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Table 1 Rock physical and mechanical parameters
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Table 2 Initial blasting parameters of mine site
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Fig. 2 Three—dimensional slope finite element model
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Fig. 3 Vibration velocity characteristics of slope under initial blasting conditions
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Fig. 6 Displacement cloud maps of slope under initial blasting conditions
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Fig. 8 Vibrational velocity of measuring point 9 for different single-segment charge
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Fig. 11 Vibration velocity characteristics of slope under the action of 200 kg single-stage charge
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Analysis of Dynamic Response Characteristics and Stability of Three—
Dimensional Slope Under Blasting Conditions

MA Qinwei', HE Wen"?, SHI Wenfang"*, NIE Wen’

1. School of Mining Engineering, Jiangxi University of Science and Technology, Ganzhou 341000, Jiangxi, China;
2. Jiangxi Provincial Key Laboratory of Safe and Efficient Mining of Rare Metal Resource, Jiangxi University of
Science and Technology, Ganzhou 341000, Jiangxi, China;

3. Sinosteel Ma’ anshan Mining Research Institute Co., Ltd., Ma’ anshan 243000, Anhui, China

Abstract: In addressing the issue of multiple localized small-scale failures on the slope of an open-pit mine,
this study utilized numerical simulation methods to examine the dynamic response characteristics and stability
of a three-dimensional slope under blasting conditions. Initially, an analysis was conducted on the slope’ s
vibration velocity, displacement, and plastic zone, based on the existing blasting process parameters of the mine.
Subsequently, the study investigated the impact of variations in single-stage explosive charge on the blasting
vibration velocity and safety factor of the three-dimensional slope, thereby establishing the relationship between
single-stage charge, slope dynamic response, and safety factor, and optimizing the maximum single-stage
charge. Finally, the dynamic response characteristics of the three-dimensional slope under the optimized
maximum single-stage charge were analyzed, and a comprehensive stability evaluation of the slope was
performed by considering both the safety factor and the peak particle vibration velocity. The findings
demonstrate that, under the initial single-stage charge, blasting exerted the most pronounced effect on horizontal
vibration velocity, with a principal-direction peak vibration velocity of 16.40 cm/s, surpassing the safe allowable
threshold. The maximum horizontal displacement of the slope reached 2.94 c¢m, and the slope safety factor was
calculated at 1.13, falling short of regulatory standards and indicating a state of localized instability. The plastic
zone exhibited interconnectivity at the slope toe, suggesting localized failure in that region. As the single-stage
charge was increased, the peak vibration velocity consistently escalated, while the safety factor progressively
diminished. Specifically, when the single-stage charge was augmented from 75 kg to 225 kg, the vibration
velocity rose from 2.73 cm/s to 12.54 cm/s, and the safety factor decreased from 1.38 to 1.17. Through
optimization analysis, the maximum permissible single-stage charge was identified as 200 kg. Under these
conditions, the principal-direction peak vibration velocity was 10.60 cm/s, remaining within the safe allowable
range, and the slope safety factor improved to 1.20, thereby satisfying regulatory requirements and indicating a
stable state. The research results provide a scientific basis for blasting construction and stability control of the
open-pit mine slope, offering valuable insights for similar engineering projects. Additionally, the study reveals
the specific mechanisms of blasting vibration effects on slope dynamic response, providing important theoretical
support for mine safety production and slope stability management.

Key words: three-dimensional slope; blasting; stability; safety coefficient; vibration velocity; single-stage

maximum charge
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