
Soil Mechanics-Lecture IV:  
Shear strength.
Lateral stresses.
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Mohr-Coulomb criterion
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Mohr- Coulomb in three dimentions
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Direct shear test
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Three axial test
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Pore pressure. Undrained behaviour.
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Questions

•Uniaxial compression (and tension) stregth

•Obtain  and c form three axial tests resulst

•Obtain ’ and c’ frorm three axial test results

•Obtain  and c by direct shearing test
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Coefficents of earth pressure
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Retaining structures

𝑒𝑎 = 𝐾𝑎𝛾𝑥3 − 2𝑐 𝐾𝑎
 

𝑒𝑎′ = 𝐾𝑎 (𝛾𝑠𝑎𝑡 − 𝛾𝑤)𝑥3𝑎 − 2𝑐 𝐾𝑎
 

3𝑎

3𝑎𝑤

𝑒𝑎 = 𝐾𝑎 𝛾𝑠𝑎𝑡 − 𝛾𝑤 𝑥3𝑎 − 2𝑐 𝐾𝑎
 

+ 𝛾𝑤𝑥3𝑎𝑤

𝑒𝑝 = 𝐾𝑝𝛾𝑥3 − 2𝑐 𝐾𝑝
 

𝑒𝑝 = 𝐾𝑝 𝛾𝑠𝑎𝑡 − 𝛾𝑤
𝑥3𝑝 + 2𝑐 𝐾𝑝

 

𝑒𝑝 = 𝐾𝑝 𝛾𝑠𝑎𝑡 − 𝛾𝑤 𝑥3𝑝 + 2𝑐 𝐾𝑝
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Questions

•Draw the distribution of earth pressure

•What value of coefficient of lateral earth pressure is assumed in 
elastic problems

•In which situations lateral active and passive pressures should be 
used
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Limit equlibrium methods. Inifinite slope
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LEM. Slope stability. Fellenius. Bishop.
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𝑐𝑟𝑖𝑡 𝑐𝑟𝑖𝑡

Numerical (FEM, FDM) slope stability. 
Shear Strength Reduction method.
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Limit theorems. Bearing capacity.
Statically admissible field of stresses is a distribution of 
stresses that satisfies the following conditions :
• it satisfies the conditions of equilibrium in each point 

of the body,
• it satisfies the boundary conditions for the stresses,
• the yield condition is not exceeded in any point of the 

body.

Lower bound theorem:
The true failure load is larger than the load corresponding 
to an equilibrium system.

Kinematically admissible field of displacements is a distribution 
of displacements that satisfies the following conditions :
• the displacement field is compatible, i.e. no gaps or overlaps 

are produced in the body (sliding of one part along another part 
is allowed),

• it satisfies the boundary conditions for the displacements, 

Upper bound theorem:
The true failure load is smaller than the load corresponding to a 
mechanism (if the latter) is determined using the virtual work 
principle.

𝛾

𝑁𝑞 =
1 + sin 𝜑

1 − sin 𝜑
exp(𝜋 tan 𝜑) 𝑁𝑐 = 𝑁𝑞 − 1 cot 𝜑

𝑁𝛾~2 𝑁𝑞 − 1 tan 𝜑
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FEM, FDM, FELA



16

Bibliography
Verruijt, A., & Van Baars, S. (2007). Soil mechanics (pp. 19-25). Delft, the 
Netherlands: VSSD.

Wiłun, Z. (1976). Zarys geotechniki. Wydawnictwa Kommunikacja i 
Ła̜czności.

Sozański, J. (1977). Stateczność wykopów, hałd i nasypów. Wydaw." Śląsk".


