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ABSTRACT

Penetration tests -such as cone penetration test (CPT), T-Bar, …- are widely used in geotechnical
engineering to  determine soil  properties.  Using a  realistic description of  the soil  behaviour (e.g.
elasto-plastic effective stress response) increases both the range of conditions for and the precision of
test interpretation. The downside is that a number of material non-linearities are added to a problem
that already features a severe geometric non-linearity. FEM-based analysis are well suited to include
material  non-linearities,  even  taking  into  account  large  deformations.  However,  the  mesh  may
experience severe distortion, leading to numerical inaccuracies and even rendering the calculation
impossible. A method that can surpass this difficulty is needed.

In this work, the Particle Finite Element Method [1] is employed to simulate the penetration of a
rigid probe into the soil. The method is characterized by a particle discretization of the domain: every
time-step a finite element mesh -whose nodes are the particles- is build using a Delaunay tessellation
and the solution is evaluated using well shaped low order finite elements. Adaptive techniques are
used to improve the solution in areas with large plastic deformation.

The  soil-water  mixture  is  modelled  as  a  two-phase  continuum  employing  a  finite  deformation
formulation  [2].  The  linear  momentum  and  mass  balance  equations  are  written  following  the
movement of the solid skeleton; thus, a spatial description of the fluid phase is adopted. The water
flow is assumed to obey a spatial generalization of the Darcy's law. A multiplicative elasto-plastic
constitutive response is assumed for the soil skeleton and the integration of the stresses is performed
with an explicit  integration scheme with adaptive substepping [3].  The contact  algorithm uses  a
penalty approach to enforce the contact constraints since the probe is assumed to be rigid.

The proposed approach has been assessed against numerical benchmark examples, such as oedometer
and triaxial tests, showing good agreement with analytical solutions. Finally, the presented approach
is used to analyse the effect of the penetration rate of the CPT on the cone resistance and excess pore
pressure in a Modified Cam Clay soil.
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