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ABSTRACT 

Many applications in geohazards prevention involve large deformations of unsaturated soils, e.g. 

rainfall induced landslides, embankment collapses due to wetting etc. These phenomena can be 

investigated with multiphase implementations of the Material Point Method (MPM) able to account 

for the behaviour of unsaturated soils. Recently, Yerro et al. [1] proposed a three-phase MPM 

formulation in which the governing equations are derived from the momentum balance and the mass 

balance equations of solid, liquid and gas phase assuming non-zero gas pressure. This approach takes 

into account the relative accelerations and relative velocities of the pore fluids and the primary 

unknowns are the absolute velocities of the phases (vs–vl–vg formulation). In contrast, Bandara et al. 

[2] and Wang et al. [3] used a simplified approach assuming zero gas pressure. Under this hypothesis 

the momentum balance equation of the gas can be neglected, thus reducing the computational cost.  

The full three-phase formulation and the simplified approach are briefly presented and compared in 

this paper in order to highlight their potentialities and limitations with particular attention to 

engineering applications in soil mechanics. In particular, a 1D infiltration example and a wetting-

induced slope stability problem are considered. 

Despite the introduced simplifications, the simplified formulation gives reasonably good results in 

many engineering cases. On the other side, the three-phase formulation is more appropriate in some 

cases when the gas pressure differs from the atmospheric pressure, e.g. consolidation in confined 

conditions of gas reservoirs.  
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