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Anisotropic Progressive Shear Failure of Slate and Its Numerical Model
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Abstract: The bedding planes are the fundamental causes of slate anisotropy of deformation and mechanical
behaviors. In order to analyze the gradual failure process of the slate with the influence of bedding planes, and to
reveal slate anisotropy mechanical mechanism, slate in eastern Guizhou was taken as research object, and shear tests
with different spatial location relationship between bedding plane and shear plane were conducted. Results show that
the anisotropy of shear strength is mainly resulted from the anisotropy of failure mechanisms. When bedding plane is
paralleled to shear surface, sliding shear failure along bedding planes occurs. When the bedding plane is
perpendicular to shear surface and intersection line of these two planes is perpendicular to the shear stress, the shear
sliding across matrix body together with tensile splitting of weak planes occurs. When the bedding plane is
perpendicular to shear surface and intersection line of these two planes is paralleled to the shear stress, with the
influence of Poisson’s effect, tensile failure occurs in the direction perpendicular to the bedding planes. Shear failure
across matrix body on specimens occurs in the shear direction, under this condition, the slate shear strength is the
largest. Based on the constitutive relation of the bedding plane texture, a bedding plane system material model was
constructed with finite element method, and the effects of bedding plane on the failure mode of slate were simulated.
The numerical results have a good agreement with experimental data, which furtherly explains slate anisotropy
mechanical mechanism of fracturing failure modes.
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Fig. 1 Macro-meso images of slate
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Fig. 2 Loading modes of specimens in shear test
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Fig. 4 Design of loading modes for shear tests
1.3 {EER
1 NamE N mas R, RPH (a) .
(b) . (e) A mIx Rz 4 vy 3 Fomgr =X,
x1 WEFNRWER

Table 1 Results of shear tests for slate

Jn s

m# sy WEESS 7/MPa o/MPa

Fm /()
20 126-1 17.097 46.964
30 14-2 12.066 20.899
40 L12-1 9.809 11.691

@ 50 14-1 10.668 8.952
60 120-2 7.511 4.337
70 L18-1 7.468 2.719
20 L18-2 19.784 54.355
30 124-1 14.380 24.908
40 L12-4 14.287 17.026

) 50 L32-1 13.408 11.250
60 L16-1 11.708 6.760
70 L17-2 11.362 4.135
20 L16-3 21.211 58.276
30 L31-2 33.621 58.234
40 L12-2 31.839 37.944

(© 50 120-1 36.694 30.790
60 132-2 58.362 33.695
70 132-3 55.212 20.096
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Fig. 9 Progressive failure zone
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Fig. 7 Comparison of compression failure pattern
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