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Modeling mixed-mode fracture in elastomers at finite strain
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Elastomers are widely applied in automobile
industry for rubber tires and tubes. At large
deformations, they behave elastically, and the
fracture phenomenon is nonlinear. Therefore, mode
decomposition is not possible as in the case of linear
elastic fracture mechanics [LEFM]. Understanding
fracture mechanism in elastomers under mixed-
mode conditions is necessary. Recently,
experimental studies are conducted on mixed-mode
crack propagation in silicone elastomers [1]. The
crack propagation for different degrees of mode
mixity is reported. Computational modeling helps in
studying the effect of mode mixity on mechanical
and fracture response of elastomers. Phase field
approach is one of the popular methods to model
fracture in cracking solids. It has been developed
using variational approaches [2]. The total potential
energy is minimized to obtain the displacement field
and crack phase field using a staggered approach.
This approach has been adopted to model fracture in
isotropic [3], anisotropic [4], and hyperelastic [5]
materials. Mixed-mode fracture criteria can be
incorporated into the crack evolution equation using
a power law [6]. A thermodynamically consistent
phase field formulation for modeling mixed-mode
fracture in elastomers is presented. To model
elastomers, a nearly incompressible hyperelastic
material model is adopted. To model the mixed-
mode fracture, a volumetric-deviatoric split is
considered, and to ensure the crack doesn’t heal, a
tension-compression split of the strain energy is also
considered. Mixed-mode critical energy release rate
is introduced into the crack driving force. A mixed-
mode test is conducted on silicone elastomers
similar to the material used in experiments in [1]. By
varying the degree of mode mixity, the crack angles
and mechanical response of the material are plotted.
The obtained results are compared with the
experimental investigations.
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