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Fig.1 Overview map of the final slope of open—pit mine stope
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Fig. 2 Schematic diagram of rock mechanics test equipments and samples
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Table 1 Value of rock mechanics parameters after weakening
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Fig.3 Schematic diagram of underground mining and filling sequence
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Abstract: The transition from open-pit deep mining to underground mining presents significant challenges in
managing ground pressure and ensuring production safety due to the nonlinear deformation of the overlying
rock and its roof. To investigate the stability of high, steep rock slopes at varying angles, as well as the dynamic
deformation , failure characteristics, and evolution ary patterns of the roof and overlying rock in underground
mines, the open-pit to underground filling method employed at Kunyang Phosphate Mine No. 2 was selected as
the focus of this study. A 200-meter high steep slope model was developed through a combination of field
investigations, laboratory rock mechanics tests, and MatDEM numerical simulations. The study examined stress
and displacement variations of the slope at three different angles —35 ©, 45 °, and 55 °—in addition to analyzing
the dynamic stress and displacement of the underground mining area’ s roof and overlying rock, there by
elucidating their evolutionary patterns. The findings of the study demonstrate that during the transition from
open-pit to underground filling mining, the displacement of the mining area’ s roof evolves dynamically from
localized settlement to a comprehensive settlement of the overlying rock, particularly during the backfilling of
the mining pillar. An “elliptical arch” subsidence zone, centered on the stope and oriented perpendicular to the
ore layer’s dip direction , progressively enlarges as the working face advances. The range of stress disturbance
during the backfilling and filling of the mining room extends from the roof of the mining area to encompass the
entire overlying rock during the backfilling and filling of the mining pillars. The stress variations within the
mining site are dynamically modulated by the mining face, undergoing four primary stages: stress redistribution,
stress concentration, filling pressure adjustment, and stress equilibrium. The mining activities have induced a
parabolic vertical displacement curve at the slope waist , resulting in varying degrees of tensile fracture damage.
Consequently, the displacement at the slope waist has significantly decreased, leading to the occurrence of small-
scale landslides. The study observed differential unloading phenomena at the midsection of the slope, with stress
initially decreasing before subsequently increasing. The overlying rock of stope and the roof both exhibit a
pattern where a larger slope angle leads to a greater range of displacement and subsidence, as well as an
increased variation in stress. The findings offer valuable insights for transitioning open-pit mines to underground
mining under similar occurrence conditions.
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