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BEng in Civil and Structural Engineering: 
Subject (CSE307) 

Soil Mechanics
土力學

Jian-Hua YIN
Office: TU731, Tel: 2766-6065
Email: cejhyin@polyu.edu.hk

Outline of Lectures by JH YIN:
Lecture 1: Basic characteristics of soils (Chapter 1)
Lecture 2: Seepage (Chapter 2)
Lecture 3: Effective stress (Chapter 3)
Lecture 4: Shear strength (Chapter 4)
Lecture 5: Stresses and displacements (Chapter 5)
Lecture 6: Lateral earth pressure (Chapter 6)
Lecture 7: Consolidation theory (Chapter 7)
Lecture 8: Bearing capacity (Chapter 8 plus)
Lecture 9: Stability of slopes (Chapter 9)

Essential Reference:
• Craig, R.F. (2004).  Soil Mechanics, 7th edition (6thor 5th edition), Spon

Press, London and New York (ISBN 04-415-32702-2)
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6.1 Introduction
6.2 Ranking’s theory of earth pressure
6.3 Coulomb’s theory of earth pressure
6.4 Application of earth pressure theory to retaining 

walls

Lecture 6: Lateral earth pressure (側向土壓力)

6.1 Introduction
• For many structures (like retaining walls) , the pressure from 

soils at failure (extreme cases) is needed for design analysis

• Deformation is not a big concern (or done separately)

• Simple solution to the soil (earth) pressure can be obtained 
for rigid plastic soil behavior:

Earth pressure at failure (plastic collapse)
is considered  to be a problem in plasticity 
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Lower Bound theorem - if the stresses assumed satisfy the 
equilibrium and yield equations (without consideration of a mode 
of deformation), so calculated external loads (earth pressures and 
bearing pressure) are <= the true external loads (collapse loads)

Upper Bound theorem - if a mechanism of failure (collapse or 
deformation mode) is assumed and the work done by external 
forces equals to the work done by stress acting on the assumed 
slip surface (without consideration of stress equilibrium), so 
calculated external loads (earth pressures and bearing pressure)
are >= the true external loads (collapse loads)

Plasticity Lower Bound and Upper Bound approaches
to calculation of earth pressure at failure (plastic collapse):

6.2 Rankin’s theory of earth pressure
Rankin’s theory – considering the stress state in stress 
equilibrium and at plastic failure – a Lower Bound approach
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William John 
Maquorn Rankine
(1820 - 1872)

Earth pressure at rest (no lateral move) (no failure)
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Consider a 
vertical wall 
with smooth 
face (the 
wall has no 
friction)

xxp σ=

Two-dimensional 
(2-D) plane strain 
problem: consider 
only 1 unit length

lengthunit1

Rankine' theory - stress equilibrium is satisfied and a plastic 
(failure) state is reached - lower bound loads/pressures are then 
calculated.

Active and Passive Rankine States:

Active State: a vertical wall (smooth face) moving away from 
the soil mass (like that the soil mass is actively pushing the wall 
away). The vertical stress σz is the major principal stress σ1.

Passive State: a vertical wall (smooth face) moving toward the 
soil mass (like that the soil mass is compressed (passive) by the 
wall). The vertical stress σz is the minor principal stress σ3.
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Active state and active earth pressure:
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This is  Mohr-Coulomb failure criterion !



7

'

'
'

'

'
'
3

'
1

2'

''
'

'

'
'
3

'
1

'

'2
'

'

'
'
3

'
1

'

'
'

'

'
'
3

'
1

''''
3

''
1

''''
3

'
1

'
3

'
1

sin1
sin12

)sin1(
)sin1(

)sin1(
)sin1)(sin1(2

)sin1(
)sin1(

)sin1(
sin12

)sin1(
)sin1(

)sin1(
cos2

)sin1(
)sin1(

cos2)sin1()sin1(

cos2sin)()(

φ
φ

φ
φσσ

φ

φφ
φ
φσσ

φ
φ

φ
φσσ

φ
φ

φ
φσσ

φφσφσ

φφσσσσ

−
+

+
−
+

=

−

−+
+

−
+

=

−
−

+
−
+

=

−
+

−
+

=

++=−

++=−

c

c

c

c

c

c

This is  Mohr-Coulomb failure criterion – another form !

azaa

aa

azaa

zaa

KcKp

pK

KcKp

pK

c

c

c

c

2

,
)sin1(
)sin1(

2

,,
)sin1(
)sin1(

sin1
sin12

)sin1(
)sin1(

)sin1(
cos2

)sin1(
)sin1(

cos2)sin1()sin1(

cos2sin)()(

3

'''

'
1

''
3

'
'

'

'

'
'

'

'
'
1

'
3

'

'
'

'

'
'
1

'
3

''''
1

''
3

''''
3

'
1

'
3

'
1

−=

=
+
−

=

−=∴

==
+
−

=

+
−

−
+
−

=

+
−

+
−

=

+−−=+

++=−

σ

σ
φ
φ

σ

σσσ
φ
φ

φ
φ

φ
φσσ

φ
φ

φ
φσσ

φφσφσ

φφσσσσ

Q

Q

This is  Rankine’s active earth pressure theory (know how to derive)!

(1) Using effective stresses and   
effective stress parameters

(2) Using total stresses and total 
stress parameters

(3) No mix up !
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Passive state and passive earth pressure:
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Passive earth pressure:
被動土壓力

被動土
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This is  Rankine’s passive earth pressure theory (know how to derive)!

(1) Using effective stresses and   
effective stress parameters

(2) Using total stresses and total 
stress parameters

(3) No mix up !
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Total active thrust (Pa)  (force):
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Total passive (Pp) thrust (force):
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Note: (a) calculate pp (or pa)at key points, (b) plot the pressure 
distribution, and (c) calculate total area

Area (1) 

Area (2) 
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pzpp KcKp 2+= σ

azaa KcKp 2−= σ

Considering vertical pressure surcharge? – Easy!

qzz += γσ

Solution:

(b) Pressure distribution is plotted.

Notes: (a) If effective stress parameters are given, 
water pressure is calculated separately, (b) if total 
stress parameters are given, no need calculate water 
pressure (included in total stress). Why? 

water 
pressure
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Solution: Key points ?:
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Sloping soil surface:
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Cohesion is zero.
Know the direction.
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Solution:
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Earth pressure at rest (no lateral move) (no failure)
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Eurocode 7:
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6.3 Coulomb’s theory of earth pressure

Rankine theory has limitations: wall must be vertical and perfect
smooth  ( a lower bound approach – stress equilibrium).

Coulomb theory overcomes the limitations: wall may be inclined and 
not perfect smooth (δ>0)  (an upper bound approach – force 
equilibrium). This theory has limitations: the passive pressure
may be under-estimated. 

Coulomb active case and active earth pressure:

Cohesion is zero.
Active earth pressure force – direction !
主動縂土壓力 – 注意力的方向

主動土 Force equilibrium:

Slip plane – varying
to find the maximum

Pmax=Pa
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Attention to:
Active force direction 
and position !
主動縂土壓力的方向
和位置！

Extension of Coulomb active earth pressure theory:
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Coulomb passive case and passive earth pressure:

Cohesion is zero.
Passive earth pressure force – direction !
被動縂土壓力 – 注意力的方向

被動土

Force equilibrium

Slip plane – varying
to find the mmnimum

Pmin=Pp
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Attention to:
Passive force direction 

and position !
被動縂土壓力的方向
和位置！

pP
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Coulomb theory：

Rankine theory：

Calculate pp at key points, plot distribution, and calculate areas for Pp
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Kerisel and Absi’s
calculation of active and 
passive earth pressures 
(more accurate):

0;90 == βα o

δ
δ

conKK
conKK

pph

aah

=
=



20



21

6.4 Application of earth pressure theory to retaining 
walls

The earth pressure is active, at-rest, or passive?
- Consider possible failure modes and make good 

engineering judgement !

No support
Move left:
active

Big force from an arched bridge 
Move right: passive 
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Mobilization of pressures:
Active pressure: small displacement
At-resent pressure:  zero displacement
Passive pressure: large displacement

Soil parameters: appropriate selection of strength parameters
Use consistent soil parameters: 
(a) Using effective stresses and effective stress parameters
(b) Using total stresses and total stress parameters
(c) No mix up !

Wapaz PPuporpca ++ ''''''' ;)(;,,,)( φγσ

apaz Pporpcb );(;,,,)( φγσ

6.5 Design of earth-retaining structures
Retaining structures: 
(a) Gravity or freestanding walls
(b)Embedded walls (like sheet piles retained excavations)
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Design methods :

(a) Classic approach using lumped factors (factor of safety F)
F shall be large enough to cover uncertainties.

(b) The limit state approach using partial factors (in Eurocode 7 
and other codes)

• Limit states : Ultimate limit state and Serviceability limit states

(b) The limit state method  for retaining wall design - Eurocode 7:

Three design cases for retaining walls:

Case A:  is relevant to the overturning of the wall.

Case B: is relevant to the structural design of the wall.

Case C: is primarily concerned with uncertainties in soil 
properties. Therefore partial factors greater than 1 are applied
to relevant soil parameters: 1.60 for c’ ( c’

d=c’/1.60); 1.25 for tanφ’

(φ’
d=tan-1(tanφ’/1.25)); 1.40 for cu ( cud=cu/1.40). Load factor 1.00 

for all permanent action (load) and 1.30 for variable action (load)

Settlement: all partial factors are 1.
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6.6 Gravity walls δ=0, wall vertical – using Rankine theory

Design considerations of following limit states:

(1)Overturning failure of the wall at the right “point” (toe or 
heel?)

(2)Sliding failure at the base of the wall
(3)Bearing capacity failure – the maximum base pressure < 

bearing capacity pressure (Chapter 8)
(4)Overall failure of the wall or deep slip (Chapter 9)
(5)Excessive soil and wall deformation causing problems 

near-by (Chapter 5)
(6)Adverse seepage effects and internal erosion or leakage, 

failure of drainage system
(7)Structural failure of any element   
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Calculation of wall base pressure:
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Calculation of factor of safety against overturning:
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(b) Limit state design approach
Case C:  Factors of 1.25, 1.60 and 1.4 for φ’, c’, and cu. 
Load factor 1.3 for variable load, and 1.0 for permanent load
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Solution:
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Solution:
Comparison of  thrusts/forces for 3 cases: (1) vertical drain, (2) inclined 
drain and (3) no drain

215kN/m76kN/m105 kN/mHorizontal force PaH

No drainInclined 
drain 

Vertical 
drain

(3) No drain

(2) Inclined drain 
(1) Vertical drain

PaH

PaH

PaH

Design, construction and maintain of good drainage !
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