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Introduction to Soil Mechanics covers the basic principles of soil mechanics, illustrating why the 

properties of soil are important, the techniques used to understand and characterise soil behaviour 

and how that knowledge is then applied in construction. The authors have endeavoured to define 

and discuss the principles and concepts concisely, providing clear, detailed explanations, and a well-

illustrated text with diagrams, charts, graphs and tables. With many practical, worked examples and 

end-of-chapter problems (with fully worked solutions available at www.wiley.com/go/bodo/soilmechanics) 

and coverage of Eurocode 7, Introduction to Soil Mechanics will be an ideal starting point for the study 

of soil mechanics and geotechnical engineering.
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Preface

This book is intended to introduce the subject to students studying for BTEC Higher 
National Certificate/Diploma in Civil Engineering and Building Studies or for a Degree in 
Civil Engineering. It should also be practical reference to Architects, Geologists, Structural 
and Geotechnical Technicians.

The primary aim is to provide a clear understanding of the basic concepts of Soil 
Mechanics. We endeavoured to avoid the temptation of over-elaboration by providing 
excessively detailed text, unnecessary at this early stage of technical studies.

The purpose of this publication is threefold:

1.  To introduce the student to the basics of soil mechanics.
2.  To facilitate further advanced study.
3.  To provide reference Information.

In order to satisfy the above requirements, the concepts of the subject are defined con-
cisely, aided by diagrams, charts, graphs, tables and worked examples as necessary.

The text may appear to be excessively analytical at first sight, but all formulas are 
derived in terms of basic mathematics, except for a few requiring complicated theory, for 
those interested in working from first principles. They can be applied however, without 
reference to the derivation. The expressions are numbered and referred to throughout 
the text.

There are numerous worked examples on each topic as well as supplementary prob-
lems. All examples and problems are solved, many of them interrelated so that solutions 
can be compared and verified by means of several methods.

Some soil testing procedures are outlined only, as there are a number of excellent, 
detailed, specialized books and laboratory manuals available to cover this part of the 
subject.

There is some emphasis on the units employed and on the difference between mass 
and weight. This subject is discussed in Appendix A.

Béla Bodó and Colin Jones
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K

p
Coefficient of passive earth pressure

L Length of slip surface
M

max
Maximum bending moment

M
0

Overturning moment
M

R
Resisting moment

P
a

Active force
P

p
Passive force

P
W

Force of water in tension crack
R Force on wedge
T Tension force in tie rod
z

c
Pile penetration

z
0

Depth of tension crack
d Angle of wall friction
f′

m
Mobilised friction

m Coefficient of friction
s

a
Active earth pressure

s
c

Cell pressure in triaxial test
s

d
Deviator stress in triaxial test

s
p

Passive earth pressure
s ′

a
Effective active earth pressure

s ′
p

Effective passive earth pressure
σ Average pressure
t

f
Shear stress at failure
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uc Average undrained shear strength
A

e
End bearing area

A
s

Surface area of pile
B Width of footing
c Cohesion
F

0
Overall factor of safety

F
s

Factor of safety
K

s
Average coefficient of earth pressure

l Length of pile
N Number of SPT blows
n Number of piles
N ′ Corrected value of N
N

c

N
q

Bearing capacity factors
Ng
P Failure load on pile
Q Design working load
Q

a
Allowable carrying capacity of pile

Q
ag

Allowable carrying capacity of pile group
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Q
e

End bearing resistance
Q

f
Negative skin friction

Q
S

Shaft resistance
Q

u
Ultimate carrying capacity of pile

Q
ug

Ultimate carrying capacity of pile group
q

n
Net ultimate bearing capacity

q
s

Safe bearing capacity
q

sn
Safe net bearing capacity

q
u

Ultimate bearing capacity
SPT Standard penetration test
W

P
Weight of pile

a Adhesion factor (Alpha)
d Angle of friction between soil and pile (Delta)
h Efficiency of pile group (Eta)
f Angle of friction
s Safe bearing pressure of footing
s

n
Net bearing pressure of footing

′oσ Average effective overburden pressure

s ′
o

Effective overburden pressure
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c
u

Shear strength
F Friction force
F

C
Factor of safety with respect to cohesion

F
S

Factor of safety
Ff Factor of safety with respect to friction
L Length of slip surface
M

D
Disturbing moment

M
R

Resisting moment
N Normal (or radial) component of W
N

C
Stability number

R Radius of slip circle
r

u
Pore pressure ratio

S Shear force
T Tangential component of W
W Weight
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The comprehensive list of symbols for EC7 is given in Eurocode 7. Geotechnical design 
Part 1: General rule. Only some of the symbols, applied in this book, are reproduced here:

E
d

Design value of the effect of actions
E

dst;d
Design value of the effect of destabilizing action

E
stb;d

Design value of the effect of stabilizing action
F

d
Design value of an action

F
rep

Representative value of an action
F

s
Factor of safety
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G
dst;d

Design value of destabilising permanent action
G

stb;d
Design value of stabilising permanent action

Q
dst;d

Design value of destabilising variable action
R

d
Design value of resistance action

S
dst;d

Design value of destabilising seepage force
T

d
Design value of total shear resistance

U
dst;d

Design value of destabilising pore water pressure
V

dst;d
Design value of destabilising vertical action

X
d

Design value of a material property
X

k
Characteristics value of a material property

g
G

Partial factor for a permanent action
g

G;dist
Partial factor for a destabilising action

g
G;stb

Partial factor for a stabilising action
g

m
Partial factor for soil parameters (material property)

g
Q

Partial factor for a variable action
g

R;h
Partial factor for sliding resistance
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Chapter 1

Soil Structure

Soils consist of solid particles, enclosing voids or pores. The voids may be filled with air 
or water or both. These three soil states (or phases) can be visualized by the enlargement 
of three small samples of soil.

Sample A: The soil is oven-dry, that is there is only air in the voids.
Sample B: The soil is saturated, that is the voids are full of water.
Sample C: The soil is partially saturated, that is the voids are partially filled with water.

The above three soil states can be described mathematically by considering:

1.  Volume occupied by each constituent.
2.  Mass (or weight) of the constituents.

1.1  Volume relationships

The expressions derived in this section will answer two questions:

1.  How much voids and solids are contained in the soil sample?
2.  How much water is contained in the voids?

In order to obtain these answers, the partially saturated sample (C) is examined. It is 
assumed, for the purpose of analysis, that the soil particles are lumped together into a 
homogeneous mass. Similarly, the voids are combined into a single volume, which is 

Figure 1.1
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partly occupied by a volume of water. The idealisation of the sample, indicating the 
volumes occupied by the constituents, is shown diagrammatically in Figure 1.2b.

Idealized representation of sample C.
Where:	 V = Total volume of the sample

	 V
v
 = Volume of voids in the sample

	 V
s
 = Volume of soil in the sample

	 V
w
 = Volume of water in the sample

	 V
a
 = Volume of air in the sample

The basic relationships between the volumes can be seen in the diagram.

Total volume:	 s vV V V= + � (1.1)

Volume of voids:	 v w aV V V= + � (1.2)

Hence:	 s w aV V V V= + + � (1.3)

Three important relationships are derived from the basic ones. These are:

e = voids ratio (or void ratio)
n = porosity
S

r
 = degree of saturation

1.1.1  Voids ratio (e)

This shows the percentage of voids present in the sample, compared to the volume of 
solids. Thus, if V

s
 is considered to be 100%, then V

v
 is e%.

Hence:	
v

s

100 %
V

e
V

= � (1.4)

For example:	 if	 V
s
 = 60 cm3

	 and	 V
v
 = 15 cm3

	 then	
15

100 25%
60

e = =

That is, the volume of voids is 25% of the volume of solids, in this particular sample. 
Alternatively, the voids ratio maybe expressed as a decimal e.g. e = 0.25.

Formula (1.4) now becomes:	
v

s

V
e

V
= � (1.5)

Figure 1.2
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The ratio of voids to solids in a sample is represented by Figure 1.3.

1.1.2  Porosity (n)

This shows how many percent of voids are present in the sample, compared to the total 
volume V. Thus, if V is considered to be 100%, then V

v
 is n%.

	
V100 %

V
n

V
=

�
(1.6)

For example:	 if	 V = 75 cm3

	 and	 V
v
 = 15 cm3

	 then	
15

100 20%
75

n = =

That is, the volume of voids is 20% of the total volume of the sample of soil. 
Again, n maybe expressed as a decimal number n = 0.2.

Formula (1.6) now becomes:	 vV
n

V
= � (1.7)

The diagrammatic representation of porosity is:

1.1.3  Degree of saturation (Sr)

This shows the percentage of voids filled with water. Thus, if V
v
 is considered to be 100%, 

then V
w
 is S

r
%.

	 = w
r

v

100 %
V

S
V

� (1.8)

Vv

Vs

V

Solids

Voids

Figure 1.3

Solids

VvVoids

V

Figure 1.4
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For example,	 if	 V
w
 = 6 cm3

	 and	 V
v
 = 15 cm3

	 then	 r

6
100 40%

15
S = =

That is, water fills 40% of the volume of voids. In decimal form S
r
 = 0.4 and formula 

(1.8) becomes:

	 w
r

v

V
S

V
= � (1.9)

Diagrammatically,

Note:	 For oven-dry soil (Sample A, Figure 1.1):

	 w r0, hence 0V S= =

	 For fully saturated soil (Sample B, Figure 1.1):

	 w v r, hence 1V V S= =

	 For partially saturated soil therefore: 0 < S
r
 < 1

Combined formulae
The quantities defined by formulae (1.1) to (1.9) can be interrelated:

	 ( )s s s
s v

vv s
v

eith
( )

( )

er 1
From 1.1 :

From 1.5 : or

V V eV V e V
V V V

VV eV V V
e

= + ∴ = += +
= = +

� (1.10)

	
v v v

1 1
1

e
V V V

e e
+   = + ∴ =       � (1.11)

	
( )

v
s

s
s

From 1.7 :

1 1
From 1

( )

.10 :( )) (1

V
n eV e

n nV
e V e

V e V

=
= ∴ =

+ += +
� (1.12)

	

From 1.12 :
1

(
(1 )

)

1

n ne e
e

n n
e n e n e

n

+ =
=

+ = − =
−

� (1.13)

Air

Water

Solids

Vw

Vv

Figure 1.5
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=
+ = ∴ =   

= ++

w
r

w wv
r r

v

From 1.9 :
1

From 1.11 :
1

(

) 1

)

(

V
S

V VV e
S S

eV e VeV
V ee

� (1.14)

	 = =
+

w
rFrom 1.12 :

1
( ) or

Ve
n S

e nV � (1.15)

Example 1.1

Given:	 V = 946 cm3	 Calculate: V
v
, V

a
, e, n and S

r

	
3

s 533cmV =

	
3

w 303cmV =

3
v sFrom 1.1 : 946 533 413c( m) V V V= − = − =

3
a v wFrom 1.2 : 413 303 110cm( ) V V V= − = − =

v

s

413
From 1.5 : 0.775( )

533

V
e

V
= = = , �that is the volume of voids is 77.5% that of 

solids.

v 413
From 1.7 : 0.437

That is, the volume of voids is 43.7%946
of the sample.0.775

or From 1.12 : 0.437
1 1

( )

)
.7 5

(
7

V
n

V
e

n
e

= = =

= = =
+

w
r

v

w
r

( )

( )
( )

303
From 1.9 : 0.73

413 That is, water fills 73% of voids.

The sample is partially saturated.303
or From 1.15 : 0.73

0.437 946

V
S

V

V
S

nV

= = =

= = =
×

Example 1.2

A sample of sand was taken from below the ground water table. The volumes 
measured were:

V = 1000 cm3	 Calculate:	 V
v
, V

a
, V

s
, e and n

V
w
 = 400 cm3

Note: Assume sand samples taken from above the water table as partially satu-
rated (s

r
 < 1) and saturated (S

r
 = 1) if taken from below.

In this example, therefore, S
r
 = 1  ∴  V

a
 = 0.

From (1.8)	 w
r w v

V

3
v

1

400cm

V
S V V

V

V

= = ∴ =

=

� (1.16)
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From (1.2) : 	 V
a
 = V

v
-V

w
 = 400 - 400 = 0  The voids are full of water

From (1.1):	 3
s v 1000 400 600cmV V V= − = − =

From (1.5):	 v
v s

s

400
0.67 is 67% of

600

V
e V V

V
= = =

From (1.7):	 v
v

400
0.4 is 40% of

1000

V
n V V

V
= = =

1.2  Weight–volume relations

As the title implies, the formulae derived in this section take into account the weights of 
V

s
 and V

w
. It is assumed that air is weightless. The weight volume relations are shown 

diagrammatically:

	
s

w s w

Where : Weight of solids

Weight of water From Figure 1.6

Totalweight

W

W W W W

W

=
= = +

=

� (1.17)

Note: The concepts of mass and weight are defined in Appendix A. Suffice to say here, 
that if mass (M) is given in kilograms, then weight (W) is calculated from:

	
39.81 mass ( ) 9.81 10 kNW M N W M−= × ∴ = × × � (1.18)

Several important relationships are derived below in terms of mass, weight and volume. 
These are:

r = bulk mass density
g  = bulk weight density (unit weight)

r
d
 = dry mass density

g
d
 = dry weight density

r
sat

 = saturated mass density
g

sat
 = saturated weight density

Air

Vv

Va

Ww

Ws

Vw

Vs

Water

Solids

V
W

Figure 1.6


