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Progressive Failure of a Rock Slope by
the Subcritical Crack Growth of Asperities Along Joints

Kim Cheehwan, John Kemeny

Abstract Numerical analysis of the progressive failure of a rock slope was conducted using a 3-D rock joint element
considering fracture mechanics and subcritical crack growth of asperities in the rock joints. Even though the stress
state in the rock slope is not changing, the elapse of time causes subcritical crack growth to break asperities in
the joints. The increase of broken asperities causes failure of joints in the rock slope and the increase of failed
joints results in failure of a jointed rock slope. As a result, the progressive failure of a jointed rock slope due
to the gradual breaking of small asperities along joints generated by subcritical crack growth occurs at a lower
stress than if rock failure occurred by exceeding the static strength or fracture toughness.
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(a) Concept of asperities between joint surfaces

2w

(b) Model of an asperity and fracture in joint

Fig. 1. Concept and model of asperities between joint surfaces.
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(a) Rock slope with joints and side boundary blocks
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(e) Rock slope asperities along joints

Fig. 2. Model of a 3-D rock slope with joints.
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Table 1. Material parameters used in simulation

S A SR A ubabEe] 2 o)

Intact rock shear modulus (MPa) 3000
Intact rock bulk modulus (MPa) 4000
Intact rock density (kg/m?) 2600
Discontinuity friction angle (°) 30
Discontinuity cohesion of 1% and 2™ joint set (MPa) 0.1
Discontinuity cohesion of 3 and 4" joint set (MPa) 0.3
Discontinuity tensile strength of 1% and 2™ joint set (MPa) 0.12
Discontinuity tensile strength of 3 and 4" joint set (MPa) 0.04
Discontinuity normal stiffness (MN/m) 1000
Discontinuity shear stiffness (MN/m) 1000
Subcritical parameter in mode I, Ai (m/s) 0.5
Subcritical parameter in mode II, A (m/s) 0.25
Subcritical parameter in mode I, ni 15
Subcritical parameter in mode II, n 15
Fracture toughness in mode I, Kic (MPam) 0.06
Fracture toughness in mode II, Kiic (MPam) 0.15
Slope of stress intensity factor depend on stress level 0.5
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(a) Cohesion of asperities along rock joints
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(c) Velocity of displacement of rock slope

Fig. 3. Behavior of the rock slope at the time of 0.0 second
after excavation
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