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Context. Anyone who has tried to pick up pine needles knows that the more we compress the 
aggregate the easiest it is shaped into a complex geometrical form. Aggregates of flexible 
frictional fibers fall into the class of granular material (athermal disordered divided materials). 
But their mechanical properties differ from simpler systems of rigid monodisperse spheres that 
have been widely studied in IUSTI. First, fibers have a direction that influences the static 
organization of the aggregates. Second, the fibers are flexible and can change their shapes and 
bend elastically in response to compression. One striking difference between rigid spheres and 
flexible fibers is the effective cohesion of their assembly. We need to add glue or water capillary 
bridges between the grains to shape aggregates of spherical particles and build sand castles. 
For fibers, no need for glue to build a nest. The cohesion seems to be ensured by the geometry 
and by the elasticity of the flexible rods. The main goal of this PhD is to build a 
fundamental understanding of this effective cohesion.

Objectives. We will measure the mechanical response of the aggregate when compressed or 
stretched and image the assembly of filaments using X-ray microtomography. The goal will be to 
understand the role of the geometry of the filaments, of their mechanical properties (elasticity) 
and the role of the packing preparation in the cohesive strength. Understanding the mechanical 
properties of fibers aggregate will help the design of lightweight materials with tailored 
mechanical properties.

Profiles. Candidates with either Physics or Engineering backgrounds and interested in the 
general area of soft/compliant mechanics or fluid mechanics are welcomed to apply. The 
following areas of experimental expertise are particularly welcomed: rapid prototyping, 
micro-fabrication, material science and mechanical testing. A taste for scaling analysis, theory 
and computation is a plus.

Environment. SOFT is a team from IUSTI, a CNRS-Aix Marseille University laboratory, located 
in Marseille, France. SOFT is a collaborative research team working on the physics of complex 
media, from granular flows to bio-inspired systems.  It is part of the Mechanical and Engineering 
Institute of Marseille (IMI), one of the leading French institute in fluid and solid mechanics with 
opportunities for strong interactions with local and international collaborations.
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