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Abstract

The present work investigates the dynamic mechanical behavior of an anisotropic rock, namely
Jhiri shale, at five anisotropy angles (0°, 30°, 45°, 60°, and 90°) using a large diameter (76 mm)
split Hopkinson pressure bar. Jhiri shale is a transversely isotropic rock. Initially, the dimensions
of a copper pulse shaper glued on the incident bar face are optimized. It is found that as the
diameter or thickness increases, the incident rise time improves. A pulse shaper of diameter 15 or
20 mm and thickness 2.5 mm is recommended as it facilitates dynamic force equilibrium and
constant strain rate loading in the rock specimens. For diameters 25 and 30 mm, the oscillations

observed in the incident wave are attributed to inertia-induced pressure.

From the dynamic tests on Jhiri shale, it is found that the dynamic strength is rate-dependent, and
it increases with a rise in the strain rate. At high strain rates, the strength varies in a U-type fashion.
The anisotropy ratio lessens from 3.50 to 3.37 when the strain rate changes from quasi-static to
~320/s. All the samples are pervasively fragmented. As the strain rate increases, the degree of
fragmentation intensifies. Samples with intermediate anisotropy angles (30°, 45°, 60°) are
subjected to a higher degree of fragmentation than those with 0° and 90°. The rock fragments

exhibit fractal distribution, which can be described using a power-law relationship.

The dynamic experiments are numerically simulated using the discrete element method. The rock
grains are generated as randomly sized and distributed polygonal blocks using \Voronoi
tessellation. The micro-parameters are calibrated using the dynamic stress responses deduced
experimentally. The initiation and propagation of micro-cracks and failure mechanisms are
explored via numerical simulations. It is found that samples mainly undergo shear failure

dynamically. As the strain rate increases, the number of cracks increases. For samples with



intermediate anisotropy angles, shear cracks begin along the bedding planes and then spread
internally. At any given strain rate, they have a higher number of cracks than 0° and 90° samples,

indicating a higher degree of fragmentation, as noted experimentally.

Finally, using the calibrated microparameters, the dynamic response of a tunnel subjected to blast
loading is assessed. The tunnel is placed in Jhiri shale rock. The influence of bedding plane
anisotropy, joint spacing, Voronoi polygon size, cover depth, and lateral earth pressure coefficient
on tunnel stability are studied. It is found that it is vital to discretize rock grains as VVoronoi blocks
for studying tunnel stability. Voronoi blocks increase the tunnel stability for angles 30° and 60°,

whereas they reduce the stability for angles 0° and 90°.
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