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For engineering purposes, Soil is defined as the
uncemented aggregate of mineral grains decayed organic matter
(solid particles) with liquid and gas in the empty spaces between
the solid particles.

Soil is used as a construction material in various civil engineering
projects, and it supports structural foundations.

Thus, civil engineering must study the properties of soil, such as
its origin, grain-size distribution, ability to drain water,
compressibility, shear strength, and load-bearing capacity.

Soil mechanics is the branch of science that deals with the study
of the physical properties of soil and the behavior of soil masses
subjected to various types of forces.

Soils engineering is the application of the principles of soil
mechanics to practical problems.

Geotechnical engineering is the subdiscipline of civil engineering
that involves natural materials found close to the surface of the
earth.

It includes the application of the principles of soil mechanics and
rock mechanics to the design of foundations, retaining structures,

and earth structures.



Recorded history tells us that ancient civilizations flourished along
the banks of rivers, such as the Nijle (Egypt), the Tigris and
Euphrates (Mesopotamia), the Huang Ho (Yellow River, China),
and the Indus (India).

Dykes dating back to about 2000 B.C. were built in the basin of
the Indus to protect the town of Mohenjo Dara (in what became
Pakistan after 1947).

During the Chan dynasty in China (1120B.C. to 249B.C.) many
dykes were built for irrigation purposes. There is no evidence that
Mmeasure were taken to stabilize the foundations or check erosion
caused by floods.

One of the most famous examples of problems related to soil-
bearing capacity is the leaning Tower of Pisa in Italy.




geotechnical engineering, the time Span extending from 1700-
1927 can be divided into four major periods:

1. Pre-classical (1700-1776A. D.).

2. Classical soil mechanics- phase | (1776—1856A.D.).
3. Classical soil mechanics- phase || (1856—191OA.D.).
4. Modern soil mechanics (1910—1927A.D.).

In the period after 1927, results of research conducted on clays
were published in which the fundamental properties and
parameters of clay were established.

The publication of Erdbaumechanik auf Bodenphysikalisher
Grundlage by Karl Terzaghi in 1925 gave birth to a new era in
the development of soil mechanics.

Terzaghi is known as the father of the modern soil mechanics,
and rightfully so, he was the clearing house for research and
application throughout the world.

The first conference of the International Society of Soil
Mechanics and foundation Engineering (ISSMFE) was held at
Harvard University in 1936 with Terzaghi presiding.

Following are some highlights in the development of soil
mechanics and geotechnical engineering that evolved after the
first conference of the IISSMFE in 1936:



- Publication of the book Theoretical Soijl Mechanics by Karl
Terzaghi in 1943 (Wily, New York).

- Publication of the book Soil Mechanics in  Engineering
Practice by Karl Terzaghi and Ralph Peck in 1948 (Wily, New
York).

- Publication of the book Fundamentals of Soj/ Mechanics by
Donald W. Taylor in 1948 (Wily, New York).

- Start of the publication of Geotechnique, the international
journal of soil mechanics in 1948 in England.

- Presentation of the Paper on @=0 concept for clays by A,
Skempton in 1948.

- Publication of A.W. Skempton’s Paper on A and B pore water
pressure parameters in 1954.

- Publication of the book The Measurement of Soil Properties in
the Triaxial Test by A.W. Bishop and B.J Henkel in 1957.

- ASCE S Research Conference on shear strength of cohesive
soils held in Boulder 1960



Engineering Classification of Soil

Different soils with similar properties may be classified into
groups and sub-groups according to their engineering
behavior.

Classification systems provide g3 common language to
concisely express the general characteristics of soils, which are
infinitely varied, without detailed descriptions.

Currently, two elaborate classification systems are commonly
used by soils engineers.

Both systems take into  consideration the particle-size
distribution and Atterberg limits.

They are the American Association of State Highway and
Transportation Officials (AASHTO) classification system and
the Unified Soil Classification System.

The AASHTO classification system is used mostly by state and
county highway departments.

Geotechnical engineers generally prefer the unified system



ASSHTO Classification System

The AASHTO system of soil classification was developed in
1929 as the Public Road Administration Classification System.

It has undergone several revisions, with the present version

method M145).

The AASHTO classification in present use is given in Table 4.1
According to this system, soil is classified into seven maijor
groups: A-1 through A-7.

Soil classified under groups A-1, A-2, and A-3 are granular
materials of which 35% or less of the particles pass through the
No.200 sieve. Soils of which more than 35% pass through the
No.200 sieve are classified under groups A-4, A-5, A-6, and A-
7.

These soils are mostly silt and clay-type materials.
The classification system is based on the following:

1. Grain size
a- Gravel: fraction passing the75-mm (3-in.) sieve and
retained on the No.10 (2-mm) U.S. sieve.
b- Sand: fraction passing the No. 10(2-mm)U.S. sieve and
retained on the No.200 (0.075-mm) U.S. sieve.
c- Silt and Clay: fraction passing the No.200 U.S. sieve
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A —

Plasticity index
-~
]

2. Plasticity: The term Silty is applied when the fine fractions of
the soil have a plasticity index of 10 or less.

The term Clayey is applied when the fine fractions have g
plasticity index of 110r more.

3. If cobbles and boulders (size larger than 75mm) are
encountered, they are excluded from the portion of the soil
sample from which classification is made.

However, the percentage of such material is recorded.

To classify a soil according to table 1, one must apply the

test date from left to right. By process of elimination, the first

group from the left into which the test data fit is the correct

classification. Figure 1 shows 1 plot of the range of the liquid

limit and the plasticity index for soils that fall into groups A-2,
-3, A-4, A-5, A6 and A7.
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Range of liquid limit and plasticity index for soils in groups
A-2, A-3, A-4, A-5, A6 and A7.

To evaluate the quality of a soil as g highway subgrade
material, one must also incorporate a number called the
group index (Gl) with the groups and subgroups of the soil.
This index is written in parentheses after the group or
subgroup designation.
The group index is given by the equation

Gl= (F200- 35) [0.2+0.005(LL-40)] +0.01(F200-15) (PI-10)
Eq....1

Where F200= percentage passing through the No.200 sieve

LL=liquid

Pl=plasticity index

The first of Eq. (1) - that is, (F200-35) [0.2+0.005(LL-40)] - is

the partial group index determined from the liquid limit.

The second term- that is, 0.01(F200-15) -is the partial group

index determined from the plasticity index.

Following are some rules for determining the group index:

1. If Eq. (1) yields a negative value for Gl, it is taken as 0.

2. The group index calculated from Eq. (1) is rounded off to
the nearest whole number (for example, GI=3.4 is
rounded off to; GI=3.5 is rounded off to 4).

3. There is no upper limit for the group index.

4. The group index of soils belonging to groups A-1-a, A-1-b,
A-2-4, A-2-5 and A-3 is always 0.

11



9. When calculating the group index for soils that belong to
groups A-2-6 and A-2-7, use the partial group index for Pl, or
GI=0.01(F200-15) (PI-10).... Eq (2)
In general, the quality of performance of a subgrade
material is inversely proportional to the group index.
Unified Soil Classification System
The original from of the unified soil classification system
was proposed by Casagrande in 1942 during World War ||
for use in airfield construction undertaken by the Army
Corps of Engineers.
In cooperation with the US Bureau of Reclamation, the
Corps revised this system in 1952.
At present, it is widely used by engineers (ASTM
designation D-2487).
In order to use the classification system, the following
points must be kept in mind:
1. The classification is based on material passing a 75mm
(3in) sieve.
2. Coarse fraction= percent retained above No.200
sieve=100-F200=R200.

12
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3. Fine fraction=percent No.200sieve=F200.
4. Gravel fraction=percent retained above No.4sieve=R4,

1. Coarse-grained soils that are gravelly and sandy in nature
with less than 50% passing through the No.200 sieve (that
is, F200<50).

2. The group symbols start with prefixes of either G or S.

G stands for gravel or gravelly soil, and S for sand soil.
Other symbols used for the classification are:

. W-well graded.

. P-poorly graded.

. L-low plasticity (liquid limit less than 50)

. H-high plasticity (liquid limit more than 50)

Table (2) gives the details of the soil classification system
to determine the group symboils.

More recently, ASTM designation D-2487 created an
elaborate system to assign group names to soils.

These names are Summarized in Figure 3, 4 and 5.

In using these figures, it is important to remember that, in
a given soil, percentage of gravel=R4 and percentage of
sand=R200-R4,

14



Group Symbol Group Name

GW T [<15% sand ——— o Well-graded gravel
' ~15% sand ——p Well-graded gravel with sand
GP &» <15% sand ——— o Poorly graded gravel
™ 215% sand ———p Poorly graded gravel with sand

GW—GM?-» £15% sand ~———« Well-graded sand with silt
#15% sand — Well-gradcd gravel with siit and sangd
GW~GC <> %15% sand —— . Well-graded gravel with clay (or silty clay)
T 2159, sangd —— s Well-graded eravel with clay and sand {or silty clay and sand}

GP-GM <15% sand ——s Poorly graded gravel with siit

GP-GC ~T* <15% sand —— Poorly graded gravel with clay (or silty clay)

GM

<15% sand ~——an Silty gravel
215% sand ——a Silty gravel with sand
GC > <115% sand —— .. Clayey gravel
—— yey g
T 205% sand ——— o Clayey gravel with sand
GC-GM . <15% sand + Silty clayey gravel
T Y Clayey g

ke B3R ETY SA— Silty clavey gravel with sand

SWoe - <15% gravel e Well-graded sand
T~ =15% gravel Well-graded sand with gravel
SP e . <15% gravel —w Poorly graded sand
> =15% grave] ——s. Poorly graded sand with gravel

SW-SM . <gs09, gravel ——w Well-graded sand with sijt
=15% gravel — Well-graded sand with silt and gravel
SW-SC sz <15% gravel ——-s Well-graded sand with clay (or silty clay)
=15% gravel ——a Well-graded sand with clay and gravel (or silty clay and gravel)

SP-SM > <15% gravei —— Pooriy graded sand with silt
=15% gravel ——m Poorly graded sand with silt and gravel
SP-SC e« <1k, gravel ——e Poorly graded sand with clay (or siity clay)
T~ =15% gravel Poorly graded sand with clay and gravel {or silty clay and gravel)

M+ 1§59 gravel ——— Siity sand
T Z13% gravef - Siity sand with gravel
SC = <15% gravei ———s Clayey sand
=13% gravel ——a Clayey sand with gravel
SC-SM <~ <13% gravel —— Silty clayey sand
=13% gravel ——a Silty clayey sand with gravel

Figure 3 Flowchart group names for gravelly and sandy soil. Source: From “Annual Book

of ASTM Standdrds, 04.08." Copyright © 1999 American Society for Testing and Materials.
Reprinted with permission.
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Summary and Comparison between the ASTM and Unified
Systems

Both soil classification systems, AASHTO and Unified, are based
on the texture and plasticity of soil, Also, both system divide the
soils into two major categories, coarse grained and fine grained,
as separated by the No.200 sieve.

According to the Unified System, a soil is considered fine grained
when more than 50% passes through the No.200 sieve.

A coarse-grained soil that has about 35% fine grains will behave
like a fine-grained material.

This is because enough fine grains exist to fill the voids between
the coarse grains and hold them apart.

In this respect, the AASHTO system appears to be more
appropriate.

In the AASHTO system, the No.10 sieve used to separate gravel
from sand; In the Unified system, the No.4 sieve is used.

From the viewpoint of soil-separate size limits, the No.10 sieve is
the more accepted upper limit for sand.

This limit is used in concrete and highway based-course
technology.

In the Unified System, the gravelly and sandy soils are clearly
separated; in the AASHTO system, they are not.

The A-2 group, in particular, contains a large variety of soils.
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Symbols like GW, SM, CH. and others that are used in the Unified
System are more descriptive of the soi properties than the A
symbols used in the AASHTO system.

The classification of organic soils as OL, OH, and Pt is provided in
the Unified system.

Under the AASHTO system, there is no place for organic soils.

Peats usually have a high moisture content, low specific gravity of
soil solids, and low unit weight.

The Figure below shows the scanning electron micrographs of
four peat samples collected in Wisconsin.

Some of the properties of the peats are given in table 6.
Liu (1967) compared the AASHTO and unified systems.

The results of his study are presented in Table 7 and 8.
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4.3 Summary and Comparison between the AASH TO and Unifieq Systems 97

Table é Properties of the Peats Shown in Figure 4.8
MMMWMMM.NEN__.M_._ ————
Moisture P Specific
content Ly weight g:::hy, co:::nt
Source of peat {%) kN/m? ib /¥ G, (%)
A"“"MM—-—W W~“‘-~—M~—-—-_~~—-—v—-——-m
Middleton 510 9.1 7.9 1.41 12.0
Waupaca County 460 9.6 61.1 1.68 15.0
Portage 600 9.6 61.1 1.72 19.5
Fond du Lag County 240 10.2 64.9 1.94 39.8
_ N_w___‘__\ww ________ — 1
Table ; Comparison of the AASHTO System with the Unified System*
— ~_W&NM.W-M e ——
if‘m‘gs’;;‘_g i Comparab!e soil groups in Unified system
system Most probabie Lo L:M Possible Pfjfl_tiia but |mprobibli
A-1-3 GW, Gp SW, sp GM, sy L
A-1-b SW, SP. GM. 5M GP —_
A-3 sp — SW, Gp
A-2-4 GM, SM GC, sC GW. GP, sw, sp
A-2.5 GM, SM — GW, GP, Sw. sp
A-2-6 GC, sC GM, SM GW, GP, sw. sp
A-2.7 -GM. GC, SM. SC — GW, GP, sw. sp
A-4 ML, OL CL.SM. sC GM, GC
A-5 OH, MH, ML, O - SM. GM
A-6 L ML, OL, sC GC. GM. sm
A-7-5 OH. MH ML. OL, CH GM. SM, GC. sC
A-7-6 CH. CL ML. OL, SC OH, MH, GC, GM. SM
. T _w_.NMMMN_NM*M

— |
*After Liu (1967)

Tabie 8 Comparison of the Unified System with the AASHTO Svstem*
—— —— T

—— e —
Soil group Comparable soil groups in AASHTO system
in Unified e — —— S

e S R

system Most probable Possible Possible but improbable

o S | __.m,..,__*.wm_._____w.._. —
GW A-l-a — A-2-4, A-2-5, A-2-6, A-2.7
GP A-l-a A-1-b A3, A2.4, A-2-5, A-2-6, A-2.7
GM A-1-b, A-2-4, A-2-5 A-2.7 A-2-6 A-4, A-5 A6, A-7-5, A-7-6. A-l-a
GC A-2-6. A-2.7 A-2.4 A-4. A6, A-7-6, A-7-5
SW A-1-b A-l-a A-3. A-24, A.2.5. A-2-6, A-2-7
Sp A-3 A-1-b A-1-a A-2-4, A-2.5, A-2-6, A-2.7
SM A-1-b, A-2.4 A2 5 A-2-7 A-2-6. A-4 A-5, A-6, A-7.5. A-7-6, A-1-a
SC A-2-6, A-2-7 A-2-4, A-6, A-4, A-7-6 A-7-5
ML A4, A-5 A-6. A-7-5, A-7-6 —
CL A-6, A-7-6 A4 5
OL A4, A-S A6, A-7-5. A-7-6 —
MH A-7-5, A-5 — A-7-6
CH A-7-6 ) A-7-5 —
OH A-7-5, A-5 — A-T76
Bt - - =
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