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Optimization of Isolated Pillar Thickness and Stability Analysis for Open-Pit to Underground Mining
ZHANG Bingjie, CHEN Xiaoqing » YANG Yujiang « WANG Xinrong » ZHAO Jiangdong
(School of Mining Engineering, University of Science and Technology Liaoning, Anshan, Liaoning 114051, China)

Abstract: To address the problems of the determination of the safe thickness and stability of isolated pillars during open-pit to
underground mining, taking a domestic metal mine with open-pit to underground mining as the engineering background.
dynamic simulation and comparative analysis were carried out on the stopes under the conditions of different isolated pillar
thicknesses and different stoping sequences based on the particle safety factor calculation method derived from the twin-shear
unified strength theory and numerical simulation. The results are shown as follows. Firstly, when the mining room width is 20
m, the optimal safe thickness of the isolated pillar in the mining room is 39.37 m. At this time, the minimum value of the
particle safety factor at the bottom surface of the isolated pillar is 1, which meets the engineering safety requirements.
Considering the actual engineering conditions, the isolated pillar thickness is determined to be 40 m. Secondly, the particle
safety factor at the bottom surface of the isolated pillar shows a nonlinear growth trend with the increase of thickness. with
similar spatial distribution characteristics: the safety factor in the contact area with the hanging wall surrounding rock is lower
than that of the footwall, the safety factor at the center of the bottom edge in the width direction of the roof is lower than that
at both ends, and the safety factor shows an increasing trend from west to east in the length direction of the roof. Thirdly.
mining disturbance leads to the deterioration of the stability of isolated pillars. As the exposed area of the goaf increases, the
dangerous range expands accordingly. The closer the particles are to the goaf, the smaller their particle safety factor will be.
and the dangerous area migrates from the center of the bottom surface to the midpoint of the long side with the advance of
stoping. The proposed thickness optimization method for isolated pillars based on the critical safe thickness threshold and
dynamic risk evolution can provide a reference for the problem of determining the safe thickness of isolated pillars in open-pit to
underground mining mines.

Key words: Open-pit to underground mining. Isolated pillar thickness, Twin-shear unified strength theory, Particle safety

factor, Mining disturbance
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Fig.1 Mechanical model of isolated pillar
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Fig.2 3D numerical model
24 BURNFESHBE
TR0 s B9 LAl L 258 0 A 28 AR 9t
RMR {i 4 R 45 4 T % 7 #2 JE GST . R e
Hoek-Brown WIS 3 255 47 J) 2 98 8 2 Bk 47
Ik T BUEAE T . 0 a B e SO 1

x1 TEUBENESH

Table 1 Physical and mechanical parameters of mineral rocks
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ok B/ H SREE/ M/ 1/ %ﬁ/
(kN/m?) MPa GPa MPa (°)
730 40.35  0.25 0.75 10.00 0.90 41.40
Rk 27.66  0.28 0.35 2.00 0.40 34.00
WS HEA 28.43  0.30 0.38 2.00 0.55 35.00
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SRR IR A A 32.48  0.25 0.56 5.00 0.82 39.00
BuARL 35.71  0.20 0.80 10.00 0.96 43.00
ok 18.51  0.19 0.25 0.55 0.29 37.00
b 25.86  0.21 0.19 0.34 0.28 30.00
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Fig.4 Cloud maps of stress distribution

of isolated pillars
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Table 2 Safety factors at the bottom of isolated

mining pillars with different thicknesses

Fea 25 4 A LRRE

JEE /m R/ME Rkl G AEAEY
20 0.33 5.07 2.63
25 0.32 5.24 2.07
30 0.48 6.09 3.04
35 0.69 7.65 3.77
40 1.06 8.09 3.79
45 1.21 8.40 3.76
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Fig.5 Variation law of safety factor at the bottom

of isolated pillars with different thicknesses
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Fig.6 Stability analysis of excavation when the thickness of

the isolated pillar is 40 m
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Fig.7 Distribution of safety factors at the bottom of isolated mining pillars with different thicknesses
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Fig.8 Distribution of safety factors of roof of different mining rooms during excavation in the first step



76 ok B R 5 A 2026,46(1)

(d) F#E 7S ETR (e) FFi% 9 BH BT (f) FFiE 11 S5 BTHR
B9 EZSAENARATEMNEZELRZHSH

Fig.9 Distribution of safety factors of roof of different mining rooms during excavation in the second step

(a) FHET7 BT HETM (b) FHE 9 SH HETIR (c) FHE 11 BF BETHR (d) 1~6 B BERFELR
E10 F=SABEURBTEMRZLERZHIE

Fig.10 Distribution of safety factors of roof of different mining rooms during excavation in the third step
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