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            Abstract
As the speed of a crack propagating through a brittle material increases, a dynamical instability leads to an increased roughening of the fracture surface. Cracks moving at low speeds create atomically flat mirror-like surfaces; at higher speeds, rougher, less reflective (â€˜mistâ€™) and finally very rough, irregularly faceted (â€˜hackleâ€™) surfaces1,2,3,4,5 are formed. The behaviour is observed in many different brittle materials, but the underlying physical principles, though extensively debated, remain unresolved1,2,3,4. Most existing theories of fracture6,7,8,9,10,11,12 assume a linear elastic stressâ€“strain law. However, the relation between stress and strain in real solids is strongly nonlinear due to large deformations near a moving crack tip, a phenomenon referred to as hyperelasticity13,14,15,16,17. Here we use massively parallel large-scale atomistic simulationsâ€”employing a simple atomistic material model that allows a systematic transition from linear elastic to strongly nonlinear behaviourâ€”to show that hyperelasticity plays a governing role in the onset of the instability. We report a generalized model that describes the onset of instability as a competition between different mechanisms controlled by the local stress field6,7,8 and local energy flow13,14 near the crack tip. Our results indicate that such instabilities are intrinsic to dynamical fracture and they help to explain a range of controversial experimental1,2,3,4,5,18 and computational19,20,21,22,23,24,25,26 results.
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                    Figure 1: 
                        Simulation geometry with crystal orientation and interatomic force-separation laws.
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Figure 2: 
                        Crack instability dynamics in the case of harmonic, linear elastic materials behaviour.
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Figure 3: The critical instability speed as a function of the parameter  rbreak for different choices of the smoothing parameter Îž. Îž = 50, Îž = 150 and Îž = 300.[image: ]


Figure 4: 
                        The modified instability model and stable intersonic crack propagation in stiffening materials.
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