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Digital detection and fractal characteristics of induced fracturing of roofs
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Abstract: In order to measure the results of induced caving of roofs in mined stopes and to study the relationship between the
rock failure and the development of discontinuities such as joints and fractals, which propagated under the coupling action by
mining excavation and forcibly induced man-made blasting, the digital panoramic borehole camera technology was used to
inspect the pre-splitting holes in roofs. It was shown that the effect of induced caving was prominent. Pre-cracks of 20 to 40 mm
width in pre-splitting holes after blasting extended to the bottom of holes. The average failure thickness of roofs reached 30 to
40 m. Steep obliquity, narrow width and short trace length were the main characteristics of fractures in rock mass. Developing
fractures formed the fracture net and led to the spalling of rock from the bottom to the top of roofs because of their propagation
and coalescence. The developing conditions of fractures in rock mass operated by the coupling jamming and the single mining
excavation were different. The characteristics of fracture development at the same location in different boreholes were studied
by using the fractal theory. According to the research results, fracture values under different disturbances were calculated and
their relationship curves were drawn. It was found that the evolvement under disturbance was self-similar and its value became
larger and larger along with the process of induced caving.
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Fig. 1 The digital panoramic borehole camera system
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Fig. 2 Design profile of induced caving of roof
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Fig. 3 Arrangement of measuring points
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Table 1 Statistical data of fractures

g RPRE e, WROREBE
m (7)) /mm /mm

1 4.301 ST5W 45 3.624 75.72

2 5.532 N24wW 89 1.559 25.56
3 7.059 N50W 51 1.414 80.53
4 8.757 S75E 88 3.742 35.45
5 9.161 S44W 89 3.537 92.22
6 10.057 N2IW 87 3.243 71.78
7 10.242 N66W 88 1.082 27.86
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Fig. 7 Relationship between depth and quantity of fracture
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Fig. 9 Relationship between length and quantity of fractures
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Table 2 Statistics for covering of fractures

BALE }ﬂﬁ? lg(1/r) 1N (r)
80 23 -1.9031 1.3617

40 73 -1.6021 1.8633

X23 20 164 -1.3010 2.2149
10 361 -1.0000 2.5575

5 716 -0.6989 2.8549

80 22 -1.9031 1.3424

40 50 -1.6021 1.6989

X37 20 103 -1.3010 2.0128
10 191 -1.0000 2.2810

5 382 -0.6989 2.5821

80 14 -1.9031 1.1461

40 34 -1.6021 1.5315

X44 20 60 -1.3010 1.7782
10 136 =1.0000 2.1335

5 198 -0.6989 2.2967

80 11 -1.9031 1.0414

40 20 -1.6021 1.3010

X55 20 37 -1.3010 1.5682
10 83 -1.0000 1.9191

5 126 -0.6989 2.1001
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Table 3 Calculation for fractal dimension of numbers of fractures

Bifl'S EE R HIX R H 4 D
X23 y=1.223x+3.761 0.995 1.223
X37 »=1.021x+3.310 0.999 1.021
X44 1=0.964x+3.032 0.993 0.964
X55 y=0.909x+2.768 0.997 0.909
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Fig. 11 Relationship between caving interval and fractal dimension
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