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Chapter 1
Introduction

This handbook has been prepared to:

e Establish uniform procedures for inspecting

the construction of soil and water conservation
structures.

« Provide the basis for judging construction com-
pliance with the contract requirements.

This handbook is not intended to be a guide for
construction supervision. Construction supervision
1s the contractor’s responsibility. The contractor is
(Dto purchase andior process specified materials,
(2)to know how to perform the work in accordance
with the specificationsand drawings, (3)to be
responsible for quality control and safety, and (Hto
know that the products and workmanship being
furnished meet contract requirements. The contrac-
tor is not to depend on the inspector’s determina-
tion, unless specifically required to do so.

The handbook is to be used as a reference on
matters not covered by the specificationsand as a
guide in providing the engineering services for all
contracted construction projects. Many of the pro-
cedures described can also be applied to the con-
struction phases of other programs administered by
the U.S. Department of Agriculture, Soil Conserva-
tion Service (SCS).

Included in this handbook are (1)detailed inspec-
tion requirements and descriptions of some specific
phases of construction, (2)procedures for making
field tests, (3) forms for recording test data, and (4)
other required forms. If these instructions conflict
with the contract provisions or with SCS policy in
a state, contract terms and state directives take
precedence.

Construction personnel must become familiar
with this handbook to understand the layout,
measuring, inspection, testing, and documentation
required for contract construction. New or in-
experienced personnel in training for construction
staffs will find the material especially helpful.
Only by firm, fair, and timely contract administra-
tion, including engineering services, can SCS ex-
pect good Construction and continue to attract good
contractors for its work.
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Definition of Terms

The following definitions apply throughout this
handbook and in all contract documents unless the
context of the specifications indicates otherwise:

Bid item is the specified class, kind, or location of
the work for which individual prices are stated in
the contract.

Contract is a written agreement between the con-
tractor and the buyer of the contractor’s services
setting forth terms and conditions for performing
the work or furnishing the materials.

Contract administration is a collective term which
includes the engineering services and the ad-
ministration of the contract by the owner through
the contracting officer and his representatives.

Contracting officer is the person designated by
the contracting organization to enter into and ad-
minister the contract and to make determinations
and findings concerning the contract.

Contracting organization is the organization
(federal, state, or other) authorized to contract for
installing the work.

Contract price is the unit or the lump sum price
for the bid items in the contract.

Contractor is the party of the second part to the
contract acting directly or through an authorized
agent.

Drawings are documents (or reproductions of
them) showing the location and detailed design of
the work stipulated in the contract.

Engineering services are technical services
(layout, measurement, testing, inspection, records,
and reports) required for the project and performed
by the responsible party as mutually agreed to in
the project agreement or in the engineering serv-
ices agreement. Engineering services may be pro-
vided by SCS personnel, the contracting local
organization’s (CLO) employees, or a consulting
engineering firm (A&E) under contract to SCS or
the contracting local organization.

Government representative is the person
designated by SCS to cany out its obligations, pro-
tect its interests, and provide a liaison with the
contracting local organization.

Inspector is the person assigned to do such ac-
tivities as observe construction and make tests in
order to determine on a day-to-day basis that the
construction meets contract requirements. The in-
spector keeps records of the work accomplished and
any factors affecting the progress and quality of
the work. The inspector is responsible to the project
engineer.
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Project engineer (engineer) is also the government
representative (GR) if SCS is providing engineering
services with its own employees. The engineer
directs inspections, prepares reports, verifies the
work progress, interprets drawings and specifica-
tions, and recommends acceptance of the work.
When SCS does not provide engineering services,
the contracting local organization (CLO) or the con-
sulting engineering firm (A&E)will designate an
engineer to carry out the duties of the project
engineer.

Specifications are written or printed descriptions
in the contract of the work to be done, methods for
measurement and payment, qualities of the
material, and mode or tolerance for the construc-
tion procedures, including special directions or
other information not shown on the drawings.

Work is the materials, equipment, operation, and
labor needed for construction of the specific im-
provements as indicated on the drawings or as
stated in the contract.



Abbreviations ASTM Standards

Names and abbreviations used in the handbook The following standards prepared by the
or in the contract document follow: American Society for Testing and Materials are
referred to in chapters of Section 19, Construction
AA ..o, Aluminum Association Engineering:
AASHTO....... American Association of State Cc-31. Standard Method of Making and Cur-
Highway and Transportation ing Concrete Test Specimens in the
Officials i
Field
ACI ........... Amerlcan Concrete Institute C-33. Standard SpeCIflcation for Concrete
AGC........... Associated General Contractors Aggregates
of America. Inc. C-10. Standard Test Method for Surface
AGMA ......... American Gear-Manufacturer’s Moisture in Fine Aggregate
Association c-117. Standard Test Method for Materials
Al Asphalt Institute Finer Than 75-um (No. 200) Sieve in
] ] Mineral Aggregates by Washing
AISC .......... American Institute of Steel o
Construction C-127. Standard Test Method for Specific
) Gravity and Absorption of Coarse
AS ... American standards Aggregate
ASA ...l American Standards C-128. Standard Test Method for Specific
Association Gravity and Absorption of Fine
ASTM ......... American Society for Testing Aggregate
and Materials C-136. Standard Method for Sieve Analysis
AWPA ... ...... American Wood-Preserver’s of Fine and Coarse Aggregates
Association C-138. Standard Test Method for Unit
AWS .......... American Welding Society Weight, Yield, and Air Content
(Gravimetric) of Concrete
AWWA ........ American Water Works
Association C-143. Standard Test Method for Slump of
Portland Cement Concrete
BR ............ Bureau of Reclamation, U.S. .
Department of the Interior Cc-172. Standard Method of Sampling Fresh
; | Concrete
CRSI .......... Concrete Reinforcing Stee .
Institute I "9 C-173. Standard Test Method for Air Con-
tent of Freshly Mixed Concrete by
CS ..t Commercial standards the Volumetric Method

C-231. Standard Test Method for Air Con-
tent of Freshly Mixed Concrete by
the Pressure Method

D-75. Standard Methods of Sampling
Aggregates

D-558. Standard Test Methods for Moisture-
Density Relations of Soil-Cement
Mixtures
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D-698.

D-1556.

D-1557.

D-1558.

D-2167.

D-2216.

D-2487.

D-2488.

D-2937.
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Standard Test Methods for Moisture-
Density Relations of Soils and Soil-
Aggregate Mixtures Using 5.5-1b

(2.49-kg)Rammer and 12-in.
(305-mm)Drop

Standard Test Method for Density of
Sail in Place by the Sand-Cone
Method

Standard Test Methods for Moisture-
Density Relations of Soils and Soil-
Aggregate Mixtures Using 10-1b
(4.54-kg) Rammer and 18-in.
(457-mm)Drop

Standard Test Method for Moisture-
Penetration Resistance Relations of
Fine-Grained Soils

Standard Test Method for Density of
Soil in Place by the Rubber-Balloon
Method

Standard Method for Laboratory
Determination of Water (Moisture)
Control of Soil, Rock, and Soil-
Aggregate Mixtures

Standard Test Method for Classifica-
tion of Soils for Engineering
Purposes

Standard Recommended Practice for
Description of Soils (Visual-Manual
Procedure)

Standard Test Method for Density of
Soil in Place by the Drive-Cylinder
Method

Engineering Forms for Construction

The following SCS engineering forms are shown
or referred to in chapters of Section 19, Construc-

tion Engineering:
SCS-ENG-59

SCS-ENG-352

SCS-ENG-353

SCS-ENG-359

SCS-ENG-522A
SCS-ENG-528

SCS-ENG-529
SCS-ENG-530A

SCS-ENG-530B

SCS-ENG-530C

SCS-ENG-530D

SCS-ENGB3OE

SCS-ENG-530F

Report on Concrete Test
Specimens

Materials Testing Section
Report: Compaction and
Penetration Resistance

Materials Testing Report: Soil
Classification

Work Sheet for Compaction
and Penetration Resistance
Data

Computation Sheet

Embankment Computation
Sheet

Earthwork Computation Sheet

Bulk Sand Density Determina-
tion and Calibration of Cone
and Base Plate

Inplace Moisture-Density
Determination: Sand Cone
Method —Specified Fraction
Control

Inplace Moisture-Density
Determination: Sand Cone
Method —Mass Density Control

Inplace Moisture-Density
Determination: Rubber
Balloon Method, Fine-Grained
Soils—Less Than 5% +No. 4
Sieve

Inplace Moisture-Density
Determination: Calibrated
Cylinder Method, Fine-Grained
Soils—Less Than 5% +No. 4
Sieve

Inplace Moisture-Density
Determination; Kerosene
Method, Fine-Grained Soils-
Less Than 5% +No. 4 Sieve



SCS-ENG-530G

SCS-ENG-530H

SCS-ENG-5301

SCS-ENG-531

SCS-ENG-532

SCS-ENG-535

SCS-ENG-541

SCS-ENG-542

SCS-ENG-543

SCS-ENG-544

SCS-ENG-545
SCS-ENG-546
SCS-ENG-547

SCS-ENG-548

SCS-ENG-549

SCS-ENG-550

SCS-ENG-551

SCS-ENG-552

SCS-ENG-553

Inplace Moisture-Density SCS-ENG-555

Determination: Rauid Comuac-

tion Method—Sand

Displacement SCS-ENG-004
SCS-ADS-53

Inplace Moisture-Density
Determination: Rauid Comuac-
tion Method-Rubder Balloon
Displacement, Fine-Grained
Soils—Less Than 5% +No. 4
Sieve

Inplace Moisture-Density
Determination: Template and
Plastic Liner Method

Moisture Content Determina-
tion, Summary Data Sheet

Weekly Summary of Density
Determinations

Sieve Analysis

Rapid Method for Determining
Density and Moisture, for 5.00
Ib of Moist Soil

Materials Testing Report:
Visual Soil Classification

Bulk Specific Gravity and
Moisture Determination

Daily Concrete Batching
Record

Pile Driving Record
Bid Item Record Sheet

Construction Completion
Report

Summary of construction
Quantities and Costs

Table of Forms Used by Field
Construction mice

Embankment Construction
Report

Certification of Materials and
Concrete Mixture

Concrete Batch Delivery
Ticket

Concrete Trial Mix Data

Construction Safety Inspection
Record

Tabular Computations

Progress Sheet Computations
of Contract Pay Items
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Chapter 2
Installation

Requirements for the (1)quality of materials, (2)
construction, (3) safety, and (4)pollution control
during construction are in the drawings and
specifications or other contract documents for the
project. All personnel in contract administration
should have a detailed knowledge of these
requirements.

In possible conflicts between contract re-
quirements (drawings and specifications)and sug-
gestions contained in this handbook, the contract
requirements take precedence.

Not all items given in the checklists in this
chapter apply to all contracts. The project engineer
is to review suggestions presented and determine
those that apply to each phase of the contract in
hand. It is equally important to make sure the con-
tract covers all important requirements for
construction.

Inspectors must know the grades of materials and
standards of workmanship recognized by engineers
and responsible contractors as appropriate for the
various kinds of construction. All materials must
be inspected before they are used in the work.
Materials not meeting contract requirements as
determined by visual inspection, certification, or
testing must be rejected. Inspectors are to list in
the job diary all materials not meeting re-
qguirements and include reasons for their rejection.
Inspection verifies that the contractor strictly com-
plies with the contract requirements for quality of
materials and workmanship, for job safety, and for
pollution control. No quality, strength, or ap-
pearance below the level called for in the contract
drawings and specifications can be accepted.

Construction Safety

SCS must provide a safe and healthy job environ-
ment for its employees and see that they work safe-
ly. SCS must also inspect safety and health condi-
tions and operations on construction contracts for
which technical or financial assistance is being pro-
vided. When unsafe or unhealthy conditions or ac-
tions are found, the project engineer and the in-
spector are to see that they are corrected. It cannot
be assumed that the contractor’s workers know and
will comply with all safety requirements.

In 1970, SCS adopted, for its own construction
activities, the Safety and Health Regulations pub-
lished by the US. Department of Interior, Bureau
of Reclamation. After Congress passed the Con-
struction Safety Act, 29 CFR 1926, and the Occupa-
tional Safety and Health Act, 29 CFR 1910, the
Bureau of Reclamation modified their regulations
accordingly. SCS now uses “Construction Standards
and Interpretations,” in Occupational Safety and
Health, developed under the Occupational Safety
and Health Act, plus SCS supplements.

The general duty clause of the regulations states
very succinctly the essence of the ad: “No contrac-
tor (or employee) shall require any laborer or
mechanic employed in the performance of the con-
tract to work in surroundings or under working
conditions which are unsanitary, hazardous, or
dangerous to his health or safety.” This principle
applies to the conduct of the employee himself, as
he is a part of this environment.

The contractor is responsible for seeing that safe
and healthy conditions prevail. The project
engineer and the inspector are to make sure that
they prevail. The contractor must also (1)provide



education and training in safety and health for his
employees, (2) furnish first aid and medical atten-
tion for those injured on the job, (3) keep records of
accidents and injuries, and (4) submit required
reports.

The contractor has the authority and the respon-
sibility for keeping unauthorized persons away
from hazardous activity on the jobsite. If the con-
tractor allows people on the johsite, they must be
supplied with hard hats and other appropriate pro-
tective equipment and their movement around the
johsite restricted as necessary to ensure their
safety.

The project engineer and the inspector must
know the safety and health regulations applicable
to the contract. There are many inspections and
tests to be made by SCS and the contractor. Form
SCS-ENG-555, ""Construction Safety Inspection
Record,"" has been prepared as a checklist that can
be used in recording these inspections (fig. 2-1).
The form is filed with the contract records. Some
inspections and tests must be made several times
during the course of the work. If a change is noted
in a subsequent inspection, the problem should he
corrected and the facts documented in the job
diary. Some items may not be listed on the
checklist. Some listed may not apply to every
project.

2-2

Environmental Protection

The National Environmental Policy Act of 1969
(PL 91-190) specifies action to prevent or minimize
damage to the environment, thereby improving
conditions for the health and welfare of mankind.
SCS fully supports the intent of this act in all SCS
activities. Each member of the construction force
must see that work is accomplished in the most ef-
fective way to enhance the environment and to
lessen undesirable impacts on the area as much as
is reasonable.

Standards, criteria, and procedures have been
established by federal, state, and local governments
(Dlimiting actions that adversely affect the en-
vironment, (2) prescribing methods for controlling
erosion and sediment, (3) minimizing pollution of
water and air, (4) controlling noise levels, (5)pro-
tecting natural features, (6) protecting archeological
and historic sites, (7) protecting fishand wildlife,
(8) providing for sanitation, and (9) controlling the
use of pesticides.

Sediment from soil erosion, in terms of volume, is
the greatest single pollutant of streams, lakes, and
reservoirs. Careless installation methods and inade-
guate site protection during construction can result
in eroded slopes, haul roads, borrow areas, chan-
nels, waterways, and embankments. In turn, this
may cause large volumes of sediment to be
discharged into water courses. Qils, greases,
sanitary wastes, and chemicals not properly dis-
posed of also pollute the soil and water.

Dust and smoke create safety and health hazards
to job personnel and to adjacent residents and
crops. Construction operations must be controlled
to maintain acceptable air and water quality.

Careless equipment operation destroys desirable
vegetation, mars rock outcrops, and defacesthe
landscape. Operations must be managed to avoid
damage to the environment.



US. DEPARTMENT OF AGRICULTURE SCS-ENG-555
SOIL CONSERVATION SERVICE 4-80

CONSTRUCTION SAFETY INSPECTION RECORD

Watershed or Project

Site contractor Contract No.
Inspection by Title Date

Complete before construction begins and during construction. as applicable or as required, to insure safe working conditions
throughout contract period.

Fill in required information. Use check, X, circled X, Or dash as appropriate between parentheses:
( J | = safe: conforms: done. { X } = unsafe:not conform; not done, { — } = notapplicable.

( ® } = unsafe conditions corrected: nonconformance now conforms: activity now done.
References: Constructionstandards and interpretations, Qceupational Safety and Health Administration. U.S. Department of
Labor. and SCS supplements. Tables and NFPA and ANSI referencesincluded.

General requirements

Written safety program received (date) Preconstruction safety meeting held {date)
Joint safety policy Committee {names of members):

Safety supervisor {name) Alternate (name}

Scheduied weekly safety meeting (time) a.m., p.m.

Contractor requires any subcontractars to comply with all safety requirements.

Contractor certifier compliance with worker’'s compensation laws t@ contracting officer.

Adequate Communications and transportation facilities available at jobsite to handle injury situations.
New employees given safety instructions for their jobs and the jobsite.

e

Medical services and first aid

Medical anention available cffsite:  Name

Address Phone
Ambulance service available: Name

Address Phone
Contractor’s employees with first aid training certification (Bureau of Miner or the Red Crass).

Name Title

Name Title

Name Title

Phone numbers of offsite medical attention and ambulance service ported outride first aid facility at jobsite.
Locations Of first aid kits and other medical supplies ported censpicucusly on signs outside first aid facilitv.
Complete 16-unit moistureproof first aid kits available—minimum of 1 kit per 25 employees.

Employee qualified in first aid is assigned each work shift.

At [east one stretcher and two blankets available at jobsite.

— o~ o

Sanitation

Adeguate potable water supply available at jobsite.

Water dispensers identified properly: each equipped with tight cover and tap
Clean “one-use’” cups available.

Waste receptaclesavailable for disposable cups and other litter.

Salt tablets available when required.

Adequate toilets provided at jobrite—minimum of 1toilet per 20 workers.

P = - S,

Figure 2-1.—Form SCS-ENG-555, “Construction Safety Inspec
tion Record”; first page.



Head protection

Hard hats worn by all persors entering any part of jobsite.

Hard-hat area signs. 3- by 4-ft minimum size, ""CONSTRUCTION AREA—HARD HATS REQUIRED BEYOND THIS

POINT," erected at all jobsite-access locations.
Noise exposure

Sound fevels on job not exceed allowable noise exposures (table D-2).
Ear-protection devices used when noise exceeds allowable expasure {table D-2}.

Iumination
Work sites, offices, shops. and sterage areas lighted as required (table D-3).
Eye and face protection

Eye and face protection provided for hazardousjobs; protection meetsrequirements (tables £-1 and &-2].
Goggler or other Protective equipment kept clean and in goad repair.

Respiratory protection

Respiratorsworn by jackhammer operators and helpers when dust concentrations exceed safe hygienic levels.
Employeesprotected from other hazardous concentrations (table E~4).
Respirators kept ¢lean and in good condition; respirators inspected regularly.

Safety belts and lifelines

Employees Protected by safety belts and lines when working ¢n steep slopes Or unguarded heights.
Lifelines secured to at least two anchor points.

Lifeline requisitesare: at least %-in. thick. manila or equivalent. and 5,400-lb breaking strength.
Safety belt and lanyard material made of cast Steel or are drop forged: material has 4,000-1b loading

Working over or near water

U.S. Coast Guard-approved life jackets or vests worn by employees if there is danger of drowning.
Protective equipment inspected for buoyancy and strength.
Ring buoys and 90-ft lifelines readily availablefor rescue operations.

Fire protection

Fire extinguisher with 10 B rating required within EC ft when more than 5 gal combustible liquid are used.
Carbon tetrachloride extinguishers prohibited on jch.

Portable extinguishers serviced and maintained {MFPA 10A-1970),

Fire extinguishers that are provided meet specifications (table F-1}.

Fire prevention

Combustion-engine exhaust kept clear of combustible materials.

Signs ported at and around Operations having fire hazards, "*"NO SMOKING OR OPEN FLAME."
Storage areas kept free of weeds. grass, and other combustible materials.

Material$ stored indoors are handled and piled in ways that minimize fire hazard.

Flammable and combustible liquids
Metal Safety Cans {targer than 1-gat capacity) used to store or handle flammable liquids

Storage of flammable liquids in apen room Or trailer limited to 15gal.
Storage of liquids in cabinet limited to 60 gal flammable and 120 gal combustible.

Figure 2.1 (cont).—Form SCS-ENG-555; second page.
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Cabinet containing such liquids labeled conspicuously, "FLAMMABLE —KEEP FIRE AWAY.""
Outdoor portable storage tanks positioned at least 20 ft away from any building.

Portable storage tanks equipped with vents {eh. 11, 111, 1¥, NFPA 30-1969) .

Containers. tanks. and hoses interconnected (bonded! electrically when transferring liquids.
Dispensingnozztes equipped with 'automatic closing shutoff no latch open'* devices.

Flammable liquids kept inclased containers when stored.

Portable fire extinguishers with 20 BC rating required within 75 ft Of refueling truck or station.
Motors of all equipment shut off during refueling.

Sign at refueling area posted conspicuously, **"NO SMOKING OR OPEN FLAME WITHIN 50 FT."

—— e e et e e e

Temporary heating devices

Adequate fresh atr provided to insure Personnel safety.

Solid noncombustible material used to support heating units; material extends 2 ft beyond each side of heater.
Minimum $0-ft clearance provided in temporary job enclosures between heater and combustible coverings.
Oil-fired heaters equipped with safety oil stop for protection during possible flame out.

Signs, signals, and barricades

Barricadeserected and legible traffic signs posted at hazardous locations.
Signs posted and barricades installed to prevent public access.

Nighttime signs and barricades lighted properly or reflectarized.

Flagmen placed when working conditions Warrant.

Red flags or Sign paddler 18-in. square used by flagmen to make hand signais.
Red or orange warning vests or coats worn by flagmen.

Detour signs ported on streets and highways; Sign types and placement meet state/local regulations and codes.
Material handling, storage, use, and disposal

Storage areas kept approximately level, well arranged, and free of flammable materials.
Construction material stacked, racked. or blocked to prevent movement.

Lifelines with safety belts used by workers entering hoppers. siles, or tanks.

Excess material not stored an scaffolds or runways.

All nails removed from used lumber.

Material to be handled by crane stored in area clear of overhead powerlines.

Rigging equipment for material handling

)} Equipment inspected before use and during material handling.
) Equipment is adequateto handle loads {tables H-I through H-20).
} Defective equipment removed o replaced.

Chains

}  Steel alloy chains identified by size, grade. and Capacity.
) Hooks, rings, and other attachments not shop-made; their capacity must equal chain capacity.
}  Hoisting hooks equipped with safety keepers.

Wire rope

Wire rope is adequate for job loads (tabtes H-3 through H:14}.

Eye splices made with at least three full tucks.

Protruding splice ends Covered or blunted.

Hoirting or pulling liner made Of one continuous rope with no knots or splices.

Wire rope replaced when 10 percent of strands are broken in any length that equals 8 diameters of the rope.
U-balt clips are correct size and spaced properly {table H-20}.

U Section attached to dead-end rope.

Figure 2-1 (cant).-Form SCS-ENG-555; third page



Fiber rope

Fiber rope slings meet requirements Itable H-15 through H-18).

Repairs made with splices; knots prohibited.

Coding for manufacturer, type of material. and capacity of rating shown on synthetic webbing.
Shackles and haoks meet requirements Itable H-18).

— e

Waste material dispasal

{ }  Scrap lumber, waste. and rubbish removed as work progresses.
{ }  Solvent waste, oily rags. and flammable material stored in covered metal Containers until removed from iobrite.

Power and hand tools

Power tools equipped with guards {as manufactured} over all exposed moving parts.
Hand-held power tools equipped with pressure-control switches.

Goggles and other protective equipment worn by workers as required.

Tools with mushroomed heads cr defective handles prohibited.

Electric-powered tools double-insulated or grounded with 3-wire conductors.

Grinders

{ } Machines equipped with guards and tool rests.
{ ) Grinding wheels checked for cracks and defects.
( ) Grinder Spindles operated at safe speeds.

Powder-actuated tools

{ }  Operators trained properly.
{ ) Guard devices tested each day too! is operated.
{ ) Guard protects fastener equipment to prevent misfires.

Gas welding and cutting

Gas eylinders meet U.8, Department of Transportation requirements {49 CFR-178-C).

Hose lines distinguished by color—fuel is red, oxygenis green.

Cylinders placed upright when stored or inuse, chained to prevent Overturning. and capped tightly when notinuse
Cylinders kept upright when moved {tilt and roll on bottom edge) and anchored to pallet before hoisting.
Cylinders protected from excessive heat or cold and from electric currents.

Defective gages, regulators. valves, and hoses repaired or replaced.

Valves closed tight when cylinders not being used.

Valves cracked to clear dust before regulators are attached.

Friction lighters used to ignite gas torches; matches prohibited.

Welding and cutting done only by authorized operators.

i — e e e e e e
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Proper goggle6 or shields worn by welders and helpers Itable E-1}.
Arc welding and cutting

Capacity of the electrode holder is adequate for current through electrodes.

Handgrips and jaws insulated for maximum ground voltage.

Cables and £ocnnectors rubber-covered; splices not made within 10 ft of electrede holders.
Capacity of ground cable exceeds maximum alectrieal output of welding units.

Framer of welding Units grounded with 3-wire conductors or with separate wires at source
Protective eye shields used by welders and helpers Itable E-1}.

Other workers near arc protected by screens or goggler.

— e me e e h e e

Precautions taken ta prevent firer; fire extinguisher is available.

Figure 2-1 (cant).—FormSCS-ENG-555; fourth page.

2-6



— e

Electrical

Installation procedures and wire capacity conform to NFPA electrical and electric safety coder

Hot circuits deenergized or equipped with guards before starting work.
Hot voltage circuits equipped with guards; signs posted, "DANGER—-HIGHVOLTAGE."

Grounding and bonding

Portable plug-in equipment double-insulated or grounded with 3-wire canductors.
Metal parts and frames of fixed eguipment grounded adequately.

Circuits extending to ground are continuous and of ample capacity.

Heavy-duty, 3-wire cords used on portable tools.

Insulated lamp sockets used when temporary lighting needed.

Bulbs for temporary lights protected by guards or special reflecton.

Hand lamps equipped with handles; guard attached to each handle.

Extension cords kept clear of walkways. sharp comers, and projections.

Warn or frayed electric conductors not permitted.

Fuses or circuit breakers provided for over-current protection.

Ladders

Enough ladders provided for adequate access to work.

Manufactured ladders meet requirements {ANSI-A14.1-1968).

Portable laddersset on solid bare; space around top and bottom of each ladder kept clear.

Portable ladders pitched no flatter ta vertical than 1:4.

Portable ladderstied or blocked to prevent movement.

Minimum dimensions Of job-made wooden ladders are 2- by 4-in. side rails 16ft long, %- by 3-in. Cleats 18-23in. long,
and 12 in. between cleats; rails notched to fit cleats, or fill blocks used to $s€cure cleats.

Length between supports (base and top landing) of job-inade laddersdo not exceed 30 ft.

Top of each ladder extends at least 36 in. above top landing.

Scaffolding

Guardrails, sides. and ends installed on all platforms that are 45 in. wide Or less and built more than 4 ft above ground or
adjoining surfacer and on all platforms built more than 10ft above ground or adjoining surfaces.

Guardrail dimensions are 2- by 4-in. rails installed 42 in. above floor, 1-by 6-in. intermediate rail. 4-in.-high toeboardr, and
2- by 4-in. supports at 8-ft spacing.

Platform planking extended at least 6 in. over supports; planking overlapped 12 in. or anchored.

Ladders provided for access.

Adequate overhead protection provided in hazardous areas.

Platform surfaces kept clean so workers are not in danger Of dipping.

Design and construction of wooden scaffolds meet requirements {tables L4 through L-18).

Approved type of metal-tube-and-coupler scaffolds used; scaffolds erected as specified by manufacturers; expected loading
meets minimum Safety factor 14).

Metal scaffolds installed plumb and level and anchored to structure: maximum scaffold dimensions are 30t horizontal by

26 ft vertical.

Floor and wall openings and stairways

Floor openings on all rider except at entrances protected by coversor guardrails.

Guardrails built if wall openings are less than 3 ft above floors and drops are more than 4 ft; toeboards built if openings
are more than 3 in. above floors.

Guardrails built along open-sided floors that are 6ft or more above ground.

Handrails built along stairways that have at least four risers.

Handrails placed 30-34 in. above top of each riser: raised handrail built along open side of stairs and landings.

Smooth surfacer of handrail material positioned on top and aides; handrail mounted at least 3 in. from sidewalls.

Stairs interrupted every 12 ft {vertical distance) with 30-in. landing.

Figure 2-1 (cont).—Form SCS.ENG-555; fifth page.
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Convevorr

Operators' stations equipped with start and stop controls.

Warning signal included in conveyor equipment: signais tested before conveyors are started.
Adequate access ladders. platforms, and walkways with guardrails and handrails provided.
All moving parts properly guarded.

Necessary rides and screens installed to protect workers.

Conveyors locked out and tagged during repairs.

Motor vehicles and mechanized equipment

Lights ar reflectorized barricades placed around equipment parked adjacent to highways or streets.

Safety tire cages used when inflatingtire6 on split or lock-type rims.

Before repairs are started, controls set in neutral, brakes set, and motor shut off.

Adequate blocking and cribbing provided to prevent movement of equipment during repairs.

Safety precautions to be taken with all parked equipment include: setting brakes, chocking wheels, and fully lowering
blades, buckets, and dumpbeds.

Special caution taken in changingand charging batteries te Preventacid Contact with eyer and skin.

Passengers transported enly in cabs or vehicles: mounting and dismounting from moving vehicles not allowed.

Pile-driving equipment

Bailers, compressors, and piping systems maintained in good condition: equipment has adequate guards.
Stop block positioned in leads t&¢ prevent hammer from striking head block.

Safety block inserted in leads to support hammer when workers are below hammer.

Cable guards installed across head block sheaves.

Fixed leads equipped with rings for attaching safety-belt lanyards.

Work platforms an leads protected by guardrails.

Safety chains {%-in. diameter) attached at steam and airhose connections and to hammers.

Steam and air lings equipped with two controls—one has guick-action capability and is at operator's station
Adequate guys, outriggers, and counter balancesinstalled to stabilize equipment.

Piles attached properly to hoisting lines for placement in leads.

Employees kept clear o area when piles are hoisted.

Driving stopped during cutoff if within a distance equal to two times the length of the longest pile.

Pit walls sloped or sheet piling placed and braced before each pile is driven.

Only authorized personnel allowed in work area during driving operations.

Excavations, trenching, and shoring

Walkways and runways kept clear of excavated material.

Walkway planks placed parallel to length of walk. Closely spaced, fastened to prevent displacement, and cleated if stiek
conditions will prevail.

Reflectorized vests worn by flagmen and others exposed to traffic.

Personnel not permitted under loads being handled k¥ power equipment.

Truck and other haul-unit operators kept clear of units during loading {exception allowed if cab is braced and shielded)

Wells, pits, and shafts Covered or barricaded to protect all Personnel.

Underground utilities located and staked before excavation.

Utilities left in place are protected by barritades, shoring, OF suspension.

Slide-danger areas sloped to stable angler or shored and braced.

Cribbing and shoring designed and installed to meet accepted engineering standards.

Excavated material placed and other material stored at least 2 ft from excavation edges.

When work is done below hazardous rock slopes, workers and equipment protected by scaling slopes as necessary to
minimize danger, bolting racks and affixing wire mesh after scaling, and placing timber or wire-mesh barricades.

Scalers equipped with safety belts or boatswain chairs.

Scalers' ltfetines tied to at least two secure objects.

Workers not permitted to work one above the other in rock material.

Figure 2-1 {cont)—Form SCS-ENG-555; sixth page
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Rock removed from top downward on Steep slopes; access to siope is from top only.

Sides of steep excavations shored and braced when heavy equipment operated ¢lose to excavation edges.

Dust controlled to acceptable levels.

Guardrails built along walkways over excavations.

Workers in trencher more than 5 ft deep protected with shields or by sloping or shoring and bracing excavation banks
(tables P-1 and P-2).

Trench bracing and shoring installed during excavation: cross braces or jacks placed horizontally, spaced vertically, and
secured to prevent movement.

Trench supports removed from bottom upward: roper used te remove jacks in unstable soil.

Ventilation provides adequate oxygen and acceptable atmospheric conditions.

Laddersor steps installed no more than 25 ft apart in trenches more than 4 ft deep.

Concrete, concrete forms, and shoring

Excavations sloped or shored so forms and concrete materials can be installed safely.

Work platforms provided or Safety befts worn by workers when Steel placed in walls, piers, and columns.
Work not allowed above unprotected verticalfpratruding rebars.

Vertical steel guyed or supported to prevent collapse.

Wire-mesh rolls secured at both ends to prevent recoiling.

Access points at all work areas determined safe before Concrete placing begins.

Silos and buik storage bins for concrete built with tapered bottoms and equipped with vibrators t5 start flow.
Bulf float handles made of nonconductive material.

Powered Concrete trowels equipped with hand-release shutoff switches.

Handles on Concrete buggies not extend beyond wheels.

When pump-creting is used, hose lines and discharge pipe Supported adequately and joints and connectors protected with

Safety chains or by other positive methods.
Cranes used to position concrete buckets; crane cable equipped with safety hook.
Personnel prohibited from riding Concrete buckets—for any purpose.
Placing and vibrating crews not allowed under suspended buckets.
Wheels chocked and brakes set on Concrete trucks when discharging on slopes.
Protective eye and face equipment worn by workers placing pneumatically-applied Concrete.
Farms and shoring material are free af splits, rots, cuts, or other defects.
Forms installed that wiii support all concrete loads safely.
Forms stockpiled in Safe manner after stripping: nails and other accessories removed.
Slings fastened securely 1@ gang forms if forms moved by crane.
Workers vacated from lower levels before forms are released and moved.
Personnel not permitted te ride forms being raised or moved.
Face helmets. goggles, or airline hoods worn by sand-blasting crews.
Eye protection worn by finishers doing chipping or grinding repairs.
Concrete heating units and accessories meet safety requirements.
Heating units placed to provide safe clearance from enclosure frames and coverings.
Concrete enclosures adequately lighted and ventilated.

Blasting and the use of explosives

Only authorized personnel permitted to handle or use explosive..
Blasting personnel required to furnish evidence of competency in handling and using éxplosives.

Smoking. matches, open flame, sparks, firearms. and other heat-producing devices prohibited near storage magazines and

during transport and use of explosives.
All explosives stored in locked magazines when not being used.
Storage magazinesventilated; magazinesare fire resistant, weatherproof, and bulletproof.
Cantractors maintain inventory and use records of all explosives,
Appropriate authorities notified of loss or theft or of entry into magazines.
Explosives transported to jobsite in original containen.
Blasting caps not transported in Same vehicle with other explosives.
Signs, flags, and barricades erected and other precautions taken ta ensure employee and public safety.
Blasting operations restricted to daylight hours.

Figure 2.1 (cont).—Form SCS-ENG-555; seventh page.
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Material-handlingequipment
Track-type tractors and self-propelled compactors

Tractors can be "'plain'* ar equipped with a bulldozer blade, ripper, push blocks, or front-end loader.
Fill in headings at front of form and required information below. Use check, X, circled X. or dash as appropriate in parentheses.

Description of equipment

Make ModelINo. ___ Identification No.
Type of Unit Year manufactured

Bulldoze!: make blade {straight or angled)

Ripper: make number of teeth

Frontend loader: make rated capacity

Earth compactor: number Of wheelsordrums —_____ drumwidthis)_____ total weight {Ib}
{ ) Protective canopy and frame (rollover protection structure) meets structural requirements.

ROPS: manufacturer model No.

ROPS secured to unit in manner that provider adequate safety for operator.

Design criteria and performance certification received for ROPS.

Clearing tractors equipped with deflector guards and rear-deck screens.

Guards installed on hazardous scissor paints, such as on front-end loaders.

Unit equipped with quick-release seathelts.

Service brakes stop unit within one unit-length distance funit tested at maximum speed on level ground).
Parking brakes hold stopped unit completely an 15-percent slope.

Unit equipped with satisfactory muffler system; noise level is acceptable.

Unit equipped with two headlights and two taillights when operations require.

e e e me e e e me

Unit equipped with audible horn and reverse signal alarm.

Overall condition of unit

Inspected by Date

Rubber-tired graders, scrapers, trucks, wagons, truck- or tractor-mounted water units, and tractors

Tractors include agriculture-type tractors.
Fill in headings at front of form and required information below. Use check, X.circled X, or dash as appropriate in Parentheses.

Descriptionof equipment

Make Model No. ———___Identification No.
Type of unit Rated capacity — Year manufactured

Offhighway motor vehicles

{ ) Unit equipped with service, emergency. and parking brakes; brake stopping and holding capacity tested with Unit fully
loaded.

Unit equipped with two headlights and two taillights when Operations require.

Unit equipped with brake lights, audible horn, and reverse signal alarm.

Unit with cab equipped with powered windshield wipers; cracked or broken glass prohibited.

Heavy-duty cab shields installed in all units te be loaded by power equipment.

Unit equipped with quick-release seatbelts.

Dump beds equipped with positive supports to prevent lowering if beds are raised during repairs.

Bed-hoist Controls equipped with safety latchesto prevent accidental tripping.

B = S S e

Vehicles equipped with fenders.

Figure 2-1 {cont).—Form SCS-ENG-555: ninth page
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Earthmoving equipment

{ }  Unitequipped with seatbelts {SAE J386-1969, 13333-1970).
( )] Service brakes Stop unit within distance allowed when fully loaded (see table within brake testing standards).

{ }  Service. emergency. and parking brakes of a unit manufactured after Jan. 1, 1872, stop Unitwithin distance allowed {see
table within brake testing standardsfor limits on service and emergency brakes).

{ ) Trucks, trailers. scrapers, and tractors built with fenders if manufactured after Jan. 1, 1972, and if designed for maximum
speeds over 15 milh.’

{ ) Fenders added to trucks, trailers. scrapers. and tractors manufactured before Jan. 1, 1872.!

{ ) Protective canopy and frame {rollover prutection strugcture) meets structural requirements.
ROPS: manufacturer model No.

Design criteria and performance certification receivedfor ROPS.

ROPS secured to unit in manner that provider adequate safety for the operator.

Unit equipped with two headlights and two taillights when operations require.

Guards installed on hazardousscissor points. such as on frontend loaders.

Manufacturer's approval required before increasingthe capacity of the haul equipment.

"'Spinner" knobs on steering wheels prohibited except on-hydraulic pewer control units (knob mounted within outer
periphery of wheel).

{ ) Unit equipped with satisfactory muffler system; noise level is acceptable.
'Suspended Ocf. 5,1973.

Overall condition of unit

Inspected by Date

Brake testing
Test-rite criteria and brake-test requirements

The Society of Autamotive Engineers [SAE) has set up performance Criteria and tests for brake systems. The following paragraphs
are based on their recommendations.

An area or course for brake testing must:
Have a clean, dry surface made of concrete or other approved material.
- Be long enough to atow the vehicle to attain a uniform, stabilized travel speed.
Have a flat reach for the braking Section with N0 more than a 3 percent variation from level across the reach and a 1 Percent
variation in grade.
- Be equipped with enough flags ar markers to mark correctly on the ceursz where the brakes were set and where the vehicles
fully stopped; the same reference point an the vehicle must be used far both measurements.
- Have accurate equipment to measure the stopping distance.

When testing the brakes. the:
- Vehicle's brake system must be at a fully charged energy fevel.
- Vehicle must be loaded to the manufacturer's gross weight rating or to the vehicle's maximum payload.
- Stopping distance must be measured in feet between points where the brakeswere set and the vehicle fully Stopped.
- Vehicle speed when the brakes were set must Conform to SAE standards {see brake testing standards).
Transmission gear used must be appropriate for the specified speed and load.
Auxiliary retarders are permitted if activated simultaneously by the applicable brake cortrol being tested.

Brake testing standards

Fill in the vehicle weight and stopping distance Obtained during testing for service and emergency brakes on the line of the
appropriate weight range. Attach additional sheets if more than two vehicles per Category are being tested.

Scrapers are tested at 20 milh ISAEJ319b-1971}, trucks and wagons at 20 milh ISAE 5166-1971}, front-end loaders and bull
dozers at 15 milh ISAE J237-1971}, and self-propelied graders at 18 mi/h ISAE J236-1971).

Figure 2-1 (cont).—Form SCS-ENG-555; tenth page.
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Self-Propelled Scrapers. Trucks, Wagons, Front-End Loaders, Bulldozers, and Self-Propelled Graders

SAE maximum allowable Vehicie 1 Vehicle 2
stopping distance {ft) stopping distance {it} stopping distance it}
Vehicle 1 Vehicle 2
Vehicle weight weight weight Service Emergency Service Emergency Service Emergency
ranae (b} {ib) {lb} brakes brakes brakes brakes brakes brakes
Self-propeiled scrapers
up to 50,000 60 180
50,001-100,000 70 210
100,001-150,000 90 270
over 150,000 100 300
Trucks and wagons
up ta 100.000 60 180
100.001-200,000 90 270
200.001400,000 125 375
over 400,000 175 525
Front-end loaders and bulldozers
up to 36,000 28 84
36.001- 70,000 37 111
70,000-140,000 45 135
140,001-280,000 53 159
over 280,000 65 195
Self-propelled graders

up to 35,000 35 106
over35.000 45 135

Service brakes
tprimary system for stopping vehicle)

i Vehicle has brakeson wheels on at least one prime-mover axle and 0N one axle of each wagon or trailer.
) Service brakes stop vehicle within allowable distance {see table in brake testing standards).

}  Brakesdeliver at least 70 percent of full stopping capacity when applied three times per minute; vehicle speed conforms

to SAE standards {see brake testing standards).

}  Visual or audio warning devices function effectively when brake system energy level drops below 50 percent of manu-

facturer's specified Operatingenergy level; reliance on pressure Or vacuum gages is unacceptable.

Emergency brakes
{used if service brakes fail)

)  Emergency brakesstop vehicle within allowable distance {see table in brake testing standards).
}  Brakesapplied manually from driver's Seat position.
} Brakescannot be released after application unless they can be reset immediately.

Parking brakes
{used to hold vehicle stationary)

} Braked vehicle (loaded to manufacturer’s gross weight rating) held Stationary on hard. smooth, clean surface havinga 15

percent grade

Figure 2-1 (cont).—Form SCS-ENG-555; eleventh page
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Cranes, backhoes, and hoists

Cranes and backhoescan be track type. rubber tired. or wheel mounted.
Fill in headingsat front of form and required information below. Use check, X, circled X, or dash as appropriate in Parentheses.

Description of egquipment

Make or type Model No. Identification No.
Rated capacity (on plate) Counterweight{tb)____ Year manufactured
Boom: length {fty— type Of stops ——— Bucket: size type

Boom hoist line: size —_________ condition— Boom load line: size —_ condition

Unit equipped with:
{ Safety hook.
{ Capacity rating plate.
{ Boom angle indicator.
{

Truck mount.
Outriggers.

}

)

)

}  Audible reverse signal alarm.

)

}

) Sign incabs, “10-FT LIMITATION FROM ENERGIZED FACILITIES."

Most recent annual inspection: date: name of inspector

Moving parts guarded.

Cab glass is in good condition.

Enough guardrails and handrails built into unit or installed.

Antiskid surfaces on platforms and walkways built into unit or installed.

Exhaust system guarded; system is free Of leaks.

Fuel filler pipe built or positioned to be clear of exhaust pipe.

Fire extinguisher with 5 BC rating available in unit.

Manufacturer's approval required before unit carrying capacity ¢an be modified.
Worker designatedto tell unit Operator when powerlines are cleared if lines carry more than 50 kv.
Electric-proximity warning equipment installed when required by laws or regulations.
Electric ground line installed when unit is operated in vicinity of high voltage lines.

e i o e e e e, e m e
L i

Unit equipped with satisfactory muffler system; noise level is acceptable.

Test performance of main boom 1115 percent rating}

Boom load {lb) Boomradius — Boom swing ldegrees)

QOutriggers: number length [ft)

Lifting is satisfactory.

( )

{ ) Lowering is satisfactory.
{ }  Brakingis satisfactory.

{ }

Boom swings 360 degrees

Boom load under travel test {Ib)* Boom radius under travel test'

Remarks

Overall safety condition

Inspected by Date

! Compiete if applicable to job.

Figure 2-1 (cont).—Form SCS-ENG-555;twelfth page.
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Pollution Control

The contract specifies the environmental protec-
tion measures for the project. General provisions in
the contract require that “good housekeeping” he
maintained. Special provisions in the contract state
the limit in timing or sequence of operations. Items
of work and construction details in the specification
describe the measures to he constructed and pro-
vide the supplemental information needed to con-
struct the specific job.

Before inviting bids, the project engineer must
review the contract to determine that adequate
measures are provided to protect the environment
during construction. Drawings are to delineate ac-
cess roads, temporary stream crossings, temporary
stilling basins, equipment parking areas, tem-
porary building sites, material processing areas,
and storage locations. These areas must he man-
aged and protected to prevent or minimize
sedimentation or other forms of pollution.

Prospective bidders viewing the site should he
alerted to the pertinent environmental protection
features in the bid invitation. Structures or other
control measures, specified sequences, and comple-
tion dates for installation of certain phases of the
work should be emphasized.

The project engineer, the contract specialist, and
the contractor must thoroughly review the contract
during the preconstruction conference to make cer-
tain the contractor understands the environmental
protection requirements. A review of the contrac-
tor’s construction schedule, plan of operation, and
procedures is necessary to be sure all will ade-
quately protect the environment.

All erosion and sediment control features, both
permanent and temporary, must he installed in a
timely manner in accordance with the contract.
Proper planning and scheduling of construction ac-
tivities are major factors in controlling erosion and
sediment pollution. Activities should be clearly
shown in the contractor’s proposed construction
schedule. The project staff must not allow construe-
tion operations that cause excessive soil erosion or
sediment pollution during any phase of the con-
tract work.

All earth and soft or broken rock areas disturbed
by construction operations, such as stripping, ex-
cavating, or traffic, are vulnerable to erosion by
concentrated runoff, falling rain, or wind action.
Concentration of runoff on or across slopes must he
prevented. Channels, ditches, deflector dikes,
berms, or diversions that will effectively intercept
and safely transmit surface flow to nonerosive

outlets must be installed as early in the project as
practical. The use of construction equipment in a
manner that increases erosion potential must he
avoided. Wheel tracks or ruts, particularly
downslope, permit the concentration of surface
flows that result in excessive erosion. Fording of
streams stirs bed materials and damages aquatic
habitat.

Use of water from a stream or impoundment for
construction can alter the temperature of the re-
maining water enough to affect aquatic life.

The project engineer must know state and local
laws for burning of cleared or other combustible
material. Firebreaks or other firecontrol measures
must be installed before beginning any activity
that may create a hazard.

Toilet facilities meeting safety and health regula-
tions must be provided at locations accessible to all
construction personnel on the job. Pit toilets, if per-
mitted by state or local ordinances, must be pro-
perly located and maintained to prevent contamina-
tion of all water sources. Toilets must he provided
by the start of work.

During construction operations, the project
engineer must see that public access, construction
haul roads, and the construction site in general are
adequately treated with water or other suppressant
to control dust. Dust is a hazard to both safety and
health. In addition to SCS requirements, state and
local laws impose air pollution standards. These
standards may require measuring and recording air
pollution levels.

Excessive noise levels in the contractor’s opera-
tion can cause physical harm to project personnel
and annoyance and inconvenience to those working
or living near the project. The job-noise level must
be kept within the limits specified in the contract.
If administrative or engineering controls fail to
reduce the noise to acceptable levels, the contractor
must provide personal protective equipment for
employees.

Chemical pollutants, such as drained oil and
grease, asphaltic materials, soaps and cleaning
detergents, and other harmful materials, must be
stored in closed metal containers, tanks, barrels,
sumps, or other acceptable facilities. If there is a
possibility of ground-water or stream pollution,
sumps must be lined with plastic or other imper-
vious material. After work is completed, containers
are removed from the site and open sumps are
carefully filled.

2-15



Discarded waste paper, shipping bags, sacks, car-
tons, and other debris resulting from the contrac-
tor’s operations are to be stored in closed con-
tainers and disposed of off the site or as directed by
the project engineer. Household garbage created by
the contractor or his employees at the construction
site must be stored in fly-tight containers, col-
lected, and disposed of in accordance with local
sanitary requirements or as otherwise directed.

At all times the construction staff should strive
to maintain or enhance the natural beauty at the
construction site. Because most construction opera-
tions adversely affect the beauty of the surround-
ing area, each employee should be alerted to avoid
unnecessary alteration.

Construction yards, parking areas, construction
offices, material storage and processing sites, and
other similar areas should be located, arranged,
and managed to serve their functional purpose
with the least adverse effect on the visual ap-
pearance of the locality. Trees should be felled in a
manner that will not damage other vegetation.

If a serious environmental hazard develops
during Construction, the project engineer must
limit the contractor’s work until the needed control
can be instituted. The limitation might apply to
clearing, burning, excavation, embankment con-
struction, material processing, or other items. Con-
trol measures necessary might include stream
crossings, sediment basins, slope drains, diversions,
fine grading, seeding, mulching, or various tem-
porary or permanent treatments.

The contracting officer should modify the contract
as necessary to direct the contractor to install addi-
tional temporary or permanent pollution-control
measures.

Inspection checklist:
pollution control

(Some items may not be listed. Some listed may
not apply to every project.)
1. Surplus scrap and debris—currently removed.

2. Equipment storage and maintenance sites—
orderly, safe.

3. Sediment basins—location, size, timing of in-
stallation, effectiveness, vegetation or
mulching, maintenance, removal.

2-16

4.

Access haul roads—location, design, construc-
tion, culverts or bridges, erosion protection,
maintenance, removal.

Dust control—access roads, haul roads, other
areas of site.

Clearing and grubbing—Ilocation, amounts,
timing, disposal.

Burning of debris—limitations, conditions,
methods, fireguards.

8. Stream diversion—design, erosion protection

10.

12,

13.

14.

15.
16.

17.
18.
19.
20.
21.

Dewatering system—design, operation.

Diversions, terraces, and berms—design,
location.

Side inlets—design, timing of installation

Stripping—timing, area limitation, erosion
control, finish.

Borrow areas—timing, area limitation,
erosion control, finish.

Vegetation—temporary, permanent, seeding
mixtures, seedbed preparation, fertilizer or
soil amendments, rate of seeding, irrigation.

Mulch—kind, amount, method of application

Chemicals (oils, grease, etc.1-containment,
disposal.

Toilets—number, location, type, maintenance
Wells or pipelines—plugging, removal

Water quality—monitoring.

Litter and garbage—containment, disposal

Noise level —measurement, abatement,
protection.




Clearing and Grubbing

Clearing and grubbing are usually the first items
of work performed. If carefully done and properly
sequenced, the impact on slope stability, erosion,
and desiccation is minimal. If carelessly done,
clearing and grubbing can add to the cost of
operating and maintaining the project.

Before clearing and grubbing start, the project
engineer or inspector should review the clearing
and grubbing limits with the contractor. At the
same time, they can consider utilities that could be
damaged, methods of operation and disposal, and
any stakes, trees, buildings, fences, or facilities to
be saved or protected.

Inspection checklist
clearing and grubbing

(Some items may not be listed. Some listed may
not apply to every project.)
1. Clearing and grubbing—marking
Fence to be removed—marking.
Salvage material —disposal.
Trees to be protected or salvaged—marking.

S NI N
L |

Logs to be salvaged—properly cut, piled,
decked.

Stumps—specified height

o

7. Stump removal—specified depth, hole
back-filled.

Structures and utilities—marking, protection.

Explosives—proper storage, blasting plan.

10. Safety—handtools, power tools, intervals
between workmen, protective canopies on
tractors, protection for workmen on steep
slopes, slippery terrain, rock outcrops.

11. Burning—regulations, methods, time, protec-
tion (fire control).

12. Disposal—Ilocation, complete.
13. Record—quantities,job diary.

Structure Removal

Site preparation often requires removing or
relocating public utilities such as telephone, power,
water, and gas lines. The organization owning or
operating the utility normally does this work.
Unless otherwise specified, the contractor is respon-
sible for protecting and safeguarding all utilities
within the work area during the work. The project
engineer should check to be sure that safeguards
are in force.

Structures or obstructions may need to be
removed and salvaged or disposed of if they in-
terfere with construction or impair the usefulness
of the proposed structure. These obstructions may
be bridges, buildings, culverts, foundations, wells,
debris, or other manmade features.

The contractor must clearly understand which
structures to remove and what to do with them.
Contract drawings and specifications are to show
the disposition of all known obstructions. Since
details for demolition and removal usually are not
specified, the inspector may need only be concerned
about compliance with safety and fire require-
ments, salvage or disposal, and protection of other
elements of the work. Salvaged material is inven-
toried, delivered, and stored as directed in the
contract.

Progress as well as any instructions or inter-
pretations given the contractor are recorded in the
job diary.

Inspection checklist
structure removal

(Some items may not be listed. Some listed may
not apply to every project.)

1. Utilities—shown on drawings, identified in
field, removal, disposal, areas restored.

2. Utility owner—notified of construction,
requested to mark or move utility, requested
to be present for work.

3. Contractor—knowsutility location,
safeguarded.

4. Unidentified utility or obstruction—advise
contracting officer.
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5. Other elements of work —safeguarded.

6. Safety—workmen, ,public, signs, lights,
barricades.

7. Record—quantities, job diary.

Earthwork

The inspector on earthwork operations must be
familar with the lines, grades, and typical sections
shown on the drawings; with the specifications that
control the work; and with the staking procedures
used on the project. He or she is to carefully review
the geologic, soil mechanics, and design reports and
other information, such as test pits and rock cores,
relating to the foundation and to the removal and
placement of material. The inspector must know
the extent and intent of excavations and the
specified use of the excavated materials. As the
work progresses, he or she arranges for surveys
needed to measure quantities. The inspector sees
that earthwork is properly graded and drained at
all times. Inspection includes periodic checks of the
alignment and grade of excavations and
embankments to be sure they comply with contract
requirements and making and recording those tests
necessary to verify compliance with specifications.
Normally, excavation and earthfill are bid schedule
items, each with its own method of measurement
and payment.

The excavation is classified as common, rock, or
unclassified. It is further classified as foundation,
structural, and borrow.

Quantities of earthwork are computed from
measurements taken in accordance with contract
requirements. The variability of most geologic
deposits and formations almost insures that con-
struction quantities will differ from design
estimates. It is rarely possible to conduct so exten-
sive a site investigation as to fully define all
geologic or depositional detail. Consequently,
changes in type or classification of excavation may
be necessary.

The inspector must recognize these variations so
that timely measurements can be made. If the
variation in estimated quantity exceeds 15 percent
or if there is a change in the work or site. (General
Provision clauses 3 or 41, measurements of the

2-18

affected items will be needed. The contractor must
not be allowed to do the ”changed” or excess work
until the contract has been modified.

Since conditions may change gradually as the
work progresses, the inspector must know where
changes might occur and be alert to recognize
them. He or she should also know when a change
affects other elements of the structure to the
degree that the design is no longer adequate. By
reporting any apparent change to the project
engineer immediately, this effect can be verified
and proper action taken.

The inspector should know the capabilities and
limitations of the contractor’s equipment, plan of
operations, and proposed methods of performing
unique items of work, such as drilling, blasting,
and site dewatering. The inspector is not to require
specific methods or equipment unless they are
specified in the contract. It is the contractor’s
prerogative to provide the type of equipment he or
she considers most efficient and economical. The
contractor’s choice depends on the nature of the
material being excavated, grades to be traveled,
length of haul, working room, cost, and
availability.

Excavation

Earth, rock, or other materials are removed to
the lines and grades as shown on the drawings or
as staked in the field. The inspector must know
these requirements, especially those for the founda-
tions of embankments and subgrades of the struc-
tures, and be able to recognize conditions that may
require a change in extent or location. He or she
also must recognize latent conditions that are dif-
ferent from those described in the contract.

The classification and estimated amounts of
excavation are summarized in the contract. If
foundation conditions or excavated materials differ
significantly from those shown in the drawings or
laboratory reports, the inspector is to inform the
project engineer immediately.

Disposal of Excavated Material

To the extent needed, all suitable materials from
specified excavations are to be used in construction
of the required earth or rock fills. If specified, the
top soil must be removed and stockpiled in the
designated locations.



Unsuitable or surplus excavated material is
disposed of at the locations and in the manner set
forth in the contract. Usually, waste or surplus
materials are spread uniformly with consideration
for drainage and appearance and are not
compacted. Wet materials that are otherwise
suitable can be stockpiled for use after drying. The
inspector must require the removal and disposal of
unsuitable materials, even though this was not
originally planned or anticipated and even though
it may require that the contract be modified.

Blasting

Since blasting is hazardous, the inspector must
be especially diligent in seeing that the contractor
stores, transports, and handles blasting materials
in accordance with safety regulations and local
governing codes, in addition to meeting excavation
requirements.

Blasting operations that loosen rock outside the

planned subgrade or slope lines are generally objec-

tionable. Although the depth of holes is frequently
extended a short distance below structure subgrade
or slope to eliminate the need for secondary
blasting, the blasting of areas much below grade or
the overloading of powder may seriously damage
foundations. The inspector can check the contrac-
tor’s operations by plotting depth, direction, and
spacing of the holes on cross sections. Or the in-
spector can mathematically calculate the relation
of the holes to the finish grade to be sure they are
not too deep. Unless specified differently, the depth
of each hole and the amount and strength of the
powder used are recorded for example, 4 sticks,
60-percent blasting powder at Sta: 3+92, 10 ft
right of centerline at 3.9-ft depth.

Borrow Areas

Borrow areas are selected and approved in the
design phase. Their locations are shown on the
drawings unless the contract makes the locating
and furnishing of borrow the contractor’s
responsibility.

The inspector is to check borrow areas to verify
that adequate quantities of a suitable borrow
material are available, the site has been properly
cleared, and provision has been made to dispose of
unsuitable material. In determining that adequate
material is available, the shrinkage of any fine-
grained soils taken from the “bank” to the “com-

pacted embankment” condition or the bulking of
blasted rock (bank to embankment) must be taken
into account. If the borrow quantities do not appear
to be adequate, the inspector must advise the proj-
ect engineer immediately. If the borrow material is
included as a pay item, cross sections will be
required before and after removal to determine the
quantity of borrow material excavated. Borrow
areas must be graded and drained as specified.

Diversion and Control of Water

Methods and equipment used to divert
streamflow or to dewater the site can affect the
stability of the subgrade or foundation and its
ability to safely support design loads. The contrac-
tor is responsible, unless otherwise specified, for
designing and building needed diversion works.
The contractor must provide the equipment and
operate it in a manner that keeps foundations,
structures, and borrow areas free of excess water.
The inspector is to check diversions and dewatering
installations and operations to be sure that the
project site is dewatered or protected adequately.

Foundation

A properly prepared foundation is essential for a
safe and effective structure. The foundation must
support the structure, and the structure must be
bonded to the foundation. Conditions to watch for
are slippage planes, soft unstable materials, and
free water from seeps or springs.

Foundations fail when:

* Foundation material is displaced by the
structure.

¢ The foundation consolidates at different rates or
to different degrees, cracking the embankment
or breaking the bond with the structure.

¢ The strength of the foundation decreases
significantly when saturated.

» Slippage planes in the foundation cause
displacement.

* Permeable strata in the foundation permit
seepage, causing an uplift pressure or a loss of
water.
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The abutment areas of the foundation are
frequently the most difficult to prepare properly.
Unless talus material, slippage planes, and rock
surfaces are given special attention, they may be
covered up during construction and not be treated
properly. Foundations should be scarified, have
moisture added when needed, and be compacted to
the specified density.

Fat clay soils and some clay shales change
volume measurably during wetting and drying. It
is imperative they not be permitted to lose
moisture. If already desiccated, it may be necessary
to add moisture before proceeding with construc-
tion. The rate of the wetting and the time allowed
for a thorough distribution of the moisture depends
on the response of the soil. Covering the material,
excavating the final few inches just before back-
filling, maintaining the moisture level artificially,
and rapidly placing the initial stages of the
embankment or structure are all methods of
alleviating moisture loss.

Rock foundations must be cleaned carefully to
permit a satisfactory bonding with the embank-
ment or structure foundations. Earth and
weathered material may have to be removed from
the surface and from any cracks or crevices.
Washing and brooming may be necessary, par-
ticularly where concrete mixtures are to be applied.
Overhanging rock or other undesirable formations
should be removed or corrected by filling with con-
crete so that direct contact with the structure is
ensured.

Under certain conditions, the subsurface area
below the foundation must be grouted. The loca-
tion, depth, and mixtures of the grout materials
needed will be indicated on the drawings and
specifications. Each location presents a distinct
problem, and changes or additions may be required
as the work progresses.

The inspection staff is to check and approve all
foundations before the earth embankments or other
structural materials are placed.

Inspection checklist:
earthwork

(Some items may not be listed. Some listed may
not apply to every project.)
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All excavations
1. Limits—clearly marked.
2. F’reconstruction measurements—complete.

3. Stripping and cleanup—area, depth, disposal of
materials.

4. Excavated foundation material —as anticipated
in design, significant differences considered
with engineer.

5. Subgrade—satisfactory surface, density,
elevation.

6. Dewatering, drainage, and diversion systems-
meet requirements.

7. Oversize rock, loose rock, and roots, etc.-
removal, disposal.

8. Cauvities or depressions—cleaned, properly
filled.

9. Scarification, moisture, and compaction—meet
requirements.

10. Final grade and finish grade—meet
specifications.

11. Final measurements—complete.
12. Record—quantities, job diary.
Additional items for rock excavations

1. Drilling plans, blasting plans, and personnel-
approval.

2. Storage, handling, and use of explosives-
proper procedures, meet codes and safety
requirements.

Protection of public—meets requirements.

4. Protection of surrounding area—meets
standards.

5. Blasting areas—Ilimits not exceeded.

6. Rock foundation—cleaned, moistened for dental
grout.

7. Dental grout—complete, cured, protected.




Embankment and Backfill

The availability and quality of material and the
foundation conditions are major factors in deter-
mining the type of dam that can be economically
constructed at a given location. Most dams in SCS
projects are constructed of soil or rock, or a soil
and rock combination.

The inherent variability of earth materials
requires a greater tolerance in design and construc-
tion than for most other construction materials.
Materials range from fine-grained soils (50 percent
or more passing a No. 200 sieve)to rocky soils
(predominantly gravel and cobbles) or combinations
of these. The kinds of soil available at a site, their
engineering properties, and the purpose of the
structure directly influence the design.

Homogeneous embankments (single zone) are
generally designed for sites having materials of
about the same gradation and properties. Multiple-
zoned embankments may be designed if there are
two or more different kinds of soil. The inspector
must be sure that the material being placed in the
embankment meets specifications. If there is
significant variation in the material from that in
the boring logs, the design engineer should deter-
mine if the material is suitable.

The proper use of earth as a construction
material requires special attention in selection,
moisture control, and compaction. Specificationsare
written and must be complied with explicitly to
obtain the best quality embankment possible.

Inspection of embankment construction requires
knowledge, experience, and judgment, plus the
exercise of authority to ensure compliance with the
specifications.

Embankment Construction

Earthfill

Material requirements.—Normally, em-
bankments are constructed from the most suitable
materials available at or near the site. The
physical properties of these materials must be
analyzed to determine their characteristics, such as
permeability, strength, and compressibility. Well-
established laboratory and field tests have been
developed for this purpose. Interpretation and
evaluation of test results predict the suitability of
the material for the type of structure planned.

The Unified soil classification system, developed
by the US. Army Corps of Engineers and U.S.

Department of Interior, Bureau of Reclamation, has
been adopted by SCS as a standard for all
engineering work. This system is published as
ASTM D-2487. ASTM D-2488 provides field
methods for classifying soils in accordance with the
Unified system. All SCS engineers and inspectors
working on construction must be familar with the
classification system and the procedures outlined in
these standards.

In the Unified system, soils are classified
according to their texture, plasticity, and perform-
ance as construction materials. The engineering
properties of soils pertinent to the satisfactory per-
formance of an earth embankment are (1) shear
strength, {2) deformability, (3) resistence to piping,
(4) compressibility, and {5) compactibility. For
structures designed to store water, another impor-
tant property is low permeability.

An example of how the Unified system can be
applied to engineering uses of materials is shown
in table 2-1.

The four properties shown are permeability,
shearing strength, compressibility, and workability.
The relative desirability of the soils in rolled earth
dams, channel sections, and foundations is
indicated by a numerical rating ranging from 1as
the most desirable to 10 as the least desirable.

Classifying soils according to the Unified system
alone does not always provide enough information
to predict soil performance. Gravelly and stony
soils used as compacted embankment material have
been classed by SCS in three groups and three
subgroups on the basis of the durability of the
coarse rock and soil material. The details of this
classification and its use are explained in SCS
Technical Release No. 26, “The Use of Soils Con-
taining More Than 5 Percent Rock Larger Than
the No. 4 Sieve” (December 1964).

Embankment details in the construction drawings
and specifications are generally based on the
laboratory tests of samples taken from the founda-
tion and borrow areas at the structure site. The
inspector must determine (1) if materials being
placed in the embankment differ significantly from
the test samples and (2) that, for zoned fills or
selective placement, specified materials are routed
to correct locations in the embankment.

Control of materials and placement.-
Materials are selected, placed, and compacted
uniformly in each zone or in a gradual transition
between zones in accordance with the contract
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requirements. The addition of water and the
blending of embankment materials must be in-
spected carefully.

Before placing any structure or fill material, the
subgrade and all trenches in the foundation must
be inspected to ensure that they meet specifica-
tions. Some soils tend to shrink and crack when
exposed to the air. If the foundation soils become
dry and cracked, they must be removed and
replaced or reworked with moisture added as
necessary to ensure a competent foundation.

Unless otherwise permitted in the specifications,
the foundation must be free of surface water when
the earthfill is placed. Earth materials are spread
in loose, approximately horizontal layers to depths
not exceeding specified limits. All roots, vegetative
growth, oversize rocks, and other debris that may
have been brought to the embankment must be
removed. Any large hard lumps or masses of soil
must be pulverized by disking, harrowing, or other
means and brought to the proper moisture content
before compacting. The inspector is to make sure
that a new lift is not placed on a smooth or frozen
surface and that snow, ice, or frozen materials are
not mixed with the fill materials. All lifts must be
well bonded.

During construction, the embankment top surface
must be maintained approximately level with just
enough slope for the drainage, regardless of the
number of zones or the types of earth material.
Unless otherwise specified, this slope should drain
upstream.

Moisture control.—Each soil mixture has a
specific moisture content at which a given compac-
tion effort will produce the maximum density. Soil
density increases up to a point as the water con-
tent is increased, then decreases as more water is
added. The water content at the point of maximum
density is the optimum moisture content for that
soil mixture at the compaction effort.

The maximum density is related to the compac-
tion effort. For most soils as the compaction effort
is increased, the maximum density increases and
the optimum moisture content decreases. A
moisture density curve can be drawn for each com-
paction effort for any given soil. Moisture content
(percent of dry weight) is plotted as the abscissa,
and density of compacted soil (pounds per cubic
foot) as the ordinate (fig. 3-50). Test procedures
and methods for preparing moisture density curves
are presented in ASTM D-698 and D-1557.
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The moisture content of the fill materials must
be carefully controlled. Moisture can be added or
removed much more effectively and efficiently in
the borrow area. Both processes take time for good
distribution of the moisture throughout the soil
mass. By working in alternate borrow areas the
production is not delayed. If moisture is added or
removed on the embankment, it is very difficult to
keep the rate of placement low enough to get
proper distribution and the process of mixing or
aerating is very costly. Inspection and testing then
become more critical. It is possible to have the
proper moisture content without good distribution.

The contractor is responsible for controlling the
moisture content and density of the embankment
and backfill materials. Historically, SCS has per-
mitted the contractor to base this control on SCS
testing. The contractor can also make his or her
own tests. Figure 2-2 is a quick reference for
estimating the number of gallons of water required
for a given soil to increase the moisture content
one percent. The dry density of the material must
be known or estimated.

Compaction.— Contract specifications state the
degree of compaction or the type and performance
of the compaction equipment needed. They specify
the rock and soil materials to be used and the tests
to be performed.

Systematic placing and processing are necessary
to be sure that all materials have the proper
moisture and compaction.

If the surface of the embankment is allowed to
dry out or attain a smooth, glazed condition during
construction, the next lift will not bond with it. If a
bond is weak, a 1-to 2-in. vertical slice of the com-
pacted fill removed by a shovel will always break
at the contact of the lifts.

If a ramp is to provide access to the embank-
ment, it should be insulated from the embankment
by a few feet of the material to avoid a high
density at that location.

Manually directed tampers or other approved
equipment is used to compact parts of the embank-
ment not accessible to heavy rollers. The lift
thickness should be reduced to that specified for
the backfill.

After a temporary or seasonal shutdown, the
moisture and density of the surface of a partial fill
must be checked for compliance. It may be
necessary to recondition or remove part of the
material before resuming placement operations.
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Table 2-1..—Engineering use chart (from ""The Use of the Unified Soil Classification System by the Bureau of Reclamation"'
by A. A. Wagner, an article published through the Bureau of Reclamation, USDI, Denver, Colorado)

Important properties

Relative desirabil

Jor varrtous uses

Rolled earth dams Canal sections Foundutions
Shearing | Compress
T}pic_?l names CI';I?;:J ;‘)'_ Pz:t;r_:ea- :!re;rgrh bf:'f!}'_ o c S
of soil groups y i ility when when omo- . om- eepuge
when com- rom- geneous | -~ Shel Em‘“?_’ pacted Seepage n’;:
compacted | pacted and | pacted enc embank-| “°¢ el resiy earth fm- -
saturated | saturated menit ance lining portant portant
Well-graded gravels gravel-sand
muxtures, little or no fines GW pervious excellent [ negligible | excellent -— — I 1 - -- |
Poorly graded gravels, gravel-
sand mixtures, litile Or no finer GP cry perviot good negligible good - - 2 2 — - 3
Silty gravels, poorly graded Hi-perviot
gravel-sand-silt mixtures GM y UMperviot good negligible good 2 4 — 4 4 ! 4
Clayey gravels poorly graded . .
gravel-sand-clay mixtures GC imperviou go?d to | very low good 1 I _ 3 ! 2 6
ar
Well-graded sands gravelly 3
sands, little or no fines SW pervious excellent | negligible | excellent — - if 6 - -- 2
gravel
4 7
Poorly graded sands gravelly ir if
sands, little or NO fines AYd pervious good very low fair — — |gravel: ;ravglly — — 5
5
Silty sands, poorly graded sand- mi-perviou if 2rosion
Silt mixtures SM ' impervioc good low fair 4 5 — mavelly | critical 3 7
Clayey sands, poorly graded goed to
sand-clay mixtures SC impervious fair low good 3 2 — 5 2 4 8
Ioorganic SIIIS and verly fine
sands, rock flour, silty or 6
clayey fine sands with gllght mi-perviou zrosion
plasticity ML , imperviou fair medium fair 6 6 — —_ critical 6 9
Inorganic clays of low to mediumr
plasticity, gravelly clays. sandy good to
clap, silty clays. lean clays CL mpervious fair medium fair 5 3l — 9 3 5 10
7
Organic sills and organic silt- mi-perviou TOSion
clays of low plasticity oL imperviou poor medinm fair 8 8 —_— - znitical 7 11
Inorganic silts, micaceous oOr dia-
tomaceous fine sandy or silty mi-perviou | fair to
soils, elastic silts MH imperviou poor high poor 9 9 — - — 8 12
8
Inorganic clays of high plasticit solume
fat clays CH mpervious poor high poor 7 7 — lo :hange 9 13
rritical
Organic clays of medium to high
plasticity . OH mpervious poor high poor 10 10 - — — 10 14
Peat and other highly organic
roils Pl — — — e _ _ — - — —
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This graph can be used to
arrive at the gallons of water

of the material at the time
the water is added. (In-bank
density, loose density, or
compacted density.)

EXAMPLE: Material has a mois-
ture content of 14%. Optimum
moisture content is 20%. Water
is to be added to material on
Fill. Estimated density at
time water is added is 100#/ft3
How much water will be required
to raise moisture content to
optimum?

From Graph: 3.24 gal./cu.yd./1%
increase in moisture
content where density
= 1008/ft3

Water Required: 3.24(20-14)=
19.4 gal./cu.yd.



Moisturedensity determinations.—The contract
specifies tests for determining the density of the
soil in place. The moisture content is usually
specified in a range near optimum, and the density
is specified as a percentage of the maximum for the
moisture-density relation.

The inspector must know that materials being
placed in the fill are the same as the samples
tested in the laboratory. In some soils, field
classification alone confirms this. But generally,
borrow materials are so variable that moisture-
density relations must be determined frequently as
the work progresses. If the field test values vary
significantly from those used in the design, the
inspector must inform the engineer immediately.’
Field density tests made on the compacted fill
should verify that fill densities at all times equal
or exceed the percentage values cited in the
specifications. For some materials a maximum
density may be specified.

More frequent density tests of the inplace fill
should be taken at the start of the work so that the
inspector can quickly become experienced in
judging the behavior of the materials and their
reactions to the compaction, and in evaluating the
consistency and effectiveness of the contractor’s
operation.

The number of inplace density tests needed
varies and is largely a matter of judgment based
on the contractor’s operations and on test results.
At the start of the work the project engineer
should plan the minimum number of moisture-
density tests required for the various zones and
locations on the project. Since these moisture-
density tests verify acceptable performance, the
minimum should be one test for each work shift.
Borrow material, operating conditions, and other
variables may warrant more frequent testing. Some
critical areas are those near structures, in cutoff-
trench backfills, in material compacted by
manually directed tampers, and at contacts with
abutments.

Parts of the fill not meeting the specified density
must be corrected by (1) removing and replacing
the fill, (2) scarifying, correcting the moisture con-
tent, and recompacting the fill, and (3) additional
rolling.

Insufficient compaction can occur most easily at
areas where:

‘Field procedures for determining the density of soil in place
are outlined in Chapter 3.

8 There are junctions between mechanically
tamped and rolled parts of the embankment
along abutments, pipe conduits, risers, or other
restricted locations.

e Rollers turn during compaction operations.
s Too thick a layer is placed.

8 The moisture content of the material is not
correct.

8 Insufficient roller passes are made.
e Dirt-clogged rollers are used.
e Oversize rock is overlooked.

8 Materials are placed at near-freezing
temperatures or contain minor amounts of frost.

8 Rollers lose part of their ballast.

8 Materials differ substantially from the average.

Overcompaction can be just as bad as insufficient
compaction. Overcompaction caused by the travel of
haul equipment or by other construction operations
should be avoided.

Accurate locations must be recorded for each field
test. The location and number of each test should
be marked on the plan and profile drawings of the
structure to facilitate representative sampling of
the total embankment. If a test indicates that the
fill does not meet specifications, at least one addi-
tional check test must be made close by to verify
results of the first test before the contractor is ad-
vised that the fill does not meet specifications. The
limits of unsatisfactory fill should be defined. The
reworked material should be tested.

Forms, SCS-ENG-530, B through | (fig. 3-14,
3-15, 3-19, 3-29, 3-30, 3-34, 3-35, and 3-40), and
SCS-ENG-532 (fig. 4-11, are appropriate for record-
ing these tests. Job diary entries must note un-
satisfactory tests, citing the test number, results
obtained, and corrective actions taken.

Coarse-Grained Soils

Materials that contain 5 percent or more gravel
and cobble retained on a No. 4 sieve are termed
coarse-grained soils. Compaction-control methods
for these soils may be different from those used for
fine-grained soils.
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The drawings and specifications are to show the:

8 Source and type of the materials.

8 Location for placing the materials

8 Maximum thickness of the uncompacted layers.
e Maximum size of the rock.

e Compaction method (usually the number of
passes of a specified type and weight of compac-
tion equipment).

e Limits, if any, on the moisture content for
compaction.

The drawings will show the specified zones where
coarse-grained soils are to be placed. Materials
must be thoroughly mixed so that fines are
distributed throughout the mass.

The moisture content of the coarse-grained soils
may or may not be critical, depending on the fines
in the material. If the fines are noncohesive, ex-
cessive moisture generally has little effect on com-
paction. Usually, coarse-grained soils compact best
when dry or completely saturated. Sand placed at
certain low-moisture contents tends to bulk, which
can seriously affect the density of the compacted
soil. Bulking can be overcome by altering the
moisture content or by using vibration for the com-
paction. If the fines are plastic, the best compaction
is attained when the moisture is at or near
optimum.

If no density is specified, compaction is controlled
by the method of placement. Occasional density
tests on large samples are helpful in evaluating the
effectiveness of the compaction method.

Rock

Rockfill consists of rock fragments that are
reasonably hard, durable, and larger than gravel-
size material. Generally, rockfill contains little or
no sand and finer earth materials.

Drawings and specifications are to show where
rock materials will be placed. They may include
rock type, thickness of lifts, gradation, maximum
size, and percentage of fines.

Usually, materials are dumped on the compacted
lift and then spread uniformly. Compaction equip-
ment must meet job requirements. Clustering or
nesting large stones must be avoided, and adequate
spalls or gravel materials must be available to fill

large voids. If rock is placed in conjunction with
earth or filter zones, the construction procedure
should be such that the earth and rock materials
do not intermix.

Test Fills

Test fills may be needed to provide workable
design values and construction control specifica-
tions for soil with more than 35 percent hard
durable rock that is retained on a No. 4 sieve.
Usually, mass density is the basis for compaction
control of these materials. Mass density varies with
the amount, size, and shape of rock particles, with
the plasticity of the matrix materials, and with the
compaction applied. The size of rock in the
materials to be used often exceeds the maximum
size that can be tested in the laboratory.

Theoretical adjustments in density to account for
oversize rock can resuit in density predictions that
are not realistic. Test fills overcome this problem
and provide a sound basis for design and construc-
tion control.

Test fills are almost essential to determine design
values and Construction controls for soils having
shale, sandstone, and other degradable materials
that are retained on a No. 4 sieve.

The density of degradable coarse-grained soils
varies with the amount of breakdown or degrada-
tion achieved with the construction equipment.
Shear strength and permeability also depend on
the degree of breakdown achieved. If test fills are
specified, procedures for constructing will be stated
in the contract. Some of the following may apply:

e Place material from the proposed borrow sources
in the test fill. If this is not possible, such as in
deep cuts for emergency spillways, take material
from adjacent identical deposits that are exposed
and available.

e Whenever practical, construct test fills in loca-
tions that can be incorporated into the final
embankment.

Make sure the test fill is at least 2 ft thick
before testing. When building on a soft founda-
tion, make sure the test fill is at least 4 ft thick
before testing.

o Make test sections at least 30 ft wide and 200 ft
long to provide realistic space for the placement
and rolling.



e When testing and evaluating test fills:

o Determine the gradation of the material
before and after compaction.

e Determine the inplace dry density of the
mass.

o Keep detailed records on the type and kind of
processing used, compaction equipment used,
number of passes, lift thickness before and
after compaction, equipment performance,
wetting or drying, borrow excavation, and se-
guence of operations on the fill.

o Collect undisturbed cores or hand-cut samples
of shales, sandstones, or other degradable
material from the test fills.

o Reference all tests pertaining to the final prod-
uct at a specific location to the same immediate
area and elevation; that is, make gradation
samples before and after the compaction, make
inplace density tests, and take core samples as
close to the same station and elevation as
possible.

& Test at least four locations for each change in
the material or variance in the type or perform-
ance of the equipment. Place test areas at least
25 ft from the ends and 5 ft from the sides of
the fill.

e Sample and test material in the lift below the
surface lift. In some soils, it may be necessary to

sample deeper than this to measure compacted
properties o the fill.

e Make tests in at least three separate lifts of
material.

Backfill Construction

Backfilling is the placement of the various types
of earthfill needed for the installation of such
features as concrete structures, pipelines, and
culverts. Backfill materials are supplied from the
required excavation or specified borrow areas.

Testing for backfill requiring density control is
done in the same way as on compacted em-
bankments. Cohesionless, free-draining materials
usually are placed according to a specified pro-
cedure and may not require density testing. The
quality of materials, moisture control, and compac-

tion is usually given in the same way as the re-
quirements for the placement of embankments.

Generally, the control techniques outlined
previously for the embankments, including records
and reports, also apply to the backfill. Placing com-
pacted backfill to meet a specified density requires
careful inspection of the materials, amount and
uniformity of moisture, gradation, and layer
thickness. All backfill must be placed to the lines
and grades shown on the drawings.

When backfilling around and over structures, the
contractor must conformto the specified time and
loading limitations.

Finishing

Embankment and cut slopes must be dressed to
the lines and grades that are specified or are
staked in the field. All cut-and-fill surfaces should
be smooth and pleasing in appearance. All stones,
roots, and other debris must be removed from the
site or disposed of as required.

If specified, topsoil is spread as a top dressing on
the embankment, cut slopes, and other disturbed
areas to provide a seedbed for vegetation. More
favorable bonding of the material is obtained on
the embankment slopes if the topsoil is placed
during construction rather than after the embank-
ment is finished.

Inspection checklist:
embankments and backfill

(Some items may not be listed. Some listed may
not apply to every project.)
1. Preconstruction measurements—complete.
2. Stakes—set, marked.
3. Excavations—proper limits.
4. Dewatering—drainage, diversion systems
5

. Access and haul roads—properly located and
constructed.

6. Haul ramps—sufficient depth (prevents uneven
compaction).

7. Fill materials—properly blended, within zone
limits.
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10.
11.

12.

13.

14.
15.

16.
17.
18.

19.

20.
21.
22.
23.
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Frozen materials—none.
Lift thickness—as specified.
Moisture requirements—satisfied.

Foundation or embankment surface—
conditioned for bonding, grades, density.

Oversize stones, roots, and debris—removed,
disposed of.

Embankment surface —approximately horizon-
tal, sloped for drainage.

Moisture-density —as specified.

Moisture-density relations—appropriate for
materials.

Embankment section—line, grade.
Concrete strength—adequate for backfill.

Rock and coarse-grained materials—gradation,
quality.

Rock zones—equipment, method, thickness,
gradation.

Topsoil —composition, thickness.
Final grade and finish—as specified.
Final measurements—complete.

Record—tests, quantities, job diary.

Concrete Construction

Concrete is used as a construction material in a
wide variety of structures. Since the quality of the
concrete depends largely on the workmanship, all
phases of the concreting operation must be in-
spected carefully The size of a job is not a true
index of the complexity. Some small jobs may need
closer inspection than large ones.

Because many excellent publications relating to
concrete design, manufacture, and placement are
available (see Chapter 5, Concrete), most of the
discussion in this handbook is confined to various
inspection phases that pertain to the actual
construction.

Job Requirements

Contract drawings and specifications designate
the concrete class, admixtures, procedures for
quality control, and control of the mixture. General
requirements for the strength, uniformity, dura-
bility, water tightness, resistance to wear, ex-
posure, and other destructive agents of concrete are
considered in the design. These requirements are
satisfied by a careful selection, proportioning, and
gradation of the aggregates, by control of the
water-cement ratio, and by use of the proper
methods of mixing, placing, and curing.

Three general types of concrete construction are
formed work, slabs, and mass concrete. Quality of
formed concrete is complicated by the limited space
into which the concrete must be placed and by
restrictions imposed by the reinforcing steel. It is
extremely important that the concrete be properly
vibrated and spaded so that it is dense, smooth,
and free of honeycombing. In slab construction, the
surface must be finished and properly protected
when the concrete is placed. Special problems with
mass concreting are controlling the temperature
caused by the heat of hydration and securing a
bond between consecutive lifts.

Control of Concrete Mixture
Proportions

Water-Cement Ratio

Concrete is a mass of relatively inert aggregates
bound together by a paste of chemically active ce-
ment and water. The strength of concrete depends
largely on the quality of the cement and water
paste. As the paste is diluted, the strength and



durability of the concrete are reduced. Designing a
concrete mixture, therefore, consists of (1)selecting
the water-cement ratio (gallons/bag of cement) that
produces concrete of the desired strength and
resistance to exposure and (2) finding the best com-
bination of aggregates for workability and
economy. The water-cement ratio expresses the
total available water. Often aggregates, particu-
larly sand, contain free water. This free water
must be included, and the amount of water added
must be adjusted. The mixture usually is designed
with the lowest water-cement ratio that will meet
project requirements. Inspectors must be sure that
excess water is not introduced into the mixture,
regardless of its source.

Workability

Workability is a measure of the effort with which
the ingredients of concrete can be mixed, placed,
consolidated, and finished satisfactorily. A
workable mixture has a uniform character and
plastic consistency. Well-graded aggregates, en-
trained air, and certain admixtures increase
workability. Concreting in narrow forms with
closely placed steel requires a highly workable
mixture.

The slump test is used to measure workability.
Workers can get a feel of the workability by
trowelling the fresh concrete. Concrete that has ex-
ceeded the time limit in the mixer becomes harsh
and unworkable, and tends to segregate.

But slump tests may only be indicators. Two mix-
tures with the same slump can have contrasting
workabilities, such as one mixture being more
plastic and showing far less tendency to segregate
during handling. A change in water content or a
change in the gradation of aggregates, especially
the fineness of sand, affects workability.

Aggregates

Fine and coarse aggregates amount to two-thirds
to three-fourths of the volume of concrete, and their
characteristics influence the proportions to use. Ag-
gregates must be clean, hard, durable, and properly
graded. The maximum size has an important bear-
ing on the relative proportions, workability,
economy, porosity, and shrinkage. The larger the
maximum size, the smaller the amount of mortar
and paste required for a given concrete quality.
Because walls and other structural members are
relatively thin in much SCS work, the maximum
size of aggregate is generally limited to 194n.

Generally, the maximum size of aggregates is one-
fifth of the minimum dimension of the member or
three-fourths of the clear spacing between reinforc-
ing bars and forms.

Job Mixtures

The specifications state whether the engineer or
the contractor is to design the concrete mixture.

The design is based on representative samples of
the ingredients that the contractor proposes to use
in the work. Trial mixtures and compressive
strength tests are required to prove the proposed
mixture is acceptable for the job. It may be possible
to select a satisfactory job mixture from designs
and test data that the plant has on hand.

If the contractor is responsible for the job mix-
ture, he or she must submit a statement of the
materials intended to be used for each specified
class of concrete. This statement must include
evidence satisfactory to the engineer that the
materials and proportions selected will produce con-
crete of the quality, consistency, and strength
specified. The engineer should carefully check this
information.

Sometimes the information of the trial mixture
submitted by the contractor shows a slump to be
near or below the minimum specified for the work.
To produce concrete of the specified quality
through the full range of slump, the mixture must
be designed for the maximum slump.

Acceptance of concrete is based partly on the
compressive strength. Because there is an inherent
variation in the testing of cylinders and in the
batching of concrete, the contractor should select a
mixture that provides an additional margin of
strength. This margin will help ensure that the
strength test values do not fall below the specified
strength. For 4,000 1b/in? class concrete with good
control of batching and testing this margin is about
600 1b/in2.

Regardless of who designs the mixture, the in-
spector must be alert to detect any deviation from
the approved mixture in the concrete delivered on
the job.

Before Concreting
Inspection and Testing of Materials
The engineer must determine that all contract re-

guirements for testing and approving concrete
materials have been met and that satisfactory con-
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trol is ensured, including batching, mixing, and
other items of manufacture.

Materials must be inspected frequently to see
that they continue to meet requirements. Specifica-
tions must be explicit in defining the tests that
apply. Actual testing of manufactured products,
such as cement, admixtures, and steel reinforce-
ment, may not be needed if the manufacturer or
supplier furnishes properly documented evidence
certifying that the materials furnished for the job
meet specifications. Certifications must be received
before the product is used. Any omissions or ir-
regularities in the certificates must be cleared up
or detailed tests must be made of the product
before permitting its use in the work.

Cement.—Five basic types of portiand cement are
manufactured:

o Type | (mormal)—ordinarily available; used in
general construction where special properties of
the other cements are not required.

e Type 11—used where the structure is exposed to
moderate sulphate action or where moderate
heat of hydration is needed; tricalcium
aluminate content must never exceed 8 percent
(some contracts require an even smaller
percentage).

o Type IIT (high-early-strength) —used if high
strength is needed at an early date; used in cold
weather to reduce the heating period; often it is
a finer grind; often it contains increased
amounts of tricalcium aluminate.

o Type N—used for minimizing the amount and
rate of heat generation.

e Type V (sulphate-resistant)—used in concrete ex-
posed to severe sulphate action; it has a very
low tricalcium aluminate content, usually less
than 5 percent.

The suffix “A” added to Types I, 11, and III in-
dicates that an air-entraining agent is included in
the cement. The suffix “P” added to Type | in-
dicates pozzolan cement. The suffix “S” added to
Type | indicates blast-furnace slag cement.

The cement used must meet contract specifica-
tions. If more than one type of cement is required,
the inspector must make sure that each type is
used only for the parts of the work for which it is
specified. The cement should be inspected to make
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sure it has not been contaminated or damaged by
moisture, even if satisfactory certifications are in
hand.

Aggregates.— The inspector must constantly
check on the concrete aggregates furnished
throughout the job to be sure that they meet the
specifications. The sampling, testing, and grading
of aggregate must conform to the contract
specifications.

Samples of aggregate selected for testing must be
representative of the materials used on the job.? If
required, the contractor is to advise the contracting
officer of the source of aggregate at least 35 days
before the aggregate is used so that it can be
tested. The contractor should also furnish test data
at this time that verifies that the aggregate meets
contract requirements. When the material has been
accepted, no change in the source or gradation is
permitted unless approved by the engineer.

Water.—Water used in the concrete must be free
of injurious amounts of sewage, oil, acid, alkali,
salts, silt, or organic matter. Normally, a water
supply is not a problem. If there is doubt, samples
must be submitted to a recognized laboratory for
tests before using the water in the mixture.

Curing compound.—The curing compound must
be delivered to the worksite in its original con-
tainer that carries the manufacturer’s name and
the brand name. Compounds must be protected
against freezing if they are water emulsions.

Foundation Preparation

Design requirements and the type and condition
of the foundation material dictate the work
necessary to prepare the foundation to support or
abut a structure. Detailed requirements in the proj-
ect drawings and specifications must be carefully
followed.

Rock.—The surface of the rock subgrade should
be sound, completely exposed, dressed to a fairly
uniform surface, and moist. Rock surfaces should
be cleaned of loose and drummy rock, flaky or
scaly coatings, organic deposits, and other foreign
materials unless otherwise specified. Cleaning with
steel brooms, picks, sandblasters, high-velocity
water and air jets, or any other means is accept-
able if it does the job satisfactorily. Often the con-
tract provides for overexcavation with a backfill of

‘Testing requisites arnd procedures are n ASTM D-75.



earth or granular bedding material to meet the
subgrade elevation. The inspector should check for
high points in the rock, for acceptable compaction,
and for an even surface of the bedding materials.

Earth.— Earth foundations are cut to grade and
uniformly compacted to the degree specified.
Subgrade surfaces prepared for the concrete must
be moist but not wet when the concrete is placed.
Moisture penetration into the subgrade should be
at least 2 in.

Adequate drainage.— Underdrains are con-
structed of sand and gravel and often include a
pipe conduit. The aggregates specified are sized
and graded to provide proper drainage and to ex-
clude soil material. The inspector must be sure
that the material is not allowed to segregate as it
is placed and that waterproof materials, if re-
quired, are placed over the drain material to pre-
vent mortar from entering and sealing it.

Inspection checklist:
foundation preparation

(Some items may not be listed. Some listed may
not apply to every project.)

1. Concrete subgrade—location,dimension, grade,
moisture, free from frost, ice, mud, and water.
2. Subgrade backfill —specified material, density.

3. Overexcavation—measured if pay items,
satisfactorily corrected, documented.

4. Filter material —properly placed, proper grada-
tion and compaction.

5. Waterproof materials (membrane)—inplace.

6. Rock foundations—sound, completely exposed,
clean, reasonably uniform surface, moist.

7. Adjacent concrete surfaces—clean, no laitance
or curing compound.

8. Record—job diary.

Forms

Forms for the concrete structures must be tight,
rigid, and strong enough to sustain the weight of
the concrete, men, and equipment during the con-
creting. Loose forms permit bleeding of the mortar,
resulting in honeycombing or sand streaking.
Forms must be aligned and graded as specified, be
adequately braced on the outside, and have the re-
quired spacers and form ties installed to maintain
their position during the concreting operation.
Figure 2-3 shows form design, anchorage, and tie
spacing.

A frequent blemish on formed concrete surfaces is
an offset at the horizontal construction joints where
the forms have spread a fraction of an inch at the
bottom of a new lift. To prevent these offsets, the
forms must be tightly anchored against the sides
and near the top surface of the previous lift by an
ample number of form ties. Contact surfaces of the
forms must be smooth, mortar tight, and free of
holes and offsets. If metal forms are used, surfaces
must be smooth and clean but not be abraded to a
bright finish. Sheathing, studs, and wales used in
the forms must be of the proper dimensions and
spacing to withstand the hydrostatic pressure ex-
erted by the fresh concrete. Before the concrete is
placed, form surfaces must be coated with a non-
staining oil. Oil must not get on the construction
joint surfaces or reinforcing bars.

Inspection checklist:
forms

(Some items may not be listed. Some listed may
not apply to every project.)

1. Forms—location, alignment, dimension (use
transit or plumb line on risers and other high
walls), structural strength, bracing, form ties
as specified.

2. Form surfaces—clean, smooth, oiled, free from
holes and blemishes, mortar tight.

3. Chamfer, screed, grade strips, and embedded
items—positioned accurately, firmly anchored.
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4. Metal forms—clean, not abraded to a bright
surface.

5. Form oil—none on construction joints, reinforc-
ing steel, or embedded items.

6. Chips, blocks, sawdust, dried mortar, dirt, and
other foreign materials—removed, preferably
by air or water jets.

7. Inspection openings of deep, narrow forms—
built before concreting starts, with doors to
close them.

8. Drop chutes, elephant trunks, and tremies—
available if required.

9. Reinforcing steel—free of loose rust, mill scale,
or mortar coatings from previous lifts.

10. Scaffolds, platforms, railings, and ladders,
etc.—preperly constructed and used.

11. Record—job diary.

Embedded Items

Items such as anchor bolts, inserts, pipe sleeves,
pipes, conduits, wiring, manhole cover frames, in-
struments, and other embedded fixtures or
mechanical equipment must be firmly fixed in posi-
tion before the concrete is placed unless otherwise
specified. Correct locations of the embedded items
must be verified from the drawings and specifica-
tions. Where wooden inserts, keys, joint fillers, and
similar items are used, they must be constructed so
as not to damage the concrete during removal. All
embedded items must be free from rust, oil, grease,
paint, or other coatings, unless otherwise specified,
and protected against damage during and after the
concreting. Bolt threads or polished surfaces must
be checked for proper covering. Light metal sleeves
or boxes must he checked for internal bracing.
Open pipes or conduits must be checked for capping
or plugging.

Forms must be readily accessible for proper plac-
ing and vibrating of the concrete and for inspection
during the concrete operations. A scaffold will fre-
quently be needed. Openings (doors or ports)
through the forms must be big enough and ade-
quately spaced for efficient operation and comply
with the specifications for placing the concrete.
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Joints and Water Stops

Contraction joints.—These joints are constructed
to control the location of cracking. They extend
into the concrete surface one-fourth to one-fifth the
thickness of the member and provide a place of
weakness for drying-shrinking stresses to be re-
lieved. The depth of the joint is important; if it is
too shallow, cracks will occur at other locations; if
it is too deep, the member is weakened. Exposed
contraction joints can be sawed with power saws
after the concrete has hardened sufficiently (about
10 hr or when the saw does not scuff the edge of
the joint). Joints can also be formed by templates
or be cut with hand-finishing tools. Joints made in
plastic concrete may not retain their shape and
may require recutting.

Expansion joints.—These joints separate con-
crete segments and act as positive breaks in the
total unit. They allow changes in the shape or
dimension of a separate segment without introduc-
ing damaging stresses in other segments. Such
joints consist of preformed materials or are con-
structed by forming keyways or overlapping sec-
tions. The joint and the bond-breaking material
will be specified. Joint materials must be carefully
aligned and held securely in place. Joints in con-
tinuously placed slabs should be positioned on the
unsupported side. Any protruding joint filler can be
cut off with a sharp tool after the concrete hardens.

Preformed materials placed in the formed walls
should extend the full thickness of the wall.
Chamfer strips are placed on exposed surfaces
along both sides of the expansion material. After
forms are removed, the excess expansion material
should be cut away with a sharp chisel. Any mor-
tar overlapping the joint material or any fins or
wedges of concrete must be removed.

Contraction and expansion joints are constructed
to the shape and location shown on the drawings.
They should not be confused with the specified con-
struction joints. For certain types of construction,
dowel assemblies are required as a part of the joint
installation. These assemblies must be properly
positioned and aligned, and the free half of the
dowel bar must be surface coated or covered with a
sleeve of adequate length to keep it free from the
concrete.



Spacing Data for Form Lumber and Form Ties

These tables are based on the use of me

Lumber and Form Tie Date

Form Ties Pouring Temperatures
Lumber Rite of P FI of Height Per B
Sizes Safe Uitimate ite of Pour— FIl of Height Per Hour
Type Load C wacity Concrete Pressure Per Sq Ft of Forms
1" (13/18") Sheathing 3M Snap Ties Stud Spacing fer Safe Value of Sheathing
or %" Plywood AC. Ties 3.000 !bs 4500 Ibs Wale Spacing for Safe Value of Studs
2 x 4 Studs No. 2 Rod Clamps . . :
2.9 x 4 Wales with 3/&" Plain Rods Tie Spacing for Safe Value of Ties andfor Wales
. .
11131161 Sheathing gt{pefz,?::*ms Stud Spacing for Safe Value of Sheathing
EIAA .
) fr4 étu!;'lsywood Tilt Locks with 3/8” ¢old rolled rods 5,000 ibs 7,500 lbs Wale Spacing for Safe Value of Studs
59 « 4 Wales No. 3Rod Clamps Tie Spacing for Safe Value of Ties andfor Wales
with %" Plain Rods
" " . 5M* Snap Ties . . .
1" (13/18™) Sheathing Tilt Lock’; vvlith ey Study Spacing for Safe Value of Sheathing
) ;1‘4 JgtuzlsyWOOd cold roiled rods $,000 Ths. 7.500 Ibs Wale Spacing for Safe Value of Studs
99 x 6 Wales No. 3hRod lemps ; Tie Spacing for Safe Valtue of Ties andlor Wales
with 4" Plain Rods
1" (13/16") Sheathing Stud Spacing for Safe Value of Sheathing
) 01'4 gg;uzlsyWOOd %" Coil Ties 6.000 Ibs 9.000 Lbs Wale Spacing for Safe Value of Studs
X
29 x 6 Wales Tie Spacing for Safe Value of Ties and/or Wales
1" {13/16")Sheathing Study Spacing for Safe Value of Sheathing
) ;1'6 “gt"uglyWOOd " Coil Ties 6,000 Ibs $,000 Ihs Wale Spacing for Safe Value of Studs
2.2 x 6 Wales Tie Spacing for Safe Yalue of Ties andjor Wales
1" (1316”1 Sheathing 2" and %" Coil Ties Stud Spacing for Safe Value of Sheathing
,”
) :"6 f;tUZIsywood Tilt Locks with " 9,000 tbs 13,500 Ibs Wale Spacing for Safe Value of Studs
29y 6 Wales celd rolled tie rods Tie Spacing for Safe Value of Ties andlor Wales
I" {13118") ISheatging 4" and %" Coil-Ties Study Spacing for $afe Value of Sheathing
%" Plywoo . -
2 ;rﬁ étudsy Tilt Locks with " 8,000 ths 13.500 lab Wale Spacing for Safe Value of Studs
2-3 x 6 Wales cold rolled tie rods Tie Spacingfor Safe Value of Ties andlor Wales
2" (158", Sheathing " and %" Coil Tier Stud Spam.ng for Safe Value of Sheathing
3x 6 Studs Tilt Locks with ™ 9,000 ibs 13.500 Ibs Wale Spacing for Safe Value of Studs
2-3 x 6 Wales cold rolled tie rods Tie Spacing for 8afe Vaiue of Tier andlor Wales
1"{13/16" Sheathing Stud Spacing for Safe Value of Sheathing
3L .
) xoé S’:udzlyWOOd %" Coil Ties 12.000 Ibs 18,000 1bs Wale Spacing for Safe Value of Studs
2.2 x 6 Wales Tie Spacing for Safe Value of Tier andlor Wales
2" 1-5/8") Sheathing Study Spacing for 8afe Value of Sheathing
3x 6 Studs %" Coii Ties 12,000 tbs 18.000 1bs Wale Spacing for Safe Value of Studs
2-3 x 6 Wales

Tie Spacing fur Safe Value of Ties andior Wales

*Ultimate Capacity 7.000 ibs.




8

ae Use of mechanical vibration inside the forms

Safe Spacing of Studs, Wales, and Form Ties

1ures 50° Fahrenheit 70°Fahrenheit
ght Per Hour 2 Ft. 3Ft. 4 Ft. 5 Ft. 6 Ft. 8 FtL. 10 Ft. 2 Ft. 3 Fi. 4 FF. 5 Ft. 6 Ft. 8 Ft. 10 Ft.
, Ft of Forms 520 lbs 630 lbs 860 1bs 1030ibs  1210Ibs  14701bs  15801hb: 100 ibs 520 lbs 630 ihs 750 1bs 860 ibs 10901bs  11101bs
—_—
Sheathing 20" 18" 16" 15" 14" 13" 12" 23" 20" 18" ir 16" 14" 4"
Siuds 30 2r- 26 24" 23" 22" 22" il 30" 28" 27 26 24" 23"
Ties andlor Wales 271 23" D 17 15" 13" 12" 32" 21" 24 21" 197 16 16"
Sheathing 20" 18" 16" 15" 14" 13" i2” 23" 20" 18" 1 16” 14" 14"
Studs 30" 27" 26 24-- 23" 22" 22-- 31" 30u 28" | 21" 26 24'» ag+
‘ies andlor Wales 30" 28" 26 25 23" 2" 20" 32" 30 29 27" 26 25" 24"
{Sheathing 20" 18" 16" 15" 14" 13" 12" 23" 20" 18" i i6 i 14"
Studs 30" r: 28" 2" 23" 22" 2" 31" Ko 28" 21" 26 24" 23"
es andjor Wales 46 38" 32 29 25" 22 20" 56 46 40" 35" ' 21" 26
.Sheathing 20" 18" 16" 15 14" 13" 12 23" 20" 18" 7 18" 14" 14"
studs 30" 27" 26" 24" 23" 22 22 a1 30" 28" 21 26 24 23"
| :es andfor Wales 51" 46 38" 34" 3t 26" 25" 567 50" 46 45 338" 33 32"
Sheathing 20" 18" 16" 15" 14" 13" 12" 23 20" 18" 17" 16 14" 14"
Studs 46 acy 49" 338" 36 34 34 49 46 Vi 42 40" 3" 36
' s andfor Wales 36 30" 25" 22 19 17" 18" LV 3" 31" 27 25" 21" 20
<heathing 20" 8" B 15 14" 13 12" 23" 20" 18" 17 16™ 14" 14"
Studs 46 42 40" 38" 36~ 34" 34" 49 48" 7 42" 40" 38 36
i2s andfor Wales 42 38" 35" 33 30° 26 24" are 42" 39" 36" 35" 31" 30
¢ Sheathing 20" 18" 16" 15 14" 13" 12" 23" 20" 18" m 1¢" 14" 147
Studs 46 42 40' 33" 36 34" 34" 49" 45" 7 42" 40" 38" 36
res andlor Wales 52" 45" 38" 38" 30" 26 24" 57" 52" 46 41" 37 31" 30"
Sheathing 40 31 g 32" 30" 28" 27 44" 40" 38" 35" 3 31" 31"
Studs 42" 38 35" 33" 32 30" 29 45" 42" 38" 37 34" 33" 32"
ies andjor Wales 41" 37" 35 33" 31" 29 29 45" 39 38" 37" 36 32" 3"
~heathing 20" 18" 16 15" 14" 13 12" 23 20" 18" Ve 16" 14 14"
Studs 46 42" 40 38" 36 34 34" 49 46" mr 42 40 3" 36
:es andlor Wales 42" 38" 357 33" a1” 29 28" 41" 42 39 3 35" E) 3
* Sheathing 40" 37 34 32 30 28" 21" 44" 40 38 35" 34 31" 31
Studs 42" 36" 35 33" 32' 30" 29 45" 42" 39 37" 34" 35" 32"
tes andior Wales 41" 37" 38" 33" 31" 29 29 45" 39 33 37" 36 32 31
i
gure ¢  -Spacing datafa rm luml - and form ties. Tuc -ables are base¢  the use  mecha  al vibral msic 1forms
curtea; Superior Conerel  \ccesser . Inz.}
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Construction joints.—These joints are installed
to aid in the building of forms and the placing of
concrete and reinforcing steel. They are usually
specified on the drawings. Sometimes in field
operations additional joints are needed. But. install-
ing unplanned joints should be avoided if possible
since they can be less resistant to water movement
and weathering. Special care is needed to get a
good bonding of the new concrete to the concrete
already in place. Wet mixtures must be avoided
when completing the final part of the lift since
they tend to segregate and produce a thick surface
coating or laitance that is difficult to remove.

When a construction joint surface is completed,
coarse aggregates must be well consolidated into
the mass and the surface must be relatively
smooth, similar to a surface that has been
screeded. A very rough surface is difficult to clean

and makes complete contact with fresh concrete dif-

ficult to obtain.

Cleanup of the construction joint before placing
new concrete requires removing loose surface
materials and coatings. Exposing underlying coarse
aggregates that are properly bonded is un-
necessary. Excessive abrasion can damage the sur-
face by removing the fine aggregates and mortar
from around and under the edges of the coarse
materials. Methods in general use for cleaning
joint surfaces include air-water cutting and sand-
blasting, as well as the use of manual or power-
driven wire brushes.

The air-water cutting method is not often used on
small jobs because it requires special equipment
and the work must be done while the concrete is
still green for a satisfactory job of cleaning.

Sandblasting is very practical and is in general
use for large monoliths or long channel projects.
Excellent results are obtained rapidly and with
relatively small costs for equipment and labor.
Sandblasting gives good results regardless of the
age or condition of the concrete surface.

Regardless of the cleaning method, after loosen-
ing all materials, the total joint area is washed by
a water jet to expose a clean, sound surface. The
joint should be damp with no free surface water
when new concrete is placed. The first layer of new
concrete must be carefully vibrated to form a con-
tinuous bond at the joint. A wet mixture should be
avoided since the extra water weakens the bond
and overall strength of the joint.

Water stops.—These stops are installed in joints
to inhibit the passage of water. Particular care is
needed in anchoring water stops in the forms and
in placing concrete to get a thorough filling on
both sides of the material. That part of the water
stop (rubber or other material) to be embedded in
the fresh concrete must be firmly anchored by
inserting tie wires at frequent intervals through
the extended edge of the water stop and fastening
the wires to the reinforcing steel. Placing concrete
around water stops in a circular conduit is most
difficult at the top and bottom of the conduit.

Inspection checklist:
joints and water stops

(Some items may not be listed. Some listed may
not apply to every project.)

1. Expansion, contraction, and construction
joints—properly located.

2. Expansion and contraction joints—coated to
inhibit bonding.

3. Preformed expansion joint filler—securely in
place.

4. Expansion joints—free from irregularities or
debris that might inhibit free movement.

5. Construction joints—clean, relatively smooth,
moist.

6. Dowel assemblies—sleeves correct size,
properly positioned, coatings or wrapping in
place.

7. Water stops—firmly secured, correctly located,
undamaged, spliced or welded according to
manufacturer’s instructions (test welds by pull-
ing and twisting).

8. Preformed expansion joint material and water
stops—exposed edges free of mortar, etc.

9. Record—job diary.

Final Inspection
Just before concrete is placed, a final inspection
is made of all preparations. The inspection includes
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the forms, foundation cleanup, joint preparation,
drain tile, weep holes, water stops, reinforcement,
and other metal work and equipment to be
embedded.

In addition, the contractor's plan of operation
must be sound, the equipment must be ready, and
the personnel able to place the concrete in accord-
ance with contract requirements. If any deficiency
is evident that might preclude a satisfactory per-
formance, the contractor should not be allowed to
begin. A frequent problem is starting too late in
the day to complete the work satisfactorily.

Inspection checklist:
working conditions

(Some items may not be listed. Some listed may
not apply to every project.)

1. Planned work—materials on hand, work
preparations satisfactory.

2. Work force—adequate personnel, properly
skilled, proper work conditions.

3. Equipment and methods—satisfactory for
entire job, consolidating and vibrating par-
ticularly important (have extra vibrator).

4. Rain and cold or hot weather protection—
facilities on hand.

5. Lighting—available if work cannot be
completed during daylight hours.

6. Safety—railings, kickboards, proper
scaffolding, etc.

7. Record—iob diary

During Concreting

The manufacture of consistently good concrete
requires careful handling and batching of the
materials.

Batching and Mixing

Batching.—Generally, mix proportions are deter-
mined and materials are batched by weight. The
measurement of cement by the sack (1ft?) and the
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measurement of water by the volume is also
satisfactory since their unit weights are universally
known.

The storage, handling, and batching equipment
must be inspected to determine if operating pro-
cedures and the mechanical condition of the plant
are satisfactory. Weighing hoppers must be clean
and equipped to completely discharge the contents
of each batch. A separate hopper must be provided
for weighing the cement. The accuracy of the scales
and batching devices must be verified by cer-
tificates of accuracy issued by state or county
departments of weights and measures or verified
by some other acceptable procedure.

If there is any question about the accuracy of the
weighing equipment for the cement or aggregate, a
test should be made as follows:

e (DInspect the scale assembly and hopper to be

sure that the hopper is empty and clean, the
scale equipment is clean and free of exterior
obstructions, and the scale assembly has free
movement.

e (2)With the hopper empty, set the scale reading

at 0.

o (3) Distribute the test weights (10- to 50-lb

weights recommended) evenly on or around the
hopper.

o (DRecord the dial reading and calculate the

plus or minus error; for example, weights and
supports = 557 Ib, scale dial reading = 554 Ib,
so the error = —31b or 0.5%.

o (5) Remove the test weights and add the same

amount of the material to the scale hopper as
shown on the dial reading (in No. 4); for
example, 554 Ib.

e (8) Add test weights and supports, record the

reading, and calculate the error.

e {7) Add increments (from No. 4 and 5) until they

exceed the total batch weight. In batching dif-
ferent aggregate sizes cumulatively, check the
accuracy after each addition against the
specifications, making each check at slightly
above the batch weight; for example, if the -
aggregate batch weight = 3,376 1h, then test to
at least 3,4001b.

e (8) Check the actual batch-weight error against

the allowable error in the specifications.



o (9) If the equipment is defective, the contractor
must correct the problem before the work
continues.

The accuracy of the water-measuring devices is
especially important. The measuring equipment
used at the batching plant, on job mixers, and on
transit mixer trucks must be maintained and
operated so that all mixing water can be measured
within a specified tolerance. The accuracy of the
meters or supply tank capacity scales must be
verified by acceptable test reports or by observed
onsite calibration tests.

Before starting a calibration test, a visual check
should be made to determine that all conduits and
joints are free from leaks and that control valves
function satisfactorily. Valves and other
mechanisms should be operated several times
under working conditions. When calibrating any
type of equipment, the discharge line to the mixing
drum is bypassed. The amount of water in volume
that is shown on the measuring meter or on the
tank scale is checked by measuring the volume or
weighing the water. A large container, such as a
50-gal barrel, and a platform scale are useful in
getting accurate weight data. To achieve the
accuracy needed for the meter, several trial runs
are needed, including runs at 1gal (minimum) up
to 50 gal (or the maximum indicated by the dial
readings).

Tanks with mounted measuring equipment
(including transit-mixing units) that supply all or
part of the required mixing water must be checked
through a range of 1gal to slightly more than the
maximum amount to be used in the work. Water
tanks should be positioned so that they are nearly
level. The glass over the gauge scale should be
cleaned and the scale calibrated. The greatest
chance of error in using a sight gauge scale is
when the tank is near maximum or minimum
capacity. Graduations must be accurate for small
quantities throughout the range of the gauge.

Equipment for measuring both dry and liquid
admixtures should be tested. The reliability and
accuracy of the equipment are especially important
since comparatively small amounts are required.
Testing the air content of the freshly mixed con-
crete will give an indication of the accuracy of the
meter as well as the quality of the admixture. If
the air content fluctuates from one batch to
another, the dispensing equipment probably has
malfunctioned. Changing the brand of air-

entraining admixture can also cause variation. For
other admixtures, an error in measurment is not so
easy to determine. If the admixture is set-
retarding, the effect of measurement errors shows
up to some degree as a delay in the time required
for the concrete to set. However, variations in set-
ting time can also result from variations in surface
exposure, wind velocity, humidity, temperature,
and other factors.

Since there is no test for fresh concrete to verify
the rate of hardening, it is especially important
that the amount of a set-retarding admixture added
to each batch of concrete be correct. The job mix-
ture should be clearly posted at the batching plant
to aid in batching.

A batch slip properly made out and signed is to
accompany each delivery of concrete.

If the contractor is responsible for the mixture
and the quality of concrete, a plant inspector is not
essential.

Mixing.—Concrete ingredients must be uniformly
distributed, and all aggregates must be well coated
with cement paste. To accomplish this, the mixer
must be in good condition, the size of batch must
not exceed the rated capacity of the mixer, and the
mixing time and drum speed must be controlled to
meet specifications.

Unless limited by contract provisions, mixing
water is fed continuously into the mixer as dry
materials are added. Feeding should start just
before and end just after the dry materials are
placed in the mixer. The loss of materials while
charging should not be allowed. Cement bails
should not be permitted to form in the mixture.
They can result from {1) worn mixer blades, (2) hot
cement or aggregates, (3) feeding the cement into
the mixer ahead of the coarse aggregate, or (4)
delaying the initial mixing. Mixing water must not
be hotter than 100°F.

Transit-mixing equipment.— Transit-mixed con-
crete is often furnished on SCSwork. The National
Ready Mixed Concrete Association certifies
approved ready-mix plants. Not all plants have
requested or received this certification for pro-
ducing quality concrete and maintaining their
equipment to these standards.? Even if a supplier is
certified, the mixing equipment should be
inspected.

3See ASTM C-94, “Standard Specifications for Ready-Mixed
Concrete *
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The following procedures and precautions can
help in getting satisfactory transit-mixed concrete:

* Use a mixer equipped with an accurate water
meter and a revolution counter. Overmixing can
reduce the slump, especially in hot weather.

* Remove the wash water from the drum before
batching.

* Limit the amount of water added during
batching so as not to exceed the specified slump.

* Feed the concrete ingredients into the mixer in
a uniform blend while the mixing drum is
turning.

Inspection checklist:
transit mixers

(Some items may not be listed. Some listed may
not apply to every project.)

1. Drum—interior condition satisfactory, no
buildup of hardened concrete.

2. Mixing blades—blade wear 10 percent or less
of original height (measure at maximum drum
diameter nearest the drum head or, when
blades are curved or have additional deflec-
tion, from drum shell to top of straight
section).

3. Charge and discharge openings, chutes—no
buildup of hardened concrete.

4. Manufacturer’s rating plates—readily visible,
either drum capacity (operated as mixer) or
gross drum capacity.

5. Drum mixing speed—4 rpm or more (but not
greater than a speed resulting in drum
peripheral velocity of 225 ft/min at its largest
diameter).

6. Loaded drum agitating speed—2 to 6 rpm.

7. Batching water—no leaks; all controls, meters,
and gauges work.

8. Revolution counter—working.
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Admixtures.—Any materials incorporated into
concrete other than cement, aggregates, and water
are called admixtures. They can be used to increase
workability, accelerate or retard hardening,
improve water tightness, reduce water
requirements, or expedite curing. The inspector
must make sure that admixtures are used only
when specified or authorized and that only
specified or approved materials are used. The in-
spector must determine that the admixture is
received in good condition and is correctly stored,
handled, measured, and introduced into the mix-
ture, as required by the specificationsor the
manufacturer’s recommendations. Because small
quantities are generally used, close control is
required to attain the desired results.

Air-entraining admixtures must meet require-
ments outlined in the contract specifications.

The specifications are to state the appropriate
tests for nraving the suitabilitv of the admixtures.

Under some conditions a water-reducing and set-
retarding admixture can be specified or approved
for the work. Certain organic compounds or mix-
tures of organic and inorganic compounds are used
in both air-entrained and nonair-entrained concrete
to reduce the water requirements or retard the set.
The amount of admixture used is of great impor-
tance because it may simultaneously affect the
water requirement, air content, hardening rate,
bleeding, and strength of the concrete.

Admixtures are available in either powder or
liquid form. The powered form can be mixed with
the dry cement. The liquid (including job-mixed
solutions) must not come in contact with the
cement powder alone. Liquid forms can be mixed
with the water or added after the water and
cement are mixed.

Combinations of admixtures can be used in con-
crete to achieve both air-entraining and water-
reducing, and water-reducing and set-retarding
results. Manufacturers’ recommendations must be
followed when combining admixtures or adding
them simultaneously through the same discharge
line. Some combinations may not be compatible
when intermixed and will need to be added
separately to the mixture.

Consistency.—Inconcrete batching, consistency
is the fluidity of the mixture and is measured by
the slump test. The primary purpose in specifying
the slump is to control directly the consistency and
workability for proper placement and to control



indirectly the water-cement ratio. Batches of the
same mixture that have the same consistency must
have the same water-cement ratio if the batch
weight, aggregate grading, and temperature of the
materials are uniform. Variation in the slump most
often results from a variation in the moisture con-
tent of the fine aggregate. Controlling consistency
essentially regulates the amount of water in the
mixture.

Regulating the amount of mixing water to main-
tain a given slump is a delicate operation. Even a
slight variation in the moisture content of the
aggregates can result in an appreciable variation
in the slump. For instance, if an average mix that
produces 1 yd* of concrete has a 1percent change
(by weight) in the surface moisture of the sand, the
slump will vary by more than 1in. For this reason
the contractor must know the amount of moisture
in the aggregate materials. ldeally, the sand
should be well drained and the surface of the
coarse aggregates should be moist but contain no
free water.

Slump is a very important measure of the quality
of concrete. The inspector should watch the mixing
operation, check the cohesion of the mass in the
conveying devices, and note how easily and
uniformly the concrete goes into place so that he
can relate his observations to the slump test
results. Remarkable accuracy in judging the slump
of the mixture can be achieved after a short period
of observation.

Low-slump concrete is difficult to place properly
in confined areas. A high slump probably indicates
unsatisfactory strength, and the concrete is difficult
to place without segregation and bleeding.

Inspection checklist
batching and mixing

(Some items may not be listed. Some listed may
not apply to every project.)

1. Batching equipment—good condition, adequate
capacity, hoppers discharge completely.

2. Scales—perform satisfactorily under varied and
repeated loadings, aggregate scales checked in
500-Ib increments to full-batch load, cement
scales checked in 300- to 500-Ib increments to
full-batch load.

Aggregate stockpile—sites cleared, smoothed;
sites have no dust, mud, water; fine and coarse
aggregate not intermingled; no segregation;
drained.

Aggregate gradation—meets specifications

5. Air-entraining agent and water-measuring

10.

12.
13.

14.

15.

17.

18.

equipment—accurate.

Air-entraining admixtures—previously added
with mixing water.

Cement—meets specifications.

Free moisture in aggregates—determine before
batching, always determine after rains or
delivery of new supply.

Concrete mixing drum and discharge chute—
no hardened concrete.

Mixing blade wear—not enough to prevent
adequate concrete mixing.

Water tanks, pipes, and fitting—good condi-
tion, valves close tightly.

Mixer load—not exceed manufacturer’s rating.

Drum rotation rate (fully loaded) —meets
manufacturer’s specifications, revolution
counter operates properly.

Concrete batch—uniform when placed (incon
sistencies or abnormal appearance indicates
deviations from approved mixture).

Retempering concrete—not permitted.

Batch tickets—properly written, delivered to
inspector with each load of transit-mixed con-
crete, weights confirmed with job-mix
specifications.

Certification of materials in concrete—received,
satisfactory.

Records of field tests of all concrete—
maintained, rejection reasons included (if
rejected concrete is placed, record exactly
where; inform project engineer as soon as
possible of all facts relating to the placement
of the reiected concrete).
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Delivery and Placement

Even though the concrete mixture is carefully
designed and properly batched, improper or
careless transporting and placing may seriously
impair its quality. Within the limitations of the
construction specifications, the contractor can select
methods and facilities to be used, but they must do
the job. Any equipment or procedure incapable of
producing acceptable results must be modified
promptly or replaced.

Segregation of the aggregate before batching,
segregation of the coarse aggregate from the
mortar, or loss of free water (bleeding) from the
concrete mixture must be avoided. If the concrete is
discharged at an angle from the mixer or conveyor,
the largest aggregate is thrown to the far side of
the container or form while the mortar is thrown
to the near side. For this reason, all hoppers,
chutes, buckets, and other concrete conveyors must
be provided with vertical drops at their point of
discharge.

Methods of handling and transporting concrete
include chutes, buggies, crane-operated buckets,
trucks, conveyor belts, and pumping equipment.
The method used must not impair the specified con-
sistency of the concrete.

In placing concrete for slab construction, the first
batch must be placed at the far end of the form.
Then each new batch is dumped against—not away
from—previously placed concrete. The concrete
should not be dumped in separate piles, then
leveled and integrated. In placing concrete for
walls, the first batch must be placed at one end of
the section and subsequent batches placed toward
the other end. The same procedure should be used
for each layer. On all jobs, it is necessary to
prevent water from collecting at the ends and
corners and along the form faces. Figure 2 4, taken
from the Portland Cement Association publication,
“Design and Control of Concrete Mixtures,” shows
correct and incorrect methods of placing concrete.

The quality of concrete greatly depends on the
handling of the mixture during placement. Inspec-
tion of the operation must be continuous and
uninterrupted by the taking of tests. In the placing
operation, the following conditions and require-
ments must be met, unless specific exemptions
are authorized
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The concrete must be conveyed from the mixer
or transit mixer to the forms or subgrades as
rapidly as practical by methods that prevent
segregation or loss of the ingredients.

When chutes are used, concrete must be moved
in a uniform mass that does not segregate.
Slopes of the chutes must be no steeper than 1
horizontal to 2 vertical unless baffles are
provided.

Vertical drops must be no greater than 5 ft
unless a tremie or similar device is used to pre-
vent segregation.

Concrete placement is restricted to the amount
that can be satisfactorily consolidated and prop-
erly finished at one time.

The concrete is deposited as close as possible to
its final position. Rehandling must be held to a
minimum, and the concrete must not be moved
laterally by vibrators.

Vibrators must be operated so as not to distort
forms. Forms must be checked continually
during concrete placing to be sure that they
have not moved and that wedges, ties, and brac-
ings have not loosened or failed.

Concrete should be placed in uniform, con-
tinuous layers no more than 20 in. deep until
the monolith is completed. If placing is inter-
rupted long enough for initial hardening to take
place, a proper construction joint must be
formed. The total time between batching and
final placement must not exceed the maximum
time allowed by the specifications.

The consistency of the concrete may have to be
changed to prevent the excessive accumulation
of laitance.

Construction joints must be allowed to cure for
at least 12 hr before additional rebars and forms
are installed or before new concrete is placed.
The construction joint must be prepared as
stated in the specifications.

A mechanical vibrator is used to consolidate all
concrete. Vibration should not be applied
through the forms or used to move the concrete
laterally. Vibration should be supplemented by
hand spading on the exposed faces along the
forms. Too much vibration causes segregation,
sand streaking, excessive laitance, and bleeding.
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Too little vibration results in poor consolidation
and honeycombing.

Placement in hot weather.— When the weather
is hot and the temperature of the concrete mixture
approaches 90°F, special measures are necessary to
get concrete of good quality. Wind and low
humidity increase the problem. High temperatures
cause rapid evaporation of the mixing water,
resulting in erratic air content, reduction in slump,
plastic shrinkage cracks (crazing),excessive volume
change, rapid hydration, and early setting. All
these reduce the ultimate strength of the concrete.
Finishing the surfaces also becomes more difficult
because of the erratic, initial set.

Requirements for overcoming the deleterious
effects of hot weather are given in the specifica-
tions. It is very important to wet the subgrade
several hours before placing the concrete. The
subgrade must be kept moist up to the time of
placement to eliminate the withdrawal of moisture
from the concrete mixture. However, there must be
no free water on the subgrade surface when the
concrete is placed.

The delivery schedule of the concrete and the
adequacy dof labor to place and finish the concrete
as rapidly as possible are particularly important. If
necessary, the layer thickness and the area of
deposit must be reduced so that the concrete stays
plastic and cold joints do not form. The concrete
can also be placed in the early morning or late
afternoon when temperatures are lower. Finishing
concrete on hot, dry, windy days can be especially
difficult since the rapid drying of the surface
causes erratic and early setting, produces
shrinkage cracks, and reduces surface quality.
Windbreaks, shade, and the application of water
through fog nozzles or blankets will protect the
concrete surface and make a proper finishing
operation easier.

The curing process is to start as soon as the sur-
face has set enough to prevent disfiguration. If a
curing compound is used, it should be applied
immediately after the finishing is completed.

A record must be kept of the concrete mixture
and air temperatures for each placement. A record
of the maximum temperatures on the concrete sur-
face must be kept for 24 hr after placement.

Further information on concrete placement in hot
weather is available in ACI Standard 305, “Recom-
mended Practice for Hot Weather Concreting”
(American Concrete Institute, Detroit, Michigan).

Placement in cold weather.—Special measures
are required for concrete placement in cold
weather. Concrete gains strength very slowly when
temperatures are below 40°F. Serious damage can
result when concrete freezes and thaws at an early
age.

Concrete of good quality can be placed
throughout the winter if protection is provided
when temperatures of 40°F or lower occur during
the placing or during the curing periods. Materials
for closures, insulation, heating equipment, fuels,
and other incidentals must be available at the site
before the work starts. Concrete must not be placed
on a frozen subgrade. All snow and ice must be
completely removed from forms, the subgrade, rein-
forcing steel, and other materials. Any of these
items with which concrete may come in contact
must be above 40°F.

When concrete is placed, it is important that its
temperature be above 50°F so that initial hydra-
tion can take place normally. Heating the mixing
water is the simplest way to raise the temperature;
often this is all that is required. Aggregates are
often heated by steam coils or steam jets. Small
amounts of the aggregate can also be heated over a
piece of metal pipe culvert material fiied from one
end. A short chimney section attached to the other
end of the culvert material improves heat distribu-
tion within the conduit. Overheating the water or
the aggregate must be avoided to prevent flash set-
ting of the cement.

After the concrete is placed and finished, it is
covered and heated to keep the temperature of the
concrete and the surrounding air above 50°F dur-
ing curing. The heating equipment must be tended
so that there is no chance for a malfunction to go
uncorrected or for the concrete to freeze during the
first 48 hr of curing.

When minimum temperatures are near 32°F, the
concrete can be covered with insulating materials
and a canvas or plastic exterior seal. For lower
temperatures, the concrete structure must be
enclosed and artificially heated. Steam generators,
oil- or gas-fired blowers, oil- or coke-burning
salamanders, or other acceptable forms of heating
equipment can be used. Salamanders and other
fuel-burning heaters, unless vented, produce carbon
dioxide that can be harmful to the concrete. These
heaters also produce a dry heat that will reduce
the moisture in the concrete unless all exposed
areas of the structure are covered with a curing
compound, plastic covering, or wet cure. The
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humidity of the air inside an enclosure can also be
controlled by adding moisture to the heated air.

Not all enclosures are adequately constructed or
maintained and temperature can vary widely
unless heat vents or other circulation and heat-
control methods are used.

Enough thermometers should be available to
determine the temperatures of the air and the con-
crete at the time of placing the mixture and of the
surrounding air (ambient) and the concrete during
the curing period. Daily high and low readings
should be taken on representative surfaces, edges,
and corners of the structure.

Further information on concrete placement in
cold weather is available in ACI Standard 306,
“Recommended Practice for Cold Weather Con-
creting” (American Concrete Institute, Detroit,
Michigan).

Consolidation

The objective in consolidating concrete is to
eliminate voids within the concrete. Well-
consolidated concrete is free from entrapped air
and rock pockets. It is in close contact with the
forms, reinforcements, and embedded items. Proper
consolidation is not possible if segregation or a
decrease in slump occurs during the transport and
placing of the concrete. Figure 2 4 shows the
proper methods for vibrating fresh concrete.

The use of vibrating equipment makes it possible
to place a mixture that could not be consolidated
by hand spading. This is particularly beneficial
when working in deep narrow forms or around
closely spaced reinforcements, because stiff mix-
tures that are less subject to shrinkage, bleeding,
and segregation can be used. Vibration cannot cor-
rect segregation resulting from faulty handling and
placing. Vibration should continue only until the
concrete is thoroughly consolidated and the voids
are filled. The exposed surface of the concrete after
vibration should have a level appearance. Further
vibration is harmful, causing coarse aggregates to
settle to the bottom and water or paste to rise to
the top. If the concrete segregates readily during
vibration, the slump may need to be reduced rather
than the amount of vibration. Poor results can
more often be traced to too little rather than too
much vibration.

If air-entrained concrete is used, overvibration
can reduce the air content. Ordinarily, vibrating at
uniformly spaced points no further apart than the
radius of the vibrator’s visible effectiveness (about
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18in.) produces the results desired within 5 to 15
sec. An internal vibrator must be operated from a
vertical position and inserted and withdrawn
slowly so that the space occupied will be filled.
Vibration should continue through the full depth of
the layer being placed and into the previous layer
of concrete.

Finishing

Finishing includes both the treatment of exposed
nonformed surfaces after the concrete is placed and
the treatment of defects, tie holes, and the surface
of formed elements after the forms have been
removed.

Nonformed surfaces must be carefully screeded
and checked for tolerance as the concrete is placed.
Any cutting or filling needed should be done before
the concrete starts to set. The final float finish
should be delayed until some stiffening has taken
place in the surface and the moisture or shine on
the surface has disappeared. Only enough float
finishing is needed to get a uniform texture free
from irregularities, depressions, small pockets, and
float marks.

Steel-trowel finishing, if specified, should follow
the float finishing after the concrete has hardened
enough to prevent an excess of fine material and
water from working to the surface. A stainless
steel or magnesium trowel gives a superior finish
with air-entrained concrete. Troweling at too early
a stage can result in fine surface cracks and re-
duced surface durability. Delaying troweling too
long results in a surface too hard to finish
properly. Troweling should be performed with a
firm pressure to produce a dense surface free of
blemishes, ripples, and trowel marks.

For greater resistance to wear, additional trowel-
ing can be applied when the surface has nearly
hardened. This trowling should continue with firm
pressure until the surface has a slightly glassy
appearance.

Overworking the concrete surface at any stage
tends to concentrate water and fines at the surface
and cause fine hairline cracking (crazing), dusting,
and poor surface durability. Cracking also can
result from rapid drying or cooling of the concrete
surface. To prevent surface cracking when the
temperature is high and the humidity is low, it
may be necessary to apply a fine spray (fog) of
water to the surface until it has fully set and can
be covered.



Forms should be removed as soon as specifica-
tions permit. Forms provide a poor environment for
properly curing concrete unless they are kept wet.
As the concrete sets, it shrinks and leaves a void
next to the form, allowing air circulation and a loss
of moisture from the concrete. Keeping forms wet
is a burdensome job and is hard on the forms. Sur-
face treatment and repair and the curing of con-
crete are also much easier and more effective if
done while the concrete is green. Defects, such as
small rock or air pockets, tie holes, ridges, bulges,
and fins, should be treated as specified. All surface
treatment must be done before applying a curing
compound.

When repairing defects or applying special
finishes, concrete surfaces must be clean and
thoroughly wetted. A burlap sack works well for
filling small voids with the patching mortar. After
the voids are filled, any mortar on the concrete
must he removed (for example by rubbing with dry
burlap). Removal of the excess mortar is important
because any thin coatings that are allowed to re-
main will crack and spall in a few years. The
repaired area should be kept moist for a few hours
to allow the mortar to set before applying a curing
compound.

In some instances the plans and specifications
may require that formed concrete have a special
treatment or finish. This may include sandblasting
to produce a pebble effect, sack rubbing, or stone
rubbing. Such finishing is applied after any patch-
ing or repairing of surface defects has been com-
pleted and the repair materials have set.

If a stone-rubbed finish is specified, the first
rubbing should be done with a coarse carborundum
stone as soon as the concrete is hard enough that
the aggregate is not pulled out by the operation.
Any mortar worked up in this process or applied to
assist in the stone rubbing should be removed from
the surface. The concrete needs to be damp when
the rubbing is done. The final rubbing is then done
after the concrete is moist cured.

If a sack-rubbed finish is required, the mortar is
thoroughly rubbed into the cleaned, moist concrete
surface with clean burlap sacks. Sometimes sponge-
rubber floats are specified. In the rubbing process,
all holes, pockets, and other minor imperfections
must be completely filled. A dry mixture having
the same proportions as the patching mortar
should be rubbed over the surface while the mortar
in the pits and holes is still plastic. This serves to
remove the excess plastic material and insures that

the final surface is even and free of mortar. The
finished surface should be kept wet for a day or
two before the curing compound is applied.

In all special finishes the final product should be
smooth and uniform in texture and have no excess
mortar remaining on the finished surface.

Inspection checklist:
finishing surfaces

(Some items may not be listed. Some listed may
not apply to every project.)
Nonformed surfaces

1. Concrete—screeded to line and grade

2. Surface—not overworked in floating.

3. Finish—as specified, no water or dry cement
used in final floating or troweling.

4. Record—job diary.
Formed surfaces

1. Concrete surfaces—inspected immediately after
forms removed.

2. Repair or patching—concrete moist, mortar
removed.

3. Fins and form marks—removed and rubbed
smooth, as specified.

4_ Honeycombed and damaged areas—cut out to
expose sound concrete, filled as specified with
concrete that matches structure.

5. Rough areas and high spots—rubbed or ground
down to smoothness or tolerance specified.

6. Finish on all areas—as specified.

7. Record—job diary.

After Concreting

Form Removal

Forms should be removed as soon as specifica-
tions allow so that any necessary repairs or surface
treatments can be made while the concrete is still
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green and conditions are most favorable for a good
bond. Forms must he removed carefully to avoid
damaging the concrete. There should be no
measurable deflection or distortion and no sign of
damage due to either the removal of supports or
the stripping itself. Because forms do not provide
the best curing environment, the specified curing
should be applied as soon as practical.

Curing

The object of curing is to prevent the loss of
moisture from the concrete mixture during the
“rapid” stage of hydration. The water content of
fresh concrete is more than adequate for hydration
of the cement. But evaporation and sometimes
bleeding or absorption by the dry forms or the
foundation allow enough mixing water to be lost to
delay or prevent complete hydration. It is very im-
portant to follow specified curing procedures so
that the concrete can reach its full strength.

Methods in general use for curing concrete are (1)
applying curing compounds, (2).keeping the surface
continually moist by spraying or ponding, and (3)
covering the surface with wet earth or blankets for
the time specified. Steam can also be applied
within an enclosure.

Under most conditions, a curing compound will
seal the surface and allow the concrete to retain
enough moisture for hydration. A white-pigmented
compound is very good because it reflects sunlight
and is more easily checked for uniform coverage.

The compound should be applied to exposed, un-
formed surfaces as soon as the finish is completed
and the surface water has disappeared. It must not
be applied if the concrete surface is shiny or has
free water.

Formed surfaces must be coated immediately
after the forms are removed and surface repairs are
completed. Areas to be repaired must be kept con-
tinuously moist until the repair is complete and ex-
tended curing is applied. Moist curing before and
during the form removal may he specified.

To ensure complete coverage, approximately one-
half of the curing compound for a given area
should be sprayed back and forth in one direction,
and the remainder sprayed at a right angle over
the first coat. The spray head is moved in even,
side-to-side sweeps to systematically cover the con-
crete. Special care is required to be sure that the
edges, corners, and rough irregular surfaces are
uniformly covered. Any breaks in the coating will
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allow a loss of moisture from the concrete. The
compound must never be applied before patching is
done.

It is preferable to have a pressure-tank type of
spraying equipment. If compressed air lines are
used, they must be equipped with traps to prevent
moisture or oil from getting into the compound.
Because the pigment often settles to the bottom of
the container while in storage, the compound must
be checked to see that it is thoroughly mixed
before being used. Continual agitation of the con-
tents is necessary while spraying.

Coated areas subject to traffic or damage from
other causes must be protected with earth or other
effective covering.

Inspection checklist:
curing concrete

(Some items may not be listed. Some listed may
not apply to every project.)

1. Curing and protection materials—available
before concrete placement begins.

2. Curing moisture—adequate for full period.
Curing temperature—as specified.

4. Time of application—as soon as possible after
form removal.

5. Curing water—meets specifications.
Concrete in forms—wetted as specified.

Curing compounds—meets material
specifications.

8. Record—job diary.

Protection from Damage

The contractor is required to protect all concrete
from injury and damage until final acceptance by
the contracting agency. The contractor must take
necessary precautions to keep equipment away
from the concrete until it has cured and the
backfill has been placed.

Special attention is needed to avoid:



Overloading, jarring, or surface-marring the
green concrete.

= Moving falsework before the concrete has
hardened enough to support its own weight.

= Stressing projecting reinforcing steel.

= Backfilling in a way that overloads or damages
the concrete.

® Fires on or near the unprotected concrete.

Testing Concrete

Test Specimens

Sampling.— Methods for sampling fresh concrete
are in ASTM C-172.

Number and frequency.— There is no prescribed
frequency for sampling and testing fresh concrete.
The project engineer and the SCS state conserva-
tion engineer must consider the structures in the
contract and schedule a realistic testing program.
Strength tests provide one of the primary evidences
of quality.

Initially, frequent sampling and testing are
necessary to verify the suitability of the concrete.
Extra cylinders at this time provide specimens for
tests at 7 or 14 days to obtain an early indication
of the 28-day strength. Frequent tests also may be
needed for critical elements of a given structure or
when the materials, equipment, weather, or other
conditions indicate a need to verify strength
results. Fewer tests are needed after the job mix-
ture has proved satisfactory and all manufacturing
operations are well controlled.

Specimens taken at the beginning of a job and
tested at 3-, 7-, or 14-day intervals will give an
early indication of the adequacy of the mixture.
For type III (high-early strength) cements, a test at
1 or 3 days will indicate the ultimate strength that
will be attained. Test results at an early age are
not conclusive and should be regarded only as in-
dicators. If early tests indicate relatively low or
marginal strength, the contractor can use a higher
strength mixture, or discontinue concreting and
wait to see if the 28-day tests prove that the
original mixture was adequate.

Sampling and testing must be done if the ap-
pearance of the concrete changes.

Molding.— The procedure for molding test
cylinders for compressive strength tests is described
in ASTM C-31.

Curing.—Procedures for curing test specimens
are described in ASTM C-31.

Handling and shipping.— Concrete specimens
must be protected from jarring and vibration dur-
ing the first 24 hr after molding and from rough
handling at all times. They must remain upright
until they have hardened. Careless treatment of
specimens can destroy the validity of the test
results.

Test specimens can be moved to the laboratory
for testing any time after the first 24 hr. The
laboratory will complete the curing if it is not
already complete. Specimens should be packed in
wet sand or sawdust in suitable shipping con-
tainers and should be protected from freezing dur-
ing shipment. Each shipment must have complete
identification and sampling data (includes dates,
location of the sampling in the structure, mixture,
slump, amount of air entrainment or admixtures,
concrete and air temperatures, curing method, kind
of test, age at which the tests on the concrete are
made, and what conditions existed when the
specimens were taken). This information is re-
corded on Form SCS-ENG-59 (fig. 3-63). Copies of
this form will give the laboratory the information
it needs and also provide a record for the contract
files.

Slump

The slump test should be made as often as
needed to ensure that concrete delivered to the site
is within the specified limits. Slump tests should be
made if there is an apparent change in the con-
sistency of the concrete or if a strength specimen is
made. Procedures for making the slump test are in
ASTM C-143.

Air Content

Tests for determining the amount of entrained
air in the concrete are described in ASTM C-138,
C-173, and C-231. A change in atmospheric
pressure does not affect the pressure test equip-
ment required for ASTM C-231. This equipment is
best used for contract control tests and is not
recommended for testing concrete made from
lightweight or cellular aggregates. The use of
ASTM C-173 is preferred when testing such
lightweight aggregates.
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Records and Reports

Mix Computations

Form SCS-ENG-553 can be used to record com-
putations of the trial mixtures or to check a pro-
posed mixture for the work (fig.4-5). Accepted
methods for determining mixture proportions are
discussed in detail in various concrete manuals (see
Chapter 5, Concrete). Computations for the trial
mixtures and their adjustments and the selection of
the job mixture (or documentation of the contrac-
tor’s proposed mixture and approval thereof) should
be placed in the contract files.

Batching and Mixing

Batching and mixing records must be placed in
the job file. A summary of these records and the
volume of each class of concrete placed should be
entered in the job diary.

If the engineer designs the concrete mixture, he
or his designated representative must inspect the
batching. If the contractor is responsible for design-
ing the mixture, the contractor would do well to in-
spect the batching. The inspector at the job site
should check and validate the batching record
before the concrete is placed. Form SCS-ENG-544
can be used to record the daily batching operations
(fig.4-6). Form SCS-ENG-552 or a similar batch
form should be used to record batch weights for
each load (fig. 4-4). If the engineer designs the
mixture, the plant inspector prepares the batch
ticket. Otherwise, it is the contractor’s
responsibility.

Placing and Curing

The amount of concrete placed in individual parts
of the structure each day and the time that (1) the
curing medium was applied, (2} forms were re-
moved, (3) defective surfaces were repaired, and {4)
curing was completed must be recorded in the job
diary.

Strength Tests

Test specimens.—A cross-reference to each SCS-
ENG-59 (fig. 3-64) used must be noted in the job
diary. Included should be the SCS-ENG-59 report
number, numbers assigned to all test specimens
shipped to the laboratory, and the location and
amount of concrete represented by each strength
test.
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Inplace concrete.— If tests do not verify that the
concrete has the compressive strength specified in
the contract, further tests may be necessary to
determine whether to accept or reject the structure
or the part of the structure represented by the low-
strength tests.

To further test the concrete, compressive strength
tests can made on core samples cut from the struc-
ture. The “Swiss Hammer” can help determine the
extent of concrete having questionable strength.
This lightweight, hand-operated hammer works on
the impact principle. When operated according to
manufacturer’s instructions, it is recognized to be
accurate within a range of 10-15 percent. Test
results are based on the empirical relationship be-
tween the strength of the concrete and the rebound
of the steel plunger.

During testing the hammer is placed against a
smooth, flat surface of concrete. A carborundum
stone is furnished to smooth the concrete. The
plunger is pressed against the concrete surface and
pressure is gradually increased until the hammer
trips. Then the rebound number is read on an in-
dicator dial. A calibration curve for the concrete is
determined by correlating hammer readings made
on the test samples with actual breaking strengths
recorded for the samples. This curve shows the
compressive strength of the concrete for each ham-
mer reading. The samples should be placed on a
solid surface to give them a resistance to impact
comparable with that of the concrete in the
structure.

The impact hammer should not be used to deter-
mine either concrete strength for acceptance or the
earliest time that forms can be stripped.



Steel Reinforcement for Concrete

Plain concrete has good compressive and shear
strength but is relatively weak in tensile strength
the ratio is about 10 to 1.Reinforcing steel is used
to increase the tensile strength of a concrete sec-
tion so it may carry heavier loads of tensile stress.
Some designs may require steel reinforcement to
increase shear and compressive strengths. Because
all concrete is subject to temperature stresses, most
concrete contains reinforcing steel to overcome
these stresses. Design drawings show the size and
location for all required reinforcement.

The position of reinforcing steel in the concrete
section is very critical in the function of a struc-
ture (see Placement in Structures, below). A small
error in placement can reduce the strength of a sec-
tion drastically.

Bar schedules and bending diagrams are in the
contract drawings or will be furnished by the steel
fabricator as shop drawings.

Materials

Steel Bars

The three types of steel and the strength, grades,
and bar sizes in the ASTM specifications (and
adopted by the American Concrete Institute) are
shown in figure 2-5.¢ Billet steel, grades 40 and
60, is most often specified in SCS designs. Where
limited clearance or extra strength is required, a
high strength or special type of reinforcement can
be specified.

Bar sizes.—Sizes of reinforcing bars are
numbered from 2 through 18. The number
designates the diameter in 118-in. multiples. For
example, No. 7 has a 718-in. diameter. This
designation is valid for bars 2 through 9. For sizes
larger than No. 9, the multiple is slightly more
than 1/8 in. Under present standards, No. 2 is a
plain round bar and No. 3 through 18 are deformed
round bars. Weights and nominal dimensions for
all bar sizes are shown in figure 2-6.%

The overall maximum diameter (including defor-
mations) may vary slightly, since bar diameters are
nominal. To determine the overall diameter needed
for holes for the reinforcing bars or to check sleeve
sizes, 1116 in. should be added to No. 3, 4,and 5
bars, 118 in. added to No. 6, 7, 8, and 9 bars, and
3116 in. added to No. 10 and 11 bars.

*Provided courtesy of Concrete Reinforcing Steel Institute

Bar identification.— Standard bar identification
marks are used for the types and grades of rein-
forcing steel produced by U.S. manufacturers
(fig.2-7).# Also shown are those manufacturers who
identify steel grades with a line system and those
who use a number system. These manufacturers all
produce reinforcing steel meeting ASTM re-
quirements (fig. 2-8).* The number preceding the
manufacturer’s name is the same on both figures.
Deformation requirements and the method for
measuring them are in the ASTM specification for
the type of steel specified.

The contract requires the contractor to furnish
properly documented certifications showing that
the reinforcing steel meets specifications. If the
material does not appear to be as certified, addi-
tional laboratory test data or samples for testing
can be requested.

Length and bending.—Reinforcing steel can be
shipped to the jobsite as cut-to-length bars or as
cut-and-bent bars. The supplier normally furnishes
a bar schedule and a bending diagram. On large
jobs the contractor often subcontracts the whole
reinforcement operation to a steel fabricator in-
cluding fabrication, transportation, labor, and in-
cidentals involved in setting the reinforcing steel
in place.

Various names have been assigned to reinforcing
steel when it is cut and bent to a certain shape.
Each shape has a definite functional use. Some of
the standard shapes are trusses, stirrups, ties,
spirals, radial bends, continuous slab, corner bars,
offset column bars, and standard hooks. The bar
shapes in general use have been standardized and
numbered by the American Concrete Institute.
Designers usually refer to the bend shapes on their
drawings by numbers.

Each dimension of a cut-and-bent bar has a letter
assigned to it. To get a bar fabricated exactly to its
typical shape, all dimension letters designated for
that bar shape must be listed. To modify the shape
of the bar, one or more letters are omitted from the
bar list. For example, by omitting “G” from a type
1bar, a bar with one hook would result. Figures
2-9% and 2-10° show typical bar bends and the
standard code for designating their dimensions.
The Concrete Reinforcing Steel Institute design
handbook, “Placing Reinforcing Bars” (see Chapter
5, Concrete), has a section, Recommended Practice

*Provided courtesy of Concrete Reinforcing Steel Institute
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for Placing Reinforcing Bars, that provides more
information on steel reinforcement, fabrication, and
placement.

Tolerance limits in fabrication.— The following
deviations in bar length from the true dimensions
shown on the drawings are within the tolerance
limits used by many fabricators and are accepted
on SCS projects unless specified otherwise:*

Straight bars., ................. +1 in.
Bars with hooks
Overall dimensions

No. 7 and smaller.. .......... 4% in.
No. 8 and larger.. ........... +1in.
Truss bars
Overall dimensions—length
No. 7 and smaller............ +1% in.
No. 8 and larger.. ........... fl in.
Overall dimension—height...... +0, =24 in.
Spirals, circles, or column ties
Overall dimensions. ........... +3 in.
Stirrups
Overall dimensions. ........... 1% in.

The manufacturer of the reinforcing steel is
allowed a variation of +3% percent in total weight
for one lot of deformed bars and a maximum of 6
percent under weight for any individual bar.

Identification for shipment.—Reinforcing steel
fabricated for a project must be bundled and tagged
for identification. Generally, the bundles should
contain bars of one size, length, and mark. Various
methods of tagging are used, but each bundle’s tag
must show the purchaser’s name or order number,
number of pieces, bar length, and where each piece
will be located in the structure. Symbols or marks
are used to show placement. Since fabricators use
various methods and systems, the contractor and
the inspector must ascertain at the time of delivery
which system was used in order to decide if the
materials satisfy the specifications. The contractor
is to provide copies of the delivery invoices and any
bar-bending and placing diagrams the fabricator
may have prepared for the work.

Welded Wire Fabric

Welded wire fabric (wire mesh) is available in
rolls for light gauges and in large sheets for
heavier gauges. It is manufactured in square and
rectangular patterns and may have one-way rein-
forcement of heavy-gauge wires closely spaced in a
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lengthwise direction or two-way reinforcement of
heavy-gauge wires spaced equally in each direction.
The wire fabric must be checked for the correct size
and mesh spacing when delivered. After placement,
splicing and supports of the material are inspected
to be sure that they meet specifications. Figures
2-11 and 2-12 show sizes and spacing of the
widely used wire styles.

Handling and Storage

Reinforcing steel must be examined on delivery
to be sure that it has not been bent or otherwise
damaged during transport and handling. The yard
or area for storing should have wooden or other
approved supports to keep the steel off the ground
and to permit separation by size, shape, and struc-
ture for proper inspection and protection.

Placement in Structures

The inspector must know the correct size for each
bar and its location in the structure and see that it
is correctly placed. If in doubt, the inspector should
check with the engineer.

Figure 2-13 through 2-19 are sketches® that
show where the primary steel reinforcement should
be placed to carry the expected loads most effi-
ciently (an exaggerated effect of these loads on the
concrete members is shown). Because of other
stresses, such as temperature, the design may show
the steel to be in the center of the section or closer
to one face, or it may show steel in more than one
plane in the member. The important thing to
remember is that placing the steel exactly as
shown on the drawings is very critical in the suc-
cessful performance of the structure.

Single Span Simple Beams

Top-loaded beams of one span (supported as
shown) require steel to be placed toward the bottom
of the beam for its full length (fig. 2-13).

Continuous Beams

Top-loaded beams extending over more than one
span (supported as shown) tend to sag between sup
ports and hump over supports (fig. 2-14). The rein-
forcing steel must be placed toward the top over
the intermediate supports. Frequently, an

*Reproduced with permission from “Placing Reinforcing Steel”
published by the Concrete Reinforcing Steel Institute



Type of Steel

Six Tensile . Elongation
and ASTM Nos. Grade Strength Yield (1) in 87 Min. Cold Bend Test {3}
Specification No. Inclusive | Min., psi Min., psi Percent (2)
Billet Steel 311 40 70,000 40,000 1.100.000 Under Size No. 6—90",d=3t
A615 14, 18 Tens. Str. Nor.6,7,8 — Q0% d=4t
Min.. 12% Nos, 9, 10,11 —90° d=5t
- I N R L _ Nor. 14, 18 —None
3-11 60 90,000 60,000 1,000,000 Under Size No. 6—90". d=4+
14, 18 Tens. Str. Nor. 6,7, 8 — Q07 d=5¢+
- Nor.9, 10,11 -90", d=ét
R R B . 7 Nor. 14,18  —None |
Varies
11, 14.18 75 100,000 75.000 with bar No. 11 — 907, d=8t
. ° =l 2
:';E-;-'Vfo//f Nor. 14, 18 —None
‘Axle Steel 311 40 70,000 40,000 1,100,000 Under Size No. & —9¢*, d=3t
AB617 Tens. Str. Nor. 6,7, 8 —90". d=4t
Min. 12% Nor.9, 10, 11 —907%, d=5¢
311 60 90,000 60,000 1,000,000 Under Size No. 6—90" ,d=4¢
Tens. Str. Nor. 6,7, 8 — 90,d=5¢
Nor. 9,10, 11 —90°, d=6¢
Rail Steel 3-11 50 80.000 50,000 | 1,000,000 NONE
A616 Tens. Str.
o | Min. 4.5 10 5% B
311 60 90,000 60,000 1,600,000 NONE
Tens. Str.
Min. 5%

ASTM STANDARD REINFORCING BARS
oesoron | f003s, [ ALY | i |
| 3 1 316 | 305 A1 11178

4 668 500 | .20 1571

3 1043 | 625 | 31 1963 |
6 1502 | 750 | 44 2356 |
" 2044 | 875 60 __ 2749
#8 2670 | 1.000 19 3142

9 3400 | 1128 . 100 3544
“H0 [4303 | 1270 | 127 3990 |

“11 15313 | 1410 156 4430
14 1765 | 1693 | 225 532

*18 1360 | 2257 @ 400 7.09

Sizes #14 and #18 are large bars generally not corried in
regular stock. There sizes available only by arrangement with

youwr supplier.

Figure 2-5.—Physical requirement for deformed reinforcing
bars. (Courtesy of Concrete Reinforcing Steel Institute.)

Figure 2-8.—ASTM standard reinforcing bars. (Courtesy of Con-

crete Reinforcing Steel Institute.)
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Lower Strength Bars Show Only 3 Marks (nograde mark)
in the following order:

1st— Producing Mill (usually an initial)

2nd— Bar Sire Number (#3 through #18)

3rd — Type ({\Ffor New Billet; A for Axle; . for Rail)

CONTINUOUS LINE SYSTEM-
GRADE MARKS

Vo Mairn Ribs .|

- thital GF
Progueing Mi

Twe
Lines —

J

1
=0

H
.y )
[\_/’ o Bar 5:'51 \::i‘/ Of'u o
8- 8 Lina 1

M. ~Tyee Steed
fj Chaw Billet) N N
L4 »

Grade 40
Grode 50

g

BAR PRODUCERS USING THE LINE SYSTEM

1.

2.

5.

8.
11.
12.
14.
18.
20.
21.
22.
23.
24.
26.

27.
28.
29.
32.
33.
34.
35.
36.
37.
39.
43.

44.
46.
49.

51.

Allison Steel Mfg. Co. Rolling Mill Div.

Armco Steel Corp.

Border Steel Mills, Inc.

CF&I Steel Corporation

Etiwondo Steel Producers, Inc.

Florida Steel Corp.

Great Lakes Steel Div. National Steel Corp.

Inland Steel Company

Judson Steel Corp.

Kaiser Steel Corporation

Kalmar Steel Corp.

Kankakee Electric Steel Co.

Laclede Steel Co.

Milton Manufacturing Company,
The Ceco Corporation

Mississippi Steel Corp.

Missouri Rolling Mill Corp.

North Star Steel Company

Northwestern Steel & Wire Co.

Oregon Steel Mills

Owen Electric Steel Co. of S. C.

Pacific States Steel Corp.

Phoenix Manufacturing Co.

Pollak Steel Co., The

Roanoke Electric Steel Corp.

Southern Electric Steel Company, Division of The
Ceco Corporation

Southwest Steel Rolling Mills

Tennessee Forging Steel Corp.

West Virginia Works, Connors Steel Division, H. K.
Porter Company, Inc.

Youngstown Sheet & Tube Co., The

Subsidiary of

High Strength Bars Must Also Show Grade Marks:

60 or One (1) Line for 60,000 psi Strength

75 or Two (2) Lines for 75,000 psi Strength
(Grade mark lines are smaller and betweenthe two main
ribs which are on opposite sides of all U.S. mode bars.)
Number grade marks are 4th in order.

NUMBER SYSTEM-GRADE MARKS

- Main Ribs ]

——Jritial OF
Pr‘oo’ucfn? MiLE

D<)

X
D)

[~ Bar 513a
pd

- Fyoe Sfee/

(A{’fw Billed)
- Grace

! AMark —
Grade 40 Grode 60 Grode 75
Grade 50

BAR PRODUCERSUSING THE NUMBERSYSTEM

O~NO AW

10.
13.
15.
16.
17.
18.
19.
25.
30.
31.
38.
41.
42.
45,

47.
48.

50.

. Atlantic Steel Co.

. Bethlehem Steel Corporation

. Calumet Steel Div., Borg-Warner Corp.
. Ceco Corporation, The

. Connors Works, Connors Steel Div.,

H. K. Porter
Co., Inc.

Continental Steel Corp.

Franklin Steel Div., Borg-Warner Corp.

Hawaiian Western Steel Limited

Hoster Investment Co.

Industrial Siderurgica, Inc.

Inland Steel Co.

Jones & Loughlin Steel Corp.

Lone Star Steel Co.

Northern Steel, Inc.

Northwest Steel Rolling Mills, Ine.

Republic Steel Corp.

Schindler Bros. Steel Co.

Soule Steel Co.

Structural Metals, Inc.

Texas Steel Co.

United Stater Steel Corp.

Witteman Steel Mills

*See bar photos in sequence as numbered above for the first three
identification marks and deformation patterns used by each mill,

VARIATIONS: Bar identification marks may alsa be oriented to read horizontally (at 90" to those illustrated cbove.)

Grode mark lines must be continued at least 5 deformation spacer.

Grode mork numbers may be placed within separate consecutive deformation spaces | o read vertically or horizontally.

Figure 2-7.—U.8. standard bar identificationmarks. (Courtesy
of Concrete Reinforcing Steel Institute.)
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DENTIFICATION OF U.S. REINFORCING BARS

»nt, mill-imprinted markings

=

Allison Steel Mfg. Co., Rolling Mills Div.
Phoenix. Arizana
2. Armeo Steel Corp.
Kansas City, Missouri
. Atlantic Steel Company
Atlanta, Georgia
4. Bethlehem Steel Corporation
Bethlehem, Pennsylvania
. Border Steel Mills, tnc.
El Paso, Texos
. Calumet Steel Div., Berg-Warner Corp.
Chicago Heights, Illlnols
. Ceco Corpomtion. The
Chicage, lllinois
8. CF & ISteel Corp.
Denver, Colorado
9. Coennars Werks, Connars Steel Div., H. K. Porter Co.
Birmingham. Alakama
10. Continental Steat Corporation
Kokama, Indian.
11. Etiwanda Steel Producers, Ine.
Etiwanda, California
12. Florida Steel Corporation
Tampa, Florida
13. Franklin Steel Div., Barg-Warner Corp.
Franklin, Pa_
14. Great Lakes Steel Corp., Div. of Notional Steel Corp.
Detroit, Michigan
15. Hawaiian Western Steel Limited
Honolulu, Howaii
16. Hoster Investment Co.
Oklahema City, Okla.
industrial Siderurgica, Inc.
Bayamon, Puerta Rica
18. inland Steel Carmpany
Chicage, Iilineis
19. lones & Laughlin Steel Corpomtion
Pittsburgh, Pennsylvania
20. ludson Steel Corporation
Emeryville, California
21. Kaiser 5teel Corporation
Cakland, Califernia

L

o u

=~

1

]

STM and AASHO Specifications require that ail reinforcing bars be identified by perma-

4 BETH.EHEM STEEL CORPORATION

N f&ﬂmﬂ%\“ﬂﬂ;
T L T S
NOTE: DEFORMATIONS OMITTED FOR FIVE
BAR MARKS (BLANKSARE FOR  DE MARK:

3 BORDER STEEL MILLS, INC.

v TTFFEITY

6 CALUMET STEEL DIVISION

N: %iiiiilia

6 CALUMET STEEL DIVISION

N EEIaIn

I ALLISON STEEL MFG. COMPANY
v FTRTRET
2 ARMCO STEEL CORPORATION

DENE)

3 ATLANTIC STEEL COMPANY

TR T N4 ,
N \/z‘zg B\ A

6 CALUMET STEEL DIVISION

,g?iiﬂﬁiiia

A

7 CECO CORPORATION, THE

NIVAVAVASAUAVAY

Bars #148 and #18S only

7 CECO CORPORATION, THE

NIVACNPAPAIRVAY.

Bars #3 through #11, |nc|u3|ve

Figure 2-8.—US. manufacturers of concrete reinforcing bars.

(Courtesy of Concrete Reinforcing Steel Institute.)
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,! 8 CF&! STEEL CORPORATION

15 HAWAIIAN WESTERN STEEL LTD.

\ 9 CONNORS WORKS

CONNORS STEEL DIV H K PORTER CO

T BCECC @

|6 HOSTER INVESTMENT CO.

TTRRITITT

Type not designated

10 CONTINENTAL STEEL CORPORATION

17 INDUSTRIAL SIDERURGICA, INC.

11 ETIWANDA STEEL

12 FLORIDA STEEL CORPORATION

|
|

One space hetween marks

18 INLAND STEEL COMPANY

v TR =TT

18 INLAND STEEL COMPANY

2 TAPWETITIN

13 FRANKLIN STEERL DIV., BORG\WARNER

“FIFT

19 JONES & LAUGHLIN STEEL CORP.

POOGO

&W/

| 13 FRANKLIN STEEL DIV, BORGWARNER

20 JUDSON STEEL CORPORATION

~ TTTRRRITTT

T

21 KASER STEEL CORPORATION

Figare a-a (cont.
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DENTIFICATION OF U.S. REINFORCING BARS

3TM and AASHO Specifications require thot ail reinforcing bars be identified |
nt, mitl-imprinted markings,

22. Kalmar Steel Carporation
Magnolia. Arkansas

23 Kankakee Electric Steel Company
Kankakee, lllinois

24. Laclede Steel Company
5t Lovis, Missouri

25. Lone Star Steel Company
Dailas, Texas

26. Milton Monufacturing Co., Subsidiary of the Ceco Corporation
Mitton, Pennsylvania

27 Mississippi Steel Corp.
Jackson, Mississippi

28 Missouri Rolling Mill Corp.
St. Louis, Missauri

29 Nanh %tar Steel Company
S¢. Paul, Minnesata

30. Northern Steel, Inc.
Boston, Massachusehts

31. Northwest Steel Rolling Mills, Inc.
Seattle, Washingion

32. Northwestern Steel & Wire Co.
Sterling. llinois

33. Oregon Steel Mills
Portland, Oregon

34. Owen Electric Steel Co., of 5S¢ Carclina
Cayce, South Caralina

35. Pacific States Steel Corp.
Union City, Colifornia

36. Phoenix Manvfacturing o
Joliet, lllinois

37. Pollak Steel Ca., The
Cinginnoti, Ohio

38. Republic Steel Corp.
Cleveland, Ohic

39. Roancke Electric steel Carp.
Roancke, Virginia

40. Ross Steel Works, Inc.

Amite, Lovisicna
. Schindler Bros Steel Co.
Sealy, Texas

42 Soule Steel Co.

San Franciseo, California

4

24 LACLEDE STEEL COMPANY

26 MILTON MANUFACTURING CO.

SUBSIDIARY OF THE CECO CORPORATION

27 MISSISSPP STEEL CORPORATION

22 KALMAR STEEL CORPORATION

i Y )

28 MISSOURI ROLLING MILL CORP.

Figure 2-8 {cont.)
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[30 NORTHERN STEEL, INCORPORATED

z TTRERRTTTTT

37 POLLAK STEEL COMPANY

31 NORTHWEST STEEL ROLLINGMILLS, INC

N EERREITT

S~
/

32

STEEL & WIRE CO.
- N oG K
:3 OREGON STEEL MILLS 38 REPUBLIC STEEL CORPORATION
N CUEEETD 8 OEErOe

34 OWEN ELECTRIC STEEL COMPANY

N DT RRERETTTTD

35 PACIFIC STATES STEEL CORPORATION
XOCEECOC
/ / /-f // / / ,// :

36 PHOENIX MANUFACTURING CO.

N e } /( AN

39 ROANOKE ELECTRIC STEEL CORP.
N SOSEECOT

40 ROSS STEEL WORKS, INC.

41 SCHINDLER BROS. STEEL CO.

36 PHOENIX MANUFACTURING CO.

e

42 SOULE STEEL COMPANY

TFFFRITY

Figure 2-8 (cont.)

2-56




DENTIFICATION OF U.S. REINFORCING BARS

STM and AASHO Specifications require that all reinforcing bors be identified by perma
ent, mill-imprinted markings.

43. Southam Electric Steel Company
Division of The Ceca Corporation
Birmingham, Alobama

44, Southwest Steel Rolling Mills
Lor Angeles, California

45. Structural Metals, Inc.

Seguin, Texas

46. Tennessee Forging Steel Carporation
Harriman, Tennessee

47. Texas Steel Co.

Fort Worth. Texas

48. United States Steel Corp.

Pittsburgh, Pennsylvania
Duquesne Mill
Torrance Mill
Birmingham Mill
Gary Mill
Fairless Mill
McDenald Mill
Dukuth Mill

49. West Virginia Works. Connars Steel Dir.
H. K. Porter Ca.. Inc.

Huntington. West Yirginia

50. Witteman Steel Mills
Fontana, California

51. Youngstown Sheet & Tube Co.. The
Yeungstown, Ohio

Youngstawn Mill
Chicage Mill

46 TENNESSEE FORGING STEEL CORP.

McDonald Mill

48 U. S. STEEL CORPORATION

Birmingham Mill

43 SOUTHERN ELECTRIC STEEL CO.

DIVISION 0F THE CECO CORPORATION

48 U. S STEEL CORPORATION

Duluth Mill

48 U. S. STEEL CORPORATION

Gary Mill

N LLEEH

48 U. S. STEEL CORPORATION

Fairless Mill

Figure 2-8 {cont.)
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48 U. S. STEEL CORPORATION

50 WITTEMAN STEEL MILLLS

Dugquesne Mill

49 W. VA. WKS., CONNORS STEEL DIV.

H K PORTER CC INC

Chicago Mill

Figure 2-8 (concluded)
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NOTES: 1 All dimensions ore out o out of bar except "A" gnd "G"

on standord 180° ond 135° hooks.
2. "J"dimension on 180° hooks 10 be shown only where necessory
to rastrict hook size,otherwise standard hooks are to be used.
3. Where "J"“is.r.mof s_how:l,':'J "will be kept equol to or m
less than "H™ Where"J " can exceed "H"| it should be shown
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6. Figures in circles show types
7. For recommended pin diometer "D", of bends, hooks,etc. see tables.

¢

K/’ Figure 2-9.—Typical bar bends. (Courtesy of Concrete Reinforc-
ing Steel Institute.)
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1All specific sizes recommended by CRSI below meet requirements of ACI 318-63.

RECOMMENDED 180 HOOKS STIRRUP AND TIE HOOK
Grade 40 ksi
D = 5d for #3 through #11 Detaiimg Hook
D = 10d for #14 and #18 Cumension  AorG
' S R ad or ' -
Grader 50-60-75 kri - =i F Ml g i
D = 6d for #3 through #8 dger 1 =¢7 p o z 2.5
D =84 for #9,#10, and #11 ZiMin _H - jgoe e S g0°
D =10d for #14 and #18 2‘}_9 ADE o5
Zlc = B
58, A" X
8l3: D s
) s .
RECOMMENDED 180 END HOOK DIMENSIONS 0 Beam Ay
i Grades i Grade & Beom 125
50-60-75 ksi ‘l - 40 ksi
BOF B {7 ) e B
Size AarG J il AoG A
#3 5 3 5 2%
#4 6 4 6 3%
#5 7 5 7 4y
#& 8 6 8 5%
#7 10 7 9 &la
#8 n 8 1o 7 STIRRUPS
#9 1-3 11% 1-0 8 (TIES SIMILAR)
#10 1-5 1-0% | 1-1 9
217 1-7 1-2% 1.2 10 STIRRUP AND TIE HOOK DIMENSIONS
s i e Grader 46-50-60 kri
#14% 2-2 1-8% 2-2 1-8%2 ] i
#18* 2-11 | 2-3 2-11 2-3 g 907 Hook 135" Hook
Bor D Hoak Hook ! H
Size | {in.} AorG AorG | Approx.
#3 | 1% 4 4 | 2%
#4 2 4 4% ' 3
#5 2V 6 5% | 3%
RECOMMENDED 90" END HOOK DIMENSIONS #6 3 ’ 6V 6%2 | 4%
Grad Cetailing ! NOTE—-When supporting bars are used, stirrup hocks may be bent to
All Graces Dimension | not less than the diameter of the supporting bars.
D = 6d for #3 through #8 v:!‘: ‘
D =8d for #9. #10, and #11 T, 0
D =10d for #14 and #18 Ca| 2
900 o py
TABLE 3— MAXIMUMSPACING OF COLUMN TIES*
Size , AcrG
i #3 E 6 Vertical
i #4 8 bar size #3 #4 #5
#5 10 #5 10 _ _
#6 | o #6 12 - -
#7 ]'4 #7 14 _ -
#8 : #8 16 16 -
#9 1-7 #9 18 18 -
#10 1-10
2.0 #10 18 20 -
. #11 18 22 22
* 2.7 #14 18 24 27
3.5 #18 18 24 30 i

Figure 2-10.—Standard code for designating the dimensions of
hooks, stirrups, and ties. (Courtesy of Concrete Reinforcing Steel
Institute.)
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TABLE VIli—COMMON STYLES OF RECTANGULAR WELDED

WIRE FABRIC—ONE-WAY TYPES

Spacing of Size of wires | Sectional area| Weight

Style wires, in. ASEW gauge seg in. per # | |b per

designation mnp ge
ngi rans, ngit rans mgi | ‘ran: L
241414% 2 4 | Y4 | 14 |e3n | 015 18
212-04 2 12 0 4 | 443 | o40 D
212-15 2 12 1 5 | 377 | 034 | 4
212-26 2 12 2 6 | 325|029 | U
212-37 2 12 3 7 | 20 | 025 | V7
212-48 2 12 4 8 239 (0241 #
212.59 2 12 5 9 | 202|017 | 77
212-610 2 12 6 10 ,174] 014 | 56
271 2 12 7 11 | 148 | o11 | 56
31204 3 12 13 4 208 | DAD 9
31215 3 12 1 5 | 25 02
31226 3 12 2 6 | 218 87
31237 3 12 3 7 | 87 15
312-48 3 12 4 8 ,159] o21 64
31249 3 12 5 9 | 135 | 017 | 54
312410 3 12 6 10 L1161 014 | #&
3127 3 12 7 11 | ge8 | O11 | D
312412 3 12 8 12 082 | 009 32
412-26 4 12 2 6 162 69
412-37 4 12 3 7 140 (02:5) 5
41248 4 12 4 8 | 120 | 021 5
412-59 4 12 5 9 101 ,017] 43
412-610 4 12 6 10 087 ,014| 36
412.711 4 12 7 11 | 074 | 011 3
412.810 4 12 8 10 061 04| ¥
412412 4 12 a 12 | 081 .Ow| 25
412912 4 12 9 12 | 052 | .ov| 22
412-1012 4 12 10 12 | 043 | .OW| 19
412-1112* 4 12 11 12 | 034 | 009 16
412-1212° 4 12 12 12 | o026 | .OW| 13
48711 4 8 7 11 074 | ,017| 33
48-812 4 8 8 12 | @065 | ,013] W
48-912 4 8 9 12 | .o55 | ,013] 23
48-1012 4 8 10 12 | 043 | ,013] 20
461112* 4 8 11 12 | 034 | ,013| 17
481212 * 4 8 12 12 02¢ ,013 14
481214 % 4 ] 12 14 | .02¢ | 008 12
612-3/04 6 12 00 4 208 | 04C o1
612-2/04 6 2| w 4 | ars| osc| 78
612-00 6 12 0 o | 14¢ | ,074| 81
612-03 6 12 0 3 A48 | 04 72
612-11 6 12 1 1 20 | 08 &9
612-14 6 12 1 4 | a2 | .04 61
612.22 6 12 2 2| 1ot | .O5¢ 59
612-25 6 12 2 5| o1 | .03 52
612-33 6 12 3 3| .09 | 045 51
612-44 6 12 4 4 | o8t | 0K 44
612-66 6 12 6 6 051 | 02 Er ]
612-77 6 12 7 7 | o4 | 0N w

Fabric with longitudinal wires vp te and incduding 7/0 can be furnished.

*The styles of fabeic listed above ore sh

dard

ble from

and are

stock. W udditionol ronsverss seol ores is Tequirtd the gouge and spacing of

the transverse wirss may be chonged from that indicated above-—usually for

orders of 5 fons or more.

TABLE IX-COMMON STYLES OF SQUARE WELDED
RE FABRIC —TWO-WAY 1

Style
designation

22210 /10
2x 2—12/12 %
2% 2"
2x2—16/16*

3x3—8/8

3 x 3=10/10
3x3—12/12¢
3x3—~14/14*

| x 4—4/4

4 x4—6/6

| x 4—8/8
4x4—10/10
4x 4—12/12*
| x 4=13/12*
4x4—14/14"

6x &==0/0
6 x 61,1
6x 6—12/2
6x &—13/3
5x 6—4/4
6x 6—4/6
&% 5[5
6x &=4/%
6x =7 /7
6 x 6=8/8
6x &~9/9
6x 6—10/10

Spacing of sir. of win.
wins, in. ASEW gauge
mgil | rans. [Longit, rons
2 2 10 10
2 2 12 12
2 2 14 14
2 2 16 16
3 3 8 8
3 3 10 10
3 3 12 12
3 3 14 14
4 4 4 4
4 4 ] 6
4 4 8 8
4 4 10 10
4 4 12 12
4 4 13 13
4 4 14 14
6 6 0 0
6 6 1 1
6 6 2 2
6 6 3 3
6 6 4 4
6 6 4 6
6 6 5 5
] 6 6 6
& 6 7 7
6 6 8 8
6 6 9 9
6 6 10 10

* Usually furnished anly in galvanized wire,

T y fobric

ES
Sectional are«
sq in. per H

engit | Frans
086 | DB
052 | 052
03¢ | 030
018 | .018
.0B82 | .082
057 | 057
035 | .035
.020 | .020
J20 | 120

.087 | .087

J062 | J062
043 | 043

026 | 026

020 | 020
015 | 015

LE48 | 148

26 | 126

108 | .108

093 | 093

.080 | .080

080 | .058

067 | 067

058 | 058
049 | M9
041 ML
.035 | 035

029 | .029

11
74

78

388

IELER R

of squal-sixed wires, squally spaced in beth
direétions, as shown in the abova table.

CONCRETE REINFORCING STEEL INSTTTUTE

Figure 2-11.—Sizes and spacing for rectangular welded wire
fabric—one-way types.

Figure 2-12.—Sizes and spacing for square welded wire fabric—

two-way types.
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LOADED MEMBER SHAPE IT ASSUMES

Figure 2-13.— A single-span simple beam, loaded and assumed
shapes.

{ i 4___i_t.__j=LLLLJ
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LOADED MEMBER

SHAPE IT ASSUMES

Figure 2-14.— A continuous beam, loaded and assumed shapes

LOADED MEMBER SHAPE IT ASSUMES

Figure 2-15.—A cantilever beam, loaded and assumed shapes.
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LOADED MEMBER SHAPE IT ASSUMES

Figure 2-16.—A wall, loaded and assumed shapes.

LOADED MEMBER SHAPE IT ASSUMES

Figure 2-17.— A retaining wall, loaded and assumed shapes.
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LOADED MEMBER SHAPE IT ASSUMES

Iﬁhglire 2-18.—An elastic (continuous)frame, loaded and assumed
shapes.
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¢

Figure 2-20.— Types of wire ties. (Courtesy of Concrete
Reinforeing Steel Institute.)

Figure 2.19.—-A footing slab.
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individual piece of reinforcing steel is formed to lie
in both planes; such a formation is called a truss
bar.

Cantilever Beams

Cantilever beams or slabs that have top loads
tend to bend down (fig. 2-15). The reinforcing steel
must be placed toward the top of the beam. Steel
placed in the cantilever must extend straight
through or around a corner to provide steel
support.

Walls

Walls with rigidly supporting slabs at the top
and bottom and having horizonal loads tend to bow
inward (fig. 2-16). The reinforcing steel must be
placed toward the inside face of the wall. Reinforce-
ment is also needed toward the outside face at the
top corner.

Retaining Walls

Retaining walls designed as a cantilever and
receiving loading as shown will need reinforcement
steel placed toward the outside (loaded face) of the
vertical wall, toward the top of the inside footing,
and toward the bottom of the outside footing (fig.
2-17).

Elastic (Continuous)Frames

A structure designed as a continuous frame but
top-loaded only tends to buckle the side walls out-
ward (fig. 2-18). The reinforcing steel must be
placed toward the outside of the sides bending
around the corners into the top slab. Steel must
also be placed toward the bottom face of the top
slab.

Footing Slabs

A column load acts downward in the center of a
slab or footing (fig. 2-19). If the bearing capacity is
uniform, the soil moves upward tending to raise
the corners. A mat of reinforcing steel should be
placed toward the bottom of the slab with steel
bars in both directions.

Splices

Splices in reinforcing steel are necessary on maost
projects. To transfer the stress from one steel bar
to the next, a certain length of lap must be
provided. The drawings specify the minimum
length of lap permitted. Usually this is stated in
terms of the diameter of the bar being spliced. Bars

are spliced by lapping them the required length
and wiring them securely together. It is not
desirable to splice bars at points of maximum
stress. Welded laps or butt joints are unacceptable
unless specified.

Ties and Supports

All reinforcing bars must be securely tied and
supported in their proper location with wire,
patented clips, or chair supports before concrete
placement begins. Bars assembled inplace in
horizontal mats must be tied at each intersection
around the periphery of the mat and at least at
every fourth bar within the mat. Horizontal bars
placed in the vertical mats should be tied in at
least three locations for each length or at every
third intersection, whichever results in closer
spaced ties. If mats are preassembled, they should
be adequately tied so they remain rigid during
handling and placement. Usually, a soft annealed
black wire of No. 16 gauge is used for tieing. Some
of the types of ties used by the concrete industry
(fig. 2-20) are the:

e Snap or single tie (A)that is used in flat
horizontal work. It consists of a single diagonal
wrap around two crossed bars. Wire ends are
tightly twisted with pliers, and loose ends are
cut and flattened to prevent snagging or pro-
truding through the surface of the slab. A
strong tie, called a doubling snap tie or single
tie-double wire, can be made by doubling the
wire.

o Wrap and snap tie (B) that is normally used to
secure horizontal bars to vertical bars in ver-
tical mats. The loop around the vertical bar
helps prevent movement of the horizontal bar.
The tie is made by wrapping the wire 1% times
around the vertical bar, then diagonally around
the intersection with the horizontal bar. Wire
ends are tightly twisted, cut, and flattened.

e Saddle tie (C) that is used most often on footing
or other mats to hold hook ends of bars in posi-
tion or for fastening column ties to vertical bars.
The wire passes around the front of the vertical
bar, down behind the back of the horizontal bar
(on both sides of the vertical bar), and back
around the front of the vertical bar. Wire ends
are tightly twisted, cut, and flattened.
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+ Wrap and saddle tie {D) that is used to secure
heavy mats handled by a crane and to secure
column ties to vertical bars at points of heavy
strain. This tie is similar to the saddle tie
except that the wire is wrapped 1% times ini-
tially around the vertical bar; completion is as
for (C).

s Figure eight tie (E) that is used only occa-
sionally because of the time needed to make the
tie.

Reinforcing steel must he firmly supported to
resist stress during the placing of concrete. Often it
gets stressed during handling by workmen or by
being stepped on. Chairs, bolsters, or fabricated
rebar spacers are the supports used most often to
minimize stress.

Concrete chairs are preferred for earth subgrades.
Three types of precast concrete chairs usually
available from retail concrete products firms are
plain chairs, chairs with wire, and doweled chairs
(fig. 2-201). Chairs with wires (dobbies) are suitable
for placing between the vertical steel and the
forms. Doweled chairs (candlestick) are best used to
support two mats of slab steel. The dowel holds the
upper mat, and the concrete chair supports the
lower mat.

Commercial fabricators make special bar supports
(fig. 2=22). They can be furnished with galvanized
or plastic coatings. A galvanized coating should be
used if bar supports are placed on surfaces that
will be exposed on the lower face of slabs or beams.
Supports must not be used where they would be
exposed in finished or formed concrete surfaces.

Inspection checklist:
steel reinforcement’

(Some items may not be listed. Some _listed may
not apply to every project.)

1. Materials—meet specifications, checked for
damage, proper bends.

2. Reinforcing steel —stored off ground, adequate
room for sorting and checking.

3. Placement drawing—available, adequate.

4. Ungalvanized metal supports—none exposed,
not touching earth.
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5. Iaplace steel—proper size, bends, spacing,
location, installation.

6. Multiple-bar placement in beams—vertically
aligned.

Bars—adequately supported.
8. Wire fabric—lapped, tied as specified.

Splices, ties, spacers, anchorage, and cover—
adequate.

10. Tie-wire ends—flush with steel or bent for
specified cover.

11. Hooks or “lifters” for raising reinforcement in
slabs—not allowed.

12_ Condition of steel before concrete placement—
free of mud, concrete, grease, oil, paint, loose
rust, mill scale, other coatings.

13. Position of steel—unchanged during concrete
placing.

14. Certification—receivedbefore placing concrete.

15. Record—tests, quantities, job diary entries.

"Each inspector should have access to the Concrete Reinforcing

Steel Institute design handbook, “Placing Reinforcing Bars” (see
Chapter 5, Concrete). Each inspector should become familiar with
the section, Recommended Practice for Placing Reinforcing Bars,
and mith procedures that relate to the types of construction under
consideration.
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Structure Drainage

Drainage Needs and Types

Drainage needs are dictated by the site condi-
tions and the functional nature of the structure.
Drainage is installed to control leakage and to
relieve pressure. The types of drains used in most
SCS work and descriptions of their basic functions
are in SCS Soil Mechanics Note No. 3, “Soil
Mechanics Consideration for Embankment Drains”
(May 1971).

Cutoff Trenches

Although an impervious barrier (cutofflcon-
structed in the foundation is not a drainage device,
it has a very significant effect on the internal
movement of water in and through the foundation.
Cutoffsinhibit the movement of water through a
porous foundation. As such, they reduce the volume
of water lost through seepage and reduce the
hydrostatic pressure beneath the embankment
downstream from the cutoff.

Drain Fill

The selection and placement of drain materials
are extremely critical to the proper functioning of a
structure. If very fine or cementitious materials are
present, they may seal the drain. Variations from
the specified gradation or segregation will
significantly affect the drain capacity and effec-
tiveness. Variations may allow the foundation or
embankment material to move into the drainage
system, either clogging the drain or jeopardizing
the integrity of the foundation and embankment.

The drain fill must be installed with a minimum
of segregation or contamination. The system the
contractor selects for placing the material must be
simple enough that the work personnel can do the
work properly. The sieve analysis for gradation is
described in ASTM C-136. Data are recorded on
Form SCS-ENG-535 (fig. 3-78). ASTM C-117 gives
details for determining the fraction finer than the
ZOOH™Mesh sieve.

Placement methods to prevent segregation are
similar to those for concrete placement. Drain
materials must not free-fall more than 5 ft. Chutes,
clamshell buckets, skips, or other equipment must
be used to place materials in the deep excavations.
Tremies or similar devices must be used when

placing materials in water. The tremie must be
kept full of the material and the discharge end
kept in contact with the material already in place.

The inspector is to check materials for proper
compaction and for placement to the lines and
grades shown on the drawings or as otherwise
directed. The inspector is to check all drainage
pipes, connections, and weep holes for the correct
location grade and alignment. Weep holes and
other outlets must be checked after their installa-
tion to be sure they are free from obstructions and
will function as planned.

Inspection checklist:
structure drainage

(Some items may not be listed. Some listed may
not apply to every project.)

1. Alignment, cross section, and grades—as
specified.

2. Quality and gradation, and placement—as
specified, certifications on hand, no segrega-
tion, uncontaminated.

3. Tests—adequate number, recorded.

4. Pipes—certifications, location, orientation,
bedded, secured, perforations clear, properly
joined, coating intact, capped, outlets guarded.

5. Backfill—uniform placement, compacted as
specified.

6. Relief wells—material certifications on hand,
construction and development as specified.

Quantities for payment—measure.
8. Record—job diary.
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Pneumatically Applied Mortar

Pneumatically applied mortar (PAM), often refer-
red to as Shotcrete, Airblown Mortar, or Gunite, is
blown by an air jet onto the surface to be treated.
This is the most versatile method for placing mor-
tar on concrete structures or other surfaces since it
is adaptable to flat slabs and walls with any degree
aof slope or warp. PAM can also be used to repair
concrete or masonry surfaces or to coat structural
steel.

Preparation of Surface

Loose materials, dirts, grease, oil, scale, and
other contaminations must be cleaned from all sur-
faces. Concrete surfaces must be sandblasted or
otherwise prepared for a satisfactory bond. Earth
subgrade must be shaped and compacted to the
specified grade and alignment. Reinforcing steel,
forms, gaging wires, and embedded items must be
securely anchored. Wire fabric must be anchored
by dowels grouted in the drill holes when treating
old concrete surfaces or anchored with blocks or
other approved supports on earth subgrade. All sur-
faces must be kept continually moist for 3 hr
before the mortar is placed. There must be no free
water on the surface when PAM is applied.

Materials

Sand

Concrete sand that meets the contract re-
quirements for gradation and the fineness modulus
(specified range, usually 2.50to 3.30) is important
for a satisfactory operation. The moisture content
of the sand must be within a close range. If it is
less than about 3 percent, the material will not
feed uniformly, the sand and cement will tend to
separate, and the amount of rebound will increase.
If the moisture range exceeds about 5 percent, slug-
ging can occur in the equipment and in the
discharge hose.

Cement

Generally, Type | or Type 1lportland cement is
used. It must be carefully protected from moisture
while it is stored on the job. Bagged cement should
be piled for easy inventory.
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Water
The water used for mixing the mortar and for
curing must meet contract specifications.

Reinforcing Steel

The steel reinforcement must be firmly anchored
and supported to withstand the impact of the mor-
tar placement. Laps and ties must be made as
shown on the drawings or as otherwise specified.

Equipment

Processing and placing pneumatically applied
mortar follow generally standard procedures. A
standard concrete mixer is used to mix the sand
and cement (and water if a wet mixture). The mix-
ture is placed in a mechanical feeder or pressure
chamber. For larger operations, two chambers are
used to maintain a continuous feed. The mixture is
moved by a feed wheel or by screws from the
pressure chamber into a delivery hose. Air pressure
forces the mixture through a delivery hose into the
placing nozzle. Water is forced under pressure into
the placing nozzle through a separate hose. For dry
mixtures, a special surrounding ring or manifold at
the nozzle sprays water radially into the dry sand
and cement.

Mixer

The mixing equipment must be able to
thoroughly mix a continuous supply of sand and
cement (and water if a wet mixture). Thorough
mixing is essential for good quality mortar. The
mixing time and the waiting time between the
mixing and placing must be as specificed. To pro-
duce a good uniform product, a mixing time of 1%
to 2 min is usually needed. Because materials can
stick to the mixing blades, frequent cleaning of the
mixer may be necessary.

Pressure Chamber

A vertical double-pressure chamber is most fre-
quently used. Materials are fed into the upper
chamber and pressurized. Materials release
automatically into the lower chamber when it is
empty. As the upper chamber empties, pressure is
released so that new materials can be fed and the
chamber repressurized. Metering equipment in the
lower chamber determines the volume of feed into



the delivery hose. Chambers, feed assemblies, and
valves should be cleaned as necessary to maintain
uniform delivery to the placing nozzle.

Hose and Placing Nozzle

Mortar placement is best when a hose shorter
than 100 ft is used. A longer hose can be used, but
the pressure must be increased to maintain the
proper nozzle velocity. Uniform pressure at the
nozzle is necessary, and the limits are specified.
The premixing type of placing nozzle, which has a
perforated water-feed ring built into the nozzle and
distributes water through the mixture, gives the
most uniform performance for dry mixtures. Mix-
tures that are not uniform will wear the liner
excessively.

AIr Compressor

The air supply must be adequate to furnish the
volume and pressure specified without interruption
for the longest length of delivery hose. Air is also
needed for blowing away the rebound and for other
incidental uses.

Water Pumps

Water pressure and air pressure must be uniform
and free of surges. The pumping equipment should
be able to supply the required volume at a pressure
at least 15 1b/in.* greater than the minimum
needed for placement.

Placement

A crew of three is usually needed to place
pneumatically applied mortar—a nozzle operator, a
machine operator, and a person to clear away the
rebound. All three should be experienced in
working as a team. The quality of the finished job
depends primarily on the skill of the nozzle
operator.

The machine operator usually regulates the air
pressure, water pressure, and feed rate of the mix-
ture so that a uniform flow of mortar is available
at the nozzle. Besides clearing away loose
materials, the rebound person helps in moving the
hose and in other placing details.

Pneumatically applied mortar should be placed
systematically. The placing nozzle should be held
about 3 ft from and normal (perpendicular)to the
receiving surface. The air pressure is adjusted to
control the rebound and density of the mortar.
Once optimum pressure has been established for a
given application, it is held constant throughout
the application. With a dry mixture, the nozzle
operator must also adjust for the proper amount of
water. Thickness limits for the various surfaces
and the timing of application of subsequent layers
must be carefully controlled to avoid sloughing and
to ensure a good bond. Surface uniformity is
necessary for good appearance and performance.
Enough header boards or gauging wires should be
used to control the thickness. With skillful mortar
placement the need for “fill-ins” and repairs can be
avoided. Surfaces for mortar placement must not be
frozen, and temperatures must be within the
specified range. The operation must be protected or
shut down during high winds because they cause
the mixture to separate at the nozzle.

Curing

Curing pneumatically applied mortar is just as
critical as curing other concrete. The specifications
for curing under normal conditions and during hot
and cold weather must be followed exactly. The
equipment and materials for the approved curing
method should be on hand before mortar placement
begins so there is no delay in the application.

Tests and Reports

Test cylinder cores from the test panels must be
taken as specified. Each cylinder should be
properly marked for identification and the required
reports prepared. The gradation and moisture con-
tent of the sand must be checked.

The types of equipment, size and length of the
feed hoses, operating pressure, and the production
rate used should be recorded. Reasons for any shut-
downs, equipment failures, or other delays must be
noted.
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Inspection checklist:

pneumatically applied
mortar

(Some items may not be listed. Some listed may
not apply to every project.)

1. Earth subgrade—shaped as on drawings, firm,
moist.

2. Surfacez of concrete and other materials—
clean, moist.

3. Reinforcement—properly placed, supported.

4. Header boards and gauging wires—proper
dimensions, adequate number.

5. Placing equipment—adequate capacity, good
operating conditions.

6. Materials and mixture—meet specifications.

7. Batching and placing equipment—good condi-
tion, free from dried mortar.

8. Delivery hose length and pressure—meet
specifications.

9. Water pressure—exceeds feed line pressure.
10. Mixing—as specified.

11. Mortar placement speed—previous layer does
not set before next layer is placed, maximum
delivery times not exceeded.

12. Rebound—not excessive {20-40% is normal).
13. Rebound material —cleared away, not reused.

14. Finished surface—uniform, meets tolerances
specified.

15. Sand or slough pockets—cut out and repaired.

16. Weep holes and other drains—proper installa-
tion, free from obstruction.

17. Finished mortar—cured as required.

18. Subgrade frozen, air temperatures below
specified minimum, or wind excessive—-
mortaring stopped.

19. Tests—as specified.

20, Materials—certificates received, meet
specifications.

21. Record—tests, quantities, job diary entries.
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Pipe Structures

Delivery and Storage

The contractor and the inspector should inspect
all material to be used in the work as soon as con-
venient after delivery to provide the maximum
time for the contractor to correct any deficiencies.
The material must be insoected to determine that
it meets specifications and has not been damaged
in transit. Conerete and clay pipes, if dry and
standing on end, give a clear ringing sound if
tapped with a light hammer. Drain tile, clay sewer
pipe, and nonreinforced concrete pipe must be in-
spected for such manufacturing defects as cracks,
blisters, warps, and significant variations in shape.
Reinforced concrete pipe must be inspected for the
following defects: cracks passing through the shell,
transverse cracks around the periphery «f the pipe,
imperfect mixing or molding, spalls, exposure of
the circumferential reinforcement, honeycombed
areas, and end finish.

Specificationsrequire that most pipe sections be
marked with the manufacturer’s name, the pipe
class, sue, and head, and the date of manufacture.
Pipe for principal spillways requires special
marking—concrete pipes are usually marked with a
stencil and clay pipes are marked by etching the
exterior.

Concrete pipe having elliptical reinforcement
must be marked with “TOP” on the outside of the
pipe to permit the proper orientation. Pipe that
requires a particular orientation to carry the
loading must not be used in principal spillways.

Pipe lacking the required identification and cer-
tification must not be used. The inspector should
clearly mark as rejects any sections not meeting
specifications. All rejected pipe should be marked
in such a manner that the markings will not
impair the salvage value of the rejected pipe.

Unloading and Handling

After the concrete pipe is transported to the job-
site, it should be unloaded carefully to prevent
damage. If pipe is rolled from trucks or down the
embankments, it must be kept under control. If it
is pushed with bulldozers or tractors, great care
must be taken not to damage it.

Metal pipe must not be pushed or dragged over
gravel or rocky surfaces since damage to the
coatings can adversely affect pipe durability. The
pipe must never be lifted with a sling running
through it because the resultant forces can damage
or break the ends.



Storage

After the pipe is delivered to the worksite, it
should be stored in an accessible location—as near
as possible to the place it will be installed but not
where it can interfere with equipment movement
and other preparatory operations. Pipe must never
be stacked. Corrugated metal pipe having paved
inverts must be stored with the paving at the
bottom to prevent the asphaltic invert lining from
flowing.

Installation

Trenches are normally excavated to within a few
inches of grade with heavy equipment. Then the
work is finished and shaped by hand. Because
trenches are known to cave in, appropriate safety
measures must be used. If material is removed
below the subgrade, the void must be backfilled as
specified. A uniform bearing strength is essential
in any structure foundation. In some places, it may
be necessary to excavate below the subgrade to
remove unsatisfactory material.

Excavation is usually specified to some depth
below the invert of the pipe in rock foundations,
and a backfill of earth or concrete is placed to
eliminate variation and to provide uniform support
for the pipe. The contractor’s method of excavation,
such as ripping or blasting, must not damage the
structure foundation.

The rock foundation must be prepared as
specified.

Since the final load on the pipe varies greatly
with the dimensions of the trench in a trench
installation, it is imperative that the depth,
width, and slopes of the trench be constructed
exactly as designed.

Drying and cracking (desiccation)of foundation
soils can jeopardize the integrity of a hydraulic
structure. Special protective measures, such as wet-
ting or sealing, particularly for high shrink-swell
soils, may be necessary.

Trench excavation and pipe installation normally
proceed upgrade to allow drainage during
construction.

Although the flattening of side slopes or shoring
trenches is primarily for the safety of the
workmen, they also may be required in some places
to preserve the integrity of the adjacent foundation.
If shoring is used, it must be constructed of
materials and in such a manner that it can with-

stand imposed loads with a margin of safety. If
there is any question, the engineer should require
the contractor to furnish an analysis of the shoring
design for approval.

During excavation for the foundation, ground
water is frequently encountered. The contractor’s
plan for construction should provide for adequate
dewatering facilities. They should be installed and
functioning satisfactorily at the start of the work.

Alignment and Grade

Pipe conduits must be placed accurately to the
line and grade specified. If a concrete cradle or bed-
ding is specified, the pipe can be temporarily sup-
ported by blocks of concrete precast from the same
concrete specified for the cradle or bedding. These
support blocks take many forms, and usually one
or two types are shown on the drawings.

For earth beddings, the bottom of the trench ex-
cavation is fine-graded and shaped to fit the outer
circumference of the pipe (as shown on contract
drawings or as directed), then backfilled to a
specified grade with the granular material, allow-
ing for consolidation and shaping to fit the pipe.
The pipe must rest against solid undisturbed earth,
compacted earth, or granular material, as specified,
for its entire length except for the couplings or
bells, which must be free from the bedding.

Laying Pipe

Unsatisfactory performance of any step in laying
pipe can impair the quality of the final product. In-
termittent inspection may not reveal these faults
so continuous inspection during the pipe laying is
imperative.

Before any pipe is placed, the inspector must
know that the foundation is satisfactory, is at the
right elevation throughout, and contains no cobbles
or oversize rock closer to the grade of the pipe than
specified. The inspector also must know that the
bedding material has been graded uniformly and to
the proper thickness and that any bell holes re-
quired are properly dug.

The contractor must know how and be able to
transfer the grade and the alignment from the
stakes to the pipe.

As the pipe is placed, the handling and joining
must be inspected. Careless or improper handling
can crack or chip rigid pipe, deform flexible pipe,
and damage coatings or surfaces. Joint material
will be stated in the specification or shown on the
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contract drawings. Joints that require a gasket
must be checked for positioning of the gasket.

Figure 2-23 shows typical methods of coupling
concrete pipe sections. For a pressure pipe, it is
desirable to complete each joint individually as the
sections are placed, rather than completing a
number of the joints at one time. For pipe joints
with rubber seal rings or gaskets, the closing
should be made as follows: (1} close the joint to %
in. using inserts (spacers) in the gap, (2) check the
correct position of the rubber gasket with a feeler
gauge, and (3) remove inserts and complete the
closing to the gap specified. All measurements
should be made from inside the pipe if the pipe size
permits.

For some types of pipe, such as perforated pipe
and certain reinforced concrete pipe, it is very im-
portant that they be properly oriented. If a concrete
pipe is constructed for a specific orientation, the
top must be so marked. Perforated pipe must
always be laid with perforations at the bottom
unless otherwise specified.

Corrugated metal pipe should be laid with the in-
side of the circumferential lap downstream. The
longitudinal laps should be at the sides or quarter
points, not on the bottom. To properly position
coupling bands on corrugated metal pipe, a clear
space is usually required between abutting ends of
the pipe sections so that the grooves of the cou-
pling band will match the grooves of the pipe and
make a tight joint. During tightening, connecting
bands should be tapped with a hammer to fully
seat the band. If strutting is specified, it should be
checked for proper installation and orientation as
the pipe is laid. Any damaged coating must be
repaired before the pipe is placed.

The joints of pipes to be placed in embankments
are designed to be watertight and to allow elonga-
tion and rotation. Failure to follow specifications
carefully during installation will impair these
features. For example, if concrete mortar is allowed
to enter a pipe joint, the joint ceases to be flexible
and can no longer rotate without damage to the
spigot and bell. Open ends of the pipelines should
be kept covered when work is not in progress.

Backfill

Before compacting the backfill under the
haunches of any pipe, particularly corrugated
metal pipe or steel pipe, it may be necessary to
weight the pipe to prevent it from being displaced
by the work. In very plastic soils, even weighting
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may not be enough. Selected excavation or borrow
materials should be uniformly placed along both
sides of the pipe in layers of the specified depth
and moisture content, then compacted to the
specified density by manually directed power or
hand tampers.

Heavy construction equipment must not be
operated within 2 ft of any part of the unprotected
structure or be allowed to cross over the structure
until it has been covered by at least 2 ft of com-
pacted fill. If concrete is an integral part of the
pipe conduit, the curing period required before
backfilling is specified. The inspector should ex-
amine the backfill to be sure that each layer bonds
securely to the previous one and that moisture and
density are uniform throughout. Desiccation of the
surface is frequently a problem if the work pro-
gresses slowly. If this occurs, wetting and scarifica-
tion are necessary so that the new lift of backfill
bonds properly with the old lift.

Field Testing for Water Tightness

If field testing of the pipelines is required, the
equipment and procedures are specified in the con-
tract. The contractor normally provides all equip-
ment and facilities for making these tests.

Inspection checklist:
pipe structures

(Some items may not be listed. Some listed may
not apply to every project.)

1. Material—certifications, quality.

2. Condition—good.

3. Markings—proper.

4. Diameter—wall thickness, concentricity.

5

. Joints—ball and spigot thickness, length;
material bonded, cured.

(o))

Fittings—types, sizes, material.

7. Perforated pipe—size, length, type of perfora-
tions, orientation, perforations open.

8. Coating—thickness, integrity.
9. Excavation—Iline,grade, shape, safe, bell holes.
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torily coupling rubber-jointed concrete pipe.
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10. Foundation—satisfactory
11. Bedding—quality,thickness, uniformity, shape.

12. Pipe sections—placed,jointed, strutted,
supported.

13. Backfill—placement, density, moisture, bond.

14. Record—tests, quantities, job diary entries.

Metal Fabrication and Installation

All metal materials must be of the grade, quality,
and size specified. Unless otherwise specified, metal
fabrication and installation must conform to the re-
guirements shown in part 5, Specifications for the
Design, Fabrication and Erection of Structural
Steel for Buildings, of the publication “Manual of
Steel Construction™’ or in part 4, Standards and
Specifications, of the publication “Aluminum Con-
struction Manual.””

Delivery and Storage

All metal materials must be checked by the con-
tractor and the inspector for quality and quantity
and for damage in transit as soon as possible after
delivery. This gives the contractor the maximum
time possible to replace any material that is un-
satisfactory or is missing before it is needed for in-
stallation. Certifications of quality should be in
hand at this time and must be verified.

Metal materials must be handled carefully during
unloading. Clip angles, secondary members,
flanges, machined faces, bearing surfaces, and
coated members are particularly vulnerable to
damage.

Metal materials must be stored off the ground on
platform skids or other supports and protected from
mechanical injury and surface deterioration.

‘See Chapter 5, General construction.

Inspection of Materials

The contract drawings and specifications (and
shop drawings when required) show the dimensions
of the materials and the details necessary for their
assembly. If the metal is not fabricated properly, it
must be rejected and replaced. Sharply kinked,
warped, or bent steel must be rejected. Only minor
straightening is permissible.

The workmanship and finish must be true and
smooth to ensure a proper fit. Rivet and bolt holes
must be the proper size, in the correct location,
normal to the surface, and not deforming the
material. Multiple plies must be clamped tightly
together so that no cutting or burrs are forced out
between the plies. All outside burrs must be re-
moved. Holes must be drilled 1/16 in. larger than
the bolt diameter unless otherwise specified. The
drilling and reaming of the holes for turned bolts
must be truly cylindrical and no larger than the
approved tolerances.

The inspector must verify that shop-installed
bolts and nuts meet the class, finish, form, and size
specifications. The temporary bolting used during
shipping should be removed and replaced with
rivets or bolts as specified. The threads must be
nicked or upset, if specified, to prevent the nuts
from backing off. High-strength bolts are identified
by three radial marks in the head and three long
indented marks on the nut. They are used with
high-carbon steel washers. The bolts need the prop-
er tension applied with a torque wrench. Bolts and
rivets must not be used in the same connection.
Any mismatched holes must be rereamed, not
burned.

All parts of the shop-riveted members must be
well secured and rigidly held together. The rivets
must be tight and their heads in full contact with
the surface. The finished heads should be approx-
imately hemispherical in shape and of uniform size
throughout the work. Rivet heads should be full,
neat, and concentric with the holes. The rivets can
be checked by tapping with a light hammer. A
clear ringing sound indicates a tight rivet.

Loose mill scale, slag or flux deposits, rust, spat-
ter, dirt, grease, oil, and other foreign materials
must be carefully cleaned from all surfaces in-
tended for welding. Gas cutting of edges should be
done with a mechanically guided torch if possible.
Welding is done only where specified (as shown on
the drawings) and only by qualified welders. All
foreign material must be thoroughly cleaned from
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all metal surfaces and joints before a prime coat is
applied. The coat should be continucus and uniform
on the surfaces and worked into the joints. Metal
surfaces or edges to be welded or those to be
embedded in concrete must not be painted.

Steel metal work is galvanized by the bot-dip
process. The required weight in ounces per square
foot, if specified in the contract, must he certified
by the fabricator or treating plant. The material
should be inspected to determine that the zinc
coating is continuous, reasonably smooth, and
uniform. All blisters, sal ammoniac black spots,
and other chemical flux or projections must be
removed so that the coating bonds to the steel. The
bond should he strong enough that, under heavy
pressure, paring or whittling with a strong knife
will expose only minute areas of the steel base. All
holes must be clean and reasonably free of excess
spelter. All steel members and assemblies must be
rejected if they are warped or distorted so much
that they cannot be installed or function as in-
tended if installed.

Galvanized members and assemblies should be
transported and handled in a manner that will not
cause abrasion or other damage to the zinc coating.
The use of hooks, chains, or other metal to hoist
assemblies is prohibited. Any damaged surfaces
must be thoroughly cleaned, repaired, and coated
as specified.

The inspector must detect any fabrication or
assembly errors. They must be corrected before the
final riveting or welding is done and preferably
before the steel is erected.

Erection

The contractor must take all necessary safety
precautions for employees on the job and comply
with applicable federal, state, and municipal safety
laws and building and construction codes.

As the steel is erected, it must be adequately
held and supported to guard against collapse
resulting from any abnormal winds or erection
loads. If guys are used, they should be taut and
adequately anchored. Sufficient bracing and second-
ary steel should be erected and bolted to maintain
the stability of the work. Enough bracing must be
erected before the final alignment is started so that
aligned parts will not be displaced when adjacent
parts are added. The final alignment needs to be
started as early as possible during erection so that
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errors do not accumulate and magnify. Kough
handling of the material during erection is not
necessary if the fabrication is proper. Hard pound-
ing with sledges and excessive drifting must not be
allowed, Holes cannot be recut with a torch.

The inspector is to make sure that enough tem-
porary holts are placed in all connections to
guarantee that the steelwork will hold its align-
ment during the final riveting or welding opera-
tions. Guys or other temporary braces or supports
must be removed before the final bolting, riveting,
or welding. Adequate facilities should be provided
for heating, passing, and driving the rivets. All
rivets must be uniformly heated without burning,
then driven while still hot. Each driven rivet must
be tapped individually for tightness and checked
visually to make sure that the heads are full, con-
centric, and properly shaped. If the heads are
repeatedly undersize or oversize, the contractor
must provide longer or shorter stock. Rejected
rivets must be clearly marked and removed
without damaging members or holes. If the holes
are elongated or distorted, they should be reamed
or redrilled and the proper-size rivets be driven.
Rivets that are pitted or pockmarked by
overheating and burning should not he used.

Welding

Welding is very important in connecting all types
of metals. Welding requires careful procedural
workmanship. A careful, detailed inspection by
qualified personnel is essential. Mistakes in
welding are often hidden from view unless the en-
tire welding procedure is reviewed. Even then,
X-ray testing may be necessary to establish that a
joint is fully effective.

Welders should be tested according to an
approved welding procedure, and the testing should
be overseen by a qualified testing laboratory.
Welding qualification is by the position of the weld.
The inspector should see that no welding is done in
a position by persons not qualified.

To avoid distortion of the members, welds should
be performed in a prearranged pattern that is
planned for the best distribution of heat. The in-
spector should verify and check all dimensions of
the welds. Overwelding, either in size or length,
should not be permitted. The placing of welds in
the wrong locations may be as serious as omitting
them. Before welding, the joint should be inspected



to see that surfaces are parallel, level, and clean
and that the members are aligned. Welding rod or
other miscellaneous metal must not be used to fill
large voids and spaces. The inspector should ex-
amine all electrodes and reject those with damaged
or wet coatings and those that are otherwise im-
proper to ensure a quality weld of the members.
The number of electrodes per welding pass or bead
should be checked. All slag and flux should be
removed before laying down the next bead. All
defects should be chipped, chiseled, or ground back
to base metal before proceeding with the welding.

Welds should be inspected for throat dimension,
uniformity, absence of cracking, and specified
penetration. This can be accomplished by observing
the welding as it is done and checking the com-
pleted weld for surface appearance and for surface
defects, craters, undercutting, cracks, and other
defects. When specified, welds should be inspected
by X-ray, magnetic flux, or ultrasonic testing; the
minimum percentage of welds judged acceptable
with such testing must meet job specifications.

All safety requirements should be checked, and
strict compliance with those applicable should be
ensured.

Inspection checklist
welding

(Some items may not be listed. Some listed may
not apply to every project.)

1. Qualifications of welders—review each welder's
qualification records.

2. Location—all welds made and in required
locations.

Sizes and types—as specified.

4. Testing— X-ray, magnetic flux, or ultrasonic
testing as specified, test locations identified
and recorded.

5. Procedure—cleaning, leveling, clamping, sup-
porting members as specified; in accordance
with standard practice.

6. Materials—proper type of rod, flux, other
material used.

Finishing

Before the final coating of metal work, the
assembly should be inspected to be sure that it is
complete and that all surfaces are clean and dry.
Paint for the final coats and painting procedures
must be as specified. Atmospheric conditions must
be within the limits specified. The prime coat
should be retouched whenever it has been marred.
The paint should be sprayed or brushed on evenly
to prevent running or beading. Each coat must be
thoroughly dry before another coat is applied.

Inspection checklist
metal work

(Some items may not be listed. Some listed may
not apply to every project.)

1. Certification—complete.
Members-dimension, shape, condition.
Shop coating—intact.

Storage —protected.

Warped or bent members—replaced.

o g N~ W N
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Anchor bolts—size, location.

7. Erecting equipment—methods, safety.
Bearing plates or frames

1. Concrete surface—clean.

2. Bearing plates—set, anchored, shimmed.

3. Bedding mortar—placed, cured.
Assembly

1. Members—fitted, leveled, guyed, temporarily
connected.

2. Material handlings—no undue force, no
refabrication.

Bolted connections

1. Bolts, nuts, and washers—as specified.
2. Seating—clean, uniform.
3. Holes—size, alignment.
4

. Tension—torqued.
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5. Coatings—before, after.
Riveted connections
1. Holes—alignment, size, reaming, no burning.

2. Rivets—proper heat, tight, uniform heads, no
reheating or reforming, mark rejects (includes
pitted or pockmarked rivets), paint rivets,
touch up shop coat.

3. Marked or deformed member—poor workman-
ship, improper material or equipment.

Welded connections
1. Surface—clean, no fins or tears.

2. Welds—where specified, size, length, shape,
defects.

3. Overwelding—reject.

4. Unspecified holes in members—not permitted.
Painting

1. Assembly—complete, clean.

2. Paint—certified.

3. Weather—acceptable.

4. Painting—skilled, limited to proper surfaces.
Tests

1. Tests, quantities, job diary entries—recorded.
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Timber Construction

All timber materials to be incorporated in the
work must be of the grade, quality, and size
specified.

Inspection and Grading

Structural timber and structural lumber (the
terms are used interchangahly) are generally
graded according to the standard grading rules set
by the association of producers of that kind of
lumber. These rules define the imperfections affect-
ing quality and thereby determine the grade.

The lumber used and the inspection rules fol-
lowed must conform to whichever set of standard
grades and grading rules is specified in the con-
tract. Al materials must be marked or stamped for
easy identification of the quality and grade. If
treated timber is specified, the method of treatment
and the chemical retention per cubic foot should be
indicated by markings or by a treatment plant
report.

The definitions and standards of measurement
and classification of typical defects and blemishes
in lumber vary with the kinds of lumber and with
each set of grading rules. The inspector must
thoroughly understand details of the applicable in-
spection and grading rules.

Defects

Checks.—Checks are lengthwise grain separa-
tions that take place during seasoning. They usu-
ally cut through or across the growth rings. Checks
are further described by their type, location, and
size.

Decay (also called rot or dote).—Decay is the
disintegration of the organic substances of the
wood caused by destructive fungi. There are
various stages of decay. Incipient decay changes
the color but may not seriously affect the strength
or hardness of the wood or make it entirely unfit
for use. Advanced decay results in complete
breakdown of the wood structure, leaving it soft,
spongy, or punky and entirely useless. Peck is a
form of pocket rot that occurs in cypress, leaving
longitudinal holes.

Holes.—Regardless of the cause, holes affect the
utility and grading of lumber. Holes are classified
as pinholes, medium holes, and large holes.
Grading limitations are frequently based on the



percentage of waste if no holes are permitted in the
finished work.

Knots.—Sections of limbs become embedded in
tree trunks. They show up as knots when logs are
cut into lumber. Knots are generally classified as
to size (pin, small, medium, or large knots), form
(round if cut crosswise or spike if cut lengthwise),
growth (intergrown, watertight, or encased), and
stability (tight, fixed, or loose).

Mismanufacture.—Mismanufacture includes
defects and blemishes caused during the manufac-
ture of logs into lumber. Examples include:
chipped, loosened, raised, or torn grain; skips or
unsurfaced areas in dressed lumber; miscuts or
variations in sawing from the true line of cut;
machine burns or gouges; uneven fits between ad-
joining pieces; and insufficient tongues, grooves, or
laps.

Pitch.—Pitch is a resin accumulation in the wood
cells of pine, fir, or spruce. It usually appears in
more or less irregular patches or in streaks or
pockets. Pitch accumulations are visually judged as
light, medium, heavy, or massed. Pitch streaks and
pockets are judged by their size and distribution.

Pith.—In the center of a log is a small soft core
called the pith. The combination of the pith and
the wood immediately around it is called the heart
center. The surrounding wood can be discolored
and contain small checks, shakes, or pin knots.

Shakes.—Lengthwise grain separations between
or through the growth rings are called shakes. A
ring shake occurs between the growth rings and is
cylindrical in form. A pith shake is radial like a
check but is not uniform, being widest near the
pith. Shakes are classed by size as fine, slight,
medium, or open. They are also classed by extent,
as through (extend from one surface to another),
round (completely encircle the pith), or cup (par-
tially encircle the pith).

Splits.—Lengthwise separations caused by the
tearing apart of wood cells are called splits. They
are classed as short, medium, or long.

Stain.— Any discoloration on or in lumber that
appears different from the natural color of the
wood is a stain. Stains are classed as light,
medium, or heavy.

Wane.—Any remaining bark on the edge or cor-
ner of lumber or the lack of wood on the edges

from any cause is called wane. It is classed in some
grading rules as slight, medium, or large by the
dimensions of the cross section and by the propor-
tion of the length and thickness of the piece
affected.

Warp.—Any variation from a true or plane sur-
face is warp. It includes bow (a deviation in
flatness from end to end), cup {a deviation in
flatness from side to side), and crook (a deviation
along the edge from end to end).

Grading Provisions

Because lumber is a natural material, it is sub-
ject to variations that cannot be evaluated pre-
cisely. The grading of lumber is not an exact
science, but a matter of judgment based on in-
telligent and reasonable interpretation of the rules.
The following provisions are important.

Grading face.—Rules generally specify the
lumber face to be graded. Dimension lumber, heavy
joists, and structural timber are graded on the
basis of the poorest face. Yard lumber, rough or
surfaced, is graded on the better side. Lumber sur-
faced on one side only is graded on the surfaced
side; however, the reverse side usually should not
be more than one grade lower.

Variations.—Rules generally specify the poorest
pieces admissible in each grade but require that
materials furnished must be representative of the
full range of the grade and not be mostly pieces
close to the borderline of the next lower grade. The
number of imperfections permitted generally varies
with the size of each piece, but the allowable size
of any one defect is fixed regardless of the size of
the piece. Lumber to be dressed can have defects in
its rough form, provided the defects are removed
when it is dressed.

Trimming.— Standard lumber must be trimmed
to remove splintered ends and spurs. Thin yard
lumber must be trimmed at both ends to the
specified tolerance over the nominal length.

Heartwood.—The minimum content of heartwood
is specified for the select, prime, and merchantable
structural lumber grades of longleaf pine. It is no
longer specified for the other grades of longleaf
lumber or for any shortleaf lumber grade, except as
optional special requirements. Cypress is available
in all heartwood grades. The percentage of heart-
wood is the ratio of the minimum girth of the
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heartwood to the girth of the piece. Heart face
lumber is free from sapwood on the face side.

Combination grades.—For the dealer’s conven-
ience in handling certain stocks, different grades of
lumber can be combined. For example, A and B
grades can be combined as B-and-better grade.

Density rule.—The Southern Pine Association
has adopted the so-called density rule for grading
dense southern pine lumber. Each piece is to
average, on one end or the other, not less than six
annual rings per inch and have one-third or more
summerwood (the darker harder portion of each an-
nual ring) as measured over a prescribed portion of
a radial line from the pith. Lumber not meeting
the density-rule requirement is graded as close-
grained or medium-grained. Similar rules apply to
Douglas-fir and redwood.

Stress rating. — Standard dense structural grades
of southern pine are assigned definite working
stresses in pounds per square inch for fiber stress
in bending, tension parallel to the grain, compres-
sion across the grain, horizontal shear, and com-
pression parallel to the grain. Grades are available
under the established modified rules for special
working stresses in horizontal shear. Stress-rated
lumber can be obtained in almost all kinds of soft-
wood and hardwood usually used for construction
lumber. The maximum slope of the grain with
respect to the longitudinal axis is specified for each
stress grade in such terms as 1in 12 or 1in 14.

Moisture content.—The strength and volume of
lumber vary greatly with the moisture content.
Most grading rules specify the maximum moisture
percentages allowable for various grades and
thicknesses of both air-dried and kiln-dried lumber.
But the rules provide enough latitude to meet any
more restrictive moisture-content requirements if
specified.

Sizes and Lengths

The dimensions of dressed and rough lumber
mentioned below are typical under present stand-
ards. The inspector should check contract re-
quirements to determine the exact dimensions of
lumber materials required for the work.
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Dressed Sizes

Minimum actual dimensions are usually specified
in the grading rules in considerable detail. Dimen-
sions of dressed lumber are always less than the
nominal sizes. For lumber more than 2 in. thick,
the thickness and width are % in. scant for faces
less than 8 in. and % in. scant for faces 8 in. and
more.

Match Workings

Tongue-and-grooved flooring, shiplap siding, and
other patterned lumber are manufactured to
overall widths that are slightly less than the actual
widths specified for dressed sizes. However, the
width and depth of the tongues and laps are fixed
for each grade.

Rough Dry Sizes

Dimensions of rough lumber (when dry) are
generally between the nominal size and the
specified dressed size.

Length Provisions

Boards, strips, dimension lumber, joints, and
timbers are furnished in standard lengths from 4 to
20 ft in 2-ft multiples. Flooring, ceiling, and
millwork are furnished in these same lengths, but
in 1-ft multiples. Longer lengths can be obtained if
specially ordered. An assortment of random lengths
between 4 and 20 ft can be ordered, but a fair pro-
portion must he more than 10 ft.

Preservative Treatment

Preservative treatment is essential if lumber is to
resist various exposure conditions. When inspecting
treated timber, American Wood-Preservers Associa-
tion inspection standards must be followed unless
other standards are specified.

Delivery and Storage

Materials Check

As the lumber to be used in a structure is
delivered to the worksite, the contractor and the in-
spector should check to see that it has been in-
spected and marked for the grades specified. If the
lumber is treated, the inspector must check the
treatment report to be sure that the treatment
meets the specifications and that the lumber is



stamped in such a way as to identify it with the
report. Materials not meeting the specifications
must be plainly marked ""REJECT". A description
of the materials and the reasons for rejection must
be recorded in the job diary. Any timber delivered
to the site by the contractor for temporary use dur-
ing construction does not require inspection. But
lumber for formed surfaces, whether or not the sur-
faces are exposed, must be inspected to ensure that
it will produce a satisfactory surface.

Unloading

The inspector is to observe the unloading opera-
tions of the structural lumber to be sure that there
is no damage in the handling, particularly to the
surface layers of materials treated with creosote or
other preservative.

Storage

The lumber must be stored in a well-drained area
clear of the ground. It must be stacked so there is
good air circulation through the pile and so that all
pieces hold their shape. One end of the pile should
be raised so that water can drain. Lumber must be
piled in such a way that the lower layers are not
crushed or damaged by the weight of the material
above. Kiln-dried lumber must be stored under
cover.

Treatment of Cut Surfaces

Unless otherwise specified, damaged surfaces of
treated materials, whether cut, planed, or defaced,
must be painted or brushed with the type of preser-
vative used in the original treatment.

Erection Procedure

The inspector must make sure that construction
meets the specified quality and safety standards.
All lumber must be cut accurately and framed to a
close fit. An even bearing over the entire contact
surface is required. Shimming of the joints is not
permitted.

Bolt holes must be drilled to the specified size
and alignment. All bolts should be checked in place
for washers and tightness. All nails and spike
heads must be carefully driven flush. Bent or
otherwise damaged nails, overdriving, and deep
hammer marks in the wood surface are not accep-

table. Any wood surfaces needing field painting
must be prepared and coated as specified. Painting
should be done only when moisture and
temperature are within the limits specified.

Inspection checklist
timber construction

(Some items may not be listed. Some listed may
not apply to every project.)

1. Materials—dimensions, shapes, condition,
grade, marking, treatment.
Erection—alignment, bearing, no shims.
Bridging—installed, nailed.
Splices—lapped, spiked, bolted.

Bolt holes—Ilocation, alignment, size.

Damaged treated surfaces—re-treated
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Bolts, driftpins, ring connectors, spikes, ete.—
dimensions, location, finish, installation,
retightened.

Bracing and guying—adequate, removed.
9. Wood surfaces—prepared, painted, treated.
10. Certifications—received.
11. Record—iob diary.




Asphaltic Concrete

Hot-mix asphaltic concrete consists of a combina-
tion of aggregates uniformly graded and mixed
with asphaltic cement. It is called hot mix because
the aggregates must be dry and the cement must
be hot to get the fluidity required for satisfactory
mixing, workability, and compaction.

Materials

The concrete product consists of asphalt cement
and coarse and fine aggregates, including a
mineral filler (materials passing a 200-mesh sieve),
that meet specified grading requirements.

The contract specifies the tests to be used to
verify the qualities of the materials. Some tests
may be required before construction begins. They
should be repeated as often as necessary to be sure
that the asphaltic concrete meets specifications.

Mixture

The contract is to state who is responsible for the
design and control of the mixture. The best com-
bination of aggregate gradations available should
be used in the design of the mixture at a near-
optimum asphaltic content. The size of a batch
should not exceed the capacity of the mixer.

Plant Operations

Successful production of a uniform concrete prod-
uct requires that the aggregates be properly graded
and the aggregates and asphalt cement be uni-
formly blended at a consistent temperature. The
plant inspector should watch for mixing irregu-
larities that may alter the quality of the concrete.
Some of the problem areas are described below.

Feeding.—The cold feed must deliver aggregates
of uniform gradation from the stockpile to the drier
at a constant rate. Improper stockpiling, malfunc-
tioning of the feeders, and variable moisture or
debris in the aggregates can cause an unsatisfac-
tory feed.

Drying.—The drier has a revolving drum to dry
and heat coarse and fine aggregates. The drum’s
diameter, length, slope, turning speed, and ar-
rangement of cups or lifters control the time the
aggregate remains in the drier. It may be
necessary to vary the amount of heat, change the
rate of flow of the aggregate, or change the angle
of the drum to obtain drying of the aggregate.
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Contamination.—Since driers are often fired
with fuel oil, aggregates should be checked for
smoke coating as they leave the drier. Incomplete
combustion can result in an oily residue on the ag-
gregates that later cause the asphalt to coat
unevenly. The blower air, draft air, and amount of
fuel must be in proper balance.

Temperature.— The aggregate heat-measuring
device, one of the most important control ac-
cessories of the plant, must operate within a
specified temperature range. The sensing element
of the heat indicator extending into the main ag-
gregate streamflow must have a protective shield
sturdy enough to protect it from aggregate abra-
sion but not so thick that it will give a distorted
temperature reading. Dust accumulation on the
sensing element can cause a time lag in the
temperature measurement. Heat-measuring in-
struments should be checked frequently for ac-
curacy. Such devices should be located so that they
ensure accurate and representative readings.

Dust collecting.—The dust collector system pro-
vides the draft through the drier and also collects
and returns a uniform amount of fine material.
Regular checking of the system is needed.

Screens.—Screens separate aggregates into sizes
as they go from the drier into the bins. The fine
screen (% in.) is generally the controlling factor. If
the quantity fed from the drier exceeds the screen
capacity, there will be a carryover of the finer
material into the next larger size. The allowable
carryover percentage is limited by the specifica-
tions. The use of worn or broken screens with
enlarged openings results in oversize material in a
bin. Screens should be inspected daily, preferably
before production begins.

Bins.—Bins of adequate size are needed to keep
the hot aggregates separate after screening.
Overflow vents control the level of the material.
The use of undersize bins, bins without overflow
vents, or bins with holes in adjoining bin walls can
result in mixing of the particle sizes.

Scales.—All scales must operate properly and be
free from bind or drag. They must be checked for
accuracy to be sure that the aggregate is properly
proportioned and that the proper amount of asphalt
is batched. Incorrect amounts of an aggregate size
or the incorrect quantity of asphalt are common



problems and are the most frequent causes of poor
quality concrete.

Mixers.—Most asphalt plants use a pug mill
mixer consisting of a chamber with two horizontal
shafts equipped with a system of mixing paddles.
Settings for the paddles and the direction of throw
may vary, depending on whether the plant opera-
tion is continuous or a batch type. The mixer must
not be overloaded or underloaded. Overloading can
cause part of the material to float above the pad-
dles, and underloading lets paddles rake through
the material with little mixing action. The inspec-
tor must see that all aggregates are uniformly
coated and that there are no dead spots in the
mixer.

Transporting the Mixture

Asphaltic concrete is usually hauled from the
mixing plant to the jobsite in trucks. Coatings used
to keep the material from sticking to the truck bed
must be used sparingly to avoid contaminating the
asphaltic concrete material. Any excess should be
drained away before the truck is loaded. Trucks
should be equipped with covers of heavy canvas or
other suitable material to protect the mixture from
the weather and to retain heat. Trucks must be
properly constructed so that they dump the mix-
ture without delay or waste into the spreading
machines, in windrows, or at other locations.
Temperature control of the mixture can become a
problem caused by bunching of the trucks, inter-
mittent plant operations, spreading too far in ad-
vance, or atmospheric conditions. The inspector
must not approve placement of the materials at
temperatures lower than specified.

Site Preparation

The subgrade must be moist, free from organic
and loose materials, and compacted to a uniform,
specified cross section. Underdrains must be install-
ed at the locations specified.

Because weeds and other vegetative growth are
potential hazards to apshaltic concrete, the contract
may specify the materials and procedures for soil
sterilization. The inspector should be sure that the
sterilizing materials are well mixed and that the
spraying equipment has the proper pressure to
achieve uniform distribution at a rate that can be

fully absorbed by the soil. Sterilizing materials
must be applied well in advance of placing the
asphaltic concrete.

Placing and Compacting

The concrete mixture is usually placed with a
paver or placed in a windrow to be spread with a
blade. Rolling should accompany or closely follow
the spreading.

Paver

A paver consists of a hopper, conveyor,
distributing screws, and screed capable of
spreading the mixture to the line, grade, and cross
section specified. It usually has either tamping
bars or a vibrating screed to partially compact the
material. The screed should be heated when start-
ing a spread and as necessary thereafter. The
paver must be able to place the mixture without
tearing, ridging, or gouging, and it must produce a
uniform, even-textured surface. The operation
should be maintained as continuously as possible
so that the mixture does not cool below the
optimum viscosity of the asphalt for proper
spreading and compaction. Edge joints should be
kept straight with as near a vertical face on the
first course as possible. The joints should be kept
free of loose materials.

Rolling

After the concrete mixture is placed and shaped,
the mixture is rolled. The rolling should start as
soon as the mixture can bear the roller weight
without serious displacement.

A steel-wheeled roller is used for the initial roll-
ing to set the mixture and prevent later displace-
ment. Rolling must be continuous until the roller
marks disappear and the mass is compacted to a
uniform surface and to the required density. Steel
rollers must be equipped with scrapers.

A pneumatic-tired roller can be used for the
secondary rolling. Pneumatic rolling may have to
be delayed until the mixture temperature has
dropped enough to prevent rutting during rolling.
The tire pressure and spacing should be checked
for proper coverage. Roller wheel surfaces must be
properly moistened. If the material tends to stick, a
soluble oil mixture (about 1part oil to 50 parts
water) can be added to the roller water.
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Reinforcement

In canal linings that are relatively thin, steel
mesh or some other kind of reinforcement may be
required. All reinforcement materials must be
placed as specified and kept free from mud, grease,
or other harmful coatings. The reinforcement
should be installed well hefore placement of the
asphaltic concrete to permit inspection. The place-
ment and anchorage of supports for the reinforce-
ment are vitally important. Additional checks
should be made as the asphaltic mixture is placed
to be sure that the reinforcement is not disturbed.

Joints

Transverse ioints must be well sealed and bonded
as specified. The edge of the inplace concrete may
need to be cut back to its full depth to expose a
fresh surface before placing the new concrete mix-
ture. The contact surface of the inplace concrete
may require preheating to ensure a good bond.
Contact surfaces of the joints and inplace struc-
tures may need a thin coat of hot asphaltic cement
before the new concrete mixture is placed.

If the areas to be concreted cannot accommodate
regular equipment for placement and rolling, the
mixture can be handraked and compacted with
heated tampers. A careful inspection of these areas
is needed to be sure that there is a satisfactory
bond between the hand-placed mixture and
machine-placed concrete and that density re-
quirements are met.

Inspection checklist:
asphaltic concrete

(Some items may not be listed. Some listed may
not apply to every project.)

1. Aggregates—gradation, contamination,
segregation.

2. Cold feed—calibrated, clear.

3. Drier—rate, heat, air, clean burning.

4. Dust collector—proper draft, returns.

5. Screens—wear, size, overload.
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10.
11.

12.
13.

14.
15.
16.

17.

Hot bins—load, release, overload
Scales—check operation.
Timer—operation.
Mixing—coating, temperature.
Trucks—clean. coated. covered

Subgrade —moist, firm, sterile, grade, cross
section.

Steel reinforcement—tied, supported.

Placement—section,temperature, density,
finish.

Roller—clean, weight, type.
Joints—straight, vertical, clean, coated.

Material —weight, slips, tests

Record—tests, quantities, job. diary.



Loose Rock Riprap

Loose rock riprap is a blanket of well-graded,
durable rock pieces placed to prevent erosion. It is
used to protect the upstream slopes of earth dams
against wave action. It also is used on bridge
abutments, canal slopes, railroad and highway em-
bankments, levees, culvert headwalls, and stream
channels to protect the earth from the erosive
forces of flowing water. Sometimes the flowing
water is laden with ice or debris that increases the
erosive force on the riprap or soil.

Materials

Rock

The quality and gradation of the rock must be as
specified. Frequently a fine material will be used
under the riprap for bedding or a filter. The rock
for riprap must resist abrasion, be sound and
durable, and have a high specific gravity. The best
kinds of rock, in the preferred order of quality, are
(1) igneous rock, {2) massive metamorphic and
metamorphosed sedimentary rock, and (3) well-
cemented sandstone or limestone. The quality
gradation and testing standards are specified in the
contract.

If the specifications require testing or the
engineer deems testing to be necessary, rock
samples should be selected and sent to the
laboratory well before the material is to be used.
Often the proposed rock source has been used by
other construction agencies, such as state highway
departments, and they may have up-to-date test
data. If available, these data should be reviewed to
see if they verify the adequacy of the rock. If they
do, there may be no need for additional testing.
But if the rock is to be taken from untested sources
or from excavations on the jobsite, it must be
tested as specified before it can be used. Tests are
not required if the rock source is specified in the
contract and the quality of the material has
already been determined.

One procedure for checking the gradation is to
have a representative load of rock of known weight
delivered to the jobsite. Individual pieces of the
rock are then examined visually and measured.
(The smallest dimension of any rock should not be
less than one-third of its largest dimension.) In this
manner the entire load can be separated into
various size groups.

If the specifications require that certain per-
centages of the rock fall within stated weight

ranges, each stone in the test is measured for
volume and the weight is computed. Volume can be
converted to weight if the actual specific gravity of
the rock is known; otherwise, a value must be
assumed. For a hard, dense rock, a specific gravity
of 2.6 is often used. For other kinds of rocks, the
specific gravity may range from 2.3 to 2.8, depend-
ing on the characteristics of each material.

To find the weight in pounds per cubic inch of
rock with a specific gravity of 2.6:

Specific gravity times standard measure of
pounds per cubic foot of water equals rock
weight in pounds per cubic foot:

2.6 x 62.51b/ft? = 162.5 Ib/ft?

Pounds per cubic foot divided by cubic inches
per cubic foot equals rock weight in pounds per
cubic inch:

162.5 Ib/ft? + 1,728 in®ft* = 0.094 Ib/in®

As each piece of rock in the sample is measured
and separated by size into piles, the results can be
tabulated as shown below. (The measured sizes and
computed weights of each piece are rounded to the
nearest whole number.)

Weight
Size each  Rocks Weight

of Volume  piece: per per
rock each vol. x  cate- cate-
pieces piece 0.094  gory gory

inches in® Ibfin® 1h
i5x18x12., 3240 305 6 1830
12x12x15.. 2160 203 10 2030
i2x8x15... 1440 135 12 1620
12x10x8... 960 90 15 1350
6x8x8..... 384 36 60 2160
6x6x4..... 144 14 100 1400
4x4x4..... 48 5 150 750

Total weight of sample load = 11,140 Ib.

Rocks weighing between 200 and 350 Ib each =
3,860 Ib (34.6%0f total).

Rocks weighing between 75 and 200 Ib each =
2,970 Ib (26.7%o0f total).

Rocks weighing under 75 1b each = 4,310 1b
(38.7%0f total).
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The load weight as determined above should be
compared with the delivery weight of the sample to
be certain that there is no large discrepancy be-
tween the two figures. If greater accuracy is
needed, the rocks of different sizes must be
weighed.

Filters and Bedding

Sand and gravel material for drainage or for bed-
ding for riprap should be tough, hard, durable,
well-graded, and reasonably free of thin, flat, and
elongated particles. The material should not con-
tain organic matter or soft friable particles that
will disintegrate. It can be composed of sand, a
sand and gravel mixture, gravel, or crushed stone
graded within the limits specified.

Foundation Preparation

Surfaces on which the filter blanket or the rock
riprap will be placed must be trimmed to the lines
and grades shown on the drawings. Surfaces below
grade must be brought up to grade by filling with
compacted material. Unless otherwise specified, the
contractor can choose to place additional bedding,

filter, or riprap material in lieu of compacted earth.

Installation

Equipment Placement

The rough surface of equipment-placed riprap
helps reduce wave travel on an embankment slope.
Where a heavy protective cover is required, equip-
ment placement is often more economical than
other methods since little or no labor is needed.
However, hand placement may be specified for
areas adjacent to structures or for other critical
locations.

A power crane equipped with a clamshell or
orangepeel bucket or a dump-type skip is preferred
for placing rock riprap. If properly operated, it can
maintain the gradation and thickness with a
minimum amount of reworking of the material.
Front-end loaders can also be used for the rock
placement. If equipped with tracks, the loaders can
work on steep slopes. A bulldozer equipped with a
rock rake attachment is sometimes used to place
rock. However, maintaining the specified gradation
in placement is difficult.
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Equipment-placed riprap must be spread on sur-
faces to the depths indicated on the drawings or as
staked on the ground. The riprap should be placed
to its fullest thickness in one operation in a way
that will not seriously displace the underlying
materials. As the riprap is spread, the mass of
stones inplace must be reasonably well graded,
with the larger rocks uniformly distributed and the
smaller rocks and spalls filling voids between the
larger rocks. Some hand placement may be
necessary to fill the voids. The surface must be
reworked and dressed as necessary to provide a
pleasing appearance and meet the finish limits
specified. Plating (compacting the rock with a
heavy steel plate suspended from a crane) may be
specified.

Hand Placement

Hand placement of riprap is usually limited to
small areas, such as around structures. Rock for
hand placement is usually quite uniform in size
and must be placed systematically. Rock spalls and
small fragments are sledged in place to fill spaces
between larger single rocks and to bind the sur-
face. The principal disadvantages of hand-placed
riprap are the weakness of its single-course con-
struction and its relatively high cost. Displacement
exposes the underlying material to erosion.

If hand placement is specified, the rock must be
placed to the depths indicated. The adjacent stones
must be set in close contact, generally with the
greatest dimension across the slope. Spaces be-
tween the large pieces should be filled with smaller
fragments, but several small pieces should not be
grouped to fill a large space. Flat slab rocks have
poor stability; if used, they should be placed on
edge.

Filters and Bedding

Granular materials proposed for filters or bedding
should be tested before delivery to the site to en-
sure that the gradation and quality meet the
specifications. The material must be spread
uniformly, without segregation or contamination,
on the prepared surface to the line and depths
shown on the drawings or staked on the ground
and compacted as specified. The surface must be
reasonably smooth and even. If large surface areas
must be covered, the blanket material can be
placed in narrow horizontal strips or courses and
covered with riprap before additional strips of the
blanket material are placed.



Inspection checklist
rock riprap

(Some items may not be listed. Some listed may
not apply to every project.)

I

o

. Foundation—lines, grade, density.

Filter or blanket material —quality, gradation
Placement—thickness, segregation, density.
Rock—quality, gradation.

Placement—thickness, uniformity, voids,
clusters, blanket integrity, plating.

Weight slips—delivered.

Records—tests, certificates, job diary.

Grouted Rock Riprap

Grouted rock riprap is often used if larger rock is
not economically available and heavy-duty protec-
tion is needed. In this type of riprap, rocks are
bound together by concrete grout. Grouted rock
riprap is suitable for all surfaces and for most flow
conditions. Sometimes it is designed with oversize
rocks placed in a variable pattern to produce a
rough surface that will retard the water velocity or
wave runup in a protected area. Grouting the rock
also inhibits vandalism. Normally the grout should
not be so deep that the mass will not crack to
allow the riprap to maintain contact with the
subgrade if settlement occurs.

Materials

Rock for grouted riprap must be sound, dense,
free from any adherent coating, and meet specifica-
tions. Shape and gradation are important €or good
construction. Well-graded angular rock is preferred.
An excess of the large sizes increases the voids and
requires more mortar, whereas an excess of the
small sizes can limit penetration of the grout and
produce weak and short-lived protection.

Concrete grout is composed of cement, concrete
sand, coarse aggregate (usually limited to a 3/4-in,
maximum), and water mixed in the proportions
specified in the contract or as directed by the
engineer. Grout should have enough slump for the
mixture to flow into the voids between rock
fragments, yet be stiff enough to go no further. The
use of air-entraining admixtures improves
workability.

Foundation Preparation

A good foundation is essential for grouted riprap
protection. Because there are no joints, uneven set-
tlement of the subgrade can leave voids below the
riprap or cause the riprap to break into sections.
The subgrade must he excavated to the lines and
grades shown on the drawings. Soft areas should
normally be removed and replaced with backfill
that is equal to the surrounding material in sup-
porting capability. The beginning and end sections
must be carefully installed to prevent their being
undermined.

Filter, bedding, rock, and cement materials must
meet contract specifications for quality, gradation,
and the required thickness. The contractor should
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furnish samples far enough in advance of the work
that they can be tested. Materials for the weep
holes and other drainage features must meet
specifications.

Placement

The filter or bedding material must be placed to
the specified thickness and in a manner that avoids
segregation and contamination. The rock should be
placed to the proper thickness in a manner that
will not unduly disturb the bedding material. The
gradation should be relatively uniform, with the
small fragments distributed throughout the voids of
the larger stones. Before the grout is placed, the
rock should be flushed with water under enough
pressure to clean the rock surfaces and remove ex-
cess fine materials. The rock must be kept con-
tinuously moist for at least 1 hr before the grout is
placed.

The grout should be mixed to the proper propor-
tions and slump. It can be placed with almost any
type of conveyance as long as the materials do not
segregate. The placement should be continuous and
should cover a strip about 10 ft wide at a time. On
slopes the placement should start at the foot and
proceed to the top. A landing platform to receive
the grout from the conveyance may be needed to
avoid displacing the riprap.

The grout should penetrate to the specified depth
and completely fill any voids. Small vibrators and
bars aid penetration. Shovels and stiff-bristled push
brooms are useful for moving excess mortar up the
slope and for cleanup of the surface area. It is
desirable to clean grout coatings off the faces of
any exposed larger rocks, since such coatings tend
to weather and spall. On the steep slopes it may be
necessary to place the grout in two separate
courses to prevent excessive downslope movement.
The final operation is brooming up the slope to
eliminate runs and to make sure all voids are
filled.

Curing and Protection

The curing specifications for the regular concrete
also apply to the grouted riprap. If water is used
for curing, it must be applied with fog nozzles or in
a wet absorptive cover as soon as the concrete has
taken the initial set. The grouted riprap must be
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kept wet for the specified curing period or covered
with a curing compound. If curing compounds are
used, they should be applied at the specified rate
after final grout placement as soon as surface
water has disappeared (concrete no longer has a
shiny surface).

During hot and cold weather placement, the
grout must be protected to maintain the
temperature for the duration of the curing period
in the same manner as for regular concrete. Grout
must not be placed when the subgrade is frozen.

The surface of freshly placed mortar should be
protected from rain or running water. Foot travel
over the surface of fresh grout during the first 24
hr should be limited to that needed to complete the
work.

Tests

Tests of grouted rock riprap are not usually re-
quired. Tests of rock and concrete ingredients may
be specified.

Inspection checklist:
grouted rock riprap

(Some items may not be listed. Some listed may
not apply to every project.)
1. Foundation—line, grade, density, moist.

2. Materials—quality, gradation, weights, batch
tickets.

Placement—thickness, uniformity.

4. Grout—mixture, slump.

(€]

Placement—no disturbance, penetration,
segregation, sequence.

6. Finish—as specified.

7. Drainage—as specified.

8. Curing—as specified, temperature, protection.
9. Tests—as specified.

10. Record—job diary.




Sacked Concrete Riprap

Sacked concrete riprap is a revetment type of pro-
tection consisting of portland cement concrete
placed in cloth or composition sacks and laid in a
pattern similar to rock masonry. To be successful,
the foundation must be essentially free from settle-

ment and section ends must be keyed into the foun-

dation and abutments sufficiently to resist erosion.
Sacked concrete riprap is used to protect stream-
banks and to control erosion adjacent to the struc-
tures or other appurtenances.

Materials

Concrete

The quality of the materials and gradation of the
aggregate are specified in the contract. If a dry mix
of portland cement, sand, and coarse aggregate is
specified, the water for hydration is provided by
the moisture in the aggregates and by sprinkling
the bags after their placement. In a wet mix,
slump control is important to facilitate the installa-
tion. Generally, concrete is mixed on the “wet
side” with about a 5-in. slump. Strength tests are
not normally required since the relatively low
strength (approximately 2,000 lb/in®) is usually ade-
quate for this kind of construction.

Sacks

Sacks can be burlap or any other material
specified that has adequate capacity and strength.
Grain-type burlap sacks are good because of their
size, about 20 by 36 in., and the openness of their
weave.

Foundation Preparation

The foundation areas must be graded as shown
on the drawings. The subgrade must be firm and
shaped as specified. Drainage materials or ap-
purtenances must be installed as specified.

Placement

The drawings and specifications describe the pat-
tern for the riprap. If a double-base course is re-
quired, the bottom tier is two side-by-side rows of
stretchers (length of the sack parallel to the slope).
The second tier is placed as headers (sacks placed
side by side at right angles to the stretcher tier).

Succeeding rows are usually placed as stretchers
and are laid so that joints between the sacks in
consecutive tiers are staggered. Sacks should be
placed immediately after they are filled. Sacks laid
as stretchers are placed so that folded ends do not
abut. Sacks laid as headers are placed with the
tied ends toward the subgrade or bank.

After placement, each sack must be lightly
trampled to conform its shape to that of the
subgrade and adjacent inplace sacks and to extrude
some of the cement (dry) or mortar through the
sack material. This helps create a bond between
the tiers. All dirt or other debris must be carefully
swept off the top of the inplace tier before starting
a new tier.

Curing and Protection

Proper curing can improve the strength and
durability of sacked concrete riprap. Because of the
sack material, a wet curing method must be used.
Curing is to start as soon as the concrete sets.

The riprap surface should be sprinkled lightly at
least every 2 hr during the daytime, or the surface
should be covered with earth or other absorptive
materials that are kept wet for the specified curing
period. If the riprap is placed during hot or cold
weather, the restrictions and protection pertaining
to “cold or hot weather” portland cement concrete
construction apply.

Tests

There are no tests for quality of inplace sacked
concrete riprap. Tests of the cement and aggregates
may be specified.

Inspection checklist:
sacked concrete riprap

(Some items may not be listed. Some listed may
not apply to every project.)

1. Foundation—line, grade, density, moisture.
2. Materials—as specified.

3. Placement—as specified, continuous, com-
pacted, clean, bonded.
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Drains—installed.
Extremities—keyed.

Curing—moisture, temperature.

N o o s

Record—tests, certifications, job diary.

Soil-Cement Construction

Soil-cement is a mixture of pulverized soil and
measured amounts of portland cement and water
that is compacted to a high density. When mixed
with soil, the cement reduces the plasticity of the
soil, decreases its water-holding and volume-change
capacities, and increases its bearing value and
shearing strength. For steep slopes or restricted
areas, soil-cement can be mixed in a central plant
or in position at the site. After mixing, it must be
moved quickly to its final position and spread.

Types of Soil-Cement

Compacted Soil-Cement

Compacted soil-cement contains enough cement to
harden the soil and enough water for compaction of
the soil and hydration of the cement. The descrip-
tions that follow under headings Materials, Mix-
ture, Installation, Curing, and Testing pertain to
this type of soil-cement.

Cement-Modified Soil

The cement-modified soil is an unhardened or
semi-hardened mixture of soil and cement. Com-
pared to compacted soil-cement, it has a lower ce-
ment requirement (just enough is used to change
the soil's physical properties to the degree desired).
Construction procedures are similar to those used
for compacted soil-cement, although not as exact-
ing. To get the maximum benefit, the cement and
water should be blended uniformly and the mixture
compacted as it is placed. Curing is often omitted
for cement-modified soils.

Plastic Soil-Cement

The plastic soil-cement contains enough water to
get a consistency similar to concrete or to plaster-
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ing mortar. Plastic soil-cement is used primarily
for irregular or confined areas where it is difficult
to place and compact the soil cement.

Since plastic soil-cement has a concretelike con-
sistency, it is usuatly blended in a concrete mixer.
Placing, vibrating, finishing, and curing are carried
out much the same as for concrete.

Materials

Soil

Most of the soil used for the soil-cement is taken
from site materials or from sources within a short
distance of the site. The class and quality of the
soil materials will be specified.

Cement
Any type of portland cement meeting specifica-
tions can be used.

Water
The water should be free from injurious amounts
of alkalies, acids, and organic matter.

Mixture

The cement content is important. Too little
cement results in inferior strength and durability;
too much cement results in waste. It must be well
mixed with the soil.

Water in the soil and cement mass facilitates
compaction and hydrates the cement. How much
water t0 add depends on the optimum moisture
content specified for the mixture and the amount of
moisture present in the untreated soil. The range
for total moisture content will be specified in the
contract.

Installation

Initial Preparation

The area to receive the soil-cement musi be
shaped to the lines and grades shown on the draw-
ings. Unsuitable soil must be removed and replaced
with acceptable material, and additional soil must
be placed as required. The subgrade must be firm
and capable of supporting construction equipment
during treatment as well as supporting the design
loads afterward.



Scarifying and Pulverizing

If the inplace soil can be used, the first construc-
tion operation is scarifying to the depth specified.
The effective depth of the scarifying must be
checked immediately after starting, and adjust-
ments must be made until the specified depth is
reached. The equipment must be routed so that it
operates on an undisturbed surface to maintain a
uniform depth. After the material is loosened, it is
pulverized as specified.

Each soil type has its own pulverizing
characteristics. Often its moisture content
significantly affects the breakdown rate and
dictates the equipment needed. Generally, friable
soils pulverize quite readily, even when the
moisture content is near the plastic limit. Heavier
soils having a moisture content either near the
shrinkage limit or near the plastic limit can be
very difficult to break down. Rotary mixers, har-
rows, offset disks, rollers, or moldboard plows can
be used for pulverizing.

Adding Cement

Just before spreading the cement, the pulverized
surface must be checked for the correct cross sec-
tion and grade. Control of the cement distribution
is critical —it can be spread mechanically or by
dumping bagged cement accurately in a predeter-
mined pattern. Mixing must start immediately
after the cement is added.

Some of the equipment used for scarifying and
pulverizing can also be used to mix the soil and
cement. A mobile mixing machine can be used that
simultaneously adds cement and water and mixes
them with the inplace soil. The uniformity and
depth of the soil-cement mixture must be checked
frequently.

Adding Water and Mixing

Cement can be mixed with soil without cement
balls forming if the moisture does not exceed the
specified optimum by more than two percentage
points for that particular mixture. The best mixing
condition is about two percentage points below
optimum. Moisture tests should be made as the
cement and soil are mixed. Water is added as
required and final mixing started as soon as pos-
sible after the cement has been added to the soil.
The moisture content for the soil-cement mixture is
critical for the compaction operation that follows
and should be between optimum and two percent-

age points above optimum at the time of
compaction.

Compaction

Soil-cement mixtures must be compacted as soon
as possible after mixing (no more than 30 min after
mixing). Pneumatic-tired, steel-wheeled, or
sheepsfoot rollers are usually used for compaction.
Occasionally, the equipment is specified. It should
be routed in a pattern that provides uniform
coverage. As the work proceeds, the density of the
compacted material must be checked with the max-
imum density obtained in the field moisture
density test to verify that the specificationsare
met.

Curing

Compacted soil-cement contains enough moisture
for cement hydration. Some type of cover or seal
must be placed over the finished surface right after
compaction to retain the moisture. A light applica-
tion of bituminous material is usually specified,
but canvas, burlap, waterproof paper, moistened
straw. or soil can also be used.

Testing

Soil-cement construction requires tests similar to
those required for compacted embankments. Test
procedures are specified in the contract.

ASTM D-558, “Moisture-Density Relations of
Soil-Cement Mixtures,” is used to determine the
optimum moisture and maximum density of the
specific soil. Tests of the complete work are made
for density and depth. Field checks for pulveriza-
tion, uniformity of cement content, uniformity of
the mixture, and depth of treatment are essential
to verify a satisfactory job.

Inspection checklist:
sotl-cement construction

(Some items may not be listed. Some listed may
not apply to every project.)

1. Foundation—line, grade, density, temperature,
moist.

2-93



Soil—as pretested

Scarification—depth, uniformity.
Pulverization—as specified.
Cement-certified, content, distribution.
Mixing—uniformity, depth, continuous

N~ o oA » N

Moisture—for cement application, for
compaction.

Density —testing, specifications.
9. Protection—curing, weather, temperature.
10. Product—thickness, appearance.

11. Record—tests, certificates, job diary.

Water Control Gates and Valves

Types

Many types of gates and valves are used in the
soil and water conservation systems that SCS
assists in constructing. Details are shown on the
contract and shop drawings and are listed in the
contract specifications.

Inspection

When the gates and valves are delivered to the
jobsite, all parts should be examined by the con-
tractor and inspector for manufacturing defects,
damage in transit, conformity to the specifications,
accessory parts, and compatible assembly. Defective
or damaged materials must be rejected and the
reasons for rejection documented in the job diary.

Gates and valve assemblies should be stored in a
manner that prevents corrosion or other damage.

Installation

Gates, valves, and appurtenances must be
carefully installed in accordance with the contract
drawings and the manufacturer’s instructions.
They must be carefully made and adjusted at the
factory. Assemblies should not be dismantled on
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the job. Gate seat castings must be carefully posi-
tioned and rigidly held in place to prevent warping
or distortion. Strutting may be necessary for those
diameters greater than 24 in. Concrete surfaces
used for bearing or support must be smooth and
uniform. Anchor bolts should be tightened to a
uniform tension, making sure that the metal parts
retain their correct fit and alignment.

After installation, all valves, gates, and
appurtenances should be tested by opening and
closing through the full operating range. Each part
of the assembly should be observed during the
operation to make sure that all parts are properly
aligned and anchored and that they function
without unnecessary strain or distortion.
Adjustments may be necessary to provide a water-
tight, smooth-working installation.

Inspection checklist:
water control gates and
valves

(Some items may not be listed. Some listed may
not apply to every project.)
1. Valves, gates, and appurtenances—certified

2. Templates and installation instruction—
furnished.

Storage and handling—satisfactory.

>

Assemblies—assembled, painted, coated, water
tight, clean, lubricated, operation.

Embedded metal —clean, aligned, anchored
Recesses—formed.

Seats—smooth, true.

© ~N o O

Hoists, stems, stem guides, and other
appurtenances—aligned, anchored.

9. Flap gate seat—vertical or bottom projecting
slightly downstream.

10. Record—tests, certifications, job diary.




Fences and Fence Construction

Types

Barbed wire, woven wire, and chain link fences
are all used with soil and water conservation
measures.

Materials

The drawings and specifications prescribe the
details of the fence system. Materials should be in-
spected for conformance with the contract re-
quirements as soon as possible after they are
delivered to the jobsite. Certifications should be in
hand at this time. Any damage in handling or
transit must be noted and provisions made for
repair or replacement.

Storage

Fencing materials must be stored in a clean dry
place.

Construction

All posts should be set vertically and carefully
aligned. Size of holes and types of backfill must be
as specified. The wire must be stretched carefully
to avoid overstressing the pull-post assemblies and
the tension bends in woven wire, particularly if it
is installed in very hot weather. Gates should be
installed after the fence is in place so that the gate
anchorage is not disturbed and that the gates
operate satisfactorily.

Inspection checklist:
fences and fence
construction

(Some items may not be listed. Some listed may
not apply to every project.)

1. Wooden posts—species, size, length, straight,
peeled, treated, certified.

2. Metal posts—shape, size, weight, coated,
certified.

3. Fencing, fasteners—as specified, certified.

4. Storage—protected.
Staking—completed.

6. Posts—spacing, embedment, vertical, aligned,
backfill crowned.

7. Damaged posts—replaced.

8. Bracing—tight.

9. Concrete—placed, cured.

10. Wire—Ilocation, tension, splices, fastenings.
11. Damage—repaired.

12. Gates—certified, assembled, functioning.

13. Record—job diary.

Piles and Pile Driving

Piles are structural members driven into the
ground to support a load or, in the case of sheet
piles, to provide a wall. Piles are made of wood,
concrete, steel, or a combination of steel and con-
crete. Concrete piles can be precast or cast in place.
Steel piles can have structural shapes, such as
round and H section, or be formed as sheets for
sheet piling. Wood piles can be round or be in
structural shapes (wood-sheetpiling is often called
Wakefield sheeting).

Piling Materials

Timber

Wood-bearing piles are cut from straight, sound
trees, free from large or loose knots and other
defects that impair strength or durability.
Douglas-fir, yellow pine, redwood, southern cypress,
and similar species are used. Trees should be
uniformly tapered from butt to tip. A straight line
from the center of the butt to the center of the tip
must be within the pile body. Unless otherwise
allowed, trees should be cut when the sap is down
and peeled soon after cutting.

Dimension lumber is placed in two or three
laminated rows for wood-sheet piling (Waketield)
and may occasionally be driven as a bearing pile.
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The tree species and the kind and amount of
preservative treatment and other special processing
needs are specified in the contract.

Steel

The usual shapes for steel bearing piles are H
and | shapes. Rolled-steel sections, steel pipe, and
railroad rails are also used. Special shapes, usually
with an interlock, are manufactured for sheet

piling.

Concrete

Concrete piles can be cast in place by drilling
holes, which are then filled with concrete, or by
driving sheet shells into the ground and filling the
shells with concrete. Precast piles are reinforced
concrete members that are cast before driving.
They may be prestressed. Precast concrete pilings
are also formed in tongue-and-groove sections for
sheet piling.

Handling and Storage

Piles must be unloaded carefully to avoid damag-
ing them and in a way that complies with safety
regulations. Stacked or loaded pilings can be very
hazardous. A crane should be used for unloading.
Each pile must be picked up by at least two lift
points with an equalizer in between to prevent un-
due strain at any point on the pile. When “H’
piles are unloaded, a safety hook on each end of a
lifting beam will hold the pile securely. Similar
precautions should be taken with other types of
piling.

Piles must be stacked in an orderly manner on
timber blocking with the axis of the pile in a
straight line. They must be properly braced so that
there is no danger of their falling or rolling. Each
pile must be taken off the stack in a way that does
not cause the rest of the piles to roll. Precast piles
must be placed on level blocks that are spaced at
pickup points. A clean, well-arranged storage yard
free of obstructions and overhead wires is essential
for safe and efficient pile handling and driving
operations.

Driving Equipment
The piledriver supports the pile and hammer in a
fixed position during driving. The rig must be

stable and of adequate. capacity to lift the pile and
to control both the pile and hammer during the
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driving. The leads should be long enough to drive
the pile in one complete operation.

Piledrivers are classed as land drivers or floating
drivers.

Mobile-crawler or truck-mounted cranes are com-
monly used. Any crane can be equipped with a
spotter, hammer, leads, and accessory equipment.
Specially built drivers are equipped for driving bat-
tered piles.

Types of Hammers

Although drop (gravity) hammers are the oldest
type, they are fast becoming obsolete. The main
disadvantages are the slow driving rate, which
may allow some temporary “setting” of the pile,
and the high-velocity impact stress, which
sometimes fractures the head of the pile or causes
internal failure. Drop hammers weigh from 10,000
to 5,000 Ib.

Single-acting hammers, often called the vulcan
type, differ from drop hammers only in that the
ram is raised by air or steam power rather than by
a winch and cable. The ram or hammer falls by
gravity. Hammers usually weigh 5,000 to 6,500 Ib.
The setting of the valve is critical. Improper timing
permits steam or air to enter the lower side of the
cylinder, act as a cushion, and prevent a complete
downstroke. Improper timing can also cause the
valve to cut off too soon, resulting in a short
upstroke of the hammer. A single-acting hammer
in good condition operating under pressure delivers
50 to 55 blows per minute. If any power-driven
hammer does not operate properly, it should be
shut down until adjusted or repaired.

Double-acting hammers use steam or air for both
raising and driving the ram. The action is faster,
but the hammer has a lighter blow than the single-
acting hammer for an equal amount of energy per
blow. Uniform pressure is required to ensure the
rated capacity. The valve setting and the condition
of the rings and cylinder walls directly affect the
impact of the hammer. The operating speed of
double-acting hammers is about 75 percent greater
than that of a single-acting unit with a ram of the
same weight. Differential hammers are double-
acting hammers with pistons of two different
diameters.

In diesel hammers the ram is the cylinder of the
hammer and is free falling. Compression takes
place within the cylinder on the downward stroke
of the ram and tends to cushion the blow. The
diesel hammer is desirable because of its compact-



ness and simplicity. It has the disadvantages of not
being a self-starting unit and not delivering a
uniform blow.

For proper driving, it is important to consider the
weight of the hammer, the stroke and speed, and
their relation to the weight of the pile. The stroke
or fall of a hammer determines the energy or
impact delivered. A heavy ram working on a short
stroke is usually more effective than a lightweight
long-stroke hammer. On modern steam hammers,
the slide bar can be fixed to deliver a constant
blow and be adjusted to increase or soften the
impact. No hammer should be allowed to operate
with a loose slide bar.

Other Equipment

Driving heads fabricated from steel are shaped to
fit the particular pile being driven. They protect
the pile head and transmit the blow of the hammer
to the pile.

Cushion blocks made of hardwood, plywood, or
other composition are placed on the top of the
driving heads to soften the hammer blow just
enough to prevent injury to the pile head. The
selected cushion material must be of the proper
strength—too soft a wood acts as a sponge in
absorbing the energy of the hammer stroke while
too hard a wood tends to splinter. Wood blocks
should be cut to size with the grain vertical. They
must be replaced when they become compressed to
less than half their original thickness or when they
heat up to the point of starting to smoke.

A jet or stream of water under pressure is
sometimes needed to help drive a pile into some
soils. Usually, the water jet is worked alongside
the pile (placement of concrete piles may include or
even require the use of jets). The water flow must
be regulated for the soil condition encountered. In
granular soils, a jet having holes that distribute an
equal upward and downward cutting force is most
effective. In cohesive soils, a straight jet should be
used. Only enough jetting should be used to place
the pile. Overjetting can reduce the friction on the
pile being driven and loosen the soil around piles
already in place. Jets cannot be used for driving
piles in very coarse gravels. Jetting removes the
fines and allows the coarse material to concentrate
in the hole, making driving even more difficult.

Determination of Bearing Capacity

Specifications for capacity or driving require-
ments for the piles are given by the (1) depth of
penetration, (2) bearing capacity as determined by
the dynamic pile-driving formula, or (3} pile length
and size as determined from the load testing of a
test pile driven at the site.

Driving piles to a specified depth of penetration
is required to ensure stability, particularly if some
erosion of the material surrounding the piling is
expected. Depths for end-bearing piles are specified
to reach the supporting strata. Piles can be
damaged by overdriving.

Formula

Friction piles are driven to a bearing value as
determined by a specified formula. Capacity
requirements, procedures to be used, and the
formula for computing the required bearing value
are specified in the contract. Although many for-
mulas have been devised, the true static bearing
value of a pile can only be determined by loading.

The Engineering News formula® for dynamic pile
driving has three forms:

For gravity (drop) hammer:
_ 2WH
St 10

For single-acting steam and diesel hammers
having unrestricted rebound of the ram:

2wWH

S+01

For double-acting steam and diesel hammers
having enclosed rams:
ZHW +AP) | 2E

R =
S+0.1 S+01

where

= Safe bearing capacity, in pounds.
Weight of the striking parts of the
hammer, in pounds.

Height of fall, in feet.

Area of piston, in square inches.
Pressure of steam or air exerted on the

Il Il

*Qriginally published in 1888 in Engineering News
20:509-512, the formula has since been shown and discussed in
many engineering textbooks.
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hammer piston or ram, in pounds per
square inch.

E = The manufacturer’s rating for foot
pounds of energy developed by double-
acting steam or air hammers, or 90 per-
cent of the average equivalent energy,
in foot-pounds, developed by diesel ham-
mers having enclosed rams as evaluated
by gauge and chart readings.

§ = Average penetration for the last 5to 10
blows of a gravity hammer or the last
10to 20 blows for steam, air, or diesel-
powered hammers, in inches per blow.

The major benefit of determining the value R for
each pile driven is that it serves as a measure of
uniformity for all piles driven. If the formula
method is specified, all field driving data and
calculations must be completely documented to
show that the contractor has driven each pile to
the required bearing capacity.

Testing

Load testing consists of applying an incremental
load, usually as much as twice the design load of
the pile, leaving this load in place for a specified
time. The pile is considered to have a safe bearing
value equal to the design load if the permanent
settlement after testing does not exceed a specified
amount. Test loads of sand, steel ingots, or concrete
can be set directly on the exposed pile head or be
placed on a rigid platform on the pile head. Test
loads can also be applied by jacks between the pile
head and a beam anchored to the piles on either
side. The contract specifies the procedure and per-
formance required when load tests are to be made.

Installation data specified below should be re-
corded in the field notes (fig. 4-8 to 4-10):

» Pile locations (number).

e Date driven.

e Kind of pile material (if wood, indicate the
kind).

e Tip diameter
e Butt diameter.
o Diameter at the ground line.

e Length of the pile (to the nearest tenth of a
foot).
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¢ Penetration per blow per foot (in inches or hun-
dredths of a foot).

¢ Number of blows per foot (record for total
penetration).

o Hammer data (complete description, including
size, type, fall, and pressure).

e Time required for driving (note any shutdowns
and why).

Test piles should be driven without the use of jets
if possible. If ajet is used, the jetting procedure
must be recorded in detail.

Sheet Piling

Sheet piling is used to reduce the lateral move-
ment of water or prevent the movement of adjacent
soil material, or both.

Installation

It is necessary to drive sheet piling within or
against some type of guide frame or template.
Horizontal templates at two levels are recom-
mended for vertical light steel walls, one near the
ground level and the other near the cutoff eleva-
tion. For sites with difficult driving conditions,
such as cobbles or other obstructions, templates
should be provided for both sides of the piling. The
templates or guides must be close enough to the
sheet piling to ensure the support needed for prop-
er alignment. A guide system may consist of
mobile timber or steel beams or fixed beams that
are anchored to temporary piles.

Air-powered or steam-powered hammers are the
most popular for driving sheet piling. Vibratory
and sonic driving equipment are also used. The
hammer weight is more critical in driving
lightweight sheets because of the danger of damage
to the piling. A very light single- or double-acting
hammer is usually adequate. A heavier hammer
may be needed to drive more than one sheet at a
time or in highly resistant soil materials. A light
drop hammer (1,000-1,5001b) can he used if
carefully controlled. For lightweight steel, two
sheets are usually driven together. A rapid driving
action is desirable for sand and gravel conditions.
A heavier hammer and a slower driving action is
usually more effective in clay soils.

The use of steel driving heads is recommended
for all major jobs to spread the impact of a small



hammer on a single sheet and of a heavy hammer
when driving two sheets. Driving heads must be
made to fit the shape of the piling and must be
thick enough to withstand the driving action
without distortion.

Precautions

Lightweight sheet piling tends to creep or move
out of alignment during the driving, usually out-
ward and in the direction the piling is being in-
stalled. To combat this tendency, the contractor
can:

o Drive the first pile plumb.

o Dirive piles in pairs—they are easier to guide
and have less frictional resistance.

o Drive piles in stages, with each adjacent pile
being driven one-third the depth or less.

o Crimp the interlock at the bottom to prevent
clogging.

e Tip the hammer or plumb with a guy to help
realign a pile.

e Stop the driving when any obstructions are en-
countered. Use adjacent piles free of obstructions
as guides to help support the blocked pile.

e Do jetting when needed on both sides of the pil-
ing and stop a few feet above the final grade.

By knowing the geology of the foundation from
the log of borings and by observing the reaction of
the pile during driving, an experienced inspector
can make sound deductions about the condition of
the pile during driving, the material being
penetrated, and the final condition of the pile. The
earth and the inplace piling should be watched for
heaving. A bouncing hammer or kicking pile usu-
ally indicates refusal; if driving is not suspended, it
may damage or break the pile. Sound and vibration
are good indicators of the driving conditions.

After the piling is in place, the cutoffsand other
structural adjustments are made, including in-
stalling and anchoring wales, tiebacks, and brac-
ing. Anchors and tiebacks that are properly located
and installed prevent misalignment or failure of
the structure. Bolting, welding, and dead-man in-
stallation must be inspected carefully to be sure
that the structure is completed as shown on the
drawings and that it can perform in a safe manner.

Records

The lengths of the pile furnished, lengths driven,
and lengths cut off must be recorded (use Form
SCS-ENG-545, fig. 4-7). Load test and jetting infor-
mation and delays in driving operations must be
recorded in a field notebook (use a format similar
to those in fig. 4-8 to 4-10).

Inspection checklist:
piles and pile driving

(Some items may not be listed. Some listed may
not apply to every project.)

Before driving

1. Pile—type, material, size, certified, cut, tipped,
reinforcement recessed, splicing.
Support—bearing, friction, penetration
Equipment—proper, condition, safe.

Plan of operations—approved.

o M w N

Driving head cushion block—fit, satisfactory
6. Rejects—marked, recorded.

Driving

1. Handling—safe, proper.

2. Rigging—secure.

3. Penetration—geology, rate, reaction.
4. Equipment—operation.

5. Driving—continuous.

6. Delays—time, penetration.

7. Foundation and other pile—heaving.
Jetting

1. Depth—approved.

2. Other pile—undisturbed, reseated.

3. Structures—unaffected.

4. Record—tests, certification, job diary.
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Site Cleanup

The project engineer is to see that the worksite
and surrounding areas used by the contractor are
kept in orderly condition at all times during the
work, and that all areas are properly restored
before the completed work is accepted. Cleanup re-
quirements are stated in the contract.

Inspection checklist:
site cleanup

(Some items may not be listed. Some listed may
not apply to every project.)

1. Plant, buildings, unused materials, cleared
material, and other debris—removed from site
and vicinity of site.

2. Access and haul roads—appropriately restored.

Fences, utilities, and other facilities tempor-
arilv removed—restored.
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Chapter 3
Sampling and Testing

Sampling and testing procedures described in this
chapter are used in the construction industry to en-
sure that soil or concrete products meet contract re-

quirements. A few quick indicator tests are included.

If these indicator tests show that quality is
borderline or lower, standard tests must be made to
verify the condition and to support actions taken.
All testing must be done in strict accordance with
test specifications. Any variation can prejudice the
contractor’s or the contracting agency’s interests.

“Instructions to Bidders” state that the specifica-
tions to be used include all revisions and amend-
ments in effect on the date that the invitation for
bids is issued.

American Society for Testing and Materials
(ASTM) test specifications are used by SCS for
most construction materials. ASTM specifications
mentioned in this handbook are available in SCS
area or state offices. These offices will maintain
current ASTM specifications.

Data from tests and computations of control
parameters are recorded on specified forms. An ex-
ample of each form is placed with the test or deter-
mination for which it is most pertinent. In the text
of that test the form is identified by title and
figure number, but by figure number only in other
parts of the handbook. Sketches, charts, and
photographs of equipment and procedures are also
indicated by figure numbers.

Sampling and Testing of Soils

ASTM D-2488 and SCS Technical Release No.
27, “Laboratory and Field Test Procedures for Con-
trol of Density and Moisture of Compacted Earth
Embankments” (March 1965), are useful when
sampling and testing soils.

If any quick-dry procedures are used for the
moisture determinations, duplicate samples must
be tested periodically by ovendrying to verify the
accuracy of the quick-dry method being used. Oven-
drying must be used if there is any question of ac-
curacy. Samples of the compacted fill should be
taken at least one lift below the surface lift to en-
sure their integrity. In some soils it may be
necessary to take samples two or three lifts below
the surface lift.

The “Earth Manual,” published by the Bureau of
Reclamation, U.S. Department of the Interior, has
additional information on testing soils.

3-1



Field ldentification

and Description of soils Test No. 8-1

Soil identification and description are essential
for proper control during the construction of earth
and related structures. Field determinations are
necessary because borrow materials vary and
lengthy laboratory analyses would delay the work.
A classifier’s skills can be improved by comparing
his or her identifications with those of samples sub-
mitted for laboratory analysis. Soils seldom exist
separately as basic types, but rather as various
combinations of gravel, sand, silt, clay, or organic
matter. Construction personnel need to know the
structural characteristics of the soils and how they
react to manipulation.

Procedures for making visual-manual descriptions
of soils are given in ASTM D-2488, “Standard
Recommended Practice for Description of Soils
(Visual-Manual Procedure).” Form SCS-ENG-542,
“Materials Testing Report: Visual Soil Classifica-
tion,” can be used for recording visual-manual soil
classifications (fig. 3-1). Figure 3-2 supplements in.
formation in ASTM D-2488. Table 3-1 has addi-
tional detailed characteristics and uses for various
soil groups.

3-2

Laboratory and Field-Test Procedures
for Controlling Density and Moisture
in Compacted Earth Embankments’

The soil classification and rock durability (if any)
dictate the test procedures to be used. Laboratory
procedures for classifying soils are in ASTM
D-2487, “Standard Test Method for Classification
of Soils for Engineering Purposes.”

Fine-Grained and Nongravelly Soils

Soils are classified as fine-grained and nongrav-
elly if 95 percent or more passes a No. 4 sieve.

Laboratory tests and design values.—The
laboratory tests and design values are based on the
moisture-density relation of the soil processed to
pass a No. 4 sieve and on the maximum density ob-
tained by procedures described in ASTM D-698.
However, some highly plastic CL and CH soils per-
form better under greater compaction. For these
soils, laboratory tests, design values, and construc-
tion control may be based on the maximum density
determined by ASTM D-1557.

Construction control.—Dry density and
moisture contents of the compacted fill are deter-
mined by one of the following tests: s2 (ASTM
D-1556), S-3 (ASTM D-21671, S-4 (ASTM D-29371,
S-5 and S-7. Moisture tests include: 5-11 (ASTM
D-2216), S-12, 5-13, and S-14. Testing procedures
are described in the applicable ASTM specification
or in the handbook text of these tests.

The degree of compaction of the material in the
fill is determined by computing the ratio of the in-
place embankment density to the maximum den-
sity of the same material as determined by
moisture-density tests described in ASTM D-698 or
in ASTM D-1557, or by test S-6. Results from the
moisture-density tests previously determined can be
used as bases for computing the degree of compac-
tion in the fill provided that (1) materials tested in
the fill are nearly the same as those for which
moisture-density curves were previously prepared,
(2) the moisture content of the material tested in
the fill is near optimum, and (3) the density value
“one point,” determined by compacting one
specimen of the material (at placement moisture)
taken from the immediate area of the inplace em-
bankment test, falls on or very near the predeter-
mined moisture-density curves (using the same pro-
cedure for both compaction tests).

1SCS Technical Release No. 27.
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Figure 3-1.—Form SCS-ENG-542, ""Materials Testing Report:

Visual Soil Classification."



Test Description Symbol Identification or test reaction
Angular A Irregular shape: sharp edges.
Subangular SA Irregular shape; fairly sharp edges.
Subrounded SR Irregular shape; rounded edges.
Rounded R Fairly regular shape; rounded edges.
Particle Soft S Rubber pestle will break particles.
condition Vesicutar \Y; Individual grains contain air voids.
Dense [ Massive: grains contain no air voids.
High H Tough thread, will remold below plastic limit,
Plasticity Medium M Medium tough thread, crumbles below plastic limit.
LOwW L Weak thread, will not remold at plastic limit.
None N Will not form thread.
High H Difficult to break by finger pressure.
Dry strength Medium it Considerable finger pressure to crumble.
LOwW L Will crumble at light finger pressure.
None N Will not form soil pat.
Rapid R Water surfaces immediatelv.
Dilatance Slow S Water surfacer slowly.
None N Water will not surface.
HCL Positive + Effervescence.
Negative — No reaction.
Strong S Strong odor when moist and hot.
Organic odor Weak w Weak odor when moist and hot.
None N No organic odor.
Group Organic . Visual exa‘mination Character of fines (— No. 40)
odor Grading Percent fines [Dominant fraction} Dilatance Dry strengm Plasticity
ML Weak 5 Over 50 Fines Rapid None— Low None—Low
CL ) E " " None—Slow |Medium—High Medium
CH " G ” g None High High
MH ‘_é’ “ None—Slow |Low—Medium| Low—Medium
oL, OH Strong E " None Low—Medium |Medium {spongy)
SM Weak % 12—-50 Sand
oM - g " Gravel Fines classify as ML or MH
sC 2 " Sand
oC - Zo - Gravel Fines classify as CL or CH
SP " Poor Under 5 Sand
GP " v " Gravel
SW ” Well ” sand Not a criterion for classification
GwW Gravel
Pt Strong Identify by high fibrous organic content

Figure 3-1 {cont).—Form SCS-ENG-542; reverse side.
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Figure 3-2.—Grain shapes, shaking test, breaking test, and
plasticity test.



Table 3-1.—Soil identification and construction properties.

Field Identification Procedures

Suitability for

Embankments

Clean,
little

fines

Will not leave
2 dirt stain on

Gravels

(more than 30%
larger than #4)

Wide range in grain sizes and
substantial amounts of all intermediate
particle sizes.

Very stable — pervipus
shells of dikes or dams.

Predominantly one size or a range of
sizes with some intermediate sizes
missing.

Keasonably stable, pervious
shells of dikes and dams.

Sands

{more than 50%

Wide range in grain sizes and
substantid amounts of all intermediate
particle sizes.

Very stable, pervious
sections, slope protection
required.
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soils F=pe] . L
£ i Gravel with plastic fines. (For Fairly stable —mav be
- e identification of fines. see characteristics it gl\ for i 3
- With E % Wit of CL and CH below.} suitable impervious core.
® o appreciable  © '8, 1.;55
EF fines (more g < l; *
o 2 than 12%) E g nes Sand with plastic fines. (For Fairly stable. impervious
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£z 0T i of CL and CH below.) struetures,
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8 & Gravel with nonplastie fines or fines Reasonably stable — limited
e with fow plasticity, _(F_or identification of use for impervious core or
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o . blankets.
= | Wilileave a With below.)
£ | dirtstainona non-plastic - -
- | wet palm fines Sand with nonplastic fines or fines Fa_lrly stable —not particularly
= with low plasticity. (For identification of suited to shells. may be used
El fines. see characteristics of ML and MH for impervious cores or dikes
= beiow.) under limited conditions.
2
g Poor stability — may be
@ : . Low to d for embankments with
Slight Rapid use
2 %, € o none None Dull proper design and contrel in
] = . placing.
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£ £ sis
b &} and . . . .
= ) Medium . Slight Stable - impervi
— @ | clays : pervious cores
g g (lo\}; High to slow Medium Weak to shiny and blankets.
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noune & one medium ea slightly embarkments,

Highily organic soil

Readily identified by ¢olor, odor, spongy
feel and frequently by fibrous texture.

Do not use for construction.




able 3-1 {(cont.)

. Unit Dry Wt. . Unified
Value for Foundation Typical Names Lbs. per Cu. Ft.| Uompaction Suggested Compaction Equipment Soil
(Seepage Control) (ATSM D-695) Characteristics Classes
. Weli graded gravels, . .
Good bearing value. ol ; ; 1as Tractors, rubber tired equipment. oW
(Requires positive cut-off) ﬁ:anyoei-usizc_i mixtures. little 125-135 Goad Vibrating compactors or grid type rollers.
. Poorly graded gravels, . -
Good bearing value. ; . . o= Tracters. rubber tired equipment.
{Requires positive cut-of0 g;ar\llslf:;ir;d mixtures. little H35-123 Goad Vibrating compactors or grid type rollers. GF
SOOd beariglg VE|U€‘. d Well graded sands. gravelly 110-130 Good Tractors, rubber tired equipment. aw
drgis,g;eam anket and toe sands. little or no fines. Vibrating compactors ar grid type rollers.
Good to poor — depends on Poorly graded sands. Tractors. rubber tired equi
. ; : s, quipment.
density. (Blanket and toe gravelly sands. little or no 100-12¢ Good vibrating compactors of grid type rollers. SP
drains) fines.
G?Od bearing value. Clayey gravels. 115-13¢ Fair Rubber tired. sheepsfoot or grid rollers. GC
(None) gravel-sand-clay mixtures.
Good to poor. Clayey sands. sand-clay 105-125 Fair Sheepsfoot. or rubber tired rellers. s5C
(None) mixtures.
Good hearing value. Silty gravels, gravel-sand _ Good — with close Rubber tired. sheepsfoot or grid rollers. oM
(Toe trench to nane) silt mixture. 120-133 control Vibrating compactors.
Good to poor bearing value . )
depending on density. Silty sands, sand-silt 110-125 Good — with elose | Rubber tired. sheepsfoot or grid rollers. M
(Upstream blanket and toe mixtures. -ie control Vibrating compactors.
drainage)
- Inorganic silts and very fine
Fair to very poor — A
susceptible to liquefaction. sands, rock rot(er. sm";’ er 95-120 Good to poot Rubber tired or sheepsfoot rollers. ML
(Toe drainage to none) clayey tine sands or clayey
silts with slight piasticity.
Inorganic elays of low to
Good to poor. dium plasticity. graveliy 95-120 Fair to good Sheepsfoot or rubber tired rollers. CL
{None) tlays, SaRdy crays. Sty 7 £ P
clays, lean clays.
Fair to poor bearing.
excessive settlement may ic i ; T oL
result. QUERE, P % TSR Fry. 80.100 Fair to poor
{None)
norganic silts. micaceous or
) Inorganic silts. mi
Poor bearing diatomaceous fine sandy or 70-95 Fair to very poor | Sheepsfoot roller. MH
(None) silty soils, elastic silts. :
Fair to poor bearing. Inorganic clays of high 75-105 Fair to poor Sheepsfoot roller. CH
(None) plasticity, fat clays.
Very poor bearing. Organic clays of medium to 65-100 Poor t*verypoor | —————————m——————— OH
(None) high plasticity, organic silts.
I
|
. Peat and other highly Compaction pot ¢~ ____ Pt
Remove from foundations. | armaniccnile 8 eetical 000 | m—m————=————

organic soils.

practical
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Moisture-density curves should be prepared for
each kind of material to be used in the fill. Soil
masses are too variable to expect that all material
from a specific borrow source will duplicate the
small sample tested in a laboratory. If the max-
imum density curve prepared on the job varies
significantly from that in the embankment design,
the design engineer must be informed immediately
so that he or she can ascertain if the material still
fulfills design requirements.

Materials excavated from different borrow sources
can vary significantly from load to load because of
the stratification, irregular topography and depth,
spotty and irregular areal patterns of deposition, or
other causes. In these situations, several moisture-
density curves may have to be prepared to form a
basis for computing the degree of embankment
compaction. For these compaction tests, soil for
density determinations must be taken from the im-
mediate area of the inplace-embankment test ex-
cavation. Four or more individual compaction test
molds are needed to determine the value of max-
imum density to optimum moisture for each sam-
ple. A sample can be split and a different portion
used for determining each point on the moisture-
density curve if this is more convenient than using
and reusing the same material for each point.

In many situations, variations in borrow material
that at first appeared significant will have little ef-
fect on the relation of maximum density to op-
timum moisture. Then moisture-density curves
previously determined can serve as the basis for us-
ing “one point” moisture-density tests.

Coarse-Grained Soils—Group |

Soils are classified as coarse-grained if less than
95 percent passes a No. 4 sieve.

Subgroup IA

These are gravelly and stony soils of hard,
durable rock. More than 65 percent passes a No. 4
Sieve.

Laboratory tests, design values, and construction
control are based on the moisture-density relation
of the soil matrix. The soil matrix is that fraction
of the soil-rock mixture whose maximum size is
equal to that used in the compaction test. Specifica-
tions require a Class A compaction based on a
percentage of the maximum density obtained by
procedures described in ASTM D-698 or D-1557.

Laboratory tests and design values.—
Laboratory tests and design values are based on
the maximum density obtained by procedures
described in ASTM D-698. To obtain improvement
in some engineering properties, greater compaction
is needed and the maximum density obtained by
procedures described in ASTM D-1557 should be
used.

Construction control.—The density of the in-
place soil can be measured as follows with any of
the density tests:

o Determine the moist weight and volume of the
total sample.

¢ Screen the total sample through a No. 4 or a
3/4-in. sieve, depending on the method specified.

o Determine the moisture content of a represen-
tative portion of this soil matrix.

e Obtain the moist weight and volume of the rock
fraction retained on the No. 4 or the 314-in.
sieve by using a siphon can or graduated
cylinder for displacement (see Chapter 3, Con-
struction Control Tests, Volume Measurements
of Rock Fractions). This method may not be
practical if rock materials exceed 4 in. in
diameter.?

o Deduct the moist weight of the rock from the
moist weight of the total sample.

e Deduct the volume of the rock from the volume
of the total sample.

o Compute the approximate moist weight, the
volume, and the moist density of the soil matrix.

¢ Using the moist density and moisture content of
the soil matrix, compute its dry density.

The degree of compaction is the ratio of the inplace
dry density to the maximum dry density. For soils
uniform in gradation and composition, the dry den-
sity of one compacted mold or specimen (one point)
can be plotted on a previously prepared form con-
taining several complete compaction curves to help
determine the maximum compacted density.

¢If the rock is uniform in composition, the volume can be com-
puted by dividing the dry weight of the rock by its bulk density
as given in the laboratory report or determined by test 5-15.
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Subgroup IB

These are gravelly and stony soils of hard,
durable rock. From 35 to 65 percent passes a No. 4
sieve.

Laboratory tests and design values.—
Laboratory tests and design values are based on
the moisture-density relation of the soil processed
to pass a 3/4-in. sieve and on the maximum density
obtained by procedures described in methods C or
D, ASTM D-698. This is applicable when less than
30 percent of the total sample is retained on a
%-in. sieve and the total sample has about the
same gradation characteristics. To obtain improve-
ment in some engineering properties, greater com-
paction is needed and the maximum density obtain-
ed by procedures described in ASTM D-1557
should be used.

Mass density can be used when more than 30
percent of the proposed borrow material is retained
on a %-in. sieve or when the material passing a
%-in. sieve is quite variable in gradation. In such
instances, laboratory tests are performed on the
material passing a 1-in. or a 3-in. sieve; the
material is compacted to an arbitrary base density
of the mass even though there are varying
amounts of rock. The base density is generally set
at 95 percent of the maximum density of the frac-
tion passing a %-in. sieve (compacted as in ASTM
D-698 and readjusted for 40 percent rock). If the
rock content of the borrow material varies greatly,
the design should be based on characteristics of the
material in its least desirable condition; random
fill should be specified.

Construction control.—Selecting a represent-
ative site for the inplace density test is very
critical for soils in this subgroup (see Chapter 3,
Construction Control Tests, Test Site Selection).

If Class A compaction is specified, inplace density
tests and the maximum density test must be made
using procedures for soils in subgroup IA. If the
equipment to be used and the number of passes per
lift are specified, enough density tests must be
made to correlate equipment performance in the
various materials. Inplace density tests are made
the same way as tests for the control of Class A
compaction and are based usually on the fill matrix
(material passing a 3/4-in. sieve).

Determination of the mass density may suffice
for checking the condition of the random fill from
selected borrow sources.
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Subgroup IC

These are gravelly and stony soils of hard,
durable rock. Less than 35 percent passes a No. 4
sieve.

Types of equipment and the number of passes per
lift are specified for controlling the compaction of
these materials. Occasionally, inplace mass-density
tests may be required to determine equipment per-
formance in the various materials.

Coarse-Grained Soils—Group 11

These are soils of moderately durable rock, such
as hard shale, siltstone, and schist. Less than 95
percent passes a No. 4 sieve.

Excavation and compaction. including the
manipulation of necessary moisture-density tests,
change the gradation of these materials. The rock
fraction is hard enough, however, to allow physical
sieving of the various sizes of fractions without any
further breakdown.

Wherever possible, laboratory testing, design
values, and construction control must be based on
the characteristics of samples taken from test fills.
Test-fill information is required to determine the
breakdown characteristics of these materials before
the design of any moderate or high-hazard dam or
other large structure. Breakdown predictions must
be based on special laboratory tests and correlation
studies if data from constructed embankments or
test fills are not available (fig. 3-3 and table 3-2).

Subgroup 1A

These are gravelly and stony soils of moderately
durable rock. More than 65 percent passes a No. 4
sieve after compaction.

Laboratory tests and design values.—
Laboratory tests and design values are based on
the maximum density obtained by procedures
described in ASTM D-698, or the maximum den-
sity obtained by procedures described in ASTM
D-1557. The percentage of the breakdown may be
specified; for example, more than 65 percent pass-
ing a No. 4 sieve—to obtain engineering properties
such as strength and impermeability.

Construction control.—The density of the in-
place Subgroup HA soil can be measured as follows
by any of the density tests:
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Fines | Sands Gravels Cobbles
. . = 8 3 Z5 8 2 3 5 8@ @ =% 3% = ® = 8 ¥
Sieve opening, (mm) S I 3z 88 T n @ - e i a8 o4 o g I P 3
U.S. Standard sieve size % g % § § E 5?3 § § % ® 1 g ¥ X g N b o &
Formation Hulk % Laboratory Compaction
Sample No. Name G, H  Abs  yd < 147* yd << #4
— — —— 1. 64W2408 Des Moines 2.10 2— 12 123 121
""""" 2. 2409 Woodford 1.76 3+ 16 95 97
3. 2410 Savanna 229 2+ 7 128 129
—_——— 4 2411 Atoka 2.14 2 10 124 124.5
5. 2412 Cloud Chief 170 2- 13 110 1'16.5
——.. 6. 2413 Doxey 211 2+ 8.5 125 124
-———— 7. TestFill Atoka 2.10 10 115 125
*Laboratory compaction & breakdown test consists of Modified effort on minimum 1%" material with
standard gradation in 6" diam. x 4.6" mold at natural moisture.
i
au / !
Bulk % Embankment Cores i /
Test Embankment Treatment G, Abs - yd Mass vd = #4 7//
%?%gé%:ﬁ:z* Fourche Maline #_1 210 10 109-114 99-110 ¢ Std. Gradation used
O Coarsest gradation = gﬁgsaeos”er / for laboratory break-
. ) . down test resulting
Finest gradation = 2-3 passes Grid in Curves 1, 2, 3, 4,
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Fourche Maline #3 1.94 16 102-107 99-104

4" lift, 1 grid, 1 disc, 5 grid
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Table -Characteristics ¢ tlahoma shales used for comparison of laboratory breakdown tests and test fill breakdown results
Sample | Attler.berg Bulk COMPALCTIQN roject Enqineers
NO A Geologic Hard- | Free lsiaking LIW;IL';S) Fines Density One Point at Mod. Effort - 6" Mald Evaluation of
| Site Fgrmation ness Swje]l (I hour} (- 6, of Rock Gradation - {Before)/(After) o. % Separatijen
9 d i fter Com i
- ¥ o . - ~ " W pactijon
‘ Lt | e oot g | Testo | < §4 | <370 [< 1-1/2"| o4 Y on Fill
2408  |Upper C]elar Deé Moines 2- 30 |[Severe | u3 22 2.74 | 130.0 (a) |32/58 |89/95 | 100/100 [123.3 |12.5 Impossible
Boggy %24 (GMld-l:far:in) hard (b) |[32/60 |97/95 [100/100 |122.8 )12.2
Brayk dod. har {c) o/61 | 0/97 |100/100 |132.2 [1!.0
reaks easy
wifinaars
2409  |Ubger Clgar Woodfard (Penn) 3+ 20 [ None 43 1 2.50 [110.0 (a) |32/7y |69/100] 100/ 100 | 94.5 |I5.7
Boygy #33 H;:rdt, flhatl (b} |32/74 [69/100|100/100 | 95.1 |15.)
;‘at:TS ale () 0/57 | ©/95 |100/100 [ioz2.0 [t1.7
i e
2410 Fourci.uz Savapna 24 20 |Stight | 3u 13 2.76 | 143.0 (a) | 32/53 [69/86 [100/100 [127.5 [ 7.2 Possinle
Maline 4 Hirdl, soapy {b) [32/62 |&9/87 |100/%00 |128.0 | 7.3
\s/erayem_ﬂicuH {c) 0/39 | 0/7¢ j100/)00 [134.3 | 6.5
1o break with
fingers
Ul [Sallisaw #11 i;c::;a L 2 30 [None 37 i3 2.83 11340 (a) |32/59 (69/99 [100/100 |124.i [10.i Difficult
5 sla ey {b) |32/61 |69/98 |ioo/100 [122.% |10.2
.;D.w. ‘;QJJ,I':‘ L9 {c) a/56 | 099 [log/ioo [i27.1 | 9.u
reak w/fingers
2412 |Boggy #28 %L?:l;:)C';?L?ifbrown 2- 0 [severe |36 15 2.72 | 106.0 (a) |32/77 [69/100!100/100 {1:0.8 |12.6 Impossible
erm) & {b) 32/71 |6a/fe9 | 1007100 [108.6 (3.7
;o ks. ;sslone (c) 0/82 | 0f95 |100/100 |119.6 | g,
reaks easy
wifingers ) )
2413 [8ogay #13 [;oze); (Perr}:) ] 2t 20 [Slight [3] 9 2.75 |132.0 125 {a) 32/63 69195 106/(00 125.3 8.6 Difficult
-brown ar
e w (B} 32162 69195 100/100 124.4  8.6i
siltstone
bery Aitficunt (c) 0/54 | 0/92 (1GO/I0G #32.h 4 7.8
to break
Comp. Test {a) Natural Moisture: Standard Gradation, 100% .~ i-|/2", 69% . 3/y", 352% < #y

Comp. Test (b) Test (a) Samole with Absorbed Water.

Comp. Test {c) Special Gradation:

100% - 1=1/2", 0% < 3/4",




® Separate the coarse material from the sample on
a No. 4 sieve or a %-in. Sieve.

o Clean the coarse material as well as possible
without washing (see Chapter 3, Construction
Control Tests, Separation of Coarse and Fine
Fractions).

o Determine the moist weight and volume of the
coarse material.

e Subtract the moist weight and volume of the
coarse material from the moist weight and
volume of the total sample.

Note: Unless the coarse material is near satura-
tion, it must be soaked to saturation before it can
be measured by water displacement (see Chapter 3,
Construction Control Tests, Volume Measurements
of Rock Fractions). If the material disintegrates in
water, a kerosene or diesel fluid may be used in-
stead of water. To determine the volume, the dry
weight of several of the large rocks is divided by
their bulk density, obtained from the laboratory
report, or determined by test S-15.

If the moist bulk density of individual rocks is
used to compute the volume of the material, then
the moisture content of the rocks in the test sam-
ple and the moisture content of the rocks used in
the bulk density determination must be com-
parable. If the test sample has various kinds of
material or the moisture content of the individual
rocks varies, then individual rocks of the test sam-
ple and of the bulk density determination must be
dried and the bulk density computed on the basis
of the dry weight. Material used for determining
maximum density values (using ASTM D-698 or
D-1557) must be collected from and immediately
around the inplace test excavation site.

Subgroup 118

These are gravelly and stony soils of moderately
durable rock. After compaction, 35to 65 percent
passes a No. 4 sieve. The gradation of passage
through the sieve may result from the lack of
natural hardness in the material or from the
breakdown required for different engineering prop-
erties, such as impermeability and strength.

Laboratory tests, design values, and construction
control should be based on characteristics of
materials compacted in the test fill whenever possi-
ble. Use of these materials in critical sections of

any structure must have test fill information for
design and construction control.

The long-term weathering and stability
characteristics of all materials containing more
than 35 percent nondurable rock must be con-
sidered in establishing design values and
placement specifications.

If Class A compaction is specified, laboratory
tests and construction control must be based on the
mass density of the material.

Laboratory tests and design values.—
Laboratory tests and design values are based on
the maximum density (obtained by procedures
described in ASTM D-698 or ASTM D-1557) of
that fraction passing a No. 4 sieve, adjusted for 40
percent rock.

For example, shear and permeability tests might
be performed on samples of the mass passing 1-in.
or 3-in. sieves and graded according to laboratory
breakdown tests (fig. 3-3). All test specimens would
be compacted to a specified base density equal to a
specified percentage or maximum modified (ASTM
D-1557) density of the fraction passing a No. 4
sieve, adjusted for 40 percent rock. Different
amounts of rock would be added to each set of test
specimens. For example: (a) the maximum modified
density of the fraction of a shale sample passing a
No. 4 sieve might be 105 1b/t?, (b) 90 percent of the
maximum modified y; would equal 95 1b/ft?, (c)
assuming a bulk density of 140 Ib/ft* for the shale,
the adjusted y4 of the mass with 40 percent rock
would be 1081b/t3, and (d) all test specimens
would be compacted to a mass density of 108 Ib/t®
with one set containing 35 percent, one set 50 per-
cent, and another set 65 percent rock of uniform
gradation between the No. 4 size and the max-
imum size to be tested.

Construction control.—The density of inplace
soil can be measured by any appropriate density
test. The sand cone and the template and plastic
liner test methods are the most often used. (When
size separations are required, see Chapter 3, Con-
struction Control Tests, Separation of Coarse and
Fine Fractions and Volume Measurements of Rock
Fractions.)

Compaction requirements may stipulate the
minimum mass density regardless of the amount of
rock, or they may specify a certain mass density
for each different rock content. If the rock contents
vary, the percentage of dry weight of the material
retained on a No. 4 sieve must be determined for
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each inplace density test Moisture tests on these
materials may require specific methods (see
Chapter 3, Construction Control Tests, Moisture
Determinations).

Subgroup 1IC

These are gravelly and stony soils of moderately
durable rock. Less than 35 percent passes a No. 4
sieve after compaction.

Laboratory tests and design values.—
Laboratory tests generally are not needed. Design
values are based on the results of tests of similar
materials adjusted for rock content of more than 65
percent, on field evaluation of actual performances
of materials in constructed fills, and on published
data for large-scale field and laboratory tests.
Long-term weathering and stability
characteristics of these materials are extremely
important in establishing design and placement
recommendations.

Construction control.—Compaction tests gen-
erally are not performed on these materials. Com-

paction requirements will be stated in the specifica-

tions as a placement method.

Coarse-Grained Soils—Group IIT

These are gravelly and stony soils containing
soft, nondurable rock. The rock is so soft and
breaks down so easily that it is impossible to
physically separate the various sizes. It is import-
ant that the testing laboratory know this when
the samples are submitted; otherwise,
laboratory tests and design values might be
based erroneously on a physical separation
not possible in construction.

Laboratory tests and design values.—
Laboratory tests and design values must be based
on mass density, since separation is not possible. A
series of tests must be made, based on the varying
moisture-density relations and using the total
material processed to pass the No. 4 sieve. In-
dividual samples of the material in combination
with various amounts (20 to 40 percent) of the
coarse material (retained on the No. 4 sieve) will
be processed and tested.

Compaction control.—Compaction specifications
require a minimum mass density. Inplace density

can be determined by any “density inplace” method.
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Construction Control Tests
for Rocky Soils
in Compacted Earthfills

The methods and equipment needed for moisture-
density (compaction)control tests in rocky soils dif-
fer from those ordinarily used in testing fine-
grained soils. The amount, durability, and size of
the rock in the embankment to be tested affect the
selection and preparation of a representative test
site, dimensions of the control test hole, type and
size of the equipment of the control test hole, type
and size of the equipment used to measure the
volume of the test hole, and sample sizes needed
for the moisture determinations.

Test Site Selection

The site selected for an inplace density test in
rocky soils must represent average soil and rock
conditions for a particular zone or lift of fill or bor-
row source.

A site containing rocks larger than normally en-
countered is considered nonrepresentative. Ran-
domly occurring rocks two to three times larger
than the maximum sue in most of the embank-
ment material being tested also make the site
nonrepresentative. This is particularly true for
many of the fine gravelly tills and alluviums con-
taining less than 30 percent rock and having occa-
sional cobbles.

For compacted materials having a mass density
of 110 to 125 Ib/ft? and a rock density of 120to 140
Ib/ft?, a 5-in.-diameter rock equals about 35 percent
of the total sample from a test hole 6 in. across by
8 in. deep. If all other rock in the sample is 2 in.
or less in diameter, a 5-in.-diameter rock is ob-
viously not representative of the rock fraction.
Similarly, a 2-in. rock can cause misleading results
in a density-test sampling of material that other-
wise contains as much as 65 percent rock that
passes a “%-in. sieve.

If random, oversize rocks are encountered in a
test, a new site must be selected or the weight and
volume of the oversize rock deducted from the total
weight and volume of the test sample. If adjust-
ments in the weight and volume are made for over-
size rock, they should be recorded in the density-
test records. In other words, the amount of rock in
a density-test sample should represent average con-

#This information was presented in an appendix in SCS
Technical Release No. 27, “Laboratory and Field Test Procedures
for Control of Density and Moisture of Compacted Earth Em-
bankment” (March 1965).



ditions. A site containing 5 to 10 percent rock is
hardly representative if most of the fill material
contains 25 to 35 percent rock.

Test Site Preparation

Any inplace density test site should be as level
and smooth as practical. However, surface ir-
regularities generally are inevitable when testing
rocky soils.

Test Hole Excavation

Excavating and preparing the hole for inplace
density measurements must be done carefully. The
top of the hole must be the same size as the hole in
the sand cone base plate or liner template. The bot-
tom of the hole must be as dished or cupped as
possible, and the sides as smooth as possible.

Rocks and stones protruding from the sides can
prevent the sand and water-filled plastic from com-
pletely filling all voids and filling around the
rocks. This is particularly true if the stones are flat
or angular and are oriented at right angles or
obliguely downward to the vertical axis of the hole.
Such stones should be removed if possible, then the
resulting cavity enlarged and flared to allow free
and full occupancy by the sand or the liner.

Test Hole VVolume Measurements

The size of the test hole and the type of equip-
ment used to measure the volume of the material
removed vary with the amount and maximum size
aof the rock.

Table 3-3 shows the recommended minimum
volume and dimensions of the inplace density test
holes for different. sizes of rocky materials. Bottom-
width dimensions for test holes are necessary
because it is difficult to dig vertical sidewalls for
test holes in rocky soils.

Of the methods shown for measuring test-hole
volume, the sand cone method (test 8-2), which
uses 6.5- and 12-in.-diameter cones, generally
works well for materials with rock as large as 4 in.
in diameter.

For materials with rocks larger than 4 in., the
template and plastic liner method (test 5-7) is
recommended. A thin rubber or polyethylene sheet

liner is fitted into the test hole. Then the water
volume needed to fill the lined hole is measured.
Plastic drop sheets classified as No. 4 (0.004 gauge)
are available in most paint and hardware stores
and work well for this test. Sheets must be thin
enough to conform to surface irregularities in the
test hole, yet sturdy enough to resist punctures by
sharp rocks.

Sand Cone Method

For density tests with a sand cone, use of a base
plate is required. The tare weight of the sand
needed to fill the cone and base plate must be
determined for each calibrated lot of sand and then
used as a standard weight in subsequent tests.

If, however, surface irregularities exist at the site
of the inplace density test, this standard weight is
not applicable. If rocks extend above the surface of
the plane to be excavated, the use of a standard
correction for the amount of sand that is required
to fill the cone will result in undermeasurement of
the true volume of the material removed; that is,
the density will be higher than true density. A
volume greater than the true volume of the
material removed, that is, a lower density than the
true density, results if the surface of the plane to
be excavated has holes and indentations or if the
base plate is not flush with the surface and sand
moves into any annular space between the base
plate and test surface.

If the surface cannot be leveled, a test should be
run at the site before the hole is excavated to
determine the amount of sand needed to fill the
cone, base plate, and surface irregularities.

Template and Plastic Liner Method

Volume measurements on irregular surfaces by
the template and plastic liner method are also sub-
ject to error. The following procedures are recom-
mended if the surface of the test location cannot be
leveled

= Seat the template firmly over the test location
in as level a position as possible. A metal
template is preferred over wood. The template
can be square or rounded and can range in size
from 24 to 72 in. across by 2 to 6 in. high.

¢ Remove rocks immediately under the template
edges and discard them without disturbing the
surrounding soil.
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+ Fit the plastic liner inside the template taking
care to eliminate all folds in the plastic, to fit
the plastic snugly into the corners of a square
template, and to line any cavities along the edge
of the template resulting from the removal of
rocks in the seating process.

* Use a hook gauge or other accurate means to
measure the water needed to fill the template to
a point of overflowing or some arbitrary level,
and record the amount. It is generally easier to
weigh the water than to measure it
volumetrically.

* Remove the water and plastic liner and com-
plete the test. It is best to remove at least part
of the water before trying to lift out the liner.

Measurement Procedures

All weight and volume measurements must be
done carefully and recorded. Even very small er-
rors in any measurement are cumulative and
become significant when converted to units of
pounds per cubic foot. The following procedures are
recommended for measuring the material
volumetrically:

* Seat the template and liner on the surface.

« [f the surface is not smooth and level, determine
the amount of water needed to fill the template
to overflowing or to a predetermined level.

¢ Excavate the hole, and save and weigh the ex-
cavated material.

* Fit the plastic liner into the hole as snugly and
evenly as possible. This is best done by working
the liner against the sides of the hole as it fills
with water.

* Determine the amount of water needed to fill
the hole and template to overflowing (or to the
same predetermined level on the template that
was used if there were surface irregularities).
Generally, water measurements are made in
pounds (to the nearest 0.01 Ib), grams, or cubic
centimeters.

« After emptying and removing the liner, check
the hole to be sure the plastic did not leak.

Equations and Conversions
The volume of material removed from the test
hole equals the volume of water used to fill the
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hole and template minus the volume used to fill
the template on the surface of the ground (tare):

Volume {%*) total water {Ib) - tare water (Ib)

x 0.01603, or

total water (g or ecm¥) - tare
water (g or cm® x 0.0000353

Other useful conversion factors are:

1gal water @ 62°F = 8.337 Ib = 0.13368 ft*
= 3,785.5 cm?®

11b {avoir) water = 0.01603 ft* = 453.6 g or cm?*
1em?* = 1 g water = 0.0000353 ft?
1ft* =6241b

Separation of Coarse
and Fine Fractions

This procedure is used when it is necessary to
determine the amount of rock retained on a
specified sieve. The methods vary with the nature
of the rock.

Hard Rock Separation

The following procedures are recommended for
hard rock with less than 5 percent absorption
capacity:

o Collect a representative sample of the fine frac-
tion for the moisture determination before
washing. The entire sample can be washed on
the specified sieve if all rock in the sample has
a low absorption capacity.

o Check the absorption capacity of several
samples of rock before separating the sample to
be sure that the sample consists of low absorp-
tive materials.

e Determine absorption capacity by (1) soaking
the specimensin clear water for at least 24 hr,
(2)taking the specimens from the water and
blotting and patting them with absorbent paper
to remove all surface water, (3) weighing the
saturated, surface-dry specimens, and (4} oven-
drying the specimensto a constant weight
(sometimesthis takes 24 hr or longer).
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Baffle open top
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T | Reamed
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_{Q sharp edge, \
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DETAIL OF TUBE ASSEMBLY
(Baffle Not Shown,)

.
@
=

TYPE I

Metal baffle.

& 4/

TYPE 1 PLAN VIEW SHOWING BAFFLE

a, SIPHON CAN FOR MEASUREMENT OF VOLUME BY DISPLACEMENT.

Wide mouth /

straight-sided @ /@
container @ _______

e (] — L©

Water or Qb

e
Kerosene Q d& éﬂ

Place measured or Immerse rocks in
unmeasured amount 0f 1iguid container_and mark
in container and mark level levetl

Remove rocks and measure
amount of liquid to

bring level from @ to@

I f initial amount of liquid is measured into container as VI’ only
the final level, , need pe marked; then volume of
solids ¥ = VOLUME REQUIRED TO FILL TO LEVEL @ MINUS V.

NOTE:

b. MEASUREMENT OF DISPLACEMENT IN UN-GRADUATED CYLINDER.

Figure 3-4.—Two methods of measuring volume of solids by
water displacement.
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The percent absorption is:

Wet weight - dry weight <
Dry weight 100

Rock Separation

Examples of rock with more than 5 percent
(moderate to high) absorption capacity include some
hard rock, shale, sandstone, and chalk as well as
mixtures of rock with variable absorption capacity.
When these materials form the rock fraction, they
must not be separated from the sample by washing
because the rock will absorb water.

Low plasticity fines.—The following procedures
are recommended for the separation of materials
with low plasticity fines (SW, SP, GW, GP, SM,
GM):

* Weigh the total sample.

o Extract a representative sample of the fine frac-
tion (passing a No. 4 or a 314-in. sieve) for the
moisture determination. This may require
screening of a portion before processing the en-
tire sample.

e Separate the total sample on the specified sieve,
and brush or rub off as much soil as possible
from each rock.

o Determine the moist weight of the cleaned rock.

o Measure the volume of the cleaned rock by
displacement in a siphon can or graduated
cylinder (as described in a following section).

¢ Compute the moist weight and volume of the
fine fraction by subtracting the moist weight of
rock from the moist weight of the total sample
and the volume of rock from the volume of the
total sample.

o If the percentage of rock by weight is required,
ovendry the rock.

Plastic fines.—It is usually impossible to clean
plastic fines from rock by rubbing or brushing.
Therefore, the following procedures are recom-
mended for the separation of materials with plastic
fines (3C, GOC):

o Determine the moist weight of the total sample.

e Extract a representative sample of the fine frac-
tion for the moisture determination.

o Separate the entire sample on the specified
sieve.

¢ Rub and brush off as much soil as possible from
the rock.

e Determine the moist weight of the brushed rock
plus the adhering soil.

e Wash the rock as clean as possible and deter-
mine its weight and volume.

o Compute the weight of the moist soil adhering
to the rock by subtracting the washed rock
weight from the brushed rock moist weight.
This weight is added to the moist weight of the
fine fraction passing the sieve. When the entire
sample is screened, the total moist weight of the
fine fraction is given as:

Fine fraction moist weight = (total sample
moist weight — brushed rock moist weight)
+ (brushed rock moist weight — washed
rock weight)

o If the percentage of rock weight is required,
determine the dry weight of the rock.'

Volume Measurement
of Rock Fractions

Rock fractions not passing a specified sieve must
be measured volumetrically. Rock with greater
than 5 percent absorption must be saturated before
volume measurements are made.

Several methods of measuring volume are
available. The characteristics of the rock fraction
being tested may dictate the method of use.

Siphon Can or Other
Overflow Volume Measure
This is a direct measurement of the liquid
volume displaced through an overflow pipe when a
sample is completely immersed in the measuring
device. Figure 3-4 (part a) illustrates two types of
siphon cans used for displacement measurements.
In the Type | device, the siphon tube outlet is
below the inlet. The siphon tube drains completely

"When testing large samples wizh either the 12-in. sand cone or
plastic liner test, it is often easier © dry the entire sample than to
do the sieving operation. Ifso, then a representative sample of the
fine fraction is extracted for the moisture determination before the
remainder of the material is dried.
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at the end of each measurement and must be
reprimed for each test. If the volume of the sample
to be measured is too small to activate the siphon,
nonabsorbent articles of a known volume can be
added with the sample. The known volume must be
subtracted from the total volume displaced to deter-
mine the net volume of the sample.

In the Type II device, the siphon tube outlet is
higher than the inlet. The siphon tube retains its
“prime” and does not drain out at the end of each
measurement. When operating properly, this type
of siphon can is very sensitive and is activated as
soon as any object is inserted.

In making the Type | siphon can measurement, it
is important that the end of the siphon tube inside
the can is cut squarely and set in a plane parallel
with the bottom of the can and that it is reamed
and filed to a sharp edge. The positioning and
shaping of the inlet end of the siphon tube are less
critical for the Type II can, but the outlet end
should be reamed and sharp. A small-diameter tub-
ing (<3/8-in. inside diameter) must be used for the
Type II can since proper operation depends on its
prime. Larger diameter tubing can be used for the
Type | can. The curved section of the siphon tube
for both types needs to be round and have the
same diameter as the rest of the tube. A baffle
around the inlet of the siphon tube is particularly
helpful in maintaining a quiet surface in the liquid
surrounding it.

To use a siphon can or other overflow volume
measure, the following procedures are
recommended

¢ Place the siphon can in a level position on a
solid base during the measuring.

* Check the action and accuracy of the device
several times before actual field use by measur-
ing the displacement from a nonabsorbent arti-
cle of a known volume.

* Fill the siphon can to a level above the siphon
tube summit, then allow it to drain to the level
of the inlet before making volume
measurements.

Overflow tubes other than a siphon tube can be
used to measure displacement. Straight tubes have
some disadvantages. The last of the overflow can
dribble out for several seconds, whereas the flow
through a properly constructed siphon stops in-
stantly when the liquid level in the can reaches
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that of the siphon inlet. Also, the surface tension of
the liquid at the inlet of a straight tube can vary
from test to test.

Direct-Reading Volume Measurements

The volume of liquid displaced by a rock sample
can be determined by recording the water level in
a graduated cylinder before and after immersing a
sample.

Volume can be measured in any container by
marking the container at the water level without
the sample, then at the level with the sample. The
amount of liquid between these marks is then
measured or weighed. Figure 3-4 (part b) shows
one method of volume measurement in an
ungraduated container.

Measurement of Moderately
Durable (Group II) Rock

The volume of moderately durable rock that
disintegrates when soaked in water can be
measured by using kerosene or diesel fuel instead
of water as the displacement liquid.

Measurements of Soft Rock or Soil Clods

The volume of materials that disintegrate when
immersed in water can be measured by waxing the
specimen and then measuring displacement as
followvs:

* Clean and brush all soil and loose particles from
the sample.
* \Weigh each sample (generally in grams).

» Carefully waterproof each specimen with a
coating of melted wax.?

* \Weigh each waxed specimen (generally in
grams); then for each waxed specimen determine
the volume (generally in cubic centimeters).

s Strip the wax off each specimen and determine
the moisture content of the specimen.

SWaterproof fishline or nylon hairnets can be used for cradles to

hold samples while immersing them in wax. A wax with a high
melting point, usually a mixture of beeswax and pereffin, pro-
vides a more uniform mating than ordinary paraffin. The
temperature of the wax needs to be just above the melting point
when immersing samples. Wax that is too hot readily penetrates
the pores. Two or more immersions in weax may be needed for
waterproofing.



* Calculate the specific gravity of the wax by
molding or trimming part of the wax into easily
measured forms, weighing the forms, and ac-
curately measuring their dimensions. Another
way is to measure the water displaced by a wax
form of a known weight. The form can be
submerged by weighting it with an impervious
article of known volume.

s Compute the volume of the wax coating on the
specimen by dividing the weight of the wax by
the specific gravity of the wax:

Wax volume
— Waxed sample weight — unwaxed sample weight

G, of wax

s Compute the volume of the specimen by subtracting
the volume of the wax from the toal volume of the
waxed specimen.

* Record the test data on Form SCS-ENG-543 (fig.
3-58).

Moisture Determinations
ASTM D-1556 provides the following guide for
minimum amounts of material required for

moisture determinations:

Maximum size of particles
in total sample

Sample required
for moisture

Sieve designations gram
No. 4 100

L5-in. 300

1-in. 500

2-in. 1,000

Large amounts of material (50 Ib or more) are ex-
cavated for inplace density tests on embankments
having rock larger than 2 in. Selecting a represent-
ative sample for moisture determinations on such
materials is no problem if density control is based
on the fraction passing a No. 4 or a 3/4-in. sieve
and the fine material is used to determine moisture
content. The moisture content of the coarse fraction
is not needed when the volume of the oversize rock
is measured.

However, selecting a portion of the total sample
that will represent the moisture content of the

mass is very difficult if large particles are involved.

Then alternative procedures must be used. This is

particularly true if the materials contain rock of
varying composition and moisture absorption
characteristics.

For materials having more than 35 percent rock
retained on a No. 4 or a 3/4-in. sieve and having
maximum rock sizes larger than 2 in., the pre-
ferred procedure is to dry the entire sample taken
from the test excavation. This takes large drying
equipment and considerable time.

If drying the entire sample is not practical, the
sample should be separated at some arbitrary size
and the moisture determined for a portion of the
fine fraction and for a portion or all of the coarse
fraction.

The problem in trying to represent the moisture
content of the mass by drying a portion of the total
mass arises from the difficulty in splitting out a
small sample that truly represents the gradation
content of the total sample, especially if the rock
sizes range from % in. to 6 in. or larger. A better
representation of the smaller sizes can be made by
separating the sample on a 1-or 2-in. sieve and
determining the moisture content of 500 to 1,000g
of this fraction. If the rock in the coarser fraction
is uniform in composition and hardness, only a part
of this rock need be dried for moisture determina-
tions. But if the sample contains different kinds of
rock, the entire coarse fraction must be dried.

Example Computations
of Density and Moisture

The following examples illustrate computations of
inplace density and moisture.

Example 1

Given: 35 to 50 percent of the embankment
material is retained on the No. 4 sieve. The max-
imum size of the material is 4 in. The rock consists
of mixed quartzite, conglomerate, and hard sand-
stone. Specificationscall for construction control on
the fraction passing a 3/4-in. sieve.

Volume determination—12-in.sand cone.—
* (@O Weight, sand to fill
cone and plate in
place ............. =5.00 Ib

* @ Weight, sand to fill
cone, plate, and hole = 45.00 Ib
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Weight, sand in
hole,

@—@ .......

Bulk density, test
sand.. ............

=40.00 Ib

= 100.00 1b/ft®

Moisturedensity determination.—

Total weight, moist
material

O

Moist weight,
>3/4-in, fraction ....

Volume, >3/4-in.
fraction ...........

Volume, <3/4-in.
FoRG

Moist weight:
<3/4-in, fré:tion,
Percent moisture,

<8/4-in. fraction
(from 500-g sample) .

@ Dry weight, <3/4-in,

© ® 606

fraction,
@ =+ Q)
100
. @ Y <3/4-in. fraction,

= 60.00 Ib
= 15.00 |h

= 0.10 ft* (measured)

= 0.30 ft*

=45.00 Ib

= 15.0%

. =39.131b

= 130.4 b/ft?

Moisture content and dry weight determinations
of the fraction retained on a 3/4-in. sieve are not
needed since specifications call for construction con-
trol on the fraction passing the 314-in. sieve, requir-
ing only the volume of the coarse fraction.

Example 2

Given. The embankment material is the same as
in Example 1. Specifications call for compaction

control on the mass.

Volume determination—12-in.sand cone.—

* Steps
asin
equals 0.40 ft2,

through
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() are performed the same
Xample 1.The volume of the test hole

Moisturedensity determination.—

e
O

Total weight, moist
material

= 60.00 1b

Moist weight,

>3/4-in. fraction

(sample can be split

for better represen-

tation of the

moisture content)... = 15.001b

Volume, >3/4-in.
fraction ........... = 0.10 ft* (measured)

Volume, <3/4-in.
B ®

Moist weight!
<3/4-in. fraction,

® - @ ....... =45.00 Ih

Percent moisture,
<3/4-in. fraction
(from 500-g sample) .

....... = 0.30 ft¢

= 15.0%

Dry weight, <3/4-in.
fraction,

@ - a: D)

100

Dry weight, >3/4-in.
fraction (entire frac-
tion dried because of
variance in the rock) = 13.551h

=39.131b

® ® 6 6 00

Dry weight, total
mass,

®

@ + @ s =52.68 1b
* O N o O R = 131.7 Ib/ft
. @ Percent moisture,

mass,

(w_ @ ) x 100 = 13.9%

Percent, >3/4-in.
fraction,
(@ + @ x 100 =257%

O

Example 3

Given: 3510 60 percent of the embankment
material is retained on a No. 4 sieve. The max-
imum size of the material is 6 in. The rock consists



of hard granite and gneiss. Specifications call for
compaction control of the mass.

Volume determination— 30-in. template and
plastic sheet.—

* @ Weight, water to
fill template be-
fore excavating. . ... =62.40 Ib

. @ Weight, water to
fill template and
excavation ........ =187.201b

. @ Net weight, water
to fill excavation,
@ - @ ....... =124.801b

. @ Volume, excavated

material,
@ 624 ...... =2.00 £t

Moisture-density determination. —

* @ Moist weight, total
material excavated
(material separated
on a 1-in. sieve for
moisture
determination) ..... = 303.00 Ib

* (® Moist weight, >1-in.
fraction ........... = 116.50 Ib

* (D Moist weight, <1-in.
fraction,
@ ... = 186.50 Ib

. Moist weight, por-
tion of >1-in. frac-

tion (sample can be

split because of the

uniformity of the

rock) ............. =10.001b

* (® Dry weight, portion
of >1-in. fraction ,,, =9.611b

. @ Percent moisture,
>1-in. fraction,

MOMY)

x 100.. =4.1%

®

Dry weight: total
>|-in. fraction,

+ (1 +_®_). =111.911b
@ 100

Moist weight, por-

tion of <1-in. frac-

tion (sample split) .. =5.521b
Dry weight, portion

of <1-in. fraction ,.. =5.16lb

Percent moisture,
<1-in. fraction,

(—@)x 100. = 7.0%

&)

Dry weight, total
<I-in. fraction,

0. B
®'(1+W) 174.30 1b

Dry weight, total

sample,
@ +® ... =286.21 Ib

¥4, Mass,

@ - @ ...... = 143.11 1bAt®

Percent moisture,
mass,

(@—é—@)x 100

. =59%
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Methods, Specifications,and Forms
for Moisture and Density
Determinations of Soils

This supplement contains test specifications (by
reference or in their entirety) for the moisture and
determinations needed and forms required for
recording and analyzing moisture-density test data
when construction involves placing compacted
earth fill. A separate form is suggested for each
test. However, if two or more inplace density tests
are made concurrently on the same sites (except for
rapid tests), space is available on each form for
recording both sets of data.

Form SCS-ENG-530A is used to record bulk sand
density determinations and cone and base plate
calibrations (fig. 3-13).

Form SCS-ENG-530B and SCS-ENG-530C are
used in test S-2, the sand cone method (fig. 3-14
and 3-15). Data used and obtained in testing em-
bankment materials containing fine-grained soils,
sand, gravel, and rock that pass a No. 4 or a 3/4-in.
sieve are recorded on SCS-ENG-530B. Data from
tests of materials containing large percentages of
gravel and rock are recorded on SCS-ENG-530C. If
the materials have rocks 4 in. or larger in
diameter. Form SCS-ENG-530-1 should be used (fig.
3-40).

Form SCS-ENG-530D is used in test S-3, the rub-
ber balloon method, which is for testing fine-
grained soils with less than 5 percent of the par-
ticles retained on a No. 4 sieve (fig. 3-19). A poten-
tial for error exists if the maximum particle size
exceeds % in.

Form SCS-ENG-530E is used in test 54, the
calibrated cyliner method, which is for testing fine-
grained cohesive soils (fig. 3-29). Coarse, hard-
grained materials must all be able to pass a No. 4
sieve because larger materials would damage the
cutting edge of the cylinder.

Forms SCS-ENG-530F is used in test S-5, the
kerosene method, which is for testing cohesive soils
{fig. 3-30). Coarse-grained materials just passing a
No. 4 sieve can cause difficulty in shaping the test
sample and also permit penetration of the test
fluid.

Form SCS-ENG-530G and SCS-ENG-530H are
used in test S-6, the rapid compaction control
method by sand and rubber balloon displacement
(fig. 3-34 and 3-35). Data from tests of embank-
ments containing less than 35 percent rock re-
tained on a No. 4 or a 314-in. sieve are recorded on
SCS-ENG-530G. The funnel diameter must be
about three times the maximum size of the rock
materials tested. Data from tests of soils containing
more than 95 percent materials that pass a No. 4
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sieve are recorded on SCS-ENG-530H. When the
maximum rock size approaches % in. in diameter,
there is a potential for error and another method is
preferable.

Form SCS-ENG-530-1 is used in test S-7, the
template and plastic liner method, which is for
testing materials containing gravel and rock with
diameters larger than 4 in. (fig. 3-42).

Information should be recorded on the form dur-
ing testing. Tests that deviate from the prescribed
procedures and test results that are irregular or
unusual must be explained in the remarks section.
Tests on a given jobsite are numbered consecu-
tively. A predetermined letter or abbreviation is
desirable as a prefix to the test number to identify
the jobsite. Test reports are kept in the construc-
tion office.

Field Density Tests

Sand Cone Method Test No. S-2
This test determines the density of inplace soil
and can be used on a variety of embankment
materials. The 6%-in.-diameter cone is restricted to
soils containing particles no larger than 2 in. in
diameter, and the 12-in.-diameter cone to soils con-
taining particles no larger than 4 in. in diameter.
Before using the sand cone, the bulk density of the
sand must be determined by calibrating the sand.

Test procedures and recording data.—
Procedures for calibrating the sand (to obtain bulk
density) and for determining the density of inplace
soil are in ASTM D-1556, “Standard Test Method
for Density of Soil in Place by the Sand-Cone
Method.” Some procedures are shown in figures
3-5to 3-12. ASTM D-1556 does not describe the
use of the 12-in. cone, but procedures are the same.

Form SCS-ENG-530A, “Bulk Sand Density Deter-
mination and Calibration of Cone and Base Plate,”
is used for recording data on calibrating the sand
cone and base plate (fig. 3-13). Form SCS-
ENG-530B, “Inplace Moisture-Density Determina-
tion: Sand Cone Method—Specified Fraction Con-
trol,” is used when the moisture and density of the
embankment are controlled on a specified fraction
of the material (fig. 3-14). Form SCS-ENG-530C,
“Inplace Moisture-Density Determination: Sand
Cone Method—Mass Density Control,” is used
when the moisture and density are controlled on
the total mass of the material (fig. 3-15).



Figure 3-5.—Equipmentfor calibrating sand.

C

Figure 3-8.-Weighing the remaining sand
(photos are of laboratory simulations).

the cone with sand (to

Figure 3-7.-Filling
determine volume).

re 34-Weighing a full jar of sand

the cone.
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Figure 3-9.-Removing soil (field sample)within the open mold Figure 3-10.-Filling the cone and hole with sand (to determine
and placing it in a can. volume).

Figure 3-1l.-Weighing the remaining sand, Figure 3-12.-Weighing the field sample in a can (photos are of
laboratow simulations).
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U.S. DEPARTMENTOF AGRICULTURE

SOIL CONSERVATION SERVICE

Watershed P] A/ &
Contractor 5ml‘H‘7 leﬁ'h‘udj“k)d rbm'nbm?‘.ontract No. 2£40- 1D _ Test No. /

Site

BULK SAND DENSITY DETERMINATION AND
CALIBRATION OF CONE AND BASE PLATE

? \'VE?.

ZB

SCS-ENG-530A

2-80

Material source

Testedbyc- JONES__ Date }l" 13- Q;

Trials
Volume of Jar and Funnel Apparatus
1 2 3
o |5 081.5 | 5029.08 02(.0
o 1], 153.8| L 156G -511,156 .5
@ |3 293.0 13 725|133 4.5
4*C | ‘zo°c | 32°%
imifa) |1.00060 |1.00/77 100 427
m) 13 393.0/3979.413,3337
Bulk Density of Sand Trials ——e
1 2 3
8. Weight of apparatus plus rand Id
9. Weight of apparatus empty (9)
10. Weight of rand in apparatus = @ — @ Igl
11. Bulk density of rand = (62.427 x b= @ {Ib/t3)
Weight of Sand ta Fill Funnel and Bare Plate
13. Weight of sand plus apparatus before test Y ) 7 73 17-5—7 ! '7. N
14. Weight of rand plus apparatus after test bl | /B, *I? /3. <) 6 118, 3’
15. Weight of sand in funnel and base plate = @ - @} {tb} ﬁ- ZQ . 2 I *‘. Z,"[
16. Apparatus calibration factor (average 3 trials} A I+

Conversion table—volume o i water per gram, based on temperature

Degrees Volume of water Degrees Volume of water

C F. {mifg) C. F. {mi/g}

12 53.6 1.00048 24 75.2 1.002868
14 57.2 1.00073 26 78.8 1.00320
16 60.8 1.00103 22 82.4 1.00375
18 64.4 1.00138 30 86.0 1.00435
20 680 1.00177 32 89.6 1.00487
22 71.6 1.00221

Note: 4539 =1 Ib; 1g @ 4°C {39.2°F} =1 mlI

Figure 3-13.—Forma SCS-ENG-530A, “Bulk Sand Density Deter

mination and Calibration of Cone and Base Plate.”
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U.8. DEPARTMENT OF AGRICULTURE SCS-ENG-530B
SOIL CONSERVATION SERVICE 2-80

INPLACE MOISTURE-DENSITY DETERMINATION:

\_ SAND CONE METHOD
Specified Fraction Control

l.ocation § i Al M ,{1 ,3“} pﬁ' u§ A Site No. 2 8

Watershed fp I‘M & Q WETR, Subwatershed wes"— %”"’“"‘J\

Contract No. (2-40> 21D =D Contractor M&d@ﬁaﬂﬁ&%

Tested by ,CLED_U_E_EL__ Computed by CJ_XQ&LSL Checked by WL

L.acation of test

Test Date Borrow source, Material
No. Station G offset Elevation lacation, and depth ctassification
Borrow At #2
| |4-2r-¢93+50 Ry 26%F 5265 6 |£ 6.0 $+ CL

. L
b Size of screen for separation i€ 9 Size of sand cone _CQ_Z.J_AL.__d_JH_m_&‘ng—f

iSpec. requirements (%]  Test results (%) Wet density check
Test Date Curve
No. Maisture | Compac- . Compac- No, P
range tion Muoisture tion 1-Point Curve
2

( N-2rgu20l95 194 1974 | 3 1294 123.5

Remarks -[Y) nk[l'BJ S ArE 6“'\'16 &nc)"or‘l.{

\-/ Figure 3-14.—Form SCS-ENG-5308, “Inplace Moisture-Density
Determination: Sand Cone Method—Specified Fraction Control.”
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Volume Determination

Test No.

. A

1. Bulk density of sand {predetermined) _ l b / 'e’f" 3 101. 3

2. Initiai weight of sand, cone, and container ! b 17. 73

3. Final weight of rand. cone, and container l b l-(o?)

4. Weight of sand in hole. plate, and cone = €Z) — @) ib jlo. 1D

5. Weight of sand in plate plus cone (predetermined} 1 b A 2

6. Weight of rand in hole = @ - ® . i

7. Volume of hole = @ ES @ :c# 3 0.1

Moisture Determination

Speedy moisture meter

8. Dial reading i

9. Maisture content (calibration curve) (%63

Container No.
Sample tested using: quick dry (1 alcohol & oven @— {2
10. Weight of moist fines plus container C‘h'
11. Weight of dry fines plus container (¢] qu
12. Weight of moisture = . ® E. 3”_34
13. Weight of container JQ 9 20
14. Weight of dry fmes— —8 d_q 142.12
15. Moisture content = { {12} = ) 100 {%) ;9, *L‘L
16. Correction for ignition {%) —
17. Corrected moisture content = @ - @ {%} ' Q ’J"l
Density Determination

18. Weight of moist sample plus container ,b /6:16
19. Weight of container { b Yy
20. Weight of muist fined plus rock = - | _b_ ‘
2t. Weight of moist rock and container . .82
22. Weight of container b ZOS
23. Weight of moist rock i b a.74
24. Weight of moist fines #: @ ‘ b 13, 20
25. Wet density of rock (predetermined) “) I-ﬁ' 3 /4'-5-3
26. Volume of rock = @ @ ‘S"‘;ﬁ .O0051
27. Volume of fines = @—o -$+ o149
28. Weight of dry fines = [ ®+ (100+®)] 100 _b_z_ yZx~Y-
29. Dry density of finer = + j%}? | f2Z.0
30. Maximum dry density of finer (predetermined) L h, | fb B
31. Ratio? = | ) 100 ) | 274

1 Fines are materials smaller than the separating screen specified by the standard method used.

2 Ratio of dry density of fines to maximum dry density.

indicate Weight and Volume Units Used in Test

Figure 9-14(cont).—Form SCS-ENG-530B; reverse side
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U.5. DEPARTMENT OF AGRICULTURE SCS-ENG-530C

SOIL CONSERVATION SERVICE 2-80
INPLACE MOISTURE-DENSITY DETERMINATION:
SAND CONE METHOD
Mass Density Control

Location wc—@'{' “D“QI_Q Usn Site No. L/
Watershed ’?\00'\' “ C.ree K Subwatershed __J A
Contract No. [2- it- 398220 Contractor Pow&ER COH%"'I’UQ"I'iO.\( C—OM PANY
Tested by :A&D‘JI:H]_ Computed by B, Smith Checkedby AR QDQ/

Test Date Location of test Borrow source, Material

No. Station G offset Elevation location, and depth classification

Emergeniey Spill why
x 42
N 14-19-49 {10418 | Lt 308t (46360 A GuM
Sire of sand cone
Specification requirerments Test results
Test Date .
No. Moisture range (%) Mass dry density (Ib/ft2) Maisture (%) Mass dry density
{1p/ft3)
1Y 14943 B-6 1250 3.7 1333
Remarks

Figure 3-15.—Form SCSEN(}-530C, "“Inplace Moisture-Density
Determination Sand Cane Method—Mass Density Control ™
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Volume Determination

Test No,

- 14

1. Bulk density of rand {predetermined) “) /0" 3 DL 32
2. Initial weight of sand, cone. and container ib 17.57
3. Final weight of sand, cone, and container lb ’-57
4. Weight of sand in hole, plate, and cone = @ - Ib lb.DO
5. Weight of sand in plate plus cone (predetermined) lh “ 21
6.

7.

Weight of rand in hole =® —@

. 19

Volume of hole = @ +

O, l&

Maisture Determination

Contatner No.

Sample tested using: quick dry O3 oven (]

8. Weight of moist sarnple and container (3 “_7 5 E

9. Weight of dry sample and container Q i O‘I
10. Weight of moisture = -® & 3.5Y
11. Weight of container 5 125'8
12. Weight of dry sample = @ - @ é ?ﬁzg
13. Moisture content ={ - @ ) 100 {%) —
14. Correction for ignition 1%}
15. Corrected moisture content = @ - (%) 7

|
Density Determination f | |

17. Total dry weight=[ 16 -+ {100+ @ }] 100 l s‘ -""I

Figure 3-15 (cont).—Form SCS-ENG-630C; reverse side.

Indicate Weight and Volume Units Used in Test




Figure 3-18.—Equipment used in determining inplace density
by the rubber balloon method (photos are of field simulations).
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Figure 3-17.—Obtaining the initial calibration reading on the
volumeasure (note the surface of water column).
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Figure 3-18.—Obtaining the final reading. Balloon and water
fill the hole from which the sample was taken (note the surface
of water column). (Photos are of field simulations.)



U.S. DEPARTMENT OF AGRICULTURE SCS-ENG-530D
SOIL CONSERVATION SERVICE 2-80

INPLACE MOISTURE-DENSITY DETERMINATION:
RUBBER BALLOON METHOD
Fine-Grained Soils — Less than 5% +No. 4 Sieve

Location M-—I—HQLQOM USA Site No. L-‘

Watershed l&loj_q_clf £k subwatershed | A

Contract No. 12-t0-34D-2060_ contractor - YR ER. Con 5&\";43;51{)’ M_C,_o_mj.)_&ug_
Tested by B.Smdh Computed by . Smarth Checked by -S %E

Location of test
Teast Date Borrow source, Material
No. Station § offset Elevation location, and depth classification
Ol:. Borrow A F)
(§ |5-2-4% |5t50 4%6.5 |5-8 &F I VA
Specification .
Test requirements {%) Test results (%) curve Wet density check
Na. Date Moisture | Compac- No
range tian Moisture Compaction 1-Point Curve
¥

15 5263 2|95 [(9.94 |96.5 |5 [125. 7 123. 2

Remarks

Figure 3-19.—Form SCS-ENG-530D, “Inplace Moisture-Density
Determination: Rubber Balloon Method, Fine-Grained Soils—
Less Than 5%+ Ng. 4 Sieve."
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Test No.
Volume Determination
[~
1. Final base reading 'Cl’sa D D520
2. Initial case reading £ "' 5 0. DIZ‘,
3. Volume of hole = (1) - @ £+ 0.03 %
Moisture Determination

Speedy moisture meter
4. Dial reading
5. Moisture content [calibration curve} (%}

Sampie tested using: quick dry (I alcohol [1  oven (%~ lo Can No.
6. Weight of moist sample plus container g 259 ¢4
7. Weight of dry sample plus container 3 @Z .52
8. Weight of moisture =(&) — () _Ciu 3%.12,
9. Weight of container % _gﬂ. &l

10. Weight of dry sample =®w© % _22'3,

11. Moisture content = (@« (8)1 100 v 18.94

12. Correction for ignition (%) —

13. Corrected moisture content =®— @ (%) I Y-q q

Density Determination

14, Weight of moist sample plus container | I"‘ 542

15. Weight of container 1h 045

16. Weight of moist sample = - @ b 4 q 7

17. Weight of dry sampte = [ ([6)+ (100 +(T3)1 100 \b 4'8

18. Fill dry density = () + @ 'b/-ﬂ's 108§

19. Maximum dry density '_b /'pf' 3 ' oq. q
20. Ratio? = { @+ @D 1100 o 96.§

1 Ratio of fill dry density to maximum dry density.

Indicate Weight and Volume Units Used in Test

Figure 3-19 {cont).—Form SCS-ENG-530D; reverse side.

3-37



Detachable handle ——="= |
-

threaded rod or to a pipe nipple
welded to the rod

«——— Drill rod approximately 2 ft 6 in. long

/ Brass bushing

Drop weight of approximately

25 b {i.e., a carrier roller from —

a Caterpillar-type tractor filled

with babbitt) .
Steel plate ¥ in. thick ——————

[~ ————— Drill rod welded to the steel

4 piate
| \
i

Weld

Driving shoe approximately 3

in. long (shoe and cylinder

3 steel straps, 1in. by 3 in.,
diameters are equal)

set at a 120" angle

I

I

!

t Removable calibrated cylinder
l approximately 6 in. long (use
I

|

|

|

5- to 6-in.-diam. well casing or
seamless tubing)

J --————— Cutting edge machine-ground
Case-hardened tip + ‘ and -tapered

Figure 3-20.— An example of a field-assembled, calibrated, cylinder devise that is used in conjunction with ASTM D-2937in testing the density
of earth fills. The Calibrated cylinder is to be machined to a constant length and diameter with sufficient aceuracy to provide volume
measurements to = 0.0004 ft3 The driving shoe must have the same diameter as the cylinder. All other parts of the dense can be of any size

that provides adequate strength and smooth operation.
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339

Figure 3-21.—Equipment used in calibrating the cylinder,



Figure 3-22.—Weighing the empty calibrated cylinder (photos
are of field simulations).




b=

Figure 3-23.—Preparing the surface of the embankment before
making the test.



v €

Figure 3-24.—Driving the cylinder into the embankment
(photos are of field simulations).



Figure 3-25.—Removing the material from around the cylinder



Figure 3-26.—Separating the sample from underlying material
(photos are of field simulations).



42 e

Figure 3-27.—Trimming the excess material at the cylinder
ends.



9=

Figure 3-28.- Weighing the cylinder and compacted soil sample
(photos are of field simulations).



U.5. DEPARTMENT OF AGRICULTURE SCS-ENG-530E
2-80

SO0IL CONSERVATION SERVICE

INPLACE MOISTURE-DENSITY DETERMINATION:
CALIBRATED CYLINDER METHOD
Fine-Grained Soils—Less Than 5% +No. 4 Sieve

Location TR ENCh TDUDN_ WS Site No —3
Watershed BE ave e Creek Subwatershed P\

Contract No 12- 1D -4ob 1850 contractor g edd  Co Com
Tested by Cz. Hheks Computed by ,C:,Mi Checked by H,?)lﬁ(‘ag

Test Date Borrow source, Material
NO. ) location, and depth classification
station ¢ offset Elevation
B 069 [2¢30 Ry Y 12,416
L
Specification .
: Test results {%) Wet density check
Test requirements (%} | curve
Date Moisture | Compac- Compac- No. 1-Point Curve

NO.
range tion Moisture tion

-3¢l
o6l fy 196 174 (964 |4 juLsT 108.0

Remarks \ h L ] W)
MpYeripls — afeed Yo develop G Mew  WiIGkure dend Sk

Cueve Yo Verify  opYimum  mpishure AN dm.\si\«.\__

Figure 3-29.—Form SCS-ENG-530E, “Inplace Moisture-Density
Determination: Calibrated Cylinder Method, Fine-Grained
Sails—Less Than 5% +No. 4 Sieve.""
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Volume Determination

Test No.

1. Volume of cylinder {volume of hole)

o

n2z4

Moisture Determination

Speedy maisture meter

2 Dial reading

3 Moisture content {calibration curve} (%}

Sample tested using: quick dry #  alcohol 1 oven [J Container No
4. Weight of moist sample plus container 1b 2.11
5. Weight of dry sample plus container 1 b 2, &

6., Weight of moisture =@—® b 0. 2.1

7. Weight of container th 1.39

8. Weight of dry sampie = @— @ |h l.f?

9. Moisture content = (&) + (B} 100 w | 1795
10. Correction for ignition % | 0. {'0
11. Correctedmoisturecontent =@~— @ (%) ,7 35_

Density Determination

12. Weight of moist sample Plus cylinder ';E— 31.]6_

13. Weight of cylinder b &-12

14. Weight of moist sample = @ - (13) |b 2503

15.

16.

17.

18.

Weight of dry sample = [+(100 +® Mo |

Fill dry density = @ -+ @

Maximum dry density

E

e

Ratio' = ({18) + (@) 100

(%)

| &(.33

6.2

| 98. ¢

G6.4

Figure 3-29 (cont).—Form SCS.ENG-530E; reverse side.
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1 Ratio of fill dry density to maximum dry density.

Indicate Weight and Volume Units Used in Test




SCS-ENG-530F
280

US. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

INPLACE MOISTURE-DENSITY DETERMINATION:
KEROSENE METHOD
Fine-Grained Soils—Less Than 5% +No., 4 Sieve

Location o L . Site No. - |
Watershed (U Iftu # ] Subwatershed —_

Contract No. = &= Contractorwﬂb&i&’wp m‘f
Tested byl-_lliﬂ}g;— Computed by 2. white,  Checked byLFQX_

Test Date Location of test Borrow source, Material
No. Station g offset Elevation location, and depth classification
RoreoWw ores® 3
U H-21-69 |25 kr2s6t |7063.09-12 §t ML
Test re(?uqfecggritsm&) Test results (%) Clerve Wet density check
No. pate M?aif];l;re I CT}':)TC' Moisture Jompaction No. 1-Point Curve

296

9 l42req us22y! 95 | 1a.3 IS0 2 |uss Ny. o

Remarks More. _Compnachion ’Ke.eiu;.re.c\
} < - I Con V) } (s}

b Y L urve ov

Figure 3-30.—Form SCS-ENG-530F, “Inplace Moisture-Density
Determination: Kerosene Method, Fine-Grained Soils— Less
Than 5% +¥No. 4 Sieve.”
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Moisture determination

Test No.

Speedy moisture meter
1. Dial reading

2. Moisture content Icalibration curve} (%}
Sample tested using: quick dry [J alcohol [J oven %~ Container No.
13
(9) 359 62
(g) 302 .24
(9 §73
(g} 273D
ig) 2.74.94
(%} 2037
(%) —
w 1 419.3 (2057
Density Determination
11. Weight of moist sample {9} q— @
12. Volume of moist sample {displacement} {cm3) 0
13. Wet density of sampis = @ + @ _ lglem®) .33 .33
14. Fill dry density =1 (2 + 100+ (@0 11 100 x 624 i) | 98- 7 194 .5
15. Maximumdry density (predetermined) (Ib/ft3) ’00- |/00. -7
16. Ratio! = { + (@) 100 o _96.0 (93 %

'Ratio of filldry density to maximum dry density.

Figure 3-30 {cont).—Form SCS-ENG-530F; reverse side.
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Precautions.— The valve on the sand cone must
operate freely and have no constrictions that will
affect the flow rate and cause erratic results.

The test operation must be free from vibration or
jarring, because these movements will affect the
density of the sand and cause erratic results. It is
helpful to anchor the base plate with spikes or
pins.

The test sand must be dry and uniformly graded.
The salvage of test sand is not recommended
because of contamination.

Rubber Balloon Method Test No. S-3
Procedures for determining the density of inplace
soil are in ASTM D-2167, “Standard Test Method
for Density of Soil in Place by the Rubber-Balloon
Method.” Some procedures are shown in figures
3-16 to 3-18. Form SCS-ENG-530D, “Inplace
Moisture-Density Determination: Rubber Balloon
Method, Fine-Grained Soils—Less Than 5% +No. 4
Sieve,” is used for recording the data (fig. 3-19).

Calibrated Cylinder Method Test No. 54

Procedures for determining the density of inplace
soil are in ASTM D-2937, “Standard Test Method
for Density of Soil in Place by the Drive-Cylinder
Method.” Some procedures and equipment are
shown in figures 3-20 to 3-28. Form SCS-
ENG-530E, “Inplace Moisture-Density Determina-
tion: Calibrated Cylinder Method, Fine-Grained
Soils—Less Than 5% +No. 4 Sieve,” is used for
recording data (fig. 3-29).

Kerosene Method Test No. 8-5

This test determines inplace soil densities on un-
disturbed samples of the compacted earthfill.
Because of the test procedures, this method has cer-
tain limitations: fill materials must be taken from
a fine-grain soil that forms a solid, dense mass
when compacted, and materials must be free of
large stone and gravel fragments.

Apparatus.— The following equipment is used
¢ Balance; 500- to 1,000-gcapacity, accurate to 0.1
percent.

e Pan or similar container; approximately 6 in.
across by 6 in. deep.

e Siphon can with overflow tube outletting at
about 213 capacity of the unit (see fig. 3-14,
part a).

e Graduate; minimum 500-¢cm?® capacity.

o Kerosene; stored in container that protects from
contamination and fire.

o Tile spade, chisel, knife, and sealed cans for
removing and transporting test samples.

e Equipment for drying samples.

Test procedures and recording data.—Care is
needed when taking and handling a sample for a
density test to avoid cracking the sample or in-
creasing its density. The sample is usually ob-
tained by removing the loose surface material from
the test area and excavating around a 4- to 6-in.
column of compacted earth to about 6 in. deep.
Then the column is carefully cut off near the base
of the excavation, the material immediately placed
in an airtight container to prevent moisture loss,
and the sample moved to a field laboratory as soon
as possible.

Form SCS-ENG-530F, “Inplace Moisture-Density
Determination: Kerosene Method, Fine-Grained
Soils—Less Than 5% +No. 4 Sieve,” is used for
recording data (fig. 3-30). The sample is divided
into two portions, one of 200 g or more for the
moisture test and the other trimmed to slightly
less than 500 em? in volume for the density
determination.

Moisture can be determined by using tests S-11,
S-12, S-13, or S-14 (all in this chapter). Moisture
data are recorded under items 1-10 of SCS-
ENG-530F. If a quick-dry procedure is used, it
should be verified occasionally by drying the
material in the oven.

The sample for the density determination must
be handled carefully. All loose particles and protru-
sions are trimmed off. The sample is then weighed
immediately to avoid moisture loss and the weight
is recorded in item 11.

Next the sample is submerged in a pan of
kerosene. A good procedure is to gently lower the
sample in a sling or net made of a strong thread
into the pan. The sample should stay submerged
until air bubbles cease to escape from voids. Then
a siphon can is filled to the overflow level with
kerosene. When the liquid ceases to drip from the
overflow, a clean 500-cm?® graduate is placed under
the spout. The sample is removed from the pan of
kerosene, gently blotted with a dry cloth to remove
the excess fluid, and, using a thread sling, lowered
carefully into the siphon can. After the flow ceases
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from the overflow spout, the volume of kerosene in
the graduate is read and recorded as the volume of
the wet sample, item 12.

The inplace dry density, item 14, is determined
by dividing the wet density of the sample, item 13,
by the percent of moisture, items 2 or 10, and then
multiplying by 62.4 (weight per cubic foot of water)
to convert to pounds per cubic foot. The maximum
dry density, item 15, is the maximum unit weight
determined for the embankment material by ASTM
D-698 or D-1557. The percent moisture, items 2 or
10, and the percent of maximum dry density, item
16, are recorded on the front of the form.

Rapid Compaction Control
Method “Test No. S-6"

This method is particularly applicable to borrow
materials that contain less than 30 percent rock
greater than the specified control size and consist
of variable soils or zones of differing grain size.
Even though the excavation of these materials is
carefully controlled to ensure mixing, the moisture
requirements and resultant density can vary ap-
preciably. When they vary, moisture-density curves
prepared in the laboratory, or infrequently in the
field, may be erroneous as indexes or standards for
the borrow materials being used. The “rapid
method”® quickly provides the standard needed to
judge the specific compacted fill.

Studies of compacted cohesive soils show that the
ratio of the fill dry density to the laboratory max-
imum dry density and a very close approximation
of the difference between the optimum moisture
content and fill moisture content of a field density
sample can be determined without knowing the
moisture content of the fill material. These studies
also show that by compacting a series of specimens
and plotting the amount of water added to or
removed from the sample as a percentage of the
wet weight of the sample, a curve of the wet den-
sities can be established. This curve can be con-
verted to wet density on a fill-moisture-content
basis. Then the percentage of the fill dry density to
the laboratory maximum dry density can be ob-
tained. This method does not require drying the
soil sample, so the most time-consuming part of a
moisture-density determination is eliminated.

‘The “rapid method” was developed by the Bureau of Reclama-
tien. Presentation and discussion are in the Earth Manual (Bur.
Reclam., U.8. Dep. Inter.).
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Nomenclature and definitions.—The following
svmbols are used in the procedures and
computations:

C = Ratio of fill wet density to cylinder
wet density.

D = Ratio of fill dry density to specified
maximum dry density.

w = Moisture content; percent.

Wy = Fill moisture content; percent.

w, = Optimum moisture content;
percent.

Ym = Ordinate at peak point of y4(1 +
wy) VErsus z curve.

Z = Amount of water added to or dried
from sample; percent of fill wet
weight.

Zy, = Abscissa of peak point of yg(1 + wy)

VErsus z curve.

Zy, Zo = Abscissas of points used in plotting
ol T wp versus z curve.

Ya, = Cylinder dry density.

Ya; = Fill dry density.

Yd,, = Specified maximum dry density.
Yd,» dy

dy etc. = Dry densities at points 1,2, 3, etc.,
or yg(1 t wy) versus z curve.

Cylinder wet density.

~
£
Il

Ywg Fill wet density

Principles and equations.— The procedure
shown is for a field density test made on soil con-
taining no gravel. The test on soils with gravel is
similar, except that screening is required and com-
putations are necessary to obtain the fill wet den-
sity of the fraction passing a No. 4 sieve. Materials
taken from the test hole are protected against
evaporation and are compacted by a standard
method while at the fill moisture content, wy, to
what is called the cylinder wet density, y,, .

The value of C, the ratio of the fill wet density,

Yw. to the cylinder wet density, y, , is identical
with the value of the ratio of their dry densities,



since both wet densities are at the same water
content:

Twp Yo W0 ve

= = 3-1)
ch ydc (1 + Wf) ch

C=

The value of C indicates the relation between the
compactive effort used on the fill and the specified
compactive effort.

The value of D, the ratio of the fill dry density,
Y4 10 the laboratory maximum dry density (the
bdafsis of density control),yy , can be obtained from
the wet densities in a similar manner:

_ Yd_[_. 1+ Wf)_ ,Vdf 3-2)
h Ydm (1 + Wf) Ydm

if the value yy @+t wy is found. The “rapid
method” is used to obtain the value ya (1 T w).

For example, a sample of soil is taken from a fill
with a moisture content, w,, somewhat less than
optimum, and compacted in a cylinder in the
specified manner (ASTM D-698 or D-1557). If the
resulting cylinder dry density, y4 , is designated,
the cylinder wet density will be v, (11 wy.

Note: High plasticity clays must have a moisture
content lower than optimum at the start of the
test, because screening (if necessary) and uniform
drying of these soils are difficult and time
consuming.

The cylinder wet density, y,, , can be readily ob-
tained for any fill moisture content, wy, by a com-
paction test. This point should be the origin of new
curves obtained by translating the origin of
abscissas to the fill moisture content. The amount
of water added to the soil, z (in percent of fill wet
weight), is used for the abscissa of the new curves.
This change in origin is equivalent to considering
that the moist soil removed from the fill is dry;
that is, the water associated with the soil at fill
moisture content is treated as solid material.
Values of z are then percentages of that dry
weight.

By adding water to samples of the moist soil (all
samples are at fill moisture content to start with)
and by mixing and compacting samples in the
usual manner, a wet density versus z curve is
obtained. Ordinate values of this curve are the
same as the values of the wet density curve.
However, the abscissas are values of z rather than

of w. The analogy between the standard compac-
tion wet density curve and the new curve can be
completed by drawing the converted wet density
curve. This is done by dividing each ordinate of the
upper curve by (1 + z). The resulting curve is
similar in shape to the dry density curve. Ordinate
values of the converted wet density curve equal the
dry density multiplied by the expression (1 + wy).
Basic or standard compaction curves cannot be
drawn unless the values of the moisture content
are determined, whereas new curves presented in
this procedure are compaction curves and can be
drawn without knowing values of the water
content.

Values of z presented here are ratios of pounds of
water added to pounds of moist soil removed from
the fill and are known. Hence, the value of D, the
ratio of the fill dry density to the specified max-
imum dry density, can be obtained precisely from
wet densities alone by finding the peak point of the
r4dl + wyp curve. This curve is obtained by plotting
points:

Ya, 1+ wy) Yd, 1+ wy o
1+ z, 1+ 2z,

tc.

Ydl (1 + Wf):

The value z = (w — wp) + (1 T wp can be negative
as well as positive.

The determination of the maximum ordinate of
the y4(1 T wp versus z curve presents the same
problem encountered in finding the maximum dry
density in a dry density versus moisture content
curve. Generally, the more points that are plotted
the more accurate is the determination of the peak
point of the converted wet density curve. At least
three points are needed. If they are spaced so that
the point of maximum ordinate falls within the
range of their abscissas, the maximum ordinate
can be determined graphically. This is done by
assuming that the portion of the y41 * wy versus z
curve in the vicinity of the maximum point is a
parabola whose axis is parallel to the y4(1 +wy)
coordinate axis. Use of the parabolic method is not
essential to the rapid method, but it does help
reduce the number of points needed and provide a
value for the peak point without sketching the
curve.

Use of parabola.—Figure 3-31 shows the
graphical solution for obtaining z,, and yp,, the
vertex of the parabola (shown as letter 0}.
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To obtain D more simply, the coordinate sheet on
which the curve is plotted has a series of diagonal
lines which allow graphical division of the wet
density by the quantity, (1 + 2). This allows
coordinate points z and y41 +w,) to be plotted
without using a slide rule or a calculating
machine. Once the maximum ordinate, y; (1 +wy),
is obtained, the value of D, the ratio of the fill dry
density to the specified maximum dry density, can
be obtained graphically by using the diagonal lines
(fig. 3-31).

Moisture and density calculations.—The location
of the peak point of the y4(1 T wy) versus z curve
shows whether the soil is at the optimum moisture
content, w,, or is less or greater than optimum.
However, the exact magnitude of the difference be-
tween the optimum moisture content and fill
moisture content is unknown. Therefore, the
following calculations are needed

w, — wp =z, (1 +wyp) 3-3)

When z, equals 0, the quantity w, minus w;
equals O for any value of w;. For values of z_, other
than 0, the magnitude of w; is needed to obtain the
quantity w, minus w¢. It can also be shown that:

1'|'W0
1tz

(3-4)

m

Another expression for the difference between
optimum and fill moisture contents is obtained by
combining equations (3-3) and (3-4):

(3-5)

Since neither w, nor w; is known, it is necessary in
(3-3) and (3-5) to use a trial value for either w, or
wy to obtain the value of w, — wy. If the trial value
is inaccurate, a very small error will be reflected in
the value of w, — w;. For example, in equation
(3-5) if z, equals 0.02, an error of 0.05 in
estimating w, is reduced to: (0.02 + 1.02) 0.05 =
0.00098, for w, — w;. This small an error is accept-
able for control purposes.

To avoid the need for estimating either w, or w;
for each density test, a set of curves has been
prepared to use in automatically estimating w, for
the coordinates of the peak point of the converted

wet density curve.* These lines show the correction
value to be added to z, to give w, — wp. The cor-
rection value (to the nearest 0.1) shown by the
curved line closest to the peak point of the con-
verted wet density curve, coordinates z,, and y&
a+ wy), is added algebraically to z to give a
value of w, — wy that is sufficiently accurate for
control purposes.

The density and moisture of the fraction passing
a No. 4 sieve are determined by tests S-2, S-3,
S-4, or S-5. The value of D, the ratio of the fill dry
density to the specified maximum dry density, and
the value of w, — wy, in percent, is determined as
follows:

e Obtain Point (1) by compactingthe soil at the
fill moisture content into a standard cylinder.
Plot the resulting wet density as Point (1) on
the 0 percent vertical line (interpolate if
necessary) on Form SCS-ENG-541, “Rapid
Method for Determining Density and Moisture,
For 5.00 b of Moist Soil” (fig. 3-32).’

o Obtain Point (2} by adding 45 ¢m?® (2 percent)
water to 5.0 1b of soil at fill moisture content,
mix and compact into a cylinder, and determine
the wet density. From the point on the +2 per-
cent diagonal line (interpolate if necessary) cor-
responding to this wet density, project vertically
to the O percent diagonal line, thence horizon-
tally to the +2 percent vertical line to plot
Point (2). The ordinate of plotted Point (2) is the
wet density divided by 1.02.

¢ Obtain Point (3) by first noting whether Point
(1) or Point {2) is greater in ordinate. If Point (2}
is greater in ordinate, add 90 ecm?® (4 percent)
water to the 5.0 1b of soil at fill moisture con-
tent, mix and compact into a cylinder, and
weigh. From the point on the +4 percent
diagonal line correspondingto this wet density,
project vertically to the O percent diagonal line,
thence horizontally to the +4 percent vertical
line to plot Point (3). The ordinate of the plotted
Point (3) is the wet density divided by 1.04.

e If Point (1) is greater in ordinate than Point (2),
allow 5.0 Ib of soil at fill moisture content to

"Form SCS-ENG-541 was prepared from material developed by
the Bureau of Reclamation, IJ.8. Department of Interior, except
for a change in the procedure that reduces the size of the soil
sample from 7.5t0 5.0 15 Necessary changes in the procedural
writeup were mode accordingly. Form SCS-ENG-541-A, for 7.5
pound sample, may be obtained from central supply.



Parabolo Method

Graphical solution for vertex, 0, of o parabola whose gxis is vertical, given three points
A, B, and C If more thon three points are ovailable, use the three closest to optimum.
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1. Draw horizonta! bose line through the left point, A, and drow vertical lines through
points B and C.

2. Draw line DE parallel to AB, point E lies on the vertical line through point G, project
E horizontally to establish point F on the vertical line through B.

3. Draw line DG parallel to AC, point G lies on the verticol line through point C.

Line FG intersects the base line at H. Axis of porobolo bisects AH,; draw the axis.

Intersection of line AB with the axis is at J; project J horizontally to K, which lies on

the vertical line through point B.
6. Line KH intersects the axis at 0, the vertex.

o s

NOTE : If points A, B, and C ore equally spaced harizantolly (this is true when 2
points are obtoined by odding water or when soil is dried exactly 2 percent) steps 2 and 3
above are eliminated. Point F coincides with point 6 ond point G is halfway between the bose
line ond point C. Hence, point H is obtained by drowing BG ond point O is obtained by steps 5
and 6 as usual. See graph below.

Figure 3-31.—Graphical solution for obtaining peak point of
parabola.
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dry without any soil loss and weigh the soil.
Use the table on the right-hand portion of SCS-
ENG-541 (fig. 3-32) to determine the percentage
of water loss corresponding to the dried weight.
Then compact the dried soil into a cylinder and
weigh. At the point on the diagonal line (inter-
polate if necessary) correspondingto the wet
density, project vertically to the O percent
diagonal line, thence horizontally to the vertical
line corresponding to the percentage of water
loss to plot Point (3). The ordinate of the plotted
Point (3) is the wet density divided by 1 plus the
negative percentage, that is 1 + (-0.02) = 0.98.

Three plotted points are sufficient if both the left
and right points are lower in ordinate than the
center point; if not, a fourth point is necessary.
First, the point of maximum ordinate of the curve
is determined by the parabola method (or by
sketching the curve if the number and locations
of the points permit accuracy without the parabola
method). Then the fill wet density of the soil frac-
tion passing a No. 4 sieve is plotted on the 0 per-
cent vertical line. The density and moisture are
determined as follows:

¢ Obtain D by projecting the maximum ordinate
horizontally to the 0 percent diagonal line,
thence vertically to the value of the fill wet
density. D equals 100 percent plus the inter-
polated percentage represented by the diagonal
lines, taking minus signs into account. D is the
fill wet density divided by the maximum
ordinate of the curve.

The value, w, — wy, is the abscissa of the point of
maximum ordinate and is corrected by adding the
value shown on the curved (red) line on the chart
nearest to the peak point, interpolating where
necessary and taking minus signs into account.

Completion of test for record purposes.—A sample
of the soil fraction passing a No. 4 sieve is dried to
a constant weight in an oven at approximately
110°C (230°F)to obtain fill moisture content, wy.
Optimum moisture content, w,, is determined as
follows:

Fill dry density

— Fill wet density of -No. 4
of -No. 4 -

1+ wyp
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Specified maximum _
dry density -

Maximum ordinate

Optimum moisture B wp + (1 +wp 2,
content

Example 1.— Figure 3-32 is an example in which

the fill moisture content is less than optimum. The
test data are:

Fill wet density = 126.6 1b/t®

Converted
Wet wet
Point density z density
(Ib/ft3) {percent) IbAtY
1 120.3 0.0 120.3
2 125.4 2.0 122.9
3 121.5 4.0 116.8
1) — 1.6 123.1

By the parabola method.

then

D= (2258 100 = 102.8%
Y1231 T Yeso

w, - wp = +1.6 T 0.2 = +1.8% (dryof optimum)

These values are sufficiently accurate to accept or
reject the compacted fill if it is not within the
specified limits.

After the fill moisture content has been deter-
mined by drying a sample to a constant weight at
110°C, the field density is completed for record
purposes as follows:

w; = 14.8%
yo - 3268 _ 910310410
¢ < 1148

yo = 231 _ 10721
m 1148

w = 0.148 + 1.148(0.016) = 0.166 or 16.6%
a

Note: In this example, the fill dry density, yq,
considerably exceeds 95 percent of the maximum
dry density, y4, . In such a situation, it is advisable

to tell the contractor he is overcompactingthe



material and to determine if the greater density
adversely affects the quality of the fill.

Example 2.—Figure 3-33 is an ¢yample in which

the fill moisture content is greater than optimum.
The test data are:

Fill wet density = 125.8 1bAt?

Converted
Wet wet
Point density z density
(Ib/ft?) (percent) (Ih/ft?)
1 128.4 0 128.4
2 124.2 2 121.8
3 123.6 -2.3 126.5
(0 _ -0.7 128.9
‘By the parabola method.
then
125.
= = 0,
D (128.25 100 = 97.6%
w, — wp = —0.7 T (=0.1) = —0.8%(wet of
optimum)

These values are sufficiently accurate to accept or
reject the compacted fill if they are not within the
specified limits.

After the fill moisture content has been deter-
mined by drying a sample to a constant weight at
110°C, the field density test is completed for record
purposes as follows:

125.8 ]
128.9
Ym = 118 = 109.2 Ib/At?

W

, =0.18 1 (1.18 x -0.007) = 0.172 or 17.2%

Sand displacement. — This method is used to test
embankment materials when less than 30 percent
of the particle sizes are larger than the specified
control size. The diameter of the sand cone must be
adequate for the maximum size of rock in the fill
material, and the sieve size must meet contract
specifications for separating fines.

Form SCS-ENG-530G, ‘“Inplace Moisture-Density
Determination: Rapid Compaction Method—Sand
Displacement,” is used for recording data (fig.
3-34), Form SCS-ENG-541 must also be completed
(fig. 3-32 and 3-33); one side of this form is for
low-densitv soils.

ASTM D-1556 procedures (test 8-2) are used to
determine the bulk density of the sand and the
volume of the sample from the excavated hole.
Volume determinations are entered in items 1-7 of
Form SCS-ENG-530G.

Density determinations are entered in items 8-23
of SCS-ENG-530G. The moist weight of the
separated fines and rock contained in the sample is
determined by weighing the total sample and the
separates. These data are entered in items 8-14.
Procedures for separating plastic fines from the
rock are in test S-2. The wet density of the rock,
item 15, can be determined by measuring the
water displacement after the rock is placed in a
full siphon can or graduated cylinder or by
weighing the rock in air and in water (see tests
S-2 and S-15). When the wet density of the rock is
known the volume and density of the separated
fines and rock can be determined. These data are
entered in items 16-19.

Before finding D, item 20, compaction tests are
needed to determine the maximum dry density.
This requires at least three cylinders (procedures
are described in test S-8). one of a field sample at
field moisture content and two of the same
material with water added or removed then com-
pacted to provide three densities that plot so that
the left and right points are below the midpoint.
Compaction of the fines has to meet contract
specifications and procedures in tests S-8 or S-9.

The data to determine the wet densities of the
different cylinders are entered in items 24-28. Wet
densities, item 28, are plotted on Form SCS-
ENG-541, labeling each point A, B, C, and showing
the wet density and converted wet density (fig.
3-32 and 3-33). Converted wet densities, item 29,
can be read directly from the plotted points on the
chart or calculated by dividing the wet density,
item 28, by 100, plus or minus the percent of water
added to or removed from the fill moisture content
in the original sample. After knowing values for
three plotted points, A, B, and C, the maximum
density for the fill sample is determined graphi-
cally by the parabola method (see test S-6 and fig.
3-31).
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The value of D, item 20, the ratio of the fill dry
density to the specified maximum dry density as
determined by the parabola method, can be read
directly from the plots on the chart, by projecting
horizontally from the maximum ordinate O to the
zero percent diagonal line, thence vertically to the
value of the fill wet density as projected to these
diagonal lines. D equals 100 percent plus the inter-
polated percentage of water represented by the
diagonal lines on the chart, taking minus signs
into account. D can be computed by dividing the
fill wet density by the density represented by the
maximum ordinate O of the parabola, then
multiplying by 100.

The value, w, — wg, item 21 (optimum moisture
content minus the fill moisture content, in percent),
is determined from the chart by taking the value of
the abscissa of the point of maximum ordinate as
referenced to the vertical zero moisture line, then
adding the value shown on the nearest curved (red)
line, interpolating where necessary and taking
minus signs into account. It is not necessary to
know the percentage of the fill moisture in or the
maximum dry density of the embankment to con-
trol the work when the “rapid method” is used,
since the relations of the fill dry density to the
specified maximum dry density and of the fill
moisture to the optimum moisture have been deter-
mined. However, for record purposes it is desirable
to determine the fill moisture and maximum dry
density and to record the values. They can be used
to check the ratio of the fill dry density to max-
imum dry density and values used in the design.

The fill moisture content, item 22, is determined
with an ovendry test on the fine fraction (pro-
cedures are described in test 8-11). Moisture deter-
minations are entered in items 30-36. After the fill
moisture content has been determined, the fill dry
density, maximum dry density, and optimum
moisture content can be computed to complete the
records.

The fill dry density, item 23, is calculated as
shown on Form SCS-ENG-530G.

The maximum dry density is calculated as:

Maximum ordinate O

Maximum dry density =

1+ item 36
= 1231 = 1072
1+ 0.148
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The optimum moisture content is calculated as:

Optimum moisture
content

item 36 T [(1 + item 36)
(abscissa of maximum
ordinate)]

0.148 *+ (1 + 0.148)
(001611 = 16.6%

After completing all entries of Form SCS-
ENG-530@G, attach Form SCS-ENG-541 (fig. 3-32 or
3-33) to complete the report.

Form SCS-ENG-541A has been developed for 7.5
Ih of sample and the 6-in. compaction mold when
the sample is based on the 3 in. screen. Procedures
are essentially the same except 1 percent moisture
is 34 cm?, 2 percent is 68 cm?, etc.

Rubber balloon displacement.— This method
can be used to test fine-grained fill materials that
contain minor amounts of rock fractions retained
on a No. 4 sieve. The equipment and procedures for
determining the size of the hole must conform to
ASTM D-2187 requirements and to precautions
noted in test S-3.

Form SCS-ENG-530H, “Inplace Moisture-Density
Determination: Rapid Compaction Method—Rubber
Balloon Displacement, Fine-Grained Soils—Less
Than 5% +No. 4 Sieve,” is used for recording data
(fig. 3-35). Procedures and calculations of
individual items for density, compaction, and
moisture content on this form are identical to Form
SCS-ENG-530G (fig. 3-34), except that the density
determination involves only the soil fraction
passing a No. 4 sieve and no correction is made for
minor amounts of the soil fraction retained on the
sieve. If the fill material contains many oversize
rocks, the sand cone method should be used. Com-
plete items 1-24,then do the front of the form.

Template and
Plastic Liner Method Test No. 8-7

This test is used to determine the density of
material containing significant amounts of cobbles,
gravels, or shale that exceed 4 in. in diameter (see
earlier discussion in this chapter).

To determine the volume of the hole, a thin sheet
of rubber or polyethylene is fitted in the excavated
area, then filled with water. Normally it is difficult
te maintain a smooth, uniform working surface at



U.S. DEPARTMENTOF AGRICULTURE
S0IL CONSERVATION SERVICE

INPLACE MOISTURE-DENSITY DETERMINATION:

RAPiD COMPACTION CONTROL METHOD-SAND DISPLACEMENT

SCS-ENG-530G
2-80

Subwatershed ﬁmveu-

Location of test
Test Borrow source,

NO . location, and depth
Date Station G offset Elevation P

Material
classification

Borrow Avea C

-25- 2,690-5]
23 |2-28-¢1 4+00 | & L A

Sc

Sample tested using: total massi] separated screen size ]\!0- 4

Specified requirements

Moisture range

t 2.0 %

Ratio of fill dry density 1@ maximum dry density

G4

Test results

Ratio of fill dry density to specified maximum dry density, *’D," item @

994

+/-4 "

Moisture content variation from optimum (wo—-Wf.'!, item@

o 2

Fiit moisture content {wy), item
Fill dry density. item@

@-5_ I/ fd

Maximum dry density

10 72 tb/ft3

Optimum moisture content

J1/R7; %

Remarks SCS‘EMG--S"H;_“EQPH Method {or be{'erwi-u(n&
[}

&Lmﬁ’t%_a fu exawm % re

as

o ‘Par{' o€ this Test refori‘ ((l‘g- 3-32),

Figure 3-34,—Form SCS-ENG-530G, “Inplace Moisture-Density
Determination: Rapid Compaction Method—Sand Displacement."
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Volume Determination

TestNo. 2%

1. Bulkdensity of sand (predetermined) {Ib/£3) fol.3
2. Initial weight of sand, cone, and container iib) 17.73
3. Final weight of sand, cone. and container {ib) [ Z3
4. Weight of sand in hale. plate. and cone =(2) —@ {Ib) 16 . S0
5. Weight of sand in Plate plus cone (predetermined) {ib} 4. 26
6. Weight of sand in hole = (@) - &) fib) le. 24
7. Volume of hole =&+ ($13) o.lZb%
7. 43
2.54
14 .24
z.g2
z.0%
p. T4
4. (6
1463
o.0ps0¢
5.[157
[23.3
1g2.3
994 %
+ L% %
4. £ %
- 10¢.5
Compaction % +
24. Water content, added or subtracted (%) 9] 2 "'f
25. Weight of moid plus finer o) 12.3¢} 13.5¢ 13.43
26. Weight of mold {ib) §.3% 3.3¢ 3.28
27. Weight of fines = @ - {Ib} Y4.0f Y (% H.05
28. Wet density = @ + volume of mold (lb/F3) |ze.3 | lesd | t2al.&
29. Converted wet density = (+1001% water} 100 {Ib/$3) 126.3] l&2.g e &
Moisture Determination3
30. Container No. (g} !
31. Weight of moist fines plus container {g) 213.47
32. Weight of dry fines Plus container {q) 24{. 3 &
33. Weight of moisture = @ - @ {g) 3). 75
34. Weight of container {9} 2. 3!
35. Weight of dry weight fines = @ - @ {a} arq. ¢l
36. Fill moisture content = (@1‘-@) 100 {%) 4.€

'Finer are materials smaller than the separating gcraen.

20 equais the ratio of fill dry density to specified maximumdry density,

3Use oven test method.

Figure 3-34 {cont).—Form SCS-ENG-530G reverse side
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U.8, DEPARTMENTOFAGRICULTURE SCS-ENG-630H
SOIL CONSERVATION SERVICE 2.8

INPLACE MOISTURE-DENSITY DETERMINATION:

RAPID COMPACTION CONTROL METHOD-RUBBERBALLON DISPLACEMENT
Fine-Grained Soils—Less Than 5% + No. 4 Sieve

Location éjﬂd‘l\% Usn Site No. {2) @8- [
Watershed _(Oillowd  (ReeX Subwatershed ()e&Y B raneh

Contract No. (2=10- 04923 Contractor _H_QLL__’B.EOﬂm_,_IAJﬂ—__
Tested by _H.-'_?EJ'_LS__ Computed by _HQB.EK&___ Checked by:S‘- Slm ms

N Location of test Borrow source, Material
T\?@ Date station otisat Elevation location, and depth classification

Station ¢ offset Elevation

Borwow Nreg .
1 |4-1669 | 0sw |ctisfE 31680 | oy SC

Specified requirements

Maisture range t Z %
95

Ratio of fill dry density to maxirnum dry density

%

Test results

Ratio Of fill dry density to specified maximum dry density, “’D,” itﬁn@ q 7- é %
Variation from optimum moisture content (w0 - wf}, item@ = O . 8 %
Fill moisture content (w_h, item® - l?- 6 %
Fill dry density. item(T1) 106.6 it
Maximum dry density /09‘ 2 Ib."ft3
Optimum moisture content 1'7. 2 %

Remarks S¢s- ENG -5&“; “FLC-\Q;‘d mu—hocl_cd)r' .
MO 1ok, WLiorple. 2, 18 Refer e tite

K GoREY  of Mg test et (fin- 3-33)

Figure 8-85.—Form SCS-ENG-530H, “Inplace Moisture-Density
Determination: Rapid Compaction Method—Rubber Balloon
Displacement, Fine-Grained Soils—Less Than 5% +No. 4 Sieve."
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Volume Determination

Test No. _Ig_

1.

Final base reading

(413) |
(#13) . O;?ﬁ

2. Initial bare reading
Density Determination
713
- % 68
_ 9 7. g %
- %
l E %
D+ |/ OG.&
Compaction _ o +
12. Water content. added or subtracted (%) 2.3 y4
13. Weight of mold plus sample {ib} 13.;_"0 ig.f
14. weight of mold {Ib} 9 32 933 9
15.  weight of sample = @ — {ib} 4 /2 A 4 Ié
16. Wet density =®:— volume of mold {Ib/fi3) /122 (p____ ‘z:x‘l 124‘2
17. Converted wet density =+ 100+ % water} {Ib/it3} 1268 lizsd 121 2
Moisture Determination?2
18. Container No. 2 '
19. Weight of maist Sample plus container {g) 24,_" 54
20. Weight of dry sample plus Container (g) 23b5%
21. Weight of moisture = — {g) 3143'
22. Weight of container (g} b 32
23. Weight of dry sample = (20 — (22) (g} ZO{/.-U
24. Fill moisture content = (£21) + @ } 100 (%) Iﬂ [®)

1D equals the ratio of fill dry density to specified maximum dry density

2Use oven test method.

Figure 3-35 {cont.—Form SCS-ENG-530H reverse side.
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the test site because of large rock. Therefore a
metal or wooden frame (template) should be
anchored on the prepared surface to function as a
control for the test. The size of the frame and the
dimensions of the test hole can vary, depending on
the kind and size of rock involved. Table 3-3 shows
recommended volumes and dimensions for testing
different soil groups and particle sizes.

Apparatus.— The following equipment is needed

= Square or rectangular frame; minimum 2-in.
height, angle iron preferred.

® Scale; minimum 100-Ib capacity, sensitive to 0.1
Ib.

= Balance; 1,000-g capacity, sensitive to 1g.
= QOven or stove for drying samples.

= | arge cans or buckets for weighing water.

= Pick, shovel, and trowel for excavating hole.
® Containersto collect test sample.

® Rubber or polyethylene sheeting; 4-ft square,
No. 4 or 0.004 gauge.

Hand-suction pump to remove water from hole.

= Drying pan, cans, screens, spoons, and other
minor laboratory items.

= Siphon can, calibrated flask or scales, and
basket for determinations of specific gravity.

Test procedures and recording data.—A pick,
shovel, or trowel is used to level an area of ade-
guate size for the template frame. The frame is
firmly seated and is anchored with pins if needed.
Rocks under the template edges that prevent firm
contact should be removed and discarded (fig.
3-36). The liner is fitted snugly inside the template
and worked into the corners and cavities. The folds
are smoothed along the sides.

The liner is filled with water to a predetermined
level marked by a hook gauge or other means (fig.
3-37), and the weight of the water used is deter-
mined. Then the water and liner are removed from
the frame.

A test hole is excavated and shaped within the
frame. The frame should not be disturbed. Large
protruding stones should be removed and their
cavities filled so surfaces of the excavation are
smooth enough to permit full contact with the liner

(fig. 3-38). The excavated material is placed in a
sealed container, then the liner is fitted in the
hole.

The liner is filled with water to that predeter-
mined level (fig. 3-39). Manipulation of the liner as
it fills will improve its contact with the hole and
frame surfaces. The weight of the water used is
computed to the nearest 0.1 Ib. Then the water is
removed (make sure the liner has not leaked).

The size of the test hole must be within
prescribed limits, but the larger the hole the more
accurate is the test. To determine accurately the
volume of the hole, the water must not be spilled
as the template is filled and as the water is
weighed. All weight measurements and calcula-
tions must be made with precision and checked for
accuracy. Errors may be accumulative and can
become critical when conversions are made to units
of weight.

Form SCS-ENG-530-1, “Inplace Moisture-Density
Determination: Template & Plastic Liner Method,”
is used to record and compute data (fig. 3-40).

Volume determinations are made and entered in
items 1-8, Moisture determinations are made on a
representative portion of the total sample removed
from the fill and entered in items 9-16. A large
portion is needed because of the variation in size
and gradation of the materials. With a known
moisture content, the dry weight and mass density
can be calculated and entered in items 17-19.

Moisture-Density Relation
of Soil Test No. S-8

This test determines the relation between the
moisture content and the density of the soil under
a given compactive effort. The test® was devised as
a laboratory procedure to duplicate results obtained
by the construction equipment in the field.

From laboratory moisture-density test data
(curves)the design engineer learns about some of
the structural characteristics of the soil on a con-
struction site. Data also are used by construction
personnel before and during the work. Variations
in the earth material, however, necessitate addi-
tional testing on the job before and during con-
struction. If moisture and density of the embank-
ment do not correspond to data assumed from

‘The test was originated by R. R. Proctor (Proctor, RR., Fun-
damental principles of soil composition, Engineering News
Record, Aug. 31, Sept. 7,21,28, 1933).
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previous tests, the soil may not be compacted cor-
rectly, the moisture content may not be proper, or
borrow materials may have changed in character.
If the borrow material changes, new curves are
needed.

The compacted embankment should not be
rejected on a one-point curve test or on a single-
standard test. Both results should be checked with
a second standard test.

Procedures for determining the moisture-density
relation of the soil are given in ASTM D-698,
“Standard Test Methods for Moisture-Density Rela-
tions of Soils Using 5.5-Ib (2.5-kg) Rammer and
12-in. (304.8-mm) Drop.” Some procedures are
shown in figures 3-41to 3-48. Form SCS-
ENG-359, “Work Sheet for Compaction and
Penetration Resistance Data,” is used for recording
data (fig. 349).

Modified Method Test No. S-9

When the contract specifies, the curve for
moisture-density will be based on the modified test.

Procedures for determining the moisture-density
relation with the modified method are given in
ASTM D-1557, “Standard Test Methods for
Moisture-Density Relations of Soils Using 10-1b
(4.5-kg) Rammer and 18-in. 457-mm) Drop.” Forms
SCS-ENG-359 (fig. 3-49) and SCS-ENG-352,
“Materials Testing Section Report: Compaction and
Penetration Resistance” (fig. 3-50) are used for
recording and computing data.

Penetration Resistance
of soils Test No. 9-10

The Proctor Needle measures the penetration
resistance of fine-grained soils at different moisture
levels. It is used principally as a rapid, approx-
imate check on the moisture content of soils in the
borrow areas or embankments. Test results in-
dicate the bearing capacity of a soil.

The test is not valid in sand or soils with coarse,
granular particles. Procedures for determining the
penetration resistance of soils at different moisture
levels are given in ASTM D-1558, “Standard Test
Method for Moisture-Penetration Resistance Rela-
tions of Fine-Grained Soils.” Forms SCS-ENG-359
(fig. 3-49) and SCS-ENG-352 (fig. 3-50) are used
for recording and computing data.

Moisture Content Tests

Oven Method Test No. 9-11

The moisture in a soil sample (or any material),
expressed as a percentage, is the weight of the
moisture in the sample divided by the weight of
the ovendry sample that has been dried at approx-
imately 105°C (220°F)to a constant weight.

Various field methods have been described in this
chapter for rapid determination of the moisture in
a soil (seetests S-12, S-13, and S-14), but oven-
drying is the official method. The oven method is
also used to determine the absorption and specific
gravity of rock fractions (test S-15).

Procedures for determining the moisture content
using an oven are given in ASTM D-2216, “Stand-
ard Method of Laboratory Determination of
Moisture Content of Soil.” Form SCS-ENG-531,
“Moisture Content Determination, Summary Data
Sheet,” is used for computing and recording data
(fig. 3-51). Data from this test are entered on one
of the SCS-ENG-530 forms (variously numbered
figures between 3-13 and 340); the particular
form used, B, C, D, etc., depends on the field pro-
cedure used.

“Quick-Dry’” Method Test No. §-12

With a “quick-dry” method, a soil sample can be
dried and calculations made in 10-30 min to deter-
mine the percentage of moisture in a soil. Results
are subject to slight errors but will seldom exceed
the accuracy limits required for field control of the
moisture content for most soils. If the percentage of
loss by ignition exceeds 5 percent, a “quick-dry”’
method cannot be used.

Apparatus.— The following equipment is needed
High temperature source; i.e., blowtorch,
gasoline stove, or a butane gas burner.

e Balance; minimum 25-Ib capacity and sensitive

to 0.01 Ib, or minimum 1,000-g capacity and sen-
sitiveto 0.1 g.

* No. 4 standard sieve.

e Heavy, cast-iron skillet or pan; 10-to 12-in
diameter.

e Suitable container and airtight cover.
* Brass wire brush for cleaning equipment.

o Large spoon for stirring the sample as it dries.
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Figure 3-36.—Angle-iron frame in place for the calibration
(photo is of a field simulation).
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Figure 3-37.—Filling the frame, lined with polyethylene
sheeting, with water for the calibration (field simulation)



Figure 3-38.—Preparing to replace the sheeting in the ex
cavated hole (photo is of a field simulation).
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Figure 3-39.—Filling the lined hale and frame with water by a
siphon (photo is of a field simulation).



US DEPARTMENT OF AGRICULTURE SCS ENG 523%(;

SOIL CONSERVATION SERVICE

INPLACE MOISTURE-DENSITY DETERMINATION:
TEMPLATE & PLASTIC LINER METHOD
Mass Density Control

Location MLL&B_ sikNo M B- 8
Watershed “BDIUE ’R\:UG' 1 4 Subwatershed Mﬂﬂ.&l&h‘

ContractNo {2-103-302~872  Contractor Coun inealt Cown : _

Tested by(h~ white Computed by% Checked byul_fﬂm&m_

tocation of test

Date Locationof tes
Test . : Borrow source, Material
tation offset Elevation . o
NU. s & location, and depth classification
Station { offset Elevation

"Borrow Qres A

3 4-13-69 12460 & s g72.0 (l0fF GP

Size of template 13 1n- diamelee

Specified reguirements Test results

Test

No. Date

Moisture range (%) 'ﬁg?:t’%‘; M?,;:)ture ﬁg?\ft'é‘; Compaction (%)

D W134% |e-to 120.0 $  l132.4 101. 8

Remarks

Figure 3-40.—Form SCS-ENG-530I, “Inplace Moisture-Density
Determination: Template and Plastic Liner Method.”
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Volume Determination

\b

Test No.

Js:

313

. Weight of water ptus container before filling template lb
. Weight of water plus container after filling template .h
. Weight of water required to fill template=®—® b

(3.%

. Weight of water plus container before filling template and hole 4&

Weight of water plus container after filling template and hole J

Weight of water to fill template and hole =®—® Ib

218.b

| 323

1793

. Netweightofwater to fill hote =(E) —(Z) ib

165.5"

O3

L bS5

Moisture Determination

Container No.

Sample tested using: quick dry E( oven

9.

10.

.

12.

13.

Weight of moist sample and container 'b

Weight of dry sample and container b
Weight of moisture =@— ‘ b
Weight of container l b
Weight of ary sample =G - (12 Lh

14. Moisture content= (@:—@) 100 (%) i O
—
15. Correction for ignition (%)
16. Corrected moisture content =—@ (%) S . D
Density Determination
17. Total wet weight 'B 3 ; ;-0

18.

Total dry weight = {@+{100 +)] 100, 1 b

3.9

Indicate Weight and Volume Units Used

Figure 3-40 (cant).-Form SCS-ENG-5301; reverse side.
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Figure 3-41.—Weighing the mold.

Figure 3-42.—Placing sail in the mold (photos are of laboratory
simulations).
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Figure 3-44.—Trimming the sample flush with the mold (photos
are of laboratory simulations).
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Figure 3-45.—Weighing the motd and compacted sample.

—Raising the compacted sample out of the mold

(photos are of field simulations).

Figure 3-46.
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Figure 3-47.—Obtaining a soil sample for a moisture
determination.

Figure 34.— Weighing the soil sample in a moisture container
(photos are of laboratory simulations).
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\.5. DEPARTMENT OF AGRICULTURE SCSENG-359
SOIL CONSERVATION SERVICE 2-80

WORK SHEET FOR COMPACTION AND PENETRATION RESISTANCE DATA

k/ Project HﬂmﬂMMLd site _ 3 A Sample No.j{04“3

Compaction Data

1. Weight of cylinderpius moistsol o) | 3,32 1222 1945 1960 |9.6] |96T
2. Weight of cylinder w |2 /8 |5.08 15.12 1513 1868 |58
3 wegnormosisa-D-@ | 363 |%.04 427 (442 |44z | 490
4. Wetdensity’ =() + volume or cylinder — awsredy 10T 1242 |123.1 11324 [122.9 {/32.0

5. Dry density’ = (@x 1001 + {100 +® ) Ubfit3) IM:D .7 ”Q-’ ﬂi_ Mﬁ§ ll§.5
6. Proctor Needle reading _m"’ q, go (9’ Sq g

7. Size of needle {in.2) yzp Yzo Yzo vm YZO ko
8. Penetration resistance! =(B)+ () __ (bfin.2} &Nmt ', g 20 _/,_400 1339 780 k’D D

-

Moisture Determination Data

o Moisturecontent = (D + (@I 100 ___ ) |3 |98 0.3 |12.8 4] |1.O

18 |4 |5 |6 |7

11, welght of container pfus moist sol w (84 (136 [19%.7 157 1428 11674
12. Weight of container plus ary sol o 136 1275 1355 |140.8 1345 1149 0
13, weigh of moisure ~ () - (D o5y (3.6 12 |42 53 119 4
14. Weight of container @ (L20 | 26.0|268 |70 | 24.0 1265
15, weightof iy soil - (B - @ w |36.0 [101.5 09,0 |1/13.8 lip3.5~ 1121.5

Volume of cylinder. _Ya0 f?, usmg ASTM or other standard AGT™M D~ 9% method A
Procedure data: weight of hammer lb,drop__{2. in., number of ||fts_(Z§_Hms§g‘J)

Completed by _ L. RS date g E?ﬁ ?i Computed by € datef§- 23 33
Checkedby _¢.PK date Recorded by date _&2_3'_3_3
DNemshuiwet- 1329 dey - 179 wWAYR (V) 12.6

‘Density, Penetration resistance, and moisture content values (No. 4, §, 8, 9} are plotted on Form $CS-ENG-382.

Figure 349.— Form SCS-ENG-359, “Work Sheet for Compaction
and Penetration Resistance Data.”



US DEPARTMENTOF AGRICULTURE SCS-ENG-352
SOIL CONSERVATION SERVICE 2-B0

MATERIALS TESTING REPORT:
COMPACTION AND PENETRATION RESISTANCE

Projectand state _ /Ze2 e 752 ce/n? %i{cfﬂfd’ S:%z 3A LaboratoryNo. ___ —™~
Field sample No. _ #2043  |ocation _ARerrow Area & Depth @ «@ * = /2.8 7
Geologic origin AL fceer feems— Tested at &cacks, €A. Approved by L PR Date _5-23-83
Classification Sifty Sand {sa) LL 25 Pl _3 Curve No. 3 of 72
Maximum particle size in test ___«¥. 7' maw i Standard {ASTM D-698] I: method A
" . ~No.4 _ 2. &8 Modified (ASTM D-1557)LC1; method
Specif ty (G
pecific gravity (Ggh No.4 _2.13 Other test O (see remarks)
26500
€ 2000 e —
I B Y
= i 2
@ T
2 1500 N
B
& =
£ 1000 N
.‘5 ‘ \.‘
]
§ 500
a
0
Meaximum 7 A N
Optimum moisture . %
/38 A2.5
Natural moisture %
[0 i —
-
130 7
‘E a2
-]
= 7/ .
-z Jas /WY
2 4
T
) o
é 120 i AN
. N
b f/ < '\\ ~ |z e Wi='74 &
g s 4 ,/ ‘\@ L ) !\
a 7 7 ~
i 1 N
lio Y ~
e el 8
’/ ~
/08 & S
foo ; L
S 6 T 8 9 JoIr 1213 /4 /56 17 /g /9 20
Moisture content (% of dry weight)
Remarks

Figure 3-50.—Form SCS-ENG-352, “Materials Testing Section
Report: Compaction and Penetration Resistance.”
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U.8. DEPARTMENT OF AGRICULTURE
S50IL CONSERVATION SERVICE

Kind of material - __ ... —
Watershed
Contract No.

MOISTURE CONTENT DETERMINATION

Location

Subwatershed

Summary Data Sheet

Contractor

OWNner—. — e e e
Site No.

SCS-ENG

-B31
2-80

Dried by: ovend quick pan O quick alcohol L1 quick O
: Moisture content (%)2
Test Date Location of test Eleva- . . ‘ ’ Tested
of {structure or : ww Dw! T™W Oven Quick Correction Corrected
No, . tion . . by
test station, offset} method method factor maeisture

Figure 3-51.—Form SCS-ENG-531, “Moisture Content Deter-

i WW = Weight of moist sample and container, TXW = Weight of dry sample and container. TW = Wright of container.

2/ Moisture content (%) =[(WW — DW) + (DW - TW)] 100.

mination, Summary Data Sheet.”
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