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Introduction

The geotechnical specialist is usually concerned with the design and construction of some
type of geotechnical feature constructed on or out of a geomaterial. For engineering purposes, in
the context of this course, the geomaterial is considered to be primarily rock and soil. A
geomaterial intermediate between soil and rock is labeled as an intermediate geomaterial
(IGM). These three classes of geomaterials are described as follows:

Rock is a relatively hard, naturally formed solid mass consisting of various minerals
and whose formation is due to any number of physical and chemical processes. The
rock mass is generally so large and so hard that relatively great effort (e.g., blasting or
heavy crushing forces) is required to break it down into smaller particles.

Soil is defined as a conglomeration consisting of a wide range of relatively
smaller particles derived from a parent rock through mechanical weathering processes
that include air and/or water abrasion, freeze-thaw cycles, temperature changes, plant
and animal activity and by chemical weathering processes that include oxidation and
carbonation. The soil mass may contain air, water, and/or organic materials derived
from decay of vegetation, etc. The density or consistency of the soil mass can range
from very dense or hard to loose or very soft.

Intermediate geomaterials (IGMs) are transition materials between soils and rocks.
The distinction of IGMs from soils or rocks for geotechnical engineering purposes is
made purely on the basis of strength of the geomaterials. Discussions and special
design considerations of IGMs are beyond the scope of this course.

The following three terms are often used by geotechnical specialists to describe a geomaterial:
identification, description and classification. For soils, these terms have the following
meaning:

Identification is the process of determining which components exist in a particular
soil sample, i.e., gravel, sand, silt, clay, etc.

Description is the process of estimating the relative percentage of each component
to prepare a word picture of the sample (ASTM D 2488). Identification and description
are accomplished primarily by both a visual examination and the feel of the sample,
particularly when water is added to the sample. Description is usually performed in
the field and may be reevaluated by experienced personnel in the laboratory.
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Classification is the laboratory-based process of grouping soils with similar
engineering characteristics into categories. For example, the Unified Soil Classification
System, USCS, (ASTM D 2487), which is the most commonly used system in
geotechnical work, is based on grain size, gradation, and plasticity. The AASHTO
system (M 145), which is commonly used for highway projects, groups soils into
categories having similar load carrying capacity and service characteristics for
pavement subgrade design.

It may be noted from the above definitions that the description of a geomaterial necessarily
includes its identification. Therefore, as used in this course, the term “description” is meant to
include “identification.”

The important distinction between classification and description is that standard AASHTO or
ASTM laboratory tests must be performed to determine the classification. It is often unnecessary
to perform the laboratory tests to classify every sample. Instead soil technicians are trained to
identify and describe soil samples to an accuracy that is acceptable for design and construction
purposes. ASTM D 2488 is used for guidance in such visual and tactile identification and
description procedures. These visual/tactile methods provide the basis for a preliminary
classification of the soil according to the USCS and AASHTO system.

During progression of a boring, the field personnel should describe only the soils encountered.
Group symbols associated with classification should not be used in the field. It is important to
send the soil samples to a laboratory for accurate visual description and classification by a
laboratory technician experienced in soils work, as this assessment will provide the basis for
later testing and soil profile development. Classification tests can be performed in the laboratory
on representative samples to verify the description and assign appropriate group symbols based
on a soil classification system (e.g., USCS). If possible, the moisture content of every sample
should be determined since it is potentially a good indicator of performance. The test to
determine the moisture content is simple and inexpensive to perform.

1.0 SOIL DESCRIPTION

Soil description/identification is the systematic naming of individual soils in both written and
spoken forms (ASTM D 2488, AASHTO M 145). Soil classification is the grouping of soils
with similar engineering properties into a category by using the results of laboratory-based
index tests, e.g., group name and symbol (ASTM D 2487, AASHTO M 145). It is important to
distinguish between a visual description of a soil and its classification in order to minimize
potential conflicts between general visual evaluations of soil samples in the field and more
precise laboratory evaluations supported by index tests.

The soil's description should include as a minimum:

»  Apparent consistency (e.g., soft, firm, etc. for fine-grained soils) or density adjective
(e.g., loose, dense, etc. for coarse-grained soils);
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Water content condition adjective (e.g., dry, moist, wet);

Color description (e.g., brown, gray, etc.);

Main soil type name, often presented in all capital letters (e.g. SAND, CLAY);
Descriptive adjective for main soil type (e.g., fine, medium, coarse, well-rounded,
angular, etc. for coarse-grained soils; organic, inorganic, compressible, laminated,
etc., for fine-grained soils);

Particle-size distribution adjective for gravel and sand (e.g., uniform, well-graded,
gap-graded);

Plasticity adjective (e.g., high, low) and soil texture (e.g., rough, smooth, slick, waxy,
etc.) for inorganic and organic silts or clays;

Descriptive term for minor type(s) of soil (with, some, trace, etc.);

Minor soil type name with "y" added if the fine-grained minor component is less than
30 percent but greater than 12 percent or the coarse-grained minor component is 30
percent or more (e.g., silty for fine grained minor soil type, sandy for coarse-grained
minor soil type);

Descriptive adjective “with” if the fine-grained minor soil type is 5 to 12 percent
(e.g., with clay) or if the coarse-grained minor soil type is less than 30 percent but 15
percent or more (e.g., with gravel). Note: some practices use the descriptive adjectives
“some” and “trace” for minor components;

Inclusions (e.g., concretions, cementation);

Geological name (e.g., Holocene, Eocene, Pleistocene, Cretaceous), if known, in
parenthesis or in notes column.

The various elements of the soil description are generally stated in the order given above.
For example, a soil description might be presented as follows:

Fine-grained soils: Soft, wet, gray, high plasticity CLAY, with f. Sand; (Alluvium)

Coarse-grained soils: Dense, moist, brown, silty m-f SAND, with f. Gravel to c¢. Sand;
(Alluvium)

When minor changes occur within the same soil layer (e.g., a change in apparent density), the
boring log should indicate a description of the change, such as “same, except very dense.”

1.1 Consistency and Apparent Density

The consistency of fine-grained soils and apparent density of coarse-grained soils can be
estimated from the energy-corrected SPT N-value, N6(. The consistency of clays and silts
varies from very soft to firm to stiff to hard. The apparent density of coarse-grained soil
ranges from very loose to dense to very dense. Suggested guidelines for estimating the in- place
apparent density or consistency of soils are given in Tables 1 and 2, respectively.
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Table 1
Evaluation of the apparent density of coarse-grained soils (after Peck, et al., 1974)

Nei Apparent Density Relative Densitv, %o
0-4 Very loose 0-20

>4 -10 Loose 20 —-40

>10- 30 Medium dense 40-70

Dense 70— 85

=50 Very Dense 85—100

The above gmidance may be misleading 1n gravelly soils.

Table 2
Evaluation of the consistency of fine-grained soils (after Peck, et al., 1974)
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The apparent density or consistency of the soil formation can vary from these empirical
correlations for a variety of reasons. Judgment remains an important part of the visual
identification process. Field index tests (e.g., smear test, dried strength test, thread test)
which will be described in the next section are suggested as aids in estimating the consistency
of fine grained soils.

In some cases the sampler may pass from one layer into another of markedly different
properties; for example, from a dense sand into a soft clay. In attempting to identify apparent
density, an assessment should be made as to what part of the ™’ :ount corresponds to each
layer since the sampler begins to reflect the - yer before it actually
reaches it.

1.2 Water Conten
of ther

The relative amount . the v WM%U toke ribed by an adjective
such as dry, moist, ¢ 'ﬂd/ @d/',t yolt

j e
Table 3 (-,owf
Adjectives to descril il ik

Description | Con Wwfd(fwwuwprod’wct

Dry No s

Moust Signs

Signs whibits some free water

Wet when

1.3 Color

The color must be descric. " 7icu tne sample is first retrieved in the field at the as-sampled
water content since the color may change with changes in the water content. Primary colors
should be used (brown, gray, black, green, white, yellow, red). Soils with different shades or
tints of basic colors are described by using two basic colors; e.g., gray-green. Some agencies
may require use of the Munsell color system (USDA, 1993). When the soil is marked with
spots of color, the term “mottled” can be applied. Soils with a homogeneous texture but
having color patterns that change and are not considered mottled can be described as
“streaked.”

1.4 Type of Soil

The constituent parts of a given soil type are defined on the basis of texture in accordance
with particle-size designators separating the soil into coarse-grained, fine-grained, and highly
organic designations. Soil with more than 50 percent by weight of the particles larger than
the U.S. Standard No. 200 sieve (0.075 mm) is designated coarse-grained. Soil (inorganic
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