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SECTION 03 30 00

CAST-IN-PLACE CONCRETE
05/14

PART 1   GENERAL

1.1   REFERENCES

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

AMERICAN CONCRETE INSTITUTE INTERNATIONAL (ACI)

ACI 117 (2010; Errata 2011) Specifications for 
Tolerances for Concrete Construction and 
Materials and Commentary

ACI 121R (2008) Guide for Concrete Construction 
Quality Systems in Conformance with ISO 
9001

ACI 211.1 (1991; R 2009) Standard Practice for 
Selecting Proportions for Normal, 
Heavyweight and Mass Concrete

ACI 301 (2010; Errata 2011) Specifications for 
Structural Concrete

ACI 302.1R (2004; Errata 2006; Errata 2007) Guide for 
Concrete Floor and Slab Construction

ACI 304.2R (1996; R 2008) Placing Concrete by Pumping 
Methods

ACI 304R (2000; R 2009) Guide for Measuring, 
Mixing, Transporting, and Placing Concrete

ACI 305R (2010) Guide to Hot Weather Concreting

ACI 306R (2010) Guide to Cold Weather Concreting

ACI 308.1 (2011) Specification for Curing Concrete

ACI 318 (2011; Errata 1 2011; Errata 2 2012; 
Errata 3-4 2013) Building Code 
Requirements for Structural Concrete and 
Commentary

ACI 347 (2004; Errata 2008; Errata 2012) Guide to 
Formwork for Concrete

ACI SP-15 (2011) Field Reference Manual:  Standard 
Specifications for Structural Concrete ACI 
301-05 with Selected ACI References

ACI SP-2 (2007; Abstract: 10th Edition) ACI Manual 
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of Concrete Inspection

ACI SP-66 (2004) ACI Detailing Manual

AMERICAN HARDBOARD ASSOCIATION (AHA)

AHA A135.4 (1995; R 2004) Basic Hardboard

AMERICAN WELDING SOCIETY (AWS)

AWS D1.4/D1.4M (2011) Structural Welding Code - 
Reinforcing Steel

ASTM INTERNATIONAL (ASTM)

ASTM A53/A53M (2012) Standard Specification for Pipe, 
Steel, Black and Hot-Dipped, Zinc-Coated, 
Welded and Seamless

ASTM A615/A615M (2013) Standard Specification for Deformed 
and Plain Carbon-Steel Bars for Concrete 
Reinforcement

ASTM A706/A706M (2013) Standard Specification for 
Low-Alloy Steel Deformed and Plain Bars 
for Concrete Reinforcement

ASTM A934/A934M (2013) Standard Specification for 
Epoxy-Coated Prefabricated Steel 
Reinforcing Bars

ASTM C1017/C1017M (2007) Standard Specification for Chemical 
Admixtures for Use in Producing Flowing 
Concrete

ASTM C1077 (2014) Standard Practice for Laboratories 
Testing Concrete and Concrete Aggregates 
for Use in Construction and Criteria for 
Laboratory Evaluation

ASTM C1107/C1107M (2013) Standard Specification for Packaged 
Dry, Hydraulic-Cement Grout (Nonshrink)

ASTM C1157/C1157M (2011) Standard Specification for 
Hydraulic Cement

ASTM C1293 (2008b) Standard Test Method for 
Determination of Length Change of Concrete 
Due to Alkali-Silica Reaction

ASTM C143/C143M (2012) Standard Test Method for Slump of 
Hydraulic-Cement Concrete

ASTM C150/C150M (2012) Standard Specification for Portland 
Cement

ASTM C1567 (2013) Standard Test Method for Potential 
Alkali-Silica Reactivity of Combinations 
of Cementitious Materials and Aggregate 
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(Accelerated Mortar-Bar Method)

ASTM C1602/C1602M (2012) Standard Specification for Mixing 
Water Used in Production of Hydraulic 
Cement Concrete

ASTM C172/C172M (2010) Standard Practice for Sampling 
Freshly Mixed Concrete

ASTM C192/C192M (2013a) Standard Practice for Making and 
Curing Concrete Test Specimens in the 
Laboratory

ASTM C295/C295M (2012) Petrographic Examination of 
Aggregates for Concrete

ASTM C31/C31M (2012) Standard Practice for Making and 
Curing Concrete Test Specimens in the Field

ASTM C311/C311M (2013) Sampling and Testing Fly Ash or 
Natural Pozzolans for Use as a Mineral 
Admixture in Portland-Cement Concrete

ASTM C33/C33M (2013) Standard Specification for Concrete 
Aggregates

ASTM C39/C39M (2014) Standard Test Method for 
Compressive Strength of Cylindrical 
Concrete Specimens

ASTM C42/C42M (2013) Standard Test Method for Obtaining 
and Testing Drilled Cores and Sawed Beams 
of Concrete

ASTM C494/C494M (2013) Standard Specification for Chemical 
Admixtures for Concrete

ASTM C595/C595M (2013) Standard Specification for Blended 
Hydraulic Cements

ASTM C618 (2012a) Standard Specification for Coal 
Fly Ash and Raw or Calcined Natural 
Pozzolan for Use in Concrete

ASTM C78/C78M (2012; E 2013) Standard Test Method for 
Flexural Strength of Concrete (Using 
Simple Beam with Third-Point Loading)

ASTM C920 (2011) Standard Specification for 
Elastomeric Joint Sealants

ASTM C94/C94M (2014) Standard Specification for 
Ready-Mixed Concrete

ASTM D1751 (2004; E 2013; R 2013) Standard 
Specification for Preformed Expansion 
Joint Filler for Concrete Paving and 
Structural Construction (Nonextruding and 
Resilient Bituminous Types)
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ASTM D1752 (2004a; R 2013) Standard Specification for 
Preformed Sponge Rubber Cork and Recycled 
PVC Expansion

ASTM D5759 (2012) Characterization of Coal Fly Ash 
and Clean Coal Combustion Fly Ash for 
Potential Uses

ASTM D6690 (2012) Standard Specification for Joint 
and Crack Sealants, Hot Applied, for 
Concrete and Asphalt Pavements

ASTM E1643 (2011) Standard Practice for Selection, 
Design, Installation, and Inspection of 
Water Vapor Retarders Used in Contact with 
Earth or Granular Fill Under Concrete Slabs

ASTM E1745 (2011) Standard Specification for Water 
Vapor Retarders Used in Contact with Soil 
or Granular Fill under Concrete Slabs

ASTM E329 (2013b) Standard Specification for 
Agencies Engaged in the Testing and/or 
Inspection of Materials Used in 
Construction

ASTM E96/E96M (2013) Standard Test Methods for Water 
Vapor Transmission of Materials

CONCRETE REINFORCING STEEL INSTITUTE (CRSI)

CRSI 10MSP (2009; 28th Ed) Manual of Standard Practice

FOREST STEWARDSHIP COUNCIL (FSC)

FSC STD 01 001 (2000) Principles and Criteria for Forest 
Stewardship

NATIONAL INSTITUTE OF STANDARDS AND TECHNOLOGY (NIST)

NIST PS 1 (2009) DOC Voluntary Product Standard PS 
1-07, Structural Plywood

U.S. GENERAL SERVICES ADMINISTRATION (GSA)

FS SS-S-200 (Rev E; Am 1; Notice 1) Sealant, Joint, 
Two-Component, Jet-Blast-Resistant, 
Cold-Applied, for Portland Cement Concrete 
Pavement

U.S. GREEN BUILDING COUNCIL (USGBC)

LEED GBDC (2009) LEED Reference Guide for Green 
Building Design and Construction

LEED NC (2009) Leadership in Energy and 
Environmental Design(tm) New Construction 
Rating System
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1.2   DEFINITIONS

a.  "Cementitious material" as used herein must include all Portland 
cement, pozzolan, and fly ash.

b.  "Exposed to public view" means situated so that it can be seen 
from eye level from a public location after completion of the 
building.  A public location is accessible to persons not 
responsible for operation or maintenance of the building.

c.  "Chemical admixtures" are materials in the form of powder or 
fluids that are added to the concrete to give it certain 
characteristics not obtainable with plain concrete mixes.

d.  "Complementary cementing materials" (CCM) include coal fly ash, 
natural or calcined pozzolans, and ultra-fine coal ash when used 
in such proportions to replace the Portland cement that result in 
improvement to sustainability and durability and reduced cost.

e.  "Design strength" (f'c) is the specified compressive strength of 
concrete at time(s) specified in this section to meet structural 
design criteria.

f.  "Mass Concrete" is any concrete system that approaches a maximum 
temperature of 158 degrees F within the first 72 hours of 
placement.  In addition, it includes all concrete elements with a 
section thickness of 3 feet or more regardless of temperature.

g.  "Mixture proportioning" is the process of designing concrete 
mixture proportions to enable it to meet the strength, service 
life and constructability requirements of the project while 
minimizing the initial and life-cycle cost.

h.  "Mixture proportions" are the masses or volumes of individual 
ingredients used to make a unit measure (cubic meter or cubic 
yard) of concrete.

i.  "Pozzolan" is a siliceous or siliceous and aluminous material, 
which in itself possesses little or no cementitious value but 
will, in finely divided form and in the presence of moisture, 
chemically react with calcium hydroxide at ordinary temperatures 
to form compounds possessing cementitious properties.

j.  "Workability (or consistence)" is the ability of a fresh (plastic) 
concrete mix to fill the form/mould properly with the desired work 
(vibration) and without reducing the concrete's quality.  
Workability depends on water content, chemical admixtures, 
aggregate (shape and size distribution), cementitious content and 
age (level of hydration).

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval.  Submittals with an "L" are for LEED review which shall be 
performed by the Contractor's LEED Coordinator and the LEED Administrator.  
Submit the following in accordance with Section 01 33 00 SUBMITTAL 
PROCEDURES and Section 01 33 29.00 20 SUSTAINABLE REQUIREMENTS as 
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applicable:

SD-01 Preconstruction Submittals

Concrete Curing Plan
Quality Control Plan
Quality Control Personnel Certifications
Quality Control Organizational Chart
Laboratory Accreditation

SD-02 Shop Drawings

Reinforcing Steel

SD-03 Product Data

Joint Sealants
Joint Filler
Materials for Forms
Cementitious Materials
Vapor Barrier
Concrete Curing Materials
Reinforcement
Liquid Chemical Floor Hardener
Admixtures
Mechanical Reinforcing Bar Connectors
Biodegradable Form Release Agent
Pumping Concrete

SD-03 Product Data (LEED NC)

Liquid Chemical Floor Hardener; L; (LEED NC)
Joint Sealants; L; (LEED NC)
Concrete Curing Materials; L (LEED NC)

  Submit manufacturer's product data, indicating VOC content.

Cement; L; (LEED NC)
Reinforcing Bars; L; (LEED NC)
Joint Filler; L; (LEED NC)
Steel Forms; L; (LEED NC)
(DELETED) (Am-0004)
Pozzolan; L; (LEED NC)
Reinforcing Bar Supports; L; (LEED NC)

  Submit documentation indicating percentage of percentage of 
post-industrial and post-consumer recycled content per unit of 
product.  Indicate relative dollar value of recycled content 
products to total dollar value of products included in project.

Aggregates; L; (LEED NC)
Local/Regional Materials; L; (LEED NC)

  Documentation indicating the distance between manufacturing 
facility and the project site.  Indicate dollar value of product 
that is locally sourced.

  Submit documentation indicating percentage of post-industrial 
and post-consumer recycled content per unit of product.  Indicate 
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dollar value of product.

Wood Forms; L; (LEED NC)

  Provide letter of certification signed by lumber supplier.  
Indicate compliance with FSC STD 01 001 and identify certifying 
organization submit FSC Certification numbers; identify each 
certified product on a line-item basis.  Submit copies of invoices 
bearing the FSC certification numbers.

SD-05 Design Data

Concrete Mix Design

SD-06 Test Reports

Concrete Mix Design
(DELETED) (Am-0004)
Pozzolan
Aggregates
Compressive Strength Tests
Slump Tests
Water

SD-07 Certificates

Reinforcing Bars
Welder Qualifications
VOC Content for Form Release Agents, Curing Compounds, and 
Concrete Penetrating Sealers
Material Safety Data Sheets
Forest Stewardship Council (FSC) Certification
Field Testing Technician and Testing Agency

SD-08 Manufacturer's Instructions

Liquid Chemical Floor Hardener
Curing Compound

SD-11 Closeout Submittals (LEED NC)

Liquid Chemical Floor Hardener; L; (LEED NC)
Joint Sealants; L; (LEED NC)
Concrete Curing Materials; L (LEED NC)

  LEED documentation relative to low-emitting materials credit in 
accordance with the LEED GBDC.  Include in the LEED Documentation 
Notebook.

Cement; L; (LEED NC)
Reinforcing Bars; L; (LEED NC)
Joint Filler; L; (LEED NC)
Steel Forms; L; (LEED NC)
(DELETED) (Am-0004)
Pozzolan; L; (LEED NC)
Reinforcing Bar Supports; L; (LEED NC)

  LEED documentation relative to recycled content materials credit 
in accordance with the LEED GBDC.  Include in the LEED 
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Documentation Notebook.

Aggregates; L; (LEED NC)

  LEED documentation relative to regional materials credit in 
accordance with the LEED GBDC.  Include in the LEED Documentation 
Notebook.

  LEED documentation relative to recycled content materials credit 
in accordance with the LEED GBDC.  Include in the LEED 
Documentation Notebook.

Wood Forms; L; (LEED NC)

  LEED documentation relative to recycled certified wood credit in 
accordance with the LEED GBDC.  Include in the LEED Documentation 
Notebook.

1.4   MODIFICATION OF REFERENCES

Accomplish work in accordance with ACI publications except as modified 
herein.  Consider the advisory or recommended provisions to be mandatory.  
Interpret reference to the "Building Official", the "Structural Engineer", 
and the "Architect/Engineer" to mean the Contracting Officer.

1.5   DELIVERY, STORAGE, AND HANDLING

Follow ACI 301, ACI 304R and ASTM A934/A934M requirements and 
recommendations.  Do not deliver concrete until vapor barrier, forms, 
reinforcement, embedded items, and chamfer strips are in place and ready 
for concrete placement.  Do not store concrete curing compounds or sealers 
with materials that have a high capacity to adsorb volatile organic 
compound (VOC) emissions.  Do not store concrete curing compounds or 
sealers in occupied spaces.

1.5.1   Reinforcement

Store reinforcement of different sizes and shapes in separate piles or 
racks raised above the ground to avoid excessive rusting.  Protect from 
contaminants such as grease, oil, and dirt.  Ensure bar sizes can be 
accurately identified after bundles are broken and tags removed.

1.6   QUALITY ASSURANCE

1.6.1   Design Data

1.6.1.1   Concrete Mix Design

Sixty days minimum prior to concrete placement, submit a mix design for 
each strength and type of concrete.  Submit a complete list of materials 
including type; brand; source and amount of cement, complementary 
cementitious materials, and admixtures; and applicable reference 
specifications.  Submit mill test and all other test for cement, 
complementary cementitious materials,  aggregates, and admixtures.  Provide 
documentation of maximum nominal aggregate size, gradation analysis, 
percentage retained and passing sieve, and a graph of percentage retained 
verses sieve size.  Provide mix proportion data using at least three 
different water-cementitious material ratios for each type of mixture, 
which produce a range of strength encompassing those required for each type 
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of concrete required.  If source material changes, resubmit mix proportion 
data using revised source material.  Provide only materials that have been 
proven by trial mix studies to meet the requirements of this specification, 
unless otherwise approved in writing by the Contracting Officer.  Indicate 
clearly in the submittal where each mix design is used when more than one 
mix design is submitted.  Resubmit data on concrete components if the 
qualities or source of components changes.  For previously approved 
concrete mix designs used within the past twelve months, the previous mix 
design may be re-submitted without further trial batch testing if 
accompanied by material test data conducted within the last six months.  
Obtain mix design approval from the Contracting Officer prior to concrete 
placement.

1.6.2   Shop Drawings

1.6.2.1   Reinforcing Steel

ACI SP-66.  Indicate bending diagrams, assembly diagrams, splicing and laps 
of bars, shapes, dimensions, and details of bar reinforcing, accessories, 
and concrete cover.  Do not scale dimensions from structural drawings to 
determine lengths of reinforcing bars.  Reproductions of contract drawings 
are unacceptable.

1.6.3   Control Submittals

1.6.3.1   Concrete Curing Plan

Submit proposed materials, methods and duration for curing concrete 
elements in accordance with ACI 308.1.

1.6.3.2   Pumping Concrete

Submit proposed materials and methods for pumping concrete.  Submittal must 
include mix designs, pumping equipment including type of pump and size and 
material for pipe, and maximum length and height concrete is to be pumped.

1.6.3.3   VOC Content for Form Release Agents, Curing Compounds, and Concrete 
Penetrating Sealers

Submit certification for the form release agent, curing compounds, and 
concrete penetrating sealers that indicate the VOC content of each product.

1.6.3.4   Material Safety Data Sheets

Submit Material Safety Data Sheets (MSDS) for all materials that are 
regulated for hazardous health effects.  MSDS must be readily accessible 
during each work shift to employees when they are at the construction site.

1.6.4   Test Reports

1.6.4.1   Pozzolan  (Am-0004)

Submit test results in accordance with ASTM C618 for pozzolan.  Submit test 
results performed within 6 months of submittal date.  (Am-0004)

Pozzolan may contain post-industrial or post-consumer recycled content.  
See Section 01 33 29.00 20 SUSTAINABLE REQUIREMENTS for cumulative total 
recycled content requirements.  (Am-0004)
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1.6.4.2   Aggregates

ASTM C1293 for potential alkali-silica reactions, ASTM C295/C295M for 
petrographic analysis.  (Am-0004)

1.6.5   Quality Control Plan

Develop and submit for approval a concrete quality control program in 
accordance with the guidelines of ACI 121R and as specified herein.  The 
plan must include approved laboratories.  Provide direct oversight for the 
concrete qualification program inclusive of associated sampling and 
testing.  All quality control reports must be provided to the Contracting 
Officer, Quality Manager and Concrete Supplier.  Maintain a copy of 
ACI SP-15 and CRSI 10MSP at project site.

1.6.6   Quality Control Personnel Certifications

The Contractor must submit for approval the responsibilities of the various 
quality control personnel, including the names and qualifications of the 
individuals in those positions and a quality control organizational chart 
defining the quality control hierarchy and the responsibility of the 
various positions.  Quality control personnel must be employed by the 
Contractor.

Submit American Concrete Institute certification for the following:

a.  CQC personnel responsible for inspection of concrete operations.

b.  Lead Foreman or Journeyman of the Concrete Placing, Finishing, and 
Curing Crews.

c.  Field Testing Technicians:  ACI Concrete Field Testing Technician, 
Grade I.

1.6.6.1   Quality Manager Qualifications

The Quality Manager must hold a current license as a professional Engineer 
in a U.S. State or territory with experience on at least five (5) similar 
projects.  Evidence of extraordinary proven experience may be considered by 
the Contracting Officer as sufficient to act as the Quality Manager.

1.6.6.2   Field Testing Technician and Testing Agency

Submit data on qualifications of proposed testing agency and technicians 
for approval by the Contracting Officer prior to performing testing on 
concrete.

a.  Work on concrete under this contract must be performed by an ACI 
Concrete Field Testing Technician Grade 1 qualified in accordance 
with ACI SP-2 or equivalent.  Equivalent certification programs 
must include requirements for written and performance examinations 
as stipulated in ACI SP-2.

b.  Testing agencies that perform testing services on reinforcing 
steel must meet the requirements of ASTM E329.

c.  Testing agencies that perform testing services on concrete 
materials must meet the requirements of ASTM C1077.
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1.6.7   Laboratory Qualifications for Concrete Qualification Testing

The concrete testing laboratory must have the necessary equipment and 
experience to accomplish required testing.  The laboratory must meet the 
requirements of ASTM C1077 and be Cement and Concrete Reference Laboratory 
(CCRL) inspected.

1.6.8   Laboratory Accreditation

Laboratory and testing facilities must be provided by and at the expense of 
the Contractor.  The laboratories performing the tests must be accredited 
in accordance with ASTM C1077, including ASTM C78/C78M and ASTM C1293.
(Am-0004)  The accreditation must be current and must include the required 
test methods, as specified.  Furthermore, the testing must comply with the 
following requirements:

a.  Aggregate Testing and Mix Proportioning:  Aggregate testing and 
mixture proportioning studies must be performed by an accredited 
laboratory and under the direction of a registered professional 
Engineer in a U.S. State or Territory competent in concrete 
materials who is competent in concrete materials and must sign all 
reports and designs.

b.  Acceptance Testing:  Furnish all materials, labor, and facilities 
required for molding, curing, testing, and protecting test 
specimens at the site and in the laboratory.  Furnish and maintain 
boxes or other facilities suitable for storing and curing the 
specimens at the site while in the mold within the temperature 
range stipulated by ASTM C31/C31M.

c.  Contractor Quality Control:  All sampling and testing must be 
performed by an approved, onsite, independent, accredited 
laboratory.

1.7   ENVIRONMENTAL REQUIREMENTS

Provide space ventilation according to manufacturer recommendations, at a 
minimum, during and following installation of concrete curing compound and 
sealer.  Maintain one of the following ventilation conditions during the 
curing period or for 72 hours after installation:

a.  Supply 100 percent outside air 24 hours a day.

b.  Supply airflow at a rate of 6 air changes per hour, when outside 
temperatures are between 55 degrees F and 84 degrees F and 
humidity is between 30 percent and 60 percent.

c.  Supply airflow at a rate of 1.5 air changes per hour, when outside 
air conditions are not within the range stipulated above.

1.8   SUSTAINABLE DESIGN REQUIREMENTS

1.8.1   Local/Regional Materials

Use materials or products extracted, harvested, or recovered, as well as 
manufactured, within a 500 mile radius from the project site, if available 
from a minimum of three sources.  See Section 01 33 29.00 20 SUSTAINABLE 
REQUIREMENTS for cumulative total local material requirements.  Concrete 
materials may be locally available.
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1.8.2   Forest Stewardship Council (FSC) Certification

Use FSC-certified wood where specified.  Provide letter of certification 
signed by lumber supplier.  Indicate compliance with FSC STD 01 001 and 
identify certifying organization.  Submit FSC certification numbers; 
identify each certified product on a line-item basis.  Submit copies of 
invoices bearing the FSC certification numbers.

1.9   QUALIFICATIONS FOR WELDING WORK

Welding procedures must be in accordance with AWS D1.4/D1.4M.

Verify that Welder qualifications are in accordance with AWS D1.4/D1.4M or 
under an equivalent qualification test approved in advance.  Welders are 
permitted to do only the type of welding for which each is specifically 
qualified.

PART 2   PRODUCTS

2.1   MATERIALS FOR FORMS

Provide wood, plywood, plastic, carton, or steel.  Use plywood or steel 
forms where a smooth form finish is required.

2.1.1   Wood Forms

Use lumber as specified in Section 06 10 00 ROUGH CARPENTRY and as 
follows.  Provide lumber that is square edged or tongue-and-groove boards, 
free of raised grain, knotholes, or other surface defects.  Provide plywood 
that complies with NIST PS 1, B-B concrete form panels or better or 
AHA A135.4, hardboard for smooth form lining.  Virgin wood used must be 
FSC-certified.

Wood forms may be made from wood certified with the Forest Stewardship 
Council.  See Section 01 33 29.00 20 SUSTAINABLE REQUIREMENTS for 
cumulative total certified wood product requirements.

2.1.1.1   Concrete Form Plywood (Standard Rough)

Provide plywood that conforms to NIST PS 1, B-B, concrete form, not less 
than 5/8-inch thick.

2.1.1.2   Overlaid Concrete Form Plywood (Standard Smooth)

Provide plywood that conforms to NIST PS 1, B-B, high density form overlay, 
not less than 5/8-inch thick.

2.1.2   Steel Forms

Provide steel form surfaces that do not contain irregularities, dents, or 
sags.

Steel forms may contain post-industrial or post-consumer recycled content.  
See Section 01 33 29.00 20 SUSTAINABLE REQUIREMENTS for cumulative total 
recycled content requirements.
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2.1.3   Sidewalk Forms

Sidewalk forms shall be of a height equal to the full depth of the finished 
sidewalk.

2.1.4   Curb and Gutter Forms

Curb and gutter outside forms shall have a height equal to the full depth 
of the curb or gutter.  The inside form of a curb shall have batter as 
indicated and shall be securely fastened to and supported by the outside 
form.  Rigid forms shall be provided for curb returns, except that benders 
or thin plank forms may be used for curb or curb returns with a radius of 
10 feet or more, where grade changes occur in the return, or where the 
central angle is such that a rigid form with a central angle of 90 degrees 
cannot be used.  Back forms for curb returns may be made of 1-1/2 inch 
benders, for the full height of the curb, cleated together.  In lieu of 
inside forms for curbs, a curb "mule" may be used for forming and finishing 
this surface, provided the results are approved.

2.2   FORM TIES AND ACCESSORIES

Provide a form tie system that does not leave mild steel after break-off or 
removal any closer than 2 inches from the exposed surface.  Do not use wire 
alone.  Form ties and accessories must not reduce the effective cover of 
the reinforcement.

2.3   CONCRETE MIX DESIGN

2.3.1   Contractor-Furnished Mix Design

ACI 211.1, ACI 301, ACI 318, and ACI 304.2R, except as otherwise 
specified.  Indicate the compressive strength (f'c) of the concrete for 
each portion of the structure(s) as specified below.  Where faster set time 
is required, use Type III cement before using calcium chloride with 
approval from the Contracting Officer.

2.3.1.1   Footings

Proportion normal-weight concrete mixture as follows:

a.  Minimum Compressive Strength:  3000 psi at 28 days.

b.  Maximum Water-Cementitious Materials Ratio:  0.45.

c.  Slump Limit:  4 inches, plus or minus 1 inch.  When a high-range 
water-reducing admixture or plasticizing admixture is used, 
concrete shall have a slump of 2 to 4 inches before the admixture 
is added and a maximum slump of 8 inches after the admixture is 
added, plus or minus 1 inch.

2.3.1.2   Foundation Walls

Proportion normal-weight concrete mixture as follows:

a.  Minimum Compressive Strength:  3000 psi at 28 days.

b.  Maximum Water-Cementitious Materials Ratio:  0.45.

c.  Slump Limit:  4 inches, plus or minus 1 inch.  When a high-range 
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water-reducing admixture or plasticizing admixture is used, 
concrete shall have a slump of 2 to 4 inches before the admixture 
is added and a maximum slump of 8 inches after the admixture is 
added, plus or minus 1 inch.

2.3.1.3   Slab-on-Grade and Grade Beams

Proportion normal-weight concrete mixture as follows:

a.  Minimum Compressive Strength:  3000 psi at 28 days.

b.  Maximum Water-Cementitious Materials Ratio:  0.45.

c.  Slump Limit:  4 inches, plus or minus 1 inch.  When a high-range 
water-reducing admixture or plasticizing admixture is used, 
concrete shall have a slump of 2 to 4 inches before the admixture 
is added and a maximum slump of 8 inches after the admixture is 
added, plus or minus 1 inch.

2.3.1.4   Suspended Slabs and Beams

Proportion normal-weight concrete mixture as follows:

a.  Minimum Compressive Strength:  4000 psi at 28 days.

b.  Maximum Water-Cementitious Materials Ratio:  0.45.

c.  Slump Limit:  4 inches, plus or minus 1 inch.  When a high-range 
water-reducing admixture or plasticizing admixture is used, 
concrete shall have a slump of 2 to 4 inches before the admixture 
is added and a maximum slump of 8 inches after the admixture is 
added, plus or minus 1 inch.

2.3.1.5   Concrete Toppings

Proportion normal-weight concrete mixture as follows:

a.  Minimum Compressive Strength:  3000 psi at 28 days.

b.  Maximum Water-Cementitious Materials Ratio:  0.45.

c.  Slump Limit:  4 inches, plus or minus 1 inch.  When a high-range 
water-reducing admixture or plasticizing admixture is used, 
concrete shall have a slump of 2 to 4 inches before the admixture 
is added and a maximum slump of 8 inches after the admixture is 
added, plus or minus 1 inch.

2.3.1.6   Building Walls and Pedestals

Proportion normal-weight concrete mixture as follows:

a.  Minimum Compressive Strength:  4000 psi at 28 days.

b.  Maximum Water-Cementitious Materials Ratio:  0.45.

c.  Slump Limit:  4 inches, plus or minus 1 inch.  When a high-range 
water-reducing admixture or plasticizing admixture is used, 
concrete shall have a slump of 2 to 4 inches before the admixture 
is added and a maximum slump of 8 inches after the admixture is 
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added, plus or minus 1 inch.

Maximum slump may be increased one inch for methods of consolidation other 
than vibration.

2.3.1.7   Mix Proportions for Normal Weight Concrete

Trial design batches, mixture proportioning studies, and testing 
requirements for various classes and types of concrete specified are the 
responsibility of the Contractor.  Base mixture proportions on compressive 
strength as determined by test specimens fabricated in accordance with 
ASTM C192/C192M and tested in accordance with ASTM C39/C39M.  Samples of 
all materials used in mixture proportioning studies must be representative 
of those proposed for use in the project and must be accompanied by the 
manufacturer's or producer's test report indicating compliance with these 
specifications.  Base trial mixtures having proportions and consistencies 
suitable for the work on methodology described in ACI 211.1.  In the trial 
mixture, use at least three different water-cementitious material ratios 
for each type of mixture, which must produce a range of strength 
encompassing those required for each class and type of concrete required on 
the project.  The maximum water-cementitious material ratio allowed must be 
based on equivalent water-cementitious material ratio calculations as 
determined by the conversion from the weight ratio of water to cement plus 
pozzolan by weight equivalency method.  Design laboratory trial mixture for 
maximum permitted slump.  (Am-0004)  Each combination of material proposed 
for use must have separate trial mixture, except for accelerator or 
retarder use can be provided without separate trial mixture.  Report the 
temperature of concrete in each trial batch.  For each water-cementitious 
material ratio, at least three test cylinders for each test age must be 
made and cured in accordance with ASTM C192/C192M and tested in accordance 
with ASTM C39/C39M for 7 and 28 days.  From these results, plot a curve 
showing the relationship between water-cementitious material ratio and 
strength for each set of trial mix studies.  In addition, plot a curve 
showing the relationship between 7 and 28 day strengths.

2.3.1.8   Required Average Strength of Mix Design

The selected mixture must produce an average compressive strength exceeding 
the specified strength by the amount indicated in ACI 301, but may not 
exceed the specified strength at the same age by more than 20 percent.  
When a concrete production facility has a record of at least 15 consecutive 
tests, the standard deviation must be calculated and the required average 
compressive strength must be determined in accordance with ACI 301.

2.3.2   Ready-Mix Concrete

Provide concrete that meets the requirements of ASTM C94/C94M.

Ready-mixed concrete manufacturer must provide duplicate delivery tickets 
with each load of concrete delivered.  Provide delivery tickets with the 
following information in addition to that required by ASTM C94/C94M:

Type and brand cement

Cement and complementary cementitious materials content in 94-pound 
bags per cubic yard of concrete

Maximum size of aggregate
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Amount and brand name of admixtures

Total water content expressed by water cementitious material ratio

2.3.3   Concrete Curing Materials

Provide concrete curing material in accordance with ACI 301 Section 5 and 
ACI 308.1 Section 2.  Submit product data for concrete curing compounds.  
Submit manufacturer's instructions for placement of curing compound.

Concrete curing materials may contain post-industrial or post-consumer 
recycled content.  See Section 01 33 29.00 20 SUSTAINABLE REQUIREMENTS for 
cumulative total recycled content requirements.

2.4   MATERIALS

2.4.1   Cementitious Materials

For exposed concrete, use one manufacturer and one source for each type of 
cement, fly ash, and pozzolan.

2.4.1.1   Fly Ash

(Paragraph DELETED) (Am-0004)

Add with cement.  Fly ash content must be a minimum of 15 percent by weight 
of cementitious material, provided the fly ash does not reduce the amount 
of cement in the concrete mix below the minimum requirements of local 
building codes.  Where the use of fly ash cannot meet the minimum level, 
provide the maximum amount of fly ash permittable that meets the code 
requirements for cement content.  Report the chemical analysis of the fly 
ash in accordance with ASTM C311/C311M.  Evaluate and classify fly ash in 
accordance with ASTM D5759.

2.4.1.2   Raw or Calcined Natural Pozzolan

Natural pozzolan must be raw or calcined and conform to ASTM C618, Class N, 
including the optional requirements for uniformity and effectiveness in 
controlling Alkali-Silica reaction and must have an ignition loss not 
exceeding 3 percent. Class N pozzolan for use in mitigating Alkali-Silica 
Reactivity must have a Calcium Oxide (CaO) content of less than 13 percent 
and total equivalent alkali content less than 3 percent.

2.4.1.3   Ultra Fine Fly Ash and Ultra Fine Pozzolan

Ultra Fine Fly Ash (UFFA) and Ultra Fine Pozzolan (UFP) must conform to 
ASTM C618, Class F or N, and the following additional requirements:

a.  The strength activity index at 28 days of age must be at least 95 
percent of the control specimens.

b.  The average particle size must not exceed 6 microns.

c.  The sum of SiO2 + Al2O3 + Fe2O3 must be greater than 77 percent.

2.4.1.4   Portland Cement

Provide cement that conforms to ASTM C150/C150M, Type I or II, with 
tri-calcium aluminates (C3A) content less than 10 percent and a maximum 
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cement-alkali content of 0.80 percent Na2Oe (sodium oxide) equivalent.  Use 
one brand and type of cement for formed concrete having exposed-to-view 
finished surfaces.

Cement may contain post-industrial or post-consumer recycled content.  See 
Section 01 33 29.00 20 SUSTAINABLE REQUIREMENTS for cumulative total 
recycled content requirements.

2.4.1.5   Blended Cements

Blended cement must conform to ASTM C595/C595M and ASTM C1157/C1157M, Type 
IP or IS, including the optional requirement for mortar expansion and 
consist of a mixture of ASTM C150/C150M Type I, or Type II cement and a 
complementary cementing material.  The pozzolan added to the Type IP blend 
must be Class C, must be a maximum of 25 percent by weight of cementitious 
material, and must be interground with the cement clinker.  (Am-0004)  The 
manufacturer must state in writing that the amount of pozzolan in the 
finished cement will not vary more than plus or minus 5 mass percent of the 
finished cement from lot-to-lot or within a lot. The percentage and type of 
mineral admixture used in the blend must not change from that submitted for 
the aggregate evaluation and mixture proportioning.

2.4.2   Water

Water must comply with the requirements of ASTM C1602/C1602M.  Minimize the 
amount of water in the mix.  Improve workability by adjusting the grading 
rather than by adding water.  Water must be potable; free from injurious 
amounts of oils, acids, alkalis, salts, organic materials, or other 
substances deleterious to concrete.  Submit test report showing water 
complies with ASTM C1602/C1602M.

2.4.3   Aggregates

ASTM C33/C33M, except as modified herein.  Furnish aggregates for exposed 
concrete surfaces from one source.  Provide aggregates that do not contain 
any substance which may be deleteriously reactive with the alkalies in the 
cement.  Submit test report showing compliance with ASTM C33/C33M.

Fine and coarse aggregates must show expansions less than the requirements 
in ASTM C1293.  Should the test data indicate an expansion greater
than the allowable, reject the aggregate(s) or perform additional testing 
using ASTM C1567 using the Contractor's proposed mix design.  (Am-0004)  In 
this case, include the mix design low alkali Portland cement and one of the 
following supplementary cementitious materials:

Fly ash or natural pozzolan at a minimum of total cementitious of:

a.  (DELETED) (Am-0004)
b.  25 percent if (SiO2 plus Al2O3 plus Fe2O3) is 70 percent or more,
c.  20 percent if (SiO2 plus Al2O3 plus Fe2O3) is 80 percent or more,
d.  15 percent if (SiO2 plus Al2O3 plus Fe2O3) is 90 percent or more.

If a combination of these materials is chosen, the minimum amount must be a 
linear combination of the minimum amounts above.  Include these materials 
in sufficient proportion to show less than 0.08 percent expansion at 28 
days after casting when tested in accordance with ASTM C1567.

Aggregates must not possess properties or constituents that are known to 
have specific unfavorable effects in concrete when tested in accordance 
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with ASTM C295/C295M.

Aggregates may be sourced regionally.  See Section 01 33 29.00 20 
SUSTAINABLE REQUIREMENTS for cumulative regional materials requirements.  

Aggregate may contain post-industrial or post-consumer recycled content 
and/or be sourced regionally.  See Section 01 33 29.00 20 SUSTAINABLE 
REQUIREMENTS for cumulative total recycled content and cumulative regional 
materials requirements.

2.4.4   Nonshrink Grout

ASTM C1107/C1107M.

2.4.5   Admixtures

ASTM C494/C494M:  Type A, water reducing; Type B, retarding; Type C, 
accelerating; Type D, water-reducing and retarding; and Type E, 
water-reducing and accelerating admixture.  Do not use calcium chloride 
admixtures.  Submit product data for admixtures used in concrete.

2.4.5.1   High Range Water Reducer (HRWR) (Superplasticizers)

ASTM C494/C494M, Type F and ASTM C1017/C1017M.

2.4.6   Vapor Barrier

ASTM E1745 Class A polyethylene sheeting, minimum 15 mil thickness or other 
equivalent material with a maximum permeance rating of 0.04 perms per 
ASTM E96/E96M.

2.4.7   Expansion/Contraction Joint Filler

ASTM D1751 or ASTM D1752 Type I or II.  Material must be 1/2 inch thick, 
unless otherwise indicated.

Joint fillert may contain post-industrial or post-consumer recycled 
content.  See Section 01 33 29.00 20 SUSTAINABLE REQUIREMENTS for 
cumulative total recycled content requirements.

2.4.8   Joint Sealants

Submit manufacturer's product data, indicating VOC content.

Refer to LEED GBDC for VOC limits for all sealants.

2.4.8.1   Horizontal Surfaces, 3 Percent Slope, Maximum

ASTM D6690 or ASTM C920, Type M, Class 25, Use T.

2.4.8.2   Vertical Surfaces Greater Than 3 Percent Slope

ASTM C920, Type M, Grade NS, Class 25, Use T.  FS SS-S-200, no sag, for 
surfaces exposed to gasoline, fuel oil, or other caustic liquids.

2.4.9   Biodegradable Form Release Agent

Provide form release agent that is colorless, biodegradable, and water-based, 
with a zero VOC content.  A minimum of 85 percent of the total product must 
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be biobased material.  Provide product that does not bond with, stain, or 
adversely affect concrete surfaces and does not impair subsequent 
treatments of concrete surfaces.  Provide form release agent that does not 
contain diesel fuel, petroleum-based lubricating oils, waxes, or kerosene.  
Submit documentation indicating type of biobased material in product and 
biobased content.  Indicate relative dollar value of biobased content 
products to total dollar value of products included in project.

2.5   REINFORCEMENT

2.5.1   Reinforcing Bars

ACI 301 unless otherwise specified.  Use deformed steel.  ASTM A615/A615M 
with the bars marked A, Grade 60.  Submit mill certificates for reinforcing 
bars.

Reinforcing bars may contain post-consumer or post-industrial recycled 
content.  See Section 01 33 29.00 20 SUSTAINABLE REQUIREMENTS for 
cumulative total recycled content requirements.

2.5.1.1   Weldable Reinforcing Bars

Provide weldable reinforcing bars that conform to ASTM A706/A706M and 
ASTM A615/A615M and Supplement S1, Grade 60, except that the maximum carbon 
content must be 0.55 percent.

2.5.2   Mechanical Reinforcing Bar Connectors

ACI 301.  Provide 125 percent minimum yield strength of the reinforcement 
bar.

2.5.3   Reinforcing Bar Supports

Supports include bolsters, chairs, spacers, and other devices necessary for 
proper spacing, supporting, and fastening reinforcing bars and welded wire 
reinforcement in place.  Use engineered resins from recycled ABS plastic, 
polycarbonates, and fiberglass.

Legs of supports in contact with formwork must be hot-dip galvanized, or 
plastic coated after fabrication, or stainless-steel bar supports.

Reinforcing bar supports may contain post-consumer or post-industrial 
recycled content.  See Section 01 33 29.00 20 SUSTAINABLE REQUIREMENTS for 
cumulative total recycled content requirements.

2.5.4   Dowels for Load Transfer in Floors

Provide greased dowels for load transfer in floors of the type, design, 
weight, and dimensions indicated.  Provide dowel bars that are plain-billet 
steel conforming to ASTM A615/A615M, Grade 40.  Provide dowel pipe that is 
steel conforming to ASTM A53/A53M.

2.6   FLOOR FINISH MATERIALS

2.6.1   Liquid Chemical Floor Hardener

Hardener must be a colorless aqueous solution containing a blend of 
inorganic silicate or siliconate material and proprietary components 
combined with a wetting agent; that penetrates, hardens, and densifies 
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concrete surfaces.  Submit manufactures instructions for placement of 
liquid chemical floor hardener.

Refer to LEED GBDC for VOC limits for liquid chemical floor hardener.

PART 3   EXECUTION

3.1   EXAMINATION

Do not begin installation until substrates have been properly constructed; 
verify that substrates are level.

If substrate preparation is the responsibility of another installer, notify 
Contracting Officer of unsatisfactory preparation before processing.

Check field dimensions before beginning installation.  If dimensions vary 
too much from design dimensions for proper installation, notify Contracting 
Officer and wait for instructions before beginning installation.

3.2   PREPARATION

Determine quantity of concrete needed and minimize the production of excess 
concrete.  Designate locations or uses for potential excess concrete before 
the concrete is poured.

3.2.1   General

Surfaces against which concrete is to be placed must be free of debris, 
loose material, standing water, and other deleterious substances before 
start of concrete placing.

Remove standing water without washing over freshly deposited concrete.  
Divert flow of water through side drains provided for such purpose.

3.2.2   Subgrade Under Foundations and Footings

When subgrade material is semiporous and dry, sprinkle subgrade surface 
with water as required to eliminate suction at the time concrete is 
deposited, or seal subgrade surface by covering surface with specified 
vapor retarder.  When subgrade material is porous, seal subgrade surface by 
covering surface with specified vapor retarder.

3.2.3   Subgrade Under Slabs on Ground

Before construction of slabs on ground, have underground work on pipes and 
conduits completed and approved.

Previously constructed subgrade or fill must be cleaned of foreign 
materials.

Finish surface of capillary water barrier under interior slabs on ground 
must not show deviation in excess of 1/4 inch when tested with a 10-foot 
straightedge parallel with and at right angles to building lines.

Finished surface of subgrade or fill under exterior slabs on ground must 
not be more than 0.02-foot above or 0.10-foot below elevation indicated.
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3.2.4   Sidewalk Subgrade

The subgrade shall be tested for grade and cross section with a template 
extending the full width of the sidewalk and supported between side forms.

3.2.5   Curb and Gutter Subgrade

The subgrade shall be tested for grade and cross section by means of a 
template extending the full width of the curb and gutter.  The subgrade 
shall be of materials equal in bearing quality to the subgrade under the 
adjacent pavement.

3.2.6   Maintenance of Subgrade

The subgrade shall be maintained in a smooth, compacted condition in 
conformity with the required section and established grade until the 
concrete is placed.  The subgrade shall be in a moist condition when 
concrete is placed.  The subgrade shall be prepared and protected to 
produce a subgrade free from frost when the concrete is deposited.

3.2.7   Edge Forms and Screed Strips for Slabs

Set edge forms or bulkheads and intermediate screed strips for slabs to 
obtain indicated elevations and contours in finished slab surface and must 
be strong enough to support vibrating bridge screeds or roller pipe screeds 
if nature of specified slab finish requires use of such equipment.  Align 
concrete surface to elevation of screed strips by use of strike-off 
templates or approved compacting-type screeds.

3.2.8   Reinforcement and Other Embedded Items

Secure reinforcement, joint materials, and other embedded materials in 
position, inspected, and approved before start of concrete placing.

3.3   FORMS

Provide forms, shoring, and scaffolding for concrete placementin accordance 
with ACI 301 Section 2 and 5 and ACI 347.  Set forms mortar-tight and true 
to line and grade.  Chamfer above grade exposed joints, edges, and external 
corners of concrete 0.75 inch unless otherwise indicated.  Provide formwork 
with clean-out openings to permit inspection and removal of debris.

3.3.1   Coating

Before concrete placement, coat the contact surfaces of forms with a form 
release agent.

3.3.2   Reshoring

Reshore concrete elements in accordance with ACI 301 Section 2.

3.3.3   Reuse

Reuse forms providing the structural integrity of concrete and the 
aesthetics of exposed concrete are not compromised.  Wood forms must not be 
clogged with paste and must be capable of absorbing high water-cementitious 
material ratio paste.
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3.3.4   Forms for Standard Rough Form Finish

Provide formwork in accordance with ACI 301 Section 5 with a surface 
finish, SF-1.0, for formed surfaces that are to be concealed by other 
construction.

3.3.5   Forms for Standard Smooth Form Finish

Provide formwork in accordance with ACI 301 Section 5 with a surface 
finish, SF-3.0, for formed surfaces that are exposed to view.  Do not 
provide mockup of concrete surface appearance and texture.

3.3.6   Form Ties

Provide ties in accordance with ACI 301 section 2.

3.3.7   Tolerances for Form Construction

Construct formwork to ensure that after removal of forms and prior to 
patching and finishing of formed surfaces, provide concrete surfaces in 
accordance with tolerances specified in ACI 301 Section 5 and ACI 117.

3.3.8   Removal of Forms and Supports

After placing concrete, removal of forms must be in accordance with ACI 301 
Section 2.

3.4   PLACING REINFORCEMENT AND MISCELLANEOUS MATERIALS

ACI 301 and ACI SP-66.  Provide bars, welded wire reinforcement, wire ties, 
supports, and other devices necessary to install and secure reinforcement.  
Reinforcement must not have rust, scale, oil, grease, clay, or foreign 
substances that would reduce the bond.  Rusting of reinforcement is a basis 
of rejection if the effective cross-sectional area or the nominal weight 
per unit length has been reduced.  Remove loose rust prior to placing 
steel.  Tack welding is prohibited.

3.4.1   General

Provide details of reinforcement that are in accordance with ACI 301 and 
ACI SP-66 and as specified.

3.4.2   Vapor Barrier

Install in accordance with ASTM E1643.  Provide beneath the on-grade 
concrete floor slab.  Use the greatest widths and lengths practicable to 
eliminate joints wherever possible.  Lap joints a minimum of 12 inches and 
tape.  Remove torn, punctured, or damaged vapor barrier material and 
provide with new vapor barrier prior to placing concrete.  Concrete 
placement must not damage vapor barrier material.

3.4.3   Reinforcement Supports

Support reinforcement in accordance with ACI 301 Section 3.

3.4.4   Splicing

As indicated.  For splices not indicated ACI 301.  Do not splice at points 
of maximum stress.  Overlap welded wire reinforcement the spacing of the 
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cross wires, plus 2 inches.

3.4.5   Setting Miscellaneous Material

Place and secure anchors and bolts, pipe sleeves, conduits, and other such 
items in position before concrete placement and support against 
displacement.  Plumb anchor bolts and check location and elevation.  
Temporarily fill voids in sleeves with readily removable material to 
prevent the entry of concrete.

3.4.6   Fabrication

Shop fabricate reinforcing bars to conform to shapes and dimensions 
indicated for reinforcement, and as follows:

Provide fabrication tolerances that are in accordance with ACI 318 and 
ACI SP-66.

Provide hooks and bends that are in accordance with ACI 318 and 
ACI SP-66.

Reinforcement must be bent cold to shapes as indicated.  Bending must be 
done in the shop.  Rebending of a reinforcing bar that has been bent 
incorrectly is not be permitted.  Bending must be in accordance with 
standard approved practice and by approved machine methods.

Tolerance on nominally square-cut, reinforcing bar ends must be in 
accordance with ACI SP-66.

Deliver reinforcing bars bundled, tagged, and marked.  Tags must be metal 
with bar size, length, mark, and other information pressed in by machine.  
Marks must correspond with those used on the placing drawings.

Do not use reinforcement that has any of the following defects:

a.  Bar lengths, depths, and bends beyond specified fabrication 
tolerances.

b.  Bends or kinks not indicated on drawings or approved shop drawings.

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

Replace defective reinforcement with new reinforcement having required 
shape, form, and cross-section area.

3.4.7   Placing Reinforcement

Place reinforcement in accordance with ACI 301 and ACI SP-66.

For slabs on grade (over earth or over capillary water barrier) and for 
footing reinforcement, support bars or welded wire reinforcement on precast 
concrete blocks, spaced at intervals required by size of reinforcement, to 
keep reinforcement the minimum height specified above the underside of slab 
or footing.

For slabs other than on grade, supports for which any portion is less than 
one inch from concrete surfaces that are exposed to view or to be painted 
must be of precast concrete units, plastic-coated steel, or stainless steel 
protected bar supports.  Precast concrete units must be wedge shaped, not 
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larger than 3-1/2 by 3-1/2 inches, and of thickness equal to that indicated 
for concrete protection of reinforcement.  Provide precast units that have 
cast-in galvanized tie wire hooked for anchorage and blend with concrete 
surfaces after finishing is completed.

Provide reinforcement that is supported and secured together to prevent 
displacement by construction loads or by placing of wet concrete, and as 
follows:

Provide supports for reinforcing bars that are sufficient in number and 
have sufficient strength to carry the reinforcement they support, and in 
accordance with ACI 318, ACI SP-66 and CRSI 10MSP.  Do not use supports to 
support runways for concrete conveying equipment and similar construction 
loads.

Equip supports on ground and similar surfaces with sand-plates.

Support welded wire reinforcement as required for reinforcing bars.

Secure reinforcements to supports by means of tie wire. Wire must be 
black, soft iron wire, not less than 16 gage.

Reinforcement must be accurately placed, securely tied at 
intersections, and held in position during placing of concrete by 
spacers, chairs, or other approved supports.  Point wire-tie ends away 
from the form.  Unless otherwise indicated, numbers, type, and spacing 
of supports must conform to ACI SP-66.

Bending of reinforcing bars partially embedded in concrete is permitted 
only as specified in ACI SP-66 and ACI 318.

3.4.8   Spacing of Reinforcing Bars

Spacing must be as indicated.  If not indicated, spacing must be in 
accordance with the ACI 318 and ACI SP-66.

Reinforcing bars may be relocated to avoid interference with other 
reinforcement, or with conduit, pipe, or other embedded items.  If any 
reinforcing bar is moved a distance exceeding one bar diameter or specified 
placing tolerance, resulting rearrangement of reinforcement is subject to 
preapproval by the Contracting Officer.

3.4.9   Concrete Protection for Reinforcement

Concrete protection must be in accordance with the ACI 318 and ACI SP-66.

3.4.10   Welding

Welding must be in accordance with AWS D1.4/D1.4M.

3.5   BATCHING, MEASURING, MIXING, AND TRANSPORTING CONCRETE

ASTM C94/C94M, ACI 301, ACI 302.1R and ACI 304R, except as modified 
herein.  Batching equipment must be such that the concrete ingredients are 
consistently measured within the following tolerances:  1 percent for 
cement and water, 2 percent for aggregate, and 3 percent for admixtures.  
Furnish mandatory batch ticket information for each load of ready mix 
concrete.
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3.5.1   Measuring

Make measurements at intervals as specified in paragraphs SAMPLING and 
TESTING.

3.5.2   Mixing

ASTM C94/C94M, ACI 301 and ACI 304R.  Machine mix concrete.  Begin mixing 
within 30 minutes after the cement has been added to the aggregates.  Place 
concrete within 90 minutes of either addition of mixing water to cement and 
aggregates or addition of cement to aggregates if the air temperature is 
less than 84 degrees F.  Reduce mixing time and place concrete within 60 
minutes if the air temperature is greater than 84 degrees F except as 
follows:  if set retarding admixture is used and slump requirements can be 
met, limit for placing concrete may remain at 90 minutes.  Additional water 
may be added, provided that both the specified maximum slump and 
water-cementitious material ratio are not exceeded and the required 
concrete strength is still met.  When additional water is added, an 
additional 30 revolutions of the mixer at mixing speed is required.  
Dissolve admixtures in the mixing water and mix in the drum to uniformly 
distribute the admixture throughout the batch.  Do not reconstitute 
concrete that has begun to solidify.

3.5.3   Transporting

Transport concrete from the mixer to the forms as rapidly as practicable. 
Prevent segregation or loss of ingredients.  Clean transporting equipment 
thoroughly before each batch.  Do not use aluminum pipe or chutes.  Remove 
concrete which has segregated in transporting and dispose of as directed.

3.6   PLACING CONCRETE

Place concrete in accordance with ACI 301 Section 5.

3.6.1   Footing Placement

Concrete for footings may be placed in excavations without forms upon 
inspection and approval by the Contracting Officer.  Excavation width must 
be a minimum of 4 inches greater than indicated.

3.6.2   Pumping

ACI 304R and ACI 304.2R.  Pumping must not result in separation or loss of 
materials nor cause interruptions sufficient to permit loss of plasticity 
between successive increments.  Loss of slump in pumping equipment must not 
exceed 2 inches at discharge/placement.  Do not convey concrete through 
pipe made of aluminum or aluminum alloy.  Avoid rapid changes in pipe 
sizes.  Limit maximum size of course aggregate to 33 percent of the 
diameter of the pipe.  Limit maximum size of well rounded aggregate to 40 
percent of the pipe diameter.  Take samples for testing at both the point 
of delivery to the pump and at the discharge end.

3.6.3   Hot Weather

Maintain required concrete temperature using Figure 4.2 in ACI 305R to 
prevent the evaporation rate from exceeding 0.2 pound of water per square 
foot of exposed concrete per hour.  Cool ingredients before mixing or use 
other suitable means to control concrete temperature and prevent rapid 
drying of newly placed concrete.  Shade the fresh concrete as soon as 
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possible after placing.  Start curing when the surface of the fresh 
concrete is sufficiently hard to permit curing without damage.  Provide 
water hoses, pipes, spraying equipment, and water hauling equipment, where 
job site is remote to water source, to maintain a moist concrete surface 
throughout the curing period.  Provide burlap cover or other suitable, 
permeable material with fog spray or continuous wetting of the concrete 
when weather conditions prevent the use of either liquid membrane curing 
compound or impervious sheets.  For vertical surfaces, protect forms from 
direct sunlight and add water to top of structure once concrete is set.

3.6.4   Bonding

Surfaces of set concrete at joints, must be roughened and cleaned of 
laitance, coatings, loose particles, and foreign matter.  Roughen surfaces 
in a manner that exposes the aggregate uniformly and does not leave 
laitance, loosened particles of aggregate, nor damaged concrete at the 
surface.

Obtain bonding of fresh concrete that has set as follows:

At joints between footings and walls or columns, between walls or 
columns and the beams or slabs they support, and elsewhere unless 
otherwise specified; roughened and cleaned surface of set concrete must 
be dampened, but not saturated, immediately prior to placing of fresh 
concrete.

At joints in exposed-to-view work; at vertical joints in walls; at 
joints near midpoint of span in girders, beams, supported slabs, other 
structural members; in work designed to contain liquids; the roughened 
and cleaned surface of set concrete must be dampened but not saturated 
and covered with a cement grout coating.

Provide cement grout that consists of equal parts of Portland cement 
and fine aggregate by weight with not more than 6 gallons of water per 
sack of cement.  Apply cement grout with a stiff broom or brush to a 
minimum thickness of 1/16 inch.  Deposit fresh concrete before cement 
grout has attained its initial set.

3.7   WASTE MANAGEMENT

Provide as specified in the Waste Management Plan and as follows.

3.7.1   Mixing Equipment

Before concrete pours, designate on-site area to be paved later in project 
for cleaning out concrete mixing trucks.  Minimize water used to wash 
equipment.

3.7.2   Hardened, Cured Waste Concrete

Crush and reuse hardened, cured waste concrete as fill or as a base course 
for pavement.

3.7.3   Reinforcing Steel

Collect reinforcing steel and place in designated area for recycling.
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3.7.4   Other Waste

Identify concrete manufacturer's or supplier's policy for collection or 
return of construction waste, unused material, deconstruction waste, and/or 
packaging material.  Institute deconstruction and construction waste 
separation and recycling for use in manufacturer's programs.  When such a 
program is not available, seek local recyclers to reclaim the materials.

3.8   SURFACE FINISHES EXCEPT FLOOR, SLAB, AND PAVEMENT FINISHES

3.8.1   Defects

Repair surface defects in accordance with ACI 301 Section 5.

3.8.2   Not Against Forms (Top of Walls)

Surfaces not otherwise specified must be finished with wood floats to even 
surfaces.  Finish must match adjacent finishes.

3.8.3   Formed Surfaces

3.8.3.1   Tolerances

ACI 117 and as indicated.

3.8.3.2   As-Cast Rough Form

Provide for surfaces not exposed to public view a surface finish SF-1.0.  
Patch holes and defects in accordance with ACI 301.

3.8.3.3   Standard Smooth Finish

Provide for surfaces exposed to public view a surface finish SF-3.0. Patch 
holes and defects in accordance with ACI 301.

3.9   FLOOR, SLAB, AND PAVEMENT FINISHES AND MISCELLANEOUS CONSTRUCTION

ACI 301 and ACI 302.1R, unless otherwise specified.  Slope floors uniformly 
to drains where drains are provided.  Depress the concrete base slab where 
ceramic tile is indicated.  Steel trowel and fine-broom finish concrete 
slabs that are to receive ceramic tile.  Where straightedge measurements 
are specified, Contractor must provide straightedge.

3.9.1   Finish

Place, consolidate, and immediately strike off concrete to obtain proper 
contour, grade, and elevation before bleedwater appears.  Permit concrete 
to attain a set sufficient for floating and supporting the weight of the 
finisher and equipment.  If bleedwater is present prior to floating the 
surface, drag the excess water off or remove by absorption with porous 
materials.  Do not use dry cement to absorb bleedwater.

3.9.1.1   Scratched

Use for surfaces intended to receive bonded applied cementitious 
applications.  Finish concrete in accordance with ACI 301 Section 5 for a 
scratched finish.
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3.9.1.2   Floated

Use for surfaces to receive roofing, waterproofing membranes, and exterior 
slabs where not otherwise specified.  Finish concrete in accordance with 
ACI 301 Section 5 for a floated finish.

3.9.1.3   Steel Troweled

Use for floors intended as walking surfaces and for reception of floor 
coverings.  Finish concrete in accordance with ACI 301 Section 5 for a 
steel troweled finish.

3.9.1.4   Nonslip Finish

Use on surfaces of exterior platforms, steps, and landings; and on exterior 
and interior pedestrian ramps.  Finish concrete in accordance with ACI 301 
Section 5 for a dry-shake finish.  After the selected material has been 
embedded by the two floatings, complete the operation with a broomed finish.

3.9.1.5   Broomed

Use on surfaces of exterior walks, platforms, patios, and ramps, unless 
otherwise indicated.  Finish concrete in accordance with ACI 301 Section 5 
for a broomed finish.

3.9.1.6   Pavement

Screed the concrete with a template advanced with a combined longitudinal 
and crosswise motion.  Maintain a slight surplus of concrete ahead of the 
template.  After screeding, float the concrete longitudinally.  Use a 
straightedge to check slope and flatness; correct and refloat as 
necessary.  Obtain final finish by a burlap drag.  Drag a strip of clean, 
wet burlap from 3 to 10 feet wide and 2 feet longer than the pavement width 
across the slab.  Produce a fine, granular, sandy textured surface without 
disfiguring marks.  Round edges and joints with an edger having a radius of 
1/8 inch.

3.9.1.7   Chemical-Hardener Treatment

Apply liquid-chemical floor hardener where indicated after curing and 
drying concrete surface.  Dilute liquid hardener with water and apply in 
three coats.  First coat must be one-third strength, second coat one-half 
strength, and third coat two-thirds strength.  Apply each coat evenly and 
allow to dry 24 hours between coats.

Approved proprietary chemical hardeners must be applied in accordance with 
manufacturer's printed directions.

3.9.2   Concrete Walks and Sidewalks

Provide 4 inches thick minimum or as indicated on the drawings.  Unless 
indicated otherwise, provide a transverse slope of 1/48.  Limit variation 
in cross section to 1/4 inch in 5 feet.

3.9.2.1   Formed Sidewalks

Place concrete in the forms in one layer.  When consolidated and finished, 
the sidewalks shall be of the thickness indicated.  After concrete has been 
placed in the forms, a strike-off guided by side forms shall be used to 
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bring the surface to proper section to be compacted.  The concrete shall be 
consolidated by tamping and spading or with an approved vibrator, and the 
surface shall be finished to grade with a strike off.

3.9.2.2   Concrete Finishing

After straightedging, when most of the water sheen has disappeared, and 
just before the concrete hardens, finish the surface with a wood or 
magnesium float or darby to a smooth and uniformly fine granular or sandy 
texture free of waves, irregularities, or tool marks.  A scored surface 
shall be produced by brooming with a fiber-bristle brush in a direction 
transverse to that of the traffic, followed by edging.

3.9.2.3   Edge and Joint Finishing

All slab edges, including those at formed joints, shall be finished with an 
edger having a radius of 1/8 inch.  Transverse joint shall be edged before 
brooming, and the brooming shall eliminate the flat surface left by the 
surface face of the edger.  Corners and edges which have crumbled and areas 
which lack sufficient mortar for proper finishing shall be cleaned and 
filled solidly with a properly proportioned mortar mixture and then 
finished.

3.9.2.4   Surface and Thickness Tolerances

Finished surfaces shall not vary more than 5/16 inch from the testing edge 
of a 10 foot straightedge.  Permissible deficiency in section thickness 
will be up to 1/4 inch.

3.9.2.5   Sidewalk Joints

Sidewalk joints shall be constructed to divide the surface into rectangular 
areas.  Transverse contraction joints shall be spaced at a distance equal 
to the sidewalk width or 5 feet on centers, whichever is less, and shall
be continuous across the slab.  Longitudinal contraction joints shall be 
constructed along the centerline of all sidewalks 10 feet or more in width. 
Transverse expansion joints shall be installed at sidewalk returns and 
opposite expansion joints in adjoining curbs.  Where the sidewalk is not in 
contact with the curb, transverse expansion joints shall be installed as 
indicated.  Expansion joints shall be formed about structures and features 
which project through or into the sidewalk pavement, using joint filler of 
the type, thickness, and width indicated.  Expansion joints are not 
required between sidewalks and curb that abut the sidewalk longitudinally.

3.9.2.5.1   Sidewalk Contraction Joints

The contraction joints shall be formed in the fresh concrete by cutting a 
groove in the top portion of the slab to a depth of at least one-fourth of 
the sidewalk slab thickness, using a jointer to cut the groove, or by 
sawing a groove in the hardened concrete with a power-driven saw, unless 
otherwise approved.  Sawed joints shall be constructed by sawing a groove 
in the concrete with a 1/8 inch blade to the depth indicated.  An ample 
supply of saw blades shall be available on the job before concrete 
placement is started, and at least one standby sawing unit in good working 
order shall be available at the jobsite at all times during the sawing 
operations.
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3.9.2.5.2   Sidewalk Expansion Joints

Expansion joints shall be formed with 1/2 inch joint filler strips.  Joint 
filler in expansion joints surrounding structures and features within the 
sidewalk may consist of preformed filler material conforming to ASTM D1752 
or building paper.  Joint filler shall be held in place with steel pins or 
other devices to prevent warping of the filler during floating and 
finishing.  Immediately after finishing operations are completed, joint 
edges shall be rounded with an edging tool having a radius of 1/8 inch, and 
concrete over the joint filler shall be removed.  At the end of the curing 
period, expansion joints shall be cleaned and filled with cold-applied 
joint sealant.  Joint sealant shall be gray or stone in color.  The joint 
opening shall be thoroughly cleaned before the sealing material is placed. 
Sealing material shall not be spilled on exposed surfaces of the concrete. 
Concrete at the joint shall be surface dry and atmospheric and concrete 
temperatures shall be above 50 degrees F at the time of application of 
joint sealing material.  Excess material on exposed surfaces of the 
concrete shall be removed immediately and concrete surfaces cleaned.

3.9.3   Pits and Trenches

Place bottoms and walls monolithically or provide waterstops and keys.

3.9.4   Curbs and Gutters

3.9.4.1   Formed Curb and Gutter

Concrete shall be placed to the section required in a single lift. 
Consolidation shall be achieved by using approved mechanical vibrators. 
Curve shaped gutters shall be finished with a standard curb "mule".

3.9.4.2   Curb and Gutter Finishing

Approved slipformed curb and gutter machines may be used in lieu of hand 
placement.

3.9.4.3   Concrete Finishing

Exposed surfaces shall be floated and finished with a smooth wood float 
until true to grade and section and uniform in texture.  Floated surfaces 
shall then be brushed with a fine-hair brush with longitudinal strokes.  
The edges of the gutter and top of the curb shall be rounded with an edging 
tool to a radius of 1/2 inch.  Immediately after removing the front curb 
form, the face of the curb shall be rubbed with a wood or concrete rubbing 
block and water until blemishes, form marks, and tool marks have been 
removed.  The front curb surface, while still wet, shall be brushed in the 
same manner as the gutter and curb top.  The top surface of gutter and 
entrance shall be finished to grade with a wood float.

3.9.4.4   Joint Finishing

Curb edges at formed joints shall be finished as indicated.

3.9.4.5   Surface and Thickness Tolerances

Finished surfaces shall not vary more than 1/4 inch from the testing edge 
of a 10-foot straightedge.  Permissible deficiency in section thickness 
will be up to 1/4 inch.
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3.9.4.6   Curbs and Gutter Joints

Curb and gutter joints shall be constructed at right angles to the line of 
curb and gutter.

3.9.4.6.1   Contraction Joints

Contraction joints shall be constructed directly opposite contraction 
joints in abutting Portland cement concrete pavements and spaced so that 
monolithic sections between curb returns will not be less than 5 feet nor 
greater than 15 feet in length.

a.  Contraction joints (except for slip forming) shall be constructed 
by means of 1/8 inch thick separators and of a section conforming 
to the cross section of the curb and gutter.  Separators shall be 
removed as soon as practicable after concrete has set sufficiently 
to preserve the width and shape of the joint and prior to 
finishing.

b.  When slip forming is used, the contraction joints shall be cut in 
the top portion of the gutter/curb hardened concrete in a 
continuous cut across the curb and gutter, using a power-driven 
saw.  The depth of cut shall be at least one-fourth of the 
gutter/curb depth and 1/8 inch in width.

3.9.4.6.2   Expansion Joints

Expansion joints shall be formed by means of preformed expansion joint 
filler material cut and shaped to the cross section of curb and gutter.  
Expansion joints shall be provided in curb and gutter directly opposite 
expansion joints of abutting Portland cement concrete pavement, and shall 
be of the same type and thickness as joints in the pavement.  Where curb 
and gutter do not abut Portland cement concrete pavement, expansion joints 
at least 1/2 inch in width shall be provided at intervals not less than 30 
feet nor greater than 120 feet.  Expansion joints shall be provided in 
nonreinforced concrete gutter at locations indicated.  Expansion joints 
shall be sealed immediately following curing of the concrete or as soon 
thereafter as weather conditions permit.  Expansion joints and the top one 
inch depth of curb and gutter contraction-joints shall be sealed with joint 
sealant.  The joint opening shall be thoroughly cleaned before the sealing 
material is placed.  Sealing material shall not be spilled on exposed 
surfaces of the concrete.  Concrete at the joint shall be surface dry and 
atmospheric and concrete temperatures shall be above 50 degrees F at the 
time of application of joint sealing material.  Excess material on exposed 
surfaces of the concrete shall be removed immediately and concrete surfaces 
cleaned.

3.9.5   Splash Blocks

Provide at outlets of downspouts emptying at grade.  Splash blocks may be 
precast concrete, and must be 24 inches long, 12 inches wide and 4 inches 
thick, unless otherwise indicated, with smooth-finished countersunk dishes 
sloped to drain away from the building.

3.10   JOINTS

3.10.1   Construction Joints

Make and locate joints not indicated so as not to impair strength and 
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appearance of the structure, as approved. Joints must be perpendicular to 
main reinforcement. Reinforcement must be continued and developed across 
construction joints.  Locate construction joints as follows:

3.10.1.1   Maximum Allowable Construction Joint Spacing

a.  In walls at not more than 60 feet in any horizontal direction. 

b.  In slabs on ground, so as to divide slab into areas not in excess 
of 1,600 square feet.

3.10.1.2   Construction Joints for Constructability Purposes

a.  In walls, at top of footing; at top of slabs on ground; at top and 
bottom of door and window openings or where required to conform to 
architectural details; and at underside of deepest beam or girder 
framing into wall.

b.  In columns or piers, at top of footing; at top of slabs on ground; 
and at underside of deepest beam or girder framing into column or 
pier.

c.  Near midpoint of spans for supported slabs, beams, and girders 
unless a beam intersects a girder at the center, in which case 
construction joints in girder must offset a distance equal to 
twice the width of the beam.  Make transfer of shear through 
construction joint by use of inclined reinforcement.

Provide keyways at least 1-1/2-inches deep in construction joints in walls 
and slabs and between walls and footings; approved bulkheads may be used 
for slabs.

3.10.2   Isolation Joints in Slabs on Ground

Provide joints at points of contact between slabs on ground and vertical 
surfaces, such as column pedestals, foundation walls, grade beams, and 
elsewhere as indicated.

Fill joints with premolded joint filler strips 1/2 inch thick, extending 
full slab depth.  Install filler strips at proper level below finish floor 
elevation with a slightly tapered, dress-and-oiled wood strip temporarily 
secured to top of filler strip to form a groove not less than 3/4 inch
in depth where joint is sealed with sealing compound and not less than
1/4 inch in depth where joint sealing is not required.  Remove wood strip 
after concrete has set.  Contractor must clean groove of foreign matter and 
loose particles after surface has dried.

3.10.3   Contraction Joints in Slabs on Ground

Provide joints to form panels as indicated.

Under and on exact line of each control joint, cut 50 percent of welded 
wire reinforcement before placing concrete.

Sawcut contraction joints into slab on ground in accordance with ACI 301 
Section 5.

Joints must be 1/8-inch wide by 1/5 to 1/4 of slab depth and formed by 
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inserting hand-pressed fiberboard strip into fresh concrete until top 
surface of strip is flush with slab surface.  After concrete has cured for 
at least 7 days, the Contractor must remove inserts and clean groove of 
foreign matter and loose particles.

Sawcutting will be limited to within 12 hours after set and at 1/4 slab 
depth.

3.10.4   Sealing Joints in Slabs on Ground

Contraction and control joints which are to receive finish flooring 
material must be sealed with joint sealing compound after concrete curing 
period.  Slightly underfill groove with joint sealing compound to prevent 
extrusion of compound.  Remove excess material as soon after sealing as 
possible.

Sealed groove must be left ready to receive filling material that is 
provided as part of finish floor covering work.

3.11   CONCRETE FLOOR TOPPING

3.11.1   Standard Floor Topping

Provide topping for treads and platforms of metal steel stairs and 
elsewhere as indicated.

a.  When topping is placed on a metal surface, such as metal pans for 
steel stairs, remove dirt, loose material, oil, grease, asphalt, 
paint, and other contaminants from metal surface.

b.  Placing:  Spread standard topping mixture evenly on previously 
prepared base slab or metal surface, brought to correct level with 
a straightedge, and struck off.  Topping must be consolidated, 
floated, checked for trueness of surface, and refloated as 
specified for float finish.

c.  Finishing:

(1)  Give trowel finish standard floor topping surfaces.

(2)  Give other finishes standard floor topping surfaces as 
indicated.

3.12   CURING AND PROTECTION

ACI 301 Section 5, unless otherwise specified.  Begin curing immediately 
following form removal.  Avoid damage to concrete from vibration created by 
blasting, pile driving, movement of equipment in the vicinity, disturbance 
of formwork or protruding reinforcement, and any other activity resulting 
in ground vibrations.  Protect concrete from injurious action by sun, rain, 
flowing water, frost, mechanical injury, tire marks, and oil stains.  Do 
not allow concrete to dry out from time of placement until the expiration 
of the specified curing period.  Do not use membrane-forming compound on 
surfaces where appearance would be objectionable, on any surface to be 
painted, where coverings are to be bonded to the concrete, or on concrete 
to which other concrete is to be bonded.  If forms are removed prior to the 
expiration of the curing period, provide another curing procedure specified 
herein for the remaining portion of the curing period.  Provide moist 
curing for those areas receiving liquid chemical sealer-hardener or epoxy 
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coating.  Allow curing compound/sealer installations to cure prior to the 
installation of materials that adsorb VOCs.

3.12.1   Curing Periods

ACI 301 Section 5, except 10 days for retaining walls, pavement or 
chimneys.  Begin curing immediately after placement.  Protect concrete from 
premature drying, excessively hot temperatures, and mechanical injury; and 
maintain minimal moisture loss at a relatively constant temperature for the 
period necessary for hydration of the cement and hardening of the 
concrete.  The materials and methods of curing are subject to approval by 
the Contracting Officer.

3.12.2   Curing Formed Surfaces

Accomplish curing of formed surfaces, including undersurfaces of girders, 
beams, supported slabs, and other similar surfaces by moist curing with 
forms in place for full curing period or until forms are removed.  If forms 
are removed before end of curing period, accomplish final curing of formed 
surfaces by any of the curing methods specified above, as applicable.

3.12.3   Curing Unformed Surfaces

Accomplish initial curing of unformed surfaces, such as monolithic slabs, 
floor topping, and other flat surfaces, by membrane curing.

Unless otherwise specified, accomplish final curing of unformed surfaces by 
any of curing methods specified, as applicable.

Accomplish final curing of concrete surfaces to receive liquid floor 
hardener of finish flooring by moisture-retaining cover curing.

3.12.4   Temperature of Concrete During Curing

When the temperature of atmosphere is 80 degrees F and above or during 
other climatic conditions which cause too rapid drying of concrete, make 
arrangements before start of concrete placing for installation of wind 
breaks, of shading, and for fog spraying, wet sprinkling, or 
moisture-retaining covering of light color as required to protect concrete 
during curing period.

Changes in temperature of concrete must be uniform and not exceed 37 
degrees F in any 1 hour nor 80 degrees F in any 24-hour period.

3.12.5   Protection from Mechanical Injury

During curing period, protect concrete from damaging mechanical 
disturbances, particularly load stresses, heavy shock, and excessive 
vibration and from damage caused by rain or running water.

3.12.6   Protection After Curing

Protect finished concrete surfaces from damage by construction operations.

3.13   FIELD QUALITY CONTROL

3.13.1   Sampling

ASTM C172/C172M.  Collect samples of fresh concrete to perform tests 
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specified.  ASTM C31/C31M for making test specimens.

3.13.2   Testing

3.13.2.1   Slump Tests

ASTM C143/C143M.  Take concrete samples during concrete placement/discharge.
The maximum slump may be increased as specified with the addition of an 
approved admixture provided that the water-cementitious material ratio is 
not exceeded. Perform tests at commencement of concrete placement, when 
test cylinders are made, and for each batch (minimum) or every 20 cubic 
yards (maximum) of concrete.

3.13.2.2   Temperature Tests

Test the concrete delivered and the concrete in the forms.  Perform tests 
in hot weather conditions (above 80 degrees F) for each batch (minimum) or 
every 20 cubic yards (maximum) of concrete, until the specified temperature 
is obtained, and whenever test cylinders and slump tests are made.

3.13.2.3   Compressive Strength Tests

ASTM C39/C39M.  Make six 6 inch by 12 inch test cylinders for each set of 
tests in accordance with ASTM C31/C31M, ASTM C172/C172M and applicable 
requirements of ACI 305R and ACI 306R.  Take precautions to prevent 
evaporation and loss of water from the specimen.  Test two cylinders at 7 
days, two cylinders at 28 days, and hold two cylinder in reserve.  Take 
samples for strength tests of each mix design of concrete placed each day 
not less than once a day, nor less than once for each 100 cubic yards of 
concrete for the first 500 cubic yards, then every 500 cubic yards 
thereafter, nor less than once for each 5,400 square feet of surface area 
for slabs or walls.  For the entire project, take no less than five sets of 
samples and perform strength tests for each mix design of concrete placed.  
Each strength test result must be the average of two cylinders from the 
same concrete sample tested at 28 days.  Concrete compressive tests must 
meet the requirements of ACI 318 Section 5.6.  Retest locations represented 
by erratic core strengths.  Where retest does not meet concrete compressive 
strength requirements submit a mitigation or remediation plan for review 
and approval by the Contracting Officer.  Repair core holes with nonshrink 
grout.  Match color and finish of adjacent concrete.

3.13.2.4   Strength of Concrete Structure

The strength of the concrete structure will be considered to be deficient 
if any of the following conditions are identified:

Failure to meet compressive strength tests as evaluated.

Reinforcement not conforming to requirements specified.

Concrete which differs from required dimensions or location in such a 
manner as to reduce strength.

Concrete curing and protection of concrete against extremes of 
temperature during curing, not conforming to requirements specified.

Concrete subjected to damaging mechanical disturbances, particularly 
load stresses, heavy shock, and excessive vibration.
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Poor workmanship likely to result in deficient strength.

Where the strength of the concrete structure is considered deficient submit 
a mitigation or remediation plan for review and approval by the Contracting 
Officer.

3.13.2.5   Non-Conforming Materials

Factors that indicate that there are non-conforming materials include (but 
not limited to) excessive compressive strength, inadequate compressive 
strength, excessive slump, excessive voids and honeycombing, concrete 
delivery records that indicate excessive time between mixing and placement, 
or excessive water was added to the mixture during delivery and placement. 
Any of these indicators alone are sufficient reason for the Contracting 
Officer to request additional sampling and testing.

Investigations into non-conforming materials must be conducted at the 
Contractor's expense. The Contractor must be responsible for the 
investigation and must make written recommendations to adequately mitigate 
or remediate the non-conforming material. The Contracting Officer may 
accept, accept with reduced payment, require mitigation, or require removal 
and replacement of non-conforming material at no additional cost to the 
Government.

3.13.2.6   Testing Concrete Structure for Strength

When there is evidence that strength of concrete structure in place does 
not meet specification requirements or there are non-conforming materials, 
make cores drilled from hardened concrete for compressive strength 
determination in accordance with ASTM C42/C42M, and as follows:

Take at least three representative cores from each member or area of 
concrete-in-place that is considered potentially deficient.  Location 
of cores will be determined by the Contracting Officer.

Test cores after moisture conditioning in accordance with ASTM C42/C42M 
if concrete they represent is more than superficially wet under service.

Air dry cores, (60 to 80 degrees F with relative humidity less than 60 
percent) for 7 days before test and test dry if concrete they represent 
is dry under service conditions.

Strength of cores from each member or area are considered satisfactory 
if their average is equal to or greater than 85 percent of the 28-day 
design compressive strength of the class of concrete.

Core specimens will be taken and tested by the Government.  If the 
results of core-boring tests indicate that the concrete as placed does 
not conform to the drawings and specification, the cost of such tests 
and restoration required must be borne by the Contractor.

Fill core holes solid with patching mortar and finished to match adjacent 
concrete surfaces.

Correct concrete work that is found inadequate by core tests in a manner 
approved by the Contracting Officer.
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3.14   REPAIR, REHABILITATION AND REMOVAL

Before the Contracting Officer accepts the structure the Contractor must 
inspect the structure for cracks, damage and substandard concrete 
placements that may adversely affect the service life of the structure. A 
report documenting these defects must be prepared which includes 
recommendations for repair, removal or remediation must be submitted to the 
Contracting Officer for approval before any corrective work is accomplished.

3.14.1   Repair of Weak Surfaces

Weak surfaces are defined as mortar-rich, rain-damaged, uncured, or 
containing exposed voids or deleterious materials. Concrete surfaces with 
weak surfaces less than 1/4 inch thick must be diamond ground to remove the 
weak surface. Surfaces containing weak surfaces greater than 1/4 inch thick 
must be removed and replaced or mitigated in a manner acceptable to the 
Contracting Officer.

3.14.2   Failure of Quality Assurance Test Results

Proposed mitigation efforts by the Contractor must be approved by the 
Contracting Officer prior to proceeding.

        -- End of Section --
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SECTION 03 40 00.00 10

PLANT-PRECAST CONCRETE PRODUCTS FOR BELOW GRADE CONSTRUCTION
08/06

PART 1   GENERAL

1.1   REFERENCES

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

AMERICAN CONCRETE INSTITUTE INTERNATIONAL (ACI)

ACI 305R (2010) Guide to Hot Weather Concreting

ACI 318 (2011; Errata 1 2011; Errata 2 2012; 
Errata 3-4 2013) Building Code 
Requirements for Structural Concrete and 
Commentary

AMERICAN CONCRETE PIPE ASSOCIATION (ACPA)

ACPA 01-102 (2000) Concrete Pipe Handbook

ACPA 01-110 (1984) Design Manual for Sulfide and 
Corrosion Prediction and Control

ACPA QPC (2005; Ver 3.0) QCast Plant Certification 
Manual

AMERICAN WELDING SOCIETY (AWS)

AWS D1.1/D1.1M (2010; Errata 2011) Structural Welding 
Code - Steel

AWS D1.4/D1.4M (2011) Structural Welding Code - 
Reinforcing Steel

ASTM INTERNATIONAL (ASTM)

ASTM A153/A153M (2009) Standard Specification for Zinc 
Coating (Hot-Dip) on Iron and Steel 
Hardware

ASTM A36/A36M (2012) Standard Specification for Carbon 
Structural Steel

ASTM C1064/C1064M (2011) Standard Test Method for 
Temperature of Freshly Mixed 
Hydraulic-Cement Concrete

ASTM C1107/C1107M (2013) Standard Specification for Packaged 
Dry, Hydraulic-Cement Grout (Nonshrink)

ASTM C1244 (2011) Standard Test Method for Concrete 
Sewer Manholes by the Negative Air 
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Pressure (Vacuum) Test Prior to Backfill

ASTM C138/C138M (2013a) Standard Test Method for Density 
("Unit Weight"), Yield, and Air Content 
(Gravimetric) of Concrete

ASTM C143/C143M (2012) Standard Test Method for Slump of 
Hydraulic-Cement Concrete

ASTM C1478 (2008; R 2013) Standard Specification for 
Storm Drain Resilient Connectors Between 
Reinforced Concrete Storm Sewer 
Structures, Pipes and Laterals

ASTM C171 (2007) Standard Specification for Sheet 
Materials for Curing Concrete

ASTM C192/C192M (2013a) Standard Practice for Making and 
Curing Concrete Test Specimens in the 
Laboratory

ASTM C309 (2011) Standard Specification for Liquid 
Membrane-Forming Compounds for Curing 
Concrete

ASTM C31/C31M (2012) Standard Practice for Making and 
Curing Concrete Test Specimens in the Field

ASTM C39/C39M (2014) Standard Test Method for 
Compressive Strength of Cylindrical 
Concrete Specimens

ASTM C443 (2011) Standard Specification for Joints 
for Concrete Pipe and Manholes, Using 
Rubber Gaskets

ASTM C618 (2012a) Standard Specification for Coal 
Fly Ash and Raw or Calcined Natural 
Pozzolan for Use in Concrete

ASTM C877 (2008) External Sealing Bands for Concrete 
Pipe, Manholes, and Precast Box Sections

ASTM C891 (2011) Installation of Underground Precast 
Concrete Utility Structures

ASTM C920 (2011) Standard Specification for 
Elastomeric Joint Sealants

ASTM C923 (2008; R 2013) Standard Specification for 
Resilient Connectors Between Reinforced 
Concrete Manhole Structures, Pipes and 
Laterals

ASTM C990 (2009) Standard Specification for Joints 
for Concrete Pipe, Manholes and Precast 
Box Sections Using Preformed Flexible 
Joint Sealants
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CSA STANDARDS (CSA)

CSA A23.4 (2009; Update 2010) Precast Concrete - 
Materials and Construction

NATIONAL PRECAST CONCRETE ASSOCIATION (NPCA)

NPCA QC Manual (2012) Quality Control Manual for Precast 
and Prestressed Concrete Plants

U.S. GREEN BUILDING COUNCIL (USGBC)

LEED GBDC (2009) LEED Reference Guide for Green 
Building Design and Construction

LEED NC (2009) Leadership in Energy and 
Environmental Design(tm) New Construction 
Rating System

1.2   SYSTEM DESCRIPTION

Furnish precast concrete units designed and fabricated by an experienced 
and acceptable precast concrete manufacturer who has been, for at least 3 
years, regularly and continuously engaged in the manufacture of precast 
concrete work similar to that indicated on the drawings.  Coordinate 
precast work with the work of other trades.

1.2.1   Standard Precast Units

Design standard precast concrete units to withstand indicated design load 
conditions in accordance with applicable industry design standards ACI 318, 
ASTM, ACPA 01-102, Chapter 7-Design for Sulfide Control.  Design shall also 
consider stresses induced during handling, shipping and installation as to 
avoid product cracking or other handling damage.  Indicate design loads for 
precast concrete units on the shop drawings.  Submit drawings for standard 
precast concrete units furnished by the precast concrete producer for 
approval by the Contracting Officer.  These drawings shall demonstrate that 
the applicable industry design standards have been met.  Include 
installation and construction information on shop drawings.  Include 
details of steel reinforcement size and placement as well as supporting 
design calculations, if appropriate.  Produce precast concrete units in 
accordance with the approved drawings.  Submit cut sheets, for standard 
precast concrete units, showing conformance to project drawings and 
requirements, and to applicable industry design standards listed in this 
specification.

1.2.2   Custom-Made Precast Units

Submit design calculations for custom-made precast units, prepared and 
sealed by a registered professional Engineer, for approval prior to 
fabrication.  Include in the calculations the analysis of units for lifting 
stresses and the sizing of lifting devices.  Submit drawings furnished by 
the precast concrete producer for approval by the Contracting Officer.  
Show on these drawings complete design, installation, and construction 
information in such detail as to enable the Contracting Officer to 
determine the adequacy of the proposed units for the intended purpose.  
Include details of steel reinforcement size and placement as well as 
supporting design calculations, if appropriate.  Produce precast concrete 
units in accordance with the approved drawings.
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1.2.3   Proprietary Precast Units

Products manufactured under franchise arrangements shall conform to all the 
requirements specified by the franchiser.  Items not included in the 
franchise specification, but included in this specification, shall conform 
to the requirements in this specification.  Submit standard plans or 
informative literature, for proprietary precast concrete units.  Make 
available supporting calculations and design details upon request.  Provide 
sufficient information as to demonstrate that such products will perform 
the intended task.

1.2.4   Joints and Sealants

Provide joints and sealants between adjacent units of the type and 
configuration indicated on shop drawings meeting specified design and 
performance requirements.

1.2.5   Concrete Mix Design

1.2.5.1   Concrete Mix Proportions

Base selection of proportions for concrete in accordance with Section
03 30 00 CAST-IN-PLACE CONCRETE.

1.2.5.2   Concrete Strength

Provide precast concrete units with a 28-day compressive strength (f'c) of 
4000 psi.

1.2.5.3   Water-to-Cement Ratio

Furnish concrete with a water-cement ratio of 0.45 or less.

1.2.5.4   Corrosion Control for Sanitary Sewer Systems

Follow design recommendations outlined in Chapter 7 of ACPA 01-102 or the 
ACPA 01-110 when hydrogen sulfide is indicated as a potential problem.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval.  Submittals with an "L" are for LEED review which shall be 
performed by the Contractor's LEED Coordinator and the LEED Administrator.  
Submit the following in accordance with Section 01 33 00 SUBMITTAL 
PROCEDURES and Section 01 33 29.00 20 SUSTAINABLE REQUIREMENTS as 
applicable:

SD-01 Preconstruction Submittals

Quality Control Procedures

SD-02 Shop Drawings

Standard Precast Units
Custom-Made Precast Units

SD-03 Product Data
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Standard Precast Units
Proprietary Precast Units
Embedded Items
Accessories

SD-03 Product Data (LEED NC)

Cement; L; (LEED NC)
Reinforcement; L; (LEED NC)

  Documentation indicating percentage of post-industrial and 
post-consumer recycled content per unit of product. Indicate 
dollar value of product.

Aggregates; L; (LEED NC)

  Documentation indicating percentage of post-industrial and 
post-consumer recycled content per unit of product.  Indicate 
dollar value of product.

  Submit documentation indicating distance between manufacturing 
facility and the project site.  Indicate distance of raw material 
origin from the project site.  Indicate relative dollar value of 
local/regional materials to total dollar value of products 
included in project.

SD-05 Design Data

Design Calculations
Concrete Mix Proportions

SD-06 Test Reports

Test Reports

SD-07 Certificates

Quality Control Procedures

SD-11 Closeout Submittals (LEED NC)

Cement; L; (LEED NC)
Reinforcement; L; (LEED NC)

  LEED documentation relative to recycled content materials credit 
in accordance with the LEED GBDC.  Include in the LEED 
Documentation Notebook.

Aggregates; L; (LEED NC)

  LEED documentation relative to recycled content materials credit 
in accordance with the LEED GBDC.  Include in the LEED 
Documentation Notebook.

  LEED documentation relative to regional materials credit in 
accordance with the LEED GBDC.  Include in the LEED Documentation 
Notebook.
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1.4   QUALITY ASSURANCE

Demonstrate adherence to the standards set forth in NPCA QC Manual and/or 
ACPA QPC.  Meet requirements written in the subparagraphs below.

1.4.1   Qualifications, Quality Control and Inspection

1.4.1.1   Qualifications

Select a precast concrete producer that has been in the business of 
producing precast concrete units similar to those specified for a minimum 
of 3 years.  The precast concrete producer shall maintain a permanent 
quality control department or retain an independent testing agency on a 
continuing basis.

1.4.1.2   Quality Control Procedures

Submit quality control procedures established by the precast manufacturer 
in accordance with NPCA QC Manual and/or ACPA QPC.  Show that the following 
QC tests are performed as required and in accordance with the ASTM 
standards indicated.

a.  Slump:  Perform a slump test for each 150 cu yd of concrete 
produced, or once a day, whichever comes first.  Perform slump 
tests in accordance with ASTM C143/C143M.

b.  Temperature:  Measure the temperature of fresh concrete when slump 
tests are made and when compressive test specimens are made in 
accordance with ASTM C1064/C1064M.  (Am-0004)

c.  Compressive Strength:  Make at least four compressive strength 
specimens for each 150 cubic yards of concrete of each mix in 
accordance with the following Standards:  ASTM C31/C31M, 
ASTM C192/C192M, ASTM C39/C39M.

d.  Unit Weight:  Perform tests for unit weight a minimum of once per 
week to verify the yield of batch mixes.  Perform unit weight 
tests for each 100 cu yd of lightweight concrete in accordance 
with ASTM C138/C138M.

1.4.1.3   Inspection

The Contracting Officer may place an inspector in the plant when the units 
covered by this specification are being manufactured.  The burden of 
payment for plant inspection will be clearly detailed in the 
specification.  The precast concrete producer shall give notice 14 days 
prior to the time the units will be available for plant inspection.  
Neither the exercise nor waiver of inspection at the plant will affect the 
Government's right to enforce contractual provisions after units are 
transported or erected.  See Section 01 45 00.00 20 QUALITY CONTROL for 
requirements for Special Inspector of Record.

1.4.1.4   Test Reports

Submit the following as specified in paragraph SUBMITTALS:

1.4.1.4.1    Material Certifications and/or Laboratory Test Reports

Include mill tests and all other test data, for Portland cement, blended 
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cement, pozzolans, aggregate, admixtures, and curing compound proposed for 
use on this project.

1.4.1.4.2   Mix Test

Provide reports showing that the mix has been successfully tested to 
produce concrete with the properties specified and will be suitable for the 
job conditions.  Such tests may include compressive strength, flexural 
strength, abrasion and absorption.  (Am-0004)  Clearly detail in the 
specifications special tests for precast concrete or cast-in items.

1.4.1.4.3   In-Plant QA/QC Inspection Reports

Upon the request of the Contracting Officer.

1.5   DELIVERY, STORAGE, AND HANDLING

1.5.1   Delivery

Deliver precast units to the site in accordance with the delivery schedule 
to avoid excessive build-up of units in storage at the site.  Upon delivery 
to the jobsite, all precast concrete units will be inspected by the 
Contracting Officer for quality and final acceptance.

1.5.2   Storage

Store units off the ground or in a manner that will minimize potential 
damage.

1.5.3   Handling

Handle, transport, and store products in a manner to minimize damage.  
Lifting devices or holes shall be consistent with industry standards.  
Perform lifting with methods or devices intended for this purpose as 
indicated on shop drawings.

PART 2   PRODUCTS

2.1   MATERIALS

Except as otherwise specified in the following paragraphs, conform material 
to Section 03 30 00 CAST-IN-PLACE CONCRETE.

2.1.1   Cement

Cement may contain post-industrial or post-consumer recycled content.  See 
Section 01 33 29.00 20 SUSTAINABLE REQUIREMENTS for cumulative total 
recycled content requirements.

2.1.2   Fly Ash and Pozzolans

Fly ash is used as a supplementary cementitious material (SCM) conforming 
to ASTM C618, Class C with 4 percent maximum loss on ignition and 35 
percent maximum cement replacement by weight.

2.1.3   Aggregates

Aggregates may be sourced regionally.  See Section 01 33 29.00 20 
SUSTAINABLE REQUIREMENTS for cumulative regional materials requirements.  
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Aggregates may contain post-industrial or post-consumer recycled content.  
See Section 01 33 29.00 20 SUSTAINABLE REQUIREMENTS for cumulative total 
recycled content requirements.

2.1.4   Reinforcement

Reinforcement may contain post-industrial or post-consumer recycled 
content.  See Section 01 33 29.00 20 SUSTAINABLE REQUIREMENTS for 
cumulative total recycled content requirements.

2.1.5   Inserts and Embedded Metal

All items embedded in concrete shall be of the type required for the 
intended task, and meet the following standards.

a.  Structural Steel Plates, Angles, etc.:  ASTM A36/A36M

b.  Hot-dipped Galvanized:  ASTM A153/A153M

c.  Proprietary Items:  In accordance with manufacturers published 
literature

2.1.6   Accessories

Submit proper installation instructions and relevant product data for items 
including, but not limited to, sealants, gaskets, connectors, steps, cable 
racks and other items installed before or after delivery.

a.  Rubber Gaskets for Circular Concrete Sewer Pipe and Culvert Pipe:  
ASTM C443.

b.  External Sealing Bands for Noncircular Sewer, Storm Drain and 
Culvert Pipe:  ASTM C877.

c.  Preformed Flexible Joint Sealants for Concrete Pipe, Manholes, and 
Manufactured Box Sections:  ASTM C990.

d.  Elastomeric Joint Sealants:  ASTM C920

2.1.7   Pipe Entry Connectors

Pipe entry connectors shall conform to ASTM C923 or ASTM C1478.

2.1.8   Grout

Nonshrink Grout shall conform to ASTM C1107/C1107M.  Cementitious grout 
shall be a mixture of Portland cement, sand, and water.  Proportion one 
part cement to approximately 2.5 parts sand, with the amount of water based 
on placement method.

PART 3   EXECUTION

3.1   FABRICATION AND PLACEMENT

Perform fabrication in accordance with NPCA QC Manual and/or ACPA QPC 
unless specified otherwise.
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3.1.1   Forms

Use forms, for manufacturing precast concrete products, of the type and 
design consistent with industry standards and practices.  They should be 
capable of consistently providing uniform products and dimensions.  
Construct forms so that the forces and vibrations to which the forms will 
be subjected can cause no product damage.  Clean forms of concrete build-up 
after each use.  Apply form release agents according to the manufacturers 
recommendations and do not allow to build up on the form casting surfaces.

3.1.2   Reinforcement

Follow applicable ASTM Standard or ACI 318 for placement and splicing.  
Fabricate cages of reinforcement either by tying the bars, wires or welded 
wire fabric into rigid assemblies or by welding, where permissible, in 
accordance with AWS D1.4/D1.4M.  Position reinforcing as specified by the 
design and so that the concrete cover conforms to requirements.  The 
tolerance on concrete cover shall be one-third of that specified but not 
more than 1/2 inch.  Provide concrete cover not less than 1/2 inch.  Take 
positive means to assure that the reinforcement does not move significantly 
during the casting operations.

3.1.3   Embedded Items

Position embedded items at locations specified in the design documents.  
Perform welding in accordance with AWS D1.1/D1.1M when necessary.  Hold 
rigidly in place inserts, plates, weldments, lifting devices and other 
items to be imbedded in precast concrete products so that they do not move 
significantly during casting operations.  Submit product data sheets and 
proper installation instruction for anchors, lifting inserts and other 
devices.  Clearly indicate the products dimensions and safe working load.

3.2   CONCRETE

3.2.1   Concrete Mixing

Mixing operations shall produce batch-to-batch uniformity of strength, 
consistency, and appearance.

3.2.2   Concrete Placing

Deposit concrete into forms as near to its final location as practical.  
Keep the free fall of the concrete to a minimum.  Consolidate concrete in 
such a manner that segregation of the concrete is minimized and honeycombed 
areas are kept to a minimum.  Use vibrators to consolidate concrete with 
frequencies and amplitudes sufficient to produce well consolidated concrete.

3.2.2.1   Hot Weather Concreting

Recommendations for hot weather concreting are given in detail in ACI 305R.  
During hot weather, give proper attention to constituents, production 
methods, handling, placing, protection, and curing to prevent excessive 
concrete temperatures or water evaporation that could impair required 
strength or serviceability of the member or structure.  The temperature of 
concrete at the time of placing shall not exceed 90 degrees F.

3.2.3   Concrete Curing

Commence curing immediately following the initial set and completion of 
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surface finishing.

3.2.3.1   Curing by Moisture Retention

Prevent moisture evaporation from exposed surfaces until adequate strength 
for stripping is reached by one of the following methods:

a.  Cover with polyethylene sheets a minimum of 6 mils thick in 
accordance with ASTM C171.

b.  Cover with burlap or other absorptive material and keep 
continually moist.

c.  Use of a membrane-curing compound applied at a rate not to exceed 
200 square ft/gallon, or in accordance with manufacturers' 
recommendations according to ASTM C309.

3.2.3.2   Curing with Heat and Moisture

Do not subject concrete to steam or hot air until after the concrete has 
attained its initial set.  Apply steam, if used, within a suitable 
enclosure, which permits free circulation of the steam in accordance with 
CSA A23.4.  If hot air is used for curing, take precautions to prevent 
moisture loss from the concrete.  The temperature of the concrete shall not 
be permitted to exceed 150 degrees F.  These requirements do not apply to 
products cured with steam under pressure in an autoclave.

3.2.4   Surface Finish

Finish unformed surfaces of wet-cast precast concrete products as 
specified.  If no finishing procedure is specified, finish such surfaces 
using a strike-off to level the concrete with the top of the form.

3.2.4.1   Formed Non-Architectural Surfaces

Cast surfaces against approved forms following industry practices in 
cleaning forms, designing concrete mixes, placing and curing concrete.  
Normal color variations, form joint marks, small surface holes caused by 
air bubbles, and minor chips and spalls will be accepted but no major 
imperfections, honeycombs or other major defects will be permitted.

3.2.4.2   Unformed Surfaces

Finish unformed surfaces with a vibrating screed, or by hand with a float.  
Normal color variations, minor indentations, minor chips and spalls will be 
accepted but no major imperfections, honeycombs, or other major defects 
shall be permitted.

3.2.4.3   Special Finishes

Troweled, broom or other finishes shall be according to the requirements of 
project documents and performed in accordance with industry standards or 
supplier specifications.  Submit finishes for approval when required by the 
project documents.  The sample finishes shall be approved prior to the 
start of production.

3.2.5   Stripping Products from Forms

Do not remove products from the forms until the concrete reaches the 
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compressive strength for stripping required by the design.  If no such 
requirement exists, products may be removed from the forms after the final 
set of concrete provided that stripping damage is minimal.

3.2.6   Patching and Repair

No repair is required to formed surfaces that are relatively free of air 
voids and honeycombed areas, unless the surfaces are required by the design 
to be finished.

3.2.6.1   Repairing Minor Defects

Defects that will not impair the functional use or expected life of a 
precast concrete product may be repaired by any method that does not impair 
the product.

3.2.6.2   Repairing Honeycombed Areas

When honeycombed areas are to be repaired, remove all loose material and 
cut back the areas into essentially horizontal or vertical planes to a 
depth at which coarse aggregate particles break under chipping rather than 
being dislodged.  Use proprietary repair materials in accordance with the 
manufacturer's instructions.  If a proprietary repair material is not used, 
saturate the area with water.  Immediately prior to repair, the area should 
be damp, but free of excess water.  Apply a cement-sand grout or an 
approved bonding agent to the chipped surfaces, followed immediately by 
consolidating an appropriate repair material into the cavity.

3.2.6.3   Repairing Major Defects

Evaluate, by qualified personnel, defects in precast concrete products 
which impair the functional use or the expected life of products to 
determine if repairs are feasible and, if so, to establish the repair 
procedure.

3.2.7   Shipping Products

Do not ship products until they are at least 5 days old, unless it can be 
shown that the concrete strength has reached at least 75 percent of the 
specified 28-day strength, or that damage will not result, impairing the 
performance of the product.

3.3   INSTALLATION

3.3.1   Site Access

It is the Contractor's responsibility to provide adequate access to the 
site to facilitate hauling, storage and proper handling of the precast 
concrete products.

3.3.2   General Requirements

a.  Install precast concrete products to the lines and grades shown in 
the contract documents or otherwise specified.

b.  Lift products by suitable lifting devices at points provided by 
the precast concrete producer.

c.  Install products in accordance with the precast concrete 
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producer's instructions.  In the absence of such instructions, 
install underground utility structures in accordance with ASTM C891.  
Install pipe and manhole sections in accordance with the 
procedures outlined by the American Concrete Pipe Association.

d.  Field modifications to the product will relieve the precast 
producer of liability even if such modifications result in the 
failure of the product.

3.3.3   Water Tightness

Where water tightness is a necessary performance characteristic of the 
precast concrete product's end use, watertight joints, connectors and 
inserts should be used to ensure the integrity of the entire system.

3.4   FIELD QUALITY CONTROL

3.4.1   Site Tests

When water tightness testing is required for an underground product, use 
one of the following methods:

3.4.2   Vacuum Testing

Prior to backfill vacuum test system according to ASTM C1244.

3.4.3   Water Testing

Perform water testing according to the contract documents and precast 
concrete producer's recommendations.

       -- End of Section --
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SECTION 05 50 13

MISCELLANEOUS METAL FABRICATIONS
05/10

PART 1   GENERAL

1.1   REFERENCES

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

ACI INTERNATIONAL (ACI)

ACI 355.2/355.2R (2004) Qualifications of Post-Installed 
Mechanical Anchors in Concrete and 
Commentary

AMERICAN INSTITUTE OF STEEL CONSTRUCTION (AISC)

AISC 303 (2010) Code of Standard Practice for Steel 
Buildings and Bridges

AMERICAN SOCIETY OF SAFETY ENGINEERS (ASSE/SAFE)

ASSE/SAFE A10.3 (2013) Operations - Safety Requirements 
for Powder Actuated Fastening Systems

AMERICAN WELDING SOCIETY (AWS)

AWS D1.1/D1.1M (2010; Errata 2011) Structural Welding 
Code - Steel

ASME INTERNATIONAL (ASME)

ASME B18.2.1 (2012; Errata 2013) Square and Hex Bolts 
and Screws (Inch Series)

ASME B18.2.2 (2010) Nuts for General Applications: 
Machine Screw Nuts, Hex, Square, Hex 
Flange, and Coupling Nuts (Inch Series)

ASME B18.21.1 (2009) Washers: Helical Spring-Lock, Tooth 
Lock, and Plain Washers (Inch Series)

ASME B18.6.2 (1998; R 2010) Slotted Head Cap Screws, 
Square Head Set Screws, and Slotted 
Headless Set Screws: Inch Series

ASME B18.6.3 (2013) Machine Screws, Tapping Screws, and 
Machine Drive Screws (Inch Series)

ASTM INTERNATIONAL (ASTM)

ASTM A123/A123M (2013) Standard Specification for Zinc 
(Hot-Dip Galvanized) Coatings on Iron and 
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Steel Products

ASTM A153/A153M (2009) Standard Specification for Zinc 
Coating (Hot-Dip) on Iron and Steel 
Hardware

ASTM A307 (2012) Standard Specification for Carbon 
Steel Bolts and Studs, 60 000 PSI Tensile 
Strength

ASTM A36/A36M (2012) Standard Specification for Carbon 
Structural Steel

ASTM A467/A467M (2007; R 2012) Standard Specification for 
Machine Coil Chain

ASTM A500/A500M (2013) Standard Specification for 
Cold-Formed Welded and Seamless Carbon 
Steel Structural Tubing in Rounds and 
Shapes

ASTM A53/A53M (2012) Standard Specification for Pipe, 
Steel, Black and Hot-Dipped, Zinc-Coated, 
Welded and Seamless

ASTM A653/A653M (2013) Standard Specification for Steel 
Sheet, Zinc-Coated (Galvanized) or 
Zinc-Iron Alloy-Coated (Galvannealed) by 
the Hot-Dip Process

ASTM A666 (2010) Standard Specification for Annealed 
or Cold-Worked Austenitic Stainless Steel 
Sheet, Strip, Plate and Flat Bar

ASTM A780/A780M (2009) Standard Practice for Repair of 
Damaged and Uncoated Areas of Hot-Dip 
Galvanized Coatings

ASTM A924/A924M (2013) Standard Specification for General 
Requirements for Steel Sheet, 
Metallic-Coated by the Hot-Dip Process

ASTM C1513 (2013) Standard Specification for Steel 
Tapping Screws for Cold-Formed Steel 
Framing Connections

ASTM D1187/D1187M (1997; E 2011; R 2011) Asphalt-Base 
Emulsions for Use as Protective Coatings 
for Metal

ICC EVALUATION SERVICE, INC. (ICC-ES)

ICC-ES AC193 (2007) Acceptance Criteria for Mechanical 
Anchors in Concrete Elements

MASTER PAINTERS INSTITUTE (MPI)

MPI 79 (Oct 2009) Alkyd Anti-Corrosive Metal 
Primer
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U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

29 CFR 1926.502 Fall Protection Systems Criteria and 
Practices

U.S. GREEN BUILDING COUNCIL (USGBC)

LEED GBDC (2009) LEED Reference Guide for Green 
Building Design and Construction

LEED NC (2009) Leadership in Energy and 
Environmental Design(tm) New Construction 
Rating System

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval.  Submittals with an "L" are for LEED review which shall be 
performed by the Contractor's LEED Coordinator and the LEED Administrator.  
Submit the following in accordance with Section 01 33 00 SUBMITTAL 
PROCEDURES and Section 01 33 29.00 20 SUSTAINABLE REQUIREMENTS as 
applicable:

SD-02 Shop Drawings

Access Doors, installation drawings
Expansion Joint Covers, installation drawings
Embedded Angles and Plates, installation drawings
Fall Restraint System, installation drawings  (Am-0004)

  Submit fabrication drawings showing layout(s), connections to 
structural system, and anchoring details as specified in AISC 303.

  Submit templates, erection and installation drawings indicating 
thickness, type, grade, class of metal, and dimensions.  Show 
construction details, reinforcement, anchorage, and installation 
with relation to the building construction.

SD-03 Product Data

Access Doors
Expansion Joint Covers
Fall Restraint System  (Am-0004)

SD-03 Product Data (LEED NC)

Structural Carbon Steel; L; (LEED NC)
Structural Tubing; L; (LEED NC)
Steel Pipe; L; (LEED NC)
Access Doors; L; (LEED NC)
Guard Posts (Bollards/Pipe Guards); L; (LEED NC)
Plates and Shapes; L; (LEED NC)

  Submit documentation indicating percentage of post-industrial 
and post-consumer recycled content per unit of product.  Indicate 
dollar value of product.
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SD-04 Samples

Expansion Joint Covers; G

  Provide full size samples, taken from manufacturer's stock, and 
be complete as required for installation in the structure.  
Samples may be installed in the work, provided each sample is 
clearly identified and its location recorded.

SD-10 Operation and Maintenance Data

Fall Restraint System  (Am-0004)

SD-11 Closeout Submittals (LEED NC)

Structural Carbon Steel; L; (LEED NC)
Structural Tubing; L; (LEED NC)
Steel Pipe; L; (LEED NC)
Access Doors; L; (LEED NC)
Guard Posts (Bollards/Pipe Guards); L; (LEED NC)
Plates and Shapes; L; (LEED NC)

  LEED documentation relative to recycled content materials credit 
in accordance with the LEED GBDC.  Include in the LEED 
Documentation Notebook.

1.3   QUALIFICATION OF WELDERS

Qualify welders in accordance with AWS D1.1/D1.1M.  Use procedures, 
materials, and equipment of the type required for the work.

1.4   DELIVERY, STORAGE, AND PROTECTION

Protect from corrosion, deformation, and other types of damage.  Store 
items in an enclosed area free from contact with soil and weather. Remove 
and replace damaged items with new items.

PART 2   PRODUCTS

2.1   MATERIALS

2.1.1   Structural Carbon Steel

ASTM A36/A36M.

Structural carbon steel may contain post-industrial or post-consumer 
recycled content.  See Section 01 33 29.00 20 SUSTAINABLE REQUIREMENTS for 
cumulative total recycled content requirements.

2.1.2   Structural Tubing

ASTM A500/A500M.

Structural tubing may contain post-industrial or post-consumer recycled 
content.  See Section 01 33 29.00 20 SUSTAINABLE REQUIREMENTS for 
cumulative total recycled content requirements.
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2.1.3   Steel Pipe

ASTM A53/A53M, Type E or S, Grade B.

Steel pipe may contain post-industrial or post-consumer recycled content.  
See Section 01 33 29.00 20 SUSTAINABLE REQUIREMENTS for cumulative total 
recycled content requirements.

2.1.4   Anchor Bolts

ASTM A307.  Where exposed, shall be of the same material, color, and finish 
as the metal to which applied.

2.1.4.1   Expansion Anchors

Expansion anchors shall be carbon steel threaded studs with integral 
tapered cone expanders and segmented expansion collars.  Provide anchors 
with electroplated zinc coating, length identification markings, and 
required nuts and washers.  Expansion anchors shall be evaluated in 
accordance with ACI 355.2/355.2R Category 1 or 2 and shall be tested in 
accordance with ICC-ES AC193 for all mandatory and optional tests.  Provide 
anchors with the following properties:

a.  Diameter:  5/8 inch

b.  Embedment Length:  4 inches

c.  Minimum Effective Area:  0.16 in2

d.  Minimum Yield Strength:  84.8 ksi

e.  Minimum Tensile Strength:  106 ksi

f.  Minimum Pullout Strength:  4000 lb

g.  Uncracked Effectiveness Factor:  24

h.  Cracked Effectiveness Factor:  17

2.1.4.2   Lag Screws and Bolts

ASME B18.2.1, type and grade best suited for the purpose.

2.1.4.3   Toggle Bolts

ASME B18.2.1.

2.1.4.4   Bolts, Nuts, Studs and Rivets

ASME B18.2.2 or ASTM A307.

2.1.4.5   Powder Actuated Fasteners

Follow safety provisions of ASSE/SAFE A10.3.

2.1.4.6   Screws

ASME B18.2.1, ASME B18.6.2, ASME B18.6.3 and ASTM C1513.
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2.1.4.7   Washers

Provide plain washers to conform to  ASME B18.21.1.  Provide beveled 
washers for American Standard beams and channels, square or rectangular, 
tapered in thickness, and smooth.  Provide lock washers to conform to  
ASME B18.21.1.

2.2   FABRICATION FINISHES

2.2.1   Galvanizing

Hot-dip galvanize items specified to be zinc-coated, after fabrication 
where practicable.  Galvanizing:  ASTM A123/A123M, ASTM A153/A153M, 
ASTM A653/A653M or ASTM A924/A924M, G90, as applicable.

2.2.2   Galvanize

Anchor bolts, washers, and parts or devices necessary for proper 
installation, unless indicated otherwise.

2.2.3   Repair of Zinc-Coated Surfaces

Repair damaged surfaces with galvanizing repair method and paint conforming 
to ASTM A780/A780M or by application of stick or thick paste material 
specifically designed for repair of galvanizing, as approved by Contracting 
Officer.  Clean areas to be repaired and remove slag from welds.  Heat 
surfaces to which stick or paste material is applied, with a torch to a 
temperature sufficient to melt the metallics in stick or paste; spread 
molten material uniformly over surfaces to be coated and wipe off excess 
material.

2.3   ACCESS DOORS

Provide flush type access doors and panels unless otherwise indicated.  
Fabricate frames for access doors of steel not lighter than 16 gage with 
welded joints and anchorage for securing into construction.  Provide access 
doors with a minimum of 14 by 20 inches and of not lighter than 16 gage 
steel, with stiffened edges and welded attachments.  Provide access doors 
hinged to frame and with a flush-face, turn-screw-operated latch.  Provide 
exposed metal surfaces with a shop applied prime coat.

Access doors may contain post-industrial or post-consumer recycled 
content.  See Section 01 33 29.00 20 SUSTAINABLE REQUIREMENTS for 
cumulative total recycled content requirements.

2.4   CORNER GUARDS AND SHIELDS

For jambs and sills of openings and edges of platforms provide steel shapes 
and plates anchored in masonry or concrete with welded steel straps or 
end-weld stud anchors.  Form corner guards for use with glazed or ceramic 
tile finish on walls with 0.0625 inch thick corrosion-resisting steel with 
polished or satin finish, extend 5 feet above the top of cove base or to 
the top of the wainscot, whichever is less, and securely anchor to the 
supporting wall.  Corner guards on exterior shall be galvanized.

2.5   EXPANSION JOINT COVERS

Provide expansion joint covers constructed of extruded aluminum with 
anodized satin aluminum finish for walls and ceilings and with standard 
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mill finish for floor covers and exterior covers.  Furnish plates, backup 
angles, expansion filler strip and anchors as indicated.

2.6   GUARD POSTS (BOLLARDS/PIPE GUARDS)

Provide galvanized, extra strong weight steel pipe as specified in 
ASTM A53/A53M as indicated.  Anchor posts in concrete as indicated and fill 
solidly with concrete.

Guard posts (bollars/pipe guards) may contain post-industrial or 
post-consumer recycled content.  See Section 01 33 29.00 20 SUSTAINABLE 
REQUIREMENTS for cumulative total recycled content requirements.

2.7   MISCELLANEOUS PLATES AND SHAPES

Provide for items that do not form a part of the structural steel 
framework, such as miscellaneous mountings and frames.  Provide with 
connections and fasteners or welds as indicated.  Construct to have at
least 8 inches bearing on masonry at each end.

Provide angles and plates, ASTM A36/A36M, for embedment as indicated.  
Galvanize embedded items exposed to the elements according to 
ASTM A123/A123M.

Plates and shapes may contain post-industrial or post-consumer recycled 
content.  See Section 01 33 29.00 20 SUSTAINABLE REQUIREMENTS for 
cumulative total recycled content requirements.

2.8   SAFETY CHAINS

Construct safety chains of galvanized steel, straight link type, 3/16 inch 
diameter, with at least twelve links per foot, and with snap hooks on each 
end.  Test safety chain in accordance with ASTM A467/A467M, Class CS.  
Provide snap hooks of boat type.  Provide galvanized 3/8 inch bolt with 3/4 
inch eye diameter for attachment of chain, anchored as indicated.  Supply 
two chains, 4 inches longer than the anchorage spacing, for each guarded 
area.  Locate safety chain where indicated.

2.9   FALL RESTRAINT SYSTEM

2.9.1   Materials

a.  All materials shall be new, and completed fall protection system 
shall be the product of one manufacturer or the manufacture's 
authorized installer regularly engaged in the design and 
production of such equipment.

b.  Fall Arrest Systems and Components:  All system connectors, cables 
and bolts shall be manufactured from stainless steel:  ASTM A666, 
Type 316.  All connectors shall comply with OSHA regulation 
29 CFR 1926.502.  Fabricated supports required for additional 
support shall be carbon steel with a corrosion resistant finish.

c.  Material Control:  All system components shall contain serial 
numbers, permanently stamped or engraved, identifying the specific 
job and system they are used for.  These serial numbers shall be 
recorded in the system operation and maintenance manual.
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2.9.2   Horizontal Lifeline Cable

Marine grade stainless steel wire rope with a minimum breaking strength of 
10,000 pounds.

2.9.3   Force Limiting Anchorage Posts

Designed to limit load to 10kN in the event of a fall and absorb the energy 
integrally.  The body of the anchorage is to deploy in the event of a fall 
pulling the fixings in shear and preventing damage to the roof system.  
Weather proof construction and designed for attachment to all major 
composite, built-up on site, standing seam and single ply membrane roofing. 
Attached by means of stitching screws, spilt clamps and toggle bolts with 
no need for fixing to purlins or structural steel.

2.9.4   Swaging

The cable shall be swaged in-line with the anchor point and have a slip 
indicator.

2.9.5   Shock Absorber

Load limiting in-line shock absorber to 3,000 pounds for multi-span systems 
and 4,500 pounds for single span systems.  The shock absorber shall 
visually display deployment in the event a load such as a fall has occurred 
on the system.

2.9.6   End Anchors

316 stainless steel end anchors with minimum breaking strength of 10,000 
pounds.

2.9.7   Transfastener/Trolley

316 stainless steel with a minimum tensile load of 3600 pounds.  The 
transfastener shall allow for easy pass-thru of support points without 
disconnecting from the system.

2.9.8   Tension Indicator

The system shall include a tension indicator that will allow the user to 
physically inspect that the correct cable tension is achieved.

2.9.9   Fasteners

The Fall Arrest Systems shall be attached to the supporting structure with 
appropriate fasteners.  The fasteners shall be designed to support a load 
on the system of 2 times the maximum design load without failure.

2.9.10   Other Components

Corner Assemblies, Turnbuckles and other components shall be 316 stainless 
steel.  System components shall be of same material unless otherwise 
indicated.  Exposed work shall be true to line and level with accurate 
angles, surfaces and with straight square edges.  Coordinate anchorage 
system with supporting structure.  Fabricate anchoring devices as 
recommended by the manufacturer to provide adequate support for intended 
use.  Fabricate Joints in a manner to discourage water accumulation.  
Provide weep holes to drain any water, which could accumulate in the 
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exposed joints.  (Am-0004)

PART 3   EXECUTION

3.1   GENERAL INSTALLATION REQUIREMENTS

Install items at locations indicated, according to manufacturer's 
instructions.  Verify all measurements and take all field measurements 
necessary before fabrication.  Exposed fastenings shall be compatible 
materials, shall generally match in color and finish, and harmonize with 
the material to which fastenings are applied.  Include materials and parts 
necessary to complete each item, even though such work is not definitely 
shown or specified.  Poor matching of holes for fasteners shall be cause 
for rejection.  Conceal fastenings where practicable.  Thickness of metal 
and details of assembly and supports shall provide strength and stiffness.  
Form joints exposed to the weather shall be formed to exclude water.

3.2   WORKMANSHIP

Provide miscellaneous metalwork that is well formed to shape and size, with 
sharp lines and angles and true curves.  Drilling and punching shall 
produce clean true lines and surfaces.  Provide continuous welding along 
the entire area of contact except where tack welding is permitted.  Do not 
tack weld exposed connections of work in place and ground smooth.  Provide 
a smooth finish on exposed surfaces of work in place  and unless otherwise 
approved, flush exposed riveting.  Mill joints where tight fits are 
required.  Corner joints shall be coped or mitered, well formed, and in 
true alignment.  Accurately set work to established lines and elevations 
and securely fastened in place.  Install in accordance with manufacturer's 
installation instructions and approved drawings, cuts, and details.

3.3   ANCHORAGE, FASTENINGS, AND CONNECTIONS

Provide anchorage where necessary for fastening miscellaneous metal items 
securely in place.  Include for anchorage not otherwise specified or 
indicated slotted inserts, expansion shields, and powder-driven fasteners, 
when approved for concrete; toggle bolts and through bolts for masonry; 
machine and carriage bolts for steel; through bolts, lag bolts, and screws 
for wood.  Do not use wood plugs in any material.  Provide non-ferrous 
attachments for non-ferrous metal.  Make exposed fastenings of compatible 
materials, generally matching in color and finish, to which fastenings are 
applied.  Conceal fastenings where practicable.

3.4   BUILT-IN WORK

Form for anchorage metal work built-in with concrete or masonry, or provide 
with suitable anchoring devices as indicated or as required.  Furnish metal 
work in ample time for securing in place as the work progresses.

3.5   WELDING

Perform welding, welding inspection, and corrective welding, in accordance 
with AWS D1.1/D1.1M.  Use continuous welds on all exposed connections.  
Grind visible welds smooth in the finished installation.
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3.6   FINISHES

3.6.1   Dissimilar Materials

Where dissimilar metals are in contact, protect surfaces with a coat 
conforming to MPI 79 to prevent galvanic or corrosive action. Where 
aluminum is in contact with concrete, plaster, mortar, masonry, wood, or 
absorptive materials subject to wetting, protect with ASTM D1187/D1187M, 
asphalt-base emulsion.

3.6.2   Field Preparation

Remove rust preventive coating just prior to field erection, using a 
remover approved by the rust preventive manufacturer.  Surfaces, when 
assembled, shall be free of rust, grease, dirt and other foreign matter.

3.6.3   Environmental Conditions

Do not clean or paint surface when damp or exposed to foggy or rainy 
weather, when metallic surface temperature is less than 5 degrees F above 
the dew point of the surrounding air, or when surface temperature is over 
95 degrees F, unless approved by the Contracting Officer.

3.7   INSTALLATION OF GUARD POSTS (BOLLARDS/PIPE GUARDS)

Set pipe guards vertically in concrete piers.  Construct piers of, and the 
hollow cores of the pipe filled with, concrete having a compressive 
strength of 3000 psi.

3.8   FALL RESTRAINT SYSTEM

Install as recommended by the manufacturer and shop drawings.  (Am-0004)

        -- End of Section --
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SECTION 10 28 13

TOILET ACCESSORIES
07/06

PART 1   GENERAL

1.1   REFERENCES

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

ASTM INTERNATIONAL (ASTM)

ASTM C1036 (2010; E 2012) Standard Specification for 
Flat Glass

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval.  Submittals with an "L" are for LEED review which shall be 
performed by the Contractor's LEED Coordinator and the LEED Administrator.  
Submit the following in accordance with Section 01 33 00 SUBMITTAL 
PROCEDURES and Section 01 33 29.00 20 SUSTAINABLE REQUIREMENTS as 
applicable:

SD-03 Product Data

Finishes
Accessory Items

SD-04 Samples

Finishes; G
Accessory Items; G

SD-07 Certificates

Accessory Items

1.3   DELIVERY, STORAGE, AND HANDLING

Wrap toilet accessories for shipment and storage, then deliver to the 
jobsite in manufacturer's original packaging, and store in a clean, dry 
area protected from construction damage and vandalism.

1.4   WARRANTY

Provide manufacturer's standard performance guarantees or warranties that 
extend beyond a 1 year period.
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PART 2   PRODUCTS

2.1   MANUFACTURED UNITS

Provide toilet accessories where indicated in accordance with paragraph 
SCHEDULE.  Provide each accessory item complete with the necessary mounting 
plates of sturdy construction with corrosion resistant surface.

2.1.1   Anchors and Fasteners

Provide anchors and fasteners capable of developing a restraining force 
commensurate with the strength of the accessory to be mounted and suited 
for use with the supporting construction.  Provide tamperproof design 
exposed fasteners with finish to match the accessory.

2.1.2   Finishes

Except where noted otherwise, provide the following finishes on metal:

Metal Finish

Stainless steel No. 4 satin finish

2.2   ACCESSORY ITEMS

Conform to the requirements for accessory items specified below.  Submit 
fasteners proposed for use for each type of wall construction, mounting, 
operation, and cleaning instructions and one sample of each other accessory 
proposed for use.  Incorporate approved samples into the finished work, 
provided they are identified and their locations noted.  Submit certificate 
for each type of accessory specified, attesting that the items meet the 
specified requirements.

2.2.1   Grab Bar (GB)

Provide an 18 gauge, 1-1/2 inch grab bar OD Type 304 stainless steel.  
Provide form and length for grab bar as indicated.  Provide concealed 
mounting flange.  Provide grab with satin finish, non-slip surface.  
Furnish installed bars capable of withstanding a 500 pound vertical load 
without coming loose from the fastenings and without obvious permanent 
deformation.  Allow 1-1/2 inch space between wall and grab bar.

2.2.2   Mirrors, Glass (MG)

Provide Type I transparent flat type, Class 1-clear glass for mirrors.  
Glazing Quality q1, 1/4 inch thick conforming to ASTM C1036.  Coat glass on 
one surface with silver coating, copper protective coating, and mirror 
backing paint.  Provide highly adhesive pure silver coating of a thickness 
which provides reflectivity of 83 percent or more of incident light when 
viewed through 1/4 inch thick glass, free of pinholes or other defects.  
Provide copper protective coating with pure bright reflective copper, 
homogeneous without sludge, pinholes or other defects, of proper thickness 
to prevent "adhesion pull" by mirror backing paint.  Provide mirror backing 
paint with two coats of special scratch and abrasion-resistant paint and 
baked in uniform thickness to provide a protection for silver and copper 
coatings which will permit normal cutting and edge fabrication.  Provide 
with 1/2 inch by 1/2 inch by 3/8 inch stainless steel channel frame with 
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polished finish.  Provide mirror signs as indicated.

2.2.3   Combination Paper Towel Dispenser/Waste Receptacle (PTDWR)

Provide surface mounted dispenser/receptacle with a capacity of 600 C-fold 
or 800 multifold sheets.  Design waste receptacle to be locked in unit and 
removable for service.  Provide tumbler key locking mechanism.  Provide 
waste receptacle capacity of 12 gallons.  Fabricate a minimum 0.03 inch 
stainless steel welded construction unit with all exposed surfaces having a 
satin finish.  Provide waste receptacle that accepts reusable liner 
standard for unit manufacturer.

2.2.4   Sanitary Napkin Disposer (SND)

Construct a Type 304 stainless steel sanitary napkin disposal with 
removable leak-proof receptacle for disposable liners.  Provide 50 
disposable liners of the type standard with the manufacturer.  Retain 
receptacle in cabinet by tumbler lock.  Provide disposer with a door for 
inserting disposed napkins, surface mounted.

2.2.5   Shower Curtain (SC)

Provide vinyl shower curtain, size to suit conditions.  Provide 
anti-bacterial nylon/vinyl fabric curtain.  Furnish white color.  Provide 
with stainless steel hooks.

2.2.6   Shower Curtain Rods (SCR)

Provide Type 304 stainless steel shower curtain rods 1-1/4 inch OD by 0.049 
inch minimum straight to meet installation conditions.

2.2.7   Soap Dispenser (SD)

Provide soap dispenser surface mounted, liquid type consisting of a nominal 
square, Type 304 stainless steel tank with holding capacity of 40 fluid 
ounces with a corrosion-resistant all-purpose valve that dispenses liquid 
soaps, lotions, detergents and antiseptic soaps.

2.2.8   Hand Sanitizer Dispenser (HSD)

Provide hand sanitizer dispensers complete with mounting brackets, 
batteries as recommended by manufacturer, sanitizer solution, and one 
bottle of refill sanitizer solution for each dispenser installed.  
Dispenser properties and characteristics:

a.  Wall mounted

b.  Battery operated

c.  Automatic, touchless type that dispenses sanitizer when a hand is 
placed in proximity of a sensor.

d.  Integral tray below the dispensing portal to catch wasted sanitizer

e.  Operated using standard size batteries such as AA cells.

2.2.9   Towel Pin (TP)

Provide towel pin with concealed wall fastenings, and a double horizontal 
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pin integral with or permanently fastened to wall flange with maximum 
projection of 2-5/16 inch.  Provide satin finish.

2.2.10   Toilet Tissue Dispenser (TTD)

Furnish Type II - surface mounted toilet tissue holder with two rolls of 
standard tissue stacked vertically.  Provide stainless steel, satin finish 
cabinet.

2.2.11   Toilet Seat Cover Dispenser (TSCD)

Provide Type 304 stainless steel with surface mounted toilet seat cover 
dispensers.  Provide dispenser with a minimum capacity of 250 seat covers.

2.2.12   Folding Shower Seat (FSS)

Folding shower seat shall have a frame constructed of type-304 satin finish 
stainless steel, 16-gauge, 1-1/4 inch square tubing, and 18-gauge, 1 inch 
diameter seamless tubing.  Seat shall be constructed of one-piece, 1/2 inch 
thick water-resistant, ivory colored solid phenolic with black edge.  
Clearance between back of shower seat and wall shall be 1-1/2 inches to 
comply with ADA Accessibility Guidelines (ADAAG).  Seat supports shall not 
come into contact with the floor.  Seat shall be able to lock in upright 
position when not in use.  Seat shall be attached to wall by two 3 inch 
diameter mounting flanges constructed of Type 304, 3/16 inch thick 
stainless steel with satin finish.

2.2.13   Mop and Broom Holder (MH)

Stainless steel with grip jaw cam mechanism securing 4 mop or broom 
handles.  Also includes 3 hooks and 8 inch deep storage shelf.

2.2.14   Soap Holder (SH)

Provide surface mounted Type 304 stainless steel soap holder, satin 
finish.  Provide stainless steel separate supports.  (Am-0004)

PART 3   EXECUTION

3.1   INSTALLATION

Provide the same finish for the surfaces of fastening devices exposed after 
installation as the attached accessory.  Provide oval exposed screw heads.  
Install accessories at the location and height indicated.  Protect exposed 
surfaces of accessories with strippable plastic or by other means until the 
installation is accepted.  After acceptance of accessories, remove and 
dispose of strippable plastic protection.  Coordinate accessory 
manufacturer's mounting details with other trades as their work 
progresses.  Use sealants for brackets, plates, anchoring devices and 
similar items in showers (a silicone or polysulfide sealant) as they are 
set to provide a watertight installation.  After installation, thoroughly 
clean exposed surfaces and restore damaged work to its original condition 
or replace with new work.

3.1.1   Surface Mounted Accessories

Mount on concealed backplates, unless specified otherwise.  Conceal 
fasteners on accessories without backplates.  Install accessories with 
sheet metal screws or wood screws in lead-lined braided jute, PTFE or 
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neoprene sleeves, or lead expansion shields, or with toggle bolts or other 
approved fasteners as required by the construction.  Install backplates in 
the same manner, or provide with lugs or anchors set in mortar, as required 
by the construction.  Fasten accessories mounted on gypsum board walls 
without solid backing into the metal studs or to metal backplates secured 
to metal studs.

3.2   CLEANING

Clean material in accordance with manufacturer's recommendations.  Do not 
use alkaline or abrasive agents.  Take precautions to avoid scratching or 
marring exposed surfaces.

3.3   SCHEDULE

See attached "TOILET ACCESSORIES SCHEDULE".

         -- End of Section --
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BLDG
RM 
NO.

ROOM 
NAME

GB-1 
22"

GB-2 
36"

GB-3 
42"

GB-4 
60"

GB-5 
SHW

GB-6 
48" MG

PTD
WR SND SC SH SCR SD HSD TP TTD TSCD FSS MH

A121 MEN'S 
RESTROOM 2 1 1 1 2 1 1 1 1 2 1 1 1 1

A123 WOMEN'S 
RESTROOM 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1

A122 JANITOR 
ROOM 1

B105 WOMEN'S 
RESTROOM 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

B106 MEN'S 
RESTROOM 1 1 1 3 1 2 2 2 3 1 2 2 2 1

B107 JANITOR 
ROOM 1

C108 MEN'S 
RESTROOM 1 1 1 1 1 1 1 1

C109 WOMEN'S 
RESTROOM 1 1 1 1 1 1 1 1 1

C125 UNISEX 
RESTROOM 1 1 1 1 1 1 1 1 1

C127 SHOWER 
ROOM 1 1 1 1 1 1 1 1 1 1 1 1 1 1

C110 JANITOR 
ROOM 1

D102 MEN'S 
RESTROOM 2 1 3 1 1 1 1 1 1 1 1 2 2

D216 WOMEN'S 
RESTROOM 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1

D103 JANITOR RM 1
D206 JANITOR RM 1

TOTALS 8 10 12 3 3 1 13 9 6 8 8 8 13 10 7 12 12 3 5

3D
R

A
D

B
37

3
B

27
1

H
10

2

TOILET ACCESSORIES SCHEDULE

FY15 MILCON P-861 FACILITY MODIFICATIONS FOR VMU, MWSD AND CH53E
MARINE CORPS BASE HAWAII, KANEOHE, HAWAII

WORK ORDER NO. 1312011

ACCESSORIES REQUIRED
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SECTION 13 12 21

RELOCATABLE MODULAR BUILDINGS
(A/E)

PART 1   GENERAL

1.1   SUMMARY

Provide preassembled relocatable modular buildings as shown on drawings.

1.1.1   Related Work Specified Elsewhere

a.  Site/foundation work.

b.  Electrical service supply and connection.

c.  Telecommunications infrastructure and equipment

d.  Fire alarm work.

1.2   REFERENCES

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

AMERICAN SOCIETY OF CIVIL ENGINEERS (ASCE)

ASCE 7-10 (2010; Errata 2011; Supp 1 2013) Minimum 
Design Loads for Buildings and Other 
Structures

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

36 CFR 1191 Americans with Disabilities Act (ADA) 
Accessibility Guidelines for Buildings and 
Facilities; Architectural Barriers Act 
(ABA) Accessibility Guidelines

ASTM INTERNATIONAL (ASTM)

ASTM F1066 (2004; E 2010; R 2010) Standard 
Specification for Vinyl Composition Floor 
Tile

INTERNATIONAL CODE COUNCIL (ICC)

ICC IBC (2012) International Building Code

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2014; AMD 1 2013; Errata 1 2013; AMD 2 
2013; Errata 2 2013; AMD 3 2014; Errata 3 
2014) National Electrical Code
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UNIFIED FACILITIES CRITERIA (URF)

UFC 3-310-01 (2005) Structural Load Data

UFC 4-010-01 (2013) DoD Minimum Antiterrorism Standards 
for Buildings

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval.  Submittals with an "L" are for LEED review which shall be 
performed by the Contractor's LEED Coordinator and the LEED Administrator.  
Submit the following in accordance with Section 01 33 00 SUBMITTAL 
PROCEDURES and Section 01 33 29.00 20 SUSTAINABLE REQUIREMENTS as 
applicable:

SD-02 Shop Drawings

Relocatable Modular Buildings; G

  Manufacturer shall prepare and submit copies of shop drawings as 
required for each relocatable building required for this project.  
Drawings shall include elevations, section, floor plan, electric 
schedule, air conditioning, telecom schedules, platforms, stairs, 
and ramps, and anchorage details.

SD-04 Samples

Vinyl Composition Tile (VCT); G

1.4   QUALITY ASSURANCE

1.4.1   Manufacturer

Relocatable modular buildings shall be the product of a manufacturer with a 
minimum of 10 years-documented experience in the design and fabrication of 
the relocatable modular buildings.

1.4.2   Electrical Devices

Electrical devices factory installed within the preassembled building shall 
be UL listed.  Factory installed wiring system shall bear UL Classification 
insignia certifying compliance with NFPA 70.  Telecommunications 
infrastructure shall be installed in accordance with the latest published 
version of MCBH BO2800.1, NFPA 70, and ANSI/TIA/EIA wiring standards.

1.4.3   Codes, Permits, Calculations, and Drawings

Adherence to applicable portions of ICC IBC, 36 CFR 1191, and applicable 
UFCs.

1.4.3.1   Exemptions

Structure is not required to conform with UFC 4-010-01 or hurricane 
requirements of ICC IBC.
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1.4.4   Design Loads

50 psf live load for office, 100 psf live load for deck.  Wind load in 
accordance with ASCE 7-10, V = 130 mph, Exposure C, Risk Category II.

PART 2   PRODUCTS

2.1   MATERIALS

Relocatable Modular Buildings shall be of wood-framed construction.  
Overall height to be as indicated.

2.2   WALL AND CEILING PANELS

Wall panels shall be finished wood or metal panels on exterior and 
perforated gypsum board on interior.  Ceiling to have acoustical panel.

Provide minimum R-13 wall insulation and R-30 ceiling insulation.

2.3   FINISH

Exterior surfaces of wood wall panels shall be painted in accordance with 
Section 09 90 00 PAINTS AND COATINGS, unless noted otherwise.  Interior 
wall surfaces shall be flush, with no exposed fasteners.

2.4   FLOOR

2.4.1   Structure

Floor structure shall be of wood construction.

2.4.2   Vinyl Composition Tile (VCT)

Conform to ASTM F1066, Class 2 (through pattern tile), Composition 1, 
asbestos-free, 12 inch square and 1/8 inch thick.  Provide color and 
pattern uniformly distributed throughout the thickness of the tile.

2.5   DOORS

Doors shall be commercial grade steel, 1-3/4 inch thick, with keying as 
directed by the Contracting Officer.

2.6   WINDOWS AND GLAZING

Windows shall be vinyl or aluminum sliding type with solar bronze tint 
glazing, size as indicated.

2.7   AIR CONDITIONING

Include one each 208/230V, 8,000 btu/h thru-wall HVAC units for each 
private office space, and two each 208/230V, 24,000 btu/h thru-wall HVAC 
units for the open office areas.

2.8   ELECTRICAL

Electrical service to include 208Y/120V, three phase, 4 wire, 200  Amp, 24  
circuit space capacity load center with a 3-pole 100  Amp main breaker, 
minimum, pre-wired in conduit, with 208V and 120V circuits as required to 
meet HVAC, lighting and receptacle requirements listed below.  Provide 2 

SECTION 13 12 21  Page 3
(Am-0004)



FY15 MCON P-861 Facility Modifications for VMU, MWSD and CH53E 1312011
Marine Corps Base Hawaii, Kaneohe, HI

spare circuits minimum.  All electrical work shall be in compliance with 
NFPA 70.  All electrical components shall bear the UL label.

a.  Furnish dedicated 208V, 1-phase connections for HVAC equipment as 
required.  Provide disconnect switches and service receptacles as 
per National Electrical Code.

b.  Furnish one duplex receptacle per desk and printer in open office 
areas and one duplex receptacle per wall in small offices, 
minimum.  Ensure a duplex receptacle is collocated with all 
telecom outlets.  Furnish GFI receptacle next to lavatory in 
restroom.  Furnish receptacle in or at telecom equipment cabinet.  
Each printer to be on a dedicated 120V, 20A circuit.  Provide 
120V, 20A circuits for receptacles in open office areas based on 
no more than 4 receptacles on a circuit.  Receptacles in small 
offices shall be circuited to a dedicated 120V, 20A circuit.  
Receptacle for telecom equipment cabinet shall be on a dedicated 
120V, 20A circuit.

c.  Lights to be T8 fluorescent type fixtures with acrylic lenses and 
electronic ballasts.  Small offices and restrooms shall have wall 
mounted dual technology occupancy sensors with override.  Open 
offices shall be provided with ceiling mounted dual technology 
occupancy sensors and wall mounted manual switches.  Provide 
emergency egress and exit lighting per code.

d.  Furnish full-cutoff, LED wall pack light next to each or above 
each entry/exit door.  Provide photocell controls.  Lights shall 
be UL listed for wet locations.

2.9   TELECOMMUNICATIONS

Provide complete telecommunications structured wiring system, consisting of 
service/entrance facilities, inter-building backbone and horizontal 
distribution systems, to support the temporary facilities.  All 
telecommunications infrastructure shall be as provided as specified in 
Section 27 10 00 BUILDING TELECOMMUNICATIONS CABLING SYSTEM.

a.  Provide temporary overhead/aerial telecommunications services from 
existing first floor communications room in Hangar 102 to the new 
temporary facilities as noted on the drawings and shall include 
all support infrastructure  required to extend the services.  New 
backboard, telecommunications grounding busbar, 24-port 10/100 
Ethernet network switch with SM FO uplink port, termination 
equipment (patch panels, 110-blocks, etc.), and EIA 19-inch wall 
mounted equipment cabinet (minimum 18U) will be provided in each 
modular building.  New backbone cabling (fiber optic and copper) 
shall be provided between the distribution equipment in each 
modular building as noted on the drawings.

b.  Provide new horizontal distribution system within temporary 
facilities.  Provide a minimum of one unclassified (2T/2D) 
TEL/DATA (NIPR) outlet per work area/office.  In addition, provide 
one unclassified (2T/2D) TEL/DATA (NIPR) outlet per network 
printer/scanner location.  Coordinate exact number of outlets and 
outlet locations with temporary facilities provider and User 
Activity via Contracting Officer prior to ordering facilities.

c.  Provide minimum one inch conduit between each outlet location and 
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distribution equipment in each modular building.

2.10   EXTERIOR ROOF

Exterior waterproof roof shall consist of composition shingles.

2.11   EXTERIOR PLATFORM

Exterior platform, stair, and ramp shall consist of solid treated lumber, 
design for a live load of 100 psf, painted.  Design platform to conform to 
UFC 3-310-01.

2.11.1   Nonslip Finish

Use on surfaces of exterior platforms, steps, and pedestrian ramps.

PART 3   EXECUTION

3.1   GENERAL

Install relocatable modular building on a flat and level concrete pad in 
accordance with the manufacturer's placement drawings.  Position unit over 
the utility stub-ups; verify building is level and anchor.  Anchors are 
supplied on site by others under Section 05 50 13 MISCELLANEOUS METAL 
FABRICATIONS.  Comply with local codes.

        -- End of Section --
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SECTION 13 27 53

MODULAR CONCRETE SECURITY VAULT
08/08

PART 1   GENERAL

1.1   REFERENCES

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

UNDERWRITERS LABORATORIES (UL)

UL 608 (2004) Burglary Resistant Vault Doors and 
Modular Panels

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval.  Submittals with an "L" are for LEED review which shall be 
performed by the Contractor's LEED Coordinator and the LEED Administrator.  
Submit the following in accordance with Section 01 33 00 SUBMITTAL 
PROCEDURES and Section 01 33 29.00 20 SUSTAINABLE REQUIREMENTS as 
applicable:

SD-02 Shop Drawings

Modular Concrete Security Vault

SD-03 Product Data

Vault Door and Frame
Modular Concrete Security Vault

SD-07 Certificates

Vault Door and Frame

SD-08 Manufacturer's Instructions

Installation

1.3   DELIVERY, STORAGE, AND HANDLING

Deliver door and frame assemblies and modular wall and ceiling panels to 
the jobsite in a protective covering with the brand and name clearly marked 
thereon.  Inspect materials delivered to the jobsite for damage, and unload 
them with a minimum of handling.  Store in a dry location with adequate 
ventilation, free from dust, water, and other contaminants, and allowing 
easy access for inspection and handling.  Store door assemblies and modular 
wall and ceiling panels off the floor on nonabsorptive strips or wood 
platforms.  Prevent damage to doors and frames and modular wall and ceiling 
panels during handling.  Replace damaged items that cannot be restored to 
like-new condition.
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PART 2   PRODUCTS

2.1   MODULAR CONCRETE SECURITY VAULT DESCRIPTION

The modular concrete wall and ceiling panels and vault door shall conform 
with UL 608, Class 1, lightweight modular precast concrete panels with ship 
lap edges.

The vault door unit shall be a steel security-vault type door with frame 
and ramp type threshold, which is a standard product of a manufacturer 
specializing in this type of fabrication.  Submit drawings showing head, 
jamb, and sill sections, and elevations of the doors and walls and ceiling 
panels.

2.2   VAULT DOOR AND FRAME

Design and construction of the door and frame assembly shall conform to 
UL 608.  Provide a door which is Class 1, Type IIR - right opening swing 
without optical device, Style K - key change combination lock.  Submit 
manufacturer's catalog data including catalog cuts and brochures showing 
that the proposed vault door unit conforms with the requirements in UL 608, 
and has been tested and approved by the General Services Administration 
(GSA).  Submit certification stating that vault-door units that do not bear 
the GSA label are constructed to Class 1 standards.

2.3   MODULAR CONCRETE WALL AND CEILING PANELS

Provide smooth finished precast modular vault panels, approximately 5 inches
thick conforming to project requirements to size and arrangement as 
indicated.  (Am-0004)

PART 3   EXECUTION

3.1   INSTALLATION

Install the modular concrete security vault wall and ceiling panels and 
vault door assembly in strict compliance with the printed instructions and 
drawings provided by the manufacturer.  After installation, adjust the 
door, the locking mechanism, and the inner escape device for proper 
operation.  Submit printed instructions and drawings provided by the 
manufacturer.

       -- End of Section --
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SECTION 28 31 63.00 20

ANALOG/ADDRESSABLE INTERIOR FIRE ALARM SYSTEM
10/07

PART 1   GENERAL

1.1   REFERENCES

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

ASME INTERNATIONAL (ASME)

ASME A17.1/CSA B44 (2013) Safety Code for Elevators and 
Escalators

FM GLOBAL (FM)

FM APP GUIDE (updated on-line) Approval Guide 
http://www.approvalguide.com/

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C62.41.1 (2002; R 2008) Guide on the Surges 
Environment in Low-Voltage (1000 V and 
Less) AC Power Circuits

IEEE C62.41.2 (2002) Recommended Practice on 
Characterization of Surges in Low-Voltage 
(1000 V and Less) AC Power Circuits

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 241 (2013) Standard for Safeguarding 
Construction,Alteration, and Demolition 
Operations

NFPA 72 (2013) National Fire Alarm and Signaling 
Code

NFPA 90A (2012) Standard for the Installation of 
Air Conditioning and Ventilating Systems

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

47 CFR 90 Private Land Mobile Radio Services

UNDERWRITERS LABORATORIES (UL)

UL 1971 (2002; Reprint Oct 2008) Signaling Devices 
for the Hearing Impaired

UL 268 (2009) Smoke Detectors for Fire Alarm 
Systems

UL 464 (2009; Reprint Apr 2012) Standard for 
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Audible Signal Appliances

UL Electrical Constructn (2012) Electrical Construction Equipment 
Directory

UL Fire Prot Dir (2012) Fire Protection Equipment Directory

1.2   RELATED REQUIREMENTS

Section 26 00 00.00 20 BASIC ELECTRICAL MATERIALS AND METHODS, applies to 
this section, with the additions and modifications specified herein.

1.3   DESCRIPTION OF WORK

1.3.1   Scope

This work includes designing and providing a new, complete, and modifying 
the existing analog/addressable fire alarm system as described herein and 
on the contract drawings for Hangar 102, Temporary Swing Space Facility, 
and B373.  (Am-0004)  The system shall include wiring, raceways, pull 
boxes, terminal cabinets, outlet and mounting boxes, control equipment, 
alarm, and supervisory signal initiating devices, alarm notification 
appliances, supervising station fire alarm system transmitter, and other 
accessories and miscellaneous items required for a complete operating 
system even though each item is not specifically mentioned or described.  
Provide systems complete and ready for operation. Equipment, materials, 
installation, workmanship, inspection, and testing shall be in strict 
accordance with the required and advisory provisions of NFPA 72 except as 
modified herein.  The system layout on the drawings show the intent of 
coverage and are shown in suggested locations. Final quantity, layout, and 
coordination is the responsibility of the Contractor.

1.4   SUBMITTALS

Partial submittals will not be acceptable and will be returned without 
review.  The NAVFAC Pacific Fire Protection Engineer delegates the 
authority to the Quality Control (QC) Representative's U.S. Registered Fire 
Protection Engineer for review and approval of submittals required by this 
Section.  The QC Fire Protection Engineer shall base the review and 
approval on drawings and specifications and has no authority to grant 
variances to the design documents.  Submit to the NAVFAC Pacific Fire 
Protection Engineer 2 sets of all approved submittals, including but not 
limited to shop drawings, catalog cuts, supporting calculations, etc. 
immediately after approval but no later than 15 working days prior to final 
inspection.  All review letters or memos shall be submitted immediately 
after the QC Fire Protection Engineer's review.

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval.  Submittals with an "L" are for LEED review which shall be 
performed by the Contractor's LEED Coordinator and the LEED Administrator.  
Submit the following in accordance with Section 01 33 00 SUBMITTAL 
PROCEDURES and Section 01 33 29.00 20 SUSTAINABLE REQUIREMENTS as 
applicable:

SD-02 Shop Drawings

Analog/Addressable Fire Alarm System
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  Provide point-to-point wiring diagrams showing the points of 
connection and terminals used for electrical field connections in 
the system, including interconnections between the equipment or 
systems which are supervised or controlled by the system.  
Diagrams shall show connections from field devices to the FACP and 
remote fire alarm control units, initiating circuits, switches, 
relays and terminals.

  Provide plan view drawing showing device locations, terminal 
cabinet locations, junction boxes, other related equipment, 
conduit routing, wire counts, circuit identification in each 
conduit, and circuit layouts for all floors.

  Provide a complete description of the system operation in matrix 
format on the drawings.

  Provide a complete list of device addresses and corresponding 
messages.

  Provide detailed drawings of the graphic annunciator.

  Include annotated catalog data, in table format on the drawings, 
showing manufacturer's name, model, voltage, and catalog numbers 
for equipment and components.

  Provide complete riser diagrams indicating the wiring sequence 
of devices and their connections to the control equipment.  
Include a color code schedule for the wiring.  Include floor plans 
showing the locations of devices and equipment.

Battery Power Calculations

  Submit shop drawings not smaller than 24 by 36 inches.  As a 
minimum, the shop drawing submittal shall include the items listed 
above.

SD-03 Product Data

Fire Alarm Control Panel (FACP) (Am-0004)
Interior Fire Alarm System
Manual Stations
Batteries
Battery Chargers
Smoke Sensors
Thermal Sensors
Wiring and Cable
Notification Appliances
Addressable Interface Devices
Waterflow Detectors
Tamper Switches
Smoke Sensor Testing Procedures
Radio Transmitter and Interface Panels (Am-0004)

  Submit data on proposed equipment, including, but not limited to 
the items listed above.  Include UL or FM listing cards for 
equipment provided.

SD-06 Test Reports
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Preliminary Testing; G

  Furnish preliminary test results to the Contracting Officer. 
Include the control panel and initiating and indicating devices, a 
unique identifier for each device with an indication of test 
results, and signature of the factory-trained technician of the 
control panel manufacturer and equipment installer.

SD-07 Certificates

Qualifications of Installer

SD-10 Operation and Maintenance Data

O&M Manuals, Data Package 5

  Submit in accordance with Section 01 78 23 OPERATION AND 
MAINTENANCE DATA.

Record Drawing Software

SD-11 Closeout Submittals

As-Built Drawings

  Prepare and submit to the Contracting Officer six sets of 
detailed as-built drawings.  The drawings shall include complete 
wiring diagrams showing connections between devices and equipment, 
both factory and field wired. Include a riser diagram and drawings 
showing the as-built location of devices and equipment.  The 
drawings shall show the system as installed, including deviations 
from both the project drawings and the approved shop drawings.  
The drawings shall be prepared on uniform sized mylar sheets not 
less than 30 by 42 inches with 8 by 4 inch title block similar to 
contract drawings.  These drawings shall be submitted within 2 
weeks after the final acceptance test of the system.  At least one 
set of as-built (marked-up) drawings shall be provided at the time 
of, or prior to the final acceptance test.

  Submit the installer’s training history for the employees 
involved with this contract.

1.5   ADDITIONAL SUBMITTAL REQUIREMENTS

1.5.1   Battery Power Calculations

Verify that battery capacity exceeds supervisory and alarm power 
requirements.

a.  Provide complete battery calculations for both the alarm and 
supervisory power requirements.  Ampere hour requirements for each 
system component shall be submitted with the calculations.

b.  Provide data on each circuit to indicate that there is at least 25 
percent spare capacity for notification appliances, 25 percent 
spare capacity for initiating devices.  Annotate data for each 
circuit on the drawings.

c.  Provide a detailed description of the final acceptance testing 
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procedures.

1.5.2   Qualifications of Installer

Design shall be by a National Institute for Certification in Engineering 
Technologies (NICET) Level III or Level IV Technician.  Installer shall 
have an office, which has been in existence for at least 3 years, within a 
20 mile radius of the job site.  Installation shall be accomplished by an 
electrical contractor with a minimum of 5 years' experience in the 
installation of fire alarm systems.  The Contracting Officer may reject any 
proposed installer who cannot show evidence of such qualifications.  The 
services of a technician provided by the control equipment manufacturer 
shall be provided to supervise installation, adjustments, and tests of the 
system.  The Contractor shall furnish evidence that the fire alarm 
equipment supplier has an experienced and effective service organization 
which carries a stock of repair parts for the system to be furnished.  The 
Contractor shall guarantee labor, materials, and equipment provided under 
this contract against defects for a period of one year after the date of 
final acceptance of this work by the Contracting Officer and the receipt of 
as-built drawings and schematics of all equipment.  Prior to installation, 
submit data for approval by the NAVFAC Pacific Fire Protection Engineer, 
showing that the Contractor has successfully installed addressable, analog 
intelligent interior fire alarm systems of the same type as specified 
herein, or that the Contractor has a firm contractual agreement with a 
Subcontractor having such required experience.  Include the names and 
locations of at least three installations where the Contractor, or the 
Subcontractor referred to above, has installed such systems.  Indicate the 
type and design of each system and certify that each system has performed 
satisfactorily in the manner intended for a period of not less than 18 
months.  Submit names and phone numbers of points of contact at each site.

1.5.3   Record Drawing Software

Furnish one set of floppy diskettes containing CAD based drawings in DXF 
format of as-built drawings and schematics.

1.6   QUALITY ASSURANCE

Equipment and devices shall be compatible and operable with existing 
station fire alarm system and shall not impair reliability or operational 
functions of existing supervising station fire alarm system.

1.6.1   Regulatory Requirements

Devices and equipment for fire alarm service shall be listed by 
UL Fire Prot Dir or approved by FM APP GUIDE.

1.6.1.1   Requirements for Fire Protection Service

Equipment and material shall have been tested by UL and listed in 
UL Fire Prot Dir or approved by FM and listed in FM APP GUIDE.  Where the 
terms "listed" or "approved" appear in this specification, they shall mean 
listed in UL Fire Prot Dir or FM APP GUIDE.  The omission of these terms 
under the description of any item of equipment described shall not be 
construed as waiving this requirement.

1.6.1.2   Testing Services or Laboratories

Fire alarm and fire detection equipment shall be constructed in accordance 
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with UL Fire Prot Dir, UL Electrical Constructn, or FM APP GUIDE.

1.6.2   Standard Products

Provide materials, equipment, and devices that have been tested by a 
nationally recognized testing laboratory, such as UL or FM, and listed or 
approved for fire protection service when so required by NFPA 72 or this 
specification.  Select material from one manufacturer, where possible, and 
not a combination of manufacturers, for any particular classification of 
materials.

1.6.3   Modification of References

a.  In NFPA publications referred to herein, consider advisory 
provisions to be mandatory, as though the word "shall" had been 
substituted for "should" wherever it appears; interpret reference 
to "authority having jurisdiction" to mean the NAVFAC Pacific Fire 
Protection Engineer.

b.  The recommended practices stated in the manufacturer's literature 
or documentation shall be considered as mandatory requirements.

1.7   DELIVERY, STORAGE, AND HANDLING

Protect equipment delivered and placed in storage from the weather, 
humidity, and temperature variation, dirt and dust, and other contaminants.

1.8   SPARE PARTS AND TOOLS

1.8.1   Interchangeable Parts

Spare parts furnished shall be directly interchangeable with the 
corresponding components of the installed system.  Spare parts shall be 
suitably packaged and identified by nameplate, tagging, or stamping.  Spare 
parts shall be delivered to the Contracting Officer at the time of the 
final acceptance testing.

1.8.2   Spare Parts

Furnish the following spare parts and accessories:

a.  4 audiovisual devices of each type installed

b.  4 fuses for each fused circuit

c.  1 manual stations

d.  2 smoke sensors and base of each type installed

e.  3 test magnets/devices for each type of sensors installed

1.8.3   Parts List

Furnish a list, in duplicate, of all other parts and accessories which the 
manufacturer of the system recommends to be stocked for maintenance.

1.9   KEYS

Keys and locks for equipment shall be identical.  Provide not less than six 
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keys of each type required.  Keys shall be CAT 60.

PART 2   PRODUCTS

2.1   EXISTING FIRE ALARM EQUIPMENT

Existing fire alarm equipment shall be maintained fully operational until 
the new equipment has been tested and accepted by the Contracting Officer.  
As new equipment is installed, it shall be labeled "NOT IN SERVICE" until 
the new equipment is accepted.  Once the new system is completed, tested, 
and accepted by the Government, it shall be placed in service and connected 
to the station fire alarm system.  New equipment shall have tags removed 
and the existing equipment shall be tagged "NOT IN SERVICE" until removed 
from the building.

2.1.1   Equipment Removal

After acceptance of the new system by the Contracting Officer, existing 
equipment not connected to the new system shall be removed, unused exposed 
conduit shall be removed, and damaged surfaces shall be restored.  The 
material shall be removed from the site and disposed of by the Contractor.

2.1.2   Repair Service/Replacement Parts

Repair services and replacement parts for the system furnished under this 
contract shall be be available for a period of 10 years after the date of 
final acceptance of this work by the Contracting Officer.  On-site service 
during the guarantee period shall be provided within 24 hours after 
notification.  All repairs shall be completed within 48 hours after 
notification.

2.1.3   Other Divisions To Be Coordinated With

Refer to the following sections for related work and coordination:

Section 21 13 13.00 20 WET PIPE SPRINKLER SYSTEM, FIRE PROTECTION and 
Section 23 00 00 AIR SUPPLY, DISTRIBUTION, VENTILATION, AND EXHAUST SYSTEMS.

Section 14 24 00 HYDRAULIC ELEVATOR for additional work related to 
elevators.

Section 07 84 00 FIRESTOPPING for additional work related to firestopping.

2.1.4   Manufacturer Qualifications

Components shall be of current design and shall be in regular and recurrent 
production at the time of installation.  Provide design, materials, and 
devices for a protected premises fire alarm system, complete, conforming to 
NFPA 72, except as otherwise or additionally specified herein.

2.2   INTERIOR FIRE ALARM SYSTEM DESIGN

2.2.1   Definitions

Wherever mentioned in this specification or on the drawings, the equipment, 
devices, and functions shall be defined as follows:

a.  Analog/Addressable System:  A system in which multiple signals are 
transmitted via the same conduction path to a remote fire alarm 
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control unit and fire alarm control panel, decoded and separated 
so that each signal will initiate the specified response.

b.  Hard Wired System:  A system in which alarm and supervisory 
initiating devices are directly connected, through individual 
dedicated conductors, to a central control panel without the use 
of analog/addressable circuits or devices.

c.  Interface Device:  An addressable device which interconnects hard 
wired systems or devices to an analog/addressable system.

d.  Fire Alarm Control Unit:  A control panel, remote from the fire 
alarm control panel, that receives inputs from automatic and 
manual fire alarm devices; may supply power to detection devices 
and interface devices; may provide transfer of power to the 
notification appliances; may provide transfer of condition to 
relays or devices connected to the control unit; and reports to 
and receives signals from the fire alarm control panel.

e.  Fire Alarm Control Panel (FACP):  A master control panel having 
the features of a fire alarm control unit and to which fire alarm 
control units are interconnected.  The panel has central 
processing, memory, and input and output terminals.

f.  Terminal Cabinet:  A steel cabinet with locking, hinge-mounted 
door in which terminal strips are securely mounted.

2.2.2   System Operation

The system shall be a complete, supervised, noncoded, analog/addressable 
fire alarm system conforming to NFPA 72.  The system shall have an 
interconnected riser loop or network having Style 6 supervision that shall 
not be located in the same room or shaft.  The return portion of the loop 
shall be remote from the supply portion of the loop.  Where the building 
has two stairs for egress from floors above grade, a single impairment 
cannot adversely affect more than one floor.  Where three or more stairs 
are provided for egress from floors above grade, a single impairment cannot 
adversely affect more than 1/2 of any floor.  Any single impairment of the 
system shall not affect the system on more than one-half of any floor.  The 
system shall operate in the alarm mode upon actuation of any alarm 
initiating device.  The system shall remain in the alarm mode until 
initiating device(s) are reset and the fire alarm control panel is manually 
reset and restored to normal.  The system shall provide the following 
functions and operating features:

a.  The FACP and fire alarm control units, if used, shall provide 
power, annunciation, supervision, and control for the system.

b.  Provide Style B initiating device circuits for conductor lengths of
10 feet or less.

c.  Provide Style 4 signaling line circuits for each floor.

d.  Provide Style 6 signaling line circuits for the network.

e.  Provide Style Z notification appliance circuits.  The visual alarm 
notification appliances shall have the flash rates synchronized.

f.  Provide electrical supervision of the primary power (AC) supply, 
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presence of the battery, battery voltage, and placement of system 
modules within the control panel.

g.  Provide an audible and visual trouble signal to activate upon a 
single break or open condition, or ground fault.  The trouble 
signal shall also operate upon loss of primary power (AC) supply, 
absence of a battery supply, low battery voltage, or removal of 
alarm or supervisory panel modules.  Provide a trouble alarm 
silence feature which shall silence the audible trouble signal, 
without affecting the visual indicator.  After the system returns 
to normal operating conditions, the trouble signal shall again 
sound until the trouble is acknowledged.  A smoke sensor in the 
process of being verified for the actual presence of smoke shall 
not initiate a trouble condition.

h.  Provide a notification appliance silencing switch which, when 
activated, will silence the audible signal appliance, but will not 
affect the visual alarm indicator, the liquid crystal display, or 
the automatic notification of the fire department.  This switch 
shall be overridden upon activation of a subsequent alarm.

i.  Provide alarm verification capability for smoke sensors.  Alarm 
verification shall initially be set for 0 seconds.

j.  Provide program capability via switches in a locked portion of the 
FACP to bypass the automatic notification appliance circuits and 
fire reporting system features.  Operation of this programming 
shall indicate this action on the FACP display.  (Am-0004)

k.  Alarm, supervisory, and/or trouble signals shall be automatically 
transmitted to the fire department.

l.  Alarm functions shall override trouble or supervisory functions.  
Supervisory functions shall override trouble functions.

m.  The system shall be capable of being programmed from the panel’s 
keyboard.  Programmed information shall be stored in non-volatile 
memory.

n.  The system shall be capable of operating, supervising, and/or 
monitoring both addressable and non-addressable alarm and 
supervisory devices.

o.  There shall be no limit, other than maximum system capacity, as to 
the number of addressable devices which may be in alarm 
simultaneously.

p.  Where the fire alarm system is responsible for initiating an 
action in another emergency control device or system, such as an 
HVAC system or an elevator system, the addressable fire alarm 
relay shall be within 3 feet of the emergency control device.

q.  An alarm signal shall automatically initiate the following 
functions:

(1)  Transmission of an alarm signal to the fire department.

(2)  Visual indication of the device operated on the fire alarm 
control panel (FACP) and on the annunciator.  Indication on the 
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annunciator shall be by floor, zone or circuit, and type of device.

(3)  Continuous actuation of all alarm notification appliances, 
except those in stairs or in elevator cabs.

(4)  Release of doors held open by electromagnetic devices.

(5)  Release of power to electric locks on doors which are part of 
the means of egress.

(6)  Operation of a smoke sensor in an elevator lobby or other 
location associated with the automatic recall of elevators, shall 
recall the elevators in addition to other requirements of this 
paragraph.

(7)  Operation of a duct smoke sensor shall shut down the 
appropriate air handler in accordance with NFPA 90A in addition to 
other requirements of this paragraph.

(8)  Operation of a sprinkler waterflow switch serving an elevator 
machinery room shall operate shunt trip circuit breaker(s) to shut 
down power to the elevators in accordance with ASME A17.1/CSA B44.

r.  A supervisory signal shall automatically initiate the following 
functions:

(1)  Visual indication of the device operated on the FACP and on 
the annunciator, and sound the audible alarm at the respective 
panel.

(2)  Transmission of a supervisory signal to the fire department.

s.  A trouble condition shall automatically initiate the following 
functions:

(1)  Visual indication of the system trouble on the FACP and on 
the annunciator, and sound the audible alarm at the respective 
panel.

(2)  Transmission of a trouble signal to the fire department.

t.  The maximum permissible elapsed time between the actuation of an 
initiating device and its indication at the FACP shall be 15 
seconds.

u.  The maximum elapsed time between the occurrence of the trouble 
condition and its indication at the FACP shall not exceed 200 
seconds.

2.2.3   System Monitoring

Valves:  Each valve affecting the proper operation of a fire protection 
system, including automatic sprinkler control valves, standpipe control 
valves, sprinkler service entrance valve, valves at fire pumps, and valves 
at backflow preventers, whether supplied under this contract or existing, 
shall be electrically monitored to ensure its proper position.  Each tamper 
switch shall be provided with a separate address.
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2.2.4   Overvoltage and Surge Protection

a.  Signaling Line Circuit Surge Protection:  For systems having 
circuits located outdoors, communications equipment shall be 
protected against surges induced on any signaling line circuit and 
shall comply with the applicable requirements of IEEE C62.41.1 and 
IEEE C62.41.2.  Cables and conductors, which serve as 
communications links, shall have surge protection circuits 
installed at each end that meet the following waveforms:

(1)  A 10 microsecond by 1000 microsecond waveform with a peak 
voltage of 1500 volts and a peak current of 60 amperes.

(2)  An 8 microsecond by 20 microsecond waveform with a peak 
voltage of 1000 volts and a peak current of 500 amperes. 
Protection shall be provided at the equipment.  Additional triple 
electrode gas surge protectors, rated for the application, shall 
be installed on each wireline circuit within 3 feet of the 
building cable entrance.  Fuses shall not be used for surge 
protection.

b.  Sensor Wiring Surge Protection:  Digital and analog inputs and 
outputs shall be protected against surges induced by sensor wiring 
installed outdoors and as shown.  The inputs and outputs shall be 
tested with the following waveforms:

(1)  A 10 by 1000 microsecond waveform with a peak voltage of 1500 
volts and a peak current of 60 amperes.

(2)  An 8 by 20 microsecond waveform with a peak voltage of 1000 
volts and a peak current of 500 amperes.  Fuses shall not be used 
for surge protection.

2.2.5   Addressable Interface Devices

The addressable interface (AI) device shall provide an addressable input 
interface to the FACP for monitoring normally open or normally closed 
contact devices such as waterflow switches, valve supervisory switches, 
fire pump monitoring, independent smoke detection systems, relays for 
output function actuation, etc.

2.2.6   Smoke Sensors

2.2.6.1   Photoelectric Smoke Sensors

Provide addressable photoelectric smoke sensors as follows:

a.  Provide analog/addressable photoelectric smoke sensors utilizing 
the photoelectric light scattering principle for operation in 
accordance with UL 268.  Smoke sensors shall be listed for use 
with the fire alarm control panel.

b.  Provide self-restoring type sensors which do not require any 
readjustment after actuation at the FACP to restore them to normal 
operation.  Sensors shall be UL listed as smoke-automatic fire 
sensors.

c.  Components shall be rust and corrosion resistant.  Vibration shall 
have no effect on the sensor's operation.  Protect the detection 

SECTION 28 31 63.00 20  Page 11
(Am-0004)



FY15 MCON P-861 Facility Modifications for VMU, MWSD and CH53E 1312011
Marine Corps Base Hawaii, Kaneohe, HI

chamber with a fine mesh metallic screen which prevents the 
entrance of insects or airborne materials.  The screen shall not 
inhibit the movement of smoke particles into the chamber.

d.  Provide twist lock bases for the sensors.  The sensors shall 
maintain contact with their bases without the use of springs.  
Provide companion mounting base with screw terminals for each 
conductor.  Terminate field wiring on the screw terminals.  The 
sensor shall have a visual indicator to show actuation.

e.  The sensor address shall identify the particular unit, its 
location within the system, and its sensitivity setting.  Sensors 
shall be of the low voltage type rated for use on a 24 VDC system.

f.  An operator at the control panel, having a proper access level, 
shall have the capability to manually access the following 
information for each initiating device.

(1)  Primary status
(2)  Device type
(3)  Present average value
(4)  Present sensitivity selected
(5)  Sensor range (normal, dirty, etc.)

2.2.6.2   Duct Smoke Sensors

Duct smoke sensors shall be analog/addressable photoelectric type as 
described in paragraph entitled "Photoelectric Smoke Sensors", and shall be 
provided in ductwork in accordance with NFPA 90A and in accordance with 
manufacturer’s recommendations.

2.2.6.3   Smoke Sensor Testing

Smoke sensors shall be tested in accordance with manufacturer's recommended 
calibrated test method.  Submit smoke sensor testing procedures for 
approval.

2.2.7   Thermal Sensors

a.  Thermal sensors shall be combination rate-of-rise/fixed 
temperature sensing.  The alarm condition shall be determined by 
comparing sensor valve with the stored values.

b.  A moving average of the sensor’s heat sensing value to 
automatically compensate for conditions that could affect 
detection operations.  System shall automatically maintain a 
constant heat sensing sensitivity from each sensor by compensating 
for environmental factors.

c.  Automatic self-test routines shall be performed on each sensor 
which will functionally check sensor sensitivity electronics and 
ensure the accuracy of the value being transmitted.  Any sensor 
that fails this test shall indicate a trouble condition with the 
sensor location at the control panel.

d.  An operator at the control panel, having the proper access level, 
shall have the capability to manually access the following 
information for each heat sensor:
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(1)  Primary status
(2)  Device type
(3)  Present average value
(4)  Sensor range

e.  An operator at the control panel, having the proper access level, 
shall have the capability to manually control the following 
information for each heat sensor:

(1)  Alarm detection sensitivity values
(2)  Enable or disable the point/device
(3)  Control sensor’s relay driver output

2.2.8   Electric Power

2.2.8.1   Primary Power

Provide primary power for the FACP from the normal AC service to the 
building where shown on the drawings.  Power shall be 120 VAC service, 
transformed through a two-winding, isolation type transformer and rectified 
to low voltage DC for operation of circuits and devices.  Make the service 
connection for the FACP at the main distribution panel where shown.  
Provide appropriate equipment to protect against power surges.  Provide a 
separate NEMA 1 "general purpose enclosure" for the circuit breaker.  The 
circuit breaker enclosure shall be painted red, marked "FIRE ALARM SYSTEM", 
provided with a red and white engraved plastic sign permanently affixed to 
the face of the switch, and provided with a lockable handle or cover.

2.2.9   Emergency Power Supply

Provide for system operation in the event of primary power source failure.  
Transfer from normal to auxiliary (secondary) power or restoration from 
auxiliary to normal power shall be automatic and shall not cause 
transmission of a false alarm.

2.2.9.1   Batteries

Provide sealed, maintenance-free, sealed lead acid batteries as the source 
for emergency power to the FACP.  Batteries shall contain suspended 
electrolyte.  The battery system shall be maintained in a fully charged 
condition by means of a solid state battery charger.  Provide an automatic 
transfer switch to transfer the load to the batteries in the event of the 
failure of primary power.

2.2.9.2   Capacity

Provide the batteries with sufficient capacity to operate the system under 
supervisory and trouble conditions, including audible trouble signal 
devices for 48 hours and audible and visual signal devices under alarm 
conditions for an additional 10 minutes.

2.2.9.3   Battery Chargers

Provide a solid state, fully automatic, variable charging rate battery 
charger.  The charger shall be capable of providing 150 percent of the 
connected system load and shall maintain the batteries at full charge.  In 
the event the batteries are fully discharged, the charger shall recharge 
the batteries back to 95 percent of full charge within 48 hours.  Provide 
pilot light to indicate when batteries are manually placed on a high rate 
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of charge as part of the unit assembly if a high rate switch is provided.

2.2.10   System Field Wiring

2.2.10.1   Wiring Within Cabinets, Enclosures, Boxes, Junction Boxes, and 
Fittings

Provide wiring installed in a neat and workmanlike manner and installed 
parallel with or at right angles to the sides and back of any box, 
enclosure, or cabinet.  Conductors which are terminated, spliced, or 
otherwise interrupted in any enclosure, cabinet, mounting, or junction box 
shall be connected to terminal blocks.  Mark each terminal in accordance 
with the wiring diagrams of the system.  Make connections with approved 
pressure type terminal blocks, which are securely mounted.  The use of wire 
nuts or similar devices shall be prohibited.

2.2.10.2   Alarm Wiring

Signaling line circuits and initiating device circuit field wiring shall be 
solid copper, No. 16 AWG size conductors at a minimum.  Notification 
appliance circuit conductors, that contain audible alarm devices, shall be 
solid copper No. 14 AWG size conductors at a minimum.  Wire size shall be 
sufficient to prevent voltage drop problems.  Circuits operating at 24 VDC 
shall not operate at less than 21.6 volts.  Circuits operating at any other 
voltage shall not have a voltage drop exceeding 10 percent of nominal 
voltage.  Power wiring, operating at 120 VAC minimum, shall be No. 12 AWG 
solid copper having similar insulation.  Provide all wiring in rigid metal 
conduit or intermediate metal conduit.  Electrical metallic tubing conduit 
is acceptable in dry locations not enclosed in concrete or where not 
subject to mechanical damage.  Conceal conduit in finished areas of new 
construction and wherever practicable in existing construction.  The use of 
flexible conduit not exceeding a 6 foot length shall be permitted in 
initiating device circuits.  Run conduit or tubing concealed unless 
specifically shown otherwise on the drawings.  Shielded wiring shall be 
utilized where recommended by the manufacturer.  For shielded wiring, the 
shield shall be grounded at only one point, which shall be in or adjacent 
to the FACP.  T-taps are permitted in Style 4 circuits with 
interconnections occurring on terminal strips.  Color coding is required 
for circuits and shall be maintained throughout the circuit.

2.2.10.3   Conductor Terminations

Labeling of conductors at terminal blocks in terminal cabinets, FACP, and 
remote fire alarm control units shall be provided at each conductor 
connection.  Each conductor or cable shall have a shrink-wrap label to 
provide a unique and specific designation.  Each FACP and fire alarm 
control unit shall contain a laminated drawing which indicates each 
conductor, its label, circuit, and terminal.  The laminated drawing shall 
be neat, using 12 point lettering minimum size, and mounted within each 
cabinet, panel, or unit so that it does not interfere with the wiring or 
terminals.  Maintain existing color code scheme where connecting to 
existing equipment.

2.2.11   Fire Alarm Control Panel (FACP)

Provide a complete control panel fully enclosed in a lockable steel 
enclosure as specified herein.  Operations required for testing or for 
normal care and maintenance of the systems shall be performed from the 
front of the enclosure.  If more than a single unit is required at a 
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location to form a complete control panel, the unit enclosures shall match 
exactly.  Each control unit shall provide power, supervision, control, and 
logic for the entire system, utilizing solid state, modular components, 
internally mounted and arranged for easy access.  Each control unit shall 
be suitable for operation on a 120 volt, 60 hertz, normal building power 
supply.  Provide each panel with supervisory functions for power failure, 
internal component placement, and operation.  Visual indication of alarm, 
supervisory, or trouble initiation on the fire alarm control panel shall be 
by liquid crystal display or similar means with a minimum of 80 characters 
of which at least 32 are field changeable.  Existing FACP shall be reused 
in Hangar 102 and B373.  (Am-0004)

2.2.11.1   Cabinet

Install control panel components in cabinets large enough to accommodate 
all components and also to allow ample gutter space for interconnection of 
panels as well as field wiring.  The enclosure shall be identified by an 
engraved laminated phenolic resin nameplate.  Lettering on the nameplate 
shall say "Fire Alarm Control Panel" and shall not be less than one inch 
high.  Provide prominent rigid plastic or metal identification plates for 
lamps, circuits, meters, fuses, and switches.  The cabinet shall be 
provided in a sturdy steel housing, complete with back box, hinged steel 
door with cylinder lock, and surface mounting provisions.  (Am-0004)

2.2.11.2   Control Modules

Provide power and control modules to perform all functions of the FACP.  
Provide audible signals to indicate any alarm, supervisory, or trouble 
condition.  The alarm signals shall be different from the trouble signal.  
Connect circuit conductors entering or leaving the panel to screw-type 
terminals with each terminal marked for identification.  Locate diodes and 
relays, if any, on screw terminals in the FACP.  Circuits operating at 24 
VDC shall not operate at less than 21.6 volts.  Circuits operating at any 
other voltage shall not have a voltage drop exceeding 10 percent of nominal 
voltage.  (Am-0004)

2.2.11.3   Silencing Switches

a.  Alarm Silencing Switch:  Provide an alarm silencing switch at the 
FACP which shall silence the audible signal but not affect the 
visual alarm indicator.  This switch shall be overridden upon 
activation of a subsequent alarm.

b.  Supervisory/Trouble Silencing Switch:  Provide supervisory and 
trouble silencing switch which shall silence the audible trouble 
and supervisory signal, but not extinguish the visual indicator.  
This switch shall be overridden upon activation of a subsequent 
alarm, supervision, or trouble condition.  (Am-0004)

2.2.11.4   Non-Interfering

Power and supervise each circuit such that a signal from one device does 
not prevent the receipt of signals from any other device.  Circuits shall 
be manually resettable by switch from the FACP after the initiating device 
or devices have been restored to normal.  (Am-0004)

2.2.11.5   Fire Alarm Signal

A fire alarm shall activate notification appliances throughout the 
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building.  Audible devices shall be fire alarm horns which produce a 
three-pulse temporal pattern.  Visual devices shall be strobes operating in 
accordance with NFPA 72.

2.2.11.6   Memory

Provide each control unit with non-volatile memory and logic for all 
functions.  The use of long life batteries, capacitors, or other 
age-dependent devices shall not be considered as equal to non-volatile 
processors, PROMS, or EPROMS.  (Am-0004)

2.2.11.7   Field Programmability

Provide control units and control panels that are fully field programmable 
for control, initiation, notification, supervisory, and trouble functions 
of both input and output.  The system program configuration shall be menu 
driven.  System changes shall be password protected and shall be 
accomplished using personal computer based equipment.  (Am-0004)

2.2.11.8   Input/Output Modifications

The FACP shall contain features which allow the bypassing of input devices 
from the system or the modification of system outputs.  These control 
features shall consist of a panel mounted keypad.  Any bypass or 
modification to the system shall indicate a trouble condition on the FACP.  
(Am-0004)

2.2.11.9   Resetting

Provide the necessary controls to prevent the resetting of any alarm, 
supervisory, or trouble signal while the alarm, supervisory or trouble 
condition on the system still exists.  (Am-0004)

2.2.11.10   Instructions

Provide a typeset printed or typewritten instruction card mounted behind a 
Lexan plastic or glass cover in a stainless steel or aluminum frame.  
Install the frame in a conspicuous location observable from the FACP.  
(Am-0004)

2.2.11.11   Walk Test

The FACP shall have a walk test feature.  When using this feature, 
operation of initiating devices shall result in limited system outputs, so 
that the notification appliances operate for only a few seconds and the 
event is indicated on the system printer, but no other outputs occur.  
(Am-0004)

2.2.11.12   History Logging

In addition to the required printer output, the control panel shall have 
the ability to store a minimum of 400 events in a log.  These events shall 
be stored in a battery-protected memory and shall remain in the memory 
until the memory is downloaded or cleared manually.  Resetting of the 
control panel shall not clear the memory.  (Am-0004)

2.2.11.13   RS-232-C Output

Each local control panel shall be capable of operating remote service type 
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cathode ray tubes (CRTs), printers, and/or modems.  The output shall be 
paralleled ASCII from an EIA RS-232-C connection with a baud rate of 1200 
or 2400 to allow use of any commonly available CRT, printer, or modem.  
(Am-0004)

2.2.12   Manual Stations

Provide metal or plastic, semi-flush mounted, double action, addressable 
manual stations, which are not subject to operation by jarring or 
vibration.  Stations shall be equipped with screw terminals for each 
conductor.  Stations which require the replacement of any portion of the 
device after activation are not permitted.  Stations shall be finished in 
fire-engine red with molded raised lettering operating instructions of 
contrasting color.  The use of a key or wrench shall be required to reset 
the station.

2.2.13   Notification Appliances

2.2.13.1   Visual Alarm Signals

Provide strobe light visual alarm signals which operate on a supervised 24 
volt DC circuit.  The strobe lens shall comply with UL 1971 and conform to 
the Americans With Disabilities Act.  The light pattern shall be disbursed 
so that it is visible above and below the strobe and from a 90 degree angle 
on both sides of the strobe.  The strobe flash output shall be a minimum of 
15 candela based on the UL 1971 test.  The strobe shall have a xenon flash 
tube.  Visible appliances may be part of an audio-visual assembly.  Where 
more than two appliances are located in the same room or corridor, provide 
synchronized operation.

2.2.13.2   Fire Alarm Horns

Provide semi-flush mounted electronic multi-tone horns that produce a 
minimum of four distinct sounds, suitable for use in an electrically 
supervised circuit.  Horns shall have a rating of 90 dBA at 10 feet when 
tested in accordance with UL 464 while emitting a slow whoop tone.  Output 
from the horn shall be three-pulse temporal pattern.  Where horns and 
strobes are provided in the same location, they may be combined into a 
single unit.

2.2.13.3   Connections

Provide screw terminals for each notification appliance.  Terminals shall 
be designed to accept the size conductors used in this project without 
modification.

2.2.14   Valve Monitor Switches (Tamper Switches)

Provide a tamper switch for each fire protection system control valve.  
Tamper switches shall be UL listed as "Extinguishing System Attachment" for 
the location and type of valve supervised.  The device shall contain double 
pole, double throw contacts.  Operation of the switch shall cause a 
supervisory signal to be transmitted to the FACP upon not more than two 
complete turns of the valve wheel or a closure of 10 percent, whichever is 
less.  Tamper switches shall be equipped with screw terminals for each 
conductor.

SECTION 28 31 63.00 20  Page 17
(Am-0004)



FY15 MCON P-861 Facility Modifications for VMU, MWSD and CH53E 1312011
Marine Corps Base Hawaii, Kaneohe, HI

2.2.15   Waterflow Detectors

Provide vane type waterflow detectors for wet pipe sprinkler systems.  The 
device shall contain double pole, double throw contacts.  Equip the 
detector with a pneumatic time delay, field adjustable from 0 to 90 
seconds.  The time delay shall be set initially to 0 seconds.  The device 
shall be a UL listed extinguishing system attachment rated for the 
particular pressure and location at which it is installed.  Flow switches 
shall be equipped with screw terminals for each conductor.

2.2.16   Automatic Transmitters

2.2.16.1   Radio Transmitter and Interface Panels

Provide radio transmitter with antenna that is compatible with the existing 
supervising station fire alarm system.  Transmitter shall have a means to 
transmit alarm, supervisory, and trouble conditions via a single 
transmitter.  Provide transmitters in accordance with applicable portions 
of NFPA 72, Federal Communications Commission (FCC) 47 CFR 90.  Protect the 
antenna from physical damage.  Transmitter shall have a source of power for 
operation which conforms to NFPA 72.  Transmitter shall be capable of 
initiating a test signal daily at any selected time.  Existing shall be 
reused at Hangar 102 and B373.  (Am-0004)

2.2.16.2   Signals To Be Transmitted to the Base Receiving Station

The following signals shall be sent to the base receiving station:

a.  Manual pull stations

b.  Smoke detectors  (Am-0004)

2.3   NAMEPLATES

Major components of equipment shall have the manufacturer's name, address, 
type or style, model or serial number, catalog number, date of 
installation, installing Contractor's name and address, and the contract 
number provided on a new plate permanently affixed to the item or 
equipment.  Major components include, but are not limited to, the following:

a.  FACPs

b.  Automatic transmitter

Furnish to obtain approval by the Contracting Officer before installation.  
Obtain approval by the Contracting Officer for installation locations.  
Nameplates shall be etched metal or plastic, permanently attached by screws 
to panels or adjacent walls.

2.4   WIRING

Provide wiring materials under this section as specified in Section 26 20 00
INTERIOR DISTRIBUTION SYSTEM with the additions and modifications specified 
herein.
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PART 3   EXECUTION

3.1   INSTALLATION OF FIRE ALARM INITIATING AND INDICATING DEVICES

a.  FACP:  Locate the FACP where indicated on the drawings.  Surface 
mount the enclosure with the top of the cabinet 6 feet  above the 
finished floor or center the cabinet at 5 feet, whichever is 
lower.  Conductor terminations shall be labeled and a drawing 
containing conductors, their labels, their circuits, and their 
interconnection shall be permanently mounted in the FACP.  
(Am-0004)

b.  Manual Stations:  Locate manual stations where shown on the 
drawings.  Mount stations so that their operating handles are
4 feet above the finished floor.  Mount stations so they are 
located no farther than 5 feet from the exit door they serve, 
measured horizontally.

c.  Notification Appliance Devices:  Locate notification appliance 
devices where shown on the drawings.  Mount assemblies on walls
80 inches above the finished floor or 6 inches below the ceiling 
whichever is lower.  Ceiling mounted speakers shall conform to 
NFPA 72.

d.  Smoke and Heat Sensors:  Locate sensors as shown on the drawings 
on a 4 inch mounting box.  Sensors located on the ceiling shall be 
installed not less than 4 inches from a side wall to the near 
edge.  Those located on the wall shall have the top of the sensor 
at least 4 inches below the ceiling, but not more than 12 inches 
below the ceiling.  In raised floor spaces, the smoke sensors 
shall be installed to protect 225 square feet per sensor.  Install 
smoke sensors no closer than 5 feet from air handling supply 
outlets.

e.  Water Flow Detectors and Tamper Switches:  Locate water flow 
detectors and tamper switches where shown on the drawings.

f.  The modification of any fire alarm system and the procedures shall 
comply with the requirements of NFPA 241.

3.2   DISCONNECTION AND REMOVAL OF EXISTING SYSTEM

Fire alarm control panels and fire alarm devices disconnected and removed 
shall be turned over to the Contracting Officer.

a.  The existing fire alarm and smoke detection system shall remain in 
operation at all times during the installation and commissioning 
of the new system. Once this new system is on-line and accepted by 
the Government, remove the old system.  As new equipment is 
installed, label it "NOT IN SERVICE".  Upon acceptance, remove 
labels.

b.  Disconnect and remove the existing fire alarm and smoke detection 
systems where indicated and elsewhere in the specification.

c.  Properly dispose of fire alarm outlet and junction boxes, wiring, 
conduit, supports, and other such items.
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3.3   CONNECTION OF NEW SYSTEM

The following new system connections shall be made during the last phase of 
construction, at the beginning of the preliminary tests.  New system 
connections shall include:  Connection of new elevator recall smoke sensors 
to existing wiring and conduit.

Once these connections are made, system shall be left energized and new 
audio/visual devices deactivated.  Report immediately to the Contracting 
Officer, coordination and field problems resulting from the connection of 
the above components.

3.4   FIRESTOPPING

Provide firestopping for holes at conduit penetrations through floor slabs, 
fire rated walls, partitions with fire rated doors, corridor walls, and 
vertical service shafts in accordance with Section 07 84 00 FIRESTOPPING.

3.5   PAINTING

Paint exposed electrical, fire alarm conduit, and surface metal raceway to 
match adjacent finishes in exposed areas.  Paint junction boxes, conduit, 
and surface metal raceways red in unfinished areas.  Painting shall comply 
with Section 09 90 00 PAINTS AND COATINGS.

3.6   FIELD QUALITY CONTROL

3.6.1   Tests

a.  Megger Tests:  After wiring has been installed, and prior to 
making any connections to panels or devices, wiring shall be 
megger tested for insulation resistance, grounds, and/or shorts.  
Conductors with 300 volt rated insulation shall be tested at a 
minimum of 250 VDC.  Conductors with 600 volt rated insulation 
shall be tested at a minimum of 500 VDC.  The tests shall be 
witnessed by the Contracting Officer and test results recorded for 
use at the final acceptance test.

b.  Loop Resistance Tests:  Measure and record the resistance of each 
circuit with each pair of conductors in the circuit short- 
circuited at the farthest point from the circuit origin.  The 
tests shall be witnessed by the Contracting Officer and test 
results recorded for use at the final acceptance test.

c.  Preliminary Testing:  The QCFPE shall conduct preliminary tests to 
ensure that devices and circuits are functioning properly.  Tests 
shall meet the requirements of paragraph entitled "Minimum System 
Tests".  After preliminary testing is complete, provide a letter 
certifying that the installation is complete and fully operable.  
The letter shall state that each initiating and indicating device 
was tested in place and functioned properly.  The letter shall 
also state that panel functions were tested and operated 
properly.  The letter shall include the names and titles of the 
witnesses to the preliminary tests.  The Contractor and an 
authorized representative from each supplier of equipment shall be 
in attendance at the preliminary testing to make necessary 
adjustments.

d.  Request for Formal Inspection and Tests:  When tests have been 
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completed and corrections made, submit a signed, dated certificate 
with a request for formal inspection and tests to the Contracting 
Officer.

e.  Final Testing:  Notify the Contracting Officer in writing when the 
system is ready for final acceptance testing.  Submit request for 
test at least 15 calendar days prior to the test date.  A final 
acceptance test will not be scheduled until the operation and 
maintenance (O&M) manuals are furnished to the Contracting Officer 
and the following are provided at the job site:

(1)  The systems manufacturer's technical representative

(2)  Marked-up red line drawings of the system as actually 
installed

(3)  Megger test results

(4)  Loop resistance test results

(5)  Complete program printout including input/output addresses

The final tests shall be witnessed by the NAVFAC Pacific Fire 
Protection Engineer.  At this time, any and all required tests 
shall be repeated at their discretion.  Following acceptance of 
the system, as-built drawings and O&M manuals shall be delivered 
to the Contracting Officer for review and acceptance.  In existing 
buildings, the transfer of devices from the existing system to the 
new system and the permission to begin demolition of the old fire 
alarm system will not be permitted until the as-built drawings and 
O&M manuals are received.

3.6.2   Minimum System Tests

Test the system in accordance with the procedures outlined in NFPA 72.  The 
required tests are as follows:

a.  Verify the absence of unwanted voltages between circuit conductors 
and ground.  The tests shall be accomplished at the preliminary 
test with results available at the final system test.

b.  Verify that the control unit is in the normal condition as 
detailed in the manufacturer's O&M manual.

c.  Test each initiating and indicating device and circuit for proper 
operation and response at the control unit.  Smoke sensors shall 
be tested in accordance with manufacturer's recommended calibrated 
test method.  Testing of duct smoke detectors shall comply with 
the requirements of NFPA 72.

d.  Test the system for specified functions in accordance with the 
contract drawings and specifications and the manufacturer's O&M 
manual.

e.  Test both primary power and secondary power.  Verify, by test, the 
secondary power system is capable of operating the system for the 
time period and in the manner specified.

f.  Determine that the system is operable under trouble conditions as 
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specified.

g.  Visually inspect wiring.

h.  Test the battery charger and batteries.

i.  Verify that software control and data files have been entered or 
programmed into the FACP.  Hard copy records of the software shall 
be provided to the Contracting Officer.

j.  Verify that red-line drawings are accurate.

k.   Measure the current in circuits to ensure there is the calculated 
spare capacity for the circuits.

l.  Measure voltage readings for circuits to ensure that voltage drop 
is not excessive.

m.  Disconnect the verification feature for smoke sensors during tests 
to minimize the amount of smoke needed to activate the sensor.  
Testing of smoke sensors shall be conducted using real smoke.  The 
use of canned smoke is prohibited.

n.  Measure the voltage drop at the most remote appliance on each 
notification appliance circuit.

3.7   INSTRUCTION OF GOVERNMENT EMPLOYEES

Equipment manufacturer shall provide 3 days on site and 5 days of technical 
training to the Government.  Training shall allow for classroom instruction 
as well as individual hands on programming, troubleshooting and diagnostics 
exercises.  Factory training shall occur within 6 months of system 
acceptance.

3.7.1   Instructor

Include in the project the services of an instructor, who shall have 
received specific training from the manufacturer for the training of other 
persons regarding the inspection, testing, and maintenance of the system 
provided.  The instructor shall train the Government employees designated 
by the Contracting Officer, in the care, adjustment, maintenance, and 
operation of the fire alarm and fire detection system.

3.7.2   Qualifications

Each instructor shall be thoroughly familiar with all parts of this 
installation.  The instructor shall be trained in operating theory as well 
as in practical O&M work.

3.7.3   Required Instruction Time

Provide 16 hours of instruction after final acceptance of the system.  The 
instruction shall be given during regular working hours on such dates and 

SECTION 28 31 63.00 20  Page 22
(Am-0004)



FY15 MCON P-861 Facility Modifications for VMU, MWSD and CH53E 1312011
Marine Corps Base Hawaii, Kaneohe, HI

times as are selected by the Contracting Officer.  The instruction may be 
divided into two or more periods at the discretion of the Contracting 
Officer.  The training shall allow for rescheduling for unforeseen 
maintenance and/or fire department responses.

        -- End of Section --
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SECTION 33 40 00

STORM DRAINAGE UTILITIES
02/10

PART 1   GENERAL

1.1   REFERENCES

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

ASTM INTERNATIONAL (ASTM)

ASTM A48/A48M (2003; R 2012) Standard Specification for 
Gray Iron Castings

ASTM A536 (1984; R 2009) Standard Specification for 
Ductile Iron Castings

ASTM A716 (2008) Standard Specification for Ductile 
Iron Culvert Pipe

ASTM A74 (2013a) Standard Specification for Cast 
Iron Soil Pipe and Fittings

ASTM A929/A929M (2001; R 2013) Standard Specification for 
Steel Sheet, Metallic-Coated by the 
Hot-Dip Process for Corrugated Steel Pipe

ASTM B26/B26M (2012) Standard Specification for 
Aluminum-Alloy Sand Castings

ASTM C1103 (2003; R 2009) Standard Practice for Joint 
Acceptance Testing of Installed Precast 
Concrete Pipe Sewer Lines

ASTM C12 (2013a) Standard Practice for Installing 
Vitrified Clay Pipe Lines

ASTM C139 (2011) Standard Specification for Concrete 
Masonry Units for Construction of Catch 
Basins and Manholes

ASTM C14 (2011) Standard Specification for Concrete 
Sewer, Storm Drain, and Culvert Pipe

ASTM C1433 (2014) Standard Specification for Precast 
Reinforced Concrete Box Sections for 
Culverts, Storm Drains, and Sewers

ASTM C270 (2012a) Standard Specification for Mortar 
for Unit Masonry

ASTM C32 (2013) Standard Specification for Sewer 
and Manhole Brick (Made from Clay or Shale)
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ASTM C425 (2004; R 2013) Standard Specification for 
Compression Joints for Vitrified Clay Pipe 
and Fittings

ASTM C443 (2011) Standard Specification for Joints 
for Concrete Pipe and Manholes, Using 
Rubber Gaskets

ASTM C478 (2013) Standard Specification for Precast 
Reinforced Concrete Manhole Sections

ASTM C55 (2011) Concrete Brick

ASTM C564 (2012) Standard Specification for Rubber 
Gaskets for Cast Iron Soil Pipe and 
Fittings

ASTM C62 (2013a) Building Brick (Solid Masonry 
Units Made from Clay or Shale)

ASTM C700 (2013) Standard Specification for 
Vitrified Clay Pipe, Extra Strength, 
Standard Strength, and Perforated

ASTM C76 (2014) Standard Specification for 
Reinforced Concrete Culvert, Storm Drain, 
and Sewer Pipe

ASTM C828 (2011) Low-Pressure Air Test of Vitrified 
Clay Pipe Lines

ASTM C877 (2008) External Sealing Bands for Concrete 
Pipe, Manholes, and Precast Box Sections

ASTM C923 (2008; R 2013) Standard Specification for 
Resilient Connectors Between Reinforced 
Concrete Manhole Structures, Pipes and 
Laterals

ASTM C924 (2002; R 2009) Testing Concrete Pipe Sewer 
Lines by Low-Pressure Air Test Method

ASTM C990 (2009) Standard Specification for Joints 
for Concrete Pipe, Manholes and Precast 
Box Sections Using Preformed Flexible 
Joint Sealants

ASTM D1056 (2007) Standard Specification for Flexible 
Cellular Materials - Sponge or Expanded 
Rubber

ASTM D1171 (1999; R 2007) Rubber Deterioration - 
Surface Ozone Cracking Outdoors or Chamber 
(Triangular Specimens)

ASTM D1557 (2012) Standard Test Methods for 
Laboratory Compaction Characteristics of 
Soil Using Modified Effort (56,000 
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ft-lbf/ft3) (2700 kN-m/m3)

ASTM D1751 (2004; E 2013; R 2013) Standard 
Specification for Preformed Expansion 
Joint Filler for Concrete Paving and 
Structural Construction (Nonextruding and 
Resilient Bituminous Types)

ASTM D1752 (2004a; R 2013) Standard Specification for 
Preformed Sponge Rubber Cork and Recycled 
PVC Expansion

ASTM D1784 (2011) Standard Specification for Rigid 
Poly(Vinyl Chloride) (PVC) Compounds and 
Chlorinated Poly(Vinyl Chloride) (CPVC) 
Compounds

ASTM D2167 (2008) Density and Unit Weight of Soil in 
Place by the Rubber Balloon Method

ASTM D2321 (2011) Standard Practice for Underground 
Installation of Thermoplastic Pipe for 
Sewers and Other Gravity-Flow Applications

ASTM D3034 (2008) Standard Specification for Type PSM 
Poly(Vinyl Chloride) (PVC) Sewer Pipe and 
Fittings

ASTM D3212 (2007; R 2013) Standard Specification for 
Joints for Drain and Sewer Plastic Pipes 
Using Flexible Elastomeric Seals

ASTM D3350 (2012) Polyethylene Plastics Pipe and 
Fittings Materials

ASTM D6938 (2010) Standard Test Method for In-Place 
Density and Water Content of Soil and 
Soil-Aggregate by Nuclear Methods (Shallow 
Depth)

ASTM F1417 (2011a) Standard Test Method for 
Installation Acceptance of Plastic Gravity 
Sewer Lines Using Low Pressure Air

ASTM F2736 (2013) Standard Specification for 6 to 30 
in. (152 To 762 mm) Polypropylene (PP) 
Corrugated Single Wall Pipe And Double 
Wall Pipe

ASTM F2764/F2764M (2011; E 2013) Standard Specification for 
30 to 60 in. (750 to 1500 mm) 
Polypropylene (PP) Triple Wall Pipe and 
Fittings for Non-Pressure Sanitary Sewer 
Applications

ASTM F2881 (2011) Standard Specification for 12 to 60 
in. (300 to 1500 mm) Polypropylene (PP) 
Dual Wall Pipe and Fittings for 
Non-Pressure Storm Sewer Applications

SECTION 33 40 00  Page 3
(Am-0004)



FY15 MCON P-861 Facility Modifications for VMU, MWSD and CH53E 1312011
Marine Corps Base Hawaii, Kaneohe, HI

ASTM F679 (2013a) Poly(Vinyl Chloride) (PVC) 
Large-Diameter Plastic Gravity Sewer Pipe 
and Fittings

ASTM F714 (2013) Polyethylene (PE) Plastic Pipe 
(SDR-PR) Based on Outside Diameter

ASTM F794 (2003; R 2009) Standard Specification for 
Poly(Vinyl Chloride) (PVC) Profile Gravity 
Sewer Pipe and Fittings Based on 
Controlled Inside Diameter

ASTM F894 (2013) Polyethylene (PE) Large Diameter 
Profile Wall Sewer and Drain Pipe

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval.  Submittals with an "L" are for LEED review which shall be 
performed by the Contractor's LEED Coordinator and the LEED Administrator.  
Submit the following in accordance with Section 01 33 00 SUBMITTAL 
PROCEDURES and Section 01 33 29.00 20 SUSTAINABLE REQUIREMENTS as 
applicable:

SD-03 Product Data

Placing Pipe

  Submit printed copies of the manufacturer's recommendations for 
installation procedures of the material being placed, prior to 
installation.

SD-04 Samples

Pipe for Culverts and Storm Drains

SD-07 Certificates

Resin Certification
Pipeline Testing
Hydrostatic Test on Watertight Joints
Determination of Density
Frame and Cover for Gratings

1.3   DELIVERY, STORAGE, AND HANDLING

1.3.1   Delivery and Storage

Materials delivered to site shall be inspected for damage, unloaded, and 
stored with a minimum of handling.  Materials shall not be stored directly 
on the ground.  The inside of pipes and fittings shall be kept free of dirt 
and debris.  Before, during, and after installation, plastic pipe and 
fittings shall be protected from any environment that would result in 
damage or deterioration to the material.  Keep a copy of the manufacturer's 
instructions available at the construction site at all times and follow 
these instructions unless directed otherwise by the Contracting Officer.  
Solvents, solvent compounds, lubricants, elastomeric gaskets, and any 
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similar materials required to install plastic pipe shall be stored in 
accordance with the manufacturer's recommendations and shall be discarded 
if the storage period exceeds the recommended shelf life.  Solvents in use 
shall be discarded when the recommended pot life is exceeded.

1.3.2   Handling

Materials shall be handled in a manner that ensures delivery to the trench 
in sound, undamaged condition.  Pipe shall be carried to the trench, not 
dragged.

PART 2   PRODUCTS

2.1   PIPE FOR CULVERTS AND STORM DRAINS

Pipe for culverts and storm drains shall be of the sizes indicated and 
shall conform to the requirements specified.

2.1.1   Concrete Pipe

Manufactured in accordance with and conforming to ASTM C76, Class II.

2.1.1.1   Nonreinforced Pipe

Manufactured in accordance with and conforming to ASTM C14, Class 3.

2.1.2   Clay Pipe

Standard or extra strength, as indicated, conforming to ASTM C700.

2.1.3   Ductile Iron Culvert Pipe

ASTM A716.

2.1.4   Cast-Iron Soil Piping

Cast-Iron Soil Pipe shall conform to ASTM A74, service-weight; gaskets 
shall be compression-type rubber conforming to ASTM C564.

2.1.5   PVC Pipe

Submit the pipe manufacturer's resin certification, indicating the cell 
classification of PVC used to manufacture the pipe, prior to installation 
of the pipe.

2.1.5.1   Type PSM PVC Pipe

ASTM D3034, Type PSM, maximum SDR 35, produced from PVC certified by the 
compounder as meeting the requirements of ASTM D1784, minimum cell class 
12454-B.

2.1.5.2   Profile PVC Pipe

ASTM F794, Series 46, produced from PVC certified by the compounder as 
meeting the requirements of ASTM D1784, minimum cell class 12454-B.

2.1.5.3   Smooth Wall PVC Pipe

ASTM F679 produced from PVC certified by the compounder as meeting the 
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requirements of ASTM D1784, minimum cell class 12454-B.

2.1.6   Polyethylene (PE) Pipe

Submit the pipe manufacturer's resin certification, indicating the cell 
classification of PE used to manufacture the pipe, prior to installation of 
the pipe.  The minimum cell classification for polyethylene plastic shall 
apply to each of the seven primary properties of the cell classification 
limits in accordance with ASTM D3350.

2.1.6.1   Smooth Wall PE Pipe

ASTM F714, maximum DR of 21 for pipes 3 to 24 inches in diameter and 
maximum DR of 26 for pipes 26 to 48 inches in diameter.  Pipe shall be 
produced from PE certified by the resin producer as meeting the 
requirements of ASTM D3350, minimum cell class 335434C.

2.1.7   PP Pipe

Double wall and triple wall pipe with a diameter of 12 to 60 inches shall 
meet the requirements of ASTM F2736, ASTM F2764/F2764M, or ASTM F2881.

2.2   DRAINAGE STRUCTURES

2.2.1   Flared End Sections

Sections shall be of a standard design fabricated from zinc coated steel 
sheets meeting requirements of ASTM A929/A929M.

2.2.2   Precast Reinforced Concrete Box

Manufactured in accordance with and conforming to ASTM C1433.

2.3   MISCELLANEOUS MATERIALS

2.3.1   Concrete

Unless otherwise specified, concrete and reinforced concrete shall conform 
to the requirements for 3000 psi concrete under Section 03 30 00 
CAST-IN-PLACE CONCRETE.  The concrete covering over steel reinforcing shall 
not be less than 1 inch thick for covers and not less than 1-1/2 inches 
thick for walls and flooring.  (Am-0004)  Concrete covering deposited 
directly against the ground shall have a thickness of at least 3 inches 
between steel and ground.  Expansion-joint filler material shall conform to 
ASTM D1751, or ASTM D1752, or shall be resin-impregnated fiberboard 
conforming to the physical requirements of ASTM D1752.

2.3.2   Mortar

Mortar for pipe joints, connections to other drainage structures, and brick 
or block construction shall conform to ASTM C270, Type M, except that the 
maximum placement time shall be 1 hour.  The quantity of water in the 
mixture shall be sufficient to produce a stiff workable mortar but in no 
case shall exceed 5 gallons of water per sack of cement.  Water shall be 
clean and free of harmful acids, alkalis, and organic impurities.  The 
mortar shall be used within 30 minutes after the ingredients are mixed with 
water.  The inside of the joint shall be wiped clean and finished smooth.  
The mortar head on the outside shall be protected from air and sun with a 
proper covering until satisfactorily cured.
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2.3.3   Precast Concrete Segmental Blocks

Precast concrete segmental block shall conform to ASTM C139, not more than 
8 inches thick, not less than 8 inches long, and of such shape that joints 
can be sealed effectively and bonded with cement mortar.

2.3.4   Brick

Brick shall conform to ASTM C62, Grade SW; ASTM C55, Grade S-I or S-II; or 
ASTM C32, Grade MS.  Mortar for jointing and plastering shall consist of 
one part Portland cement and two parts fine sand.  Lime may be added to the 
mortar in a quantity not more than 25 percent of the volume of cement.  The 
joints shall be filled completely and shall be smooth and free from surplus 
mortar on the inside of the structure.  Brick structures shall be plastered 
with 1/2 inch of mortar over the entire outside surface of the walls.  For 
square or rectangular structures, brick shall be laid in stretcher courses 
with a header course every sixth course.  For round structures, brick shall 
be laid radially with every sixth course a stretcher course.

2.3.5   Precast Reinforced Concrete Manholes

Conform to ASTM C478.  Joints between precast concrete risers and tops 
shall be full-bedded in cement mortar and shall be smoothed to a uniform 
surface on both interior and exterior of the structure.

2.3.6   Prefabricated Corrugated Metal Manholes

Manholes shall be of the type and design recommended by the manufacturer.  
Manholes shall be complete with frames and cover, or frames and gratings.

2.3.7   Frame and Cover for Gratings

Submit certification on the ability of frame and cover or gratings to carry 
the imposed live load.  Frame and cover for gratings shall be cast gray 
iron, ASTM A48/A48M, Class 35B; cast ductile iron, ASTM A536, Grade 
65-45-12; or cast aluminum, ASTM B26/B26M, Alloy 356.OT6.  Weight, shape, 
size, and waterway openings for grates and curb inlets shall be as 
indicated on the plans.  The word "Storm Sewer" shall be stamped or cast 
into covers so that it is plainly visible.

2.3.8   Joints

2.3.8.1   Flexible Watertight Joints

a.  Materials:  Flexible watertight joints shall be made with plastic 
or rubber-type gaskets for concrete pipe and with 
factory-fabricated resilient materials for clay pipe.  The design 
of joints and the physical requirements for preformed flexible 
joint sealants shall conform to ASTM C990, and rubber-type gaskets 
shall conform to ASTM C443.  Factory-fabricated resilient joint 
materials shall conform to ASTM C425.  Gaskets shall have not more 
than one factory-fabricated splice, except that two factory- 
fabricated splices of the rubber-type gasket are permitted if the 
nominal diameter of the pipe being gasketed exceeds 54 inches.

b.  Test Requirements:  Watertight joints shall be tested and shall 
meet test requirements of paragraph HYDROSTATIC TEST ON WATERTIGHT 
JOINTS.  Rubber gaskets shall comply with the oil resistant gasket 
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requirements of ASTM C443.  Certified copies of test results shall 
be delivered to the Contracting Officer before gaskets or jointing 
materials are installed.  Alternate types of watertight joint may 
be furnished, if specifically approved.

2.3.8.2   External Sealing Bands

Requirements for external sealing bands shall conform to ASTM C877.

2.3.8.3   Flexible Watertight, Gasketed Joints

a.  Gaskets:  When infiltration or exfiltration is a concern for pipe 
lines, the couplings may be required to have gaskets.  The 
closed-cell expanded rubber gaskets shall be a continuous band 
approximately 7 inches wide and approximately 3/8 inch thick, 
meeting the requirements of ASTM D1056, Type 2 B3, and shall have 
a quality retention rating of not less than 70 percent when tested 
for weather resistance by ozone chamber exposure, Method B of 
ASTM D1171.  Rubber O-ring gaskets shall be 13/16 inch in diameter 
for pipe diameters of 36 inches or smaller and 7/8 inch in 
diameter for larger pipe having 1/2 inch deep end corrugation.  
Rubber O-ring gaskets shall be 1-3/8 inches in diameter for pipe 
having 1 inch deep end corrugations.  O-rings shall meet the 
requirements of ASTM C990 or ASTM C443. Preformed flexible joint 
sealants shall conform to ASTM C990, Type B.

b.  Connecting Bands:  Connecting bands shall be of the type, size and 
sheet thickness of band, and the size of angles, bolts, rods and 
lugs as indicated or where not indicated as specified in the 
applicable standards or specifications for the pipe.  Exterior 
rivet heads in the longitudinal seam under the connecting band 
shall be countersunk or the rivets shall be omitted and the seam 
welded.  Watertight joints shall be tested and shall meet the test 
requirements of paragraph HYDROSTATIC TEST ON WATERTIGHT JOINTS.

2.3.8.4   PVC Plastic Pipes

Joints shall be solvent cement or elastomeric gasket type in accordance 
with the specification for the pipe and as recommended by the pipe 
manufacturer.

2.3.8.5   Smooth Wall PE Plastic Pipe

Pipe shall be joined using butt fusion method as recommended by the pipe 
manufacturer.

2.3.8.6   Profile Wall PE Plastic Pipe

Joints shall be gasketed or thermal weld type with integral bell in 
accordance with ASTM F894.

2.3.8.7   Ductile Iron Pipe

Couplings and fittings shall be as recommended by the pipe manufacturer.

2.4   RESILIENT CONNECTORS

Flexible, watertight connectors used for connecting pipe to manholes and 
inlets shall conform to ASTM C923.
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2.5   HYDROSTATIC TEST ON WATERTIGHT JOINTS

2.5.1   Concrete, Clay, PVC, PE and PP Pipe

A hydrostatic test shall be made on the watertight joint types as 
proposed.  Only one sample joint of each type needs testing; however, if 
the sample joint fails because of faulty design or workmanship, an 
additional sample joint may be tested.  During the test period, gaskets or 
other jointing material shall be protected from extreme temperatures which 
might adversely affect the performance of such materials.  Performance 
requirements for joints in reinforced and nonreinforced concrete pipe shall 
conform to ASTM C990 or ASTM C443.  Test requirements for joints in clay 
pipe shall conform to ASTM C425.  Test requirements for joints in PVC, PE, 
and PP plastic pipe shall conform to ASTM D3212.

2.6   EROSION CONTROL RIPRAP

Provide nonerodible rock not exceeding 15 inches in its greatest dimension 
and choked with sufficient small rocks to provide a dense mass with a 
minimum thickness of 8 inches.

PART 3   EXECUTION

3.1   EXCAVATION FOR PIPE CULVERTS, STORM DRAINS, AND DRAINAGE STRUCTURES

Excavation of trenches, and for appurtenances and backfilling for culverts 
and storm drains, shall be in accordance with the applicable portions of 
Section 31 23 00.00 20 EXCAVATION AND FILL and the requirements specified 
below.

3.1.1   Trenching

The width of trenches at any point below the top of the pipe shall be not 
greater than the outside diameter of the pipe plus 6 inches to permit 
satisfactory jointing and thorough tamping of the bedding material under 
and around the pipe.  Sheeting and bracing, where required, shall be placed 
within the trench width as specified, without any overexcavation.  Where 
trench widths are exceeded, redesign with a resultant increase in cost of 
stronger pipe or special installation procedures will be necessary.  Cost 
of this redesign and increased cost of pipe or installation shall be borne 
by the Contractor without additional cost to the Government.

3.1.2   Removal of Rock

Rock in either ledge or boulder formation shall be replaced with suitable 
materials to provide a compacted earth cushion having a thickness between 
unremoved rock and the pipe of at least 8 inches or 1/2 inch for each foot 
of fill over the top of the pipe, whichever is greater, but not more than 
three-fourths the nominal diameter of the pipe.  Where bell-and-spigot pipe 
is used, the cushion shall be maintained under the bell as well as under 
the straight portion of the pipe.  Rock excavation shall be as specified 
and defined in Section 31 23 00.00 20 EXCAVATION AND FILL.

3.1.3   Removal of Unstable Material

Where wet or otherwise unstable soil incapable of properly supporting the 
pipe, as determined by the Contracting Officer, is unexpectedly encountered 
in the bottom of a trench, such material shall be removed to the depth 

SECTION 33 40 00  Page 9
(Am-0004)



FY15 MCON P-861 Facility Modifications for VMU, MWSD and CH53E 1312011
Marine Corps Base Hawaii, Kaneohe, HI

required and replaced to the proper grade with select granular material, 
compacted as provided in paragraph BACKFILLING.  When removal of unstable 
material is due to the fault or neglect of the Contractor while performing 
shoring and sheeting, water removal, or other specified requirements, such 
removal and replacement shall be performed at no additional cost to the 
Government.

3.2   BEDDING

The bedding surface for the pipe shall provide a firm foundation of uniform 
density throughout the entire length of the pipe.

3.2.1   Concrete Pipe Requirements

When no bedding class is specified or detailed on the drawings, concrete 
pipe shall be bedded in granular material minimum 4 inch in depth in 
trenches with soil foundation.  Depth of granular bedding in trenches with 
rock foundation shall be 1/2 inch in depth per foot of depth of fill, 
minimum depth of bedding shall be 8 inch up to maximum depth of 24 inches.  
The middle third of the granular bedding shall be loosely placed.  Bell 
holes and depressions for joints shall be removed and formed so entire 
barrel of pipe is uniformly supported.  The bell hole and depressions for 
the joints shall be not more than the length, depth, and width required for 
properly making the particular type of joint.

3.2.2   Clay Pipe Requirements

Bedding for clay pipe shall be as specified by ASTM C12.

3.2.3   Ductile Iron and Cast-Iron Pipe

Bedding for ductile iron and cast-iron pipe shall be as shown on the 
drawings.

3.2.4   Plastic Pipe

Bedding for PVC, PE, and PP pipe shall meet the requirements of ASTM D2321.  
Use Class IB or II material for bedding, haunching, and initial backfill.  
Use Class I, II, or III material for PP pipe bedding, haunching and initial 
backfill.

3.3   PLACING PIPE

Each pipe shall be thoroughly examined before being laid; defective or 
damaged pipe shall not be used.  Plastic pipe shall be protected from 
exposure to direct sunlight prior to laying, if necessary to maintain 
adequate pipe stiffness and meet installation deflection requirements.  
Pipelines shall be laid to the grades and alignment indicated.  Proper 
facilities shall be provided for lowering sections of pipe into trenches.  
Lifting lugs in vertically elongated metal pipe shall be placed in the same 
vertical plane as the major axis of the pipe.  Pipe shall not be laid in 
water, and pipe shall not be laid when trench conditions or weather are 
unsuitable for such work.  Diversion of drainage or dewatering of trenches 
during construction shall be provided as necessary.  Deflection of 
installed flexible pipe shall not exceed the following limits:
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TYPE OF PIPE MAXIMUM ALLOWABLE
DEFLECTION (percent)

Ductile Iron Culvert 3

Plastic (PVC, HDPE and PP) 5

Note post installation requirements of paragraph DEFLECTION TESTING in PART 
3 of this specification for all pipe products including deflection testing 
requirements for flexible pipe.

3.3.1   Concrete, Clay, PVC, Ribbed PVC, Ductile Iron and Cast-Iron Pipe

Laying shall proceed upgrade with spigot ends of bell-and-spigot pipe and 
tongue ends of tongue-and-groove pipe pointing in the direction of the flow.

3.4   JOINTING

3.4.1   Concrete and Clay Pipe

3.4.1.1   Cement-Mortar Bell-and-Spigot Joint

The first pipe shall be bedded to the established grade line, with the bell 
end placed upstream.  The interior surface of the bell shall be thoroughly 
cleaned with a wet brush and the lower portion of the bell filled with 
mortar as required to bring inner surfaces of abutting pipes flush and 
even.  The spigot end of each subsequent pipe shall be cleaned with a wet 
brush and uniformly matched into a bell so that sections are closely 
fitted.  After each section is laid, the remainder of the joint shall be 
filled with mortar, and a bead shall be formed around the outside of the 
joint with sufficient additional mortar.  If mortar is not sufficiently 
stiff to prevent appreciable slump before setting, the outside of the joint 
shall be wrapped or bandaged with cheesecloth to hold mortar in place.

3.4.1.2   Cement-Mortar Oakum Joint for Bell-and-Spigot Pipe

A closely twisted gasket shall be made of jute or oakum of the diameter 
required to support the spigot end of the pipe at the proper grade and to 
make the joint concentric.  Joint packing shall be in one piece of 
sufficient length to pass around the pipe and lap at top.  This gasket 
shall be thoroughly saturated with neat cement grout.  The bell of the pipe 
shall be thoroughly cleaned with a wet brush, and the gasket shall be laid 
in the bell for the lower third of the circumference and covered with 
mortar.  The spigot of the pipe shall be thoroughly cleaned with a wet 
brush, inserted in the bell, and carefully driven home.  A small amount of 
mortar shall be inserted in the annular space for the upper two-thirds of 
the circumference.  The gasket shall be lapped at the top of the pipe and 
driven home in the annular space with a caulking tool.  The remainder of 
the annular space shall be filled completely with mortar and beveled at an 
angle of approximately 45 degrees with the outside of the bell.  If mortar 
is not sufficiently stiff to prevent appreciable slump before setting, the 
outside of the joint thus made shall be wrapped with cheesecloth.  Placing 
of this type of joint shall be kept at least five joints behind laying 
operations.

3.4.1.3   Cement-Mortar Diaper Joint for Bell-and-Spigot Pipe

The pipe shall be centered so that the annular space is uniform.  The 
annular space shall be caulked with jute or oakum.  Before caulking, the 
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inside of the bell and the outside of the spigot shall be cleaned.

a.  Diaper Bands:  Diaper bands shall consist of heavy cloth fabric to 
hold grout in place at joints and shall be cut in lengths that 
extend one-eighth of the circumference of pipe above the spring 
line on one side of the pipe and up to the spring line on the 
other side of the pipe.  Longitudinal edges of fabric bands shall 
be rolled and stitched around two pieces of wire.  Width of fabric 
bands shall be such that after fabric has been securely stitched 
around both edges on wires, the wires will be uniformly spaced not 
less than 8 inches apart.  Wires shall be cut into lengths to pass 
around pipe with sufficient extra length for the ends to be 
twisted at top of pipe to hold the band securely in place; bands 
shall be accurately centered around lower portion of joint.

b.  Grout:  Grout shall be poured between band and pipe from the high 
side of band only, until grout rises to the top of band at the 
spring line of pipe, or as nearly so as possible, on the opposite 
side of pipe, to ensure a thorough sealing of joint around the 
portion of pipe covered by the band.  Silt, slush, water, or 
polluted mortar grout forced up on the lower side shall be forced 
out by pouring, and removed.

c.  Remainder of Joint:  The remaining unfilled upper portion of the 
joint shall be filled with mortar and a bead formed around the 
outside of this upper portion of the joint with a sufficient 
amount of additional mortar.  The diaper shall be left in place.  
Placing of this type of joint shall be kept at least five joints 
behind actual laying of pipe.  No backfilling around joints shall 
be done until joints have been fully inspected and approved.

3.4.1.4   Cement-Mortar Tongue-and-Groove Joint

The first pipe shall be bedded carefully to the established grade line with 
the groove upstream.  A shallow excavation shall be made underneath the 
pipe at the joint and filled with mortar to provide a bed for the pipe.  
The grooved end of the first pipe shall be thoroughly cleaned with a wet 
brush, and a layer of soft mortar applied to the lower half of the groove.  
The tongue of the second pipe shall be cleaned with a wet brush; while in 
horizontal position, a layer of soft mortar shall be applied to the upper 
half of the tongue.  The tongue end of the second pipe shall be inserted in 
the grooved end of the first pipe until mortar is squeezed out on interior 
and exterior surfaces.  Sufficient mortar shall be used to fill the joint 
completely and to form a bead on the outside.

3.4.1.5   Cement-Mortar Diaper Joint for Tongue-and-Groove Pipe

The joint shall be of the type described for cement-mortar 
tongue-and-groove joint in this paragraph, except that the shallow 
excavation directly beneath the joint shall not be filled with mortar until 
after a gauze or cheesecloth band dipped in cement mortar has been wrapped 
around the outside of the joint.  The cement-mortar bead at the joint shall 
be at least 1/2 inch, thick and the width of the diaper band shall be at 
least 8 inches.  The diaper shall be left in place.  Placing of this type 
of joint shall be kept at least five joints behind the actual laying of the 
pipe.  Backfilling around the joints shall not be done until the joints 
have been fully inspected and approved.
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3.4.1.6   Plastic Sealing Compound Joints for Tongue-and-Grooved Pipe

Sealing compounds shall follow the recommendation of the particular 
manufacturer in regard to special installation requirements.  Surfaces to 
receive lubricants, primers, or adhesives shall be dry and clean.  Sealing 
compounds shall be affixed to the pipe not more than 3 hours prior to 
installation of the pipe, and shall be protected from the sun, blowing 
dust, and other deleterious agents at all times.  Sealing compounds shall 
be inspected before installation of the pipe, and any loose or improperly 
affixed sealing compound shall be removed and replaced.  The pipe shall be 
aligned with the previously installed pipe, and the joint pulled together.  
If, while making the joint with mastic-type sealant, a slight protrusion of 
the material is not visible along the entire inner and outer circumference 
of the joint when the joint is pulled up, the pipe shall be removed and the 
joint remade.  After the joint is made, all inner protrusions shall be cut 
off flush with the inner surface of the pipe.  If non-mastic-type sealant 
material is used, the "Squeeze-Out" requirement above will be waived.

3.4.1.7   Flexible Watertight Joints

Gaskets and jointing materials shall be as recommended by the particular 
manufacturer in regard to use of lubricants, cements, adhesives, and other 
special installation requirements.  Surfaces to receive lubricants, 
cements, or adhesives shall be clean and dry.  Gaskets and jointing 
materials shall be affixed to the pipe not more than 24 hours prior to the 
installation of the pipe, and shall be protected from the sun, blowing 
dust, and other deleterious agents at all times.  Gaskets and jointing 
materials shall be inspected before installing the pipe; any loose or 
improperly affixed gaskets and jointing materials shall be removed and 
replaced.  The pipe shall be aligned with the previously installed pipe, 
and the joint pushed home.  If, while the joint is being made the gasket 
becomes visibly dislocated the pipe shall be removed and the joint remade.

3.4.1.8   External Sealing Band Joint for Noncircular Pipe

Surfaces to receive sealing bands shall be dry and clean.  Bands shall be 
installed in accordance with manufacturer's recommendations.

3.5   DRAINAGE STRUCTURES

3.5.1   Manholes and Inlets

Construction shall be of reinforced concrete, plain concrete, brick, 
precast reinforced concrete, precast concrete segmental blocks, 
prefabricated corrugated metal, or bituminous coated corrugated metal; 
complete with frames and covers or gratings.  Pipe studs and junction 
chambers of prefabricated corrugated metal manholes shall be fully 
bituminous-coated and paved when the connecting branch lines are so 
treated.  Pipe connections to concrete manholes and inlets shall be made 
with flexible, watertight connectors.

3.5.2   Walls and Headwalls

Construction shall be as indicated.

SECTION 33 40 00  Page 13
(Am-0004)



FY15 MCON P-861 Facility Modifications for VMU, MWSD and CH53E 1312011
Marine Corps Base Hawaii, Kaneohe, HI

3.6   BACKFILLING

3.6.1   Backfilling Pipe in Trenches

After the pipe has been properly bedded, selected material from excavation 
or borrow, at a moisture content that will facilitate compaction, shall be 
placed along both sides of pipe in layers not exceeding 6 inches in 
compacted depth.  The backfill shall be brought up evenly on both sides of 
pipe for the full length of pipe.  The fill shall be thoroughly compacted 
under the haunches of the pipe.  Each layer shall be thoroughly compacted 
with mechanical tampers or rammers.  This method of filling and compacting 
shall continue until the fill has reached an elevation equal to the 
midpoint (spring line) of RCP or has reached an elevation of at least 12 
inches above the top of the pipe for flexible pipe.  The remainder of the 
trench shall be backfilled and compacted by spreading and rolling or 
compacted by mechanical rammers or tampers in layers not exceeding 10 inches.  
Tests for density shall be made as necessary to ensure conformance to the 
compaction requirements specified below.  Where it is necessary, in the 
opinion of the Contracting Officer, that sheeting or portions of bracing 
used be left in place, the contract will be adjusted accordingly.  
Untreated sheeting shall not be left in place beneath structures or 
pavements.

3.6.2   Backfilling Pipe in Fill Sections

For pipe placed in fill sections, backfill material and the placement and 
compaction procedures shall be as specified below.  The fill material shall 
be uniformly spread in layers longitudinally on both sides of the pipe, not 
exceeding 6 inches in compacted depth, and shall be compacted by rolling 
parallel with pipe or by mechanical tamping or ramming.  Prior to 
commencing normal filling operations, the crown width of the fill at a 
height of 12 inches above the top of the pipe shall extend a distance of 
not less than twice the outside pipe diameter on each side of the pipe or 
12 feet, whichever is less.  After the backfill has reached at least 12 
inches above the top of the pipe, the remainder of the fill shall be placed 
and thoroughly compacted in layers not exceeding 10 inches.  Use select 
granular material for this entire region of backfill for flexible pipe 
installations.

3.6.3   Movement of Construction Machinery

When compacting by rolling or operating heavy equipment parallel with the 
pipe, displacement of or injury to the pipe shall be avoided.  Movement of 
construction machinery over a culvert or storm drain at any stage of 
construction shall be at the Contractor's risk.  Any damaged pipe shall be 
repaired or replaced.

3.6.4   Compaction

3.6.4.1   General Requirements

Cohesionless materials include gravels, gravel-sand mixtures, sands, and 
gravelly sands.  Cohesive materials include clayey and silty gravels, 
gravel-silt mixtures, clayey and silty sands, sand-clay mixtures, clays, 
silts, and very fine sands.  When results of compaction tests for 
moisture-density relations are recorded on graphs, cohesionless soils will 
show straight lines or reverse-shaped moisture-density curves, and cohesive 
soils will show normal moisture-density curves.
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3.6.4.2   Minimum Density

Backfill over and around the pipe and backfill around and adjacent to 
drainage structures shall be compacted at the approved moisture content to 
the following applicable minimum density, which will be determined as 
specified below.

a.  Under airfield and heliport pavements, paved roads, streets, 
parking areas, and similar-use pavements including adjacent 
shoulder areas, the density shall be not less than 90 percent of 
maximum density for cohesive material and 95 percent of maximum 
density for cohesionless material, up to the elevation where 
requirements for pavement subgrade materials and compaction shall 
control.

b.  Under unpaved or turfed traffic areas, density shall not be less 
than 90 percent of maximum density for cohesive material and 95 
percent of maximum density for cohesionless material.

c.  Under nontraffic areas, density shall be not less than that of the 
surrounding material.

3.6.5   Determination of Density

Testing is the responsibility of the Contractor and performed at no 
additional cost to the Government.  Testing shall be performed by an 
approved commercial testing laboratory or by the Contractor subject to 
approval.  Tests shall be performed in sufficient number to ensure that 
specified density is being obtained.  Laboratory tests for moisture-density 
relations shall be made in accordance with ASTM D1557 except that 
mechanical tampers may be used provided the results are correlated with 
those obtained with the specified hand tamper.  Field density tests shall 
be determined in accordance with ASTM D2167 or ASTM D6938.  When ASTM D6938 
is used, the calibration curves shall be checked and adjusted, if 
necessary, using the sand cone method as described in paragraph Calibration 
of the referenced publications.  ASTM D6938 results in a wet unit weight of 
soil and ASTM D6938 shall be used to determine the moisture content of the 
soil.  The calibration curves furnished with the moisture gauges shall be 
checked along with density calibration checks as described in ASTM D6938.  
Test results shall be furnished the Contracting Officer.  The calibration 
checks of both the density and moisture gauges shall be made at the 
beginning of a job on each different type of material encountered and at 
intervals as directed.

3.7   PIPELINE TESTING

3.7.1   Leakage Tests

Lines shall be tested for leakage by low pressure air or water testing or 
exfiltration tests, as appropriate.  Low pressure air testing for vitrified 
clay pipes shall conform to ASTM C828.  Low pressure air testing for 
concrete pipes shall conform to ASTM C924.  Low pressure air testing for 
plastic pipe shall conform to ASTM F1417.  Low pressure air testing 
procedures for other pipe materials shall use the pressures and testing 
times prescribed in ASTM C828 or ASTM C924, after consultation with the 
pipe manufacturer.  Testing of individual joints for leakage by low 
pressure air or water shall conform to ASTM C1103.  Prior to exfiltration 
tests, the trench shall be backfilled up to at least the lower half of the 
pipe.  If required, sufficient additional backfill shall be placed to 
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prevent pipe movement during testing, leaving the joints uncovered to 
permit inspection.  Visible leaks encountered shall be corrected regardless 
of leakage test results.  When the water table is 2 feet or more above the 
top of the pipe at the upper end of the pipeline section to be tested, 
infiltration shall be measured using a suitable weir or other device 
acceptable to the Contracting Officer.  An exfiltration test shall be made 
by filling the line to be tested with water so that a head of at least 2 
feet is provided above both the water table and the top of the pipe at the 
upper end of the pipeline to be tested.  The filled line shall be allowed 
to stand until the pipe has reached its maximum absorption, but not less 
than 4 hours.  After absorption, the head shall be reestablished.  The 
amount of water required to maintain this water level during a 2-hour test 
period shall be measured.  Leakage as measured by the exfiltration test 
shall not exceed 0.2 gallon per inch in diameter per 100 feet of pipeline 
per hour.  When leakage exceeds the maximum amount specified, satisfactory 
correction shall be made and retesting accomplished.

3.7.2   Deflection Testing

No sooner than 30 days after completion of installation and final backfill, 
an initial post installation inspection shall be accomplished.  Clean or 
flush all lines prior to inspection.  Perform a deflection test on entire 
length of installed flexible pipeline on completion of work adjacent to and 
over the pipeline, including leakage tests, backfilling, placement of fill, 
grading, paving, concreting, and any other superimposed loads.  Deflection 
of pipe in the installed pipeline under external loads shall not exceed 
limits in paragraph PLACING PIPE above as percent of the average inside 
diameter of pipe.  Determine whether the allowable deflection has been 
exceeded by use of a laser profiler or mandrel.

a.  Laser Profiler Inspection:  If deflection readings in excess of 
the allowable deflection of average inside diameter of pipe are 
obtained, remove pipe which has excessive deflection, and replace 
with new pipe.  Initial post installation inspections of the pipe 
interior with laser profiling equipment shall utilize low barrel 
distortion video equipment for pipe sizes 48 inches or less.  Use 
a camera with lighting suitable to allow a clear picture of the 
entire periphery of the pipe interior.  Center the camera in the 
pipe both vertically and horizontally and be able to pan and tilt 
to a 90 degree angle with the axis of the pipe rotating 360 
degrees.  Use equipment to move the camera through the pipe that 
will not obstruct the camera's view or interfere with proper 
documentation of the pipe's condition.  The video image shall be 
clear, focused, and relatively free from roll static or other 
image distortion qualities that would prevent the reviewer from 
evaluating the condition of the pipe.  For initial post 
installation inspections for pipe sizes larger than 48 inches, 
visual inspection shall be completed of the pipe interior.

b.  Pull-Through Device Inspection:  Pass the pull-through device 
through each run of pipe by pulling it by hand.  If deflection 
readings in excess of the allowable deflection of average inside 
diameter of pipe are obtained, retest pipe by a run from the 
opposite direction.  If retest continues to show excess allowable 
deflections of the average inside diameter of pipe, remove pipe 
which has excessive deflection, replace with new pipe, and 
completely retest in same manner and under same conditions.  
Pull-through device:  The mandrel shall be rigid, nonadjustable 
having a minimum of 9 fins, including pulling rings at each end, 
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engraved with the nominal pipe size and mandrel outside diameter.  
The mandrel shall be 5 percent less than the certified-actual pipe 
diameter for Plastic Pipe, 3 percent less than the certified-
actual pipe diameter for Ductile Iron Culvert provided by 
manufacturer.  When mandrels are utilized to verify deflection of 
flexible pipe products, the Government will verify the mandrel OD 
through the use of proving rings that are manufactured with an 
opening that is certified to be as shown above.

c.  Deflection Measuring Device:  Shall be approved by the Contracting 
Officer prior to use.

d.  Warranty Period Test:  Pipe found to have a deflection of greater 
than allowable deflection in paragraph PLACING PIPE above, just 
prior to end of one-year warranty period shall be replaced with 
new pipe and tested as specified for leakage and deflection.  
Inspect 100 percent of all pipe systems under the travel lanes, 
including curb and gutter.  Random inspections of the remaining 
pipe system outside of the travel lanes shall represent at least 
10 percent of the total pipe footage of each pipe size.  
Inspections shall be made, depending on the pipe size, with video 
camera or visual observations.  In addition, for flexible pipe 
installations, perform deflection testing on 100 percent of all 
pipes under the travel lanes, including curb and gutter, with 
either a laser profiler or 9-fin mandrel.  For flexible pipe, 
random deflection inspections of the pipe system outside of the 
travel lanes shall represent at least 10 percent of the total pipe 
footage of each pipe size.  When mandrels are utilized to verify 
deflection of flexible pipe products during the final post 
installation inspection, the Government will verify the mandrel OD 
through the use of proving rings.

3.7.3   Post-Installation Inspection

One hundred percent of all reinforced concrete pipe installations shall be 
checked for joint separations, soil migration through the joint, cracks 
greater than 0.01 inch, settlement and alignment.  One hundred percent of 
all flexible pipes (HDPE, PVC, CMP, PP) shall be checked for rips, tears, 
joint separations, soil migration through the joint, cracks, localized 
bucking, bulges, settlement and alignment.

a.  Replace pipes having cracks greater than 0.1 inch in width or 
deflection greater than 5 percent deflection.  An Engineer shall 
evaluate all pipes with cracks greater than 0.01 inch but less
than 0.10 inch to determine if any remediation or repair is 
required.  RCP with crack width less than 0.10 inch and located in 
a non-corrosive environment (pH 5.5) are generally acceptable.  
Repair or replace any pipe with crack exhibiting displacement 
across the crack, exhibiting bulges, creases, tears, spalls, or 
delamination.

b.  Reports:  The deflection results and finial post installation 
inspection report shall include:  a copy of all video taken, pipe 
location identification, equipment used for inspection, inspector 
name, deviation from design, grade, deviation from line, 
deflection and deformation of flexible pipe systems, inspector 
notes, condition of joints, condition of pipe wall (e.g. distress, 
cracking, wall damage dents, bulges, creases, tears, holes, etc.).
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3.8   FIELD PAINTING

After installation, clean cast-iron frames, covers, gratings, and steps not 
buried in masonry or concrete to bare metal of mortar, rust, grease, dirt, 
and other deleterious materials and apply a coat of bituminous paint.

        -- End of Section --
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