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Shear strength 
• Soil strength needs to be evaluated in many 

problems. Soil generally fails in shear. 
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Coulomb and Mohr-Coulomb 

Failure Criteria 
• Shear strength of soil can be modeled using 2 

components: 

– Friction 

– Cohesion 

SHEAR STRENGTH OF SOILS 
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Mohr-Coulomb Criterion 
SHEAR STRENGTH OF SOILS 
 

t 

s

 
s'1 

' 

s'3 

s'1 

s'3 

s'1> s'3 s'1 s'1 s'1 s'1 

  

t 

s

 

' 

s'3 

s'1 

s'3 
s'1= s'3 



Loading in Drained and Undrained 

conditions 

• Drained 

– When the excess pore water pressure developed 

during loading of a soil is allowed to dissipate, i.e., 

Δu=0; 

• Undrained or partially drained 

– When the excess porewater pressure cannot 

dissipate, or cannot drain quickly enough, from the 

soil, i.e., Δu≠0. 

– The undrained and drained strengths generally 

provide the two extremes of soil shear strength. 

– Undrained and drained strength parameters can be 

obtained from laboratory tests. 

DRAINED AND UNDRAINED SHEAR STRENGTH 
 



• Simulating field conditions  

   in the laboratory 

 

Step 1: Set the specimen in 
the apparatus and apply 
the initial stress condition 
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Laboratory Testing of Soils 



Direct Shear Test Apparatus 

DIRECT SHEAR TEST 
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• Stress-strain relationship (same vertical stress) 
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Shear displacement 

Dense sand/ 
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Shear displacement 

Typical Results from Direct Shear Tests on Sands 

DIRECT SHEAR TEST 



• How to determine strength parameters c’ and φ’ 
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Typical Results from Direct Shear Tests on Sands 

DIRECT SHEAR TEST 
 

If tf= tp then φ=φ’p 

If tf=tcs then φ=φ’cs 

 



Triaxial Testing of Soils 

TRIAXIAL TEST 
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Types of Typical Triaxial Tests 

TRIAXIAL TEST 
 

Step 1 Step 2 

CD test 

CU test 

UU test 

Is the drainage valve open? 
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Under all-around cell pressure sc Shearing (loading) 
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Axial strain 

Dense sand or 
OC clay 

(Δσd)f 

Dense sand or 
OC clay 

Loose sand 
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Axial strain 

Loose sand or 
NC Clay (Δσd)f 

Stress-strain relationship during drained shearing 

CD TRIAXIAL TEST 
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σ or σ’ 

φ 
Mohr – Coulomb 
failure envelope 
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How to determine strength parameters c' and φ' 

CD TRIAXIAL TEST 
 

If (Δσd)f=(Δσd)p then φ=φp 

If (Δσd)f=(Δσd)cs then φ=φcs 
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Consolidated- drained test (CD Test) 

Stress-strain relationship during undrained shearing 



How to determine effective stress strength parameters 

c’ and φ’ 

CU TRIAXIAL TEST 
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UU TRIAXIAL TEST 
 Unconsolidated- drained test (CD Test) 

Stress-strain relationship during undrained shearing 


