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Optimization of Mining Scheme and Shaft Stability Analysis in Near-Shaft Mining Area of Steeply Inclined Thin Orebody
Zhu Qingling** , Wang Yajun'’, Wu Fengfeng"**, Zhang Qingsong'’
(1.State Key Laboratory of Comprehensive Utilization of Low-Grade Refractory Gold Ores, Shanghang, Fujian 364204, China;
2.Zijin Mining Group Co., Ltd.. Shanghang, Fujian 364204, China;
3.Zijin (Changsha) Engineering Technology Co., Ltd., Changsha, Hunan 410017, China;
4.Changsha Institute of Mining Research Co.. Ltd., Changsha. Hunan 410012, China;
5.National Engineering Research Center for Metal Mining, Changsha, Hunan 410012, China)

Abstract: To achieve safe mining in the near-shaft area of steeply inclined thin orebody, a steeply inclined thin gold mine was
taken as the engineering background. Combined with the geological conditions of the mine, the applicable mining method was
preliminarily selected, and the primary selection scheme was optimized by using the analytic hierarchy process and fuzzy
decision theory. FLLAC3D numerical simulation was used to analyze the shaft stability during the mining process in the newly
added recoverable near-shaft area. The results show that the upward drift filling mining method is the optimal mining scheme
for the newly delineated area of the shaft safety pillar. Compared with ascending mining, descending mining reduces the
extreme value of the maximum unbalanced force in the stope by 15%-20% , effectively alleviates the local stress concentration
in the ore body, and helps restrain ground pressure activities and control shaft displacement. The optimized mining sequence
gradually releases stress and creates a favorable stress environment for the stope. The filling body plays a key supporting role,
and their synergistic effect significantly enhances the overall stability of the stope and effectively inhibits rock mass failure and
propagation. The on-site monitoring results of the shaft indicate that after adopting the descending mining scheme, the
maximum compressive deformation of the main shaft is 0.049 mm/m, and the maximum tensile deformation of the blind shaft

is 0.151 mm/m. both values meet the requirements specified in safety regulations (2.0 mm/m). The field industrial test results
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show that the upward drift filling mining method has good safety and economic benefits, the resource recovery rate is increased

to 95% , realizing the coordinated optimization of safety, economic benefit and resource recovery.

Key words: Safety pillar, Steeply inclined thin orebody, Shaft stability, Mining scheme optimization, Mining sequence,

Numerical simulation

0 5l

FEAT LU TR SR 2 A o, 1 BB I e M B OG
FEW LA S KINREiETT . aWAHEY
AT - fa IX S R B A IR A7 45 0 42 2 L TR T
Sh ) Z1 K 17 B R e R A R A T I 2 4 X
6 1 5 FF R BCRAR AY U PR . AR kB
AN Ty RN D) Ay A A S BRI S
FRBEIRY L P U 1 e A e

SR 5 TR B B AR LR AT L SR BT B A 0 BR
T AL GE 73 R AR R 28 T S AR IR AT R X L
ST, SR BEE 2 B bR R B R KR Z R E &
PRI EB A5 A SR I Zferh, 28 7R
WS RGO E S W R T
S AR Sy LAY (10 BRORY PR 5[] AL, 25 A AR o B
WHETZE A VR . AR B AR 7 L R — 2l
W BUEBR R T RS S5, kS
BT RIS E B 3 OB R A E M4 A L
ANEHETETHIERNERE WAL A NE
TOPSIS R0 L e A 8, Sl T G 1l /% R gk i
SER R0 R kA . 5K IE A0 SR A i
FAB A 00 HE 7 2 6 AS R R B 7 vk B 48 At AT = 1k,
AT T A A R B4R B Y OE PR AR A K LG R
R A8 05 A B 0 SR 7 7 ik A 45 HE Y B 0 8k
ERRIUE TR R, BidJyrkid 8
PR HAR ALE 548569 . LB T 2 B AR B 25 B AL
o A SR 7 i I B ok B AR TR HE DR S

TE TSR A M4 1 7 1T L AR 22 2 3 3 o B A
TR R T AR B R 5% 2R 3 88 08 PR 5 52 i #1
M, LAY SR A ANSYS B H dw IX = 4
FEAL, 254 FLAC3D #5884 87 - #3517 K 7] B
BRI RE A AR MU &R R A A MR AR AE S R
U AL AL T 0 B BRI , R SRR Ak 0 X
7R R A R RO RS2 T B R BIe S PE, B
PR A5 5 MR R 5 AR KR E M T
P T O MR R T RS BRIY, &8
SEU I o BUE BB IE TR K B A AR R 3 IR
FisF 7 95 ] A 2 4 B R R (R SRR L SRy SR TR S
BETEENSHS .,

A5 DL A AR T 1 3 S R AT R X3

il

R FERT G S5 1L BT SR R ks I
8 JZ R 4 M B (Analytic Hierarchy Process,
AHP) 5B o 56 BIe Al A 19 2 B bR PE A s R
H FLAC3D % B 400 48 7 171 SR o 72 v (9 12 7 — {r
R AL LA, O 38 ok T A7 X Rl R W O A6 5 T AR
PMR] SR A3 B o 4 R SR A R S IR AR A
AL TF R T . WFGESAS RnT N R 2 8 1L 1
PR 2 A R 5 LA R g v Rt TR 2%,

1 IR¥E

R AMAEET M 13 55 32 57 KIFR
R R I RO R A a0, %
A E TR L&, FEIIAE TR T &, i
B 2 A JF AR RS A RS B f 657 S T
RO HE . RGP PR L0 A T8 E VS L 13 5 A
32 A PR I B PN A B AT R A R H 2 B
PR FEBR T L R 70 B IR IG5 A R Il 2R 2 17 5 )
A LA A 7 R 2 5 AT R 2 A i . D o A B R 2
A7 L1 3 E AR E K PR 25 FE 18 RE 1 5 A B 3
Az 75° MR TR ARG R LA D,

o
e
£l
*
X
B

1 RURZRTEFEMEHTRXE

Fig.1 New recoverable area after optimizing the safety pillar
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Fig.2 Standard scheme of upward horizontal

slicing and filling mining method
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Fig.3 Standard scheme of upward drift filling mining method
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Fig.4 Standard scheme of sublevel rock drilling stage open

stoping with subsequent filling mining method for thin veins
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Fig.6 Numerical simulation model establishment

and key elevation position monitoring line layout
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Fig.7 The maximum unbalanced force curves of

different mining methods
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Fig.8 The maximum principal stress cloud diagrams of

ore body and shaft under different mining methods
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