
 Learning Objectives; 

 Understand what are the factors that contribute to the shear strength of soils 

 Knowledge of Mohr circle and the ability to use Mohr circle to determine the 

stresses and shear in the soil at given condition 

 Get familiar with direct shear test 

 Identify the difference between consolidated drained, consolidated undrained, 

and unconsolidated undrained triaxial test 

 An ability to use the result from triaxial test to determine the angle of internal 

friction and the allowable shear stress of the soil 

  Etc. 

Source: test-llc.com 
Source: srilankadot.com 

Shear Strength and Triaxial tests   



 Soil fail in shear. 

 Shear strength of soil is the internal resistance that the soil mass 

offer to resist failure/sliding along any plane inside it. 

 Shear failure will occur at points where shear stresses (𝜏 ) 

exceeds soil’s shear strength (𝑆). 

 Shear stresses are generated into the soil mass due to adding 

external loads and/or excavations. 

 The engineer needs to know the nature of shearing resistance in 

the soil mass to analyze problems such as: 

 bearing capacity of foundations. 

 stability of slopes. 

 lateral pressure on retaining walls. 



 What are the key components that contribute to the soil 

shear strength? 

 interlocking of soil particles 

 frictional resistance between individual soil particles  

 cohesion or adhesion between the surfaces of the soil particles 

 

 





Failure Mechanism 

 Local failure takes place at points where shear stresses (𝜏) > 

shear strength (𝑆). 

 When local failure occurs at sufficiently large number of points 

within the soil mass, a general failure takes place. 

 Failure takes the form of sliding of a soil block over a Failure / 

Sliding/Slip surface within the soil mass. 

 To study shear failure at a point, we need to calculate: 

    1. Stresses (𝜏, 𝜎) on any plane through this point 

    2. Shear resistance (𝑆) at this point 



Normal and Shear Stresses in a Soil Mass 

Considering a certain point inside the soil 

mass and knowing the normal (𝜎 ) and 

shear stresses (𝜏) acting on two planes at 

this point: 

 What is the maximum and minimum 

normal stresses (magnitude and 

direction)? 

 What is the maximum shear stresses 

(magnitude and direction)? 

 What is the normal (𝜎) and shear (𝜏) 

stresses acting on any plane? 



 It is a graphical method to present 

the state of stress along any plane 

passing through any point within the 

soil mass. 

 Need to define σ and τ sign 

conventions: 

For σ: 
 Compression (+ve sign) 
 Tension (‐ve sign) 
For τ: 
 Rotation clockwise (‐ve sign) 
 Rotation anticlockwise (+ve sign) 

Mohr Circle Presentation 



 Every point on the circle represents the state of stress acting on a 

plane passing through the soil element. 

 There are infinite number of planes passing through the element. 

 



 Maximum and minimum normal stresses: 

 Major principal plane (𝜎1,0) 

 Minor principal plane (𝜎3,0) 

 Maximum and minimum shear stresses: 

 Plane c (( 𝜎1 + 𝜎3)/2, 𝜏max) 

 Plane d ((𝜎1 + 𝜎3)/2, 𝜏m𝑖𝑛) 
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Shear Failure Criterion in Soil 

 Shear resistance in soils is due to: 

 Friction and interlocking between soil particles “Friction 

component” 

 Inter‐particle attraction forces (due to electro‐chemical effects) 

Called “Cohesion component”. 

 The shear strength (S) of soil at a point is expressed as a linear 

function of the effective normal stress (σ’) acting on plane of 

failure:  

𝑺 =  𝒄′ +  𝝈′tan𝝋′ 

 

where, c’ and φ’ are the shear strength parameters 

c’: effective cohesion 

φ’: effective angle of shearing resistance 





Factors affecting Soil Shear Strength (S) 

 For coarse grained soils 𝑆 depends on 

friction and interlocking soils, between 

particles (𝜑’): 

 Relative density:  

    Loose (small 𝝋’), Dense ( large 𝝋’)  

 Gradation: 

    Poorly graded (small 𝝋’ ), well 

graded ( large 𝝋’ ) 

 Particle shape: 

    Rounded (small 𝝋’), angular (large 𝝋’) 

 Particle surface roughness (as roughness increases, φ’ increases) 

 For coarse grained soil: 

     φ’ ranges from 27𝑜 to 45𝑜. 



 For fine grained soils, 𝑆 depends 

on friction and interlocking 

between particles (𝜑’) as well as 

cohesion (𝑐’): 

 Stress history overconsolidation 

ratio): 

as OCR increases, 𝑺 increases 

 Soil fabric (flocculated dispersed): 

flocculated has higher S 

 Soil disturbance (affects soil fabric): 

as disturbance increases, S decreases 

 Soil permeability (water drainage): 

 Shear strength of soil loaded under drained conditions (slowly) is 

different from that loaded under undrained conditions (quickly) 

Drained shear strength versus undrained shear strength 



Shear Strength Tests 

 Shear strength parameters for a particular soil are determined 

by means of laboratory tests on specimens sampled from in‐situ 

soil. 

 Great care is required in sampling, storage, and handling of 

samples prior to testing, especially in case of undisturbed 

samples where it is necessary to preserve the in‐situ structure 

and water content of soil. 



Direct Shear Test 

   1- Shear box apparatus. 






