
EWCE 341

Principles of Soil Mechanics



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..)

►  



Equation-1

Equation-2

Figure of Ex.5



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



Stresses in soils:
• 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.

• Compressive stresses ie geostatic stresses and induced stresses 
developed in soils , are carried partially by the solid particles and 
partially by the pore water.

Total stress:
• Sum of the stresses which are carried by the two phases of soils ie 

solid and water.
• Total stress can be very useful if we divide into two parts.



What is effective stress in soils?

►  



Pore Water Pressures (cont..)
►  



Positive pore pressure: 
• Zone of soil that is below water table will be fully saturated. 
• Pressure in the pore is greater than atmospheric pressure. 
• Hence, it is said to be positive pore pressure.

Negative pore pressure:
•Above the water table, soil may remain saturated or unsaturated 
and pressure in pore is lower than the atmospheric pressure.

•Hence, it is said to be negative pore pressure.

Below the water table, pore pressure is positive; 

In dry soils and at the level of the water table, pore pressure is zero;

Above the water table, soil can remain saturated due to capillary rise 
but with negative pore pressure (suction).



Ideal Scenario for +ve and –ve Pore Pressure (u)



Figure: Division of total stress into effective stress and pore 
water pressure.



Determination of vertical Effective Stress

►  



Horizontal Effective stresses:

►  



Stresses beneath the bodies of water:
Importance:
• Geotechnical engineers need to compute stresses beneath the 

water such as lakes, rivers or oceans.

• Might be necessary while designing foundation for a bridge.

• Might be necessary when evaluating the stability of slopes that 
extends under water.
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Figure: Computation of effective stress beneath bodies of water 
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Computation of Effective Stresses beneath the bodies of 
water:



Stresses beneath the bodies of water ( cont..):

►  



►  



Explain the stress conditions with negative pore water pressure in 
soils.

Stress conditions with negative pore water pressure or soil suction:
• Most geotechnical analyses assume that the pore water pressure 

above the GWT is zero. Therefore, effective stress is equal to the total 
stress.

• In reality, soils above GWT generally have –ve pore water 
pressures also known as soil suction, which means the effective stress 
is greater than the total stress.

Vadose Zone
• In the figure, within the vadose zone, the soil remains saturated in the 

zone of capillary rise.



►  



A plot of pore water pressure vs elevation.

Phreatic 
zone



Unsaturated zone:
• Above the Zone of Capillary Rise, the degree of saturation falls well 

below 100% .

• Pore water collects into small capillary zones adjacent to particles 
contact points.

• Surface tension forces develop between this water and the 
particles, creating tensile forces (-ve u) in the water.

• In the air pockets, the pressure is atmospheric.

• Negative pore water pressures can be measured in situ or in the 
laboratories.



Above the capillary zone, the pore water 
retreats to particle contact points.

Air pockets

Surface tension forces



Thank you


