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Numerical Simulation Study on Ground Pressure Control Technology in Panel and
Optimization of Continuous Mining in Double Middle Sections of Deep Metal Mines
CHEN Bei'. ZHANG Haiyun®, SHENG Jia*®, HU Jianqgiang', TANG Xiqing'
(1.Hunan Vocational Institute of Technology. Xiangtan, Hunan 411104, China;
2.Changsha Institute of Mining Research Co., Ltd., Changsha, Hunan 410012, China;
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Abstract: Based on the continuous mining project of the deep double middle sections in the second mining area of Jinchuan
Nickel Mine, numerical analysis of ground pressure control in the panel of deep double middle sections was carried out. By
comparing the distribution of maximum unbalanced force, stress, and displacement field in the lower panel under five different
schemes of ground pressure control technology, it was found that Scheme V (advanced unloading through the upper and lower
panels and trapezoidal approach with two mining intervals) had the best ground pressure control effect, with the lowest
extreme value of maximum unbalanced force (1.20 X 10* N). The maximum principal stress of the backfill at the top of the
panel was negative and no tensile stress was observed. Compared with Scheme I (advance unloading through the vein in panel
and rectangular approach with one mining interval), Scheme V has an average minimum principal stress increase of 0.11% and
a maximum compressive stress increase of 1.56%. During the mining process, the tilting deformation of the backfill on the roof
of the panel is minimized. The optimization of the ground pressure control technology scheme for the deep double middle
sections shows that the “positive trapezium + concave” technology scheme has smaller stress fluctuations and displacement
deformations, and the ground pressure control effect is better. The application and stability analysis results of deep mining
engineering show that after adopting the optimized scheme of ground pressure control technology, the ore output of the mining
area can meet the production capacity requirement of 4 million tons per year. The increase in frequency of microseismic events is
relatively slow, and microseismic events occur uniformly without sudden clustering. The overall frequency coefficient of

roadway damage in the 1 000 m middle section shows a decreasing trend year by year, which verifies the rationality of the
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ground pressure control technology scheme for the panel in deep double middle sections.
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Table 1 Mechanical parameters of rock

mass in No.2 mining area

bR dihr BE OAE AR . ]
wE ORREE/ SREE/ 1/ R/ BEE/ ML KR/ B/
MPa MPa MPa (@) GPa GPa  GPa

KEE 39.19 1.72  2.10 36.19 15.89 0.25 10.59 2.88
KA 33.64 0.25 1.14 43.58 11.60 0.25  7.73 0.97
WA 1611 0.15  0.85 38.45 3.16 0.29  2.51 0.28
TS 2224 0.18  1.09  38.45 2.99 0.26  2.08 0.62
BAEA 14.21 011 1.41 40.34 6.56 0.29  5.21 0.26
A 15.79  0.13  1.23  39.99  4.26 0.27  3.09 0.39
)2 9.50 0.09 0.24 3500 3.20 0.25 2.13 2.00
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Table 2 Strength parameters of cemented filling

body in No.2 mining area

YL .

N Mtk L TRBU D R MEE i
wi M g B O s s
&M Gpa GPa (ia MPa () MPa

e Ak 172 0.87 0.32 0.81 0.57 0.76 36.60 0.50
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model of No.2 mining area
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Fig.2 16-row principal stress cloud diagrams of the mining process in No.2 mining area
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16-row displacement change cloud diagrams of the mining process in No.2 mining area
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Table 3 Comparison between the measured values and the calculated values of the stress in the mining process of No.2 mining area
— g R /m Di)ﬁﬁiiﬂﬂﬁ/l;/{lﬂa DIMJJVr%;{E/L\I/IPa
I KAE /ME R IH o /IME

3 H % A 20~30 3.00 — 1.37~3.15 0.62~2.00

3T = 430~530 20.00~30.00 — 22.87~29.75  12.53~16.22

RN & 510 24.50 15.40 25.51~27.30  14.04~14.93

7o & [ERIREN 555 18.45~22.13  3.99~10.80  21.05~30.00  2.64~10.00
1150 m F#Eis g A 580 31.18 10.88 25.00~35.00  10.00~18.00
1150 m TB7 72 #g v & 580 24.88~28.44  9.44~12.96  25.00~30.00  10.00~18.00
1000 m 7K F 20 47 8 & 1 b 3 [CEIRIN 730 17.10~25.80  8.20~12.10  30.00~45.00  8.00~12.00
1000 m /K 12 45 & 0 i b 3 GRS 730 23.20 10.90 28.41~35.00  8.00~10.00
1000 m 3% HA b 730 31.64~37.86  11.59~13.09  28.40~40.00  12.00~23.65
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Table 4 Comparison of accumulated displacement
between on-site measurement and numerical
simulation at monitoring points of 16-row in

the 1 250 m middle section of No.2 mining area
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Table 5 Technical schemes of ground pressure

control in mining panel
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Fig.4 Numerical models of panel ground pressure control

for deep double middle section mining
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Fig.5 The average value and extreme value of the maximum
unbalance stress in mining process of panel ground

pressure control for deep double middle section mining
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Fig.9 The minimum principal stress distribution cloud diagrams during the mining process
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Fig.10 The extreme value and average value of
compressive stress in the mining process of the

vertical approach panel for each scheme
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Fig.13 The “positive step type—+ concave type” control technology scheme of ground

pressure in deep double middle mining area
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Fig.14 The “ladder type convex type” control technology scheme of ground pressure

in deep double middle mining area
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Fig.15 Variation trend of displacement and stress monitoring of backfill in 13-row at 998 m level under the ground

pressure control scheme in deep mining area
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No.2 mining area from 2019 to 2023
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