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Effect of rock joint roughness on shear strength
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Rock mass having discontinuous plane almost appear roughness which have a great effect on shear
strength. Rocks of studied object choose granites (15 samples), gneisses (7 samples), and andesites (1 sample).

The purpose of this study was to clarify shear strength of discontinuous planes as value of shear
strength angle (¢r) , critical stress of roughness (o) and shear failure strength (To) .

1. Roughness decrease from ¢i=38.03° to 33.21° that is, friction angle has the highest value at first
stage and has the Jowest value at the last stage.

2. Critical angle of roughness distribution within 45° (test max. angle=43"), JRC(Joint Roughness
Coefficient) 1s less than 14 and lies distribution range of boundary is following:

JRC = -4.63 Lnon+5.63. _

3. When the roughness critical stress(ot) is from 0.1 to 3.56Mpa, shear failure strength of roughness
(7o) is from 0.01 to 0.46Mpa, shear strength(t) of discontinuous plane is from 3.65 to 39.11 Mpa. If loading is
higher than these values, collapse and sliding will occur on the rock mass.
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Fig.2 Drawing of a portable shear machine
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Table 1 Measured values of normal stress(on), shear stress(tn), displacement (U), dilation(D),
joint surface area(A), normal load(Pn), and shear loads(Ps) for sample No. 1-A,

Step  Pn(KN) PsKN) U(mm) D@mm) ACm)  oa(Mpa)  n(Mpa)

1 0.65 02 0.075 2.06 0.4852 03154
1 0.65 04 0.1 2.05 0.4876 0.3170
1 0.8 0.6 0.15 2,04 0.4901 0.3921
1 1.15 0.8 0.15 2.03 0.4925 0.5664
1 1 12 1.0 0.05 2.01 0.4950 0.5940
1 1.1 1.2 0.025 2.00 0.4975 0.5473
1 1.05 1.4 0 1.99 0.5001 0.5251
1 1.1 1.6 0 1.98 0.5026 0.5529
1 1.1 1.8 0.05 1.97 0.5052 0.5558
1.5 1.17 2.0 0.025 1.96 0.7618 0.5942
1.5 1.2 22 0.025 1.95 0.7658 0.6126
) L5 1.2 24 0 1.94 0.7698 0.6158
L5 1.1 26 0.025 1.93 0.7738 0.5675
1.5 1.1 28 0.025 1.92 0.7779 0.5705
1.5 1.07 3.0 0.05 1.91 0.7820 0.5578
2 1.35 32 0.1 1.90 1.0483 0.7076
2 1.42 34 0.1 1.89 1.0539 0.7483
2 145 3.6 0.125 1.88 1.0596 0.7682
3 2 1.45 38 0.125 1.87 1.0653 0.7724
2 1.45 40 0.125 1.86 1.0712 0.7766
2 132 4.2 0.125 1.85 1.0770 0.7108
2 1.28 44 0.15 1.84 1.0829 0.6931
2 1.28 4.6 0.15 1.83 1.0889 0.6969
3 1.57 4.8 0.175 1.82 1.6425 0.8596
3 15 5.0 0.2 1.81 1.6517 0.8258
3 1.57 52 0.215 1.80 1.6610 0.8692
3 1.6 54 0.225 1.79 1.6704 0.8908
3 1.68 5.6 0.21 1.78 1.6799 0.9407
4 3 1.75 58 0.275 1.77 1.6894 0.9855
3 1.77 6.0 0.3 1.76 1.6991 1.0025
3 1.83 6.2 0.3 1.75 1.7089 1.0424
3 1.83 6.4 0.3 1.74 1.7189 1.0485
3 1.75 6.6 03 1.73 1.7289 1.0085
3 1.7 6.8 0.3 1.72 1.7390 0.9854
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Table 2 Measured values of JRC from profile.

Sample No. JRC Sample No, JRC
1-A 8-10 7-D2 4-6
1-C-1 4-6 8-Al 6-8
1-C-2 12-14 8-A2 8-10
3-B 10-12 8-A3 4-6
5-B 6-8 8-B 8-10
5-B2 4-6 9-Al 6-8
5-C 4-6 9-A2-1 2-4
6-A 10-12 9-A2-2 2-4
7-A 0-2 9-B1 12-14
7-B 8-10 9-B3-1 4-6
7-C 14-16 9-B3-1 4-6
7-D1 4-6
Table 3  Measured roughness angle(i) of each samples during shear test.
Sample | Sp.li Sp.2.i Sp3ad Sp.4.i Sp.5a Sp.6.1 Sp.7.4
No.
1-A 2.86 0 1.79 2.68
1-C-1 9.5 104 10 8.1 5.6
1-C-2 24 5.8 5.8 5 45 3.6 2.1
3-B 8.9 10.6 7.7 4.5 39 3.9 2.6
5-B 14 0 0 0
5-B2 6.3 4.5 31 2.2 1.4 0.7 0.2
5-C 1.3 0.9 0.7 0.5 0.6 0.6
6-A 4.8 3.7 37 3.9
7-A 14 0.8 0.3 0.9
7-B 16.7 12 5.9 4.6 38 33
7-C 32 19.6 152 12.2 9.3 7.4
7-D1 159 7.1 2.9
7-D2 5.1 3.9 2.1
8-Al 0.5 6.5 5.9
8-A2 2.9 2.7 2.1 2.1 1.7
8-A3 6.2 3.8 3 0.9
8-B 9.8 5.1 39
9-Al 10.1 2.9 1 2
9-A2-1
9-A2-2 4.8 2 2.3 2.7
9-B1 9.5 0 44 1
9-B3-1 1.3 0.2 0 0.6 0.9
9-B3-2 0 3.7 2.6 1.8 1.8 1.3
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Table 4 Measured roughness angle(i) of each

A P97, # AT

samples by profile.
Sample i Sample i
No. No.
1-A 11.63 7.D2 7
1-C-1 9 8-A1 . 1175
1-C-2 13 8-A2 14.66
3-B 10.5 8-A3 8
5-B 8.16 8-B 12.83
5-B2 9.29 9-A1 . 10
5-C 9.62 9-A2-1 7.25
6-A 17.16 9-A22 2
7-A 0 9-B1 12.83
7-B 14.79 9-B3-1 7
7-C 16.73 9-B3-2 10
7-D1 11.37

Table 5 Friction angles(dp, ¢b, ¢i)

of each sample.

Sample No.| o¢p o1 Ob

1-A 21.44 18.25 9.81
1-C-1 23.68 20.58 14.68
1-C-2 37.46 35.05 24.46
3-B 34.66 33.20 24.16
5-B 33.65 34.59 25.49
5-B2 39.32 40.09 30.03
5-C 32.69 32.32 23.07
6-A 45.65 42.51 28.49
7-A 36.36 35.60 36.36
7-B 33.96 34.50 19.17
7-C 29.86 32.23 13.13
7-D1 32.70 38.58 20.33
7-D2 18.40 18.67 11.40
8-Al 35.38 31.82 23.63
8-A2 40.31 39.03 25.65
8-A3 33.69 34.17 25.69
8-B 40.61 41.75 27.78
9-Al 27.96 28.34 17.96
9-A2-1 34.68 2743
9-A2-2 39.51 37.40 37.51
9-B1 28.25 31.73 15.42
9-B3-1 30.60 29.67 23.60
9-B3-2 32.53 31.21 22.53
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Table 6 Measured JCS (Joint Compress
Strength) by Schmidt hammer.

Sample No. JCS Sample No. JCS
1-A 23 7-D2 100
1-C-1 22 8-Al 100
1-C-2 22 8-A2 120
3-B 8-A3 100
5-B 34 8B 100
5-B2 34 9-Al 120
5-C 34 9-A2-1 75
6-A 53 9-A2-2 75
7-A 70 9-B1 70
7-B 40 9-B3-1 65
7-C 40 9-B3-2 65
7-D1 100
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Table 7 Measured values of roughness angl(i),
JRC, and normal stress(on), according
to the distribution limit of roughness.

i(tan-'viu)  JRC on(Mpa)
32 13.56 0.1751
15.9 7.49 0.7348
5.1 2.89 1.7576

2.9 1.73 2.1515

2 1.20 2.6039

1.7 1.04 2.8254
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Table 8  Estimated JRC by roughness angle(i) and K(=log(JCS/on)).

2 4 6 8 10 13 16 18 20 24 28 30 33 36 39 42 45

[l eNeoNoNeloloNlololoRellolollolleRe i ellololololollollo ool el

0.88 1.77 2.66 3.55 4.44 5777 7.11 8 8.88 10.6 124 133 146 16 173 186 20
0.90 1.81 2.72 3.63 4.54 590 7.27 8.189.09 10.9 12.7 13.6 15 163 17.7 19.0
0.93 1.86 2.79 3.72 4.65 6.04 7.44 8.379.30 11.1 13.0 13.9 153 16.7 18.1 19.5
0.95 1.90 2.85 3.80 4.76 6.19 7.61 8.579.52 114 13.3 142 157 17.1 185 20
0.97 1.95 2.92 3.90 4.87 6.34 7.80 8.78 9.75 11,7 13.6 14.6 16.0 17.5 19.0

1 2 3 4 5 658 9 10 12 14 15 1635 18 1935

1.02 2.05 3.07 4.10 5.12 6.66 8.20 9.23 10.2 12.3 14.3 15.3 16.9 184 20
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