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A Experimental Study for the Mechanical Behavior of Rock Joints

under Cyclic Shear Loading

Hee-Suk Lee, Yeon-Jun Park, Kwang-Ho You and Hi-Keun Lee

ABSTRACT The precision cyclic shear test system was established to investigate the mechanical characteristics of rough
rock joints under cyclic loading conditions. Laboratory cyclic shear tests were conducted for saw-cut joints and artificial
rough rock joints: using Hwangdeung granite and Yeosan marble. Surface roughness and aperture characteristics of
specimens were examined by measuring surface topography using the laser profilometer. Peak shear strength, phase
difference during loading and unloading, and anisotropic shear behavior were investigated throughout the cyclic shear test
results. These features and their subsequent variations in each loading cycle are significantly dependent upon the second
order asperities and the strength of intact rock. It was observed that degradation of asperities for rough rock joints under
cyclic shear loading followed the exponential degradation laws of asperity angle and that the mechanism for asperity
degradation would be different depending upon the normal stress level, roughness of joint surface and the loading stage.

Key words : Rock joint, Roughness, Cyclic shear, Asperity degradation.
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Table 1. Physical and mechanical properties of rock
samples.

Sample Hwang(?eung Yeosan marble
Properties granite
Bulk specific gravity 2.72 2.76
Apparent porosity(%) 0.49 0.19
P-wave velocity(m/sec) 3650 3080
S-wave velocity(m/sec) 1970 1710
e | |
Young's modulus(GPa) 54.1 48
Poisson's ratio 0.29 0.31
Tensile strength (MPa) 14 16
hore bardness | 5o 8 | 290
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(a) A schematic view and dimensions

(b) A view of representative fractured joint specimens

Fig. 1. A view and dimension of representative rough joint specimens
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Fig. 2. Schematic diagram of coordinated measuring
machine.
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Lower shear box
. Upper shear box
. Shear reaction frame
. Linear motion bearing

. Hydraulic ram,
. Shear servo vaive

1.
2
3
4
5. Shear load cell
6
7
8

. Upper spherical seat

8. Lower spherical seat
10. LVDT
11. Normal loadcell,

12. LVDT & loading frame

Fig. 4. Schematic diagram of cyclic shear testing apparatus.
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Fig. 6. A typical record of measured joint profiles.



Table 2. Range of calculated roughness parameters.
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Roughness Granite joint profiles Marble joint profiles
parameter Range Mean S.D* Range Mean SD
Ly 9.406 ~ 19.144 13.73 1.78 6.702 ~ 16.892 12.17 249
1" 12.02 ~ 30.482 17.79 3.40 9.7299 ~ 28.64 16.05 6.05
z, 0.212 ~ 0.569 0.327 0.0884 0.171 ~0.546 0.29 0.1524
SDH(mim) 0.698 ~ 3.859 1.933 0.8282 0.531 ~ 4.675 2.304 1.2003
R, 1.022 ~ 1.0924 1.047 0.0156 1.014 ~ 1.095 1.039 0.026
SDi () 6.648 ~ 28.266 11.906 4.4807 6.26 ~24.42 10.581 6.4621
* 8.D : Standard Deviation
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Fig. 8. A typical shear tests recording of flat saw-cut joint during 15 cycles.
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Fig. 9. A typical recording in a complete 2 cycles of direct shear testing of rough joint in granite.
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Fig. 10. A typical shear tests recording of rough joint during several cycles in low normal stress.
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Fig. 11. A typical shear tests recording of rough joint during several cycles in high normal stress.
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Table 3. Damage coefficient of granite joint sam-
ples(GH18) estimated from cyclic test results.

Damage Determinati
Shear stage coefficient(C) | - crrinaton
2 coefficient(R")
(em'/D)
Forward loading )
. { X
(Include peak asperity angle) 0.0878 0.90
Forward loading
(Exclude peak asperity angle) 0.0137 0.73
Forward unloading 0.0079 0.87
Reverse loading
(Include peak asperity angle) 0.0887 0.86
Reverse loading
(Exclude ‘peak asperity angle) 0.015 0.85
Reverse unloading 0.011 0.84
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