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Lecture Outline

 Earth Pressure at rest

 Limiting States of Earth Pressure

 Analysis assuming geostatic conditions

 Analysis using limit equilibrium



Earth Pressure At Rest



Active and Passive States of EP



Geostatic Conditions

Assumptions
 Horizontal Ground Surface
 Smooth Vertical Wall
 Soil is infinite
 Soil is cohesionless
 Soil is Homogenous
 Plane Strain Conditions
 Rigid Soil (Ignore deformations)



Active and Passive EP coefficient



Slip Lines



Sloping Ground Surface



Effect of Cohesion



Application of Limit Equilibrium
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Force Polygon
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Coulomb’s Solution for Active Case
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Closed Form Solution
𝐸𝐸𝑖𝑖

𝑆𝑆𝑆𝑆𝑆𝑆 Ψ𝑖𝑖
=

𝑊𝑊𝑖𝑖
𝑆𝑆𝑆𝑆𝑆𝑆 (180 − 𝜃𝜃 + Ψ𝑖𝑖 )

𝐸𝐸𝑖𝑖 =
𝑆𝑆𝑆𝑆𝑆𝑆 Ψ𝑖𝑖  ∗ 𝑊𝑊𝑖𝑖

𝑆𝑆𝑆𝑆𝑆𝑆 (180 − 𝜃𝜃 + Ψ𝑖𝑖 )

𝐸𝐸𝑖𝑖 =
𝑓𝑓(𝛾𝛾𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ,𝛽𝛽,𝜌𝜌𝑖𝑖 ,𝛼𝛼,𝜙𝜙, ℎ)

𝑆𝑆𝑆𝑆𝑆𝑆 (180 − 𝜃𝜃 + 𝜌𝜌𝑖𝑖 − 𝜙𝜙 )

𝐸𝐸𝑖𝑖 =
𝑓𝑓(𝛾𝛾𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ,𝛽𝛽,𝜌𝜌𝑖𝑖 ,𝛼𝛼,𝜙𝜙, ℎ)

𝑆𝑆𝑆𝑆𝑆𝑆 (180 − 𝛼𝛼 − 𝛿𝛿 + 𝜌𝜌𝑖𝑖 − 𝜙𝜙 ) = 𝑓𝑓(𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝜌𝜌𝑖𝑖)



Active EP Coefficient
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𝐸𝐸𝑎𝑎 = 𝑓𝑓 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝜌𝜌𝑓𝑓 =
1
2
𝛾𝛾𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ∗ ℎ2 ∗ 𝑘𝑘𝑎𝑎

𝑘𝑘𝑎𝑎 =
2𝐸𝐸𝑎𝑎

𝛾𝛾𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠ℎ2



Coulomb Solution for Passive Case
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Closed form Solution is Possible
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𝐸𝐸𝑝𝑝𝑖𝑖 = 𝑓𝑓(𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐, 𝜌𝜌𝑖𝑖)



Passive EP Coefficient
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𝐸𝐸𝐸𝐸 = 𝑓𝑓(𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐, 𝜌𝜌𝑓𝑓)

𝐸𝐸𝑝𝑝 = 𝑓𝑓 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝜌𝜌𝑓𝑓 =
1
2 𝛾𝛾𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ∗ ℎ

2 ∗ 𝑘𝑘𝑝𝑝



Applying Rankine Assumptions
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Similar Results
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Issues with Coulomb Solution
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Errors in the passive Case

Sherif A Y Akl, App of NM to Geot. Eng. 22



Modified Passive Coefficient
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Thank you
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