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A study on the asperity degradation of rock joint surfaces
using rock-like material specimens

Eun-Soo Hong, Tae-Hyuk Kwon, Gye-Chun Cho

Abstract Image analyses for sheared joint specimens are performed to study asperity degradation characteristics with
respect to the roughness mobilization of rock joints. Four different types of joint specimens, which are made of
high-strength gypsum materials, are prepared by replicating the three-dimensional roughness of rock joints. About twenty
jointed rock shear tests are performed at various normal stress levels. The characteristic and scale of asperity degradation
on the sheared joint specimens are analyzed using the digital image analysis technique. The results show that the asperity
degradation characteristic mainly depends on the normal stress level and can be defined by asperity failure and wear.
The asperity degradation develops significantly around the peak shear displacement and the average amount of degraded
asperities remains constant with further displacement because of new degradation of small scale asperities. The shear
strength results using high-strength gypsum materials can not fully represent physical properties of each mineral particles
of asperities on the natural rock joint surface. However the results of this quantitative estimation for the relationship
between the peak shear displacement and the asperity degradation suggest that the characterization of asperity degradation
provides an important insight into mechanical characteristics and shear models of rock joints.

Keywords: Image analysis, joint shear test, asperity degradation, roughness mobilization
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Fig. 1. Used rock joint surfaces
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Table 1. Material property of the used specimen

comp. strength secant modulus | basic friction angle
(0., MN/m?) (Esee, kKN/m?) (o, °)

403 8,386.5 36.4

Table 2. Shear test results: shear stress change, T with normal
stress, 0 level
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Fig. 2. Typical degradation of Joint surface after shear test

Table 3. Specification of used digital camera and computer
graphic devices

Item Description
> .
o T(kN/m’) Digital |\ on 3500, image resolution 2048 x 1536 DPI
(kN/m”) No.1 No.2 No.3 N.o4 camera
. Samsung Syncmaster 197T, 17 inch, 1280 x
2.4 4.5 3.1 5.7 5.0 >
Monitor 1024 DPI, 32 bits
6.0 10.0 7.6 153 13.4 - - -
Graphic GeCube RADEON X1600 series, 256 Megabites
10.7 16.7 13.6 23.6 21.0 card video RAM
19.1 27.7 24.6 35.8 334 File
549 704 66.8 0.7 78.8 Format bitmap (Raster graphic) format
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(a) asperity failure (0=10.7 kN/mZ)
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(b) abrasion & wear (0=6.0 kN/mZ)

(c) wear in convexed area (0=10.7 kN/mz)

(d) wear in concaved area (0=54.9 kN/mz)

Fig. 3. Typical roughness degradation cases
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Fig. 72 AJHolA &39S zkzke] vn|(x)E AlgT
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o N X SAr SAJN Deq SAJA dn (d)peak
(kN/m?) (ea) (mm) (mm®) (mm®) (mm) (%) (mm) (mm)

No.1

24 75 1.4 161.2 2.1 1.5 1.3 0.8 0.3
6.0 171 1.1 218.1 1.3 1.1 22 1.7 12
10.7 97 1.6 275.5 2.8 1.6 2.8 1.7 1.0
19.1 149 1.9 503.9 3.4 1.8 5.0 1.6 12
54.9 1,167 0.8 1,194.5 1.0 0.9 13.1 1.9 1.6
No.2

24 27 1.4 46.8 1.7 1.4 0.5 1.1 0.6
6.0 99 1.0 166.1 1.1 1.0 1.7 1.4 0.9
10.7 101 2.1 397.3 3.9 1.8 4.0 3.2 1.3
19.1 221 1.3 460.7 2.1 1.4 4.6 2.3 2.1
54.9 833 1.3 1,899.9 2.3 1.4 19.0 2.8 2.7
No.3

24 48 1.3 81.3 1.7 1.3 0.8 1.4 1.1
6.0 272 0.7 178.7 0.7 0.8 1.8 1.5 1.4
10.7 127 1.3 359.3 1.4 12 3.6 1.1 1.0
19.1 127 1.9 661.8 5.2 2.0 6.6 2.0 1.8
54.9 1215 0.8 1,090.3 0.9 0.9 10.9 1.8 1.6
No.4

24 90 1.1 139.8 1.6 12 1.4 1.3 0.5
6.0 109 1.4 239.1 2.2 1.5 2.4 0.9 0.6
10.7 219 1.3 429.4 2.0 1.3 43 1.1 0.9
19.1 233 1.4 558.9 2.4 1.4 5.6 0.7 0.6
54.9 564 1.1 1,063.6 1.9 3.8 11.8 1.1 1.0
Avg. 306 1.3 506.3 2.1 1.5 5.2 1.6 12
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Fig. 4. Degradation of joint surface (lower specimens).
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Fig. 7. Histogram of horizontal degradation length (lower specimens).
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