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Fig.1 Schematic diagram of tailings pond mining method
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Fig. 2 Numerical model diagram of tailings pond
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Table 1 Physical and mechanical parameters of the tailings dam materials

R R HE/(KN-m™) fLER A WICHR/MPa AR 2R J1/kPa WEEREMICC)  BEFREU(em-s™)
A (4 b 21.6 0.54 320 0.335 30 27 1.5x107
A 223 0.53 210 0.326 10 20 3.75x107™
<% Vil 21.0 0.51 160 0.320 15 12 2.5%107
TR A3 20.6 0.02 780 0.350 180 34 5.0x107!
s 26.2 0.015 5000 0.350 500 40 7.5%107

&2 V-GEETHMEELSH

Table 2 Basic parameters required for V-G model

calculation
KL 2 R a/(1-m™) n l Or
B (4 0.91 2.01 0.5 0.034
<8 R 0.54 2.32 0.5 0.037
2%t 0.15 2.53 0.5 0.040
Wi = 4 0.95 1.81 0.5 0.023
Jea 0.37 1.66 0.5 0.034
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Table 3 Numerical simulation results of tailings pond parameters during the process of mining
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& TR 8 & AR, BT T L F 7K
AR HE Y, S BALBK R Rz XA S . K5
R €t 2 B R )R 2ok A2 v B PR LR 1) B
KALBAKE T ARG . bl A FE N 0 m 9]k
2230 m, B AR S R ALK 2 i ok
JE JIE M 225.402 kPa 3 K % 277.866 kPa, 34 1 b
23.28%. FLIBR/K Fe 773G KB Dt R 3 82 Bt o [ R
TAERHEE , JE T K 20 m IR AR B L, 3L
TR TR K Te T B HHE S AT BOEE #K

AREAIE

1.0
0.9
0.8
0.7
|
0.5
0.4
0.3

0.2
0.1

(a) 71 Reffi2E0 m

J1 o ALBRIK IR 3 B3 R 23 B AR R Ab A J5it B)A 2800
I3, S ECHARRBUBT R BT, H R R AR
HETTSE IR 2R A8 T FBBEIR 1) XU, ™ e 52 1 e 40
IR R AR E P
32 REWERREENATUSHT

von Mises JW ] J& — i 5& T 35§ )i 2% B 1) 55 2L
23, T T s s R A B fe I X e 141 6
JI R SRy A TR [P R AEE O m T 230 miX 2 Fi LT
WA ) von Mises W JJ 53 i =6l . HHIEL 6 AT LA Y,

AR
1.0

0.9
0.8

0.7
I |
0.5
0.4
0.3

0.2
0.1

(b) [l K230 m

E3 EvERRIEFENESHEE

Fig.3 Saturation distribution cloud diagram during the process of tailings pond mining
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Fig. 4 Pore water pressure distribution cloud diagram during the process of tailings pond mining
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Fig. 6 von Mises stress distribution cloud diagram of tailings dam during the process of tailings pond mining
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Fig. 7 Tresca stress distribution cloud diagram of tailings dam body during the process of tailings pond mining
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Fig. 8 Overall displacement cloud diagram of tailings dam body during the process of tailings pond mining
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Fig. 10 Equivalent plastic strain cloud diagram of tailings dam body during the process of tailings pond mining
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Stability Analysis of Tailings Ponds Reclamation Stoping Under the Coupled

Stress and Seepage Fields

DENG Hongwei, TANG Guangdong, LIU Yao, XU Jingbo

School of Resources and Safety Engineering, Central South University, Changsha

410083, Hunan, China

Abstract: While tailings ponds are notable sources of environmental pollution in mining operations, they also
offer considerable potential for development. Advancing the safe mining and secondary utilization of tailings
resources not only mitigates the safety and environmental challenges associated with tailings ponds but also
significantly contributes to the sustainable development of mining activities. To examine the impact of seepage-
stress coupling on the stability of tailings ponds during reclamation, the interaction between the seepage field
and the stress field was analyzed, leading to the construction of a seepage-stress coupling analysis model for

tailings ponds. Utilizing COMSOL multiphysics simulation software, a two-dimensional model of the tailings
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dam was developed. By integrating the seepage-stress coupling theory with the strength reduction method, the
study systematically investigated the seepage patterns, stress variations, deformation characteristics, and
stability evolution of the tailings dam throughout the stoping process. Through numerical simulations, variations
in pore water pressure, von Mises stress, shear stress, overall displacement, equivalent plastic strain, and safety
factor of the tailings dam were evaluated across six stoping scenarios: 0, 50, 100, 150, 200, 230 m. The findings
indicate that under the influence of seepage-stress coupling, the reclamation of the tailings pond results in a
reduction in the length of the dry beach, while pore water pressure, von Mises stress, and maximum shear stress
increase. Consequently, there is a gradual rise in the overall displacement and equivalent plastic strain of the
tailings dam, accompanied by a decrease in the safety factor and a declining trend in the stability of the tailings
pond. Nonetheless, the safety factor throughout the reclamation process remains within regulatory standards,
ensuring that, under conditions of safe production management, the dam can function normally. These findings
provide a significant theoretical foundation and engineering technical reference for the safe reclamation of
tailings ponds.

Key words: tailings resources; tailings ponds reclamation; seepage-stress coupling; tailings dams; stability

analysis; numerical simulation
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