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Abstract 
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Saarland University, Saarbrücken, Campus A 4.2, 66123, Germany 

Crack propagation in a material is usually because of the mechanical deformations 
exceeding a critical threshold, leading to the conversion of available strain energy into the 
creation of new crack surfaces. When a polymer is held at a constant deformation, then a 
reduction in the energy of the system, or the relaxation, till an equilibrium state is expected. 
However, relaxation experiments conducted on crosslinked polymers have shown instances 
of failure before equilibrium is attained [1]. One plausible explanation for the failure is the 
different chain length distributions within the polymer structure. During the initial loading 
phase of relaxation specimens, shorter chains may fracture, while longer chains may partially 
relax and redistribute the load to the remaining chains. The absence of shorter, relaxed 
chains in this load transfer process may result in an overload on the remaining chains, 
ultimately leading to failure. 

An experimental investigation on this failure behaviour dependent on the initial strain and the 
strain rate is presented. Different materials, namely polyurethane and rubber, are tested and 
the conditions are defined under which failure is observed. A numerical model is 
implemented to understand the phenomenon. The viscoelastic behavior of the polymer is 
simulated using a rheological model incorporating the evolution of an inelastic strain as an 
internal variable. This mechanical model is coupled with a phase field approach to simulate 
failure and crack propagation within the material. The evolution of the phase field variable, 
governed by the Ginzburg-Landau equation, enables the modeling of failure progression 
during relaxation [2]. Thus, this study offers both experimental and numerical analyses of the 
failure mechanisms in crosslinked polymers subjected to constant deformation. 
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