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SECTION 033000 - CAST-IN-PLACE CONCRETE 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 DEFINITIONS 

A. Cementitious Materials: Portland cement alone or in combination with one or more of the 
following: blended hydraulic cement, fly ash, slag cement, other pozzolans, and silica fume; 
materials subject to compliance with requirements. 

B. W/C Ratio: The ratio by weight of water to cementitious materials. 

1.3 PREINSTALLATION MEETINGS 

A. Preinstallation Conference: Conduct conference at Project site. 

1. Before submitting design mixtures, review concrete design mixture and examine 
procedures for ensuring quality of concrete materials. Require representatives of each 
entity directly concerned with cast-in-place concrete to attend, including the following: 

a. Contractor's superintendent. 
b. Independent testing agency responsible for concrete design mixtures. 
c. Ready-mix concrete manufacturer. 
d. Concrete Subcontractor. 
e. Special concrete finish Subcontractor. 

2. Review special inspection and testing and inspecting agency procedures for field quality 
control, concrete finishes and finishing, cold- and hot-weather concreting procedures, 
curing procedures, construction contraction and isolation joints, and joint-filler strips, 
semirigid joint fillers, forms and form removal limitations, vapor-retarder installation, 
anchor rod and anchorage device installation tolerances, steel reinforcement installation, 
and concrete protection. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Design Mixtures: For each concrete mixture. Submit alternate design mixtures when 
characteristics of materials, Project conditions, weather, test results, or other circumstances 
warrant adjustments. 
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1. Indicate amounts of mixing water to be withheld for later addition at Project site. 

C. Steel Reinforcement Shop Drawings: Placing Drawings that detail fabrication, bending, and 
placement. Include bar sizes, lengths, material, grade, bar schedules, stirrup spacing, bent bar 
diagrams, bar arrangement, splices and laps, mechanical connections, tie spacing, hoop spacing, 
and supports for concrete reinforcement. 

D. Construction Joint Layout: Indicate proposed construction joints required to construct the 
structure. 

1. Location of construction joints is subject to approval of the Owner. 

1.5 INFORMATIONAL SUBMITTALS 

A. Material Certificates: For each of the following, signed by manufacturers: 

1. Cementitious materials. 
2. Admixtures. 
3. Waterstops. 
4. Curing compounds. 
5. Floor and slab treatments. 
6. Bonding agents. 
7. Adhesives. 
8. Vapor retarders. 
9. Semirigid joint filler. 
10. Joint-filler strips. 

B. Material Test Reports: For the following, from a qualified testing agency: 

1. Aggregates: Include service record data indicating absence of deleterious expansion of 
concrete due to alkali aggregate reactivity. 

C. Floor surface flatness and levelness measurements indicating compliance with specified 
tolerances. 

D. Field quality-control reports. 

E. Minutes of preinstallation conference. 

1.6 QUALITY ASSURANCE 

A. Installer Qualifications: A qualified installer who employs on Project personnel qualified as 
ACI-certified Flatwork Technician and Finisher and a supervisor who is an ACI-certified 
Concrete Flatwork Technician. 

B. Manufacturer Qualifications: A firm experienced in manufacturing ready-mixed concrete 
products and that complies with ASTM C 94/C 94M requirements for production facilities and 
equipment. 
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1. Manufacturer certified according to NRMCA's "Certification of Ready Mixed Concrete 
Production Facilities." 

C. Testing Agency Qualifications: An independent agency, acceptable to authorities having 
jurisdiction, qualified according to ASTM C 1077 and ASTM E 329 for testing indicated. 

1. Personnel conducting field tests shall be qualified as ACI Concrete Field Testing 
Technician, Grade 1, according to ACI CP-1 or an equivalent certification program. 

2. Personnel performing laboratory tests shall be ACI-certified Concrete Strength Testing 
Technician and Concrete Laboratory Testing Technician, Grade I. Testing agency 
laboratory supervisor shall be an ACI-certified Concrete Laboratory Testing Technician, 
Grade II. 

1.7 PRECONSTRUCTION TESTING 

A. Preconstruction Testing Service: Engage a qualified testing agency to perform preconstruction 
testing on concrete mixtures. 

1.8 DELIVERY, STORAGE, AND HANDLING 

A. Steel Reinforcement: Deliver, store, and handle steel reinforcement to prevent bending and 
damage. 

B. Waterstops: Store waterstops under cover to protect from moisture, sunlight, dirt, oil, and other 
contaminants. 

1.9 FIELD CONDITIONS 

A. Cold-Weather Placement: Comply with ACI 306.1 and as follows. Protect concrete work from 
physical damage or reduced strength that could be caused by frost, freezing actions, or low 
temperatures. 

1. When average high and low temperature is expected to fall below 40 deg F (4.4 deg C) 
for three successive days, maintain delivered concrete mixture temperature within the 
temperature range required by ACI 301 (ACI 301M). 

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

3. Do not use calcium chloride, salt, or other materials containing antifreeze agents or 
chemical accelerators unless otherwise specified and approved in mixture designs. 

B. Hot-Weather Placement: Comply with ACI 301 (ACI 301M) and as follows: 

1. Maintain concrete temperature below 90 deg F (32 deg C) at time of placement. Chilled 
mixing water or chopped ice may be used to control temperature, provided water 
equivalent of ice is calculated to total amount of mixing water. Using liquid nitrogen to 
cool concrete is Contractor's option. 

2. Fog-spray forms, steel reinforcement, and subgrade just before placing concrete. Keep 
subgrade uniformly moist without standing water, soft spots, or dry areas. 
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PART 2 - PRODUCTS 

2.1 CONCRETE, GENERAL 

A. ACI Publications: Comply with the following unless modified by requirements in the Contract 
Documents: 

1. ACI 301 (ACI 301M). 
2. ACI 117 (ACI 117M). 

2.2 FORM-FACING MATERIALS 

A. Smooth-Formed Finished Concrete: Form-facing panels that provide continuous, true, and 
smooth concrete surfaces. Furnish in largest practicable sizes to minimize number of joints. 

1. Plywood, metal, or other approved panel materials. 
2. Exterior-grade plywood panels, suitable for concrete forms, complying with DOC PS 1, 

and as follows: 

a. High-density overlay, Class 1 or better. 
b. Medium-density overlay, Class 1 or better; mill-release agent treated and edge 

sealed. 
c. Structural 1, B-B or better; mill oiled and edge sealed. 
d. B-B (Concrete Form), Class 1 or better; mill oiled and edge sealed. 

3. Overlaid Finnish birch plywood. 

B. Rough-Formed Finished Concrete: Plywood, lumber, metal, or another approved material. 
Provide lumber dressed on at least two edges and one side for tight fit. 

C. Chamfer Strips: Wood, metal, PVC, or rubber strips, 3/4 by 3/4 inch (19 by 19 mm), minimum. 

D. Form-Release Agent: Commercially formulated form-release agent that does not bond with, 
stain, or adversely affect concrete surfaces and does not impair subsequent treatments of 
concrete surfaces. 

1. Formulate form-release agent with rust inhibitor for steel form-facing materials. 

E. Form Ties: Factory-fabricated, removable or snap-off glass-fiber-reinforced plastic or metal 
form ties designed to resist lateral pressure of fresh concrete on forms and to prevent spalling of 
concrete on removal. 

1. Furnish units that leave no corrodible metal closer than 1 inch (25 mm) to the plane of 
exposed concrete surface. 

2. Furnish ties that, when removed, leave holes no larger than 1 inch (25 mm) in diameter in 
concrete surface. 

3. Furnish ties with integral water-barrier plates to walls indicated to receive dampproofing 
or waterproofing. 
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2.3 STEEL REINFORCEMENT 

A. Reinforcing Bars: ASTM A 615/A 615M, Grade 60 (Grade 420), deformed. 

B. Plain-Steel Welded-Wire Reinforcement: ASTM A 1064/A 1064M, plain, fabricated from as-
drawn steel wire into flat sheets. 

2.4 REINFORCEMENT ACCESSORIES 

A. Joint Dowel Bars: ASTM A 615/A 615M, Grade 60 (Grade 420), plain-steel bars, cut true to 
length with ends square and free of burrs. 

B. Bar Supports: Bolsters, chairs, spacers, and other devices for spacing, supporting, and fastening 
reinforcing bars and welded-wire reinforcement in place. Manufacture bar supports from steel 
wire, plastic, or precast concrete according to CRSI's "Manual of Standard Practice," of greater 
compressive strength than concrete and as follows: 

1. For concrete surfaces exposed to view, where legs of wire bar supports contact forms, use 
CRSI Class 1 plastic-protected steel wire or CRSI Class 2 stainless-steel bar supports. 

2. For epoxy-coated reinforcement, use epoxy-coated or other dielectric-polymer-coated 
wire bar supports. 

3. For zinc-coated reinforcement, use galvanized wire or dielectric-polymer-coated wire bar 
supports. 

2.5 CONCRETE MATERIALS 

A. Source Limitations: Obtain each type or class of cementitious material of the same brand from 
the same manufacturer's plant, obtain aggregate from single source, and obtain admixtures from 
single source from single manufacturer. 

B. Cementitious Materials: 

1. Portland Cement: ASTM C 150/C 150M, Type I/II, gray. 
2. Fly Ash: ASTM C 618, Class F or C. 
3. Slag Cement: ASTM C 989/C 989M, Grade 100 or 120. 

C. Normal-Weight Aggregates: ASTM C 33/C 33M, coarse aggregate or better, graded. Provide 
aggregates from a single source. 

1. Maximum Coarse-Aggregate Size: 1 inch (25 mm) nominal. 
2. Fine Aggregate: Free of materials with deleterious reactivity to alkali in cement. 

D. Air-Entraining Admixture: ASTM C 260/C 260M. 

E. Chemical Admixtures: Certified by manufacturer to be compatible with other admixtures and 
that do not contribute water-soluble chloride ions exceeding those permitted in hardened 
concrete. Do not use calcium chloride or admixtures containing calcium chloride. 

1. Water-Reducing Admixture: ASTM C 494/C 494M, Type A. 
2. Retarding Admixture: ASTM C 494/C 494M, Type B. 
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3. Water-Reducing and Retarding Admixture: ASTM C 494/C 494M, Type D. 
4. High-Range, Water-Reducing Admixture: ASTM C 494/C 494M, Type F. 
5. High-Range, Water-Reducing and Retarding Admixture: ASTM C 494/C 494M, Type G. 
6. Plasticizing and Retarding Admixture: ASTM C 1017/C 1017M, Type II. 

F. Water: ASTM C 94/C 94M and potable. 

2.6 WATERSTOPS 

A. Chemically Resistant Flexible Waterstops: Thermoplastic elastomer rubber waterstops with 
factory-installed metal eyelets, for embedding in concrete to prevent passage of fluids through 
joints; resistant to oils, solvents, and chemicals. Factory fabricate corners, intersections, and 
directional changes. 
1. Profile: Ribbed with center bulb. 
2. Dimensions: 6 inches by 3/16 inch thick (150 mm by 4.75 mm thick; nontapered. 

B. Self-Expanding Butyl Strip Waterstops: Manufactured rectangular or trapezoidal strip, butyl 
rubber with sodium bentonite or other hydrophilic polymers, for adhesive bonding to concrete, 
3/4 by 1 inch (19 by 25 mm). 

C. Self-Expanding Rubber Strip Waterstops: Manufactured rectangular or trapezoidal strip, 
bentonite-free hydrophilic polymer-modified chloroprene rubber, for adhesive bonding to 
concrete, 3/8 by 3/4 inch (10 by 19 mm). 

2.7 VAPOR RETARDERS 

A. Sheet Vapor Retarder: ASTM E 1745, Class A. Include manufacturer's recommended adhesive 
or pressure-sensitive tape. 

2.8 LIQUID FLOOR TREATMENTS 

A. Penetrating Liquid Floor Treatment: Clear, chemically reactive, waterborne solution of 
inorganic silicate or siliconate materials and proprietary components; odorless; that penetrates, 
hardens, and densifies concrete surfaces. 

2.9 CURING MATERIALS 

A. Evaporation Retarder: Waterborne, monomolecular film forming, manufactured for application 
to fresh concrete. 

B. Absorptive Cover: AASHTO M 182, Class 2, burlap cloth made from jute or kenaf, weighing 
approximately 9 oz./sq. yd. (305 g/sq. m) when dry. 

C. Moisture-Retaining Cover: ASTM C 171, polyethylene film or white burlap-polyethylene sheet. 

D. Water: Potable. 
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E. Clear, Waterborne, Membrane-Forming Curing Compound: ASTM C 309, Type 1, Class B, 
dissipating. 

2.10 RELATED MATERIALS 

A. Expansion- and Isolation-Joint-Filler Strips: ASTM D 1751, asphalt-saturated cellulosic fiber. 

B. Semirigid Joint Filler: Two-component, semirigid, 100 percent solids, according to 
ASTM D 2240. 

C. Epoxy Bonding Adhesive: ASTM C 881, two-component epoxy resin, capable of humid curing 
and bonding to damp surfaces, of class suitable for application temperature and of grade to suit 
requirements, and as follows: 

1. Types I and II, nonload bearing, for bonding hardened or freshly mixed concrete to 
hardened concrete. 

2.11 CONCRETE MIXTURES, GENERAL 

A. Prepare design mixtures for each type and strength of concrete, proportioned on the basis of 
laboratory trial mixture or field test data, or both, according to ACI 301 (ACI 301M). 

1. Use a qualified independent testing agency for preparing and reporting proposed mixture 
designs based on laboratory trial mixtures. 

B. Cementitious Materials: Limit percentage, by weight, of cementitious materials other than 
portland cement in concrete as follows: 

1. Fly Ash: 25 percent. 
2. Combined Fly Ash and Pozzolan: 25 percent. 
3. Slag Cement: 50 percent. 
4. Combined Fly Ash or Pozzolan and Slag Cement: 50 percent portland cement minimum, 

with fly ash or pozzolan not exceeding 25 percent. 

C. Limit water-soluble, chloride-ion content in hardened concrete to 0.06 percent by weight of 
cement. 

D. Admixtures: Use admixtures according to manufacturer's written instructions. 

1. Use water-reducing or high-range water-reducing admixture in concrete, as required, for 
placement and workability. 

2. Use water-reducing and -retarding admixture when required by high temperatures, low 
humidity, or other adverse placement conditions. 

3. Use water-reducing admixture in pumped concrete, concrete for heavy-use industrial 
slabs and parking structure slabs, concrete required to be watertight, and concrete with a 
w/c ratio below 0.50. 
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2.12 CONCRETE MIXTURES FOR BUILDING ELEMENTS 

A. Footings: Normal-weight concrete. 

1. Minimum Compressive Strength: 3000 psi (20.7 MPa) at 28 days. 
2. Maximum W/C Ratio: 0.50. 
3. Slump Limit: 4 inches (100 mm), plus or minus 1 inch (25 mm). 
4. Air Content: 6 percent, plus or minus 1.5 percent at point of delivery for 1-inch (25-mm) 

nominal maximum aggregate size. 

B. Foundation Walls: Normal-weight concrete. 

1. Minimum Compressive Strength: As indicated at 28 days. 
2. Maximum W/C Ratio: 0.45. 
3. Slump Limit: 4 inches (100 mm), plus or minus 1 inch (25 mm). 
4. Air Content: 6 percent, plus or minus 1.5 percent at point of delivery for 1-inch (25-mm) 

nominal maximum aggregate size. 

C. Slabs-on-Grade: Normal-weight concrete. 

1. Minimum Compressive Strength: 4000 psi (27.6 MPa) at 28 days. 
2. Maximum W/C Ratio: 0.40. 
3. Minimum Cementitious Materials Content: 540 lb/cu. yd. (320 kg/cu. m). 
4. Slump Limit: 4 inches (100 mm), plus or minus 1 inch (25 mm). 
5. Air Content: Do not allow air content of trowel-finished floors to exceed 3 percent. 

D. Suspended Slabs: Normal-weight concrete. 

1. Minimum Compressive Strength: 4000 psi (27.6 MPa) at 28 days. 
2. Maximum W/C Ratio: 0.45. 
3. Minimum Cementitious Materials Content: 540 lb/cu. yd. (320 kg/cu. m). 
4. Slump Limit: 4 inches (100 mm) plus or minus 1 inch (25 mm). 
5. Air Content: Do not allow air content of trowel-finished floors to exceed 3 percent. 

2.13 FABRICATING REINFORCEMENT 

A. Fabricate steel reinforcement according to CRSI's "Manual of Standard Practice." 

2.14 CONCRETE MIXING 

A. Ready-Mixed Concrete: Measure, batch, mix, and deliver concrete according to 
ASTM C 94/C 94M, and furnish batch ticket information. 

1. When air temperature is between 85 and 90 deg F (30 and 32 deg C), reduce mixing and 
delivery time from 1-1/2 hours to 75 minutes; when air temperature is above 90 deg F (32 
deg C), reduce mixing and delivery time to 60 minutes. 

B. Project-Site Mixing: Measure, batch, and mix concrete materials and concrete according to 
ASTM C 94/C 94M. Mix concrete materials in appropriate drum-type batch machine mixer. 
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1. For mixer capacity of 1 cu. yd. (0.76 cu. m) or smaller, continue mixing at least 1-1/2 
minutes, but not more than 5 minutes after ingredients are in mixer, before any part of 
batch is released. 

2. For mixer capacity larger than 1 cu. yd. (0.76 cu. m), increase mixing time by 15 seconds 
for each additional 1 cu. yd. (0.76 cu. m). 

3. Provide batch ticket for each batch discharged and used in the Work, indicating Project 
identification name and number, date, mixture type, mixture time, quantity, and amount 
of water added. Record approximate location of final deposit in structure. 

PART 3 - EXECUTION 

3.1 FORMWORK INSTALLATION 

A. Design, erect, shore, brace, and maintain formwork, according to ACI 301 (ACI 301M), to 
support vertical, lateral, static, and dynamic loads, and construction loads that might be applied, 
until structure can support such loads. 

B. Construct formwork so concrete members and structures are of size, shape, alignment, 
elevation, and position indicated, within tolerance limits of ACI 117 (ACI 117M). 

C. Limit concrete surface irregularities, designated by ACI 347 as abrupt or gradual, as follows: 

1. Class A, 1/8 inch (3.2 mm) for smooth-formed finished surfaces. 
2. Class B, 1/4 inch (6 mm) for rough-formed finished surfaces. 

D. Construct forms tight enough to prevent loss of concrete mortar. 

E. Construct forms for easy removal without hammering or prying against concrete surfaces. 
Provide crush or wrecking plates where stripping may damage cast-concrete surfaces. Provide 
top forms for inclined surfaces steeper than 1.5 horizontal to 1 vertical. 

1. Install keyways, reglets, recesses, and the like, for easy removal. 
2. Do not use rust-stained steel form-facing material. 

F. Set edge forms, bulkheads, and intermediate screed strips for slabs to achieve required 
elevations and slopes in finished concrete surfaces. Provide and secure units to support screed 
strips; use strike-off templates or compacting-type screeds. 

G. Provide temporary openings for cleanouts and inspection ports where interior area of formwork 
is inaccessible. Close openings with panels tightly fitted to forms and securely braced to prevent 
loss of concrete mortar. Locate temporary openings in forms at inconspicuous locations. 

H. Chamfer exterior corners and edges of permanently exposed concrete. 

I. Form openings, chases, offsets, sinkages, keyways, reglets, blocking, screeds, and bulkheads 
required in the Work. Determine sizes and locations from trades providing such items. 

J. Clean forms and adjacent surfaces to receive concrete. Remove chips, wood, sawdust, dirt, and 
other debris just before placing concrete. 
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K. Retighten forms and bracing before placing concrete, as required, to prevent mortar leaks and 
maintain proper alignment. 

L. Coat contact surfaces of forms with form-release agent, according to manufacturer's written 
instructions, before placing reinforcement. 

3.2 EMBEDDED ITEM INSTALLATION 

A. Place and secure anchorage devices and other embedded items required for adjoining work that 
is attached to or supported by cast-in-place concrete. Use setting drawings, templates, diagrams, 
instructions, and directions furnished with items to be embedded. 

1. Install anchor rods, accurately located, to elevations required and complying with 
tolerances in Section 7.5 of AISC 303. 

3.3 REMOVING AND REUSING FORMS 

A. General: Formwork for sides of beams, walls, columns, and similar parts of the Work that does 
not support weight of concrete may be removed after cumulatively curing at not less than 50 
deg F (10 deg C) for 24 hours after placing concrete. Concrete has to be hard enough to not be 
damaged by form-removal operations, and curing and protection operations need to be 
maintained. 

B. Clean and repair surfaces of forms to be reused in the Work. Split, frayed, delaminated, or 
otherwise damaged form-facing material are not acceptable for exposed surfaces. Apply new 
form-release agent. 

C. When forms are reused, clean surfaces, remove fins and laitance, and tighten to close joints. 
Align and secure joints to avoid offsets. Do not use patched forms for exposed concrete surfaces 
unless approved by Owner. 

3.4 SHORING AND RESHORING INSTALLATION 

A. Comply with ACI 318 (ACI 318M) and ACI 301 (ACI 301M) for design, installation, and 
removal of shoring and reshoring. 

1. Do not remove shoring or reshoring until measurement of slab tolerances is complete. 

B. In multistory construction, extend shoring or reshoring over a sufficient number of stories to 
distribute loads in such a manner that no floor or member will be excessively loaded or will 
induce tensile stress in concrete members without sufficient steel reinforcement. 

C. Plan sequence of removal of shores and reshore to avoid damage to concrete. Locate and 
provide adequate reshoring to support construction without excessive stress or deflection. 
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3.5 VAPOR-RETARDER INSTALLATION 

A. Sheet Vapor Retarders: Place, protect, and repair sheet vapor retarder according to 
ASTM E 1643 and manufacturer's written instructions. 

1. Lap joints 6 inches (150 mm) and seal with manufacturer's recommended tape. 

3.6 STEEL REINFORCEMENT INSTALLATION 

A. General: Comply with CRSI's "Manual of Standard Practice" for fabricating, placing, and 
supporting reinforcement. 

1. Do not cut or puncture vapor retarder. Repair damage and reseal vapor retarder before 
placing concrete. 

B. Clean reinforcement of loose rust and mill scale, earth, ice, and other foreign materials that 
reduce bond to concrete. 

C. Accurately position, support, and secure reinforcement against displacement. Locate and 
support reinforcement with bar supports to maintain minimum concrete cover. Do not tack weld 
crossing reinforcing bars. 

1. Weld reinforcing bars according to AWS D1.4/D 1.4M, where indicated. 

D. Set wire ties with ends directed into concrete, not toward exposed concrete surfaces. 

E. Install welded-wire reinforcement in longest practicable lengths on bar supports spaced to 
minimize sagging. Lap edges and ends of adjoining sheets at least one mesh spacing. Offset laps 
of adjoining sheet widths to prevent continuous laps in either direction. Lace overlaps with wire. 

3.7 JOINTS 

A. General: Construct joints true to line with faces perpendicular to surface plane of concrete. 

B. Construction Joints: Install so strength and appearance of concrete are not impaired, at locations 
indicated or as approved by Owner. 

1. Place joints perpendicular to main reinforcement. Continue reinforcement across 
construction joints unless otherwise indicated. Do not continue reinforcement through 
sides of strip placements of floors and slabs. 

2. Form keyed joints as indicated. Embed keys at least 1-1/2 inches (38 mm) into concrete. 
3. Space vertical joints in walls 40 feet maximum. Locate joints beside piers integral with 

walls, near corners, and in concealed locations where possible. 
4. Use epoxy-bonding adhesive at locations where fresh concrete is placed against hardened 

or partially hardened concrete surfaces. 

C. Contraction Joints in Slabs-on-Grade: Form weakened-plane contraction joints, sectioning 
concrete into areas as indicated. Construct contraction joints for a depth equal to at least one-
fourth of concrete thickness as follows: 
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1. Grooved Joints: Form contraction joints after initial floating by grooving and finishing 
each edge of joint to a radius of 1/8 inch (3.2 mm). Repeat grooving of contraction joints 
after applying surface finishes. Eliminate groover tool marks on concrete surfaces. 

2. Sawed Joints: Form contraction joints with power saws equipped with shatterproof 
abrasive or diamond-rimmed blades. Cut 1/8-inch- (3.2-mm-) wide joints into concrete 
when cutting action does not tear, abrade, or otherwise damage surface and before 
concrete develops random contraction cracks. 

D. Isolation Joints in Slabs-on-Grade: After removing formwork, install joint-filler strips at slab 
junctions with vertical surfaces, such as column pedestals, foundation walls, grade beams, and 
other locations, as indicated. 

1. Extend joint-filler strips full width and depth of joint, terminating flush with finished 
concrete surface unless otherwise indicated. 

2. Terminate full-width joint-filler strips not less than 1/2 inch (13 mm) or more than 1 inch 
(25 mm) below finished concrete surface where joint sealants are indicated. 

3. Install joint-filler strips in lengths as long as practicable. Where more than one length is 
required, lace or clip sections together. 

E. Doweled Joints: Install dowel bars and support assemblies at joints where indicated. Lubricate 
or asphalt coat one-half of dowel length to prevent concrete bonding to one side of joint. 

3.8 WATERSTOP INSTALLATION 

A. Flexible Waterstops: Install in construction joints and at other joints indicated to form a 
continuous diaphragm. Install in longest lengths practicable. Support and protect exposed 
waterstops during progress of the Work. Field fabricate joints in waterstops according to 
manufacturer's written instructions. 

B. Self-Expanding Strip Waterstops: Install in construction joints and at other locations indicated, 
according to manufacturer's written instructions, adhesive bonding, mechanically fastening, and 
firmly pressing into place. Install in longest lengths practicable. 

3.9 CONCRETE PLACEMENT 

A. Before placing concrete, verify that installation of formwork, reinforcement, and embedded 
items is complete and that required inspections are completed. 

B. Do not add water to concrete during delivery, at Project site, or during placement unless 
approved by Owner. 

C. Before test sampling and placing concrete, water may be added at Project site, subject to 
limitations of ACI 301 (ACI 301M). 

1. Do not add water to concrete after adding high-range water-reducing admixtures to 
mixture. 

D. Deposit concrete continuously in one layer or in horizontal layers of such thickness that no new 
concrete is placed on concrete that has hardened enough to cause seams or planes of weakness. 
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If a section cannot be placed continuously, provide construction joints as indicated. Deposit 
concrete to avoid segregation. 

1. Deposit concrete in horizontal layers of depth not to exceed formwork design pressures 
and in a manner to avoid inclined construction joints. 

2. Consolidate placed concrete with mechanical vibrating equipment according to ACI 301 
(ACI 301M). 

3. Do not use vibrators to transport concrete inside forms. Insert and withdraw vibrators 
vertically at uniformly spaced locations to rapidly penetrate placed layer and at least 6 
inches (150 mm) into preceding layer. Do not insert vibrators into lower layers of 
concrete that have begun to lose plasticity. At each insertion, limit duration of vibration 
to time necessary to consolidate concrete and complete embedment of reinforcement and 
other embedded items without causing mixture constituents to segregate. 

E. Deposit and consolidate concrete for floors and slabs in a continuous operation, within limits of 
construction joints, until placement of a panel or section is complete. 

1. Consolidate concrete during placement operations, so concrete is thoroughly worked 
around reinforcement and other embedded items and into corners. 

2. Maintain reinforcement in position on chairs during concrete placement. 
3. Screed slab surfaces with a straightedge and strike off to correct elevations. 
4. Slope surfaces uniformly to drains where required. 
5. Begin initial floating using bull floats or darbies to form a uniform and open-textured 

surface plane, before excess bleedwater appears on the surface. Do not further disturb 
slab surfaces before starting finishing operations. 

3.10 FINISHING FORMED SURFACES 

A. Rough-Formed Finish: As-cast concrete texture imparted by form-facing material with tie holes 
and defects repaired and patched. Remove fins and other projections that exceed specified limits 
on formed-surface irregularities. 

1. Apply to concrete surfaces not exposed to public view. 

B. Smooth-Formed Finish: As-cast concrete texture imparted by form-facing material, arranged in 
an orderly and symmetrical manner with a minimum of seams. Repair and patch tie holes and 
defects. Remove fins and other projections that exceed specified limits on formed-surface 
irregularities. 

1. Apply to concrete surfaces exposed to public view. 

C. Related Unformed Surfaces: At tops of walls, horizontal offsets, and similar unformed surfaces 
adjacent to formed surfaces, strike off smooth and finish with a texture matching adjacent 
formed surfaces. Continue final surface treatment of formed surfaces uniformly across adjacent 
unformed surfaces unless otherwise indicated. 
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3.11 FINISHING FLOORS AND SLABS 

A. General: Comply with ACI 302.1R recommendations for screeding, restraightening, and 
finishing operations for concrete surfaces. Do not wet concrete surfaces. 

B. Trowel Finish: After applying float finish, apply first troweling and consolidate concrete by 
hand or power-driven trowel. Continue troweling passes and restraighten until surface is free of 
trowel marks and uniform in texture and appearance. Grind smooth any surface defects that 
would telegraph through applied coatings or floor coverings. 

1. Apply a trowel finish to surfaces exposed to view or to be covered with resilient flooring, 
carpet, ceramic or quarry tile set over a cleavage membrane, paint, or another thin-film-
finish coating system. 

2. Finish surfaces to the following tolerances, according to ASTM E 1155 
(ASTM E 1155M), for a randomly trafficked floor surface: 

a. Specified overall values of flatness, F(F) 25; and of levelness, F(L) 20; with 
minimum local values of flatness, F(F) 17; and of levelness, F(L) 15. 

C. Broom Finish: Apply a broom finish to exterior concrete platforms, steps, ramps, and elsewhere 
as indicated. 

1. Immediately after float finishing, slightly roughen trafficked surface by brooming with 
fiber-bristle broom perpendicular to main traffic route. Coordinate required final finish 
with Owner before application. 

3.12 MISCELLANEOUS CONCRETE ITEM INSTALLATION 

A. Filling In: Fill in holes and openings left in concrete structures after work of other trades is in 
place unless otherwise indicated. Mix, place, and cure concrete, as specified, to blend with in-
place construction. Provide other miscellaneous concrete filling indicated or required to 
complete the Work. 

B. Curbs: Provide monolithic finish to interior curbs by stripping forms while concrete is still 
green and by steel-troweling surfaces to a hard, dense finish with corners, intersections, and 
terminations slightly rounded. 

C. Equipment Bases and Foundations: 

1. Coordinate sizes and locations of concrete bases with actual equipment provided. 
2. Minimum Compressive Strength: 4000 psi (27.6 MPa) at 28 days. 
3. Install dowel rods to connect concrete base to concrete floor.  
4. Prior to pouring concrete, place and secure anchorage devices. Use setting drawings, 

templates, diagrams, instructions, and directions furnished with items to be embedded. 
5. Cast anchor-bolt insert into bases. Install anchor bolts to elevations required for proper 

attachment to supported equipment. 

D. Steel Pan Stairs: Provide concrete fill for steel pan stair treads, landings, and associated items. 
Cast-in inserts and accessories as shown on Drawings. Screed, tamp, and trowel finish concrete 
surfaces. 
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3.13 CONCRETE PROTECTING AND CURING 

A. General: Protect freshly placed concrete from premature drying and excessive cold or hot 
temperatures. Comply with ACI 306.1 for cold-weather protection and ACI 301 (ACI 301M) 
for hot-weather protection during curing. 

B. Evaporation Retarder: Apply evaporation retarder to unformed concrete surfaces if hot, dry, or 
windy conditions cause moisture loss approaching 0.2 lb/sq. ft. x h (1 kg/sq. m x h) before and 
during finishing operations. Apply according to manufacturer's written instructions after 
placing, screeding, and bull floating or darbying concrete, but before float finishing. 

C. Formed Surfaces: Cure formed concrete surfaces, including underside of beams, supported 
slabs, and other similar surfaces. If forms remain during curing period, moist cure after 
loosening forms. If removing forms before end of curing period, continue curing for remainder 
of curing period. 

D. Unformed Surfaces: Begin curing immediately after finishing concrete. Cure unformed 
surfaces, including floors and slabs, concrete floor toppings, and other surfaces. 

E. Cure concrete according to ACI 308.1, by one or a combination of the following methods: 

1. Moisture Curing: Keep surfaces continuously moist for not less than seven days with the 
following materials: 

a. Water. 
b. Continuous water-fog spray. 
c. Absorptive cover, water saturated, and kept continuously wet. Cover concrete 

surfaces and edges with 12-inch (300-mm) lap over adjacent absorptive covers. 

2. Moisture-Retaining-Cover Curing: Cover concrete surfaces with moisture-retaining cover 
for curing concrete, placed in widest practicable width, with sides and ends lapped at 
least 12 inches (300 mm), and sealed by waterproof tape or adhesive. Cure for not less 
than seven days. Immediately repair any holes or tears during curing period, using cover 
material and waterproof tape. 

a. Moisture cure or use moisture-retaining covers to cure concrete surfaces to receive 
floor coverings. 

b. Moisture cure or use moisture-retaining covers to cure concrete surfaces to receive 
penetrating liquid floor treatments. 

c. Cure concrete surfaces to receive floor coverings with either a moisture-retaining 
cover or a curing compound that the manufacturer certifies does not interfere with 
bonding of floor covering used on Project. 

3.14 LIQUID FLOOR TREATMENT APPLICATION 

A. Penetrating Liquid Floor Treatment: Prepare, apply, and finish penetrating liquid floor treatment 
according to manufacturer's written instructions. 

1. Remove curing compounds, sealers, oil, dirt, laitance, and other contaminants and 
complete surface repairs. 
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2. Do not apply to concrete that is less than seven days' old. 
3. Apply liquid until surface is saturated, scrubbing into surface until a gel forms; rewet; 

and repeat brooming or scrubbing. Rinse with water; remove excess material until surface 
is dry. Apply a second coat in a similar manner if surface is rough or porous. 

B. Sealing Coat: Uniformly apply a continuous sealing coat of curing and sealing compound to 
hardened concrete by power spray or roller according to manufacturer's written instructions. 

3.15 JOINT FILLING 

A. Prepare, clean, and install joint filler according to manufacturer's written instructions. 

1. Defer joint filling until concrete has aged at least one month(s). Do not fill joints until 
construction traffic has permanently ceased. 

B. Remove dirt, debris, saw cuttings, curing compounds, and sealers from joints; leave contact 
faces of joints clean and dry. 

C. Install semirigid joint filler full depth in saw-cut joints and at least 2 inches (50 mm) deep in 
formed joints. Overfill joint and trim joint filler flush with top of joint after hardening. 

3.16 CONCRETE SURFACE REPAIRS 

A. Defective Concrete: Repair and patch defective areas when approved by Owner. Remove and 
replace concrete that cannot be repaired and patched to Owner's approval. 

B. Patching Mortar: Mix dry-pack patching mortar, consisting of 1 part portland cement to 2-1/2 
parts fine aggregate passing a No. 16 (1.18-mm) sieve, using only enough water for handling 
and placing. 

C. Repairing Formed Surfaces: Surface defects include color and texture irregularities, cracks, 
spalls, air bubbles, honeycombs, rock pockets, fins and other projections on the surface, and 
stains and other discolorations that cannot be removed by cleaning. 

1. Immediately after form removal, cut out honeycombs, rock pockets, and voids more than 
1/2 inch (13 mm) in any dimension to solid concrete. Limit cut depth to 3/4 inch (19 
mm). Make edges of cuts perpendicular to concrete surface. Clean, dampen with water, 
and brush-coat holes and voids with bonding agent. Fill and compact with patching 
mortar before bonding agent has dried. Fill form-tie voids with patching mortar or cone 
plugs secured in place with bonding agent. 

2. Repair defects on surfaces exposed to view by blending white portland cement and 
standard portland cement so that, when dry, patching mortar matches surrounding color. 
Patch a test area at inconspicuous locations to verify mixture and color match before 
proceeding with patching. Compact mortar in place and strike off slightly higher than 
surrounding surface. 

3. Repair defects on concealed formed surfaces that affect concrete's durability and 
structural performance as determined by Owner. 
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D. Repairing Unformed Surfaces: Test unformed surfaces, such as floors and slabs, for finish and 
verify surface tolerances specified for each surface. Correct low and high areas. Test surfaces 
sloped to drain for trueness of slope and smoothness; use a sloped template. 

1. Repair finished surfaces containing defects. Surface defects include spalls, popouts, 
honeycombs, rock pockets, crazing and cracks in excess of 0.01 inch (0.25 mm) wide or 
that penetrate to reinforcement or completely through unreinforced sections regardless of 
width, and other objectionable conditions. 

2. After concrete has cured at least 14 days, correct high areas by grinding. 
3. Correct localized low areas during or immediately after completing surface finishing 

operations by cutting out low areas and replacing with patching mortar. Finish repaired 
areas to blend into adjacent concrete. 

4. Correct other low areas scheduled to receive floor coverings with a repair underlayment. 
Prepare, mix, and apply repair underlayment and primer according to manufacturer's 
written instructions to produce a smooth, uniform, plane, and level surface. Feather edges 
to match adjacent floor elevations. 

5. Correct other low areas scheduled to remain exposed with a repair topping. Cut out low 
areas to ensure a minimum repair topping depth of 1/4 inch (6 mm) to match adjacent 
floor elevations. Prepare, mix, and apply repair topping and primer according to 
manufacturer's written instructions to produce a smooth, uniform, plane, and level 
surface. 

6. Repair defective areas, except random cracks and single holes 1 inch (25 mm) or less in 
diameter, by cutting out and replacing with fresh concrete. Remove defective areas with 
clean, square cuts and expose steel reinforcement with at least a 3/4-inch (19-mm) 
clearance all around. Dampen concrete surfaces in contact with patching concrete and 
apply bonding agent. Mix patching concrete of same materials and mixture as original 
concrete, except without coarse aggregate. Place, compact, and finish to blend with 
adjacent finished concrete. Cure in same manner as adjacent concrete. 

7. Repair random cracks and single holes 1 inch (25 mm) or less in diameter with patching 
mortar. Groove top of cracks and cut out holes to sound concrete and clean off dust, dirt, 
and loose particles. Dampen cleaned concrete surfaces and apply bonding agent. Place 
patching mortar before bonding agent has dried. Compact patching mortar and finish to 
match adjacent concrete. Keep patched area continuously moist for at least 72 hours. 

E. Perform structural repairs of concrete, subject to Owner's approval, using epoxy adhesive and 
patching mortar. 

F. Repair materials and installation not specified above may be used, subject to Owner's approval. 

3.17 FIELD QUALITY CONTROL 

A. Special Inspections: Owner will engage a special inspector and qualified testing and inspecting 
agency to perform field tests and inspections and prepare test reports. 

B. Inspections: 

1. Steel reinforcement placement. 
2. Headed bolts and studs. 
3. Verification of use of required design mixture. 
4. Curing procedures and maintenance of curing temperature. 
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5. Verification of concrete strength before removal of shores and forms from beams and 
slabs. 

C. Concrete Tests: Testing of composite samples of fresh concrete obtained according to 
ASTM C 172/C 172M shall be performed according to the following requirements: 

1. Testing Frequency: Obtain one composite sample for each day's pour of each concrete 
mixture exceeding 5 cu. yd. (4 cu. m), but less than 25 cu. yd. (19 cu. m), plus one set for 
each additional 50 cu. yd. (38 cu. m) or fraction thereof. 

2. Testing Frequency: Obtain at least one composite sample for each 100 cu. yd. (76 cu. m) 
or fraction thereof of each concrete mixture placed each day. 

a. When frequency of testing provides fewer than five compressive-strength tests for 
each concrete mixture, testing shall be conducted from at least five randomly 
selected batches or from each batch if fewer than five are used. 

3. Slump: ASTM C 143/C 143M; one test at point of placement for each composite sample, 
but not less than one test for each day's pour of each concrete mixture. Perform additional 
tests when concrete consistency appears to change. 

4. Air Content: ASTM C 231/C 231M, pressure method, for normal-weight concrete;one 
test for each composite sample, but not less than one test for each day's pour of each 
concrete mixture. 

5. Concrete Temperature: ASTM C 1064/C 1064M; one test hourly when air temperature is 
40 deg F (4.4 deg C) and below or 80 deg F (27 deg C) and above, and one test for each 
composite sample. 

6. Unit Weight: ASTM C 567/C 567M, fresh unit weight of structural lightweight concrete; 
one test for each composite sample, but not less than one test for each day's pour of each 
concrete mixture. 

7. Compression Test Specimens: ASTM C 31/C 31M. 

a. Cast and laboratory cure two sets of two standard cylinder specimens for each 
composite sample. 

b. Cast and field cure two sets of two standard cylinder specimens for each composite 
sample. 

8. Compressive-Strength Tests: ASTM C 39/C 39M; test one set of two laboratory-cured 
specimens at 7 days and one set of two specimens at 28 days. 

a. Test one set of two field-cured specimens at 7 days and one set of two specimens 
at 28 days. 

b. A compressive-strength test shall be the average compressive strength from a set of 
two specimens obtained from same composite sample and tested at age indicated. 

9. When strength of field-cured cylinders is less than 85 percent of companion laboratory-
cured cylinders, Contractor shall evaluate operations and provide corrective procedures 
for protecting and curing in-place concrete. 

10. Strength of each concrete mixture will be satisfactory if every average of any three 
consecutive compressive-strength tests equals or exceeds specified compressive strength 
and no compressive-strength test value falls below specified compressive strength by 
more than 500 psi (3.4 MPa). 
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11. Test results shall be reported in writing to Owner, concrete manufacturer, and Contractor 
within 48 hours of testing. Reports of compressive-strength tests shall contain Project 
identification name and number, date of concrete placement, name of concrete testing and 
inspecting agency, location of concrete batch in Work, design compressive strength at 28 
days, concrete mixture proportions and materials, compressive breaking strength, and 
type of break for both 7- and 28-day tests. 

12. Nondestructive Testing: Impact hammer, sonoscope, or other nondestructive device may 
be permitted by Owner but will not be used as sole basis for approval or rejection of 
concrete. 

13. Additional Tests: Testing and inspecting agency shall make additional tests of concrete 
when test results indicate that slump, air entrainment, compressive strengths, or other 
requirements have not been met, as directed by Owner. Testing and inspecting agency 
may conduct tests to determine adequacy of concrete by cored cylinders complying with 
ASTM C 42/C 42M or by other methods as directed by Owner. 

14. Additional testing and inspecting, at Contractor's expense, will be performed to determine 
compliance of replaced or additional work with specified requirements. 

15. Correct deficiencies in the Work that test reports and inspections indicate do not comply 
with the Contract Documents. 

D. Measure floor and slab flatness and levelness according to ASTM E 1155 (ASTM E 1155M) 
within 48 hours of finishing. 

3.18 PROTECTION OF LIQUID FLOOR TREATMENTS 

A. Protect liquid floor treatment from damage and wear during the remainder of construction 
period. Use protective methods and materials, including temporary covering, recommended in 
writing by liquid floor treatments installer. 

END OF SECTION 033000 
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SECTION 066100 - PULTRUDED FIBERGLASS STRUCTURAL SHAPES     

PART 1 - GENERAL 

1.1 REFERENCES 

A. The publications listed below (latest revision applicable) form a part of this specification to the 
extent referenced herein.  The publications are referred to within the text by the designation 
only. 

1. AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) Test Methods: 

a. Structural failures including cracked or broken structural support members, load-
bearing welds, and front and rear hinges. 

b. ASTM D-638-Tensile Properties of Plastics 
c. ASTM D-790-Flexural Properties of Unreinforced and Reinforced Plastics 
d. ASTM D-2344-Apparent Interlaminar Shear Strength of Parallel Fiber Composites 

by Short Beam Method 
e. ASTM D-696-Coefficient of Linear Thermal Expansion for Plastics 
f. ASTM E-84-Surface Burning Characteristics of Building Materials 
g. NSF/ANSI STANDARD 61 

1.2   CONTRACTOR SUBMITTALS 
  

A. The CONTRACTOR shall furnish shop drawings of all fabricated structural systems and 
accessories in accordance with the provisions of this Section. 

B. The CONTRACTOR shall furnish manufacturer's shop drawings clearly showing material sizes, 
types, styles, part or catalog numbers, complete details for the fabrication of and erection of 
components including, but not limited to, location, lengths, type and sizes of fasteners, clip 
angles, member sizes, and connection details. 

C. The CONTRACTOR shall submit the manufacturer’s published literature including structural 
design data, structural properties data, corrosion resistance tables, certificates of compliance, 
test reports as applicable, and design calculations for systems not sized or designed in the 
contract documents, sealed by a Professional Engineer. 

D. The CONTRACTOR may be requested to submit sample pieces of each item specified herein 
for acceptance by the ENGINEER as to quality and color.  Sample pieces shall be manufactured 
by the method to be used in the WORK. 

1.3   QUALITY ASSURANCE 
 

A. All items to be provided under this Section shall be furnished only by manufacturers having a 
minimum of ten (10) years of experience in the design and manufacture of similar products and 
systems. Additionally, if requested, a record of at least five (5) previous, separate, similar 
successful installations in the last five (5) years shall be provided. 
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B. Manufacturer shall offer a 3 year limited warranty on all FRP products against defects in 
materials and workmanship. 

C. Manufacturer shall be certified to the ISO 9001-2008 standard.   

D. Manufacturer shall provide proof of certification from at least two other quality assurance 
programs for its facilities or products (DNV, ABS, USCG, AARR). 

E. Manufacturer shall provide proof, via independent testing, that materials proposed as a solution 
do not contain heavy metals in amounts greater than that allowed by current EPA requirements. 

1.4   PRODUCT DELIVERY AND STORAGE 
  

A. Delivery of Materials: Manufactured materials shall be delivered in original, unbroken pallets, 
packages, containers, or bundles bearing the label of the manufacturer.  Adhesives, resins and 
their catalysts and hardeners shall be crated or boxed separately and noted as such to facilitate 
their movement to a dry indoor storage facility. 

B. Storage of Products: All materials shall be carefully handled to prevent them from abrasion, 
cracking, chipping, twisting, and other types of damage.  Store adhesives, resins and their 
catalysts and hardeners in dry indoor storage facilities between 70 and 85 degrees Fahrenheit 
(21 to 29 degrees Celsius) until they are required. 

PART 2 - MATERIALS 

2.1   MANUFACTURER 
 

A. Structural shapes shall be Dynaform® as manufactured by:  
 
Fibergrate Composite Structures Inc. 
5151 Belt Line Road, Suite 1212 
Dallas, Texas   75254-7028 USA 
(800) 527-4043  Phone   (972) 250-1530 Fax 
 
Website: www.fibergrate.com 
E-mail: info@fibergrate.com 
 
Or engineer approved equal. 

2.2   GENERAL      
 

A. All structural shapes are to be manufactured by the pultrusion process with a glass content 
minimum of 45%, maximum of 55% by weight.  The structural shapes shall be composed of 
fiberglass reinforcement and resin in qualities, quantities, properties, arrangements and 
dimensions as necessary to meet the design requirements and dimensions as specified in the 
Contract Documents. 
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B. Fiberglass reinforcement shall be a combination of continuous roving, continuous strand mat, 
and surfacing veil in sufficient quantities as needed by the application and/or physical properties 
required. 
 

C. Resins shall be, non-fire retardant isophthalic polyester; ISOFR, fire retardant isophthalic 
polyester; with chemical formulation necessary to provide the corrosion resistance, strength and 
other physical properties as required. 
 

D. All finished surfaces of FRP items and fabrications shall be smooth, resin-rich, free of voids and 
without dry spots, cracks, crazes or unreinforced areas.  All glass fibers shall be well covered 
with resin to protect against their exposure due to wear or weathering. 
 

E. All pultruded structural shapes shall be further protected from ultraviolet (UV) attack with 1) 
integral UV inhibitors in the resin and 2) a synthetic surfacing veil to produce a resin rich 
surface. 
 

F. All fire retardant FRP products shall have a tested flame spread rating of 25 or less per ASTM 
E-84 Tunnel Test. 
 

G. Pultruded structural shapes are to have the minimum longitudinal mechanical properties listed 
below: 

 

Property ASTM Method Value Units 

Tensile Strength D-638 30,000 (206) psi (MPa) 

Tensile Modulus D-638 2.5 x 106 (17.2) psi (GPa) 

Flexural Strength D-790 30,000 (206) psi (MPa) 

Flexural Modulus D-790 1.8 x 106 (12.4) psi (GPa) 

Flexural  Modulus (Full Section) N/A 2.8 x 106 (19.3) psi (GPa) 

Short Beam Shear (Transverse) D-2344 4,500 (31) psi (MPa) 

Shear Modulus (Transverse) N/A 4.5 x 105 (3.1) psi (GPa) 

Coefficient of Thermal Expansion D-696 
4.4 x 10-6 
(8.0 x 10 -6) 

in/in/°F 
(cm/cm/°C) 

Flame Spread E-84 25 or less N/A 

PART 3 - EXECUTION 

3.0   FABRICATION 
 

A. Measurements: Structural Shapes supplied shall meet the minimum dimensional requirements 
as shown or specified.  The Contractor shall provide and/or verify measurements in field for 
work fabricated to fit field conditions as required by manufacturer to complete the work. 
Determine correct size and locations of required holes or coping from field dimensions before 
structural shape fabrication. 
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B. Sealing: All shop fabricated cuts or drilling shall be coated with vinyl ester resin to provide 
maximum corrosion resistance.  All field fabricated cuts or drilling shall be coated similarly by 
the contractor in accordance with the manufacturer's instructions. 
 

C. Hardware: Type 316 stainless steel bolts shall be provided. 

3.1   INSPECTION 
 

A. Shop inspection is authorized as required by the Owner and shall be at Owner's expense.  The 
fabricator shall give ample notice to Contractor prior to the beginning of any fabrication work 
so that inspection may be provided.  The structural shapes shall be as free, as commercially 
possible, from visual defects such as foreign inclusions, delamination, blisters, resin burns, air 
bubbles and pits. 

END OF SECTION 066100 
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SECTION 067413 - FIBERGLASS REINFORCED GRATINGS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section includes glass-fiber-reinforced-plastic gratings. 

1.3 COORDINATION 

A. Coordinate installation of anchorages for gratings, grating frames, and supports. Furnish setting 
drawings, templates, and directions for installing anchorages, including sleeves, concrete 
inserts, anchor bolts, and items with integral anchors, that are to be embedded in concrete or 
masonry. Deliver such items to Project site in time for installation. 

1.4 ACTION SUBMITTALS 

A. Product Data: For glass-fiber-reinforced-plastic gratings. 

B. Shop Drawings: Include plans, sections, details, and attachments to other work. 

1.5 FIELD CONDITIONS 

A. Field Measurements: Verify actual locations of walls and other construction contiguous with 
gratings by field measurements before fabrication. 

PART 2 - PRODUCTS 

2.1 GLASS-FIBER-REINFORCED-PLASTIC GRATINGS 

A. Molded Glass-Fiber-Reinforced Gratings: Bar gratings made by placing glass-fiber strands that 
have been saturated with thermosetting plastic resin in molds in alternating directions to form 
interlocking bars without voids and with a high resin content. 

1. Configuration: 1” x 2” pattern. 
2. Weight: High Load rated 
3. Resin: Polyester – chemical resistant. 
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a. Flame-Spread Index: 25 or less when tested according to ASTM E 84. 

4. Color: Manufacturer's standard. 
5. Traffic Surface: Plain, meniscus. 

2.2 FASTENERS 

A. Stainless-Steel Bolts and Nuts: Regular hexagon-head annealed stainless-steel bolts, nuts, and, 
where indicated, flat washers; ASTM F 593 (ASTM F 738M) for bolts and ASTM F 594 
(ASTM F 836M) for nuts, Alloy Group 1 (A1). 

2.3 FABRICATION 

A. Shop Assembly: Shop fabricate grating sections to greatest extent possible to minimize field 
splicing and assembly. Disassemble units only as necessary for shipping and handling 
limitations. Use connections that maintain structural value of joined pieces. Clearly mark units 
for reassembly and coordinated installation. 

B. Cut, drill, and punch material cleanly and accurately. Remove burrs and ease edges to a radius 
of approximately 1/32 inch (1 mm) unless otherwise indicated. Remove sharp or rough areas on 
exposed surfaces. 

C. Form gratings from materials of size, thickness, and shapes indicated, but not less than that 
needed to support indicated loads. 

D. Fit exposed connections accurately together to form hairline joints. 

E. Provide for anchorage of type indicated; coordinate with supporting structure. Fabricate and 
space the anchoring devices to secure gratings, frames, and supports rigidly in place and to 
support indicated loads. 

F. Fabricate cutouts in grating sections for penetrations indicated. Arrange cutouts to permit 
grating removal without disturbing items penetrating gratings. 

PART 3 - EXECUTION 

3.1 INSTALLATION, GENERAL 

A. Fastening to In-Place Construction: Provide anchorage devices and fasteners where necessary 
for securing gratings to in-place construction. Include threaded fasteners for concrete and 
masonry inserts, through-bolts, lag bolts, and other connectors. 

B. Cutting, Fitting, and Placement: Perform cutting, drilling, and fitting required for installing 
gratings. Set units accurately in location, alignment, and elevation; measured from established 
lines and levels and free of rack. 

C. Provide temporary bracing or anchors in formwork for items that are to be built into concrete or 
masonry. 
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D. Fit exposed connections accurately together to form hairline joints. 

3.2 INSTALLING GLASS-FIBER-REINFORCED-PLASTIC GRATINGS 

A. Comply with manufacturer's written instructions for installing gratings. Use manufacturer's 
standard stainless-steel anchor clips and hold-down devices for bolted connections. 

END OF SECTION 067413 
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SECTION 111300 - LOADING DOCK EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Dock levelers. 
2. Dock bumpers. 

B. Related Sections: 

1. Division 03 Section “Cast-in-Place Concrete” for concrete work for recessed loading 
dock equipment. 

2. Division 05 Section "Metal Fabrications" for curb angles at edges of recessed pits. 
3. Division 26 Sections for electrical wiring for, and connections to, loading dock 

equipment. 

1.3 DEFINITIONS 

A. Operating Range:  Maximum amount of travel above and below the loading dock level. 

B. Working Range:  Recommended amount of travel above and below the loading dock level for 
which loading and unloading operations can take place. 

1.4 SUBMITTALS 

A. Product Data: For each type of product indicated. Include construction details, material 
descriptions, dimensions of individual components and profiles, and finishes for loading dock 
equipment. Include rated capacities, operating characteristics, electrical characteristics, and 
furnished specialties and accessories.  Product data to include manufacturer's instructions, 
recommendations and restrictions. 

B. Shop Drawings:  For loading dock equipment.  Include plans, elevations, sections, details, and 
attachments to other work. 

1. Detail equipment assemblies and indicate dimensions, weights, loads, required 
clearances, method of field assembly, components, and location and size of each field 
connection. 
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2. Wiring Diagrams:  For power, signal, and control wiring. 
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. Qualification Data:  For qualified Installer. 

D. Welding certificates. 

E. Product Test Reports:  Based on evaluation of comprehensive tests performed by manufacturer 
and witnessed by a qualified testing agency; indicate compliance of dock levelers with 
requirements in ANSI MH 30.1 for determining rated capacity, which is based on 
comprehensive testing within last two years of current products. 

1. Submittal Form:  According to ANSI MH 30.1, Appendix A. 

F. Operation and Maintenance Data:  For loading dock equipment to include in operation and 
maintenance manuals. 

G. Warranty:  Sample of special warranty. 

1.5 QUALITY ASSURANCE 

A. Installer Qualifications: Manufacturer's authorized representative who is trained and approved 
for installation of units required for this Project. 

1. Maintenance Proximity:  Not more than two hours' normal travel time from Installer's 
place of business to Project site. 

B. Source Limitations: Obtain loading dock equipment from single source from single 
manufacturer. 

C. Welding Qualifications:  Qualify procedures and personnel according to the following: 

1. AWS D1.1/D1.1M, "Structural Welding Code - Steel." 
2. AWS D1.3, "Structural Welding Code - Sheet Steel." 

D. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and application. 

E. Preinstallation Conference:  Conduct conference at Project site. 

1. Inspect and discuss electrical roughing-in, equipment bases, and other preparatory work 
specified elsewhere. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Store and handle dock in a manner to avoid significant or permanent damage to fabric or frame. 
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1. Comply with manufacturer's written instructions for minimum and maximum temperature 
requirements for storage. 

1.7 PROJECT CONDITIONS 

A. Field Measurements: Verify actual dimensions of construction contiguous with loading dock 
equipment, including recessed pit dimensions, slopes of driveways and heights of loading 
docks, by field measurements before fabrication. Indicate measurements on shop drawings. 

1.8 COORDINATION 

A. Coordinate installation of anchorages for loading dock equipment. Furnish setting drawings, 
templates, and directions for installing anchorages, including sleeves, concrete inserts, anchor 
bolts, and items with integral anchors, that are to be embedded in concrete or masonry. Deliver 
such items to Project site in time for installation. 

1.9 WARRANTY 

A. Special Warranty for Dock Levelers: Manufacturer's standard form in which manufacturer 
agrees to repair or replace dock-leveler components that fail in materials or workmanship within 
specified warranty period. 

1. Failures include, but are not limited to, the following: 

a. Structural failures including cracked or broken structural support members, load-
bearing welds, and front and rear hinges. 

b. Faulty operation of operators, control system, or hardware. 
c. Deck plate failures including cracked plate or permanent deformation in excess of 

1/8 inch between deck supports. 
d. Hydraulic system failures including failure of hydraulic seals and cylinders. 

2. Warranty Period for Structural Assembly:  10 years from date of Substantial Completion. 
3. Warranty Period for Hydraulic System:  Five years from date of Substantial Completion. 
4. Warranty shall be for unlimited usage of leveler for the specified rated capacity over the 

term of the warranty. 

1.10 MAINTENANCE SERVICE 

A. Initial Maintenance Service: Beginning at Substantial Completion, provide 12 months' full 
maintenance by skilled employees of loading dock equipment Installer. Include monthly 
preventive maintenance, repair or replacement of worn or defective components, lubrication, 
cleaning, and adjusting as required for proper loading dock equipment operation at rated speed 
and capacity. Provide parts and supplies the same as those used in the manufacture and 
installation of original equipment. 

B. Continuing Maintenance Proposal: From Installer to Owner, in the form of a standard yearly 
maintenance agreement, starting on date initial maintenance service is concluded. State services, 
obligations, conditions, and terms for agreement period and for future renewal options. 
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PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Steel Plates, Shapes, and Bars:  ASTM 36/A 36M. 

B. Rolled-Steel Floor Plate: ASTM A 786/A 786M, rolled from steel plate complying with 
ASTM A 572/A 572M, Grade 55. 

C. Steel Tubing:  ASTM A 500, cold formed. 

D. Welding Rods and Bare Electrodes:  Select according to AWS specifications for metal alloy 
welded. 

E. Wood:  DOC PS 20 dimension lumber, select structural grade, kiln dried. 

F. Pressure-Treated Wood:  DOC PS 20 dimension lumber, select structural grade, kiln dried, and 
pressure treated with waterborne preservatives to comply with AWPA C2. 

2.2 RECESSED DOCK LEVELERS 

A. General:  Recessed, hinged-lip-type dock levelers designed for permanent installation in 
concrete pits preformed in the edge of loading platform; of type, function, operation, capacity, 
size, and construction indicated; and complete with controls, safety devices, and accessories 
required. 
 
1. Basis-of-Design Product:  Subject to compliance with requirements in this specification, 

provide Blue Giant Equipment Corporation A-Series Hydraulic or equal. 

B. Standard:  Comply with ANSI MH 30.1, except for structural testing to establish rated capacity. 

C. Rated Capacity:  Capable of supporting total gross load of 50,000 lbs without permanent 
deflection or distortion. 

D. Platform:  Not less than 3/8-inch- thick, nonskid steel plate. 

1. Platform Size:  72” X 75.5”. 
2. Frame:  Supplied by manufacturer, Manufacturer's standard clean-pit type, designed to 

support leveler at sides of pit, with no side-to-side supports at front of pit floor with 
weather tight adjustable toe seal. 

3. Fixed Handrails: Equip lift with handrails on two sides of platform with a single, 
removable chain across each end. Provide handrails not less than 39 inches high with 
midrail and 4-inch-high kick plate at bottom. 

E. Hinged Lip:  Not less than 1-inch thick, nonskid steel plate. 

1. Hinge:  Full width, piano-type hinge with heavy-wall hinge tube, with gussets on lip and 
ramp for support. 

2. Safety Barrier Lip:  Designed to protect material-handling equipment from an accidental 
fall from loading platform edge of the dock leveler when the leveler is not in use. 
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F. Function:  Dock levelers shall compensate for differences in height between truck bed and 
loading platform. 

1. Vertical Travel:  Operating range above platform level of sufficient height to enable lip to 
extend and clear truck bed before contact with the following minimum working range: 

a. Above Adjoining Platform:  18 inches. 
b. Below Adjoining Platform:  14 inches. 

2. Automatic Vertical Compensation:  Floating travel of ramp with lip extended and resting 
on truck bed shall compensate automatically for upward or downward movement of truck 
bed during loading and unloading. 

3. Automatic Lateral Compensation:  Tilting of ramp with lip extended and resting on truck 
bed shall compensate automatically for canted truck beds of up to 4 inches over width of 
ramp. 

4. Lip Operation:  Manufacturer's standard mechanism that automatically extends and 
supports hinged lip on ramp edge with lip resting on truck bed over dock leveler's 
working range, allows lip to yield under impact of incoming truck, and automatically 
retracts lip when truck departs. 

a. Length of Lip Extension:  20 inches. 

5. Automatic Ramp Return:  Automatic return of unloaded ramp, from raised or lowered 
positions to stored position, level with platform, as truck departs. 

6. Interlock:  Leveler will not operate while overhead door is in closed position, leveler 
night lock is engaged and truck restraint is not engaged. 

 

G. Dock Supply:  Dock is included in this phase of the project.  Coordinate with all other loading 
dock equipment provided as part of later phases. 

H. Hydraulic Operating System:  Electric control from a remote-control station; fully hydraulic 
operation.  Electric-powered hydraulic raising and hydraulic lowering of ramp.  Equip leveler 
with a packaged unit including a unitized, totally enclosed, nonventilated electric motor, pump, 
manifold reservoir, and valve assembly of proper size, type, and operation for capacity of 
leveler indicated.  Include means for lowering ramp below platform level with lip retracted 
behind dock bumpers.  Provide a hydraulic velocity fuse connected to main hydraulic cylinder 
to limit loaded ramp's free fall to not more than 3 inches. 
 
1. Remote-Control Station with Emergency Stop:  Weatherproof multibutton control station 

with an UP button of the constant-pressure type and an emergency STOP button of the 
momentary-contact type, enclosed in NEMA ICS 6, Type 12 box.  Ramp raises by 
depressing and holding UP button; ramp lowers at a controlled rate by releasing UP 
button.  All ramp movement stops, regardless of position of ramp or lip, by depressing 
STOP button.  Normal operation resumes by engaging a manual reset button or by 
pulling out STOP button. 
 
a. Master Panel:  Control panel with integral fused disconnecting means for operating 

dock leveler, dock door, and truck restraints. 
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2. Independent Lip Operation:  Electric-powered hydraulic raising and hydraulic lowering 
of lip, controlled independent of raising and lowering of ramp. 

I. Construction:  Fabricate dock-leveler frame, platform supports, and lip supports from structural- 
or formed-steel shapes.  Weld platform and hinged lip to supports.  Fabricate entire assembly to 
withstand deformation during both operating and stored phases of service.  Chamfer lip edge to 
minimize obstructing wheels of material-handling vehicles. 

1. Cross-Traffic Support:  Manufacturer's standard method of supporting ramp at platform 
level in stored position with lip retracted.  Provide a means to release supports to allow 
ramp to descend below platform level. 

2. Maintenance Strut:  Integral strut to positively support ramp in up position during 
maintenance of dock leveler. 

J. Accessories: 

1. Curb Angles:  3-by-3-by-1/4-inch galvanized-steel curb angles for edge of recessed 
leveler pit, with 1/2-inch-  diameter by 6-inch- long concrete anchors welded to angle at 6 
inches o.c. 

2. Self-Forming Pan:  Manufacturer's standard prefabricated, self-forming steel form system 
for poured-in-place construction of concrete pit. 

3. Night Locks:  Manufacturer's standard means to prevent extending lip and lowering ramp 
when overhead doors are locked. 

4. Side and rear weatherseals. 
5. Foam insulation under dock-leveler platform. 
6. Smooth surface. 
7. Access Chain End: Access chains for guard rails/lip post on fixed end. 
8. Roll-over capacity in fully lowered position only. 
9. Toe Guards: Bevel Toe Guards Included In Net Price with safety striping. 
10. Safety Striping: Full perimeter safety striping 

K. Finish:  Paint dock levelers after assembly and testing. 

1. Toe Guards:  Paint yellow to comply with ANSI Z535.1. 

2.3 DOCK BUMPERS 

A. Laminated-Tread Dock Bumper:  Fabricated from multiple, uniformly thick plies cut from 
fabric-reinforced rubber tires.  Laminate plies under pressure on not less than two 3/4-inch- (19-
mm-) diameter, steel supporting rods that are welded at one end to 1/4-inch- (6-mm-) thick, 
structural-steel end angle and secured with a nut and angle at the other end.  Fabricate angles 
with predrilled anchor holes and sized to provide not less than 1 inch (25 mm) of tread plies 
extending beyond the face of closure angles. 

1. Thickness:  12 inches. 
2. Horizontal Style:  24 inches high by 10”. 

B. Anchorage Devices:  Hot-dip galvanized-steel anchor bolts, nuts, washers, bolts, sleeves, cast-
in-place plates, and other anchorage devices as required to fasten bumpers securely in place and 
to suit installation type indicated. 
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2.4 GENERAL FINISH REQUIREMENTS 

A. Finish loading dock equipment after assembly and testing. 

2.5 STEEL FINISHES 

A. Galvanizing:  Hot-dip galvanize components as indicated to comply with the following: 

1. ASTM A 123/A 123M for iron and steel loading dock equipment. 
2. ASTM A 153/A 153M or ASTM F 2329 for iron and steel hardware for loading dock 

equipment. 

B. Galvanized-Steel Finish:  Immediately after cleaning and pretreating, apply manufacturer's 
standard two-coat, baked-on finish consisting of prime coat and thermosetting topcoat in 
manufacturer's standard color. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and conditions, with Installer present, for compliance with requirements for 
installation tolerances and other conditions affecting performance of loading dock equipment. 

B. Examine roughing-in for electrical systems for loading dock equipment to verify actual 
locations of connections before equipment installation. 

C. Examine walls and floors of pits for suitable conditions where recessed loading dock equipment 
is to be installed.  Pits shall be plumb and square and properly sloped for drainage from back to 
front of loading dock. 

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

3.2 PREPARATION 

A. Coordinate size and location of loading dock equipment indicated to be attached to or recessed 
into concrete or masonry, and furnish anchoring devices with templates, diagrams, and 
instructions for their installation. 

B. Set curb angles in concrete edges of dock-leveler recessed pits with tops flush with loading 
platform.  Fit exposed connections together to form hairline joints. 

C. Place self-forming pan system for recessed dock levelers in proper relation to loading platform 
before pouring concrete. 

D. Clean recessed pits of debris. 
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3.3 INSTALLATION 

A. General:  Install loading dock equipment, including control stations, wiring and safety devices,  
and accessories as required for a complete installation. 

1. Rough-in electrical connections according to requirements specified in Division 26 
Sections. 

B. Recessed Dock Levelers:  Attach dock levelers securely to loading dock platform, flush with 
adjacent loading dock surfaces and square to recessed pit. 

C. Dock Bumpers:  Attach dock bumpers to face of loading dock in a manner that complies with 
requirements indicated for spacing, arrangement, and position relative to top of platform and 
anchorage. 
 
1. Bolted Attachment:  Attach dock bumpers to preset anchor bolts embedded in concrete or 

to cast-in-place inserts or threaded studs welded to embedded-steel plates or angles.  If 
preset anchor bolts, cast-in-place inserts, or threaded studs welded to embedded-steel 
plates or angles are not provided, attach dock bumpers by drilling and anchoring with 
expansion anchors and bolts. 

3.4 ADJUSTING 

A. Adjust loading dock equipment to function smoothly and safely, and lubricate as recommended 
by manufacturer. 

B. Testdock levelers for vertical travel within operating range indicated. 

C. After completing installation of exposed, factory-finished loading dock equipment, inspect 
exposed finishes and repair damaged finishes. 

3.5 DEMONSTRATION 

A.  Engage a factory-authorized service representative to train Owner's maintenance personnel to 
adjust, operate, and maintain loading dock equipment. 

END OF SECTION 111300 
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SECTION 220500 - COMMON WORK RESULTS FOR PLUMBING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes the following: 

1. Piping materials and installation instructions common to most piping systems. 
2. Transition fittings. 
3. Dielectric fittings. 
4. Mechanical sleeve seals. 
5. Sleeves 

1.3 DEFINITIONS 

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

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

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

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

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

F. The following are industry abbreviations for plastic materials: 

1. PP: Polypropylene plastic. 
2. PVC:  Polyvinyl chloride plastic. 

G. The following are industry abbreviations for rubber materials: 

1. EPDM:  Ethylene-propylene-diene terpolymer rubber. 
2. NBR:  Acrylonitrile-butadiene rubber. 
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1.4 SUBMITTALS 

A. Product Data:  For the following: 

1. Transition fittings. 
2. Mechanical sleeve seals. 

B. Welding certificates. 

1.5 QUALITY ASSURANCE 

A. Electrical Characteristics for Plumbing Equipment: Equipment of higher electrical 
characteristics may be furnished, provided such proposed equipment is approved in writing and 
connecting electrical services, circuit breakers, and conduit sizes are appropriately modified.  If 
minimum energy ratings or efficiencies are specified, equipment shall comply with 
requirements. 

1.6 DELIVERY, STORAGE, AND HANDLING 

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

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

1.7 COORDINATION 

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

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

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where subparagraph titles below introduce lists, the following 
requirements apply for product selection: 

1. Available Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be incorporated into the Work include, but are not limited to, 
the manufacturers specified. 
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2.2 PIPE, TUBE, AND FITTINGS 

A. Refer to individual Division 22 piping Sections for pipe, tube, and fitting materials and joining 
methods. 

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

2.3 JOINING MATERIALS 

A. Refer to individual Division 22 piping Sections for special joining materials not listed below. 

B. Pipe-Flange Gasket Materials:  Suitable for chemical and thermal conditions of piping system 
contents. 

1. ASME B16.21, nonmetallic, flat, asbestos-free, 1/8-inch maximum thickness unless 
thickness or specific material is indicated. 

a. Full-Face Type:  For flat-face, Class 125, cast-iron and cast-bronze flanges. 
b. Narrow-Face Type:  For raised-face, Class 250, cast-iron and steel flanges. 

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

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

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

E. Solvent Cements for PVC Piping:  ASTM D 2564.  Include primer according to ASTM F 656. 

F. Plastic-Piping Electrofusion Joints:  Make polyolefin drainage-piping joints according to 
ASTM F 1290 

2.4 TRANSITION FITTINGS 

A. AWWA Transition Couplings:  Same size as, and with pressure rating at least equal to and with 
ends compatible with, piping to be joined. 

1. Available Manufacturers: 

a. Cascade Waterworks Mfg. Co. 
b. Dresser Industries, Inc.; DMD Div. 
c. Ford Meter Box Company, Incorporated (The); Pipe Products Div. 
d. JCM Industries. 
e. Smith-Blair, Inc. 
f. Viking Johnson. 

2. Underground Piping NPS 1-1/2 and Smaller:  Manufactured fitting or coupling. 
3. Underground Piping NPS 2 and Larger:  AWWA C219, metal sleeve-type coupling. 
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B. Plastic-to-Metal Transition Fittings:  CPVC and PVC one-piece fitting with manufacturer's 
Schedule 80 equivalent dimensions; one end with threaded brass insert, and one solvent-
cement-joint end. 

1. Available Manufacturers: 

a. Eslon Thermoplastics. 

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

1. Available Manufacturers: 

a. Thompson Plastics, Inc. 

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

1. Available Manufacturers: 

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

E. Flexible Transition Couplings for Underground Nonpressure Drainage Piping:  ASTM C 1173 
with elastomeric sleeve, ends same size as piping to be joined, and corrosion-resistant metal 
band on each end. 

1. Available Manufacturers: 

a. Cascade Waterworks Mfg. Co. 
b. Fernco, Inc. 
c. Mission Rubber Company. 
d. Plastic Oddities, Inc. 

2.5 DIELECTRIC FITTINGS 

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

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

C. Dielectric Flanges:  Factory-fabricated, companion-flange assembly, for 150- or 300-psig 
minimum working pressure as required to suit system pressures. 

1. Available Manufacturers: 

a. Capitol Manufacturing Co. 
b. Central Plastics Company. 
c. Epco Sales, Inc. 
d. Watts Industries, Inc.; Water Products Div. 
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2.6 MECHANICAL SLEEVE SEALS 

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

1. Available Manufacturers: 

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

2. Sealing Elements:  EPDM or NBR for standard temperatures services; Silicone for high 
temperature services.  Interlocking links shaped to fit surface of pipe.  Include type and 
number required for pipe material and size of pipe. 

3. Pressure Plates:  Glass reinforced or Carbon steel, depending on pipe service.  Include 
two for each sealing element. 

4. Connecting Bolts and Nuts:  Carbon steel with corrosion-resistant coating of length 
required to secure pressure plates to sealing elements.  Include one for each sealing 
element. 

2.7 SLEEVES 

A. Galvanized-Steel Sheet:  0.0359-inch minimum thickness; round tube closed with welded 
longitudinal joint. 

B. Steel Pipe:  ASTM A 53, Type E, Grade B, Schedule 40, galvanized, plain ends. 

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

D. Stack Sleeve Fittings:  Manufactured, cast-iron sleeve with integral clamping flange.  Include 
clamping ring and bolts and nuts for membrane flashing. 

1. Underdeck Clamp:  Clamping ring with set screws. 

E. Molded PVC:  Permanent, with nailing flange for attaching to wooden forms. 

F. PVC Pipe:  ASTM D 1785, Schedule 40. 

PART 3 - EXECUTION 

3.1 PIPING SYSTEMS - COMMON REQUIREMENTS 

A. Install piping according to the following requirements and Division 22 Sections specifying 
piping systems. 
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B. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping 
systems.  Indicated locations and arrangements were used to size pipe and calculate friction 
loss, expansion, pump sizing, and other design considerations.  Install piping as indicated unless 
deviations to layout are approved on Coordination Drawings. 

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

D. Install piping indicated to be exposed and piping in equipment rooms and service areas at right 
angles or parallel to building walls.  Diagonal runs are prohibited unless specifically indicated 
otherwise. 

E. Install piping at indicated slopes. 

F. Install piping free of sags and bends. 

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

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

I. Sleeves are not required for core-drilled holes. 

J. Install sleeves for pipes passing through concrete and masonry walls, gypsum-board partitions, 
and concrete floor and roof slabs. 

1. Cut sleeves to length for mounting flush with both surfaces. 

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

2. Install sleeves in new walls and slabs as new walls and slabs are constructed. 
3. Install sleeves that are large enough to provide 1/4-inch annular clear space between 

sleeve and pipe or pipe insulation.  Use the following sleeve materials: 

a. Steel Pipe Sleeves:  For pipes smaller than NPS 6. 
b. Steel Sheet Sleeves:  For pipes NPS 6 and larger, penetrating gypsum-board 

partitions. 
c. Stack Sleeve Fittings:  For pipes penetrating floors with membrane waterproofing.  

Secure flashing between clamping flanges.  Install section of cast-iron soil pipe to 
extend sleeve to 2 inches above finished floor level.   

1) Seal space outside of sleeve fittings with grout. 

4. Except for underground wall penetrations, seal annular space between sleeve and pipe or 
pipe insulation, using joint sealants appropriate for size, depth, and location of joint.   
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K. Underground, Exterior-Wall Pipe Penetrations:  Install cast-iron "wall pipes" for sleeves.  Seal 
pipe penetrations using mechanical sleeve seals.  Select sleeve size to allow for 1-inch annular 
clear space between pipe and sleeve for installing mechanical sleeve seals or manufacturer’s 
written recommendation, whichever is larger. 

1. Mechanical Sleeve Seal Installation:  Install per manufacturer’s written instructions.  
Tighten bolts against pressure plates that cause sealing elements to expand and make 
watertight seal. 

L. Verify final equipment locations for roughing-in. 

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

3.2 PIPING JOINT CONSTRUCTION 

A. Join pipe and fittings according to the following requirements and Division 22 Sections 
specifying piping systems. 

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

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

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

E. Plastic Piping Solvent-Cement Joints:  Clean and dry joining surfaces.  Join pipe and fittings 
according to the following: 

1. Comply with ASTM F 402 for safe-handling practice of cleaners, primers, and solvent 
cements. 

2. PVC Pressure Piping:  Join schedule number ASTM D 1785, PVC pipe and PVC socket 
fittings according to ASTM D 2672.  Join other-than-schedule-number PVC pipe and 
socket fittings according to ASTM D 2855. 

3. PVC Nonpressure Piping:  Join according to ASTM D 2855. 

F. Plastic Pressure Piping Gasketed Joints:  Join according to ASTM D 3139. 

G. Plastic Nonpressure Piping Gasketed Joints:  Join according to ASTM D 3212. 

END OF SECTION 220500 
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SECTION 221116 - DOMESTIC WATER PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Under-building slab domestic water pipes, tubes, fittings, and specialties inside the 
building. 

1.3 SUBMITTALS 

A. Product Data:  For the following products: 
 
1. Sleeves and sleeve seals. 

B. Field quality-control reports. 

1.4 QUALITY ASSURANCE 

A. Piping materials shall bear label, stamp, or other markings of specified testing agency. 

PART 2 - PRODUCTS 

2.1 PIPING MATERIALS 

A. Comply with requirements in "Piping Schedule" Article for applications of pipe, tube, fitting 
materials, and joining methods for specific services, service locations, and pipe sizes. 

2.2 DUCTILE-IRON PIPE AND FITTINGS 

A. Mechanical-Joint, Ductile-Iron Pipe:  AWWA C151, with mechanical-joint bell and plain spigot 
end unless grooved or flanged ends are indicated. 

1. Standard-Pattern, Mechanical-Joint Fittings:  AWWA C110, ductile or gray iron. 
2. Compact-Pattern, Mechanical-Joint Fittings:  AWWA C153, ductile iron. 
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a. Glands, Gaskets, and Bolts:  AWWA C111, ductile- or gray-iron glands, rubber 
gaskets, and steel bolts. 

B. Plain-End, Ductile-Iron Pipe:  AWWA C151. 

1. Grooved-Joint, Ductile-Iron-Pipe Appurtenances: 

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

1) Anvil International. 
2) Shurjoint Piping Products. 
3) Star Pipe Products. 
4) Victaulic Company. 

b. Grooved-End, Ductile-Iron Fittings:  ASTM A 47/A 47M, malleable-iron castings 
or ASTM A 536, ductile-iron castings with dimensions matching pipe. 

c. Grooved-End, Ductile-Iron-Pipe Couplings:  AWWA C606 for ductile-iron-pipe 
dimensions.  Include ferrous housing sections, EPDM-rubber gaskets suitable for 
hot and cold water, and bolts and nuts. 

2.3 PEX TUBE AND FITTINGS (for trap primers only) 

A. PEX Distribution System:  ASTM F 877, SDR 9 tubing. 

1. Fittings for PEX Tube:  ASTM F 1807, metal-insert type with copper or stainless-steel 
crimp rings and matching PEX tube dimensions. 

2. Manifold:  Multiple-outlet, plastic or corrosion-resistant-metal assembly complying with 
ASTM F 877; with plastic or corrosion-resistant-metal valve for each outlet. 

2.4 PIPING JOINING MATERIALS 

A. Pipe-Flange Gasket Materials: AWWA C110, rubber, flat face, 1/8 inch thick or ASME B16.21, 
nonmetallic and asbestos free, unless otherwise indicated; full-face or ring type unless otherwise 
indicated. 

B. Metal, Pipe-Flange Bolts and Nuts:  ASME B18.2.1, carbon steel unless otherwise indicated. 

2.5 SLEEVES 

A. Cast-Iron Wall Pipes:  Fabricated of cast iron, and equivalent to ductile-iron pressure pipe, with 
plain ends and integral waterstop unless otherwise indicated. 

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

C. Molded-PE Sleeves:  Reusable, PE, tapered-cup shaped, and smooth outer surface with nailing 
flange for attaching to wooden forms. 
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D. Galvanized-Steel-Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc-
coated, with plain ends. 

E. Stack Sleeve Fittings:  Manufactured, cast-iron sleeve with integral clamping flange.  Include 
clamping ring and bolts and nuts for membrane flashing. 

1. Underdeck Clamp:  Clamping ring with setscrews. 

2.6 SLEEVE SEALS 

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

1. Sealing Elements:  EPDM-rubber interlocking links shaped to fit surface of pipe.  Include 
type and number required for pipe material and size of pipe. 

2. Pressure Plates: Plastic 
3. Connecting Bolts and Nuts:  Stainless steel of length required to secure pressure plates to 

sealing elements. 

2.7 GROUT 

A. Standard: ASTM C 1107, Grade B, post-hardening and volume-adjusting, dry, hydraulic-
cement grout. 

B. Characteristics:  Nonshrink; recommended for interior and exterior applications. 

C. Design Mix:  5000-psi, 28-day compressive strength. 

D. Packaging:  Premixed and factory packaged. 

2.8 IDENTIFICATION 

A. Underground Warning Tape 

1. Available Manufacturers: 

a. Terra Tape 

2. Provide magnetic blue underground marking tape for buried water piping with scheduled 
warning message printed in black. 

a. Domestic Water – DOMESTIC WATER 
b. Water for Trap Primer – TRAP PRIMER 

3. Marking tape:  6 layers of polyolefin film bonded together without use of adhesives; 6” 
wide; minimum of 6 mils thick; tensile strength 50 pounds per 2,770 psi.  Elongation 
shall exceed 800 percent per ASTM D883-75B.  Print installation instructions down 
entire length of the tape.  Tape shall have integral foil strip for detection. 
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PART 3 - EXECUTION 

3.1 PIPING INSTALLATION 

A. Install domestic water piping level without pitch and plumb. 

3.2 JOINT CONSTRUCTION 

A. Ductile-Iron-Piping Grooved Joints:  Cut groove end of pipe.  Assemble coupling with housing, 
gasket, lubricant, and bolts.  Join ductile-iron pipe and grooved-end fittings according to 
AWWA C606 for ductile-iron-pipe, cut-grooved joints. 

B. Flanged Joints:  Select appropriate asbestos-free, nonmetallic gasket material in size, type, and 
thickness suitable for domestic water service.  Join flanges with gasket and bolts according to 
ASME B31.9. 

C. PEX Piping Joints:  Join according to ASTM F 1807. 

3.3 CONNECTIONS 

A. Drawings indicate general arrangement of piping, fittings, and specialties. 

3.4 SLEEVE INSTALLATION 

A. General Requirements: Install sleeves for pipes and tubes passing through penetrations in floors, 
partitions, roofs, and walls. 

B. Sleeves are not required for core-drilled holes. 

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

D. Cut sleeves to length for mounting flush with both surfaces unless otherwise indicated. 

E. Install sleeves in new partitions, slabs, and walls as they are built. 

F. Seal space outside of sleeves in concrete slabs and walls with grout. 

G. Install sleeves that are large enough to provide 1/4-inch annular clear space between sleeve and 
pipe or pipe insulation unless otherwise indicated. 

3.5 SLEEVE SEAL INSTALLATION 

A. Install sleeve seals in sleeves in exterior concrete walls at water-service piping entries into 
building. 
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B. Select type and number of sealing elements required for pipe material and size.  Position pipe in 
center of sleeve.  Assemble sleeve seal components and install in annular space between pipe 
and sleeve.  Tighten bolts against pressure plates that cause sealing elements to expand and 
make watertight seal. 

3.6 IDENTIFICATION 

A. Underground Piping:  Bury tape continuously along entire length of each utility line, at a depth 
of 18 inches below grade, directly above utility line. 

3.7 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Piping Inspections: 

1. Do not enclose, cover, or put piping into operation until it has been inspected and 
approved by authorities having jurisdiction. 

2. During installation, notify authorities having jurisdiction at least one day before 
inspection must be made.  Perform tests specified below in presence of authorities having 
jurisdiction: 

a. Roughing-in Inspection:  Arrange for inspection of piping before concealing or 
closing-in after roughing-in and before setting fixtures. 

b. Final Inspection:  Arrange final inspection for authorities having jurisdiction to 
observe tests specified below and to ensure compliance with requirements. 

3. Reinspection: If authorities having jurisdiction find that piping will not pass tests or 
inspections, make required corrections and arrange for reinspection. 

4. Reports: Prepare inspection reports and have them signed by authorities having 
jurisdiction. 
 

C. Piping Tests: 

1. Fill domestic water piping.  Check components to determine that they are not air bound 
and that piping is full of water. 

2. Test for leaks and defects in new piping and parts of existing piping that have been 
altered, extended, or repaired.  If testing is performed in segments, submit a separate 
report for each test, complete with diagram of portion of piping tested. 

3. Leave new, altered, extended, or replaced domestic water piping uncovered and 
unconcealed until it has been tested and approved.  Expose work that was covered or 
concealed before it was tested. 

4. Cap and subject piping to static water pressure of 50 psig above operating pressure, 
without exceeding pressure rating of piping system materials.  Isolate test source and 
allow to stand for four hours.  Leaks and loss in test pressure constitute defects that must 
be repaired. 

5. Repair leaks and defects with new materials and retest piping or portion thereof until 
satisfactory results are obtained. 
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6. Prepare reports for tests and for corrective action required. 

D. Domestic water piping will be considered defective if it does not pass tests and inspections. 

E. Prepare test and inspection reports. 

3.8 ADJUSTING 

A. Perform the following adjustments before operation: 

1. Close drain valves, hydrants, and hose bibbs. 
2. Open shutoff valves to fully open position. 
3. Open throttling valves to proper setting. 
4. Adjust balancing valves in hot-water-circulation return piping to provide adequate flow. 

a. Manually adjust ball-type balancing valves in hot-water-circulation return piping 
to provide flow of hot water in each branch. 

b. Adjust calibrated balancing valves to flows indicated. 

5. Remove plugs used during testing of piping and for temporary sealing of piping during 
installation. 

6. Remove and clean strainer screens.  Close drain valves and replace drain plugs. 
7. Remove filter cartridges from housings and verify that cartridges are as specified for 

application where used and are clean and ready for use. 
8. Check plumbing specialties and verify proper settings, adjustments, and operation. 

3.9 CLEANING 

A. Clean and disinfect potable and non-potable domestic water piping as follows: 

1. Purge new piping and parts of existing piping that have been altered, extended, or 
repaired before using. 

2. Use purging and disinfecting procedures prescribed by authorities having jurisdiction; if 
methods are not prescribed, use procedures described in either AWWA C651 or 
AWWA C652 or follow procedures described below: 

a. Flush piping system with clean, potable water until dirty water does not appear at 
outlets. 

b. Fill and isolate system according to either of the following: 

1) Fill system or part thereof with water/chlorine solution with at least 50 ppm 
of chlorine.  Isolate with valves and allow to stand for 24 hours. 

2) Fill system or part thereof with water/chlorine solution with at least 200 
ppm of chlorine.  Isolate and allow to stand for three hours. 

c. Flush system with clean, potable water until no chlorine is in water coming from 
system after the standing time. 

d. Submit water samples in sterile bottles to authorities having jurisdiction.  Repeat 
procedures if biological examination shows contamination. 
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B. Clean non-potable domestic water piping as follows: 

1. Purge new piping and parts of existing piping that have been altered, extended, or 
repaired before using. 

2. Use purging procedures prescribed by authorities having jurisdiction or; if methods are 
not prescribed, follow procedures described below: 

a. Flush piping system with clean, potable water until dirty water does not appear at 
outlets. 

b. Submit water samples in sterile bottles to authorities having jurisdiction.  Repeat 
procedures if biological examination shows contamination. 

C. Prepare and submit reports of purging and disinfecting activities. 

D. Clean interior of domestic water piping system.  Remove dirt and debris as work progresses. 

3.10 PIPING SCHEDULE 

A. Transition and special fittings with pressure ratings at least equal to piping rating may be used 
in applications below unless otherwise indicated. 

B. Trap primer piping shall be ½” Pex-A Tubing. 

C. Under-building slab, combined domestic water, building-service, and fire-service-main piping, 
NPS 6 to NPS 12 shall be one of the following: 

1. Mechanical-joint, ductile-iron pipe; standard or compact pattern mechanical-joint fittings; 
and mechanical joints. 

2. Plain-end, ductile-iron pipe; grooved-joint, ductile-iron-pipe appurtenances; and grooved 
joints. 

END OF SECTION 221116 
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SECTION 221316 - SANITARY AND PROCESS WASTE AND VENT PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes the pipe, tube, and fittings for soil, waste, process, and vent piping inside 
the building buried below slab: 

1.3 DEFINITIONS 

A. PP:  Polypropylene 

B. PVC:  Polyvinyl chloride plastic. 

C. DD:  Domestic Drain 

D. PD:  Process Drain 

E. PVDF: Polyvinylidene fluoride plastic. 

1.4 PERFORMANCE REQUIREMENTS 

A. Soil, process, waste, and vent piping components and installation shall be capable of 
withstanding 10-foot head of water at system high point, unless otherwise indicated 

B. Process Waste Parameters: 

1. pH: 3-11 
2. Temperature Range: ambient to 180°F with intermittent to 212°F 
3. Typical Chemicals: Phosphoric Acid, Sodium Hydroxide, Isopropyl Alcohol, Propylene 

Glycol, Acetic Acid, <1% Hydrogen Peroxide. Owner will provide a complete list of 
chemicals and concentrations for compatibility. 

1.5 SUBMITTALS 

A. Product Data:  For pipe, tube, fittings, and couplings. 
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B. Shop Drawings: 

1. Design Calculations:  Signed and sealed by a qualified professional engineer for selecting 
seismic restraints. 

2. Process Drainage System:  Include plans, elevations, sections, and details. 

C. Field quality-control inspection and test reports. 

1.6 QUALITY ASSURANCE 

A. Piping materials shall bear label, stamp, or other markings of specified testing agency. 

B. Comply with NSF 14, "Plastics Piping Systems Components and Related Materials," for plastic 
piping components.  Include marking with "NSF-dwv" for plastic drain, waste, and vent piping; 
"NSF-drain" for plastic drain piping; "NSF-tubular" for plastic continuous waste piping; and 
"NSF-sewer" for plastic sewer piping. 

C. Do not install underground piping when bedding is wet or frozen. 

PART 2 - PRODUCTS 

2.1 PIPING MATERIALS 

A. Refer to Part 3 "Piping Applications" Article for applications of pipe, tube, fitting, and joining 
materials. 

2.2 PVC PIPE AND FITTINGS 

A. Solid-Wall PVC Pipe:  ASTM D 2665, drain, waste, and vent. 

1. PVC Socket Fittings:  ASTM D 2665, socket type, made to ASTM D 3311, drain, waste, 
and vent patterns. 

B. Solvent Cement and Adhesive Primer: 

1. Use PVC solvent cement that has a VOC content of 510 g/L or less when calculated 
according to 40 CFR 59, Subpart D (EPA Method 24). 

2. Use adhesive primer that has a VOC content of 550 g/L or less when calculated 
according to 40 CFR 59, Subpart D (EPA Method 24). 

2.3 Non-Pressurized PP PIPE AND FITTINGS 

A. PP Drainage Pipe and Fittings: ASTM F 1412, pipe extruded and drainage-pattern fittings 
molded, with Schedule 40 dimensions, from PP resin complying with ASTM D 4101; with 
fusion joint ends.  
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B. Manufacturers: Subject to compliance with requirements. Provide Enfield by IPEX Inc. or equal 
approved by owner.  Substitutions may not be included unless approved by owner and engineer 
prior to proposal. 

2.4 SPECIAL PIPE FITTINGS 

A. Flexible, Nonpressure Pipe Couplings:  Comply with ASTM C 1173, elastomeric, sleeve-type, 
reducing or transition pattern.  Include shear ring, ends of same sizes as piping to be joined, and 
corrosion-resistant-metal tension band and tightening mechanism on each end. 

1. Available Manufacturers: 

a. Dallas Specialty & Mfg. Co. 
b. Fernco, Inc. 
c. Logan Clay Products Company (The). 
d. Mission Rubber Co. 
e. NDS, Inc. 
f. Plastic Oddities, Inc. 

2. Sleeve Materials for Plastic Pipes: ASTM F 477, elastomeric seal or ASTM D 5926, 
PVC. 

B. Rigid, Unshielded, Nonpressure Pipe Couplings: ASTM C 1461, sleeve-type reducing- or 
transition-type mechanical coupling molded from ASTM C 1440, TPE material with corrosion-
resistant-metal tension band and tightening mechanism on each end. 

1. Available Manufacturers: 

a. ANACO. 

2.5 IDENTIFICATION 

A. Underground Warning Tape 

1. Available Manufacturers: 

a. Terra Tape 

2. Provide magnetic green underground marking tape for buried sewer piping with 
scheduled warning message printed in black. 

a. Sanitary Waste – SANITARY SEWER 
b. Process Waste – PROCESS WASTE 
c. Plumbing Vent - PLUMBING VENT 

3. Marking tape:  6 layers of polyolefin film bonded together without use of adhesives; 6” 
wide; minimum of 6 mils thick; tensile strength 50 pounds per 2,770 psi.  Elongation 
shall exceed 800 percent per ASTM D883-75B.  Print installation instructions down 
entire length of the tape.  Tape shall have integral foil strip for detection. 
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B. BEDDING AND COVER MATERIALS 

1. Bedding: Fill Type A1 as specified in Section 312300. 

2. Cover: Fill Type A1 as specified in Section 312300. 

3. Soil Backfill from Above Pipe to Finish Grade: Soil Type S1, as specified in Section 
312300. Subsoil with no rocks over 6 inches (150 mm) in diameter, frozen earth or 
foreign matter. 

PART 3 - EXECUTION 

3.1 PIPING APPLICATIONS 

A. Above and below grade, soil and sanitary waste piping shall be Solid-wall PVC pipe, PVC 
socket fittings, and solvent-cemented joints. 

B. Above and below grade, sanitary vent piping shall be Solid-wall PVC pipe, PVC socket fittings, 
and solvent-cemented joints. 

C. Above and below grade, gravity drained process waste piping shall be PP, Schedule 40, 
drainage pattern fittings complying with ASTM D 4101, and fusion joint ends. Refer to section 
2.3 for material information. 

D. Above and below grade, process vent piping shall be PP, Schedule 40, drainage pattern fittings 
complying with ASTM D 4101, and fusion joint ends. Refer to section 2.3 for material 
information. 

3.2 PIPING INSTALLATION 

A. Basic piping installation requirements are specified in Division 22 Section "Common Work 
Results for Plumbing." 

B. Make changes in direction for soil and waste drainage and vent piping using appropriate 
branches, bends, and long-sweep bends.  Sanitary tees and short-sweep 1/4 bends may be used 
on vertical stacks if change in direction of flow is from horizontal to vertical.  Use long-turn, 
double Y-branch and 1/8-bend fittings if 2 fixtures are installed back to back or side by side 
with common drain pipe.  Straight tees, elbows, and crosses may be used on vent lines.  Do not 
change direction of flow more than 90 degrees.  Use proper size of standard increasers and 
reducers if pipes of different sizes are connected.  Reducing size of drainage piping in direction 
of flow is prohibited. 

C. Lay buried building drainage piping beginning at low point of each system.  Install true to 
grades and alignment indicated, with unbroken continuity of invert.  Install required gaskets 
according to manufacturer's written instructions for use of lubricants, cements, and other 
installation requirements.  Maintain swab in piping and pull past each joint as completed. 

D. Install soil and waste drainage and vent piping at the following minimum slopes, unless 
otherwise indicated: 
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1. Building Process and Sanitary Drain: 2 percent downward in direction of flow for piping 
NPS 2 1/2 and smaller; 1 percent downward in direction of flow for piping NPS 3 to NPS 
6; 0.5 percent downward in direction of flow for piping NPS 8 and larger. 

2. Vent Piping:  1 percent down toward vertical fixture vent or toward vent stack. 

E. Install engineered soil and waste drainage and vent piping systems as follows: 
 
1. Solvent Drainage System:  Comply with ASSE 1043 and solvent fitting manufacturer's 

written installation instructions. 
2. Reduced-Size Venting:  Comply with standards of authorities having jurisdiction. 

F. Install PVC soil and waste drainage and vent piping according to ASTM D 2665. 

G. Install underground PVC soil and waste drainage piping according to ASTM D 2321. 

H. Do not enclose, cover, or put piping into operation until it is inspected and approved by 
authorities having jurisdiction. 

I. Install process waste piping inside the building according to the following: 

1. Install piping next to equipment, accessories, and specialties to allow service and 
maintenance. 

2. Transition and special fittings with pressure ratings at least equal to piping pressure rating 
may be used unless otherwise indicated. 

3. Flanges may be used on aboveground piping unless otherwise indicated. 
4. Install piping in concealed locations unless otherwise indicated and except in equipment 

rooms and service areas. 
5. Install exposed piping in equipment rooms and service areas at right angles or parallel to 

building walls.  Diagonal runs are prohibited unless specifically indicated otherwise. No 
exposed piping shall be installed in clean rooms. 

6. Install piping at indicated slopes. 
7. Install piping free of sags and bends. 
8. Install fittings for changes in direction and branch connections. 
9. Install escutcheons for penetrations of floors according to the following: 

a. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  One-piece, 
stamped-steel type. 

b. Bare Piping at Floor Penetrations in Equipment Rooms:  One-piece, floor-plate 
type. 

10. Sleeves are not required for core-drilled holes. 
11. Permanent sleeves are not required for holes formed by removable PE sleeves. 
12. Install sleeves for pipes passing through concrete floor. 

3.3 JOINT CONSTRUCTION 

A. Basic piping joint construction requirements are specified in Division 22 Section "Common 
Work Results for Plumbing." 

B. PVC Nonpressure Piping Joints:  Join piping according to ASTM D 2665. 
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C. Plastic-Piping Electrofusion Joints:  Make polyolefin drainage-piping joints according to 
ASTM F 1290 

3.4 CONNECTIONS 

A. Drawings indicate general arrangement of piping, fittings, and specialties. 

B. Connect soil and waste piping to exterior sanitary sewage piping.  Use transition fitting to join 
dissimilar piping materials. 

C. Connect drainage and vent piping to the following: 

1. Plumbing Fixtures: Connect drainage piping in sizes indicated, but not smaller than 
required by plumbing code. 

2. Plumbing Fixtures and Equipment:  Connect atmospheric vent piping in sizes indicated, 
but not smaller than required by authorities having jurisdiction. 

3. Plumbing Specialties: Connect drainage and vent piping in sizes indicated, but not 
smaller than required by plumbing code. 

4. Equipment:  Connect drainage piping as indicated.  Provide shutoff valve, if indicated, 
and union for each connection.  Use flanges instead of unions for connections NPS 2-1/2 
and larger. 

3.5 IDENTIFICATION 

A. Underground Piping:  Bury tape continuously along entire length of each utility line, at a depth 
of 18 inches below grade, directly above utility line  For piping which is buried greater than 5 
feet below grade, bury a second strip of tape continuously along entire length 18 inches above 
top surface of buried pipe. 

3.6 FIELD QUALITY CONTROL 

A. During installation, notify authorities having jurisdiction at least 24 hours before inspection 
must be made.  Perform tests specified below in presence of authorities having jurisdiction. 

1. Roughing-in Inspection:  Arrange for inspection of piping before concealing or closing-in 
after roughing-in and before setting fixtures. 

2. Final Inspection: Arrange for final inspection by authorities having jurisdiction to 
observe tests specified below and to ensure compliance with requirements. 

B. Reinspection:  If authorities having jurisdiction find that piping will not pass test or inspection, 
make required corrections and arrange for reinspection. 

C. Reports:  Prepare inspection reports and have them signed by authorities having jurisdiction. 

D. Test sanitary drainage and vent piping according to procedures of authorities having jurisdiction 
or, in absence of published procedures, as follows: 
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1. Test for leaks and defects in new piping and parts of existing piping that have been 
altered, extended, or repaired.  If testing is performed in segments, submit separate report 
for each test, complete with diagram of portion of piping tested. 

2. Leave uncovered and unconcealed new, altered, extended, or replaced drainage and vent 
piping until it has been tested and approved.  Expose work that was covered or concealed 
before it was tested. 

3. Roughing-in Plumbing Test Procedure: Test drainage and vent piping, except outside 
leaders, on completion of roughing-in. Close openings in piping system and fill with 
water to point of overflow, but not less than 10-foot head of water.  From 15 minutes 
before inspection starts to completion of inspection, water level must not drop.  All joints 
must be visually inspected for leaks. 

4. Finished Plumbing Test Procedure: After plumbing fixtures have been set and traps filled 
with water, test connections and prove they are gastight and watertight.  Plug vent-stack 
openings on roof and building drains where they leave building.  Introduce air into piping 
system equal to pressure of 1-inch wg. Use U-tube or manometer inserted in trap of water 
closet to measure this pressure. Air pressure must remain constant without introducing 
additional air throughout period of inspection. Inspect plumbing fixture connections for 
gas and water leaks. 

5. Repair leaks and defects with new materials and retest piping, or portion thereof, until 
satisfactory results are obtained. 

6. Prepare reports for tests and required corrective action. 

3.7 CLEANING 

A. Clean interior of piping.  Remove dirt and debris as work progresses. 

B. Protect drains during remainder of construction period to avoid clogging with dirt and debris 
and to prevent damage from traffic and construction work. 

C. Place plugs in ends of uncompleted piping at end of day and when work stops. 

END OF SECTION 221316 
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SECTION 221319 - SANITARY AND PROCESS WASTE PIPING SPECIALTIES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes the following sanitary and process drainage piping specialties: 

1. Cleanouts 
2. Floor drains 
3. Trench drains 

1.3 DEFINITIONS 

A. PP:  Polypropylene plastic. 

B. PVC:  Polyvinyl chloride plastic. 

C. SS: Stainless Steel 

1.4 SUBMITTALS 

A. Product Data:  For each type of product indicated.  Include rated capacities for the following: 

1. Floor drains 
2. Floor sinks 
3. Trench drains 

B. Field quality-control test reports. 

C. Operation and Maintenance Data: For drainage piping specialties to include in emergency, 
operation, and maintenance manuals. 

1.5 QUALITY ASSURANCE 

A. Drainage piping specialties shall bear label, stamp, or other markings of specified testing 
agency. 

B. Comply with NSF 14, "Plastics Piping Components and Related Materials," for plastic sanitary 
piping specialty components. 
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PART 2 - PRODUCTS 

2.1 CLEANOUTS 

A. Plastic Floor Cleanouts (Sanitary Waste): 

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

a. Zurn Plumbing Products Group 
b. Jay R Smith Mfg. Co. 
c. Josam Company; Josam Div. 
d. Watts 

2. Size:  Same as connected branch. 
3. Body:  PVC. 
4. Closure Plug:  PVC. 
5. Plate:  Nickel Bronze 
6. Riser:  Drainage pipe fitting and riser to cleanout of same material as drainage piping. 

B. Plastic Floor Cleanouts (Process Waste): 

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

a. Ipex, Enfield 

2. Size:  Same as connected branch 
3. Body:  Polypropylene 
4. Closure Plug: Polypropylene   
5. Riser:  Drainage pipe fitting and riser to cleanout of same material as drainage piping. 

2.2 FLOOR DRAINS 

A. Plastic Floor Drains – FD-1: 
 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide Zurn, FD-

2211 or a comparable product by one of the following: 

a. Josam Company; Josam Div. 
b. Jay R Smith Mfg. Co. 
c. Watts 

2. Standard:  ASME A112.6.3. 
3. Material:  PVC 
4. Seepage Flange:  Not required 
5. Clamping Device:  Not required 
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6. Outlet:  Bottom 
7. Top Shape:  Round 
8. Dimensions of Top or Strainer:  Adjustable, 5 3/16” diameter with nickel head and heel-

proof grate. 
9. Trap Material:  Plastic drainage piping 
10. Trap Pattern:  Standard P-trap 
11. Trap Primer Connection: Required 

B. Floor Drains – FD-2: 
 

1. Basis-of-Design Product:  Subject to compliance with requirements, provide Zurn 415B 
or a comparable product by one of the following: 

a. Josam Company; Josam Div. 
b. Jay R. Smith Manufaccturing 
c. Watts Drainage Products 

2. Standard:  ASME A112.6.3. 
3. Material:  Cast iron receptor with Dura-Coated cast iron body 
4. Seepage Flange:  Required 
5. Clamping Device:  Required 
6. Outlet:  Bottom, No-hub 
7. Top Shape:  Circular 
8. Strainer:  8” nickel bronze strainer head  
9. Trap Material:  Plastic drainage piping 
10. Trap Pattern: Standard P-trap 
11. Trap Primer Connection: Required 
12. Sediment Bucket: Required 

C. Floor Drains – FD-3: 
 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide Josam 

42430 or a comparable product by one of the following: 

a. Zurn 
b. Jay R. Smith Manufaccturing 
c. Watts Drainage Products 

2. Standard:  ASME A112.6.3. 
3. Material:  Stainless Steel Type 304 
4. Seepage Flange:  Not Required 
5. Clamping Device:  Anchor Tabs 
6. Outlet:  Bottom, No-hub 
7. Top Shape:  Circular 
8. Strainer:  Installed with sealed 8” round cap.  Provide 8” round strainer. Type 304 SS. 
9. Trap Material:  Plastic drainage piping 
10. Trap Pattern: Standard P-trap 
11. Trap Primer Connection: Required 
12. Filter Basket: Required 
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D. Plastic Floor Drains – FD-4: 

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

a. Ipex, Enfield 

2. Standard:  ASME A112.6.3. 
3. Material:  Polypropylene 
4. Anchor Flange:  Required 
5. Clamping Device:  Not required 
6. Outlet:  Bottom 
7. Top or Strainer Material:  Plastic 
8. Top of Body and Strainer Finish:  Polypropylene 
9. Top Shape: 6” Round 
10. Trap Material:  Plastic drainage piping 
11. Trap Pattern:  Standard P-trap 
12. Trap Primer: Required 

E. Floor Sinks – FS-1: 

1. Basis-of-Design Product:  Subject to compliance with requirements, provide Custom 
fabricated drain by Josam model 46980 or a comparable product. 

2. Standard:  ASME A112.6.3. 
3. Material:  Custom fabricated out of 304 Stainless Steel 14 gauge. 
4. Anchor Collar with Seepage Flange:  Required 
5. Clamping Device:  Not Required. 
6. Outlet:  Bottom, No-hub. 
7. Strainer Dome Material:  Stainless steel. 
8. Top Shape:  Square 
9. Dimensions:  24”x16”x17” deep with full grate and anti-splash dome strainer and V-

shaped bottom. 
10. Trap Material:  Plastic piping to match drain piping 
11. Trap Pattern:  Standard P-trap 
12. Trap Primer Connection: Required 
13. Grating:  ½” stainless steel ladder bar grate.  Grate configuration to be determined during 

construction when process equipment is installed. 

F. Floor Sinks – FS-2: 
 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide Zurn Z1752 

or a comparable product by one of the following: 
 
a. Josam Company; Josam Div. 
b. Jay R. Smith Manufacturing 
c. Watts Drainage Products 

2. Standard:  ASME A112.6.3. 
3. Material:  Type 304 Stainless Steel receptor.  
4. Anchor Collar with Seepage Flange:  Required 
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5. Clamping Device:  Not Required 
6. Outlet:  Bottom, No-hub 
7. Top Shape:  Square 
8. Dimensions of Top or Strainer:  12”x12”x10” deep with full grate and anti-splash 

stainless steel interior dome strainer 
9. Trap Material:  Plastic drainage piping 
10. Trap Pattern: Standard P-trap 
11. Trap Primer Connection: Required 

2.3 TRENCH DRAINS 

A. Trench Drains – TD-1 
 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide ACO S200K 

Trench Drain System or a comparable product by one of the following: 
 
a. Josam Company; Josam Div. 
b. MIFAB, Inc. 
c. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc. 
d. Watts Drainage Products Inc. 

 
2. Standard:  ASME A112.6.3 for trench drains. ASTM A 536-84 - Grade 304 65-45-12 for 

ductile iron grate.  Load Class F. 
3. Trench Material:  Precast sloped interlocking sections with recesses for grating lock 

down devices molded into channel walls. Neutral Slope. 
4. Outlet:  Bottom 
5. Grate Material:  8” Ductile Iron slotted grate (ADA Compliant) 
6. Dimensions of Frame and Grate:  39.37” Channel length, 8” wide, drain to be in center of 

trench.  Grate length 19.68” and 9.35” width. 
7. Trap:  Not Required 

B. Trench Drains – TD-2 
 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide custom 

fabricated trench drain by Josam model 46300 or a comparable product by one of the 
following: 
 
a. Zurn 
b. MIFAB, Inc. 
c. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc. 
d. Watts Drainage Products Inc. 

 
2. Standard:  ASME A112.6.3 for trench drains. NSF Listed.  
3. Trench Material:  304 stainless steel 14 Gauge trench drain. Neutral Slope. 
4. Outlet:  Bottom No Hub.  Provide Trench with six 4” inch outlets equally spaced. 
5. Grate Material:  6” 304 Stainless Steel slotted grate (ADA Compliant) 
6. Dimensions of Frame and Grate:  8’-0” channel length, 6” wide, and 4” deep with V- 

shaped bottom. 
7. Trap:  Not Required 
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8. Provide trench with solid 304 SS solid cover with gasket to seal during wash downs. 
9. Provide with anchor tabs and leveling feet. 

C. Trench Drains – TD-3 
 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide custom 

fabricated trench drain by Josam model 46300 or a comparable product by one of the 
following: 
 
a. Zurn 
b. MIFAB, Inc. 
c. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc. 
d. Watts Drainage Products Inc. 

 
2. Standard:  ASME A112.6.3 for trench drains. NSF Listed.  
3. Trench Material:  304 stainless steel 14 Gauge trench drain. Neutral Slope. 
4. Outlet:  Bottom No Hub.  Provide Trench with two 4” inch outlets equally spaced. 
5. Grate Material:  6” 304 Stainless Steel slotted grate (ADA Compliant) 
6. Dimensions of Frame and Grate:  5’-0” channel length, 6” wide, and 4” deep with V-

shaped bottom. 
7. Trap:  Not Required 
8. Provide trench with solid 304 SS solid cover with gasket to seal during wash downs. 
9. Provide with anchor tabs and leveling feet. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Refer to Division 22 Section "Common Work Results for Plumbing" for piping joining 
materials, joint construction, and basic installation requirements. 

B. Install cleanouts in aboveground piping and building drain piping according to the following, 
unless otherwise indicated: 

1. Size same as drainage piping up to NPS 4.  Use NPS 4 for larger drainage piping unless 
larger cleanout is indicated. 

2. Locate at each change in direction of piping greater than 45 degrees. 
3. Locate at minimum intervals of 50 feet for piping NPS 4 and smaller and 100 feet (30 m) 

for larger piping. 
4. Locate at base of each vertical soil and waste stack. 

C. For floor cleanouts for piping below floors, install cleanout deck plates with top flush with 
finished floor. 

D. For cleanouts located in concealed piping, install cleanout wall access covers, of types 
indicated, with frame and cover flush with finished wall. 

E. Install floor drains at low points of surface areas to be drained.   
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1. Position floor drains for easy access and maintenance. 
2. Set floor drains below elevation of surrounding finished floor to allow floor drainage.  

Set with grates depressed according to the following drainage area radii: 

a. Radius, 12 Inches:  Equivalent to 1/2-inch total depression. 

3. Install floor-drain flashing collar or flange so no leakage occurs between drain and 
adjoining flooring.  Maintain integrity of waterproof membranes where penetrated. 

4. Install individual traps for floor drains connected to sanitary building drain, unless 
otherwise indicated. 

F. Install trench drains at low points of surface areas to be drained.  Set grates of drains flush with 
finished surface, unless otherwise indicated. 

G. Install traps on plumbing specialty drain outlets.  Omit traps on indirect wastes unless trap is 
indicated on drawings. 

3.2 CONNECTIONS 

A. Piping installation requirements are specified in other Division 22 Sections.  Drawings indicate 
general arrangement of piping, fittings, and specialties. 

B. Install piping adjacent to equipment to allow service and maintenance. 

3.3 FIELD QUALITY CONTROL 

A. Tests and Inspections: 

1. Leak Test: After installation, charge system and test for leaks.  Repair leaks and retest 
until no leaks exist.  Test system per spec 221316 – Sanitary and Process Waste and Vent 
Piping. 

2. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and 
equipment. 

3. Leave piping uncovered and unconcealed until it has been tested and approved. 

3.4 PROTECTION 

A. Protect drains during remainder of construction period to avoid clogging with dirt or debris and 
to prevent damage from traffic or construction work. 

B. Place plugs in ends of uncompleted piping at end of each day or when work stops. 

END OF SECTION 221319 
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SECTION 260526 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 

1.1 SUMMARY 

A. Methods and materials for grounding electrical systems and equipment. 

1.2 QUALITY ASSURANCE 

A. Quality Standard for Grounding Materials and Equipment:  UL 467. 

1.3 PRODUCTS 

A. Bare Copper Conductors: 
 
1. Stranded conductors. 
2. Tinned conductors. 

B. Connectors:  Bolted and exothermic-welded type. 

C. Grounding Electrodes: 

1. Ground Rods:  Copper  

1.4 GROUNDING APPLICATIONS 

A. Underground Grounding Conductors:  Bare copper conductor, No. 4/0 AWG minimum. 

B. Conductor Terminations and Connections:  Bolted and welded. 

PART 2 - PRODUCTS 

2.1 CONDUCTORS 

A. Bare Copper Conductors: 
 
1. Stranded Conductors:  ASTM B 8. 
2. Tinned Conductors:  ASTM B 33. 

2.2 CONNECTORS 

A. Listed and labeled by a nationally recognized testing laboratory acceptable to authorities having 
jurisdiction for applications in which used, and for specific types, sizes, and combinations of 
conductors and other items connected. 
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B. Welded Connectors:  Exothermic-welding kits of types recommended by kit manufacturer for 
materials being joined and installation conditions. 

2.3 GROUNDING ELECTRODES 

A. Ground Rods:  Copper-clad, Zinc-coated or Stainless steel; 3/4 inch by10 feet (19 mm by 3 m) 
in diameter. 

PART 3 - EXECUTION 

3.1 APPLICATIONS 

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

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

B. Conductor Terminations and Connections: 
 
1. Underground Connections:  Welded connectors, except at test wells and as otherwise 

indicated. 
2. Connections to Ground Rods at Test Wells:  Bolted connectors. 
3. Connections to Structural Steel:  Welded connectors. 

3.2 INSTALLATION 

A. Grounding Conductors:  Route along shortest and straightest paths possible, unless otherwise 
indicated or required by Code.  Avoid obstructing access or placing conductors where they may 
be subjected to strain, impact, or damage. 

B. Ground Rods:  Drive rods until tops are 2 inches (50 mm) below finished floor or final grade, 
unless otherwise indicated. 

1. Interconnect ground rods with grounding electrode conductor below grade and as 
otherwise indicated.  Make connections without exposing steel or damaging coating, if 
any. 

2. For grounding electrode system, install at least three rods spaced at least one-rod length 
from each other and located at least the same distance from other grounding electrodes, 
and connect to the service grounding electrode conductor. 

C. Test Wells:  Ground rod shall be provided as shown on the drawings with cover (6” diameter 
minimum).   

1. Test Wells:  Install at least one test well for each service, unless otherwise indicated.  
Install at the ground rod electrically closest to service entrance or as shown on the 
drawings.  Set top of test well flush with finished grade or floor 
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D. Bonding Straps and Jumpers:  Install in locations accessible for inspection and maintenance, 
except where routed through short lengths of conduit. 

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

2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports:  Install so 
vibration is not transmitted to rigidly mounted equipment. 

3. Use exothermic-welded connectors for outdoor locations, but if a disconnect-type 
connection is required, use a bolted clamp. 

E. Ground Ring:  Install a grounding conductor, electrically connected to each building structure 
ground rod and to each steel column indicated, extending around the perimeter of building. 

1. Install tinned-copper conductor not less than No. 4/0 AWG for ground ring and for taps 
to building steel. 

2. Bury ground ring not less than 24 inches (600 mm) from building foundation. 

3.3 FIELD QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing and inspecting agency to perform the following 
field tests and inspections and prepare test reports: 

B. Perform the following tests and inspections and prepare test reports: 
 
1. Test grounding ring system at ground test wells, and at individual ground rods.  Make 

tests at ground rods before any conductors are connected. 

a. Measure ground resistance not less than two full days after last trace of 
precipitation and without soil being moistened by any means other than natural 
drainage or seepage and without chemical treatment or other artificial means of 
reducing natural ground resistance. 

b. Perform tests by fall-of-potential method according to IEEE 81. 

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

C. Report measured ground resistances that exceed the following values: 
 

1. 5 ohms 

D. Excessive Ground Resistance:  If resistance to ground exceeds specified values, notify Engineer 
promptly and include recommendations to reduce ground resistance. 

END OF SECTION 260526 
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SECTION 260543 - UNDERGROUND DUCTS AND RACEWAYS FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes the following: 

1. Conduit, ducts, and duct accessories for direct-buried duct banks. 

1.3 DEFINITION 

A. RNC:  Rigid nonmetallic conduit. 

1.4 SUBMITTALS 

A. Product Data:  For the following: 

1. Ducts and conduits and their accessories, including elbows, end bells, bends, fittings, and 
solvent cement. 

2. Accessories for handholes and boxes. 
3. Warning tape. 

B. Shop Drawings for Factory-Fabricated Handholes and Boxes Other Than Precast Concrete:  
Include dimensioned plans, sections, and elevations, and fabrication and installation details, 
including the following: 

1. Duct entry provisions, including locations and duct sizes. 
2. Cover design. 
3. Grounding details. 

C. Source quality-control test reports. 

D. Field quality-control test reports. 

1.5 QUALITY ASSURANCE 

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

B. Comply with ANSI C2. 
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C. Comply with NFPA 70. 

1.6 COORDINATION 

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

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

PART 2 - PRODUCTS 

2.1 CONDUIT 

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

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

2.2 NONMETALLIC DUCTS AND DUCT ACCESSORIES 

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

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

PART 3 - EXECUTION 

3.1 UNDERGROUND DUCT APPLICATION 

A. Ducts for Electrical Feeders 600 V and Less:  RNC, NEMA Type EPC-40-PVC, in direct-
buried duct bank, unless otherwise indicated. 
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1. Elbows: Use manufactured rigid steel conduit elbows for stub-ups at equipment, at 
building entrances through floor, and at changes of direction in duct run. 

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

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

3.2 EARTHWORK 

A. Excavation and Backfill:  Comply with Division 31 Section "Earth Moving," but do not use 
heavy-duty, hydraulic-operated, compaction equipment. 

B. Restore surface features at areas disturbed by excavation and reestablish original grades, unless 
otherwise indicated.  Replace removed sod immediately after backfilling is completed. 

3.3 DUCT INSTALLATION 

A. Slope:  Pitch ducts a minimum slope of 1:300 down toward handholes and away from buildings 
and equipment.   

B. Curves and Bends:  Use 5-degree angle couplings for small changes in direction.  Use Rigid 
Galvanized Steel Conduit with long sweep bends with a minimum radius of 48 inches (1220 
mm), both horizontally and vertically, at other locations, unless otherwise indicated. 

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

D. Sealing:  Provide temporary closure at terminations of ducts..  Use sealing compound and plugs 
to withstand at least 15-psig (1.03-MPa) hydrostatic pressure. 

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

F. Direct-Buried Duct Banks: 

1. Excavate trench bottom to provide firm and uniform support for duct bank.  Prepare 
trench bottoms as specified in Division 31 Section "Earth Moving" for pipes less than 6 
inches (150 mm) in nominal diameter. 

2. Install backfill as specified in Division 31 Section "Earth Moving." 
3. Depth:  Install top of duct bank at least 24 inches (600 mm) below finished grade, unless 

otherwise indicated. 
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3.4 CLEANING 

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

END OF SECTION 260543 


	191504176_Foundations_Below_Slab_TOC
	033000 Cover
	033000 - Cast-In-Place Concrete
	066100 Cover
	066100 - Pultruded Fiberglass Structural Shapes
	067413 Cover
	067413 - Fiberglass Reinforced Gratings
	111300 Cover
	111300 - LOADING DOCK EQUIPMENT
	220500 Cover
	221116 Cover
	221116_DOMESTIC WATER PIPING
	221316 Cover
	221316_Sanitary and Process Waste and Vent Piping
	221319 Cover
	221319_Sanitary and Process Waste Piping Specialties
	260526 Cover
	260526_Grounding And Bonding For Electrical Systems
	260543 Cover
	260543_Underground ducts and raceways for electrical systems

