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Influences of in-situ stress on distribution characteristics of rock blasting
fragmentation
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Abstract: During blasting excavation of deep rock masses under high in-situ stress, the rock masses are often difficult to be
fully broken, frequently resulting in large fragments. To understand this problem more deeply, the blast-induced rock cracks
under various in-situ stress conditions are simulated by using the dynamic finite element method. The fractal dimension theory
and the image recognition method are introduced to investigates the influence of in-situ stress on the distribution characteristics
of rock blasting fragmentation. The project cases blasted at different depths and in-situ stress levels are also employed to study
this problem. The results show that the generation of large fragments during blasting in deep rock masses owes to the inhibiting
effect of in-situ stress on the growth of blast-induced cracks in the far field of blastholes, and the orienting effects of the
non-hydrostatic in-situ stress on the propagation of blast-induced cracks. As the in-situ stress level increases, average size, the
maximum size, nonuniform coefficient and large block rate of rock fragmentation increase significantly. The size of the smaller
fragments is little affected by the in-situ stress as these fragments are generated in the vicinity of blastholes and the propagation
of blasting cracks in this zone is almost unaffected by the in-situ stress. When the maximum and minimum principal in-situ
stresses perpendicular to the blasthole axis differ greatly, it is adverse to rock fragmentation by blasting. In comparison, a better

rock fragmentation is achieved when the lateral coefficient of the principal in-situ stresses is about 0.75.
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Fig. 1 Large fragments created by blasting in a deep tunnel
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Fig. 2 Computational model for rock blasting under high in-situ
stress
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Fig. 3 Comparison of blast-induced cracks in granite between

experimental and numerical results
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Table 1 Parameters of explosive

p/(kgm?) D/(ms ) C1/GPa C2/GPa Ri R> o Eo/GPa
880 5170 348.6 11.29 7.0 2.0 0.24 5.025
2 1Eh9%E RAT {REISH
Table 2 RHT model parameters of granite
ZH E ZH E
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Hugoniot Z 2 42/GPa 37.84 PR R N AS R EC/s ! 3x10%
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121 ¥3E N 4F EPSF 2.0 /NN AE EPM 0.015
REFTHESH B 1.22 FEAR AR 2R HY Be 0.026
REFTESH B 1.22 P AR TR HY B 0.007
RSB 1/GPa 25.7 4R RS 5 g 0.53
RETESH D 0.0 R RS 5 g 0.7
BB R G/GPa 21.9 RIHSH A 2.44
BRI R R f/MPa 167.8 BB R AR R A & 0.5
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Fig. 4 Flow chart for calculating box-counting fractal dimension

of blast-induced cracks
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Fig. 6 Distributions of blast-induced cracks in rock under different in-situ stress levels
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Fig. 7 Fractal dimensions and scaled areas of blast-induced cracks

under different in-situ stress levels
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Fig. 8 Distribution curves of rock blasting fragmentation under
different in-situ stress levels
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Fig. 11 Distributions of blast-induced cracks in rock under different lateral coefficients ( o, =30 MPa)
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cracks under different lateral coefficients ( o, =30 MPa)
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Fig. 16 Piles of rock blasting at different depths in inclined shaft
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