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Experimental studies on mechanical behaviour of rock joints with
varying matching degrees
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Abstract: Besides surface roughness, the matching degree between the joint upper and lower blocks is another important factor
affecting the shear behavior of a rough rock joint. A smplified way, by imposing varying magnitudes of horizontal dislocation
along the shear direction between the joint upper and lower blocks, is used to model the different matching degrees of a joint
that is made by cement. A large number of direct shear tests are then performed under constant normal stress condition to
investigate the shear behavior of rock joints under the varying matching degrees. The experimentd observations indicate that
with the increase of dislocation, the peak shear strength decreases and has a larger reduction rate under the lower norma stress
level. With the increasing didocation, the peak shear displacement increases, and the shear stiffness decreases and gradually
approaches a constant. The influence of didocation on the shear stiffness is more prominent under a higher applied normal

stress. Several simple combinations of roughness parameters and normalized dislocation are used to perform regression andysis,

and a new empirical peak shear strength criterion is put forward to capture the peak shear strength degradation of rock joints
under different matching degrees. A preliminary comparison between the proposed criterion and the existing criteria is also
provided. The new parameters for the proposed criterion can be easily determined in the laboratory.
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Table 1 Main features of three groups of model material joints

o KV b K - KX HENRER BUBORE EEAEEHEM MUMEELE WAL MORMWE
Z hEl
Q%=M) I(mmXmm) JEs./MPa  s{/MPa  j,/(°) E/GPa n r /(kgm?)

I

A 3:2:1 I 300 x 150 275 1.54 35.0 6.1 0.16 2200
I
JIv*E
FIV°

B 3:3:2 s 200 x 100 16.1 1.37 31 43 — 2010
NAVAS
FV
NE\VARY

C 1:0:1 200 x 100 4.7 0.64 24.8 1.9 — 1750
JVv*e
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Table 2 Morphological parameters of test joints

Lz A U /) C
J 0.499 59.0 10.5
J-I 0.504 69.3 8.01
J-II 0.688 68.7 7.48

FIVv* 0.513 447 9.27

JIV 0.501 43.9 9.82
NAVA 0.534 78.4 9.05
JV 0.506 75.6 9.38
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Fig. 1 Shear stress versus shear displacement for three groups of joints under varying did ocations (Group A)
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Fig. 2 Post-test joint surfaces under different contact states (J-1)
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Table 3 Peak shear strengths and corresponding peak shear displacements for Group A
. IR ANEES AR R R Y D)5 /M Pa X I [V AE B D) AT 7 IM Pa P H LB L)
J1IMPa 0mm 5mm 10mm 15mm  O0mm 5mm 10 mm 15 mm S E/M Pa
0.5 0.85 0.67 0.55 0.43 4.87 3.43 3.01 4.15 0.35
10 1.19 1.03 0.88 0.71 3.54 4.08 3.39 3.87 0.70
J 15 1.77 151 1.32 1.19 2.88 2.59 3.14 3.22 1.05
2.0 2.24 2.00 1.74 152 1.08 2.00 3.26 2.99 1.40
3.0 2.84 2.52 2.33 212 0.97 2.32 214 3.31 2.10
0.5 1.13 0.93 0.73 0.50 3.35 3.07 3.99 4.72 0.35
10 1.75 1.25 1.00 0.75 2.46 2.88 3.02 3.64 0.70
JI 15 2.20 1.70 124 1.23 2.89 31 3.87 351 1.05
2.0 2.78 211 1.78 155 2.07 3.08 4.32 3.74 1.40
3.0 3.3 2.70 2.50 2.20 1.49 3.08 2.69 3.66 2.10
0.5 1.78 1.18 101 0.88 3.67 3.44 291 3.33 0.35
10 2.42 1.89 1.80 1.67 251 3.05 3.74 4.36 0.70
JHII 15 2.89 2.66 2.39 212 3.08 3.27 3.29 4.01 1.05
2.0 351 291 2.68 2.27 3.24 2.66 3.88 4.29 1.40
3.0 4.20 3.61 3.38 3.15 291 2.53 3.94 3.55 2.10
% 4 BATERIIEEBIYEE REFEYMURE
Table 4 Peak shear strengths and corresponding peak shear displacements for Group B
- I ANFVES TEALAS i (U BY D) 5 /M Pa X I [V AE B D)7 /M Pa P HE LB L)
JiMPa Omm  2mm  4mm 8 mm Omm 2mm 4mm  8mm M Pa
0.40 0.418 0.326 0.289 0.268 3.87 3.08 4.25 4.00 0.240
0.80 0.793 0.708 0.655 0.503 4.02 5.06 3.88 3.89 0.481
FIV*E 1.20 1.106 0.967 0.912 0.827 2.69 3.07 441 4.50 0.721
1.60 1.442 1.257 1.033 0.970 2.78 3.33 4.29 4.05 0.961
2.00 1.709 1554 1.387 1241 184 1.97 2.26 3.87 1.202
0.40 0.391 0.328 0.267 0.248 354 411 4.08 5.27 0.240
0.80 0.726 0.637 0.557 0.511 3.29 3.03 3.88 4.67 0.481
IV 1.20 1117 0.903 0.842 0.764 2.83 3.25 3.67 4.08 0.721
1.60 1.406 1.207 1.006 0.965 3.44 3.07 3.57 3.87 0.961
2.00 1.669 1.449 1.362 1.229 2.71 2.84 4.07 411 1.202
0.40 0.601 0.441 0.325 0.276 4.37 3.89 4.24 4.17 0.240
0.80 0.984 0.771 0.634 0.506 4.08 4.85 4.56 5.07 0.481
NAVALL 1.20 1.483 1.187 0.864 0.801 3.88 4.22 4.67 4.43 0.721
1.60 1.857 1.445 1.285 1.156 3.97 4.02 4.14 4.69 0.961
2.00 2.230 1.893 1.653 1.435 3.61 354 3.99 4.27 1.202
0.40 0.552 0.467 0.421 0.3%4 4.13 3.74 4.36 457 0.240
0.80 0.934 0.726 0.653 0.600 4.07 4.33 4.29 491 0.481
NAYA 1.20 1.367 1.007 0.896 0.825 3.57 4.01 4.24 5.07 0.721
1.60 1.706 1.442 1.139 1.004 3.66 3.84 4.06 4.67 0.961
2.00 2.008 1.773 1.525 1.366 3.19 3.77 4.29 4.58 1.202
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Table 5 Peak shear strengths and corresponding peak shear displacements for Group C

. IR ANEES AR R A Y D)5 /M Pa X I [V AE B D) AT M Pa P HE LB L)
JiMPa Omm  2mm  4mm 8 mm 0mm 2mm  4mm  8mm S E/M Pa
0.20 0.1%4 0.123 0.101 0.093 4.10 4.38 491 5.55 0.089
0.40 0.288 0.226 0.193 0.185 3.48 4.07 4.21 5.08 0.179
FIVHe 0.60 0.442 0.374 0.322 0.284 2.94 4.33 4.67 5.08 0.268
0.80 0.568 0.483 0.422 0.374 3.07 3.77 3.64 4.02 0.358
1.00 0.703 0.588 0.526 0.497 3.01 3.35 4.2 4.07 0.477
0.20 0.215 0.187 0.143 0.122 3.9 4.66 491 5.67 0.089
0.40 0.400 0.324 0.287 0.223 3.65 3.9 4.67 4.93 0.179
JVv*e 0.60 0.562 0.487 0.433 0.400 3.27 4.06 4.22 4.68 0.268
0.80 0.687 0.537 0.467 0.443 3.66 3.72 4.08 4.29 0.358
1.00 0.843 0.728 0.653 0.627 4.12 3.46 3.86 4.77 0.477

#:: " forward direction; © Group C
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Fig. 3 Variation of shear stiffness with normalized dislocation
under different levels of normal stresses (J-1)
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