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Study on a 3-Dimensional Rock Failure Criterion
Approximating to Mohr-Coulomb Surface

Youn-Kyou Lee

Abstract In spite of being unable to take into the effect of intermediate principal stress, Mohr-Coulomb and
Hoek-Brown criteria are very popular as rock failure criteria. The recent researches reveal that the influence of
intermediate principal stress on the failure strength of rock is substantial, so that 3-D failure criteria in which the
intermediate principal stress could be considered is necessary for the safe design of the important rock structures.
In this study, the likely application of the 3-D failure criterion proposed by Jiang & Pietruszczak (1988) to the
prediction of the true triaxial strength of rock materials is discussed. The failure condition is linear in the meridian
plane of principal stress space and it is represented by the smooth surface contacting the corners of the
Mohr-Coulomb surface. The performance of the Jiang & Pietruszczak’s criterion is demonstrated by simulating the
actual true triaxial tests on the rock samples of three different rock types.

Key words Intermediate principal stress, True triaxial compression test, Rock failure criteria, Mohr-Coulomb criterion
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Fig. 1. Geometric representation of stress.
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Table 1. Polyaxial data for the Shirahama sandstone (Al-Ajmi & Zimmerman, 2005) and corresponding ¢, 6, p values

o, (MPa) o, (MPa) o5 (MPa) ¢ (MPa) 9 (rad) » (MPa)
94 9 5 62.35 0.04 71.09
97 15 5 67.55 0.10 71.39
88 29 5 70.44 0.28 60.40
109 44 5 91.22 0.38 74.30
94 65 5 94.69 0.72 64.19
109 12 8 74.48 0.03 80.88
129 27 8 94.69 0.15 92.03
132 41 8 104.50 0.26 90.82
135 50 8 111.43 0.33 91.50
127 79 8 123.55 0.63 84.67
147 15 15 102.19 0.00 107.78
157 29 15 116.05 0.09 110.67
165 62 15 139.72 0.31 108.50
162 82 15 149.53 0.47 104.08
159 88 15 151.27 0.53 101.83
168 97 15 161.66 0.57 108.28
178 20 20 125.86 0.00 129.01
183 30 20 134.52 0.05 129.20
173 41 20 135.10 0.13 117.29
185 50 20 147.22 0.17 124.30
177 57 20 146.65 0.23 116.07
197 68 20 164.54 0.27 129.45
194 82 20 170.90 0.36 124.72
193 97 20 178.98 0.46 122.58
185 100 20 176.09 0.51 116.69
197 30 30 148.38 0.00 136.35
218 47 30 170.32 0.08 147.05
224 69 30 186.48 0.19 145.12
232 88 30 202.07 0.28 147.09
229 109 30 212.46 0.41 141.71
241 129 30 230.94 0.49 149.29
227 150 30 234.98 0.65 140.40
215 171 30 240.18 0.82 136.68
224 40 40 175.51 0.00 150.24
244 60 40 198.61 0.09 159.03
252 70 40 209.00 0.13 162.24
253 79 40 214.77 0.17 160.38
252 100 40 226.32 0.28 154.54
274 99 40 238.45 0.24 172.11
265 118 40 244.22 0.35 161.57
279 138 40 263.85 0.42 169.91
274 159 40 273.09 0.53 165.47
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Jiang & Pietruszczak criterion Mohr-Coulomb criterion
Rock type 6 (°) | o (MPa) 6 (*) | o (vMPy)
RSD* (MPa) RSD* (MPa)
36.86 \ 78 39.43 \ 85
Shirahama sandstone
3.2374 4.4393
32.00 \ 381 36.55 \ 387
Dunham dolomite
12.2166 22.0962
28.58 \ 97 30.67 \ 104
Yuubari shale
3.2017 5.8635
44.56 \ 301 47.09 \ 324
KTB amphibolite
22.0030 27.2944

*Residual standard deviation
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Fig. 8. Prediction of Jiang & Pietruszczak’s criterion compared with the experimental data; (a) Shirahama shale, (b) Dunham
dolomite, (¢) Yuubari shale, (d) KTB amphibolite.
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