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LIST OF SPECIFICATIONS 
 
SECTION 02 32 00 Subsurface Drilling, Sampling, and Testing 
SECTION 03 30 00 Cast-In-Place Concrete 
SECTION 31 00 00 Earthwork 
SECTION 31 05 19 Geotextile 
SECTION 31 05 21 Geogrid Soil Reinforcement 
SECTION 31 32 11 Soil Surface Erosion Control 
SECTION 32 11 23 Aggregate Base Course 
SECTION 32 15 00 Crushed Aggregate Base Course 
SECTION 32 92 19 Seeding 
SECTION 33 40 00 Storm Drainage Utilities 
SECTION 35 31 19 Stone Slope Protection for Structures 
SECTION 35 41 00 Levee Construction 
 
General Notes: 
 
1.  The proposed work will be constructed by the Seattle District Emergency Management 
Section.  The contained specifications in this section are in draft form and contain references to 
Division 1 specifications.  Division 1 specifications are not included since the work will be 
completed by the Seattle District.  However, references to the Division 1 specifications have 
been retained in the technical specifications in the event that work must be performed by a 
Contractor, in which case, the Division 1 specifications will be included.  Finial verification that 
construction will be performed by the Seattle District will be made before the completion of the 
95 percent design effort. 
 



PART 1 GENERAL 

SECTION 02 32 00 

SUBSURFACE DRILLING, SAMPLING, AND TESTING 
05/10 

This specificationi is for the drilling, sampling, and installation of the 
settlement gages, inclinometers, and virbrating wire piezometers. 

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. 

ASTM INTERNATIONAL (ASTM) 

ASTM D1452 

ASTM D1586 

ASTM D1587 

ASTM D2113 

ASTM D2487 

ASTM D2488 

(2009) Soil Investigation and Sampling by 
Auger Borings 

(2008a) Penetration Test and Split-Barrel 
Sampling of Soils 

(2008) Thin-Walled Tube Sampling of Soils 
for Geotechnical Purposes 

(2008) Rock Core Drilling and Sampling of 
Rock for Site Investigation 

(2011) Soils for Engineering Purposes 
(Unified Soil Classification System) 

(2009a) Description and Identification of 
Soils (Visual-Manual Procedure) 

U.S. ARMY CORPS OF ENGINEERS (USACE) 

EM 1110-1-1906 

1.3 SYSTEM DESCRIPTION 

(1996) Engineering and Design -- Soil 
Sampling 

Provide the data to determine the type, nature, and characteristics of 
subsurface materials and the extent and conditions of the various materials 
as they exist to the depths and at the locations specified. This is to be 
accomplished by means of auger borings, drive sample borings undisturbed 
sample borings . 

1.3.1 Auger Borings and Sampling 

An auger boring is any boring made in unconsolidated soils with a 
conventional manually or power-driven earth auger for the purpose of 
obtaining samples of subsurface materials. Auger boring and sampling shall 
be performed in accordance with Chapter [ _____ l, EM 1110-1-1906 ASTM D1452, 
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1.3.2 Drive Sample Borings and Sampling 

A drive sample boring is a boring made through unconsolidated or partly 
consolidated sediments or decomposed rock by means of a mechanically driven 
sampler. The purpose of these borings is to obtain knowledge of the 
composition, the thickness, the depth, the sequence, the structure, and the 
pertinent physical properties of foundation or borrow materials. Drive 
sample boring and sampling shall be performed in accordance with Chapter 
[ _____ 1 of EM 1110-1-1906 ASTM D1587. Standard Penetration Tests (SPT) 
shall be performed in accordance with Appendix [ _____ 1 of EM 1110-1-1906 
ASTM D1586. 

1.3.3 Undisturbed Sample Borings and Sampling 

An undisturbed sample boring is a boring made to obtain soil samples which, 
when tested, will show properties as close to the in situ (in place) 
properties as any sample which can be obtained. All undisturbed sampling 
shall be accomplished in accordance with Chapter [ _____ 1 of EM 1110-1-1906 
ASTM D1587 . 

1.3.7 Sequencing and Scheduling 

1.3.7.1 Schedule of Drilling, Sampling, and Testing 

Prior to starting work, submit a plan for drilling, sampling, testing, and 
safety. The plan shall include, but shall not be limited to, the proposed 
method of drilling and sampling including a description of the equipment 
and sampling tools that will be used, a listing of any subContractors to 
include a description of how the subContractors will be used and a 
description of all methods and procedures that will be utilized to insure a 
safe operation and to protect the environment. No work shall be performed 
until this plan has been approved and no deviation from the approved plan 
will be permitted without prior approval by the Contracting Officer. The 
schedule of Drilling, Sampling, and Testing is listed in the following 
schedule' 

SCHEDULE OF DRILLING, SAMPLING AND TESTING 

HOLE NO. METHOD DEPTH (FEET) VERTICAL OR SPECIAL 
INCLINED INSTRUCTIONS 

1.3.7.2 Order of Work 

The order in which the work is to be accomplished will be determined in the 
field by the Contracting Officer. 

1.4 SUBMITTALS 
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Government approval is required for submittals with a IIGII designation; 
submittals not having a IIGII designation are for Contractor Quality Control 
approval. Submit the following in accordance with Section 01 33 00 
SUBMITTAL PROCEDURES: 

SD-02 Shop Drawings 

Drilling Log; G 

SD-03 Product Data 

Permits, Certifications, and Licenses 
Schedule of Drilling, Sampling, and Testing; G 

1.5 QUALITY ASSURANCE 

Comply with all Federal, State and local laws, regulations and ordinances 
relating to the performance of this work. Procure all required permits, 
certifications and licenses required by Federal, State, and local law for 
the execution of this work. Submit copies of all permits, certifications, 
and licenses prior to starting work. This submittal shall also include a 
statement of the prior experience, in the type of work described in these 
specifications, of the person or persons designated to perform the work 
specified herein. 

1.6 DELIVERY, STORAGE, AND HANDLING 

1.6.1 General 

The Contractor is solely responsible for preserving all samples in good 
condition. Samples shall be kept from freezing and from undue exposure to 
the weather, and shall keep all descriptive labels and designations on 
sample jars, tubes, and boxes clean and legible until final delivery of 
samples to, and acceptance by, the Contracting Officer. Except as 
otherwise specified, deliver samples to [ 1. Samples shall be 
delivered within the time limits specified for each type of investigation 
or in accordance with schedules prepared by the Contracting Officer. 

1. 6.2 Undisturbed Samples 

Take every precaution to avoid damage to samples as a result of careless 
handling and undue delay in shipping. Samples shall be shipped in 
containers approved by the Contracting Officer and shall be of sufficient 
durability to protect the samples from any damage during shipment. The 
sample tubes shall be well packed in vermiculite or other equal material 
approved by the Contracting Officer to protect the samples against 
vibration. Avoid exposing sealed and crated samples to precipitation, 
direct sunlight, freezing and temperatures in excess of 100 degrees F. 
Samples permitted to freeze, even partially, shall be replaced by the 
Contractor. In general, no undisturbed samples shall remain on the site of 
sampling for more than one week before shipment. Samples shall be stored 
and shipped with the tube in a vertical position in order to prevent 
consolidation and segregation or change of water content. 

1.7 PROJECT/SITE CONDITIONS 

1.7.1 Environmental Requirements 
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In order to prevent and to provide for abatement and control of any 
environmental pollution arising from Contractor activities in the 
performance of this contract, the Contractor and its subContractors shall 
comply with all applicable Federal, State, and local laws, regulations, and 
ordinances concerning environmental pollution control and abatement. 

a. The Contractor is responsible for keeping informed of all updates and 
changes in all applicable laws, regulations, and ordinances. 

b. Do not pollute lakes, ditches, rivers, springs, canals, waterways, 
groundwaters, or reservoirs with drill fluids, fuels, oils, bitumens, 
calcium chloride, insecticides, herbicides, or other materials that may 
be harmful to the environment or a detriment to outdoor recreation. 

1.7.2 Field Measurements 

The approximate locations of drill holes are shown on the attached 
drawings. The actual locations will be established in the field by the 
Contracting Officer prior to the start of work. The elevations of the 
established locations will also be provided by the Contracting Officer 
prior to the start of work. The Contractor will provide access to the 
locations as necessary for the prosecution of the work. Since no separate 
payment will be made for access construction, all costs associated with 
this shall be included in the cost of drilling . 

PART 2 PRODUCTS 

2.1 CONTAINERS 

Furnish jars, tubes, and boxes that meet the following requirements. All 
such containers will become the property of the Government and the cost 
thereof will be included in the contract price for the applicable item for 
which payment is provided. 

2.1.1 Sample Jars 

Sample jars shall be 1 pint capacity, wide-mouth glass jars with 
moisture-tight screw tops. 

2.1.2 Shipping Boxes 

Boxes for shipping sample jars shall be corrugated cardboard boxes that 
have the capacity to hold no more than 12 sample jars and the strength to 
contain and protect the jars and their contents under ordinary handling and 
environmental conditions. 

2.1.3 Tubes and Crates 

Undisturbed samples shall be shipped in thin walled Shelby tubes packed in 
crates. 

2.2 LABELS 

2.2.1 Sample Jar Labels 

A printed or type-written, fade resistant and waterproof label shall be 
affixed to the outside of each jar and shall contain the following 
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information: 

PROJECT ~~~ ____ =-~ __ ~~~~~ 
(Such as Table Rock Dam) 

LOCATION 
(Such as Borrow Area B) 

HOLE NO. STATION 

JAR NO. of JARS 

TOP ELEV. OF HOLE DEPTH OF SAMPLE 

DESCRIPTION OF MATERIAL 
(Such as Moist, silty, medium sand) 

2.2.2 Shipping Box Labels 

Each box of jar samples shall be identified with weatherproof and 
wear-proof labels indicating the following: 

PROJECT [ 1 ---

LOCATION [ 1 ---

JAR SAMPLES FROM HOLE OR HOLES [ 1 ---

2.2.3 Core Box Labels 

Core boxes shall be identified with stenciled labels. The information on 
this label shall contain the following: 

PROJECT [ 1 ---

HOLE NO. [ 1 ---

BOX NO. [ 1 ---

TOTAL NUMBER OF BOXES FOR THE HOLE [ 1 ---

2.3 EQUIPMENT AND SUPPLIES 

2.3.1 Auger Boring and Sampling 

Furnish the equipment for making auger borings including I but not limited 
to, standard continuous flight augers and/or standard cup-type earth 
augers, similar or equal to the Iwan Auger and not less than 4 inches in 
diameter unless otherwise approved. The augers shall be completely 
equipped with all the accessories necessary for boring and sampling of 
overburden materials to the depths and diameters specified or shown on the 
drawings. 

2.3.2 Drive Sample Boring and Sampling 
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Furnish equipment for making drive sample borings including, but not 
limited to, standard 2~inch OD split barrel drive samplers and 
power-driven drilling machinery of a type or types approved by the 
Contracting Officer, complete with a drive-hammer of [ ]-pound weight 
and all other accessories for taking samples of all types of soils or 
decomposed rock at the locations and to the depths indicated in the 
schedule in paragraph SCHEDULE OF DRILLING, SAMPLING, AND TESTING. The 
drive shoe for the split barrel samplers shall be of hardened steel and 
shall be replaced or repaired when it becomes dented or distorted. 
Supplies shall include, but not be limited to, all casing, drill stem, 
drill bits, drill fluid and additives, pumps, and power necessary to 
accomplish the required boring and sampling. 

2.3.3 Undisturbed Sample Boring and Sampling 

Furnish equipment for making undisturbed sample borings including, but not 
limited to, power-driven drilling machinery of an approved type or types 
complete with the special devices and accessories enumerated and described 
hereinafter. Drilling machinery shall be of the hydraulic feed type. 
Supplies shall include, but not be limited to, all samplers, casing, drill 
stem, drill bits, drill fluid and additives, pumps, and power necessary to 
accomplish the required boring and sampling. Drill casing, if used, shall 
be of such minimum inside diameter as to allow use of the selected sampler. 

a. Sands and Cohesive Soils: The sampling device used to sample fine 
to medium grain sands and cohesive soils shall be a fixed or stationary 
piston type that uses a 3-inch diameter thin wall Shelby tube. 
Subject to the approval of the Contracting Officer, floating or free 
piston and non-piston type samplers may be used provided adequate 
means, such as check valve or vacuum system, are provided to prevent 
loss of samples. 

b. Stiff and Dense Soils: The sampling device for obtaining samples 
of stiff and dense soils shall be similar or equal to a Denison double 
tube, swivel head core barrel, or a Pitcher sampler and must be 
approved by the Contracting Officer prior to use. 

PART 3 EXECUTION 

3.1 MOBILIZATION AND DEMOBILIZATION 

3.1.1 Mobilization 

Mobilization consists of the delivery to the site of all plant, equipment, 
materials and supplies to be furnished by the Contractor, the complete 
assembly in satisfactory working order of all such plant and equipment at 
the jobsite and the satisfactory storage at the site of all such materials 
and supplies. 

3.1. 2 Demobilization 

Demobilization consists of the removal from the site of all plant, 
equipment, materials and supplies after completion of the work and also 
includes, at the direction of the Contracting Officer, the cleanup and 
removal of all scrap, waste backfill material, waste drilling fluid, soil 
contaminated with engine/hydraulic oil, backfilling all sumps or 
excavations resulting from the operations and, in general, returning the 
site as close to its original condition as possible. 
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3.2 IDENTIFYING SAMPLES 

Sample jars, shipping boxes, and labels shall comply with .PART 2, 
paragraphs SAMPLE JARS, SHIPPING BOXES, and LABELS, respectively. In 
addition, a moisture proof label containing the project name, hole number 
and sample number shall be placed inside the jar or this information can be 
written using a waterproof pen or scribed on the jar lid. Take all 
precautions required to insure that the shipping boxes are not subjected to 
rough handling or damaging environmental conditions I and complies with 
paragraph CARE AND DELIVERY OF SAMPLES. A copy of the boring log for the 
portion of the boring that the samples came from shall be enclosed in the 
shipping box. 

3.3 AUGER BORING AND SAMPLING 

Samples shall be labeled in accordance with paragraph IDENTIFYING SAMPLES. 
Samples shall be obtained for each change of overburden material and at 
maximum vertical intervals of [1] [3] [5] [ _____ ] feet [as directed by the 
Contracting Officer]. In order to retain the natural moisture content of 
the material to the fullest extent possible, all samples shall be of 
sufficient volume to completely fill the sample jars and the samples shall 
be placed in the sample jars as soon as possible after they are taken from 
the hole. All sample jars shall be labeled. In general, no sample shall 
remain on the site of boring for more than 1 week after being taken from 
the boring and placed in a jar. 

3.4 DRIVE SAMPLE BORING AND SAMPLING 

Samples shall be labeled in accordance with paragraph IDENTIFYING SAMPLES. 
Drive sample borings drilled through overburden materials shall be suitably 
cased to permit obtaining drive samples of the size or sizes specified or 
as directed. Samples shall be taken either continuously or at maximum 
vertical intervals of [3] [5] [ _____ ] feet or at a change in materials in 
accordance with instructions contained in the SCHEDULE OF DRILLING, 
SAMPLING, AND TESTING or as otherwise directed by the Contracting Officer. 
The sampler shall be driven with the force of the [140] [ _____ ] pound 
drive hammer under a free fall of [ ] inches. To minimize the 
compacting effect of casing driving when casing is used to stabilize a 
boring, the bottom of the casing shall be kept as high above the soil 
sampling zone as conditions permit. If hollow stem auger is used as a 
casing and/or to advance the boring, a plug assembly must be used to keep 
soil from entering the inside of the auger. Above the water table, samples 
shall be obtained from a dry hole. Below the water table, water shall be 
maintained within the hole at or above the groundwater level. Where 
information on the natural water content of soils above the water table ,is 
not needed and when approved by the Contacting Officer, boreholes may be 
drilled without casing by using a suitable drilling fluid to prevent 
collapse of sidewalls. When a drilling fluid is used, soil sampling shall 
be done by such means that will prevent inclusion of drilling fluid in the 
samples. The samples shall be placed in sample jars as soon as possible 
after they are taken from the hole and, when possible, the volume of the 
sample shall be large enough to completely fill the sample jar in order 
that the natural moisture content of the material may be retained to the 
fullest extent possible. All samples shall be labeled. No sample shall 
remain at the site of boring for more than one week after being taken from 
the hole. 

3.5 UNDISTURBED SAMPLE BORING AND SAMPLING 
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In general, labeling of undisturbed samples shall conform to paragraph 
IDENTIFYING SAMPLES. Particular care shall be taken to indicate the top 
and bottom of each sample tube. Tubes and crates for undisturbed samples 
shall be labeled "DO NOT JAR OR VIBRATE" and "HANDLE, HAUL, AND SHIP IN A 
VERTICAL POSITION". 

3.5.1 Procedure 

The procedure for Undisturbed Sample Boring and Sampling shall be the same 
as outlined in paragraph DRIVE SAMPLE BORING AND SAMPLING, except that the 
sampling device shall be advanced downward by one continuous, smooth drive 
using the drill rig's hydraulic feed system. The hydraulic down pressure 
shall be read and recorded at 6 inch intervals during each sample drive. 
The sampling device for stiff and dense soils shall be advanced by 
continuous rotation of the outer cutting barrel in conjunction with use of 
drill fluid circulation. Driving of any undisturbed sampling device by 
means such as a drop hammer will not be permitted. 

3.5.2 Sealing 

3.5.2.1 Alternate 1 

The soil sample obtained in a thin wall Shelby tube shall be retained in 
the tube and sealed on both ends with a mechanically expandable O-ring 
sealing disk of the appropriate size. 

3.10 SUPPLEMENTAL BORINGS 

Borings that are abandoned or from which unsatisfactory samples or cores 
are obtained will be supplemented by other borings adjacent to the original 
in order that satisfactory samples or the required information will be 
obtained. Actual locations of any supplemental borings will be established 
by the Contracting Officer. Penetration to the depth where the original 
was abandoned or to the depths where unsatisfactory samples were obtained 
may be made by any method selected by the Contractor that in the opinion of 
the Contracting Officer will permit satisfactory completion and sampling 
below the elevation where the last satisfactory sample was obtained in the 
abandoned or satisfactory sampling in the reaches where satisfactory 
samples were not obtained in the original borings. No payment will be 
made for supplemental borings that are required to be drilled to replace 
borings that were abandoned or from which satisfactory samples were not 
obtained because of mechanical failure of drilling and sampling equipment, 
negligence on the part of the Contractor, or other preventable cause for 
which the Contractor is responsible except that payment will be made for 
acceptable portions of these supplementary borings below the depths or 
outside the reaches for which payment was made for the original borings . 

3.11 BACKFILLING 

3.11.1 Drill Holes 

Unless otherwise noted in these specifications or directed by the 
Contracting Officer, all drill holes shall be backfilled and abandoned in 
accordance with all Federal, State, and local laws, regulations and 
ordinances. Preserve all holes in good condition until final measurement 
and until the records and samples have been accepted. As a minimum, all 
holes shall be grouted from the bottom of the hole to within 2 feet of the 
ground surface using a grout mixture of six to eight gallons of water per 

Page 8 



sack (94 pounds) of portland cement. All grout shall be pumped through a 
tremie pipe that is inserted to the bottom of the boring to insure that the 
grout fills the full extent of the hole. The remaining ungrouted top 2 feet 
of the hole shall be backfilled with local soil and tamped. All 

backfilling operations shall be performed in the presence of the 
Contracting Officer and, if required by regulation, Federal, State, and 
local officials. No separate payment will be made for backfilling drill 
holes. The cost of this work shall be included in the drilling costs. 

3.12 RECORDS 

Submit complete, legible copies of DRILLING LOG, ENG FORM 1836 and 1836A, 
and records to the Contracting Officer within one days after a hole is 
completed. Keep accurate driller's logs (DRILLING LOG, ENG FORM 1836, and 
1836-A will be provided by the Contacting Officer) and records of all work 
accomplished under this contract and deliver complete, legible copies of 
these logs and records to the Contracting Officer [upon completion of the 
work or at such other time or times as directed] [within [ _____ ] days after 
a [hole] [test pit] is completed]. All such records shall be recorded 
during the actual performance of the work and shall be preserved in good 
condition and order until they are delivered and accepted. The Contracting 
Officer has the right to examine and review all such records at any time 
prior to their delivery and has the right to request changes to the record 
keeping procedure. The following information shall be included on the logs 
or in the records for each [hole] [test pit] : 

a. Hole number or designation and elevation of top of hole . 

b. Driller's name and Geologist's name. 

c. Make, size, and manufacturer's model designation of drilling, sampling, 
equipment. 

d. Type of drilling, sampling, operation by depth. 

e. Hole diameter. 

f. Dates and time by depths when drilling, sampling, operations were 
performed. 

g. Time required for drilling each run. 

h. Drill action, rotation speed, hydraulic pressure, water pressure, tool 
drops, and any other unusual and non-ordinary experience which could 
indicate the subsurface conditions encountered. 

i. Depths at which samples or cores were recovered or attempts made to 
sample or core including top and bottom depth of each run . 

j. Classification or description by depths of the materials sampled, or 
penetrated using the Unified Soil Classification System (ASTM D2487) 
and including a description of moisture conditions, consistency and 
other appropriate descriptive information described in paragraph 
SUPPLEMENTAL BORINGS of ASTM D2488. This classification or description 
shall be made immediately after the samples or cores are retrieved. 

k. Classification and description by depths of rock materials sampled 
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including rock type, composition, texture, presence and orientation of 
bedding, floiation, or fractures, presence of vugs or other 
interstices, and the RQD for each cored interval. 

1. Indication of penetration resistance such as drive-hammer blows given 
in blows per foot for driving sample spoons and casing . 

m. Weight of drive hammer. 

n. Percentage of sample or core recovered per run~ 

o. Depth at which groundwater is encountered initially and when stabilized. 

p. Depths at which drill water is lost apd regained and amounts. 

q. Depths at which the color of the drill water return changes. 

r. Type and weight of drill fluid. 

s. Depth of bottom of hole. 

t. Pressures employed in pressure testing. 

TABLE 1 - COMMON CORE DIAMETERS 

CORE DIAMETER INCHES HOLE DIAMETER 
INCHES 

Conventional Core Barrels 

AWG 1.185 1. 890 

BWG 1.655 2.360 

NWG 2.155 2.980 

HWG 3_000 3_907 

Wireline Core Barrels* 

A 1.064 1. 890 

B 1.432 2.360 

N 1. 875 2.980 

H 2.450 3.716 

3.345 4.827 

Large Diameter Series 
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TABLE 1 - COMMON CORE DIAMETERS 

2-3/4 1t X 3-7/8" 2.690 3.875 

4" X 5-1/2" 3.970 5.495 

6" X 7-3/4" 5.970 7.750 

• No Industry Standard for Wireline Sizes. Diameters shown for wireline core 
barrels are nominal and vary between manufacturers. 
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-- End of Section --
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SECTION 03 30 00.00 10

CAST-IN-PLACE CONCRETE
11/10

PART 1   GENERAL

1.1   UNIT PRICES

1.1.1   Measurement

Measurement of concrete for payment will be made on the basis of the actual 
volume within the pay lines of the structure as indicated on the contract 
drawings.  Measurement for payment of concrete placed against the sides of 
any excavation without intervening forms will be made only within the pay 
lines of the structure as shown on the contract drawings.  No deductions 
will be made for rounded or beveled edges, for space occupied by metal 
work, for conduits, for voids, or for embedded items which are less than 5 
cubic feet in volume or 1 square foot in cross section.

1.1.2   Payment

Unless otherwise specified, payment for concrete will be made at the 
respective unit prices per cubic yard for the various items of the 
schedule, measured as specified above, which price includes the cost of all 
labor, materials, and the use of equipment and tools required to complete 
the concrete work, except for any reinforcement and embedded parts 
specified to be paid separately.  Unit price payment will not be made for 
concrete placed in structures for which payment is made as a lump sum.

1.2   LUMP SUM CONTRACT

Under this type of contract, concrete items will be paid for by lump sum 
and will not be measured.  The work covered by these items consists of 
furnishing all concrete materials, reinforcement, miscellaneous embedded 
materials, and equipment, and performing all labor for the forming, 
manufacture, transporting, placing, finishing, curing, and protection of 
concrete in these structures.

1.3   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) Specifications for Tolerances for 
Concrete Construction and Materials and 
Commentary

ACI 211.1 (1991; R 2009) Standard Practice for 
Selecting Proportions for Normal, 
Heavyweight and Mass Concrete
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ACI 211.2 (1998; R 2004) Standard Practice for 
Selecting Proportions for Structural 
Lightweight Concrete

ACI 213R (2003) Guide for Structural 
Lightweight-Aggregate Concrete

ACI 214R (2011) Evaluation of Strength Test Results 
of Concrete

ACI 301 (2010) Specifications for Structural 
Concrete

ACI 301M (2010) Metric Specifications for 
Structural Concrete

ACI 305.1 (2006) Specification for Hot Weather 
Concreting

ACI 318 (2011) Building Code Requirements for 
Structural Concrete and Commentary

ACI 318M (2008; Errata 2011) Building Code 
Requirements for Structural Concrete & 
Commentary

ASTM INTERNATIONAL (ASTM)

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

ASTM C1059/C1059M (1999; R 2008) Standard Specification for 
Latex Agents for Bonding Fresh to Hardened 
Concrete

ASTM C1064/C1064M (2008) Standard Test Method for 
Temperature of Freshly Mixed 
Hydraulic-Cement Concrete

ASTM C1077 (2011b) Standard Practice for Laboratories 
Testing Concrete and Concrete Aggregates 
for Use in Construction and Criteria for 
Laboratory Evaluation

ASTM C1107/C1107M (2011) Standard Specification for Packaged 
Dry, Hydraulic-Cement Grout (Nonshrink)

ASTM C1116/C1116M (2010a) Standard Specification for 
Fiber-Reinforced Concrete

ASTM C1240 (2011) Standard Specification for Silica 
Fume Used in Cementitious Mixtures

ASTM C1260 (2007) Standard Test Method for Potential 
Alkali Reactivity of Aggregates 
(Mortar-Bar Method)
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ASTM C131 (2006) Standard Test Method for Resistance 
to Degradation of Small-Size Coarse 
Aggregate by Abrasion and Impact in the 
Los Angeles Machine

ASTM C136 (2006) Standard Test Method for Sieve 
Analysis of Fine and Coarse Aggregates

ASTM C143/C143M (2010) Standard Test Method for Slump of 
Hydraulic-Cement Concrete

ASTM C150/C150M (2011) Standard Specification for Portland 
Cement

ASTM C1567 (2008) Standard Test Method for Potential 
Alkali-Silica Reactivity of Combinations 
of Cementitious Materials and Aggregate 
(Accelerated Mortar-Bar Method)

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

ASTM C173/C173M (2010b) Standard Test Method for Air 
Content of Freshly Mixed Concrete by the 
Volumetric Method

ASTM C192/C192M (2007) Standard Practice for Making and 
Curing Concrete Test Specimens in the 
Laboratory

ASTM C231/C231M (2010) Standard Test Method for Air 
Content of Freshly Mixed Concrete by the 
Pressure Method

ASTM C260/C260M (2010a) Standard Specification for 
Air-Entraining Admixtures for Concrete

ASTM C31/C31M (2010) Standard Practice for Making and 
Curing Concrete Test Specimens in the Field

ASTM C33/C33M (2011) Standard Specification for Concrete 
Aggregates

ASTM C330 (2009) Standard Specification for 
Lightweight Aggregates for Structural 
Concrete

ASTM C39/C39M (2010) Standard Test Method for 
Compressive Strength of Cylindrical 
Concrete Specimens

ASTM C42/C42M (2010a) Standard Test Method for Obtaining 
and Testing Drilled Cores and Sawed Beams 
of Concrete

ASTM C494/C494M (2011) Standard Specification for Chemical 
Admixtures for Concrete
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ASTM C496/C496M (2011) Standard Test Method for Splitting 
Tensile Strength of Cylindrical Concrete 
Specimens

ASTM C552 (2007) Standard Specification for Cellular 
Glass Thermal Insulation

ASTM C567 (2005a) Determining Density of Structural 
Lightweight Concrete

ASTM C578 (2011) Standard Specification for Rigid, 
Cellular Polystyrene Thermal Insulation

ASTM C591 (2009) Standard Specification for Unfaced 
Preformed Rigid Cellular Polyisocyanurate 
Thermal Insulation

ASTM C595/C595M (2010) Standard Specification for Blended 
Hydraulic Cements

ASTM C618 (2008a) Standard Specification for Coal 
Fly Ash and Raw or Calcined Natural 
Pozzolan for Use in Concrete

ASTM C685/C685M (2010) Concrete Made by Volumetric 
Batching and Continuous Mixing

ASTM C78/C78M (2010) Standard Test Method for Flexural 
Strength of Concrete (Using Simple Beam 
with Third-Point Loading)

ASTM C881/C881M (2010) Standard Specification for 
Epoxy-Resin-Base Bonding Systems for 
Concrete

ASTM C937 (2010) Grout Fluidifier for 
Preplaced-Aggregate Concrete

ASTM C94/C94M (2011a) Standard Specification for 
Ready-Mixed Concrete

ASTM C989 (2010) Standard Specification for Slag 
Cement for Use in Concrete and Mortars

ASTM D 75/D 75M (2009) Standard Practice for Sampling 
Aggregates

ASTM E 1155 (1996; R 2008) Standard Test Method for 
Determining Floor Flatness and Floor 
Levelness Numbers

ASTM E 1155M (1996; R 2008) Standard Test Method for 
Determining Floor Flatness and Floor 
Levelness Numbers (Metric)

ASTM E 96/E 96M (2010) Standard Test Methods for Water 
Vapor Transmission of Materials
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NATIONAL INSTITUTE OF STANDARDS AND TECHNOLOGY (NIST)

NIST HB 44 (2010) Specifications, Tolerances, and 
Other Technical Requirements for Weighing 
and Measuring Devices

NATIONAL READY MIXED CONCRETE ASSOCIATION (NRMCA)

NRMCA CPMB 100 (2000; R 2006) Concrete Plant Standards

NRMCA QC 3 (2003) Quality Control Manual: Section 3, 
Plant Certifications Checklist: 
Certification of Ready Mixed Concrete 
Production Facilities

NRMCA TMMB 100 (2001; R 2007) Truck Mixer, Agitator and 
Front Discharge Concrete Carrier Standards

U.S. ARMY CORPS OF ENGINEERS (USACE)

COE CRD-C 104 (1980) Method of Calculation of the 
Fineness Modulus of Aggregate

COE CRD-C 400 (1963) Requirements for Water for Use in 
Mixing or Curing Concrete

COE CRD-C 521 (1981) Standard Test Method for Frequency 
and Amplitude of Vibrators for Concrete

COE CRD-C 94 (1995) Corps of Engineers Specification 
for Surface Retarders

1.4   SYSTEM DESCRIPTION

Provide concrete composed of portland cement, other cementitious and 
pozzolanic materials as specified, aggregates, water and admixtures as 
specified.

1.4.1   Proportioning Studies-Normal Weight Conc

Trial design batches, mixture proportions studies, and testing requirements 
for various classes and types of concrete specified are the responsibility 
of the Contractor.  Except as specified for flexural strength concrete, 
mixture proportions shall be based on compressive strength as determined by 
test specimens fabricated in accordance with ASTM C192/C192M and tested in 
accordance with ASTM C39/C39M.

a.  Samples of all materials used in mixture proportioning studies shall be 
representative of those proposed for use in the project and be 
accompanied by the manufacturer's or producer's test reports indicating 
compliance with these specifications.

b.  Make trial mixtures having proportions, consistencies, and air content 
suitable for the work based on methodology described in ACI 211.1, 
using at least three different water-cement ratios for each type of 
mixture, which will produce a range of strength encompassing those 
required for each class and type of concrete required on the project.
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c.  The maximum water-cement ratios required in subparagraph 
Water-Cement Ratio below will be the equivalent water-cement ratio as 
determined by conversion from the weight ratio of water to cement plus 
pozzolan, silica fume, and ground granulated blast furnace slag (GGBF 
slag) by the weight equivalency method as described in ACI 211.1.  In 
the case where silica fume or GGBF slag is used, the weight of the 
silica fume and GGBF slag shall be included in the equations in 
ACI 211.1 for the term P, which is used to denote the weight of 
pozzolan.  If pozzolan is used in the concrete mixture, the minimum 
pozzolan content shall be 15 percent by weight of the total 
cementitious material, and the maximum shall be 35 percent.

d.  Design laboratory trial mixtures for maximum permitted slump and air 
content.  Make separate sets of trial mixture studies for each 
combination of cementitious materials and each combination of 
admixtures proposed for use.  No combination of either shall be used 
until proven by such studies, except that, if approved in writing and 
otherwise permitted by these specifications, an accelerator or a 
retarder may be used without separate trial mixture study.  Separate 
trial mixture studies shall also be made for concrete for any conveying 
or placing method proposed which requires special properties and for 
concrete to be placed in unusually difficult placing locations.

e.  Report the temperature of concrete in each trial batch.  For each 
water-cement ratio, at least three test cylinders for each test age 
shall be made, cured in accordance with ASTM C192/C192M and tested at 7 
and 28 days in accordance with ASTM C39/C39M.  From these test results, 
plot a curve showing the relationship between water-cement ratio and 
strength for each set of trial mix studies.  In addition, a curve shall 
be plotted showing the relationship between 7 day and 28 day 
strengths.  Design each mixture to promote easy and suitable concrete 
placement, consolidation and finishing, and to prevent segregation and 
excessive bleeding.

f.  Submit the results of trial mixture design studies along with a 
statement giving the maximum nominal coarse aggregate size and the 
proportions of ingredients that will be used in the manufacture of each 
strength or class of concrete, at least 14 days prior to commencing 
concrete placing operations.  Aggregate weights shall be based on the 
saturated surface dry condition.  Accompany the statement with test 
results from an approved independent commercial testing laboratory, 
showing that mixture design studies have been made with materials 
proposed for the project and that the proportions selected will produce 
concrete of the qualities indicated.  No substitutions shall be made in 
the materials used in the mixture design studies without additional 
tests to show that the quality of the concrete is satisfactory.

1.4.2   Proportioning Studies-Flexural Strength Conc

Trial design batches, mixture proportioning studies, and testing 
requirements shall conform to the requirements specified in paragraph 
Proportioning Studies for Normal Weight Concrete above, except that 
proportions shall be based on flexural strength as determined by test 
specimens (beams) fabricated in accordance with ASTM C192/C192M and tested 
in accordance with ASTM C78/C78M.  Modify procedures given in ACI 211.1 as 
necessary to accommodate flexural strength.

1.4.3   Proportioning Studies-Lightweight Aggregate Structural Conc
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Trial design batches, mixture proportioning studies, and testing 
requirements shall conform to the requirements specified in paragraph 
Proportioning Studies for Normal Weight Concrete above, except as follows.  
Trial mixtures having proportions, consistencies and air content suitable 
for the work shall be made based on methodology described in ACI 211.2, 
using at least three different cement contents.  Proportion trial mixes to 
produce air dry unit weight, concrete strengths, maximum permitted slump, 
and air content.  Test specimens and testing shall be as specified for 
normal weight concrete except that [28-day compressive strength] [splitting 
tensile strength in accordance with ASTM C496/C496M] shall be determined 
from test cylinders that have been air dried at 50 percent relative 
humidity for the last 21 days.  Determine air dry unit weight in accordance 
with ASTM C567, designed to be at least 2.0 pcf less than the maximum 
specified air dry unit weight.  Plot curves using these results showing the 
relationship between cement factor and strength and air dry unit weight.  
Normal weight fine aggregate may be substituted for part or all of the 
lightweight fine aggregate, provided the concrete meets the strength and 
unit weight.  A correlation shall also be developed showing the ratio 
between air dry unit weight and fresh concrete unit weight for each mix.

1.4.4   Average Compressive Strength

The mixture proportions selected during mixture design studies shall 
produce a required average compressive strength (f'cr) exceeding the 
specified compressive strength (f'c) by the amount indicated below.  This 
required average compressive strength, f'cr, will not be a required 
acceptance criteria during concrete production.  However, whenever the 
daily average compressive strength at 28 days drops below f'cr during 
concrete production, or daily average 7-day strength drops below a strength 
correlated with the 28-day f'cr, adjust the mixture, as approved, to bring 
the daily average back up to f'cr.  During production, the required f'cr 
shall be adjusted, as appropriate, based on the standard deviation being 
attained on the job.

1.4.5   Computations from Test Records

Where a concrete production facility has test records, establish a standard 
deviation in accordance with the applicable provisions of ACI 214R.  Test 
records from which a standard deviation is calculated shall represent 
materials, quality control procedures, and conditions similar to those 
expected; shall represent concrete produced to meet a specified strength or 
strengths (f'c) within 1,000 psi of that specified for proposed work; and 
shall consist of at least 30 consecutive tests.  A strength test shall be 
the average of the strengths of two cylinders made from the same sample of 
concrete and tested at 28 days.  Required average compressive strength f'cr 
used as the basis for selection of concrete proportions shall be the larger 
of the equations that follow using the standard deviation as determined 
above:

 f'cr = f'c + 1.34S where units are in psi

 f'cr = f'c + 2.33S - 500 where units are in psi

Where S = standard deviation

Where a concrete production facility does not have test records meeting the 
requirements above but does have a record based on 15 to 29 consecutive 
tests, a standard deviation shall be established as the product of the 
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calculated standard deviation and a modification factor from the following 
table:

NUMBER OF TESTS MODIFICATION FACTOR FOR STANDARD
DEVIATION

15 1.16

20 1.08

25 1.03

30 or more 1.00

1.4.6   Computations without Previous Test Records

When a concrete production facility does not have sufficient field strength 
test records for calculation of the standard deviation, the required 
average strength f'cr shall be determined as follows:

a.  If the specified compressive strength f'c is less than 3,000 psi,

 f'cr = f'c + 1000 psi

b.  If the specified compressive strength f'c is 3,000 to 5,000 psi,

 f'cr = f'c + 1,200 psi

c.  If the specified compressive strength f'c is over 5,000 psi,

 f'cr = f'c + 1,400 psi

1.4.7   Average Flexural Strength Required for Mixtures

The mixture proportions selected during mixture design studies for flexural 
strength mixtures and the mixture used during concrete production shall be 
designed and adjusted during concrete production as approved, except that 
the overdesign for average flexural strength shall simply be 15 percent 
greater than the specified flexural strength at all times.

1.4.8   Mix Design for Bonded Topping for Heavy Duty Floors

The concrete mix design for bonded topping for heavy duty floors shall 
contain the greatest practical proportion of coarse aggregate within the 
specified proportion limits.  Design the mix to produce concrete having a 
28-day strength of at least 5000 psi.  Concrete for the topping shall 
consist of the following proportions, by weight:

1.00 part portland cement
1.15 to 1.25 parts fine aggregate
1.80 to 2.00 parts coarse aggregate

Maximum w/c shall be 0.33.  The topping concrete shall not be 
air-entrained.  The concrete shall be mixed so as to produce a mixture of 
the driest consistency possible to work with a sawing motion of the 
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strike-off and which can be floated and compacted as specified without 
producing water or excess cement at the surface.  In no case shall slump 
exceed 1 inch as determined by ASTM C143/C143M.

1.4.9   Tolerances

Except as otherwise specified herein, tolerances for concrete batching, 
mixture properties, and construction as well as definition of terms and 
application practices shall be in accordance with ACI 117.  Take level and 
grade tolerance measurements of slabs as soon as possible after finishing; 
when forms or shoring are used, the measurements shall be made prior to 
removal.

1.4.10   Floor Finish

For the purpose of this Section the following terminology correlation 
between ACI 117 and this Section shall apply:

Floor Profile Quality 
Classification From ACI 117

This Section

Conventional Bullfloated Same

Conventional Straightedged Same

Flat Float Finish or Trowel Finish

Very Flat Same.  Use only with F-system

Levelness tolerance does not apply where design requires floors to be 
sloped to drains or sloped for other reasons.

1.4.10.1   Floors by the F-Number System

The flatness and levelness of floors shall be carefully controlled and the 
tolerances shall be measured by the F-Number system of Paragraph 4.8.5 and 
4.8.5.1 of ACI 117.  Furnish an approved floor profilograph or other 
equipment capable of measuring the floor flatness (FF) number and the floor 
levelness (FL) number in accordance with ASTM E 1155.  Perform the 
tolerance measurements within 72 hours after floor slab construction while 
being observed by the Contracting Officer.  The tolerances of surfaces 
beyond the limits of ASTM E 1155 (the areas within 24 inches of embedments 
and construction joints) will be acceptable to the Contracting Officer. 
Tolerances of the following areas shall meet the requirements for the 
listed surfaces as specified in paragraphs 4.8.5 and 4.8.5.1 of ACI 117.

Surface Areas

Bullfloated [_____]

Straightedged [_____]

Float Finish [_____]
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Surface Areas

Trowel Finish [_____]

Very Flat [_____]

1.4.10.2   Floors by the Straightedge System

The flatness of the floors shall be carefully controlled and the tolerances 
shall be measured by the straightedge system as specified in paragraph 
4.5.7 of ACI 117, using a 10 foot straightedge, within 72 hours after floor 
slab installation and before shores and/or forms are removed.  The listed 
tolerances shall be met at any and every location at which the straightedge 
can be placed.

Bullfloated [_____]

Straightedged [_____]

Float Finish [_____]

Trowel Finish [_____]

1.4.11   Strength Requirements

Specified compressive strength (f'c) shall be as follows:

COMPRESSIVE STRENGTH STRUCTURE OR PORTION OF STRUCTURE

 5000 psi at 28 days [_____]

 4000 psi at 28 days [_____]

 3000 psi at 28 days [_____]

[_____] psi at [_____] days [_____]

Concrete slabs on-grade shall have a 28-day flexural strength of [650] 
[_____] psi.  Concrete made with high-early strength cement shall have a 
7-day strength equal to the specified 28-day strength for concrete made 
with Type I or II portland cement.  Compressive strength shall be 
determined in accordance with ASTM C39/C39M.  Flexural strength shall be 
determined in accordance with ASTM C78/C78M.
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a.  Evaluation of Concrete Compressive Strength.  Fabricate compressive 
strength specimens (6 by 12 inch cylinders), laboratory cure them in 
accordance with ASTM C31/C31M and test them in accordance with 
ASTM C39/C39M.  The strength of the concrete will be considered 
satisfactory so long as the average of all sets of three consecutive 
test results equals or exceeds the specified compressive strength f'c 
and no individual test result falls below the specified strength f'c by 
more than 500 psi.  A "test" is defined as the average of two companion 
cylinders, or if only one cylinder is tested, the results of the single 
cylinder test.  Additional analysis or testing, including taking cores 
and/or load tests may be required at the Contractor's expense when the 
strength of the concrete in the structure is considered potentially 
deficient.

b.  Investigation of Low-Strength Compressive Test Results.  When any 
strength test of standard-cured test cylinders falls below the 
specified strength requirement by more than 500 psi or if tests of 
field-cured cylinders indicate deficiencies in protection and curing, 
take steps to assure that the load-carrying capacity of the structure 
is not jeopardized.  When the strength of concrete in place is 
considered potentially deficient, cores shall be obtained and tested in 
accordance with ASTM C42/C42M.  At least three representative cores 
shall be taken from each member or area of concrete in place that is 
considered potentially deficient.  The location of cores will be 
determined by the Contracting Officer to least impair the strength of 
the structure.  Concrete in the area represented by the core testing 
will be considered adequate if the average strength of the cores is 
equal to at least 85 percent of the specified strength requirement and 
if no single core is less than 75 percent of the specified strength 
requirement.  Non-destructive tests (tests other than test cylinders or 
cores) shall not be used as a basis for acceptance or rejection.  
Perform the coring and repair the holes; cores will be tested by the 
Government.

c.  Load Tests.  If the core tests are inconclusive or impractical to 
obtain or if structural analysis does not confirm the safety of the 
structure, load tests may be directed by the Contracting Officer in 
accordance with the requirements of ACI 318.  Concrete work evaluated 
by structural analysis or by results of a load test as being 
understrength shall be corrected in a manner satisfactory to the 
Contracting Officer.  All investigations, testing, load tests, and 
correction of deficiencies shall be performed by and at the expense of 
the Contractor and approved by the Contracting Officer, except that if 
all concrete is found to be in compliance with the drawings and 
specifications, the cost of investigations, testing, and load tests 
will be at the expense of the Government.

d.  Evaluation of Concrete Flexural Strength.  Fabricate flexural strength 
specimens (beams) laboratory cure them in accordance with ASTM C31/C31M 
and test them in accordance with ASTM C78/C78M.  The strength of the 
concrete will be considered satisfactory so long as the average of all 
sets of three consecutive test results equals or exceeds the specified 
flexural strength and no individual test result falls below the 
specified flexural strength by more than 50 psi.  A "test" is defined 
as the average of two companion beams.  Additional analysis or testing, 
including taking cores and/or load tests may be required at the 
Contractor's expense when the strength of the concrete in the slab is 
considered potentially deficient.
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1.4.12   Water-Cement Ratio

Maximum water-cement ratio (w/c) for normal weight concrete shall be as 
follows:

WATER-CEMENT RATIO, BY WEIGHT STRUCTURE OR PORTION OF STRUCTURE

0.40 [_____]

0.45 [_____]

0.50 [_____]

0.55 [_____]

[_____] [_____]

These w/c's may cause higher strengths than that required above for 
compressive or flexural strength.  The maximum w/c required will be the 
equivalent w/c as determined by conversion from the weight ratio of water 
to cement plus pozzolan, silica fume, and ground granulated blast furnace 
slag (GGBF slag) by the weight equivalency method as described in ACI 211.1.  
In the case where silica fume or GGBF slag is used, the weight of the 
silica fume and GGBF slag shall be included in the equations of ACI 211.1 
for the term P which is used to denote the weight of pozzolan.

1.4.13   Air Entrainment

Except as otherwise specified for lightweight concrete, all normal weight 
concrete shall be air entrained to contain between 4 and 7 percent total 
air, except that when the nominal maximum size coarse aggregate is 3/4 inch 
or smaller it shall be between 4.5 and 7.5 percent.  Concrete with 
specified strength over 5000 psi may have 1.0 percent less air than 
specified above.  Specified air content shall be attained at point of 
placement into the forms.  Air content for normal weight concrete shall be 
determined in accordance with ASTM C231/C231M.  Lightweight concrete in the 
[_____] parts of the structure shall be air-entrained with a total air 
content of 4.5 to 7.5 percent, except that if the nominal maximum size 
coarse aggregate is 3/8 inch or less, the air content shall be 5.5 to 8.5 
percent.  Air content for lightweight concrete shall be determined in 
accordance with ASTM C173/C173M.

1.4.14   Slump

Slump of the concrete, as delivered to the point of placement into the 
forms, shall be within the following limits.  Slump shall be determined in 
accordance with ASTM C143/C143M.

Structural Element Slump (inches)

Minimum Maximum

Walls, columns and beams 2 4
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Structural Element Slump (inches)

Minimum Maximum

Foundation walls, 
substructure walls, footings, 
slabs

1 3

Any structural concrete approved for placement by pumping:

At pump 2 6

At discharge of line 1 4

[When use of a plasticizing admixture conforming to ASTM C1017/C1017M or 
when a Type F or G high range water reducing admixture conforming to 
ASTM C494/C494M is permitted to increase the slump of concrete, concrete 
shall have a slump of 2 to 4 inches before the admixture is added and a 
maximum slump of 8 inches at the point of delivery after the admixture is 
added.] [For troweled floors, slump of structural lightweight concrete with 
normal weight sand placed by pump shall not exceed 5 inches at the point of 
placement.  For other slabs, slump of lightweight concrete shall not exceed 
4 inches at point of placement.]

1.4.15   Concrete Temperature

The temperature of the concrete as delivered shall not exceed 90 degrees F.  
When the ambient temperature during placing is 40 degrees F or less, or is 
expected to be at any time within 6 hours after placing, the temperature of 
the concrete as delivered shall be between 55 and 75 degrees F.

1.4.16   Size of Coarse Aggregate

Use the largest feasible nominal maximum size aggregate (NMSA), specified 
in PART 2 paragraph AGGREGATES, in each placement.  However, nominal 
maximum size of aggregate shall not exceed any of the following: 
three-fourths of the minimum cover for reinforcing bars, three-fourths of 
the minimum clear spacing between reinforcing bars, one-fifth of the 
narrowest dimension between sides of forms, or one-third of the thickness 
of slabs or toppings.

1.4.17   Lightweight Aggregate Structural Concrete

Lightweight aggregate structural concrete shall conform to the requirements 
specified for normal weight concrete except as specified herein.  
[Specified compressive strength shall be at least [_____] at 28 days,] 
[Specified splitting tensile strength determined in accordance with 
ASTM C496/C496M shall be at least [_____] at 28 days,] as determined by 
test specimens that have been air dried at 50 percent relative humidity for 
the last 21 days.  Air-dry unit weight shall not be over [_____] at 
equilibrium as determined by ASTM C567.  However, fresh unit weight shall 
be used for acceptance during concreting, using a correlation factor 
between the two types of unit weight as determined during mixture design 
studies.  Lightweight aggregate structural concrete floor fill shall have a 
28-day compressive strength of at least 2500 psi and an air-dry unit weight 
not exceeding 115 pcf at equilibrium.
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1.5   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for [Contractor Quality Control 
approval.] [information only.  When used, a designation following the "G" 
designation identifies the office that will review the submittal for the 
Government.]  Submit the following in accordance with Section 01 33 00 
SUBMITTAL PROCEDURES:

SD-03 Product Data

Recycled Content Products; (LEED)
Portland Cement
Ready-Mixed Concrete
Vapor Barrier
Latex Bonding Agent
Floor Finish
Floor Hardener
Chemical Admixtures
Epoxy Resin

SD-04 Samples

Surface Retarder

SD-05 Design Data

Mixture Proportions[; G][; G, [_____]]
Lightweight Aggregate Concrete

SD-06 Test Reports

Testing and Inspection for CQC[; G][; G, [_____]]

SD-07 Certificates

Qualifications

1.6   QUALITY ASSURANCE

Submit qualifications for Contractor Quality Control personnel assigned to 
concrete construction as American Concrete Institute (ACI) Certified 
Workmen in one of the following grades or show written evidence of having 
completed similar qualification programs:

Concrete Field Testing Technician Grade I

Concrete Laboratory Testing 
Technician

Grade I or II

Concrete Construction Inspector Level II
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Concrete Transportation 
Construction Inspector or 
Reinforced Concrete Special 
Inspector

Jointly certified by American 
Concrete Institute (ACI), Building 
Official and Code Administrators 
International (BOCA), International 
Code Council (ICC), and Southern 
Building Code Congress 
International (SBCCI)

Foreman or Lead Journeyman of the 
flatwork finishing crew

Similar qualification for ACI 
Concrete Flatwork 
Technician/Finisher or equal, with 
written documentation

1.6.1   Pre-installation Meeting

A pre-installation meeting with the Contracting Officer will be required at 
least 10 days prior to start of construction on [_____].  The Contractor is 
responsible for calling the meeting; the Project Superintendent and active 
installation personnel shall be present.

1.6.2   Special Properties and Products

Concrete may contain admixtures other than air entraining agents, such as 
water reducers, superplasticizers, or set retarding agents to provide 
special properties to the concrete, if specified or approved.  Any of these 
materials to be used on the project shall be used in the mix design studies.

1.6.3   Technical Service for Specialized Concrete

Obtain the services of a factory trained technical representative to 
oversee proportioning, batching, mixing, placing, consolidating, and 
finishing of specialized structural concrete, such as [_____].  The 
technical representative shall be on the job full time until the 
Contracting Officer is satisfied that field controls indicate concrete of 
specified quality is furnished and that the Contractor's crews are capable 
of continued satisfactory work.  The technical representative shall be 
available for consultation with, and advice to, Government forces.

1.6.4   Government Assurance Inspection and Testing

Day-to day inspection and testing shall be the responsibility of the 
Contractor Quality Control (CQC) staff.  However, representatives of the 
Contracting Officer can and will inspect construction as considered 
appropriate and will monitor operations of the Contractor's CQC staff.  
Government inspection or testing will not relieve the Contractor of any CQC 
responsibilities.

1.6.4.1   Materials

The Government will sample and test aggregates, cementitious materials, 
other materials, and concrete to determine compliance with the 
specifications as considered appropriate.  Provide facilities and labor as 
may be necessary for procurement of representative test samples.  Samples 
of aggregates will be obtained at the point of batching in accordance with 
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ASTM D 75/D 75M.  Other materials will be sampled from storage at the 
jobsite or from other locations as considered appropriate.  Samples may be 
placed in storage for later testing when appropriate.

1.6.4.2   Fresh Concrete

Fresh concrete will be sampled as delivered in accordance with 
ASTM C172/C172M and tested in accordance with these specifications, as 
considered necessary.

1.6.4.3   Hardened Concrete

Tests on hardened concrete will be performed by the Government when such 
tests are considered necessary.

1.6.4.4   Inspection

Concrete operations may be tested and inspected by the Government as the 
project progresses.  Failure to detect defective work or material will not 
prevent rejection later when a defect is discovered nor will it obligate 
the Government for final acceptance.

1.7   DELIVERY, STORAGE, AND HANDLING

Store cement and other cementitious materials in weathertight buildings, 
bins, or silos which will exclude moisture and contaminants and keep each 
material completely separated.  Aggregate stockpiles shall be arranged and 
used in a manner to avoid excessive segregation and to prevent 
contamination with other materials or with other sizes of aggregates.  
Aggregate shall not be stored directly on ground unless a sacrificial layer 
is left undisturbed.  Store reinforcing bars and accessories above the 
ground on platforms, skids or other supports.  Other materials shall be 
stored in such a manner as to avoid contamination and deterioration.  
Admixtures which have been in storage at the project site for longer than 6 
months or which have been subjected to freezing shall not be used unless 
retested and proven to meet the specified requirements.  Materials shall be 
capable of being accurately identified after bundles or containers are 
opened.

PART 2   PRODUCTS

In accordance with Section 01 62 35 RECYCLED / RECOVERED MATERIALS submit 
documentation indicating: distance between manufacturing facility and the 
project site, distance of raw material origin from the project site, 
percentage of post-industrial and post-consumer recycled content per unit 
of product and relative dollar value of recycled content products to total 
dollar value of products included in project.  Submittals shall be as 
specified in the subject Section.

2.1   CEMENTITIOUS MATERIALS

Cementitious Materials shall be portland cement, [portland-pozzolan 
cement,] [portland blast-furnace slag cement,] or portland cement in 
combination with [pozzolan] [or ground granulated blast furnace slag] [or 
silica fume] conforming to appropriate specifications listed below.  
Restrict usage of cementitious materials in concrete that will have 
surfaces exposed in the completed structure so there is no change in color, 
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source, or type of cementitious material.

2.1.1   Portland Cement

ASTM C150/C150M, Type I [low alkali] with a maximum 15 percent amount of 
tricalcium aluminate, or Type II [low alkali] [including false set 
requirements] or [Type V].  White portland cement shall meet the above 
requirements except that it may be Type I, Type II or Type III [low 
alkali].  White Type III shall be used only in specific areas of the 
structure, when approved in writing.

2.1.2   High-Early-Strength Portland Cement

ASTM C150/C150M, Type III with tricalcium aluminate limited to [5] [8] 
percent, [low alkali].  Use Type III cement only in isolated instances and 
only when approved in writing.

2.1.3   Blended Cements

ASTM C595/C595M, Type [IP] [IP (MS)] [IP (MH)] [IS] [IS (MS)] [IS (MH)].

2.1.4   Pozzolan (Fly Ash)

Pozzolan shall conform to ASTM C618, Class C or F, including low alkali 
[multiple factor,] [drying shrinkage,] [uniformity,] [and [moderate] 
[severe] sulfate resistance] requirements in Table 3 of ASTM C618.  If 
pozzolan is used, it shall never be less than 15 percent nor more than 35 
percent by weight of the total cementitious material.  Comply with EPA 
requirements in accordance with Section 01 62 35 RECYCLED / RECOVERED 
MATERIALS.

2.1.5   Ground Granulated Blast-Furnace (GGBF) Slag

ASTM C989, Grade 120.

2.1.6   Silica Fume

Silica fume shall conform to ASTM C1240.  Available alkalis shall conform 
to the optimal limit given in Table 2 of ASTM C1240.  Silica fume may be 
furnished as a dry, densified material or as a slurry.  In accordance with 
paragraph Technical Service for Specialized Concrete in PART 1, provide at 
no cost to the Government the services of a manufacturer's technical 
representative experienced in mixing, proportioning, placement procedures, 
and curing of concrete containing silica fume.

2.2   AGGREGATES

Fine and coarse aggregates shall ["be tested and evaluated for 
alkali-aggregate reactivity in accordance with ASTM C1260.  The fine and 
coarse aggregates shall be evaluated separately and in combination, which 
matches the Contractor's proposed mix design proportioning.  All results of 
the separate and combination testing shall have a measured expansion less 
than 0.10 (0.08) percent at 16 days after casting.  Should the test data 
indicate an expansion of 0.10 (0.08) percent or greater, the aggregate(s) 
shall be rejected or additional testing using ASTM C1260 and ASTM C1567 
shall be performed.  The additional testing using ASTM C1260 and ASTM C1567 
shall be performed using the low alkali portland cement in combination with 
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ground granulated blast furnace (GGBF) slag, or Class F fly ash.  GGBF slag 
shall be used in the range of 40 to 50 percent of the total cementitious 
material by mass.  Class F fly ash shall be used in the range of 25 to 40 
percent of the total cementitious material by mass."] [conform to the 
following.]

2.2.1   Fine Aggregate

Fine aggregate shall conform to the quality and gradation requirements of 
ASTM C33/C33M.

2.2.2   Coarse Aggregate

Coarse aggregate shall conform to ASTM C33/C33M, Class 5S, size designation 
[_____].

2.2.3   Lightweight Aggregate

Lightweight fine and coarse aggregate shall conform to the quality and 
gradation requirements of ASTM C330, size [_____] for coarse aggregate.  
Prewet and vacuum saturate lightweight aggregate in accordance with the 
Manufacturer's instructions unless otherwise specified.  For pumped 
concrete, prewet sufficiently to ensure that slump loss through the pump 
line does not exceed 4 inches.

2.2.4   Materials for Bonded Topping for Heavy Duty Floors

In addition to the requirements specified above, coarse aggregate used for 
this purpose shall be a well graded, hard, sound diabase, trap rock, emery, 
granite or other natural or manufactured aggregate having equivalent 
hardness and wearing qualities and shall have a percentage of loss not to 
exceed 30 after 500 revolutions when tested in accordance with ASTM C131.  
Gradation of the aggregates when tested in accordance with ASTM C136 shall 
be as follows:

Coarse Aggregate

Sieve Size Cumulative Percent
Cumulative Percent

 3/4 inch 100

 1/2 inch 50-100

 3/8 inch 25-50

 No. 4 0-15

 No. 8 0-8

Fine Aggregate

Sieve Size Cumulative Percent
C l ti P t 3/8 inch 100
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Fine Aggregate

Sieve Size Cumulative Percent
C l ti P t No. 4 95-100

 No. 8 65-80

 No. 16 45-65

 No. 30 25-45

 No. 50 5-15
 No. 100 0-5

2.3   CHEMICAL ADMIXTURES

Chemical admixtures, when required or permitted, shall conform to the 
appropriate specification listed.  Admixtures shall be furnished in liquid 
form and of suitable concentration for easy, accurate control of dispensing.

2.3.1   Air-Entraining Admixture

ASTM C260/C260M and shall consistently entrain the air content in the 
specified ranges under field conditions.

2.3.2   Accelerating Admixture

ASTM C494/C494M, Type C or E, except that calcium chloride or admixtures 
containing calcium chloride shall not be used.

2.3.3   Water-Reducing or Retarding Admixture

ASTM C494/C494M, Type A, B, or D, except that the 6-month and 1-year 
compressive and flexural strength tests are waived.

2.3.4   High-Range Water Reducer

ASTM C494/C494M, Type F or G, except that the 6-month and 1-year strength 
requirements are waived.  The admixture shall be used only when approved in 
writing, such approval being contingent upon particular mixture control as 
described in the Contractor's Quality Control Plan and upon performance of 
separate mixture design studies.

2.3.5   Surface Retarder

COE CRD-C 94.  Submit sample of surface retarder material with 
manufacturer's instructions for application in conjunction with air-water 
cutting.

2.3.6   Expanding Admixture

Aluminum powder type expanding admixture conforming to ASTM C937.

2.3.7   Other Chemical Admixtures

Chemical admixtures for use in producing flowing concrete shall comply with 
ASTM C1017/C1017M, Type I or II.  These admixtures shall be used only when 
approved in writing, such approval being contingent upon particular mixture 
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control as described in the Contractor's Quality Control Plan and upon 
performance of separate mixture design studies.

2.4   WATER

Water for mixing shall be fresh, clean, potable, and free of injurious 
amounts of oil, acid, salt, or alkali, except that non-potable water may be 
used if it meets the requirements of COE CRD-C 400.

2.5   NONSHRINK GROUT

Nonshrink grout shall conform to ASTM C1107/C1107M, and shall be a 
commercial formulation suitable for the proposed application.

2.6   NONSLIP SURFACING MATERIAL

Provide nonslip surfacing material consisting of 55 percent, minimum, 
aluminum oxide or silicon-dioxide abrasive ceramically bonded together to 
form a homogeneous material sufficiently porous to provide a good bond with 
portland cement paste; or factory-graded emery aggregate consisting of not 
less than 45 percent aluminum oxide and 25 percent ferric oxide.  The 
aggregate shall be well graded from particles retained on the No. 30 sieve 
to particles passing the No. 8 sieve.

2.7   LATEX BONDING AGENT

Latex agents for bonding fresh to hardened concrete shall conform to 
ASTM C1059/C1059M.

2.8   EPOXY RESIN

Epoxy resins for use in repairs shall conform to ASTM C881/C881M, Type V, 
Grade 2.  Class as appropriate to the existing ambient and surface 
temperatures.  Submit manufacturer's product data, indicating VOC content.  
Manufacturer's catalog data for the items above, including printed 
instructions.

2.9   EMBEDDED ITEMS

Embedded items shall be of the size and type indicated or as needed for the 
application.  Dovetail slots shall be galvanized steel.  Hangers for 
suspended ceilings shall be as specified in Section 09 51 00 ACOUSTICAL 
CEILINGS.  Inserts for shelf angles and bolt hangers shall be of malleable 
iron or cast or wrought steel.

2.10   FLOOR HARDENER

Floor hardener shall be a colorless aqueous solution containing zinc 
silicofluoride, magnesium silicofluoride, or sodium silicofluoride.  These 
silicofluorides can be used individually or in combination.  Proprietary 
hardeners may be used if approved in writing by the Contracting Officer.

2.11   PERIMETER INSULATION

Perimeter insulation shall be polystyrene conforming to ASTM C578, Type II; 
polyurethane conforming to ASTM C591, Type II; or cellular glass conforming 
to ASTM C552, Type I or IV.  Comply with EPA requirements in accordance 
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with Section 01 62 35 RECYCLED / RECOVERED MATERIALS.

2.12   VAPOR BARRIER

Vapor barrier shall be polyethylene sheeting with a minimum thickness of 6 
mils or other equivalent material having a vapor permeance rating not 
exceeding 0.5 perms as determined in accordance with ASTM E 96/E 96M.

2.13   JOINT MATERIALS

2.13.1   Joint Fillers, Sealers, and Waterstops

Materials for expansion joint fillers and waterstops shall be in accordance 
with Section 03 15 00.00 10 CONCRETE ACCESSORIES.  Materials for and 
sealing of joints shall conform to the requirements of Section [07 92 00 
JOINT SEALANTS] [32 01 19 FIELD MOLDED SEALANTS FOR SEALING JOINTS IN RIGID 
PAVEMENTS] [32 13 73 COMPRESSION JOINT SEALS FOR CONCRETE PAVEMENTS].

2.13.2   Contraction Joints in Slabs

Materials for contraction joint inserts shall be in accordance with Section 
03 15 00.00 10 CONCRETE ACCESSORIES.

PART 3   EXECUTION

3.1   PREPARATION FOR PLACING

Before commencing concrete placement, perform the following:  Surfaces to 
receive concrete shall be clean and free from frost, ice, mud, and water.  
Forms shall be in place, cleaned, coated, and adequately supported, in 
accordance with Section 03 11 13.00 10 STRUCTURAL CONCRETE FORMWORK.  
Reinforcing steel shall be in place, cleaned, tied, and adequately 
supported, in accordance with Section 03 20 00.00 10 CONCRETE 
REINFORCEMENT.  Transporting and conveying equipment shall be in-place, 
ready for use, clean, and free of hardened concrete and foreign material.  
Equipment for consolidating concrete shall be at the placing site and in 
proper working order.  Equipment and material for curing and for protecting 
concrete from weather or mechanical damage shall be at the placing site, in 
proper working condition and in sufficient amount for the entire 
placement.  When hot, windy conditions during concreting appear probable, 
equipment and material shall be at the placing site to provide windbreaks, 
shading, fogging, or other action to prevent plastic shrinkage cracking or 
other damaging drying of the concrete.

3.1.1   Foundations

3.1.1.1   Concrete on Earth Foundations

Earth (subgrade, base, or subbase courses) surfaces upon which concrete is 
to be placed shall be clean, damp, and free from debris, frost, ice, and 
standing or running water.  Prior to placement of concrete, the foundation 
shall be well drained and shall be satisfactorily graded and uniformly 
compacted.

3.1.1.2   Preparation of Rock

Rock surfaces upon which concrete is to be placed shall be free from oil, 
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standing or running water, ice, mud, drummy rock, coating, debris, and 
loose, semidetached or unsound fragments.  Joints in rock shall be cleaned 
to a satisfactory depth, as determined by the Contracting Officer, and to 
firm rock on the sides.  Immediately before the concrete is placed, rock 
surfaces shall be cleaned thoroughly by the use of air-water jets or 
sandblasting as specified below for Previously Placed Concrete.  Keep rock 
surfaces continuously moist for at least 24 hours immediately prior to 
placing concrete thereon.  All horizontal and approximately horizontal 
surfaces shall be covered, immediately before the concrete is placed, with 
a layer of mortar proportioned similar to that in the concrete mixture.  
Place concrete before the mortar stiffens.

3.1.1.3   Excavated Surfaces in Lieu of Forms

Concrete for [footings] [and] [walls] may be placed directly against the 
soil provided the earth or rock has been carefully trimmed, is uniform and 
stable, and meets the compaction requirements of Section 31 00 00 
EARTHWORK.  Place the concrete without becoming contaminated by loose 
material, and outlined within the specified tolerances.

3.1.2   Previously Placed Concrete

Concrete surfaces to which additional concrete is to be bonded shall be 
prepared for receiving the next horizontal lift by cleaning the 
construction joint surface with either air-water cutting, sandblasting, 
high-pressure water jet, or other approved method.  Prepare concrete at the 
side of vertical construction joints as approved by the Contracting 
Officer.  Air-water cutting shall not be used on formed surfaces or 
surfaces congested with reinforcing steel.  Regardless of the method used, 
the resulting surfaces shall be free from all laitance and inferior 
concrete so that clean surfaces of well bonded coarse aggregate are exposed 
and make up at least 10-percent of the surface area, distributed uniformly 
throughout the surface.  The edges of the coarse aggregate shall not be 
undercut.  Keep the surface of horizontal construction joints continuously 
wet for the first 12 hours during the 24-hour period prior to placing fresh 
concrete.  The surface shall be washed completely clean as the last 
operation prior to placing the next lift.  For heavy duty floors and 
two-course floors, a thin coat of neat cement grout of about the 
consistency of thick cream shall be thoroughly scrubbed into the existing 
surface immediately ahead of the topping placing.  The grout shall be a 1:1 
mixture of portland cement and sand passing the No. 8 sieve.  The topping 
concrete shall be deposited before the grout coat has had time to stiffen.

3.1.2.1   Air-Water Cutting

Air-water cutting of a fresh concrete surface shall be performed at the 
proper time and only on horizontal construction joints.  The air pressure 
used in the jet shall be 100 psi, plus or minus  10 psi, and the water 
pressure shall be just sufficient to bring the water into effective 
influence of the air pressure.  When approved by the Contracting Officer, a 
surface retarder complying with the requirements of COE CRD-C 94 may be 
applied to the surface of the lift in order to prolong the period of time 
during which air-water cutting is effective.  After cutting, the surface 
shall be washed and rinsed as long as there is any trace of cloudiness of 
the wash water.  Where necessary to remove accumulated laitance, coatings, 
stains, debris, and other foreign material, high-pressure waterjet or 
sandblasting shall be used as the last operation before placing the next 
lift.
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3.1.2.2   High-Pressure Water Jet

Use a stream of water under a pressure of not less than 3,000 psi for 
cutting and cleaning.  Its use shall be delayed until the concrete is 
sufficiently hard so that only the surface skin or mortar is removed and 
there is no undercutting of coarse-aggregate particles.  If the waterjet is 
incapable of a satisfactory cleaning, the surface shall be cleaned by 
sandblasting.

3.1.2.3   Wet Sandblasting

Use wet sandblasting after the concrete has reached sufficient strength to 
prevent undercutting of the coarse aggregate particles.  After wet 
sandblasting, the surface of the concrete shall then be washed thoroughly 
to remove all loose materials.

3.1.2.4   Waste Disposal

The method used in disposing of waste water employed in cutting, washing, 
and rinsing of concrete surfaces shall be such that the waste water does 
not stain, discolor, or affect exposed surfaces of the structures, or 
damage the environment of the project area.  The method of disposal shall 
be subject to approval.

3.1.2.5   Preparation of Previously Placed Concrete

Concrete surfaces to which other concrete is to be bonded shall be abraded 
in an approved manner that will expose sound aggregate uniformly without 
damaging the concrete.  Remove laitance and loose particles.  Surfaces 
shall be thoroughly washed and shall be moist but without free water when 
concrete is placed.

3.1.3   Vapor Barrier

Provide vapor barrier beneath the interior on-grade concrete floor slabs.  
Use the greatest widths and lengths practicable to eliminate joints 
wherever possible.  Joints shall be lapped a minimum of 12 inches.  Torn, 
punctured, or damaged vapor barrier material shall be removed and new vapor 
barrier shall be provided prior to placing concrete.  For minor repairs, 
patches may be made using laps of at least 12 inches.  Lapped joints shall 
be sealed and edges patched with pressure-sensitive adhesive or tape not 
less than 2 inches wide and compatible with the membrane.  Place vapor 
barrier directly on underlying subgrade, base course, or capillary water 
barrier, unless it consists of crushed material or large granular material 
which could puncture the vapor barrier.  In this case, a thin layer of 
approximately 1/2 inch of fine graded material should be rolled or 
compacted over the fill before installation of the vapor barrier to reduce 
the possibility of puncture.  Control concrete placement so as to prevent 
damage to the vapor barrier.

3.1.4   Perimeter Insulation

Install perimeter insulation at locations indicated.  Adhesive shall be 
used where insulation is applied to the interior surface of foundation 
walls and may be used for exterior application.

3.1.5   Embedded Items
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Before placement of concrete, determine that all embedded items are firmly 
and securely fastened in place as indicated on the drawings, or required.  
Conduit and other embedded items shall be clean and free of oil and other 
foreign matter such as loose coatings or rust, paint, and scale.  The 
embedding of wood in concrete will be permitted only when specifically 
authorized or directed.  Voids in sleeves, inserts, and anchor slots shall 
be filled temporarily with readily removable materials to prevent the entry 
of concrete into voids.  Welding shall not be performed on embedded metals 
within 12 inches of the surface of the concrete.  Tack welding shall not be 
performed on or to embedded items.

3.2   CONCRETE PRODUCTION

3.2.1   General Requirements

[Concrete shall either be batched and mixed onsite or shall be furnished 
from a ready-mixed concrete plant.  Ready-mixed concrete shall be batched, 
mixed, and transported in accordance with ASTM C94/C94M, except as 
otherwise specified.  Truck mixers, agitators, and nonagitating 
transporting units shall comply with NRMCA TMMB 100.  Ready-mix plant 
equipment and facilities shall be certified in accordance with NRMCA QC 3.  
Approved batch tickets shall be furnished for each load of ready-mixed 
concrete.  Site-mixed concrete shall conform to the following 
subparagraphs.] [Concrete shall be batched and mixed onsite, or close to 
onsite, and shall conform to the following subparagraphs.]

3.2.2   Batching Plant

Locate the batching plant [onsite in the general area indicated on the 
drawings] [or] [offsite close to the project].  The batching, mixing and 
placing system shall have a capacity of at least [_____] cubic yards per 
hour.  The batching plant shall conform to the requirements of 
NRMCA CPMB 100 and as specified; however, rating plates attached to batch 
plant equipment are not required.

3.2.3   Batching Equipment

The batching controls shall be semiautomatic or automatic, as defined in 
NRMCA CPMB 100.  Provide a semiautomatic batching system with interlocks 
such that the discharge device cannot be actuated until the indicated 
material is within the applicable tolerance.  Equip the batching system 
with accurate recorder or recorders that meet the requirements of 
NRMCA CPMB 100.  Record the weight of water and admixtures if batched by 
weight.  Provide separate bins or compartments for each size group of 
aggregate and type of cementitious material, to prevent intermingling at 
any time.  Aggregates shall be weighed either in separate weigh batchers 
with individual scales or, provided the smallest size is batched first, 
cumulatively in one weigh batcher on one scale.  Aggregate shall not be 
weighed in the same batcher with cementitious material.  If both portland 
cement and other cementitious material are used, they may be batched 
cumulatively, provided that the portland cement is batched first, [except 
that silica fume shall always be batched separately].  Water may be 
measured by weight or volume.  Water shall not be weighed or measured 
cumulatively with another ingredient.  Filling and discharging valves for 
the water metering or batching system shall be so interlocked that the 
discharge valve cannot be opened before the filling valve is fully closed.  
Piping for water and for admixtures shall be free from leaks and shall be 
properly valved to prevent backflow or siphoning.  Furnish admixtures as a 
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liquid of suitable concentration for easy control of dispensing.  Provide 
an adjustable, accurate, mechanical device for measuring and dispensing 
each admixture.  Each admixture dispenser shall be interlocked with the 
batching and discharging operation of the water so that each admixture is 
separately batched and individually discharged automatically in a manner to 
obtain uniform distribution throughout the water as it is added to the 
batch in the specified mixing period.  [When use of truck mixers makes this 
requirement impractical, the admixture dispensers shall be interlocked with 
the sand batchers].  Different admixtures shall not be combined prior to 
introduction in water and shall not be allowed to intermingle until in 
contact with the cement.  Admixture dispensers shall have suitable devices 
to detect and indicate flow during dispensing or have a means for visual 
observation.  Arrange the plant so as to facilitate the inspection of all 
operations at all times.  Provide suitable facilities for obtaining 
representative samples of aggregates from each bin or compartment, and for 
sampling and calibrating the dispensing of cementitious material, water, 
and admixtures.  Filling ports for cementitious materials bins or silos 
shall be clearly marked with a permanent sign stating the contents.

3.2.4   Scales

The weighing equipment shall conform to the applicable requirements of CPMB 
Concrete Plant Standard, and of NIST HB 44, except that the accuracy shall 
be plus or minus 0.2 percent of scale capacity.  Provide standard test 
weights and any other auxiliary equipment required for checking the 
operating performance of each scale or other measuring devices.  Perform 
the tests at the specified frequency in the presence of a Government 
inspector.  Arrange the weighing equipment so that the plant operator can 
conveniently observe all dials or indicators.

3.2.5   Batching Tolerances

a.  Tolerances with Weighing Equipment

MATERIAL PERCENT OF REQUIRED WEIGHT

Cementitious materials 0 to plus 2

Aggregate plus or minus 2

Water plus or minus 1

Chemical admixture 0 to plus 6

b.  Tolerances with Volumetric Equipment - For volumetric batching 
equipment used for water and admixtures, the following tolerances shall 
apply to the required volume of material being batched:

MATERIAL PERCENT OF REQUIRED MATERIAL

Water plus or minus 1
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MATERIAL PERCENT OF REQUIRED MATERIAL

Chemical admixture 0 to plus 6

3.2.6   Moisture Control

Provide a plant capable of ready adjustment to compensate for the varying 
moisture content of the aggregates and to change the weights of the 
materials being batched.

3.2.7   Concrete Mixers

Mixers shall be stationary mixers [or truck mixers] capable of combining 
the materials into a uniform mixture and of discharging this mixture 
without segregation.  The mixers shall not be charged in excess of the 
capacity recommended by the manufacturer.  Operate the mixers at the drum 
or mixing blade speed designated by the manufacturer.  The mixers shall be 
maintained in satisfactory operating condition, and the mixer drums shall 
be kept free of hardened concrete.  Should any mixer at any time produce 
unsatisfactory results, its use shall be promptly discontinued until it is 
repaired.

3.2.8   Stationary Mixers

Concrete plant mixers shall be drum-type mixers of tilting, nontilting, 
horizontal-shaft, or vertical-shaft type, or pug mill type provided with an 
acceptable device to lock the discharge mechanism until the required mixing 
time has elapsed.  The mixing time and uniformity shall conform to all the 
requirements in ASTM C94/C94M applicable to central-mixed concrete.

3.2.9   Truck Mixers

Truck mixers, the mixing of concrete therein, and concrete uniformity shall 
conform to the requirements of ASTM C94/C94M.  A truck mixer may be used 
either for complete mixing (transit-mixed) or to finish the partial mixing 
done in a stationary mixer (shrink-mixed).  Each truck shall be equipped 
with two counters from which it is possible to determine the number of 
revolutions at mixing speed and the number of revolutions at agitating 
speed.  [Or, if approved in lieu of this, the number of revolutions shall 
be marked on the batch tickets.]  Water shall not be added at the placing 
site unless specifically approved; and in no case shall it exceed the 
specified w/c.  Any such water shall be injected at the base of the mixer, 
not at the discharge end.

3.3   CONCRETE PRODUCTION, SMALL PROJECTS

Use batch-type equipment for producing concrete.  Ready-mixed concrete 
shall be batched, mixed, and transported in accordance with ASTM C94/C94M, 
except as otherwise specified.  Truck mixers, agitators, and nonagitating 
transporting units shall comply with NRMCA TMMB 100.  Ready-mix plant 
equipment and facilities shall be certified in accordance with NRMCA QC 3.  
Furnish approved batch tickets for each load of ready-mixed concrete.  
Produce site-mixed concrete in accordance with ACI 301, with plant 
conforming to NRMCA CPMB 100. [In lieu of batch-type equipment, concrete 
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may be produced by volumetric batching and continuous mixing, which shall 
conform to ASTM C685/C685M.]

3.4   LIGHTWEIGHT AGGREGATE CONCRETE

In addition to the requirements specified for normal weight concrete, 
conform lightweight aggregate concrete to the following.  The batching and 
mixing cycle shall be based on written recommendations from the aggregate 
supplier furnished by the Contractor, submitted for approval.  Unless 
otherwise directed, charge the mixer with approximately 2/3 of the total 
mixing water and all of the aggregate.  This shall be mixed for at least 
1.5 minutes in a stationary mixer or 15 revolutions at mixing speed in a 
truck mixer.  The remaining ingredients shall then be added and mixing 
continued as specified for normal weight concrete.  Lightweight aggregate 
concrete shall not be vibrated to the extent that large particles of 
aggregate float to the surface.  During finishing, lightweight aggregate 
concrete shall not be worked to the extent that mortar is driven down and 
lightweight coarse aggregate appears at the surface.  Lightweight aggregate 
concrete to be pumped shall have a cement content of at least 564 lb/cu. yd.[  
Perform a field trial run of lightweight aggregate concrete placement and 
finishing in accordance with ACI 213R.]

3.5   FIBER REINFORCED CONCRETE

Fiber reinforced concrete shall conform to ASTM C1116/C1116M and as 
follows, using the fibers specified in Section 03 20 00.00 10 CONCRETE 
REINFORCING.  Use a minimum of 1.5 pounds of fibers per cubic yard of 
concrete.  Add fibers at the batch plant.  [Toughness indices shall meet 
requirements for performance level I of ASTM C1116/C1116M.]  Provide the 
services of a qualified technical representative to instruct the concrete 
supplier in proper batching and mixing of materials.

3.6   TRANSPORTING CONCRETE TO PROJECT SITE

Transport concrete to the placing site in [truck mixers,] [agitators,] 
[nonagitating transporting equipment conforming to NRMCA TMMB 100] or by 
approved [pumping equipment] [conveyors].  Nonagitating equipment, other 
than pumps, shall not be used for transporting lightweight aggregate 
concrete.

3.7   CONVEYING CONCRETE ONSITE

Convey concrete from mixer or transporting unit to forms as rapidly as 
possible and within the time interval specified by methods which will 
prevent segregation or loss of ingredients using following equipment.  
Conveying equipment shall be cleaned before each placement.

3.7.1   Buckets

The interior hopper slope shall be not less than 58 degrees from the 
horizontal, the minimum dimension of the clear gate opening shall be at 
least 5 times the nominal maximum-size aggregate, and the area of the gate 
opening shall not be less than 2 square feet.  The maximum dimension of the 
gate opening shall not be greater than twice the minimum dimension.  The 
bucket gates shall be essentially grout tight when closed and may be 
manually, pneumatically, or hydraulically operated except that buckets 
larger than 2 cubic yards shall not be manually operated.  The design of 
the bucket shall provide means for positive regulation of the amount and 

Page 27



rate of deposit of concrete in each dumping position.

3.7.2   Transfer Hoppers

Concrete may be charged into nonagitating hoppers for transfer to other 
conveying devices.  Transfer hoppers shall be capable of receiving concrete 
directly from delivery vehicles and shall have conical-shaped discharge 
features.  Equip the transfer hopper with a hydraulically operated gate and 
with a means of external vibration to effect complete discharge.  Concrete 
shall not be held in nonagitating transfer hoppers more than 30 minutes.

3.7.3   Trucks

Truck mixers operating at agitating speed or truck agitators used for 
transporting plant-mixed concrete shall conform to the requirements of 
ASTM C94/C94M.  Use nonagitating equipment only for transporting 
plant-mixed concrete over a smooth road and when the hauling time is less 
than 15 minutes.  Bodies of nonagitating equipment shall be smooth, 
watertight, metal containers specifically designed to transport concrete, 
shaped with rounded corners to minimize segregation, and equipped with 
gates that will permit positive control of the discharge of the concrete.

3.7.4   Chutes

When concrete can be placed directly from a truck mixer, agitator, or 
nonagitating equipment, the chutes normally attached to this equipment by 
the manufacturer may be used.  Use a discharge deflector when required by 
the Contracting Officer.  Separate chutes and other similar equipment will 
not be permitted for conveying concrete.

3.7.5   Belt Conveyors

Design and operate belt conveyors to assure a uniform flow of concrete from 
mixer to final place of deposit without segregation of ingredients or loss 
of mortar and provided with positive means, such as discharge baffle or 
hopper , for preventing segregation of the concrete at the transfer points 
and the point of placing.  Construct belt conveyors such that the idler 
spacing does not exceed 36 inches.  The belt speed shall be a minimum of 
300 feet per minute and a maximum of 750 feet per minute.  If concrete is 
to be placed through installed horizontal or sloping reinforcing bars, the 
conveyor shall discharge concrete into a pipe or elephant truck that is 
long enough to extend through the reinforcing bars.

3.7.6   Concrete Pumps

Concrete may be conveyed by positive displacement pump when approved.  The 
pumping equipment shall be piston or squeeze pressure type; pneumatic 
placing equipment shall not be used.  The pipeline shall be rigid steel 
pipe or heavy-duty flexible hose.  The inside diameter of the pipe shall be 
at least 3 times the nominal maximum-size coarse aggregate in the concrete 
mixture to be pumped but not less than 4 inches.  Aluminum pipe shall not 
be used.

3.8   PLACING CONCRETE

Discharge mixed concrete within 1.5 hours or before the mixer drum has 
revolved 300 revolutions, whichever comes first after the introduction of 
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the mixing water to the cement and aggregates.  When the concrete 
temperature exceeds 85 degrees F, reduce the time to 45 minutes.  Place 
concrete within 15 minutes after it has been discharged from the 
transporting unit.  Concrete shall be handled from mixer or transporting 
unit to forms in a continuous manner until the approved unit of operation 
is completed.  Provide adequate scaffolding, ramps and walkways so that 
personnel and equipment are not supported by in-place reinforcement.  
Placing will not be permitted when the sun, heat, wind, or limitations of 
facilities prevent proper consolidation, finishing and curing.  Provide 
sufficient placing capacity so that concrete can be kept free of cold 
joints.

3.8.1   Depositing Concrete

Deposit concrete as close as possible to its final position in the forms, 
and with no vertical drop greater than 5 feet except where suitable 
equipment is provided to prevent segregation and where specifically 
authorized.  Depositing of the concrete shall be so regulated that it will 
be effectively consolidated in horizontal layers not more than 12 inches 
thick, except that all slabs shall be placed in a single lift.  Concrete to 
receive other construction shall be screeded to the proper level.  Concrete 
shall be deposited continuously in one layer or in layers so that fresh 
concrete is deposited on in-place concrete that is still plastic.  Fresh 
concrete shall not be deposited on concrete that has hardened sufficiently 
to cause formation of seams or planes of weakness within the section.  
Concrete that has surface dried, partially hardened, or contains foreign 
material shall not be used.  When temporary spreaders are used in the 
forms, the spreaders shall be removed as their service becomes 
unnecessary.  Concrete shall not be placed in slabs over columns and walls 
until concrete in columns and walls has been in-place at least two hours or 
until the concrete begins to lose its plasticity.  Place concrete for 
beams, girders, brackets, column capitals, haunches, and drop panels at the 
same time as concrete for adjoining slabs.

3.8.2   Consolidation

Immediately after placing, consolidate each layer of concrete by internal 
vibrators, except for slabs 4 inches thick or less.  The vibrators shall at 
all times be adequate in effectiveness and number to properly consolidate 
the concrete; keep a spare vibrator at the jobsite during all concrete 
placing operations.  The vibrators shall have a frequency of not less than 
10,000 vibrations per minute, an amplitude of at least 0.025 inch, and the 
head diameter shall be appropriate for the structural member and the 
concrete mixture being placed.  Insert vibrators vertically at uniform 
spacing over the area of placement.  The distance between insertions shall 
be approximately 1.5 times the radius of action of the vibrator so that the 
area being vibrated will overlap the adjacent just-vibrated area by a 
reasonable amount.  The vibrator shall penetrate rapidly to the bottom of 
the layer and at least 6 inches into the preceding layer if there is such.  
Vibrator shall be held stationary until the concrete is consolidated and 
then vertically withdrawn slowly while operating.  Form vibrators shall not 
be used unless specifically approved and unless forms are constructed to 
withstand their use.  Vibrators shall not be used to move concrete within 
the forms.  Slabs 4 inches and less in thickness shall be consolidated by 
properly designed vibrating screeds or other approved technique.  Excessive 
vibration of lightweight concrete resulting in segregation or flotation of 
coarse aggregate shall be prevented.  Frequency and amplitude of vibrators 
shall be determined in accordance with COE CRD-C 521.  Do not use grate 
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tampers (jitterbugs).

3.8.3   Cold Weather Requirements

Use special protection measures, approved by the Contracting Officer, if 
freezing temperatures are anticipated before the expiration of the 
specified curing period.  The ambient temperature of the air where concrete 
is to be placed and the temperature of surfaces to receive concrete shall 
be not less than 40 degrees F.  The temperature of the concrete when placed 
shall be not less than 50 degrees F nor more than 75 degrees F.  Heating of 
the mixing water or aggregates will be required to regulate the concrete 
placing temperature.  Materials entering the mixer shall be free from ice, 
snow, or frozen lumps.  Salt, chemicals or other materials shall not be 
incorporated in the concrete to prevent freezing.  Upon written approval, 
an accelerating admixture conforming to ASTM C494/C494M, Type C or E may be 
used, provided it contains no calcium chloride.  Do not use calcium 
chloride.

3.8.4   Hot Weather Requirements

When job-site conditions are present or anticipated that accelerate the 
rate of moisture loss or rate of cement hydration of freshly mixed 
concrete, including an ambient temperature of 80 degrees F or higher, and 

an evaporation rate that exceeds 0.2 lb/ft2/h, concrete work shall conform 
to all requirements of ACI 305.1.

3.8.5   Prevention of Plastic Shrinkage Cracking

During hot weather with low humidity, and particularly with appreciable 
wind, as well as interior placements when space heaters produce low 
humidity, the Contractor shall be alert to the tendency for plastic 
shrinkage cracks to develop and shall institute measures to prevent this.  
Take particular care if plastic shrinkage cracking is potentially imminent 
and especially if it has developed during a previous placement.  Conform 
with the requirement of ACI 305.1.  In addition the concrete placement 
shall be further protected by erecting shades and windbreaks and by 
applying fog sprays of water, sprinkling, ponding or wet covering.  Plastic 
shrinkage cracks that occur shall be filled by injection of epoxy resin as 
directed, after the concrete hardens.  Plastic shrinkage cracks shall never 
be troweled over or filled with slurry.

3.8.6   Placing Concrete Underwater

Deposit concrete in water by a tremie or concrete pump.  The methods and 
equipment used shall be subject to approval.  Concrete buckets shall not be 
used for underwater placement of concrete except to deliver concrete to the 
tremie.  The tremie shall be watertight and sufficiently large to permit a 
free flow of concrete.  The concrete shall be deposited so that it enters 
the mass of the previously placed concrete from within, displacing water 
with a minimum disturbance to the surface of the concrete.  Keep the 
discharge end of the pump line or tremie shaft continuously submerged in 
the concrete.  The underwater seal at start of placing shall not produce 
undue turbulence in the water.  Keep the tremie shaft full of concrete to a 
point well above the water surface.  Placement shall proceed without 
interruption until the concrete has been brought to the required height.  
The tremie shall not be moved horizontally during a placing operation, and 
a sufficient number of tremies shall be provided so that the maximum 
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horizontal flow of concrete will be limited to 15 feet.  Concrete shall not 
be deposited in running water or in water with a temperature below 35 
degrees F.

3.8.7   Placing Concrete in Congested Areas

Use special care to ensure complete filling of the forms, elimination of 
all voids, and complete consolidation of the concrete when placing concrete 
in areas congested with reinforcing bars, embedded items, waterstops and 
other tight spacing.  An appropriate concrete mixture shall be used, and 
the nominal maximum size of aggregate (NMSA) shall meet the specified 
criteria when evaluated for the congested area.  Vibrators with heads of a 
size appropriate for the clearances available shall be used, and the 
consolidation operation shall be closely supervised to ensure complete and 
thorough consolidation at all points.  Where necessary, splices of 
reinforcing bars shall be alternated to reduce congestion.  Where two mats 
of closely spaced reinforcing are required, the bars in each mat shall be 
placed in matching alignment to reduce congestion.  Reinforcing bars may be 
temporarily crowded to one side during concrete placement provided they are 
returned to exact required location before concrete placement and 
consolidation are completed.

3.8.8   Placing Flowable Concrete

If a plasticizing admixture conforming to ASTM C1017/C1017M is used or if a 
Type F or G high range water reducing admixture is permitted to increase 
the slump, the concrete shall meet all requirements of paragraph SYSTEM 
DESCRIPTION.  Use extreme care in conveying and placing the concrete to 
avoid segregation.  No relaxation of requirements to accommodate flowable 
concrete will be permitted.

3.9   JOINTS

Locate and construct joints as indicated or approved.  Joints not indicated 
on the drawings shall be located and constructed to minimize the impact on 
the strength of the structure.  In general, locate such joints near the 
middle of the spans of supported slabs, beams, and girders unless a beam 
intersects a girder at this point, in which case the joint in the girder 
shall be offset a distance equal to twice the width of the beam.  Joints in 
walls and columns shall be at the underside of floors, slabs, beams, or 
girders and at the tops of footings or floor slabs, unless otherwise 
approved.  Joints shall be perpendicular to the main reinforcement.  All 
reinforcement shall be continued across joints; except that reinforcement 
or other fixed metal items shall not be continuous through expansion 
joints, or through construction or contraction joints in slabs on grade.  
Reinforcement shall be 2 inches clear from each joint.  Except where 
otherwise indicated, construction joints between interior slabs on grade 
and vertical surfaces shall consist of 30 pound asphalt-saturated felt, 
extending for the full depth of the slab.  The perimeters of the slabs 
shall be free of fins, rough edges, spalling, or other unsightly 
appearance.  Reservoir for sealant for construction and contraction joints 
in slabs shall be formed to the dimensions shown on the drawings by 
removing snap-out joint-forming inserts, by sawing sawable inserts, or by 
sawing to widen the top portion of sawed joints.  Joints to be sealed shall 
be cleaned and sealed as indicated and in accordance with Section 07 92 00 
JOINT SEALANTS.

3.9.1   Construction Joints
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For concrete other than slabs on grade, locate construction joints so that 
the unit of operation does not exceed [_____] feet.  Concrete shall be 
placed continuously so that each unit is monolithic in construction.  Fresh 
concrete shall not be placed against adjacent hardened concrete until it is 
at least 24 hours old.  Locate construction joints as indicated or 
approved.  Where concrete work is interrupted by weather, end of work shift 
or other similar type of delay, location and type of construction joint 
shall be subject to approval of the Contracting Officer.  Unless otherwise 
indicated and except for slabs on grade, extend reinforcing steel through 
construction joints.  Construction joints in slabs on grade shall be keyed 
or doweled as shown.  Concrete columns, walls, or piers shall be in place 
at least 2 hours, or until the concrete begins to lose its plasticity, 
before placing concrete for beams, girders, or slabs thereon.  In walls 
having door or window openings, terminate lifts at the top and bottom of 
the opening.  Other lifts shall terminate at such levels as to conform to 
structural requirements or architectural details.  Where horizontal 
construction joints in walls or columns are required, a strip of 1 inch 
square-edge lumber, beveled and oiled to facilitate removal, shall be 
tacked to the inside of the forms at the construction joint.  Place 
concrete to a point 1 inch above the underside of the strip.  The strip 
shall be removed 1 hour after the concrete has been placed, and any 
irregularities in the joint line shall be leveled off with a wood float, 
and all laitance shall be removed.  Prior to placing additional concrete, 
horizontal construction joints shall be prepared as specified in paragraph 
Previously Placed Concrete above.

3.9.2   Contraction Joints in Slabs on Grade

Contraction joints shall be located and detailed as shown on the drawings.  
Produce contraction joints by forming a weakened plane in the concrete slab 
using materials and procedures specified in Section 03 15 00.00 10 CONCRETE 
ACCESSORIES.  

3.9.3   Expansion Joints

Installation of expansion joints and sealing of these joints shall conform 
to the requirements of Section 03 15 00.00 10 EXPANSION JOINTS, CONTRACTION 
JOINTS, AND WATERSTOPS and Section 07 92 00 JOINT SEALANTS.

3.9.4   Waterstops

Install waterstops in conformance with the locations and details shown on 
the drawings using materials and procedures specified in Section 
03 15 00.00 10 EXPANSION JOINTS, CONTRACTION JOINTS, AND WATERSTOPS.

3.9.5   Dowels and Tie Bars

Install dowels and tie bars at the locations shown on the drawings and to 
the details shown, using materials and procedures specified in Section 
03 20 00.00 10 CONCRETE REINFORCEMENT and herein.  Conventional smooth 
"paving" dowels shall be installed in slabs using approved methods to hold 
the dowel in place during concreting within a maximum alignment tolerance of
 1/8 inch in 12 inches.  "Structural" type deformed bar dowels, or tie 
bars, shall be installed to meet the specified tolerances.  Care shall be 
taken during placing adjacent to and around dowels and tie bars to ensure 
there is no displacement of the dowel or tie bar and that the concrete 
completely embeds the dowel or tie bar and is thoroughly consolidated.
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3.10   SPECIALTY FLOORS

3.10.1   Heavy Duty Floors

[Areas as indicated on the drawings] [The following areas [_____]] shall 
have heavy duty floors constructed as follows:

3.10.1.1   General

Construct heavy duty floor by placing a heavy duty bonded topping on a base 
slab which has had a rough slab finish left 2 inches below final grade.  
Concrete in the base slab shall be thoroughly hardened but not more than 30 
hours old.  The temperature of the fresh concrete topping shall not vary 
more than 10 degrees F plus or minus from the temperature of the base 
slab.  The ambient temperature of the space adjacent to the concrete 
placement and of the base slab shall be between 50 and 90 degrees F.

3.10.1.2   Preparation of Base Slab

Keep the base slab continuously damp until topping is placed.  The surface 
of the base slab shall be thoroughly cleaned with an air-water jet 
immediately before placing the topping.  A thin coat of neat cement grout 
of about the consistency of thick cream shall be thoroughly scrubbed into 
the existing surface immediately ahead of the overlay placing.  At the time 
the neat cement grout is placed, the existing concrete surface shall be 
damp but shall have no free water present.  Deposit the overlay concrete 
before the grout coat has had time to stiffen.

3.10.2   Two-Course Floor Construction

[Areas as indicated on the drawings] [The following areas [_____]] shall 
have floors constructed with two-course construction by placing a bonded 
topping on the thoroughly hardened concrete base slab which has been left 
with a rough slab finish 2 inches below final grade as shown on the 
drawings.  Apply topping at an approved time late in the contract period.  
The floor topping mixture shall have a specified compressive strength of 
5000 psi at 28 days, a 2 inch maximum slump, 1/2 inch maximum size coarse 
aggregate, and shall be proportioned to obtain required finishability.  The 
surface of the base slab shall be thoroughly cleaned by sandblasting or 
high-pressure waterjet immediately before placing topping.  The temperature 
of the fresh concrete topping shall not vary more than 10 degrees F plus or 
minus from the temperature of the base slab.  The ambient temperature of 
the space adjacent to the concrete placement and of the base slab shall be 
between 50 and 90 degrees F.  The base slab shall be kept continuously wet 
for the first 12 hours during the 24 hour period immediately prior to 
placing the finished floor.  After all free water has evaporated or has 
been removed from the surface, a grout shall be scrubbed in.  The grout 
shall be a 1:1 mixture of portland cement and sand passing the No. 8 sieve 
mixed to a creamlike consistency.  Scrub the grout into the surface just 
ahead of the concrete topping placing operation.  While the grout is still 
damp, the top course shall be spread and screeded and darbied or bull 
floated.  

3.11   FLOOR HARDENER

[Areas as indicated on the drawings] [The following areas [_____]] shall be 
treated with floor hardener applied after the concrete has been cured and 
then air dried for [14] [28] days.  Apply three coats, each the day after 
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the preceding coat was applied.  For the first application, one pound of 
the silicofluoride shall be dissolved in one gallon of water.  For 
subsequent applications, the solution shall be two pounds of silicofluoride 
to each gallon of water.  Floor should be mopped with clear water shortly 
after the preceding application has dried to remove encrusted salts.  Apply 
proprietary hardeners in accordance with the manufacturer's instructions.  
During application, area should be well ventilated.  Take precautions when 
applying silicofluorides due to the toxicity of the salts.  Any compound 
that contacts glass or aluminum should be immediately removed with clear 
water.

3.12   EXTERIOR SLAB AND RELATED ITEMS

3.12.1   Pavements

Construct pavements where shown on the drawings.  After forms are set and 
underlying material prepared as specified, place the concrete uniformly 
throughout the area and thoroughly vibrated.  As soon as placed and 
vibrated, the concrete shall be struck off and screeded to the crown and 
cross section and to such elevation above grade that when consolidated and 
finished, the surface of the pavement will be at the required elevation.  
The entire surface shall be tamped with the strike off, or consolidated 
with a vibrating screed, and this operation continued until the required 
compaction and reduction of internal and surface voids are accomplished.  
Take care to prevent bringing excess paste to the surface.  Curing shall be 
as specified.

3.12.2   Sidewalks

Concrete shall be 4 inches minimum thickness.  Provide contraction joints at
 5 feet spaces unless otherwise indicated.  Contraction joints shall be cut 
1 inch deep with a jointing tool after the surface has been finished.  
Provide transverse expansion joints 1/2 inch thick at changes in direction 
and where sidewalk abuts curbs, steps, rigid pavement, or other similar 
structures.  A transverse slope of 1/4 inch per foot shall be provided, 
unless otherwise indicated.  Variations in cross section shall be limited to
 1/4 inch in 5 feet.

3.12.3   Curbs and Gutters

Concrete shall be formed, placed, and finished by hand using a properly 
shaped "mule" or constructed using a slipform machine specially designed 
for this work.  Contraction joints shall be cut 3 inches deep with a 
jointing tool after the surface has been finished.  Expansion joints ( 1/2 
inch wide) shall be provided at 100 feet maximum spacing unless otherwise 
indicated.  

3.12.4   Pits and Trenches

Construct pits and trenches as indicated on the drawings.  Bottoms and 
walls shall be placed monolithically or waterstops and keys, shall be 
provided as approved.

3.13   SETTING BASE PLATES AND BEARING PLATES

After being properly positioned, column base plates, bearing plates for 
beams and similar structural members, and machinery and equipment base 
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plates shall be set to the proper line and elevation with damp-pack bedding 
mortar, except where nonshrink grout is indicated.  The thickness of the 
mortar or grout shall be approximately 1/24 the width of the plate, but not 
less than 3/4 inch.  Concrete and metal surfaces in contact with grout 
shall be clean and free of oil and grease, and concrete surfaces in contact 
with grout shall be damp and free of laitance when grout is placed.  Use 
nonshrink grout for [_____].

3.13.1   Damp-Pack Bedding Mortar

Damp-pack bedding mortar shall consist of 1 part cement and 2-1/2 parts 
fine aggregate having water content such that a mass of mortar tightly 
squeezed in the hand will retain its shape but will crumble when 
disturbed.  The space between the top of the concrete and bottom of the 
bearing plate or base shall be packed with the bedding mortar by tamping or 
ramming with a bar or rod until it is completely filled.

3.13.2   Nonshrink Grout

Nonshrink grout shall be a ready-mixed material requiring only the addition 
of water.  Water content shall be the minimum that will provide a flowable 
mixture and completely fill the space to be grouted without segregation, 
bleeding, or reduction of strength.

3.13.2.1   Mixing and Placing of Nonshrink Grout

Mixing and placing shall be in conformance with the material manufacturer's 
instructions and as specified therein.  Ingredients shall be thoroughly 
dry-mixed before adding water.  After adding water, mix the batch for 3 
minutes.  Batches shall be of size to allow continuous placement of freshly 
mixed grout.  Discard grout not used within 30 minutes after mixing.  The 
space between the top of the concrete or machinery-bearing surface and the 
plate shall be filled solid with the grout.  Forms shall be of wood or 
other equally suitable material for completely retaining the grout on all 
sides and on top and shall be removed after the grout has set.  The placed 
grout shall be carefully worked by rodding or other means to eliminate 
voids; however, overworking and breakdown of the initial set shall be 
avoided.  Grout shall not be retempered or subjected to vibration from any 
source.  Where clearances are unusually small, placement shall be under 
pressure with a grout pump.  Temperature of the grout, and of surfaces 
receiving the grout, shall be maintained at 65 to 85 degrees F until after 
setting.

3.13.2.2   Treatment of Exposed Surfaces

For metal-oxidizing nonshrink grout, exposed surfaces shall be cut back 1 
inch and immediately covered with a parge coat of mortar consisting of 1 
part portland cement and 2-1/2 parts fine aggregate by weight, with 
sufficient water to make a plastic mixture.  The parge coat shall have a 
smooth finish.  For other mortars or grouts, exposed surfaces shall have a 
smooth-dense finish and be left untreated.  Curing shall comply with 
Section 03 39 00.00 10 CONCRETE CURING.

3.14   TESTING AND INSPECTION FOR CQC

Perform the inspection and tests described below and, based upon the 
results of these inspections and tests, take the action required.  Submit 
certified copies of laboratory test reports, including mill tests and all 
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other test data, for portland cement, blended cement, pozzolan, ground 
granulated blast furnace slag, silica fume, aggregate, admixtures, and 
curing compound proposed for use on this project.  

a.  When, in the opinion of the Contracting Officer, the concreting 
operation is out of control, cease concrete placement and correct the 
operation.  

b.  The laboratory performing the tests shall be onsite and shall conform 
with ASTM C1077.  Materials may be subjected to check testing by the 
Government from samples obtained at the manufacturer, at transfer 
points, or at the project site.  

c.  The Government will inspect the laboratory, equipment, and test 
procedures prior to start of concreting operations and at least once 
per [_____] thereafter for conformance with ASTM C1077.

3.14.1   Grading and Corrective Action

3.14.1.1   Fine Aggregate

At least once during each shift when the concrete plant is operating, there 
shall be one sieve analysis and fineness modulus determination in 
accordance with ASTM C136 and COE CRD-C 104 for the fine aggregate or for 
each fine aggregate if it is batched in more than one size or 
classification.  The location at which samples are taken may be selected by 
the Contractor as the most advantageous for control.  However, the 
Contractor is responsible for delivering fine aggregate to the mixer within 
specification limits.  When the amount passing on any sieve is outside the 
specification limits, the fine aggregate shall be immediately resampled and 
retested.  If there is another failure on any sieve, the fact shall be 
immediately reported to the Contracting Officer, concreting shall be 
stopped, and immediate steps taken to correct the grading.

3.14.1.2   Coarse Aggregate

At least once during each shift in which the concrete plant is operating, 
there shall be a sieve analysis in accordance with ASTM C136 for each size 
of coarse aggregate.  The location at which samples are taken may be 
selected by the Contractor as the most advantageous for production 
control.  However, the Contractor shall be responsible for delivering the 
aggregate to the mixer within specification limits.  A test record of 
samples of aggregate taken at the same locations shall show the results of 
the current test as well as the average results of the five most recent 
tests including the current test.  The Contractor may adopt limits for 
control coarser than the specification limits for samples taken other than 
as delivered to the mixer to allow for degradation during handling.  When 
the amount passing any sieve is outside the specification limits, the 
coarse aggregate shall be immediately resampled and retested.  If the 
second sample fails on any sieve, that fact shall be reported to the 
Contracting Officer.  Where two consecutive averages of 5 tests are outside 
specification limits, the operation shall be considered out of control and 
reported to the Contracting Officer.  Concreting shall be stopped and 
immediate steps shall be taken to correct the grading.

3.14.2   Quality of Aggregates

Thirty days prior to the start of concrete placement, perform all tests for 
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aggregate quality required by ASTM C33/C33M.  In addition, after the start 
of concrete placement, perform tests for aggregate quality at least every 
three months, and when the source of aggregate or aggregate quality 
changes.  Samples tested after the start of concrete placement shall be 
taken immediately prior to entering the concrete mixer.

3.14.3   Scales, Batching and Recording

Check the accuracy of the scales by test weights prior to start of concrete 
operations and at least once every three months.  Such tests shall also be 
made as directed whenever there are variations in properties of the fresh 
concrete that could result from batching errors.  Once a week the accuracy 
of each batching and recording device shall be checked during a weighing 
operation by noting and recording the required weight, recorded weight, and 
the actual weight batched.  At the same time, test and ensure that the 
devices for dispensing admixtures are operating properly and accurately.  
When either the weighing accuracy or batching accuracy does not comply with 
specification requirements, the plant shall not be operated until necessary 
adjustments or repairs have been made.  Discrepancies in recording 
accuracies shall be corrected immediately.

3.14.4   Batch-Plant Control

Continuously control the measurement of concrete materials, including 
cementitious materials, each size of aggregate, water, and admixtures.  
Adjust the aggregate weights and amount of added water as necessary to 
compensate for free moisture in the aggregates.  The amount of 
air-entraining agent shall be adjusted to control air content within 
specified limits.  Prepare a report indicating type and source of cement 
used, type and source of pozzolan or slag used, amount and source of 
admixtures used, aggregate source, the required aggregate and water weights 
per cubic yard amount of water as free moisture in each size of aggregate, 
and the batch aggregate and water weights per cubic yard for each class of 
concrete batched during each day's plant operation.

3.14.5   Concrete Mixture

a.  Air Content Testing.  Perform air content tests when test specimens are 
fabricated.  In addition, at least two tests for air content shall be 
made on randomly selected batches of each separate concrete mixture 
produced during each 8-hour period of concrete production.  Perform 
additional tests when excessive variation in workability is reported by 
the placing foreman or Government inspector.  Tests shall be made in 
accordance with ASTM C231/C231M for normal weight concrete and 
ASTM C173/C173M for lightweight concrete.  Plot test results on control 
charts which shall at all times be readily available to the Government 
and submitted weekly.  Keep copies of the current control charts in the 
field by testing crews and results plotted as tests are made.  When a 
single test result reaches either the upper or lower action limit, 
perform a second test immediately.  The results of the two tests shall 
be averaged and this average used as the air content of the batch to 
plot on both the air content and the control chart for range, and for 
determining need for any remedial action.  The result of each test, or 
average as noted in the previous sentence, shall be plotted on a 
separate control chart for each mixture on which an "average line" is 
set at the midpoint of the specified air content range from paragraph 
Air Entrainment in PART 1.  Set an upper warning limit and a lower 
warning limit line 1.0 percentage point above and below the average 
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line, respectively.  An upper action limit and a lower action limit 
line shall be set 1.5 percentage points above and below the average 
line, respectively.  The range between each two consecutive tests shall 
be plotted on a secondary control chart for range where an upper 
warning limit is set at 2.0 percentage points and an upper action limit 
is set at 3.0 percentage points.  Samples for air content may be taken 
at the mixer, however, the Contractor is responsible for delivering the 
concrete to the placement site at the stipulated air content.  If the 
Contractor's materials or transportation methods cause air content loss 
between the mixer and the placement, correlation samples shall be taken 
at the placement site as required by the Contracting Officer, and the 
air content at the mixer controlled as directed.

b.  Air Content Corrective Action.  Whenever points on the control chart 
for percent air reach either warning limit, an adjustment shall 
immediately be made in the amount of air-entraining admixture batched.  
As soon as practical after each adjustment, another test shall be made 
to verify the result of the adjustment.  Whenever a point on the 
secondary control chart for range reaches the warning limit, the 
admixture dispenser shall be recalibrated to ensure that it is 
operating accurately and with good reproducibility.  Whenever a point 
on either control chart reaches an action limit line, the air content 
shall be considered out of control and the concreting operation shall 
immediately be halted until the air content is under control.  
Additional air content tests shall be made when concreting is restarted.

c.  Slump Testing.  In addition to slump tests which are made when test 
specimens are fabricated, at least four slump tests shall be made on 
randomly selected batches in accordance with ASTM C143/C143M for each 
separate concrete mixture produced during each 8-hour or less period of 
concrete production each day.  Also, additional tests shall be made 
when excessive variation in workability is reported by the placing 
foreman or Government inspector.  Plot test results on control charts 
which shall at all times be readily available to the Government and 
submitted weekly.  Keep copies of the current control charts in the 
field by testing crews and results plotted as tests are made.  When a 
single slump test reaches or goes beyond either the upper or lower 
action limit, immediately perform a second test.  The results of the 
two tests shall be averaged and this average used as the slump of the 
batch to plot on both the control charts for slump and the chart for 
range, and for determining need for any remedial action.  Set limits on 
separate control charts for slump for each type of mixture.  The upper 
warning limit shall be set at 1/2 inch below the maximum allowable 
slump specified in paragraph Slump in PART 1 for each type of concrete 
and an upper action limit line and lower action limit line shall be set 
at the maximum and minimum allowable slumps, respectively, as specified 
in the same paragraph.  The range between each consecutive slump test 
for each type of mixture shall be plotted on a single control chart for 
range on which an upper action limit is set at 2 inches.  Take samples 
for slump at the mixer.  However, the Contractor is responsible for 
delivering the concrete to the placement site at the stipulated slump.  
If the Contractor's materials or transportation methods cause slump 
loss between the mixer and the placement, take correlation samples at 
the placement site as required by the Contracting Officer, and the 
slump at the mixer controlled as directed.

d.  Slump Corrective Action.  Whenever points on the control charts for 
slump reach the upper warning limit, make an adjustment immediately in 
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the batch weights of water and fine aggregate.  The adjustments are to 
be made so that the total water content does not exceed that amount 
allowed by the maximum w/c ratio specified, based on aggregates which 
are in a saturated surface dry condition.  When a single slump reaches 
the upper or lower action limit, no further concrete shall be delivered 
to the placing site until proper adjustments have been made.  
Immediately after each adjustment, another test shall be made to verify 
the correctness of the adjustment.  Whenever two consecutive individual 
slump tests, made during a period when there was no adjustment of batch 
weights, produce a point on the control chart for range at or above the 
upper action limit, halt the concreting operation immediately, and take 
appropriate steps to bring the slump under control.  Additional slump 
tests shall be made as directed.

e.  Temperature.  Measure the temperature of the concrete when compressive 
strength specimens are fabricated in accordance with ASTM C1064/C1064M.  
Report the temperature along with the compressive strength data.

f.  Strength Specimens.  Perform at least one set of test specimens, for 
compressive or flexural strength as appropriate, on each different 
concrete mixture placed during the day for each 500 cubic yards or 
portion thereof of that concrete mixture placed each day.  Perform 
additional sets of test specimens, as directed by the Contracting 
Officer, when the mixture proportions are changed or when low strengths 
have been detected.  Develop a truly random (not haphazard) sampling 
plan for approval by the Contracting Officer prior to the start of 
construction.  The plan shall ensure that sampling is done in a 
completely random and unbiased manner.  A set of test specimens for 
concrete with a 28-day specified strength in accordance with paragraph 
Strength Requirements in PART 1 shall consist of four specimens, two to 
be tested at 7 days and two at 28 days.  [A set of test specimens for 
concrete with a 90-day strength in accordance with the same paragraph 
shall consist of six specimens, two tested at 7 days, two at 28 days, 
and two at 90 days.]  Test specimens shall be molded and cured in 
accordance with ASTM C31/C31M and tested in accordance with 
ASTM C39/C39M for test cylinders and ASTM C78/C78M for test beams.  
Results of all strength tests shall be reported immediately to the 
Contracting Officer.  Quality control charts shall be kept for 
individual strength "tests", ("test" as defined in paragraph Strength 
Requirements in PART 1) moving average of last 3 "tests" for strength, 
and moving average for range for the last 3 "tests" for each mixture.  
The charts shall be similar to those found in ACI 214R.

3.14.6   Inspection Before Placing

Inspect foundations, construction joints, forms, and embedded items in 
sufficient time prior to each concrete placement in order to certify to the 
Contracting Officer that they are ready to receive concrete.  Report the 
results of each inspection in writing.

3.14.7   Placing

The placing foreman shall supervise placing operations, shall determine 
that the correct quality of concrete or grout is placed in each location as 
specified and as directed by the Contracting Officer, and shall be 
responsible for measuring and recording concrete temperatures and ambient 
temperature hourly during placing operations, weather conditions, time of 
placement, volume placed, and method of placement.  The placing foreman 
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shall not permit batching and placing to begin until it has been verified 
that an adequate number of vibrators in working order and with competent 
operators are available.  Placing shall not be continued if any pile of 
concrete is inadequately consolidated.  If any batch of concrete fails to 
meet the temperature requirements, immediate steps shall be taken to 
improve temperature controls.

3.14.8   Vibrators

Determine the frequency and amplitude of each vibrator in accordance with 
COE CRD-C 521 prior to initial use and at least once a month when concrete 
is being placed.  Perform additional tests as directed when a vibrator does 
not appear to be adequately consolidating the concrete.  The frequency 
shall be determined while the vibrator is operating in concrete with the 
tachometer being held against the upper end of the vibrator head while 
almost submerged and just before the vibrator is withdrawn from the 
concrete.  Determine the amplitude with the head vibrating in air.  Take 
two measurements, one near the tip and another near the upper end of the 
vibrator head, and these results averaged.  Report the make, model, type, 
and size of the vibrator and frequency and amplitude results in writing.  
Any vibrator not meeting the requirements of paragraph Consolidation above, 
shall be immediately removed from service and repaired or replaced.

3.14.9   Cold-Weather Protection

At least once each shift and once per day on non-work days, an inspection 
shall be made of all areas subject to cold-weather protection.  Any 
deficiencies shall be noted, corrected, and reported.

3.14.10   Mixer Uniformity

a.  Stationary Mixers.  Prior to the start of concrete placing and once 
every 6 months when concrete is being placed, or once for every 75,000 
cubic yards of concrete placed, whichever results in the shortest time 
interval, uniformity of concrete mixing shall be determined in 
accordance with ASTM C94/C94M.

b.  Truck Mixers.  Prior to the start of concrete placing and at least once 
every 6 months when concrete is being placed, uniformity of concrete 
mixing shall be determined in accordance with ASTM C94/C94M.  Select 
the truck mixers randomly for testing.  When satisfactory performance 
is found in one truck mixer, the performance of mixers of substantially 
the same design and condition of the blades may be regarded as 
satisfactory.

c.  Mixer Uniformity Corrective Action.  When a mixer fails to meet mixer 
uniformity requirements, either the mixing time shall be increased, 
batching sequence changed, batch size reduced, or adjustments shall be 
made to the mixer until compliance is achieved.

3.14.11   Reports

Report all results of tests or inspections conducted, informally as they 
are completed and in writing daily.  Prepare a weekly report for the 
updating of control charts covering the entire period from the start of the 
construction season through the current week.  During periods of 
cold-weather protection, reports of pertinent temperatures shall be made 
daily.  These requirements do not relieve the Contractor of the obligation 
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to report certain failures immediately as required in preceding 
paragraphs.  Such reports of failures and the action taken shall be 
confirmed in writing in the routine reports.  The Contracting Officer has 
the right to examine all contractor quality control records.

    -- 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.

ALUMINUM ASSOCIATION (AA)

AA DAF45 (2003; Reaffirmed 2009) Designation System 
for Aluminum Finishes

AMERICAN INSTITUTE OF STEEL CONSTRUCTION (AISC)

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

AMERICAN SOCIETY OF CIVIL ENGINEERS (ASCE)

ASCE 7-10 (2010; Change 2010; Change 2011) Minimum 
Design Loads for Buildings and Other 
Structures

AMERICAN SOCIETY OF SAFETY ENGINEERS (ASSE/SAFE)

ASSE/SAFE A10.3 (2006) Operations - Safety Requirements 
for Powder Actuated Fastening Systems

AMERICAN WELDING SOCIETY (AWS)

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

ASME INTERNATIONAL (ASME)

ASME B18.2.1 (2010) Square and Hex Bolts and Screws 
(Inch Series)

ASME B18.2.2 (2010) Standard for Square and Hex Nuts

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

ASME B18.21.2M (1999; R 2005) Lock Washers (Metric Series)

ASME B18.22M (1981; R 2010) Metric Plain Washers

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

Page 1



ASME B18.6.3 (2003; R 2008) Machine Screws and Machine 
Screw Nuts

ASTM INTERNATIONAL (ASTM)

ASTM A123/A123M (2009) Standard Specification for Zinc 
(Hot-Dip Galvanized) Coatings on Iron and 
Steel Products

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

ASTM A283/A283M (2003; R 2007) Standard Specification for 
Low and Intermediate Tensile Strength 
Carbon Steel Plates

ASTM A307 (2010) Standard Specification for Carbon 
Steel Bolts and Studs, 60 000 PSI Tensile 
Strength

ASTM A36/A36M (2008) Standard Specification for Carbon 
Structural Steel

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

ASTM A47/A47M (1999; R 2009) Standard Specification for 
Ferritic Malleable Iron Castings

ASTM A475 (2003; R 2009e1) Standard Specification 
for Zinc-Coated Steel Wire Strand

ASTM A48/A48M (2003; R 2008) Standard Specification for 
Gray Iron Castings

ASTM A500/A500M (2010a) Standard Specification for 
Cold-Formed Welded and Seamless Carbon 
Steel Structural Tubing in Rounds and 
Shapes

ASTM A53/A53M (2010) Standard Specification for Pipe, 
Steel, Black and Hot-Dipped, Zinc-Coated, 
Welded and Seamless

ASTM A653/A653M (2010) Standard Specification for Steel 
Sheet, Zinc-Coated (Galvanized) or 
Zinc-Iron Alloy-Coated (Galvannealed) by 
the Hot-Dip Process

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

ASTM A786/A786M (2005; R 2009) Standard Specification for 
Hot-Rolled Carbon, Low-Alloy, 
High-Strength Low-Alloy, and Alloy Steel 
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Floor Plates

ASTM A924/A924M (2010a) Standard Specification for General 
Requirements for Steel Sheet, 
Metallic-Coated by the Hot-Dip Process

ASTM B108/B108M (2008) Standard Specification for 
Aluminum-Alloy Permanent Mold Castings

ASTM B209 (2010) Standard Specification for Aluminum 
and Aluminum-Alloy Sheet and Plate

ASTM B209M (2010) Standard Specification for Aluminum 
and Aluminum-Alloy Sheet and Plate (Metric)

ASTM B221 (2008) Standard Specification for Aluminum 
and Aluminum-Alloy Extruded Bars, Rods, 
Wire, Profiles, and Tubes

ASTM B221M (2007) Standard Specification for Aluminum 
and Aluminum-Alloy Extruded Bars, Rods, 
Wire, Profiles, and Tubes (Metric)

ASTM B26/B26M (2009) Standard Specification for 
Aluminum-Alloy Sand Castings

ASTM C1513 (2010) Standard Specification for Steel 
Tapping Screws for Cold-Formed Steel 
Framing Connections

ASTM D 2047 (2004) Static Coefficient of Friction of 
Polish-Coated Floor Surfaces as Measured 
by the James Machine

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

ASTM E 488 (1996; R 2003) Standard Test Methods for 
Strength of Anchors in Concrete and 
Masonry Elements

ASTM F 1267 (2007) Metal, Expanded, Steel

MASTER PAINTERS INSTITUTE (MPI)

MPI 79 (Oct 2009) Alkyd Anti-Corrosive Metal 
Primer

NATIONAL ASSOCIATION OF ARCHITECTURAL METAL MANUFACTURERS (NAAMM)

NAAMM MBG 531 (2009) Metal Bar Grating Manual

NAAMM MBG 532 (2009) Heavy Duty Metal Bar Grating Manual

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 211 (2010) Standard for Chimneys, Fireplaces, 
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Vents, and Solid Fuel-Burning Appliances

THE SOCIETY FOR PROTECTIVE COATINGS (SSPC)

SSPC SP 3 (1982; E 2004) Power Tool Cleaning

SSPC SP 6/NACE No.3 (2007) Commercial Blast Cleaning

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are [for information only.][for 
Contractor Quality Control approval.]  When used, a designation following 
the "G" designation identifies the office that will review the submittal 
for the Government.  Submit the following in accordance with Section 
01 33 00 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Fabrication drawings of structural steel door frames[; G][; G, 
[_____]]

Access doors and panels, installation drawings[; G][; G, [_____]]

Cover plates and frames, installation drawings[; G][; G, [_____]]

Expansion joint covers, installation drawings[; G][; G, [_____]]

Floor gratings and roof walkways, installation drawings[; G][; G, 
[_____]]

Wheel guards, installation drawings[; G][; G, [_____]]

Window[and door] guards, installation drawings[; G][; G, [_____]]

Embedded angles and plates, installation drawings[; G][; G, [_____]
]

Roof hatch[; G][; G, [_____]]

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 and panels

Cover plates and frames

Control-joint covers
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Expansion joint covers

Floor gratings and roof walkways

Structural steel door frames

Wheel guards

Window[and door] guards

Roof hatch

SD-04 Samples

Expansion joint covers

Control-joint covers

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.

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.

2.1.2   Structural Tubing

ASTM A500/A500M.

2.1.3   Steel Pipe

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

2.1.4   Fittings for Steel Pipe

Standard malleable iron fittings ASTM A47/A47M.

2.1.5   Gratings
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a.  Gray cast iron ASTM A48/A48M, Class 40.

b.  Metal plank grating, non-slip requirement, aluminum ASTM B209, 6061-T6; 
steel ASTM A653/A653M, G90.

c.  Metal bar type grating NAAMM MBG 531[NAAMM MBG 532].

2.1.6   Floor Plates, Patterned

Floor plate ASTM A786/A786M.  Steel plate shall not be less than 14 gage.

2.1.7   Anchor Bolts

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

2.1.7.1   [Expansion Anchors] [Sleeve Anchors] [Adhesive Anchors]

Provide [_____]in. diameter [expansion anchors][sleeve anchors][adhesive 
anchors].  Minimum [concrete][masonry] embedment shall be [_____]in.  
Design values listed shall be as tested according to ASTM E 488.

a.  Minimum [ultimate][allowable] pullout value shall be [_____]lb.

b.  Minimum [ultimate][allowable] shear value shall be [_____]lb.

2.1.7.2   Lag Screws and Bolts

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

2.1.7.3   Toggle Bolts

ASME B18.2.1.

2.1.7.4   Bolts, Nuts, Studs and Rivets

ASME B18.2.2 or ASTM A307.

2.1.7.5   Powder Actuated Fasteners

Follow safety provisions of ASSE/SAFE A10.3.

2.1.7.6   Screws

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

2.1.7.7   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.

2.1.8   Aluminum Alloy Products

Conform to ASTM B209 for sheet plate, ASTM B221 for extrusions and 

Page 6



ASTM B26/B26M or ASTM B108/B108M for castings, as applicable.  Provide 
aluminum extrusions at least 1/8 inch thick and aluminum plate or sheet at 
least 0.050 inch thick.

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, grating fasteners, 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.

2.2.4   Shop Cleaning and Painting

2.2.4.1   Surface Preparation

Blast clean surfaces in accordance with SSPC SP 6/NACE No.3.  Surfaces that 
will be exposed in spaces above ceiling or in attic spaces, crawl spaces, 
furred spaces, and chases may be cleaned in accordance with SSPC SP 3 in 
lieu of being blast cleaned.  Wash cleaned surfaces which become 
contaminated with rust, dirt, oil, grease, or other contaminants with 
solvents until thoroughly clean.  Steel to be embedded in concrete shall be 
free of dirt and grease.  Do not paint or galvanize bearing surfaces, 
including contact surfaces within slip critical joints, but coat with rust 
preventative applied in the shop.

2.2.4.2   Pretreatment, Priming and Painting

Apply pretreatment, primer, and paint in accordance with manufacturer's 
printed instructions.  [On surfaces concealed in the finished construction 
or not accessible for finish painting, apply an additional prime coat to a 
minimum dry film thickness of 1.0 mil.  Tint additional prime coat with a 
small amount of tinting pigment.]

2.2.5   Nonferrous Metal Surfaces

Protect by plating, anodic, or organic coatings.

2.2.6   Aluminum Surfaces

2.2.6.1   Surface Condition
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Before finishes are applied, remove roll marks, scratches, rolled-in 
scratches, kinks, stains, pits, orange peel, die marks, structural streaks, 
and other defects which will affect uniform appearance of finished surfaces.

2.2.6.2   Aluminum Finishes

Unexposed sheet, plate and extrusions may have mill finish as fabricated.  
Sandblast castings' finish, medium, AA DAF45.  Unless otherwise specified, 
provide all other aluminum items with a [standard mill finish.] [hand 
sanded or machine finish to a 240 grit.] [anodized finish.] Provide a 
coating thickness not less than that specified for protective and 
decorative type finishes for items used in interior locations or 
architectural Class I type finish for items used in exterior locations in 
AA DAF45.  Provide a polished satin finish on items to be anodized.  

2.3   ACCESS DOORS AND PANELS

Provide flush type access doors and panels unless otherwise indicated.  
Fabricate frames for access doors of steel not lighter than 14 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 14 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 surface with a baked enamel finish.] [Provide exposed metal 
surfaces with a shop applied prime coat.]  

[Provide ceiling access panels for terminal air blenders as indicated.  
Provide pin-tumbler cylinder locks with appropriate cams in lieu of 
screwdriver-operated latches.]

2.4   CONTROL-JOINT COVERS

Provide control-joint covers to be located on wall surfaces of concrete, 
masonry and tile work.  Provide protective coating on the surface in 
contact with concrete, masonry or tile.

2.5   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] [_____].

2.6   COVER PLATES AND FRAMES

Fabricate cover plates of [1/4] [_____] inch thick rolled steel weighing 
not more than 100 pounds per plate with a [selected raised pattern nonslip 
top surface] [slip-resistant, carbon steel conforming to ASTM A283/A283M 
having a minimum static coefficient of friction of 0.50 when tested in 
accordance with ASTM D 2047.  On wearing surfaces provide aluminum oxide or 
silicon carbide.].  Plate shall be [galvanized] [shop painted].  Reinforce 
to sustain a live load of [_____] pounds per square foot.  Frames shall be 
structural steel shapes and plates, [with bent steel bars or headed anchors 
welded to frame for anchoring to concrete] [securely fastened to the 

Page 8



structure as indicated].  Miter and weld all corners.  Butt joint straight 
runs.  Allow for expansion on straight runs over 15 feet.  [Provide holes 
for lifting tools.]  [Provide flush drop handles for removal formed from 
1/4 inch round stock where indicated.]  [Provide holes and openings with 
1/2 inch clearance for pipes and equipment.]  Remove sharp edges and burrs 
from cover plates and exposed edges of frames.  Weld all connections and 
grind top surface smooth.  Weld bar stops every six inches.  Provide 1/8 
inch clearance at edges and between cover plates.

2.7   EXPANSION JOINT COVERS

Provide expansion joint covers constructed of extruded aluminum with 
anodized satin aluminum finish for walls and ceilings and with standard 
mill finish for floor covers and exterior covers.  Furnish plates, backup 
angles, expansion filler strip and anchors as indicated.  [Provide a 
[_____]-hour fire rating expansion joint system.]

2.8   EXTRUDED FLOOR MAT FRAMES

Provide recess frames for roll-up floor mats of extruded 6063-T5 aluminum, 
in sizes shown.  Miter corners to ensure accurate fitting.  Determine depth 
of recess by the mat thickness.  Anchor frames in concrete with anchor pins 
or bolts.  Provide roll-up mats of aluminum construction with [carpet] 
[vinyl] [serrated aluminum] [abrasive] surface.  Provide roll-up mats for 
use in [level surface area.] [recessed area.  Show construction details of 
recessed areas on the drawings.]

2.9   FLOOR GRATINGS AND ROOF WALKWAYS

Design [steel] [aluminum] grating in accordance with NAAMM MBG 531[
NAAMM MBG 532] for bar type grating or manufacturer's charts for plank 
grating.  [Galvanize steel floor gratings.]

a.  Design floor gratings to support a live load of [_____] pounds per 
square foot for the spans indicated, with maximum deflection of L/240.

b.  [NAAMM MBG 531[NAAMM MBG 532], band edges of grating with bars of the 
same size as the bearing bars.  Weld banding in accordance with the 
manufacturer's standard for trim [unless otherwise indicated].  Design 
tops of bearing bars, cross or intermediate bars to be in the same 
plane and match grating finish.]

--or--

[NAAMM MBG 531[NAAMM MBG 532], band ends of gratings with bars of the same 
or greater thickness than the metal used for grating.  Weld banding 
bars to the bearing bars or channels at least every fourth bar or 
channel and in every corner.  Tack weld intervening bars or channels.  
Band diagonal or round cuts by welding bars of the same or greater 
thickness metal used for grating in accordance with the manufacturer's 
standard for trim [unless otherwise indicated].]

c.  [Attach gratings to structural members with welded-on anchors.] [Anchor 
gratings to structural members with bolts, toggle bolts, or expansion 
shields and bolts.]  [Attach grating as per manufacturer's roof 
attachment system.]
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d.  Slip resistance requirements must exceed both wet and dry a static 
coefficient of friction of 0.5[0.6].

[e.  Rooftop walkway:  Minimum 2 feet wide, 14 gage, ASTM A653/A653M, G-90, 
steel with slip resistant surface.  Furnish all brackets, connectors 
and other accessories.  Support at minimum 5 foot intervals on hard 
rubber pads in accordance with manufacturers instructions.]

2.10   GAS-TIGHT MANHOLE COVER AND FRAME

Provide a heavy duty type made of ductile cast-iron with bolted lid, 
machined bearing surfaces and gasket grooves, continuous neoprene gasket, 
counter sunk bronze hex head cap screws, and concealed watertight 
pickholes.  Provide frame with a 30 inch diameter clear opening.  Maximum 
weight of frame and cover together to be 530 pounds.

2.11   GUARD POSTS (BOLLARDS/PIPE GUARDS)

Provide [_____] inch [galvanized] [prime coated] [standard] [extra strong] 
weight steel pipe as specified in ASTM A53/A53M.  Anchor posts in concrete 
[as indicated] and fill solidly with concrete with minimum compressive 
strength of 2500 psi.

2.12   MISCELLANEOUS PLATES AND SHAPES

Provide for items that do not form a part of the structural steel 
framework, such as lintels, sill angles, [support framing for 
ceiling-mounted toilet partitions,] miscellaneous mountings and frames. 
Provide lintels fabricated from structural steel shapes over openings in 
masonry walls and partitions [as indicated and] as required to support wall 
loads over openings.  Provide with connections and [fasteners] [welds].  
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.

2.13   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.  Mount the top chain feet 6 
inches[_____] above the [floor] [ground] and mount the lower chain 2 feet 
[_____] above the [floor] [ground].

2.14   SECURITY GRILLES

Fabricate of channel frames with not less than two masonry anchors at each 
jamb and 1/2 inch hardened steel bars spaced not over 4 inches both ways 
and welded to frame.  Provide 18 by 16 mesh screen and two layers of 1/4 
inch hardware cloth clamped to frame.

2.15   STEEL PLATE WAINSCOTS FOR CONCRETE OR MASONRY COLUMNS
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Shop bend to radius for round columns and at right angles for square and 
rectangular columns with slight 1/4 inch radius on corners, with no 
horizontal joints and not more than 2 vertical joints single strapped and 
butt welded with a thickness of [_____].

2.16   STRUCTURAL STEEL DOOR FRAMES

[a.  Provide frames as indicated.  If not otherwise shown, construct frames 
of structural shapes, or shape and plate composite, to form a full 
depth channel shape with at least 1 1/2 inchoutstanding legs.  For 
single swing doors, provide continuous 5/8 by 1 1/2 inch bar stock 
stops at head and jambs.  For freight elevator hoistway entrance, 
include a non-skid metal sill [as indicated].]

b.  Where track, guides, hoods, hangers, operators, and other such 
accessories are required, provide support as indicated.

c.  Provide jamb anchors near top, bottom, and at not more than 24 inch 
intervals.  Provide the bottom of each jamb member with a clip angle 
welded in place with two 1/2 inchdiameter floor bolts for adjustment.

[d.  Provide spreaders between bottoms of floor jamb members.  When floor 
construction permits, they may be left in place, concealed in the 
floor.]

--or--

[Provide frames of rolled shapes as indicated.  Miter and weld heads to 
jambs, or have riveted clip angle connections concealed in the finished 
work.  Provide frames for swinging doors with 5/8 by 1 1/2 inch solid bar 
stops secured to the frame by welding or by  1/4 inch diameter countersunk 
machine screws spaced not more than 12 inches on centers.  Stiffen head 
openings greater than 3 feet sufficient to limit deflection to not more than
 1/16 inch.  Secure frames to masonry with zinc-coated metal anchors spaced 
not more than 30 inches on centers.  Where necessary to engage the threads 
of machine screws for fastening hardware, back frames on inside faces with 
steel plates of suitable thickness; tap frames and reinforcing plates as 
necessary for the installation of hardware and other work.  Countersink 
rivets and screw heads where exposed in the finished work.  Grind welds 
smooth.]

2.17   WHEEL GUARDS

Provide wheel guards of hollow, heavy-duty type cast iron conforming to 
ASTM A48/A48M, with shaped, [rounded ][half round ][three quarters round 
]top, at least 18 inches high, and designed to provide a minimum of 6 inches
 of protection.

2.18   WINDOW[ AND DOOR] GUARDS, DIAMOND-MESH TYPE
Provide diamond-mesh window[ and door] guards constructed of woven steel 
wire [or expanded metal ]framed with hot-rolled or cold-formed structural 
steel shapes.  Provide woven wire panels of 10 gage, 1 1/2 inch mesh 
secured through weaving bar to one by 1/2 by 1/8 inchthick channel frame.  
Miter and weld corners of frames.  [Provide expanded metal panels 
conforming to ASTM F 1267.  ] 1-1/2 inches, [Mount window[ and door] guards 
on interior of window[ and door] frame with not less than two tamperproof 
hinged butts mounted on wood jambs with 1/4 inch lag bolts, to masonry jamb 
with toggle bolts, or welded to metal jambs.] [Mount window[ and door] 
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guards on exterior of window frame with not less than two tamperproof 
hinged butts mounted on one by 1/2 by 1/8 inchjamb channel attached as 
indicated to 2 by 1/4 inchplate anchored to wood jamb with 1/4 inch lag 
bolts; to masonry jamb with toggle bolts, or to concrete jambs and solid 
masonry jambs with expansion shields and bolts.]  Provide one additional 
butt for each 3 foot internal length of guard over 5 feet.  Provide one 
tamperproof hasp and padlock, with access from the interior, for each butt 
used and installed on the jamb opposite to that hinged.  [Provide 
galvanized guards and accessories.]

2.19   WINDOW[ AND DOOR] GUARDS, WOVEN WIRE

Provide woven wire window[ and door] guards of size necessary to completely 
fill opening.  Construct guards with 3/8 inch round rod frame and 1 1/2 inch
 diamond-mesh of No. 10 U.S. Gage (0.135 diameter) wire; all material 
zinc-coated.  Provide at least three hinge side clips on one side and two 
lock ring hasps on opposite side.

2.20   CHIMNEYS, VENTS, AND SMOKESTACKS

Design and construct chimneys and vents in accordance with NFPA 211.  Form 
chimney connectors of not lighter than 20 gauge galvanized steel.  Design 
and construct stacks to withstand a wind velocity of [_____] mile/h in 
accordance with ASCE 7-10.  Construct unlined stacks of black-steel plates 
not less than 3/16 inch thick conforming to ASTM A36/A36M.  Weld seams and 
joints, except provide an angle flange for connection to the boiler, other 
equipment, and stack support.

2.21   CLEANOUT DOORS

Provide [galvanized] [cast iron]cleanout doors with frames, and unless 
otherwise indicated sized to match flues.  Provide a continuous flange and 
anchors for securing frames into masonry.  The doors shall be smokeproof, 
hinged, and have fastening devices to hold the door closed.

2.22   COAL-HOPPER DOORS

Construct coal-hopper doors of [galvanized] [_____] steel plates and shapes 
and complete with frame, stops, wall box, hinges, and hasp or locktype 
latch.  Weld joints and attachments.

2.23   DOWNSPOUT BOOTS

Provide cast iron downspout boots with receiving bells sized to fit 
downspouts.

2.24   FOUNDATION VENTS

Provide foundation vents of the same size as the masonry units or sized as 
indicated, and made of extruded aluminum with integral water stop and 
sliding interior closer or damper operable from the outside.  Provide an 
insect screen at the back of the vent.  Provide Louvered openings with top 
and bottom drip lips, and the net ventilating area with closer or damper 
open at least 35 percent of the gross wall opening.  The frames shall have 
a structural strength adequate to permit use in masonry walls without a 
lintel.
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2.25   GUY CABLES

Guy cables shall be prestretched, galvanized wire rope of the sizes 
indicated.  Wire rope shall conform to ASTM A475, high strength grade with 
Class A coating.  Guys shall have a factory attached clevis top-end 
fitting; a factory attached open-bridge strand socket bottom-end fitting; 
and be complete with oval eye, threaded anchor rods.  Fittings and 
accessories shall be hot-dip galvanized.

2.26   WINDOW SUB-SILL

Provide window sub-sill of extruded aluminum alloy with size and design 
indicated.  Provide not less than two anchors per window section for 
securing into mortar joints of masonry sill course.  Provide sills for 
banks of windows with standard mill finish with a protective coating, prior 
to shipment, of two coats of a clear, colorless, methacrylate lacquer 
applied to all surfaces of the sills.

2.27   WINDOW WELLS

Window wells shall be not lighter than 16 gauge, corrugated sheet steel, 
hot-dip galvanized after fabrication with top edge of walls having a 3/4 
inch bead or rolled top.  Window wells shall be semicircular or 
semielliptical in form and shall overlap the window by at least 3 inches on 
each side.  Removable cover, hot-dip galvanized after fabrication, 
consisting of steel bar grate with bars spaced at not more than 2 inch 
centers and welded to 1 by 1/4 inch frame shall be designed to fit into and 
rest on top edge of window well.

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.  Items 
listed below require additional procedures.

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.
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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.

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 below 
45 degrees F or over 95 degrees F, unless approved by the Contracting 
Officer.

3.7   ACCESS PANELS

Install a removable access panel not less than 12 by 12 inches directly 
below each valve, flow indicator, damper, or air splitter that is located 
above the ceiling, other than an acoustical ceiling, and that would 
otherwise not be accessible.

3.8   CONTROL-JOINT COVERS
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Provide covers over control-joints and fasten on one side only with 
fasteners spaced to give positive contact with wall surfaces on both sides 
of joint throughout the entire length of cover.

3.9   COVER PLATES AND FRAMES

Install the tops of cover plates and frames flush with floor.

3.10   WHEEL GUARDS

Anchor guards to concrete or masonry in accordance with manufacturer's 
instructions.  Fill hollow cores solid with concrete with minimum 
compressive strength of 2500 psi.

[3.11   ROOF HATCH (SCUTTLES)

Provide [aluminum] [zinc-coated steel sheets not less than 14 gage,] with 3 
inch beaded flange, welded and ground at corner.  Provide a minimum clear 
opening of 30 by 36 inches.  Construction and accessories as follows:

a.  Insulate cover and curb with one inch thick rigid fiberboard insulation 
covered and protected by [aluminum sheet] [zinc-coated steel liner not 
less than 26 gage]with 12 inches high curb, formed with 3 inch mounting 
flange with holes provided for securing to the roof deck.  Equip the 
curb with an integral metal cap flashing of the same gage and metal as 
the curb, full welded and ground at corners for weather tightness.

b.  Provide hatch completely assembled with pintle hinges, compression 
spring operators enclosed in telescopic tubes, positive snap latch with 
turn handles on inside and outside, and neoprene draft seal.  Provide 
fasteners for padlocking on the inside.  Equip the cover with an 
automatic hold-open arm complete with grip handle to permit one-hand 
release.  Cover action shall be smooth through its entire range with an 
operating pressure of approximately 30 pounds.

]
3.12   INSTALLATION OF CHIMNEYS, VENTS, AND SMOKESTACKS

Install chimneys and vents in accordance with NFPA 211.  Provide a cleanout 
opening with a tight-fitting, hinged, cast-iron door and frame at the base 
of each smokestack.  Provide a top band on stacks for attachment of 
painter's rigging.  Provide roof housing, rain cap, downdraft diverter, 
fire damper, and other accessories required for a complete installation.  
Join sections of prefabricated lined stacks with acid-resisting 
high-temperature cement and steel draw bands.  Provide means to prevent 
accumulation of water in the smokestack.

3.13   DOOR GUARD FRAME

Mount door guard frame  over the glazed opening using 1/4 inch lag bolts on 
the interior of wood doors or tamperproof through bolts on the interior of 
metal doors.

3.14   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.
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3.15   INSTALLATION OF DOWNSPOUT BOOTS

Secure downspouts to building through integral lips with appropriate 
fasteners.

3.16   RECESSED FLOOR FRAMES & MATS

Verify field measurements prior to releasing materials for fabrication by 
the manufacturer.  Use a mat frame to ensure recess accuracy in size, shape 
and depth.  Form drain pit by blocking out concrete when frames are 
installed, dampproof after concrete has set.  Assemble frames onsite and 
install so that upper edge will be level with finished floor surface.  
Screeded the concrete base inside the mat recess frame area using the edge 
provided by the frame as a guide and anchor into the cement with anchor 
pins a minimum of 24 inches on centers.

3.17   MOUNTING OF SAFETY CHAINS

Mount safety chains 3 feet 6 inches and 2 feet above the floor.

3.18   STRUCTURAL STEEL DOOR FRAMES

Secure door frames to the floor slab by means of angle clips and expansion 
bolts.  Weld continuous door stops to the frame or tap screwed with 
countersunk screws at no more than 18 inchcenters, assuring in either case 
full contact with the frame.  Make any necessary reinforcements and drill 
and tap the frames as required for hardware.

3.19   INSTALLATION OF WHEEL GUARDS

Fill wheel guards with concrete and anchor to the floor or the building 
according to the manufacturer's recommendations.

3.20   BAR-GRILLE WINDOW GUARDS

Securely anchor bar-grille window guards to masonry with 1/2 inch diameter 
prison-type screws or bolts and expansion shields, or other type of 
fastenings if the ends of such fastenings are welded to the adjoining metal 
grilles or otherwise made tamperproof in a satisfactory manner.  
Spanner-head screws or bolts are not considered prison-type fasteners.

3.21   DIAMOND MESH WINDOW [AND DOOR ]GUARDS

Mount diamond mesh window guards on [interior window frame with not less 
than two tamperproof hinged butts mounted on wood jambs.] [exterior of 
window frame with not less than two tamperproof hinged butts mounted on 1 
by 12 by 1/8 inch jamb channel attached as indicated to 2 by 1/4 inch plate 
anchored to wood jamb with 1/4 inch lag bolt, to masonry jamb with toggle 
bolts, or to concrete jambs and solid masonry jambs with expansion shields 
and bolts.]  Provide one additional butt for each 3 foot internal length of 
guard over 5 feet.  Install hasp and padlock on the jamb opposite to that 
hinged.

Page 16



3.22   INSTALLATION OF WINDOW WELLS

Place window wells as shown with the walls securely anchored to foundation 
surface. Excavate the area within the well to the bottom of the well and 
covered with a 4 inch thick layer of coarse gravel or crushed rock.

    -- End of Section --
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PART 1 GENERAL 

SECTION 31 00 00 

EARTHWORK 
08/08 

This Section is for Earthworks for the Qwuloolt Project for breach 
excavation, breach excavated material disposal, and channel/ditch 
excavation and filling. Soils at the site are composed of saturated, very 
soft to soft silt or silt with sand. The surface is covered with one to 
two feet of vegetative grass and root mats. Groundwater varies from five 
feet below surface in the summer to two feet above ground surface in the 
winter. The Geotechnical Reports for the site are attached to this Section. 

1.4 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 ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO) 

AASHTO T lS0 (2010) Standard Method of Test for 
Moisture-Density Relations of Soils Using 
a 4.54-kg (10-lb) Rammer and a 457-mm 
(lS-in.) Drop 

AASHTO T 224 (2010) Standard Method of Test for 
Correction for Coarse Particles in the 
Soil Compaction Test 

AMERICAN WATER WORKS ASSOCIATION (AWWA) 

AWWA C600 (2010) Installation of Ductile-Iron Water 
Mains and Their Appurtenances 

AMERICAN WELDING SOCIETY (AWS) 

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

AMERICAN WOOD PROTECTION ASSOCIATION (AWPA) 

AWPA C2 

AWPA P5 

(2003) Lumber, Timber, Bridge Ties and 
Mine Ties - Preservative Treatment by 
Pressure Processes 

(2009) Standard for Waterborne 
Preservatives 

ASTM INTERNATIONAL (ASTM) 

ASTM A139/A139M (2004; R 2010) Standard Specification for 

Page 1 



ASTM A252 

ASTM C136 

ASTM C33/C33M 

ASTM D 1140 

ASTM D 1556 

ASTM D 1557 

ASTM D 1883 

ASTM D 2167 

ASTM D 2434 

ASTM D 2487 

ASTM D 2937 

ASTM D 422 

ASTM D 4318 

ASTM D 6938 

ASTM D 698 

Electric-Fusion (ARC)-Welded Steel Pipe 
(NPS 4 and over) 

(2010) Standard Specification for Welded 
and Seamless Steel Pipe Piles 

(2006) Standard Test Method for Sieve 
Analysis of Fine and Coarse Aggregates 

(2011) Standard Specification for Concrete 
Aggregates 

(2000; R 2006) Amount of Material in Soils 
Finer than the No. 200 (75-micrometer) 
Sieve 

(2007) Density and Unit Weight of Soil in 
Place by the Sand-Cone Method 

(2009) Standard Test Methods for 
Laboratory Compaction Characteristics of 
Soil Using Modified Effort (56,000 
ft-lbf/ft3) (2700 kN-m/m3) 

(2007e2) CBR (California Bearing Ratio) of 
Laboratory-Compacted Soils 

(2008) Density and Unit Weight of Soil in 
Place by the Rubber Balloon Method 

(1968; R 2006) Permeability of Granular 
Soils (Constant Head) 

(2011) Soils for Engineering Purposes 
(Unified Soil Classification System) 

(2010) Density of Soil in Place by the 
Drive-Cylinder Method 

(1963; R 2007) Particle-Size Analysis of 
Soils 

(2010) Liquid Limit, Plastic Limit, and 
Plasticity Index of Soils 

(2010) Standard Test Method for In-Place 
Density and Water Content of Soil and 
Soil-Aggregate by Nuclear Methods (Shallow 
Depth) 

(2007e1) Laboratory Compaction 
Characteristics of Soil Using Standard 
Effort (12,400 ft-lbf/cu. ft. (600 
kN-m/cu. m.)) 

U.S. ARMY CORPS OF ENGINEERS (USACE) 
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EM 385-1-1 (2008; Errata 1-2010; Changes 1-3 2010; 
Changes 4-6 2011) Safety and Health 
Requirements Manual 

U.S. ENVIRONMENTAL PROTECTION AGENCY (EPA) 

EPA 600/4-79/020 

EPA SW-846.3-3 

(1983) Methods for Chemical Analysis of 
Water and Wastes 

(1999, Third Edition, Update III-A) Test 
Methods for Evaluating Solid Waste: 
Physical/Chemical Methods 

U.S. GENERAL SERVICES ADMINISTRATION (GSA) 

CTD A-A-203 (R~v Cj NoticE'! 1) PApF.r, Kraft, Untreated 

1.5 DEFINITIONS 

1.5.1 Satisfactory Materials 

Satisfactory materials comprise any materials classified by ASTM D 2487 as 
GP-GM, GW-GM, GC, SM, SW-SM. Satisfactory materials for grading comprise 
stones less than 3 inches.Satisfactory material shall be free of hazardous 
and toxic compounds or materials. 

1.5.2 Unsatisfactory Materials 

Materials which do not comply with the requirements for satisfactory 
materials are unsatisfactory. Unsatisfactory materials also include 
man-made fills; trash; refuse; backfills from previous construction; and 
material classified as satisfactory which contains root and other organic 
matter or frozen material. Notify the Contracting Officer when 
encountering any contaminated materials. 

1.5.3 Cohesionless and Cohesive Materials 

Cohesionless materials include materials classified in ASTM D 2487 as GW, 
GP, SW, and SP. Cohesive materials include materials classified as GC, SC, 
ML, CL, MH, and CH. Materials classified as GM and SM will be identified 
as cohesionless only when the fines are nonplastic. Perform testing, 
required for classifying materials, in accordance with ASTM D 4318, 
ASTM C136, ASTM D 422, and ASTM D 1140. 

1.5.4 Degree of Compaction 

Degree of compaction required, except as noted in the second sentence, is 
expressed as a percentage of the maximum density obtained by the test 
procedure presented in ASTM D 1557 abbreviated as a percent of laboratory 
maximum density. Since ASTM D 1557 applies only to soils that have 30 
percent or less by weight of their particles retained on the 3/4 inch 
sieve, express the degree of compaction for material having more than 30 
percent by weight of their particles retained on the 3/4 inch sieve as a 
percentage of the maximum density in accordance with AASHTO T 180 and 
corrected with AASHTO T 224. To maintain the same percentage of coarse 
material, use the "remove and replace" procedure as described in NOTE 8 of 
Paragraph 7.2 in AASHTO T 180. 
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1.5.6 Topsoil 

Material suitable for topsoils obtained from offsite areas is defined as: 
Natural, friable soil representative of productive I well-drained soils in 
the area, free of subsoil, stumps, rocks larger than one inch diameter, 
brush, weeds, toxic substances, and other material detrimental to plant 
growth. Amend topsoil pH range to obtain a pH of 5.5 to 7. 

1.5.7 Hard/Unyielding Materials 

Hard/Unyielding materials comprise weathered rock, dense consolidated 
deposits, or conglomerate materials which are not included in the 
definition of "rock" with stones greater than 3 inch in any dimension or as 
defined by the pipe manufacturer, whichever is smaller. These materials 
usually require the use of heavy excavation equipment, ripper teeth, or 
jack hammers for removal. 

1.5.8 Rock 

Solid homogeneous interlocking crystalline material with firmly cemented, 
laminated, or foliated masses or conglomerate deposits, neither of which 
can be removed without systematic drilling and blasting, drilling and the 
use of expansion jacks or feather wedges, or the use of backhoe-mounted 
pneumatic hole punchers or rock breakers; also large boulders, buried 
masonry, or concrete other than pavement exceeding 1/2 cubic yard in 
volume. Removal of hard material will not be considered rock excavation 
because of intermittent drilling and blasting that is performed merely to 
increase production. 

1.5.9 Unstable Material 

Unstable materials are too wet to properly support a utility pipe, conduit, 
embankments, or appurtenant structure. 

1.5.10 Select Granular Material 

1.5.10.1 General Requirements 

Select granular material consist of materials classified as GW, GP, SW, SP, 
or by ASTM D 2487 where indicated. The liquid limit of such material must 
not exceed 35 percent when tested in accordance with ASTM D 4318. The 
plasticity index must not be greater than 12 percent when tested in 
accordance with ASTM D 4318, and not more than 35 percent by weight may be 
finer than No. 200 sieve when tested in accordance with ASTM D 1140. 
Provide a minimum coefficient of permeability of 0.002 feet per minute when 
tested in accordance with ASTM D 2434. 

1. 5 .11 Initial Backfill Material 

Initial backfill consists of select granular material or satisfactory 
materials free from rocks 3 inches or larger in any dimension or free from 
rocks of such size as recommended by the pipe manufacturer, whichever is 
smaller. When the pipe is coated or wrapped for corrosion protection, free 
the initial backfill material of stones larger than 3 inches in any 
dimension or as recommended by the pipe manufacturer, whichever is smaller. 

1.6 SYSTEM DESCRIPTION 

Page 4 



Subsurface soil boring and test pit logs are shown on the drawings and 
appended to this Section. These data represent the best subsurface 
information available; however, variations may exist in the subsurface 
between boring locations. 

1.6.1 Classification of Excavation 

No consideration will be given to the nature of the materials, and all 
excavation will be designated as unclassified excavation. 

1.6.1.1 Common Excavation 

Include common excavation with the satisfactory removal and disposal of all 
materials not classified as rock excavation. 

1.6.1.2 Rock Excavation 

Rock excavation shall not be required. 

1.6.2 Blasting 

Blasting will not be permitted. 

1.6.3 Dewatering Work Plan 

Submit procedures for accomplishing dewatering work. 

1.7 SUBMITTALS 

Government approval is required for submittals with a lIGlI designation; 
submittals not having a "G" designation are for information only. When 
used, a designation following the "Gil designation identifies the office 
that will review the submittal for the Government. Submit the following in 
accordance with Section 01 33 00 SUBMITTAL PROCEDURES: 

SD-Ol Preconstruction Submittals 

Shoring; G 
Dewatering Work Plan; G 

SD-03 Product Data 

Utilization of Excavated Materials; G 
Rock Excavation 
Opening of any Excavation or Borrow pit 
Shoulder Construction 

SD-06 Test Reports 

Testing 
Borrow Site Testing 

SD-07 Certificates 

Testing 
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PART 2 PRODUCTS 

2.1 REQUIREMENTS FOR OFFSITE SOILS 

Test offsite soils brought in for use as backfill for Total Petroleum 
Hydrocarbons (TPH) , Benzene, Toluene, Ethyl Benzene, and Xylene (BTEX) and 
full Toxicity Characteristic Leaching Procedure (TCLP) including 
ignitability, corrosivity and reactivity. Backfill shall contain a maximum 
of 100 parts per million (ppm) of total petroleum hydrocarbons (TPH) and a 
maximum of 10 ppm of the sum of Benzene, Toluene, Ethyl Benzene, and Xylene 
(BTEX) and shall pass the TCPL test. Determine TPH concentrations by using 
EPA 600/4-79/020 Method 418.1. Determine BTEX concentrations by using 
EPA SW-846.3-3 Method 5030/8020. Perform TCLP in accordance with 
EPA SW-846.3-3 Method 1311. Provide Borrow Site Testing for TPH, BTEX and 
TCLP from a composite sample of material from the borrow site, with at 
least one test from each borrow site. Within 24 hours of conclusion of 
physical tests, submit three copies of test results, including calibration 
curves and results of calibration tests. Do not bring material onsite 
until tests have been approved by the Contracting Officer. 

2.4 MATERIAL FOR RIP-RAP 

Provide riprap and quarry spalls conforming to requirements in Section 35 
31 19 Stone Protection for Strucutres. 

2.6 PIPE CASING 

2.6.1 Casing Pipe 

ASTM A139/A139M, Grade B, or ASTM A252, Grade 2, smooth wall pipe. Match 
casing size to the outside diameter and wall thickness as indicated on 
Drawing Sheet No. [ _____ ]. Protective coating is not required on casing 
pipe. 

2.6.2 Wood Supports 

[Treated Yellow Pine or Douglas Fir] [Locally available], rough, structural 
grade. Provide wood with nonleaching water-borne pressure preservative 
(ACA or CCA) and treatment conforming to AWPA P5 and AWPA C2, 
respectively. Secure wood supports to carrier pipe with stainless steel or 
zinc-coated steel bands. 

PART 3 EXECUTION 

3.1 STRIPPING OF TOPSOIL 

Where indicated or directed, strip topsoil to a depth of 12 inches. Spread 
topsoil on areas already graded and prepared for topsoil, or transported 
and deposited in stockpiles convenient to areas that are to receive 
application of the topsoil later, or at locations indicated or specified. 
Keep topsoil separate from other excavated materials, brush, litter, 
objectionable weeds, roots, stones larger than 2 inches in diameter, and 
other materials that would interfere with planting and maintenance 
operations. Stockpile in locations indicated. 

3.2 GENERAL EXCAVATION 

Page 6 



Perform excavation of every type of material encountered within the limits 
of the project to the lines j grades j and elevations indicated and as 
specified. Perform the grading in accordance with the typical sections 
shown and the tolerances specified in paragraph FINISHING. Transport 
satisfactory excavated materials and place in fill or embankment within the 
limits of the work. Excavate unsatisfactory materials encountered within 
the limits of the work below grade and replace with satisfactory materials 
as directed. Include such excavated material and the satisfactory material 
ordered as replacement in excavation. Dispose surplus satisfactory 
excavated material not required for fill or embankment in areas approved 
for surplus material storage or designated waste areas. Dispose 
unsatisfactory excavated material in designated waste or spoil areas. 
During construction j perform excavation and fill in a manner and sequence 
that will provide proper drainage at all times. Excavate material required 
for fill or embankment in excess of that produced by excavation within the 
grading limits from other approved areas selected by the Contractor as 
specified. 

3.2.1 Ditches, Gutters j and Channel Changes 

Finish excavation of ditches j gutters, and channel changes by cutting 
accurately to the cross sections, grades, and elevations shown on the 
Drawings. Do not excavate ditches and gutters below grades shown. 
Backfill the excessive open ditch or gutter excavation with satisfactory, 
thoroughly compacted, material or with suitable stone or cobble to grades 
shown. Dispose excavated material as shown or as directed, except in no 
case allow material be deposited a maximum 4 feet from edge of a ditch. 
Maintain excavations free from detrimental quantities of leaves, brush, 
sticks, trash, and other debris until final acceptance of the work. 

3.2.2 Drainage Structures 

Make excavations to the lines, grades, and elevations shown, or as 
directed. Provide trenches and foundation pits of sufficient size to 
permit the placement and removal of forms for the full length and width of 
structure footings and foundations as shown. Clean rock or other hard 
foundation material of loose debris and cut to a firm, level, stepped, or 
serrated surface. Remove loose disintegrated rock and thin strata. Do not 
disturb the bottom of the excavation when concrete or masonry is to be 
placed in an excavated area. Do not excavate to the final grade level 
until just before the concrete or masonry is to be placed. Where pile 
foundations are to be used, stop the excavation of each pit at an elevation 
1 foot above the base of the footing, as specified, before piles are 
driven. After the pile driving has been completed, remove loose and 
displaced material and complete excavation, leaving a smooth, solid, 
undisturbed surface to receive the concrete or masonry. 

3.2.3 Drainage 

Provide for the collection and disposal of surface and subsurface water 
encountered during construction. Completely drain construction site during 
periods of construction to keep soil materials sufficiently dry. Construct 
storm drainage features (ponds/basins) at the earliest stages of site 
development, and throughout construction grade the construction area to 
provide positive surface water runoff away from the construction activity 
[and] [or] provide temporary ditches, swales, and other drainage features 
and equipment as required to maintain dry soils. When unsuitable working 
platforms for equipment operation and unsuitable soil support for 
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subsequent construction features develop, remove unsuitable material and 
provide new soil material as specified herein. It is the responsibility of 
the Contractor to assess the soil and ground water conditions presented by 
the plans and specifications and to employ necessary measures to permit 
construction to proceed. 

3.2.4 Dewatering 

Control groundwater flowing toward or into excavations to prevent sloughing 
of excavation slopes and walls, boils, uplift and heave in the excavation 
and to eliminate interference with orderly progress of construction. Do 
not permit French drains, sumps, ditches or trenches within 3 feet of the 
foundation of any structure, except with specific written approval, and 
after specific contractual provisions for restoration of the foundation 
area have been made. Take control measures by the time the excavation 
reaches the water level in order to maintain the integrity of the in situ 
material. While the excavation is open, maintain the water level 
continuously, at least [ _____ ] feet below the working level. Operate 
dewatering system continuously until construction work below existing water 
levels is complete. Submit performance records weekly. Measure and record 
performance of dewatering system at same time each day by use of 
observation wells or piezometers installed in conjunction with the 
dewatering system. Relieve hydrostatic head in previous zones below 
subgrade elevation in layered soils to prevent uplift. 

3.2.5 Trench Excavation Requirements 

Excavate the trench as recommended by the manufacturer of the pipe to be 
installed. Slope trench walls below the top of the pipe, or make vertical, 
and of such width as recommended in the manufacturer's printed installation 
manual. Provide vertical trench walls where no manufacturer's printed 
installation manual is available. Shore trench walls more than [ ______ ] feet 
high, cut back to a stable slope, or provide with equivalent means of 

protection for employees who may be exposed to moving ground or cave in. 
Shore vertical trench walls more than [ 1 feet high. Excavate trench 
walls which are cut back to at least the angle of repose of the soil. Give 
special attention to slopes which may be adversely affected by weather or 
moisture content. Do not exceed the trench width below the pipe top of 24 
inches plus pipe outside diameter (0.0.) for pipes of less than 24 inches 
inside diameter, and do not exceed 36 inches plus pipe outside diameter for 
sizes larger than 24 inches inside diameter. Where recommended trench 
widths are exceeded, provide redesign, stronger pipe, or special 
installation procedures by the Contractor. The Contractor is responsible 
for the cost of redesign, stronger pipe, or special installation procedures 
without any additional cost to the Government. 

3.2.5.1 Bottom Preparation 

Grade the bottoms of trenches accurately to provide uniform bearing and 
support for the bottom quadrant of each section of the pipe. Excavate bell 
holes to the necessary size at each joint or coupling to eliminate point 
bearing. Remove stones of [ ______ ] inch or greater in any dimension, or as 
recommended by the pipe manufacturer, whichever is smaller, to avoid point 
bearing. 

3.2.5.2 Removal of Unyielding Material 

Where {overdepth is not indicated and] unyielding material is encountered 

Page 8 



in the bottom of the trench, remove such material [ ] inch below the 
required grade and replaced with suitable materials as provided in 
paragraph BACKFILLING AND COMPACTION. 

3.2.5.3 Removal of Unstable Material 

Where unstable material is encountered in the bottom of the trench, remove 
such material to the depth directed and replace it to the proper grade with 
select granular material as provided in paragraph BACKFILLING AND 
COMPACTION. When removal of unstable material is required due to the 
Contractor's fault or neglect in performing the work, the Contractor is 
responsible for excavating the resulting material and replacing it without 
additional cost to the Government. 

3.2.5.4 Excavation for Appurtenances 

Provide excavation for manholes, catch-basins, inlets, or similar 
structures of sufficient size to permit the placement and removal of forms 
for the full length and width of structure footings and foundations as 
shown. Clean rock or loose debris and cut to a firm surface either level, 
stepped, or serrated, as shown or as directed. Remove loose disintegrated 
rock and thin strata. Specify removal of unstable material. When concrete 
or masonry is to be placed in an excavated area, take special care not to 
disturb the bottom of the excavation. Do not excavate to the final grade 
level until just before the concrete or masonry is to be placed. 

3.2.6 Underground Utilities 

The Contractor is responsible for movement of construction machinery and 
equipment over pipes and utilities during construction. Perform work 
adjacent to non-Government utilities as indicated in accordance with 
procedures outlined by utility company. Excavation made with power-driven 
equipment is not permitted within two feet of known Government-owned 
utility or subsurface construction. For work immediately adjacent to or 
for excavations exposing a utility or other buried obstruction, excavate by 
hand. Start hand excavation on each side of the indicated obstruction and 
continue until the obstruction is uncovered or until clearance for the new 
grade is assured. Support uncovered lines or other existing work affected 
by the contract excavation until approval for backfill is granted by the 
Contracting Officer. Report damage to utility lines or subsurface 
construction immediately to the Contracting Officer. 

3.2.7 Structural Excavation 

Ensure that footing subgrades have been inspected and approved by the 
Contracting Officer prior to concrete placement. Excavate to bottom of 
pile cap prior to placing or driving piles, unless authorized otherwise by 
the Contracting Officer. Backfill and compact over excavations and changes 
in grade due to pile driving operations to 95 percent of ASTM D 698 maximum 
density. 

3.4 OPENING AND DRAINAGE OF EXCAVATION 

Notify the Contracting Officer sufficiently in advance of the opening of 
any excavation or borrow pit to permit elevations and measurements of the 
undisturbed ground surface to be taken. Except as otherwise permitted, 
excavation areas providing adequate drainage. Transport overburden and 
other spoil material to designated spoil areas or otherwise dispose of as 
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directed. Ensure that excavation of any area, or dumping of spoil 
material results in minimum detrimental effects on natural environmental 
conditions. 

3.5 SHORING 

3.5.1 General Requirements 

Submit a Shoring and Sheeting plan for approval 15 days prior to starting 
work. Submit drawings and calculations, certified by a registered 
professional engineer, describing the methods for shoring and sheeting of 
excavations. Finish shoring, including sheet piling, and install as 
necessary to protect workmen, banks, adjacent paving, structures, and 
utilities. Remove shoring, bracing, and sheeting as excavations are 
backfilled, in a manner to prevent caving. 

3.5.2 Geotechnical Engineer 

Hire a Professional Geotechnical Engineer to provide inspection of 
excavations and soil/groundwater conditions throughout construction. The 
Geotechnical Engineer is responsible for performing pre-construction and 
periodic site visits throughout construction to assess site conditions. 
The Geotechnical Engineer is responsible for updating the excavation, 
sheeting and dewatering plans as construction progresses to reflect 
changing conditions and submit an updated plan if necessary. Submit a 
monthly written report, informing the Contractor and Contracting Officer of 
the status of the plan and an accounting of the Contractor's adherence to 
the plan addressing any present or potential problems. The Contracting 
Officer is responsible for arranging meetings with the Geotechnical 
Engineer at any time throughout the contract duration. 

3.6 GRADING AREAS 

Where indicated, divide work into grading areas within which satisfactory 
excavated material will be placed in embankments, fills, and required 
backfills. Do not haul satisfactory material excavated in one grading area 
to another grading area except when so directed in writing. Place and 
grade stockpiles of satisfactory and unsatisfactory and wasted materials as 
specified. Keep stockpiles in a neat and well drained condition, giving 
due consideration to drainage at all times. Clear, grub, and seal by 
rubber-tired equipment, the ground surface at stockpile locations; 
separately stockpile excavated satisfactory and unsatisfactory materials. 
Protect stockpiles of satisfactory materials from contamination which may 
destroy the quality and fitness of the stockpiled material. If the 
Contractor fails to protect the stockpiles, and any material becomes 
unsatisfactory, remove and replace such material with satisfactory material 
from approved sources. 

3.7 FINAL GRADE OF SURFACES TO SUPPORT CONCRETE 

Do not excavate to final grade until just before concrete is to be placed. 
[For pile foundations, stop the excavation at an elevation of from 6 to 12 
inches above the bottom of the footing before driving piles. After pile 
driving has been completed, complete the remainder of the excavation to the 
elevations shown.] Only use excavation methods that will leave the 
foundation rock in a solid and unshattered condition. Roughen the level 
surfaces, and cut the sloped surfaces, as indicated, into rough steps or 
benches to provide a satisfactory bond. Protect shales from slaking and 
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all surfaces from erosion resulting from ponding or water flow. 

3.8 GROUND SURFACE PREPARATION 

3.8.1 General Requirements 

Remove and replace unsatisfactory material with satisfactory materials, as 
directed by the Contracting Officer, in surfaces to receive fill or in 
excavated areas. Scarify the surface to a depth of 6 inches before the 
fill is started. Plow, step, bench, or break up sloped surfaces steeper 
than 1 vertical to 4 horizontal so that the fill material will bond with 
the existing material. When subgrades are less than the specified density, 
break up the ground surface to a minimum depth of 6 inches, pulverizing, 
and compacting to the specified density. When the subgrade is part fill 
and part excavation or natural ground, scarify the excavated or natural 
ground portion to a depth of 12 inches and compact it as specified for the 
adjacent fill. 

3.8.2 Frozen Material 

Do not place material on surfaces that are muddy, frozen, or contain 
frost. Finish compaction by sheepsfoot rollers, pneumatic-tired rollers, 
steel-wheeled rollers, or other approved equipment well suited to the soil 
being compacted. Moisten material as necessary [to plus or minus [ _____ l 
percent of optimum moisture] [to provide the moisture content that will 
readily facilitate obtaining the specified compaction with the equipment 
usedl . 

3.9 UTILIZATION OF EXCAVATED MATERIALS 

Dispose unsatisfactory materials removing from excavations into designated 
waste disposal or spoil areas. Do not dispose excavated material to 
obstruct the flow of any stream, endanger a partly finished structure, 
impair the efficiency or appearance of any structure, or be detrimental to 
the completed work in any way. 

3.11 BACKFILLING AND COMPACTION 

Place backfill adjacent to any and all types of structures, and compact to 
at least 90 percent laboratory maximum density for cohesive materials or 95 
percent laboratory maximum density for cohesionless materials, to prevent 
wedging action or eccentric loading upon or against the structure. Prepare 
ground surface on which backfill is to be placed and provide compaction 
requirements for backfill materials in conformance with the applicable 
portions of paragraphs GROUND SURFACE PREPARATION. Finish compaction by 
sheepsfoot rollers, pneumatic-tired rollers, steel-wheeled rollers, 
vibratory compactors, or other approved equipment. 

3.11.1 Trench Backfill 

Backfill trenches to the grade shown. [Backfill the trench to [ _____ l feet 
above the top of pipe prior to performing the required pressure tests. 
Leave the joints and couplings uncovered during the pressure test.] [Do not 
backfill the trench until all specified tests are performed.l 

3.11.1.2 Replacement of Unstable Material 

Page 11 



Replace unstable material removed from the bottom of the trench or 
excavation with select granular material placed in layers not exceeding 6 
inches loose thickness. 

3.11.1.3 Bedding and Initial Backfill 

[Provide bedding of the type and thickness shown.] Place initial backfill 
material and compact it with approved tampers to a height of at least one 
foot above the utility pipe or conduit. Bring up the backfill evenly on 
both sides of the pipe for the full length of the pipe. Take care to 
ensure thorough compaction of the fill under the haunches of the pipe. 
Except as specified otherwise in the individual piping section, provide 
bedding for buried piping in accordance with AWWA C600, Type 4, except as 
specified herein. Compact backfill to top of pipe to 95 percent of 
ASTM D 698 maximum density. Provide plastic piping with bedding to spring 
line of pipe. Provide materials as follows: 

a. Class I: Angular, 0.25 to 1.5 inch, graded stone, including a 
number of fill materials that have regional significance such as coral, 
slag, cinders, crushed stone, and crushed shells. 

b. Class II: Coarse sands and gravels with maximum particle size of 
1.5 inch, including various graded sands and gravels containing small 
percentages of fines, generally granular and noncohesive, either wet or 
dry. Soil Types GW, GP, SW, and SP are included in this class as 
specified in ASTM D 2487. 

c. Clean, coarse-grained sand classified as [_____ in accordance with 
Section 31 23 00.00 20 EXCAVATION AND FILL, [gradation [ _____ ] of the 
[DOT] [State Standard] or [SW] [or] [SP] by ASTM D 2487 for [bedding] 
[and] [backfill] [as indicated]] . 

d. Clean, coarsely graded natural gravel, crushed stone or a 
combination thereof identified as [ _____ ] in accordance with Section 
31 23 00.00 20 EXCAVATION AND FILL, [gradation [ _____ ] of the [DOT] 
[State Standard]] or having a classification of [GW] [GP] in accordance 
with ASTM D 2487 for [bedding] [and] [backfill] [as indicated]. [Do 
not exceed maximum particle size of [3) [ _____ ] inches.] 

3.11.1.4 Final Backfill 

Fill the remainder of the trench, except for special materials for 
roadways, railroads and airfields, with satisfactory material. Place 
backfill material and compact as follows: 

a. Roadways, Railroads, and Airfields: Place backfill up to the 
required elevation as specified. Do not permit water flooding or 
jetting methods of compaction. 

b. Sidewalks, Turfed or Seeded Areas and Miscellaneous Areas: Deposit 
backfill in layers of a maximum of 12 inches loose thickness, and 
compact it to 85 percent maximum density for cohesive soils and 90 
percent maximum density for cohesionless soils. [Allow water flooding 
or jetting methods of compaction for granular noncohesive backfill 
material. Do not allow water jetting to penetrate the initial 
backfill.] [Do not permit compaction by water flooding or jetting.] 
Apply this requirement to all other areas not specifically designated 
above. 
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3.11. 2 Backfill for Appurtenances 

After the manhole, catchbasin, inlet, or similar structure has been 
constructed [and the concrete has been allowed to cure for [ _____ ] days], 
place backfill in such a manner that the structure is not be damaged by the 
shock of falling earth. Deposit the backfill material, compact it as 
specified for final backfill, and bring up the backfill evenly on all sides 
of the structure to prevent eccentric loading and excessive stress. 

3.12 SPECIAL REQUIREMENTS 

Special requirements for both excavation and backfill relating to the 
specific utilities are as follows: 

3.12.7 Rip-Rap Construction 

Construct rip-rap [on bedding material) [on filter fabric) [with grout) [in 
accordance with [DOT) [ _____ ) State Standard, paragraph [ _____ )) in the 
areas indicated. Trim and dress indicated areas to conform to cross 
sections, lines and grades shown within a tolerance of 0.1 foot. 

3.12.7.2 Stone Placement 

Place rock for rip-rap on prepared bedding material to produce a well 
graded mass with the minimum practicable percentage of voids in conformance 
with lines and grades indicated. Distribute larger rock fragments, with 
dimensions extending the full depth of the rip-rap throughout the entire 
mass and eliminate "pockets" of small rock fragments. Rearrange individual 
pieces by mechanical equipment or by hand as necessary to obtain the 
distribution of fragment sizes specified above. 

3.13 EMBANKMENTS 

3.13.1 Earth Embankments 

Construct new levee embankment in accordance with Section 35 41 00 Levee 
Construction. Dispose of excavated material in berms as noted in the 
Drawings and compact in lifts not greater than one foot with three passes 
of a bulldozer. steel drum rollers, vibratory compactors, or other approved 
equipment. 

3.14 SUBGRADE PREPARATION 

3.14.2 Construction 

Shape subgrade to line, grade, and cross section, and compact as 
specified. Include plowing, disking, and any moistening or aerating 
required to obtain specified compaction for this operation. Remove soft or 
otherwise unsatisfactory material and replace with satisfactory excavated 
material or other approved material as directed. Excavate rock encountered 
in the cut section to a depth of 6 inches below finished grade for the 
subgrade. Bring up low areas resulting from removal of unsatisfactory 
material or excavation of rock to required grade with satisfactory 
materials, and shape the entire subgrade to line, grade, and cross section 
and compact as specified. Do not vary the elevation of the finish 
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subgrade more than 0.05 foot from the established grade and cross section. 

3.14.3 compaction 

Finish compaction by sheepsfoot rollers, pneumatic-tired rollers, 
steel-wheeled rollers, vibratory compactors, or other approved equipment. C 
compact each layer of the embankment to at least 95 percent of laboratory 
maximum density except as noted in Section 35 4l 00 Levee Construction .. 

3.14.3.2 Subgrade for Pavements 

Compact subgrade for pavements to at least [ _____ l percentage laboratory 
maximum density for the depth below the surface of the pavement shown. 
When more than one soil classification is present in the subgrade, 
thoroughly blend, reshape, and compact the top [ 1 inch of subgrade. 

3.16 FINISHING 

Finish the surface of excavations, embankments, and subgrades to a smooth 
and compact surface in accordance with the lines, grades, and cross 
sections or elevations shown. Provide the degree of finish for graded 
areas within 0.1 foot of the grades and elevations indicated except that 
the degree of finish for subgrades specified in paragraph SUBGRADE 
PREPARATION. Finish gutters and ditches in a manner that will result in 
effective drainage. Finish the surface of areas to be turfed from 
settlement or washing to a smoothness suitable for the application of 
turfing materials. Repair graded, topsoiled, or backfilled areas prior to 
acceptance of the work, and re-established grades to the required 
elevations and slopes. 

3.16.1 Subgrade and Embankments 

During construction, keep embankments and excavations shaped and drained. 
Maintain ditches and drains along subgrade to drain effectively at all 
times. Do not disturb the finished subgrade by traffic or other 
operation. Protect and maintain the finished subgrade in a satisfactory 
condition until ballast, subbase, base, or pavement is placed. Do not 
permit the storage or stockpiling of materials on the finished subgrade. 
Do not lay subbase, base course, ballast, or pavement until the subgrade 
has been checked and approved, and in no case place subbase, base, 
surfacing, pavement, or ballast on a muddy, spongy, or frozen subgrade. 

3.16.3 Grading Around Structures 

construct areas within 5 feet outside of each building and structure line 
true-to-grade, shape to drain, and maintain free of trash and debris until 
final inspection has been completed and the work has been accepted. 

3.17 PLACING TOPSOIL 

On areas to receive topsoil, prepare the compacted subgrade soil to a 2 
inches depth for bonding of topsoil with subsoil. Spread topsoil evenly to 
a thickness of [ _____ l inch and grade to the elevations and slopes shown. 
Do not spread topsoil when frozen or excessively wet or dry. Obtain 
material required for topsoil in excess of that produced by excavation 
within the grading limits from [off site areasl [areas indicated]. 
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3.18 TESTING 

Perform testing by a Corps validated commercial testing laboratory or the 
Contractor's validated testing facility. Submit qualifications of the 
Corps validated commercial testing laboratory or the Contractor 1 5 validated 
testing facilities. If the Contractor elects to establish testing 
facilities, do not permit work requiring testing until the Contractor's 
facilities have been inspected, Corps validated and approved by the 
Contracting Officer. 

3.18.1 

a. Determine field in-place density in accordance with [ASTM D 1556] 
ASTM D 2167] [ASTM D 6938]. [When ASTM D 6938 is used, check the 
calibration curves and adjust using only the sand cone method as 
described in ASTM D 1556. ASTM D 6938 results in a wet unit weight of 
soil in determining the moisture content of the soil when using this 
method. 

b. Check the calibration curves furnished with the moisture gauges 
along with density calibration checks as described in ASTM D 6938; 
check the calibration of both the density and moisture gauges at the 
beginning of a job on each different type of material encountered and 
at intervals as directed by the Contracting Officer.] [ASTM D 2937, 
use the Drive Cylinder Method only for soft, fine-grained, cohesive 
soils.] When test results indicate, as determined by the Contracting 
Officer, that compaction is not as specified, remove the material, 
replace and recompact to meet specification requirements. 

c. Perform tests on recompacted areas to determine conformance with 
specification requirements. Appoint a registered professional civil 
engineer to certify inspections and test results. These certifications 
shall state that the tests and observations were performed by or under 
the direct supervision of the engineer and that the results are 
representative of the materials or conditions being certified by the 
tests. The following number of tests, if performed at the appropriate 
time, will be the minimum acceptable for each type operation. 

Fill and Backfill Material Gradation 

One test per [ _____ ] cubic yards stockpiled or in-place source material. 
Determine gradation of fill and backfill material in accordance with [ 
ASTM C136] [ASTM D 422] [ASTM D 1140]. 

3.18.2 

3.18.3 

In-Place Densities 

a. One test per [ _____ ] square feet, or fraction thereof, of each lift 
of fill or backfill areas compacted by other than hand-operated 
machines. 

b. One test per [ _____ ] square feet, or fraction thereof, of each lift 
of fill or backfill areas compacted by hand-operated machines. 

Check Tests on In-Place Densities 
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If ASTM D 6938 is used, check in-place densities by ASTM D 1556 as follows: 

3.18.4 

a. One check test per lift for each [ square feet, or fraction 
thereof, of each lift of fill or backfill compacted by other than 
hand-operated machines. 

b. One check test per lift for each [ _____ l square feet, of fill or 
backfill areas compacted by hand-operated machines. 

Moisture Contents 

In the otockpilc, excavation, or borrow areas, perform a minimum of two 
tests per day per type of material or source of material being placed 
during stable weather conditions. During unstable weather, perform tests 
as dictated by local conditions and approved by the Contracting Officer. 

3.18.5 Optimum Moisture and Laboratory Maximum Density 

Perform tests for each type material or source of material to determine 
the optimum moisture and laboratory maximum density values. One 
representative test per [ _____ l cubic yards of fill and backfill, or when 
any change in material occurs which may affect the optimum moisture content 
or laboratory maximum density. 

3.18.6 Tolerance Tests for Subgrades 

Perform continuous checks on the degree of finish specified in paragraph 
SUBGRADE PREPARATION during construction of the subgrades. 

3.19 DISPOSITION OF SURPLUS MATERIAL 

Provide surplus material or other soil material not required or suitable 
for filling or backfilling, and brush, refuse, stumps, roots, and timber as 
removed from Government property as directed by the Contracting Officer. 

-- End of Section --
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PART 1 GENERAL 

SECTION 31 05 19 

GEOTEXTILE 
DB/DB 

This specification is for the geotextile to be placed on the ground surface 
as a separation barrier between the ground and temporary haul road 
aggregate base course and as a separation layer between the bottom of the 
levee excavation and overlying select fill and aggregate base course of the 
excavation roadway. 

1 . 3 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 D 4354 

ASTM D 4355 

ASTM D 4491 

ASTM D 4533 

ASTM D 4632 

ASTM D 4751 

ASTM D 4759 

ASTM D 4833 

ASTM D 4873 

1. 4 SUBMITTALS 

(1999; R 2009) Sampling of Geosynthetics 
for Testing 

(2007) Deterioration of Geotextiles from 
Exposure to Light, Moisture and Heat in a 
Xenon-Arc Type Apparatus 

(1999a; R 2009) Water Permeability of 
Geotextiles by Permittivity 

(2004; R 2009) Trapezoid Tearing Strength 
of Geotextiles 

(2008) Grab Breaking Load and Elongation 
of Geotextiles 

(2004) Determining Apparent Opening Size 
of a Geotextile 

(2002; R 2007) Determining the 
Specification Conformance of Geosynthetics 

(2007) Index Puncture Resistance of 
Geotextiles, Geomembranes, and Related 
Products 

(2002; R 2009) Identification, Storage, 
and Handling of Geosynthetic Rolls and 
Samples 

Government approval is required for submittals with a "Gil designation; 
submittals not having a "G" designation are for information only. When 

Page 1 



used, a designation following the UGH designation identifies the office 
that will review the submittal for the Government. Submit the following in 
accordance with Section 01 33 00 SUBMITTAL PROCEDURES: 

SD-03 Product Data 

Thread 
Manufacturing Quality Control Sampling and Testing 

SD-04 Samples 

Quality Assurance Samples and Tests 

SD-07 Certificates 

Geotextile 

1.5 DELIVERY, STORAGE, AND HANDLING 

Deliver, store, and handle geotextile in accordance with ASTM D 4873. 

1. 5.1 Delivery 

Notify the Contracting Officer a minimum of 72 hours prior to delivery and 
unloading of geotextile rolls packaged in an opaque, waterproof, protective 
plastic wrapping. The plastic wrapping shall not be removed until 
deployment. If quality assurance samples are collected, immediately rewrap 
rolls with the plastic wrapping. Geotextile or plastic wrapping damaged 
during storage or handling shall be repaired or replaced, as directed. 
Label each roll with the manufacturer's name, geotextile type, roll number, 
roll dimensions (length, width, gross weight), and date manufactured. 

1. 5.2 Storage 

Protect rolls of geotextile from construction equipment, chemicals, sparks 
and flames, temperatures in excess of 160 degrees F, or any other 
environmental condition that may damage the physical properties of the 
geotextile. To protect geotextile from becoming saturated, either elevate 
rolls off the ground or place them on a sacrificial sheet of plastic in an 
area where water will not accumulate. 

1. 5.3 Handling 

Handle and unload geotextile rolls with load carrying straps, a fork lift 
with a stinger bar, or an axial bar assembly. Rolls shall not be dragged 
along the ground, lifted by one end, or dropped to the ground. 

PART 2 PRODUCTS 

2.1 RAW MATERIALS 

A minimum of 157 days prior to scheduled use, submit manufacturer1s 
certificate of compliance stating that the geotextile meets the 
requirements of this section. For needle punched geotextiles, the 
manufacturer shall also certify that the geotextile has been continuously 
inspected using permanent on-line full-width metal detectors and does not 
contain any needles which could damage other geosynthetic layers. The 
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certificate of compliance shall be attested to by a person having legal 
authority to bind the geotextile manufacturer. 

2.1.1 Geotextile 

Provide geotextile that is a woven pervious sheet of polymeric material 
consisting of long-chain synthetic polymers composed of at least 95 percent 
by weight polyolefins, polyesters, or polyamides. The use of woven slit 
film geotextiles (i.e. geotextiles made from yarns of a flat, tape-like 
character) will not be allowed. Add stabilizers and/or inhibitors to the 
base polymer, as needed, to make the filaments resistant to deterioration 
by ultraviolet light, oxidation, and heat exposure. Regrind material, 
which consists of edge trimmings and other scraps that have never reached 
the consumer, may be used to produce the geotextile. Post-consumer 
recycled material may also be used. Geotextile shall be formed into a 
network such that the filaments or yarns retain dimensional stability 
relative to each other, including the edges. Geotextiles shall meet the 
requirements specified in Table 1. Where applicable , Table 1 property 
values represent minimum average roll values (MARV) in the weakest 
principal direction. Values for AOS represent maximum average roll values. 

TABLE 1 
MINIMUM PHYSICAL REQUIREMENTS FOR GEOTEXTILE 

PROPERTY UNITS 

GRAB STRENGTH LBS 

SEAM STRENGTH LBS 

PUNCTURE LBS 

TRAPEZOID TEAR LBS 

APPARENT OPENING 
SIZE U.S. SIEVE 

PERMITTIVITY 

ULTRAVIOLET 
DEGRADATION 

2.1.2 Thread 

SEC -1 

PERCENT 

ACCEPTABLE VALUES TEST METHOD 

315 ASTM D 4632 

315 ASTM D 4632 

620 ASTM D 6241 

112 ASTM D 4533 

40 ASTM D 4751 

0.1 ASTM D 4491 

50 AT 500 HRS ASTM D 4355 

A minimum of 15 days prior to scheduled use, submit proposed thread type 
for sewn seams along with data sheets showing the physical properties of 
the thread. Construct sewn seams with high-strength polyester, nylon, or 
other approved thread type. Thread shall have ultraviolet light stability 
equivalent to the geotextile and the color shall contrast with the 
geotextile. 

2.2 MANUFACTURING QUALITY CONTROL SAMPLING AND TESTING 

The Manufacturer is responsible for establishing and maintaining a quality 
control program to assure compliance with the requirements of the 
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specification. A minimum of 15 days prior to scheduled use, submit 
manufacturer's quality control manual. Documentation describing the 
quality control program shall be made available upon request. Perform 
manufacturing quality control sampling and testing in accordance with the 
manufacturer's approved quality control manual. As a minimum, geotextiles 
shall be randomly sampled for testing in accordance with ASTMD 4354, 
Procedure A. Acceptance of geotextile shall be in accordance with 
ASTM D 4759. Tests not meeting the specified requirements will result in 
the rejection of applicable rolls. 

PART 3 EXECUTION 

3.1 QUALITY ASSURANCE SAMPLES AND TESTS 

3.1.1 Quality Assurance Samples 

Provide assistance to the Contracting Officer in the collection of quality 
assurance samples for quality assurance testing; assign 7 days in the 
schedule to allow for testing. Collect samples upon delivery to the site 
in accordance with ASTM D 4354, Procedure B. Lot size for quality 
assurance sampling shall be considered to be the shipment quantity of the 
product or a truckload of the product, whichever is smaller. The unit size 
shall be considered one roll of geotextile. at a frequency of one per 
100,000 square feet. Identify samples with a waterproof marker by 
manufacturer's name, product identification, lot number, roll number, and 
machine direction. The date and a unique sample number shall also be noted 
on the sample. Discard the outer layer of the geotextile roll prior to 
sampling a roll. Samples shall then be collected by cutting the full-width 
of the geotextile sheet a minimum of 3 feet long in the machine direction. 
Rolls which are sampled shall be immediately resealed in their protective 
covering. 

3.1.2 Quality Assurance Tests 

The Contractor shall provide quality assurance samples to an Independent 
Laboratory. Samples will be tested to verify that geotextile meets the 
requirements specified in Table 1. Test method ASTM D 4355 shall not be 
performed on the collected samples. Geotextile product acceptance shall be 
based on ASTM D 4759. Tests not meeting the specified requirements will 
result in the rejection of applicable rolls. 

3.2 INSTALLATION 

3.2.1 Subgrade Preparation 

The surface underlying the geotextile shall be smooth and free of ruts or 
protrusions which could damage the geotextile. Subgrade materials shall be 
the ground surface and shall be free of all debris, trash, stumps, brush, 
limbs, or other material that could puncture the geotextile. 

3.2.2 Placement 

Notify the Contracting Officer a minimum of 72 hours prior to installation 
of geotextile. Geotextile rolls which are damaged or contain imperfections 
shall be repaired or replaced as directed. The geotextile shall be laid 
flat and smooth so that it is in direct contact with the subgrade. The 
geotextile shall also be free of tensile stresses, folds, and wrinkles. On 
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slopes steeper than 10 horizontal on 1 vertical, lay the geotextile with 
the machine direction of the fabric parallel to the slope direction. 

3.3 SEAMS 

3.3.1 Overlap Seams 

Continuously overlap geotextile panels a minimum of 182 inches at all 
longitudinal and transverse joints. Where seams must be oriented across 
the slope, lap the upper panel over the lower panel. If approved, sewn 
seams may be used instead of overlapped seams. 

3.4 PROTECTION 

Protect the geotextile during installation from clogging, tears, and other 
damage. Damaged geotextile shall be repaired or replaced as directed. Use 
adeguate ballast (e.g. sand bags) to prevent uplift by wind. The 
geotextile shall not be left uncovered for more than 14 days after 
installation. 

3.5 REPAIRS 

Repair torn or damaged geotextile. Clogged areas of geotextile shall be 
removed. Perform repairs by placing a patch of the same type of geotextile 
over the damaged area. The patch shall extend a minimum of 12 inches 
beyond the edge of the damaged area. Patches shall be continuously 
fastened using approved methods. The machine direction of the patch shall 
be aligned with the machine direction of the geotextile being repaired. 
Remove and replace geotextile rolls which cannot be repaired. Repairs 
shall be performed at no additional cost to the Government 

3.6 PENETRATIONS 

Construct engineered penetrations of the geotextile by methods recommended 
by the geotextile manufacturer. 

3.7 COVERING 

Do not cover geotextile prior to inspection and approval by the Contracting 
Officer. Place cover aggregate base course in a manner that prevents 
aggregate base course from entering the geotextile overlap zone, prevents 
tensile stress from being mobilized in the geotextile, and prevents 
wrinkles from folding over onto themselves. On side slopes, aggregate base 
course shall be placed from the bottom of the slope upward. Cover 
aggregate base course shall not be dropped onto the geotextile from a 
height greater than 3 feet. No equipment shall be operated directly on top 
of the geotextile without approval of the Contracting Officer. Use 
equipment with ground pressures less than 7 psi to place the first lift 
over the geotextile. A minimum of 12 inches of aggregate base course shall 
be maintained between full-scale construction equipment and the 
geotextile. Cover soil material type, compaction, and testing requirements 
are described in Section 31 00 00 EARTHWORK and Section 32 11 23 Aggregate 
Base Course. Equipment placing cover soil shall not stop abruptly, make 
sharp turns, spin their wheels, or travel at speeds exceeding 5 mph. 

-- End of Section --
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PART 1 GENERAL 

SECTION 31 05 21 

GEOGRID SOIL REINFORCEMENT 
08/08 

This specification is for the geogrid soil reinforcement that shall be 
installed in the levee excavation and the new levee embankment. 

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. 

ASTM INTERNATIONAL (ASTM) 

ASTM D 4355 

ASTM D 4595 

ASTM D 4873 

ASTM D 5262 

ASTM D 5321 

ASTM D 6637 

ASTM D 6706 

(2007) Deterioration of Geotextiles from 
Exposure to Light, Moisture and Heat in a 
Xenon-Arc Type Apparatus 

(2009) Tensile Properties of Geotextiles 
by the Wide-Width Strip Method 

(2002; R 2009) Identification, Storage, 
and Handling of Geosynthetic Rolls and 
Samples 

(2007) Evaluating the Unconfined Tension 
Creep Behavior of Geosynthetics 

(2008) Determining the Coefficient of Soil 
and Geosynthetic or Geosynthetic and 
Geosynthetic Friction by the Direct Shear 
Method 

(2010) Standard Test Method for 
Determining Tensile Properties of Geogrids 
by the Single or Multi-Rib Tensile Method 

(2001; R 2007) Standard Test Method for 
Measuring Geosynthetic Pullout Resistance 
in Soil 

GEOSYNTHETIC INSTITUTE (GS1) 

GSI GRI GG4a 

GSI GRI GG4b 

GSI GRI GG6 

(1991) Determination of the Long-Term 
Design Strength of Stiff Geogrids 

(1991) Determination of the Long-Term 
Design Strength of Flexible Geogrids 

(1996) Grip Types for Use in Wide width 
Testing of Geotextiles and Geogrids 
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1.3 SUBMITTALS 

Government approval is required for submittals with a "Gil designation; 
submittals not having a "G" designation are for information only. When 
used, a designation following the "Gil designation identifies the office 
that will review the submittal for the Government. Submit the following in 
accordance with Section 01 33 00 SUBMITTAL PROCEDURES: 

SD-02 Shop Drawings 

Installation; G 

SD-03 Product Data 

Allowable Strength 
Manufact.urer 

SD-04 Samples; G 

Geogrid Reinforcement 

SD-06 Test Reports 

Geogrid Reinforcement 
Coefficient of Interaction 
Interface Friction Testing 
Splices 
Conformance Testing 

SD-07 Certificates 

Certificates of Compliance 

1.4 QUALITY ASSURANCE 

Submit a summary of the manufacturer's qualifications and 3 copies of the 
manufacturer's quality control (QC) manual a minimum of 30 days prior to 
delivery of geogrid to the site. The reinforcement manufacturer shall 
provide a qualified and experienced representative to be available on an 
as-needed basis during construction. The representative shall visit the 
site for consultation at least once during construction . 

1.5 DELIVERY, STORAGE, AND HANDLING 

Check products upon delivery to ensure that the proper material has been 
received and is dry and undamaged. Protect the materials from damage and 
exposure following the guidelines presented in ASTM D 4873. 

1.5.1 Labeling 

Label each roll with the manufacturer's name, product identification, roll 
dimensions, lot number, and date manufactured. 

1.5.2 Handling 

Handle and unload geogrid rolls by hand, or with load carrying straps, a 
fork lift with a stinger bar, or an axial bar assembly. Geosynthetic rolls 
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shall not be dragged, lifted by one end, lifted by cables or chains, or 
dropped to the ground. 

1.5.3 Storage 

Protect geogrid from deleterious materials, chemicals, sparks and flames, 
temperatures in excess of 160 degrees F, and any other environmental 
condition that may degrade the physical properties. If stored outdoors, 
the rolls shall be elevated from the ground surface in a well drained area. 
Protect geogrids, except for extruded grids, with an opaque waterproof 
cover. 

PART 2 PRODUCTS 

2.1 GEOGRID REINFORCEMENT 

Submit one properly identified 24 by 24 inches minimum size geogrid sample 
with the fasteners proposed for use. Provide a geogrid that is a 
geosynthetic manufactured for reinforcement applications and a regular 
network of integrally connected polymer tensile elements with aperture 
geometry sufficient to permit significant mechanical interlock with the 
surrounding soil, aggregate, or other fill materials. 

2.1.1 

a. Submit manufacturer's certified raw and roll material test reports 
including ultimate strength performed in accordance with ASTM D 6637 or 
ASTM D 4595 (modified). Test results not meeting the requirements in 
Table 1 or in the approved Manufacturer's Quality Control Manual will 
result in rejection of applicable rolls. Provide certified test 
reports a minimum of 7 days prior to delivery of geogrid to the site. 

b. The geogrid structure shall be dimensionally stable and able to 
retain its geometry under manufacture, transport and installation. The 
geogrid shall be manufactured with 100 percent virgin resin consisting 
of polyethylene, polypropylene, polyester, or other approved material 
and with a maximum of 5 percent in-plant regrind material. Polyester 
resin shall have a minimum molecular weight of 25,000 and a carboxyl 
end group number less than 30. Polyethylene and polypropylene shall be 
stabilized with long term antioxidants. 

c. Submit Certificates of Compliance for the materials provided and 
results of conformance testing. Submit an affidavit certifying raw and 
roll material test results submitted are accurate and that the 
reinforcement meets the requirements of the project specifications. 
The affidavit shall be signed by an official authorized to certify on 
behalf of the manufacturer. If the affidavit is dated after award of 
the contract and/or is not specific to the project, the supplier shall 
attach a statement certifying that the affidavit addressed to the 
wholesale company is representative of the material supplied. The 
documents shall include a statement confirming that all purchased resin 
used to produce reinforcement is virgin resin. Provide affidavit a 
minimum of 7 days prior to delivery of geogrid to the site. 

Geogrid Reinforcement Properties 

The reinforcement shown on the contract drawings shall meet the property 
requirements listed in Table 1. Reinforcement strength requirements 
represent minimum average roll values in the machine direction. 
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PROPERTY 

PROPERTY 

TABLE 1 

REQUIREMENT 
TABLE 1 

REQUIREMENT 

TEST 

TEST DESIGNATION 

Allowable Design 
Strength (Tal 

5000 lb/ft GSI GRI GG4a 

Junction Strength 

Strength @ 5% Strain 
D 4595 (modifiedl 

UV Res-istance 

Coefficient of Interaction* 
for Pullout 

Interface Friction at 
Peak Degrees 

8900 lb/ft 

6000 lb/ft 

70 percent after 
500 hours 

0.85 

23 

GRI-GG2 

ASTM D 6637 or ASTM 

ASTM D 4355 

ASTM D 6706 

ASTM D 5321 

*Submit the coefficient of interaction for pull-out resistance of the 
proposed geogrid in a soil of similar gradation and texture to the material 
that will be used for fill in the reinforced zone. Establish the coefficient 
of interaction in accordance with ASTM D 6706. Provide certified test 
results a minimum of 7 days prior to delivery of geogrid to the site. 

2.1.1.1 Allowable Strength 

Submit Geogrid allowable strength calculated in accordance with GSI GRI GG4a 
or GSI GRI GG4b. The calculations shall itemize each reduction factor. 

Account for splice efficiency in the calculations. Provide calculations a 
minimum of 7 days prior to delivery of geogrid to the site. Allowable 
strength is based on reduction factors for installation damage, durability, 
and creep that are applicable to site specific conditions. Determine 
reduction factors in accordance with the test procedures documented in 
GSI GRI GG4a or GSI GRI GG4b. The minimum reduction factor for durability 
shall be 1.1 for polyethylene and polypropylene geogrids and 1.15 for 
coated polyester geogrids. The minimum reduction factor for installation 
damage shall be 1.1 for all polymers. The reduction factor for creep shall 
be based on testing performed in accordance with ASTM D 5262 at the strain 
specified in Table 1. 

2.1.1.2 Interface Friction Testing 

Submit certified laboratory interface friction test results including 
description of equipment and test method l a minimum of 7 days prior to 
delivery of geogrid to the site. Conduct laboratory interface friction 
tests on the following interfaces: select fill, base course aggregate, and 
new levee embankment fill. The frequency of testing for each interface 
shall be at a rate of 1 per project. Conduct tests in accordance with 
ASTM D 5321. Use normal stresses of 10, 20, and 30 psi along with a 
displacement rate of 0.2 [ _____ ] inches per minute. Orient geosynthetics 
such that the shear force is parallel to the down slope orientation of 
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these components in the field. 

2.2 SPLICES 

Splices shall consist of a standard method or device recommended by the 
manufacturer of the geogrid. Splices will not be allowed unless identified 
on the approved layout drawings. Splices shall be at least 75 percent 
efficient. Demonstrate the splice efficiency through tests performed in 
accordance with GSI GRI GG4a or GSI GRI GG4b. Splicing may consist of 
overlaps, fusion wedge welding, sewing, or bodkin connections. Splicing 
methods that are dependent on installer experience and skill level t such as 
hot air and torch-applied open flame, are not acceptable. Construct 
overlap splices by placing a minimum of 2 inches of soil between the layers 
of geogrid. 

PART 3 EXECUTION 

3.1 INSTALLATION 

Submit Geogrid layout plan along with anchorage and joint details, 
sequencing and construction procedures, a minimum of 15 days prior to 
geogrid placement. 

3.1.1 Subgrade preparation 

Immediately prior to placement of the geogrid, the surface on which the 
geogrid will be placed shall be free of rock and other material that could 
damage the geogrid or the underlying geosynthetics. 

3.1.3 Placement 

Install the geogrid in accordance with the Manufacturer's recommendations. 
Unroll the geogrid in the direction of reinforcement. After a layer of 
geogrid has been placed, use suitable means, that do not damage the 
underlying geosynthetics, to hold the geogrid flat and in place until cover 
soil can be placed. Geogrid damaged during placement and covering shall be 
removed and replaced at no additional cost to the Government. 

3.1.4 Overlaps and Fasteners 

Adjacent rolls of geogrid shall be positioned edge-to-edge and loosely 
fastened to maintain alignment during fill placement. Adjacent rolls shall 
not be overlapped. Use fastener type and spacing as recommended by the 
manufacturer and approved by the Contracting Officer. Metallic fasteners 
shall not be allowed. 

3.1.5 Splices 

Submit test data showing splice efficiency. Provide certified test results 
a minimum of 15 days prior to delivery of geogrid to the site. Locate 
splices, if allowed, within the bottom one-third of the slope. Limit 
splicing to only one splice per reinforcing strip and no two consecutive 
reinforcing strips shall include a splice. Individual reinforcing lengths 
less than 10 feet shall not be used. Splices in geogrid reinforcement 
shall be pulled and held taut during cover soil placement. 

3.1.6 Penetrations 
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For small penetrations through geogrids, only transverse members of the 
geogrid shall be cut. The load-carrying longitudinal (machine direction) 
members shall be spread around the penetration. For larger penetrations, 
additional geogrid shall be placed on each side of the penetration and 
spliced to the adjacent geogrid to compensate for any longitudinal tensile 
members that must be cut. 

3.2 COVER SOIL PLACEMENT 

Cover geogrid with soil within 5 calendar days of acceptance. Keep the 
geogrid smooth and taut during placement of cover materials. Cover soil 
shall not be dropped onto the geogrid from a height greater than 3 feet. 
The cover materials shall be pushed out over the geogrid in an upward 
tumbling motion. Place cover materials from the bottom of the slope 
upward. The initial loose cover materials lift thickness shall be 12 inches. 
Use equipment with ground pressures less than 7 psi to place the first lift 
over the geogrid. A minimum of 24 inches of cover materials shall be 
maintained between construction equipment with ground pressures greater than 

7 psi and the geogrid, Layer 1. Twelve inches of material cover shall be 
required for geogrid Layer 2 where present. Equipment placing cover 
materials shall not stop abruptly, make sharp turns, spin their wheels, or 
travel at speeds exceeding 5 mph. Additional cover material and placement 
requirements are described in Section 31 00 00 EARTHWORK and Section 32 11 
23 Aggregate Base Course. 

3.3 OVERSIGHT 

Keep a QA Representative present at all times during geogrid installation 
and cover material layer. 

3.4 CONFORMANCE TESTING 

Submit results of conformance testing. Conformance testing expenses are 
the responsibility of the Contractor. Perform testing using a commercial 
testing laboratory selected by the Contractor and approved by the 
Contracting Officer. The laboratory shall be accredited via the 
Geosynthe-tic Accreditation Institute's Laboratory Accreditation Program 
(GAl-LAP) for the tests the laboratory will be required to perform. The 
Contracting Officer reserves the right to direct the location and select 
the material for samples. Conformance test results shall equal or exceed 
results reported on the Manufacturer's certified roll material test reports. 

PROPERTY 

Wide Width Strip 
Tensile Strength 

TABLE 5. CONFORMANCE TESTING 

TEST DESIGNATION 

[ASTM D 4595 (mod)] 
[or] [ASTM D 6637] 

FREQUENCY 

[--

Modify ASTM D 4595 for geogrids considering recommendations in GSI GRI GG6. 
Express the tensile strength on a unit length basis by substituting n*a for 
Ws, where: 

Ws = specimen width, ( inches) 
n number of ribs in the sample (must be a whole 
a = nominal rib spacing for the product tested, 
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SECTION 31 32 11

SOIL SURFACE EROSION CONTROL

08/08

PART 1   GENERAL

1.1   MEASUREMENT AND PAYMENT

1.1.1   Standard and Geosynthetic Binder

Measure the standard and geosynthetic binder by the square yard of surface 
area covered.  No measurement for payment will be made for fine grading, 
trenching or other miscellaneous materials necessary for placement of the 
binder.

1.1.2   Mulch and Compost

Measure mulch and compost by the square yard of surface area covered.  No 
measurement for payment will be made for binder, dye or other miscellaneous 
materials or equipment necessary for placement of the mulch or compost.

1.1.3   Hydraulic Mulch

Measure hydraulic mulch by the square yard of surface area covered.  
Measurement for payment will include binder, dye or both.  No measurement 
for payment will be made for other miscellaneous materials or equipment 
necessary for placement of the hydraulic mulch.

1.1.4   Geotextile Fabric

Measure geotextile fabrics by the square yard of surface area covered.  No 
measurement for payment will be made for fine grading, trenching or other 
miscellaneous materials necessary for placement of the fabric.

1.1.5   Erosion Control Blankets

Measure erosion control blankets by the square yard of surface area 
covered.  No measurement for payment will be made for fine grading, 
trenching or other miscellaneous materials necessary for placement of the 
erosion control blankets.

1.1.6   Synthetic Grid/Sheet Systems

Measure synthetic grid/sheet system by the square yard of surface area 
covered.  No measurement for payment will be made for fine grading, 
trenching, geotextile, seams, grout, rock, topsoil or other miscellaneous 
materials necessary for placement of the articulating cellular concrete 
block system.

1.1.7   Cellular Concrete Block Systems

Measure articulating cellular concrete block system by the square yard of 
surface area covered.  No measurement for payment will be made for fine 
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grading, trenching, geotextile, seams, grout, rock, topsoil or other 
miscellaneous materials necessary for placement of the articulating 
cellular concrete block system.

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.

ASTM INTERNATIONAL (ASTM)

ASTM C140 (2011) Standard Test Methods for Sampling 
and Testing Concrete Masonry Units and 
Related Units

ASTM C39/C39M (2010) Standard Test Method for 
Compressive Strength of Cylindrical 
Concrete Specimens

ASTM C42/C42M (2010a) Standard Test Method for Obtaining 
and Testing Drilled Cores and Sawed Beams 
of Concrete

ASTM D 1248 (2005) Standard Specification for 
Polyethylene Plastics Extrusion Materials 
for Wire and Cable

ASTM D 1560 (2009a) Resistance to Deformation and 
Cohesion of Bituminous Mixtures by Means 
of Hveem Apparatus

ASTM D 1777 (1996e1; R 2011) Thickness of Textile 
Materials

ASTM D 2028 (2010) Cutback Asphalt (Rapid-Curing Type)

ASTM D 2844 (2007e1) Resistance R-Value and Expansion 
Pressure of Compacted Soils

ASTM D 3776/D 3776M (2009a; R 2011) Standard Test Method for 
Mass Per Unit Area (Weight) of Fabric

ASTM D 3787 (2007; R 2011) Bursting Strength of 
Textiles - Constant-Rate-of-Traverse 
(CRT), Ball Burst Test

ASTM D 3884 (2009) Abrasion Resistance of Textile 
Fabrics (Rotary Platform, Double-Head 
Method)

ASTM D 4355 (2007) Deterioration of Geotextiles from 
Exposure to Light, Moisture and Heat in a 
Xenon-Arc Type Apparatus

ASTM D 4491 (1999a; R 2009) Water Permeability of 
Geotextiles by Permittivity
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ASTM D 4533 (2004; R 2009) Trapezoid Tearing Strength 
of Geotextiles

ASTM D 4595 (2009) Tensile Properties of Geotextiles 
by the Wide-Width Strip Method

ASTM D 4632 (2008) Grab Breaking Load and Elongation 
of Geotextiles

ASTM D 4751 (2004) Determining Apparent Opening Size 
of a Geotextile

ASTM D 4833 (2007) Index Puncture Resistance of 
Geotextiles, Geomembranes, and Related 
Products

ASTM D 4972 (2001; R 2007) pH of Soils

ASTM D 5034 (2009) Breaking Strength and Elongation of 
Textile Fabrics (Grab Test)

ASTM D 5035 (2011) Breaking Force and Elongation of 
Textile Fabrics (Strip Method)

ASTM D 5268 (2007) Topsoil Used for Landscaping 
Purposes

ASTM D 5852 (2000; R 2007) Standard Test Method for 
Erodibility Determination of Soil in the 
Field or in the Laboratory by the Jet 
Index Method

ASTM D 648 (2007) Deflection Temperature of Plastics 
Under Flexural Load in the Edgewise 
Position

ASTM D 6629 (2001; R 2007) Selection of Methods for 
Estimating Soil Loss by Erosion

ASTM D 698 (2007e1) Laboratory Compaction 
Characteristics of Soil Using Standard 
Effort (12,400 ft-lbf/cu. ft. (600 
kN-m/cu. m.))

ASTM D 977 (2005) Emulsified Asphalt

U.S. DEPARTMENT OF AGRICULTURE (USDA)

AMS Seed Act (1940; R 1988; R 1998) Federal Seed Act

U.S. GREEN BUILDING COUNCIL (USGBC)

LEED (2002; R 2005) Leadership in Energy and 
Environmental Design(tm) Green Building 
Rating System for New Construction 
(LEED-NC)
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1.3   SYSTEM DESCRIPTION

The work consists of furnishing and installing soil surface erosion control 
materials, including fine grading, blanketing, stapling, mulching and 
miscellaneous related work, within project limits and in areas outside the 
project limits where the soil surface is disturbed from work under this 
contract at the designated locations.  This work includes all necessary 
materials, labor, supervision and equipment for installation of a complete 
system.  Submit a listing of equipment to be used for the application of 
erosion control materials.  Coordinate this section with the requirements 
of [Section 31 00 00 EARTHWORK] [and] [Section 32 92 19 SEEDING,] [and] 
[Section 32 92 23 SODDING].  Complete backfilling the openings in synthetic 
grid systems and articulating cellular concrete block systems a maximum 7 
days after placement to protect the material from ultraviolet radiation.

1.4   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for [Contractor Quality Control 
approval.] [information only.  When used, a designation following the "G" 
designation identifies the office that will review the submittal for the 
Government.]  Submit the following in accordance with Section 01 33 00 
SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Layout; [____]
Obstructions Below Ground; [____]
Erosion Control; [____]
Seed Establishment Period
Maintenance Record

SD-03 Product Data

Geosynthetic Binders; [____]
Recycled Plastic
Wood Cellulose Fiber
Paper Fiber
Mulch Control Netting and Filter Fabric
Hydraulic Mulch; [____]
Erosion Control Blankets Type XI
Geotextile Fabrics; [____]
Aggregate
Synthetic Grid Systems; [____]
Articulating Cellular Concrete Block Systems; [____]
Equipment
Finished Grade
Erosion Control Blankets

SD-04 Samples 

Materials

SD-06 Test Reports

Geosynthetic Binders
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Hydraulic Mulch
Geotextile Fabrics
Erosion Control Blankets
Synthetic Grid Systems
Articulating Cellular Concrete Block Systems
Compressive Strength Testing
Sand
Gravel

SD-07 Certificates

Fill Material
Mulch
Hydraulic Mulch
Geotextile Fabrics
Geosynthetic Binders
Synthetic Soil Binders
Installer's Qualification
Recycled Plastic
Seed
Asphalt Adhesive
Tackifier
Wood By-Products
Wood Cellulose Fiber

SD-10 Operation and Maintenance Data

Maintenance Instructions

SD-11 Closeout Submittals

Local/Regional Materials; (LEED)
Recycled Plastic; (LEED)
Wood Cellulose Fiber; (LEED)
Paper Fiber; (LEED)
Mulch Control Netting and Filter Fabric; (LEED)
Hydraulic Mulch[; G][; G, [_____]] (LEED)
Erosion Control Blankets Type XI; (LEED)
Geotextile Fabrics[; G][; G, [_____]] (LEED)
Aggregate; (LEED)

1.5   QUALITY ASSURANCE

1.5.1   Installer's Qualification

The installer shall be certified by the manufacturer for training and 
experience installing the material.  Submit the installer's company name 
and address, and/or certification.

1.5.3   Substitutions

Substitutions will not be allowed without written request and approval from 
the Contracting Officer.

1.5.4   SUSTAINABLE DESIGN REQUIREMENTS

1.5.4.1   Local/Regional Materials
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Submit LEED documentation relative to local/regional materials credit in 
accordance with LEED Reference Guide.  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.  [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 LEED(tm) DOCUMENTATION for cumulative total local material 
requirements.  Erosion control materials may be locally available.]

1.6   DELIVERY, STORAGE, AND HANDLING

Prior to delivery of materials, submit certificates of compliance attesting 
that materials meet the specified requirements.  Store materials in 
designated areas and as recommended by the manufacturer protected from the 
elements, direct exposure, and damage.  Do not drop containers from 
trucks.  Material shall be free of defects that would void required 
performance or warranty.  Deliver geosynthetic binders and synthetic soil 
binders in the manufacturer's original sealed containers and stored in a 
secure area.

a.  Furnish erosion control blankets and geotextile fabric in rolls 
with suitable wrapping to protect against moisture and extended 
ultraviolet exposure prior to placement.  Label erosion control blanket 
and geotextile fabric rolls to provide identification sufficient for 
inventory and quality control purposes.

b.  All synthetic grids, synthetic sheets, and articulating cellular 
concrete block grids shall be sound and free of defects that would 
interfere with the proper placing of the block or impair the strength 
or permanence of the construction.  Minor cracks in synthetic grids and 
concrete cellular block, incidental to the usual methods of 
manufacture, or resulting from standard methods of handling in shipment 
and delivery, will not be deemed grounds for rejection.

c.  Inspect seed upon arrival at the jobsite for conformity to species 
and quality.  Seed that is wet, moldy, or bears a test date five months 
or older, shall be rejected.

d.  Submit the following materials and items in the quantities 
specified:

1. Geosynthetic and synthetic binding material;  1 quart.

2. Standard mulch;  2 pounds.

3. Hydraulic mulch;  2 pounds.

4. Geotextile fabrics;  6 inch square.

5. Erosion control blankets;  6 inch square.

6. Synthetic grid systems; One sample grid.

7. Articulating cellular concrete block systems;  100 square feet 
area.

Page 6



8. [Two] [_____] color charts displaying the colors and finishes 
for the articulating cellular block system.

e.  For items listed in this section, certified copies of the material 
certificates shall include the following:

1). Certification of recycled content or,

2). Statement of recycled content.

3). Certification of origin including the name, address and 
telephone number of manufacturer.

1.8   WARRANTY

Erosion control material shall have a warranty for use and durable 
condition for project specific installations.  Temporary erosion control 
materials shall carry a minimum eighteen month warranty.  Permanent erosion 
control materials shall carry a minimum three year warranty.

PART 2   PRODUCTS

2.1   RECYCLED PLASTIC

Submit individual component and assembled unit structural integrity test 
results; creep tolerance; deflection tolerance; and vertical load test 
results and Life-cycle durability.  Recycled plastic shall contain a 
minimum 85 percent of recycled post-consumer product.  Recycled material 
shall be constructed or manufactured with a maximum 1/4 inch deflection or 
creep in any member, according to ASTM D 648 and ASTM D 1248.  The 
components shall be molded of ultraviolet (UV) and color stabilized 
polyethylene.  The material shall consist of a minimum 75 percent plastic 
profile of high-density polyethylene, low-density polyethylene, and 
polypropylene raw material.  The material shall be non-toxic and have no 
discernible contaminates such as paper, foil, or wood.  The material shall 
contain a maximum 3 percent air voids and shall be free of splinters, 
chips, peels, buckling, and cracks.  Material shall be resistant to 
deformation from solar heat gain.

2.2   BINDERS

2.2.1   Synthetic Soil Binders

Calcium chloride, or other standard manufacturer's spray on adhesives 
designed for dust suppression.  Submit certification for binders showing 
EPA registered uses, toxicity levels, and application hazards.

2.2.2   Geosynthetic Binders

Geosynthetic binders shall be manufactured in accordance with ASTM D 1560, 
ASTM D 2844; and shall be referred to as products manufactured for use as 
modified emulsions for the purpose of erosion control and soil 
stabilization.  Emulsions shall be manufactured from all natural materials 
and provide a hard durable finish.

2.3   MULCH
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Mulch shall be free from weeds, mold, and other deleterious materials.  
Mulch materials shall be native to the region.

2.3.1   Straw

Straw shall be stalks from oats, wheat, rye, barley, or rice, furnished in 
air-dry condition and with a consistency for placing with commercial 
mulch-blowing equipment.

2.3.2   Hay

Hay shall be native hay, sudan-grass hay, broomsedge hay, or other 
herbaceous mowings, furnished in an air-dry condition suitable for placing 
with commercial mulch-blowing equipment.

2.3.3   Wood Cellulose Fiber

Submit certification stating that wood components were obtained from 
managed forests.  Wood cellulose fiber shall be 100 percent recycled 
material and shall not contain any growth or germination-inhibiting factors 
and shall be dyed with non-toxic, biodegradable dye an appropriate color to 
facilitate placement during application.  Composition on air-dry weight 
basis: a minimum 9 to a maximum 15 percent moisture, and between a minimum 
4.5 to a maximum 6.0 pH.[  See Section 01 33 29 LEED(tm) DOCUMENTATION for 
cumulative total recycled content requirements.  This item may contain 
post-consumer or post-industrial recycled content.][  Wood cellulose fiber 
shall not contain environmentally hazardous levels of heavy metals.  
Materials may be bulk tested or tested by toxicity characteristic leaching 
procedure (TCLP).]

2.3.4   Paper Fiber

Paper fiber mulch shall be 100 percent post-consumer recycled news print 
that is shredded for the purpose of mulching seed.[  See Section 01 33 29 
LEED(tm) DOCUMENTATION for cumulative total recycled content requirements.]

2.3.5   Shredded Bark

Locally shredded material shall be treated to retard the growth of mold and 
fungi.

2.3.6   Wood By-Products

Submit composition, source, and particle size.  Products shall be free from 
toxic chemicals or hazardous material.  Wood locally chipped or ground bark 
shall be treated to retard the growth of mold and fungi.  Gradation: A 
maximum 2 inch wide by 4 inch long.

2.3.7   Coir

Coir shall be manufactured from 100 percent coconut fiber cured in fresh 
water for a minimum of 6 months.

2.3.8   Asphalt Adhesive

Asphalt adhesive shall conform to the following: Emulsified asphalt, 
conforming to ASTM D 977, Grade SS-1; and cutback asphalt, conforming to 
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ASTM D 2028, Designation RC-70.

2.3.9   Mulch Control Netting and Filter Fabric

Mulch control netting and filter fabric may be constructed of lightweight 
recycled plastic, cotton, or paper or organic fiber.  The recycled plastic 
shall be a woven or nonwoven polypropylene, nylon, or polyester containing 
stabilizers and/or inhibitors to make the fabric resistant to deterioration 
from UV, and with the following properties:

a.  Minimum grab tensile strength (TF 25 #1/ASTM D 4632),  180 pounds.

b.  Minimum Puncture (TF 25 #4/ASTM D 3787),  75 psi in the weakest 
direction.

c.  Apparent opening sieve size of a minimum 40 and maximum 80 (U.S. 
Sieve Size).

d.  Minimum Trapezoidal tear strength (TF 25 #2/ASTM D 4533),  50 pounds.

2.3.10   Hydraulic Mulch

Hydraulic mulch shall be made of 100 percent [recycled material][virgin 
aspen wood fibers].  Wood shall be naturally air-dried to a moisture 
content of 10.0 percent, plus or minus 3.0 percent.  A minimum of 50 
percent of the fibers shall be equal to or greater than 0.15 inch in length 
and a minimum of 75 percent of the fibers shall be retained on a 28 mesh 
screen.[  No reprocessed paper fibers shall be included in the hydraulic 
mulch.]  Hydraulic mulch shall have the following mixture characteristics:

CHARACTERISTIC (typical)                        VALUE
                 pH                                     5.4 + 0.1

     Organic Matter (oven dried basis),         percent 99.3 within + 0.2
     Inorganic Ash (oven dried basis),          percent 0.7 within + 0.2
     Water Holding Capacity,                    percent 1,401 

2.3.11   Tackifier

Tackifier shall be a blended polyacrylimide material with non-ionic 
galactomannan of Gramineae endosperm in powder and crystalline form with 
molecular weights over 250,000.  Tackifier shall be pre-packaged in the 
hydraulic mulch at the rate of [_____] ounces per lb of wood fiber.

2.3.12   Dye

Dye shall be a water-activated, green color.  Pre-package dye in water 
dissolvable packets in the hydraulic mulch.

2.4   GEOTEXTILE FABRICS

Geotextile fabrics shall be woven of [polyester][polypropylene] filaments 
formed into a stable network so that the filaments retain their relative 
position to each other.  [Content shall be a minimum of [75][_____] percent 
recycled materials.][See Section 01 33 29 LEED(tm) DOCUMENTATION for 
cumulative total recycled content requirements.  Geotextile fabric may 
contain post-consumer or post-industrial recycled content.]  Sewn seams 
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shall have strength equal to or greater than the geotextile itself.  
Install fabric to withstand maximum velocity flows as recommended by the 
manufacturer.  The geotextile shall conform to the following minimum 
average roll values:

        Property                Performance            Test Method

        Weight                                 ASTM D 3776/D 3776M
        Thickness                              ASTM D 1777
        Permeability                        ASTM D 4491
        Abrasion Resistance,      58 percent X
        Type (percent strength    81 percent           ASTM D 3884
        retained) 
        Tensile Grab Strength     1,467 N X 1,         ASTM D 4632
                                  933 N
        Grab Elongation           15percent X          ASTM D 4632
                                  20percent

        Burst Strength            5,510 kN/m2          ASTM D 3787
        Puncture Strength         733 N                ASTM D 4833
        Trapezoid Tear            533 N X 533 N        ASTM D 4533
        Apparent Opening Size     40 US Std Sieve      ASTM D 4751
        UV Resistance @ 500 hrs   90 percent           ASTM D 4355

2.5   EROSION CONTROL BLANKETS

2.5.1   Erosion Control Blankets Type I

Use Type I blankets for erosion control and vegetation establishment on 
roadside embankments, abutments, berms, shoulders, and median swales where 
natural vegetation will provide long term stabilization.  Erosion control 
blankets shall be a machine-produced mat of 100% straw.  The blanket shall 
be of consistent thickness with the straw evenly distributed over the 
entire area of the mat.  Cover the blanket on the top side with a 
photodegradable polypropylene netting having an approximate 1/2 by 1/2 inch 
mesh and be sewn together on a maximum 1.5 inch centers with degradable 
thread.  The erosion control blanket shall have the following properties:

     Material Content

          Straw       100 percent with approximately 

                       0.50 lb/yd2 weight

          Netting     One side only, lightweight photodegradable with 

                      approximately 1.64 lb/1,000 ft2

                      weight.

          Thread      Degradable

    Note 1:  Photodegradable life a minimum of 2 months with a minimum 90
    percent light penetration.  Apply to slopes up to a maximum 3:1 gradient.

2.5.2   Erosion Control Blankets Type II

Erosion control blankets shall be a machine-produced mat of 100 percent  
straw.  The blanket shall be of consistent thickness with the straw evenly 
distributed over the entire area of the mat.  Cover the blanket on the top 
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side with a polypropylene netting having an approximate 1/2 by 1/2 inch 
mesh with photodegradable accelerators to provide breakdown of the netting 
within approximately 45 days, depending upon geographic location and 
elevation.  Sew the blanket together on a maximum 1.5 inch centers with 
degradable thread.  The erosion control blanket shall have the following 
properties:

    Material Content

      Straw                  100 percent with approximately

                              0.50 lb/yd2 weight.

      Netting                One side only, photodegradable with photo
                             accelerators and approximately 

                              1.64 lb/1,000 ft2 weight.

      Thread                 Degradable

      NOTE:  Photodegradable life a minimum of 10 months with a minimum 90
             percent light penetration.  Apply to slopes up to a maximum 3:1
             gradient.

2.5.3   Erosion Control Blankets Type III

Type III blankets shall be used for erosion control and vegetation 
establishment on roadside embankments, abutments, berms, shoulders, and 
median swales where natural vegetation will provide long term 
stabilization.  Erosion control blanket shall be a machine-produced mat 
consisting of 70 percent straw and 30 percent coconut fiber.  The blanket 
shall be of consistent thickness with the straw and coconut fiber evenly 
distributed over the entire area of the mat.  Cover the blanket on the top 
side with heavyweight photodegradable polypropylene netting having UV 
additives to delay breakdown and an approximate 5/8 by 5/8 inch mesh, and 
on the bottom side with a lightweight photodegradable polypropylene netting 
with an approximate 1/2 by 1/2 inch mesh.  Sew the blanket together on 1.5 
inch centers with degradable thread.  The erosion control blanket shall 
have the following properties:

      Material Content

      Straw             70 percent by approximately

                        0.35 lb/yd2.

      Coconut Fiber     30 percent by approximately

                        0.15 lb/yd2 weight.

      Netting           Top side heavyweight photodegradable with UV 
                        additives and approximately

                        3 lb/1,000 ft2 weight

                        Bottom side lightweight photodegradable
                        with approximately

                        1.64 lb/1,000 ft2 weight.

      NOTE:  Photodegradable life a minimum of 10 months with a minimum 90
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Material 
             percent light penetration.  Apply to slopes with a gradient less
             than 1.5:1.

2.5.4   Erosion Control Blankets Type IV

Erosion control blanket shall be a machine-produced mat of 100 percent 
straw.  The blanket shall be of consistent thickness with the straw evenly 
distributed over the entire area of the mat.  Cover the blanket on the top 
and bottom sides with lightweight photodegradable polypropylene netting 
having an approximate 1/2 by 1/2 inch mesh.  Sew the blanket together on 
1.5 inch centers with degradable thread.  The erosion control blanket shall 
have the following properties:

Material Content

       Straw        100 percent with approximately

                    0.5 lb/yd2 weight.

       Netting      Both sides lightweight photodegradable with

                    approximately 1.64 lb/1,000 ft2                     
weight.

      Thread        Degradable

     NOTE:  Photodegradable life a minimum of 2 months with a minimum
            90 percent light penetration.  Apply to slopes with a gradient of
            less than 1.5:1.

2.5.5   Erosion Control Blankets Type V

Erosion control blanket shall be a machine-produced mat of 100 percent 
straw.  The blanket shall be of consistent thickness with the straw evenly 
distributed over the entire area of the mat.  Cover the blanket on the top 
side with polypropylene netting having an approximate 1/2 by 1/2 inch mesh 
with photodegradable accelerators to provide breakdown of the netting 
within approximately 45 days, depending upon geographic location and 
elevation.  Cover the bottom with a polypropylene netting having an 
approximate 1/2 by 1/2 inch mesh with photo accelerators.  Sew the blanket 
together on 1.5 inch centers with degradable thread.  The erosion control 
blanket shall have the following properties:

Material Content

       Straw       100 percent with approximately

                   0.5 lb/yd2 weight.

       Netting     Top side lightweight photodegradable with photo
                   accelerators with approximately

                   1.64 lb/1,000 ft2 weight.

       Thread      Bottom side lightweight photodegradable with photo
                   accelerators and approximately

                   1.64 lb/1,000 ft2 weight.
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Material 
      NOTE:  Photodegradable life a minimum of 10 months with a minimum 90 
             percent light penetration.  Apply to slopes up to a maximum 2:1
             gradient.

2.5.6   Erosion Control Blankets Type VI 

Erosion control blanket shall be a machine-produced 100 percent 
biodegradable mat with a 100 percent straw fiber matrix.  The blanket shall 
be of consistent thickness with the straw fiber evenly distributed over the 
entire area of the mat.  Cover the blanket on the top side with a 100 
percent biodegradable woven natural organic fiber netting.  The netting 
shall consist of machine directional strands formed from two intertwined 
yarns with cross directional strands interwoven through the twisted machine 
strands (commonly referred to as a Leno weave) to form an approximate 1/2 
by 1/2 inch mesh.  Sew the blanket together with biodegradable thread on 
1.5 inch centers.  The erosion control blanket shall have the following 
properties:

    Material Content

      Matrix         100 percent straw fiber with approximately 

                      0.50 lb/yd2 weight

      Netting        One side only, Leno woven 100% biodegradable natural
                     organic fiber

      Weight         approximately 9.3 lb/1,000 ft.

      Thread         Biodegradable

     NOTE:  Photodegradable life a minimum of 10 months with a minimum
            90 Percent light penetration.  Apply to slopes up to a maximum
            2:1 gradient.

2.5.7   Erosion Control Blankets Type VII 

Erosion control blanket shall be a machine-produced 100 percent 
biodegradable mat with an herbaceous straw fiber matrix.  The blanket shall 
be of consistent thickness with the straw evenly distributed over the 
entire area of the mat.  Cover the blanket on the top and bottom sides with 
100 percent biodegradable woven natural fiber netting.  The netting shall 
consist of machine directional strands formed from two intertwined yarns 
with cross directional strands interwoven through the twisted machine 
strands (commonly referred to as a Leno weave) to form an approximate 1/2 
by 1/2 inch mesh.  Sew the blanket together with biodegradable thread on 
1.5 inch centers.  The blanket shall have the following properties:

    Material Content

     Straw          100 percent straw fiber with approximately 

                     0.5 lb/yd2 weight.

     Netting        Top and bottom sides,Leno woven 100% biodegradable
                    natural organic fiber with approximately 

                     9.3 lb/1,000ft2 weight.
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    Material Content
     Thread         Biodegradable

     Note:  Photodegradable life a minimum of 18 months with a minimum 90
     percent light penetration.  Apply to slopes up to a maximum 1.5:1
     gradient.

2.5.8   Erosion Control Blankets Type VIII

Erosion control blanket shall be a machine-produced 100 percent 
biodegradable mat with a 70 percent herbaceous straw and 30 percent coconut 
fiber blend matrix.  The blanket shall be of consistent thickness with the 
straw and coconut fiber evenly distributed over the entire area of the 
mat.  Cover the blanket on the top and bottom sides with 100 percent 
biodegradable woven natural organic fiber netting.  The netting shall 
consist of machine directional strands formed from two intertwined yarns 
with cross directional strands interwoven through the twisted machine 
strands (commonly referred to as a Leno weave) to form an approximate 1/2 
by 1/2 inch mesh.  Sew the blanket together with biodegradable thread on 
1.5 inch centers.  Straw/Coconut fiber erosion control blanket shall have 
the following properties:

   Material Content

      Matrix         70 percent straw fiber with approximately 

                    . 0.35 lb/yd2 weight. 30 percent coconut
                     fiber cured in fresh water with approximately 

                      0.15 lb/yd2 weight.

      Netting        Both sides woven 100% biodegradable natural organic
                     fiber with approximately 9.3 lbs/1,000

                     ft2 weight.

      Thread         Biodegradable

     NOTE:  Photodegradable life a minimum of 24 months with a minimum 90
            percent light penetration.  Apply to slopes up to a maximum 1.5:1
            gradient.

2.5.9   Erosion Control Blankets Type IX (Turf Reinforcement Mat)

Permanent erosion control/turf reinforcement mat is constructed of 100 
percent coconut fiber stitch bonded between a heavy duty UV stabilized 
bottom net, and a heavy duty UV stabilized cuspated (crimped) middle 
netting overlaid with a heavy duty UV stabilized top net.  The cuspated 
netting forms prominent closely spaced ridges across the entire width of 
the mat.  The three nettings are stitched together on 1.5 inch centers with 
UV stabilized polypropylene thread to form a permanent three dimensional 
structure.  The following list contains further physical properties of the 
turf erosion control mat.

      Property                  Test Method       Value       Units

      Ground Cover               Image Analysis    93     percent
      Thickness                  ASTM D 1777               0.63 in
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      Property                  Test Method       Value       
      Mass Per Unit Area         ASTM D 3776/D 3776M               0.92 lb/sy
      Tensile Strength           ASTM D 5035               480 lb/ft
      Elongation                 ASTM D 5035              percent
      Tensile Strength           ASTM D 5035               960 lb/ft
      Elongation                 ASTM D 5035       31     percent
      Tensile Strength           [ASTM D 5034][ASTM D 5035]               177 
lbs
      Elongation                 [ASTM D 5034][ASTM D 5035]       22     
percent
      Resiliency                 ASTM D 1777     greater
                                                 than 80  percent
      UV Stability*              ASTM D 4355               151 lbs
                                                   86     percent
      Color(permanent net)                       UV Black
      Porosity(permanent
      net)Calculated                             greater 
                                                 than 95  percent
      Minimum Filament Measured                            0.03 in
      Diameter (permanent net)

      NOTE 1:  *[ASTM D 5034][ASTM D 5035] Tensile Strength and percent 
Strength Retention
               of material after 1000 hours of exposure in Xenon-Arc
               Weatherometer

      NOTE 2: Photodegradable life a minimum of 36 months with a minimum 90
              percent light penetration.  Apply to slopes up to a maximum 1:1
              gradient.

2.5.10   Erosion Control Blankets Type X (Turf Reinforcement Mat)

Permanent erosion control/turf reinforcement mat shall be constructed of 
100 percent UV stabilized high denier polypropylene fiber sewn between a 
black UV stabilized 1/2 inch mesh polypropylene netting on the top 5 
lbs/1000 square ft and a black UV stabilized 5/8 inch mesh polypropylene 
netting on the bottom 3 lbs/1000 square ft with polypropylene thread.  The 
mat shall be resistant to photo and chemical degradation.  The following 
list contains further physical properties of the turf reinforcement mat.

      Property            Test Method        Value     Units

  Thickness           ASTM D 1777                   0.56 in
  Resiliency          100 PSI-3 cycles    94       percent
  Mass Per Unit Area  ASTM D 3776/D 3776M                   11.2 oz/sq yd
  Tensile Strength    ASTM D 4632                   35.2 lbs
  Elongation          ASTM D 4632         25.5     percent
  Tensile Strength    ASTM D 4595                   259.2 lbs/ft
  Elongation          ASTM D 4595         20.9     percent
  Tensile Strength    ASTM D 5035                  300 lbs/ft
  Elongation          ASTM D 5035         51       percent
  Tensile Strength    [ASTM D 5034][ASTM D 5035]              89 lbs
  Elongation          [ASTM D 5034][ASTM D 5035]         21       percent
  UV Stability*       ASTM D 4355                   81* lbs
                                              90*      percent

      NOTE 1:  *[ASTM D 5034][ASTM D 5035] Tensile Strength and percent 
Strength Retention
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      Property            Test Method        Value     
               of material after 1000 hours of exposure in Xenon-Arc
               Weatherometer.

      NOTE 2:  Photodegradable life a minimum of 36 months with a minimum 90 
               percent light penetration.  Apply to slopes up to a maximum
               1:1 gradient.

2.5.11   Erosion Control Blankets Type XI (Re-vegetation Mat)

Seed-incorporated blanket option shall consist of 2-ply 100 percent 
recycled, unbleached, cellulose tissue.  Uniformly distribute a seed mix 
upon the bottom ply of cellulose tissue and fully overlaid with a top 
cellulose ply to provide complete envelopment of the seed layer.  Sew the 
seed-incorporated cellulose medium to the bottom side of the specified 
erosion control blanket.

    Material Content

      Top ply  1-ply 100 percent recycled unbleached cellulose tissue with

      approximately 4.3 lbs/1,000 ft2 weight.

      Seed        [_____] 0.033 lbs/yd2 (160 lbs/acre)

                  [_____] 0.017 lbs/yd2 (80 lbs/acre)

      Bottom ply  1-ply recycled unbleached cellulose issue with

                  approximately 4.3 lbs/(1,000 ft2)
                  weight.

      NOTE:  Photodegradable life a minimum of 36 months with a minimum 90
             percent light penetration.  Apply to slopes up to a minimum 1:1
             gradient.

2.5.13   Seed

Submit classification, botanical name, common name, percent pure live seed, 
minimum percent germination and hard seed, maximum percent weed seed 
content, and date tested.

2.5.13.1   Seed Classification

[State-certified] [State-approved] native seed mix of the latest season's 
crop shall be provided in original sealed packages bearing the producer's 
guaranteed analysis for percentages of mixture, purity, germination, hard 
seed, weed seed content, and inert material.  Conform labels to the 
AMS Seed Act and applicable state seed laws.  Submit the calendar time for 
Seed Establishment Period.  When there is more than one seed establishment 
period, the boundaries of the seeded area covered for each period shall be 
described.

2.5.13.2   Permanent Seed Species and Mixtures

Proportion permanent seed species and mixtures by weight as follows:

    Mixture Percent   Percent Pure         Botanical Name    Common Name
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    Mixture Percent   Percent Pure         Botanical Name    Common Name
    by Weight         Live 
    by Weight         Live Seed
    ______________   ___________          _______________    ___________

    [_____]           [_____]                [_____]          [_____]

2.5.13.3   Quality

Weed seed shall be a maximum 1 percent by weight of the total mixture.

2.5.14   Staking

Stakes shall be 100 percent biodegradable manufactured from recycled 
plastic or wood and shall be designed to safely and effectively secure 
erosion control blankets for temporary or permanent applications.  The 
biodegradable stake shall be fully degradable by biological activity within 
a reasonable time frame.  The bio-plastic resin used in production of the 
biodegradable stake shall consist of polylactide, a natural, completely 
biodegradable substance derived from renewable agricultural resources.  The 
biodegradable stake must exhibit ample rigidity to enable being driven into 
hard ground, with sufficient flexibility to resist shattering.  Serrate the 
biodegradable stake on the leg to increase resistance to pull-out from the 
soil.  The biodegradable stake shall have the following dimensions: [_____].

2.5.15   Staples

Staples shall be as recommended by the manufacturer.

2.6   SYNTHETIC GRID AND SHEET SYSTEMS

Synthetic grid and sheet systems shall be formed of recycled plastic in 
accordance with paragraph RECYCLED PLASTICS and have interlocking 
components to form a uniform underlayment or strata to receive fill.

2.6.1   Synthetic Grid Systems

Grids shall be made of modular interlocking components.  Form blocks as 
rigid interlocking components or as expandable sheets and manufacture to 
allow articulation upward and downward while restricting lateral movement.  
The assembled grid system shall articulate over three-directional vertical 
curves, both upward and downward.  Nominal grid thickness shall be [_____] 
inches, or as indicated.  Each pair of grids shall cover approximately 
[_____] square feet.  Provide 100 percent coverage of the area with the 
cells back filled.

2.6.2   Synthetic Sheet System

Synthetic sheet thickness shall be [_____] inches, or as indicated.

2.9   AGGREGATE

Submit LEED documentation relative to recycled content credit in accordance 
with LEED Reference Guide.  Include in LEED Documentation Notebook.  
[Aggregate shall be [onsite] [or] [offsite] [_____] material generated from 
grading and demolition operations, as available.][  Recycled crushed 
concrete shall be free of steel, free-draining and graded between a minimum 
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3/4 inch and a maximum 1.5 inches.]  Crushed rock shall be crushed run 
between a minimum [_____] inches and a maximum [_____] inches.  Gravel 
shall be river run between a minimum [_____] inches and a maximum [_____] 
inches.  Submit sieve test results for both gravel and sand.  Sand shall be 
uniformly graded.

2.10   ARTICULATING CELLULAR CONCRETE BLOCK SYSTEMS

Submit manufacturer's literature including physical characteristics, 
application and installation instructions.  Blocks shall be made of 
portland cement concrete, with no reinforcement, and shall be cast using 
block manufacturing equipment with vibratory compaction processes (dry 
cast).  Blocks shall be made of modular interlocking components.  Cast 
blocks in pairs of "lock" and "key" blocks with each "lock" block having 
recesses and with each "key" block interlocking knobs.  Manufacture blocks 
to allow articulation upward and downward while restricting lateral 
movement.  The assembled block system shall articulate over 
three-directional vertical curves, both upward and downward.

a.  Nominal block thickness shall be [_____] inches, or as 
indicated.

b.  Block weights, per pair of "key" and "lock" blocks, shall be 
approximately [_____] pounds for [_____] inch, thick blocks.

c.  Submit certified reports of inspections and laboratory tests, 
prepared by an independent testing agency, including analysis and 
interpretation of test results.  Each report shall be properly 
identified.  Test methods used and compliance with recognized test 
standards shall be described.  Compressive strength testing of 
blocks, in accordance with ASTM C39/C39M, shall be performed on 
cylinders cut from random block samples in general conformance 
with ASTM C42/C42M.

d.  The average absorption of block samples shall be not greater 
than 7 percent, with no individual sample greater than 8 percent, 
in accordance with ASTM C140.

2.11   WATER

Unless otherwise directed, water is the responsibility of the Contractor.  
Water shall be potable or supplied by an existing irrigation system.

PART 3   EXECUTION

3.1   WEATHER CONDITIONS

Perform erosion control operations under favorable weather conditions; when 
excessive moisture, frozen ground or other unsatisfactory conditions 
prevail, the work shall be stopped as directed.  When special conditions 
warrant a variance to earthwork operations, submit a revised construction 
schedule for approval.  Do not apply erosion control materials in adverse 
weather conditions which could affect their performance.

3.1.1   Finished Grade

Provide condition of finish grade status prior to installation, location of 
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underground utilities and facilities.  Verify that finished grades are as 
indicated on the drawings; complete finish grading and compaction in 
accordance with Section 31 00 00 EARTHWORK, prior to the commencement of 
the work.  Verify and mark the location of underground utilities and 
facilities in the area of the work.  Repair damage to underground utilities 
and facilities at the Contractor's expense.

3.1.2   Placement of Erosion Control Blankets

Before placing the erosion control blankets, ensure the subgrade has been 
graded smooth; has no depressed, void areas; is free from obstructions, 
such as tree roots, projecting stones or other foreign matter.    Vehicles 
will not be permitted directly on the blankets.

3.1.3   Synthetic Grid

Before placing the grid system, ensure that the subgrade has been properly 
grubbed of large roots and rocks; compacted; has been graded smooth; has no 
depressed, void, soft or uncompacted areas; is free from obstructions, such 
as tree roots, projecting stones or other foreign matter; and has been 
seeded.

3.1.4   Concrete Cellular Block

Before placing geotextile fabric under cellular block, ensure that the 
subgrade has been properly compacted; has been graded smooth; has no 
depressed, void, soft or uncompacted areas; is free from obstructions, such 
as tree roots, projecting stones or other foreign matter; and has been 
seeded.  Compact subgrade compaction to at least 90 percent of the maximum 
dry density at optimum moisture content, as determined by ASTM D 698, with 
a tolerance of plus or minus 1 inch of the design elevation.

3.2   SITE PREPARATION

3.2.1   Soil Test

Test soil in accordance with ASTM D 5268 and ASTM D 4972 for determining 
the particle size and mechanical analysis.  Sample collection onsite shall 
be random over the entire site.  The test shall determine the soil particle 
size as compatible for the specified material.

3.2.2   Layout

Erosion control material locations may be adjusted to meet field 
conditions.  When soil tests result in unacceptable particle sizes, a shop 
drawing shall be submitted indicating the corrective measures.  Submit 
scale drawings defining areas to receive recommended materials as required 
by federal, state or local regulations.

3.2.3   Protecting Existing Vegetation

When there are established lawns in the work area, the turf shall be 
covered and/or protected or replaced after construction operations.  
Identify existing trees, shrubs, plant beds, and landscape features that 
are to be preserved on site by appropriate tags and barricade with 
reusable, high-visibility fencing along the dripline.  Mitigate damage to 
existing trees at no additional cost to the Government.  Damage shall be 
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assessed by a state certified arborist or other approved professional using 
the National Arborist Association's tree valuation guideline.

3.2.4   Obstructions Below Ground

When obstructions below ground affect the work, submit shop drawings 
showing proposed adjustments to placement of erosion control material for 
approval.

3.3   INSTALLATION
3.3.3   Synthetic Binders

Apply synthetic binders heaviest at edges of areas and at crests of ridges 
and banks to prevent displacement.  Apply binders to the remainder of the 
area evenly at the rate of [_____] or as recommended by the manufacturer.

3.3.4   Seeding

When seeding is required prior to installing mulch on synthetic grid 
systems verify that seeding will be completed in accordance with Sections 
31 00 00 EARTHWORK and 32 92 19 SEEDING.

3.3.5   Mulch Installation

install mulch in the areas indicated.  Apply mulch evenly at the rate of 
[_____] Square per yard.

3.3.6   Mulch Control Netting

Netting may be stapled over mulch according to manufacturer's 
recommendations.

3.3.7   Mechanical Anchor

Mechanical anchor shall be a V-type-wheel land packer; a scalloped-disk 
land packer designed to force mulch into the soil surface; or other 
suitable equipment.

3.3.8   Asphalt Adhesive Tackifier

Asphalt adhesive tackifier shall be sprayed at a rate between 10 to 13 
gallons/1000 square feet.  Do no completely exclude sunlight from 
penetrating to the ground surface.

3.3.9   Non-Asphaltic Tackifier

Apply hydrophilic colloid at the rate recommended by the manufacturer, 
using hydraulic equipment suitable for thoroughly mixing with water.  Apply 
a uniform mixture over the area.

3.3.10   Asphalt Adhesive Coated Mulch

Hay or straw mulch may be spread simultaneously with asphalt adhesive 
applied at a rate between 10 to 13 gallons/1000 square feet, using power 
mulch equipment equipped with suitable asphalt pump and nozzle.  Apply the 
adhesive-coated mulch evenly over the surface.  Do not completely exclude 
sunlight from penetrating to the ground surface.
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3.3.11   Wood Cellulose Fiber, Paper Fiber, and Recycled Paper

Apply wood cellulose fiber, paper fiber, or recycled paper as part of the 
hydraulic mulch operation.

3.3.12   Hydraulic Mulch Application

3.3.12.1   Unseeded Area

Install hydraulic mulch as indicated and in accordance with manufacturer's 
recommendations.  Mix hydraulic mulch with water at the rate recommended by 
the manufacturer for the area to be covered.  Mixing shall be done in 
equipment manufactured specifically for hydraulic mulching work, including 
an agitator in the mixing tank to keep the mulch evenly disbursed.

3.3.12.2   Seeded Area

For drill or broadcast seeded areas, apply hydraulic mulch evenly at the 
rate of [_____] per square yard.  For hydraulic seeded areas, apply mulch 
at the rate of [_____] per square yard with the seed and fertilizer, and at 
the rate of [_____] per square yard in a second application of mulch only.

3.3.13   Erosion Control Blankets

a.  Install erosion control blankets as indicated and in 
accordance with manufacturer's recommendations.  The extent of 
erosion control blankets shall be as shown on drawings.

b.  Orient erosion control blankets in vertical strips and 
anchored with staples, as indicated.  Abut adjacent strips to 
allow for installation of a common row of staples.  Overlap 
horizontal joints between erosion control blankets sufficiently to 
accommodate a common row of staples with the uphill end on top.

c.  Where exposed to overland sheet flow, locate a trench at the 
uphill termination.  Staple the erosion control blanket to the 
bottom of the trench.  Backfill and compact the trench as required.

d.  Where terminating in a channel containing an installed 
blanket, the erosion control blanket shall overlap installed 
blanket sufficiently to accommodate a common row of staples.

3.3.14   Synthetic Sheet System

Anchor synthetic sheet systems in accordance with the manufacturer's 
recommendation.  Place systems on a well graded surface and then backfill, 
a maximum seven days after placement, to protect the material from 
ultraviolet radiation.  Include contiguous perimeter termination trenches 
as the installation progresses.

3.3.14.1   Sheet System Revegetation

For areas not requiring re-vegetation, backfill openings to grade with well 
graded fill material and surface prepared for finish as indicated on the 
drawings.  For areas requiring re-vegetation, backfill openings using well 
graded fill and topsoil as indicated on the drawings.
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3.3.14.2   Sheet System Grids

Each pair of grids shall cover grade without gaps or open spaces between 
them.  Provide 100 percent coverage of the area with the cells backfilled.

3.3.14.3   Sheet System Seeding

Install seed in accordance with Section 32 92 19 SEEDING.

3.3.14.4   Grid System Grids

Anchor synthetic grid systems in accordance with the manufacturer's 
recommendation.  Place interlocking grid systems on well graded surface. 
Complete the backfilling of openings a maximum 7 days after placement to 
protect the material from ultraviolet radiation.  As the installation 
progresses, backfilling shall include contiguous perimeter termination 
trenches.

3.3.15   Grids

3.3.15.1   Grid System Revegetation

For areas not requiring re-vegetation, backfill openings with a minimum 1/2 
inch nominal size crushed rock, to a minimum 2 inch depth.

3.3.15.2   Synthetic Grids

Each pair of grids shall cover grade without gaps or open spaces between 
them.  The system shall provide 100 percent coverage of the area with the 
cells backfilled.

3.3.15.3   Grid System Seeding

Install seed in accordance with Section 32 92 19 SEEDING.

3.3.16   Articulating Cellular Concrete Block System Installation

Underlay block installation with geotextile fabric in accordance with the 
manufacturer's recommendation.  Begin block installation from a 
straight-line oriented perpendicular to the direction of lay, and proceed 
toward an open area and not toward a point of fixity.  Install blocks with 
the bottom side down.  Continue to lay blocks in straight-lines to maintain 
the interlock characteristic.  To maintain straight-lines, no more than two 
rows of blocks shall be started at a time.  The extent of blocks shall 
include the perimeter termination trenches and shall be as shown on the 
drawings.  Each pair of "key" and "lock" blocks shall cover a minimum 
[_____] square feet, including uncovered openings between the blocks.  
Provide a minimum [_____] percent coverage of the area with blocks, leaving 
a minimum [_____] percent uncovered area at the ground surface.  For 
installation purposes, the bottom of the block is the side with a flat 
unformed surface.

3.3.16.1   Concrete Grout

When abutting structures, such as culverts, piers and bridge abutments, 
furnish and install concrete grout full-depth in the void between the 
blocks and penetrations.  Install grout as specified in [Section 

Page 22



03 30 00.00 10 CAST-IN-PLACE CONCRETE][Section 03 30 00 CAST-IN-PLACE 
CONCRETE].

3.3.16.2   Toe Protection

Where exposed to hydraulic forces, the perimeter of the block system shall 
be turned into and buried beneath the adjacent ground level to a minimum 12 
inch depth or as directed.  Where not exposed to hydraulic forces, place 
the perimeter of the geotextile in a minimum 12 inch deep trench with the 
blocks flush with the adjacent surface.  Excavate trenches as required for 
perimeter termination.

3.3.16.3   Backfilling Cellular Block System

Complete backfilling of openings between blocks a maximum of 7 days after 
placement of the filter, to protect the geotextile from ultraviolet 
radiation.  As the installation progresses, backfilling shall include 
contiguous perimeter termination trenches.

3.3.16.4   Block System Revegetation

For areas not requiring revegetation, backfill openings with a minimum 1/4 
inch nominal size crushed rock to a minimum 2 inch depth or as otherwise 
specified, regardless of block thickness.  For areas requiring revegetation 
as indicated, backfill openings with topsoil as specified.

3.3.16.5   Seeding, Fertilizing, Mulching

Install seed in accordance with Section 32 92 19 SEEDING.

3.4   CLEAN-UP

Dispose of excess material, debris, and waste materials offsite at an 
approved landfill or recycling center.  Clear adjacent paved areas.  
Immediately upon completion of the installation in an area, protect the 
area against traffic or other use by erecting barricades and providing 
signage as required, or as directed.  Signage shall be [in accordance with 
Section 10 14 01 EXTERIOR SIGNAGE] [_____].

3.5   WATERING SEED

Start watering immediately after installing erosion control blanket type XI 
(revegetation mat).  Apply water to supplement rainfall at a sufficient 
rate to ensure moist soil conditions to a minimum 1 inch depth.  Prevent 
run-off and puddling.  Do no drive watering trucks over turf areas, unless 
otherwise directed.  Prevent watering of other adjacent areas or plant 
material.

3.6   MAINTENANCE RECORD

Furnish a record describing the maintenance work performed, record of 
measurements and findings for product failure, recommendations for repair, 
and products replaced.

3.6.1   Maintenance

Maintenance shall include eradicating weeds; protecting embankments and 
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ditches from surface erosion; maintaining the performance of the erosion 
control materials and mulch; protecting installed areas from traffic.

3.6.2   Maintenance Instructions

Furnish written instructions containing drawings and other necessary 
information, describing the care of the installed material; including, when 
and where maintenance should occur, and the procedures for material 
replacement.  Submit instruction for year-round care of installed 
material.  Include manufacturer supplied spare parts.

3.6.3   Patching and Replacement

Unless otherwise directed, material shall be placed, seamed or patched as 
recommended by the manufacturer.  Remove material not meeting the required 
performance as a result of placement, seaming or patching from the site.  
Replace the unacceptable material at no additional cost to the Government.

3.7   SATISFACTORY STAND OF GRASS PLANTS

When erosion control blanket type XI (revegetation mat) is installed, 
evaluate the grass plants for species and health when the grass plants are 
a minimum 1 inch high.  A satisfactory stand of grass plants from the 
revegetation mat area shall be a minimum 10 grass plants per square foot.  
The total bare spots shall not exceed 2 percent of the total revegetation 
mat area.

   -- End of Section --
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PART 1 GENERAL 

SECTION 32 11 23 

AGGREGATE BASE COURSE 
08/08 

This specification is for aggregate base course for the construction of 
temporary haul roads. The aggregate base course shall be removed from the 
temporary haul roads in Year 2 construction and placed on top of the 
lowered Ebey Slough levee section and excavated material from the breach 
placed adjacent to this levee section to serve as erosion control. 

1 . 2 REFERENCES 

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

AMERICAN ASSOCIATION OF STATE HIGHWAY ANO TRANSPORTATION OFFICIALS 
(AASHTO) 

AASHTO T 180 

AASHTO T 224 

(2010) Standard Method of Test for 
Moisture-Density Relations of Soils Using 
a 4.54-kg (10-lb) Rammer and a 457-mm 
(18-in.) Drop 

(2010) Standard Method of Test for 
Correction for Coarse Particles in the 
Soil Compaction Test 

ASTM INTERNATIONAL (ASTM) 

ASTM C1l7 

ASTM C127 

ASTM C128 

ASTM C131 

ASTM C136 

ASTM C29/C29M 

(2004) Standard Test Method for Materials 
Finer than 75-um (No. 200) Sieve in 
Mineral Aggregates by Washing 

(2007) Standard Test Method for Density, 
Relative Density (Specific Gravity), and 
Absorption of Coarse Aggregate 

(2007a) Standard Test Method for Density, 
Relative Density (Specific Gravity), and 
Absorption of Fine Aggregate 

(2006) Standard Test Method for Resistance 
to Degradation of Small-Size Coarse 
Aggregate by Abrasion and Impact in the 
Los Angeles Machine 

(2006) Standard Test Method for Sieve 
Analysis of Fine and Coarse Aggregates 

(2009) Standard Test Method for Bulk 
Density ("Unit Weightll) and voids in 
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ASTM C88 

ASTM D 1556 

ASTM D 1557 

ASTM D 2167 

ASTM D 2487 

ASTM D 422 

ASTM D 4318 

ASTM D 5821 

ASTM D 6938 

ASTM D 75/D 75M 

ASTM E 11 

1.3 DEFINITIONS 

Aggregate 

(2005) Standard Test Method for Soundness 
of Aggregates by Use of Sodium Sulfate or 
Magnesium Sulfate 

(2007) Density and Unit Weight of Soil in 
Place by the Sand-Cone Method 

(2009) Standard Test Methods for 
Laboratory compaction Characteristics of 
Soil Using Modified Effort (56,000 
ft-lbf/ft3) (2700 kN-m/m3) 

(2008) Density and Unit Weight of Soil in 
Place by the Rubber Balloon Method 

(2011) Soils for Engineering Purposes 
(Unified Soil Classification System) 

(1963; R 2007) Particle-Size Analysis of 
Soils 

(2010) Liquid Limit, Plastic Limit, and 
Plasticity Index of Soils 

(2001; R 2006) Standard Test Method for 
Determining the Percentage of Fractured 
Particles in Coarse Aggregate 

(2010) Standard Test Method for In-Place 
Density and Water Content of Soil and 
Soil-Aggregate by Nuclear Methods (Shallow 
Depth) 

(2009) Standard Practice for Sampling 
Aggregates 

(2010a) Wire Cloth and Sieves for Testing 
Purposes 

For the purposes of this specification, the following definitions apply. 

1.3.1 Aggregate Base Course 

Aggregate base course (ABC) is well graded, durable aggregate uniformly 
moistened and mechanically stabilized by compaction. 

1.3.3 Degree of Compaction 

Degree of compaction required, except as noted in the second sentence, is 
expressed as a percentage of the maximum laboratory dry density obtained by 
the test procedure presented in ASTM D 1557 abbreviated as a percent of 
laboratory maximum dry density. Since ASTM D 1557 applies only to soils 
that have 30 percent or less by weight of their particles retained on the 
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3/4 inch sieve, the degree of compaction for material having more than 30 
percent by weight of their particles retained on the 3/4 inch sieve are 
expressed as a percentage of the laboratory maximum dry density in 
accordance with AASHTO T 180 Method D and corrected with AASHTO T 224. 

1.4 SYSTEM DESCRIPTION 

All plant, equipment, and tools used in the performance of the work will be 
subject to approval before the work is started and shall be maintained in 
satisfactory working condition at all times. Submit a list of proposed 
equipment, including descriptive data. Provide adequate equipment having 
the capability of producing the required compaction, meeting grade 
controls, thickness control, and smoothness requirements as set forth 
herein. 

1 . 5 SUBMITTALS 

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only. When 
used, a designation following the "Gil designation identifies the office 
that will review the submittal for the Government. Submit the following in 
accordance with Section 01 33 00 SUBMITTAL PROCEDURES: 

SD-03 Product Data 

Plant, Equipment, and Tools 
Waybills and Delivery Tickets 

SD-06 Test Reports 

Sampling and Testing; G 
Field Density Tests; G 

SD-07 Certificates 

Testing; G 

Qualifications of the USACE validated commercial testing 
laboratory. 

1.6 QUALITY ASSURANCE 

Sampling and testing are the responsibility of the Contractor and performed 
by a testing laboratory approved in accordance with Section 01 45 00.00 10 
QUALITY CONTROL. Work requiring testing will not be permitted until the 
testing laboratory has been inspected and approved. Test the materials to 
establish compliance with the specified requirements; perform testing at 
the specified frequency. The Contracting Officer may specify the time and 
location of the tests. Furnish copies of test results to the Contracting 
Officer within 24 hours of completion of the tests. 

1.6.1 Sampling 

Take samples for laboratory testing in conformance with ASTM D 75/D 75M. 
When deemed necessary, the sampling will be observed by the Contracting 
Officer. 
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1.6.2 Tests 

Perform the following tests in conformance with the applicable standards 
listed. 

1.6.2.1 Sieve Analysis 

Make sieve analysis in conformance with ASTM ell? and ASTM C136. Sieves 
shall conform to ASTM Ell. 

1.6.2.2 Liquid Limit and Plasticity Index 

Determine liquid limit and plasticity index in accordance with ASTM D 4318. 

1.6.2.3 Moisture-Density Determinations 

Determine the laboratory maximum dry density and optimum moisture content 
in accordance with AASHTO T 180, Method D and corrected with AASHTO T 224. 

1.6.2.4 Field Density Tests 

Measure field density in accordance with ASTM D 1556 or ASTM D 6938. For 
the method presented in ASTM D 6938 check the calibration curves and adjust 
them, if necessary, using only the sand cone method as described in 
paragraph Calibration, of the ASTM publication. Tests performed in 
accordance with ASTM D 6938 result in a wet unit weight of soil, and 
ASTM D 6938 shall be used to determine the moisture content of the soil. 
The calibration curves furnished with the moisture gauges shall also be 
checked along with density calibration checks as described in ASTM D 6938. 
The calibration checks of both the density and moisture gauges shall be 
made by the prepared containers of material method, as described in 
paragraph Calibration of ASTM D 6938, on each different type of material 
being tested at the beginning of a job and at intervals as directed. 

a. Submit certified copies of test results for approval not less than 30 
days before material is required for the work. 

b. Submit calibration curves and related test results prior to using the 
device or equipment being calibrated. 

c. Submit copies of field test results within 24 hours after the tests are 
performed. 

1.6.2.5 Wear Test 

Perform wear tests on ABC course material in conformance with ASTM C131. 

1.6.3 Testing Frequency 

1.6.3.1 Initial Tests 

Perform one of each of the following tests, on the proposed material prior 
to commencing construction, to demonstrate that the proposed material meets 
all specified requirements when furnished. If materials from more than one 
source are going to be utilized, this testing shall be completed for each 
source. 
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a. Sieve Analysis including the No. 635 sieve. 

b. Liquid limit and plasticity index. 

c. Moisture-density relationship. 

d. Wear. 

1.6.3.2 In Place Tests 

Perform each of the following tests on samples taken from the placed and 
compacted ABC. Samples shall be taken and tested at the rates indicated. 

a. Perform density tests on every lift of material placed and at a 
frequency of one set of tests for every 250 square yards , or portion 
thereof, of completed area. 

b. Perform sieve analysis including the No. 635 sieve on every lift of 
material placed and at a frequency of one sieve analysis for every 500 
square yards , or portion thereof t of material placed. 

c. Perform liquid limit and plasticity index tests at the same frequency 
as the sieve analysis. 

d. Measure the total thickness of the base course at intervals, in such a 
manner as to ensure one measurement for each 500 square yards of base 
course. Measurements shall be made in 3 inch diameter test holes 
penetrating the base course. 

1.6.4 Approval of Material 

Select the source of the material 30 days prior to the time the material 
will be required in the work. Tentative approval of material will be based 
on initial test results. Final approval of the materials will be based on 
sieve analysis, liquid limit, and plasticity index tests performed on 
samples taken from the completed and fully compacted course(s). 

1.7 ENVIRONMENTAL REQUIREMENTS 

Perform construction when the atmospheric temperature is above 35 degrees F. 
When the temperature falls below 35 degrees F, protect all completed areas 
by approved methods against detrimental effects of freezing. correct 
completed areas damaged by freezing, rainfall, or other weather conditions 
to meet specified requirements. 

PART 2 PRODUCTS 

2.1 AGGREGATES 

Provide ABC consisting of clean, sound, durable particles of crushed stone 
angular sand, or other approved material. ABC shall be free of lumps of 
claYt organic matter, and other objectionable materials or coatings. The 
portion retained on the No. 4 sieve is known as coarse aggregate; that 
portion passing the No.4 sieve is known as fine aggregate. 

2.1.1 Coarse Aggregate 
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Provide coarse aggregates with angular particles of uniform density. When 
the coarse aggregate is supplied from more than one source, aggregate from 
each source shall meet the specified requirements and shall be stockpiled 
separately. 

b. Crushed Stone: Provide crushed stone consisting of freshly mined 
quarry rock, meeting all the requirements specified below. 

2.1.1.1 Aggregate Base Course 

ABC coarse aggregate shall not show more than 40 percent loss when 
subjected to the Los Angeles abrasion test in accordance with ASTM C131. 
The amount of flat and elongated particles shall not exceed 30 percent. A 
flat particle is one having a ratio of width to thickness greater than 3; 
an elongated particle is one having a ratio of length to width greater than 
3. In the portion retained on each sieve specified, the crushed aggregates 
shall contain at least 50 percent by weight of crushed pieces having two or 
more freshly fractured faces determined in accordance with ASTM D 5821. 
When two fractures are contiguous, the angle between planes of the 
fractures must be at least 30 degrees in order to count as two fractured 
faces. Crushed gravel shall be manufactured from gravel particles 50 
percent of which, by weight, are retained on the maximum size sieve listed 
in TABLE 1. 

2.1.2 Fine Aggregate 

Fine aggregates shall be angular particles of uniform density. When the 
fine aggregate is supplied from more than one source, aggregate from each 
source shall meet the specified requirements. 

2.1.2.1 Aggregate Base Course 

ABC fine aggregate shall consist of screenings, angular sand, crushed 
recycled concrete fines, or other finely divided mineral matter processed 
or naturally combined with the coarse aggregate. 

2.1.3 Gradation Requirements 

Gradation requirements specified in TABLE I shall apply to the completed 
aggregate base course. Gradation shall be in compliance with Washington 
State requirements for Ballast. It is the responsibility of the Contractor 
to obtain materials that shall meet the gradation requirements after 
mixing l placing I compacting, and other operations. Ballast shall have Los 
Angeles Wear, 500 revolutions of 40 percent maximum and degradation factor 
of 15 minimum. TABLE I shows permissible gradings for granular material 
used in aggregate surface roads. Sieves shall conform to ASTM E 11. 

TABLE I. GRADATION FOR AGGREGATE SURFACE COURSES 

Page 6 



sieve Designation Percent Passing 

2 1/2 in. 
2 in. 
1 in. 
No. 4 
No. 40 
No. 200 
Dust Ratio 
Sand equivalent 

99-100 
65-100 
50-85 
26-44 
16 Maximum 
9.0 Maximum 
2/3 Maximum 
35 Minimum 

NOTE 1: Particles having diameters less than No. 635 shall not be in 
excess of 3 percent by weight of the total sample tested. 

NOTE 2: The values are based on aggregates of uniform specific gravity. 
If materials from different sources are used for the coarse and fine 
aggregates, they shall be tested in accordance with ASTM C127 and ASTM C128 
to determine their specific gravities. If the specific gravities vary by 
more than 10 percent, the percentages passing the various sieves shall be 
corrected as directed by the Contracting Officer. 

2.2 LIQUID LIMIT AND PLASTICITY INDEX 

Apply liquid limit and plasticity index requirements to the completed 
course and to any component that is blended to meet the required 
gradation. The portion of any component or of the completed course passing 
the No. 40 sieve shall be either nonplastic or have a liquid limit not 
greater than 25 and a plasticity index not greater than 5. 

PART 3 EXECUTION 

3.1 GENERAL REQUIREMENTS 

When the ABC is constructed in more than one layer, clean the previously 
constructed layer of loose and foreign matter by sweeping with power 
sweepers or power brooms, except that hand brooms may be used in areas 
where power cleaning is not practicable. Provide adequate drainage during 
the entire period of construction to prevent water from collecting or 
standing on the working area. Provide line and grade stakes as necessary 
for control. Grade stakes shall be in lines parallel to the centerline of 
the area under construction and suitably spaced for string lining. 

3.2 OPERATION OF AGGREGATE SOURCES 

Clearing, stripping, and excavating are the responsibility of the 
Contractor. Operate the aggregate sources to produce the quantity and 
quality of materials meeting the specified requirements in the specified 
time limit. Aggregate sources on private lands shall be conditioned in 
agreement with local laws or authorities. 

3.3 STOCKPILING MATERIAL 

Clear and level storage sites prior to stockpiling of material. Stockpile 
all materials, including approved material available from excavation and 
grading, in the manner and at the locations designated. Aggregates shall 
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be stockpiled on the cleared and leveled areas designated by the 
Contracting Officer to prevent segregation. Materials obtained from 
different sources shall be stockpiled separately. 

3.4 PREPARATION OF UNDERLYING COURSE 

Prior to constructing the base course(s) I the underlying course or subgrade 
shall be cleaned of all foreign substances. At the time of construction of 
the base course(s), the underlying course shall contain no frozen 
material. The surface of the underlying course or subgrade shall meet 
specified compaction and surface tolerances. The underlying course shall 
conform to Section 31 00 00 EARTHWORK. Ruts or soft yielding spots in the 
underlying courses, areas having inadequate compaction, and deviations of 
the surface from the requirements set forth herein shall be corrected by 
loosening and removing soft or unsatisfactory material and by adding 
approved material, reshaping to line and grade, and recompacting to 
specified density requirements. For cohesionless underlying courses 
containing sands or gravels, as defined in ASTM D 2487, the surface shall 
be stabilized prior to placement of the base course(s). Stabilization 
shall be accomplished by mixing ABC into the underlying course and 
compacting by approved methods. The stabilized material shall be 
considered as part of the underlying course and shall meet all requirements 
of the underlying course. The finished underlying course shall not be 
disturbed by traffic or other operations and shall be maintained in a 
satisfactory condition until the base course is placed. 

3.5 INSTALLATION 

3.5.1 Mixing the Materials 

Mix the coarse and fine aggregates in a stationary plant, or in a traveling 
plant or bucket loader on an approved paved working area. Make adjustments 
in mixing procedures or in equipment, as directed, to obtain true grades, 
to minimize segregation or degradation, to obtain the required water 
content, and to insure a satisfactory base course meeting all requirements 
of this specification. 

3.5.2 Placing 

Place the mixed material on the prepared subgrade or subbase in layers of 
uniform thickness with an approved spreader. When a compacted layer 6 
inches or less in thickness is required, place the material in a single 
layer. When a compacted layer in excess of 6 inches is required, place the 
material in layers of equal thickness. No layer shall be thicker than 6 
inches or thinner than 3 inches when compacted. The layers shall be so 
placed that when compacted they will be true to the grades or levels 
required with the least possible surface disturbance. Where the base 
course is placed in more than one layer, the previously constructed layers 
shall be cleaned of loose and foreign matter by sweeping with power 
sweepers, power brooms, or hand brooms, as directed. Such adjustments in 
placing procedures or equipment shall be made as may be directed to obtain 
true 'grades, to minimize segregation and degradation, to adjust the water 
content, and to insure an acceptable base course. 

3.5.3 Grade Control 

The finished and completed base course shall conform to the lines, grades, 
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and cross sections shown. Underlying material(s) shall be excavated and 
prepared at sufficient depth for the required base course thickness so that 
the finished base course and the subsequent surface course will meet the 
designated grades. 

3.5.4 Edges of Base Course 

The base course(s) shall be placed so that the completed section will be a 
minimum of 2 feet wider, on all sides, than the next layer that will be 
placed above it. Additionally, place approved fill material along the 
outer edges of the base course in sufficient quantities to compact to the 
thickness of the course being constructed, or to the thickness of each 
layer in a multiple layer course, allowing in each operation at least a 2 
foot width of this material to be rolled and compacted simultaneously with 
rolling and compacting of each layer of base course. If this base course 
material is to be placed adjacent to another pavement section, then the 
layers for both of these sections shall be placed and compacted along this 
edge at the same time. 

3.5.5 compaction 

compact each layer of the base course, as specified, with approved 
compaction equipment. Maintain water content during the compaction 
procedure to within plus or minus 2 percent of the optimum water content 
determined from laboratory tests as spectfied in this Section. Begin 
rolling at the outside edge of the surface and proceed to the center, 
overlapping on successive trips at least one-half the width of the roller. 
Alternate trips of the roller shall be slightly different lengths. Speed 
of the roller shall be such that displacement of the aggregate does not 
occur. In all places not accessible to the rollers, the mixture shall be 
compacted with hand-operated power tampers. Continue compaction until each 
layer has a degree of compaction that is at least 100 percent of laboratory 
maximum density through the full depth of the layer. Make such adjustments 
in compacting or finishing procedures as may be directed to obtain true 
grades, to minimize segregation and degradation, to reduce or increase 
water content, and to ensure a satisfactory base course. Any materials 
that are found to be unsatisfactory shall be removed and replaced with 
satisfactory material or reworked, as directed, to meet the requirements of 
this specification. 

3.5.6 Thickness 

Construct the compacted thickness of the base course as indicated. No 
individual layer shall be thicker than 6 inches nor be thinner than 3 inches 
in compacted thickness. The total compacted thickness of the base 

course(s) shall be within 1/2 inch of the thickness indicated. Where the 
measured thickness is more than 1/2 inch deficient, correct such areas by 
scarifying, adding new material of proper gradation, reblading, and 
recompacting as directed. Where the measured thickness is more than 1/2 
inch thicker than indicated, the course shall be considered as conforming 
to the specified thickness requirements. Average job thickness shall be 
the average of all thickness measurements taken for the job, but shall be 
within 1/4 inch of the thickness indicated. The total thickness of the 
base course shall be measured at intervals in such a manner as to ensure 
one measurement for each 500 square yards of base course. Measurements 
shall be made in 3 inch diameter test holes penetrating the base course. 

3.5.8 Finishing 
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The surface of the top layer of base course shall be finished after final 
compaction by cutting any overbuild to grade and rolling with a 
steel-wheeled roller. Thin layers of material shall not be added to the 
top layer of base course to meet grade. If the elevation of the top layer 
of base course is 1/2 inch or more below grade, then the top layer should 
be scarified to a depth of at least 3 inches and new material shall be 
blended in and compacted to bring to grade. Adjustments to rolling and 
finishing procedures shall be made as directed to minimize segregation and 
degradation, obtain grades, maintain moisture content, and insure an 
acceptable base course. Should the surface become rough, corrugated, 
uneven in texture, or traffic marked prior to completion, the 
unsatisfactory portion shall be scarified, reworked and recompacted or it 
shall be replaced as directed. 

3.5.9 Smoothness 

The surface of the top layer shall show no deviations in excess of 3/8 inch 
when tested with a 12 foot straightedge. Take measurements in successive 
positions parallel to the centerline of the area to be paved. Measurements 
shall also be taken perpendicular to the centerline at 50 foot intervals. 
Deviations exceeding this amount shall be corrected by removing material 
and replacing with new material, or by reworking existing material and 
compacting it to meet these specifications. 

3.6 TRAFFIC 

Completed portions of the base course may be opened to limited traffic, 
provided there is no marring or distorting of the surface by the traffic. 
Heavy equipment shall not be permitted except when necessary to 
construction, and then the area shall be protected against marring or 
damage to the completed work. 

3.7 MAINTENANCE 

Maintain the base course in a satisfactory condition until the full 
pavement section is completed and accepted. Maintenance shall include 
immediate repairs to any defects and shall be repeated as often as 
necessary to keep the area intact. Any base course that is not paved over 
prior to the onset of winter, shall be retested to verify that it still 
complies with the requirements of this specification. Any area of base 
course that is damaged shall be reworked or replaced as necessary to comply 
with this specification. 

3.8 DISPOSAL OF UNSATISFACTORY MATERIALS 

Any unsuitable materials that must be removed shall be disposed of in waste 
disposal areas indicated. 

-- End of Section --
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PART 1 GENERAL 

SECTION 32 15 00 

CRUSHED AGGREGATE SURFACE COURSE (CASC) 
04/08 

This specification is for the minimum requirements for crushed aggregate 
surface course for the new levee roadway and resurfacing of used haul roads 
that shall remain in place. 

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 Cl17 

ASTM C131 

ASTM C136 

ASTM D 1556 

ASTM D 1557 

ASTM D 2167 

ASTM D 3740 

ASTM D 422 

ASTM D 4318 

ASTM D 6938 

(2004) Standard Test Method for Materials 
Finer than 75-um (No. 200) Sieve in 
Mineral Aggregates by Washing 

(2006) Standard Test Method for Resistance 
to Degradation of Small-Size Coarse 
Aggregate by Abrasion and Impact in the 
Los Angeles Machine 

(2006) Standard Test Method for Sieve 
Analysis of Fine and Coarse Aggregates 

(2007) Density and Unit Weight of Soil in 
Place by the Sand-Cone Method 

(2009) Standard Test Methods for 
Laboratory Compaction Characteristics of 
Soil Using Modified Effort (56,000 
ft-Ibf/ft3) (2700 kN-m/m3) 

(2008) Density and Unit Weight of Soil in 
Place by the Rubber Balloon Method 

(2010) Minimum Requirements for Agencies 
Engaged in the Testing and/or Inspection 
of Soil and Rock as Used in Engineering 
Design and Construction 

(1963; R 2007) Particle-Size Analysis of 
Soils 

(2010) Liquid Limit, Plastic Limit, and 
Plasticity Index of Soils 

(2010) Standard Test Method for In-Place 
Density and Water Content of Soil and 
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Soil-Aggregate by Nuclear Methods (Shallow 
Depth) 

ASTM D 75/D 75M (2009) Standard Practice for Sampling 
Aggregates 

ASTM E 11 (2010a) Wire Cloth and Sieves for Testing 
Purposes 

Washington State Department of Transportation (WDSOT) 

M 41-10 (2012) Standard Specifications 

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. Submit the following in accordance with Section 01 33 00 
SUBMITTAL PROCEDURES: 

SD-02 Shop Drawings 

Road Grade 

Develop plan view showing final grades along with cross sections 
every 50 feet of the top of aggregate base course along the new 
levee alignment and tops of haul roads that shall remain in place 
before the placement of the CASCo Provide survey information, 
cross sections, and plan view maps of the survey for Government 
approval. The Contractor shall include gradation band curves for 
the aggregate surface course. 

SD-03 Product Data 

Equipment 

List of proposed equipment to be used in performance of 
construction work including descriptive data. 

SD-06 Test Reports 

Sampling and Testing; G 
Density Test 
Smoothness Test; G 
Thickness Test; G 
Wear Test 

SD-07 Certificates 

Testing; G 

Qualifications of the USACE validated commercial testing 
laboratory. 

1.4 QUALITY ASSURANCE 

Sampling and testing is the responsibility of the Contractor. Submit 
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calibration curves and related test results prior to using the device or 
equipment being calibrated. Submit copies of field test results within 24 
hours after the tests are performed. Test results from samples, not less 
than 30 days before material is required for the work. Results of 
laboratory tests for quality control purposes, for approval, prior to using 
the material. Sampling and testing shall be performed by an approved 
commercial testing laboratory 

1.4.1 Sampling 

Take samples for material gradation, liquid limit, and plastic limit tests 
in conformance with ASTM D 75/D 75M. When deemed necessary, the sampling 
will be observed by the Contracting Officer. 

1.4.2 Testing 

1.4.2.1 Gradation 

Make aggregate gradation in conformance with ASTM Cl17, ASTM C136, and 
ASTM D 422 .. Sieves shall conform to ASTM Ell. 

1.4.2.2 Liquid Limit and Plasticity Index 

Determine liquid limit and plasticity index in accordance with ASTM D 4318. 

1.4.3 Approval of Materials 

Select the source of the material to be used for producing aggregates a 
minimum of 30 days prior to the time the material shall be required in the 
work. Approval of sources not already approved by the Corps of Engineers 
shall be based on an inspection by the Contracting Officer. Tentative 
approval of materials shall be based on appropriate test results on the 
aggregate source. Final approval of the materials shall be based on tests 
for gradation, liquid limit, and plasticity index performed on samples 
taken from the completed and compacted surface course. All approved 
materials must be from a single source. Mixing of materials from mUltiple 
sources shall not be allowed. All material testing shall be performed at 
the Contractor's expense by an USACE certified and validated materials 
testing laboratory. 

1.4.4 Equipment 

Submit a list of proposed equipment to be used in performance of 
,construction work including descriptive data. All plant, equipment, and 
tools used in the performance of the work covered by this section will be 
subject to approval by the Contracting Officer before the work is started 
and shall be maintained in satisfactory working condition at all times. 
The equipment shall be adequate and shall have the capability of producing 
the required compaction, and meeting the grade controls, thickness 
controls, and smoothness requirements set forth herein. 

1.5 ENVIRONMENTAL REQUIREMENTS 

Aggregate surface courses shall not be constructed when the ambient 
temperatures is below 35 degrees F and on subgrades that are frozen or 
contain frost. It is the responsibility of the Contractor to protect, by 
approved method or methods, all areas of surfacing that have not been 
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accepted by the Contracting Officer. Surfaces damaged by freeze, rainfall, 
or other weather conditions shall be brought to a satisfactory condition by 
the Contractorbefore placement of CASC may occur .. 

PART 2 PRODUCTS 

2.1 AGGREGATES 

Provide aggregates consisting of clean, sound, durable particles of natural 
gravel, crushed gravel, crushed stone, sand, slag, soil, or other approved 
materials processed and blended or naturally combined. Provide aggregates 
free from lumps and balls of clay, organic matter, objectionable coatings, 
and other foreign materials. The Contractor is responsible for obtaining 
materials that meet the specification and can be used to meet the grade and 
smoothness requirements specified herein after all compaction and proof 
rolling operations have been completed. 

2.1.1 Coarse Aggregates 

The material retained on the No. 4 sieve shall be known as coarse 
aggregate. Coarse aggregates shall be reasonably uniform in density and 
quality. The coarse aggregate shall have a percentage of wear not to 
exceed 50 percent after 500 revolutions as determined by ASTM C131. The 
amount of flat and/or elongated particles shall not exceed 20 percent. A 
flat particle is one having a ratio of width to thickness greater than 
three; an elongated particle is one having a ratio of length to width 
greater than three. 

2.1.2 Fine Aggregates 

The material passing the No. 4 sieve shall be known as fine aggregate. 
Fine aggregate shall consist of screenings, sand, soil, or other finely 
divided mineral matter that is processed or naturally combined with the 
coarse aggregate. 

2.1.3 Gradation Requirements 

Gradation requirements specified in TABLE I shall apply to the completed 
aggregate surface. Gradation shall be in compliance with Washington State 
Department of Transportation (WSDOT)requirements 2012 Standard 
Specifications M-41-10, Paragraph 9-03.9(3) Crushed Surfacing. It is the 
responsibility of the Contractor to obtain materials that shall meet the 
gradation requirements after mixing, placing, compacting, and other 
operations. TABLE I shows permissible gradings for granular material used 
in aggregate surface roads. Sieves shall conform to ASTM Ell. 

TABLE I. GRADATION FOR AGGREGATE SURFACE COURSES 

Sieve Designation Percent Passing 

1 1/4 in. 100 
3/8 in. 
1/2 in. 80-100 
No. 4 46-66 
No. 40 8-24 
No. 200 10.0 max 
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TABLE I. GRADATION FOR AGGREGATE SURFACE COURSES 

Sieve Designation Percent Passing 

% Fracture 75 min. 
Sand equivalent 40 min. 

All percentages are by weight. 

The fracture requirements shall be at least one fractured face and shall 
apply to the combined aggregate retained on the No. 4 sieve in accordance 
with AASHTO TP 61. 

2.2 LIQUID LIMIT AND PLASTICITY INDEX REQUIREMENTS 

The portion of the completed aggregate surface course passing the No. 40 
sieve shall have a maximum liquid limit of 35 and a plasticity index of 4 
to 9. 

PART 3 EXECUTION 

3.1 OPERATION OF AGGREGATE SOURCES 

Perform clearing, stripping, and excavating. Operate the aggregate sources 
to produce the quantity and quality of materials meeting these 
specification requirements in the specified time limit. Upon completion of 
the work, the aggregate sources on Government property shall be finalized 
to drain readily and be left in a satisfactory condition. Finalize 
aggregate sources on private lands in agreement with local laws or 
authorities. 

3.2 STOCKPILING MATERIALS 

Prior to stockpiling the material, clear and level the storage sites. All 
materials, including approved material available from excavation and 
grading, shall be stockpiled in the manner and at the locations 
designated. Stockpile aggregates in such a manner that will prevent 
segregation. Aggregates and binders obtained from different sources shall 
be stockpiled separately. 

3.3 COMPACTION 

Degree of compaction is a percentage of the maximum density obtained by the 
test procedure presented in ASTM D 1557 abbreviated herein as present 
laboratory maximum density. Compact each layer of the aggregate surface 
course with approved compaction equipment, as required in the following 
paragraphs. The water content during the compaction procedure shall be 
maintained at optimum or at the percentage specified by the Contracting 
Officer. In locations not accessible to the rollers, the mixture shall be 
compacted with mechanical tampers. Compaction shall continue until each 
layer through the full depth is compacted to at least 100 percent of 
laboratory maximum density. Remove any materials that are found to be 
unsatisfactory and replace them with satisfactory material or rework them 
to produce a satisfactory material. 

3.4 PREPARATION OF UNDERLYING COURSE SUBGRADE 
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Clean of all foreign substances the underlying course, including 
shoulders. At the time of surface course construction, the underlying 
course shall contain no frozen material. Ruts or soft yielding spots in 
the underlying course areas having inadequate compaction and deviations of 
the surface from the requirements set forth herein shall be corrected by 
loosening and removing soft or unsatisfactory material and by adding 
approved material, reshaping to line and grade and recompacting to density 
requirements specified in Section 32 11 16.16 SUBBASE COURSES. The 
completed underlying course shall not be disturbed by traffic or other 
operations and shall be maintained by the Contractor in a satisfactory 
condition until the surface course is placed. 

3.5 GRADE CONTROL 

During construction, the lines and grades including crown and cross slope 
indicated for the aggregate surface course shall be maintained by means of 
line and grade stakes placed by the Contractor in accordance with the 
SPECIAL CONTRACT REQUIREMENTS. 

3.6 MIXING AND PLACING MATERIALS 

The materials shall be mixed and placed to obtain uniformity of the 
material and a uniform optimum water content for compaction. Make 
adjustments in mixing, placing procedures, or in equipment to obtain the 
true grades, to minimize segregation and degradation, to obtain the desired 
water content, and to ensure a satisfactory surface course. 

3.7 LAYER THICKNESS 

Place the aggregate material on the underlying course in layers of uniform 
thickness. When a compacted layer of 6 inches or less is specified, the 
material may be placed in a single layer; when a compacted thickness of 
more than 6 inches is required, no layer shall exceed 6 inches nor be less 
than 3 inches when compacted. 

3.8 PROOF ROLLING 

Proof rolling of the areas designated shall be in addition to compaction 
specified above and shall consist of application of 30 coverages with a 
heavy rubber-tired roller having four tires abreast with each tire loaded to 

30,000 pounds and tires inflated to150 psi. In the areas designated, 
proof rolling shall be applied to the top lift of layer on which surface 
course is laid and to each layer of the base course. Water content of the 
lift of the layer on which the surface course is placed and each layer of 
the aggregate surface course shall be maintained at optimum or at the 
percentage di~ected from the start of compaction to the completion of a 
proof rolling. Materials in the aggregate surface course or underlying 
materials indicated unacceptable by the proof rolling shall be removed and 
replaced, as directed, with acceptable materials. 

3.9 EDGES OF AGGREGATE-SURFACED ROAD 

Approved material shall be placed along the edges of the aggregate surface 
course in such quantity as to compact to the thickness of the course being 
constructed. When the course is being constructed in two or more layers, 
at least 1 foot of shoulder width shall be rolled and compacted 
simultaneously with the rolling and compacting of each layer of the surface 
course. 
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3.10 SMOOTHNESS TEST 

The surface of each layer shall not show any deviations in excess of 3/8 
inch when tested with a. 10 foot straightedge applied both parallel with and 
at right angles to the centerline of the area to be paved. Deviations 
exceeding this amount shall be corrected by removing material, replacing 
with new material, or reworking existing material and compacting, as 
directed. 

3.11 THICKNESS CONTROL 

The completed thickness of the aggregate surface course shall be within 1/2 
inch, plus or minus, of the thickness indicated on plans. The thickness of 
the aggregate surface course shall be measured at intervals in such manner 
that there will be a thickness measurement for at least each 500 square 
yards of the aggregate surface course. The thickness measurement shall be 
made by test holes at least 3 inches in diameter through the aggregate 
surface course. When the measured thickness of the aggregate surface 
course is more than 1/2 inch deficient in thickness, correct such areas by 
scarifying, adding mixture of proper gradation, reblading, and 
recompacting, as directed, at no additional expense to the Government. 
Where the measured thickness of the aggregate surface course is more than 
1/2 inch thicker than that indicated, it shall be considered as conforming 
with the specified thickness requirements plus 1/2 inch. The average job 
thickness shall be the average of the job measurements determined as 
specified above, but shall be within 1/4 inch of the thickness indicated. 
When the average job thickness fails to meet this criterion, make 
corrections by scarifying, adding or removing mixture of proper gradation, 
and reblading and recompacting, as directed, at no additional expense to 
the Government. 

3.12 DENSITY TESTS 

Measure density in the field in accordance with ASTM D 1556 ASTM D 6938. 
For the method presented in ASTM D 1556 use the base plate as shown in the 
drawing. For the method presented in ASTM D 6938 the calibration curves 
shall be checked and adjusted, if necessary, using only the sand cone 
method as described in paragraph Calibration of the ASTM publication. 
Tests performed in accordance with ASTM D 6938 result in a wet unit weight 
of soil and ASTM D 6938 shall be used to determine the moisture content of 
the soil. The calibration curves furnished with the moisture gauges shall 
also be checked along with density calibration checks as described in 
ASTM D 6938. The calibration checks of both the density and moisture 
gauges shall be made by the prepared containers of material method, as 
described in paragraph Calibration of ASTM D 6938, on each different type 
of material being tested at the beginning of a job and at intervals, as 
directed. 

3.13 WEAR TEST 

Perform wear tests in conformance with ASTM C131. 

3.14 MAINTENANCE 

Maintain the aggregate surface course in a condition that will meet all 
specification requirements until accepted. 

-- End of Section --
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PART 1 GENERAL 

1.1 REFERENCES 

SECTION 32 92 19 

SEEDING 
10106 

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 C602 (2007) Agricultural Liming Materials 

ASTM D 4427 (2007) Peat Samples by Laboratory Testing 

ASTM D 4972 (2001; R 2007) pH of Soils 

U.S. DEPARTMENT OF AGRICULTURE (USDA) 

AMS Seed Act 

DOA SSIR 42 

1.2 DEFINITIONS 

1.2.1 Stand of Turf 

(1940; R 1988; R 1998) Federal Seed Act 

(1996) Soil Survey Investigation Report 
No. 42, Soil Survey Laboratory Methods 
Manual, Version 3.0 

95 percent ground cover of the established species. 

1.3 RELATED REQUIREMENTS 

Section 31 00 00 EARTHWORK, , I , , I and Section 32 05 33 LANDSCAPE 
ESTABLISHMENT applies to this section for pesticide use and plant 
establishment requirements, with additions and modifications herein. 

1.4 SUBMITTALS 

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only. When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government. The following shall be 
submitted in accordance with Section 01 33 00 SUBMITTAL PROCEDURES: 

SD-03 Product Data 

Wood cellulose fiber mulch 

Fertilizer 
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Include physical characteristics, and recommendations. 

SD-06 Test Reports 

Topsoil composition tests (reports and recommendations) . 

SD-07 Certificates 

State certification and approval for seed 

50-08 Manufacturer's Instructions 

Erosion Control Materials 

1. 5 DELIVERY, .STORAGE, AND HANDLING 

1.5.1 Delivery 

1.5.1.1 Seed Protection 

Protect from drying out and from contamination during delivery, on-site 
storage, and handling. 

1.5.1.2 Fertilizer Delivery 

Deliver to the site in original, unopened containers bearing manufacturer's 
chemical analysis, name, trade name, trademark, and indication of 
conformance to state and federal laws. Instead of containers, fertilizer 
may be furnished in bulk with certificate indicating the above information. 

1.5.2 Storage 

1.5.2.1 Seed, Fertilizer Storage 

Store in cool, dry locations away from contaminants. 

1.5.2.2 Topsoil 

Prior to stockpiling topsoil, treat growing vegetation with application of 
appropriate specified non-selective herbicide. Clear and grub existing 
vegetation three to four weeks prior to stockpiling topsoil. 

1.5.2.3 Handling 

Do not drop or dump materials from vehicles. 

1.6 TIME RESTRICTIONS AND PLANTING CONDITIONS 

1.6.1 Restrictions 

Do not plant when the ground is frozen, snow covered, muddy, or when air 
temperature exceeds 90 degrees Fahrenheit. 

1.7 TIME LIMITATIONS 

1. 7.1 Seed 
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Apply seed within twenty four hours after seed bed preparation. 

PART 2 PRODUCTS 

2.1 SEED 

2.1.1 Classification 

Provide [State-certified) [State-approved) [Endophyte-enhanced) seed of the 
latest season's crop delivered in original sealed packages, bearing 
producer's guaranteed analysis for percentages of mixtures, purity, 
germination, weedseed content, and inert material. Label in conformance 
with AMS Seed Act and applicable state seed laws. Wet, moldy, or otherwise 
damaged seed will be rejected. Field mixes will be acceptable when field 
mix is performed on site in the presence of the Contracting Officer . 

2.1.2 Planting Dates 

Planting Season 

[Season 1) 

[Season 2) 

[Temporary SeedingJ 

2.1. 3 Seed Purity 

Botanical Common 
Name Name 

[ ) [ ) --- ---
[ ) [ ) ---
[ ) [ ) --- ---

2.1.4 Seed Mixture by Weight 

Planting Season 

[Season 1) 

[Season 2) 

[Temporary Seeding) 

Planting Dates 

Min. 
Percent 
Pure Seed 

[ ---
[ ---

variety 

[--) 
[--) 

[--) 
[--) 

--) 
--) 

) 
) 
) 

Min. Percent Max. 
Germination Percent 
and Hard Seed Weed Seed 

[ ---) [ ---) 
[ ---) [ ---) 
[ ---) [ ---) 

Percent (by Weight) 

[--) 
[--) 

[--) 
[ __ J 

--) 
--) 

Proportion seed mixtures by weight. Temporary seeding must later be 
replaced by [Season 1) [Season 2J plantings for a permanent stand of grass. 
The same requirements of turf establishment for [Season 1) [Season 2) apply 
for temporary seeding. 

2.2 TOPSOIL 

2.2.1 On-Site Topsoil 
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Surface soil stripped and stockpiled on site and modified as necessary to 
meet the requirements specified for topsoil in paragraph entitled 
"Composition. II n 31 00 00 EARTHWORK. 

2.2.2 Off-Site Topsoil 

Conform to requirements specified in paragraph entitled l1Composition. 1I 

Additional topsoil shall be furnished by the Contractor 

2.2.3 Composition 

Containing from 5 to 10 percent organic matter as determined 'by the topsoil 
composition tests of the Organic Carbon, 6A, Chemical Analysis Method 
described in DOA SSIR 42. Maximum particle size, 3/4 inch, with maximum 3 
percent retained on 1/4 inch screen. The pH shall be tested in accordance 
with ASTM D 4972. Topsoil shall be free of sticks, stones, roots, and 
other debris and objectionable materials. Other components shall conform 
to the following limits: 

Silt 
Clay 
Sand 
pH 
Soluble Salts 

2.3 SOIL CONDITIONERS 

[25-50J [7 to 17J [ ___ J percent 
[10-30J [4 to 12J [ ___ J percent 
[20-35J [70 to 82J [ J percent 
[5.5 to 7.0J [ J 
[600J [ J ppm maximum 

Add conditioners to topsoil as required to bring into compliance with 
"composition" standard for topsoil as specified herein. 

2.3.1 Lime 

Commercial grade [hydrateJ [orJ [burntJ limestone containing a calcium 
carbonate equivalent (C.C.E.) as specified in ASTM C602 of not less than 
[ ___ J percent. 

2.3.2 Aluminum Sulfate 

Commercial grade. 

2.3.3 Sulfur 

100 percent elemental 

2.3.4 Iron 

100 percent elemental 

2.3.5 Peat 

Natural product of [peat mossJ derived from a freshwater site and 
conforming to [ASTM D 4427J [as modified hereinJ. Shred and granulate peat 
to pass a 1/2 inch mesh screen and condition in storage pile for minimum 6 
months after excavation. 

2.3.6 Sand 
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Clean and free of materials harmful to plants. 

2.3.7 Perlite 

Horticultural grade. 

2.3.8 Composted Derivatives 

Ground bark, nitrolized sawdust, humus or other green wood waste material 
free of stones, sticks, and soil stabilized with nitrogen and having the 
following properties: 

2.3.8.1 Particle Size 

Minimum percent by weight passing: 

NO. 4 mesh screen 95 
No. 8 mesh screen 80 

2.3.8.2 Nitrogen Content 

Minimum percent based on dry weight: 

Fir Sawdust 0.7 
Fir or Pine Bark 1.0 

2.3.9 Gypsum 

Coarsely ground gypsum comprised of calcium sulfate dihydrate 61 percent, 
calcium 22 percent, sulfur 17 percent; minimum 96 percent passing through 
20 mesh screen, 100 percent passing thru 16 mesh screen. 

2.3.10 Calcined Clay 

Calcined clay shall be granular particles produced from montmorillonite 
clay calcined to a minimum temperature of 1200 degrees F. Gradation: A 
minimum 90 percent shall pass a No. 8 sieve; a minimum 99 percent shall be 
retained on a No. 60 sieve; and a maximum 2 percent shall pass a No. 100 
sieve. Bulk density: A maximum 40 pounds per cubic foot. 

2.4 FERTILIZER 

2.4.1 Granular Fertilizer 

[Organic] [synthetic], granular controlled release fertilizer containing the 
following minimum percentages, by weight, of plant food nutrients: 

[ _____ l percent available nitrogen 
[ _____ l percent available phosphorus 
[ ] percent available potassium 
[ _____ l percent sulfur 
[[ _____ l percent ironl 

2.4.2 Hydroseeding Fertilizer 

Controlled release fertilizer, to use with hydroseeding and composed of 
pills coated with plastic resin to provide a continuous release of 
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nutrients for at least 6 months and containing the following minimum 
percentages, by weight, of plant food nutrients. 

] percent available nitrogen 
[ ---] percent available phosphorus 
[ ] percent available potassium 
[ [ ] percent sulfur] 
[ [ ] percent iron] 

2.5 MULCH 

Mulch shall be free from noxious weeds, mold, and other deleterious 
materials. 

2.5.1 Straw 

Stalks from oats, wheat, rye, barley, or rice. Furnish in air-dry 
condition and of proper consistency for placing with commercial mulch 
blowing equipment. Straw shall contain no fertile seed. 

2.5.2 Hay 

Air-dry condition and of proper consistency for placing with commercial 
mulch blowing equipment. Hay shall be sterile, containing no fertile seed. 

2.5.3 Wood Cellulose Fiber Mulch 

Use recovered materials of either paper-based (100 percent) or wood-based 
(100 percent) hydraulic mulch. Processed to contain no growth or 
germination-inhibiting factors and dyed an appropriate color to facilitate 
visual metering of materials application. Composition on air-dry weight 
basis: 9 to 15 percent moisture, pH range from 5.5 to 8.2 [ ____ ]. Use 
with hydraulic application of grass seed and fertilizer. 

2.6 WATER 

Source of water shall be approved by Contracting Officer and of suitable 
quality for irrigation, containing no elements toxic to plant life. 

2.7 EROSION CONTROL MATERIALS 

Erosion control material shall conform to the following: 

2.7.1 Erosion Control Blanket 

[100 percent agricultural straw] [70 percent agricultural straw/30 percent 
coconut fiber matrix] stitched with a degradable nettings, designed to 
degrade within [12 months] [18 months] . 

2.7.2 Erosion Control Fabric 

Fabric shall be knitted construction of .polypropylene yarn with uniform 
mesh openings 3/4 to 1 inch square with strips of biodegradable paper. 
Filler paper strips shall have a minimum life of 6 months. 

2.7.3 Erosion Control Net 
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Net shall be heavy, twisted jute mesh, weighing approximately 1.22 pounds 
per linear yard and 4 feet wide with mesh openings of approximately 1 inch 
square. 

2.7.5 Erosion Control Material Anchors 

Erosion control anchors shall be as recommended by the manufacturer. 

PART 3 EXECUTION 

3.1 PREPARATION 

3.1.1 EXTENT OF WORK 

Provide soil preparation (including soil conditioners as required), 
fertilizing, seeding, and surface topdressing of all newly graded finished 
earth surfaces, unless indicated otherwise, and at all areas inside or 
outside the limits of construction that are disturbed by the Contractor's 
operations. 

3.1.1.1 Topsoil 

Provide 4 inches of [off-site topsoil] [on-site topsoil] [existing soil] to 
meet indicated finish grade. After areas have been brought to indicated 
finish grade, incorporate [fertilizer] [pH adjusters] [soil conditioners] 
into soil a minimum depth of [4] [ ] inches by disking, harrowing, 
tilling or other method approved by the Contracting Officer. Remove debris 
and stones larger than 3/4 inch in any dimension remaining on the surface 
after finish grading. Correct irregularities in finish surfaces to 
eliminate depressions. Protect finished topsoil areas from damage by 
vehicular or pedestrian traffic. 

[3.1.1. 3 Fertilizer Application Rates 

Apply fertilizer at rates as determined by laboratory soil analysis of the 
soils at the job site. For bidding purposes only apply at rates for the 
following: 

[Organic Granular Fertilizer [ [_____ pounds per acre] 
pounds per 1000 square feet.]] 

[Synthetic Fertilizer [ _____ ] pounds per acre ] [_____ pounds per 
1000 square feet.]] 

[Hydroseeding Fertilizer [ [ _____ ] pounds per acre] [ _____ ] pounds 
per 1000 square feet.]] 

]3.2 SEEDING 

3.2.1 Seed Application Seasons and Conditions 

Immediately before seeding, restore soil to proper grade. Do not seed when 
ground is muddy frozen snow covered or in an unsatisfactory condition for 
seeding. If special conditions exist that may warrant a variance in the 
above seeding dates or conditions, submit a written request to the 
Contracting Officer stating the special conditions and proposed variance. 
Apply seed within twenty four hours after seedbed preparation. Sow seed by 
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approved sowing equipment. Sow one-half the seed in one direction, and sow 
remainder at right angles to the first sowing. 

3.2.2 Seed Application Method 

Seeding method shall be hydroseeding. 

3.2.2.3 Hydroseeding 

First, mix water and fiber. Wood cellulose fiber, paper fiber, or recycled 
paper shall be applied as part of the hydroseeding operation. Fiber shall 
be added at 1,000 pounds, dry weight, per acre. Then add and mix seed and 
fertilizer to produce a homogeneous slurry. Seed shall be mixed to ensure 
broadcasting at the rate of [ _____ l pounds per 1000 square feet. When 
hydraulically sprayed on the ground, material shall form a blotter like 
cover impregnated uniformly with grass seed. Spread with one application 
with no second application of mulch. 

3.2.3 Mulching 

3.2.3.1 Hay or Straw Mulch 

Hay or straw mulch shall be spread uniformly at the rate of 2 tons per acre. 
Mulch shall be spread by hand, blower-type mulch spreader, or other 
approved method. Mulching shall be started on the windward side of 
relatively flat areas or on the upper part of steep slopes, and continued 
uniformly until the area is covered. The mulch shall not be bunched or 
clumped. Sunlight shall not be completely excluded from penetrating to the 
ground surface. All areas installed with seed shall be mulched on the same 
day as the seeding. Mulch shall be anchored immediately following 
spreading. 

3.2.4 Rolling 

Immediately after seeding, firm entire area except for slopes in excess of 
3 to 1 with a roller not exceeding 90 pounds for each foot of roller width. 

3.2.5 Erosion Control Material 

Install in accordance with manufacturer's instructions, where indicated or 
as directed by the Contracting Officer. 

3.2.6 Watering 

Start watering areas seeded as required by temperature and wind 
conditions. Apply water at a rate sufficient to insure thorough wetting 
of soil to a depth of 2 inches without run off. During the germination 
process, seed is to be kept actively growing and not allowed to dry out. 

3.3 PROTECTION OF TURF AREAS 

Immediately after turfing, protect area against traffic and other use. 

3.5 RESTORATION 

Restore to original condition existing turf areas which have been damaged 
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during turf installation operations at the Contractor's expense. 
clean at all times at least one paved pedestrian access route and 
vehicular access route to each building. Clean other paving when 
adjacent areas is complete. 

-- End of Section --
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SECTION 33 40 00

STORM DRAINAGE UTILITIES
02/10

PART 1   GENERAL

1.1   MEASUREMENT AND PAYMENT

1.1.1   Pipe Culverts and Storm Drains

The length of pipe installed will be measured along the centerlines of the 
pipe from end to end of pipe without deductions for diameter of manholes.  
Pipe will be paid for at the contract unit price for the number of linear 
feet of culverts or storm drains placed in the accepted work.

1.1.2   Storm Drainage Structures

The quantity of manholes and inlets will be measured as the total number of 
manholes and inlets of the various types of construction, complete with 
frames and gratings or covers and, where indicated, with fixed side-rail 
ladders, constructed to the depth of [_____] feet in the accepted work.  
The depth of manholes and inlets will be measured from the top of grating 
or cover to invert of outlet pipe.  Manholes and inlets constructed to 
depths greater than the depth specified above will be paid for as units at 
the contract unit price for manholes and inlets, plus an additional amount 
per linear foot for the measured depth beyond a depth of [_____] feet.

1.1.3   Walls and Headwalls

Walls and headwalls will be measured by the number of cubic yards of 
reinforced concrete, plain concrete, or masonry used in the construction of 
the walls and headwalls.  Wall and headwalls will be paid for at the 
contract unit price for the number of walls and headwalls constructed in 
the completed work.

1.1.4   Flared End Sections

Flared end sections will be measured by the unit.  Flared end sections will 
be paid for at the contract unit price for the various sizes in the 
accepted work.

1.1.5   Sheeting and Bracing

Payment will be made for that sheeting and bracing ordered to be left in 
place, based on the number of square feet of sheeting and bracing remaining 
below the surface of the ground.

1.1.6   Rock Excavation

Payment will be made for the number of cubic yards of material acceptably 
excavated, as specified and defined as rock excavation in Section 31 00 00 
EARTHWORK, measured in the original position, and computed by allowing 
actual width of rock excavation with the following limitations:  maximum 
rock excavation width,  30 inches for pipe of 12 inch or less nominal 

Page 1



diameter; maximum rock excavation width,  16 inches greater than outside 
diameter of pipe of more than 12 inch nominal diameter.  Measurement will 
include authorized overdepth excavation.  Payment will also include all 
necessary drilling and blasting, and all incidentals necessary for 
satisfactory excavation and disposal of authorized rock excavation.  No 
separate payment will be made for backfill material required to replace 
rock excavation; this cost shall be included in the Contractor's unit price 
bid per cubic yard for rock excavation.  In rock excavation for manholes 
and other appurtenances,  1 foot will be allowed outside the wall lines of 
the structures.

1.1.7   Backfill Replacing Unstable Material

Payment will be made for the number of cubic yards of select granular 
material required to replace unstable material for foundations under pipes 
or drainage structures, which will constitute full compensation for this 
backfill material, including removal and disposal of unstable material and 
all excavating, hauling, placing, compacting, and all incidentals necessary 
to complete the construction of the foundation satisfactorily.

1.1.8   Pipe Placed by Jacking

Payment will be made for the number of linear feet of jacked pipe accepted 
in the completed work measured along the centerline of the pipe in place.

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 ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO HB-17 (2002; Errata 2003; Errata 2005, 17th 
Edition) Standard Specifications for 
Highway Bridges

AASHTO M 167M/M 167 (2009) Standard Specification for 
Corrugated Steel Structural Plate, 
Zinc-Coated, for Field-Bolted Pipe, 
Pipe-Arches, and Arches

AASHTO M 190 (2004; R 2008) Standard Specification for 
Bituminous Coated Corrugated Metal Culvert 
Pipe and Pipe Arches

AASHTO M 198 (2010) Standard Specification for Joints 
for Concrete Pipe, Manholes, and Precast 
Box Sections Using Preformed Flexible 
Joint Sealants

AASHTO M 219 (1992; R 2008) Standard Specification for 
Corrugated Aluminum Alloy Structural Plate 
for Field-Bolted Pipe, Pipe-Arches, and 
Arches
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AASHTO M 243 (1996; R 2008) Standard Specification for 
Field-Applied Coating of Corrugated Metal 
Structural Plate for Pipe, Pipe-Arches, 
and Arches

AASHTO M 294 (2010) Standard Specification for 
Corrugated Polyethylene Pipe, 300- to 
1500-mm Diameter

AMERICAN CONCRETE INSTITUTE INTERNATIONAL (ACI)

ACI 346 (2009) Specification for Cast-in-Place 
Concrete Pipe

AMERICAN RAILWAY ENGINEERING AND MAINTENANCE-OF-WAY ASSOCIATION 
(AREMA)

AREMA Eng Man (2010) Manual for Railway Engineering

ASTM INTERNATIONAL (ASTM)

ASTM A123/A123M (2009) Standard Specification for Zinc 
(Hot-Dip Galvanized) Coatings on Iron and 
Steel Products

ASTM A48/A48M (2003; R 2008) 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 (2009) Standard Specification for Cast 
Iron Soil Pipe and Fittings

ASTM A742/A742M (2003; R 2008) Standard Specification for 
Steel Sheet, Metallic Coated and Polymer 
Precoated for Corrugated Steel Pipe

ASTM A760/A760M (2010) Standard Specification for 
Corrugated Steel Pipe, Metallic-Coated for 
Sewers and Drains

ASTM A762/A762M (2008) Standard Specification for 
Corrugated Steel Pipe, Polymer Precoated 
for Sewers and Drains

ASTM A798/A798M (2007) Standard Practice for Installing 
Factory-Made Corrugated Steel Pipe for 
Sewers and Other Applications

ASTM A807/A807M (2002; R 2008) Standard Practice for 
Installing Corrugated Steel Structural 
Plate Pipe for Sewers and Other 
Applications
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ASTM A849 (2010) Standard Specification for 
Post-Applied Coatings, Pavings, and 
Linings for Corrugated Steel Sewer and 
Drainage Pipe

ASTM A929/A929M (2001; R 2007) Standard Specification for 
Steel Sheet, Metallic-Coated by the 
Hot-Dip Process for Corrugated Steel Pipe

ASTM B26/B26M (2009) Standard Specification for 
Aluminum-Alloy Sand Castings

ASTM B745/B745M (1997; R 2005) Standard Specification for 
Corrugated Aluminum Pipe for Sewers and 
Drains

ASTM C1103 (2003; R 2009) Standard Practice for Joint 
Acceptance Testing of Installed Precast 
Concrete Pipe Sewer Lines

ASTM C1103M (2003; R 2009) Standard Practice for Joint 
Acceptance Testing of Installed Precast 
Concrete Pipe Sewer Lines (Metric)

ASTM C12 (2009) Standard Practice for Installing 
Vitrified Clay Pipe Lines

ASTM C139 (2010) Standard Specification for Concrete 
Masonry Units for Construction of Catch 
Basins and Manholes

ASTM C14 (2007) Standard Specification for Concrete 
Sewer, Storm Drain, and Culvert Pipe

ASTM C1433 (2010) Standard Specification for Precast 
Reinforced Concrete Box Sections for 
Culverts, Storm Drains, and Sewers

ASTM C1433M (2010) Standard Specification for Precast 
Reinforced Concrete Box Sections for 
Culverts, Storm Drains, and Sewers (Metric)

ASTM C14M (2007) Standard Specification for Concrete 
Sewer, Storm Drain, and Culvert Pipe 
(Metric)

ASTM C231/C231M (2010) Standard Test Method for Air 
Content of Freshly Mixed Concrete by the 
Pressure Method

ASTM C270 (2010) Standard Specification for Mortar 
for Unit Masonry

ASTM C32 (2011) Standard Specification for Sewer 
and Manhole Brick (Made from Clay or Shale)

ASTM C425 (2004; R 2009) Standard Specification for 
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Compression Joints for Vitrified Clay Pipe 
and Fittings

ASTM C443 (2010) Standard Specification for Joints 
for Concrete Pipe and Manholes, Using 
Rubber Gaskets

ASTM C443M (2010) Standard Specification for Joints 
for Concrete Pipe and Manholes, Using 
Rubber Gaskets (Metric)

ASTM C444 (2003; R 2009) Perforated Concrete Pipe

ASTM C444M (2003; R 2009) Perforated Concrete Pipe 
(Metric)

ASTM C478 (2009) Standard Specification for Precast 
Reinforced Concrete Manhole Sections

ASTM C478M (2009) Standard Specification for Precast 
Reinforced Concrete Manhole Sections 
(Metric)

ASTM C506 (2011) Standard Specification for 
Reinforced Concrete Arch Culvert, Storm 
Drain, and Sewer Pipe

ASTM C506M (2011) Standard Specification for 
Reinforced Concrete Arch Culvert, Storm 
Drain, and Sewer Pipe (Metric)

ASTM C507 (2011) Standard Specification for 
Reinforced Concrete Elliptical Culvert, 
Storm Drain, and Sewer Pipe

ASTM C507M (2011) Standard Specification for 
Reinforced Concrete Elliptical Culvert, 
Storm Drain, and Sewer Pipe (Metric)

ASTM C55 (2011) Concrete Brick

ASTM C564 (2011) Standard Specification for Rubber 
Gaskets for Cast Iron Soil Pipe and 
Fittings

ASTM C62 (2010) Building Brick (Solid Masonry Units 
Made from Clay or Shale)

ASTM C655 (2011) Reinforced Concrete D-Load Culvert, 
Storm Drain, and Sewer Pipe

ASTM C700 (2011) Standard Specification for 
Vitrified Clay Pipe, Extra Strength, 
Standard Strength, and Perforated

ASTM C76 (2011) Standard Specification for 
Reinforced Concrete Culvert, Storm Drain, 
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and Sewer Pipe

ASTM C76M (2011) Standard Specification for 
Reinforced Concrete Culvert, Storm Drain, 
and Sewer Pipe (Metric)

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 C877M (2002; R 2009) External Sealing Bands for 
Concrete Pipe, Manholes, and Precast Box 
Sections (Metric)

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

ASTM C923M (2008b) Standard Specification for 
Resilient Connectors Between Reinforced 
Concrete Manhole Structures, Pipes and 
Laterals (Metric)

ASTM C924 (2002; R 2009) Testing Concrete Pipe Sewer 
Lines by Low-Pressure Air Test Method

ASTM C924M (2002; R 2009) Testing Concrete Pipe Sewer 
Liner by Low-Pressure Air Test Method 
(Metric)

ASTM D 1056 (2007) Standard Specification for Flexible 
Cellular Materials - Sponge or Expanded 
Rubber

ASTM D 1171 (1999; R 2007) Rubber Deterioration - 
Surface Ozone Cracking Outdoors or Chamber 
(Triangular Specimens)

ASTM D 1557 (2009) Standard Test Methods for 
Laboratory Compaction Characteristics of 
Soil Using Modified Effort (56,000 
ft-lbf/ft3) (2700 kN-m/m3)

ASTM D 1751 (2004; R 2008) Standard Specification for 
Preformed Expansion Joint Filler for 
Concrete Paving and Structural 
Construction (Nonextruding and Resilient 
Bituminous Types)

ASTM D 1752 (2004a; R 2008) Standard Specification for 
Preformed Sponge Rubber Cork and Recycled 
PVC Expansion

ASTM D 1784 (2011) Standard Specification for Rigid 
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Poly(Vinyl Chloride) (PVC) Compounds and 
Chlorinated Poly(Vinyl Chloride) (CPVC) 
Compounds

ASTM D 2167 (2008) Density and Unit Weight of Soil in 
Place by the Rubber Balloon Method

ASTM D 2321 (2011) Standard Practice for Underground 
Installation of Thermoplastic Pipe for 
Sewers and Other Gravity-Flow Applications

ASTM D 2729 (2011) Poly(Vinyl Chloride) (PVC) Sewer 
Pipe and Fittings

ASTM D 3034 (2008) Standard Specification for Type PSM 
Poly(Vinyl Chloride) (PVC) Sewer Pipe and 
Fittings

ASTM D 3212 (2007) Standard Specification for Joints 
for Drain and Sewer Plastic Pipes Using 
Flexible Elastomeric Seals

ASTM D 3350 (2010a) Polyethylene Plastics Pipe and 
Fittings Materials

ASTM D 6938 (2010) Standard Test Method for In-Place 
Density and Water Content of Soil and 
Soil-Aggregate by Nuclear Methods (Shallow 
Depth)

ASTM F 1417 (2011a) Standard Test Method for 
Installation Acceptance of Plastic Gravity 
Sewer Lines Using Low Pressure Air

ASTM F 477 (2010) Standard Specification for 
Elastomeric Seals (Gaskets) for Joining 
Plastic Pipe

ASTM F 679 (2008) Poly(Vinyl Chloride) (PVC) 
Large-Diameter Plastic Gravity Sewer Pipe 
and Fittings

ASTM F 714 (2010) Polyethylene (PE) Plastic Pipe 
(SDR-PR) Based on Outside Diameter

ASTM F 794 (2003; R 2010) Standard Specification for 
Poly(Vinyl Chloride) (PVC) Profile Gravity 
Sewer Pipe and Fittings Based on 
Controlled Inside Diameter

ASTM F 894 (2007) Polyethylene (PE) Large Diameter 
Profile Wall Sewer and Drain Pipe

ASTM F 949 (2010) Poly(Vinyl Chloride) (PVC) 
Corrugated Sewer Pipe with a Smooth 
Interior and Fittings
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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.] [information only.  When used, a designation following the "G" 
designation identifies the office that will review the submittal for the 
Government.]  Submit the following in accordance with Section 01 33 00 
SUBMITTAL PROCEDURES:

SD-03 Product Data

Placing Pipe

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

1.4   DELIVERY, STORAGE, AND HANDLING

1.4.1   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 
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.

1.4.2   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
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Manufactured in accordance with and conforming to ASTM C76, Class [I] [II] 
[III] [IV] [V], or ASTM C655, [_____] D-Load.

2.1.1.1   Reinforced Arch Culvert and Storm Drainpipe

Manufactured in accordance with and conforming to ASTM C506, Class [A-II] 
[A-III] [A-IV].

2.1.1.2   Reinforced Elliptical Culvert and Storm Drainpipe

Manufactured in accordance with and conforming to ASTM C507.  Horizontal 
elliptical pipe shall be Class [HE-A] [HE-I] [HE-II] [HE-III] [HE-IV].  
Vertical elliptical pipe shall be Class [VE-II] [VE-III] [VE-IV] [VE-V] 
[VE-VI].

2.1.1.3   Nonreinforced Pipe

Manufactured in accordance with and conforming to ASTM C14, Class [1] [2] 
[3].

2.1.1.4   Cast-In-Place Nonreinforced Conduit

ACI 346, except that testing shall be the responsibility of and at the 
expense of the Contractor.  In the case of other conflicts between ACI 346 
and project specifications, requirements of ACI 346 shall govern.

2.1.9   Perforated Piping

2.1.9.2   Concrete Pipe

Manufactured in accordance with and conforming to  ASTM C444, and 
applicable requirements of ASTM C14, Class [_____].

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 [_____] psi concrete under Section [03 30 00.00 10 
CAST-IN-PLACE CONCRETE] [03 30 00 CAST-IN-PLACE CONCRETE].  The concrete 
mixture shall have air content by volume of concrete, based on measurements 
made immediately after discharge from the mixer, of 5 to 7 percent when 
maximum size of coarse aggregate exceeds 1-1/2 inches.  Air content shall 
be determined in accordance with ASTM C231/C231M.  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.  Concrete covering 
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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 D 1751, or ASTM D 1752, or shall be resin-impregnated 
fiberboard conforming to the physical requirements of ASTM D 1752.

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 [_____] gallons of water per sack of cement.  Water shall 
be clean and free of harmful acids, alkalies, 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.

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] [made with flexible 
watertight, rubber-type gaskets meeting the requirements of paragraph 
JOINTS].

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 
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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 plastic gaskets shall conform to AASHTO M 198, 
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 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 D 1056, Type 2 [A1] [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 D 1171.  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 AASHTO M 198 or ASTM C443.  Flexible 
plastic gaskets shall conform to requirements of AASHTO M 198, 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.

2.3.9   Flap Gates

Flap Gates shall be [medium] [or] [heavy]-duty with [circular] 
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[rectangular] opening and double-hinged.  [Top pivot points shall be 
adjustable.]  The seat shall be one-piece cast iron with a raised section 
around the perimeter of the waterway opening to provide the seating face.  
The seating face of the seat shall be [cast iron] [bronze] [stainless 
steel] [neoprene].  The cover shall be one-piece cast iron with necessary 
reinforcing rib, lifting eye for manual operation, and bosses to provide a 
pivot point connection with the links.  The seating face of the cover shall 
be [cast iron] [bronze] [stainless steel] [neoprene].  Links or hinge arms 
shall be cast or ductile iron.  Holes of pivot points shall be bronze 
bushed.  All fasteners shall be either galvanized steel, bronze or 
stainless steel.

2.4   STEEL LADDER

Steel ladder shall be provided where the depth of the storm drainage 
structure exceeds 12 feet.  These ladders shall be not less than 16 inches 
in width, with 3/4 inch diameter rungs spaced 12 inches apart.  The two 
stringers shall be a minimum 3/8 inch thick and 2-1/2 inches wide.  Ladders 
and inserts shall be galvanized after fabrication in conformance with 
ASTM A123/A123M.

2.5   DOWNSPOUT BOOTS

Boots used to connect exterior downspouts to the storm-drainage system 
shall be of gray cast iron conforming to ASTM A48/A48M, Class 30B or 35B.  
Shape and size shall be as indicated.

2.6   RESILIENT CONNECTORS

Flexible, watertight connectors used for connecting pipe to manholes and 
inlets shall conform to ASTM C923.

2.7   HYDROSTATIC TEST ON WATERTIGHT JOINTS

2.7.1   Concrete, Clay, PVC and PE 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 AASHTO M 198 or ASTM C443.  Test requirements for joints in clay 
pipe shall conform to ASTM C425.  Test requirements for joints in PVC and 
PE plastic pipe shall conform to ASTM D 3212.

2.8   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] [as indicated].

PART 3   EXECUTION

3.1   EXCAVATION FOR PIPE CULVERTS, STORM DRAINS, AND DRAINAGE STRUCTURES
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Excavation of trenches, and for appurtenances and backfilling for culverts 
and storm drains, shall be in accordance with the applicable portions of 
Section 31 00 00 EARTHWORK 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 [_____] 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 00 00 EARTHWORK.

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 
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.
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3.3   PLACING PIPE

Submit printed copies of the manufacturer's recommendations for 
installation procedures of the material being placed, prior to installation.

Each pipe shall be thoroughly examined before being laid; defective or 
damaged pipe shall not be used.  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:

                                                   MAXIMUM ALLOWABLE
                 TYPE OF PIPE                        DEFLECTION (%)

    
    
    
    

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.

3.3.2   Elliptical and Elliptical Reinforced Concrete Pipe

The manufacturer's reference lines, designating the top of the pipe, shall 
be within 5 degrees of a vertical plane through the longitudinal axis of 
the pipe, during placement.  Damage to or misalignment of the pipe shall be 
prevented in all backfilling operations.

3.3.7   Multiple Culverts

Where multiple lines of pipe are installed, adjacent sides of pipe shall be 
at least half the nominal pipe diameter or 3 feet apart, whichever is less.

3.3.8   Jacking Pipe Through Fills

Methods of operation and installation for jacking pipe through fills shall 
conform to requirements specified in Volume 1, Chapter 1, Part 4 of 
AREMA Eng Man.

3.4   JOINTING

3.4.1   Concrete and Clay Pipe

3.4.1.1   Cement-Mortar Bell-and-Spigot Joint
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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 
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.
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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.

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, 
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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; and with fixed galvanized 
steel ladders where indicated.  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.

3.6   STEEL LADDER INSTALLATION

Ladder shall be adequately anchored to the wall by means of steel inserts 
spaced not more than 6 feet vertically, and shall be installed to provide 
at least 6 inches of space between the wall and the rungs.  The wall along 
the line of the ladder shall be vertical for its entire length.

3.7   BACKFILLING

3.7.1   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 [_____] 
inches.  Tests for density shall be made as necessary to ensure conformance 
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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.

3.7.2   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 [_____] inches.  Use 
select granular material for this entire region of backfill for flexible 
pipe installations.

3.7.3   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.

3.7.4   Compaction

3.7.4.1   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.

3.7.4.2   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 
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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.

3.7.5   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 D 1557 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 D 2167 or ASTM D 6938.  When 
ASTM D 6938 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 D 6938 results in a wet 
unit weight of soil and ASTM D 6938 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 D 6938.  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.

3.8   PIPELINE TESTING

3.8.1   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 concrete 
pipes shall conform to ASTM C924.  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 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 [ 250 gallons per inch in diameter per 
mile of pipeline per day] [ 0.2 gallons 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.

3.8.2   Deflection Testing
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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, 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, 5 percent less than 
the certified-actual pipe diameter for Corrugated Steel and Aluminum 
Alloy, 3 percent less than the certified-actual pipe diameter for 
Concrete-Lined Corrugated Steel and 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 
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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.

3.8.3   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 inches, settlement and alignment.  One hundred percent of 
all flexible pipes (HDPE, PVC, CMP) 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 inches in width or 
deflection greater than 5 percent deflection.  An engineer shall 
evaluate all pipes with cracks greater than 0.01 inches but less than 
0.10 inches to determine if any remediation or repair is required.  RCP 
with crack width less than 0.10 inches 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.).

3.9   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.] [After installation, clean steel covers and steel or concrete 
frames not buried in masonry or concrete to bare metal of mortar, dirt, 
grease, and other deleterious materials.  Apply a coat of primer, [_____], 
to a minimum dry film thickness of [_____] mil; and apply a top coat, 
[_____] to a minimum dry film thickness of [_____] mils, color optional.  
Painting shall conform to Section 09 90 00 PAINTS AND COATINGS.]  Do not 
paint surfaces subject to abrasion.

    -- End of Section --
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PART 1 GENERAL 

35 41 00 

LEVEE CONSTRUCTION 
01/08 

This specification provides the minimum requirements for the construction 
of the north, middle, and south portions of the new levee and upgrades to 
the Ebey Slough Levee between the south end of the new levee and the 
existing Marysville sewage lagoon levee. Site soils consist of very soft 
to soft silt and silt with sand that are seasonally saturated and have low 
bearing strength. Levee construction shall consist of the placement of the 
levee and surcharge in Year 1 and removal of surcharge and placement of 
levee berms in Year 2. 

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 ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO) 

AASHTO M 43 (2005; R 2009) Standard Specification for 
Sizes of Aggregate for Road and Bridge 
Construction 

ASTM INTERNATIONAL (ASTM) 

ASTM C33/C33M 

ASTM D 1556 

ASTM D 1557 

ASTM D 2167 

ASTM D 2216 

ASTM D 2487 

ASTM D 2937 

ASTM D 422 

(2011) Standard Specification for Concrete 
Aggregates 

(2007) Density and Unit Weight of Soil in 
Place by the Sand-Cone Method 

(2009) Standard Test Methods for 
Laboratory compaction Characteristics of 
Soil Using Modified Effort (56,000 
ft-lbf/ft3) (2700 kN-m/m3) 

(2008) Density and Unit Weight of Soil in 
Place by the Rubber Balloon Method 

(2010) Laboratory Determination of Water 
(Moisture) Content of Soil and Rock by Mass 

(2011) Soils for Engineering Purposes 
(Unified Soil Classification System) 

(2010) Density of Soil in Place by the 
Drive-Cylinder Method 

(1963; R 2007) Particle-Size Analysis of 
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ASTM D 4253 

ASTM D 4254 

ASTM D 4318 

ASTM D 4643 

ASTM D 5195 

ASTM D 6938 

ASTM D 698 

soils 

(2000; R 2006) Maximum Index Density and 
Unit Weight of Soils Using a Vibratory 
Table 

(2000; R 2006e1) Minimum Index Density and 
Unit Weight of Soils and Calculation of 
Relative Density 

(2010) Liquid Limit, Plastic Limit, and 
Plasticity Index of Soils 

(2008) Determination of Water (Moisture) 
Content of Soil by the Microwave Oven 
Method 

(2008) Density of Soil and Rock In-Place 
at Depths Below the Surface by Nuclear 
Methods 

(2010) Standard Test Method for In-Place 
Density and Water Content of Soil and 
Soil-Aggregate by Nuclear Methods (Shallow 
Depth) 

(2007e1) Laboratory Compaction 
Characteristics of Soil Using Standard 
Effort (12,400 ft-lbf/cu. ft. (600 
kN-m/cu. m.)) 

U.S. ARMY CORPS OF ENGINEERS (USACE) 

EM 385-1-1 

1.3 DEFINITIONS 

1.3.1 Clearing 

(2008; Errata 1-2010; Changes 1-3 2010; 
Changes 4-6 2011) Safety and Health 
Requirements Manual 

Clearing consists of the removal and satisfactory disposal of all above 
ground and below ground trees, downed timber, snags, slash, brush, garbage, 
trash, debris, fencing, and other items occurring in the designated areas 
to be cleared. 

1.3.2 Grubbing 

Grubbing consists of the removal and satisfactory disposal of stumps, roots 
larger than 2 inches in diameter, and matted roots from the designated 
grubbing areas. Grubbing also includes filling of holes from the grubbing 
operation. 

1.3.3 Stripping 

Stripping consists of the removal and satisfactory disposal of crops, 
weeds, grass, and other vegetative materials to the ground surface and 
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topsoil to a depth of 12 inches. 

1.3.4 Satisfactory Materials 

Satisfactory materials consists of materials classified in accordance with 
ASTM D 2487 as CL, CL-ML, ML, SC, SM, SW-SM free from: roots and other 
organic matter; contamination from hazardous, toxic or radiological 
substances; trash, debris; and frozen materials. Not all satisfactory 
materials can be used in levee. Only the satisfactory materials stated 
above, meeting the additional or modified requirements of paragraph TYPES 
OF FILL MATERIALS, can be used for levee construction. 

1.3.5 Unsatisfactory Materials 

Unsatisfactory materials shall not be used in any levee or other required 
fill. Unsatisfactory materials includes all other materials that are not 
defined above as satisfactory materials. Vegetation, cleared and grubbed 
material, stripped material, and levee and breach excavation material shall 
not be used for levee embankment or levee foundation construction. 

1.3.6 Embankment 

The terms "levee" or "embankment" as used in these specifications are 
defined as the earth and rock fill portions of the levee structure or other 
fills related to the levee structure, including and includes all types of 
earth fill for the levee and all other fills within the limits of the 
levee , excepting those stone and filter materials used for slope 
protection, which are described in paragraph [ _____ ]. 

1.3.7 Backfill 

Backfill as used in this section is defined as that fill material which 
cannot be placed around or adjacent to a structure until the structure is 
completed or until a specified time interval has elapsed after completion. 

1.3.8 Excavation 

Excavation consists of removal of material to the lines and grades shown on 
the Drawings and as described in paragraph EXCAVATION in PART 3 EXECUTION. 

1.3.9 Classification of Soils 

Materials used to construct the new levee embankment and for the select 
fill in the new levee excavation shall be classified in accordance with 
ASTM D 2487 (Unified Soil Classification System). Cohesionless materials 
include materials classified in ASTM D 2487 as GW, GP, SW, and SP. 
Cohesive materials include materials classified as GC, SC, ML, CL , MH, and 
CH. Materials classified as GM and SM will be identified as cohesionless 
only when the fines are nonplastic. 

1.3.10 Degree of Compaction 

1.3.10.1 Cohesive Material 

Degree of compaction is expressed as a percentage of the maximum density 
obtained by the test procedure presented in [ASTM D 1557], abbreviated 
hereinafter as percent laboratory maximum density. 
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1.3.10.2 Cohesionless Material 

Degree of compaction is expressed as a percentage of the relative density 
in accordance with ASTM D 4253 and ASTM D 4254. 

1.4 SYSTEM DESCRIPTION 

The work covered by this section consists of furnishing all equipment! 
labor, materials, and incidentals t and performing all operations necessary 
for the clearing, grubbing, and stripping of the areas specified herein or 
indicated on the drawings, and for the removal and disposal of cleared, 
grubbed, and stripped materials, removal or plugging of existing drainage 
structures I and refilling of holes resulting from grubbingi excavation of 
borrow areas and existing levees, and for all other excavations incidental 
to the construction of levees, channels , ditches I and ponding areas as 
specified and shown; foundation preparation and the construction of levee 
embankments, including new levee! enlargement of existing levee! backfill 
of inspection trenches! cutoff trenches! berms! road crossings! backfill at 
drainage structures, and other incidental earthwork as may be necessary to 
complete the levee as specified herein and as shown on the drawings. All 
work under this section shall comply with the requirements of EM 385-1-1. 

1.4.1 Embankment and Backfill Materials 

At least 30 days prior to delivery of any Contractor-furnished material to 
the site of the work! submit soil classification test results! 
moisture-density curves! gradation curves! and laboratory results of the 
required tests of the proposed material. Materials for embankment and 
backfill construction will be obtained from the Tulalip Tribe borrow sources. 
The Tulalip Tribe shall screen the borrow or oversized particles and 
organic material and transport to the Project site to the soil stockpile at 
no cost to the Contractor or Government. Materials obtained from 
required excavation shall not be utilized for construction of the new levee 
embankment or as backfill .. All roots! limbs! and wood fragments shall be 
removed from embankment materials. Materials containing sod! other organic 
or perishable material! trash! debris! and frozen materials shall not be 
used in the embankment. Submit to the Contracting Officer the source or 
sources intended to provide materials for embankment construction in the 
Borrow Source Plan .. If a source is selected other than a commercial 
quarry or other commercial entity from which earth or rock material will be 
directly purchased and where the Contractor or his subcontractor shall 
perform the borrow excavation! a written statement will be provided to the 
Contracting Officer indicating permission to utilize the area in the 
Contractor Selected Borrow Site Plan .. It is the Contractor's 
responsibility to obtain Federal, State, and local permits which may be 
required for excavation and reclamation of the borrow area. A copy of the 
plan and procedures to be utilized for reclamation shall be furnished to 
the Contracting Officer as required in Section [ _____ 1, paragraph [ _____ 1. 
The Contracting Officer will require material samples from any proposed 
borrow source to be submitted as indicated in paragraph Quality Control. 

1.4.2 Haul Roads 

Haul roads shall be located and constructed as shown on the drawings and 
within the project boundaries shown on the drawings. Prior to the 
commencement of construction submit for approval a Haul Road Site Plan 
detailing the location of all haul roads within the project limits. Haul 
roads between the soil stockpile sites and the levee embankment shall be 
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located within the limits shown on the drawings. The limits of the borrow 
haul road shall be clearly marked in the field using survey stakes as noted 
in Paragraph SURVEYING. Areas on each side of the borrow haul road 
corridor shall not be disturbed. Haul roads shall be constructed to 
maintain the intended traffic, be free draining, and be maintained in good 
condition throughout the contract period. Any haul road which crosses any 
creek or drainage channel shall be constructed, and maintained so as to not 
flood either upstream areas by restricting stream flows or flood downstream 
areas by the release of any stored water in the event that the crossing 
fails for any cause. Haul roads constructed during the contract duration 
shall be removed after work is completed and the impacted area restored to 
its preconstruction conditions. All haul roads within the right-of-way 
that will remain as public thoroughfares after construction shall be 
cleaned daily and maintained in the preconstruction condition. 

1.4.3 Ramps and Crossings 

Ramps and crossings shall be constructed at the locations shown on the 
drawings by placement of a fill as specified in paragraph [ _____ 1. Ramps 
and crossings shall be constructed only by adding material to the levee 
crown and slopes. Ramps shall have a 20 feet minimum crown width, a grade 
not to exceed 10 percent, and IV on 2H side slopes. 

1.4.4 Runways 

Where material is hauled over an existing levee for construction, the 
Contractor shall be permitted to construct temporary runways over the levee 
by the addition of material to the levee cross section. For the 
construction of runways the minimum width of haul road shall be 20 feet for 
one-way traffic, and 60 feet for two-way trafficand IV on 2H side slopes. 

1.4.6 Stockpiling 

Anyon-site stockpiling of embankment materials shall be in accordance with 
paragraph Stockpiles. 

1.4.7 Slides and Foundation Failures 

When sliding occurs in any part of the embankment and backfills prescribed 
in this section after they have been placed, but prior to final acceptance 
of all work under the contract, repair the slide as directed in writing by 
the Contracting Officer and approved by the Designers. When the slide is 
caused through the fault of the Contractor, the repair shall be made at no 
cost to the Government. When the slide is not the fault of the Contractor, 
an equitable adjustment in the contract price shall be made pursuant to the 
Contract Clause CHANGES to cover the cost of the repairs. 

1.4.8 Drainage Requirements 

Submit written evidence consisting of an authenticated copy of the easement 
under which the Contractor acquired the property rights and access thereto, 
prepared and executed in accordance with applicable State and local 
requirements in the Property Rights and Access Plan .. Do not block or 
restrict the flow in a natural drain, existing culvert, ditch or channel at 
any time without obtaining prior written approval from the Contracting 
Officer. This approval will not relieve the Contractor from responsibility 
for any damage caused by the operation. Monitor the river stream flow and 
provide sufficient free discharge areas so that conditions are not worsened 
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upstream or downstream by possible floods during construction. Surface 
water shall be directed away from excavations and construction sites so as 
to prevent erosion and undermining of foundations. Diversion ditches, 
dikes, and grading shall be provided and maintained as necessary during 
construction. Excavated slopes and backfill surfaces shall be protected to 
prevent erosion and sloughing. Excavation shall be performed so that the 
site and the area immediately surrounding the site and affecting operations 
at the site shall be continually and effectively drained. If private 
property is to be used for drainage, submit written evidence that the right 
has been obtained from the property owner for drainage on his property in a 
Property Owner Drainage Right-of-Way Agreement. 

1 . 5 SUBMITTALS 

Government approval is required for submittals with a JlG" designation; 
submittals not having a "Gil designation are for information only. When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government. The following shall be 
submitted in accordance with Section 01 33 00 SUBMITTAL PROCEDURES: 

SD-Ol Preconstruction Submittals 

Haul Road Site Plan; G 
Property Owner Drainage Right-of-Way Agreement; G 
Borrow Source Plan; G 
Contractor Selected Borrow Site Plan; G 
Property Rights and Access Plan; G 
Shoring, Sheeting, and Bracing Plan; G 
Excavation Plan; G 

SD-02 Shop Drawings 

Drainage Requirements 

SD-03 Product Data 

Shoring, Sheeting, and Bracing; G 
Excavation; G 
Borrow Areas; G 
Plan of Operations; G 
Embankment and Backfill Materials; G 

Nuclear Density; G 

SD-06 Test Reports 

Measurement of Fill Material; G 

SD-07 Certificates 

Testing; G 

Qualifications of the USACE validated commercial testing 
laboratory. 
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1.6 REGULATORY REQUIREMENTS 

The state statutory and regulatory requirements listed below form a part of 
this specification to the extent referenced. 

1.7 PERMITS 

In accordance with Contract Clause PERMITS AND RESPONSIBILITIES, obtain all 
necessary permits required for the required work and pay all fees 
associated with permitting and compliance.«Needs to be determined based on 
contracting method» 

1.8 PROJECT SITE CONDITIONS 

1.8.1 Protection of Cultural and Natural Resources 

All work and operations shall comply with the requirements of Section 
01 57 20.00 10 ENVIRONMENTAL PROTECTION and with the requirements of this 
section. 

1.8.2 Protection of Man-Made Facilities and Natural Features 

Trees within the clearing area shall be felled in such a manner as to avoid 
damage to trees left standing and trees outside the clearing area, existing 
buildings, man-made facilities and natural features, with due regard to the 
safety of employees and others, and in compliance with EM 385-1-1. The 
clearing area shall extend 15 feet riverward and landward from the toes of 
the final levee and berm sections and as noted below. Excavation shall 
follow the same requirements specified above for felling trees and shall be 
in compliance with EM 385-1-1. Existing utility lines that are shown on 
the drawings or the locations of which are made known to the Contractor 
prior to excavation and that are to be retained shall be protected from 
damage during excavation. When utility lines -that are to be removed are 
encountered within the area of operations, notify the applicable utility 
companies in sufficient time for measures to be taken to prevent 
interruption of the services. 

1.8.3 Historical, Archeological, and Cultural Resources 

Historical, archeological, and cultural resources within the Contractor's 
work limits may exist. If, during construction activities, the Contractor 
observes items that may have historical or archeological value, such 
observations shall be reported immediately to the Contracting Officer so 
that appropriate authorities may be notified and a determination made as to 
their significance and what, if any, special disposition of the finds 
should be made. Cease all activities that may result in the destruction of 
these resources and prevent the workers from trespassing on or otherwise 
damaging such resources. 

1.8.4 Subsurface Data 

Subsurface soil boring logs along the levee alignment are shown on the 
drawings and boring logs for all relevant site exploration is attached to 
these specifications. These data represent subsurface information at the 
boring locations; however, variations may exist in the subsurface between 
boring locations. Groundwater levels indicated on the soil boring logs 
were levels found at the time of exploration. The groundwater table can 
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vary significantly depending on time of year, variation from normal 
precipitation, and river stage or tide level. Groundwater is reported to 
be 5 feet below surface in the summer and at surface or one to two feet 
above surface in the winter. 

1.10 SEQUENCING 

1.10.1 Clearing and Grubbing 

All clearing and grubbing work shall be completed at least 300 feetin 
advance of embankment construction. In locations where work on drainage 
structures is performed prior to embankment construction, all clearing and 
grubbing shall be completed for the structure at least 30 feet 
perpendicular to the structure along its entire length and 50 feet below 
the ends of the structure. If regrowth of vegetation or trees occurs after 
clearing and grubbing and before placement of embankment, the Contractor 
shall be required to clear and grub again prior to embankment construction. 

Clearing and grubbing shall extend 15 feet riverward and landward of the 
toes of the north new levee and the upgraded section of the Ebey Slough 
levee and from the toes of the levee berms of the middle and south new 
levees. 

1.10.2 Stripping 

After inspection and acceptance of cleared and grubbed areas, stripping may 
proceed. All stripping work shall be completed not more than 300 feet in 
advance of embankment construction. 

PART 2 PRODUCTS 

2 . 1 HAUL ROAD MATERIALS 

Haul road routes are shown on the Drawings. Temporary haul roads shall be 
constructed on the existing ground surface for access to the construction 
areas of the new levee and the Ebey Slough levee breach. A haul road shall 
exist on the existing Ebey Slough levee and on the exiting road directly 
east of the sewage lagoon levee. These roads shall be resurfaced at the 
end of construction and shall not be removed except at locations noted on 
the Drawings at the Ebey Slough levee breach. Temporary haul roads shall 
be constructed across the existing land surface with minimal disturbance of 
the vegetative mat cover. Depressions and channels may be filled as 
required along the road alignment. A geotextile as specified in Section< 

>shall be placed on the existing ground surface along the 
temporary haul road alignment. The base course shall be a minimum of 12 
inches thick and placed in accordance with Section< 
_____ -:---;_:-:---:-_> _. Crushed surface course shall be placed on the base 
course and shall be 2 inches thick. The geotextile shall extend 2 feet 
beyond the edges of the aggregate base course and crushed aggregate surface 
course. The top width of the road shall be 15 feet. Edges of the 
aggregate shall slope at the angle of repose from the geotextile. The 
grade of the road shall be shall be maintained a minimum of 14 inches above 
the existing ground surface and shall be free of depressions, dips~ or 
humps along the alignment. The road shall slope at two percent to one side 
to allow drainage of runoff. The roads shall be maintained during 
construction work to remove ruts, depressions, ridges, areas of poor 
drainage, and obstructions that may impact site access .. 

2.2 TYPES OF FILL MATERIALS 
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2.2.1 Select Fill 

Select fill for the embankment material shall be obtained from the borrow 
site provided by the Tulalip Tribe. The select fill material shall 
consist of satisfactory materials classified in accordance with ASTM D 2487 
as CL, GM, GC, SM, or SW-SM. The select fill shall be screeneed and 
transported to the soil stockpile at the Project site by the Tulalip Tribe 
at no cost to the Contractor or Government. 

2.2.2 

2.2.3 

2.2.4 

2.2.9 Bedding Material for Riprap 

Bedding material for riprap, placed as a backing layer shall consist of six 
inches of ballast as specified in Section 

2.2.10 Topsoil 

Topsoil consists of organic soil and shall be placed on the levee slopes as 
shown on the contract drawings and as specified in Section . 

2.6 SETTLEMENT GAGES 

Settlement gages shall be constructed and placed as shown in the Drawings. 
The settlement gage plates shall be manufactured before being brought to 
the site. The base of the settlement gage plate shall be placed one foot 
below the bottom of the new levee excavation. The soil for the settlement 
plate excavation shall be removed by hand and the base of this excavation 
shall be disturbed as little as possible, shall not be compacted, and 
shall be horizontal and free or any loose soil or debris. The settlement 
gauge shall be attached to the settlement plate and the instrument placed 
gently in the settlement plate excavation. The gage pipe shall be vertical 
and constructed to height of three feet above the final elevation of the 
maximum fill lift as stated in Paragraph < >. 

2.6 VIBRATING WIRE PIEZOMETERS 

Vibrating wire piezometers shall be placed as shown in the Drawings. The 
vibrating wire piezometers shall be <type > conforming 
to The vibrating wire piezometers shall be installed 
in bore hole placed below the settlement gage plates or as directed by the 
Manufacturer. The monitoring wire shall be run through the interior of the 
settlement gage stand pipe to all ease in access for readings. 

2.6 INCLINOMETERS 

Inclinometers shall be placed as shown in the Drawings. The inclinometers 
shall be <type > and shall be installed in accordance with 

The inclinometers shall be placed at the toes of 
the Year 1 constructed new levee in bore holes. The inclinometers shall be 
extended to 40 feet below ground surface and shall extend three feet above 
the ground surface. All inclinometers shall be protected by steel 
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protective casing with a lockable lid. 

PART 3 EXECUTION 

3.1 CONSTRUCTION 

3.1.1 Lines and Grades 

The new levee embankment and new levee excavation select fillbackfill shall 
be constructed to the lines, grades, and cross sections indicated on the 
drawings. The Government reserves the right to increase or decrease the 
foundation widths and embankment slopes or to make such other changes in 
the embankment or backfill sections as may be deemed necessary to produce a 
safe structure. Changes in quantities resulting from such revisions will 
not constitute justification for change in contract unit prices, except as 
provided for in the Variations in Estimated Quantities Clause. The end 
slopes and side slopes of partial fill sections shall not be steeper than 
one vertical on 3 horizontal , for the middle and south new levees unless 
otherwise shown on the drawings.The end slopes and side slopes of partial 
fill sections shall not be steeper than one vertical on two horizontal on 
the riverward side and one vertical on 2.5 horizontal on the landward side 
of the north new levee unless otherwise shown on the drawings. 

3.1.2 Conduct of the Work 

Maintain and protect the embankment and backfill in a satisfactory 
condition at all times until final completion and acceptance of all work 
under the Contract. If, in the opinion of the Contracting Officer, the 
hauling equipment causes horizontal shear planes or slicken sides, rutting, 
quaking, heaving, cracking, or excessive deformation of the embankment or 
backfill, limit the type, load, or travel speed of the hauling equipment on 
the embankment or backfill. The Contractor may be required to remove, at 
no additional payment, any embankment material placed outside of prescribed 
slope lines. Any approved embankment or backfill material which is lost in 
transit or rendered unsuitable after being placed in the embankment or 
backfill and before final acceptance of the work shall be replaced in a 
satisfactory manner and no additional payment will be made therefore. 
Excavate and remove from the embankment or backfill any material which is 
unsatisfactory, dispose of such material, and refill the excavated area as 
directed, all at no cost to the Government. 

3 .2 CLEARING 

Clearing shall be accomplished within the limits of existing ground to 
receive embankment and structures, together with strips 5 feet wide, beyond 
and contiguous thereto, existing levees to be degraded, ponding areas, 
ditches, structures, traverses, channels, riprap, revetment, borrow areas 
and ramps. Trees, downed timber, snags, slash, brush, garbage, trash, 
debris, fencing and other items shall be cleared flush with the existing 
ground surface. Trees and vegetation designated to be left standing or to 
remain shall be protected from damage from construction operations. 
Clearing of borrow areas shall be limited to the minimum area required for 
construction operations. 

3.3 GRUBBING 

Grubbing shall be accomplished within the limits of existing ground to 
receive embankment and structures, together with strips 5 feet wide, beyond 
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and contiguous thereto, existing levees to be degraded, pending areas, 
ditches, structures, traverses, channels, riprap, revetment, borrow areas 
and ramps. Grubbing shall be accomplished to a depth of at least 3 three 
feet below the existing ground surface. All holes caused by grubbing 
operations and removal of pipes and drains, excluding holes in borrow 
areas, channels and ditches above required grade, shall be filled with 
satisfactory material as specified in paragraph [ _____ ]. This material 
shall be placed in 12 inch layers to the elevation of the adjacent ground 
surface and each layer compacted to a density at least equal to that of the 
adjoining undisturbed material. 

3.4 STRIPPING 

The entire area within the limits of existing ground to receive 
embankment and structures, together with strips 5 feet wide, beyond and 
contiguous thereto, existing levees to be degraded, ponding areas, and 
ditches shown on the drawing shall be stripped to remove crops, weeds, 
grass, and ether vegetative materials to the ground surface and topsoil to 
a depth of 12 inches. 

3.5 DISPOSITION OF CLEARED, GRUBBED, AND STRIPPED MATERIAL 

Except as otherwise specified or indicated on the drawings, all materials 
resulting from clearing and grubbing operations shall on-site in the 
riverward portion of the project at least 100 feet from the riverward toe 
of the new levee. In no case shall any material resulting form clearing 
and grubbing operations be buried or permanently placed within the new 
levee foundation, embankment, or any structural foundation. The topsoil 
material resulting from the stripping operations shall be temporarily 
stockpiled in the staging area at the disposal area noted on the Drawings .. 

3.5.2 Burning 

Burning of cleared and grubbed material on-site shall not be allowed. 
3.5.3 Burying 

Burying of cleared and grubbed material on-site shall not be allowed. 
3.5.4 Chipping 

All branches, and brush may be chipped. 
t~ stockpiles indicated on the Drawings. 
at the locations shown on the Drawingsby 
existing ground surface. 

3.5.5 Removal from Site of Work 

The chips shall be hauled either 
The chips shall be disposed of 

thin spreading of the chips on the 

The Contractor may elect to remove all or part of the cleared and grubbed 
materials from the site of the work in accordance with Section 
01 57 20.00 10 ENVIRONMENTAL PROTECTION. The Government is not responsible 
for the protection and safekeeping of any materials retained by the 
Contractor. Such materials shall be removed from the site of the work 
before the date of completion of the work. 

3.6 REMOVAL OR PLUGGING OF ABANDONED PIPE AND CONDUITS 

Abandoned pipes and conduits shall be removed to the limits shown on the D 
rawings or plugged by complete filling with concrete. Prior to plugging 
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and filling with concrete, clean the interior of the pipe to be plugged and 
place the concrete in such a manner as to insure a dense, well bonded plug 
and fill. Concrete shall be light weigh and suitable for use in saline 
environments. 

3.7 SHORING, SHEETING, AND BRACING 

Submit a detailed Shoring, Sheeting, and Bracing Plan 30 days prior to the 
beginning of any excavation so supported. The plan for shoring, sheeting 
and bracing shall be prepared and certified by licensed Professional E 
ngineer. Include in the plan Drawings and design computations of the 
proposed shoring, sheeting, and bracing, and documentation, showing details 
of the coordination and approval of shoring, sheeting, and bracing by the 
applicable parties. Approval of the detailed plan shall be obtained from 
the Contracting Officer prior to starting the work. If necessary, modify 
the plan as required to meet field conditions, and the modifications shall 
be approved prior to use.Shoring, sheeting, and bracing shall be installed 
where required for the protection of existing natural features and man-made 
facilities, for the safety of workers and the public, in compliance with 
EM 385-1-1, and to insure the integrity of the embankment. Shoring, 
sheeting and bracing shall not be used in lieu of the required excavation 
slopes. Shoring, sheeting, and bracing shall be adequately designed and 
properly installed to withstand anticipated loads. Shoring, sheeting and 
bracing shall be planned and designed by a registered professional 
engineer. All shoring, sheeting and bracing shall be removed as embankment 
and backfill operations progress. 

3.8 DEWATERING AND DIVERSION 

Surface and groundwater control shall be accomplished in coordination with 
the required excavation and embankment construction. Surface and/or 
groundwater control may necessitate the use of temporary diversion ditches, 
cofferdams and/or dewatering by the use of pumping. Methods for care of 
surface water and for controlling the surface and groundwater levels shall 
be subject to approval of the Contracting Officer. Turbid water shall be 
treated before disposal to the stream or river systems. The new levee 
excavations shall be dewatered as required. No levee material or backfill 
shall be placed in water. 

3.9 EXCAVATION 

Excavation shall cpnsist of removal of material in preparing the 
foundations to the lines and grades shown on the Drawings, removal of 
material from ditches and channels to the lines and grades shown on the D 
rawings, removal of objectionable materials and obtaining required fill 
materials from the borrow areas. Blasting will not be permitted or required. 

Over excavation shall be backfilled to grade with similar over excavated 
material or satisfactory material and compacted to a density of at least 
that of the surrounding material. Submit a written Excavation Plan 30 days 
prior to the beginning of any excavation. Approval of the detailed plan 
shall be obtained from the Contracting Officer prior to starting the work. 
If necessary, modify the plan as required to meet field conditions, and the 
modifications shall be approved prior to use. As a minimum, the plan shall 
contain the following: 

a. Proposed methods for preventing interference with, or damage to, 
existing underground or overhead utility lines, trees designated to 
remain and other man-made facilities or natural features designated to 
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remain within or adjacent to the construction rights-of-way. 

b. Provision for coordinating the work with other Contractors working 
in the construction rights-of-way or on facilities crossing or adjacent 
to this work. 

c. The proposed methods for controlling surface and ground water in 
the borrow areas and required excavations. 

d. Stockpiling plan for embankment material before it is transported to 
the project site showing locations, stockpile heights, slopes, limits, 
and drainage around the stockpile areas. 

e. A complete listing of equipment used for excavation and to 
transport the excavated material. 

f. The proposed sequence of work for excavating the borrow areas with 
plan and cross sectional views showing starting and final work 
locations and clearing, grubbing and stripping limits. 

g. The proposals for conserving arable land and for making optimum use 
of available borrow, including the Contractor's proposed methods for 
grading the bottom of the borrow areas after completing use of the 
borrow areas. 

h. The proposed road pattern, and plan for implementing dust control 
measures. 

3.9.1 OVer Excavation 

3.9.1.1 Outside Limits of Levee Foundations or Structures 

Over excavation outside the limits of the foundations of levees or 
structures shall be backfilled to grade with satisfactory material and 
compacted to a density of at least that of the surrounding material. 

3.9.1.2 Within Limits of Levee Foundations or Structures 

Over excavation within the limits of the foundations of levees or 
structures shall be backfilled to grade in accordance with paragraph 
PREPARATION OF FOUNDATION, PARTIAL FILL SURFACES AND ABUTMENTS. 

3.9.2 Inspection Trench 

An inspection trench shall be excavated and maintained free of standing 
water. The trench shall be excavated at least 20 feet in advance of but 
not more than ]320 feet in advance of construction. The trench shall be 
constructed along the centerline of the new levee and shall be two feet 
deep and four feet wide. 

3.9.3 Structures 

Excavations for structures shall conform to the dimensions and elevations 
indicated for each structure and footing, except as specified hereinafter, 
and shall include trenching for utility and foundation drainage systems to 
a point five feet beyond each structure and all work incidental thereto. 
Excavation shall extend a sufficient distance from walls and footings to 
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allow for placing and removal of forms. Satisfactory material removed 
below the depths indicated without specific direction of the Contracting 
Officer shall be replaced at no additional cost to the Government and 
filled in accordance with paragraph OVER EXCAVATION above. Over excavation 
below required invert elevations or bottoms of footings shall be backfilled 
with lean concrete. No footings shall be constructed on unsatisfactory 
material as determined by the Contracting Officer. Excessively wet and/or 
soft material in subgrades resulting from water ponding in footing 
excavations shall be removed and replaced with lean concrete . 

3.9.4 Channels 

Channels shall be excavated at the locations and to the lines and grades 
shown on the drawings and in accordance with paragraph TOLERANCES. 

3.9.5 Ditches 

Drainage ditches shall be excavated at the locations and to the lines and 
grades shown on the drawings and in accordance with paragraph TOLERANCES. 

3.9.6 Slopes and Surcharges 

Temporary excavation slopes for any channel, structure excavation, or other 
required excavation shall not be steeper than the specified finished slope 
or the specified construction slope, as applicable, and subject to the 
approval of the Contracting Officer. This may be accomplished by benching 
the temporary slope so that the average slope is not steeper than the 
specified slope. In addition, no temporary, permanent, or construction 
slope shall be surcharged with excavated or stockpiled material or with 
heavy construction equipment which would have the same effect as the 
surcharge material. The toe of stockpiled material shall be maintained a 
minimum distance back from the top of the finished excavation equal to the 
depth of the excavation. Determine the maximum height of such stockpile 
without causing instability of the excavation slope. Any slide or other 
adverse conditions caused by failure of the Contractor to maintain these 
conditions shall be considered the responsibility of the Contractor and 
remedial measures shall be at the Contractor's expense. 

3.9.7 Borrow Areas 

Submit a written statement to the Government not later than 30 days after 
receipt of Notice to Proceed indicating the Contractor's intention to use 
the specified Government-furnished borrow area(s), Contractor-furnished 
borrow area(s), or a combination of these borrow areas. 

3.9.7.1 Government-Furnished 

Borrow areas shall be excavated to the extent necessary to obtain 
satisfactory material within the lines and grades as shown on the 
drawings. When the material necessary for the construction of the 
embankment and berms cannot be obtained from adjacent borrow areas, it 
shall be obtained from other Government-furnished borrow areas. Any 
excavation below the depths and slopes specified herein or shown on the 
drawings shall be backfilled by the Contractor, at the Contractor's 
expense, to the specified permissible excavation line, with satisfactory 
material(s) as specified by the Contracting Officer to a density of at 
least that of the surrounding material. Borrow areas shall be drained and 
kept dry during excavation. Where possible, unsatisfactory materials in 
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borrow areas shall not be removed. 

3.9.7.2 Contractor-Furnished 

Proposed borrow areas shall be subject to approval by the Contracting 
Officer. Any borrow sources proposed, accepted and approved by the 
Contracting Officer shall meet all applicable Federal, State and local 
requirements. Proposed sources located within 200 feet landward and 200 feet 

riverward of the levee shall not be permitted. 

3.9.10 Toe Drains 

Toe drains shall be excavated to the dimensions and the locations indicated 
on the drawings. 

3.9.11 Utilities 

Excavations for pipe beds shall be shaped to fit the contour of the pipe 
over a width of not less than 0.6 of the pipe diameter, or as shown on the 
drawings. 

3.9.12 Rock 

Rock excavation shall not be required. 

3.9.13 Riprap and Bedding 

Riprap and bedding material for rip rap shall be provided from a source 
approved by the Government and in accordance with Section 

3.10 TOLERANCES 

A tolerance of two inches above or below the prescribed grade will be 
allowed in the excavation for channels, ditches, inspection trenches, 
cutoff trenches, excavations for riprap and bedding, and mandatory borrow 
areas. 

All embankments and backfills shall be constructed to the grades, lines, 
and cross-sections shown on the Drawings. At all points a tolerance of two 

inches above or below the prescribed grade will be permitted in the final 
dressing, provided that any excess material is so distributed that the 
crown of the levee drains and that there are no abrupt humps or depressions 
in any surfaces. 

3.11 SLIDES 

In case sliding occurs in any part of the excavations prescribed in this 
section after they have been excavated, but prior to final acceptance of 
all work under the contract, repair the slide as directed by the 
Contracting Officer. In case the slide is caused through the fault of the 
Contractor, it shall be repaired at no cost to the Government. In case the 
slide is due to no fault of the Contractor, an equitable adjustment in the 
contract price will be made for the repairs in accordance with the Contract 
Clause CHANGES. 

3.13 STOCKPILES 
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Provisions of paragraph SLOPES AND SURCHARGES are applicable to all 
stockpiled materials. Upon completion of construction operations, all 
remaining stockpiled material shall be removed and disposed of by the 
disposal methods specified in paragraph DISPOSITION OF EXCAVATED MATERIALS. 

3.14 SURFACE DRAINAGE OF COMPLETED AREAS 

The surface shall be free from sharp ridges, gullies, potholes, sinkholes, 
and any other surface irregularities. A tolerance of two inches above or 
below the prescribed grade will be allowed provided that the surface drains 
in the direction as indicated on the Drawings. 

3.15 MAINTENANCE OF WORK 

3.1S.l Debris Removal 

Maintain all ditch and channel excavations free from leaves, brush, sticks, 
trash, and other debris until final acceptance of all work under the 
contract at no additional cost to the Government. 

3.15.2 Sediment Removal 

Prior to final acceptance of all work under this contract, the removal of 
sediments from ditch or channel excavations shall be required to restore 
design grade and section at no additional cost to the Government. 

3.16 DISPOSITION OF EXCAVATED MATERIALS 

3.16.2 Unsatisfactory Materials 

Unsatisfactory materials shall be as defined in paragraph DEFINITIONS, 
subparagraph UNSATISFACTORY MATERIALS. Unsatisfactory materials from the 
excavations prescribed in this section shall be permanently disposed of by 
placing in the disposal area shown on the drawings. The material shall be 
shaped so that its surface is free from abrupt changes in grade and shall 
be sloped to drain. 

3.17 PREPARATION OF FOUNDATION, PARTIAL FILL SURFACES AND ABUTMENTS 

3.17.1 Earth 

After excavation (as described in paragraph EXCAVATION) or stripping (as 
described in paragraph CLEARING, GRUEBING AND STRIPPING) of the embankment 
foundation to the extent indicated or otherwise required, the sides of 
stump holes, test pits, and other similar cavities or depressions shall be 
broken down so as to flatten out the slopes, and the sides of the cut or 
hole shall be scarified to provide bond between the foundation material and 
the fill. Unless otherwise directed, each depression shall be filled with 
the same material type that is to be placed immediately above the 
foundation. The fill shall be placed in layers, moistened, and compacted 
in accordance with the applicable provisions of paragraphs PLACEMENT, 
MOISTURE CONTROL, and COMPACTION for the specific material type. Materials 
which cannot be compacted by roller equipment because of inadequate 
clearances shall be compacted with power tampers in accordance with the 
paragraph COMPACTION for the specific material type. After filling of 
depressions and immediately prior to placement of compacted fill in any 
section of the embankment, the foundation of such section shall be loosened 
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thoroughly by scarifying, plowing, discing or harrowing to a minimum depth 
of four inches, and the moisture content shall be adjusted to the amount 
specified in paragraph MOISTURE CONTROL for the appropriate type of 
material. The bottom of the new levee foundation excavation shall be 
disturbed as little as possible before the placement of backfill. 
Immediately prior to placement of compacted filIon or against the surfaces 
of any partial fill section, all soft or loose material, all material 
containing cracks or gullies, and all material that does not conform with 
the specified zoning of the embankment shall be removed. The remaining 
surface of the partial fill shall be loosened by scarifying, plowing, 
discing or harrowing to a minimum depth of four inches, and the moisture 
content shall be adjusted as specified in paragraph MOISTURE CONTROL for 
the appropriate type of material. The surface of the partial fill section 
upon which fill is to be placed shall then be compacted as hereinafter 
specified for the appropriate type of fill. 

3.17.3 Benching 

Benching into existing levee embankment and abutments is required in order 
to place and compact the material in horizontal layers. The vertical face 
cut into the existing embankment or abutment resulting from the benching 
operation shall be a minimum of 12 inches in height but shall not exceed34 
inches in height or as shown on the Drawings. 

3.17.5 Settlement of Foundation 

The Contractor shall furnish and install settlement gages , at the 
settlement measurement locations shown on the plans, for determination of 
settlement of the foundation during construction within the settlement 
measurement ranges shown on the drawings. Each settlement measurement 
location shall be located on the prepared foundation at a point directly 
under the crown of the planned levee section prior to placing of fill 
material. The gages shall be maintained and extended, if necessary I during 
the construction. The type and arrangement of the gages shall be as shown 
on the drawings. Make such measurements and determine such elevations on 
the gages prior to the placing of fill material and again within 24 hours 
after final cross sections have been taken over the completed embankment at 
the locations of the gages. Perform a cross section at the settlement 
measurement location prior to the placing of fill material to establish the 
elevation of the foundation/embankment interface. Within 24] hours after 
final cross sections have been taken over the completed embankment at the 
settlement measurement location perform the core boring to determine 
foundation settlement. Settlement measurements shall be subject to 
verification by the Contracting Officer. 

3.19 PLACEMENT AND SPREADING 

3.19.1 General 

Prior to beginning embankment placement on the levee foundation, notify the 
Government that the foundation is ready to receive fill. No fill shall be 
placed on any part of the embankment foundation until such areas have been 
inspected and given final approval by the Contracting Officer. 

3.19.1.1 Gradation and Distribution 

The gradation and distribution of materials throughout each zone of the 
levee shall be such that the embankment shall be free from lenses, pockets I 
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streaks, and layers of material differing substantially in texture or 
gradation from surrounding material of the same class. If lenses, pockets, 
or layers of materials differing substantially in texture or gradation from 
surrounding material occur in the spread material, the layer shall be mixed 
by harrowing or any other approved method to blend the materials. During 
the placing and spreading process, maintain at all times a force of workers 
adequate to remove all roots, debris, and oversize stone from all 
embankment materials. All stones and rock fragments larger than 3 inches 
in any dimension shall be removed from the fill. No fill shall be placed 
upon a frozen surface, nor shall snow, ice, or frozen earth be incorporated 
in the embankment. 

3.19.1.2 Foundations and Partial Embankment Fills 

The foundations and all partial embankment receiving fills shall be kept 
thoroughly drained. Placing operations will be such as to avoid mixing of 
materials from adjacent sections as much as practicable. 

3.19.1.3 Equipment Traffic 

Equipment traffic on any embankment zone shall be routed to distribute the 
compactive effort as much as practicable. Ruts formed in the surface of 
any layer of spread material will be filled before that material is 
compacted. If, in the opinion of the Contracting officer, the compacted 
surface of any layer of material is too smooth to bond properly with the 
succeeding layer, the surface shall be loosened by scarifying or other 
approved methods before material from the succeeding layer is placed. 

3.19.2 Placement on Surfaces Containing Frozen Materials 

Embankment shall not be placed on a foundation which contains frozen 
material, or which has been subjected to freeze-thaw action. This 
prohibition encompasses all foundation types, including the natural ground, 
all prepared subgrades (whether in an excavation or on an embankment, and 
all layers of previously placed and compacted earth fill which become the 
foundations for successive layers of earth fill. All material that freezes 
or has been subjected to freeze-thaw action during the construction work, 
or during periods of temporary shutdowns, such as, but not limited to 
nights, holidays, weekends, or winter shutdowns of earthwork operations, 
shall be removed to a depth that is acceptable to the Contracting Officer 
and replaced with new material. Alternatively, the material shall be 
thawed, dried, reworked and recompacted to the specified criteria before 
additional material is placed. The Contracting Officer will determine when 
placement of fill shall cease due to cold weather. The Contracting Officer 
may elect to use average daily air temperatures, and/or physical 
observation of the soils for the determination. Levee embankment material 
shall not contain frozen clumps of soil, snow or ice. 

3.19.4 Placement of Embankment and Backfill Against Structures 

No embankment or backfill shall be placed on or against concrete less than 
7 days after placement or 70 percent of the design strength, without prior 
approval of the Contracting Officer. Crawler-type tractors, vibratory 
equipment and other similar compaction equipment shall not be used within 4 
feet of any completed or partially completed structure. Compaction within 4 
feet of completed or partially completed structures shall be accomplished 

by the use of mechanical hand tampers, vibrating plates, or other approved 
methods and equipment. Ensure that compaction operations do not damage any 
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existing utilities. Any damage caused by the Contractor's operation shall 
be repaired at the Contractor's expense. 

3.19.5 Select Fill 

Select fill material shall be placed and spread in layers not more than 8 
inches in uncompacted thickness, except that within 4 feet of structures, 
the uncompacted layer thickness shall be reduced to 6 inches. Layers 
should be started full out to the slope stakes and shall be carried 
substantially horizontal and parallel to the levee centerline with 
sufficient crown or slope to provide satisfactory drainage during 
construction. 

3.20 MOISTURE CONTROL 

3.20.1 General 

The materials in each layer of the fill shall contain the amount of 
moisture, within the limits specified below or as directed by the 
Contracting Officer, necessary to obtain the required compaction. Material 
that is not within the specified moisture content limits after compaction 
shall be reworked to obtain the specified moisture content, regardless of 
density. 

3.20.1.1 Insufficient Moisture for Suitable Bond 

If the top or contact surfaces of a partial fill section become too dry to 
permit suitable bond between these surfaces and the additional fill to be 
placed thereon, loosen the dried materials by scarifying or discing to such 
depths as may be directed by the Contracting Officer, shall dampen the 
loosened material to an acceptable moisture content, and shall compact this 
layer in accordance with the applicable requirements of paragraph 
COMPACTION. 

3.20.1.2 Excessive Moisture for Suitable Bond 

If the top or contact surfaces of a partial fill section become too wet to 
permit suitable bond between these surfaces and the additional fill to be 
placed thereon, the wet material shall be scarified and permitted to dry, 
assisted by discing or harrowing, if necessary, to such depths as may be 
directed by the contracting officer. The material shall be dried to an 
acceptable moisture content, and shall be compacted in accordance with the 
applicable requirements of paragraph COMPACTION. 

3.20.1.3 Drying Wet Material 

Material that is too wet shall be spread on the embankment and permitted to 
dry, be assisted by discing or harrowing, if necessary, until the moisture 
content is reduced to an amount within the specified limits. 

3.20.1.4 Increasing Moisture in Dry Material 

The moisture content of material that is too dry, will be adjusted on the 
levee embankment. Add water to the fill material and by harrowing, or 
other approved methods, work the moisture into the material until a uniform 
distribution of moisture within the specified limits is obtained. Water 
applied on a layer of filIon the levee embankment shall be accurately 
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controlled in amount so that free water will not appear on the surface 
during or subsequent to rolling. Should too much water be added to any 
part of the embankment, the rolling on that section of the embankment shall 
be delayed until the moisture content of the materials is reduced to an 
amount within the specified limits. If it is impracticable to obtain the 
specified moisture content by wetting or drying the material on the fill, 
the Contractor may be required to pre-wet or dry back the material at the 
source of excavation or in the borrow area. 

3.20.2 Select Fill 

The moisture content after compaction shall be within the limits of two 
percentage points above optimum to two percentage point below optimum 
moisture content as determined by ASTM D 698. 

3.21 COMPACTION 

3.21.1 Compaction Equipment 

Compaction equipment shall conform to the following requirements and 
shall be used as prescribed in subsequent paragraphs. 

3.21.1.1 Tamping Rollers 

Tamping rollers shall be as follows: 

a. Towed -Tamping rollers shall consist of a heavy duty double drum unit, 
with a drum diameter not less than 60 inches, and an individual drum 
length of not less than 60 inches. The drums shall be capable of being 
ballasted with water or a combination of sand and water. Each drum 
shall have staggered feet uniformly spaced over the cylindrical surface 
such as to provide approximately three tamping feet for each 2 square 
feet of drum surface. The tamping feet shall be 7 to 9 inches in clear 
projection- from the cylindrical surface of the roller and shall have a 
face area of not less than 5 square inches nor more than 7 square inches. 
The roller shall be equipped with cleaning fingers, so designed and 
attached as to prevent the accumulation of material between the tamping 
feet, and these cleaning fingers shall be maintained at their full 
length throughout the periods of use of the roller. The weight of the 
roller shall not be less than 3500 psf of linear drum length weighted, 
and shall not be more than 2000 psf of drum length empty. The two 
drums comprising one roller unit shall be yoked such that they will 
oscillate when traversing uneven surfaces. The design and operation of 
the tamping roller shall be subject to the approval of the Contracting 
Officer who shall have the right at any time during the prosecution of 
the work to direct such repairs to the tamping feet, minor alterations 
in the roller and variations in the weight as may be found necessary to 
secure optimum compaction of the earth fill materials. The Contractor 
may be required to add ballast to the roller to the maximum capacity 
specified by the manufacturer of the roller. The roller shall be drawn 
by a crawler-type or a rubber-tired tractor at a speed not to exceed 
3.5 miles per hour. The use of the rubber-tired tractor shall be 
discontinued if the tires leave ruts that prevent uniform compaction by 
the tamping roller. If tamping rollers are used in tandem, not more 
than two rollers in tandem will be permitted and in such case, one trip 
of the tandem rollers over any surface will be considered as two 
passes. When tamping rollers are used in tandem, the tamper foot 
spacing shall be offset so that the circumferential rows on the rear 
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drums are in line with the mid-point of the circumferential rows on the 
forward drums. 

b. Self-propelled - Conditioned upon satisfactory performance, 
self-propelled tamping rollers may be used in lieu of tractor-drawn 
tamping rollers. Self-propelled rollers exceeding the empty weight 
requirement may be used provided that by the substitution of tamping 
feet, having a face area not exceeding 14 square inches, the nominal 
foot pressure on the tamping feet of the self-propelled roller can be 
adjusted to approximate the nominal foot pressure of the towed roller 
for the particular working condition required for the towed rollers. 
The tamping feet shall be 7 to 9 inches in clear projection from the 
cylindrical surface of the roller. For self-propelled rollers, in 
which steering is accomplished through use of rubber-tired wheels, the 
tire pressure shall not exceed 40 psi. Self-propelled rollers shall be 
operated at a speed not to exceed 3.5 miles per hour. Self-propelled 
tamping rollers may be used in lieu of tractor drawn tamping rollers 
provided the foot pressure on the tamping feet of the self-propelled 
roller are approximately the same as the foot pressure on the towed 
roller. For self-propelled rollers steered with rubber-tired wheels, 
the tire pressure shall not exceed 40 psi. Self-propelled rollers 
shall be operated at speeds not exceeding 3.5 miles per hour. The 
Contracting Officer has the authority to limit or eliminate the use of 
self-propelled rollers if they are found to cause shearing or 
laminations of the compacted fill. 

3.21.1.2 Vibratory Rollers 

Vibratory rollers for compacting rock fills, pervious sand and gravel 
fills, or filter and transition drainage layers shall be equipped with a 
smooth steel compaction drum and shall be operated at a frequency of 
vibration during compaction operations between 1100 and 1500 vpm. 
Vibratory rollers may be either towed or self-propelled and shall have an 
unsprung drum weight that is a minimum of 60 percent of the rollers' static 
weight. Towed rollers shall have at least 90 percent of their weight 
transmitted to the ground through the compaction drum when the roller is 
standing in a level position hitched to the towing vehicle. Rollers for 
compacting rockfill, sand and gravel fills, or filter and drainage layers 
shall have a minimum static weight of 20,000 pounds, a minimum dynamic 
force of 40,000 pounds when operating at 1400 vpm, and an applied force not 
less than 9,000 pounds per foot of compaction drum length. Rollers for 
compacting sand and gravel fills or filter and drainage layers shall have a 
minimum static weight of 8,000 pounds, a minimum dynamic force of 16,000 
pounds when operating at 1400 vpm, and an applied force not less than 5,000 
pounds nor greater than 9,000 pounds per foot of compaction drum length. 
The level of amplitude and vibration frequency during compaction will be 
maintained uniform throughout the embankment zone within which it is 
operating. Rollers shall be operated at speeds not to exceed 1.5 mph. The 
equipment manufacturer shall furnish sufficient data, drawings, and 
computation for verification of the above specifications, and the character 
and efficiency of this equipment shall be subject to approval. Vibrating 
rollers shall not be used until the new levee embankment is constructed to 
four feet above the ground surface and only if the use of such equipment 
does not cause pumping or excessive deformation of the select fill, 
increased settlement or later disablement of the embankment, or generation 
of excessive pore water pressures. 

3.21.1.4 Hand Operated Compactors 
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compaction of material, in areas where it is impracticable to use a roller 
or tractor compaction shall be performed by the use of approved hand 
operated power compactors. 

a. Power Tampers: Power tampers shall be hand operated equipment capable 
of compacting material in confined areas. The compactors shall be 
either an internal combustion or pneumatic activated tamper. Tampers 
shall have sufficient weight and striking power to produce the 
specified compaction. The character and efficiency of this equipment 
shall be subject to the approval of the Contracting Officer. 

b. Vibratory Plate Compactor: Vibratory compactors operated by hand in 
confined areas shall utilize the oscillating cam principal and shall 
deliver an impact of not less than 2000 lbf at a rate of approximately 
2000 impulses per minute. The character and efficiency of this 
equipment shall be subject to the approval of the Contracting Officer. 

3.21.1.5 Crawler-type Tractors 

Crawler-type tractors used for spreading or compaction shall weigh not less 
than 20,000 pounds, shall exert a unit tread pressure of not less than 6 psi, 
and shall be operated at a speed not to exceed 3.5 miles per hour. 

3.21.1.6 Sprinkling Equipment 

Sprinkling equipment shall consist of tank trucks, pressure distributors or 
other equipment designed to apply water uniformly and in controlled 
quantities to variable width of surface. 

3.21.1.7 Miscellaneous Equipment 

Scarifiers, disks, spring-tooth or spike-tooth harrows, spreaders, and 
other equipment shall be suitable for use in embankment construction and 
approved by the Contracting Officer. Equipment used for blending fill 
material shall be capable of penetrating the full loose lift thickness of 
the specific material type. 

3.21.2 Compaction of Select Fill 

After a layer of material has been dumped and spread, it shall be harrowed 
to break up and blend the fill materials and to obtain uniform moisture 
distribution. Harrowing shall be performed with a heavy disk plow, or 
other approved harrow, to the full depth of the layer. If one pass of the 
harrow does not accomplish the breaking up and blending of the materials, 
additional passes of the harrow shall be required, but in no case will more 
than three passes of the harrow on anyone layer be required for this 
purpose. When the moisture content and the condition of the layer are 
satisfactory, the lift shall be compacted to a minimum of 95 percent of the 
maximum dry density as determined by the Contractor in accordance with 
ASTM D 698. In areas which are not accessible by roller, the fill shall 
be placed in layers not more than 4 inches in uncompacted depth and 
compacted with an approved hand operated compactor to a density equal to 
that obtained in other areas which are accessible to rollers. Dumping, 
spreading, sprinkling, and compacting may be performed at the same time at 
different points along a section when there is sufficient area to permit 
these operations to proceed simultaneously. Compaction equipment shall be 
operated such that the strip being traversed by the roller shall overlap 
the rolled adjacent strip by not less than 3 feet. 
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3.21.13 compaction Adjacent to Structures and Utilities 

Heavy equipment for spreading and compacting fill shall not be operated 
within 4 feet of structures or utilities, except as otherwise specified 
herein. Material within 4 feet shall be compacted using appropriate hand 
operated compactors specified herein. 

3.21.14 Additional Rolling for Compaction 

If the Contracting Officer determines that the desired compaction of any 
portion of the embankment is not achieved by the number of coverages 
specified, additional complete coverages shall be made over the surface 
area as directed by the Contracting Officer. 

3.21.15 Topsoil 

Topsoil shall be placed on the embankment surfaces as shown on the contract 
Drawings and as specified in SECTION . 

3.22 FIELD QUALITY CONTROL 

3.22.1 Clearing, Grubbing, and Stripping 

Establish and maintain quality control for clearing, grubbing, and 
stripping operations to assure compliance with contract requirements, and 
maintain records of the quality control for all construction operations 
including but not limited to the items indicated below. Furnish these 
records, as well as the records of corrective actions taken, to the 
Government in accordance with Section 01 45 00.00 10 QUALITY CONTROL. 

3.22.1.1 Clearing 

Station to station limits, transverse clearing limits from applicable 
centerline; percentage of area complete; types of materials cleared. 

3.22.1.2 Grubbing 

Station to station limits, transverse grubbing limits from applicable 
centerline; percentage of area complete; type of material; filling of 
grubbed holes. 

3.22.1.3 Stripping 

Station to station limits, transverse stripping limits from applicable 
centerline; percentage of area complete; type of material; depth of 
stripping. 

3.22.2 Excavation 

Establish and maintain quality control for excavation operations to assure 
compliance with contract requirements, and maintain records of the 
Contractor's quality control for all construction operations including but 
not limited to the following: 

a. Lines, grades and tolerances, 

b. Segregation of materials, 
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c. Disposal and/or stockpiling of materials, 

d. Unsatisfactory materials, 

e. conditions that may induce seepage or weaken the foundation or 
embankment, 

f. Stability of excavations. 

Furnish records of inspections and tests I as well as the records of 
corrective actions taken, to the Government in accordance with Section 
01 45 00.00 10 QUALITY CONTROL. 

3.22.3 Embankment 

3.22.3.1 General 

AS a part of the Contractor Quality Control (CQC) system required by 
SECTION 01 45 00.00 10 QUALITY CONTROL, establish and maintain field 
quality control for foundation preparation I embankment and backfill 
operations to assure compliance with contract requirements and maintain 
detailed records of field quality control for all operations including but 
not limited to the following: 

a. Earthwork Equipment 

Type, size, number of units and suitability for construction of the 
prescribed work. 

b. Foundation Preparation 

Methods of preparing the foundations in advance of embankment and 
backfill construction and methods for providing drainage of the 
foundation and partially completed fills. 

3.22.3.2 Materials Testing 

Perform sufficient testing to insure that the fill is being constructed as 
specified. The testing program specified below shall be considered the 
minimum acceptable frequency of testing. This does not relieve the 
Contractor from the responsibility of performing additional testing, if 
required to ensure compliance with these specifications. 

a. Soil Classification Tests 

soil classification tests shall be performed in accordance with 
ASTM D 2487. One initial classification test shall be required for 
each different classification of material to be utilized as embankment 
fill or backfill. As prescribed in ASTM D 2487, grain size analyses in 
accordance with ASTM D 422 and Atterberg limits in accordance with 
ASTM D 4318 shall be performed on each different classification. 
Submit additional tests for every [ _____ 1 cubic yards of embankment or 
backfill material. Soil classification tests shall be performed on 
foundation material as required to determine the acceptability of the 
in-situ soils. Additional tests will be required if noticeable changes 
in the material occur. 

Page 24 



b. Cohesive Material Testing 

(1) Moisture Density Relationships. The moisture-density relations 
for each different classification of cohesive material utilized 
shall be determined in accordance with [ _____ ] [ASTM D 698], 
[Method A] [Method B] [Method C]. Prior to placing any fill 
material containing cohesive material, a minimum of (5) 
five-point compaction test shall be performed on representative 
samples of the material to be used as fill. During fill placement 
a minimum of one additional moisture-density test shall be 
performed for every [ _____ ] cubic yard placed. Additional tests 
will be required each time a new material is encountered. The 
moisture-density curves will be compiled to form a family of 
curves which will be utilized to estimate optimum properties 
(maximum dry density and optimum moisture content) to be used with 
field density test. 

(2) Water (Moisture) Content Tests. Determination of water content 
shall be performed in accordance with ASTM D 2216. ASTM D 4643 
may be used when rapid moisture content results are needed. All 
rapid results obtained by ASTM D 4643 shall be confirmed by a test 
on a duplicate sample performed in accordance with ASTM D 2216. 
In the event of disagreement between the results, ASTM D 2216 
shall govern. One water content test will be performed for each 
[ _____ ] cubic yards of material placed or each lift of material 
whichever is less. These test will be in addition to the water 
content tests performed in conjunction with in-place density tests. 

Backfill and fills not meeting the required specifications for 
water content shall be retested after corrective measures have 
been applied. 

(3) In-place Density Testing for Cohesive Materials. The in-place 
density of the cohesive materials shall be determined in 
accordance with [ASTM D 1556] [, ASTM D 2167] [, ASTM D 6938] [, 
ASTM D 2937] [, or] [ASTM D 5195]. At least one (1) in-place 
density test shall be performed on each lift of material or every 
[ _____ ] cubic yards of completed fill whichever is more frequent 
with the horizontal locations randomly staggered in the fill. At 
each field density test location, soil samples shall be obtained 
and one [one-point] [two-point] compaction test, one moisture 
content, [one grain size analysis,] [and one Atterberg limits 
test,] [if applicable,] shall be performed on the sample. The 
results of the [one-point] [two-point] compaction test and the 
moisture content test will be utilized to obtain the optimum 
properties to compare to the results of the in-place density test. 

For use with the family of curves to determine the optimum 
properties of the material a [one-point] [two-point] compaction 
tests shall be performed in conjunction with each in-place 
density. A portion of the soil from the in-place field density 
test and soil obtained immediately adjacent to the field density 
test location shall be used for a [one-point] [two-point] 
compaction test. The minus 3/4-inch portion of the soil shall be 
subjected to [ ] compactive effort using a 6-inch compaction 
mold in accordance with the procedures presented in ASTM D [ ______ . 
[ASTM D 698] [ASTM D 1557]. Fill not meeting the required 
specifications for in-place density shall be retested after 
additional compaction has been completed. When nuclear method is 
used for in-place density testing according to ASTM D 6938, the 
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first test and every tenth test thereafter for each material type 
shall include a sand cone correlation test in accordance with 
ASTM D 1556. The sand cone test shall be performed adjacent to 
the location of the nuclear test, shall include a nominal 6 inch 
diameter sand cone, and shall include a minimum wet soil weight of 
6 pounds extracted from the hole. Nuclear density testing 
equipment shall not be used during rain. The density correlations 
shall be submitted with test results. Each transmittal including 
density test data shall include a summary of all density 
correlations for the job neatly prepared on a summary sheet 
including at a minimum: 

(a) Meter serial number and operators initials. 
(b) Standard count for each test. 
(c) Material type. 
(d) Probe depth. 
(e) MoistuL·e content by each te8t method and the deviation. 
(f) Wet density by each test method and the deviation. 

c. Cohesionless Material Testing 

(1) compaction Tests. Run not less than one relative density test 
for every 3,900 [ _____ ] cubic yards of cohesionless fill in 
accordance with ASTM D 4253 and ASTM D 4254. 

(2) In-Place Density Tests. The in-place density of the cohesionless 
materials shall be determined in accordance with [ASTM D 1556] [, 
ASTM D 2167] [, ASTM D 6938] [, ASTM D 2937] [, or] [ASTM D 5195 
]. Run not less than one (1) field in-place density test on [each 
lift of material or] every [ ] cubic yards of completed 
embankment fill or backfill whichever is less. Horizontal 
locations shall be randomly staggered in the fill. When nuclear 
method is used for in-place density testing according to 
ASTM D 6938, the first test and every tenth test thereafter for 
each material type shall include a sand cone correlation test in 
accordance with ASTM D 1556. The sand cone test shall be 
performed adjacent to the location of the nuclear test, and shall 
include a nominal 6 inch diameter sand cone, and shall include a 
minimum wet soil weight of 6 pounds extracted from the hole. The 
density correlations shall be submitted with test results. Each 
transmittal including density test data shall include a summary of 
all density correlations for the job neatly prepared on a summary 
sheet including at a minimum: 

(a) Meter serial number and operators initials. 
(b) Standard count for each test. 
(c) Material type. 
(d) Probe depth. 
(e) Moisture content by each test method and the deviation. 
(f) Wet density by each test method and the deviation. 

(3) Water (Moisture) Content Tests. Determination of water content 
shall be performed in accordance with ASTM D 2216. ASTM D 4643 
may be used when rapid moisture content results are needed. All 
rapid results obtained by ASTM D 4643 shall be confirmed by a test 
on a duplicate sample performed in accordance with ASTM D 2216. 
In the event of disagreement between the results, ASTM D 2216 
shall govern. One water content test will be performed for each 
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[ _____ ] cubic yards of material placed [or each lift of material 
whichever is less]. These test will be in addition to the water 
content tests performed in conjunction with in-place density tests. 

Backfill and fills not meeting the required specifications for 
water content shall be retested after corrective measures have 
been applied. 

d. Additional Testing 

The Contracting Officer may request additional tests if there is reason 
to doubt the adequacy of the compaction, or special compaction 
procedures are being used, or materials change or if the Contracting 
Officer determines that the Contractor's testing is inadequate or the 
Contractor is concentrating backfill and fill operations in a 
relatively small area. 

3.22.3.3 Materials 

Suitability of materials for use in embankment and backfill. 

3.22.3.4 Fill Placement 

Layout, maintaining existing drainage, moisture control, thickness of 
layers, removal of oversized material, spreading and compaction for 
embankment and backfill. 

3.22.3.5 Grade and Cross Section 

Surveys to verify that the dimensions, slopes, lines and grades conform to 
those shown on the drawings. Surveys to monitor settlement gages to 
measure foundation settlement. Surveys to locate core boring locations and 
elevations to determine foundation settlement. 

3.22.3.6 Testing by the Government 

During the life of this contract, the Government or its Contractors will 
perform quality assurance tests. Make available to the government or its 
Contractors the equipment to perform these test. 

3.22.3.7 Reporting 

On a daily basis, furnish the inspection records and all material testing 
results, the quantity of fill placed, as well as the records of corrective 
action taken, in accordance with Section 01 45 00.00 10 QUALITY CONTROL. 

3.23.3.2 SURVEYS 

Surveys shall be performed to determine pre and post construction site 
conditions and during daily placement of materials. The Contractor shall 
submit a Survey Plan no later than 30 days after Notice to Proceed that 
shall fully describe the means, methods, locations, equipment, and 
personnel at a minimum that shall be used to complete the survey work. All 
surveys shall be performed under the direction of a licensed Professional 
Surveyor in the State of Washington who has at least 10 years minimum of 
experience in survey methods and data reduction. The Contractor shall 
fully detail means and methods and safety requirements for the site 
condition surveys in the Survey Plan. Results of the Pre and Post Site 
Conditions Surveys shall be submitted to the Contracting Officer within 7 
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days after completion. Placement of materials shall not begin until the 
preconstruct ion site condition survey is approved by the Government. 

1.13.3 Survey Control 

The Contractor shall ensure a surveying accuracy within the following 
tolerances: 

1. Slope stakes 

2. Roadway restoration vertical alignment 
(as compared to existing grades) 

3. Embankment top elevations 

4. Structural component and pipeline elevations 

1.16.4 Survey Requirements 

±O.l foot 

±O.Ol foot 

±O.l foot 
variation from 
plan grades 

±O.02 foot 
variation from 
plan grades 

a. Existing site conditions the work site, staging areas, and disposal 
site showing all above ground and underground features including 
setting three permanent survey monuments at the work site. This survey 
shall be completed a minimum of 30 days prior to the start of 
excavation work and shall be used to define final grades for roadways 
in the construction limits in accordance with Section 32 15 00 
AGGREGATE SURFACE COURSE; 

b. Bottom of excavation showing all above ground and underground features; 

c. As-built survey of work site, staging areas, and disposal site. 

Also survey work shall be required for Emergency Demobilization, Emergency 
Rock Placement, and other options listed in BID SCHEDULE. All surveys 
shall extend 50 feet outside the limits of the defined work, staging, and 
disposal sites and have a minimal contour interval of I-foot. 

Datum: The horizontal mapping datum will be in NAD ____ , Washington 
Coordinate System, North Zone and the vertical datum will be NGVD 
All measurements will be in English units. 

Planimetric Data Collection: Contractor shall provide size, type, and 
location all physical features within the work area. Physical features 
include, but are not limited to, buildings, foundations, monitoring wells, 
debris piles, riprap, roads, curbs, railroads, bridge abutments, walks, 
driveways, aprons, fences, culverts and other drainage structures. 

Topographic Data Collection: Contractor shall collect adequate topographic 
data to allow generation of I-foot contours at a finished map scale of 1" = 

40 feet. 

Geotechnical Data Collection: Contractor shall locate and tie all 
geotechnical and hydrologic instrumentation and tunnel ventilation features 
in the survey area. For piezometers, collect ground elevation and top of 
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casing. For weirs collect ground elevation, top of weir, and top of weir 
crest. 

Settlement plate, inclinometer, and vibrating wire piezometer measurements. 

Utility Data Collection: Contractor shall arrange to have underground 
utilities which lie in or pass through the project footprint located and 
their locations marked on the ground for follow-on survey ties. utility 
locate specialist shall verify that markings placed by others (local 
utility companies and/or facility personnel) are accurate and complete. If 
markings are incomplete or inaccurate, utility locate contractor shall 
correct these markings before surveyors record their locations. Contractor 
shall tie all utility paint marks and tie locations and collect detailed 
information for the following: 

a. Water. Locate all valves, stand pipes, regulators, etc. Locate all 
fire hydrants. Provide an elevation on top of valve case and top of 
valve. Provide size of pipe and distance above ground for standpipes. 
Finished CADD file shall depict water valve location, as well as 
location, size and material (if available) of water lines. Note: City 
of Tacoma water main runs under the access road and shall be located 
and tied. 

b. Sanitary Sewer/Septic System. Locate all manholes and provide top of 
rim elevation along with an invert elevation of all pipes connected to 
the manhole. Identify type, size and direction of each pipe. 
Contractor shall also tie the next nearest manhole(s}, including 
inverts and pipe sizes, outside the work area. Contractor shall locate 
septic system and location of drainfield. Finished CADD files shall 
depict manhole information, location, size and flow direction of 
sanitary sewer lines. 

c. Storm Drainage. Locate culverts along length of access road within 
work limits, identifying type, size, direction and invert elevation for 
all culverts. Locate manholes and all other storm drainage structures 
such as headwalls, catch basins, oil/water separators and clean outs. 
Provide top of manhole or top of catch basin elevation along with an 
invert elevation of all pipes connected to a manhole ore catch basin 
and type and bottom elevation. Contractor shall also tie the next 
nearest drainage structure(s), including inverts and pipe sizes, 
outside the work area. Finished CADD file shall depict manhole 
information, location, size, flow direction and material of storm sewer 
lines. 

d. Electrical. Locate all power and light poles, guy wires, vaults, 
manholes, meters, transformers, electrical boxes and substations. 
Obtain type and height of poles, number and size of transformers, 
number of cross arms, number of wires (electrical and communication), 
direction and low wire elevation at each pole, and depict this on 
finished CADD file. Provide top of rim or top of vault elevation, top 
of wire or conduit elevation, number and location of empty ducts in 
walls of manholes and vaults, direction of conduit into and out of 
vault, and bottom elevation of manholes and vaults. Provide size for 
all electrical vaults and boxes. Finished CADD file shall also show 
location of underground electrical lines, as marked on ground by 
utility locator personnel, and connection to manholes, vaults and 
transformers. If transformers are pad mounted, obtain number on 
transformer. 
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e. Gas. Locate all valves, meters and gas line markers. Provide 
elevation on top of valve case and on top of valve. Finished CADD file 
shall depict location, size and material of gas lines. 

f. Telephone/Communication. Locate all poles, manholes, above ground 
pedestals, telephone booths, radio towers, etc. Obtain type and height 
of poles, number of cross arms, number of wires, direction, and low 
wire elevation at each pole, and annotate this on finished CADD file. 
Provide top of rim elevation of communication manholes/vaults, open 
manholes to determine top of wire or conduit elevation, cable types, 
sizes, counts, composition, splice cases, terminal numbers; conduit 
type, size, contents and bottom elevation of manholes/vaults, and 
annotate on CADD drawing. Provide size for all telephone vaults and 
boxes. CADD file shall also show location of underground lines as 
marked on ground by utility locator personnel, and connections to 
manholes and vaults. 

g. Cable Television. Locate all cable routes (both overhead and 
underground). Locate all poles, manholes, hand holes, pedestals, 
underground ductbanks and direct buried cable. Finished CADD file 
shall depict both overhead and underground location of lines. 

Real Estate Data Collection: Not required. 

a. Calibration of Survey Equipment 

b. Gage Board: Install a gage board at the Project on the the riverward 
and landward sides of the new levee at the locations shown on the 
Drawings and as approved by the Contracting Officer. The gage boards 
shall be checked prior to any survey and the water elevation recorded. 
The gage boards shall be suitable for use in seawater. The board shall 
extend to 5 feet above the 100 yeaer flood elevation and shall have an 
accuracy of 0.01 foot. 

The Contractor shall submit a Gage Board Plan no later than 30 days 
after Notice to Proceed that shall fully describe the means, methods, 
location, materials, mounting equipment, and personnel at a minimum 
that shall be used to manufacture and install the gage board. Diagrams 
and drawing of the proposed gage board and mounts shall be included in 
the plan. 

(1) All survey equipment shall be calibrated and adjusted for the 
gage board, with check bar, at least six (6) times within a normal 
eight (8) hour work day. 

(2) Normal calibration times shall be at the beginning of the work 
day, mid-morning, close of morning's work, start of afternoon's 
work, mid-afternoon, and the end of the day. 

(3) Further calibrations shall be performed whenever there is any 
malfunction within the survey equipment or support equipment, 
which might affect the measurements. 

(4) The check bar shall be set at approximately the deepest area to 
be measured. 

(5) All survey equipment shall be calibrated to read the datum used 
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for the work in accordance with the drawings. 

(6) When checking the calibration at mid-morning, end of morning, 
mid-afternoon and end of work, the same setting used for the 
previous calibration shall be used. 

(7) If the calibration check does not agree with the previous 
calibration, the survey equipment being used shall be calibrated 
to the proper setting. 

(8) Under no circumstances shall the setting of the survey equipment 
being used changed between calibrations. 

b. Tagline Method of Horizontal Location Along Station: If a tagline is 
used with a depth recorder, the soundings shall be marked with a fix 
every 5 feet. 

c. Checking Gage Board: The gage board shall be checked prior to each 
calibration and recorded on the sounding charts and in the field notes. 

3.23.3.2 Site Condition Surveys 

Surveys shall be performed to determine pre and post construction site 
conditions. The site condition surveys shall extend 20 feet upstream 
and downstream of the construction limits. Each site condition survey 
shall be characterized by combining the physical measurements from the 
sounding and dive surveys and the multibeam data from the bathymetric 
survey in a single x.y.z data file. 

3.4.4 Field Notebook Standards: 

a. The Contractor shall deliver electronic copies of survey field books 
notes to the Government in PDF format. 

b. Field books shall be neat, legible and sequential. They will also show 
names of crew members and date, temperature and weather conditions at 
the beginning of each day, equipment used for the survey .. 

c. Each field book shall have an index. The serial number and type of 
instruments used will be shown on this page. 

d. There shall be no more than one (1) horizontal set-up per page. 

e. Field notebooks shall be Rite-in-the-Rain, Level No. 311. 

f. Field note books shall be marked as follows: 

Qwuloolt 
Contract 
File No. 
Bk (1 of 

No. ~~~ ___________ FY2011(Date 
C-2-4-321 

) 

3.4.4.1 Government-furnished Material 

dd/mm/yr) 

The following items are provided for incorporation into the final product 
and are to be returned to the Contracting Officer upon completion of work: 
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a. various CADD, PDF and ArcGIS files of the project area. 

b. AEC CADD Standards, Release 3.0 shall be supplied upon request from the 
contractor. 

Deliverables. Final deliverables shall consist of: 

a. Scale Map. A lJT = 40' scale map in AutoCAD or MicroStation VB format 
depicting planimetric, topographic and utility data collected. 
Completed MicroStation files shall conform to AEC CADD Standards, 
Release 3.0 

b. Records. Original field books, calculation sheets, and sketches and 
copies of these records in Adobe PDF format. 

c. Metadata Files. The Contractor shall generate and deliver metadata 
files compliant with the FGDC Standard "Content Standard for Digital 
Geospatial Metadata", FGDC-STP-001-1998. 

Schedule. The contractor shall furnish sufficient technical and 
supervision and administration personnel to ensure the execution of the 
work. 

Delays. The Contractor shall keep the Government advised at all times 
about delays or difficulties that may prohibit the completion of any or 
the whole of their project on schedule. 

-- End of Section --
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