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Tab.1 Basic mechanical parameters of rock specimen

2a K
D=2R

BURLIREE /MPa B R/ MPa A L SRR /GPa /(g7 s em®) PH/(mT! )

7.927 153 0. 27 15.2 2.523 4325
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Tab. 2 Dimensional parameters of rock specimen

EREG S D/mm 2a/mm B/mm a/R
S-1-1 63.9 10. 2 30.1 0. 1596
S-1-2 64.1 9.9 30. 1 0. 1544
S-1-3 64. 3 10.0 29.8 0. 1555
S-1-4 63.9 10. 2 30.0 0. 1596
S-1-5 64. 2 10.1 30.1 0.1573
S-1-6 64.0 10. 2 29.9 0.1594
S-2-1 94.1 20.4 30.1 0.2168
S-2-2 94.0 20. 1 29. 8 0.2138
S-2-3 94.2 19.8 30. 1 0.2102
S-2-4 94.0 20.0 30. 2 0.2128
S-2-5 93.9 19.9 29.9 0.2119
S-2-6 94.0 20.1 29.8 0.2138
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Fig. 2 Variation of geometry factors of rock specimens with diameters of 64mm and 94mm with loading angle
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Tab. 3 Fracture test results of rock specimens under mode I loading condition

HRER ot e IS & 20 Ki/(MPa « m'™)
FeR=+ ke —

/mm /N T34 £ Tl
S-1-1 18597 0. 803

64 S-1-2 16957 0.732 0.793
S-1-3 19577 0. 845
S-2-1 22283 0. 954

94 S-2-2 20546 0. 88 0.923

S-2-3 22264 0.953
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Tab. 4 Fracture test results of rock specimens under mode II loading condition

HEER L e KA AT Kii/(MPa « m'"*) 0/
HHEG S - -

/mm /N DA A D fE FHE
S-1-4 22832 1.677 40.5

64 S-1-5 17524 1. 287 1. 445 39.8 40. 117
S-1-6 18673 1.371 40. 2
S-2-4 21353 1. 535 47.5

94 S-2-5 17040 1.225 1. 378 41. 2 48
S-2-6 19114 1. 374 48.5
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Tab.5 Size ofFracture process zone based on different fracture criteria
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Tab. 6 The prediction by MTS criterion

HEE W X BRI OGRS

4 /mm e o R /mm AR /N gy K/ MPas
MTS 1.5920 9352 70.53 0. 687
64 GMTS 2.4819 11680 70.53 0. 858
FIMTS 3.2170 13300 70.53 0.977
MTS 2.1570 11132 70.53 0. 800
94 GMTS 2.9059 12927 70.53 0.929
FIMTS 3. 2320 13623 70.53 0.979
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Tab. 7 The predicted by GMTS criterion

e R R W R o 200 24 y
{72 /mm 7 R+ /mm AR /N 6,/ K/ (MPa =m0
MTS 1.5920 19944 41. 20 1. 465
64 GMTS 2.4819 29470 35.13 2.165
FIMTS 3.2170 37318 31.61 2. 741
MTS 2.1570 20414 47.57 1. 467
94 GMTS 2.9059 26092 43.54 1. 875
FIMTS 3.2320 28549 42.04 2.052
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Prediction of shale fracture behavior undermode II loading

YANG Xiukun. XIE Qin. LIU Xiling. LI shengxiang. ZENG Yuan

(School of Resources and Safety Engineering, Central South University, Changsha 410083, Hunan, China)

Abstract: Rock mass is usually under mode I and II loading conditions in practical engineering, but the
prediction of rock fracture behavior under mixed mode 1/1I loading condition is complicated, and it is
an important problem to be solved. Based on the fracture toughness of shale specimens tested under
mode I loading condition, the MTS (maximum tensile stress) criterion was applied to predict the crack
initiation angleand fracture toughness of shale specimens under mode II loading condition. In order to
evaluate the prediction effect, the fracture tests on shale of two sizes under mode II loading was
carried out, it is find that different from the variation trend of mode I fracture toughness with rock
specimen size, mode II fracture toughness basically has no size effect. By comparing the predicted
results with the test results, it is found that the predicted values of the MTS criterion differ greatly
from the test results. The size of the fracture process zone is also a very important parameter in the
prediction process. Failure to consider the size effect of the fracture process zone likely to cause great
prediction errors. Based on the size of fracture process zone determined by the MTS criterion, the
failure loadand the crack initiation angle predicted by the GMTS (generalized maximum tangential
stress) criterion are very close to the test values.

Keywords: shale; fracture toughness; maximum tangential stress criterion; fracture process zone



