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2.1 Introduction 

Vertical or near-vertical slopes of soil are supported by retaining walls, 

cantilever sheet-pile walls, sheet-pile bulkheads, braced cuts, and other 

similar structures. The proper design of those structures requires an 

estimation of lateral earth pressure, which is a function of several factors, 

such as (a) the type and amount of wall movement, (b) the shear 

strength parameters of the soil, (c) the unit weight of the soil, and (d) 

the drainage conditions in the backfill. Figure 2.1 shows a retaining 

wall of height H. For similar types of backfill,  

a. The wall may be restrained from moving (Figure 2.1a). The lateral 

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

pressure. 

b. The wall may tilt away from the soil that is retained (Figure 2.1b). 

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. 

c. The wall may be pushed into the soil that is retained (Figure 6.1c). 

With sufficient wall movement, a soil wedge will fail. The lateral 

pressure for this condition is referred to as passive earth pressure. 

Figure 2.2 shows the nature of variation of the lateral pressure, 
’
h , at a 

certain depth of the wall with the magnitude of wall movement. The 

wall movement required to mobilize the active state is less than that 

required to mobilize the passive state. 
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Figure 2.1 Nature of lateral earth pressure on a retaining wall 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2 Nature of variation of lateral earth pressure at a certain depth 

 

In this chapter, we will focus on the three special cases of lateral earth 

pressures: 

● At-rest earth pressure 

● Active earth pressure 

● Passive earth pressure 

Here, active and passive pressures are the two extreme loadings where 

the soil is at failure. The principles and procedures for determining the 

lateral earth pressures under these special cases are discussed in this 
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chapter. It is assumed that the reader has studied lateral earth pressure in 

the past, so this chapter will serve as a review. Figure 2.3 shows some 

examples of earth retaining structures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.3 Earth retaining structures: (a) retaining wall; (b) crib wall; (c) basement 

wall 

 

 

2.2 Lateral Earth Pressure at Rest 

In a homogeneous soil mass where the ground level is horizontal, the 

ratio of the effective horizontal stress (’h ) to the effective vertical 

stress (’v )  at any point within the soil is a constant, specific to the soil. 

The soil is known to be “at rest” and the  constant is called the 

coefficient of earth pressure at rest, denoted by Ko. When the soil is at 

rest, there is no lateral strain within the soil. A clay element subjected to  

one-dimensional consolidation does not undergo any lateral strains and 

hence is in  the Ko state (at rest). 
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Alpan (1967) suggested that for normally consolidated clays 

                                                        (2.5a) 

Massarsch (1979) suggested that for normally consolidated clays, 

                        (2.6a) 
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 Ko of a normally consolidated soil is typically in the range of 0.4–

0.6, and when soil are overconsolidated it can be larger and 

sometimes even exceed 1.0. When the soil mass is treated as a 

linear elastic continuum, the coefficient of earth pressure at rest is 

expressed as 

                          (2.7a) 

 

        where  is the Poisson’s ratio of the elastic medium. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                      Figure( 2.2)
*
 At-rest earth pressure 
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Example 2.1 

For the retaining wall shown in Figure 2.6, determine the lateral earth 

force at rest per unit length of the wall. Also determine the location of 

the resultant force. Assume OCR = 1.  

 n  

Figure 2.6 
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Figure 2.4 Rankine active pressure 
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Example 2.2  
 

 

 

 

 
 

 

 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2.4 Rankine active pressure 
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Example 2.3 
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Figure 2.6 Coulomb’s active pressure 

 
 
 

Table 2.2 Values of Ka  Eq(2.17) for β=90
o
 and α=0

o
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Table 2.3 Values of Ka  Eq(2.17) for  
'
 = 2/3 ' 
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Table 2.3 Values of Ka  Eq(2.17) for  
'
 = 2/3 ' 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Table 2.4 Values of Ka  Eq(2.17) for  
'
 = 1/2 ' 
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Table 2.4 Values of Ka  Eq(2.17) for  
'
 = 1/2 ' 
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Example 2.4 
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

From Table 2.3, 
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Example 2.5  
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