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PREFACE

Soil mechanics is focused mainly on seepage,
compression and strength in foundation soils and earth
structures. The Chinese-English Soil Mechanics is
compiled based on the Smith’s Elements of Soil
Mechanics and some Chinese version of soil mechanics
textbook.

There are 9 chapters in this book: 1. Classification
and Identification Properties of Soil; 2. Soil Water,
Permeability and Flow; 3. Shear Strength of Soils;
4. Elements of Stress Analysis; 5. Stability of Slopes;
6. Lateral Earth Pressure; 7. Bearings Capacity of Soils;
8. Foundation Settlement and Soil Compression; 9. Rate
of Foundation Settlement. There are exercises in the end
of each chapter, and there is a vocabulary of
Chinese-English Soil Mechanics as a appendix.

I am grateful that I had the opportunity to write this
textbook for students who choose the Chinese-English
Course of Soil Mechanics. As the person in charge, I
wish to thank Dr, ZHANG Guo-dong, Dr. ZHANG Hua
and Dr. XIANG Xian-chao for their contribution to
several chapters. I particularly feel indebted to Professor
WU Ke-jian, Heriot-Watt University, for his advice and
encouragement.

LANG Yu-hua
China Three Gorges University, 2011
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Chapter 1

Classification and
Identification Properties of Soil

In the field of civil engineering, nearly all projects
are built on to, or into, the ground. Whether the project is
a structure, a roadway, a tunnel, or a bridge, the nature of
the soil at that location is of great importance to the civil
engineer. Geotechnical engineering is the term given to
the branch of engineering which is concerned with
aspects pertaining to the ground. Soil mechanics is the
subject within this branch which looks at the behaviour of
soils in civil engineering.

Geotechnical engineers are not the only professionals
interested in the ground, soil physicists, agricultural
engineers, farmers and gardeners all take an interest in
the types of soil with which they are working. These
workers, however, concern themselves mostly with the
organic topsoil found at the soil surface. In contrast,
geotechnical engineers are mainly interested in the
engineering soils found beneath the topsoil. It is the
engineering properties and behaviour of these soils which
are their concern.

1.1

Agricultural and
engineering soil

If an excavation is made through previously undisturbed

ground the following materials are usually encountered
(Fig. 1.1).

1. Topsoil

A layer of organic soil, usually not more than 500
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—BREERBEFEY S EBIZE mm thick, in which humus (highly organic partly

LI VL) decomposed vegetable matter) is often found.
Hardpan ‘} Topsoil
I
T Subsoil
—
G.W.L.
Y __ ]
Soil
Topsoil: Z+
Hardpan: B2
Subsoil: KEL Y
G.W.L.: #FAKf 7
Soil: + / Bedrock
Bedrock: H:# /’
11 FEsENE Fig. 1.1 Materials encountered during excavation
2 hEYL 2. Subsoil
32 PAC KL S 00 (1 2R 4, The portion of the Earth’s crust affected by current
WFEBE+ 5 TFlEidx Rkt B> Wweathering, and lying between the topsoil and the
8], unweathered soil below.
3. B E 3. Hardpan

EHESELET, BEREE In humid climates humic acid can be formed by rain
JEHEF IR ERS . IXFrE8< water causing decomposition of humus. This acid leaches
e FERE LD Y, EN1TTFE out iron and alumina oxides down into the lower layers
FREMLES, HEMRLEY, where they act as cementation agents to form a hard,
FERERIBRERAKIMEL, BEHZ rock-like material. Hardpan is difficult to excavate and,
RAEZH, BAKBABKM, MEE as it does not soften when wet, has a high resistance to
TESRIT AR RIBAIEIT. £XRKE normal soil drilling methods. A hardpan layer is
THRBLHZFALEREKEIIFE sometimes found at the junction of the topsoil and the
Bz subsoil.

4 t 4. Soil

MRt 5 ) 55 42 0 50 Hb, The soft geological deposits extending from the
JFRHRE, Bt 7 R —E /I subsoil to bedrock. In some soils there is a certain amount
&, CiNEwmE T Y. i of cementation between the grains which affects the
BIXMKRERRT B 5 AP, physical properties of the soil. If this cementation is such
LX) R B R A E 1. that a rock-hard material has been produced then the
— TR S A B LR, WSRiZYR material must be described as rock. A rough rule is that if

2



A UHAFREFE T TRMTEHE, B
AERRET.
5. T K

TR TR, HTKEK
b RE A LT F AR, S
W2 Jo R KA T B T 7K KA

1.2 IEEX

b T 25 5K 2 AR R M SR %
Fdrkl, FTIRBEEERUIAR, K
HEA, TEARIEMUKE A
T HE.

121 EA

ELHEBMYMHEHR. VYR
23 45 2 M1k 2 A AT R
%, BATHIFETPLEAE. K
. HRAHET, BREFEH
BEATAZREREN: BFE.
UIRRERERE .

1. BRE

XA AR R B AR S AR
. BT T AR LR Y R B
BRERR AT RIER. RA

HIEXEARER(BEBRLNE
FAYRAMRUTREREES, &
EREETT RS -

Bltn, KA. ZRE. EK
HERAERKE

2. RBE

R AL AR A A R A 38 LR
J&, RESHER. KFEFK)HEE .
RALEL G, IRt T /e ko
DURRY) . IXEEFURYE ¥R,

CEIR ERARRRAE

the material can be excavated by hand or hand tools it is a
soil.

5. Groundwater

A reservoir of underground water. The upper surface
of this water may occur at any depth and is known as the
water table or groundwater level (G.W.L).

I 1.2 Engineering definitions

Geologists class all items of the Earth’s crust as
rock, whether hard or soft deposits, While civil engineers
consider rock and soil separately.

1.2.1 Rock

Rocks are made from various types of minerals.
Minerals are substances of crystalline form made up from
a particular chemical combination. The main minerals
found in rocks include quartz, feldspar, calcite and mica.
Geologists classify all rocks into three basic groups: igneous,
sedimentary and metamorphic.

1. Igneous rocks

These rocks have become solid from a melted liquid
state. Extrusive igneous rocks are those that arrived on
the surface of the Earth as molten lava and cooled.
Intrusive igneous rocks are formed from magma
(molten rock) that forced itself through cracks into
rock beds below the surface and solidified there.

Examples of igneous rocks: granite, basalt, gabbro.

2. Sedimentary rocks

Weathering reduces the rock mass to fragmented
particles, which can be more easily transported by wind,
water and ice. When dropped by the agents of

weathering, they are termed sediments. These sediments
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are typically deposited in layers or beds called strata and
when compacted and cemented together (lithification)
they form sedimentary rocks.

Examples of sedimentary rocks: shale, sandstone, chalk.

3. Metamorphic rocks

Metamorphism through high temperatures and
pressures acting on sedimentary or igneous rocks produces
metamorphic rocks. The original rock undergoes both
chemical and physical alterations.

Examples of metamorphic rocks: slate, quartzite, marble.

1.2.2 Saoil

The actions of frost, temperature, gravity, wind, rain
and chemical weathering are continually forming rock
particles that eventually become soils. There are three
types of soil when considering modes of formation.

1. Transported soil (gravels, sands, silts and clays)

Most soils have been transported by water. As a
stream or river loses its velocity it tends to deposit some
of the particles that it is carrying, dropping the larger,
heavier particles first. Hence, on the higher reaches of a
river, gravel and sand are found whilst on the lower or
older parts, silts and clays predominate, especially where
the river enters the sea or a lake and loses its velocity. Ice
has been another important transportation agent, and
large deposits of boulder clay and moraine are often
encountered.

In arid parts of the world wind is continually
forming sand deposits in the form of ridges. The sand
particles in these ridges have been more or less rolled
along and are invariably rounded and fairly uniform in
size. Light brown, wind-blown deposits of silt-size
particles, known as loess, are often encountered in thin
the
considerable distances.

layers, particles having sometimes travelled
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2. Residual soil (topsoil, laterite)

These soils are formed in situ by chemical
weathering and may be found on level rock surfaces
where the action of the elements has produced a soil with
little tendency to move. Residual soils can also occur
whenever the rate of break up of the rock exceeds the rate
of removal. If the parent rock is igneous or metamorphic
the resulting soil sizes range from silt to gravel.

Laterite are formed by chemical weathering under
warm, humid tropical conditions when the rain water
leaches out the soluble rock material leaving behind the
insoluble hydroxides of iron and aluminium, giving them
their characteristic redbrown colour.

3. Organic soil

These soils contain large amounts of decomposed
animal and vegetable matter. They are usually dark in
colour and give off a distinctive odour. Deposits of
organic silts and clays have usually been created from
river or lake sediments. Peat is a special form of organic
soil and is a dark brown spongy material which almost
entirely consists of lightly to fully decomposed vegetable
matter. It exists in one of three forms:

(1) Fibrous: Non plastic with a firm structure only
slightly altered by decay.

(2) Pseudo-fibrous: Peat in this form still has a
fibrous appearance but is much softer and more plastic
than fibrous peat. The change is due more to prolonged
submergence in airless water than to decomposition.

(3) Amorphous: With this type of peat decomposition
has destroyed the original fibrous vegetable structure so
that it has virtually become an organic clay.

Peat deposits occur extensively throughout the world
and can be extremely troublesome when encountered in
civil engineering work.
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1.2.3 Granular and cohesive soils

Geotechnical engineers classify soils as either
granular or cohesive. Granular soils (sometimes referred
to as cohesionless soils) are formed from loose particles
without strong inter-particle forces, e.g. sands and
gravels. Cohesive soils (e.g. clays, clayey silts) are made
from particles bound together with clay minerals. The
particles are flaky and sheet-like and retain a significant
amount of adsorbed water on their surfaces. The ability of
the sheet-like particles to slide relative to one another
gives a cohesive soil the property known as plasticity.

1.3 Clays

It is generally believed that rock fragments can be
reduced by mechanical means to a limiting size of
about 0.002 mm so that a soil containing particles
above this size has a mineral content similar to the
parent rock from which it was created.

For the production of particles smaller than 0.002
mm some form of chemical action is generally
necessary before breakdown can be achieved. Such
particles, although having a chemical content similar to
the parent rock, have a different crystalline structure
and are known as clay particles. An exception is rock
flour, rock grains smaller than 0.002 mm, produced by
the glacial action of rocks grinding against each other.

1.3.1 Classes of clay minerals

The minerals constituting a clay are ihvariably the
result of the chemical weathering of rock particles and
are hydrates of aluminium, iron or magnesium silicate
generally combined in such a manner as to create
sheet-like structures only a few molecules thick. These
sheets are built from two basic units, the tetrahedral unit
of silica and the octahedral unit of the hydroxide of
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aluminium, iron or magnesium. The main dimension of a
clay particle is usually less than 0.002 mm and the
different types of minerals have been created from the
manner in which these structures were stacked together.
The three main groups of clay minerals are as follows.

1. Kaolinite group

This mineral is the most dominant part of residual
clay deposits and is made up from large stacks of
alternating single tetrahedral sheets of silicate and
octahedral sheets of aluminium. Kaolinites are very stable
with a strong structure and absorb little water. They have
low swelling and shrinkage responses to water content
variation.

2. Illite group

Consists of a series of single octahedral sheets of
aluminium sandwiched between two tetrahedral sheets of
silicon. In the octahedral sheets some of the aluminium is
replaced by iron and magnesium and in the tetrahedral
sheets there is a partial replacement of silicon by
aluminium. Illites tend to absorb more water than
kaolinites and have higher swelling and shrinkage
characteristics.

3. Montmorillonite group

This mineral has a similar structure to the illite group
but, in the tetrahedral sheets, some of the silicon is replaced by
iron, magnesium and aluminium. Montmorillonites exhibit
extremely high water absorption, swelling and shrinkage
characteristics. Bentonite is a member of this mineral
group and is usually formed from weathered volcanic
ash. Because of its large expansive properties when it is
mixed with water it is much in demand as a general grout
in the plugging of leaks in reservoirs and tunnels. It is
also used as a drilling mud for soil borings.

1.3.2 Structure of a clay deposit
1. Macrostructure

The visible features of a clay deposit collectively
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