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Optimization of Bench Height for Open-Pit Mines Under Freeze-Thaw
Cycles in High-Altitude Cold Regions
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Abstract; Aiming at optimization of bench height for open-pit mines in high-altitude cold regions, a multi-objective
decision-making method considering the influence of freeze-thaw cycles was proposed. Based on parameters including
shoveling equipment selection and toe burden, the bench height was preliminarily determined to be within the range of
12-18 m, and seven alternative schemes were proposed. Numerical simulation of slope stability after 25 freeze-thaw
cycles was conducted by adopting GeoStudio software, and the safety factors of each scheme ranged from 1.196 to 1.214.
Models for ore dilution and loss, drilling and blasting cost, and ore-rock transportation work were then established to
calculate the performance values of each scheme in terms of dilution rate, loss rate, drilling cost, blast cost, and
transportation work. On this basis, the entropy-weight method was used to determine the weight of each index, and the
comprehensive scores of alternative schemes were calculated. The results show that the 15 m bench scheme achieves the
highest comprehensive score (0.5166) , and is identified as the optimal solution. Incorporating the mechanical effects of
freeze-thaw cycles into the multi-objective evaluation framework, this method provides a quantitative decision-making
basis for bench height design of open-pit mines in high-altitude cold regions.
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parameters for open-pit mine
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m s (0) (*) FEE/m FEIE/m
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15 35.5~43 65 5.0 8.6~16.9
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Fig.1 Schematic of dilution and loss in ore-rock contact zone
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Fig.2 Schematic of simulated mining area
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Fig.3 Schematic of truck transportation work process
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Fig.4 Schematic of ore-rock transport distance within pit
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Table 3  Rock-mass mechanical parameters
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Table 4  Stability analysis of slope after freeze-thaw cycles
BHrEE/m BRFH

12 1.214
13 1.209
14 1.205
15 1.202
16 1.199
17 1.197
18 1.196
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Table 5 Computation conditions for evaluation indices
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Table 6 Performance values of different bench-height schemes
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