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Numerical study on strength and failure modes of rock mass with
discontinuous joints
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Abstract: Based on a microscopic statistical damage model, different failure criteria are introduced into a numerical code to
simulate tensile breaking and compression shear failure of jointed rock subjected to uniaxial compression and biaxial
compression. Influences of geometrical parameters of the joints and lateral stress on fracture patterns and mechanical behaviors
are investigated. The results show that the whole failure modes consist of four types: planar failure, stepped failure,
rotating-block failure and mixed failure. The planar failure and stepped failure are associated with high strengths and strains,
whereas the rotational failure is associated with low strengths and strains. As the joint inclination increases, the peak strength
and elastic modulus increase and then decrease. As the lateral stress increases, the failure areas expand from the middle to both
ends and appreciably improve the strength, but the increasing level will reduce when the lateral stress continues to increase. The
step angle of joints ¥ has great influence on the failure modes when [ =90° , and the failure mode changes from stepped
failure to the rotational failure. The layer distance d has slight influence on the stepped failure and great influence on the
rotational failure. The rock bridge length /; does not affect the transition of the failure mode, but it affects the peak strength and
failure strain of both the planar failure and stepper failure. The results may provide guidance and reference to jointed rock
engineering.
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Fig. 1 Geometric parameters for rock joints
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Fig. 2 Joint layout for the numerical specimens
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Table 1 Parameters for joint layout and lateral pressures

A% L/iem  dlem  y/A°) 65/,

A 2 2 135 0.00, 0.05, 0.10, 0.15
B 2 2 90 0.00
C 2 4 117 0.00
D 3 2 127 0.00

s AU EEIAN S om, RIS BN 15°, 30° , 45°
60° , 75° , 90° .
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Fig. 3 Comparison between the numerical and laboratory results of

planar failure mode
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Fig. 4 Comparison between the numerical and laboratory results of
rotational failure mode
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Fig. 6 Comparison between the numerical and laboratory results of

the mixed failure mode
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Table 2 Failure process of the specimens in Group A under

uniaxial compression
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Fig. 7 Complete stress-strain curves for the specimens in Group A
under uniaxial compression
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Fig. 11 Failure process of the specimens in Group C under
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Fig. 12 Complete stress-strain curves for the specimens in Group

C under uniaxial compression
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Fig. 15 Influence of the joint geometry and distribution on

anisotropic behaviors of the rock specimens
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at peak points
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Fig. 19 Influence of the lateral stress and joint angle on failure

modes for the specimens in Group A by numerical simulation
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Fig. 20 Laboratory results of influence of the lateral stress and

joint angle on failure modes for specimens in Group A’
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