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Fixed-axis shear characteristics of anisotropic calcareous sand under
variation of principal stress axes
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Abstract: In order to explore the shear characteristics of anisotropic calcareous sand, the GDS hollow cylinder torsional shear
apparatus is used to compare and analyze the anisotropy of calcareous sand and quartz sand through the fixed-axis shear tests in
different directions of large principal stress to reveal the effects of inherent anisotropy on strength and pore pressure. The results
show that both the calcareous sand and the quartz sand exhibit anisotropy in strength. As the large principal stress direction
angle a (the angle between the large principal stress direction and the vertical direction) increases, the strength decreases first
and then increases, and reach the minimum when o = 70°. The anisotropy of calcareous sand is more pronounced, and the
magnitude of change in strength of calcareous sand in different directions of large principal stress is about 1.4 to 1.5 times that
of quartz sand. The pore pressure values of the calcareous sand and quartz sand both increase with the increase of «, and the
state of failure also gradually changes from tending to dilatancy to shrinking. Different from that of the quartz sand, the
maximum value of Henkel's pore pressure coefficient appears at o = 70° instead of o = 90°. The radial strain &r at the time of
failure has the smallest amplitude change with the direction angle of the large principal stress, and the torsional shear strain yzo
has the largest one.
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Fig. 1 Scanning electron micrograph of typical calcareous sand

particles (30 times)
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Fig. 2 Gradation curve of calcareous sand
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Table 1 Basic property parameters of test sands

E//I\ﬁ Cu Ce €max €min Gs
5 S5 b 3.0 0.59 1.058 0.731 2.69
VEE R, 3.0 0.59 0.878 0.510 2.65
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Fig. 3 Bias stress g and generalized shear strain ¢ curve in

different directions of large principal stress
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Fig. 4 Bias stress ratio zrand effective bias stress ratio 7 in
different directions of large principal stress
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Fig. 5 Relationship between pore pressure u and generalized shear

strain & in different directions of large principal stress
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Fig. 6 Relationship between Henkel's pore pressure coefficient and
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direction angle of large principal stress during failure
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Fig. 7 Curves of the relationship between strain components and
deviatoric stress of calcareous sand in different directions
of large principal stress
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Fig. 8 Curves of relationship between strain component value of
calcareous sand and direction angle of large principal stress

during failure
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