
EWCE 341

Principles of Soil Mechanics

Consolidation



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 completed in the field.
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Solution:

►  



Solution (cont..):

►  



Solution (cont…)

►  



What we are going to learn today?
• What is Consolidation Test Sample?
• Test Procedures
• Loading Sequence
• Methods of presenting test result
• Plastic and elastic deformation
• Pre-consolidation Stress



Consolidation Test Sample
• Tests are usually performed on a high quality undisturbed samples 

(natural), of soft to medium clays and tests results are reliable.

• It is virtually impossible to obtain high quality undisturbed samples 
and thereby uses empirical correlations /in-situ tests to asses the 
stress-strain properties.

• It is important for samples that were saturated in the field to remain 
so during storage and testing.

• Sometimes engineers need to evaluate the consolidation 
characteristics of proposed compacted fills, and do so by 
performing consolidation tests on samples that has been remolded 
and compacted in the laboratory.



Consolidation Test in the laboratory
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Components

Specimen Ring:
• Soil specimen, which has the shape of an upright cylinder, 

is placed in the consolidometer, and surrounded by a 
brass or stainless ring.
Purpose of Rings:
-To maintain zero horizontal strain, producing one-

dimensional consolidation.



Test Procedure
Porous Stones:
• Porous stones are placed above and below the specimen, 

which is strong enough to carry the applied loads and 
porous enough to allow water to pass through freely.

Filter Papers:
• Placed on top and bottom of soil specimen of specimen ring.

Water Bath:
• Specimen, rings and porous stones are submerged in a 

water bath, to keep the soil saturated.



Device for Measuring Deformation:
• A Dial gauge or device is placed above the specimen to measure its 

compression as the test progresses.
• Loading Cap:

• Loading Device:



1-D Consolidation
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Test procedure (cont…)

►  



Test procedure (cont…)

►  



►  



 

Loading Curve

Unloading Curve



►  



►  



Derivation of  an equation that relates void ratio with strain

Water

   Water

Solids
SolidsInitial Final 

 

 

 
 

 



►  



Plastic and Elastic Deformation:
Question: Define plastic and elastic deformation.
Plastic deformation:
• All materials deform when subjected to an applied load.
• If all this deformation is retained when the load is released, it is 

said to have experienced plastic deformation.
• Example: bending of an copper wire.

Elastic deformation:
• All materials deform when subjected to an applied load.
• If the material return to its original size and shape when the load 

is released, it is said to have experienced Elastic deformation.
• Example: bending of a rubber hose.



Question: Describe the plastic and elastic deformation of soils in the results of 
laboratory consolidation test.

• Soil exhibits both plastic and elastic deformations, this is why we 
see two slopes in the loading and unloading curves in the results of 
laboratory consolidation tests (Figure below).



Plastic and Elastic Deformation of soils under Applied Load:
Question: Explain the plastic and elastic deformations of soil under applied load.

To understand the plastic and elastic deformations of soil under applied 
load: Let us consider soil element A shown in the figure and 
consolidation data for this element.
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►  



Figure (c):
• We drill an exploratory boring, obtain an undisturbed sample from 

element A, and take into the laboratory.

• This process removes the overburden stress, so he effective stress 
drops and the samples expands slightly (ie. the void ratio e 
increases) as described by Point 3.

• This expansion reflects the elastic portion of the compression that 
occurred naturally in the field.

• Although, there has been some elastic rebound, most of the 
compression was plastic, so the unloading curve 2-3 is much flatter 
than the loading curve 1-2.



►  



Pre-consolidation Stress:
• Point where the slope of the consolidation curve changes (i.e. 

point B or Point 4) is an important event in the consolidation 
process.



Pre-consolidation Stress (cont..)

►  



What we have learned today?
• What is Consolidation Test?
• Test Procedures
• Loading Sequence
• Methods of presenting test result
• Plastic and elastic deformation
• Pre-consolidation Stress



Thank you


