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Fig.1 Mechanical model of slope collapse with
trailing edge crack
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Fig.2 Generalized model of crack propagation

at the rear edge of slope body
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Fig.3 Schematic diagram of crack propagation at

the rear edge of slope body
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Table 1 Mechanical parameters of ore body, rock mass, and soil mass
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Fig.4 Two dimensional discrete element model (unit: m)
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microscopic simulation of skarn
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Fig. 6 Characteristics of slope fractures at different mining depths of ore bodies
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Fig.7 Relationship curve between mining depth

and slope fracture number
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Abstract: To investigate the fracture-induced instability mechanism of deep-large collapse pit slopes under the effects of underground

mining unloading and to elucidate their fracture mechanics principles, this study developed a mechanical model for slope collapse that
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incorporates rear-edge fractures. Critical mechanical criteria for fracture initiation, propagation, and instability under unloading
conditions were derived. Through a case study of a deep-large collapse pit slope failure in a mining area, key parameters—including
fracture initiation angle, vertical critical height, branch fracture propagation length, and safety factor—were calculated. Theoretical
analysis provided insights into the fracture instability mechanism of slope rock masses resulting from mining-induced unloading.
Additionally, discrete element numerical simulations were utilized to explore the meso-scale evolution characteristics of slope fractures,
further clarifying the evolution patterns of the fracture system as influenced by mining depth. The results indicate that as mining depth
increases, the slope initially enters a co-evolution stage characterized by the development of rear-edge tensile fractures and toe shear
fractures, ultimately forming a dominant through-going fracture. Subsequently, local through-going fractures emerge between the rear-
edge fractures and the free face. The fracture evolution process can be categorized into five distinct stages: initial nucleation, persistent
propagation, secondary nucleation, accelerated expansion, and stable growth. Case calculations revealed a slope safety factor of 0. 941
(F, < 1), indicating instability. The theoretical results demonstrated strong consistency with the outcomes of discrete element
simulations and field geological surveys, thereby validating the model’s engineering applicability. This research provides theoretical
support for the stability evaluation and disaster mitigation of deep-large collapse pit slopes. The study’s findings align with existing
research on fracture mechanics under unloading conditions. For example, the co-evolution of tensile and shear fractures parallels
observations related to karst slope failures caused by mining unloading. The five-stage fracture evolution framework reflects insights from
coal mining-induced slope deformation studies, where stress redistribution and fracture propagation are key mechanisms of failure.
Additionally, the discrete element modeling approach reinforces methodologies employed in collapse pit simulations, highlighting the
importance of accurately capturing meso-scale fracture interactions. Overall, this work enhances the understanding of mining-induced
slope instability by integrating theoretical mechanics with numerical modeling, providing practical insights for risk assessment in deep
mining environments.

Key words: safety engineering; mining unloading; deep-large collapse pit; rock mass fracture; mechanical model
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