
TOPICS

❑ Introduction

❑ Coefficient of Lateral Earth Pressure 

❑ Types and Conditions of Lateral Earth Pressures 

❑ Lateral Earth pressure Theories

❑ Rankine’s Lateral Earth Pressure Theory 

❑ Lateral Earth Pressure Distribution – Cohesionless Soils

❑ Lateral Earth Pressure Distribution – C – f Soils

❑ Coulomb’s Lateral Earth Pressure Theory 
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ii. C- f Soils

H

Active Case:
zo = depth of tension crack
    = it is the depth at which active 

lateral earth pressure is zero 

Earth Pressure force (Pa )
= Area of Earth pressure diagram 

For f = 0    Ka = 1

Point of application of Pa

(H-zo)/3 from the base

Pa

2

aKc  2−

H
-z

o

a

o

aoa

K

c
z

KczK





2

  2  0

=

−=

zo

Earth Pressure Distribution

1. Horizontal Ground Surface
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o For calculation of the total active force, common practice is to take the 

tensile cracks into account. However, if it is not taken then:

- =

Earth Pressure Distribution
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For f = 0, Kp = 1, c =cu

1. Horizontal Ground Surface

Earth Pressure Distribution
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EXAMPLE  13.8
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EXAMPLE  13.8
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EXAMPLE  13.9
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EXAMPLE  13.9
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The soil conditions adjacent to a sheet pile wall are given in Fig. 1 below. A 

surcharge pressure of 50 kN/m2 being carried on the surface behind the wall. For 

soil 1, a sand above the water table, c′ = 0 kN/m2 and f′ = 38o and ɣ = 18 KN/m3. For 

soil 2, a saturated clay, c′ = 10 kN/m2 and f′ = 28o and ɣsat = 20 KN/m3. 

•Calculate Ka and Kp for each of soils (1) and (2).

•Complete the given table for the Rankine active pressure at 6 and 9 m depth behind 

the behind the wall shown in Fig.1.

•Complete the given table for the Rankine passive pressure at 1.5 and 4.5 m depth 

in front of the wall shown in Fig.1. 

q= 50 kN/m2 

kN/m2

ActivePassive

W.

T
Soil (2)

Soil (1)
6.0 

m

3.0 

m

1.5 

m

SOLUTION

Soil 1: Ka = (1-sin 38)/(1+sin 38) = 0.24

             Kp = 1/Ka = 4.17 

Soil 2: Ka = (1-sin 28)/1+sin 28) = 0.36

             Kp = 1/Ka = 2.78 

Fig.1

2nd Midterm Exam-Fall 36-37 QUESTION #3
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Depth
(meter)

Soil

Active Pressure (kN/m2)

0 1 0.24 x 50 = 12

6 1 0.24 x (50 + 18 x 6) = 37.9

6 2 = 44.9

9 2 = 85.33

Passive Pressure (kN/m2)

0 1 = 0

1.5 1 4.17 x  18 x 1.5 = 112.6

1.5 2 = 108.4

4.5 2 = 222.93

Table 1. Active and passive earth pressures on sheet pile wall shown in Fig. 1.
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Plot the Rankine pressure diagram and find the resultant force F  and its 

location under an active pressure condition.

EXAMPLE  
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SOLUTION 
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SOLUTION 
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SOLUTION 
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SOLUTION 
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1. Calculate the appropriate k for each soil

2. Calculate sV at a specified depth

3. Add q if any

4. Multiply the sum of sV + q by the appropriate k (for upper and lower soil) 
and subtract (or add for passive) cohesion part if exists.

5. Calculate water pressure

6. Divide each trapezoidal area into a rectangle and a triangle

7. Calculate areas and that give the lateral forces

8. Locate point of application for each force 

9. Find the resultant force

10. Take moments about the base of the wall and find location of the 
resultant

RECOMMENDED PROCEDURE
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I. Horizontal Ground & Inclined Wall Back

• No lower bound (Mohr’s Circle) solution 

is available for this case.

• Assume an imaginary vertical wall BC1

• The weight of the wedge of soil (Ws) is 

added vectorally to the earth  pressure 

force for stability analysis.

• Notes

• Same as vertical wall only we consider 

Ws in addition to Pa when analysing 

the stability of the wall.

• This is only approximate solution.

• Only active case is provided (It is 

more practical).

Rankine’s Earth Pressure Theory- Special Cases

Wc

q

Ws = 1/2..H2.tan q
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II. Inclined Ground & Vertical Wall Back
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o If the backfill is a granular soil with a friction angle f, and C = 0,

For horizontal ground surface  = 0

o In this case, the direction of Rankine’s active or passive pressures are no longer 

horizontal. Rather, they are inclined at an angle  with the horizontal.

The line of action of the resultant acts at a distance of H/3 

measured from the bottom of the wall. 
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III. Inclined Ground & Inclined Wall Back – Approximate Solution

For horizontal ground surface  = 0

• Assume an imaginary vertical wall BC2

• The weight of the wedge of soil (Ws) is 

added vectorally to the earth  pressure 

force for stability analysis.
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REMARKS

o Pa acts parallel to the ground surface 

o For stability analysis Ws is vectorally added to Pa

o Plane BC2 is not the minor principal plane.

o This is only an approximate solution. No available lower bound 
(Mohr Circle) solution for this case.

o Upper bound solution (kinematic) for this case is given by 
Coulomb.

o Rankine kinematic upper bound solutions are special cases or 
approximation to Coulomb solution and Coulomb solution is a 
generalization of Rankine solution. (Rankine 1857, Coulomb 1776).

o Wall inclination affects the value of  H1 and Ws. For vertical wall, 
H1 = H, Ws = 0.
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W = weight of soil 

wedge.

F = reaction from 

supporting soil.

Pa = maximum reaction 

from wall required for 

equilibrium.

I. ACTIVE CASE - Granular Backfill 

Recall Chap. 2

b



d
q

Wpa
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I. ACTIVE CASE - Granular Backfill 
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I. ACTIVE CASE - Granular Backfill 
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I. ACTIVE CASE - Granular Backfill 
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I. ACTIVE CASE - Granular Backfill 



26

EXAMPLE  13.11
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II. PASSIVE CASE – Granular Backfill

Pp = ½ x Kp x  x H2 

W = weight of soil wedge.

F = reaction from 

supporting soil forces.

Pp = minimum reaction 

from wall required for 

equilibrium
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Active Vs Passive
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II. PASSIVE CASE – Granular Backfill
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II. PASSIVE CASE – Granular Backfill
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EXAMPLE  13.11
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REMARKS ON COULOMB’s THEORY

o d can be determined in the laboratory by means of direct shear test.

o Due to wall friction the shape of the failure surface is curved near the 

bottom of the wall in both the active and passive cases but Coulomb 

theory assumes plane surface. In the active case the curvature is 

light and the error involved in assuming plane surface is relatively 

small. This is also true in the passive case for value of d < f/3, but for 

higher value of d the error becomes relatively large. 

o The Coulomb theory is an upper bound plasticity solution. In general 

the theory underestimates the active pressure and overestimates the 

passive pressure. (Opposite of Rankine’s Theory) 
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o When d = 0, q =0, and  =0, Coulomb theory gives results identical to those of the 

Rankine theory. Thus the solution in this case is exact because the lower and 

upper bound results coincide.

o The point of application of the total active thrust is not given by the Coulomb theory 

but is assumed to act at a distance of H/3 above the base of the wall.

o In Coulomb solution wall inclination (angle q) enters in Ka and Kp. In Rankine’s 

approximate solution q is included into H1 and Ws.

REMARKS ON COULOMB’s THEORY
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o For inclined ground surface we use H in Coulomb. However, Rankine’s 

approximate solution uses H1. Therefore, in Coulomb kinematic solution the 

effect of ground inclination enters only in Ka and Kp. In Rankine approximate 

solution it enters not only in Ka and Kp but also in H1 and Ws. 

o Pa Coulomb at angle d to the normal to the wall (d = angle of friction between 

the wall and the backfill). In Rankine’s approximate solution Pa acts parallel to 

the slope of the backfill.

o In Coulomb solution wall inclination (angle q)  affects the direction of Pa and 

Pp. In Rankine’s approximate kinematic solution wall inclination has no effect 

on the direction of the lateral force.

H1H

REMARKS ON COULOMB’s THEORY
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The end
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