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Lateral Earth Pressure
Lateral Earth Pressure depend on:

▪The unit weight of the soil (natural soil or backfill)

▪The type and amount of wall movement, (deformation)

▪The shear strength parameters of the retained soil, interlocking (friction, resistance, cohesion).

▪The shear strength parameters of the foundation soil

▪The drainage conditions in the backfill.



Three type of lateral earth pressure:
At-rest earth pressure

Active earth pressure

Passive earth pressure.



At-rest earth pressure
The wall may be restrained from moving. The lateral earth pressure on

the wall at any depth is called the at-rest earth pressure .

The system is very strong

The deformation is very small



Active earth pressure
The wall may tilt away from the soil that is retained (Figure 7.1b). With sufficient wall tilt, a 
triangular soil wedge behind the wall will fail. The lateral pressure for this condition is referred 
to as active earth pressure.



passive earth pressure
The wall may be pushed into the soil that is retained. With sufficient wall movement, a soil 
wedge will fail. The lateral pressure for this condition is referred to as passive earth pressure.



Lateral Earth pressure
Consider the following conditions:

Vertical wall of height H, 

Retaining a soil having a unit weight of γ

Uniformly distributed load

The shear strength of the soil is:



Lateral Earth Pressure At-rest 



Lateral Earth Pressure At-rest 
At any depth z below the ground surface, the vertical subsurface stress is:

If the wall is at rest and is not allowed to move at all, either away from the soil mass or into the soil 
mass the lateral pressure at a depth z is:



Lateral Earth Pressure At-rest 



The total force (Po), per unit length of the wall can be obtained

from the area of the pressure diagram is:



Lateral Pressure Theories
Rankine Theory ( Frictionless walls)

Coloumb Theory
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• Rankine Theory (Frictionless wall)
▪ Active pressure

▪ Passive pressure

• Coloumb Theory
▪ Active pressure

▪ Passive pressure



Rankine Theory

Rankine Active Earth Pressure:

• if a wall tends to move away from the 

soil a distance Δx as shown below.

• The soil pressure on the wall 

at any depth will decrease.

• With Δx > 0, σh will be less than 

{(Ko σo)} at rest pressure



Active lateral pressure:

The variation of the active pressure with depth for the wall 

shown in previous slide is given here 

Where:

zc the depth is usually referred to as the depth of tensile crack

For c-ϕ soil 



Active lateral pressure:

➢The total Rankine active force per unit length of the wall (pa) before
the tensile crack occurs is:

• After the tensile crack appears, the force per unit length on the wall 
will be caused only by the pressure distribution between depths z=zc
and z=H, and its:



Active lateral pressure:

• For granular soil (c=0)



How much the movement of wall in active condition:

❖For granular soil backfills: Δx= 0.001H to 0.004H

❖For cohesive soil backfills: Δx= 0.01H to 0.04H



Example:

• A 6-m-high retaining wall is to support a soil with unit weight γ = 17.4 
kN/m3, soil friction angle  ϕ’ = 26°, and cohesion c’ = 14.36 kN/m2. 
Determine the Rankine active force per unit length of the wall both 
before and after the tensile crack occurs, and determine the line of 
action of the resultant in both cases.

• Reference: Das, B.M. (2010). Principles of Foundation Engineering, 7th ed., CL Engineering

• Note: you can find this reference on CIVILITTEE web site in FOUNDATION ENGINEERING
course.



Solution

At z = 0



A Generalized Case for Rankine Active Pressure

• Granular Backfill

• general cases of frictionless walls with 

inclined backs and inclined backfills.

• The granular backfill is inclined at an 

angle α with the horizontal.



A Generalized Case for Rankine Active Pressure

• The lateral eath pressure at a depth z can be given as (Chu, 1991):



A Generalized Case for Rankine Active Pressure

• The pressure σ`a  will be inclined at an angle β with the plane drawn at 
right angle to the backface of the wall, and



A Generalized Case for 
Rankine Active Pressure

• The location and direction of the 
resultant force Pa is shown in Figure 
below. Also shown

• in this figure is the failure wedge, ABC. 
Note that BC will be inclined at an angle 
η



Granular Backfill with Vertical Back Face
• As a special case, for a vertical backface of a wall (that is,θ = 0 ), as 

shown in the figure:

• If the backfill of a frictionless retaining wall 

is a granular soil and rises at an angle α with 

respect to the horizontal

• The active earth-pressure coefficient =

Table 7.1 presents the values of Ka (active 
earth pressure) for various values of α
and ϕ. (Next slide)



Granular 
Backfill with 
Vertical Back 
Face



Granular Backfill with Vertical Back Face

• At any depth z, the Rankine active pressure may be expressed as:

Also, the total force per unit length of the wall is:

Note that, in this case, the direction of the resultant force pa is 

inclined at an angle with the horizontal and intersects the wall 

at a distance H/3 from the base of the

wall.



Vertical Backface with (c`-ϕ`) Soil Backfill

• For a retaining wall with a vertical back (θ = 0) and inclined backfill of 
(c`-ϕ`) soil.



Vertical Backface with (c`-ϕ`) Soil Backfill

• Some values of k`a are given in Table 7.2.

• For a problem of this type, 

• the depth of tensile crack is given as:



Example:

Refer to the retaining wall in the figure The backfill is granular soil. 

Given:

Determine the Rankine active force, Pa, and its location and direction.



Solution
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Lateral Earth Pressure Due to Surcharge

The theory of elasticity is used to determine the lateral earth pressure on unyielding retaining structures 

caused by various types of surcharge loading, such as line loading and strip loading

For line 

loading

For 

surcharge 

load



• The total force per unit length (P) due to the strip loading only:



Lateral Earth Pressure Due to Surcharge

The location z of the resultant force, P, can be given as:



Example:



Rankine Passive Earth Pressure



Rankine Passive Earth Pressure

• The passive force per unit length of the wall can be determined from 
the area of the pressure diagram, or



Rankine Passive Earth Pressure

• Rankine Passive Earth Pressure: Vertical Back face and Inclined  
Backfill

➢ Granular Soil
For a frictionless vertical retaining wall with a granular backfill (c`=0) the Rankine passive 

pressure at any depth can be determined in a manner similar to that done in the case of active 

pressure.





Rankine Passive Earth Pressure

➢c`-ϕ` soil

If the backfill of the frictionless vertical retaining wall is a c`-ϕ soil (see 
Figure 7.10), then





Coulomb’s Active 
Earth Pressure

• Coulomb proposed a theory for
calculating the lateral earth
pressure on a retaining wall with
granular soil backfill. This theory
takes wall friction into
consideration.

❖ Back face inclined at an angle β with

the horizontal, as shown in Figure.

❖ The backfill is a granular soil that

slopes at an angle α with the horizontal.

❖ Let δ` be the angle of friction between
the soil and the wall (i.e., the angle of
wall friction).



Coulomb’s Active Earth Pressure

• Assumptions:

• Wall friction

• The failure surface in soil mass would be a plane BC1, BC2..



Coulomb’s Active Earth Pressure

• The maximum value of pa thus determined is Coulomb’s active force 
which may be expressed as:



Coulomb’s Active Earth Pressure

• The values of the active earth pressure coefficient ka , for a vertical 
retaining wall (β = 90o) with horizontal backfill (α = 0) are given in 
Table 7.3. 













Coulomb’s active pressure with a surcharge on the
backfill

If a uniform surcharge of intensity q is 

located above the backfill, as shown in 

Figure the active force, Pa, can be 

calculated as:



Retaining Wall 
Stability
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Retaining wall

• In general, retaining walls can be divided into two major categories:

(a) conventional retaining walls

(b) mechanically stabilized earth walls (MSE)



Retaining wall

• Conventional retaining walls can generally be classified into four 
varieties:

• 1. Gravity retaining walls

• 2. Semigravity retaining walls

• 3. Cantilever retaining walls

• 4. Counterfort retaining walls





Stability of retaining wall:

• The structure is examined for possible:

• Overturning

• Sliding

• Bearing capacity failures.



Stability of Retaining Walls:

Failure of retaining wall:

(a) by overturning; 

(b) by sliding;

(c) by bearing capacity failure;

(d) by deep-seated shear failure



Check for Overturning



Check for Overturning



Check for Overturning

• The factor of safety against overturning about the toe—that is, about 
point C may be expressed as:



Check for Overturning

• The overturning moment is:



Check for Overturning

To calculate the resisting moment, ΣMR (neglecting pp):

• The weight of the soil above the heel and the weight of  the concrete.

• The force pv also contributes to the resisting moment

(pv is the vertical component of the active force)



To calculate ΣMR



The factor of safety can be calculated as:

The usual minimum desirable value of the factor of safety with 

respect to overturning is 2 to 3.



Check for Sliding along the Base

• The factor of safety against sliding may be expressed by the equation:



Check for Sliding

• The shear strength of the soil immediately below the base slab may 
be represented as:



• The maximum resisting force that can be derived from the soil per 
unit length of the wall along the bottom of the base slab is:



Check for Sliding

horizontal resisting force:
.

The only horizontal force that will tend to cause the 

wall to slide (a driving force) is the horizontal 

component of the active force pa:



In most cases, k1 and k2 are in the range from 1/2 to 2/3

A minimum factor of safety of 1.5 against sliding is generally 

required



Stability of retaining wall
&

Examples
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Check for Bearing Capacity 
Failure

• The vertical pressure transmitted to the soil by the base 
slab of the retaining wall should be checked against the 
ultimate bearing capacity of the soil.

• qtoe and qheel are the maximum and the 
minimum pressures occurring at the ends 
of the toe and heel sections, respectively.



For maximum and minimum pressures:

The eccentricity due moment:

when the value of the 
eccentricity e becomes 
greater than B/6
qmin becomes negative.



Ultimate bearing capacity
Maximum pressure of soil





Example1:











Example2:









Sheet Pile Walls Design
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Sheet Piles

~ sheets of interlocking-steel or timber driven into 

the ground, forming a continuous sheet

ship

warehouse

sheet pile



3

Sheet Piles

~ resist lateral earth pressures

~ used in excavations, waterfront structures, ..



4

Sheet Pile At Woolcock St SIMILAR TO THOSE 

AT Egyptians Gaza Border!



5

Sheet Piles
~ used in temporary works



Properties of Some Sheet-Pile Sections 



Sheet Pile Configuration Sections



Sheet pile wall 

• Advantages

1. Conventional Wall System with Well established design procedure 
& performance characteristics

2. Wall system can be used for application in which wall can penetrates 
below ground water table

3. Wall system is suitable for temporary applications



Sheet pile wall 

Disadvantages

1. Requires specialized equipment

2. Driven sheet pile is noisy and it can be introduce vibration

3. Difficult to drive sheet in hard or dense or gravelly soil

4. Wall height is limited based on required structural sections

5. Wall system may undergo relatively movements which may be 
detrimental to nearby structure



Construction Methods
❑ Construction methods generally can be divided into two categories 

– Backfilled structure 

– Dredge Structure

Sequence of construction for backfilled structure

The sequence of construction for a backfilled structure is as follows (see Figure 9.5):

Step 1. Dredge the in situ soil in front and back of the proposed structure.

Step 2. Drive the sheet piles.

Step 3. Backfill up to the level of the anchor, and place the anchor system.

Step 4. Backfill up to the top of the wall.



Sequence of construction for a dredged structure

Step 1. Drive the sheet piles.

Step 2. Backfill up to the anchor level, and place the anchor system.

Step 3. Backfill up to the top of the wall.

Step 4. Dredge the front side of the wall.



Cantilever Sheet Piling Penetrating Sandy Soils



Cantilever Sheet Piling Penetrating 

Sandy Soils



Cantilever Sheet Piling

❑ The mode of failure is by rotation about a point O near the
lower end of the wall

❑ Consequently, passive resistance acts in front of the wall
above O and behind the wall below O,

❑ this pressure distribution is an idealization as there is unlikely
to be a complete change in passive resistance from the front to
the back of the wall at point O

❑ To allow for over-excavation it is recommended that the soil
level in front of the wall should be reduced by 10% of the
retained height, subject to a maximum of 0.5 m.

❑ A minimum surcharge pressure of 10 kN/m2 should be
assumed to act on the soil surface behind the wall.



Simplified Cantilever Sheet Piling 

analysis

❑ The net passive resistance below point O is represented by a
concentrated force R acting at a point C, slightly below O, at depth d
below the lower soil surface.

❑ Determining the depth d by equating moments about C

❑Factor of safety FS being applied to the restoring moment, i.e. the
available passive resistance in front of the wall is divided by FS

❑ The value of d is then increased arbitrarily by 20% to allow for the
simplification involved in the method, i.e. the required depth of
embedment is 1.2d

❑ Evaluate R by equating horizontal forces

❑ Check if net passive resistance available over the additional 20%
embedded depth is equal to or greater than R.

❑ Determine the location of zero shear, and maximum moment

❑ Determine the section modulus by dividing the maximum moment
allowable flexural stress of sheet pile

❑ Select the section type (see table 9.1 for example)



General Note

❑Please note this methods is also applicable for 

layered soil and for pure clayey soil

❑In case of layered soil (sand above clay) its 

advisable to evaluate the long term condition (i.e. 

effective stress method)

❑In case of clayey soil its advisable to check both 

condition

➢Long term condition (effective stress approach), and 

➢End of construction condition (total stress approach)



Step-by-Step Procedure for Obtaining the Pressure 
Diagram
Based on the preceding theory, a step-by-step procedure for obtaining the 
pressure diagram
for a cantilever sheet pile wall penetrating a granular soil is as follows:



Sheet pile walls 2



Step-by-Step Procedure for Obtaining the Pressure Diagram
Based on the preceding theory, a step-by-step procedure for obtaining the 
pressure diagram for a cantilever sheet pile wall penetrating a granular soil 
is as follows:

Cantilever Sheet Piling Penetrating Sandy Soils



Cantilever Sheet Piling Penetrating Sandy Soils













Calculation of Maximum Bending Moment
• The maximum moment will occur between points E and F`. Obtaining 

the maximum moment (Mmax) per unit length of the wall requires 
determining the point of zero shear. For a new axis z` (with origin at 
point E) for zero shear,

The magnitude of the maximum moment can be obtained as















Special Cases for Cantilever Walls Penetrating
a Sandy Soil
• Sheet Pile Wall with the Absence of Water Table

• the net pressure diagram on the cantilever sheet-pile wall will be as 
shown in Figure 9.10





Free Cantilever Sheet Piling



Figure 9.11 shows a free cantilever sheet-pile wall penetrating a sandy soil and 
subjected to a line load of P per unit length of the wall. For this case,



Example





Mechanically Stabilized Earth Walls (MSE 
Walls)
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Components of MSE walls

oBackfill

oReinforced elements (Geogrids, Metallic strips, geotextile)

oWall facing (wall skin, panels)



Design of wall

• External stabilitychecks
• Sliding

• Overturning 

• Bearing capacity

• Internal Stability
• Breakage of reinforcement

• Pullout Mechanism 



Retaining Walls with Geotextile Reinforcement



Retaining Walls with Geotextile Reinforcement



Design procedures:

• Step 1. Determine the active pressure distribution on the wall from 
the formula



• The recommended values of the reduction factor are as follows 
(Koerner, 2005)

The recommended values of the reduction factor are as 
follows (Koerner, 2005)



Step 3. Determine the vertical spacing of the layers at any 
depth z from the formula

The magnitude of FS(B) is generally 1.3 to 1.5.

FS(B) : Factor of safety against tie breakage.



Step 4. Determine the length of each layer of geotextile from 
the formula



• Step 5. Determine the lap length, ll from

The minimum lap length should be 1 m.

Step 6. Check the factors of safety against overturning, sliding, and 
bearing capacity



Example:



Example: 



Example:



Example:



For the same example, calculate the factor of safety 
against overturning, sliding, and bearing capacity failure.









MSE Walls



MSE Geotextile wall



Type of Geotextile:

















Please watch the video in the link below:

• https://www.youtube.com/watch?v=W8JlgcwmRf8

https://www.youtube.com/watch?v=W8JlgcwmRf8


Example:



MSE Geotextile wall 


