
EWCE 341

Principles of Soil Mechanics
Stresses in Soils



What we learned in the last class? 

• What is stress in soils ?
• Shear Failures in Soils.
• Sources of stresses in soils
• Computation of Vertical Geostatic Stress.



►  



What is stress in soils ?
Stress:
• All civil Engineering projects impart loads on the 

ground that supports them.
• Loads produces stresses in soils ie compressive stress, 

shear stress and even tensile stress.



Simplifying Assumptions
For computing stresses, soils or rocks will have to have 
following assumptions:

• It is continuous material or not a particulate materials.
• It is homogenous ie the relevant engineering properties 

are same at all locations. In stress analysis E, G and 𝜈 to 
be constant ie. there are no ‘hard spots’ or ‘soft spots’ 
which can significantly alter the stress distribution.

• It is isotropic ie the engineering properties are same in all 
directions with exceptional is the bedded sedimentary 
rocks.

•  It has linear elastic stress-strain properties ie stress is 
proportional to strain.



Homogeneous vs Isotropic
Homogeneous refers to the uniformity of 
the structure of the matter.

Isotropic refers to the property of having 
uniform in every direction.

Structure of homogeneous material is 
uniform.

Structure of isotropic material can be 
either homogeneous or 
non-homogeneous.

Properties of homogeneous matter does 
not depend on the direction.

Properties of isotropic matter depends on 
the direction.

Air, clear solutions are example. Water, glass are examples.



Stress:
• Each face of the element of a material is subjected to a normal 

stress, which could be either tension or compression.
• Geotechnical engineers use:
  + = compression

-  = tension
Because they always deal with the compression.
• For two dimensional problems, +ve shear stress that cause the 

element to rotate counter clockwise and –ve shear stress that cause 
it to rotate clock wise.

Designation of Stress & Strain
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F

F



A two dimensional soil element with x-axis and z-axis 
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Modulus of Elasticity, Shear Modulus and Poisson’s 
Ratio: In stress analysis E, G and 𝜈 to be constant



Hook’s Law: Law stating that the strain in a solid is proportional to the 
applied stress within the elastic limit of that solid.



►  

A F

• A large value indicates a soil is highly 
rigid. 

• A small G value indicates a soil is soft 
or flexible. 

• One definition of a fluid is a 
substance with a shear modulus of 
zero. 
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Mohr’s Circle Analysis

State of stress at a point under the ground represented in two different coordinate systems.



Mohr Circle
• At the point A, under slope, the normal and shear stresses are 

acting on any two orthogonal planes, define the stresses at this 
point.

• However, there are an infinite number of pairs of orthogonal planes 
that can pass through point A, each with their own set of normal 
and shear stresses.

• One of the way to use graphical representation called Mohr Circle, 
to transform stresses from one pair of orthogonal planes to any 
other pair of orthogonal planes.

• Mohr Circle was developed by German Engineer Otto Mohr.

• Mohr Circle provides, how stresses are changed from one 
coordinate system to another.



What is Mohr Circle? Write down the importance of Mohr Circle in 
the analysis of stresses in soils.

Mohr Circle?
• A graphical representation of stresses developed by the German 

Engineer Otto Mohr.

• Mohr Circle describes the two-dimensional state of stresses at a 
point on a circle plotted on a normal vs shear stress diagram.

• Location of the center and radius of the circle represent the state 
of stresses, and 

• Points on the circle represent the shear and the normal stresses 
for axes system rotated at different angle.



How to draw Mohr Circle-Pole Method?

►  



Mohr Circle of stress and the Pole Method

Points Z and X on the Circle represent the stresses for soil element shown above.



Creation of Mohr Circle
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Mohr Circle of stress and the Pole Method

Location of Pole ‘P’



Location of Pole ‘P’
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Advantages of Pole Method

• Soil element can be drawn on the figure with its 
proper orientation.

• Easy to ensure that stresses are shown in proper 
direction, using correct sign convention.

What is Pole Method of creating a Mohr Circle?
Describe the Pole method to draw a Mohr Circle with net 
diagram.



What do you mean by the Principal Stresses described in Mohr 
Circle? How you can determine the magnitude of principal stresses?

Principal Stresses

Determining the principal stresses by drawing lines from the pole to 
points 1 and 3.
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Thank you


