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FRACTURE TOUGHNESS MEASUREMENT OF ROCK WITH FRACTAL
CRACKS USING HYDRAULIC FRACTURING

LI Wei, YAN Tie, Bl Xueliang
(Key Laboratory of Enhancing Oil and Gas Recovery in Ministry of Education, Daging Petroleum Institute,
Daging, Heilongjiang 163318, China)

Abstract: The fractal methods are used to describe the tortuous shape of rock fracture cracks, and the theoretical
models for fracture toughness of rock with fractal cracks are built. Based on these and different assumptions, the
rock fracture toughness has been determined with rock fracture toughness testing system, which is self-developed
and has the internal pressure. The results show that the fracture toughness of rock with fractal cracks is greater than
that obtained by linear model, which also confirms that the theoretical values are often lower than the actual
pressures of hydraulic fracturing operations at present. It is further proved that the calculation results with this
model are closer to the actual ones.
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Fig.1 Testing rock sample for linear fracture toughness
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Fig.2 Magnification schemes of fracture surfaces of brittle

granite
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Fig.3 Fractal model of hydraulic fracturing crack propagation
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Fig.4 Fractal model of crack propagation
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Tablel Changing relations between fractal dimensions and
fracture toughness with bending angles

LHAIC) o 4% D Wi 4k LA (Kio/K))

0 1.000 1.000 0
10 1.003 1.0016
20 1.013 1.007 1
30 1.028 1.0151
40 1.053 1.0280
50 1.085 1.0440
60 1.129 1.064 7
70 1.187 1.090 4
80 1.263 11212
90 1.363 1.1573
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Fig.5 Processed rock specimen
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Table 2 Testing data of rock fracture toughness for fractal
crack propagation
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IMPa  #%t  /(MPa + m¥®) /(MPa « mY?)
b 101 100.3 406 2.8 58 1.02 0.31 0.31
b4 98 99.1 421 23 49 110 0.25 0.26
b4 102 1007 416 2.6 61 114 0.32 0.34
W 104 1009 401 30 54 1.08 0.31 0.32
Wb 9.9 1013 426 28 67 120 0.36 0.39
Je# 100 1005 418 29 56 1.08 0.32 0.33
Je# 97 1016 402 27 63 111 0.33 0.35
Ti4+ 103 998 452 25 55 105 0.29 0.30
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Fig.6 Circular core sample clip
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