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Principles of Soil Mechanics
Stresses in Soils



What we are going to discuss today?
-Stresses in soils
-Horizontal stress
-Measurement of horizontal stress
(in-situ & lateral earth pressure)
-Measurement of Geostatic stress and Induced Stress)
-Boussinesq’s Equation (Point and Line Load)
-Newmark’s Solution (Area load)
-Chart solution



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.
Horizontal Stress:
• How horizontal stresses are:

-Direct result of applied external loads such as the braking 
forces from the wheels of a large track.

-Indirect result of applied vertical geostatic stresses and induced 
stresses.
Importance:
• Important for many engineering analysis.
• Design of Retaining Walls (RW) depends on the horizontal stresses 

in the soils being retained.





How can you measure the horizontal stresses in the ground?

►  



Pressure meter



Dilatometer Test



►  



Measurement of Induced Stresses

Load System:
• Application of Point Loads
• Application of Line Loads.
• Application of Area Loads.

Solution System:
• Analytical solutions
• Numerical solutions
• Charts Solution



Measurement of induce stresses:
Boussinesq’s Method:
• French Mathematician Joseph Boussinesq developed method of 

computing induced stresses in an infinite elastic half-space due to 
an applied external load.

Elastic Half-space
• Each discrete particle of soil, in contact with another, will deform 

when loaded, depending on the force that is "driving" contact 
between the two particles.

• Elastic half-space is the volume in which this deformation takes 
place.

Soil is a little more complicated because as each particle is loaded, it 
has two choices
• to move into an unoccupied space, or 
• deform in contact with another particle. 



Deform in contact with another particle:
 
• If soil deforms, it does so in the "half space" defined by the 

contact area that increases with deformation until the stress 
stabilizes. 

• This part of soil movement is recoverable and is known as 
"elastic deformation” or “elastic settlement”.

Move into an unoccupied space:
• It is re-orientation of the soil grains which is generally not 

recoverable and results in permanent or plastic deformation of 
the soil mass. 



►  



 



Newmark’s Solution for Induced Vertical Stresses beneath 
the corner of a rectangular Loaded area.
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Bearing pressure = q



Equation for analytical solution for vertical induced stress at depth z 
beneath the corner of a loaded Rectangle.



Equation for analytical solution for vertical induced stress at depth z 
beneath the corner of a loaded Rectangle.



Fig : Element of soil in three-dimensional x-y-z space/plane.

 



Solution (Ex. 1):

►  



Solution – Ex.1 (cont..):

►  



Chart Solutions
Pressure/Stress bulbs/Curves:
• Curves which connect the points of equal induced stresses are 

sometimes called pressure bulbs or stress bulbs.

• Charts provide a visual sense of how the stresses are distributed.



Fig 1: Influence factor for induced vertical stress under circular loaded area, as per 
Boussinesq.



Fig 2: Influence factor for induced vertical stress under square loaded 
area, as per Boussinesq.



Fig 3: Influence factor for induced vertical stress under semi infinite strip load, as per 
Boussinesq.

(of a line or solid) 
limited in one 
direction and 
stretching to infinity 
in the other.



Fig 3: Influence factor for induced vertical stress beneath the corner of 
a rectangular loaded area. 



 

►  



Fig of Ex. 2: Influence factor for induced vertical stress under 
circular loaded area, per Boussinesq.



►  

 



Solution Ex.3: (cont..)
►  



Westergaard’s Method

• Westergaard, Harold M (1938), a Danish structural Engineer, 
solved the same problem, Boussinesq addressed but with slightly 
different assumptions.

• Instead of using a perfectly elastic material, he assumed one that 
contained closely spaced horizontal reinforcement members of 
infinitesimal thickness.

• In such cases, the horizontal strain zero at all points.

• It is a precise representation of layered soils where some layers 
are much stiffer than others.



►  

 



►  





 



How to compute Stresses in soils

• Boussinesq’s Method
• New Mark’s Solution Method
• Westergaard’s Method
• Approximate Method
• Chart Solutions
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Solution (Ex.4):

►  



Solution (Ex.4) (cont..):

►  



Solution (Ex.4):

►  



Figure of Ex. 4: Influence factor for induced vertical stress under square 
loaded area, per Boussinesq.
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Solutions of Ex. 5:

►  



Solutions of Ex. 5 (cont..)
►  



Thank you


