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Subject

Strain location in geomaterials, particularly soils or concrete, is a common phenomenon due to the intrinsic
heterogeneity of their response to complex loading conditions. Similarly, fluid flow localization, i.e. capillary or
viscous fingering, is a common phenomenon in these materials due, in this case, to the intrinsic heterogeneity of
their permeability. What usually happens in natural geomaterials is that these two types of localization processes
are definitely coupled. Examples are ubiquitous in natural and artificial structures, as for instance the formation
of cracks in drying soils or concrete, their behavior during wetting-drying cycles, the local volumetric collapse
induced by wetting or the fracturing induced by drainage. The consequences of such phenomena are of great
importance in civil and industrial applications, such as underground storage of hydrocarbons or waste disposal.
However a comprehensive approach to these problems, capable of taking into account the micro-scale coupling
between localization of the response in the solid and the fluid phases, is still missing.

In order to answer this problem, we recently proposed a gradient poro-mechanical theory [1,2] in which the
solid and the fluid phases are considered as continuous and endowed with micro-structure, in particular a strain
gradient solid and a second gradient fluid. In the case of partially saturated soils, where the porous space is
occupied by a liquid phase (water) and a gaseous phase (air), modeling of the response of the saturating mixture
can be obtained by adopting a phase field approach. The most important advantage of using a gradient approach
to model the localization is the natural way in which the characteristic lengths of the constituents are imported
into the model: it is the dependence of the free energy of the porous medium by these gradients which naturally
allows the model to account for non-local effects [3].

The subject of this thesis concerns first of all the numerical implementation of this advanced model in existing
Finite Element (FE) codes and secondly, the validation of the numerical results using innovative experimental
studies to be developed for prototype materials. Regarding the numerical implementation of the model, a change
of perspective will be required to introduce the proposed higher gradient model of the fluid mixture into existing
FE codes. In particular, a mixed FE approach will be developed. For experimental validation,
drainage/imbibition tests, under biaxial loading conditions, will be developed using model granular materials
(glass beads, platelets, etc.); the purpose being to identify the triggering of the above-mentioned localization
phenomena and to measure the average thickness of the phase transition region between a wetting and a non-
wetting fluid phase.
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Required Skills

Knowledge of continuum mechanics is strongly recommended as well as non-basic skills in numerical analysis
and numerical programming.
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