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Titre de la thèse: Fracture dynamics in soft matter - large strain meets dissipation - a model study 

 

In soft matter (elastomer, gels), fracture (and adhesion rupture) imply both large strains and extensive energy 

dissipation over a macroscopic region that may easily become comparable with system size. These mechanisms 

stand way outside the scope of standard fracture mechanics, which fails to deal with these materials, but at the 

same time, they are responsible for the specific properties of these materials, and especially a significant 

strengthening which opens the way to a wide range of innovative applications. There is a strong need for a 

better evaluation of the impact of dissipation in the large deformation fracture of soft materials. In this project, 

we propose a strategy to tackle this important issue by a joint experimental and simulation work, in 

collaboration with Pr. Rong Long (Colorado University, USA). 

Rupture of model soft materials with tunable dissipation will be monitored by innovative experiments 

specifically designed to map the large deformation fields around a running crack. The results will be compared 

to numerical models of steady-state crack propagation in soft dissipative materials. The student will first 

synthetize and characterize his own model soft dissipative materials using associative gels recently developed in 

the SIMM laboratory at ESPCI. To measure strains around a crack, the standard method (Digital Image 

Correlation) correlates small area elements in two successive images of a specimen during deformation. Under 

large deformation, the area elements to be correlated undergo severe stretch and rotation, and the correlation 

scheme breaks down. This difficulty can be circumvented by a new technique developed in the laboratory of Pr. 

Rong Long, based on tracking individual tracer dots deposited on the specimen surface. During this project, this 

method, particularly suited for mapping large deformations, will be developed at SIMM in collaboration with 

Pr. Long. Two experimental configurations will be set-up, one for fracture and the other one for adhesion 

rupture. Adhesion will be adjusted through surface modification. Most importantly, the experiments will be 

complemented by the specific algorithm needed to turn the displacement field into strain fields. 

The output of these experiments will be compared to numerical models. There several issues related to 

modeling fracture with large strains and dissipation, and we are presently developing specific, non standard, 

numerical schemes intrinsically based on the steady-state assumption to solve this problem. The very stringent 

steady state condition strongly reduces the numerical cost of the calculation and facilitates convergence. 

The project should result in improved understanding of the rupture of soft solids, and also of adhesion. In 

particular, our aim is to provide guidelines for design of tougher materials/interfaces, by illuminating the 

interplay between large deformations and dissipative processes in toughness properties. 

Expected Profile of the candidate  

Our main requirement is scientific curiosity and enthusiasm for a project which combines material chemistry, 

advanced optical measurement for the measurement of dissipative processes and mechanical modeling. Also 

relevant would be a background in experimental methods, typically in physics or mechanics, to set up the 

experiments, and ideally some degree of familiarity with numerical methods. 
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