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ABSTRACT 
 

This minor thesis is centred on the study of the hydro-mechanical behaviour of an 

unsaturated soil due to suction and net stress changes. Soil mechanics was initially developed 

on the study of the saturated soil and using the effective stress. However, a great part of natural 

soils (fluvial, alluvial deposits, etc.), as well as man-made earth structures (earth embankments, 

cores of dams, etc.), are constructed using unsaturated soils. These are the reasons for a deep 

understanding of their behaviour, which has increased during the last years.  

 

An effective stress expression was proposed by Bishop (1959) for unsaturated soils. If this 

expression is valid, the effective stress implies that the deformation and the shear strength of the 

soil only depend on the variation of this variable. Bishop’s expression, which is presented in the 

introduction of this thesis, incorporates the net stress applied to the soil, as well as the degree of 

saturation and the suction of the soil. Two terms are identified in this expression, one that 

corresponds to the variation of the effective stress due to changes in the mechanical component 

of the soil, i.e. in a variation of the net tension, and another one in which the effective stress 

depends on the hydraulic component of the soil, i.e in the degree of saturation and suction. 

Both terms contribute in a combined and independently way to the variation of the effective 

stress. If this expression is valid, then it is supposed that variations of the same value in the 

mechanical or hydraulic components should induce the same volumetric strains on the soil. 

The objective of this study is centred on verifying the validity of this expression in an 

experimental way focusing on the deformational response of the soil.  

 

One of the main difficulties in verifying this hypothesis in an experimental way is that the 

degree of saturation depends on suction. To cope with this objective, an average value of the 

degree of saturation should be used in the paths involving suction changes. This degree of 

saturation approach should be kept in mind, when selecting the hydraulic paths to verify the 

aforementioned hypothesis.  

 

The work is developed following an experimental methodology on a silty soil taken from 

Campus Nord of UPC, the so-called Barcelona silt. The study also involves the setting up of two 

experimental cells. On one hand, a controlled-suction oedometer cell, which is used to obtain 

the water retention curve that links suction to degree of saturation. On the other hand, a 

controlled-suction mini-isotropic cell is used to apply the mechanical isotropic stress and 

hydraulic paths that will be used to verify Bishop’s expression under three different degrees of 

saturation.  

 

They results of the hydro-mechanical response of the soil are presented and analyzed. The 

volumetric strain undergone by the soil following purely mechanical or hydraulic paths are 

compared. Main conclusions and future research lines are finally presented. 


