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Construction of guiding principles of materials design for tough rubbers
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We conducted a series of finite element method (FEM% analyses and
mathematical-model analyses for the purpose of revealing the mechanism of the “ velocity
transition” phenomenon in crack propagation (an abrupt acceleration of crack propagation beyond a
critical external load) in rubber-like materials. The FEM simulation of crack propagation were
performed to obtain the relationship between the known material parameters (e.g., elasticity,
viscosity) and the transition energy (i.e., the critical tearing energy to induce the velocity
transition). A series of FEM simulations with systematically varied material parameters revealed the
determining factors for the transition energy. A mathematical model was constructed on the basis of
the FEM results, where the transition energy was estimated as a function of the mechanical state at
the crack tip.
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