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An unloading strength criterion of rock considering end-friction effect
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Abstract: In order to analyze the effects of end friction and confining pressure unloading rate on rock mechanical
parameters, the tri-axial confining pressure unloading tests of sandstone specimens under different end friction
factors and unloading rates of the confining pressure were carried out by RMT - 150B rock mechanics test
system.The results show that, under the same end friction factor and initial confining pressure, the greater the
unloading rate of the confining pressure is, the lower the failure confining pressure and the greater the differential
stress at failure are, and that, with the same confining pressure unloading rate and initial confining pressure, the
greater the end friction factor is, the lower the failure confining pressure and the greater the differential stress at
failure are. The friction angle ¢ and the cohesion ¢ of rock specimens increase linearly with increasing the end
friction factor as a whole and increase overall at a decreasing rate with rising the confining pressure unloading rate
and the same end friction factor. An end-friction(E-F) unloading strength criterion of rock including the end
friction factor and the unloading rate was proposed, and the fitting analysis between the peak strength and the
failure confining pressure of rock specimens by the criterion was performed. It is shown that the criterion can
describe the strength of rock specimens under unloading confining pressure condition. Given the value of the end
friction factor K, the E-F unloading failure strength envelope of rock specimens under different confining pressure
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unloading rates v can be drew out and then the strength parameters of rock specimens under different confining

pressure unloading rates can be obtained.

Key words: rock mechanics; end friction factor; unloading rate; end-friction(E-F) unloading strength criterion
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Table 2 Triaxial confining pressure unloading test results of
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sandstone
o,, IMPa
K y=001v v=005 v=01  v=05  v=1/
(MPa-s™) (MPa-s™) (MPa-s™) (MPa-s™) (MPa-s™)

2.67 1.87 1.34 0.93 0.55
5.31 5.02 418 3.86 3.68
0.28 8.28 7.94 7.56 7.25 6.82
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ow/MPa
0.12 0.18 0.28

N S &
(MPa-s™) 012 018 028 012 018 028

0.01 318 237 161 287 284 278 4268 4243 42.50

0.05 317 238 162 299 290 2.85 4267 43.56 43.52
0.10 3.17 237 161 3.08 294 287 43.75 44.09 45.26
0.50 3.18 238 1.62 3.14 3.05 3.09 4519 45.03 45.43
1.00 317 237 162 311 3.08 3.16 46.62 45.89 46.23
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Table 5 ¢, and ¢, values under different end friction factors
and confining pressure unloading rates

vI(MPa - s K co/MPa 2dl(°)
0.12 16.09 39.91

0.01 0.18 16.57 41.25
0.28 17.22 42.84

0.12 16.19 40.52

0.05 0.18 16.67 41.82
0.28 17.32 43.43

0.12 16.33 40.89

0.10 0.18 16.82 42.19
0.28 17.59 4378

0.12 16.56 41.83
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0.28 17.73 44.65

0.12 16.71 42.02

1.00 0.18 17.11 43.28
0.28 17.86 44.87
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Fig.13 Influence range of the confining pressure unloading

rate on the rock unloading failure strength envelope
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