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Study on Rock Fragmentation Characteristics of Bench Blasting of Frozen Rock Mass in Cold Regions
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Abstract: Due to changes in physical and mechanical properties, the frozen rock mass in cold regions has a significant impact on
rock fragmentation by blasting. To investigate the influence law of rock freezing temperature on the fragmentation
characteristics of bench blasting, taking an open-pit mine in a cold region as the engineering background, a numerical
simulation study on blasting was conducted using ANSYS/LS-DYNA software. Taking the normal temperature rock mass
condition as a comparison, the influences of different freezing temperatures on blasting stress wave propagation, blasting crack
distribution range, and rock mass damage and failure were mainly analyzed. The research results show that in terms of stress
wave propagation, freezing temperature has a significant impact on the dynamic response of rock. As the rock freezing
temperature decreases from 20°C (normal temperature) to —30 °C . the elastic modulus of the rock mass increases. and the
stress wave velocity and stress amplitude increase by 27% and 20% , respectively, while the attenuation coefficient shows no
significant change. In terms of blasting crack distribution range and rock mass damage and failure, the mechanical parameters
of bench frozen rock mass in cold regions, such as compressive strength and elastic modulus, are higher, which has an adverse
effect on rock fragmentation by blasting. In particular, for the frozen rock mass at —30 °C in the upper part of the bench,
compared with the normal-temperature rock mass, its fracture zone range decreases by about 29%, and the reduction in
damage and failure volume reaches 22%. The research results can provide a theoretical basis for the optimization of bench
blasting parameters of frozen rock mass in cold region open-pit mines.
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Fig.1 Blast model of frozen rock
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Table 2 Basic mechanical parameters of graphite-biotite
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quartz schist at different freezing temperatures
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Table 3 Mechanical parameter values of quartz schist

under different confining pressures
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Table 4 Key RHT material parameters of quartz schist under ambient temperature of 20 C
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Table 5 Physical and state equation parameters of stemming material
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Fig.3 Blasting stress cloud diagrams in rock (rock at

ambient temperature of 20 C as example)
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Fig.5 Propagation law of blasting stress wave in frozen rock
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Fig.6 Development process of rock blasting damage under different freezing temperatures
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Fig.7 Range of blasting fracture zones in rock under different freezing temperatures
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Fig.8 Development process of blasting damage of normal temperature rock and multi-gradient frozen rock
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Fig.9 Damage observation statistical scheme
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Fig.12 Schematic of rock bench zoning
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Table 6 Damage statistical of normal temperature

rock bench and multi-gradient frozen rock bench
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Fig.13 Comparison of rock damage volume

in each blasting zone
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