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Dynamic Frictional Behavior of Saw-cut Rock Joints Through Shaking Table Test

Byung-Ki Park and Seokwon Jeon

Abstract In recent years, not only the occurrences but the magnitude of earthquakes in Korea are on an increasing
trend and other sources of dynamic events including large-scale construction, operation of high-speed railway and
explosives blasting have been increasing. Besides, the probability of exposure for rock joints to free faces gets
higher as the scale of rock mass structures becomes larger. For that reason, the frictional behavior of rock joints
under dynamic conditions needs to be investigated. In this study, a shaking table test system was set up and a
series of dynamic test was carried out to examine the dynamic frictional behavior of rock joints. In addition, a
computer program was developed, which calculated the acceleration and deformation of the sliding block theoretically
based on Newmark sliding block procedure. The static friction angle was back-calculated by measuring yield
acceleration at the onset of stide. The dynamic friction angle was estimated by closely approximating the experimental
results to the program-simulated responses. As a result of dynamic testing, the static friction angle at the onset
of slide as well as the dynamic friction angle during sliding were estimated to be significantly lower than tilt angle.
The difference between the tilt angle and the static friction angle was 4.5~8.2° and the difference between the
tilt angle and the dynamic friction angle was 2.0~7.5°. The decreasing trend was influenced by the magnitude
of the base acceleration and inclination angle. A DEM program was used to simulate the shaking table test and
the result well simulated the experimental behavior. Friction angles obtained by shaking table test were significantly
lower than basic friction angle by direct shear test.

KeyWords Dynamic frictional behavior, Rock joints, Shaking table test, Friction angle
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Fig. 3. Flowchart for developed sliding block program
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Table 1. Physical and mechanical properties of Pocheon granite.

Properties Unit Pocheon granite
Apparent specific gravity - 2.63
Apparent porosity % 1.24
P-wave velocity m/sec 2,858
S-wave velocity m/sec 1,710
Uniaxial compressive strength MPa 144
Young's modulus GPa 452
Poisson's ratio - 0.22
Brazilian tensile strength MPa 77
Internal friction angle ° 67
Cohesion MPa 15
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Table 2. Back-calculated static friction angle under various test conditions.
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Fig. 9. Typical sliding behavior of saw-cut rock joint
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Fig. 10. Comparison between measured and simulated
sliding behavior
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Fig. 11. Effect of base acceleration on dynamic friction angle
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(a) Base acceleration: 0.25g, Inclination angle: 15°

(b) Base acceleration: 0.36g, Inclination angle: 10

Fig. 12. Effect of amplitude of base motion on dynamic friction angle
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Fig. 13. Comparison between static and dynamic friction angle under same amplitude and inclination
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Fig. 17. Variation of friction angles for saw-cut rock joints
by different measuring method

Table 3. Summary of measured friction angles for Pocheon granite by different method.

Surface condition Test method

Friction angle Average value (°)

Direct shear test &, 32,1202 (4)
Smooth Tilt test B 25.4+0.8 (28)
(Saw-cut) ¢ 20.240.6 (4)

Shaking table test

& 18.8+0.6 (4)
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