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Phonon viscous resistance dependence of dislocation formation and growth under
shock wave induced plastic fracture
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The mechanism of material fracture by shock waves is extremely difficult to
guantify, including in-situ measurements, because it is a fast and discontinuous phenomenon
occurring inside shock waves propagating at the speed of sound. In this study, time-resolved X-ray
diffraction measurements were used to observe the plastic fracture mechanism of single crystals
under shock compression, and time-resolved Laue diffraction measurements and angle-dispersive
time-resolved X-ray diffraction measurements were constructed to simultaneously measure the shock
wave propagation direction and the crystal lattice plane perpendicular to the shock wave propagation

direction for Si[001] single crystals. Direct observation of the lattice response during plastic
fracture of Si[001] single crystals was successfully achieved by applying shock compression at high
strains above the elastic limit.
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