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Principles of Soil Mechanics

Compressibility and Settlement



Distortion Settlement

►  



Figure: Distortion settlement 
beneath a small loaded area.



Consolidation Settlement:
• Term consolidation is used to described the pressing of soil 

particles into a tighter packing in response to in increase in 
effective stress.

• It is assumed that the volume of solids remain constant ie the 
compression of individual particles is negligible; only the volume 
of voids changes.

Figure: Consolidation of soil 
particles under the influence of an 
increasing vertical effective stress.

 



Consolidation Settlement (cont..)
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Understanding the Consolidation analyses.

• Consolidation analyses usually focus on saturated soils 
(S=100%), which means the voids are completely filled with 
water.

• Both the water and solids are virtually incompressible.

• So consolidation can occur only as some of the water is 
squeezed out of the voids.

• Process can be demonstrated by taking a saturated kitchen 
sponge and squeezing it; the sponge compresses, the water is 
pushed out.



Question: Explain the physical process of consolidation and its relationship with the flow of pore water.

Physical process of consolidation and its relationship with the flow 
of pore water: 

Piston and Spring Analogy:
•Consider the mechanical piston and spring analogy.

•Device consists of a piston and spring located inside a cylinder.

•Cylinder is filled with water and a small drain hole present in the 
piston.



Piston and Spring Analogy (cont…):

• Components represent an element of soil at some depth in the 
ground. 

• Spring representing the soil solids.
 

• Water representing the pore water, and 

• Drain holes representing the soil voids through which the pore 
water must flow.
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Figure: Piston and Spring Analogy.
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Piston and Spring Analogy: (cont..)

• Holes are very small, so the flow rate through them is also small, 
but eventually a certain quantity of water passes through.

• Outward flow of water allows the piston to move further 
downward, thus compressing the spring and relieving some of the 
load from water.

• Process represents the gradual transfer of stress from the pore 
water to the soil solids.

Question: Understanding the relationship between compression of the spring and 
dissipation of water is key to solving the consolidation problems. explain
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Question: Describe the consolidation processes in the field.

►  



Describe the consolidation processes in the field (cont..).

►  



Thank you



Ex. 2: Find out the vertical effective stress in soil element at point 
A, when a 5-m deep fill is placed shown in the following figure; 
after the consolidation is complete. Explain the consolidation 
process in the field.
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Solution:
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Solution (cont..):
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Solution (cont…)

►  



Thank you


