes left 

by the rods and bolts; fins and other projections on the surface; and stains and other 

discolorations that cannot be removed by cleaning. 

2. Repair concealed formed concrete surfaces that may contain defects that adversely affect 

the durability of the concrete. Surface defects that require repair include cracks in excess 

of 0.01-inch wide, cracks of any width and other surface deficiencies which penetrate to 

the reinforcement or completely through non-reinforced sections, honeycomb, rock 

pockets, holes left by tie rods and bolts, and spalls except minor breakage at comer. 

3. Repair structural cracks and cracks in water-holding structures. 

 

B. Method of Repair of Formed Surfaces: 
1. Repair and patch defective areas with cement mortar immediately after removal of forms 

and as directed by OWNER. 

2. Cut out honeycomb, rock pockets, voids over 1/2-inch diameter, and holes left by tie rods 

and bolts, down to solid concrete but, in no case, to a depth of less than 1-inch. Make 

edges of cuts perpendicular to the concrete surface. Before placing the cement mortar, 

thoroughly clean, dampen with water, and brush-coat the area to be patched with the 

specified bonding agent. 

a. For exposed-to-view surfaces, blend white Portland cement and standard Portland 

cement so that, when dry, the patching mortar color will match the color of the 

surrounding concrete. CONTRACTOR shall impart texture to repaired surfaces to 

match texture of existing adjacent surfaces. Provide test areas at inconspicuous 

locations to verify mixture, texture and color match before proceeding with the 

patching. Compact mortar in place and strike off slightly higher than the surrounding 

surface. 
3. Cracks that require repair shall be pressure grouted using one of the following. Apply in 

accordance with the manufacturer's directions and recommendations. 

a. Sikadur 35, Hi-Mod L.V. and Sikadur 3 1, Hi-Mod Gel, as manufactured by Sika 

Corporation Company. 

b. Euco Epoxy 4452 Epoxy System, as manufactured by The Euclid Chemical Company. 
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c. Or equal. 
4. Fill holes extending through concrete by means of a plunger- type gun or other suitable 

device from the least exposed face, using a flush stop held at the exposed face to ensure 

completely filling. 

5. Sandblast exposed-to-view surfaces that require removal of stains, grout accumulations, 

sealing compounds, and other substances marring the surfaces. Use sand finer than No. 

30 and air pressure from 15 to 25 psi. 

 

C. Repair of Unformed Surfaces: 
1. Test unformed surfaces, such as monolithic slabs, for smoothness and to verify surface 

plane to the tolerances specified for each surface and finish. Correct low and high areas 

as herein specified. 

2. Test unformed surfaces sloped to drain for trueness of slope, in addition to smoothness, 

using a template having the required slope. Correct high and low areas as herein 

specified. 

3. Repair finish of unformed surfaces that contain defects that adversely affect the durability 

of the concrete. Surface defects, as such, include crazing, cracks in excess of 0.01-inch 

wide or which penetrate to the reinforcement or completely through non-reinforced 

sections regardless of width, spalling, popouts, honeycomb, rock pockets, and other 

objectionable conditions. 

4. Repair structural cracks and cracks in water-holding structures. 

D. Methods of Repair of Unformed Surfaces: 
1. Correct high areas in unformed surfaces by grinding, after the concrete has cured 

sufficiently so repairs can be made without damage to adjacent areas. 

2. Correct low areas in unformed surfaces during or immediately after completion of surface 

finishing operations by cutting out the low areas and replacing with fresh concrete.  

Finish repaired areas to blend into adjacent concrete. Use one of the following. Apply in 

accordance with the manufacturer's directions and recommendations. 

a. Euco Poly-Patch, as manufactured by The Euclid Chemical Company. 

b. Sikatop 122, as manufactured by Sika Corporation. 

c. Or equal. 
3. Repair defective areas, except random cracks and single holes not exceeding 1 -inch 

diameter, by cutting out and replacing with fresh concrete. Remove defective areas to 

sound concrete with clean, square cuts, and expose reinforcing steel with at least 3/4-inch 

clearance all around. Dampen all concrete surfaces in contact with patching concrete and 

brush with the specified bonding agent. Place patching concrete before grout takes its 

initial set. Mix patching concrete of the same materials and proportions to provide 

concrete of the same type or class as the original adjacent concrete. Place, compact and 

finish as required to blend with adjacent finished concrete. Cure in the same manner as 

adjacent concrete. 

4. Repair isolated random cracks and single holes not over 1-inch diameter, by the dry-pack 

method. Groove the top of cracks, and cut out holes to sound concrete and clean of dust, 

dirt and loose particles. "Dampen all cleaned concrete surfaces and brush with the 

specified bonding agent. Place dry-pack before the cement grout takes its initial set. Mix 

dry-pack, consisting of 1 part Portland cement to 2-1/2 parts fine aggregate passing a No. 

16 mesh sieve, using only enough water as required for handling and placing. Compact 

dry-pack mixture in place and finish to match adjacent concrete. Keep patched areas 
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continuously moist for not less than 72 hours. 

5. Cracks that require repair shall be pressure grouted using one of the following. Apply in 

accordance with the manufacturer's directions and recommendations. 

a. Sikadur 35, Ili-Mod L.V. and Sikadur 3 1, Hi-Mod Gel, as manufactured by Sika 

Corporation. 

b. Euco Epoxy #452 Epoxy System, as manufactured by The Euclid Chemical Company. 

c. Or equal. 
6. Assure that surface is acceptable for flooring material to be installed in accordance with 

manufacturer's recommendations. 

 

E. Other Methods of Repair: 
1. Repair methods not specified above may be used if approved by OWNER. 

 

 

 
END OF SECTION
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SECTION 26 00 10 - BASIC ELECTRICAL REQUIREMENTS 

PART 1 – GENERAL 

 

1.1 SCOPE 

 

A. This section supplements all sections of this division and shall apply to all phases of work 

hereinafter specified, shown on the drawings, or required to provide a complete installation of 

electrical systems for the Project. The work required under this division is not limited to the 

electrical specifications and drawings. Refer to all bid documents including Civil, Architectural, 

Structural, and Mechanical documents which may designate Work to be accomplished. The 

intent of the Specifications is to provide a complete and operable electrical system, which shall 

include all documents that are a part of the entire Project Contract. 
1. Work included: Furnish all labor, material, tools, equipment, facilities, transportation, 

skilled supervision necessary for, and incidental to, performing operations in connection 

with furnishing, delivery, and installation of the work in this division complete as shown or 

noted on the Drawings and specified herein. 

B. Related Work Specified Elsewhere: 
1. Refer to all sections in the general contract conditions, Contract Requirements and 

Division 1, General Requirements. 

C. Work Installed but Furnished by Others: 
1. The electrical work includes the installation or connection of certain materials and 

equipment furnished by others. Verify installation details. Foundations for apparatus and 

equipment will be furnished by others unless otherwise noted or detailed. 

 

1.2 GENERAL REQUIREMENTS 

 

A. Guarantee See General Conditions: 
1. Except as may be specified under other Sections in the specification, guarantee equipment 

furnished under the specifications for a period of one year, except for equipment required 

to have a longer guarantee period, from date of final completion. Guarantee all work 

against defective workmanship, material, and improper installation. Upon notification of 

failure, correct deficiency immediately and without additional cost to the Owner. 

2. Standard warranty of manufacturer shall apply for replacement of parts after expiration of 

the above period. Manufacturer shall furnish replacement parts to the Owner or his service 

agency as approved. Furnish to the Owner, through the Architect, printed manufacturer's 

warranties complete with material included and expiration dates, upon completion of 

project. Conform to Division 01. 

B. Equipment Safety: All electrical materials and equipment shall be new and shall be listed by 

Underwriter's Laboratories and bear their label, or listed and certified by a nationally recognized 

testing authority where UL does not have an approval. Custom made equipment must have 

complete test data submitted by the manufacturer attesting to its safety. 

C. Codes and Regulations: 
1. Design, manufacturer, testing and method of installation of all apparatus and materials 

furnished under the requirements of these specifications shall conform to the latest 

publications or standard rules of the following: 

a. Institute of Electrical and Electronic Engineers - IEEE 

b. National Electrical Manufacturers' Association - NEMA 
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c. Underwriters' Laboratories, Inc. - UL 

d. National Fire Protection Association - NFPA 

e. American Society for Testing and Materials - ASTM 

f. American National Standards Institute - ANSI 

g. California Electrical Code - CEC, Title 24, Part 3 

h. California Code of Regulations, Title 8, Subchapter 5 

i. California Building Code-CBC, Title 24 Parts 1 &2 

j. State & Municipal Codes in Force in the Specific Project Area 

k. Occupational Safety & Health Administration - OSHA 

l. California State Fire Marshal 

m. California Fire Code- CFC, Title 24 Part 9 

n. National Electrical Testing Association - NETA 

2. The term "Code", when used within the specifications, shall refer to the Publications, 

Standards, ordinances and codes, listed above. In the case where the codes have different 

levels of requirements the most stringent rules shall apply. 

D. Requirements of Regulatory Agencies: 
1. Codes, Permits, and Fees: Where the Contract Documents exceed minimum requirements, 

the Contract Documents take precedence. Where code conflicts occur, the most stringent 

shall apply. The most stringent condition shall be as interpreted by the Engineer. 

a. Comply with all requirements for permits, licenses, fees and Code. Permits, licenses, 

fees, inspections and arrangements required for the Contractor at his expense shall 

obtain the Work, unless otherwise specified. 

b. Comply with the requirements of the applicable utility companies serving the Project. 

Make all arrangements with the utility companies for proper coordination of the Work. 

E. Shop Drawings: 
1. See Division 01 for additional requirements. 

2. Time Schedules for Submission and Ordering: The Contractor shall prepare, review and 

coordinate his schedule of submissions carefully, determining the necessary lead time for 

preparing, submitting, checking, ordering and delivery of materials and equipment for 

timely arrival. The Contractor shall be responsible for conformance with the overall 

construction schedule. 

3. Submittals will be checked for general compliance with specifications only. The Contractor 

shall be responsible for deviations from the drawings or specifications and for errors or 

omissions of any sort in submittals. 

4. Submit a complete list of materials and equipment proposed for the job, including 

manufacturers names and catalog numbers. 

5. Shop drawings shall be submitted in completed groups of materials (i.e., lighting fixtures 

or switchgear). The Contractor shall add and sign the following paragraph on equipment 

and materials submitted for review. "It is hereby certified that the (equipment) (material) 

shown and marked in this submittal is that proposed to be incorporated into the project; is 

in compliance with the Contract Drawings and specifications and can be installed in the 

allocated spaces". Failure to add the above written statement for compliance will result in 

return of submittals without review. 

a. Bind catalog cuts, plate numbers, descriptive bulletins and drawings, 11" x 17" (275 

mm x 435 mm) or smaller, in sets with covers neatly showing titles. 

b. The Contractor shall verify dimensions of equipment and be satisfied as to Code 

compliance for fit prior to submitting shop drawings for approval. 

c. Where current limiting devices are specified, submit technical data to substantiate 

adequate protection of equipment cascaded downstream. Submittals shall not be 

reviewed unless supporting calculations and data are submitted therewith. 
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d. Include complete catalog information such as construction, ratings, insulation systems, 

as applicable. 

e. For any material specified to meet UL or trade standards, furnish the manufacturers or 

vendor's certification that the material furnished for the work does in fact equal or 

exceed such specifications. 

f. Reference listings to the specifications' Sections and Article to which each is 

applicable. 

g. Equipment Floor Plans: After approval of material is secured prepare a floor plan of 

each electrical and communication equipment space, room or yard, drawn to scale at 

1/2 inch equals 1 foot and submit for approval in the same manner as for shop 

drawings. The layout drawings shall be exact scale. 

6. Contractor shall prepare coordinated drawings when required by Division 01 or where 

noted otherwise. 

F. Interpretations: The Contractor through the Architect must make Requests for interpretations of 

drawings and specifications. Any such requests made by equipment manufacturers or suppliers 

will be referred to the Contractor. 

G. Standard of Quality 
1. The contract Drawings and Specifications establish the “MINIMUM STANDARD OF 

QUALITY” each product and/or system must meet to be considered acceptable. Products 

of other manufactures will be considered if the product and/or system meet or exceed the 

“MINIMUM STANDARD OF QUALITY” established by this Contract Document. 

2. Items for similar application shall be of the same manufacturer. 

3. The label of listing by UL shall appear on all materials and equipment for which standards 

have been established by the agency. 

4. Where codes as listed in Section General Requirement Section of the Specifications that 

establish label or approved requirements, furnish all materials and equipment with either 

the required labels affixed or the necessary written approval. 

5. Provide the type and quantity of electrical materials and equipment necessary to complete 

Work and all systems in operation, tested and ready for use. 

6. Provide and install all incidental items that belong to the Work described and which are 

required for complete systems. 

7. All switchboards, distribution boards, panel boards and circuit breakers shall be of the 

same manufacturer. 

8. All wiring devices such as switches and receptacles shall be of the same manufacturer. 

H. Substitutions: Refer to Division 01 

I. Submit comprehensive material list, shop drawings and complete technical data for the 

following equipment and materials: 
1. General Requirements: 

a. Panelboards. 

b. Conduits 

c. Conductors, include all selected insulation types. 

d. Fuses 

e. Disconnect switches and Starters. 

f. Pullboxes, manholes and handholes. 

J. Record Drawings: Refer to Division 01, Contract Closeout. 

K. Work Responsibilities: 
1. The drawings indicate diagrammatically the desired locations or arrangement of conduit 

runs, outlets, junction boxes and equipment and are to be followed. Execute the work so as 
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to secure the best possible installation in the available space and to overcome local 

difficulties due to space limitations. The Contractor is responsible for the correct placing of 

his work. Where conflicts occur in plans and/or specifications, the most stringent 

application shall apply and shall be part of the base bid. 

2. In the event minor changes in the indicated locations or arrangement are necessary due to 

developed conditions in the building construction or rearrangement of furnishings or 

equipment or due to interference with other trades, such changes shall be made without 

extra cost. 

3. Verify dimensions and the correct location of Owner-Furnished equipment before 

proceeding with the roughing-in of connections. 

4. All scaled and figured dimensions are approximate of typical equipment of the class 

indicated. Before proceeding with work carefully check and verify dimensions and sizes 

with the drawings to see that the furnished equipment will fit into the spaces provided 

without violation of applicable Codes. 

5. Should any changes to the work indicated on the drawings or described in the 

specifications be necessary in order to comply with the above requirements, notify the 

Architect. 

6. Contractor shall be responsible for coordination of coordinated drawings when required. 

7. Replace or repair, without additional compensation any work which does not comply with 

or which is installed in violation of any of these requirements. 

L. Installation General: For special requirements, refer to specific equipment under these 

requirements. 
1. Unless otherwise specified elsewhere in the specifications, do all excavating necessary for 

the proper installation of the electrical work. 

2. Locations of Openings: Locate chases, shafts and openings required for the installation of 

the electrical work during framing of the structure. Do any additional cutting and patching 

required. Cutting or drilling in any structural member is prohibited without approval of the 

Architect. Furnish all access panels to make all boxes, connections and devices accessible 

as required by CEC. 

3. Location of Sleeves: Where conduits pass through concrete walls, suspended slabs or metal 

deck floors, install sleeves of adequate size to permit installation of conduit. Sleeves shall 

be installed prior to pouring of concrete and shall have ends flush with the wall or extend 2 

inches above floor surfaces. Verify locations. 

4. Wherever conduit extends through roof, install flashings in accordance with drawings and 

details. 

5. Contractor shall be responsible for cutting and patching which may be required for the 

proper installation of the electrical work. 

6. Protect work, materials and equipment and provide adequate and proper storage facilities 

during the progress of the work. Storage outdoors shall be weather protected and shall 

include space heaters to prevent condensation. Provide for the safety and good condition of 

all work until final acceptance of the work. Replace all damaged or defective work, 

materials and equipment before requesting final acceptance. 

7. Conduit and Equipment to be Installed: Clean thoroughly to remove plaster, spattered 

paint, cement and dirt on both exterior and interior. All underground conduits shall be 

mandrelled prior to pulling wire. 

8. Conduit and Equipment to be Painted: Clean conduit exposed to view in completed 

structure by removing plaster and dirt. Remove grease, oil and similar material from 

conduit and equipment by wiping with clean rags and suitable solvents in preparation for 

paint. 

9. Items with Factory Finish: Remove cement, plaster, grease and oil, and leave surfaces, 



ADELANTO DETENTION CENTER  

BACIC ELECTRICAL REQUIREMENTS 

                       260010-5 

including cracks and corners, clean and polished. Touch up scratched or bare spots to 

match finish. 

10. Site Cleaning: Remove from site all packing cartons, scrap materials and other rubbish on a 

weekly basis. Vacuum out all cabinets, switchgear and panels and junction boxes prior to 

pulling any conductors. 

11. Electrical equipment and materials exposed to public and in finished areas shall be finish-

painted after installation in accordance with the Painting Section. All exposed screw-type 

fasteners, exterior, or interior in restrooms, shall be vandal-resistant spanner type; include 

tool. 

M. Excavation, Cutting and Patching: 
1. Excavating, trenching and backfilling required for the work of this Division in accordance 

with the applicable requirements of Division 2. Excavating and backfilling connected with 

electrical work, repaving cuts and providing and maintaining protective measures for the 

electrical work excavation required by the governing authorities having jurisdiction shall 

be performed as a part of the work of this Division. 

2. Verify openings indicated on the drawings. Provide all cutting, patching and reinforcement 

of the construction of the building as required to install electrical work. 

N. Tests 
1. Equipment and systems for which the National Electrical Testing Association (NETA) has 

an approved or recommended procedure, shall be tested in accordance with that procedure. 

Test values shall equal values recommended by NETA. Copies of test reports shall be 

submitted as required under shop drawing submittals. 

2. Resistance to ground tests shall be accomplished by a qualified independent testing firm to 

measure resistance to ground at grounding electrodes. Make tests before slabs or affected 

areas are poured in order that corrective measures, if required, may be taken. Submit a 

report showing the results of these measurements. If the resistances exceed values specified 

elsewhere or NETA test procedure recommendations, perform corrective measures 

required to reduce resistance to acceptable values. 

3. Prior to energizing any motor, measure the service voltage for phase balance and report if 

unbalance exceeds 1% from mean. 

4. Measure the three-phase voltage at no load and at maximum load conditions and submit to 

the engineer a report showing the results of these measurements. 

5. Upon completion of the work and adjustment of all equipment, conduct an operating test. 

Conduct the test in the presence of an authorized representative of the Owner's 

Representative. Demonstrate system and equipment to operate in accordance with 

requirements of the Contract Documents and to be free from electrical and mechanical 

defects. Provide systems free from short circuits and grounds and show an insulation 

resistance between phase conductors and ground not less than the requirements of the 

governing electric code. Test circuits for proper neutral connection. 

6. Complete tests prior to final inspection of project, including corrective work based on the 

results of the tests. 

7. Perform special tests on systems and equipment as specified herein using personnel 

qualified to perform such tests. 

O. Protection: Protect finish parts of the materials and equipment against damage during the 

progress of the work and until final completion and acceptance. Cover materials and equipment 

in storage and during construction in such a manner that no finished surfaces will be damaged or 

marred. Keep moving parts clean, dry and lubricated. 

P. Cleaning Up: 
1. Upon completion of the work and at various time during the progress of the work, remove 
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from the building all surplus materials, rubbish and debris resulting from the work of this 

Division. 

2. Thoroughly clean switchgear including busses, apparatus, exposed conduit, metal work 

including the exterior and interior, and accessories for the work of this Division, of cement, 

plaster and other deleterious materials; remove grease and oil spots with cleaning solvent; 

carefully wipe surfaces and scrape cracks and corners clean. 

3. Thoroughly polish chromium or plated work. Remove dirt and stains from lighting fixtures. 

4. Leave the entire installation in a clean condition. 

Q. Completion: 
1. The work will not be reviewed for final acceptance until operating and maintenance data, 

manufacturer's literature, panel directories and nameplates specified herein have been 

approved and properly posted or installed and final cleaning of equipment and premises 

has been completed. 

2. When the installation is complete and adjustments have been made, operate the system for 

a period of one week, during which time demonstrate that systems are completed and 

operating in conformance with the specifications. 

R. Operating and Maintenance Data: Submit complete and at one time, prior to acceptance of the 

installation, 4 copies of manufacturer's instructions for operation and maintenance of electrical 

equipment, including replacement parts lists. As specified in Division 01 

S. Inspection and Acceptance Procedures: The Architect will submit observation reports 

periodically during the construction phase detailing Contract deficiencies. The Contractor is 

responsible for making corrections immediately. Notice of Completion of the project will not be 

made until all items have been corrected. 

T. Final Completion of Electrical Systems: 
1. Prior to Final Completion of operating electrical systems, the Contractor shall: 

a. Provide materials of the type and quality specified and as necessary for proper 

operation, tested and ready for use. 

b. Furnish the required Operating and Maintenance Data/Manuals. 

c. Clean up of the project pertaining to this Division of the work. 

d. After installation has been completed and adjustments made, operate the system for a 

period of one week, during which time, demonstrate to the Architect that systems are 

complete and operating in conformance with Contract Documents. 

e. Conduct tests required and as specified in this Division and submit test reports and 

corrective actions taken. 

f. Submission of warranties and guarantees. 

2. Final Completion of Work Shall be Contingent On: 

a. Contractor replacing defective materials and workmanship. 

b. Upon completion of work and adjustments made, Contractor shall conduct an 

operating test for each system for approval at such time as Architect directs. Conduct 

test in presence of authorized representative of Architect and demonstrate that systems 

and equipment do operate in accordance with requirements of the Contract Documents 

and are free from electrical and mechanical defects. 

c. Contractor shall provide the necessary training programs and instructions to the 

Owner's representative. Number of hours shall be a minimum of four (4) hours for each 

system or days as required under separate Sections of these Specifications. Complete 

operation and maintenance manuals shall be provided at least two (2) weeks prior to 

training. 

d. Submit copies of manufacturer's instructions and maintenance of electrical equipment 

including replacement parts lists. Each set shall include one set of shop drawings of 
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equipment installed. 

U. Submittals for Change Orders: When changes are made during the construction phase, deletions 

and additions shall be presented in a manner that will indicate the cost of each item of material 

and corresponding labor. Markup shall be then added in accordance with the requirements of the 

General Conditions as modified by the Supplementary Conditions. 

V. The Contractor at a time convenient to the Owner shall provide instruction to the Owner's 

operating personnel in the proper operation and maintenance of all equipment and systems. The 

instructors shall have received factory training and shall be thoroughly familiar with the 

equipment installed. The operating personnel shall receive the number of days instruction as 

indicated in other sections. 

 

1.3 PROJECT RECORD DOCUMENTS 

 

A. Record Drawings: CAD: Use a computer aided drafting (CAD) system in the preparation of 

record drawings for this Project. Acceptable CAD systems shall be capable of producing files in 

AutoCAD Version 2010 compatible DWG or DXF format. Owner's consultant will furnish CAD 

backgrounds for use by the Contractor after construction is 85% complete except where 

prohibited by Contract. 

B. Record Set During the Work: At site, maintain at least one set of Drawings as a Field Record 

Set. Also maintain at least one copy of all Addenda, Modifications, approved submittals, 

correspondence, and transmittals at site. Keep Drawings and data in good order and readily 

available to Architect and Owner. 

C. Changes: Clearly and correctly mark Record Drawings to show changes made during the 

construction process at the time the changed work is installed. No such changes shall be made in 

the work unless authorized by the Architect. 

D. Final Record Drawings: Conform to Division 01 requirements. 

E. Preparation of Final Record Drawings: Contractor shall transfer recorded changes in the work 

indicated on the Field Record Set to the record set. Changes shall be neatly and clearly drawn 

and noted by skilled draftsmen, and shown technically correct. 

F. Approval: Prior to Architect's inspection for Substantial Completion, submit the Final Record 

Drawings to the Architect for review, and make such revisions as may be necessary for Final 

Record Drawings to be a true, complete, and accurate record of the work. 

G. Manuals: Obtain data from the various manufacturers and submit instruction, operation, and 

maintenance manuals as required and to the extent required under other Sections. 

H. At all times when the work is in progress, maintain at the workplace, fabrication shop or Project 

Site as applies, a complete separate, clean, undamaged set of the latest stamped, actioned 

submittals. As work progresses, maintain records of "as installed" conditions on this set in 

suitable ink or chemical fluid. Update the set daily. After successful completion of Project Site 

testing specified herein, and after completion of Punch List corrections, copy all records of "as 

installed" conditions on to originals. 

I. Quantity: 
1. Review sets:As for Shop and Field Drawings. 

2. Record set:Refer to Division 01. 

J. Content: All drawings required under "Field and Shop Drawings". Show "as installed" 

condition. Where room designations according to Project permanent signage differ from 
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construction designations in the Contract Documents, show both designations. 

K. Warranty Certificates: Comply with Division 01. 

 

PART 2 – COMMISSIONING 

 

2.1 COMMISSIONING OF ELECTRICAL SYSTEMS 

 

A. Include cost for commissioning requirements in the contract price. 

B. Attend commissioning meetings scheduled by the CxA. 

C. Prepare preliminary schedule for indoor lighting system inspections, O&M manual submission, 

training sessions, lighting controls testing, system verification, performance testing, and system 

completion for use by the CxA. Update schedule as appropriate throughout the construction 

period and provide updated schedule to the commissioning team. 

D. Verify proper installation and performance of all electrical services provided. 

E. Complete Title 24 Certificate(s) of Installation and manufacturer’s pre-start checklists prior to 

scheduling startup of HVAC and electrical equipment. 
1. Retain Certificate(s) of Installation in a 3-ring binder in an organized fashion. Binder is to 

remain on the job site 

2. Make Certificate(s) of Installation available for CxA review upon request. 

3. Retain calibration records for equipment provided with manufacturer calibrated sensors in 

the Certificate(s) of Installation binder. 

F. Where applicable, complete the Certificate(s) of Acceptance per the contract documents. 
1. Retain Certificate(s) of Acceptance in a 3-ring binder in an organized fashion. Binder is to 

remain on the job site 

2. Provide copies of all Certificate(s) of Acceptance to the CxA. 

3. Certificate(s) of Acceptance shall be conducted by companies who are certified as 

California Advanced Lighting Controls Training Program Acceptance Technician 

(CALCTP-AT) employer and only completed by those employees of said company who 

are certified to complete the respective acceptance test. 

G. Monitor and respond to Resolution Tracking Forms distributed by the CxA in order to expedite 

corrective actions necessary to achieve design intent. 

H. Participate in the Certificate(s) of Acceptance and Functional Performance Tests as required to 

achieve design intent. 

I. Participate in the opposite-season testing as required to achieve design intent. 

J. Participate in O&M Training as required by project specifications. 

K. Ensure participation of major equipment manufacturers and their representatives as applicable. 

L. Obtain O&M data on all equipment and assemble in binders using tabs as required. 

M. Conduct a maintenance orientation and inspection with hands on training per the contract 

documents. 

N. Provide written certification and completed Certificate(s) of Installation forms and checklists 

documenting that the following work has been completed in accordance with the plans and 

specifications and that they are functioning as designed. 
1. Correct labeling of all circuits with connected equipment. 

2. Lighting system controls operations, including occupancy sensors, automatic time controls 

or Energy Management control, override timers, manual dimming controls, exterior 
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lighting controls, multi-level switching, as applicable to the Work. 

 

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

CABLES 

PART 1 – GENERAL 

 

1.1 SECTION INCLUDES 

 

A. Single conductor building wire. 

B. Wiring connectors. 

C. Electrical tape. 

D. Heat shrink tubing. 

E. Wire pulling lubricant. 

 

1.2 ADMINISTRATIVE REQUIREMENTS 

 

A. Coordination: 
1. Coordinate sizes of raceways, boxes, and equipment enclosures installed under other 

sections with the actual conductors to be installed, including adjustments for conductor 

sizes increased for voltage drop. 

2. Coordinate with electrical equipment installed under other sections to provide terminations 

suitable for use with the conductors to be installed. 

3. Notify Electrical Engineer of any conflicts with or deviations from Contract Documents. 

Obtain direction before proceeding with work. 

 

1.3 SUBMITTALS 

 

A. See Section 01 30 00 - Administrative Requirements, for submittal procedures. 

B. Product Data: Provide manufacturer's standard catalog pages and data sheets for conductors and 

cables, including detailed information on materials, construction, ratings, listings, and available 

sizes, configurations, and stranding. 

C. Project Record Documents: Record actual installed circuiting arrangements. Record actual 

routing for underground circuits. 

 

1.4 QUALITY ASSURANCE 

 

A. Conform to requirements of NFPA 70. 

B. Manufacturer Qualifications: Company specializing in manufacturing the products specified in 

this section with minimum three years documented experience. 

 

1.5 DELIVERY, STORAGE, AND HANDLING 

 

A. Receive, inspect, handle, and store conductors and cables in accordance with manufacturer's 

instructions. 
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PART 2 – PRODUCTS 

 

2.1 CONDUCTOR AND CABLE APPLICATIONS 

 

A. Do not use conductors and cables for applications other than as permitted by NFPA 70 and 

product listing. 

B. Provide single conductor building wire installed in suitable raceway unless otherwise indicated, 

permitted, or required. 

 

2.2 CONDUCTOR AND CABLE GENERAL REQUIREMENTS 

 

A. Provide products that comply with requirements of NFPA 70. 

B. Provide products listed, CLASSIFIED, and labeled as suitable for the purpose intended. 

C. Provide new conductors and cables manufactured not more than one year prior to installation. 

D. Unless specifically indicated to be excluded, provide all required conduit, boxes, wiring, 

connectors, etc. as required for a complete operating system. 

E. Comply with NEMA WC 70. 

F. Thermoplastic-Insulated Conductors and Cables: Listed and labeled as complying with UL 83. 

G. Thermoset-Insulated Conductors and Cables: Listed and labeled as complying with UL 44. 

H. Conductor Material: 
1. Provide copper conductors only. Aluminum conductors are not acceptable for this project. 

Conductor sizes indicated are based on copper. 

2. Copper Conductors: Soft drawn annealed, 98 percent conductivity, uncoated copper 

conductors complying with ASTM B3, ASTM B8, or ASTM B787/B787M unless 

otherwise indicated. 

3. Tinned Copper Conductors: Comply with ASTM B33. 

I. Conductor Color Coding: 
1. Color code conductors as indicated unless otherwise required by the authority having 

jurisdiction. Maintain consistent color coding throughout project. 

2. Color Coding Method: Integrally colored insulation. 

a. Conductors size 4 AWG and larger may have black insulation color coded using vinyl 

color coding electrical tape. 

3. Color Code: 

a. 480Y/277 V, 3 Phase, 4 Wire System: 

1) Phase A: Brown. 

2) Phase B: Orange. 

3) Phase C: Yellow. 

4) Neutral/Grounded: Gray. 

b. 208Y/120 V, 3 Phase, 4 Wire System: 

1) Phase A: Black. 
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2) Phase B: Red. 

3) Phase C: Blue. 

4) Neutral/Grounded: White. 

c. Equipment Ground, All Systems: Green.   

 

2.3 SINGLE CONDUCTOR BUILDING WIRE 

 

A. Manufacturers: 
1. Copper Building Wire: 

a. Cerro Wire LLC: www.cerrowire.com/#sle. 

b. Encore Wire Corporation: www.encorewire.com/#sle. 

c. Southwire Company: www.southwire.com/#sle. 

d. Rome Wire and Cable. 

e. Okonite Wire 

f. Pirelli Wire and Cable 

g. Carol Cable 

B. Description: Single conductor insulated wire. 

C. Conductor Stranding: 
1. Feeders and Branch Circuits: 

a. Size 10 AWG and Smaller: Solid. 

b. Size 8 AWG and Larger: Stranded. 

D. Insulation Voltage Rating: 600 V. 

E. Insulation: 
1. Copper Building Wire: Type THHN/THWN or THHN/THWN-2, except as indicated 

below. 

a. Size 4 AWG and Larger: Type XHHW-2. 

b. Installed Underground: Type XHHW-2. 

 

2.4 WIRING CONNECTORS 

 

A. Description: Wiring connectors appropriate for the application, suitable for use with the 

conductors to be connected, and listed as complying with UL 486A-486B or UL 486C as 

applicable. 

B. Wiring Connectors for Splices and Taps: 
1. Copper Conductors Size 8 AWG and Smaller: Use twist-on insulated spring connectors. 

2. Copper Conductors Size 6 AWG and Larger: Use mechanical connectors or compression 

connectors. 

C. Wiring Connectors for Terminations: 
1. Provide terminal lugs for connecting conductors to equipment furnished with terminations 

designed for terminal lugs. 

2. Provide compression adapters for connecting conductors to equipment furnished with 

mechanical lugs when only compression connectors are specified. 

3. Where over-sized conductors are larger than the equipment terminations can accommodate, 
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provide connectors suitable for reducing to appropriate size, but not less than required for 

the rating of the overcurrent protective device. 

4. Copper Conductors Size 8 AWG and Larger: Use mechanical connectors or compression 

connectors where connectors are required. 

D. Do not use insulation-piercing or insulation-displacement connectors designed for use with 

conductors without stripping insulation. 

E. Do not use push-in wire connectors as a substitute for twist-on insulated spring connectors. 

F. Twist-on Insulated Spring Connectors: Rated 600 V, 221 degrees F for standard applications and 

302 degrees F for high temperature applications; pre-filled with sealant and listed as complying 

with UL 486D for damp and wet locations. 

G. Mechanical Connectors: Provide bolted type or set-screw type. 

H. Compression Connectors: Provide circumferential type or hex type crimp configuration. 

 

2.5 WIRING ACCESSORIES 

 

A. Electrical Tape: 
1. Vinyl Color Coding Electrical Tape: Integrally colored to match color code indicated; 

listed as complying with UL 510; minimum thickness of 7 mil; resistant to abrasion, 

corrosion, and sunlight; suitable for continuous temperature environment up to 221 degrees 

F. 

2. Vinyl Insulating Electrical Tape: Complying with ASTM D3005 and listed as complying 

with UL 510; minimum thickness of 7 mil; resistant to abrasion, corrosion, and sunlight; 

conformable for application down to 0 degrees F and suitable for continuous temperature 

environment up to 221 degrees F. 

3. Rubber Splicing Electrical Tape: Ethylene Propylene Rubber (EPR) tape, complying with 

ASTM D4388; minimum thickness of 30 mil; suitable for continuous temperature 

environment up to 194 degrees F and short-term 266 degrees F overload service. 

4. Electrical Filler Tape: Rubber-based insulating moldable putty, minimum thickness of 125 

mil; suitable for continuous temperature environment up to 176 degrees F. 

5. Moisture Sealing Electrical Tape: Insulating mastic compound laminated to flexible, all-

weather vinyl backing; minimum thickness of 90 mil. 

B. Heat Shrink Tubing: Heavy-wall, split-resistant, with factory-applied adhesive; rated 600 V; 

suitable for direct burial applications; listed as complying with UL 486D. 

C. Wire Pulling Lubricant: Listed; suitable for use with the conductors or cables to be installed and 

suitable for use at the installation temperature. 

 

PART 3 - EXECUTION 

 

3.1 EXAMINATION 

 

A. Verify that interior of building has been protected from weather. 

B. Verify that work likely to damage wire and cable has been completed. 

C. Verify that raceways, boxes, and equipment enclosures are installed and are properly sized to 

accommodate conductors and cables in accordance with NFPA 70. 
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D. Verify that field measurements are as indicated. 

E. Verify that conditions are satisfactory for installation prior to starting work. 

 

3.2 PREPARATION 

 

A. Clean raceways thoroughly to remove foreign materials before installing conductors and cables. 

 

3.3 INSTALLATION 

 

A. Circuiting Requirements: 
1. Unless dimensioned, circuit routing indicated is diagrammatic. 

2. When circuit destination is indicated without specific routing, determine exact routing 

required. 

3. Arrange circuiting to minimize splices. 

4. Include circuit lengths required to install connected devices within 10 ft of location 

indicated. 

5. Circuiting Adjustments: Unless otherwise indicated, when branch circuits are indicated as 

separate, combining them together in a single raceway is not permitted. 

6. Common Neutrals: Unless otherwise indicated, sharing of neutral/grounded conductors 

among single phase branch circuits of different phases installed in the same raceway is not 

permitted. Provide dedicated neutral/grounded conductor for each individual branch 

circuit. 

B. Install products in accordance with manufacturer's instructions. 

C. Perform work in accordance with NECA 1 (general workmanship). 

D. Installation in Raceway: 
1. Tape ends of conductors and cables to prevent infiltration of moisture and other 

contaminants. 

2. Pull all conductors and cables together into raceway at same time. 

3. Do not damage conductors and cables or exceed manufacturer's recommended maximum 

pulling tension and sidewall pressure. 

4. Use suitable wire pulling lubricant where necessary, except when lubricant is not 

recommended by the manufacturer. 

E. Paralleled Conductors: Install conductors of the same length and terminate in the same manner. 

F. Secure and support conductors and cables in accordance with NFPA 70 using suitable supports 

and methods approved by the authority having jurisdiction. Provide independent support from 

building structure. Do not provide support from raceways, piping, ductwork, or other systems. 
1. Installation Above Suspended Ceilings: Do not provide support from ceiling support 

system. Do not provide support from ceiling grid or allow conductors and cables to lay on 

ceiling tiles. 

2. Installation in Vertical Raceways: Provide supports where vertical rise exceeds permissible 

limits. 

G. Install conductors with a minimum of 12 inches of slack at each outlet. 

H. Where conductors are installed in enclosures for future termination by others, provide a 

minimum of 5 feet of slack. 

I. Neatly train and bundle conductors inside boxes, wireways, panelboards and other equipment 
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enclosures. 

J. Group or otherwise identify neutral/grounded conductors with associated ungrounded 

conductors inside enclosures in accordance with NFPA 70. 

K. Make wiring connections using specified wiring connectors. 
1. Make splices and taps only in accessible boxes. Do not pull splices into raceways or make 

splices in conduit bodies or wiring gutters. 

2. Remove appropriate amount of conductor insulation for making connections without 

cutting, nicking or damaging conductors. 

3. Do not remove conductor strands to facilitate insertion into connector. 

4. Clean contact surfaces on conductors and connectors to suitable remove corrosion, oxides, 

and other contaminates. Do not use wire brush on plated connector surfaces. 

5. Mechanical Connectors: Secure connections according to manufacturer's recommended 

torque settings. 

6. Compression Connectors: Secure connections using manufacturer's recommended tools 

and dies. 

L. Insulate splices and taps that are made with uninsulated connectors using methods suitable for 

the application, with insulation and mechanical strength at least equivalent to unspliced 

conductors. 
1. Dry Locations: Use insulating covers specifically designed for the connectors, electrical 

tape or heat shrink tubing. 

a. For taped connections, first apply adequate amount of rubber splicing electrical tape or 

electrical filler tape, followed by outer covering of vinyl insulating electrical tape. 

2. Damp Locations: Use insulating covers specifically designed for the connectors, electrical 

tape or heat shrink tubing. 

a. For connections with insulating covers, apply outer covering of moisture sealing 

electrical tape. 

b. For taped connections, follow same procedure as for dry locations but apply outer 

covering of moisture sealing electrical tape. 

3. Wet Locations: Use heat shrink tubing. 

M. Insulate ends of spare conductors using vinyl insulating electrical tape. 

N. Field-Applied Color Coding: Where vinyl color coding electrical tape is used in lieu of 

integrally colored insulation as permitted in Part 2 under "Color Coding", apply half overlapping 

turns of tape at each termination and at each location conductors are accessible. 

O. Identify conductors and cables in accordance with Section 26 05 53. 

P. Install firestopping to preserve fire resistance rating of partitions and other elements, using 

materials and methods specified in Section Firestopping. 

Q. Unless specifically indicated to be excluded, provide final connections to all equipment and 

devices, including those furnished by others, as required for a complete operating system. 

 

3.4 FIELD QUALITY CONTROL 

 

A. Inspect and test in accordance with NETA ATS, except Section 4. 

B. Perform inspections and tests listed in NETA ATS, Section 7.3.2. The insulation resistance test 

is required for all conductors. The resistance test for parallel conductors listed as optional is not 

required. 
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C. Correct deficiencies and replace damaged or defective conductors and cables. 

 

END OF SECTION 
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SECTION 26 05 26 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 

 

PART 1 - GENERAL 

 

1.1 SECTION INCLUDES 

 

A. Grounding and bonding requirements. 

B. Conductors for grounding and bonding. 

C. Connectors for grounding and bonding. 

 

1.2 REFERENCE STANDARDS 

 

A. IEEE 81 - IEEE Guide for Measuring Earth Resistivity, Ground Impedance, and Earth Surface 

Potentials of a Grounding System 2012. 

B. NECA 1 - Standard for Good Workmanship in Electrical Construction 2015. 

C. NETA ATS - Acceptance Testing Specifications for Electrical Power Equipment and Systems 

2017. 

D. NFPA 70 - National Electrical Code Most Recent Edition Adopted by Authority Having 

Jurisdiction, Including All Applicable Amendments and Supplements. 

E. UL 467 - Grounding and Bonding Equipment Current Edition, Including All Revisions. 

 

1.3 ADMINISTRATIVE REQUIREMENTS 

 

A. Coordination: 
1. Verify exact locations of underground metal water service pipe entrances to building. 

2. Coordinate the work with other trades to provide steel reinforcement complying with 

specified requirements for concrete-encased electrode. 

3. Notify Architect of any conflicts with or deviations from Contract Documents. Obtain 

direction before proceeding with work. 

 

1.4 SUBMITTALS 

 

A. Product Data: Provide manufacturer's standard catalog pages and data sheets for grounding and 

bonding system components. 

B. Field quality control test reports. 

C. Project Record Documents: Record actual locations of grounding electrode system components 

and connections. 

 

1.5 QUALITY ASSURANCE 

 

A. Conform to requirements of NFPA 70. 
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B. Manufacturer Qualifications: Company specializing in manufacturing the products specified in 

this section with minimum three years documented experience. 

C. Product Listing Organization Qualifications: An organization recognized by OSHA as a 

Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having 

jurisdiction. 

 

1.6 DELIVERY, STORAGE, AND HANDLING 

 

A. Receive, inspect, handle, and store products in accordance with manufacturer's instructions. 

 

PART 2 – PRODUCTS 

 

3.1 GROUNDING AND BONDING REQUIREMENTS 

 

A. Do not use products for applications other than as permitted by NFPA 70 and product listing. 

B. Unless specifically indicated to be excluded, provide all required components, conductors, 

connectors, conduit, boxes, fittings, supports, accessories, etc. as necessary for a complete 

grounding and bonding system. 

C. Where conductor size is not indicated, size to comply with NFPA 70 but not less than applicable 

minimum size requirements specified. 

D. Grounding System Resistance: 
1. Achieve specified grounding system resistance under normally dry conditions unless 

otherwise approved by Architect. Precipitation within the previous 48 hours does not 

constitute normally dry conditions. 

2. Grounding Electrode System: Not greater than 25 ohms to ground, when tested according 

to IEEE 81 using "fall-of-potential" method. 

E. Grounding Electrode System: 
1. Provide connection to required and supplemental grounding electrodes indicated to form 

grounding electrode system. 

a. Provide continuous grounding electrode conductors without splice or joint. 

b. Install grounding electrode conductors in raceway where exposed to physical damage. 

Bond grounding electrode conductor to metallic raceways at each end with bonding 

jumper. 

2. Metal Underground Water Pipe(s): 

a. Provide connection to underground metal domestic and fire protection (where present) 

water service pipe(s) that are in direct contact with earth for at least 10 feet at an 

accessible location not more than 5 feet from the point of entrance to the building. 

b. Provide bonding jumper(s) around insulating joints/pipes as required to make pipe 

electrically continuous. 

c. Provide bonding jumper around water meter of sufficient length to permit removal of 

meter without disconnecting jumper. 

3. Metal In-Ground Support Structure: 

a. Provide connection to metal in-ground support structure that is in direct contact with 

earth in accordance with NFPA 70. 

4. Concrete-Encased Electrode: 

a. Provide connection to concrete-encased electrode consisting of not less than 20 feet of 
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either steel reinforcing bars or bare copper conductor not smaller than 4 AWG 

embedded within concrete foundation or footing that is in direct contact with earth in 

accordance with NFPA 70. 

5. Provide additional ground electrode(s) as required to achieve specified grounding electrode 

system resistance. 

F. Bonding and Equipment Grounding: 
1. Provide bonding for equipment grounding conductors, equipment ground busses, metallic 

equipment enclosures, metallic raceways and boxes, device grounding terminals, and other 

normally non-current-carrying conductive materials enclosing electrical 

conductors/equipment or likely to become energized as indicated and in accordance with 

NFPA 70. 

2. Provide insulated equipment grounding conductor in each feeder and branch circuit 

raceway. Do not use raceways as sole equipment grounding conductor. 

3. Where circuit conductor sizes are increased for voltage drop, increase size of equipment 

grounding conductor proportionally in accordance with NFPA 70. 

4. Unless otherwise indicated, connect wiring device grounding terminal to branch circuit 

equipment grounding conductor and to outlet box with bonding jumper. 

5. Terminate branch circuit equipment grounding conductors on solidly bonded equipment 

ground bus only. Do not terminate on neutral (grounded) or isolated/insulated ground bus. 

6. Provide bonding jumper across expansion or expansion/deflection fittings provided to 

accommodate conduit movement. 

 

3.2 GROUNDING AND BONDING COMPONENTS 

 

A. General Requirements: 
1. Provide products listed, classified, and labeled as suitable for the purpose intended. 

2. Provide products listed and labeled as complying with UL 467 where applicable. 

B. Conductors for Grounding and Bonding, in Addition to Requirements of Section 26 05 26: 
1. Use insulated copper conductors unless otherwise indicated. 

a. Exceptions: 

1) Use bare copper conductors where installed underground in direct contact with 

earth. 

2) Use bare copper conductors where directly encased in concrete (not in raceway). 

C. Connectors for Grounding and Bonding: 
1. Description: Connectors appropriate for the application and suitable for the conductors and 

items to be connected; listed and labeled as complying with UL 467. 

2. Unless otherwise indicated, use exothermic welded connections for underground, 

concealed and other inaccessible connections. 

3. Unless otherwise indicated, use mechanical connectors, compression connectors or 

exothermic welded connections for accessible connections. 

 

PART 3 – EXECUTION 

 

4.1 EXAMINATION 
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A. Verify that work likely to damage grounding and bonding system components has been 

completed. 

B. Verify that field measurements are as indicated. 

C. Verify that conditions are satisfactory for installation prior to starting work. 

 

4.2 INSTALLATION 

 

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

B. Perform work in accordance with NECA 1 (general workmanship). 

C. Make grounding and bonding connections using specified connectors. 
1. Remove appropriate amount of conductor insulation for making connections without 

cutting, nicking or damaging conductors. Do not remove conductor strands to facilitate 

insertion into connector. 

2. Remove nonconductive paint, enamel, or similar coating at threads, contact points, and 

contact surfaces. 

3. Exothermic Welds: Make connections using molds and weld material suitable for the items 

to be connected in accordance with manufacturer's recommendations. 

4. Mechanical Connectors: Secure connections according to manufacturer's recommended 

torque settings. 

5. Compression Connectors: Secure connections using manufacturer's recommended tools 

and dies. 

D. Identify grounding and bonding system components in accordance with Section 26 05 53. 

 

4.3 FIELD QUALITY CONTROL 

 

A. Inspect and test in accordance with NETA ATS except Section 4. 

B. Perform inspections and tests listed in NETA ATS, Section 7.13. 

C. Perform ground electrode resistance tests under normally dry conditions. Precipitation within the 

previous 48 hours does not constitute normally dry conditions. 

D. Investigate and correct deficiencies where measured ground resistances do not comply with 

specified requirements. 

 

END OF SECTION 
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SECTION 26 05 29 - HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 

 

PART 1 – GENERAL 

 

1.1 SECTION INCLUDES 

 

A. Support and attachment requirements and components for equipment, conduit, cable, boxes, and 

other electrical work. 

 

1.2 RELATED REQUIREMENTS 

 

A. Section 03 30 00 - Cast-in-Place Concrete: Concrete equipment pads. 

 

1.3 REFERENCE STANDARDS 

 

A. ASTM A123/A123M - Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron 

and Steel Products 2017. 

B. ASTM A153/A153M - Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel 

Hardware 2016a. 

C. ASTM B633 - Standard Specification for Electrodeposited Coatings of Zinc on Iron and Steel 

2015. 

D. MFMA-4 - Metal Framing Standards Publication 2004. 

E. NECA 1 - Standard for Good Workmanship in Electrical Construction 2015. 

F. NFPA 70 - National Electrical Code Most Recent Edition Adopted by Authority Having 

Jurisdiction, Including All Applicable Amendments and Supplements. 

 

1.4 ADMINISTRATIVE REQUIREMENTS 

 

A. Coordination: 
1. Coordinate sizes and arrangement of supports and bases with the actual equipment and 

components to be installed. 

2. Coordinate the work with other trades to provide additional framing and materials required 

for installation. 

3. Coordinate compatibility of support and attachment components with mounting surfaces at 

the installed locations. 

4. Coordinate the arrangement of supports with ductwork, piping, equipment and other 

potential conflicts installed under other sections or by others. 

5. Notify Electrical Engineer of any conflicts with or deviations from Contract Documents. 

Obtain direction before proceeding with work. 

B. Sequencing: 
1. Do not install products on or provide attachment to concrete surfaces until concrete has 

fully cured in accordance with Section 03 30 00. 
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1.5 SUBMITTALS 

 

A. Product Data: Provide manufacturer's standard catalog pages and data sheets for channel (strut) 

framing systems, non-penetrating rooftop supports and post-installed concrete and masonry 

anchors. 

B. Shop Drawings: Include details for fabricated hangers and supports where materials or methods 

other than those indicated are proposed for substitution. 

 

1.6 QUALITY ASSURANCE 

 

A. Comply with NFPA 70. 

B. Comply with applicable building code. 

 

1.7 DELIVERY, STORAGE, AND HANDLING 

 

A. Receive, inspect, handle, and store products in accordance with manufacturer's instructions. 

 

PART 2 – PRODUCTS 

 

2.1 SUPPORT AND ATTACHMENT COMPONENTS 

 

A. General Requirements: 
1. Provide all required hangers, supports, anchors, fasteners, fittings, accessories, and 

hardware as necessary for the complete installation of electrical work. 

2. Provide products listed, classified, and labeled as suitable for the purpose intended, where 

applicable. 

3. Where support and attachment component types and sizes are not indicated, select in 

accordance with manufacturer's application criteria as required for the load to be 

supportedwith a minimum safety factor of 5 times the applied force. Include consideration 

for vibration, equipment operation, and shock loads where applicable. 

4. Do not use products for applications other than as permitted by NFPA 70 and product 

listing. 

5. Do not use wire, chain, perforated pipe strap or wood for permanent supports unless 

specifically indicated or permitted. 

6. Steel Components: Use corrosion resistant materials suitable for the environment where 

installed. 

a. Indoor Dry Locations: Use zinc-plated steel or approved equivalent unless otherwise 

indicated. 

b. Outdoor and Damp or Wet Indoor Locations: Use galvanized steel, stainless steel or 

approved equivalent unless otherwise indicated. 

c. Zinc-Plated Steel: Electroplated in accordance with ASTM B633. 

d. Galvanized Steel: Hot-dip galvanized after fabrication in accordance with ASTM 

A123/A123M or ASTM A153/A153M. 

B. Conduit and Cable Supports: Straps, clamps, etc. suitable for the conduit or cable to be 

supported. 
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1. Conduit Straps: One-hole or two-hole type; steel or malleable iron. 

2. Conduit Clamps: Bolted type unless otherwise indicated. 

C. Outlet Box Supports: Hangers, brackets, etc. suitable for the boxes to be supported. 

D. Metal Channel (Strut) Framing Systems: Factory-fabricated continuous-slot metal channel 

(strut) and associated fittings, accessories, and hardware required for field-assembly of supports. 
1. Comply with MFMA-4. 

2. Channel Material: 

a. Indoor Dry Locations: Use painted steel, zinc-plated steel or galvanized steel. 

b. Outdoor and Damp or Wet Indoor Locations: Use galvanized steel. 

E. Hanger Rods: Threaded zinc-plated steel unless otherwise indicated. 

F. Anchors and Fasteners: 
1. Unless otherwise indicated and where not otherwise restricted, use the anchor and fastener 

types indicated for the specified applications. 

2. New Concrete: Use preset concrete inserts. 

3. Existing Concrete: Use expansion anchors. 

4. Solid or Grout-Filled Masonry: Use expansion anchors. 

5. Hollow Masonry: Use toggle bolts. 

6. Hollow Stud Walls: Use toggle bolts. 

7. Steel: Use welded threaded studs complying with AWS D1.1/D1.1M with lock washers 

and nuts or Beam clamps (MSS Type 19 21 23 25 or 27) complying with MSS SP-69. 

8. Wood: Fasten with lag screws or through bolts. 

9. Preset Concrete Inserts: Continuous metal channel (strut) and spot inserts specifically 

designed to be cast in concrete ceilings, walls, and floors. 

a. Comply with MFMA-4. 

b. Channel Material: Use galvanized steel. 

c. Manufacturer: Same as manufacturer of metal channel (strut) framing system. 

 

PART 3 – EXECUTION 

 

3.1 EXAMINATION 

 

A. Verify that field measurements are as indicated. 

B. Verify that mounting surfaces are ready to receive support and attachment components. 

C. Verify that conditions are satisfactory for installation prior to starting work. 

 

3.2 INSTALLATION 

 

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

B. Perform work in accordance with NECA 1 (general workmanship). 

C. Provide independent support from building structure. Do not provide support from piping, 

ductwork, or other systems. 

D. Unless specifically indicated or approved by Architect, do not provide support from suspended 

ceiling support system or ceiling grid. 

E. Unless specifically indicated or approved by Architect, do not provide support from roof deck. 
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F. Do not penetrate or otherwise notch or cut structural members without approval of Structural 

Engineer. 

G. Equipment Support and Attachment: 
1. Use metal fabricated supports or supports assembled from metal channel (strut) to support 

equipment as required. 

2. Use metal channel (strut) secured to studs to support equipment surface-mounted on 

hollow stud walls when wall strength is not sufficient to resist pull-out. 

3. Use metal channel (strut) to support surface-mounted equipment in wet or damp locations 

to provide space between equipment and mounting surface. 

4. Securely fasten floor-mounted equipment. Do not install equipment such that it relies on its 

own weight for support. 

H. Preset Concrete Inserts: Use manufacturer provided closure strips to inhibit concrete seepage 

during concrete pour. 

I. Secure fasteners according to manufacturer's recommended torque settings. 

J. Remove temporary supports. 

 

3.3 CONCRETE BASES 

 

A. Construct concrete bases of dimensions indicated but not less than 4 inches (100 mm) larger in 

both directions than supported unit, and so anchors will be a minimum of 10 bolt diameters from 

edge of the base. 

B. Use 3000-psi (20.7-MPa), 28-day compressive-strength concrete. Concrete materials, 

reinforcement, and placement requirements are specified in Division 03 Section "Cast-in-Place 

Concrete or Cast-in-Place Concrete (Limited Applications)" as applicable. 

C. Anchor equipment to concrete base. 
1. Place and secure anchorage devices. Use supported equipment manufacturer's setting 

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

embedded. 

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

3. Install anchor bolts according to anchor-bolt manufacturers written instructions. 

 

3.4 FIELD QUALITY CONTROL 

 

A. Inspect support and attachment components for damage and defects. 

B. Repair cuts and abrasions in galvanized finishes using zinc-rich paint recommended by 

manufacturer. Replace components that exhibit signs of corrosion. 

C. Correct deficiencies and replace damaged or defective support and attachment components. 

 

 

END OF SECTION 
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SECTION 26 05 33.13 - CONDUIT FOR ELECTRICAL SYSTEMS 

 

PART 1 – GENERAL 

 

1.1 SECTION INCLUDES 

 

A. Galvanized steel rigid metal conduit (RMC). 

B. PVC-coated galvanized steel rigid metal conduit (RMC). 

C. Flexible metal conduit (FMC). 

D. Liquidtight flexible metal conduit (LFMC). 

E. Electrical metallic tubing (EMT). 

F. Rigid polyvinyl chloride (PVC) conduit. 

G. Conduit fittings. 

H. Accessories. 

 

1.2 REFERENCE STANDARDS 

 

A. ANSI C80.1 - American National Standard for Electrical Rigid Steel Conduit (ERSC) 2015. 

 

B. ANSI C80.3 - American National Standard for Electrical Metallic Tubing -- Steel (EMT-S) 

2015. 

 

C. NECA 1 - Standard for Good Workmanship in Electrical Construction 2015. 

 

D. NECA 101 - Standard for Installing Steel Conduits (Rigid, IMC, EMT) 2013. 

 

E. NECA 111 - Standard for Installing Nonmetallic Raceways (RNC, ENT, LFNC) 2003. 

 

F. NEMA FB 1 - Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit, Electrical Metallic 

Tubing, and Cable 2014. 

 

G. NEMA RN 1 - Polyvinyl-Chloride (PVC) Externally Coated Galvanized Rigid Steel Conduit 

and Intermediate Metal Conduit 2018. 

 

H. NEMA TC 2 - Electrical Polyvinyl Chloride (PVC) Conduit 2013. 

 

I. NEMA TC 3 - Polyvinyl Chloride (PVC) Fittings for Use with Rigid PVC Conduit and Tubing 

2016. 

 

J. NFPA 70 - National Electrical Code Most Recent Edition Adopted by Authority Having 

Jurisdiction, Including All Applicable Amendments and Supplements. 
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K. UL 1 - Flexible Metal Conduit Current Edition, Including All Revisions. 

 

L. UL 6 - Electrical Rigid Metal Conduit-Steel Current Edition, Including All Revisions. 

 

M. UL 360 - Liquid-Tight Flexible Steel Conduit Current Edition, Including All Revisions. 

 

N. UL 514B - Conduit, Tubing, and Cable Fittings Current Edition, Including All Revisions. 

 

O. UL 651 - Schedule 40, 80, Type EB and A Rigid PVC Conduit and Fittings Current Edition,  

Including All Revisions. 

 

P. UL 797 - Electrical Metallic Tubing-Steel Current Edition, Including All Revisions. 

 

1.3 ADMINISTRATIVE REQUIREMENTS 

 

A. Coordination: 
1. Coordinate minimum sizes of conduits with the actual conductors to be installed, including 

adjustments for conductor sizes increased for voltage drop. 

2. Coordinate the arrangement of conduits with structural members, ductwork, piping, 

equipment and other potential conflicts installed under other sections or by others. 

3. Verify exact conduit termination locations required for boxes, enclosures, and equipment 

installed under other sections or by others. 

4. Coordinate the work with other trades to provide roof penetrations that preserve the 

integrity of the roofing system and do not void the roof warranty. 

5. Notify Architect of any conflicts with or deviations from Contract Documents. Obtain 

direction before proceeding with work. 

 

B. Sequencing: 
1. Do not begin installation of conductors and cables until installation of conduit is complete 

between outlet, junction and splicing points. 

 

1.4 SUBMITTALS 

A. Product Data: Provide manufacturer's standard catalog pages and data sheets for conduits and 

fittings. 

B. Project Record Documents: Record actual routing for conduits installed underground and 

conduits 2 inch (53 mm) trade size and larger. 

1.5 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 

B. Product Listing Organization Qualifications: An organization recognized by OSHA as a 

Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having 

jurisdiction. 

 

PART 2 – PRODUCTS 

 

2.1 CONDUIT APPLICATIONS 
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A. Do not use conduit and associated fittings for applications other than as permitted by NFPA 70 

and product listing. 

 

B. Unless otherwise indicated and where not otherwise restricted, use the conduit types indicated 

for the specified applications. Where more than one listed application applies, comply with the 

most restrictive requirements. Where conduit type for a particular application is not specified, 

use galvanized steel rigid metal conduit. 

 

C. Underground: 
1. Under Slab on Grade: Use rigid PVC conduit. 

2. Exterior, Direct-Buried: Use rigid PVC conduit. 

3. Where rigid polyvinyl (PVC) conduit is provided, transition to galvanized steel rigid metal 

conduit where emerging from underground. 

4. Where rigid polyvinyl (PVC) conduitlarger than 2 inch (53 mm) trade size is provided, use 

PVC-coated galvanized steel rigid metal conduit elbows for bends. 

5. Where steel conduit is installed in direct contact with earth where soil has a resistivity of 

less than 2000 ohm-centimeters or is characterized as severely corrosive based on soils 

report or local experience, use corrosion protection tape to provide supplementary 

corrosion protection or use PVC-coated galvanized steel rigid metal conduit. 

6. Where steel conduit emerges from concrete into soil, use corrosion protection tape to 

provide supplementary corrosion protection for a minimum of 4 inches on either side of 

where conduit emerges or use PVC-coated galvanized steel rigid metal conduit. 

 

D. Concealed Within Masonry Walls: Use galvanized steel rigid metal conduit or electrical metallic 

tubing (EMT). 

 

E. Concealed Within Hollow Stud Walls: Use electrical metallic tubing (EMT). 

 

F. Concealed Above Accessible Ceilings: Use electrical metallic tubing (EMT). 

 

G. Interior, Damp or Wet Locations: Use galvanized steel rigid metal conduit. 

 

H. Exposed, Interior, Not Subject to Physical Damage: Use galvanized steel rigid metal conduit or 

electrical metallic tubing (EMT). 

 

I. Exposed, Interior, Subject to Physical Damage: Use galvanized steel rigid metal conduit. 

1. Locations subject to physical damage include, but are not limited to: 

a. Where exposed below 8 feet, except within electrical and communication rooms or 

closets. 

 

J. Exposed, Exterior: Use galvanized steel rigid metal conduit. 

 

K. Concealed, Exterior, Not Embedded in Concrete or in Contact With Earth: Use galvanized steel 

rigid metal conduit. 
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L. Connections to Luminaires Above Accessible Ceilings: Use flexible metal conduit. 
1. Maximum Length: 6 feet. 

 

M. Connections to Vibrating Equipment: 
1. Dry Locations: Use flexible metal conduit. 

2. Damp, Wet, or Corrosive Locations: Use liquidtight flexible metal conduit. 

3. Maximum Length: 6 feet unless otherwise indicated. 

4. Vibrating equipment includes, but is not limited to: 

a. Transformers. 

b. Motors. 

 

N. Fished in Existing Walls, Where Necessary: Use flexible metal conduit. 

 

2.2 CONDUIT REQUIREMENTS 

 

A. Provide all conduit, fittings, supports, and accessories required for a complete raceway system. 

 

B. Provide products listed, classified, and labeled as suitable for the purpose intended. 

C. Minimum Conduit Size, Unless Otherwise Indicated: 
1. Branch Circuits: 3/4 inch (21 mm) trade size. 

2. Branch Circuit Homeruns: 3/4 inch (21 mm) trade size. 

3. Control Circuits: 1/2 inch (16 mm) trade size. 

4. Flexible Connections to Luminaires: 3/8 inch (12 mm) trade size. 

5. Underground, Exterior: 1 inch (27 mm) trade size. 

 

D. Where conduit size is not indicated, size to comply with NFPA 70 but not less than applicable 

minimum size requirements specified. 

 

2.3 GALVANIZED STEEL RIGID METAL CONDUIT (RMC) 

 

A. Description: NFPA 70, Type RMC galvanized steel rigid metal conduit complying with ANSI 

C80.1 and listed and labeled as complying with UL 6. 

 

B. Fittings: 
1. Non-Hazardous Locations: Use fittings complying with NEMA FB 1 and listed and labeled 

as complying with UL 514B. 

2. Material: Use steel or malleable iron. 

3. Connectors and Couplings: Use threaded type fittings only. Threadless set screw and 

compression (gland) type fittings are not permitted. 

 

2.4 PVC-COATED GALVANIZED STEEL RIGID METAL CONDUIT (RMC) 

 

A. Description: NFPA 70, Type RMC galvanized steel rigid metal conduit with external polyvinyl 

chloride (PVC) coating complying with NEMA RN 1 and listed and labeled as complying with 

UL 6. 
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B. Exterior Coating: Polyvinyl chloride (PVC), nominal thickness of 40 mil. 

 

C. PVC-Coated Fittings: 
1. Manufacturer: Same as manufacturer of PVC-coated conduit to be installed. 

2. Non-Hazardous Locations: Use fittings listed and labeled as complying with UL 514B. 

3. Material: Use steel or malleable iron. 

4. Exterior Coating: Polyvinyl chloride (PVC), minimum thickness of 40 mil. 

 

D. PVC-Coated Supports: Furnish with exterior coating of polyvinyl chloride (PVC), minimum 

thickness of 15 mil. 

 

2.5 FLEXIBLE METAL CONDUIT (FMC) 

 

A. Description: NFPA 70, Type FMC standard wall steel flexible metal conduit listed and labeled 

as complying with UL 1, and listed for use in classified firestop systems to be used. 

 

B. Fittings: 
1. Description: Fittings complying with NEMA FB 1 and listed and labeled as complying 

with UL 514B. 

2. Material: Use steel or malleable iron. 

 

2.6 LIQUIDTIGHT FLEXIBLE METAL CONDUIT (LFMC) 

 

A. Description: NFPA 70, Type LFMC polyvinyl chloride (PVC) jacketed steel flexible metal 

conduit listed and labeled as complying with UL 360. 

 

B. Fittings: 
1. Description: Fittings complying with NEMA FB 1 and listed and labeled as complying 

with UL 514B. 

2. Material: Use steel or malleable iron. 

 

2.7 ELECTRICAL METALLIC TUBING (EMT) 

 

A. Description: NFPA 70, Type EMT steel electrical metallic tubing complying with ANSI C80.3 

and listed and labeled as complying with UL 797. 

 

B. Fittings: 
1. Description: Fittings complying with NEMA FB 1 and listed and labeled as complying 

with UL 514B. 

2. Material: Use steel or malleable iron. 

3. Connectors and Couplings: Use compression (gland) or set-screw type. 

a. Do not use indenter type connectors and couplings. 

 

2.8 RIGID POLYVINYL CHLORIDE (PVC) CONDUIT 

 

A. Description: NFPA 70, Type PVC rigid polyvinyl chloride conduit complying with NEMA TC 2 
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and listed and labeled as complying with UL 651; Schedule 40 unless otherwise indicated, 

Schedule 80 where subject to physical damage; rated for use with conductors rated 90 degrees C. 

B. Fittings: 
1. Manufacturer: Same as manufacturer of conduit to be connected. 

2. Description: Fittings complying with NEMA TC 3 and listed and labeled as complying 

with UL 651; material to match conduit. 

 

2.9 ACCESSORIES 

 

A. Corrosion Protection Tape: PVC-based, minimum thickness of 20 mil. 

 

B. Conduit Joint Compound: Corrosion-resistant, electrically conductive; suitable for use with the 

conduit to be installed. 

 

C. Solvent Cement for PVC Conduit and Fittings: As recommended by manufacturer of conduit 

and fittings to be installed. 

 

D. Pull Strings: Use nylon cord with average breaking strength of not less than 200 pound-force. 

 

PART 3 – EXECUTION 

 

3.1 INSTALLATION 

 

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

 

B. Perform work in accordance with NECA 1 (general workmanship). 

 

C. Install galvanized steel rigid metal conduit (RMC) in accordance with NECA 101. 

 

D. Install PVC-coated galvanized steel rigid metal conduit (RMC) using only tools approved by the 

manufacturer. 

 

E. Install rigid polyvinyl chloride (PVC) conduit in accordance with NECA 111. 

 

F. Conduit Routing: 
1. Unless dimensioned, conduit routing indicated is diagrammatic. 

2. When conduit destination is indicated without specific routing, determine exact routing 

required. 

3. Conceal all conduits unless specifically indicated to be exposed. 

4. Conduits installed underground or embedded in concrete may be routed in the shortest 

possible manner unless otherwise indicated. Route all other conduits parallel or 

perpendicular to building structure and surfaces, following surface contours where 

practical. 

5. Arrange conduit to maintain adequate headroom, clearances, and access. 

6. Arrange conduit to provide no more than the equivalent of four 90 degree bends between 

pull points. 
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7. Arrange conduit to provide no more than 150 feet between pull points. 

8. Route conduits above water and drain piping where possible. 

9. Arrange conduit to prevent moisture traps. Provide drain fittings at low points and at 

sealing fittings where moisture may collect. 

10. Maintain minimum clearance of 6 inches between conduits and piping for other systems. 

11. Maintain minimum clearance of 12 inches between conduits and hot surfaces. This 

includes, but is not limited to: 

a. Heaters. 

b. Hot water piping. 

c. Flues. 
12. Group parallel conduits in the same area together on a common rack. 

 

G. Conduit Support: 
1. Secure and support conduits in accordance with NFPA 70 and Section 26 05 29 using 

suitable supports and methods approved by the authority having jurisdiction. 

2. Provide independent support from building structure. Do not provide support from piping, 

ductwork, or other systems. 

3. Installation Above Suspended Ceilings: Do not provide support from ceiling support 

system. Do not provide support from ceiling grid or allow conduits to lay on ceiling tiles. 

4. Use conduit strap to support single surface-mounted conduit. 

a. Use clamp back spacer with conduit strap for damp and wet locations to provide space 

between conduit and mounting surface. 
5. Use metal channel (strut) with accessory conduit clamps to support multiple parallel 

surface-mounted conduits. 

6. Use conduit clamp to support single conduit from beam clamp or threaded rod. 

7. Use trapeze hangers assembled from threaded rods and metal channel (strut) with 

accessory conduit clamps to support multiple parallel suspended conduits. 

8. Use non-penetrating rooftop supports to support conduits routed across rooftops (only 

where approved). 

9. Use of spring steel conduit clips for support of conduits is not permitted. 

10. Use of wire for support of conduits is not permitted. 

 

H. Connections and Terminations: 
1. Use approved zinc-rich paint or conduit joint compound on field-cut threads of galvanized 

steel conduits prior to making connections. 

2. Where two threaded conduits must be joined and neither can be rotated, use three-piece 

couplings or split couplings. Do not use running threads. 

3. Use suitable adapters where required to transition from one type of conduit to another. 

4. Provide drip loops for liquidtight flexible conduit connections to prevent drainage of liquid 

into connectors. 

5. Terminate threaded conduits in boxes and enclosures using threaded hubs or double lock 

nuts for dry locations and raintight hubs for wet locations. 

6. Provide insulating bushings or insulated throats at all conduit terminations to protect 

conductors. 

7. Secure joints and connections to provide maximum mechanical strength and electrical 

continuity. 

 

I. Penetrations: 
1. Do not penetrate or otherwise notch or cut structural members, including footings and 

grade beams, without approval of Structural Engineer. 
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2. Make penetrations perpendicular to surfaces unless otherwise indicated. 

3. Provide sleeves for penetrations as indicated or as required to facilitate installation. Set 

sleeves flush with exposed surfaces unless otherwise indicated or required. 

4. Conceal bends for conduit risers emerging above ground. 

5. Seal interior of conduits entering the building from underground at first accessible point to 

prevent entry of moisture and gases. 

6. Where conduits penetrate waterproof membrane, seal as required to maintain integrity of 

membrane. 

7. Make penetrations for roof-mounted equipment within associated equipment openings and 

curbs where possible to minimize roofing system penetrations. Where penetrations are 

necessary, seal as indicated or as required to preserve integrity of roofing system and 

maintain roof warranty. Include proposed locations of penetrations and methods for sealing 

with submittals. 

8. Install firestopping to preserve fire resistance rating of partitions and other elements, using 

materials and methods specified in Section 07 84 00. 

 

J. Underground Installation: 
1. Minimum Cover, Unless Otherwise Indicated or Required: 

a. Underground, Exterior: 24 inches. 

b. Under Slab on Grade: 12 inches to bottom of slab. 
2. Provide underground warning tape in accordance with Section 26 05 53 along entire 

conduit length. 

 

K. Concrete Encasement: Where conduits not otherwise embedded within concrete are indicated to 

be concrete-encased, provide concrete in accordance with Section Concrete with minimum 

concrete cover of 3 inches on all sides unless otherwise indicated. 

 

L. Conduit Movement Provisions: Where conduits are subject to movement, provide expansion and 

expansion/deflection fittings to prevent damage to enclosed conductors or connected equipment. 

This includes, but is not limited to: 
1. Where conduits cross structural joints intended for expansion, contraction, or deflection. 

2. Where calculated in accordance with NFPA 70 for rigid polyvinyl chloride (PVC) conduit 

installed above ground to compensate for thermal expansion and contraction. 

3. Where conduits are subject to earth movement by settlement or frost. 

 

M. Condensation Prevention: Where conduits cross barriers between areas of potential substantial 

temperature differential, provide sealing fitting or approved sealing compound at an accessible 

point near the penetration to prevent condensation. This includes, but is not limited to: 
1. Where conduits pass from outdoors into conditioned interior spaces. 

2. Where conduits pass from unconditioned interior spaces into conditioned interior spaces. 

 

N. Provide pull string in all empty conduits and in conduits where conductors and cables are to be 

installed by others. Leave minimum slack of 12 inches at each end. 

 

O. Provide grounding and bonding in accordance with Section 26 05 26. 

 

P. Identify conduits in accordance with Section 26 05 53. 
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3.2 FIELD QUALITY CONTROL 

 

A. Repair cuts and abrasions in galvanized finishes using zinc-rich paint recommended by 

manufacturer. Replace components that exhibit signs of corrosion. 

 

B. Where coating of PVC-coated galvanized steel rigid metal conduit (RMC) contains cuts or 

abrasions, repair in accordance with manufacturer's instructions. 

 

C. Correct deficiencies and replace damaged or defective conduits. 

 

3.3 CLEANING 

 

A. Clean interior of conduits to remove moisture and foreign matter. 

 

3.4 PROTECTION 

 

A. Immediately after installation of conduit, use suitable manufactured plugs to provide protection 

from entry of moisture and foreign material and do not remove until ready for installation of 

conductors. 

END OF SECTION 



ADELANTO DETENTION CENTER  

BOXES FOR ELECTRICAL SYSTEMS 

260533.16-1 

SECTION 26 05 33.16 - BOXES FOR ELECTRICAL SYSTEMS 

 

PART 1 - GENERAL 

 

1.1 SECTION INCLUDES 

 

A. Outlet and device boxes up to 100 cubic inches, including those used as junction and pull 

boxes. 

 

B. Cabinets and enclosures, including junction and pull boxes larger than 100 cubic inches. 

 

1.2 REFERENCE STANDARDS 

 

A. NECA 1 - Standard for Good Workmanship in Electrical Construction 2015. 

 

B. NECA 130 - Standard for Installing and Maintaining Wiring Devices 2010. 

 

C. NEMA FB 1 - Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit, Electrical Metallic 

Tubing, and Cable 2014. 

 

D. NEMA OS 1 - Sheet-Steel Outlet Boxes, Device Boxes, Covers, and Box Supports 2013. 

 

E. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum) 2018. 

 

F. NFPA 70 - National Electrical Code Most Recent Edition Adopted by Authority Having 

Jurisdiction, Including All Applicable Amendments and Supplements. 

 

G. UL 50 - Enclosures for Electrical Equipment, Non-Environmental Considerations Current 

Edition, Including All Revisions. 

 

H. UL 50E - Enclosures for Electrical Equipment, Environmental Considerations Current Edition, 

Including All Revisions. 

 

I. UL 508A - UL Standard for Safety Industrial Control Panels 2018. 

 

J. UL 514A - Metallic Outlet Boxes Current Edition, Including All Revisions. 

 

1.3 ADMINISTRATIVE REQUIREMENTS 
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A. Coordination: 

1. Coordinate the work with other trades to avoid placement of ductwork, piping, equipment, 

or other potential obstructions within the dedicated equipment spaces and working 

clearances for electrical equipment required by NFPA 70. 

2. Coordinate arrangement of electrical equipment with the dimensions and clearance 

requirements of the actual equipment to be installed. 

3. Coordinate minimum sizes of boxes with the actual installed arrangement of conductors, 

clamps, support fittings, and devices, calculated according to NFPA 70. 

4. Coordinate minimum sizes of pull boxes with the actual installed arrangement of connected 

conduits, calculated according to NFPA 70. 

5. Coordinate the placement of boxes with millwork, furniture, devices, equipment, etc. 

installed under other sections or by others. 

6. Coordinate the work with other trades to preserve insulation integrity. 

7. Coordinate the work with other trades to provide walls suitable for installation of flush-

mounted boxes where indicated. 

8. Notify Architect of any conflicts with or deviations from Contract Documents. Obtain 

direction before proceeding with work. 

 

1.4 SUBMITTALS 

 

A. Product Data: Provide manufacturer's standard catalog pages and data sheets for floor boxes 

and underground boxes/enclosures. 

 

1.5 QUALITY ASSURANCE 

 

A. Conform to requirements of NFPA 70. 

 

PART 2 – PRODUCTS 

 

2.1 BOXES 

 

A. General Requirements: 

1. Do not use boxes and associated accessories for applications other than as permitted by 

NFPA 70 and product listing. 

2. Provide all boxes, fittings, supports, and accessories required for a complete raceway 

system and to accommodate devices and equipment to be installed. 

3. Provide products listed, classified, and labeled as suitable for the purpose intended. 

4. Where box size is not indicated, size to comply with NFPA 70 but not less than applicable 

minimum size requirements specified. 

5. Provide grounding terminals within boxes where equipment grounding conductors 

terminate. 

 

B. Outlet and Device Boxes Up to 100 cubic inches, Including Those Used as Junction and Pull 

Boxes: 

1. Use sheet-steel boxes for dry locations unless otherwise indicated or required. 

2. Use cast iron boxes or cast aluminum boxes for damp or wet locations unless otherwise 
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indicated or required; furnish with compatible weatherproof gasketed covers. 

3. Use suitable concrete type boxes where flush-mounted in concrete. 

4. Use suitable masonry type boxes where flush-mounted in masonry walls. 

5. Use raised covers suitable for the type of wall construction and device configuration where 

required. 

6. Use shallow boxes where required by the type of wall construction. 

7. Do not use "through-wall" boxes designed for access from both sides of wall. 

8. Sheet-Steel Boxes: Comply with NEMA OS 1, and list and label as complying with UL 

514A. 

9. Cast Metal Boxes: Comply with NEMA FB 1, and list and label as complying with UL 

514A; furnish with threaded hubs. 

10. Boxes for Supporting Luminaires and Ceiling Fans: Listed as suitable for the type and 

weight of load to be supported; furnished with fixture stud to accommodate mounting of 

luminaire where required. 

11. Boxes for Ganged Devices: Use multigang boxes of single-piece construction. Do not use 

field-connected gangable boxes unless specifically indicated or permitted. 

12. Minimum Box Size, Unless Otherwise Indicated: 

a. Wiring Devices (Other Than Communications Systems Outlets): 4 inch square by 1-1/2 

inch deep (100 by 38 mm) trade size. 

b. Communications Systems Outlets: 4 inch square by 2-1/8 inch (100 by 54 mm) trade 

size. 

c. Ceiling Outlets: 4 inch octagonal or square by 1-1/2 inch deep (100 by 38 mm) trade 

size. 
13. Wall Plates: Comply with Section 26 27 26. 

 

C. Cabinets and Enclosures, Including Junction and Pull Boxes Larger Than 100 cubic inches: 

1. Comply with NEMA 250, and list and label as complying with UL 50 and UL 50E, or UL 

508A. 

2. NEMA 250 Environment Type, Unless Otherwise Indicated: 

3. Junction and Pull Boxes Larger Than 100 cubic inches: 

a. Provide screw-cover or hinged-cover enclosures unless otherwise indicated. 

 

PART 3 – EXECUTION 

 

3.1 INSTALLATION 

 

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

 

B. Install boxes in accordance with NECA 1 (general workmanship) and, where applicable, NECA 

130, including mounting heights specified in those standards where mounting heights are not 

indicated. 

 

C. Arrange equipment to provide minimum clearances in accordance with manufacturer's 

instructions and NFPA 70. 

 

D. Provide separate boxes for emergency power and normal power systems. 
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E. Unless otherwise indicated, provide separate boxes for line voltage and low voltage systems. 

 

F. Flush-mount boxes in finished areas unless specifically indicated to be surface-mounted. 

 

G. Box Locations: 

1. Locate boxes to be accessible. Provide access panels in accordance with Section Access 

Panels as requiredwhere approved by the Architect. 

2. Unless dimensioned, box locations indicated are approximate. 

3. Locate boxes as required for devices installed under other sections or by others. 

a. Switches, Receptacles, and Other Wiring Devices: Comply with Section 26 27 26. 
4. Locate boxes so that wall plates do not span different building finishes. 

5. Locate boxes so that wall plates do not cross masonry joints. 

6. Unless otherwise indicated, where multiple outlet boxes are installed at the same location 

at different mounting heights, install along a common vertical center line. 

7. Do not install flush-mounted boxes on opposite sides of walls back-to-back. Provide 

minimum 6 inches horizontal separation unless otherwise indicated. 

8. Acoustic-Rated Walls: Do not install flush-mounted boxes on opposite sides of walls back-

to-back; provide minimum 24 inches horizontal separation. 

9. Fire Resistance Rated Walls: Install flush-mounted boxes such that the required fire 

resistance will not be reduced. 

a. Do not install flush-mounted boxes on opposite sides of walls back-to-back; provide 

minimum 24 inches separation where wall is constructed with individual 

noncommunicating stud cavities or protect both boxes with listed putty pads. 

b. Do not install flush-mounted boxes with area larger than 16 square inches or such that 

the total aggregate area of openings exceeds 100 square inches for any 100 square feet 

of wall area. 
10. Locate junction and pull boxes as indicated, as required to facilitate installation of 

conductors, and to limit conduit length and/or number of bends between pulling points in 

accordance with Section 26 05 33.13. 

11. Locate junction and pull boxes in the following areas, unless otherwise indicated or 

approved by the Architect: 

a. Concealed above accessible suspended ceilings. 

b. Within joists in areas with no ceiling. 

c. Electrical rooms. 

d. Mechanical equipment rooms.| 

 

H. Box Supports: 

 

1. Secure and support boxes in accordance with NFPA 70 and Section 26 05 29 using suitable 

supports and methods approved by the authority having jurisdiction. 

2. Provide independent support from building structure except for cast metal boxes (other 

than boxes used for fixture support) supported by threaded conduit connections in 

accordance with NFPA 70. Do not provide support from piping, ductwork, or other 

systems. 

 

I. Install boxes plumb and level. 
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J. Flush-Mounted Boxes: 

1. Install boxes in noncombustible materials such as concrete, tile, gypsum, plaster, etc. so 

that front edge of box or associated raised cover is not set back from finished surface more 

than 1/4 inch or does not project beyond finished surface. 

2. Install boxes in combustible materials such as wood so that front edge of box or associated 

raised cover is flush with finished surface. 

3. Repair rough openings around boxes in noncombustible materials such as concrete, tile, 

gypsum, plaster, etc. so that there are no gaps or open spaces greater than 1/8 inch at the 

edge of the box. 

 

K. Install boxes as required to preserve insulation integrity. 

 

L. Install permanent barrier between ganged wiring devices when voltage between adjacent 

devices exceeds 300 V. 

 

M. Install firestopping to preserve fire resistance rating of partitions and other elements, using 

materials and methods specified in Section 07 84 00. 

 

N. Close unused box openings. 

 

O. Install blank wall plates on junction boxes and on outlet boxes with no devices or equipment 

installed or designated for future use. 

 

P. Provide grounding and bonding in accordance with Section 26 05 26. 

 

3.2 CLEANING 

 

A. Clean interior of boxes to remove dirt, debris, plaster and other foreign material. 

 

3.3 PROTECTION 

 

A. Immediately after installation, protect boxes from entry of moisture and foreign material until 

ready for installation of conductors. 

 

END OF SECTION 
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SECTION 26 05 53 - IDENTIFICATION FOR ELECTRICAL SYSTEMS 

 

PART 1 - GENERAL 

 

1.1 SECTION INCLUDES 

 

A. Electrical identification requirements. 

 

B. Identification nameplates and labels. 

 

C. Wire and cable markers. 

 

D. Voltage markers. 

 

E. Underground warning tape. 

 

F. Warning signs and labels. 

 

1.2 RELATED REQUIREMENTS 

 

A. Section 26 05 19 - Low-Voltage Electrical Power Conductors and Cables: Color coding for 

power conductors and cables 600 V and less; vinyl color coding electrical tape. 

 

B. Section 26 27 26 - Wiring Devices - Lutron: Device and wallplate finishes; factory pre-marked 

wallplates. 

 

1.3 REFERENCE STANDARDS 

 

A. ANSI Z535.2 - American National Standard for Environmental and Facility Safety Signs 2011. 

 

B. ANSI Z535.4 - American National Standard for Product Safety Signs and Labels 2011. 

 

C. NFPA 70 - National Electrical Code Most Recent Edition Adopted by Authority Having 

Jurisdiction, Including All Applicable Amendments and Supplements. 

 

D. NFPA 70E - Standard for Electrical Safety in the Workplace 2018. 

 

E. UL 969 - Marking and Labeling Systems Current Edition, Including All Revisions. 

 

1.4 ADMINISTRATIVE REQUIREMENTS 

 

A. Coordination: 
1. Verify final designations for equipment, systems, and components to be identified prior to 
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fabrication of identification products. 

 

B. Sequencing: 
1. Do not conceal items to be identified, in locations such as above suspended ceilings, until 

identification products have been installed. 

2. Do not install identification products until final surface finishes and painting are complete. 

 

1.5 SUBMITTALS 

 

A. Product Data: Provide manufacturer's standard catalog pages and data sheets for each product. 

 

B. Shop Drawings: Provide schedule of items to be identified indicating proposed designations, 

materials, legends, and formats. 

 

1.6 QUALITY ASSURANCE 

 

A. Conform to requirements of NFPA 70. 

 

1.7 FIELD CONDITIONS 

 

A. Do not install adhesive products when ambient temperature is lower than recommended by 

manufacturer. 

 

PART 2 - PRODUCTS 

 

2.1 IDENTIFICATION REQUIREMENTS 

 

A. Identification for Equipment: 
1. Use identification nameplate to identify each piece of electrical distribution and control 

equipment and associated sections, compartments, and components. 

a. Switchboards: 
1) Identify ampere rating and name. 

2) Identify voltage and phase. 

3) Identify power source and circuit number. Include location when not within 

sight of equipment. 

4) Use identification nameplate to identify main overcurrent protective device. 

5) Use identification nameplate to identify load(s) served for each branch 

device.Identify spares and spaces. 

b. Panelboards: 
1) Identify ampere rating and name. 

2) Identify voltage and phase. 
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3) Identify power source and circuit number. Include location when not within 

sight of equipment. 

4) Use typewritten circuit directory to identify load(s) served for panelboards with 

a door. Identify spares and spaces using pencil. 

5) For power panelboards without a door, use identification nameplate to identify 

load(s) served for each branch device.Identify spares and spaces. 

c. Transformers: 
1) Identify kVA rating and name. 

2. Service Equipment: 

a. Use identification nameplate to identify each service disconnecting means. 
3. Available Fault Current Documentation: Use identification label to identify the available 

fault current and date calculations were performed at locations requiring documentation by 

NFPA 70 including but not limited to the following. 

a. Service equipment. 

b. Industrial control panels. 

c. Motor control centers. 

d. Elevator control panels. 

e. Industrial machinery. 
4. Arc Flash Hazard Warning Labels: Use warning labels to identify arc flash hazards for 

electrical equipment, such as switchboards, panelboards, industrial control panels, meter 

socket enclosures, and motor control centers that are likely to require examination, 

adjustment, servicing, or maintenance while energized. 

a. Minimum Size: 3.5 by 5 inches. 

b. Legend: Include orange header that reads "WARNING", followed by the word message 

"Arc Flash and Shock Hazard; Appropriate PPE Required; Do not operate controls or 

open covers without appropriate personal protection equipment; Failure to comply may 

result in injury or death; Refer to NFPA 70E for minimum PPE requirements" or 

approved equivalent. 

B. Identification for Conductors and Cables: 
1. Color Coding for Power Conductors 600 V and Less: Comply with Section 26 05 19. 

2. Use identification nameplate or identification label to identify color code for ungrounded 

and grounded power conductors inside door or enclosure at each piece of feeder or branch-

circuit distribution equipment when premises has feeders or branch circuits served by more 

than one nominal voltage system. 

3. Use wire and cable markers to identify circuit number or other designation indicated for 

power, control, and instrumentation conductors and cables at the following locations: 

a. At each source and load connection. 

b. Within boxes when more than one circuit is present. 

c. Within equipment enclosures when conductors and cables enter or leave the enclosure. 
4. Use wire and cable markers to identify connected grounding electrode system components 

for grounding electrode conductors. 

 

C. Identification for Raceways: 
1. Use voltage markers to identify highest voltage present for accessible conduits at 

maximum intervals of 20 feet. 

2. Use identification labels, handwritten text using indelible marker or plastic marker tags to 

identify circuits enclosed for accessible conduits at wall penetrations, at floor penetrations, 
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at roof penetrations and at equipment terminations when source is not within sight. 

3. Use identification labels, handwritten text using indelible marker or plastic marker tags to 

identify spare conduits at each end. Identify purpose and termination location. 

4. Use underground warning tape to identify underground raceways. 

 

D. Identification for Boxes: 
1. Use voltage markers to identify highest voltage present. 

2. Use identification labels or handwritten text using indelible marker to identify circuits 

enclosed. 

a. For exposed boxes in public areas, use only identification labels. 

 

E. Identification for Devices: 
1. Wiring Device and Wallplate Finishes: Comply with Section 26 27 26. 

2. Use identification label or engraved wallplate to identify serving branch circuit for all 

receptacles. 

a. For receptacles in public areas or in areas as directed by Architect, provide identification 

on inside surface of wallplate. 
3. Use identification label or engraved wallplate to identify load controlled for wall-mounted 

control devices controlling loads that are not visible from the control location and for 

multiple wall-mounted control devices installed at one location. 

 

F. Identification for Luminaires: 
1. Use permanent red dot on luminaire frame to identify luminaires connected to emergency 

power system. 

 

2.2 IDENTIFICATION NAMEPLATES AND LABELS 

 

A. Identification Nameplates: 
1. Materials: 

a. Indoor Clean, Dry Locations: Use plastic nameplates. 

b. Outdoor Locations: Use plastic, stainless steel or aluminum nameplates suitable for 

exterior use. 
2. Plastic Nameplates: Two-layer or three-layer laminated acrylic or electrically non-

conductive phenolic with beveled edges; minimum thickness of 1/16 inch; engraved text. 

a. Exception: Provide minimum thickness of 1/8 inch when any dimension is greater than 

4 inches. 
3. Stainless Steel Nameplates: Minimum thickness of 1/32 inch; engraved or laser-etched 

text. 

4. Aluminum Nameplates: Anodized; minimum thickness of 1/32 inch; engraved or laser-

etched text. 

5. Mounting Holes for Mechanical Fasteners: Two, centered on sides for sizes up to 1 inch 

high; Four, located at corners for larger sizes. 

 

B. Identification Labels: 
1. Materials: Use self-adhesive laminated plastic labels; UV, chemical, water, heat, and 

abrasion resistant. 

2. Text: Use factory pre-printed or machine-printed text. Do not use handwritten text unless 

otherwise indicated. 
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C. Format for Equipment Identification: 
1. Minimum Size: 1 inch by 2.5 inches. 

2. Legend: 

a. Equipment designation or other approved description. 
3. Text: All capitalized unless otherwise indicated. 

4. Minimum Text Height: 

a. Equipment Designation: 1/2 inch. 

b. Other Information: 1/4 inch. 
5. Color: 

a. Normal Power System: White text on black background. 

 

D. Format for Caution and Warning Messages: 
1. Minimum Size: 2 inches by 4 inches. 

2. Legend: Include information or instructions indicated or as required for proper and safe 

operation and maintenance. 

3. Text: All capitalized unless otherwise indicated. 

4. Minimum Text Height: 1/2 inch. 

5. Color: Black text on yellow background unless otherwise indicated. 

 

E. Format for Receptacle Identification: 
1. Minimum Size: 3/8 inch by 1.5 inches. 

2. Legend: Power source and circuit number or other designation indicated. 

3. Text: All capitalized unless otherwise indicated. 

4. Minimum Text Height: 3/16 inch. 

5. Color: Black text on clear background. 

 

F. Format for Control Device Identification: 
1. Minimum Size: 3/8 inch by 1.5 inches. 

2. Legend: Load controlled or other designation indicated. 

3. Text: All capitalized unless otherwise indicated. 

4. Minimum Text Height: 3/16 inch. 

5. Color: Black text on clear background. 

 

2.3 WIRE AND CABLE MARKERS 

 

A. Markers for Conductors and Cables: Use wrap-around self-adhesive vinyl cloth, wrap-around 

self-adhesive vinyl self-laminating, heat-shrink sleeve, plastic sleeve, plastic clip-on or vinyl 

split sleeve type markers suitable for the conductor or cable to be identified. 

 

B. Markers for Conductor and Cable Bundles: Use plastic marker tags secured by nylon cable ties. 

C. Legend: Power source and circuit number or other designation indicated. 

 

D. Text: Use factory pre-printed or machine-printed text, all capitalized unless otherwise indicated. 

 

E. Minimum Text Height: 1/8 inch. 
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F. Color: Black text on white background unless otherwise indicated. 

 

2.4 VOLTAGE MARKERS 

 

A. Markers for Conduits: Use factory pre-printed self-adhesive vinyl, self-adhesive vinyl cloth or 

vinyl snap-around type markers. 

 

B. Markers for Boxes and Equipment Enclosures: Use factory pre-printed self-adhesive vinyl or 

self-adhesive vinyl cloth type markers. 

 

C. Minimum Size: 
1. Markers for Conduits: As recommended by manufacturer for conduit size to be identified. 

2. Markers for Pull Boxes: 1 1/8 by 4 1/2 inches. 

3. Markers for Junction Boxes: 1/2 by 2 1/4 inches. 

 

D. Legend: 
1. Markers for Voltage Identification: Highest voltage present. 

 

E. Color: Black text on orange background unless otherwise indicated. 

 

2.5 UNDERGROUND WARNING TAPE 

 

A. Materials: Use non-detectable type polyethylene tape suitable for direct burial, unless otherwise 

indicated. 

 

B. Non-detectable Type Tape: 6 inches wide, with minimum thickness of 4 mil. 

 

C. Legend: Type of service, continuously repeated over full length of tape. 

 

D. Color: 

 

2.6 WARNING SIGNS AND LABELS 

 

A. Comply with ANSI Z535.2 or ANSI Z535.4 as applicable. 

 

B. Warning Signs: 
1. Materials: 

2. Minimum Size: 7 by 10 inches unless otherwise indicated. 

 

C. Warning Labels: 
1. Materials: Use factory pre-printed or machine-printed self-adhesive polyester or self-

adhesive vinyl labels; UV, chemical, water, heat, and abrasion resistant; produced using 

materials recognized to UL 969. 

2. Machine-Printed Labels: Use thermal transfer process printing machines and accessories 

recommended by label manufacturer. 
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3. Minimum Size: 2 by 4 inches unless otherwise indicated. 

 

PART 3 – EXECUTION 

 

3.1 INSTALLATION 

 

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

 

B. Install identification products to be plainly visible for examination, adjustment, servicing, and 

maintenance. Unless otherwise indicated, locate products as follows: 
1. Surface-Mounted Equipment: Enclosure front. 

2. Flush-Mounted Equipment: Inside of equipment door. 

3. Free-Standing Equipment: Enclosure front; also enclosure rear for equipment with rear 

access. 

4. Elevated Equipment: Legible from the floor or working platform. 

5. Branch Devices: Adjacent to device. 

6. Interior Components: Legible from the point of access. 

7. Conduits: Legible from the floor. 

8. Boxes: Outside face of cover. 

9. Conductors and Cables: Legible from the point of access. 

10. Devices: Outside face of cover. 

 

C. Install identification products centered, level, and parallel with lines of item being identified. 

 

D. Secure nameplates to exterior surfaces of enclosures using stainless steel screws and to interior 

surfaces using self-adhesive backing or epoxy cement. 

 

E. Install self-adhesive labels and markers to achieve maximum adhesion, with no bubbles or 

wrinkles and edges properly sealed. 

 

F. Install underground warning tape above buried lines with one tape per trench at 3 inches below 

finished grade. 

 

G. Mark all handwritten text, where permitted, to be neat and legible. 

 

3.2 FIELD QUALITY CONTROL 

 

A. Replace self-adhesive labels and markers that exhibit bubbles, wrinkles, curling or other signs of 

improper adhesion. 

 

 

END OF SECTION 
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SECTION 26 08 02 - INSTALLATION & ACCEPTANCE TESTING OF ELECTRICAL 

SYSTEMS 

INTRODUCTION 

 

1.1 Title 24 requires the completion of all applicable Certificates of Installation and Certificates of 

Acceptance for lighting systems. This shall include indoor and outdoor lighting systems. 

 

1.2 RELATED DOCUMENTS 

 

A. Contract drawings and specifications, general provisions of the contract, including general and 

supplementary conditions, electrical provisions and Division-1 Specification sections apply to 

work of this section. 

 

1.3 DESCRIPTION OF WORK 

 

A. Complete all Title 24 required Certificate(s) of Installation (NRCI) and Certificate(s) of 

Acceptance (NRCA) to be completed per the contract documents. 

 

1.4 RESPONSIBILITIES OF INSTALLING CONTRACTORS 

 

A. General Contractor (GC) 
1. Ensure that all contractors identified as the contractor responsible for acceptance testing 

and completion of the Title 24 Certificate(s) of Acceptance are certified by the State of 

California or its designated body to conduct each respective test. 

 

B. Electrical Contractor (EC) 
1. Verify proper installation and performance of all electrical services provided. 

2. Meet with acceptance tester at beginning of construction to review project requirements. 

3. Complete Title 24 Certificate(s) of Installation and manufacturer’s pre-start checklists prior 

to scheduling startup/programming of lighting control equipment. 

a. Retain Certificate(s) of Installation in a 3-ring binder in an organized fashion. Binder is 

to remain on the job site 

b. Make Certificate(s) of Installation available for building inspector’s review. 

c. Retain calibration records for equipment provided with manufacturer calibrated sensors 

in the Certificate(s) of Installation binder. 

d. Correct labeling of all circuits with connected equipment. 
4. Complete the Certificate(s) of Acceptance per the contract documents. 

a. The company installing the lighting systems must be an authorized Lighting Controls 

Acceptance Test Employer certified by a Lighting Controls Acceptance Test Technician 

Certification Provider or include in their bid the cost of retaining and overseeing a 

contractor who is an authorized Lighting Controls Acceptance Test Employer to 

complete the acceptance testing. 

b. All required acceptance testing must be completed by a Lighting Controls Acceptance 

Test Technician employed by the Lighting Controls Acceptance Test Employer. The 

acceptance tester shall be present for all commissioning efforts. 

c. Retain Certificate(s) of Acceptance in a 3-ring binder in an organized fashion. Binder is 

to remain on the job site 



 

ADELANTO DETENTION CENTER  

TESTING & ACCEPTANCE TESTING OF ELECTRICAL SYSTEMS 

260802-2 

d. Upload all Certificate(s) of Acceptance to the California Title 24 Certificates of 

Acceptance database, if, at the time of project completion, the database is available to 

the public. 
5. Successful completion of the required Acceptance Tests is the responsibility of the 

installing contractor. Any costs associated with modifications necessary to obtain 

compliance and re-testing of systems shall be included in the base bid of this project. 

 

 

END OF SECTION 
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SECTION 26 24 16 – PANELBOARDS 

 

PART 1 – GENERAL 

 

1.1 SECTION INCLUDES 

 

A. Power distribution panelboards. 

 

B. Lighting and appliance panelboards. 

 

C. Overcurrent protective devices for panelboards. 

 

1.2 RELATED REQUIREMENTS 

 

A. Section 26 05 26 - Grounding and Bonding for Electrical Systems. 

 

B. Section 26 05 26 - Grounding and Bonding for Electrical Systems. 

 

C. Section 26 05 29 - Hangers and Supports for Electrical Systems. 

 

1.3 REFERENCE STANDARDS 

 

A. FS W-C-375 - Circuit Breakers, Molded Case; Branch Circuit and Service 2013e (Amended 

2017). 

 

B. NECA 1 - Standard for Good Workmanship in Electrical Construction 2015. 

 

C. NECA 407 - Standard for Installing and Maintaining Panelboards 2015. 

 

D. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum) 2018. 

 

E. NEMA PB 1 - Panelboards 2011. 

 

F. NEMA PB 1.1 - General Instructions for Proper Installation, Operation and Maintenance of 

Panelboards Rated 600 Volts or Less 2013. 

 

G. NETA ATS - Acceptance Testing Specifications for Electrical Power Equipment and Systems 

2017. 

H. NFPA 70 - National Electrical Code Most Recent Edition Adopted by Authority Having 

Jurisdiction, Including All Applicable Amendments and Supplements. 

 

I. UL 50 - Enclosures for Electrical Equipment, Non-Environmental Considerations Current 

Edition, Including All Revisions. 
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J. UL 50E - Enclosures for Electrical Equipment, Environmental Considerations Current Edition, 

Including All Revisions. 

 

K. UL 67 - Panelboards Current Edition, Including All Revisions. 

 

L. UL 489 - Molded-Case Circuit Breakers, Molded-Case Switches and Circuit Breaker Enclosures 

Current Edition, Including All Revisions. 

 

1.4 ADMINISTRATIVE REQUIREMENTS 

 

A. Coordination: 
1. Coordinate the work with other trades to avoid placement of ductwork, piping, equipment, 

or other potential obstructions within the dedicated equipment spaces and working 

clearances for electrical equipment required by NFPA 70. 

2. Coordinate arrangement of electrical equipment with the dimensions and clearance 

requirements of the actual equipment to be installed. 

3. Coordinate the work with other trades to provide walls suitable for installation of flush-

mounted panelboards where indicated. 

4. Verify with manufacturer that conductor terminations are suitable for use with the 

conductors to be installed. 

5. Notify Architect of any conflicts with or deviations from Contract Documents. Obtain 

direction before proceeding with work. 

 

1.5 SUBMITTALS 

 

A. Product Data: Provide manufacturer's standard catalog pages and data sheets for panelboards, 

enclosures, overcurrent protective devices, and other installed components and accessories. 

 

B. Shop Drawings: Indicate outline and support point dimensions, voltage, main bus ampacity, 

overcurrent protective device arrangement and sizes, short circuit current ratings, conduit entry 

locations, conductor terminal information, and installed features and accessories. 

 

C. Project Record Documents: Record actual installed locations of panelboards and actual installed 

circuiting arrangements. 

 

D. Maintenance Data: Include information on replacement parts and recommended maintenance 

procedures and intervals. 

 

E. Maintenance Materials: Furnish the following for Owner's use in maintenance of project. 
1. Panelboard Keys: Two of each different key. 

 

1.6 QUALITY ASSURANCE 

 

A. Conform to requirements of NFPA 70. 
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B. Maintain at the project site a copy of each referenced document that prescribes execution 

requirements. 

 

C. Manufacturer Qualifications: Company specializing in manufacturing the products specified in 

this section with minimum three years documented experience. 

 

D. Product Listing Organization Qualifications: An organization recognized by OSHA as a 

Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having 

jurisdiction. 

 

1.7 DELIVERY, STORAGE, AND HANDLING 

 

A. Receive, inspect, handle, and store panelboards in accordance with manufacturer's instructions 

and NECA 407. 

 

B. Store in a clean, dry space. Maintain factory wrapping or provide an additional heavy canvas or 

heavy plastic cover to protect units from dirt, water, construction debris, and traffic. 

 

C. Handle carefully in accordance with manufacturer's written instructions to avoid damage to 

panelboard internal components, enclosure, and finish. 

 

PART 2 – PRODUCTS 

 

2.1 MANUFACTURERS 

 

A. Eaton Corporation: www.eaton.com. 

 

B. Schneider Electric; Square D Products: www.schneider-electric.us. 

 

C. Siemens Industry, Inc: www.usa.siemens.com. 

 

D. Source Limitations: Furnish panelboards and associated components produced by the same 

manufacturer as the other electrical distribution equipment used for this project and obtained 

from a single supplier. 

 

2.2 PANELBOARDS - GENERAL REQUIREMENTS 

 

A. Provide products listed, classified, and labeled as suitable for the purpose intended. 

 

B. Unless otherwise indicated, provide products suitable for continuous operation under the 

following service conditions: 
1. Altitude: Less than 6,600 feet. 

2. Ambient Temperature: 

a. Panelboards Containing Circuit Breakers: Between 23 degrees F and 104 degrees F. 
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C. Short Circuit Current Rating: 
1. Provide panelboards with listed short circuit current rating not less than the available fault 

current at the installed location as indicated on the drawings. 

 

D. Mains: Configure for top or bottom incoming feed as indicated or as required for the installation. 

 

E. Branch Overcurrent Protective Devices: Replaceable without disturbing adjacent devices. 

 

F. Bussing: Sized in accordance with UL 67 temperature rise requirements. 
1. Provide fully rated neutral bus unless otherwise indicated, with a suitable lug for each 

feeder or branch circuit requiring a neutral connection. 

2. Provide solidly bonded equipment ground bus in each panelboard, with a suitable lug for 

each feeder and branch circuit equipment grounding conductor. 

 

G. Conductor Terminations: Suitable for use with the conductors to be installed. 

 

H. Enclosures: Comply with NEMA 250, and list and label as complying with UL 50 and UL 50E. 
1. Environment Type per NEMA 250: Unless otherwise indicated, as specified for the 

following installation locations: 

a. Indoor Clean, Dry Locations: Type 1. 

b. Outdoor Locations: Type 3R. 
2. Boxes: Galvanized steel unless otherwise indicated. 

a. Provide wiring gutters sized to accommodate the conductors to be installed. 

3. Fronts: 

a. Fronts for Surface-Mounted Enclosures: Same dimensions as boxes. 

b. Fronts for Flush-Mounted Enclosures: Overlap boxes on all sides to conceal rough 

opening. 
4. Lockable Doors: All locks keyed alike unless otherwise indicated. 

 

I. Future Provisions: Prepare all unused spaces for future installation of devices including bussing, 

connectors, mounting hardware and all other required provisions. 

 

J. Load centers are not acceptable. 

 

2.3 POWER DISTRIBUTION PANELBOARDS 

 

A. Description: Panelboards complying with NEMA PB 1, power and feeder distribution type, 

circuit breaker type, and listed and labeled as complying with UL 67; ratings, configurations and 

features as indicated on the drawings. 

 

B. Conductor Terminations: 
1. Main and Neutral Lug Material: Aluminum, suitable for terminating aluminum or copper 

conductors. 

2. Main and Neutral Lug Type: Mechanical. 

 

C. Bussing: 
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1. Phase and Neutral Bus Material: Copper. 

2. Ground Bus Material: Copper. 

 

D. Circuit Breakers: 
1. Provide bolt-on type. 

2. Provide thermal magnetic circuit breakersfor circuit breaker frame sizes less than 225 

amperes. 

3. Provide electronic trip circuit breakersfor circuit breaker frame sizes 225 amperes and 

above. 

 

E. Enclosures: 
1. Provide surface-mounted or flush-mounted enclosuresas indicated. 

2. Fronts: Provide door-in-door trim with hinged cover for access to load terminals and 

wiring gutters, and separate lockable hinged door with concealed hinges for access to 

overcurrent protective device handles without exposing live parts. 

3. Provide clear plastic circuit directory holder mounted on inside of door. 

 

2.4 LIGHTING AND APPLIANCE PANELBOARDS 

 

A. Description: Panelboards complying with NEMA PB 1, lighting and appliance branch circuit 

type, circuit breaker type, and listed and labeled as complying with UL 67; ratings, 

configurations and features as indicated on the drawings. 

 

B. Conductor Terminations: 
1. Main and Neutral Lug Material: Aluminum, suitable for terminating aluminum or copper 

conductors. 

2. Main and Neutral Lug Type: Mechanical. 

 

C. Bussing: 
1. Phase Bus Connections: Arranged for sequential phasing of overcurrent protective devices. 

2. Phase and Neutral Bus Material: Copper. 

3. Ground Bus Material: Copper. 

 

D. Circuit Breakers: Thermal magnetic bolt-on type unless otherwise indicated. 

 

E. Enclosures: 
1. Provide surface-mounted or flush-mounted enclosures as indicated. 

2. Fronts: Provide door-in-door trim with hinged cover for access to load terminals and 

wiring gutters, and separate lockable hinged door with concealed hinges for access to 

overcurrent protective device handles without exposing live parts. 

3. Provide clear plastic circuit directory holder mounted on inside of door. 

 

2.5 OVERCURRENT PROTECTIVE DEVICES 

 

A. Molded Case Circuit Breakers: 
1. Description: Quick-make, quick-break, over center toggle, trip-free, trip-indicating circuit 

breakers listed and labeled as complying with UL 489, and complying with FS W-C-375 
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where applicable; ratings, configurations, and features as indicated on the drawings. 

2. Interrupting Capacity: 

a. Provide circuit breakers with interrupting capacity as required to provide the short 

circuit current rating indicated, but not less than: 
1) 10,000 rms symmetrical amperes at 240 VAC or 208 VAC. 

2) 14,000 rms symmetrical amperes at 480 VAC. 

b. Fully Rated Systems: Provide circuit breakers with interrupting capacity not less than 

the short circuit current rating indicated. 
3. Conductor Terminations: 

a. Provide mechanical lugs unless otherwise indicated. 

b. Lug Material: Aluminum, suitable for terminating aluminum or copper conductors. 
4. Thermal Magnetic Circuit Breakers: For each pole, furnish thermal inverse time tripping 

element for overload protection and magnetic instantaneous tripping element for short 

circuit protection. 

5. Electronic Trip Circuit Breakers: Furnish solid state, microprocessor-based, true rms 

sensing trip units. 

6. Multi-Pole Circuit Breakers: Furnish with common trip for all poles. 

7. Do not use tandem circuit breakers. 

8. Provide multi-pole circuit breakers for multi-wire branch circuits as required by NFPA 70. 

 

PART 3 - EXECUTION 

 

3.1 EXAMINATION 

 

A. Verify that field measurements are as indicated. 

 

B. Verify that the ratings and configurations of the panelboards and associated components are 

consistent with the indicated requirements. 

 

C. Verify that mounting surfaces are ready to receive panelboards. 

 

D. Verify that conditions are satisfactory for installation prior to starting work. 

 

3.2 INSTALLATION 

 

A. Perform work in accordance with NECA 1 (general workmanship). 

 

B. Install products in accordance with manufacturer's instructions. 

 

C. Install panelboards in accordance with NECA 407 and NEMA PB 1.1. 

 

D. Arrange equipment to provide minimum clearances in accordance with manufacturer's 

instructions and NFPA 70. 

 

E. Provide required support and attachment in accordance with Section 26 05 29. 
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F. Install panelboards plumb. 

 

G. Install flush-mounted panelboards so that trims fit completely flush to wall with no gaps and 

rough opening completely covered. 

 

H. Mount panelboards such that the highest position of any operating handle for circuit breakers or 

switches does not exceed 79 inches above the floor or working platform. 

 

I. Provide minimum of six spare 1 inch trade size conduits out of each flush-mounted panelboard 

stubbed into accessible space above ceiling and below floor. 

 

J. Provide grounding and bonding in accordance with Section 26 05 26. 

 

K. Install all field-installed branch devices, components, and accessories. 

 

L. Multi-Wire Branch Circuits: Group grounded and ungrounded conductors together in the 

panelboard as required by NFPA 70. 

 

M. Provide filler plates to cover unused spaces in panelboards. 

 

3.3 FIELD QUALITY CONTROL 

 

A. Inspect and test in accordance with NETA ATS, except Section 4. 

 

B. Molded Case Circuit Breakers: Perform inspections and tests listed in NETA ATS, Section 

7.6.1.1 for all main circuit breakers and circuit breakers larger than [_____] amperes. Tests listed 

as optional are not required. 

C. Correct deficiencies and replace damaged or defective panelboards or associated components. 

 

3.4 ADJUSTING 

 

A. Adjust tightness of mechanical and electrical connections to manufacturer's recommended 

torque settings. 

 

B. Adjust alignment of panelboard fronts. 

 

3.5 CLEANING 

 

A. Clean dirt and debris from panelboard enclosures and components according to manufacturer's 

instructions. 

 

B. Repair scratched or marred exterior surfaces to match original factory finish. 
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END OF SECTION 
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SECTION 26 27 26 - WIRING DEVICES 

PART 1 – GENERAL 

 

1.1 SECTION INCLUDES 

 

A. Wall switches. 

 

B. Receptacles. 

 

C. Wall plates. 

 

1.2 RELATED REQUIREMENTS 

 

A. Section 26 05 33.16 - Boxes for Electrical Systems. 

 

B. Section 26 05 53 - Identification for Electrical Systems: Identification products and 

requirements. 

 

1.3 REFERENCE STANDARDS 

 

A. FS W-C-596 - Connector, Electrical, Power, General Specification for 2017h. 

 

B. FS W-S-896 - Switches, Toggle (Toggle and Lock), Flush-mounted (General Specification) 

2017g. 

 

C. NECA 1 - Standard for Good Workmanship in Electrical Construction 2015. 

 

D. NECA 130 - Standard for Installing and Maintaining Wiring Devices 2010. 

 

E. NEMA WD 1 - General Color Requirements for Wiring Devices 1999 (Reaffirmed 2015). 

 

F. NEMA WD 6 - Wiring Devices - Dimensional Specifications 2016. 

 

G. NFPA 70 - National Electrical Code Most Recent Edition Adopted by Authority Having 

Jurisdiction, Including All Applicable Amendments and Supplements. 

 

H. UL 20 - General-Use Snap Switches Current Edition, Including All Revisions. 

 

I. UL 498 - Attachment Plugs and Receptacles Current Edition, Including All Revisions. 

 

J. UL 514D - Cover Plates for Flush-Mounted Wiring Devices Current Edition, Including All 

Revisions. 
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K. UL 943 - Ground-Fault Circuit-Interrupters Current Edition, Including All Revisions. 

 

1.4 ADMINISTRATIVE REQUIREMENTS 

 

A. Coordination: 
1. Coordinate the placement of outlet boxes with millwork, furniture, equipment, etc. 

installed under other sections or by others. 

2. Coordinate wiring device ratings and configurations with the electrical requirements of 

actual equipment to be installed. 

3. Coordinate the placement of outlet boxes for wall switches with actual installed door 

swings. 

4. Coordinate the installation and preparation of uneven surfaces, such as split face block, to 

provide suitable surface for installation of wiring devices. 

5. Notify Architect of any conflicts or deviations from Contract Documents to obtain 

direction prior to proceeding with work. 

 

B. Sequencing: 
1. Do not install wiring devices until final surface finishes and painting are complete. 

 

1.5 SUBMITTALS 

 

A. Product Data: Provide manufacturer's catalog information showing dimensions, colors, and 

configurations. 

 

1.6 QUALITY ASSURANCE 

 

A. Conform to requirements of NFPA 70. 

 

B. Products: Listed, classified, and labeled as suitable for the purpose intended. 

 

PART 2 - PRODUCTS 

 

2.1 MANUFACTURERS 

A. Hubbell Incorporated: www.hubbell-wiring.com. 

 

B. Leviton Manufacturing Company, Inc: www.leviton.com. 

 

C. Lutron Electronics Company, Inc: www.lutron.com. 

 

D. Pass & Seymour, a brand of Legrand North America, Inc: www.legrand.us 

 

2.2 WIRING DEVICE APPLICATIONS 

http://www.legrand.us/
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A. Provide wiring devices suitable for intended use and with ratings adequate for load served. 

 

B. For single receptacles installed on an individual branch circuit, provide receptacle with ampere 

rating not less than that of the branch circuit. 

 

C. Provide weather resistant GFCI receptacles with specified weatherproof covers for receptacles 

installed outdoors or in damp or wet locations. 

 

D. Provide GFCI protection for receptacles installed within 6 feet of sinks. 

 

E. Provide GFCI protection for receptacles installed in kitchens. 

 

F. Provide GFCI protection for receptacles serving electric drinking fountains. 

 

G. Unless noted otherwise, do not use combination switch/receptacle devices. 

 

2.3 WIRING DEVICE FINISHES 

 

A. Provide wiring device finishes as described below unless otherwise indicated. 

 

B. Wiring Devices, Unless Otherwise Indicated: White with white nylon wall plate. 

 

C. Wiring Devices Installed in Finished Spaces: White with white nylon wall plate. 

 

D. Wiring Devices Installed in Unfinished Spaces: Gray with galvanized steel wall plate. 

 

E. Wiring Devices Installed in Wet or Damp Locations: White with specified weatherproof cover. 

 

2.4 WALL SWITCHES 

 

A. Wall Switches - General Requirements: AC only, quiet operating, general-use snap switches 

with silver alloy contacts, complying with NEMA WD 1 and NEMA WD 6, and listed as 

complying with UL 20 and where applicable, FS W-S-896; types as indicated on the drawings. 
1. Wiring Provisions: Terminal screws for side wiring and screw actuated binding clamp for 

back wiring with separate ground terminal screw. 

 

B. Standard Wall Switches: Industrial specification grade, 20 A, 120/277 V with standard toggle 

type switch actuator and maintained contacts; single pole single throw, double pole single throw, 

three way or four way as indicated on the drawings. 

 

2.5 RECEPTACLES 

 

A. Manufacturers: 
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1. Hubbell Incorporated: www.hubbell-wiring.com. 

2. Leviton Manufacturing Company, Inc: www.leviton.com. 

3. Lutron Electronics Company, Inc; Designer Style: www.lutron.com/#sle. 

4. Pass & Seymour, a brand of Legrand North America, Inc: www.legrand.us 

 

B. Receptacles - General Requirements: Self-grounding, complying with NEMA WD 1 and NEMA 

WD 6, and listed as complying with UL 498, and where applicable, FS W-C-596; types as 

indicated on the drawings. 
1. Wiring Provisions: Terminal screws for side wiring or screw actuated binding clamp for 

back wiring with separate ground terminal screw. 

2. NEMA configurations specified are according to NEMA WD 6. 

 

C. Convenience Receptacles: 
1. Standard Convenience Receptacles: Industrial specification grade, 20A, 125V, NEMA 5-

20R; single or duplex as indicated on the drawings. 

2. Automatically Controlled Convenience Receptacles: Industrial specification grade, 20A, 

125V, NEMA 5-20R; controlled receptacle marking on device face per NFPA 70; single 

or duplex as indicated on the drawings. 

 

D. GFCI Receptacles: 
1. GFCI Receptacles - General Requirements: Self-testing, with feed-through protection and 

light to indicate ground fault tripped condition and loss of protection; listed as complying 

with UL 943, class A. 

2. Standard GFCI Receptacles: Industrial specification grade, duplex, 20A, 125V, NEMA 5-

20R, rectangular decorator style. 

3. Weather Resistant GFCI Receptacles: Industrial specification grade, duplex, 20A, 125V, 

NEMA 5-20R, rectangular decorator style, listed and labeled as weather resistant type 

complying with UL 498 Supplement SE suitable for installation in damp or wet locations. 

 

2.6 WALL PLATES 

 

A. Manufacturers: 
1. Hubbell Incorporated: www.hubbell-wiring.com. 

2. Leviton Manufacturing Company, Inc: www.leviton.com. 

3. Lutron Electronics Company, Inc: www.lutron.com. 

4. Pass & Seymour, a brand of Legrand North America, Inc: www.legrand.us 

 

B. Wall Plates: Comply with UL 514D. 
1. Configuration: One piece cover as required for quantity and types of corresponding wiring 

devices. 

http://www.legrand.us/
http://www.legrand.us/
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2. Size: Standard. 

3. Screws: Metal with slotted heads finished to match wall plate finish. 

 

C. Nylon Wall Plates: Smooth finish, high-impact thermoplastic. 

 

D. Stainless Steel Wall Plates: Brushed satin finish, Type 302 stainless steel. 

 

E. Weatherproof Covers for Wet Locations: Gasketed, cast aluminum, with hinged lockable cover 

and corrosion-resistant screws; listed as suitable for use in wet locations while in use with 

attachment plugs connected and identified as extra-duty type. 

 

PART 3 - EXECUTION 

 

3.1 EXAMINATION 

 

A. Verify that field measurements are as indicated. 

 

B. Verify that outlet boxes are installed in proper locations and at proper mounting heights and are 

properly sized to accommodate devices and conductors in accordance with NFPA 70. 

 

C. Verify that wall openings are neatly cut and will be completely covered by wall plates. 

 

D. Verify that final surface finishes are complete, including painting. 

 

E. Verify that branch circuit wiring installation is completed, tested, and ready for connection to 

wiring devices. 

 

F. Verify that conditions are satisfactory for installation prior to starting work. 

 

3.2 PREPARATION 

 

A. Provide extension rings to bring outlet boxes flush with finished surface. 

 

B. Clean dirt, debris, plaster, and other foreign materials from outlet boxes. 

 

3.3 INSTALLATION 

 

A. Perform work in accordance with NECA 1 (general workmanship) and, where applicable, 

NECA 130, including mounting heights specified in those standards unless otherwise indicated. 

 

B. Coordinate locations of outlet boxes provided under Section 26 05 33.16 as required for 

installation of wiring devices provided under this section. 
1. Mounting Heights: Unless otherwise indicated, as follows: 
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a. Wall Switches: 48 inches above finished floor. 

b. Receptacles: 18 inches above finished floor or 6 inches above counter. 
2. Orient outlet boxes for vertical installation of wiring devices unless otherwise indicated. 

3. Where multiple receptacles, wall switches or wall dimmers are installed at the same 

location and at the same mounting height, gang devices together under a common wall 

plate. 

4. Locate wall switches on strike side of door with edge of wall plate 3 inches from edge of 

door frame. Where locations are indicated otherwise, notify Architect to obtain direction 

prior to proceeding with work. 

5. Locate receptacles for electric drinking fountains concealed behind drinking fountain 

according to manufacturer's instructions. 

 

C. Install wiring devices in accordance with manufacturer's instructions. 

 

D. Install permanent barrier between ganged wiring devices when voltage between adjacent devices 

exceeds 300 V. 

 

E. Where required, connect wiring devices using pigtails not less than 6 inches long. Do not 

connect more than one conductor to wiring device terminals. 

 

F. Connect wiring devices by wrapping conductor clockwise 3/4 turn around screw terminal and 

tightening to proper torque specified by the manufacturer. Where present, do not use push-in 

pressure terminals that do not rely on screw-actuated binding. 

 

G. Unless otherwise indicated, connect wiring device grounding terminal to branch circuit 

equipment grounding conductor and to outlet box with bonding jumper. 

 

H. Provide GFCI receptacles with integral GFCI protection at each location indicated. Do not use 

feed-through wiring to protect downstream devices. 

 

I. Where split-wired duplex receptacles are indicated, remove tabs connecting top and bottom 

receptacles. 

 

J. Install wiring devices plumb and level with mounting yoke held rigidly in place. 

 

K. Install wall switches with OFF position down. 

 

L. Install vertically mounted receptacles with grounding pole on top and horizontally mounted 

receptacles with grounding pole on left. 

 

M. Install wall plates to fit completely flush to wall with no gaps and rough opening completely 

covered without strain on wall plate. Repair or reinstall improperly installed outlet boxes or 

improperly sized rough openings. Do not use oversized wall plates in lieu of meeting this 

requirement. 
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N. Install blank wall plates on junction boxes and on outlet boxes with no wiring devices installed 

or designated for future use. 

 

O. Identify wiring devices in accordance with Section 26 05 53. 

 

3.4 FIELD QUALITY CONTROL 

 

A. Inspect each wiring device for damage and defects. 

B. Operate each wall switch with circuit energized to verify proper operation. 

 

C. Test each receptacle to verify operation and proper polarity. 

 

D. Test each GFCI receptacle for proper tripping operation according to manufacturer's 

instructions. 

 

E. Correct wiring deficiencies and replace damaged or defective wiring devices. 

 

3.5 ADJUSTING 

 

A. Adjust devices and wall plates to be flush and level. 

 

3.6 CLEANING 

 

A. Clean exposed surfaces to remove dirt, paint, or other foreign material and restore to match 

original factory finish. 

 

 

END OF SECTION 
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SECTION 26 32 13 - ENGINE GENERATORS 

 

 

PART 1 -  GENERAL 

1.1 SUMMARY 

 

A. This Section includes packaged engine-generator sets suitable for use in mission critical 

applications with the features as specified and indicated.  Engine generators will be used as the 

Standby power source for the system but shall be capable of providing reliable power with no 

run-time limitations while the primary source of power is unavailable. 

 

1.2 DEFINITIONS 

 

A. Emergency Standby Power (ESP): Per ISO 8528: The maximum power available during a 

variable electrical power sequence, under the stated operating conditions, for which a generating 

set is capable of delivering in the event of a utility power outage or under test conditions for up 

to 200 hours of operation per year with the maintenance intervals and procedures being carried 

out as prescribed by the manufacturers. The permissible average power output (Ppp) over 24 

hours of operation shall not exceed 70 percent of the ESP unless otherwise agreed by the RIC 

engine manufacturer. 

 

B. 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. 

 

1.3 ACTION SUBMITTALS 

 

A. Product Data:  For each type of packaged engine generator indicated.  Include rated capacities, 

operating characteristics, and furnished specialties and accessories.  In addition, include the 

following: 
1. Thermal damage curve for generator. 

2. Time-current characteristic curves for generator protective device. 

3. Sound test data, based on a free field requirement. 

 

B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, and location 

and size of each field connection. 
1. Dimensioned outline plan and elevation drawings of engine-generator set and other 

components specified. 

2. Wiring Diagrams:  Control interconnection, Customer connections. 

 

C. Certifications: 
1. Submit statement of compliance which states the proposed product(s) is certified to the 

emissions standards required by the location for EPA, stationary emergency application. 
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2. Submit statement of compliance which states the proposed product(s) are seismically 

certified in compliance with local requirements signed and sealed by a qualified 

professional engineer. 

 

1.4 INFORMATIONAL SUBMITTALS 

 

 

A. Manufacturer Seismic Qualification Certification:  Submit certification that the 24 Hour(s) fuel 

tank, the Sound Attenuated enclosure, engine-generator set, and components will withstand 

seismic forces defined in Division 26 Section "Vibration and Seismic Controls for Electrical 

Systems." Include the following: 
1. Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity and locate 

and describe mounting and anchorage provisions. 

2. Detailed description of equipment anchorage devices on which the certification is based 

and their installation requirements. 

 

B. Source quality-control test reports. 
1. Certified summary of prototype-unit test report.  See requirements in Part 2 "Source 

Quality Control" Article Part A. Include statement indicating torsional compatibility of 

components. 

2. Certified Test Report:  Provide certified test report documenting factory test per the 

requirements of this specification, as well as certified factory test of generator set sensors 

per NFPA110 level 1. 

3. List of factory tests to be performed on units to be shipped for this Project. 

4. Report of exhaust emissions and compliance statement certifying compliance with 

applicable regulations. 

 

C. Warranty: 
1. Submit manufacturer’s warranty statement to be provided for this Project. 

 

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 qualified manufacturer. Maintain, within 50 of Project site, a 

service center capable of providing training, parts, and emergency maintenance repairs. 

 

C. Source Limitations:  Obtain packaged generator sets and auxiliary components through one 

source from a single manufacturer. 

 

D. Comply with NFPA 37 (Standard For the Installation and Use of Stationary Combustion 

Engines and Gas Turbines). 

 

E. Comply with NFPA 70 (National Electrical Code.  Equipment shall be suitable for use in 
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systems in compliance to Article 700, 701, and 702). 

 

F. Comply with NFPA 110 (Emergency and Standby Power Systems) requirements for Level 1 

emergency power supply system. 

 

G. Comply with UL 2200. 

 

1.6 PROJECT CONDITIONS 

 

A. Environmental Conditions:  Engine-generator system shall withstand the following 

environmental conditions without mechanical or electrical damage or degradation of 

performance capability: 
1. Ambient Temperature:  0.0 deg C (32.0 deg F) to 50.0 deg C (122.0 deg F). 

2. Relative Humidity:  0 to 95 percent. 

3. Altitude:  Sea level to 4500.0 feet (1371.6 m). 

 

1.7 WARRANTY 

A. Base Warranty: Manufacturer shall provide base warranty coverage on the material and 

workmanship of the generator set for a minimum of twenty-four (24) months from registered 

commissioning and start-up. 

 
PART 2 -  PRODUCTS 

 

2.1 MANUFACTURERS 

 

A. Manufacturers: The basis for this specification is Cummins Power Generation 1250kW model 

DQGAA, approved equals may be considered if equipment performance is shown to meet the 

requirements herein. 

 

2.2 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 Information: Indicate location of each lifting attachment, generator-set center of 

gravity, and total package weight in submittal drawings. 

 

C. Capacities and Characteristics: 
1. Power Output Ratings: Electrical output power rating for Standby operation of not less 

than 1250.0, at 80 percent lagging power factor, 277/480, Series Wye, Three phase, 4 -

wire, 60 hertz. 

2. Alternator shall be capable of accepting maximum 4602.0 kVA in a single step and be 

capable of recovering to a minimum of 90% of rated no load voltage.  Following the 

application of the specified kVA load at near zero power factor applied to the generator set. 

3. Nameplates:  For each major system component to identify manufacturer's name and 
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address, and model and serial number of component.  The engine-generator nameplate 

shall include information of the power output rating of the equipment. 

 

D. Generator-Set Performance: 
1. Steady-State Voltage Operational Bandwidth:  0.5 percent of rated output voltage from no 

load to full load. 

2. Transient Voltage Performance: Not more than 16 percent variation for 50 percent step-

load increase or decrease.  Voltage shall recover and remain within the steady-state 

operating band within 2 seconds.  On application of a 100% load step the generator set 

shall recover to stable voltage within 10 seconds. 

3. Steady-State Frequency Operational Bandwidth:  0.25 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: Not more than   4 percent variation for 50 percent step-

load increase or decrease.  Frequency shall recover and remain within the steady-state 

operating band within 2 seconds. On application of a 100% load step the generator set shall 

recover to stable frequency within 10 seconds. 

6. Output Waveform:  At full load, harmonic content measured line to line or line to neutral 

shall not exceed 5 percent total and 3 percent for any single harmonic.  Telephone 

influence factor, determined according to NEMA MG 1, shall not exceed 50. 

7. Sustained Short-Circuit Current: For a 3-phase, bolted short circuit at system output 

terminals, system shall supply a minimum of 300 percent of rated full-load current for not 

less than 8  seconds without damage to generator system components.  For a 1-phase, 

bolted short circuit at system output terminals, system shall regulate both voltage and 

current to prevent over-voltage conditions on the non-faulted phases. 

8. Start Time:  Comply with NFPA 110, Level 1, Type 10, system requirements. 

9. Ambient Condition Performance: Engine generator shall be designed to allow operation at 

full rated load in an ambient temperature under site conditions, based on highest ambient 

condition.  Ambient temperature shall be as measured at the air inlet to the engine 

generator for enclosed units, and at the control of the engine generator for machines 

installed in equipment rooms. 

 

2.3 ENGINE 

 

A. Fuel: ASTM D975 #2 Diesel Fuel 

 

B. Rated Engine Speed:  1800RPM. 

 

C. Lubrication System:  The following items are mounted on engine or skid: 
1. Lube oil pump: shall be positive displacement, mechanical, full pressure pump. 

2. Filter and Strainer:   Provided by the engine manufacturer of record to provide adequate 

filtration for the prime mover to be used. 

3. Crankcase Drain:  Arranged for complete gravity drainage to an easily removable container 

with no disassembly and without use of pumps, siphons, special tools, or appliances. 
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D. Engine Fuel System:  The engine fuel system shall be installed in strict compliance to the engine 

manufacturer’s instructions 

 

E. Main Fuel Pump:  Mounted on engine.  Pump ensures adequate primary fuel flow under starting 

and load conditions. 

 

F. Coolant Jacket Heater:  Electric-immersion type, factory installed in coolant jacket system.  

Comply with NFPA 110 requirements for Level 1 equipment for heater capacity and 

performance. 
1. Designed for operation on a single 120 VAC, Single phase, 60Hz power connection. 

Heater voltage shall be shown on the project drawings. 

2. Installed with isolation valves to isolate the heater for replacement of the element without 

draining the engine cooling system or significant coolant loss. 

3. Provided with a 24VDC thermostat, installed at the engine thermostat housing 

 

G. Governor:  Adjustable isochronous, with speed sensing. The governing system dynamic 

capabilities shall be controlled as a function of engine coolant temperature to provide fast, stable 

operation at varying engine operating temperature conditions.  The control system shall actively 

control the fuel rate as appropriate to the state of the engine generator.  Fuel rate shall be 

regulated as a function of starting, accelerating to start disconnect speed, accelerating to rated 

speed, and operating in various isochronous states. 

 

H. Cooling System:  Closed loop, liquid cooled 
1. The generator set manufacturer shall provide prototype test data for the specific hardware 

proposed demonstrating that the machine will operate at rated standby load in an outdoor 

ambient condition of 50 deg C. 

2. Coolant:  Solution of 50 percent ethylene-glycol-based antifreeze and 50 percent water, 

with anticorrosion additives as recommended by engine manufacturer. 

3. Size of Radiator overflow tank:  Adequate to contain expansion of total system coolant 

from cold start to 110 percent load condition. 

4. Expansion Tank:  Constructed of welded steel plate and rated to withstand maximum 

closed-loop coolant system pressure for engine used.  Equip with gage glass and petcock. 

5. Temperature Control:  Self-contained, thermostatic-control valve modulates coolant flow 

automatically to maintain optimum constant coolant temperature as recommended by 

engine manufacturer. 

6. Duct Flange:  Generator sets installed indoors shall be provided with a flexible radiator 

duct adapter flange. 

 

I. Muffler/Silencer:  Selected with performance as required to meet sound requirements of the 

application, sized as recommended by engine manufacturer and selected with exhaust piping 

system to not exceed engine manufacturer's engine backpressure requirements. For generator 

sets with outdoor enclosures the silencer shall be inside the enclosure. 

 

J. Air-Intake Filter: Engine-mounted air cleaner with replaceable dry-filter element and restriction 

indicator. 

 

K. Starting System:  24V, electric, with negative ground. 
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1. Components:  Sized so they will not be damaged during a full engine-cranking cycle with 

ambient temperature at maximum specified in Part 1 "Project Conditions" Article. 

2. Cranking Cycle: As required by NFPA 110 for level 1 systems. 

3. Battery Cable:  Size as recommended by engine manufacturer for cable length as required.  

Include required interconnecting conductors and connection accessories. 

4. Battery-Charging Alternator:  Factory mounted on engine with solid-state voltage 

regulation.  The battery charging alternator shall have sufficient capacity to recharge the 

batteries with all parasitic loads connected within 4 hours after a normal engine starting 

sequence. 

5. Battery Chargers: Unit shall comply with UL 1236, provide fully regulated, constant 

voltage, current limited, battery charger for each battery bank.  It will include the following 

features: 

a. Operation:  Equalizing-charging rate based on generator set manufacturer’s 

recommendations shall be initiated automatically after battery has lost charge until an 

adjustable equalizing voltage is achieved at battery terminals.  Unit shall then be 

automatically switched to a lower float-charging mode and shall continue to operate in 

that mode until battery is discharged again. 

b. Automatic Temperature Compensation:  Adjust float and equalize voltages for 

variations in ambient temperature from minus 20 deg C to plus 40 deg C to prevent 

overcharging at high temperatures and undercharging at low temperatures. 

c. Automatic Voltage Regulation:  Maintain constant output voltage regardless of input 

voltage variations up to plus or minus 10 percent. 

d. Safety Functions:  Sense abnormally low battery voltage and close contacts providing 

low battery voltage indication on control and monitoring panel.  Sense high battery 

voltage and loss of ac input or dc output of battery charger.  Either condition shall close 

contacts that provide a battery-charger malfunction indication at system control and 

monitoring panel. 

e. Provide LED indication of general charger condition, including charging, faults, and 

modes.  Provide a LCD display to indicate charge rate and battery voltage.  Charger 

shall provide relay contacts for fault conditions as required by NFPA110. 

f. Enclosure and Mounting:  NEMA, Type 1, wall-mounted cabinet. 

2.4 FUEL OIL STORAGE 

 

A. Comply with NFPA 30. 

 

B. Sub Base-Mounted Fuel Oil Tank:  Provide a double wall secondary containment type sub base 

fuel storage tank.  The tank shall be constructed of corrosion resistant steel and shall be UL 142 

listed and labeled.  The fuel tank shall include the following features: 
1. Capacity:  Fuel for 24 Hour(s) continuous operation at 100 percent rated power output. 

2. Tank rails and lifting eyes shall be rated for the full dry weight of the tank, genset, and 

enclosure. 

3. Electrical stub up(s) 

4. Normal & emergency vents 

5. Lockable fuel fill 

6. Mechanical fuel level gauge 

7. High and low level switches to indicate fuel level 

8. Leak detector switch 

9. Sub base tank shall include a welded steel containment basin, sized at a minimum of 110% 

of the tank capacity to prevent escape of fuel into the environment in the event of a tank 
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rupture. 

10. Fill port with overfill prevention valve (OFPV) 

11. 5 gallon fill/spill dam or bucket 

12. Tank design shall meet the regional requirements for the Project location 

 

2.5 CONTROL AND MONITORING 

 

A. Engine generator control shall be microprocessor based and provide automatic starting, 

monitoring, protection and control functions for the unit. 

 

B. Automatic Starting System Sequence of Operation:  When mode-selector switch on the control 

and monitoring panel is in the automatic position, remote-control contacts in one or more 

separate automatic transfer switches initiate starting and stopping of generator set. When mode-

selector switch is switched to the on position, generator set starts. The off position of same 

switch initiates generator-set shutdown. (Switches with different configurations but equal 

functions are acceptable.)  When generator set is running, specified system or equipment failures 

or derangements automatically shut down generator set and initiate alarms. Operation of the 

local (generator set-mounted) and/or remote emergency-stop switch also shuts down generator 

set. 

 

C. Manual Starting System Sequence of Operation:  Switching on-off switch on the generator 

control panel to the on position starts generator set.  The off position of same switch initiates 

generator-set shutdown.  When generator set is running, specified system or equipment failures 

or derangements automatically shut down generator set and initiate alarms.  Operation of the 

local (generator set-mounted) and/or remote emergency-stop switch also shuts down generator 

set. 

 

D. Configuration:  Operating and safety indications, protective devices, system controls, engine 

gages and associated equipment shall be grouped in a common control and monitoring panel.  

Mounting method shall isolate the control panel from generator-set vibration.  AC output power 

circuit breakers and other output power equipment shall not be mounted in the control enclosure. 

 

E. Indicating and Protective Devices and Controls:  As required by NFPA 110 for Level 1 system, 

and the following: 
1. AC voltmeter (3-phase, line to line and line to neutral values). 

2. AC ammeter (3-phases). 

3. AC frequency meter. 

4. AC kW output (total and for each phase).  Display shall indicate power flow direction. 

5. AC kVA output (total and for each phase).  Display shall indicate power flow direction. 

6. AC Power factor (total and for each phase).  Display shall indicate leading or lagging 

condition. 

7. Ammeter-voltmeter displays shall simultaneously display conditions for all three phases. 

8. Emergency Stop Switch:  Switch shall be a red “mushroom head” pushbutton device 

complete with lock-out/tag-out provisions.  Depressing switch shall cause the generator set 

to immediately stop the generator set and prevent it from operating. 

9. Fault Reset Switch:  Supply a dedicated control switch to reset/clear fault conditions. 

10. DC voltmeter (alternator battery charging). 
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11. Engine-coolant temperature gauge. 

12. Engine lubricating-oil pressure gauge. 

13. Running-time meter. 

14. Generator-voltage and frequency digital raise/lower switches.  Rheostats for these 

functions are not acceptable. The control shall adjustment of these parameters in a range of 

plus or minus 5% of the voltage and frequency operating set point (not nominal voltage 

and frequency values.)  The voltage and frequency adjustment functions shall be disabled 

when the paralleling breaker is closed. 

15. Fuel tank derangement alarm. 

16. Fuel tank high-level shutdown of fuel supply alarm. 

17. AC Protective Equipment:  The control system shall include over/under voltage, reverse 

kVAR, reverse kW, over load (kW) short circuit, over current, loss of voltage reference, 

and over excitation shut down protection.  There shall be a ground fault alarm for generator 

sets rated over 1000 amps, overload warning, and overcurrent warning alarm. 

18. Status LED indicating lamps to indicate remote start signal present at the control, existing 

shutdown condition, existing alarm condition, not in auto, and generator set running. 

19. A graphical display panel with appropriate navigation devices shall be provided to view all 

information noted above, as well as all engine status and alarm/shutdown conditions 

(including those from an integrated engine emission control system).  The display shall 

also include integrated provisions for adjustment of the gain and stability settings for the 

governing and voltage regulation systems. 

20. Panel lighting system to allow viewing and operation of the control when the generator 

room or enclosure is not lighted. 

21. Data Logging:  The control system shall log the latest 20 different alarm and shut down 

conditions, the total number of times each alarm or shutdown has occurred, and the date 

and time the latest of these shutdown and fault conditions occurred. 

22. DC control Power Monitoring:  The control system shall continuously monitor DC power 

supply to the control, and annunciate low or high voltage conditions.  It shall also provide 

an alarm indicating imminent failure of the battery bank based on degraded voltage recover 

on loading (engine cranking). 

 

F. Common Remote Audible Alarm:  Comply with NFPA 110 requirements for Level 1 systems.  

Include necessary contacts and terminals in control and monitoring panel. 
1. Overcrank shutdown. 

2. Coolant low-temperature alarm. 

3. Control switch not in auto position. 

4. Battery-charger malfunction alarm. 

5. Battery low-voltage alarm. 

 

G. Remote Alarm Annunciator:  Comply with NFPA 110.  An LED labeled with proper alarm 

conditions shall identify each alarm event and a common audible signal shall sound for each 

alarm condition. 

 

H. Remote Emergency-Stop Switch:  Flush; wall mounted, unless otherwise indicated; and labeled.  

Push button shall be protected from accidental operation. 

 

2.6 GENERATOR OVERCURRENT AND FAULT PROTECTION 
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A. Generator Overcurrent Protection:  The generator set shall be provided with a UL Listed/CSA 

Certified protective device that is coordinated with the alternator provided to prevent damage to 

the generator set on any possible overload or overcurrent condition external to the machine.  The 

protective device shall be listed as a utility grade protective device under UL category NRGU.  

The control system shall be subject to UL follow-up service at the manufacturing location to 

verify that the protective system is fully operational as manufactured.  Protector shall perform 

the following functions: 
1. Initiates a generator kW overload alarm when generator has operated at an overload 

equivalent to 110 percent of full-rated load for 60 seconds.  Indication for this alarm is 

integrated with other generator-set malfunction alarms. 

2. Under single phase or multiple phase fault conditions, or on overload conditions, indicates 

an alarm conditions when the current flow is in excess of 110% of rated current for more 

than 10 seconds. 

3. Under single phase or multiple phase fault conditions, operates to switch off alternator 

excitation at the appropriate time to prevent damage to the alternator. 

4. The operator panel shall indicate the nature of the fault condition as either a short circuit or 

an overload. 

5. Senses clearing of a fault by other overcurrent devices and controls recovery of rated 

voltage to avoid overshoot greater than 120% of nominal voltage. 

6. The protective system provided shall not include an instantaneous trip function. 

B. Ground-Fault Indication:  Comply with NFPA 70, "Emergency System" signals for ground-

fault.  Integrate ground-fault alarm indication with other generator-set alarm indications. 

 

2.7 GENERATOR, EXCITER, AND VOLTAGE REGULATOR 

 

 

A. Comply with NEMA MG 1. 

 

B. Drive:  Generator shaft shall be directly connected to engine shaft.  Exciter shall be rotated 

integrally with generator rotor. 

 

C. Electrical Insulation:  Class H 

 

D. Temperature Rise:  125 / Class H environment. 

 

E. Construction shall prevent mechanical, electrical, and thermal damage due to vibration, over 

speed up to 125 percent of rating, and heat during operation at 110 percent of rated capacity. 

 

F. Permanent Magnet Generator (PMG) shall provide excitation power for optimum motor starting 

and short circuit performance. 

G. Enclosure:  Drip-proof. 

 

H. Voltage Regulator:  Solid-state type, separate from exciter, providing performance as specified. 

The voltage regulation system shall be microprocessor-controlled, 3-phase true RMS sensing, 

full wave rectified, and provide a pulse-width modulated signal to the exciter.  No exceptions or 

deviations to these requirements will be permitted. 
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I. Windings:  Two-thirds pitch stator winding and fully linked amortisseur winding.  Alternators 

operating at voltage higher than 690VAC shall be provided with form-wound stator coils. 

 

J. Subtransient Reactance: 15 percent maximum, based on the rating of the engine generator set. 

 

2.8 OUTDOOR GENERATOR-SET ENCLOSURE 

 

A. Description:  Sound Attenuated Steel housing.  Multiple panels shall be lockable and provide 

adequate access to components requiring maintenance.  Instruments, control, and battery system 

shall be mounted within enclosure. 

 

B. Construction: 
1. Louvers:  Equipped with bird screen to permit air circulation when engine is not running 

while excluding birds and rodents. 

2. Hinged Doors:  With padlocking provisions. Restraint/Hold back hardware to prevent door 

to keep door open at 180 degrees during maintenance.  Rain lips over all doors. 

3. Exhaust System: 

a. Muffler Location:  Within enclosure. 
4. Hardware: All hardware and hinges shall be stainless steel. 

5. Mounting Base: Suitable for mounting on sub-base fuel tank or housekeeping pad. 

6. A weather protective enclosure shall be provided which allows the generator set to operate 

at full rated load with a static pressure drop equal to or less than 0.5 inches of water. 

 

C. Engine Cooling Airflow through Enclosure:  Housing shall provide ample airflow for engine 

generator operation at rated load in an ambient temperature of 50 deg C. 
1. Louvers:  Fixed-engine, cooling-air inlet and discharge. 

D. Sound Performance: Reduce the sound level of the engine generator while operating at full rated 

load to a maximum of 85 dBA measured at any location 25 ft from the engine generator in a free 

field environment. 

 

2.9 VIBRATION ISOLATION DEVICES 

A. Vibration Isolation:  Generators installed on grade shall be provided with elastomeric isolator 

pads integral to the generator, unless the engine manufacturer requires use of spring isolation. 
1. IBC Compliance: Isolators complying with IBC requirements shall be specified in the 

equipment documentation, as well as the installation requirements for the unit. 

 

2.10 FINISHES 

A. Indoor and Outdoor Enclosures and Components:  Powder-coated and baked over corrosion-

resistant pretreatment and compatible primer. Manufacturer’s standard color or as directed on 

the drawings. 

 

2.11 SOURCE QUALITY CONTROL 

A. Prototype Testing:  Factory test engine-generator set using same engine model, constructed of 

identical or equivalent components and equipped with identical or equivalent accessories. 
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1. Tests:  Comply with NFPA 110, Level 1 Energy Converters.  In addition, the equipment 

engine, skid, cooling system, and alternator shall have been subjected to actual prototype 

tests to validate the capability of the design under the abnormal conditions noted in 

NFPA110.  Calculations and testing on similar equipment which are allowed under 

NFPA110 are not sufficient to meet this requirement. 

 

B. Project-Specific Equipment Tests:  Before shipment, factory test engine-generator set 

manufactured specifically for this Project.  Perform tests at rated load and power factor.  Include 

the following tests: 
1. Test engine generator set manufactured for this Project to demonstrate compatibility and 

functionality. 

2. Full load run. 

3. Maximum power. 

4. Voltage regulation. 

5. Steady-state governing. 

6. Single-step load pickup. 

7. Simulated safety shutdowns. 

 

PART 3 -  EXECUTION 

 

3.1 INSTALLATION 

 

A. Comply with packaged engine-generator manufacturers' written installation, application, and 

alignment instructions and with NFPA 110. 

 

B. Equipment shall be installed by the contractor in accordance with final submittals and contract 

documents.  Installation shall comply with applicable state and local codes as required by the 

authority having jurisdiction.  Install equipment in accordance with manufacturer's instructions 

and instructions included in the listing or labeling of UL listed products. 

 

C. Installation of equipment shall include furnishing and installing all interconnecting wiring 

between all major equipment provided for the on-site power system.  The contractor shall also 

perform interconnecting wiring between equipment sections (when required), under the 

supervision of the equipment supplier. 

 

D. Equipment shall be installed on concrete housekeeping pads.  Equipment shall be permanently 

fastened to the pad in accordance with manufacturer’s instructions and seismic requirements of 

the site. 

 

E. Equipment shall be initially started and operated by representatives of the manufacturer.  All 

protective settings shall be adjusted as instructed by the consulting engineer. 

 

F. All equipment shall be physically inspected for damage.  Scratches and other installation 

damage shall be repaired prior to final system testing.   Equipment shall be thoroughly cleaned 

to remove all dirt and construction debris prior to initial operation and final testing of the 

system. 
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G. On completion of the installation by the electrical contractor, the generator set supplier shall 

conduct a site evaluation to verify that the equipment is installed per manufacturer’s 

recommended practice. 

 

3.2 ON-SITE ACCEPTANCE TEST 

 

A. The complete installation shall be tested to verify compliance with the performance 

requirements of this specification following completion of all site work.  Testing shall be 

conducted by representatives of the manufacturer, with required fuel supplied by Contractor.  

The Engineer shall be notified in advance and shall have the option to witness the tests.  The 

generator set manufacturer shall provide a site test specification covering the entire system.  

Tests shall include: 

 

B. Prior to start of active testing, all field connections for wiring, power conductors, and bus bar 

connections shall be checked for proper tightening torque. 

 

C. Installation acceptance tests to be conducted on site shall include a "cold start" test, a two hour 

full load (resistive) test, and a one-step rated load pickup test in accordance with NFPA 110.  

Provide a resistive load bank and make temporary connections for full load test, if necessary. 

 

D. Perform a power failure test on the entire installed system.  This test shall be conducted by 

opening the power supply from the utility service, and observing proper operation of the system 

for at least 2 hours.  Coordinate timing and obtain approval for start of test with site personnel. 

 

3.3 TRAINING 

 

A. The equipment supplier shall provide training for the facility operating personnel covering 

operation and maintenance of the equipment provided.  Training date shall be coordinated with 

the facility owner. 

 

3.4 FIELD QUALITY CONTROL 

 

A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect 

components, assemblies, and equipment installations, including connections, and to assist in 

testing. 

 

3.5 SERVICE AND SUPPORT 

 

A. The generator set supplier shall maintain service parts inventory for the entire power system at a 

central location which is accessible to the service location 24 hours per day, 365 days per year.   

The inventory shall have a commercial value of $3 million or more.  The manufacturer of the 

generator set shall maintain a central parts inventory to support the supplier, covering all the 

major components of the power system, including engines, alternators, control systems, 

paralleling electronics, and power transfer equipment. 
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B. The generator set shall be serviced by a local service organization that is trained and factory 

certified in generator set service.  The supplier shall maintain an inventory of critical power 

system replacement parts in the local service location.  Service vehicles shall be stocked with 

critical replacement parts.  The service organization shall be on call 24 hours per day, 365 days 

per year.  The service organization shall be physically located within 50 miles of the site. 

 

C. The manufacturer shall maintain model and serial number records of each generator set provided 

for at least 20 years. 

 

3.6 SERVICE AGREEMENT: 

 

A. The supplier shall include in the base price, a one-year quarterly service agreement. The 

maintenance shall be performed by factory authorized service technicians capable of servicing 

both the engine generator set and the transfer switch (es).  This agreement shall include the 

following: 
1. Generator supplier must have an in-house rental fleet with equipment sized to back up this 

project site. 

2. All engine maintenance as recommended by the service manual. 

3. All electrical controls maintenance and calibrations as recommended by the manufacturer. 

4. All auxiliary equipment as a part of the emergency systems. 

5. The supplier shall guarantee emergency service. 

6. All expendable maintenance items are to be included in this agreement. 

7. A copy of this agreement and a schedule shall be given to the Owner at the time of his 

acceptance, showing what work is to be accomplished and when. 

 

 

END OF SECTION 
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SECTION 26 36 00 - TRANSFER SWITCHES 

PART 1 GENERAL 

SUMMARY 

2.1 THIS SECTION INCLUDES TRANSFER SWITCHES RATED 600 V AND LESS, INCLUDING 

THE FOLLOWING: 

A. Automatic transfer switches 

B. Remote annunciation systems 

2.2 RELATED SECTIONS INCLUDE THE FOLLOWING: 

SUBMITTALS 

3.1 PRODUCT DATA:  FOR EACH TYPE OF PRODUCT INDICATED.  INCLUDE RATED 

CAPACITIES, WEIGHTS, OPERATING CHARACTERISTICS, FURNISHED SPECIALTIES, 

AND ACCESSORIES. 

A. Technical data on all major components of all transfer switches and other products described in 

this section.  Data is required for the transfer switch mechanism, control system, cabinet, and 

protective devices specifically listed for use with each transfer switch.  Include steady state and 

fault current ratings, weights, operating characteristics, and furnished specialties and 

accessories. 

B. Single Line Diagram: Show connections between transfer switch, power sources and load 

3.2 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. 

A. Dimensioned outline drawings of assembly, including elevations, sections, and details 

including minimal clearances, conductor entry provisions, gutter space, installed features and 

devices and material lists for each switch specified. 

B. Internal electrical wiring and control drawings. 

C. Interconnection wiring diagrams, showing recommended conduit runs and point-to-point 

terminal connections to generator set. 

D. Installation and mounting instructions, including information for proper installation of 

equipment to meet seismic requirements. 

3.3 MANUFACTURER SEISMIC QUALIFICATION CERTIFICATION:  SUBMIT 

CERTIFICATION THAT TRANSFER SWITCHES ACCESSORIES, AND COMPONENTS 

WILL WITHSTAND SEISMIC FORCES DEFINED IN DIVISION 26 SECTION "VIBRATION 

AND SEISMIC CONTROLS FOR ELECTRICAL SYSTEMS."  INCLUDE THE FOLLOWING: 

A. Seismic certification, as required for site conditions.  Seismic certifications shall be third-party 

certified, and based on testing. Certification based on calculations does not meet this 

requirement. 
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1. The term "withstand" means "the unit will remain in place without separation of any parts 

from the device when subjected to the seismic forces specified and the unit will be fully 

operational both during and after the seismic event." 

B. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate and 

describe mounting and anchorage provisions. 

C. Detailed description of equipment anchorage devices on which the certification is based and 

their installation requirements.  Coordinate paragraph below with qualification requirements in 

Division 01 Section "Quality Requirements" and as supplemented in "Quality Assurance" 

Article. 

3.4 MANUFACTURER AND SUPPLIER QUALIFICATION DATA 

A. The transfer switch manufacturer shall be certified to ISO 9001 International Quality Standard 

and shall have third party certification verifying quality assurance in design/development, 

production, installation, and service, in accordance with ISO 9001. 

B. The manufacturer of this equipment shall have produced similar equipment for a minimum 

period of 10 years. When requested, an acceptable list of installations with similar equipment 

shall be provided demonstrating compliance with this requirement. 

3.5 OPERATION AND MAINTENANCE DATA:  FOR EACH TYPE OF PRODUCT TO INCLUDE 

IN EMERGENCY, OPERATION, AND MAINTENANCE MANUALS.  IN ADDITION TO 

ITEMS SPECIFIED IN DIVISION 01 SECTION "OPERATION AND MAINTENANCE DATA," 

INCLUDE THE FOLLOWING: 

A. Features and operating sequences, both automatic and manual. 

B. List of all factory settings of relays, timers and protective devices; provide setting and 

calibration instructions where applicable. 

3.6 WARRANTY DOCUMENTS DEMONSTRATING COMPLIANCE WITH THE PROJECT’S 

CONTRACT REQUIREMENTS. 

QUALITY ASSURANCE 

4.1 MANUFACTURER QUALIFICATIONS:  THE EQUIPMENT SUPPLIER SHALL MAINTAIN 

A SERVICE CENTER CAPABLE OF PROVIDING TRAINING, PARTS, MAINTENANCE 

AND EMERGENCY REPAIRS TO EQUIPMENT, INCLUDING TRANSFER SWITCH 

GENERATOR SETS AND REMOTE MONITORING EQUIPMENT (IF APPLICABLE) AT THE 

SITE WITHIN A RESPONSE PERIOD OF LESS THAN (EIGHT HOURS OR APPROPRIATE 

TIME PERIOD DESIGNATED FOR PROJECT) FROM TIME OF NOTIFICATION. 

A. The transfer switch shall be serviced by technicians employed by, and specially trained and 

certified by, the generator set supplier and the supplier shall have a service organization that is 

factory-certified in both generator set and transfer switch service.  The supplier shall maintain 

an inventory of critical replacement parts at the local service organization, and in service 

vehicles.  The service organization shall be on call 24 hours per day, 365 days per year. 

B. Submit names, experience level, training certifications, and locations for technicians that will 

be responsible for servicing equipment at this site. 
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C. The manufacturer shall maintain model and serial number records of each transfer switch 

provided for at least 20 years. 

4.2 SOURCE LIMITATIONS: ALL TRANSFER SWITCHES ARE TO BE OBTAINED THROUGH 

ONE SOURCE FROM A SINGLE MANUFACTURER. THE GENERATOR SET 

MANUFACTURER SHALL WARRANT TRANSFER SWITCHES TO PROVIDE A SINGLE 

SOURCE OF RESPONSIBILITY FOR PRODUCTS PROVIDED. 

4.3 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 AS SUITABLE FOR USE IN 

EMERGENCY, LEGALLY REQUIRED OR OPTIONAL STANDBY USE AS APPROPRIATE 

FOR THE CONNECTED LOAD. 

4.4 THE AUTOMATIC TRANSFER SWITCH INSTALLATION AND APPLICATION SHALL 

CONFORM TO THE REQUIREMENTS OF THE FOLLOWING CODES AND STANDARDS: 

A. Transfer switches and enclosures shall be UL 1008 listed and labeled as suitable for use in 

emergency, legally required, and optional standby applications. 

B. CSA 282, Emergency Electrical Power Supply for Buildings, and CSA C22.2, No. 14-M91 

Industrial Control Equipment 

C. NFPA 70, National Electrical Code. Equipment shall be suitable for use in systems in 

compliance with Articles 700, 701 and 702. 

D. Comply with NEMA ICS 10-1993 AC Automatic Transfer Switches 

E. IBC 2012 – The transfer switch(es) shall be prototype-tested and third-party certified to comply 

with the requirements of IBC group III or IV, Category D/F. The equipment shall be shipped 

with the installation instructions necessary to attain installation compliance. 

F. IEEE 446 – Recommended Practice for Emergency and Standby Power Systems for 

Commercial and Industrial Applications 

G. EN55011, Class B Radiated Emissions and Class B Conducted Emissions 

H. IEC 1000-4-5 (EN 61000-4-5); AC Surge Immunity 

I. IEC 1000-4-4 (EN 61000-4-4) Fast Transients Immunity 

J. IEC 1000-4-2 (EN 61000-4-2) Electrostatic Discharge Immunity 

K. IEC 1000-4-3 (EN 61000-4-3) Radiated Field Immunity 

L. IEC 1000-4-6 Conducted Field Immunity 

M. IEC 1000-4-11 Voltage Dip Immunity 

N. IEEE 62.41, AC Voltage Surge Immunity 

O. IEEE 62.45, AC Voltage Surge Testing 

4.5 COMPLY WITH NFPA 99 – ESSENTIAL ELECTRICAL SYSTEMS FOR HEALTHCARE 

FACILITIES 
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4.6 COMPLY WITH NFPA 110 – EMERGENCY AND STANDBY POWER SYSTEMS.  THE 

TRANSFER SWITCH SHALL MEET ALL REQUIREMENTS FOR LEVEL 1 SYSTEMS, 

REGARDLESS OF THE ACTUAL CIRCUIT LEVEL. 

4.7 THE MANUFACTURER SHALL WARRANT THE MATERIAL AND WORKMANSHIP OF 

THE TRANSFER SWITCH EQUIPMENT FOR A MINIMUM OF TWO (2) YEAR FROM THE 

WARRANTY START DATE.  THE WARRANTY START DATE IS THE DATE OF 

REGISTERED COMMISSIONING AND START UP OR EIGHTEEN (18) MONTHS FROM 

DATE OF SHIPMENT, WHICHEVER IS SOONER. 

4.8 THE WARRANTY SHALL BE COMPREHENSIVE. NO DEDUCTIBLES SHALL BE 

ALLOWED FOR TRAVEL TIME, SERVICE HOURS, REPAIR PARTS COST, AND ETC. 

DURING THE MINIMUM NOTED WARRANTY PERIOD DESCRIBED ABOVE. 

PROJECT CONDITIONS 

5.1 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: 

A. Notify (Architect/Construction Manager/Owner) no fewer than (insert appropriate number) 

days in advance of proposed interruption of electrical service. 

B. Do not proceed with interruption of electrical service without (Architect/Construction 

Manager/Owner’s) written permission. 

C. Do not energize any new service or distribution equipment without notification and permission 

of the (Architect/Construction Manager/Owner). 

COORDINATION 

6.1 SIZE AND LOCATION OF CONCRETE BASES AND ANCHOR BOLT INSERTS SHALL BE 

COORDINATED. CONCRETE, REINFORCEMENT AND FORMWORK MUST MEET THE 

REQUIREMENTS SPECIFIED IN DIVISION 03.   SEE SECTION "INSTALLATION" FOR 

ADDITIONAL INFORMATION ON INSTALLATION 

PRODUCTS 

MANUFACTURERS 

1.1 MANUFACTURERS:  SUBJECT TO COMPLIANCE WITH REQUIREMENTS, PROVIDE 

PRODUCTS BY ONE OF THE FOLLOWING: 

A. Cummins Power Generation model OTPCE 

1.2 EQUIPMENT SPECIFICATIONS FOR THIS PROJECT ARE BASED ON AUTOMATIC 

TRANSFER SWITCHES MANUFACTURED BY CUMMINS POWER GENERATION.   

1.3 TRANSFER SWITCHES UTILIZING MOLDED CASE CIRCUIT BREAKERS DO NOT MEET 

THE REQUIREMENTS OF THIS SPECIFICATION AND WILL NOT BE ACCEPTED. 

GENERAL TRANSFER-SWITCH PRODUCT REQUIREMENTS 
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2.1 PROVIDE TRANSFER SWITCHES IN THE NUMBER AND RATINGS THAT ARE SHOWN 

ON THE DRAWINGS. 

2.2 INDICATED CURRENT RATINGS: APPLY AS DEFINED IN UL 1008 FOR CONTINUOUS 

LOADING AND TOTAL SYSTEM TRANSFER. 

2.3 FAULT-CURRENT CLOSING AND WITHSTAND RATINGS: UL 1008 WCR RATINGS 

MUST BE SPECIFICALLY LISTED AS MEETING THE REQUIREMENTS FOR USE WITH 

PROTECTIVE DEVICES AT INSTALLATION LOCATIONS, UNDER SPECIFIED FAULT 

CONDITIONS.  WITHSTAND AND CLOSING RATINGS SHALL BE BASED ON USE OF 

THE SAME SET OF CONTACTS FOR THE WITHSTAND TEST AND THE CLOSING TEST. 

2.4 SOLID-STATE CONTROLS: ALL SETTINGS SHOULD BE ACCURATE TO +/- 2% OR 

BETTER OVER AN OPERATING TEMPERATURE RANGE OF - 40 TO + 60 DEGREES C (- 

40 TO + 140 DEGREES F). 

2.5 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. 

2.6 ELECTRICAL OPERATION: ACCOMPLISHED BY A NON-FUSED, MOMENTARILY 

ENERGIZED SOLENOID OR ELECTRIC MOTOR OPERATOR MECHANISM, 

MECHANICALLY AND ELECTRICALLY INTERLOCKED IN BOTH DIRECTIONS 

(EXCEPT THAT MECHANICAL INTERLOCK IS NOT REQUIRED FOR CLOSED 

TRANSITION SWITCHES). 

2.7 SWITCH CHARACTERISTICS:  DESIGNED FOR CONTINUOUS-DUTY REPETITIVE 

TRANSFER OF FULL-RATED CURRENT BETWEEN ACTIVE POWER SOURCES. 

A. Switches using molded-case switches or circuit breakers, or insulated case circuit breaker 

components are not acceptable. 

B. Transfer switches shall be double-throw, electrically and mechanically interlocked, and 

mechanically held in the Source 1 and Source 2 positions. 

C. Main switch contacts shall be high pressure silver alloy.  Contact assemblies shall have arc 

chutes for positive arc extinguishing.  Arc chutes shall have insulating covers to prevent inter-

phase flashover. 

D. Contacts shall be operated by a high-speed electrical mechanism that causes contacts to open or 

close within three electrical cycles from signal. 

E. Transfer switch shall be provided with flame retardant transparent covers to allow viewing of 

switch contact operation but prevent direct contact with components that could be operating at 

line voltage levels. 

F. The transfer switch shall include the mechanical and control provisions necessary to allow the 

device to be field-configured for operating speed.  Transfer switch operation with motor loads 

shall be as is recommended in NEMA MG1. 

1. Phase angle monitoring/timing equipment is not an acceptable substitute for this 

functionality 
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G. Transfer switches designated on the drawings as “4-pole” shall be provided with a switched 

neutral pole switched which is switched simultaneously with phase poles. 

2.8 CONTROL: TRANSFER SWITCH CONTROL SHALL BE CAPABLE OF COMMUNICATING 

WITH THE GENSET CONTROL, OTHER SWITCHES AND REMOTE PROGRAMMING 

DEVICES OVER A HIGH-SPEED NETWORK INTERFACE. 

2.9 FACTORY WIRING: TRANSFER SWITCH INTERNAL WIRING SHALL BE COMPOSED OF 

PRE-MANUFACTURED HARNESSES THAT ARE PERMANENTLY MARKED FOR 

SOURCE AND DESTINATION. HARNESSES SHALL BE CONNECTED TO THE CONTROL 

SYSTEM BY MEANS OF LOCKING DISCONNECT PLUG(S), TO ALLOW THE CONTROL 

SYSTEM TO BE EASILY DISCONNECTED AND SERVICED WITHOUT DISCONNECTING 

POWER FROM THE TRANSFER SWITCH MECHANISM 

2.10 TERMINALS: TERMINALS SHALL BE PRESSURE TYPE AND APPROPRIATE FOR ALL 

FIELD WIRING. CONTROL WIRING SHALL BE EQUIPPED WITH SUITABLE LUGS, FOR 

CONNECTION TO TERMINAL STRIPS. 

2.11 ENCLOSURES: ALL ENCLOSURES SHALL BE THIRD-PARTY CERTIFIED FOR 

COMPLIANCE TO NEMA ICS 6 AND UL 508, UNLESS OTHERWISE INDICATED: 

A. The enclosure shall provide wire bend space in compliance to the latest version of NFPA70, 

regardless of the direction from which the conduit enters the enclosure. 

B. Exterior cabinet doors shall provide complete protection for the system’s internal components. 

Doors must have permanently mounted key-type latches. Bolted covers or doors are not 

acceptable. 

C. Transfer switches shall be provided in enclosures that are third party certified for their intended 

environment per NEMA requirements. 

AUTOMATIC TRANSFER SWITCHES 

3.1 COMPLY WITH REQUIREMENTS FOR LEVEL 1 EQUIPMENT ACCORDING TO NFPA 110. 

3.2 INDICATED CURRENT RATINGS: 

A. Refer to the Project drawings for specifications on the sizes and types of transfer switch 

equipment, withstand and closing ratings, number of poles, voltage and ampere ratings, 

enclosure type, and accessories. 

B. Main contacts shall be rated for 600 VAC minimum. 

C. Transfer switches shall be rated to carry 100% of rated current continuously in the enclosure 

supplied, in ambient temperatures of -40 to +60 degrees C (-40 to +140 degrees F), relative 

humidity up to 95% (non-condensing), and altitudes up to 10,000 feet (3000 meters). 

3.3 RELAY SIGNAL:  CONTROL SHALL INCLUDE PROVISIONS FOR ADDITION OF A PRE-

TRANSFER RELAY SIGNAL, ADJUSTABLE FROM 0 TO 60 SECONDS, TO BE PROVIDED 

IF NECESSARY FOR ELEVATOR OPERATION, BASED ON EQUIPMENT PROVIDED FOR 

THE PROJECT. 

3.4 CONTROL: TRANSFER SWITCH CONTROL SHALL BE PROVIDED WITH NECESSARY 

EQUIPMENT AND SOFTWARE TO COMMUNICATE WITH THE GENSET CONTROL, 
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OTHER TRANSFER SWITCHES, REMOTE ANNUNCIATION EQUIPMENT, AND OTHER 

DEVICES OVER A HIGH SPEED CONTROL NETWORK. 

3.5 NEUTRAL SWITCHING: TRANSFER SWITCHES DESIGNATED ON THE DRAWINGS AS 

4-POLE SHALL BE PROVIDED WITH A SWITCHED NEUTRAL POLE. THE NEUTRAL 

POLE SHALL BE OF THE SAME CONSTRUCTION AND HAVE THE SAME RATINGS AS 

THE PHASE POLES.  ALL POLES SHALL BE SWITCHED SIMULTANEOUSLY USING A 

COMMON CROSSBAR.  SUBSTITUTE EQUIPMENT USING OVERLAPPING NEUTRAL 

CONTACTS IS NOT ACCEPTABLE. 

3.6 AUTOMATIC TRANSFER SWITCH CONTROL FEATURES 

A. The transfer switch control system shall be configurable in the field for any operating voltage 

level up to 600 VAC. Voltage sensing shall be monitored based on the normal voltage at the 

site.  Systems that utilize voltage monitoring based on standard voltage conditions that are not 

field configurable are not acceptable. 

B. All transfer switch sensing shall be configurable from an operator panel or from a Windows XP 

or later PC-based service tool. Designs utilizing DIP switches or other electromechanical 

devices are not acceptable. 

C. The transfer switch shall be configurable to accept a relay contact signal and a network signal 

from an external device for load shedding purposes.  On receipt of this signal, the transfer 

switch shall switch to a neutral position when connected to Source 2.  If Source 1 is available 

when the load-shed signal is received, the transfer switch shall connect to Source 1. 

D. The transfer switch shall be configurable to accept a relay contact signal and a network signal 

from an external device to prevent transfer to the generator service. 

E. The transfer switch shall provide a relay contact signal prior to transfer or re-transfer.  The time 

period before and after transfer shall be adjustable in a range of 0 to 60 seconds. 

F. The control system shall be designed and prototype tested for operation in ambient 

temperatures from - 40 degrees C to + 60 degrees C (- 40 to +140 degrees F).  It shall be 

designed and tested to comply with the requirements of the noted voltage and RFI/EMI 

standards. 

G. The control shall have optically isolated logic inputs, high isolation transformers for AC inputs 

and relays on all outputs, to provide optimum protection from line voltage surges, RFI and 

EMI. 

H. The transfer switch network monitoring equipment, when supplied, shall be provided with a 

battery-based auxiliary power supply to allow monitoring of the transfer switch when both AC 

power sources are non-operational. 

3.7 TRANSFER SWITCH CONTROL PANEL: THE TRANSFER SWITCH SHALL HAVE A 

MICROPROCESSOR-BASED CONTROL WITH A SEALED MEMBRANE PANEL 

INCORPORATING PUSHBUTTONS FOR OPERATOR-CONTROLLED FUNCTIONS, AND 

LED LAMPS FOR SYSTEM STATUS INDICATORS. THE PANEL SHALL ALSO INCLUDE 

AN ALPHANUMERIC DISPLAY FOR DETAILED SYSTEM INFORMATION. PANEL 

DISPLAY AND INDICATING LAMPS SHALL INCLUDE PERMANENT LABELS. 
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A. The indicator panel LEDs shall display: 

1. Which source the load is connected to (Source 1 or Source 2) 

2. Which source or sources are available 

3. When switch is not set for automatic operation, the control is disabled 

4. When the switch is in test/exercise mode 

B. The indicator shall have pushbuttons that allow the operator to activate the following functions: 

1. Activate pre-programmed test sequence 

2. Override programmed delays, and immediately go to the next operation 

3. Reset the control by clearing any faults 

4. Test all of the LEDs by lighting them simultaneously 

C. The alphanumeric digital display shall be vacuum fluorescent-type, clearly visible in both 

bright sunlight and no-light conditions over an angle of 120 degrees, and shall display the 

following: 

1. AC voltage for all phases, normal and emergency 

2. Source status: connected or not connected. 

3. Load data, including voltage, AC current, frequency, KW, KVA, and power factor. 

D. The display panel shall be password-protected, and allow the operator to view and make 

adjustments: 

1. Set nominal voltage and frequency for the transfer switch 

2. Adjust voltage and frequency sensor operation set points 

3. Set up time clock functions 

4. Set up load sequence functions 

5. Enable or disable control functions including program transition 

6. View real-time clock data, operation log (hours connected, times transferred, failures) and 

service history 

3.8 CONTROL FUNCTIONS: FUNCTIONS MANAGED BY THE CONTROL SHALL INCLUDE: 

A. Software adjustable time delays: 

1. Engine start (prevents nuisance genset starts in the event of momentary power 

fluctuation): 0 to 120  seconds (default 3 sec) 

2. Transfer normal to emergency (allows genset to stabilize before load is transferred): 0 to 

120 seconds (default 3 sec) 

3. Re-transfer emergency to normal (allows utility to stabilize before load is transferred from 

genset): 0 to 30 minutes (default 3 sec) 

4. Engine cooldown: 0 to 30 minutes (default 10 min) 

5. Programmed transition: 0 to 60 seconds (default 3 sec) 
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B. Undervoltage sensing: three-phase normal, three-phase emergency source. 

C. Over-voltage sensing: three-phase normal, three-phase emergency source. 

D. Over/under frequency sensing: 

1. Pickup: +/- 5 to +/-20% of nominal frequency (default 10%) 

2. Dropout: +/-1% beyond pickup (default 1%) 

3. Dropout time delay: 0.1 to 15.0 seconds (default 5 sec) 

4. Accurate to within +/- 0.05 Hz 

E. Voltage imbalance sensing: 

1. Dropout: 2 to 10% (default 4%) 

2. Pickup: 90% of dropout 

3. Time delay: 2.0 to 20 seconds (default 5 sec) 

4. Bar graph meter panel, to display 3-phase AC Amps, 3-phase AC Volts, Hz, KW load 

level, and load power factor.  The display shall be color-coded, with green scale indicating 

normal or acceptable operating level, yellow indicating conditions nearing a fault, and red 

indicating operation in excess of rated conditions for the transfer switch. 

F. Phase rotation sensing: 

1. Time delay: 100 msec 

G. Loss of single-phase detection: 

1. Time delay: 100 msec 

3.9 CONTROL FEATURES SHALL INCLUDE: 

A. Programmable genset exerciser: A field-programmable control shall periodically start and run 

the generator with or without transferring the load for a preset time period, then re-transfer and 

shut down the generator after a preset cool-down period. 

B. In event of a loss of power to the control, all control settings, real-time clock setting and the 

engine start-time delay setting will be retained. 

C. The system continuously logs information including the number of hours each source has been 

connected to the load, the number of times transferred, and the total number of times each 

source has failed. An event recorder stores information, including time and date-stamp, for up 

to 50 events. 

D. Re-Transfer Inhibit Switch: Inhibits automatic re-transfer control so automatic transfer switch 

will remain connected to emergency power source as long as it is available regardless of 

condition of normal source. 

E. Transfer Inhibit Switch: Inhibits automatic transfer control so automatic transfer switch will 

remain connected to normal power source regardless of condition of emergency source. 

3.10 CONTROL INTERFACE 
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A. Provide one set Form C auxiliary contacts on both sides, operated by transfer switch position, 

rated 10 amps 250 VAC. 

B. The transfer switch shall be provided with a network communication card, and configured to 

allow network-based communication with the transfer switch and other network system 

components, including the generator set(s) provided for the Project. 

C. Unassigned Auxiliary Contacts: Two normally open, 1-pole, double-throw contacts for each 

switch position, rated 10A at 240 VAC. 

3.11 ENGINE STARTING CONTACTS 

A. One isolated and normally closed pair of contacts rated 10A at 32 VDC minimum. 

REMOTE ANNUNCIATOR SYSTEM 

4.1 FUNCTIONAL DESCRIPTION:  REMOTE ANNUNCIATOR PANEL SHALL ANNUNCIATE 

CONDITIONS FOR INDICATED TRANSFER SWITCHES.  ANNUNCIATION SHALL 

INCLUDE THE FOLLOWING: 

A. Sources available, as defined by actual pickup and dropout settings of transfer-switch controls. 

B. Switch position. 

C. Switch in test mode. 

D. Failure of communication link. 

4.2 ANNUNCIATOR PANEL:  LED-LAMP TYPE WITH AUDIBLE SIGNAL AND SILENCING 

SWITCH. 

A. Indicating Lights:  Grouped for each transfer switch monitored. 

B. Label each group, indicating transfer switch it monitors, location of switch, and identity of load 

it serves. 

C. Switch in test mode. 

D. Lamp Test:  Push-to-test or lamp-test switch on front panel. 

4.3 MALFUNCTION OF ANNUNCIATOR 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. 

4.4 AUTOMATIC TRANSFER-SWITCH SENSING, CONTROLLING, OR OPERATING 

FUNCTION SHALL NOT DEPEND ON REMOTE PANEL FOR PROPER OPERATION. THE 

REMOTE ANNUNCIATION SYSTEM SHALL NOT PREVENT TRANSFER TO THE 

ALTERNATE SOURCE WHEN THE PRIMARY POWER SOURCE FAILS, NOR PREVENT 

RETURN TO THE PRIMARY SOURCE IF THE ALTERNATE SOURCE FAILS 

EXECUTION 

INSTALLATION 
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1.1 DESIGN EACH FASTENER AND SUPPORT TO CARRY LOAD INDICATED BY SEISMIC 

REQUIREMENTS AND ACCORDING TO SEISMIC-RESTRAINT DETAILS.  SEE DIVISION 

26 SECTION "VIBRATION AND SEISMIC CONTROLS FOR ELECTRICAL SYSTEMS." 

1.2 FLOOR-MOUNTING SWITCH:  ANCHOR TO FLOOR BY BOLTING. 

A. Floor-mounted transfer switches (except drawout switches supported by wheeled carriages, 

which must be rolled out at floor level) shall be mounted on concrete bases complying with the 

following requirements: 

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 Section "Hangers and Supports for Electrical 

Systems." 

1.3 ANNUNCIATOR PANEL MOUNTING:  FLUSH IN WALL, UNLESS OTHERWISE 

INDICATED. 

1.4 IDENTIFY COMPONENTS ACCORDING TO DIVISION 26 SECTION "IDENTIFICATION 

FOR ELECTRICAL SYSTEMS." 

1.5 SET FIELD-ADJUSTABLE INTERVALS AND DELAYS, RELAYS, AND ENGINE 

EXERCISER CLOCK. 

1.6 PROVIDE CERTIFICATION OF IBC SEISMIC COMPLIANCE 

CONNECTIONS 

2.1 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. 

2.2 FIELD CONTROL CONNECTIONS SHALL BE MADE ON A COMMON TERMINAL BLOCK 

THAT IS CLEARLY AND PERMANENTLY LABELED. 

2.3 TRANSFER SWITCH SHALL BE PROVIDED WITH AL/CU MECHANICAL LUGS SIZED TO 

ACCEPT THE FULL OUTPUT RATING OF THE SWITCH. LUGS SHALL BE SUITABLE 

FOR THE NUMBER AND SIZE OF CONDUCTORS SHOWN ON THE DRAWINGS. 

2.4 GROUND EQUIPMENT ACCORDING TO DIVISION 26 SECTION "GROUNDING AND 

BONDING FOR ELECTRICAL SYSTEMS." 

2.5 CONNECT WIRING ACCORDING TO DIVISION 26 SECTION "LOW-VOLTAGE 

ELECTRICAL POWER CONDUCTORS AND CABLES." 

SOURCE QUALITY CONTROL 

3.1 PRIOR TO SHIPPING, FACTORY SHALL TEST AND INSPECT COMPONENTS, 

ASSEMBLED SWITCHES, AND ASSOCIATED EQUIPMENT TO ENSURE PROPER 

OPERATION. 
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3.2 FACTORY SHALL CHECK TRANSFER TIME AND VOLTAGE, FREQUENCY, AND TIME-

DELAY SETTINGS FOR COMPLIANCE WITH SPECIFIED REQUIREMENTS. 

3.3 FACTORY SHALL PERFORM DIELECTRIC STRENGTH TEST COMPLYING WITH NEMA 

ICS 1. 

FIELD QUALITY CONTROL 

4.1 MANUFACTURER'S FIELD SERVICE: THE SUPPLIER OF THE TRANSFER SWITCH(ES) 

AND ASSOCIATED EQUIPMENT SHALL INSPECT, TEST, AND ADJUST COMPONENTS, 

ASSEMBLIES, AND EQUIPMENT INSTALLATIONS, INCLUDING CONNECTIONS, AND 

REPORT RESULTS IN WRITING. 

4.2 MANUFACTURER’S REPRESENTATIVE SHALL PERFORM TESTS AND INSPECTIONS 

AND PREPARE TEST REPORTS. 

4.3 AFTER INSTALLING EQUIPMENT AND AFTER ELECTRICAL CIRCUITRY HAS BEEN 

ENERGIZED, INSTALLER SHALL TEST FOR COMPLIANCE WITH REQUIREMENTS. 

A. Perform recommended installation tests as recommended in manufacturer’s installation and 

service manuals. 

B. After energizing circuits, demonstrate interlocking sequence and operational function for each 

switch. 

1. Simulate power failures of normal source to automatic transfer switches and of emergency 

source with normal source available. 

2. Verify time-delay settings. 

3. Verify that the transfer switch is accurately metering AC voltage and current. 

4. 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. 

4.4 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. 

A. Follow-up Infrared Scanning:  Perform an additional follow-up infrared scan of each switch 11 

months after date of Substantial Completion. 

B. Instrument:  Use an infrared scanning device designed to measure temperature or to detect 

significant deviations from normal values.  Provide calibration record for device. 

C. 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. 

DEMONSTRATION 

5.1 AFTER GENERATOR SET INSTALLATION, THE GENERATOR AND TRANSFER SWITCH 

SUPPLIER SHALL CONDUCT A COMPLETE OPERATION, BASIC MAINTENANCE, AND 
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EMERGENCY SERVICE SEMINAR COVERING GENERATOR SET AND TRANSFER 

SWITCH EQUIPMENT. 

5.2  
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SECTION 32 31 13 – HIGH SECURITY CHAIN LINK FENCES AND GATES 

 

PART 1 - GENERAL 

 

 

1.01 RELATED DOCUMENTS 

 

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

Conditions and Division 01 Specification Sections, apply to this Section. 

 

 

1.02 SUMMARY 

 

A. This Section includes the following: 

 

1. High-security chain-link fences. 

2. Gates: Motor operated, horizontal slide and manual swing 

 

B. Related Sections include the following: 

 

1. Division 03 Section "Cast-in-Place Concrete for concrete bases/pads for gate operators, 

and controls, post concrete fill and continuous concrete grade beam. 

2. Division 26 Sections for electrical service and connections for motor operators, controls, 

limit switches, and other powered devices and for system disconnect switches. 
3. Division 28 Sections for detection and alarm systems and gate controls. 
4. Division 31 Section "Earth Moving" for excavation, filling, and grading work. 

 

C. Alternates: Refer to Division 01 Section "Alternates" for description of Work in this Section 

affected by alternates. 

 

 

1.03 PERFORMANCE REQUIREMENTS 

 

A. Structural Performance: Provide chain-link fences and gates capable of withstanding the effects 

of gravity loads and the following loads and stresses within limits and under conditions indicated: 

 

1. Line Post Design: Provide line posts of size and in spacing indicated but not less than sizes 

and spacing required to comply with ASTM F 1916, Tables 1 through 5 inclusive ASTM F 

1916 and table in Appendix X1.1 that applies to type of mesh and post spacing indicated 

CLFMI WLG 2445 in resisting the following wind-load criteria, based on fence height, 

mesh size, and pattern indicated: 

 

a. Design Wind Loads: Determine design wind loads applicable to Project from basic 

wind  speed  and  exposure  category  indicated  below   and   according   to   

CLFMI WLG 2445: 

 
1) Wind Speed: 80 mph 
2) Exposure Category: A 

3) Fence Height: 14 feet 
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4) Fence Framework Material Group: IA, ASTM F 1043, Schedule 40 steel pipe 

 

2. Provide framework for fences that comply with ASTM F 1043, based on the following 

criteria: 

 
a. Fence Framework Material Group: IA, Schedule 40 round steel pipe 
b. Fence Height: 14 feet 
c. Line Post Spacing: 10 feet maximum 

 

3. Fabric Tension: Provide fences in which fabric deflections do not exceed those indicated  

in Table X1.1 of ASTM F 1916 when tested by applying a 30-lbf force at midpoint 

between rails and horizontally between posts for every eighth lower panel along the fence 

line. 

4. Fence Post Rigidity: Provide fences in which post deflections do not exceed 3/4 inch (19 

mm) when tested according to ASTM F 1916 by applying a 50-lbf (222-N) force at mid- 

height of every eighth post along the fence line. 

 

B. Lightning Protection System: Maximum grounding-resistance value of 25 ohms under normal dry 

conditions. 

 

 

1.04 SUBMITTALS 

 

A. Product Data: Include construction details, material descriptions, dimensions of individual 

components and profiles, and finishes for chain-link fences and gates: 

 
1. Fence and gate posts, rails, and fittings. 
2. Chain-link fabric, reinforcements, and attachments. 
3. Gates and hardware. 
4. Accessories: Barbed tape. 

 

B. Shop Drawings: Show locations of fences, gates, posts, rails, tension wires, details of extended 

posts, extension arms, gate swing, or other operation, hardware, and accessories. Indicate 

materials, dimensions, sizes, weights, and finishes of components. Include plans, gate  elevations, 

sections, details of post anchorage, attachment, bracing, and other required installation and 

operational clearances. 

 

1. Gate Operator: Show locations and details for installing operator components, switches, 

and controls. Indicate motor size, electrical characteristics, drive arrangement, mounting, 

and grounding provisions. 
2. Wiring Diagrams: Power and control wiring communication and access-control features. 
3. For installed products indicated to comply with design loads, include structural analysis 

data signed and sealed by the qualified professional engineer responsible for their 

preparation. 

 

C. Product Certificates: For each type of chain-link fence, operator, and gate, signed by product 

manufacturer. 

 

1. Strength test results for framing according to ASTM F 1043. 
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D. Qualification Data: For Installer. 

 

E. Field quality-control test reports: Test results for compliance of chain-link fence and gate 

grounding and bonding with performance requirements. 

 

F. Soil sterilization certificate of treatment stating materials and quantities used, and date of 

application. 

 

G. Maintenance Data: For the following to include in maintenance manuals: 

1. Gate operator. 

 

 

1.05 QUALITY ASSURANCE 

 

A. Installer Qualifications: An experienced installer who has completed chain-link fences and gates 

similar in material, design, and extent to those indicated for this Project and whose work has 

resulted in construction with a record of successful in-service performance. 

 

1. Maintenance Proximity: Not more than 4 hours normal travel time from Installer's place of 

business to Project site. 

2. Engineering Responsibility: Preparation of data for chain-link fences and gates, including 

Shop Drawings, based on testing and engineering analysis of manufacturer's standard units 

in assemblies similar to those indicated for this Project. 

 

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 according to NETA ETT or 

the National Institute for Certification in Engineering Technologies to supervise on-site 

testing specified in Part 3. 

 

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. 

 

D. UL Standard: Provide gate operators that comply with UL 325. 

 

E. Emergency Access Requirements: Comply with requirements of authorities having jurisdiction 

for automatic gate operators serving as a required means of access. 

 

F. Pre-installation Conference: Conduct conference at Project site to comply with requirements in 

Division 01 Section "Project Management and Coordination." 

 

 

1.06 PROJECT CONDITIONS 

 

A. Field Measurements: Verify layout information for chain-link fences and gates shown on  

Drawings in relation to property survey and existing structures. Verify dimensions by field 
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measurements. 

 

B. Interruption of Existing Utility Services: Do not interrupt utility services to facilities occupied by 

Owner or others unless permitted under the following conditions and then only after arranging to 

provide temporary utility services according to requirements indicated: 

 

1. Notify Owner no fewer than two days in advance of proposed interruption of utility services. 

2. Do not proceed with interruption of utility services without Owner' written permission. 

 

 

1.07 COORDINATION 

 

A. Coordinate, schedule, and obtain Owner's written approval of interruptions to existing perimeter 

security fences and systems for installation of new Work. 

 

 

1.08 WARRANTY 

 

A. Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or replace 

components of high-security chain-link fences and gates that fail in materials or workmanship 

within specified warranty period. 

 

1. Failures include, but are not limited to, the following: 

 

a. Faulty operation of gate operators and controls. 

b. Deterioration of metals, metal finishes, and other materials beyond normal 

weathering. 
c. Deflection of fence fabric beyond design limits. 

 

2. Warranty Period: Five years from date of Substantial Completion. 

 

 

PART 2 - PRODUCTS 

 

 

2.01 MANUFACTURERS 

 

A. Available Manufacturers: Subject to compliance with requirements, manufacturers offering 

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

 

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

following: 

 

1. Chain-Link Fences and Gates: 

 

a. Allied Fence and Tube 

 

2. Barbed Tape: 

 

a. Allied Fence and Tube 
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3. Sliding Gate Operator: 

 

a. HySecurity Gate Operators 222CF 

 

2.02 CHAIN-LINK FENCE FABRIC 

 

A. Chain-Link Fence Fabric: 14 feet high where indicated and 8 feet high at temporary fence and 

where indicated. Provide fabric in one piece heights measured between top and bottom of outer 

edge of selvage. Comply with ASTM A 392, CLFMI CLF 2445, and with requirements indicated 

below: 

 

1. Steel Wire Fabric: Metallic coated. 

 

2. Selvage: Twisted and barbed top and bottom. 

 

 

2.03 SECURITY FENCE FRAMING 

 

A. Posts and Rails: Comply with ASTM F 1043 for framing of the following material group and 

strength requirement for fences of height indicated: 

 
1. Framework Material Group: IA, round steel pipe, Schedule 40 
2. Fence Height: 14 feet and 8 feet. Reference plans for locations. 
3. Strength Requirement: Heavy industrial fence. 
4. Post Diameter and Thickness: Provide posts of sizes indicated below that comply with 

ASTM F 1043 

 
a. Top Rail: 1.66-inch diameter, 
b. Line Post: 2.875-inch diameter, 
c. End, Corner, and Pull Post:  4-inch diameter. 
d. Swing Gate Post:  According to ASTM F 900 
e. Horizontal-Slide Gate Post: According to ASTM F 1184 

 

1) Openings up to 10 Feet, Overhead Clearance up to 14 Feet: Steel post, 2.875-

inch diameter, and 4.64-lb/ft. weight. 

2) Openings up to 24 Feet, Overhead Clearance up to 22 Feet: Steel post, 4- inch 

diameter, and 8.65-lb/ft. weight. 

3) Guide Posts for Class 1 horizontal-slide gates, equal gate post height, 1 size 

smaller, but weight is not less than 3.11 lb/ft., installed adjacent to gate post  

to permit gate to slide in space between. 

 

 

2.04 SWING GATES, SINGLE 

 

A. General: Comply with ASTM F 900 for single swing gate types. 

 

1. Metal Pipe and Tubing: Galvanized steel.  Comply with ASTM F 1043 and ASTM F 1083 

for materials and protective coatings. 

2. Metal  Pipe and Tubing: Aluminum. Comply with ASTM B 429 and ASTM F 1043 for 
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materials. 

 

B. Frames and Bracing: Fabricate members from rectangular, galvanized steel tubing with outside 

dimension and weight according to ASTM F 900 and the following: 

 
1. Gate Fabric Height: 2 inches less than adjacent fence height 
2. Leaf Width: As indicated 
3. Frame Members: 

a) Tubing Size: 2.875 inches round 

 

C. Frame Corner Construction: 

 

1. Assembled with riveted corner fittings and 3/8-inch diameter, adjustable truss rods for 

panels 5 feet wide or wider. 

 

D. Extended Gate Posts and Frame Members: Extend gate posts and frame end members above top 

of chain-link fabric at both ends of gate frame 12 inches as required to attach barbed tape 

assemblies. 

 

E. Provide separate isolated gate frame according to ASTM F 1916 and as indicated. 

 

1. Group: IA, round steel pipe, Schedule 40 
2. Post: 4 inches 
3. Separation  between  Hinge  and  Latch  Post  and  Fence  Termination  Post: 2 inches 

minimum, 2-1/2 inches maximum. 

 

F. Hardware: (Group G1) 

 

1. Gate Type: Tymetal 2150 Swinging Gate System. 

2. Lock: Paracentric Mechanical Deadbolt, Southern Steel 1080 lock, keyed both sides; shall 

be supplied with one key per key code. 

3. Hinges: Two (2) needle bearing hinges per gate shall be furnished, and shall have a thrust 

capacity (door weight) of 600lbs per pair. 
4. Door Pulls: One (1) Tymetal Standard Pull. 
5. Door Position Indicator Switch: Rotary door position switch shall be TYM – 8750/16353. 

6. Provide complete system for installing in fence opening. 

 

 

2.05 SWING GATES, DOUBLE 

 

A. General: Comply with ASTM F 900 for double swing gate types. 

 

1. Metal Pipe and Tubing: Galvanized steel.  Comply with ASTM F 1043 and ASTM F 1083 

for materials and protective coatings. 

2. Metal  Pipe and Tubing: Aluminum. Comply with ASTM B 429 and ASTM F 1043 for 

materials. 

 

B. Frames and Bracing: Fabricate members from rectangular, galvanized steel tubing with outside 

dimension and weight according to ASTM F 900 and the following: 
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1. Gate Fabric Height: 2 inches less than adjacent fence height 
2. Leaf Width: As indicated 
3. Frame Members: 

 

a. Tubing Size: 2.875 inches round 

 

C. Frame Corner Construction: 

1. Assembled with riveted corner fittings and 3/8-inch diameter, adjustable truss rods for 

panels 5 feet wide or wider. 

 

D. Extended Gate Posts and Frame Members: Extend gate posts and frame end members above top 

of chain-link fabric at both ends of gate frame 12 inches as required to attach barbed tape 

assemblies. 

 

E. Provide separate isolated gate frame according to ASTM F 1916 and as indicated. 

 

1. Group: IA, round steel pipe, Schedule 40 
2. Post: 4 inches 
3. Separation  between  Hinge  and  Latch  Post  and  Fence  Termination  Post: 2 inches 

minimum, 2-1/2 inches maximum. 

 

F. Hardware: Latches permitting operation from both sides of gate, hinges, center gate stops and 

keepers for each gate leaf more than 5 feet wide. Fabricate latches with integral eye openings for 

padlocking; padlock accessible from both sides of gate. (Hardware Group G2) 

 

 

2.06 FITTINGS 

 

A. General: Comply with ASTM F 626. 

 

B. Post and Line Caps: Each post. 

 

1. Line post caps with loop to receive tension wire or top rail. 

 

C. Rail and Brace Ends: Attach rails securely to each gate, corner, pull, and end post. 

 

D. Rail Fittings: Provide the following: 

 

1. Top-Rail Sleeves: Pressed steel or round steel tubing not less than 6 inches (152 mm) long. 

2. Rail Clamps: Line and corner boulevard clamps for connecting intermediate and bottom 

rails in the fence line to line posts. 

 

E. Tension and Brace Bands: Pressed steel, 0.105 inch thick, with 1.2-oz/sq. ft. metallic (zinc) 

coating. 

 

F. Tension Bars: Steel, length not less than 2 inches shorter than full height of chain-link fabric with 

1.2-oz/sq. ft. metallic (zinc) coating. Provide one bar for each gate and end post, and two for  

each corner and pull post unless fabric is integrally woven into post. 

 

G. Truss Rod Assemblies: Steel, hot-dip galvanized after threading rod and turnbuckle or other 
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means of adjustment. 

 

H. Barbed Wire Arms: Pressed steel with clips, slots, or other means for attaching strands of barbed 

wire, integral with post cap; for each post, unless otherwise indicated, and as follows: 

 
1. Line posts with arms designed with opening to accommodate top rail or tension wire. 
2. Corner arms at fence corner posts, unless extended posts are indicated. 
3. Type I, single slanted arm. 

4. Bolts or rivets for connection to post. 

 

I. Tie Wires, Clips, and Fasteners: According to ASTM F 626 and ASTM F 1916. 

 

1. High-Security Round Wire Ties: For attaching chain-link fabric to posts, rails, and frames, 

complying with the following: 

 

a. Metallic-Coated  Steel: 0.192-inch diameter wire; galvanized coating thickness 

matching coating thickness of chain-link fence fabric. 
b. Weight of Metallic (Zinc) Coating: ASTM A 641/A 641M, Class B, 2.0 oz/sq. ft. 

 

J. Power-Driven Fabric Fasteners: Type 304, 0.0938-inch thick, specially designed cap to anchor 

fabric to framing with a power-driven, heat-treated, knurled pin. 

 

K. Finish: 

 
1. Metallic Coating for Pressed Steel or Cast Iron: Not less than 1.2 oz. /sq. ft. of zinc. 
2. Aluminum: Mill finish. 

 

 

2.07 BARBED TAPE 

 

A. Wire-Reinforced Tape: 430 Series stainless steel hardened to Rockwell (30N) 40 to 45, 0.025 

inch thick by 1 inch wide before fabrication; with 4-pointed, needle-sharp barbs permanently cold 

clenched to a minimum of 230 deg F around a core wire. 

 

1. Core  wire: 0.098-inch-diameter, high-tensile-strength stainless steel complying with 

ASTM A 313/A 313M 

 

2. Detainer Hook Barb by Allied Tube 30” rolls unless indicated otherwise. 

 

B. Clips: Stainless steel, 0.065 inch thick by 0.375inch wide; capable of withstanding a minimum 

150-lbf pull load to limit extension of coil, resulting in a concertina pattern when deployed. 

 

C. Tie Wires: Stainless steel, 0.065 inch in diameter. 

 

D. Fabrication: Continuous coils of barbed tape as defined in ASTM F 1379 for the following 

characteristics: 

 
1. Configuration: Single coil (2). 
2. Style: Concertina pattern. 
3. Coil Diameter(s): 30-inches. 
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4. Coil Loop Spacing(s): 12 inches 
5. Barb Length Classification: Long,hooked 
6. Barb Spacing: 4 inches o.c. 

7. Barb Set: Offset, hooked 

 

E. Grounding Barrier Stakes: 3/8-inch-diameter galvanized reinforcing bar, 18 inches long with 180- 

degree end hook 3-1/2 inches long. 

 

2.08 CAST-IN-PLACE CONCRETE 

 

A. Materials: Portland cement complying with ASTM C 150, Type I, aggregates complying with 

ASTM C 33,    and    potable     water for     ready-mixed     concrete     complying     with     

ASTM C 94/ C 94M. Measure, batch,  and  mix  Project-site-mixed  concrete  according  to  

ASTM C 94/ C 94M. 

 

1. Concrete  Mixes: Normal-weight concrete, air entrained, with not less than 3000-psi 

compressive strength (28 days), 3-inch slump, and 1-inch maximum size aggregate. 

 

B. Materials: Dry-packaged concrete mix complying with ASTM C 387 for normal-weight concrete 

mixed with potable water according to manufacturer's written instructions. 

 

 

2.10 GROUT AND ANCHORING CEMENT 

 

A. Nonshrink, Nonmetallic Grout: Premixed, factory-packaged, nonstaining, noncorrosive, 

nongaseous grout complying with ASTM C 1107. Provide grout, recommended in writing by 

manufacturer, for exterior applications. 

 

B. Erosion-Resistant Anchoring Cement: Factory-packaged, nonshrink, nonstaining, hydraulic- 

controlled expansion cement formulation for mixing with potable water at Project site to create 

pourable anchoring, patching, and grouting compound. Provide formulation that is resistant to 

erosion from water exposure without needing protection by a sealer or waterproof coating and 

that is recommended in writing by manufacturer for exterior applications. 

 

 

2.11 FENCE GROUNDING 

 

A. Conductors: Bare, solid wire for No. 6 AWG and smaller; stranded wire for No. 4 AWG and 

larger. 

 

1. Material above Finished Grade: Copper 
2. Material on or below Finished Grade: Copper. 
3. Bonding Jumpers: Braided copper tape, 1 inch wide, woven of No. 30 AWG bare copper 

wire, terminated with copper ferrules. 

 

B. Connectors and Grounding Rods: Listed in UL 467. 

 

1. Connectors for Below-Grade Use: Exothermic welded type. 

2. Grounding Rods:  Copper-clad steel. 
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a. Size:  5/8 by 96 inches. 

 

 

2.12 SOIL STERILIZATION 

 

A. Soil Sterilant: Type approved by local authorities having jurisdiction. 

 

 

PART 3 - EXECUTION 

 

 

3.01 EXAMINATION 

 

A. Examine areas and conditions, with Installer present, for compliance with requirements site 

clearing, earthwork, pavement work, and other conditions affecting performance. 

 

1. Do not begin installation before final grading is completed, unless otherwise permitted by 

Architect. 
2. Proceed with installation only after unsatisfactory conditions have been corrected. 

 

 

3.02 PREPARATION 

 

A. Stake locations of fence lines, gates, and terminal posts. Do not exceed intervals of 500 feet or 

line of sight between stakes. Indicate locations of utilities, lawn sprinkler system, underground 

structures, benchmarks, and property monuments. 

 

 

3.03 INSTALLATION, GENERAL 

 

A. Install chain-link fencing to comply with ASTM F 567 and more stringent requirements specified. 

 

1. Install fencing on established boundary lines inside property line 

 

3.04 CHAIN-LINK FENCE INSTALLATION 

 

A. Post Excavation: Drill or hand-excavate holes for posts to diameters and spacings indicated, in 

firm, undisturbed soil. 

 

B. Post Setting: Set posts in concrete at indicated spacing into firm, undisturbed soil. 

 

1. Verify that posts are set plumb, aligned, and at correct height and spacing, and hold in 

position during setting with concrete or mechanical devices. 

2. Concrete Fill: Place concrete around posts to dimensions indicated and vibrate or tamp for 

consolidation. Protect aboveground portion of posts from concrete splatter. 

 

a. Exposed Concrete: Extend 2 inches above grade or to same elevation as concrete 

grade beam; shape and smooth to shed water. 

b. Concealed Concrete: Top 2 inches below grade to allow covering with surface 
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material. 

c. Posts Set into Concrete in Sleeves: Use steel pipe sleeves preset and anchored  into 

concrete for installing posts. After posts have been inserted into sleeves, fill annular 

space between post and sleeve with nonshrink, nonmetallic grout, mixed and placed 

to comply with anchoring material manufacturer's written instructions, and finished 

sloped to drain water away from post. 

d. Posts Set into Voids in Concrete: Form or core drill holes not less than 5 inches deep 

and 3/4 inch larger than OD of post. Clean holes of loose material, insert posts, and 

fill annular space between post and concrete with [nonshrink, nonmetallic grout] 

[anchoring cement], mixed and placed to comply with anchoring material 

manufacturer's written instructions, and finished sloped to drain water away from 

post. 

 

C. Terminal Posts: Locate terminal end, corner, and gate posts per ASTM F 567 and terminal pull 

posts at changes in horizontal or vertical alignment as indicated on Drawings 

 

D. Line Posts: Space line posts uniformly at 10 feet 

 

E. Post Bracing and Intermediate Rails: Install according to ASTM F 567, maintaining  plumb 

position and alignment of fencing. Install braces at end and gate posts and at both sides of  corner 

and pull posts. 

 

1. Locate horizontal braces at midheight of fabric 6 feet or higher, on fences with top rail and 

at 2/3 fabric height on fences without top rail. Install so posts are plumb when diagonal rod 

is under proper tension. 

 

F. Barbed Wire Arms: Bolt or rivet to top of post. Angle single arms away from approach side of 

fence. 

 

G. Tension Wire: Install according to ASTM F 567 and ASTM F 1916, maintaining plumb position 

and alignment of fencing. Pull wire taut, without sags. Fasten fabric to tension wire with 0.120- 

inch-diameter hog rings of same material and finish as fabric wire, spaced a maximum of 24 

inches o.c. Install tension wire in locations indicated before stretching fabric. 

 
1. Top Tension Wire: Install tension wire through post cap loops. 
2. Bottom Tension Wire: Install tension wire within 6 inches of bottom of fabric and tie to  

each post with not less than same diameter and type of wire. 

H. Top Rail: Install according to ASTM F 567, maintaining plumb position and alignment of 

fencing. Run rail continuously through line post caps, bending to radius for curved runs and 

terminating into rail end attached to posts or post caps fabricated to receive rail at terminal posts. 

Provide expansion couplings as recommended by fencing manufacturer. 

 

I. Bottom Rails: Install, spanning between posts; anchor rail at midspan to concrete continuous 

grade beam. 

 

J. Chain-Link Fabric: Apply fabric to outside of enclosing framework. Pull fabric taut and tie to  

posts, rails, and tension wires. Anchor to framework so fabric remains under tension after pulling 

force is released. 

1. Embed fabric 2 inches into concrete grade beam. 
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2. Overlapping Fabric: At or between post or rail according to ASTM F 1916 with wire ties or 

steel strap method. 

 

K. Concrete Grade Beams: Cast-in-place concrete, depth not less than 24 inches below grade and as 

indicated on Drawings; slope top surface to drain. 

 

L. Tension or Stretcher Bars: Thread through fabric and secure to end, corner, pull, and gate posts 

with tension bands spaced not more than 15 inches o.c. 

 

M. Tie Wires: Power-fastened or manually fastened ties configured to wrap a full 360 degrees around 

rail or post and a minimum of 1 complete diamond of fabric. Twist ends one and one-half 

machine twists or three full manual twists, and cut-off protruding ends to preclude untwisting by 

hand. 

 

1. Maximum Spacing: Tie fabric to line posts at 12 inches o.c. and to braces at 24 inches o.c. 

 

N. Power-Driven Fasteners: Fasten 0.192- or 0.148-inch wire fabric with 2- or 1-inch mesh size. 

 

1. Fasten fabric to line posts 12 inches o.c. and to braces 24 inches o.c. 

 

O. Fasteners: Install nuts for tension bands and carriage bolts on the side of fence opposite the fabric 

side. Peen ends of bolts or score threads to prevent removal of nuts. 

 

P. Barbed Tape: Install barbed tape uniformly in configurations indicated and fasten securely to 

prevent movement or displacement according to ASTM F 1911. 

 

Q. Grounding Barrier Stakes: Stake coils at 10 feet o.c., driven to full depth. 

 

 

3.05 GATE INSTALLATION 

 

A. Install gates according to manufacturer's written instructions, level, plumb, and secure for full 

opening without interference. Attach fabric as for fencing. Attach hardware using tamper- 

resistant or concealed means. Install ground-set items in concrete for anchorage. Adjust hardware 

for smooth operation and lubricate where necessary. 

 

3.06 GATE OPERATOR INSTALLATION 

 

A. General: Install gate operators according to manufacturer's written instructions, aligned and true 

to fence line and grade. 

 

B. Excavation for Support Posts, Pedestals Concrete Bases/Pads: Hand-excavate holes for 

bases/pads, in firm, undisturbed soil to dimensions and depths and at locations as required by gate 

operator component manufacturer's written instructions and as indicated. 

 

C. Concrete Bases/Pads: Cast-in-place or precast concrete, depth not less than 12 inches below frost 

line, dimensioned and reinforced according to gate operator component manufacturer's written 

instructions and as indicated on Drawings. 
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3.07 GROUNDING AND BONDING 

 

A. Fence Grounding: Install at maximum intervals of 100 feet except as follows: 

 

1. Gates and Other Fence Openings: Ground fence on each side of opening. 

 

a. Bond metal gates to gate posts. 

b. Bond across openings, with and without gates, except openings indicated as 

intentional fence discontinuities. Use No. 2 AWG wire and bury it at least 18 inches 

below finished grade. 

 

B. Protection at Crossings of Overhead Electrical Power Lines: Ground fence at location of crossing 

and at a maximum distance of 150 feet on each side of crossing. 

 

C. Fences Enclosing Electrical Power Distribution Equipment: Ground as required by IEEE C2, 

unless otherwise indicated. 

 

D. Grounding Method: At each grounding location, drive a grounding rod vertically until the top is 6 

inches below finished grade. Connect rod to fence with No. 6 AWG conductor. Connect  

conductor to each fence component at grounding location, including the following: 

 

1. Each Barbed Wire Strand. Make grounding connections to barbed wire with wire-to-wire 

connectors designed for this purpose. 

2. Each Barbed Tape Coil: Make grounding connections to barbed tape with connectors 

designed for this purpose. 

 

E. Bonding Method for Gates: Connect bonding jumper between gate post and gate frame. 

 

F. Connections: Make connections so possibility of galvanic action or electrolysis is minimized. 

Select connectors, connection hardware, conductors, and connection methods so metals in direct 

contact will be galvanically compatible. 

1. Use electroplated or hot-tin-coated materials to ensure high conductivity and to make 

contact points closer in order of galvanic series. 
2. Make connections with clean, bare metal at points of contact. 
3. Make aluminum-to-steel connections with stainless-steel separators and mechanical 

clamps. 

4. Make aluminum-to-galvanized-steel connections with tin-plated copper jumpers and 

mechanical clamps. 

5. Coat and seal connections having dissimilar metals with inert material to prevent 

future penetration of moisture to contact surfaces. 

 

G. Bonding to Lightning Protection System: If fence terminates at lightning-protected building or 

structure, ground the fence and bond the fence grounding conductor to lightning protection down 

conductor or lightning protection grounding conductor complying with NFPA 780. 

 

 

3.08 FIELD QUALITY CONTROL 

 

A. Fabric Testing: Test fabric tension according to ASTM F 1916. 
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B. Fence Post Rigidity Testing: Test line posts for rigidity according to ASTM F 1916. 

 

C. Grounding-Resistance Testing: Engage a qualified independent testing and inspecting agency to 

perform field tests and inspections and prepare test reports. 

 

1. Grounding-Resistance Tests: Subject completed grounding system to a megger test at each 

grounding location. Measure grounding resistance not less than two full days after last 

trace of precipitation, without soil having been moistened by any means other than natural 

drainage or seepage and without chemical treatment or other artificial means of reducing 

natural grounding resistance. Perform tests by two-point method according to IEEE 81. 

2. Excessive Grounding Resistance: If resistance to grounding exceeds specified value,  

notify Architect promptly. Include recommendations for reducing grounding resistance and 

a proposal to accomplish recommended work. 

3. Report: Prepare test reports, certified by testing agency, of grounding resistance at each test 

location. Include observations of weather and other phenomena that may affect test results. 

 

 

3.09 ADJUSTING 

 

A. Gate: Adjust gate to operate smoothly, easily, and quietly, free of binding, warp, excessive 

deflection, distortion, nonalignment, misplacement, disruption, or malfunction, throughout entire 

operational range. Confirm that latches and locks engage accurately and securely without forcing 

or binding. 

 

 

3.10 DEMONSTRATION 

 

A. Engage a factory-authorized service representative to train Owner's personnel to adjust, operate, 

and maintain gates. Refer to Division 01. 

 

 

END OF SECTION 32 3113 

 


