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Fractal characteristics of crack evolution in gas-hearing coal under shear loading

PENG Shou-ian' > XU Jiang' > ZHANG Chaodin' > FENG Dan'* NIE Wen'

(1. State Key Laboratory of Coal Mine Disaster Dynamics and Control Chongqing University Chongqing 400030 China;2. State and Local Joint Engineering
Laboratory of Methane Drainage in Complex Coal Gas Seam Chongqing University Chongqing 400030 China)

Abstract: A meso-shear test equipment was employed to carry out shear tests on gas-bearing coal and rock for investi—
gating the production of cracks and their evolution‘law as well as the fractal distribution characteristic of cracks. Based
on fractal nonlinear theory the crack distribution on the shear rupture face was studied. The results show that:the sur—
face cracks’ evolution of gas-bearing coaland rock experiences five stages including cracks’ initiation steady growth
of crack unsteady growth of crack shear rupture and friction of materials. The distribution of cracks at the five stages
has agreement with the prediction of fractal dimension theory. It is found that the fractal dimension of shear rupture
surface cracks shows an increasing trend with the increment of shear stress. The evolution characteristic of cracks un—
der variable shear siresses can be quantitatively described by the fractal dimension of shear rupture surface.

Key words: coal rock ;shear fracture ;crack evolution ;distribution characteristic ;fractal dimension
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1

Table 1 Direct shear experimental results of gas-saturated coal specimens

/mm? /MPa /(mm * min~") /MPa /kN /MPa
XM -1 1 668. 60 0 0.01 0 0.63 0.38
XM -2 1722.21 0.5 0.01 0 0.58 0.34
XM -3 1 660. 26 1.0 0.01 0 0.61 0. 37
XM -4 1 635.48 2.0 0.01 0 0. 64 0.39
XM -5 1713.92 1.0 0.01 2 2.04 1.19
XM -6 1672.72 1.0 0.01 4 2.20 1.32
YM -1 1221.09 0 0.01 0 2.99 2.45
YM -2 1234.24 0.5 0.01 0 2.49 2.02
YM -3 1214.04 1.0 0.01 0 2.64 2.17
YM -4 1 197.96 2.0 0.01 0 4.69 3.91
YM -5 1 248. 36 1.0 0.01 0 3.72 2.98
YM -6 1231.07 1.0 0.01 2 4. 80 3.90
YM -7 1 201.29 1.0 0.01 4 9.71 8.08
4
2.2
5
0 2.0
MPa 221. 6%
30.9% ;
2.0 MPa 4.0 MPa
3 - 10. 9%
107.2% -
Fig. 3  Shear loading—displacement curves of coal 6

samples with different gas pressure
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4

Fig. 4  Failure pattern pictures of coal samples in direct shear test with different gas pressure

Fig. 5 Shear loading-displacement curves of coal
samples with different normal stresses
2.3
7 6
Fig. 6  Failure pattern pictures of coal samples in direct

shear test with different normal stresses

o
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Fig. 7 Formation process of crack in coal containing gas samples

8

Fig. 8 Pattern of meso-eracks expand in coal samples
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Table 2 Fractal dimension of crannies in shear surface of coal containing gas
10% 30% 50% 70% 90% 100%
XM -2 1.072 1. 135 1. 174 1. 260 1.307 1.336 D;=0.296(7/7,) +1.041 (R2 =0.9927)
XM -3 1.088 1. 136 1.215 1.262 1. 307 1.357 D;=0.293(7/7,) +1.057 (R2 =0.991 4)
YM -5 1. 022 1. 055 1. 085 1. 119 1. 148 1. 174 D;=0.164(7/7,) +1.005 (R2 =0.996 4)
YM -6 1. 069 1.076 1. 096 1. 108 1. 115 1.123 D;=0.061(7/7,) +1.062 (R2 =0.9805)
( 2
T/7,) CF - :
2000P 11 D, = a(s/7) +5b 2)
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Fig. 10  Relationship between fracture dimensions and
shear stress level of coal containing gas
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Fig. 11  Distribution characteristics of cracks in shear surface under different shear stress level
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