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Characteristics of velocity-dependent shear behavior
of saw-cut rock joints at different shear velocities

Byung-Ki Park, Chang-Soo Lee, Seokwon Jeon

Abstract Recently, the probability of rock joints being exposed to free faces is getting higher for the scale of rock
mass structures gets larger. Also, the frequency of occurring dynamic events such as earthquakes and blasting has been
increasing. Thus, the shear behavior of rock joints under different conditions needs to be investigated. In this study,
a series of direct shear tests were carried out under various conditions to examine the velocity-dependent shear behavior
of saw-cut rock joints. Two types of direct shear test were carried out. The first was to examine the velocity-dependent
shear behavior of saw-cut rock joints at seven different shear velocities, each with three different normal stresses. The
second was to examine the shear behavior of saw-cut rock joints when three different instantaneous shear velocities
changed. As a result, the coefficient of friction was affected by normal stress. The breakpoint velocity, the point when
the change of shear velocity starts to affect the frictional behavior, became lower as normal stress increased. Also, as
the shear velocity became lower, the degree of stress-drop on stick-slip behavior became larger. As a result of examining
the changes of friction coefficient, velocity weakening (decrease of friction coefficient) was observed. The decrement
of friction coefficient due to the changes of shear velocity under slow shear velocity was larger than that under fast
shear velocity.

Keywords: Rock joints, shear velocity, shear behavior, coefficient of friction
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Fig. 1. Idealized evolution of friction stress(7) at constant normal stress(c) when shear velocity(d= V) is changed (after Ruina, 1983).
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Fig. 7. Steady-state changes of friction (Ayx) for step changes of shear velocity at normal stress of 1.0 MPa.

Table 1. Change in coefficient of friction (Ap) at sudden change in shear velocity.

Normal stress Velocity change Range of Ap A-B (x10%)

0.1 < 1 mm/min (Av,) 0.015~0.022 -(6.51 ~9.55)

0.2 MPa 1 < 10 mm/min (Awv,) 0.015~0.017 -(6.51~7.38)

10 <> 100 mm/min (Avs) 0.016~0.020 -(6.95~8.69)

0.1 < 1 mm/min (Av,) 0.018~0.022 -(7.82~9.55)

0.5 MPa 1 <> 10 mm/min (Awv,) 0.013~0.016 -(5.65~6.95)

10 <> 100 mm/min (Avs) 0.010~0.013 -(4.34~5.65)

0.1 < 1 mm/min (Av,) 0.014~0.018 -(6.08 ~7.82)

1.0 MPa 1 <> 10 mm/min (Av,) 0.013~0.013 -(5.65~5.65)
10 <> 100 mm/min (Avy) 0.0~0.007 -(3.04~0)
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