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Context and objectives

To describe the macroscopic behavior of composite materials, many homogenisation methods exist,
that provide effective properties of an “equivalent” homogeneous material. Among them, mean-fields
schemes, see [Hessman et al., 2021] and the references therein, provide semi-analytical estimates for ran-
dom composites, based on statistical information on these composites’ phases (e.g. concentration and
shapes of inclusions, distribution of aspect ratio for short fibers ...) [Torquato, 2005].

Some of these scheme also account for the spatial distribution of inclusion, i.e. the inner spatial
organisation of the microstructure. The model proposed in [Ponte Castañeda and Willis, 1995] notably
includes the pair distribution function of the composite. However, strong hypothesis are made on this
function to obtain a closed-form model, notably that it should have an ellipsoidal symmetry, see Figure
1 where the “distribution” ellipse is represented as “exclusion” zone around each inclusion. Since that
ellipsoidal symmetry cannot encompass all possible configurations, and since the elasticity mathematical
formalism is able to account for higher-order symmetries, the main goal of the proposed internship is to
generalize this model by “relaxing” the initially given condition and permitting other distributions.

As a motivation for developing this kind of enhanced models, they could help understanding recent
experimental results on sheared suspension of particles in fluids (Figure 2). Indeed, it is shown in
[Deboeuf et al., 2022] that the instantaneous effective shear modulus of such a composite material, which
can be considered as a linear elastic solid for fast sollicitations, depends on the history of shear γp that
has been applied to the suspension (Figure 3). In the same time, the pair distribution function of the
particles has been measured and is seen to be clearly anisotropic with a non-elliptic distribution, also
varying with the pre-shear (Figure 3).

The question is whether this observed variation of shear modulus is mainly due to the change of
distribution or to other effects e.g. contacts between particles. A generalized PCW model should help
answering this question by providing an estimate of the distribution influence.

Figure 1 – Distributions containing spheroidal particles with aspect ratio w. Left : aligned particles
distributed with spheroidal symmetry with aspect ratio wd > w and right : randomly oriented particles
distributed with spherical symmetry (wd = 1). From [Ponte Castañeda and Willis, 1995].
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Figure 2 – Left : scheme of the shear expriment on particle suspension. Right : horizontal slice of the
suspension (before shear). From [Deboeuf et al., 2022]

Figure 3 – Left : Normalized instantaneous shear modulus of the suspension as a function of the deforma-
tion, beginning from a pre-sheared configuration. Behaviors of the sole fluid and a bubble supension are
also given. Right : radius-averaged pair distribution functions measured during this experiment. The black
curves indicates the (isotropic) distribution of the suspension before shear. From [Deboeuf et al., 2022]
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Organisation

The internship will include the following steps :

1. bibliographical study on mean-fields homogenization method and on statistical description of
random media,

2. extension of the PCW model to non-elliptical distributions,

3. numerical implementation of the obtained model and validation using comparisons with full-field
numerical computations,

4. application to the sheared suspension of particles, comparison with experimental measurements
and analysis of the results,

5. writing an internship report and preparing a presentation.

Depending on the obtained results, a scientific article might be written.

Practical information

Time : 5 to 6 months, start expected about March 2023.
Location : Institut d’Alembert, Sorbonne Université, campus Pierre et Marie Curie, Paris, France.
Salary : Sorbonne Université internship stipend (≈ 570e/ month).
Expected profile : The candidate should be a master student in applied maths, mechanical engineering
or related fields. Knowledge of elasticity theory, homogenisation methods or statistical description of
composite materials would be much appreciated. He or she should have a taste for theoretical work and
programmation.
Candidacy : The candidates must send CV (including recommendations if possible), grade records and
cover letter to Rémi Cornaggia (adress below). An interview may be programmed. All questions are
welcome !
Supervisors :

— Rémi Cornaggia : remi.cornaggia@sorbonne-universite.fr
— Sophie Dartois : sophie.dartois@sorbonne-universite.fr
— Stéphanie Deboeuf : stephanie.deboeuf@sorbonne-universite.fr
— Sylvain Patinet : sylvain.patinet@espci.fr
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