
 

CHAPTER NINE 

Lateral Earth Pressure  

 

 

 

 

 

9.1 Introduction 
Vertical or near-vertical slopes of soil are supported by retaining walls, cantilever sheet 

pile walls, 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. 

Three types of lateral earth pressure can be discussed below,  

 

 

 

 

 

 

 

a. The wall may be restrained from moving (Figure 9.1a). The lateral earth pressure 

on the wall at any depth is called the at-rest earth pressure. 
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b. The wall may tilt away from the soil that is retained (Figure 9.1b). 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 9.1c). With sufficient 

wall movement, a soil wedge will fail. The lateral pressure for this condition is 

referred to as passive earth pressure. 

9.2 Lateral Earth Pressure at Rest 
Consider a vertical wall of height H, as shown in Figure 9.2, retaining a soil having a unit 

weight of, 𝛾. A uniformly distributed load, q/unit area, is also applied at the ground 

surface.  

 

 

 

 

 

 

 

 

The shear strength of the soil is 

𝑠 = 𝑐 + 𝜎 tan ∅ 

Where: 

𝑐 = Cohesion 

∅ = Effective angle of friction 
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𝜎 = Effective normal stress 

At any depth (z) below the ground surface, the vertical subsurface stress is 

𝜎଴ = 𝑞 + 𝛾𝑧 

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 

𝜎௛ = 𝐾଴𝜎଴ + 𝑢 

Where 

𝑢 = pore water pressure 

𝐾଴ = coefficient of at-rest earth pressure 

For normally consolidated soil, the relation for 𝐾଴ (Jaky, 1944) is 

𝐾௢ = 1 − sin ∅ 

For overconsolidated soil, the at-rest earth pressure coefficient may be expressed as 

(Mayne and Kulhawy, 1982) 

𝐾௢ = (1 − sin ∅)𝑂𝐶𝑅ୱ୧୬ ∅ 

Where OCR= overconsolidated ratio  

The lateral earth pressure effect on cantilever wall shown above can be calculated as 

follow. 

𝑃௢ = 𝑃ଵ + 𝑃ଶ = 𝑞𝐾௢𝐻 +
1

2
𝛾𝐻ଶ𝐾௢ 

Where 

P1 =area of rectangle 1 

P2= area of triangle 2 

The location of the line of action of the resultant force, Po, can be obtained by taking the 

moment about the bottom of the wall. Thus, 

𝑧̅ =
𝑃ଵ ቀ

ு

ଶ
ቁ + 𝑃ଶ ቀ

ு

ଷ
ቁ

𝑃௢
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If the water table is located at a depth 𝑧 <  𝐻, the at-rest pressure diagram shown in 

Figure 9.3a will have to be somewhat modified, as shown in Figure 9.3 b 

  

 

 

 

 

 

 

 

 

 

 

 

 𝑎𝑡 𝑧 = 0 ,

𝜎௛ = 𝐾௢𝜎௢ = 𝐾௢𝑞 

𝑎𝑡 𝑧 = 𝐻ଵ , 𝜎௛ = 𝐾௢𝜎௢ = 𝐾௢(𝑞 + 𝛾𝐻ଵ) 

𝑎𝑡 𝑧 = 𝐻ଶ , 𝜎௛ = 𝐾௢𝜎௢ = 𝐾௢(𝑞 + 𝛾𝐻ଵ + 𝛾ᇱ𝐻ଶ) 

𝑃௢ = 𝐴ଵ + 𝐴ଶ + 𝐴ଷ + 𝐴ସ + 𝐴ହ 

Where A= area of the pressure diagram 

𝑃௢ = 𝐾௢𝑞𝐻ଵ +
1

2
𝛾𝐻ଵ

ଶ𝐾௢ + 𝐾௢(𝑞 + 𝛾𝐻ଵ) +
1

2
𝛾ᇱ𝐻ଶ

ଶ𝐾௢ +
1

2
𝛾௪𝐻ଶ

ଶ 
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Example: For the retaining wall shown in Figure, 

determine the lateral earth force at rest per unit 

length of the wall. Also, determine the location of the 

resultant force. Assume OCR = 1. 

 

Solution: 

𝐾° = 1 − sin ∅ = 1 − sin 30 = 0.5 

Z (m) 𝜎°  (kN/m2) 𝜎௛ (kN/m2) 

0 0 0 

2.5 𝛾𝐻 = 16.5 × 2.5 = 41.25 𝐾଴𝛾𝐻 = 0.5 × 16.5 × 2.5 = 20.63 

5 16.5 × 2.5 + (19.3 − 9.81) × 2.5 = 64.98 0.5 × 64.98 = 32.49 

 

The hydraulic pressure can be calculated as follow. 

At Z= 0.0 to 2.5 m  u=0.0 

From Z= 2.5m to 5 m 

𝑢 = 𝐻𝛾௪ = 2.5 × 9.81 = 24.53 𝑘𝑁 𝑚ଶ⁄  

 



 
Lateral Earth Pressure 

Page 6 of 18 
 

AL-Qasim Green University 
College Of Water Resources Engineering 
 

Foundation Engineering 
Mr. Wissam Nadir 

 

The total force per unit length of wall can be determined from the area of pressure 

diagram, 

𝑃௢ = 𝐴ଵ + 𝐴ଶ + 𝐴ଷ + 𝐴ସ 

=
1

2
× 2.5 × 20.63 + 2.5 × 20.63 +

1

2
× 2.5 × (32.49 − 20.63) +

1

2
× 2.5 × 24.53

= 122.85 𝑘𝑁/𝑚 

The location of center of pressure measured from the bottom of the wall (o) 

𝑧̅ =
𝐴ଵ ቀ2.5 +

ଶ.ହ

ଷ
ቁ + 𝐴ଶ ቀ

ଶ.ହ

ଶ
ቁ + (𝐴ଷ + 𝐴ସ) ቀ

ଶ.ହ

ଷ
ቁ

𝑃௢
 

𝑧̅ =
25.788 ቀ2.5 +

ଶ.ହ

ଷ
ቁ + 51.575 ቀ

ଶ.ହ

ଶ
ቁ + (14.825 + 30.663) ቀ

ଶ.ହ

ଷ
ቁ

122.85
= 1.53 𝑚 

 

Example: For the retaning wall shown in Figure. 

 Given: 𝐻 = 3.6𝑚, 𝑞 = 0, 𝛾 = 17.5 𝑘𝑁 𝑚ଷ⁄ , 𝑐 = 0 𝑎𝑛𝑑 ∅ = 30° 

Determine the at-rest lateral earth force per meter length of 

the wall. Also, find the location of the resultant. Use OCR= 2 

Solution 

𝐾௢ = (1 − sin ∅)OCRୱ୧୬ ∅ = (1 − sin 30) 2ୱ୧୬ ଷ଴ = 0.707 

@ 𝑧 = 0 → 𝜎௢ = 0 𝑎𝑛𝑑 𝜎௛ = 0 

@ 𝑧 = 3.6 → 𝜎௢ = 𝛾𝐻 = 17.5 × 3.6 = 63 𝑘𝑁 𝑚ଶ⁄   

𝑎𝑛𝑑 𝜎௛ = 𝐾௢𝜎௢ = 0.707 × 63 = 44.54 𝑘𝑁 𝑚ଶ⁄  

𝑃௢ =
1

2
× 𝐾௢𝛾𝐻ଶ =

1

2
× 0.707 × 17.5 × 3.6ଶ = 80.17 𝑘𝑁 𝑚⁄  
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9.3 Active Pressure 
For design purposes, two classical lateral earth pressure theories are commonly used to 
estimate active and passive earth pressures:  

 Rankine’s theory (1857) relies on calculating the earth pressure coefficients based 
on the Mohr–Coulomb shear strength of the backfill soil. 

 Coulomb’s theory, on the other hand, dates back to the 18th century (Coulomb, 
1776)and considers the stability of a soil wedge behind a retaining wall. 

9.3.1 Rankine Active Earth Pressure 
The lateral earth pressure described in Section 9.2 involves walls that do not yield at all. 

However, if a wall tends to move away from the soil a distance∆𝑥, as shown in Figure 

9.3 a, the soil pressure on the wall at any depth will decrease. For a wall that is 

frictionless, the horizontal stress, 𝜎௛, at depth z will equal 𝐾௢𝜎௢ when ∆𝑥 is zero. 

However, with ∆𝑥 > 0 , 𝜎௛, will be less than 𝐾௢𝜎௢. 

 

. 
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The Mohr’s circles corresponding to wall displacements where: 

 Circles (a) for ∆𝑥 = 0  

and  circles (b) for ∆𝑥 > 0  as shown in Figure 9.3 b. 

 If the displacement of the wall, ∆𝑥, continues to increase, the corresponding Mohr’s 

circle eventually will just touch the Mohr–Coulomb failure envelope defined by the 

equation. 

𝑠 = 𝑐 + 𝜎 tan ∅ 

 

 

 

 

This circle, marked c in the figure, represents the failure condition in the soil mass; the 

horizontal stress then equals 𝜎௔ , referred to as the Rankine active pressure. The slip 

lines (failure planes) in the soil mass will then make angles of ቀ45 ∓
∅

ଶ
ቁwith the 

horizontal, as shown in Figure 9.3 a. 

Rankine active pressure can be calculated as follow based on principal stresses for a 

Mohr’s circle that touches the Mohr–Coulomb failure envelope: 
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𝜎௢ = 𝜎௔  𝑡𝑎𝑛ଶ ൬45 +
∅

2
൰ + 2𝑐 tan ൬45 +

∅

2
൰ 

𝜎௔ =
𝜎௢

𝑡𝑎𝑛ଶ ቀ45 +
∅

ଶ
ቁ

+
2𝑐

ቀ45 +
∅

ଶ
ቁ

 

𝜎௔ = 𝜎௢ 𝑡𝑎𝑛ଶ ൬45 −
∅

2
൰ − 2𝑐 tan ൬45 −

∅

2
൰ 

𝜎௔ = 𝜎௢ 𝐾௔ − 2𝑐ඥ𝐾௔ 

Where: 𝐾௔ = 𝑡𝑎𝑛ଶ ቀ45 −
∅

ଶ
ቁ = 𝑅𝑎𝑛𝑘𝑖𝑛𝑒 𝑎𝑐𝑡𝑖𝑣𝑒 − 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡. 

 

The variation of the active pressure with depth for the wall shown in is given in Figure 

9.3 c.  

Note that 𝜎௢ = 0 at z =  0 and 𝜎௢ = 𝛾𝐻 at 𝑧 = 𝐻. 

 The pressure distribution shows that at 𝑧 =  0 the active pressure equals 

−2𝑐ඥ𝐾௔ 

, indicating a tensile stress that decreases with depth and becomes zero at a depth 𝑧 =

𝑧𝑐 , or 

𝛾𝑧௖  𝐾௔ − 2𝑐ඥ𝐾௔ = 0      → 𝑧௖ =
2𝑐ඥ𝐾௔

𝛾 𝐾௔
 

Where:  

𝑇ℎ𝑒 𝑑𝑒𝑝𝑡ℎ 𝑧𝑐 𝑖𝑠 𝑢𝑠𝑢𝑎𝑙𝑙𝑦 𝑟𝑒𝑓𝑒𝑟𝑟𝑒𝑑 𝑡𝑜 𝑎𝑠 𝑡ℎ𝑒 𝑑𝑒𝑝𝑡ℎ 𝑜𝑓 𝑡𝑒𝑛𝑠𝑖𝑙𝑒 𝑐𝑟𝑎𝑐𝑘, 𝑏𝑒𝑐𝑎𝑢𝑠𝑒 𝑡ℎ𝑒 𝑡𝑒𝑛𝑠𝑖𝑙𝑒  

𝑠𝑡𝑟𝑒𝑠𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑠𝑜𝑖𝑙 𝑤𝑖𝑙𝑙 𝑒𝑣𝑒𝑛𝑡𝑢𝑎𝑙𝑙𝑦 𝑐𝑎𝑢𝑠𝑒 𝑎 𝑐𝑟𝑎𝑐𝑘 𝑎𝑙𝑜𝑛𝑔 𝑡ℎ𝑒 𝑠𝑜𝑖𝑙– 𝑤𝑎𝑙𝑙 𝑖𝑛𝑡𝑒𝑟𝑓𝑎𝑐𝑒 
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Thus, the total Rankine active force per unit length of the wall before the tensile crack 
occurs is: 

𝑃௔ =
1

2
(𝐻 − 𝑧௖)൫𝛾𝐻𝐾௔ − 2𝑐ඥ𝐾௔൯ 

Or  

𝑃௔ =
1

2
൬𝐻 −

2𝑐

𝛾 𝐾௔
൰ ൫𝛾𝐻𝐾௔ − 2𝑐ඥ𝐾௔൯ 

However, it is important to realize that the active earth pressure condition will be 

reached only if the wall is allowed to “yield” sufficiently. The necessary amount of 

outward displacement of the wall is about 0.001H to 0.004H for granular soil backfills 

and about 0.01H to 0.04H for cohesive soil backfills 
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9.3.2 A Generalized Case for Rankine Active Pressure—Granular Backfill 
In previous section, the relationship was developed for Rankine active pressure for a 

retaining wall with a vertical back and a horizontal backfill.  

Figure 9.4 shows a retaining wall whose back is inclined at an angle θ with the vertical. 

The granular backfill is inclined at an angle α with the horizontal. 

 

 

 

 

 

 

 

 

 

 

 

For a Rankine active case, the lateral earth pressure 𝜎௔at a depth z can be given as (Chu, 
1991) 

𝜎௔ =
𝛾𝑧 cos 𝛼 ඥ1 + 𝑠𝑖𝑛ଶ∅ − 2 sin ∅ cos 𝜓௔

cos 𝛼 + ඥ𝑠𝑖𝑛ଶ∅ − 𝑠𝑖𝑛ଶ𝛼
 

𝜓௔ = 𝑠𝑖𝑛ିଵ ൬
sin 𝛼

sin 𝜙
൰ − 𝛼 + 2𝜃 

𝛽௔ = 𝑡𝑎𝑛ିଵ ൬
sin 𝜙 sin 𝜓௔

1 − sin 𝜙 cos 𝜓௔
൰ 

𝑃௔ =
1

2
𝛾𝐻ଶ𝐾௔ 
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Where  

𝐾௔ =
cos(𝛼 − 𝜃)ඥ1 + 𝑠𝑖𝑛ଶ∅ − 2 sin ∅ cos 𝜓௔

𝑐𝑜𝑠ଶ𝜃(cos 𝛼 + ඥ𝑠𝑖𝑛ଶ∅ − 𝑠𝑖𝑛ଶ𝛼)
 

 
= rankine aktive earth pressure coefficent for generalized case 
The location and direction of the resultant force Pa is shown in Figure 9.5. Also shown  
in this figure is the failure wedge, ABC. Note that BC will be inclined at an angle(𝜂). Or 

𝜂௔ =
𝜋

4
+

∅

2
+

𝛼

2
−

1

2
𝑠𝑖𝑛ିଵ ൬

sin 𝛼

sin ∅
൰ 
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Tables 9.1 and 9.2 give the variations of Ka and 𝛽௔  for various values of 𝛼, 𝜃 𝑎𝑛𝑑 ∅ 
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9.4 Rankine Active Pressure with Vertical Wall Back face and Inclined 𝒄– ∅ Soil Backfill 
For a frictionless retaining wall with a vertical back face (𝜃 = 0) and inclined backfill of 
𝒄– ∅ soil (see Figure below), the active pressure at any depth z can be given as: 

 

Some values of Ka are given in Table 9.3.  

 

 

 

 

 

 

 

 

 

 

 

For a problem of this type, the depth of tensile crack is given as: 𝑧௖ =
ଶ௖

ఊ 
ට

ଵା௦௜௡∅

ଵି௦௜௡∅
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9.5 Passive Pressure 

 9.5.1 Rankine Passive Earth Pressure 
If the wall is pushed into the soil mass by an amount ∆𝑥, as shown in Figure below, the 

vertical stress at depth z will stay the same; however, the horizontal stress will increase. 

Thus, 𝜎௛will be greater than 𝐾௢𝜎௢.  

The horizontal stress, 𝜎௛, at this point is referred to as the Rankine passive pressure, or 

𝜎௛ = 𝜎௉. 
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For a Rankine passive case, the lateral earth pressure 𝜎௣ at a depth z can be given as  

𝜎௣ = 𝜎௢ 𝑡𝑎𝑛ଶ ൬45 +
∅

2
൰ + 2𝑐 tan ൬45 +

∅

2
൰ 

𝜎௣ = 𝜎௢ 𝐾௣ + 2𝑐ඥ𝐾௔ 

Where: 𝐾௣ = 𝑡𝑎𝑛ଶ ቀ45 +
∅

ଶ
ቁ = 𝑅𝑎𝑛𝑘𝑖𝑛𝑒 𝑝𝑎𝑠𝑠𝑖𝑣𝑒 − 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡. 

Note that 𝜎௢ = 0 at z =  0  

 The pressure distribution shows that at 𝑧 =  0 the active pressure equals 

2𝑐ඥ𝐾௣ 

And at  z=H  𝜎௢ = 𝛾𝐻 and  𝜎௣  = 𝐾௣𝛾𝐻 + 2𝑐ඥ𝐾௣ 

. 
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Thus, the total Rankine active force per unit length of the wall before the tensile crack 
occurs is: 

𝑃௔ =
1

2
𝛾𝐻ଶ𝐾௔ + 2𝑐 𝐻ඥ𝐾௣ 

The approximate magnitudes of the wall movements, ∆௫, required to develop  failure 
under passive conditions are as follows: 

 
 

 

  


