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Abstract: Rock brittleness 1s one of the important mechanical properties of rock mass, which is so crucial for accurately evaluating
hydraulic fracturing of oil and gas reservoir and rock bursting engineering. Existing methods of rock brittleness based on energy
theory were summarized, and limitations of these indexes were analyzed in detail. In this study, energy evolution characteristics at
pre-peak and post-peak stage are comprehensively considered. A new method to determine brittleness index of rocks based on
complete stress-strain curves is established, which more reasonably describes the rock brittleness. To verify the rationality of the

method, four sets of rock mechanics tests are collected to test the new index. Test results show that the new brittleness index
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gradually increases with the increase of confining pressure. Under low confining pressure, both coal and group 1 of shale exhibit

strong brittleness, while under high confining pressure, the brittleness of red sandstone and group 2 of shale is obviously

weakened, showing that the characteristics of brittle-ductile transition of rocks with increasing of the confining pressure. Then in

actual slope engineering, the rationality of the new brittleness index is further validated by the tests of slate, which may be

expected to offer some references for evaluating rock brittleness.
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Table 1 Summary of the existing methods based on energy theory
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Fig.1 Energy distribution curve
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Table 2 Mechanical parameters of compression tests for different rocks
HEE [l s (MPa) VA fE 3% % (MPa) 45 1 71 (MPa) WEEAE IV AE (26) BRARIEAL (5)
0 69.79 14.44 0.593 0.791
10 132.35 65.78 0.914 1.230
ARz 20 173.26 133.16 1.156 1.472
30 211.76 158.82 1.423 1.976
40 251.87 202.14 1.680 2.342
6 34.30 10.53 1.260 1.766
12 43.81 20.72 1.518 2.041
B 18 65.55 34.64 2.050 2.920
24 68.94 46.53 2.290 3.249
30 83.21 66.91 2.778 4.003
0 121.91 0 0.910 0.915
g 10 162.38 67.52 0.963 1.134
20 173.33 105.14 1.043 1.366
30 223.14 154.95 1.182 1.527
0 112.17 0 0.788 0.792
O o 10 167.33 73.24 0.810 1.045
20 194.48 113.33 1.025 1.392
30 222.76 155.71 1.127 1.447
£3 TEHFNREEY
Table 3 Brittleness indexes for different rocks
R AR ESy W THE 1A THE 24
Fil & 0 10 20 30 40 6 12 18 24 30 0 10 20 30 10 20 30
Bl 196 244 242 258 295 261 264 288 331 3.68 152 198 241 198 2.06 2.06 2.16
Bl 0.69 050 037 030 0.24 053 049 042 032 020 099 071 048 044 0.59 047 0.44
Bl 136 1.22 089 0.78 0.71 138 1.30 1.20 1.05 0.72 1.51 141 145 0.88 1.12 0.98 0.96
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Fig.2 The brittleness index of different rocks determined by the proposed method: (a) red sandstone; (b) coal; (c) group 1
of shale; (d) group 2 of shale
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