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PREFACE

Purpose. This manual provides the technical information necessary for
military personnel to obtain samples and perform engineering tests and
calculations on soils, bituminous paving mixtures, and concrete. These tests and
calculations are required to achieve proper design with these materials and
adequate control over their use in military construction.

Scope. This manual covers soils, aggregates, bituminous cements, bituminous
paving mixtures, portland cement concrete, and stabilized soil including
stabilizing agents such as bitumens, cements, lime, fly ash, and chemical
modifiers. The manual gives detailed instructions for taking adequate
representative test samples and step-by-step procedures for making physical
properties tests and for recording, calculating, and evaluating the test results.
The manual explains methods for designing bituminous paving mixtures and
portland cement concrete and ways of stabilizing soil. It also gives the procedures
and tests required to control the manufacture of these mixtures. The manual
describes the tools and equipment for performing these tests and contains general
instructions for the care, calibration, and use of test equipment.

Navy Application. This manual is adopted for use by Navy personnel. Certain
tests and procedures prescribed differ in principle or method and are more
detailed than counterpart tests currently required by the Navy for new
construction at Navy installations, including those in forward areas. Although
this manual provides general guidance for materials and soils testing, the design
of new structures and facilities will be based on the results obtained from
methods and procedures outlined in Naval Facilities Engineering Command
Design Manual (NAVFAC DM) -7.1 and NAVFAC DM-7.2. When methods and
procedures prescribed by the Navy differ from those in this manual, the Navy’s
methods will take precedence.

DISTRIBUTION RESTRICTION: Approved for public release; distribution is
unlimited.

*This publication supersedes TM 5530/ NAVFAC M0-330-AFM 89-3, 6 February 1971 and
rescinds DD Form 1214, Aug 57 and DI) Form 1795, Feb 71.
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Non-Military Methods. The test procedures and terminology used in this
manual conform to the latest methods and specifications of the American Society
for Testing and Materials (ASTM), the American Association of State Highway
and Transportation Officials (AASHTO), the American Concrete Institute (ACD),
and the Portland Cement Association (PCA).

Arctic Construction. The tests given in this manual also apply to arctic
construction. However, cold weather effects present different problems, and
additional tests will be required for correct evaluation of the materials. These

additional tests and the considerations associated with arctic construction will
be found in Technical Manual (TM) 5-349.

This manual prescribes the following Department of Defense (DD) Forms
that can be found in the back of this manual for local reproduction purposes.
Forms will be reproduced on 8% by 11 inch paper.

DD Form 1205
DD Form 1206
DD Form 1207
DD Form 1208
DD Form 1209
DD Form 1210
DD Form 1211
DD Form 1212
DD Form 1213
DD Form 1215
DD Form 1216
DD Form 1217
DD Form 1218

DD Form 1219
DD Form 1220
DD Form 1793

DD Form 1794
DD Form 2463
DD Form 2464

Soil Moisture Content

Sieve Analysis Data

Grain Size Distribution Graph - Aggregate Grading Chart
Specific Gravity Tests

Atterberg Limits Determination

Soil Compaction Test Data

Soil Compaction Test Graph/Swell Data

California Bearing Ratio Test Data

Unconfined Compression Test

Unit Weight Determination “Volume of Hole” Methods
Specific Gravity of Bituminous Mix Components
Bituminous Mix Design - Aggregate Blending
Marshall Method - Computation of Properties of Asphalt
Mixtures

Bituminous Mix Curves

Concrete Mixture Design Data

Determination of Asphalt Content (Dulin-Rotarex
Extractor)

Hydrometer Analysis

California Bearing Ratio (CBR) Analysis

Report of Foundation and Borrow Investigation

User Information. Users of this publication are encouraged to submit

recommended changes and comments to improve the publication. Comments
should be keyed to the specific page, paragraph, and line of the text in which
the change is recommended. Reasons must be provided for each comment to
ensure understanding and complete evaluation. The proponent agency of this
publication is the US Army Engineer School. Submit changes for improving
this publication on DA Form 2028 and forward to Commandant, US Army
Engineer School, ATTN: ATZA-TD-P, Fort Belvoir, Virginia 22060-5291.

This publication contains copyrighted material.
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Chapter 1
Materials Testing Overview

FUNDAMENTALS

The military engineer is responsible for
developing and maintaining transportation
facilities, housing and special structures,
sanitary facilities, and military defenses.
Transportation facilities include roads, railways,
airports and landing strips, pipelines, and har-
bor structures. These structures and facilities all
are built on and sometimes use the local soil. To
design these, the engineer must know the type
and characteristics of the soil at the site. For ex-
ample, in designing a road or airfield, the
engineer must determine whether the soil can
withstand the loads to be transported, including
vehicle weights, or whether soil stabilization or
paving will be needed. If the road or airfield re-
quires a pavement, then the suitability of
available aggregate materials must be estab-
lished since speed and efficiency of construction
dictate the use of nearby sources. Bituminous
paving mixtures and portland cement concrete
are made at or near the work site under the
control of the local engineering officers who
must design the mix and test the performance
of the finished product. The engineer must have
basic data concerning the properties of these
materials in order to use them effectively in
construction. Such data are obtained from the
tests described in this manual.

MATERIALS TESTS

The properties of all materials are de-
termined by their chemical composition and the
physical structure in which the constituent com-
pounds are arranged. Earth minerals and
cementing materials are very complex, and the
nature of the forces that bind them together is
poorly understood on an atomic or molecular
scale. However, the strength, stiffness, stabili-
ty, and resistance to wear, erosion, or weather-
ing can be determined by material tests on the
bulk material. Laboratory research related to
field observation and experience with such
materials enables engineers to establish
limiting values of the measured properties to
ensure satisfactory performance of the material
in service. Materials specifications based on this
research give such limits. Tests of representative
samples of a particular material available for an
engineering use then are made, and the results
are compared to the specifications to decide
whether the material will do for the intended
application. Materials tests also are used to iden-
tify or classify materials on the basis of their
physical properties. These tests also provide
basic data on the aggregates and cements
necessary for the design of bituminous mixtures,
stabilized soil, or portland cement concrete.

1-1
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SOIL PROPERTIES

The physical characteristics of soil, which
determine its usefulness to support traffic or to
serve as a subgrade or foundation material, de-
pend upon the size and shape of the individual
grains, the grain-size distribution, the specific
gravity, and the compaction characteristics. Pro-
perties of many soils depend upon moisture con-
tent. Tests for the moisture limits describe the
soil’s plasticity characteristics. Strength tests,
such as the California Bearing Ratio (CBR) and
unconfined compression test, measure load-
carrying capacity directly. Tests for these pro-
perties include expedient and deliberate testing
procedures and are used to identify and classify
the type of soil represented by the samples. With
the soil accurately identified and described by
the results of these tests, its suitability for
supporting traffic, as a subgrade, base, or foun-
dation material, or as an aggregate, filler, or
binder for mixtures can be evaluated. The con-
struction of subgrades and bases for pavements,
embankments, and other earth structures re-
quires continual testing during the course of the
work to adjust mixtures and construction
methods needed.

CLASSIFICATIONS

Tests and evaluation of results are more easi-
ly made by using some common reference or
system which has a universal interpretation.
Thus, no matter who made the tests or the
evaluation, the results would be understood by
anyone familiar with the system. One reference
for soils used by the military engineer is called
the Unified Soil Classification System (USCS).
All soils are divided into three major categories,
two of which are based on grain size. Further
subdivision distinguishes between gravel, sand,
silt, clay, and organic content and between well-
graded and poorly-graded soils. Each of these
types is symbolized by a combination of two or
four letters. A more detailed explanation of the
USCS will be found in Chapter 2, Section I and
in TM 5-330/AFM 86-3, Vol 1L

1-2

DESIGN REQUIREMENTS

The engineer, having the completed soil
classification and all the other information re-
quired for a proper design of an airfield or road,
can start the design. The design requirements
are covered in TM 5-330/AFM 86-3, Vol. II.

BITUMENS

Bituminous paving mixtures consist of ag-
gregates, filler, and bitumen binder. Aggregate
sources near the construction area are tested to
give data on particle-size distribution and
specific gravity. These data are used in design-
ing the mix. Testing of bituminous cements
received at the mixing plant may require
identifying the material, determining its
suitability as a binder, or providing data for
determining what aggregates and fillers are re-
quired. The tests of bitumens described in this
manual are field identification procedures to
expedite the use of the material until more
detailed tests can be performed.

CONCRETE

Portland cement concrete is a mixture of fine
and coarse aggregates, portland cement, and
water. The cement and water react chemically
to form compounds that hold the aggregates in
a strong rock-like mass. Concrete is made in
mixing plants, field mixers, or truck mixers near
or at the construction site. The quality of the
concrete produced depends upon proper mix
design to achieve the desired workability of the
fresh concrete and strength of the hardened
material. This manual gives tests of aggregates
and fresh and hardened concrete, with instruc-
tions for using test data in mix design and
control,

STABILIZATION

Accurate soil description given by tests is
necessary to determine whether its properties
must be improved by stabilization to make it
adequate for supporting traffic or for use as a
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base course. Test results indicate the method of
stabilization and materials to be used, as well
as verify the adequacy of the stabilized soil.

EQUIPMENT

The equipment for all materials testing given
in this manual consists of three sets: a soil test
set, an asphalt test set, and a concrete test set.
The soil test set is considered the basic set. The
other two sets are used with it. In selected opera-
tions, for example control testing at a concrete
batch plant, the concrete test set can be used in-
dependent of the soil test set. Certain items
listed as part of the sets are not issued with the
sets, but must be requisitioned separately. Some
of the test methods, such as the specific gravity
of solids, the hydrometer analysis, and the
shrinkage limit, describe items of equipment
which are not issued with the test sets, but
would be available locally or from commercial
sources.

Test Set, Soil (SC 6635-98-CL-E02)

This is the basic set for performing soil tests
including sieve analysis, moisture content, At-
terberg limits, CBR, and soil trafficability. The
separately packaged Test Set, Soil Trafficability
(SC 6635-97-CL-E01) is included in this test set.
Items such as Department of Army (DA) forms,
pencils, tracing paper, labels and tags, towels,
twine, and wax are not issued initially with the
set, but must be requisitioned separately by
stock or form number.

Test Set, Asphalt (SC 6635-98-CL-E03)

This is issued in three chests: a laboratory
centrifuge chest, a miscellaneous equipment
chest, and a 1,1,1-trichloroethane chest. This set
is not complete within itself and therefore must
be used with the soil test set. Items such as
forms, brushes, cloth, and chemicals (alcohol,
sodium hydroxide, and 1,1,1-trichloroethane) are
not issued with the set, but must be requisition-
ed separately.

Test Set, Concrete (SC 6635-98-CL-E04)

This is issued in three chests: a beam testing-
machine test, a collapsible steel forms chest, and
a miscellaneous equipment chest. This set
normally is used with the soil test set.
Chemicals, DA forms, and some other items are
not issued with the set, but must be requisition-
ed separately.

Nuclear Moisture Density Gage (NSN
6635-01-030-6896)

This will perform moisture and density tests.
The gage is issued in its case with all necessary
equipment except test forms. Forms should be
locally reproduced from the Engineer School or
manufacturers’ samples. This equipment re-
quires special storage considerations and licen-
sing of operators.

1-3
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Chapter 2
Soils

Section I. CLASSIFICATION, EXPLORATION,
AND FIELD IDENTIFICATION

DISCUSSION

The soil in an area is an important considera-
tion in selecting the exact location of any struc-
ture. The military engineer, construction super-
visor, and members of engineer reconnaissance
parties must be capable of properly identifying
soils in the field to determine their engineering
characteristics. Because the military engineer
must be economical with time, equipment,
material, and money, site selection for a project
must be made with these factors in mind.

Soil

Soil is a heterogeneous aggregation of
uncemented or weakly cemented mineral grains
enclosing voids of varying sizes. These voids may
contain air, water, organic matter, or different
combinations of these materials. The engineer
must therefore be concerned not only with the
sizes of the particles, but also with the voids bet-
ween them and particularly what these voids
enclose (water, air, or organic materials).

Rocks

Geologists classify rocks into three basic
groups: igneous, formed by cooling from a

molten state; sedimentary, formed by accumu-
lation and cementation of existing particles
and remains of plants and animals; and
metamorphic, formed from existing rocks sub-
jected to heat and pressure. Exposed to the
atmosphere, these rocks disintegrate and decom-
pose either by mechanical action (wind, water,
ice, and vegetation) or chemical action, or both.
The resulting material may remain where it is
formed; or it may be transported by water,
glaciers, wind, or gravity and deposited at a
distance from the parent rock. This resulting
material is called soil.

Soil Formation

This is a continuous process and is still in ac-
tion today. The great number of original rocks,
the variety of soil forming forces, and the length
of time that these forces have acted produce
many different soils. For engineering purposes,
the soils are evaluated by their basic physical
properties: gradation of sizes of the different par-
ticles, bearing capacity as reflected by soil den-
sity, and particle shapes. The engineer extends
the evaluation by considering the effect of water
action on the soils. With a complete evaluation,
the engineer can determine whether the soil is
adequate for the project.

2-1



Strata

At a particular location there usually will be
several layers or strata, one above the other,
each composed of a different kind of soil. Strata
may be a fraction of an inch or many feet thick.
The upper layer is called the top soil or
agricultural soil since it supports plant growth.
Adequate soil evaluation for engineering uses
requires that all strata be identified to whatever
depth may be affected by the construction. A ver-
tical cross section through the earth, with the
depths and types of soil indicated, is called a soil
profile.

PHYSICAL PROPERTIES

The physical properties of a soil aid in deter-
mining the engineering characteristics. These
properties are the basis for the system of soil
classification used in engineering identification
of soil types. Physical characteristics of soil par-
ticles are size and shape. The proportions of par-
ticles of different sizes determine the gradation
of the aggregate. Compactness refers to the
closeness of packing of the soil particles; the
closer the packing, the greater the compactness,
and the larger the weight of soil per unit of
volume. Plasticity characteristics of fine-grained
soil components include liquid and plastic limits,
shrinkage ratios, dry strength, and unconfined
compressive strength. Specific gravity of soil
particles aids in their identification. The
presence of organic matter is important to the
engineering use of soils. Color, texture, odor,
structure, and consistency are readily observed
factors that aid in soil description.

Grain-Size Groups

Soils are divided into groups based on the size
of the particle grains in the soil mass. Common
practice distinguishes the sizes through the use
of sieves. A sieve is a screen attached across the
end of a shallow cylindrical frame. The screen
permits smaller particles to fall through and re-
tains the larger particles on the sieve. Sieves

2-2

with screen openings of different sizes (the
largest on the top and the smallest at the bot-
tom) separate the soil into particle groups bas-
ed on size. The amount remaining on each sieve
is measured and described as a percentage by
weight of the entire sample. Size groups in the
USCS are shown in Table 2-1. Particles passing
the No. 200 sieve, but larger than 0.002

Av awa anlla o le
millimeter to 0.005 millimeter are called silt.

Those finer are called clays.

Table 2-1. Grain size groups
Size Sleve size
groups Passing Retained on
Cobbles | No maximum size* | 3 in

Gravels | 3in No. 4
Sands No. 4 No. 200
Fines No. 200 No minimum size

*In military engineering, maximum size of cobbles is
accepted as 40 inch based upon maximum jaw opening
of the crushing unit.

Particle Shape

The shape of the particles influences the
strength and stability of a soil. Two general
shapes are normally recognized: bulky and pla-
ty (Figure 2-1). The bulky shapes include par-
ticles which are relatively equal in all three
dimensions. In platy shapes, one dimension is
very small compared to the other two. For ex-
ample, a thick book would be considered bulky,
but a page of the book would be platy.

Bulky shapes are subdivided depending on
the amount of weathering that has acted on
them. They may be angular, subangular,
subrounded, or rounded (Figure 2-1). The
angular shape shows flat surfaces, jagged pro-
jections, and sharp ridges. The rounded shape
has smooth curved surfaces and almost
approaches a sphere. Cobbles, gravel, sand, and
silt usually fall into the bulky shape group.



FM 5-530

Platy shapes have one dimension relatively
small compared to the other two. The faces at
approximately right angles to this dimension
will have relatively large areas, whereas the
other surface will have edges and present small
surfaces. Particles of clay soil exhibit this shape
although they are too small to be seen with the
naked eye. Coarse-grained soil particles are in-
dividually discernible to the naked eye. Fine-
grained particles with platy or bulky shapes are
not.

Soil Gradation

The size and shape of the soil particles
discussed above deal with properties of the in-
dividual grains in a soil mass. Gradation
describes the distribution of the different size

BULKY

Angular Subangular

Subrounded Rounded

PLATY

Figure 2-1. Shapes of soil grains

RS aess>:y

Well Graded

SANVORIPES D
O00

Ooooose

Gap Graded

Figure 2-2. Types of soil gradations

groups within a soil sample. The soil may be
well graded or poorly graded.

Well-graded soils must have a good range of
all representative particle sizes between the
largest and the smallest. All sizes are
represented, and no one size is either over-
abundant or missing (Figure 2-2).

Poorly-graded soils are either those contain-
ing a narrow range of particle sizes or those lack-
ing some intermediate sizes (Figure 2-2). Soils
with a limited range of particle sizes are called
uniformly graded. Soils which have some in-
termediate size or sizes not well represented or
missing are called gap graded, step graded,
uniformly graded, or skip graded.

Compactness

The structure of the aggregate of soil par-
ticles may be dense (closely packed) or loose
(lacking compactness). A dense structure pro-
vides interlocking of particles with smaller
grains filling the voids between the larger par-
ticles. When each particle is closely surround-
ed by other particles, the grain-to-grain contacts
are increased, the tendency for displacement of
individual grains under load is lessened, and the

2-3
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soil is capable of supporting heavier loads.
Coarse materials that are well graded usually
are dense and have strength and stability under
load. Loose, open structures have large voids and
will compact under load, leading to settlement
or disintegration under foundation or traffic
loads.

Specific Gravity

The specific gravity is the ratio between the
weight per unit volume of the material and the
weight per unit volume of water at a stated
temperature, usually 20°C. There are three
ways of determining and expressing specific
gravity; specific gravity of the solids, the ap-
parent specific gravity, or the bulk specific gravi-
ty. Each kind of specific gravity is explained fur-
ther, and test procedures are given for their
determination in Section IV of this chapter. The
specific gravity of the solid substance of most in-
organic soils varies between 2.60 and 2.80.
Tropical iron-rich laterite as well as some
lateritic soils will generally have a specific
gravity of 3.0 or more. Sand particles composed
of quartz have a specific gravity around 2.65.
Clays generally range from 2.68 to 2.75, but can
have values as high as 3.50. The solids of soil
particles are composed of minerals. Generally
these minerals will have a specific gravity
greater than 2.60. Therefore, values of specific
gravity smaller than 2.60 indicate the possible
presence of organic matter.

Moisture

The moisture content of a soil mass is often
the most important factor affecting the engineer-
ing behavior of the soil. The water may enter
from the surface or may move through the sub-
surface layers either by gravitational puli, by
capillary action, or by hygroscopic action. This
moisture influences various soils differently and
usually has its greatest effect on the behavior
of fine-grained soils such as silts and clays.

2-4

¢ Surface water from precipitation or runoff
enters the soil through the openings between the
particles. This moisture may adhere to the dif-
ferent particles, or it may penetrate the soil to
some lower layer.

¢ Subsurface water is collected or held in
pools or layers beneath the surface by a restric-
ting layer of soil or rock. This water is constantly
acted upon by one or more external forces.

Water controlled by gravity (free or gravita-
tional water) seeks a lower layer and moves
through the voids until it reaches some restric-
tion. This restriction may be a bedrock or an im-
pervious layer of soil whose openings or voids
are so small they prevent water passage.

The voids in a soil may form continuous
tunnels or tubes and cause the water to rise in
the tubes by capillary action (capillary
moisture). Since the smaller the tube, the
stronger the capillary action, the water will rise
higher in the finer soils which have smaller in-
terconnected voids. This area of moisture above
the free water layer or pool is called the capillary
fringe.

¢ Absorption by the atmosphere is another
force acting on soil water. As the moisture
evaporates from the soil’s surface, it draws more
moisture from the soil below. This process will
continue until the soil moisture reaches an
equilibrium with the water vapor in the air. The
amount of water held by the soil is called the
hygroscopic moisture.

¢ The term moisture content (w) is used to
define the amount of water present in a soil sam-
ple. It is the proportion of the weight of water
to the weight of the solid mineral grains (weight
of dry soil) expressed as a percentage.

Yow = wt of water. x 100
wt of dry soil
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® Grain size affects soil moisture. Coarse-
grained soils with the larger voids permit easy
drainage of water. They are less susceptible to
capillary action. The amount of water held in
these soils is less than in fine-grained soils, since
the surface area is smaller and excess water will
tend to drain off whenever possible. The fine
grains and their small voids retard the move-
ment of water and also tend to hold the water
by surface tension. Many fine-grained soils made
from certain minerals exhibit plasticity (putty
like properties) within a range of moisture con-
tents. These soils are called clays, and their
properties may vary from essentially liquid to
almost brick hard with different amounts of
moisture. Further, clays are basically imper-
vious to the passage of free or capillary moisture.

Cohesive soils

A cohesive soil has considerable strength
when air dried, but has low strength when its
moisture content is high. Such clay soils are
composed of fine grained (less than 0.002
millimeter) particles of clay minerals. Clay par-
ticles usually have flat, platy shapes and are
capable of holding a film of adsorbed water on
their surfaces. Adsorbed water is held by
physicochemical forces and has properties
substantially different from ordinary or
chemically combined water. The attraction
exerted by clay particles for water molecules
gives these materials plasticity. Plasticity is a
property of the fine-grained portion of a soil that
allows it to be deformed beyond the point of
recovery without cracking or appreciable
volume change. This property permits a clay to
be rolled into thin threads at some moisture con-
tent without crumbling. Note that only clay
minerals possess this property. Some minerals,
such as quartz powder, cannot be made plastic
no matter how fine the particles nor how much
water is added. Thus, the degree of plasticity is
a general index to the clay content of a soil. The
terms fat and lean are sometimes used to
distinguish between highly plastic and moder-
ately plastic soils.

In engineering practice, soil plasticity is
determined by observing the different physical
states that a plastic soil passes through as the
moisture conditions change. The boundaries be-
tween the different states as described by the
moisture content at the time of changes are-
called consistency limits or Atterberg limits,
named after the Swedish scientist who defined
them years ago.

® The liquid limit (LL) is the moisture con-
tent at an arbitrary limit between the liquid and
plastic states of consistency of a soil. Above this
value, the soil is presumed to be a liquid and
flows freely under its own weight. Below this
value, it will deform under pressure without
crumbling, provided the soil exhibits a plastic
state.

¢ The plastic limit (PL) is the moisture con-
tent at an arbitrary limit between the plastic
and brittle states. As the sample is dried, the
semisolid state is reached when the soil is no
longer pliable and crumbles under pressure. Be-
tween the liquid and plastic limits is the plastic
range. The numerical difference in moisture con-
tents between the two limits is called the
plasticity index (PD) (PI=LL — PL). It defines the
range of moisture content of the soil in a plastic
state.

¢ The shrinkage limit is the boundary
moisture content when the soil sample, upon be-
ing dried, finally reaches a limiting or minimum
volume. Beyond this point, further drying will
not reduce the volume, but may cause cracking.
The limit tests are described in Section VIII of
this chapter.

Organic Soils

Soils having a high content of organic
material are described as organic soils. They
usually are very compressible and have poor
load-maintaining properties.

2-5
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Effects of Soil Characteristics

The soil characteristics are a measure of the
soil’s suitability to serve some intended purpose.
Generally, a dense soil will withstand greater
applied loads (have greater bearing capacity)
than a loose soil. Particle size has a definite rela-
tion to this capacity. Empirical tests show that
well-graded, coarse-grained soils generally can
be compacted to a greater density than fine
grained soils because the smaller particles tend
to fill the spaces between the larger ones. The
shape of the grains also affects the bearing
capacity. Angular particles tend to interlock and
form a denser mass, and are more stable than
the rounded particles which can roll or slide past
one another. Poorly-graded soils, with their lack
of one or more sizes, leave more or greater voids
and therefore a less dense mass. Moisture con-
tent and the consistency limits aid in describ-
ing the soil’s suitability. A coarse-grained sandy
or gravelly soil generally has good drainage
characteristics and may be used in its natural
state. A fine-grained clayey soil with a high
plasticity index may require considerable treat-
ment, especially if used in a moist location.

SOIL CLASSIFICATION

Soils seldom exist separately as sand, gravel,
or any other single component in nature. They
are usually mixtures with varying proportions
of different sized particles. Each component con-
tributes to the characteristics of the mixture.
The USCS is based on the characteristics which
indicate how a soil will behave as a construction
material.

The physical properties determined by
appropriate tests and calculations are used to
classify the soil. The criteria for identifying the
different soil types are given in Appendix A and
in the following paragraphs. The chart of Figure
A-1 (Appendix A) shows the procedures to be
followed. Categories shown in the chart include
soil groups, group symbols, and typical soil
names; laboratory classification criteria; field
identification procedures; and information re-
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quired for describing soils. These charts provide
a simple, systematic means of soil classification.
Once an accurate classification is attained, the
potential behavior of the soil under traffic or
foundation loads can be judged.

Categories

In the system, all soils are divided into three
major categories: coarse grained, fine grained,
and peat. The first two are differentiated by
grain size, whereas the third is identified by the
presence of large amounts of organic material.

Groups

Each of the major categories is further sub-
divided into groups and a letter symbol is
assigned to each group. For example, the symbol
assigned to gravel is G, to sand is S, to silt is
M, and to clay is C. Refinements in the system
also distinguish between well-graded (W) and
poorly-graded (P) soils, and between high-
compressibility (H) and low-compressibility (L)
soils. Highly organic soils, such as peat, are sym-
bolized Pt, whereas organic silts and clays use
the letter O as a prefix. The following symbols
are combined to describe soil mixture.

Soil Groups Symbol
Gravel G
Sand S
Silt M
Clay C

Soil Characteristics Symbol

Well graded w
Poorly graded P
High compressibility H
Low compressibility L
Organic (peat) Pt
Organic (silts and clays) 0
Liquid limits under 50 L
Liquid limits over 50 H



FM 5-530

NOTE

Soil mixtures are identified by combining
the symbols for each compaonent.

COARSE-GRAINED SOILS

Coarse-grained soils are defined as those in
which at least half the material by weight is
larger than (retained on) a No. 200 sieve. They
are divided into two major divisions: gravels and
sands. A coarse-grained soil is classed as a
gravel if more than half the coarse fraction by
weight is larger than a No. 4 sieve. It is a sand
if more than half the coarse fraction by weight
is smaller than a No. 4 sieve. In general practice
there is no clear cut boundary between gravelly
and sandy soils. As far as behavior is concerned,
the exact point of division is relatively unim-
portant. Where a mixture occurs, the primary
name is the predominant fraction (in percent by
weight), and the minor fraction is used as an ad-
jective. For example, a sandy gravel would be
a mixture containing more gravel than sand by
weight. It is desirable to further divide coarse-
grained soils into three groups based on the
amount of fines (materials passing a No. 200
sieve) that they contain.

NOTE
If fines interfere with free draining proper-
ties, as may occur with plastic fines, use the
double symbol (GW-GM, GW-GC, and so
on) meaning that such soils will be classed
with soils having from 5 to 12 percent fines.

Coarse-Grained Soils with Less Than Five
Percent Nonplastic Fines

These soils may fall into the groups GW, GP,
SW, or SP, as follows, where the shape of the
grain size distribution curve determines the
second letter of the symbol. The terms well-
graded (W) and poorly-graded (P) have been
discussed earlier. However, as noted above, if
the fines do interfere with the free drainage pro-
perties, a dual or double symbol will be used.

¢ GW and SW groups. The GW groups in-
clude well-graded gravels and gravel-sand mix-
tures which contain little or no nonplastic fines.
The presence of the fines must not noticeably
change the strength characteristics of the coarse-
grained fraction and must not interfere with its
free draining characteristics. The SW groups
contain well-graded sands and gravel-sands with
little or no plastic fines.

¢ GP and SP groups. The GP group in-
cludes poorly-graded gravels and gravel-sand
mixtures containing little or no nonplastic fines.
The SP group contains poorly-graded sands and
gravel-sands with little or no nonplastic fines.
These soils will not meet the gradation re-
quirements established for the GW and SW

groups.

Coarse-Grained Soils Containing More
Than 12 Percent Fines

These soils may fall into the groups
designated GM, GC, SM, and SC. The use of the
symbols M and C is based upon the plasticity
characteristics of the material passing the No.
40 sieve. The liquid limit and plasticity index
are used in specifying the laboratory criteria for
these groups. Reference also is made to the
plasticity chart shown in Table A-1 which is
based upon established relationships between
the liquid limit and plasticity index for many
different fine-grained soils. The symbol M is
used to indicate that the material passing the
No. 40 sieve is silty in character. An M usually
designates a fine-grained soil of little or no
plasticity. The symbol C is used to indicate that
the binder soil is predominantly clayey in
character.

e GM and SM groups. Typical of the soils
included in the GM group are silty gravels and
gravel-sand-silt mixtures. Similarly, the SM
group contains silty sands and sand-silt mix-
tures. For both these groups, the Atterberg
limits must plot below the A-line of the plasticity
chart (Table A-1, Page A-2), or the plasticity
index must be less than 4.

2.7
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e GC and SC groups. The GC group in-
cludes clayey gravels and gravel-sand-clay mix-
tures. Similarly, SC includes clayey sands and
sand-clay mixtures. For both these groups, the
Atterberg limits must plot above the A-line with
a plasticity index of more than 7. See Section
VIII of this chapter.

Borderline Soil Groups

Coarse-grained soils which contain between
5 and 12 percent of material passing the No. 200
sieve are classed as borderline and are given a
dual symbol (for example, GW-GM). Similarly,
coarse-grained soils which contain more than 12
percent of material passing the No. 200 sieve,
and for which the limits plot in the shaded
portion of the plasticity chart (Table A-1), are
classed as borderline and require dual symbols
(for example, SM-SC). It is possible, in rare in-
stances, for a soil to fall into more than one
borderline zone. If appropriate symbols  were
used for each possible classification, the result
would be a multiple designation consisting of
three or more symbols. This approach is un-
necessarily complicated. It is considered best to
use only a double symbol in these cases, select-
ing the two that are believed to be most
representative of the probable behavior of the
soil. In cases of doubt, the symbols representing
the poorer of the possible groupings should be
used. For example, a well-graded sandy soil with
8 percent passing the No. 200 sieve, with LL 28
and PI 9, would be designated as SW-SC. If the
Atterberg limits of this soil were plotted in the
shaded portion of the plasticity chart (for
example, LL 20 and PI 5), the soil would be
designated either SW-SC or SW-SM, depending
on the judgment of the engineer, from the stand-
point of the climatic region.

FINE-GRAINED SOILS

Fine-grained soils are those in which more
than half the material is smaller than (passes)
a No. 200 sieve.
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Classification Criteria

The fine-grained soils are not classified on the
basis of grain-size distribution, but according to
plasticity and compressibility. Laboratory
classification criteria are based on the relation-
ship between the liquid limit and plasticity
index designated in the plasticity chart in Table
A-1. This chart was established by the deter-
mination of limits for many soils, with an
analysis of the effect of limits upon physical
characteristics. The L groups, which have liquid
limits less than 50, and the H groups, which
have liquid limits greater than 50, are the two
major groupings of fine-grained soils. The sym-
bols L and H have general meanings of low and
high compressibility, respectively.

Grouping of Fine-Grained Soils

Fine-grained soils are further divided by
their position above or below the A-line of the
plasticity chart.

e ML and MH groups. Typical soils of the
ML and MH groups are inorganic silts. Those
of low compressibility are in the ML group.
Others are in the MH group. All of these soils
plot below the A-line. The ML group includes
very fine sands, rock flours (rock dust), and silty
or clayey fine sands or clayey silts with slight
plasticity. Loess-type soils usually fall into this
group. Micaceous and diatomaceous soils
generally fall into the MH group, but may
extend into the ML group when their liquid
limits are less than 50. This is true of certain
types of kaolin clays which have low plasticity.
Plastic silts will fall into the MH group.

e CL and CH groups. In these groups, the
symbol C stands for clay, while L and H denote
low or high liquid limits. These soils plot above
the A-line and are principally inorganic clays.
The CL group includes gravelly clays, sandy
clays, silty clays, and lean clays. The CH group
contains inorganic clays of high plasticity in-
cluding fat clays, the gumbo clays of the



FM 5-530

southern United States, volcanic clays, and
bentonite. The glacial clays of the northern
United States cover a wide area in the CL and
CH groups.

¢ OL and OH groups. The soils in these two
groups are characterized by the presence of
organic matter, hence the symbol, O. All of these
soils generally plot below the A-line. Organic
silts and organic silt-clays of low plasticity fall
into the OL group. Organic clays of high plas-
ticity plot in the OH zone of the plasticity chart.
Many of the organic silts, silt-clays, and clays
deposited by the rivers along the lower reaches
of the Atlantic seaboard have liquid limits above
40 and piot beiow the A-line. Peaty soils may
have liquid limits of several hundred percent
and will plot well below the A-line due to their
high percentage of decomposed vegetation. A li-
quid limit test, however, is not a true indicator
where a considerable portion consists of other
than soil matter.

* Borderline soils. Fine-grained soils with
limits which plot in the shaded portion of the
plasticity chart are borderline cases and are
given dual symbols (for example, CL-ML).
Several soil types, exhibiting low plasticity, plot
in this general region on the chart where no
definite boundary between silty and clayey soils
exists.

HIGHLY ORGANIC SOILS

A special classification (Pt) is reserved for the
highly organic soils, such as peat, which have
many characteristics undesirable for use as
foundations and construction materials. No
laboratory criteria are established for these
soils, as they can be identified in the field by
their distinctive color, odor, spongy feel, and
fibrous textures. Particles of leaves, grass,
branches, or other fibrous vegetable matter are
common components of these soils.

FIELD IDENTIFICATION

Lack of time and facilities often makes
laboratory soil testing impossible in military
construction. Even where laboratory tests are to
follow, field identification tests can reduce the
number of laboratory test samples to a
minimum.

Preparation

Several simple tests are used in field identi-
fication. The number of tests depends on the type
of soil and the experience of the individual
employing them. Experience is the greatest
asset in field identification, and learning the
techniques from an experienced technician is the
best method of acquiring experience. Lacking
such assistance, experience is gained by getting
the feel of soils during laboratory testing. An
approximate identification can be made by
examining a dry sample spread on a flat surface.
All lumps should be pulverized until individual
grains are exposed, but not broken, since this
will change the grain size and the character of
the soil. A rubber-faced or wooden pestle and a
mixing bowl are recommended, but mashing the
sample underfoot on a smooth surface will
suffice for an approximate identification.
Examination of the characteristics of the par-
ticles in the sample makes it possible to assign
the soil to one of the three principle groups;
coarse-grained, fine-grained, or organic soils.
Classification derived from these tests should be
recognized as approximations.

An approximate identification of a coarse-
grained soil is made by observing grain size,
gradation, grain shape, and hardness of the
particles.

Tests for identification of the fine-grained
portions of any soil are performed on the portion
of the material which passes a No. 40 sieve. This
is the same soil fraction used in the laboratory
for Atterberg limits tests, such as plasticity. If
this sieve is not available, a rough separation
may be made by spreading the material on a flat
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surface and removing the gravel and larger sand
particles. Fine-grained soils are examined
primarily for characteristics related to plasticity.

Organic soils are identified by significant
quantities of organic matter. The presence of
decayed roots, leaves, grasses, and other
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which is usually dark in color when moist and
has a soft spongy feel and a distinctive odor of
rotting organic matter. Partly organic soils may
contain finely divided organic matter detectable
by color or odor.

Equipment Required

Field tests may be performed with little or
no equipment other than a small amount of
water. However, accuracy and uniformity of
results will be greatly increased by the proper
use of certain equipment available in nearly all
engineer units.

Sieves. At least the No. 40, and possibly the
No. 4 and the No. 200.

Digging rock. A hand earth auger or
posthole digger is useful to secure samples from
depths a few feet or more below the surface.

Stirrer.

Knife.

Mixing bow! and pestle.
Paper.

Pan and heating element.

Scales or balances.

Factors Considered

The USCS considers three soil properties: the
percentage of gravel, sand, or fines; the shape
of the grain-size distribution curve; and the
plasticity. These are the primary factors to be
considered, but other observed properties,
whether made in the field or in the laboratory,
should also be included in the soil description.
The following information can be invaluable in
the design phases:
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Color.

Grain size; estimated maximum grain size
and estimated percent by weight of fines
(material passing No. 200 sieve).

Gradation.

Grain shape.
Plasticity.
Predominant soil type.
Secondary components.

Classification (symbol).

Compactness (dense or loose).
Consistency.

Cohesiveness (ability to hold together
without cementation).

Dry strength.

Source (residual or transported).

Example of Soil Description

A complete description with proper classifica-
tion symbols conveys more to the user of the
data than the symbol of any isolated portion of
the description. An example of a soil description,
using the sequence and considering the proper-
ties is:

Dark brown to white.

Coarse grained, maximum particle size 3
inches, estimated 60 percent gravel, 36 percent
sand, and 4 percent fines passing through No.
200 sieve.

Poorly graded (gap-graded, insufficient fine
gravel).

Gravel particle subrounded to rounded.
Nonplastic.
Predominantly gravel.

With considerable sand and a small amount
of nonplastic fines (silt).

GP (classification symbol).
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Slightly calcareous, no dry strength, dense in
the undisturbed state.

TESTS FOR FIELD CLASSIFICATION

The following tests produce observations that
pertain to the Unified Soil Classification System
(Table A-1, Appendix A), and permit field iden-
tification as well as classification. Tests ap-
propriate to the given soil sample should be
made. Some tests appear to yield duplicate
results. The purpose of these tests is to get the
best possible identification in the field. Thus, if
a simple visual examination will define the soil
type, only one or two of the other tests have to
be made to verify the identification. When the
results from a test are inconclusive, some of the
similar tests should be tried to establish the best
identification.

Visual Examination

This test should establish the color, grain
sizes, grain shapes of the coarse-grained portion,
some idea of the gradation, and some properties
of the undisturbed soil.

¢ Color. Color helps in distinguishing be-
tween soi] types, and with experience, aids in
identifying the particular soil type. Color may
also indicate the presence of certain chemicals
or impurities. Color often varies with the
moisture content of a soil. Thus, the moisture
content at the time of color identification should
be included. Some of the more familiar color
properties are stated below. Colors in general
become darker as the moisture content increases
and lighter as the soil dries. Some fine-grained
soil (OL, OH) with dark, drab shades of brown
or gray, including almost black, contain organic
colloidal matter. In contrast, clean, bright
shades of gray, olive green, brown, red, yellow,
and white are associated with inorganic soils.
Gray-blue or gray-and-yellow mottled colors fre-
quently result from poor drainage. Red, yellow,
and yellowish-brown result from the presence
of iron oxides. White to pink may indicate con-
siderable silica, calcium carbonate, or aluminum
compounds.

¢ Grainsize. The maximum particle size of
each sample considered should always be
estimated if not measured. This establishes the
upper limit of the gradation curve. Gravels
range down to the size of peas. Sands start just
below this size and decrease until the individual
grains are just distinguishable by the naked eye.
The eye can normally see individual grains
about 0.07 millimeter in size, or about the size
of the No. 200 screen. Silt and clay particles,
which are smaller than sands, are in-
distinguishable as individual particles.

¢ Grain shape. While the sample is
examined for grain sizes, the shapes of the
visible particles can be determined. Sharp edges
and flat surfaces indicate angular shape, while
smooth, curved surfaces indicate rounded shape.
Particles may not be completely angular nor
completely rounded. These particles are called
subangular or subrounded depending on which
shape predominates.

¢ Distribution of grain sizes. Laboratory
analysis must be performed when accurate
distribution is to be determined. However, an
approximation can be made during the visual
examination.

Separate the larger grains (gravel and some
sand particles) from the remainder of the soil by
picking them out individually.

Examine the remainder of the soil and
estimate the proportion of visible individual par-
ticles (larger than No. 200 sieve) and the fines
(smaller than No. 200 sieve).

Convert these estimates into percentages by
weight of the total sample. If the fines exceed
50 percent, the soil is considered fine grained (M,
C, or 0). If the coarse material exceeds 50 per-
cent, the soil is coarse grained (G or S).

Examine coarse-grained soil for gradation of
particle sizes from the largest to the smallest.
A good distribution of all sizes means the soil
is well graded (W). Overabundance or lack of any
size means the material is poorly graded (P).
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Estimate the percentage of the fine-grained
portion of the coarse-grained soil. If less than 5
percent (nonplastic fines) of the total, the soil
may be classified either as a GW, GP, SW, or SP
type, depending on the other information noted
above.
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the soil will be either M or C and requires

further testing to identify.

Fine-grained portions, between 5 and 12 per-
cent (nonplastic fines or fines not interfering
with free drainage) are borderline and require
double symbols such as GW-GM or SW-SM.

Fine-grained soils (M, C, or O), require other
tests to distinguish them further. Grain-size
distribution of fine portions is not normally per-
formed in fileld identification. However, if
necessary, an approximation can be made by
shaking the fine portions in a jar of water and
allowing the material to settle. The material
will settle in layers of different sizes from which
the proportion can be estimated. Gravel and
sand settle into a much denser mass than either
clay or silt.

¢ Undistributed soil properties. Using
characteristics determined up to this point, it is
possible to evaluate the soil as it appeared in
place. Gravels or sands can be described
qualitatively as loose, medium, or dense. Clays
may be hard, stiff, or soft. The ease or difficulty
with which the sample was removed from the
ground is a good indicator. Soils which have
been cultivated or farmed can be further
evaluated as loose or compressible. Highly
organic soils can be spongy or elastic. In addi-
tion, moisture content of the soil influences the
in-place characteristics. This condition should
be recognized and reported with the undisturbed
soil properties.

Breaking or Dry Strength Test

This test is performed only on the material
passing the No. 40 sieve. It is used to measure
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the cohesive and plastic characteristics of the
soil. The test distinguishes between the clayey
(C) and the silty (M) soils.

Separate the selected sample of the soil on
the No. 40 sieve and prepare a pat of soil about
2 inches in diameter and !, inch thick by

molding it in a wet nlactiec ctate Natural
mo:Ging 1L 1n a wel, p:astie state. iNatural

samples may be found in pats which are of the
proper size, but may yield incorrect results. This
is due to the variations in the natural drying and
compaction processes. If natural samples are
used, the results must be treated as approxima-
tions and verified later.

Allow the pat to dry completely, then grasp
the pat between the thumbs and forefingers of
both hands and attempt to break it. See Figure
2-3 for the proper way to hold the pat. If the pat
breaks, try to powder it by rubbing it between
the thumb and forefinger of one hand.

Figure 2-3. Breaking or dry strength test

The results of this test indicate the following:

* Pat cannot be broken nor powdered by
finger pressure — Very highly plastic soil (CH).

¢ Pat can be broken with great effort, but
cannot be powdered —Highly plastic soil (CL).
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¢ Pat can be broken and powdered, but with
some effort —Medium plastic soil (CL).

o Pat breaks quite easily and powders

readily — Slightly plastic soil (ML, MH, or CL).

crumbles or powders w
Nonplastic soil (ML or MH) or (

o

L or OH).

NOTE

Dry pats of highty plastic clays quite often
display shrinkage cracks. To break the
sample along such a crack will give an in-
dication of only a very small part of the true
dry strength of the soil. it is important to
distinguish between a break along such a
crack and a clean, fresh break that in-
dicates the true dry strength of the soil.

Roll or Thread Test

This test is performed only on the material
passing the No. 40 sieve. A representative por-
tion of the sample is mixed with water until it
can be molded or shaped without sticking to the
fingers. This moisture content is referred to as
being just below the sticky limit.

Prepare a nonabsorbent rolling surface by
placing a sheet of glass or heavy wax paper on
a flat or level support, then shape the sample

Figure 2-4. Roll or thread test

into an elongated cylinder and roll the prepared
soil cylinder on the surface rapidly into a thread
approximately % inch in diameter. The tech-
nique is shown in Figure 2-4. If the moist soil
rolls into a thread, it is said to have some
plasticity. The number of times it can be rolled
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of the degree of plasticity of the soil. Materials
which cannot be rolled in this manner are
nonplastic or have a very low plasticity.

The results of this test indicate the following:

¢ Soil may be molded into a ball or cylinder
and deformed under very firm finger pressure
without crumbling or cracking— High plasticity
(CH).

* Soil may be molded, but it cracks or
crumbles under finger pressure—Medium
plasticity (CL).

® Soil cannot be lumped into a ball or
cylinder without breaking up—Low plasticity
(CL, ML, or MH).

¢ Soil forms a soft, spongy ball or thread
when molded —Organic material (OL or OH),
also peat.

e Soil cannot be rolled into a thread at any
moisture content — Nonplastic soil (ML or MH).

NOTE

Micaceous silts and sands can be rolied
due to the flaky nature of the mica. The wet
shaking test is the only way to distinguish
this property.

From the thread test, the cohesiveness of the
material near the plastic limit may also be
described as weak, firm, or tough. The higher
the soil is on the plasticity chart (Table A-1,
Appendix A), the stiffer the threads are as they
dry out and the tougher the lumps are if the soil
is remolded after rolling.
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Ribbon Test

This test is also performed only on material
passing the No. 40 sieve. The sample is prepared
as for the roll or thread test until the moisture
content is just below the sticky limit. This test
and the roll test complement each other and give
a clearer picture of the soil.

Form a roll of soil about % to ¥, inch in
diameter and 3 to 5 inches long. Lay the roll
across the palm of one hand (palm up), and start-
ing at one end, squeeze the roll between the
thumb and forefinger over the edge of the hand
to form a flat unbroken ribbon about ¥ to ¥, inch
thick. Allow the ribbon as formed to hang free
and unsupported (Figure 2-5). Continue squeez-
ing and handling the roll carefully to form the
maximum length of ribbon that can be sup-
ported only by the cohesive properties of the soil.

Figure 2-5. Ribbon test
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The results of this test indicate the following:

¢ Sample holds together for a
10 inches without breaking
highly compressive (CH).

A.

d

— 1.
length o

worai
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* Soil can be ribboned only with difficulty in-
to 3-inch to 8-inch lengths —Low plasticity (CL).

Wet Shaking Test

The wet shaking test is performed only on the
material passing the No. 40 sieve. For this test,
enough material to form a ball of material about
%, inch in diameter is moistened with water. This
sample should be just wet enough so that the soil
will not stick to the fingers upon remolding or
just below the sticky limit.

Smooth the soil pat in the palm of the hand
with the blade of a knife or small spatula, shake
it horizontally, and strike the back of the hand
vigorously against the other hand. The soil
reacts to this test when, on shaking, water comes
to the surface of the sample producing a smooth,
shiny appearance. This appearance is frequently
described as livery (Figure 2-6, 1 and 2). When
the sample is squeezed between the thumb and
forefinger of the other hand, the surface water
will quickly disappear. The surface will become
dull (Figure 2-6, 3), and the material will become
firm, resisting deformation. Cracks will occur as
pressure is continued, with the sample finally
crumbling like a brittle material (Figure 2-6, 4).
The vibration caused by the shaking of the soil
sample tends to reorient the soil grains, decrease
the voids, and force water which had been
within these voids to the surface. Pressing the
sample between the fingers tends to disarrange
the soil grains, increase the voids space, and
draw the water into the soil. If the water con-
tent is still adequate, shaking the broken pieces
will cause them to liquefy again and flow
together, and the complete cycle may be
repeated. This process can occur only when the
soil grains are bulky in shape and noncohesive
in character.
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1. Initial Sample
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3. Squeezing the Sample
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2. Livery Appearance

4. Crumbling the Sample

Figure 2-6. Wet shaking test

Very fine sands and silts fall into this
category and are readily identified by the wet
shaking test. Since it is rare that fine sands and
silts occur without some amount of clay mixed
with them, there are varying reactions to this
test. Even a small amount of clay will tend to
greatly retard this reaction.

The results of this test indicate the following:
* A rapid reaction to the shaking test is

typical of nonplastic, fine sands and silts (Figure
2-6, 2).

» A sluggish reaction indicates slight
plasticity (such as might be found from a test of
some organic silts) or silts containing a small
amount of clay.

* No reaction at all to this test does not in-
dicate a complete absence of silt or fine sand.

Odor Test

Organic soils (OL and OH) usually have a
distinctive, musty, slightly offensive odor. The
odor can be used as an aid in identifying such
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materials. This odor is especially apparent from
fresh samples, but becomes less pronounced as
the sample is exposed to air. The odor can be
made stronger by heating a wet sample.

Bite or Grit Test

This test is a quick and useful one in identi-
fying sand, silt, or clay. A small pinch of soil is
ground lightly between the teeth.

The results of this test indicate the following:

¢ Sandy soils. The sharp hard particles of
sand will grate very harshly between the teeth
and will be highly objectionable. This is true
even of the fine sands.

e Silty soils. Silt grains are so much
smaller than sand grains that they do not feel
nearly as harsh between the teeth. They are not
particularly gritty, although their presence is
still quite unpleasant and easily detected.

¢ (Clayey soils. Clay grains are not gritty,
but feel smooth and powdery like flour between
the teeth. Dry lumps of clayey soils will stick
when lightly touched with the tongue.

Shine Test

This test is another means of determining
plasticity of a soil. A slightly moist or dry piece
of highly plastic clay will produce a definite
shine when rubbed with a fingernail or a smooth
metal surface such as a knife blade. Lean clay
will remain dull after this treatment.

Feel Test

This is a general purpose test and requires
considerable experience and practice before
reliable results can be expected. Its use will in-
crease with growing familiarity with soils. Con-
sistency and texture are two characteristics
which can be determined.
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¢ Consistency. The natural moisture con-
tent is an indicator of the soil drainage which
may affect this characteristic.

For the consistency test, squeeze a piece of
undisturbed soil between the thumb and fore-
finger to determine its consistency. Consistency
is described by such terms as hard, stiff, brittle,
friable, sticky, plastic, and soft.

Remold the soil by working it between the
hands and observe the results. This can indicate
the natural water content. Clays which become
fluid on remolding are probably near their liquid
limit. If they remain stiff and crumble when
reworked, they are probably below the plastic
limit.

¢ Texture. This term is applied to the fine-
grained portion of the soil and refers to the
degree of fineness and uniformity.

Rub a portion of the soil between the fingers
and observe the texture and describe it as floury,
smooth, gritty, or sharp. To increase sensitivity,
rub the soil on a more tender skin area such as
the inside of the wrist.

Typical results are similar to the bite test.
Sand will feel gritty. Silts, if dry, will dust
readily and feel soft and silky to the touch. Clays
powder only with difficulty, but feel smooth and
gritless like flour.

Sedimentation Test

From the visual observation test, it is easy
to approximate the proportions of sand and
gravel in a soil by spreading the dry sample out
on a flat surface and separating the gravel par-
ticles by hand. Separating the fines from the
sand particles is more difficult although just as
important. Smaller particles will settle through
water at a slower rate than large particles.
Placing a small amount of the fine fraction of
soil (such as a heaping tablespoon) in a
transparent cup or jar, covering it with about
5 inches of water, and agitating it by stirring
or shaking will completely suspend the soil in



water. With most cohesive soils, it will be
necessary to break up the lumps of soil before
adding the water. This can be done by grinding
the soil in a canteen cup with an improvised
wood pestle. After the soil particles have been
thoroughly dispersed in the water and then left,
they will start to settle out, beginning with the
larger sized particles, in time periods indicated
in Table 2-2.

Table 2-2. Sedimentation test

Approximate
time of Grain
sf::::'gehm d(l:‘n::r Difterentiates
5 inches
of water
2 seconds 0.4 Coarse sand-fine sand
30 seconds 0.072 Sand-fines
10 minutes 0.03 Coarse silt-fine silt
1 hour 0.01 Silt-clay
* Millimeter

The most important use of the sedimentation
test is to differentiate the coarse (0.072
millimeter) fraction from the fine fraction of a
soil. Since all of the particles of soil larger than
0.072 millimeter will have settled to the bottom
of the cup or jar 30 seconds after the mixture has
been agitated, it follows that the particles still
remaining in suspension are fines. If the water
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containing the suspended fines is carefully
poured into another container 30 seconds after
agitation, if more water is added to the cup or
Jjar containing the coarse fraction, and if the pro-
cedure is repeated until the water-soil mixture
becomes clear 30 seconds after mixing, then the
cup or jar will contain the coarse fraction of soil,
and the pan containing the suspension will hold
the fines. If the water can be wicked or
evaporated off, the relative amounts of fines and
sand can be determined fairly accurately. Other-
wise, a direct measurement of the settled out
fines can be obtained as a guide. Thus, in a
sense, the test acts like the No. 200 sieve.

Most field identification tests are performed
on the No. 40 sieve soil fraction (fines and fine
sand portion). This fraction can be separated by
using a procedure similar to that already out-
lined except that the water is poured off within
1 or 2 seconds after completion of agitation. The
suspended portion will then include the particles
of fine sand range.

A difficulty is encountered with many clay
soils because the clay particles will often form
small lumps (flocculate) that will nct break up
in water. Usually this condition can be detected
by examining the coarse fraction of the soil after
several repetitions of the test. If substantial
amounts of clay are still present, the sand will
feel slippery and further mixing and grinding
with a good stick will be necessary to help break
up these lumps.
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Identification Sequence

Figure 2-7 gives the suggested sequence of
tests for identifying and classifying a soil sample
using the rapid field procedures just described.

ESTIMATE %
FINES

GRAVEL - S0%
BY VOLUME

SELECT NEPRESENTATIVE SEPARATE PARTICLES 18"
SAMPLE OF SOIL - 1 PINT —= OR LARGER IGRAVEL SIZE}
{CANTEEN CUP fULLt

-

GRAVEL - 50 %
BY VOLUME

SEDIMENTATION
TEST

TIMATE
FINES IN ORIGINAL S
SAMPLE

TEST FOR
QRGANIC
MATTER

SHINE TEST
RIGBON TEST
THREAD TEST

SHAKING TEST
THREAD TEST
RIGBON TEST

WASH TEST
SMEAR TEST
DUST TEST

Figure 2-7. Suggested procedures for hasty field identification

Section II. SOIL SURVEYS AND SAMPLING

DISCUSSION

The survey of soil conditions at the site of pro-
posed military construction provides informa-
tion about the nature, extent, and condition of
soil layers; the position of the water table and
drainage characteristics; and sources of possible
construction materials. The soil survey is vital
to both the planning and execution of military
construction operations.
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TYPES OF SOIL SURVEYS

A soil survey consists of gathering soil
samples for examining, testing, and classifying
soils and developing a soil profile. Two types of
soil surveys are the hasty survey, which is made
either under expedient conditions or when time
is very limited, and the deliberate survey, which
is made when adequate equipment and time are
available.
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Hasty Survey

The hasty survey should be preceded by as
careful a study of all available sources of infor-
mation as conditions permit. If possible, from the
air a trained person may observe soil conditions
in the proposed construction area. Careful aerial
observation gives an overall picture, which is
often difficult to secure at ground level because
important features may be obscurred in rough
or wooded terrain. Rapid ground observation
along the proposed road location or at the pro-
posed airfield site will also yield useful informa-
tion. Observation of the soil profile may be made
along the natural banks of a stream, eroded
areas, bomb craters, and other exposed places.
As construction proceeds, additional soil studies
will augment the basic data gained through the
hasty survey and will dictate necessary modi-
fication in location, design, and construction.

Deliberate Survey

The deliberate survey does not dismiss the
fact that the time factor may be important.
Therefore, the scope of a deliberate survey may
necessarily be limited in some cases. A
deliberate survey is often performed while
topographical data is being obtained, so that the
results of the soil survey may be integrated with
other pertinent information. The principal
methods of exploration used in soil surveys for
roads, airfields, and borrow areas are soil
samples obtained either by using hand augers
or by digging a test pit. Other methods that may
be used are power-driven earth augers, sounding
rods, or earth-moving equipment under expe-
dient conditions to permit a hasty approach to
the underlying soil.

OBJECTIVES OF A SOIL SURVEY

The objective of a soil survey is to gather (ex-
plore) as much information of engineering
significance as possible about the subsurface
conditions for a specified area. The explorations
are conducted to determine the following
information:

Location, Nature, and Classification of Soil
Layers

These are required for adequate and
economical earthwork and foundation design of
a structure. By classification of the soils en-
countered, a prediction can be made as to the ex-
tent of problems concerning drainage, frost ac-
tion, settlement, stability, and similar factors.
While an estimate of the soil characteristics may
be obtained by field observations, samples of the
major soil types as well as less extensive
deposits, which may influence design, should be
obtained for laboratory testing.

Condition of Soils in Place

Conditions, such as moisture content and
density of a soil in its natural state, play an im-
portant part in design and construction.
Moisture content of some soils in-place may be
so high that the selection of another site for the
airfield or other structure should be considered.
If the natural soil is sufficiently dense to meet
the required specification, no further compaction
of the subgrade will be required. Very compact
soils in cut section may be difficult to excavate
with ordinary tractor scraper units. Scarifying
or rooting may be needed before excavation.

Drainage

Drainage characteristics in both surface and
subsurface soils are controlled by a combination
of factors such as the void ratio, soil structure
and stratification, temperature of soil, depth to
water table, height of capillary rise, and the
extent of local disturbances by roots and worms.
The coarse-grained soils have better internal
drainage than fine-grained soils. Remolding a
soil also may change its drainage properties.
Observations of the soil should be made in both
the disturbed and undisturbed condition.

Groundwater and Bedrock

All structures must be constructed at such an
elevation that they will not be adversely affected
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by the groundwater table. The grade line must
be raised, or the groundwater table must be
lowered when a structure may be adversely
affected by capillary rise or by the groundwater
table itself. Bedrock within the depth of excava-
tion tremendously increases the time and equip-
ment required for excavation. If the amount is
very extensive, it may be cause for a change in
the grade or even the site location.

SOURCES USEFUL IN PLANNING SOIL
SURVEYS

There are many sources of information
available to the soils engineers. These should all
be used to the fullest extent to eliminate as
much detailed investigation as possible. These
sources will be used to locate small areas, within
a large general area, which are suitable for
further investigation. For the final site selection
actual field investigations must be made. A field
party must secure reliable data rapidly, since
final decisions are based on field observations.

Intelligence Reports and Local Inhabitants

Intelligence reports which include maps and
studies of soil conditions usually are available
for areas in which military operations have been
planned. Among the best and most comprehen-
sive of these are the National Intelligence
Surveys and Engineer Intelligence Studies.
These reports are a source of information on
geology, topography, terrain conditions, climate
and weather conditions, and sources of construc-
tion materials.

Local inhabitants may provide information
to supplement intelligence reports or provide in-
formation about areas for which intelligence
reports are unavailable. Data obtained from this
source would include possible location of borrow
material, sand and gravel deposits, and peat or
highly organic soils, as well as information on
the climate the topography of the area.
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Maps

Maps provide valuable information, especial-
ly when planning the soil survey. Maps show-
ing the suitability of terrain for various military
purposes, prepared by friendly foreign or enemy
agencies, may be useful. There are several kinds
of maps which provide different types of infor-
mation about an area under investigation.

* Geological maps and brief descriptions of
regions and quadrangles are available from the
US Geological Survey (1200 South Eads Street,
Arlington, VA 22202). Generally, the smallest
rock unit mapped is a formation, and geological
maps indicate the extent of these formations
by means of symbolic letters, color, or patterns.
Letter symbols on the map also indicate the
location of sand and gravel pits, and the rear
of the map sheet sometimes has a brief discus-
sion entitled “Mineral Resources” describing the
location of construction materials.

¢ Ordinary topographic maps may be helpful
in estimating soil conditions, particularly when
used with geological maps. Topographic maps,
especially when the contour interval is 20 feet
or more, give only a generalized view of the land
surface. Inspection of the drainage pattern and
slopes can provide clues to the nature of rocks,
depth of weathering, soil, and drainage. For
example, sinkholes may indicate limestone or
glacial topography; hills and mountains with
gently rounded slopes usually indicate deeply
weathered rocks; and parallel ridges are com-
monly related to steeply folded, bedded rock with
hard rock along the ridges. Features such as
levees, sand dunes, beach ridges, and alluvial
fans can be recognized by their characteristic
shapes and geographic location.

* Agricultural soil maps and reports are
available for many of the developed agricultural
areas of the world. These studies are concerned
primarily with surface soils generally to a depth
of 6 feet. Their value as aids in the engineering
study of surface soils is apparent. For example,
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if the same soil occurs in two different areas,
it can be sampled and evaluated for engineer-
ing purposes in one area, and the amount of
sampling and testing can then be sharply re-
duced in the second area. Factors considered in
the field surveys upon which the maps are based
include the careful study of the soil horizons in
test pits, highway and railway cuts, auger bor-
ings, and other exposed places. Information on
topography, drainage, vegetation, temperature,
rainfall, water sources, and rock location may
be found in an agricultural report. Soils usually
are classified according to their texture, color,
structure, chemical and physical composition,
and morphology.

Air Photographs

The use of air photographs in delineating and
identifying soils is based upon the recognition
of typical patterns formed under similar condi-
tions of soil profile and weathering. Principal
elements which can be identified on a photo-
graph and which provide clues to the identifica-
tion of soils to a trained observer are landform,
slopes, drainage patterns, erosional character-
istics, soil color or tone vegetation, and land use.
Examples of the information which may be
derived from the examination of air photographs
follow:

* The landform or configuration of the land
in different types of deposits is characteristic and
can be identified on aerial photographs. For ex-
ample, glacial forms such as moraines, kames,
eskers, and terraces have readily identified
forms. In desert areas, characteristic dune
shapes indicate areas covered by sands subject
to movement by wind. In areas underlain by flat-
lying, soluble limestone, the air photograph
typically shows sinkholes.

¢ Prevailing ground slopes generally repre-
sent the texture of the soil. Steep slopes are
characteristic of granular materials, while
relatively flat and smoothly rounded slopes may
indicate more plastic soils.

¢ A simple drainage pattern is frequently
indicative of pervious soils. A highly integrated
drainage pattern is frequently indicative of im-
pervious soils, which in turn are plastic and lose
strength when wet. Drainage patterns also
reflect underlying rock structure. For example,
alternately hard and soft layers of rock cause
major streams to flow in valleys cut in the softer
rock.

¢ Erosional patterns provide information
from the careful study of gullies. The cross
section or shape of a gully is controlled primarily
by the cohesiveness of the soil. Each abrupt
change in grade, direction, or cross section in-
dicates a change in the soil profile or rock layers.
Short, V-shaped gullies with steep gradients are
typical of cohesionless soils. U-shaped gullies
with steep gradients indicate deep, uniform silt
deposits such as loess. Cohesive soils generally
develop round, saucer shaped gullies.

* The soil color is shown on photographs by
shades of gray, ranging from white to black. Soft,
light tones generally indicate pervious, well
drained soils. Large, flat areas of sand are
frequently marked by uniform light gray tones,
a very flat appearance, and no natural surface
drainage. Clays and organic soils often appear
as dark gray to black areas. In general, sharp
changes in the tone represent changes in soil
texture. These interpretations should be used
with care.

® Vegetation may reflect surface soil types,
although its significance is difficult to interpret
because of the effects of climate and other
factors. To interpreters with local experience,
both cultivated and natural vegetation cover
may be reliable indicators of soil type.

* Agricultural land use facilitates identifica-
tion of soils. For example, orchards require well
drained soils, and the presence of an orchard on
level ground would imply a sandy soil. Wheat
is frequently grown on loess type soils. Rice
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usually is found in poorly-draining soils
underlain by impervious soils, such as clay. Tea
grows in well-draining soils.

FIELD INVESTIGATIONS

The field investigation consists of the
sampling operation in the field. The extent and
methods used will depend upon the time avail-
able. The three principal methods of sampling
available to the military engineer are the taking
of samples from the surface, from excavations
already in existence, and from test pits or test
holes. In the hasty survey, the number of test
pits and test holes are kept to a minimum by
using existing excavations for sampling
operations. In the deliberate survey, where a
more thorough sampling operation is conducted,
test holes are used extensively and are
augmented by test pits, governed by the
judgment of the engineer.

Methods

¢ Test pits. A test pit is an open excavation
which is large enough for a man to enter and
study the soil in its undisturbed condition. This
method provides the most satisfactory results for
observing the natural condition of the soil and

collecting undisturbed samples. The test pit
usually is dug by hand. Power excavation by
dragline, clamshell, bulldozer, backhoe, or a
power-driven earth auger can expedite the
digging if the equipment is available.
Excavations below the groundwater table
require the use of pneumatic caissons or the
lowering of the water table. Load bearing tests
can also be performed on the soil in the bottom
of the pit.

¢ Test holes. Test hole exploration, using
the hand auger, is the most common method of
digging test holes. It is best suited to cohesive
soils, but can be used on cohesionless soils above
the water table, provided the diameter of the
individual aggregate particles is smaller than
the bit clearance of the auger. The auger borings
are principally used for work at shallow depths.
By adding pipe extensions, the earth auger may
be used to a depth of about 30 feet in relatively
soft soils. The sample is completely disturbed
but is satisfactory for determining the soil
profile, classification, moisture content,
compaction capabilities, and similar properties
of the soil.

Table 2-3 shows methods of underground
exploration and sampling in a condensed form.

Table 2-3. Methods of underground exploration and sampling

Common name
of method

Materials in
which used

Method of
advancing the hole

Method of
sampling

Value for
foundation purposes

Auger boring

Well drilling

Rotary drilling

Test pits

Cohesive soils and
cohesionless soils
above ground
water elevation

All soils, rock,
and boulders

All soils, rock,
and boulders

All soils. Lowering
of ground water
may be necessary

Augers rotated until
fillted with soil and
then removed to
surface

Churn drilling with
power machine

Rotating bits operat-
ing in a heavy
circulating liquid

Hand digging or
power excavation

Samples recovered
from material
brought up on
augers

Bailed sample of
churned material
or clay socket

Samples recovered
from circulating
liquid

Samples taken by
hand from origi-
nal position in
ground

Satisfactory for high-
way exploration at
shallow depths

Clay socket samples
are dry samples
Bailed samples are
valueless

Samples are of no
value

Materials can be in-
spected in natural
condition and place
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Preparation

The location of auger holes or test pits will
depend upon the particular situation. In any
case, the method described locates the minimum
number of holes. The completeness of the
exploration will depend upon the time available.
A procedure for road, airfield, and borrow area
investigations will be described. Soil tests should
be made on samples representing the major soil
types in the area.

¢ First develop a general picture of the
subgrade conditions. Field reconnaissance
should be made to study landforms and soil
conditions in ditches and cuts. Techniques have
been developed using aerial photographs for
delineating areas of similar soil conditions. Full
use should also be made of existing data in
agricultural soil maps for learning subsurface
conditions.

¢ Next, determine subgrade conditions in
the area to be used for runway, taxiway, and
apron construction. This usually consists of
preliminary borings spaced at strategic points.
Arbitrary spacing of these borings at regular
intervals does not give a true picture and is not
recommended. Intelligent use of the procedure
described above, especially the technique of
identifying soil boundaries from aerial
photographs, will permit strategic spacing of the
preliminary borings to obtain the most
information with the least number of borings.
In theater of operations cut areas, all holes
should extend 4 feet below final subgrade
elevation. In theater of operations fill areas, all
holes should extend 4 feet below the natural
ground elevation. These holes usually will result
in borings below the depth of maximum frost
penetration (or thaw in permafrost areas).
Where the above requirements do not achieve
this result, the borings must extend to the depth
of maximum frost {or thaw in permafrost areas).

Soil samples should be obtained in these
preliminary borings. After these samples are
classified, soil profiles should be developed, and

representative soils should be selected for
detailed testing. Test pits, or large-diameter
borings, should then be made to obtain the
samples needed for testing, or to permit in-place
tests. The types and number of samples required
will depend on the characteristics of the
subgrade soils. Subsoil investigations in the
areas of proposed pavement must include
measurements of the in-place water content,
density, and strength. These are used to
determine the depth of compaction and the
presence of any soft layers in the subsoil.

In borrow areas, where material is to be
borrowed from adjacent areas, holes should be
made and carried 2 to 4 feet below the
anticipated depth of borrow. Samples should also
be classified and tested for water content,
density, and strength.

¢ Select material and subbase from areas
within the airfield site and within a reasonable
haul from the site. Exploration procedures for
possible sources of select material and subbase
are similar to those described for subgrades
since the select material and subbase generally
are natural materials (unprocessed). Test pits or
large borings put down with power augers are
needed in gravelly materials.

* Base and pavement aggregates are
materials which are generally crushed and
processed. A survey should be made of existing
producers plus other possible sources in the
general area. Significant savings have been
made by developing possible quarry sites near
the airfield location. This is particularly
important in remote areas where no commercial
producers are operating and in areas where
commercial production is limited.

Recording

The engineer in charge of the soil survey is
responsible for properly surveying, numbering,
and recording each auger boring, test pit, or
other investigations. A log is kept of each test
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hole which shows the elevation (or depth below be included in the log relates to density of each
the surface) of the top and bottom of each soil soil, changes in moisture content, depth to
layer, the field identification of each soil groundwater, and depth to rock. A typical boring
encountered, and the number and type of each log is shown as Figure 2-8.

sample taken. Other information which should

_ N 1 DATE
REPORT OF FOUNDATION AND BORROW INVESTIGATION March 66
2 SITE 3 TYPE OF EXPLORATION | & BORING NUMSER S LOCATION € GROUND ELEVATION
Airheld Jamock Hasty 1 Siation 0 + 00 236
7 PURPOSE OF EXPLORATION
Delermine Soil Prohile along the Centerline of Runway
] 9 10 " 12 13
Shiow |ELEVATION| SAMPLE | GRAPHIC | GROMS DESCRIPTION, TEST DATA. AND REMARKS
SURFACE
by
”,
No 1 /’//7 on Dark brown and very Plastic Typical top sou of the 76
£32 . V/ ’I /"/ oun arg DIOWn and very riastic i ypiCa: iOp #0i 01 IN& d7es
}—- 1 h
No 2 Soil with luw cohesion. some send with iargs percentage of
— -— 233 w2, SM al
— 3 tt
| 1 . / sc Coarse sandy 301l with a plastic binde: malenal Light red
color
— St /
No 3 Brown sticky clay very high plastic qushitien Ribboned out
— - @ w7 CH 1o 41" with bitle truble Rolied into a thresd very readily
— Bottom of hole
| — —
14 DEPTH TO WATER TABLE 15 SUBMITTED BY
. SP4 McGurk
DD Form 2464, DEC 86

Figure 2-8. Typical boring log
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THE SOIL PROFILE
Development

A detailed field log is kept of each auger
boring or test pit made during the soil survey.
When the survey has been completed, the
information contained in the separate logs is
consolidated. In addition to the classification and
depth of soil layers recorded in each log, it is
desirable to show the natural water contents of
fine-grained soils along the side of each log. Also,
the elevation of the groundwater table should
be noted. The elevation is determined during the
soil survey by observing the level at which free
water stands in the test holes. To get an accurate
determination, holes should be covered and
inspected 24 hours after being dug to allow the
water to reach its maximum level. The soil
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profile (Figure 2-9) is a graph of a vertical cross
section of the soil layers from the surface of the
earth downward. It shows the location of test
holes, profile of the natural ground to scale,
location of any ledge rock encountered, field
identification of each soil type, thickness of each
soil stratum, and profile of the water table.

Uses

The soil profile has many practical uses in
the location, design, and construction of roads,
airfields, and structures. It has a great influence
in the location of the grade line, which should
be placed to take full advantage of the best soils
available at the site. The profile will show
whether soils to be excavated are suitable for use
in embankments, or if borrow soils will be
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T iy U0
2 =~
N 230 =
Yy
!
|
zts i |
2loo 5 loo w0 s5}00 400 25i00 Jo}ao 35400
_— L IR
STATION WUMBERS ALoNG £ RANWAY
\
\ 1
| ! !
i | |

Figure 2-9. Typical soil profile
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required. It may show the existence of unde-
sirable conditions, such as peat or organic
matter or bedrock close to the surface, which will
require special construction measures. It will aid
in the planning of drainage facilities to take
advantage of the presence of well-draining soils.
It may indicate that special drainage installa-
tions will be needed with soils which are difficult
to drain, particularly in areas where the water
table is high. Considerations for capillary and
frost action may be particularly important when
frost susceptible soils are shown on the profile.

RECOMMENDED PROCEDURES
FOR SOIL SURVEYS

The following guide and step-by-step
procedures will help the military engineer when
conducting soil surveys.

¢ Considerations include soil types, securing
of samples, density and moisture content of soil
in place, drainage characteristics, and depth to
groundwater and bedrock.

* Published information includes geological
and topographic reports with maps, and agri-
cultural soil bulletins with maps, these require
careful interpretation and knowledge of local
terms. Aerial photographs used to predict sub-
surface conditions and previous explorations for
nearby construction projects are also useful.

¢ Field information requires general obser-
vation of road cuts, stream banks, eroded slopes,
earth cellars, mine shafts, and existing pits and
quarries. Test holes may be made with hand
auger or power auger if necessary and available.
Test pits are necessary where hand auger cannot
penetrate or where large samples are required.

e Local inhabitants, preferably trained
observers such as contractors, engineers, and
quarry workers, can provide valuable infor-
mation.
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Preparation

Planning of the general layout will
determine the extent of the various soil types,
vertically and laterally, within the zone where
earthwork may occur. Large cuts and fills are
the most important areas for detailed
exploration.

¢ Airfield exploration. Place borings at
high and low spots, wherever a soil change is
expected, and in transitions from cut to fill.
There is no maximum or minimum spacing
requirement between holes; however, the
number of holes must be sufficient to give a
complete and continuous picture of the soil
layers throughout the area of interest. As a
general rule, the number of exploration borings
required on a flat terrain with uniform soil
conditions will be less than in a terrain where
the soil conditions change frequently.

Exploration borings should be conducted at
the point of interest and located in a manner to
get the maximum value from each boring. This
may require exploration borings in the
centerline as well as edges of runways or roads,
but no specific pattern should be employed
except perhaps a staggered or offset pattern to
permit the greatest coverage. It is accepted
policy to conduct the exploration borings at the
edge of existing pavements, unless these
pavements have failed completely. In this case,
the reason for the failure should be found.

* Depth exploration. Take a cut section 4
feet below subgrade, if possible, and a fill section
4 feet below original ground level, if possible.
Effort should be made to locate the groundwater
table.

Procedures

* Log the exploration holes or pits.
¢ Locate and number the samples.

¢ Determine the elevation and exact location
of each hole and tie into the site layout.
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PREPARATION OF SOIL PROFILE

This is used to locate grade line, for exca-
vation and grading plan, and for drainage plan.
Show the boundaries of soil strata, location and
depth of test holes and samples, elevation of
bedrock, and water table. Laboratory test results
should be included when available. The officer
in charge is responsible for seeing that each test
pit, boring, or other exploratory excavation is
properly surveyed, numbered, and recorded, a
log is kept of each test hole or test pit, and each
sample is properly numbered, tagged, or other-
wise labeled, and prepared for shipment to the
laboratory.

correlated with data obtained from other
sources. In exploration for roads and airfields,
locations are established by measurements
along the centerline or at right angle offsets to
the centerline, as required. Measurements may
be made by pacing or taping. The soil test set
contains a 100-foot steel tape for this purpose.
The location, type, and identification of the ex-
ploratory excavation are plotted on a
photograph, map, or sketch made in the
notebook as illustrated in Figure 2-10. A
uniform system should be used for plotting ex-
ploratory excavations. The symbols below are in
common use.

] Type Abbreviation Symbol
Locating Samples Pit ) Square
Information obtained from each test pit, Boring B Circle
boring, or other exploratory excavation must be Trench T Rectangle
boe o Foro - [N
L A0 - 1 FRAECT No B0
o 39 JQ}/E /969
J+00 . o . D0k SRy EY
*7' IR S7AS. 3 fo 7480
o A AL
6100,
! 0 ( ot i
N ";(' ?\ + . Ce
: o ' 5190 e
C R 0t 802557 .
T 7O
Voo .. D_ 300’ . 20
»BALA S \\ e e e e - 400 -
O 571 420’ . +80 -
Po 230’ . +60 -
N T ,/. L R +4_0 . . S}})P\\LR
| — 300" - 420 A
// 3+00 e
\\ " In

Figure 2-10. Typical fieldbook page, locations of soil explorations
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Recording Samples

A detailed record or log of each exploratory
excavation (test pit) is kept in a field book as
shown in Figure 2-11. Logs must be complete
and contain all information which may be of
value in interpreting the test results and in plot-

ting the soil profiles. Interpretation of the log
will be made easier if each of the soils en-
countered is identified in the field and classified
under the USCS. Soil descriptions must be
accurate and complete.

PROJECT NO_B-/10

L06 OF TEST P03 (P-3)

LEPTH STA -~ 6 +H4Q2
(FEET) Sample DESCRIPTL
£ (963 ,
o’ \ bt sandy Top
E A4 /
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27" }—
No,/(gag) L
[
/B
/Vc.a(Baﬂ))@ %E%
(LL/"Y, m - dud-
2.8 L Frse L Agh AT P
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50

Figure 2-11. Typical field book page, log of test pits
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Numbering Samples

Each sample is identified by the following
information:

¢ A project number which cousists of a
number, an abbreviation, or a symbol. For ex-
ample, BF might be used for Benton Field.

® An excavation number which corresponds
to the number of the exploratory excavation. For
example, P3 would mean that the sample was
obtained from test pit number 3.

¢ A sample number, which is the number of
the order in which the sample was obtained from
each location. If more than one bag sample is
taken from one location, the total number of
bags comprising the sample also must be record-
ed. An example of a complete designation
number is as follows:

B10-P3-2
(Bag 1 of 2)

This designation means that the sample was
taken on project B10, pit number 3, that it is the
second sample taken in this pit, and that the bag
is the first of a total of two bags. The sample
number is printed with a glazed surface-
marking pencil on two tags, one which is placed
inside the bag, and the other which is tied on
the outside, as shown in Figure 2-12. Gummed
labels may be similarly used to mark samples
which are contained in moisture content boxes,
cylinders, or jars.

Figure 2-12. Method of labeling bag samples

BAG SAMPLES

Disturbed soil samples taken by means of a
shovel, auger, or any other convenient hand tool
and placed in bags are known as bag samples.
They are used for mechanical analysis, plas-
ticity, specific gravity, frost susceptibility, com-
paction, and laboratory compacted CBR tests.
The size of the sample taken will depend upon
the tests to be conducted. Two sizes of bags are
issued in the soil test set.

Individual Samples

When exploring foundation conditions, take
bag samples of each individual type of soil
encountered.

e To take individual samples from a pit,
trench, or exposed face, shave off loose and dried
soil to obtain a fresh surface and to expose clear-
ly any variations in the soil. Then take a typical
sample of each type of soil, or of those types
which require further investigation (Figure
2-13).

e When sampling in auger holes, place
typical portions of soil obtained along a row in
correct order as indicated in Figure 2-14, page
2-30.

Figure 2-13. Obtaining individual bag samples
from an exposed face
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Sample No. 1
From Here

From Here

Figure 2-14. Obtaining individual bag samples

Composite Samples

A composite sample is a representative mix-
ture of all soil within a profile or soil mass to
be investigated, or of the material contained in
a stockpile or windrow of soil excavated from a
trench. A test sample is obtained from a com-
posite sample by quartering in the laboratory.

* To take composite samples from test pits,
trenches, or power shovel cuts, the following
steps are required:

Remove any overburden or surface soil that
is to be wasted.

Shave off loose and dried soil to obtain a fresh
surface for taking the sample.

Spread a quartering cloth or tarpaulin at the
top of the bank.

Excavate a channel of uniform cross section
from top to bottom (Figure 2-15), and deposit the
soil on the canvas.

2-30

Figure 2-15. Taking a composite sample with an
exposed face

Collect and bag all material removed to en-
sure that the sample contains the correct
proportions.

* To take composite samples from auger
holes, collect all material excavated from the
hole after first removing overburden.

* To take representative composite samples
from stockpiles or large windrows, take par-
ticular care. When material is dumped on large
piles the coarse material tends to roll to the bot-
tom, leaving the finer material in the upper por-
tion. The sample is taken from a full height strip
after clearing the surface.

* To sample a small windrow, excavate and
bag material from a short section, as illustrated
in Figure 2-16.
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Figure 2-16. Taking a composite sample from a
small windrow

MOISTURE CONTENT SAMPLES

The natural moisture content of soil is deter-
mined from samples taken in the field and
placed in a container which is sealed to prevent
loss of moisture by evaporation. Natural
moisture content determinations are valuable
in interpreting information obtained from test
borings or pits, in drawing the soil profile, and
in estimating the physical properties of soils en-
countered in the field. Generally, 100 grams of
so1l is enough to determine the moisture content
of fine-grained soils.

Larger samples are required for soils which
contain gravel. Three sizes of metal dishes are
provided in the soil test set. These have tight
fitting covers and do not require sealing if the
test is made within one day after the sample is
taken. If a longer time interval will elapse
between sampling and testing, the boxes may
be sealed by the method illustrated in Figure
2-17. Any other clean containers which can be
adequately sealed may be used for moisture
content samples.

T — N

Wrap With
Paraffin Coated
Paper or Cloth

Wrap With
Friction Tape

Dip or Paint
With Paraffin

Figure 2-17. Sealing container to retain moisture

content of a sample

UNDISTURBED SAMPLES

An undisturbed soil sample is one that is cut,
removed, and packed with the least possible
disturbance. They are samples in which the
natural structures, void ratio, and moisture
content are preserved as carefully as possible.
Samples of this type are used for determining
the density (unit weight) of soil in the laboratory,
and investigating the strength of undisturbed
soils in the laboratory by the CBR or unconfined
compression tests. These samples may be
shipped to more completely equipped labora-
tories for shear, consolidation, or other strength
tests.

Types of undisturbed samples are chunk
samples, cut by hand with shovel and knife, and
cylinder samples, obtained by use of a
cylindrical sampler or the CBR mold equipped
with sampling cutter. Expedient methods of
obtaining cylinder samples are also used.

The method of sampling chosen depends upon
the equipment available, the tests required, and
type of soil. All undisturbed samples must be
handled with care. Cohesionless soil samples
must be kept in the container until ready for
testing, and the container should be handled
without jarring or vibration. Some soils are too
hard or contain too many stones to permit
sampling with the cylindrical samplers and can
be sampled only by cutting out chunks by hand.
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Taking of undisturbed samples frequently
requires a great deal of ingenuity in adapting
the sampling devices to job conditions and in
devising schemes for their use. Whatever
method is used, the sample must be taken and
packed in the container for shipment without
allowing its structure to change. Protection
against change in moisture content during
sampling and shipment is also required.

CHUNK SAMPLES

The simplest type of undisturbed sample i
obtained by cutting out a chunk of soil of the
desired size and covering it to prevent loss of
moisture and breakage. This method can be used
only with soils that will not deform, break, or

crumble while being removed.

wm

The process of obtaining a chunk sample
from a subgrade or other level surface, such as
the bottom of a test pit, is illustrated in Figures
2-18, 2-19, and 2-20. The first step is to smooth
the ground surface and mark the outline of the
chunk. A trench is excavated around the chunk
(Figure 2-18). Then the excavation is deepened,
and the sides of the chunk trimmed with a knife
(Figure 2-19). The chunk is then cut off at the
bottom with a knife, trowel, or hacksaw blade,
and carefully removed from the hole (Figure
2-20).

To obtain a chunk sample from the vertical
face of a test pit or trench (Figures 2-21, 2-22,
and 2-23.), the first step is to carefully smooth
the surface of the face and mark the outline of
the chunk. Soil is excavated from the sides and
back of the chunk (Figure 2-21). The chunk is
shaped with the knife (Figure 2-22). Then the
chunk is cut off and carefully removed from the
hole (Figure 2-23).

2-32

Step 1—excavate trench

Figure 2-18. Taking a chunk sample from a
level surface

Step 2—trim sample

Figure 2-19. Taking a chunk sample from a
level surface
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Step 3—cut off and remove

Step 2—trim sample

Figure 2-20. Taking a chunk sample from a
level surface

Figure 2-22. Taking a chunk sample from a
vertical face

Step 1—excavate pit and sample tunnel

Step 3—cut off and remove

Figure 2-21. Taking a chunk sample from a
vertical face

Figure 2-23. Taking a chunk sample from a
vertical face
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The chunk sample must be sealed after
removing it from the hole. One method is to
apply three coats of melted paraffin, as
illustrated in Figure 2-24. Each coat is allowed
to cool and become firm before applying the next
coat. This gives adequate protection for strong
samples that are to be used within a few days.
Samples that are weak or that may not be used
soon require additional protection. They should
be wrapped with cheesecloth or other soft cloth
(Figure 2-25) and sealed in paraffin. If cloth is
not available, the sample can be reinforced with
several loops of friction tape or twine. Three
more coats of paraffin then are applied. Extreme
care is required to prevent damage to the sample
while performing these operations.

An alternate method of sealing a chunk
sample is to dip the entire sample in melted
paraffin (Figure 2-26) after the first brush coat
has been applied and the sample wrapped. This
requires a large container and more paraffin,
but gives a more uniform coating. By repeated
dipping, the layer of paraffin can be built up to
a minimum %-inch thickness.

Samples that are to be shipped require
additional protection. This may be accomplished
by placing the chunk in a small box and packing,
as illustrated in Figure 2-27, or by applying
many coats of cloth and paraffin.

Figure 2-24. Applying paraffin
to seal chunk sample

Figure 2-26. Dipping a chunk sample
into melted paraffin

Wood Box Slightly Dampened Excelsior,

Sawdust, or Newspaper

Heavy Cord Sample

Corrugated

Cardboard Box Y2 Min Paraffin

Figure 2-25. Wrapping a weak chunk sample
prior to final sealing
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Figure 2-27. Packing a chunk sample for
transportation or shipment to laboratory



CYLINDER SAMPLES BY SOIL
TRAFFICABILITY SAMPLER

Apparatus

The soil trafficability sampler (Figure 2-28)
consists of a sample tube and an assembly to
force the tube into the soil. It is forced by hand
pressure, not by blows from a hammer. A
movable piston is fitted within the cylinder and
is attached to a rod which extends through the
center of the drive tube and terminates in a flat
dish or base plate at the upper end. The outer
drive tube is attached to the sample cylinder at
the bottom and has two handles at the top end.
One of the handles is knurled and can be turned
to lock the inner rod when the piston is in
position. A long and a short spacer bar are bolted
to the outer tube and are used to establish the
size of the sample core. It is recommended that
the sampler not be used for other than extremely
soft and yielding soils. The walls of the cylinder
are very thin and can be deformed if they come
in contact with a hard object. Even hard or dry
soil can damage the sampler. Its primary use is
for samples to test the remolding characteristics
in soils having initially low or very low
supporting value. Additional information on the
soil trafficability sampler and soil trafficability
test set can be found in TM 5-330.
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Procedure

The piston is adjusted so that it is flush with
the cutting edge of the sampler cylinder. The
knurled handle is locked.

¢ The sampler is placed firmly in contact
with the soil to be sampled.

* The disk at the top is held to prevent
vertical movement, and the knurled handle is
unlocked. Then the sampler cylinder is forced
into the soil.

¢ When the cylinder is fully in the soil, the
knurled handle is locked to clamp the piston and
keep the soil sample from slipping out due to the
vacuum created.

* The entire sampler is now rotated a half
turn to shear the soil at the base of the cylinder,
then carefully withdrawn from the hole and
inverted so that the dish becomes a base plate.
There is a spud on the side of the sampler for
releasing the side friction and the vacuum
caused by withdrawing the sampler from the
ground.

Piston
Disk Piston Ring
Piston Rod Leather Washer
R
° 4
> v
> .

Setscrew ( N 1. Sampling Tube

Locking (Knurled)
Handle

Drive Rod

Figure 2-28. Soil trafficability sampler
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* The longer spacer bar is swung into
position to act as a stop while the piston ejects
the sample.

¢ The knurled handle is released and the
drive tube is pushed until the spacer bar hits the
base plate and a portion of the sample is pushed
up out of the cylinder.

The portion of the sample flush with the
cutting edge of the sampler is cut and discarded.
This amount of soil discard offsets any uneven
shearing at the bottom of the hole and gives the
soil sample a true cylindrical shape.

¢ The short spacer bar is swung into
position, and the long bar is moved out of the
way.

The soil sample is ejected until the short bar
stops the action. Some of the soil sample will still
be in the cylinder.

¢ The soil sample is cut off flush with the
sampler cutting edge into a preformed plate
made to fit around the cutter. Use the sample
cutter (piano wire) for this operation. The sample
is now exactly 1.87 inches in diameter and 3.45
inches long.

¢ The remaining soil in the sampler is
discarded.

This sampler can be used with a hand auger
to obtain cores at depths up to 48 inches below
the surface. The cores are sealed.

Maintenance

The soil trafficability sampler requires
proper maintenance and adjustment to produce
consistent results. It is essential to keep the
inside of the sampling tube, the piston tube, the
piston ring, and the leather washer reasonably
clean. After 5 to 25 samplings, depending on the
type of soil, the tube should be immersed, first
in water and then in fuel oil, and the piston
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worked up and down five or six times in each
liquid. After the excess fuel oil has been wiped
off, light machine oil should be squirted into the
tube. If the instrument becomes stiff and hard
to work, the tube should be removed, the piston
disassembled and thoroughly cleaned, and the
leather washer oiled. Care should be taken in
removing the tube to prevent its slipping from
the head suddenly and bending the piston rod.
The tube walls and cutting edges are relatively
soft and should be handled with care.

The effective piston rod length should be
adjusted to keep the face of the piston flush with
the cutting edge of the tube when the piston rod
handle (disk) is fully depressed. This is done by
loosening the setscrew on the handle, screwing
the handle up or down to the correct position,
and retightening the setscrew.

CYLINDER SAMPLES BY CBR MOLD

In soft, fine-grained soils, cylinder samples
for undisturbed CBR or density tests may be
taken directly in the CBR compaction cylinder
by using the sampling collar (cutter) as
illustrated in Figure 2-29. First, the surface of
the ground is smoothed and the sampling collar
and mold pressed into the soil with moderate
pressure. A trench is excavated around the
cylinder (Figure 2-30). The mold is again pressed
firmly down over the soil, using the hand driver
or loading bar if necessary (Figure 2-31). A
loading bar may be improvised from any piece
of timber of suitable size. The soil is carefully
trimmed away from the sampling collar with a
knife, cutting downward and outward to avoid
cutting into the sample. The actual cutting to
size is done with the sampling collar. The
sampler may be forced down with the field CBR
jack, although this jack has only approximately
2 inches of travel. It is better to use a truck jack,
if available. In either case, the sampler should
not be forced down ahead of the trimming on the
outside of the cylinder. The trench is then
excavated deeper and the process repeated until
the soil penetrates well into the extension collar
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(Figure 2-29 - 2.32). If stones interfere, they are
picked out carefully and the space filled with
soil. This fact is recorded in the log of the sample [ 'l(
where pertinent. Loading Bar

Trim Out and Down

———
—_—
—_ p——
—
f oYY P

an -
o Lompactlion vioiu _— - -
(Z=

Extension Coiiar

Figure 2-29. Section through CBR mold

Figure 2-32. Cylinder in position
Figure 2-30. Trench cut around cylinder prior to cutting sample
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The sample is cut off at the bottom of the
mold, using a shovel, knife, or wire saw (Figure
2-33). The mold and sample are then removed
from the hole.

The upper collar is removed and the top
surface of the sample trimmed down into the
mold a distance of about ¥ inch. This recess is

filled with paraffin to seal the end of the sample
(Figure 2-34). The mold is turned over and the

HrilT L 2120 111V:ER 10 vur il UVOLD Qiig uviic

cutting edge removed. This end is trimmed down
into the mold about Y inch, as before, and the
resulting space is filled with paraffin. If the
sample is to be handled very much prior to
testing, the ends should be overfilled with
paraffin and then trimmed exactly flush with a
straightedge. Boards are placed over each end
and clamped in place, using bolts, wire, or string
(Figure 2-35). Samples which must be
transported some distance or which may have
to be handled quite a bit before testing should
be wrapped in cloth and soaked in paraffin
layers.

Figure 2-33. Cutting off cylindrical sample
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Figure 2-34. Sealing sample in CBR mold

figure 2-35. Protecting sample in CBR mold

QUARTERING SAMPLES

The process of reducing a representative
sample to a convenient size, or of dividing a
sample into two or more smaller samples for
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testing, is called quartering. The procedure to
be used varies somewhat, depending on the size
of the sample.

Samples Weighing Over 100 Pounds

Quartering of a sample of this size is shown
in Figures 2-36, 2-37, 2-38, and 2-39. The sample
is first mixed and piled on the quartering canvas
(Figure 2-36). Each shovelful is placed in the
center of the cone so that the soil runs down
evenly in all directions in order to mix the
sample. The cone is then flattened with the
shovel, spreading the material to a circular layer
of approximately uniform thickness (Figure
2-37). A stick or pipe is inserted under the center
of the pile (under the canvas) and both ends of
the stick are lifted, thus dividing the sample into
two parts (Figure 2-38). The stick is removed,
leaving a fold in the canvas. The stick is again
inserted under the pile, this time at right angles
to the first division, and again lifted, dividing
the sample into four parts (Figure 2-39, page
2-40). Two diagonally opposite quarters are
discarded and care is taken to clean the fines
from the canvas. The remaining material is

Figure 2-36. Mixing and piling a sample
weighing more than 100 pounds

remixed by taking alternate shovelfuls from
each quarter. The quartering process is repeated
as necessary to reduce the sample to the desired
size,

Figure 2-37. Flattening sample
to uniform thickness

Figure 2-38. Halving the sample
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Samples Weighing 25 to 100 Pounds

In quartering this size of sample, the soil is
piled on the canvas and mixed by alternately
lifting the corners of the canvas and pulling over
the samples as if preparing to fold the canvas
diagonally, as illustrated in Figure 2-40. The
sample is then flattened and quartered.

Discard

Discard

Figure 2-39. Quartering the sample

Figure 2-40. Mixing a sample weighing
25 to 100 pounds
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Samples Weighing Less Than 25 Pounds

The process of quartering samples less than
25 pounds is similar to the process for 100
pounds and more. The sample is placed on the
canvas or a clean sheet of paper. It is mixed
thoroughly with a trowel and formed into a
conical pile (Figure 2-41). The cone is flattened
by pressing downward with the trowel (Figure
2-42). The trowel is used to divide the sample
into quarters. Diagonally opposite quarters are
discarded (Figure 2-43). The process is repeated
as necessary to reduce the size of the sample for
testing.

Figure 2-41. Preparing a sample weighing
less than 25 pounds

Figure 2-42. Flattening a small sample
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Discard

Discard

Figure 2-43. Quartering a small sample

Section III. SIEVE ANALYSIS

DISCUSSION

Soil grains and gradation are discussed in
Section I of this chapter, with some considera-
tion of the effects of grain characteristics on the
physical properties of soils. The use of grain size
and grain-size distribution in soil classification
and visual-manual tests and their use for field
identification are also covered in Section I.
Although estimates of grain size of coarser
materials may be made in this way, the accurate
determination of the grain-size distribution or
gradation of coarse soil fractions requires a sieve
analysis, or grain-size analysis. The proportion
of material of each grain present in a given soil
is determined by this test. Sieve separation of
coarse and fine fractions of mixed soil is required
to provide samples for further testing.

GRAIN-SIZE DISTRIBUTION

This refers to the portion of soil particles of
different sizes which are contained in a given

soil. The determination of the grain-size
distribution of a soil, also called mechanical
analysis, may be accomplished by a screening
process (sieve analysis) for coarse-grained or
cohesionless soils, by a settling process in water
(wet mechanical analysis or hydrometer
analysis) for fine-grained or cohesive soils, or by
both the screening and settling processes on the
same sample (combined mechanical analysis).
Any grain-size distribution is valid only when
the soil particles are completely separated one
from the other, so that the particles can pass
through the sieve opening or settle through the
water individually. Sieve analysis is applicable
to soil containing small amounts of material
passing the No. 200 sieve, provided the grain
size distribution of that portion passing the No.
200 sieve is not of interest. The sieve analysis
is conducted either on the entire sample or on
the sample after the fines are removed by
prewashing.
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Preparation

* Prewashing. The Corps of Engineers
specifies a sieve analysis with prewashing
unless otherwise allowed by the specifications.
Even the most coarse grained and apparently
the cleanest soil will at times produce a higher
than expected percentage of fine particles.
Where time is critical and lower accuracy is per-
missible, cumulative prewashing may be
eliminated. If there is any doubt as to the need
for prewashing, a moist pat of the soil may be
quickly dried on the stove or in the oven and its
dry strength examined by crushing it between
the fingers. If the soil can be crushed and
powdered easily, sieve analysis can be made
without prewashing (dry sieve analysis). In
preparing a sample for dry sieve analysis,
however, it may still be necessary to pulverize
the finer portion of the sample to ensure separa-
tion of the particles. Caution should be used so
the natural particle shape is not crushed. The
minimum sample weight required for a sieve
analysis depends upon the maximum particle
size in the sample as follows:

Minimum
dry weight of
test specimen

Maximum particle size
(sieve opening)

3in 6,000 G
1% in 3,000 G
% in 1,500 G
3% in 600 G
No. 4 200 G

e Drying. A majority of the large samples
must be dried in preparation for tests such as
mechanical analysis, compaction, and CBR.

For air drying, the soil is placed in pans or
spread on a canvas and exposed to the direct
rays of the sun or to a draft of dry air. Frequent
agitation or stirring speeds up the drying. A fan
blowing air over the sample will greatly increase
the rate of drying. Care must be taken not to
blow away the fine material.

For oven drying, samples are dried in an oven
to constant weight. This is done most frequently
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in connection with the determination of the
moisture (water) content of the soil.

Some samples, particularly coarse-grained
soils which do not contain appreciable amounts
of organic matter, can be dried quickly in a
frying pan over a hot-plate or gasoline burner
or by using the alcohol burn-off method. The
sample must be stirred frequently and every
precaution taken to prevent the sample from
being heated beyond the temperature needed to
evaporate the free water present, 110° + 5°C.

Apparatus

The following equipment (Figure 2-44) is
provided in the soil test set for sieve analysis:

Balance, specific gravity determination,
200-gram capacity (not shown)

Brush, varnish, 1 inch

Cover, test sieve, 8-inch diameter
Cloth, cotton duck, 60 x 60 inches
Mortar, porcelain

Oven, laboratory (not shown)

Pan, test sieve, 8-inch diameter

Pans or evaporating dishes, as required

Pestle, must be rubber tipped as shown in
Figure 2-44

Scale, bench, three weigh beams, 2,610-gram
capacity

Scale, bench, twin weigh beams, 21,100-gram
capacity

Scoop, kitchen

Shaker, testing sieve, laboratory, hand
operated (Figure 2-45, page 2-44).

Sieves test, 8-inch diameter:

Full Height (2 inches deep): 2, 1%, 1, %, and
Y, inch

Half Height (1 inch deep): Numbers 4, 10, 40,
60, 100, and 200 (Figure 2-46, page 2-45).
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Sieves, Test
8-In. W/Cover and Pan

Scale, Bench, 21,100-G Scale, Bench, 2,610-G

Scoop Cloth, Cotton Duck Mortar & Pestle

Brush

Figure 2-44. Equipment for sieve analysis
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=

Figure 2-45. Hand-operated sieve shaker
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00,

X0

0 Dab's o™

Figure 2-46. Testing sieves for dry sieve analysis

NOTE

A full set of sieves includes 3, 2, 4, 3/, inch
and US Numbers 3, 4, 8, 10, 16, 20, 30,
40, 50, 60, 80, 100, and 200 in addition to
the above. A set consisting of 3, 115, ¥/,
and 35 inch and US Numbers 4, 8, 16, 30,
50, 100, and 200 is recommended by The
American Society for Testing and Materials
(ASTM) to give uniform spacing of points
on the grain-size distribution graph, since
each opening is twice the size of the one
below.

SIEVE METHOD

Preparation

Material to be analyzed using the sieve
method is first air dried, after which any clusters
of soil are thoroughly broken up using the
fingers or a mortar and pestle. Care must be
taken to separate only the individual particles
and not to crush any of them. If the sample is
larger than the recommended amount, it should
be reduced in size by quartering until a
representative sample about the correct size is
obtained. Too large a sample can overload a
sieve, and the result will be incomplete
separation and errors in the test.

Procedure

The prepared sample is now ready for the
actual test which is conducted according to the
following directions:

® Record all identifying information of the
sample, such as project, excavation number,
sample number, description of sample, and date
on DD Form 1206 (Sieve Analysis Data) (Figure
2-47, page 2-46).
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1. DATE STARTED
SIEVE ANALYSIS DATA S
2. PROJECT 3 EXCAVATION 4. DATE COMPLETED
Bravo Airfield 1+00 20 0CT 83
H 6. SAMPLE NUMBER
1A
Light brown sandy soil 7 PREWASHED (x one
x| ves I [no
B ORIGINAL SAMPLE WEIGHT 9+ #200 SAMPLE WEIGHT 10. ~#200 SAMPLE WEIGHT
2459 2359 100
N 12 13 14 15 1% 17
SIEVE WEIGHT OF WEIGHT OF WEIGHT CUMULATIVE PERCENT PERCENT
SIZE SIEVE SIEVE RETAINED WEIGHT RETAINED PASSING
SAMPLE RETAINED
1 N/A
L 210 210 ( 0 1007
" 230 624 394 16.04 83.96
4 205 332 127 5.17 78.79
8 225 691 466 18.97 59.82
20 215 612 397 16.16 43.66
60 235 581 346 14.08 29,58
100 250 612 362 14.73 14.85
200 260 515 255 10.38 4047
Pan 260 270 10 0,41 4,06
18. TOTAL WEIGHT RETAINED IN SIEVES (Sum Cokmw 14) 1147 19 ERROR 18-13
s (original sample wt -
20. WEIGHT SIEVED THROUGH #200 (weight in pan) 0 wt of fractions)
' 2459 - 2457 = 2 pgms
21 WASHING LOSS /8- » 1on 100
22 TOTAL WEIGHT PASSING #200 (20 « 10 1o
{
23. TOTAL WEIGHT OF FRACTIONS (18 + 22} -
2457
24. REMARKS 25 ERROR (Percent)
uscs __SP _ERRORpS). 44 .
T RIGINAL WT
PERCENT.G __21.21 ORIGINAL WT @
PERCENT.S _74.73
PERCENT - £ 4,06 2 x 100 = [08
2459
26 TECHNICIAN 27 COMPUTED BY (signarure 2B CHECKED BY (Signature;

DD Form 1206, DEC 86 Previous editions sre obsolete

Figure 2-47. Data sheet, example of dry sieve analysis
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¢ Oven dry the sample at 110° + 5°C, and
allow it to cool to a constant weight.

¢ Weigh the dried and cooled sample and
record the weight as the weight of the original
sample.

¢ Select a nest of sieves suitable to the soil
being tested in accordance with specifications.
Weigh each selected sieve and record its weight.
The top sieve, if possible, should be able to pass
the largest particles in the sample. Particles
larger than the largest sieve must be measured.
The remaining sieves are selected based on the
knowledge of the use to which the grain-size
distribution curve will be put. If this information
is lacking, all the sieves below the largest one
should be used. The sieves issued in the test set,
in order of decreasing size openings, shown in
parentheses (in millimeters), are as follows:

2 inch (50.8 millimeters)
1Y% inch (38.1 millimeters)
1 inch (25.4 millimeters)

% inch (19.0 millimeters)

¥ inch (6.35 millimeters)
No. 4 (4.76 millimeters)
No. 10 (2.00 millimeters)
No. 40 (0.420 millimeters)
No. 60 (0.250 millimeters)
No. 100 (0.149 millimeters)
No. 200 (0.074 millimeters)

¢ Arrange the sieves in a nest with the
largest opening sieve on top and each
progressively smaller opening sieve in order
below it. Attach the bottom pan to the smallest
sieve used.

* Place the sample on the top sieve of the
nest and put on the cover plate.

¢ Place the nest of sieves in the shaker and
shake the nest for about 10 to 15 minutes at

moderate speed. The length of time depends on
the amount of fine material in the sample.
Shaking should continue until the amount of
material on any sieve does not show appreciable
change.

¢ Shake the nest by hand if a shaker is not
available. Use a lateral and vertical motion
accompanied by a slight jarring to keep the
sample moving continuously over the screens.
Jarring is accomplished by dropping the nest
lightly on a stack of papers or magazines. Use
extreme caution not to break the nest, and do
not open it to rearrange or manipulate the
particles.

¢ Complete the shaking, set the nest down
and remove the top cover.

¢ Start with the top sieve. Weigh it and the
material retained on it.

¢ Record this weight (sieve and sample) on
the line opposite the sieve size.

* Set the weighed sieve and material aside
until the weighing of all sieves is completed. Do
not discard any of the material.

¢ Remove the next sieve and material,
weigh, record, and set the sieve and material
aside.

» Continue this process for each sieve and
the bottom pan in the nest.

Calculations

Subtract the weight of the empty sieve or pan
from the sieve plus material weight, for weight
retained. Total the individual material weights
(total weight of fractions) and compare the total
to the original sample weight as determined
above. The difference is the amount of error. The
amount of error divided by the original sample
weight will produce the percentage of error. If
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the error exceeds (+) 1 percent, check each sieve
fraction for possible error. If no error has been
made in the weighing, but the weight error still
exceeds 1 percent, rerun the test.

SIEVE ANALYSIS WITH PREWASHING

Samples containing cohesive soil must be
washed prior to sieve analysis to break up the
lumps and to remove the coating of cohesive
particles.

Preparation

The sample is oven dried and weighed, then
it is placed in a clean container, and clean water
is added to cover the sample completely. Allow
the sample to soak until the adhering and lumpy
particles are completely disintegrated. This
process may take from 2 to 24 hours depending
on the amount and plasticity of the fine
material. Stirring and breaking up lumps will
hasten the process. Use caution not to lose the
material.

Procedure

When the sample has disintegrated and no
lumps exist, it is ready for prewashing according
to the following procedures:

» Transfer the sample and water from the
container to a No. 200 sieve (no more than 200
grams at a time). If the sample contains an
appreciable amount of coarse particles, use a
nest of a No. 4 or a No. 40 sieve and a No. 200
sieve to prevent overloading the smaller opening
sieve. Large particles may be washed indi-
vidually over the No. 200 sieve and set aside for
future use.

e Wash the sample thoroughly until the
material on the sieve and the wash water is
clear (Figure 2-48). Rub or stir the sample
carefully using the fingers. Rinse the fingers
over the sieve so no material is lost.

2-48

* The wash water and the material which
has passed through the No. 200 sieve is decanted
very carefully, then oven dried, weighed, and
recorded as the original minus No. 200 sample
before sieving. The entire minus No. 200 sample
is set aside for future use.

Figure 2-48. Prewashing a sample

e The washed sample and any separately
washed large particles are oven dried and
reweighed, then recorded as the total plus No.
200 sample before sieving.

¢ The washed and dried sample is dry sieve
tested.

e The amount passing the No. 200 sieve
(weight retained in pan) is added to the original
minus No. 200 weight to obtain the total weight
of minus No. 200 material. This total is added
to the other fraction weights to compute the total
weight of fractions after testing the error in
weights.
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Calculations

The figures recorded during the test are used
to compute the percentages and then to compile
a grain-size distribution curve.

¢ Weight retained. Subtract the weight of
the empty sieve or pan from the weight of the
sieve plus sample. This weight is the weight of
material retained.

e Error. Total the individual weights
retained on each sieve, excluding material
retained in the pan. Total retained on sieves plus
total passing the No. 200 sieve (washed and
sieved) equals total weight of fractions.
Comparing the original weight to the total
weight of fractions will determine the amount
of error.

¢ Percent of error. The amount of error
divided by the original sample weight multiplied
by 100 will equal the percentage of error.

¢ Cumulative weight retained. Cumulative
weights are determined when only a portion of
the original sample is used. This procedure
should only be used as an expedient method
when the washing of a large amount of minus
No. 200 material would be difficult. This may
be determined by field identification. Expedient
method results should not be used for design
purposes.

Computations

Example. At Bravo Airfield, a 2,459-gram
sample has a large amount of fines.

¢ The total sample is split over a No. 4 sieve.
The plus No. 4 is sieved and weighed as
previously described. The minus No. 4 in the pan
is then added to minus No. 4 from split.

* The minus No. 4 material is weighed and
recorded in remarks as original minus No. 4

sample weight, then split down to a workable
size, 522 grams, which is also recorded. The
522-gram sample is washed, dried, sieved,
weighed, and recorded.

¢ Compare the 522-gram fraction to the
original minus No. 4 sample weight.

1,836 _ 350
522

¢ The cumulative weight retained column is
computed by multiplying the weights retained
on the sieves smaller than No. 4 by 3.52 to bring
the weight retained in sieves back into
proportion with the original 1,836-gram sample
of minus No. 4. The percent retained is then
determined using the cumulative weights. The
remaining portions of the data sheet will be
determined as follows.

¢ Percent retained. Individual weights
retained on each sieve divided by the total
weight of fractions will determine the percent
retained on each sieve.

» Percent finer. Percent finer is determined
by subtracting the percent retained on each
sieve from the total sample percentage (100
percent).

Percent finer - percent retained =
percent finer than the next consecutive
sieve.

e Proportions of gravels, sands, and fines
expressed in percent.

100 percent — percent finer than No. 4 =
percent gravel.

Percent finer than No. 4 — percent finer
than No. 200 = percent sand.

Percent finer than No. 200 = percent
fines.
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Plotting the Curve

The DD Form 1207 (Grain Size Distribution
Graph-Aggregate Grading Chart) (Figure
2-49) is used to show that the sieve analysis
results in a graphic form. The graph uses
semilogarithmic coordinates. The grain sizes
are plotted on a logarithmic scale while the
percentages are plotted on an arithmetical
scale. The grain sizes are plotted using the

sieve number along the top edge. The per-
centage values from Figure 2-47 are plotted,
and a smooth curve is drawn connecting the
plotted points. The curve for the sample
FT-PI-1 (Figure 2-47, page 2-46) is shown as
one of the curves on Figure 2-49. This is the
final product of a sieve analysis.

GRAIN SIZE DISTRIBUTION GRAPH - AGGREGATE GRADING CHART IDAEIQ ocT 83
PROJECT
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Figure 2-49. Data sheet, grain-size distribution graph
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This curve clearly shows the distribution and
range of particle sizes, and is particularly
helpful in determining the soil classification and
usability of the soil as a foundation or
construction material. Coefficients of uniformity
and curvature, used in the USCS to classify
sands and gravels by their gradation
characteristics, are determined from their grain-

size distribution curve as follows:

Ui iRlauivil

e The grain size, in millimeters, which
corresponds to 10 percent passing on the grain-
size distribution curve, is called Hazen’s
effective size. It is designated by the symbol D,,.
The uniformity coefficient (C,) is
between the grain diameter, in millimeters,
corresponding to 60 percent passing on the curve
(that is D,, and the diameter of the 10 percent

passing (D,,). Hence, C,= Dgy/D,,.

tha ratio
i€ T'aduil

¢ The coefficient of curvature, designated by
the symbol C, = (D,)?/(Dg, x D,y). Dy, and Dg,
have meanings previously assigned while D,, is

+ha s A + in N
uvilc 51 alil ulaluciuer, 111 151
sponding to 30 percent passin
distribution curve.
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e For example, the uniformity coefficient
and coefficient of curvature of the well-graded
sand, SW, in Figure 2-49 (DD Form 1207) is
determined from the grain-size distribution
curve as follows:

D,, reads 0.72 millimeter.
D,, reads 0.36 millimeter.
D,, reads 0.09 millimeter.

c, =272 g0

n no
v.vo

c . 036x036 _
¢ 0.72 x 0.09

Both C, and C_ meet the criteria shown in
Table A-1 (Appendix A) for well-graded sand, SW
(C, greater than 6 and C, between 1 and 3). To
be classified as GH, gravel must have a C,
greater than 4 and C_ between 1 and 3.

2.0

Section IV. SPECIFIC GRAVITY TEST

DISCUSSION

The specific gravity of a solid substance is the
ratio of the weight of the solid to the weight of
an equal volume of water. For exact analysis,
the specifications require distilled or
demineralized water and all measurements of
water and solids to be made at stated
temperatures. In dealing with soils, the specific
gravity is necessary for certain soil tests, such
as the wet mechanical analysis. It is also
necessary for computations involving volume or
weight relationships, such as computing the void
ratio, percent saturation, and similar values.
Specific gravity of a soil is largely dependent

upon the density of the minerals making up the
individual soil particles. However, as a general
guide, some typical values can be given for soils
based on their organic content.

For most inorganic soils, specific gravity
ranges from 2.60 to 2.80. Many within this
group fall between 2.65 and 2.75. Occasional
soils derived from unusually heavy material
may have a specific gravity as high as 3.00.

Soils with large amounts of organic matter
or porous particles (such as diatomaceous earths)
have specific gravities below 2.60. Some range
as low as 2.00.
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SPECIFIC GRAVITY OF SOIL

Soil particles generally contain pores or voids
that may be large enough to be visible or too
small to be seen even at high magnification.
Thus, the specific gravity of the soil minerals
can only be measured when particles are of such
small size that there are no voids in the
individual particles. The test procedure must
ensure that no air trapped in surface pores is
included in the measured particle volume.
However, larger soil particles will contain voids
that are impermeable. Hence, they are included
in the measured volume and cause the apparent
specific gravity to be less than the specific
gravity of mineral solids. When the sample
volume for determining buik specific gravity is
measured, all surface pores that could hold
capillary water are taken as part of the partial
volume. The specific gravity of a soil mass can
be expressed in one of three different forms—
the specific gravity of the solids, the apparent
specific gravity, and the bulk specific gravity.

Specific Gravity of Solids

This is designated G, and is the ratio of the
weight in air of a given volume of soil particles
to the weight of an equal volume of distilled
water, both at a stated temperature. The specific
gravity of solids is only applied to that fraction
of a soil that passes a No. 4 sieve.

Apparent Specific Gravity

This is designated G, and is the ratio of the
weight in air of a given volume of the
impermeable portion of soil particles to the
weight in air of an equal volume of distilled
water, both at a stated temperature. The
impermeable portion of a porous material, such
as most large soil grains, includes the solid
material plus impermeable pores or voids within
the particles.

Scale, Bench, 21,100-G

Filler, Battery

Hot Plate
Mortar & Pestle

Flask, Volumetic 500-ML

Scale, Bench, 2,610-G

Boxes, Moisture, W/Covers

Thermometer

Dishes, Evaporating

Figure 2-50. Apparatus for determining specific gravity of soils
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Bulk Specific Gravity

This is designated G, and is the ratio of the
weight in air of a given volume of a permeable
material (including permeable and impermeable
voids) to the weight of an equal volume of
distilled water at a stated temperature.

APPARATUS AND SAMPLE SELECTION

Apparatus

Apparatus used to perform specific gravity
tests (Figure 2-50) follows:

Scale, bench, 21,000-gram capacity
Tares, moisture

Dishes, Evaporating

Filler, battery

Flask, volumetric, 500-milliliter capacity (not
in test set)

Funnel, metal (not shown)
Hot plate, electric
Mortar and pestle

Scale, bench, 3 weigh beams, 2,610-gram
capacity

Centigrade thermometer, general laboratory

The test also requires some equipment that
is not in the test set, but must be procured from
commercial sources. Otherwise, use expedient
substitutes from local sources.

Sample Selection

Particular care must be taken to obtain
representative samples for a specific gravity
test.

¢ It is easier to begin the test with an oven-
dried sample. However, some soils, particularly
those with a high organic content, are difficult
to rewet. These should be tested at their natural
water content and the oven-dried weight
determined at the end of the test.

e When the sa1-ple contains large and small
particles, it should be separated on the No. 4
sieve. The specific gravity of the fine fraction
and the apparent specific gravity of the coarse
fraction are determined separately. A composite
specific gravity for the entire sample is
computed on the basis of the percent, by weight,
of the fine and coarse material.

e If the specific gravity is to be used in
conjunction with a hydrometer analysis (Section
V), it must be determined only on the fraction
of the sample which passes the No. 200 sieve.

PROCEDURES

The specific gravity test is made in one of two
ways, depending on whether the requirements
call for soil at natural water content or oven-
dried soil. The weight of the volumetric flask
and water must be calibrated over the range of
temperatures likely to be encountered in the
laboratory. Selection of a representative soil
sample and its handling during transfers from
container to container are critical in this testing
procedure.

CALIBRATION OF THE
VOLUMETRIC FLASK

Calibration consists of direct weighing of the
flask and water over a selected temperature
range likely to be encountered during testing,
using the following steps.

1. Determine the dry weight of the flask
(Wb), weight of bottle.

2. Fill the flask with distilled water to
slightly below the calibration mark.

3. Place the filled flask into a water bath of
about 30° to 35°C and allow it to remain until
the water and flask reach the bath temperature.

4. Remove the flask from the bath and add
or remove a slight amount of water until the bot-
tom of the meniscus is even with the calibration
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mark. Dry the outside of the flask and remove
any excess moisture which may be adhering to
the inside of the neck above the water surface.

5. Weigh the flask and water to the nearest
0.01 gram.

6. Shake the flask gently immediately after
the weighing, and immerse a thermometer to
about mid-depth in the water. Read and
estimate the temperature of the water to the
nearest 0.1°C.

7. Repeat the preceding six steps at approxi-
mately the same temperature (30° to 35°C).

8. Make two more determinations (preceding
seven steps), one at room temperature and
another at approximately 5°C cooler than room
temperature.

9. Plot the weight of flask and water (W)
against the temperature (T) for each determina-
tion and draw a smooth curve through the plot-
ted points (Figure 2-51). This is the calibration
curve for the particular flask, which should be
labeled and maintained for future reference.

TESTING

Specific gravity tests are usually easier to
make if they begin with an oven dried sample.

2-54

However, they may begin with the natural
water content still present in the soil, and the
oven-dried weights obtained after the test has
been performed.

Soils with Natural Water Content.
Conduct the test using the following steps:

1. Record all identifying information for the
sample on DD Form 1208 (Specific Gravity Test)
(Figure 2-52, page 2-56).

2. Select a representative sample of approxi-
mately 50 to 80 grams and place it in a dish. The
sample may be weighed directly in a preweigh-
ed flask to avoid possible loss of soil during
transfer.

3. Add sufficient distilled water to form a
slurry while mixing the sample with a spatula
or stirrer.

4. Transfer the slurry to the volumetric flask
and add distilled water until the flask is half
full. Use a battery filler to ensure that all of the
sample is washed into the flask. Allow the
suspension to soak 4 to 6 hours. Soaking is not
required on clean sands.
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1 "DATE
SPECIFIC GRAVITY TESTS 21 Aug 83
2 PROJECT 3. BORING NUMBER | 4. JOB NUMBER 5. EXCAVATION
NUMBER
V/Stol Airfield Test Pit
6 SPECFC GRAVITY OF SOULIDS (G,)
2. SAMPLE OR SPECIMEN NUMBER TP-1 TP-2
b FLASK NUMBER 1 2
4 TEMPERATURE OF WATER AND SOIL (T,°C) 29.7 23.0
d.  DISH NUMBER 4 5
W |[e  DISH + DRY SOiL 150.0 124.0
§ o DK 45,0 44,0
¢ RLg. _DRY SOiL w, 105.0 80.0
H A[h  FLASK + WATER AT T,°Q) W 637.85 638.45
T RTTTW, - W, 742.85 718.45
I s ). FLASK + WATER + IMMERSED SOIL | Wiy 708.5 689.1
w [k DISPLACED WATER, W, + W, - Wy, 44 .35 29.35
| CORRECTION FACTOR K .9975 29993
m._ (W,K) + (W, + Wy, - W,,,) G,y 2.36 2.72
7 APPARENT (G,) AND BULK (Gp,) SPEQIFIC GRAVITY
a_ SAMPLE OR SPECIMEN NUMBER TP-1 Ip-2
b.  TEMPERATURE OF WATER ANOD SOIL (T,°C) 20.0 20.2
¢ TARE + SATURATED SURFACE - DRY SOH 1174,0 3111.0
d. _TARE 221.0 11,0
e SATURATED SURFACE - DRY SOIL | 8 953.0 2840,0
T [f__(WIRE BASKET . sOIL) IN WATER 1992 3173.0
I 6lg. WIRE BASKET IN WATER 1422 1522.0
€ Rip  SATURATED SOIL IN WATER { C 570 165]1.0
Y %|_TARE aND DAY sOIL 1149 3048.0
S1j.  TARE 221 271.0
1 k. DRY SO A 928 2777.0
. |, CORRECTION FACTOR K 1.0000 1,0000
m. (AK) + (A-C) (APPARENT) G, 2.59 2.47
n._ (AK}+ (B-C) (BULK) G 2,42 2.34
8 REMARKS
Gravel = 60 %
(+ #4)
Sand & Fines = 40 %
(- #4)
TP~1 = 2.49
Composite G= [P-2 = 2.56
9 TECHNICIAN (Signature) 10. COMPUTED BY (Signature) 11 CHECKED BY (Signature)
Y - 4 4&/ : e - -
YU Lawts ol Lt B s 0

DD Form 1208, DEC 86

Prévious editions are obsolete.

Figure 2-52. Data sheet, specific gravity test
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5. Connect the flask to a vacuum line and
apply a vacuum of approximately 29.0 inches of
mercury. Agitate the flask gently at intervals
during the evacuation process. Soils of high
plasticity will require about 6 to 8 hours to
remove the air; soils of low plasticity require
about 4 to 6 hours. A vacuum pump is not
available in the test set.

6. Remove entrapped air by boiling the
suspension gently for at least 10 minutes while
occasionally rolling the flask to aid in the
removal of entrapped air. A slow boil should be
used as fast boiling may cause material to be
boiled out of the flask. The use of indirect heat
such as a sand bath is recommended. This
consists of placing a pudding pan of clean ottawa
sand directly onto a heat source. Allow the flask
and contents to cool before proceeding.

7. Fill the flask with deaired, distilled water
to about % inch below the 500-milliliter
graduation.

8. Test the deairing by applying a vacuum
of 29.0 inches of mercury and observe the water
surface in the flask, then carefully remove the
vacuum. When a vacuum is not available, boil
the suspension a second time. The suspension
can be considered deaired sufficiently when the
water surface in the flask is lowered less than
Y inch during this process.

9. Use a pipette to add more deaired, distilled
water to the flask until the bottom of the
meniscus is even with the calibration line on the
neck of the flask.

10. Dry the outside of the flask and any
moisture above the water surface inside the
flask.

11. Weigh the flask and contents to the
nearest 0.01 gram and record the information.
This is (was)~

12. Stir the suspension immediately after
weighing to assure even temperature distribu-

tion. Immerse a thermometer to the mid-depth
of the flask. Read and record the temperature
to the nearest 0.1°C.

13. Carefully transfer the contents of the
flask to an evaporating dish. Rinse the flask
with distilled water until the sample is entire-
ly transferred to the evaporating dish.

14. Oven dry the sample at a temperature
of 110° + 5°C until it reaches a constant weight.
Allow the soil to cool in a tightly covered con-
tainer and weigh the soil and container.

15. Determine the dry weight of the test
specimen, (W,), to the nearest 0.01 gram and
record the weight on the data sheet.

Oven-Dried Soils

When the soil can be dried before the test, use
the following steps:

1. Record the information identifying the
soil sample.

2. Oven dry a representative fraction approx-
imately 50 to 80 grams of the sample to a con-
stant weight at 110° 4+ §°C, and cool the sample
in the desiccator or airtight container to room
temperature.

3. Weigh the sample to the nearest 0.01
gram and record the weight.

4. Transfer the soil to a volumetric flask
taking care not to lose any material during the
operation. As a check, reweigh the soil and flask
after the transfer or weigh the sample in a
preweighed tare initially.

5. Fill the flask about half full with distilled
water.

6. Connect the flask to a vacuum of approx-

imately 29.0 inches of mercury for 2 to 4 hours.
Entrapped air may be removed using the
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primarily stated procedure and to include a
second boil.

7. Continue with the remainder of the test
as described in steps 6 to 12. Procedures 13 to
15 can be used as a check on the initial weights.

CALCULATIONS

The test furnishes the following information
(first column in Figure 2-52, page 2-56):

Weight of flask (bottle) plus water, plus solids
at the test temperature (W,,. in grams).

Weight of dish/flask (container) plus dry soil
(in grams).

Weight of dry soil, (W,), obtained by sub-
tracting the weight of the container from above.

Weight of flask plus water at test tempera-
ture (W,,, in grams) obtained from the calibra-
tion curve (figure 2-51, page 2-55).

To compute the specific gravity, (G,), the
following formula is used:

G. = WK
. =
W, + Wo = Wows

where K is a correction factor based on the den-
sity of water at 20°C (Table 2-4, page 2-62).

APPARENT AND BULK
SPECIFIC GRAVITY

Apparent specific gravity and bulk specific
gravity were defined earlier. The test is de-
scribed below.

Preparation

Bulk specific gravity is usually determined
for the coarser materials (retained on the No. 4
sieve) of a soil sample. Large stones may be
determined individually.

2-58

¢ Separate the soil sample on a No. 4 sieve
and use the material retained on the sieve for
the test. A representative sample of approx-
imately 2 kilograms is required.

¢ Do not oven dry the sample if at all possi-
ble. Air drying is permissible.

¢ Wash the sample to remove dust or
coatings from the surface and immerse the
sample in water for 24 hours.

¢ Just before making the test, remove the
sample from the water and roll it in a large ab-
sorbent cloth to remove the excess surface
moisture. Large particles may be wiped in-
dividually. The surfaces may still appear damp.

* Take care to avoid excessive evaporation
during the surface drying.

Apparatus

The apparatus must be set up in a special
manner to perform this test. The apparatus re-
quired for a bulk specific gravity test consists
of the following:

Balance (capacity of 5 kilograms or more; sen-
sitive to 0.1 gram)

Mesh, wire basket (approximately 8 inches
in diameter and 8 inches high)

Container (large enough to permit immers-
ing the wire basket)

Suitable equipment for suspending the wire
basket from the center of the balance scale pan

Thermometer (range 0° to 50°C, graduated
to 0.1°C)

Procedures

Perform the first step in the test as quickly
as possible after the surface drying to avoid ex-
cessive evaporation.

* Weigh the saturated surface dry sample
and record the value to the nearest 1.0 gram.
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s Place the sample into the wire mesh
basket and immerse the basket and sample in-
to the water container.

NOTE

The weight of the wire basket in water must
be determined and subtracted from the
overall weight.

¢ Hang the basket from the balance and sup-
port the container so that the basket hangs
freely in the water.

¢ Determine the weight of the sample in
water and record the value.

¢ Measure and record the water
temperature.

¢ Oven dry the sample at 110° + 5°C to a
constant weight.

* Cool the sample to room temperature,
weigh the sample and record the weight.

Calculations

The test furnishes the dry soil weight (oven
dried), the saturated surface dry weight, and the
weight of the sample in water. Table 2-4, page
2-62, lists the bulk correction factor (K) based
on water temperature.

e To determine the bulk specific gravity

(Gp):
weight of dry soil in air x K _ AK

weight of saturated sample in air — weight of sample in water B-C

¢ To determine the apparent specific gravity
(Ga):

weight of dry soil in air x K _ AK

weight of dry soil in air — weight of sample in water A-C
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* To determine the specific gravity (GJ of an
entire soil sample (larger and smaller than the
No. 4 sieve) from the component determinations:

100

G = % passing No. 4 sieve + % retained on No. 4 sieve

G

Record the composite G in the remarks col-
umn of the data sheet. The percentages of plus
No. 4 and minus No. 4 can be determined for the
original specific gravity. If all samples are
representative, use the percentages from the
sieve analysis.

EXPEDIENT METHODS

The method described above are the
laboratory tests performed to determine the
specific gravity of a soil sample. On occasion, the
accuracy of these methods is not required or a
quick determination is requested.

For instance, the water density correction
factor (K) and the associated water temperature
measurement, may be ignored in bulk specific
gravity determination.

At times, there are stones present in the soil
sample. An expedient method to determine the
specific gravity of these particles is to tie a string
or thread around the circumference and suspend
the particle from the hook of a beam balance and
weigh it to the nearest 0.1 gram (Figure 2-53).
Note that this limits the minimum size of a par-
ticle that can be tested by this method since it
must be large enough to be tied with a string.
The particle may come from an oven-dried or
saturated sample. A can, glass beaker, or con-
tainer of water is set on a platform below the
balance and the particle is immersed in the
water (Figure 2-54). The suspended particle is
not permitted to rest on the bottom nor to touch
the sides of the container. The sample is weighed
again tothe nearest 0.1 gram. The weight of the
thread or string is considered negligible and
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Figure 2-53. Expedient method of determining
specific gravity: weighing in air

Figure 2-54. Expedient method of determining
specific gravity: weighing in water
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is disregarded in the calculations. The specific
gravity (G,) is calculated as follows:

weight of specimen in air
weight of specimen in air — weight of sample in water

A simple, quick method uses only a gradu-
ated cylinder. The air-dried sample is weighed
to the nearest 0.1 gram. The graduate is filled
with water to a predetermined volume. The
sample is submerged in the water, and the
change in the volume of water is not