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Stability Analysis and Width Optimization of Pillars in Stoping of Steeply
Inclined Thick and Large Ore Bodies Based on Cusp Catastrophe Theory
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Abstract; Aiming at the reasonable safe width of pillars in cut-and-fill stoping of steeply inclined thick and large
phosphorite ore bodies, a mechanical analysis model of stope pillars was established based on elastic mechanics theory.
The average bearing load of pillars due to the backfill was calculated, and a stope structural layout consisting of roof
pillars and stope pillars was adopted. Cusp catastrophe theory was used to analyze the critical instability conditions of
pillars, and the formula for critical failure width of pillars was then deduced, with which the critical pillar width is
calculated to be 3.591 m. On this basis, numerical simulation was carried out to investigate the deformation and failure
characteristics of surrounding rock in a stope with width of 10 m and pillar widths of 2 m, 3 m, 4 m and 5 m
respectively. The comparison results of displacement and plastic zone indicate that roof subsidence gradually decreases
with the increase of pillar width. When the pillar width is 5 m, the maximum roof subsidence is 30.95 mm and the
plastic zone is only distributed in local roof areas. Engineering practice has verified that with pillars 5 m in width, the
maximum displacement and maximum stress of the pillars are 18.47 mm and 4.32 MPa respectively, and both the stope
and backfill remain in a stable state, which meets the requirements of engineering safety and economic efficiency.
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Fig.1 Schematic diagram of stope arrangement
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Fig.2 Mechanical model of pillars
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Fig.3 Schematic diagram of load-bearing mechanism for pillars
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Physical and mechanical parameters of rock mass
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Fig.7 Nephogram of plastic zone distribution of stope with pillars of different widths
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Fig.8 Monitoring results of pillar stress and displacement
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