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INTRODUCTION

Proper design and construction of many structures such as:

• Retaining walls (basements walls, highways and

railroads, platforms, landscaping, and erosion controls)

• Braced excavations

• Anchored bulkheads

• Grain pressure on silo walls and bins

require a thorough knowledge of the lateral forces that act between 
the retaining structures and the soil masses being retained.
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o We have to estimate the lateral soil pressures acting on these
structures, to be able to design them.

o The lateral forces are caused by lateral earth pressure.
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 The shear strength parameters of the soil being retained

 The inclination of the surface of the backfill

 The height and inclination of the retaining wall at the wall–

backfill interface

 The nature of wall movement under lateral pressure

 The adhesion and friction angle at the wall–backfill interface

The magnitude and distribution of lateral earth pressure
depends on many factors, such as:
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VERTICAL AND HORIZONTAL STRESS IN WATER



VERTICAL AND HORIZONTAL STRESS IN WATER



STRESS DISTRIBUTION IN SOILS



VERTICAL AND HORIZONTAL STRESS IN SOIL
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Coefficient of Lateral Earth Pressure

In a homogeneous natural soil deposit,

The ratio h’/v’ is a constant known as coefficient of lateral earth

pressure.

In other words, it is the ratio of the effective horizontal stress (h’)
to the effective vertical stress (v’); then

Or in terms of total stresses 

o All in subsequent derivation we use total stress, in the text book

the effective stress, treatment is the same.
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Ratio of horizontal stress to vertical stress

is called coefficient of earth pressure at-

rest, Ko, or

Three possible cases may arise concerning the retaining wall; they are described 
as follows:

o Case 1 If the wall AB is static—that is, if it does not move either to the right
or to the left of its initial position—the soil mass will be in a state of static
equilibrium. In that case, h is referred to as the at-rest earth pressure.

where Ko at-rest earth pressure coefficient. Earth pressure at-rest
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This is also the case before construction. The 

soil in the field by itself with no external loads.

AB is a frictionless

wall that extends to an 

infinite depth

Earth Pressure At-Rest 
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Plastic equilibrium in soil refers to 
the condition where every point in a 
soil mass is on the verge of failure.

Unit weight of soil = g
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aK

Ka = Coefficient of active earth pressure

Case 2: If the frictionless wall rotates sufficiently about its bottom to a position of
A’B, then a triangular soil mass ABC’ adjacent to the wall will reach a state of plastic

equilibrium and will fail sliding down the plane BC’.

Equally if wall AB is allowed to move away from the soil mass gradually, horizontal
stress will decrease, and the shearing resistance of the soil is mobilized.

In this case the soil is the ACTUATING ELEMENT
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Case 3 :If the frictionless wall rotates sufficiently about its bottom to a position of
A’B’’ then a triangular soil mass ABC’’ adjacent to the wall will reach a state of plastic
equilibrium and will fail sliding upward the plane BC’’.

The lateral earth pressure, σh, is 
called passive earth pressure  
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pK

Kp = coefficient of passive 
earth pressure
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o If the wall is pushed into the soil mass, σh will increase and the shearing
resistance of the soil is mobilized.

In this case the retaining wall is the ACTUATING
ELEMENT and the soil provided the resistance for
maintaining stability
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Wall Tilt

Earth Pressure, h

Passive state

Active state

K0 state

Passive earth pressure, p

active earth pressure, a
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DLp

DLa/H DLp/H

For the active and passive (Rankine cases), a sufficient yielding of the wall is necessary
for a state of plastic equilibrium to exist.

Movement could be either

rotation or also occur by simple

translation.

Variation of the Magnitude of Lateral Earth Pressure with Wall Tilt

H



Active or passive condition will 
only be reached if the wall is 
allowed to yield sufficiently. The 
amount of wall necessary 
depends on:-
• Soil type (sand vs. clay)
• Soil density (Loose vs. dense)
• Pressure (Active vs. passive)
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REMARKS

o In the case of active case the soil is the actuating element and in the case 
of passive the wall is the actuating element.

o If the lateral strain in the soil is ZERO the corresponding lateral pressure is
called the earth pressure at-rest. This is the case before construction.

o For either the active or passive states to develop, the wall must MOVE. If
the wall does not move, an intermediate stress state exists called earth
pressure at rest. (i.e. zero lateral strain).

o For greatest economy, retaining structures are designed only sufficiently
strong to resist ACTIVE PRESSURE. They therefore must be allowed to
move.

o It may at first seem unlikely that a wall ever would be built to PUSH into 
the soil and mobilize passive earth pressure.



Coefficient of Lateral Earth Pressure 
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K0 = 1 – sin f’  (Jaky formula)

o For a dense, compacted sand backfill, may grossly underestimate the
lateral earth pressure at rest.

For normally consolidated clays, K0 = 0.95 – sin f’

From elastic analysis, 
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Fine-grained soils

o Gives good results when the backfill is loose sand.

Coefficient of Lateral Earth Pressure K
0



The total force per unit length of the wall, Po

Distribution of Lateral Earth Pressure at Rest on a Wall



P0 for Partially Submerged Soil
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Distribution of Lateral Earth Pressure at Rest on a Wall



EXAMPLE  13.1



EXAMPLE  13.1



EXAMPLE  13.1



EXAMPLE  13.2



EXAMPLE  13.2



EXAMPLE  13.2



The end


