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Numerical models for geotechnical problems involving partially saturated soils are based on a finite 
element formulation for three-phase media and a constitutive model for partially saturated soils. The 
three phases consist of the deformable soil skeleton and the interstitial fluid phases water and air. The 
three-phase model, employed in the present context, is based on averaging theory [1]. The primary 
variables of the finite element formulation comprise the nodal displacements of the soil skeleton, the 
capillary pressure and the air pressure. A Newton-type solution procedure is employed for solving the 
set of nonlinear equations of the three-phase model. 

A constitutive model,  which allows describing the essential  features of  partially saturated soil 
behaviour, is based on two stress state variables. Popular choices for the stress state variables are net 
stress  and  capillary  pressure  or  generalized  effective  stress  and  capillary  pressure  [2,3].  In  this 
contribution both the well known Barcelona Basic Model, proposed in its original version in [4], and a 
cap model for partially saturated sands and silts [5] are addressed. The former is formulated in terms 
of net  stress and capillary pressure and the latter  is  based on the generalized effective stress and 
capillary pressure.

Within the framework of a FE-analysis the stress update algorithm for the partially saturated soil 
model plays an important role. To this end, (i) an explicit stress update algorithm, (ii) a general return 
mapping algorithm, (iii) an optimized return mapping algorithm and (iv) a semi-explicit stress update 
algorithm are investigated. They are combined with sub-stepping and error control and are compared 
with respect to robustness, accuracy and efficiency. In addition, an implicit 5th order Runge-Kutta 
stress  update  algorithm  is  included  in  this  comparison.  The  performance  of  the  stress  update 
algorithms is investigated for different sets of material parameters and for a large range of prescribed 
combinations of volumetric and deviatoric strain increments. 

The  capabilities  of  the  two  soil  models  are  demonstrated  by  comparisons  of  the  results  of 
numerical predictions of partially saturated soil behaviour with extensive experimental data on a sandy 
silt, documented in [6], and on a silty sand, documented in [7,8]. These tests include, e.g., hydrostatic 
stress paths at saturated conditions, suction controlled hydrostatic tests and different triaxial tests for 
normal and over consolidated conditions combined with wetting and dewetting as well as unloading 
and  reloading.  Finally,  the  application  of  the  developed  coupled  FE-model  is  demonstrated  by  a 
simplified  2D numerical  simulation  of  the  impoundment  of  an  embankment  dam and by the  3D 
numerical simulation of the injection of compressed air into water saturated soil.
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