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Study on Optimization of Delineation Range of Safety Pillar for Shafts in a Gold Mine
WANG Yajun'?, CHEN Yin®, LI Xiangdong'*, MENG Junbo'*,

ZHENG Xu®, WANG Yuding'?, CHEN Jingang', WANG Jianbang®
(1.Changsha Institute of Mining Research Co. Ltd., Changsha. Hunan 410012, China;
2.National Engineering Research Center for Metal Mining , Changsha, Hunan 410012, China;
3.Xinjiang Kalatongke Mining Co., Ltd., Altay Prefecture, Xinjiang 836100,China;

4. Xizang Huatailong Mining Development Co., Ltd., Lhasa, Xizang 850200, China)

Abstract: To address the problem of a large amount of overlaid ore by the shaft safety pillar in a gold mine, numerical
simulation calculations method were carried out to analyze the influence of different delineation angles of the safety pillar on the
stability of the shaft and surrounding rock, and the safety pillar range was re-delineated. The numerical simulation results show
that the influence of mining of No.13 ore vein of the mine on shaft stability increases with the increase of the delineation angle of
the safety pillar. When the delineation angle of the safety pillar exceeds 75°, ground pressure behavior is significantly
intensified, and there exists a risk of shaft instability, especially after the stoping of deep stopes. Therefore, it is recommended
that the delineation angle of the safety pillar be controlled at 75° and below to ensure the safety of the shaft. When the
delineation angle of the safety pillar is increased from 65° to 75°, the volume of overlaid ore in the safety pillar is reduced from
1192 955.0 m® to 545 256.7 m®.About 54.3% of ore resources can be released, which improves the utilization rate of mineral
resources and is conducive to the sustainable development of the mine.

Key words: Safety pillar, Delineation angle, Stability analysis, Amount of overlaid ore

0 = WBCERL AR AL GE R R 2R B E T R
T2 Al 2 2 - BT I V0 R S BT Xl . — > I 65 01 14

R T LA PSS PO R A A AL XA Tk R T AR B
TR, R EMEX T I 22 A B2 0 ER 4 JR BT o A8 3 S 7 SR TR AN W 4 15 L e
RS O R IT R B RRE VR B E AR R E R R EUE R K 5 SR e R A

* Wi HHE:2025-01-17
EETR P9 A A XA H R H (XZ2025022Y0018-02) 5 37 4 F 113 A7 45 ZH A8 75 TR O 50D 35 3% 1 %1
EEEN : FTEA991—) B WImEHEA B, S TR, EENELSEY IR T 25 T/E. E-mail:648324460@qq.com
BEMESE R AR (2000, 5 TR FI A B4, B TR, FEMNF LB IR T2 T4E. E-mail:149175952@qq.com



IR . FELFATRETSHEBLERRAARI]LF LFRE L .2026,46(3). 83

BRI R 2211 . TR ET 1 5 B A I A7 bR 1 A
b T S AR O 2 TR AN TR) A 8 T Wk BB E 1 R AR 2
WAk LIRS o b 0 & A R BRI ok R,
R AT BR T B AR AU B A K B R 2 AL E s —
G ST A S R

H . 207 2% & A BR T B A AR 1 ]
T & R A A gt gk AR Sl i 3D
Mine-Rhinoceros-FLAC3D #&, & T 7 X AU K
p i i Wi X B e 7 I N R R A N ek
IrMT. WHFERM L AT RES A AR L HE R RS 3
FAIR ] 79, BE W L IR 0y AR MR 2R, St Al e
WP FE NG 70 %0 I A1 R . SRBL AR R
FLAC3D B4l 1A [A] £ &2 9 #F & B2 T 1 a1 il A 9
N 3107 AR R b R i B AR I L A5 R R % T 2R
JEA R SR TT R, R OCHE TR W A AR
AN 30 m HEF G, W CHE R IR L 42
RIS IR 1E i B E 47 1 458, 12 1l FLAC3D
SR T S BRI ME B X R R R 3 TR R UT
iR DX A SO R AL 5 N ) AR B E TR
P RRFE N — 442 m; TE% 4 TP R IR B LAl |,
X PR 4 R EORT R AR G T A L R TR
JEE GRS T 7 BT A A

BT R LG R R B e kA A e
A PR hE A A KL T I R
PRFFRIRFLEE R . NIt SR FLAC3D HU{E A 4 5K
X6 - 687 B G LA FEAN 6] A% 3 BE R A AR e 1k
HEAT TIRAMESE . 8 i BOE B by B T
PR HE TS B I35 T R B R A
JE TR A . X AU B TR T R Y
FIH 2 AR S 1L A AT RS2 & 8, IRl B o i i A 7
PR AR T AR S AR S

1 Iﬂ;!b_%_

B & T i RS P JE 2 R g L X B B
BRI FER  07 T 5230 F I 13 S0 R0 32
SR, X AE AR AT X 38 5 R I AT
PRSI T 13 SH R L&, BT R E R
G R TR AR L X — S R
R SA 13 SR AR NmiH 24T
I A = R R AT RS & . W I 2 i
65° 1A A1 B 20 F B E R DR e 0 A AR T R T
B3 ST REEMAE L s, 90 EERHASY
KW VTR . HRT 818 m HBELA F YR Rezs
DX B A TR A B, TR AT A7 7 B 43 Bl 1 R A X

:/
’A///Wm

E1 RZTEEBTHEHENER
Fig.1 Longitudinal projection of the ore overlaid by the safety pillar
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Table 1 Physical mechanical parameters of rock mass and backfill
R L% L iR PR R/ ; Fh5 JEE 2
R4 i (éi& h%ﬁ?/ h%ﬁ?/ #EE%' VIR I ﬁﬁﬁ/ Wifm/
R (8D 2 780 0.282 40.39 7.03 0.27 8.52 44.25
i A CF ) 2 620 0.292 41.79 5.56 0.25 8.82 44.25
eV K 2 720 0.237 31.87 8.90 0.24 6.67 44.57
FA T 78 344 1900 0.020 0.32 0.20 0.21 0.15 3.00
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Table 2 Safety pillar delineation scheme
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Table 3 Layout of displacement monitoring

points for the main shaft

W 5 X A Y At Z MR/ m
ZS]01 37 382 492.892 4506 172.654 658
ZS5]02 37 382 492.892 4506 172.654 698
ZSJ03 37 382 492.892 4506 172.654 738
ZSJ04 37 382 492.892 4506 172.654 778
ZSJ05 37 382 492.892 4 506 172.654 818
ZSJ06 37 382 492.892 4 506 172.654 868
7S8]07 37 382 492.892 4506 172.654 918
ZS]08 37 382 492.892 4506 172.654 968
ZSJ09 37 382 492.892 4506 172.654 1018
ZSJ10 37 382 492.892 4506 172.654 1068
ZS]11 37 382 492.892 4506 172.654 1118

x4 HEABLENSGE
Table 4 Layout of displacement monitoring
points for the blind shaft

LARIpee R X Ay Y Aebi Z Hhi/m
MSjo1 37 382 555.493 4 506 380.100 188
MSJo2 37 382 555.493 4 506 380.100 218
MSJo03 37 382 555.493 4 506 380.100 268
MSJo4 37 382 555.493 4 506 380.100 318
MSJ05 37 382 555.493 4 506 380.100 368
MSJo6 37 382 555.493 4 506 380.100 418
MSJo7 37 382 555.493 4 506 380.100 458
MSJo08 37 382 555.493 4 506 380.100 498
MSJ09 37 382 555.493 4 506 380.100 538
MSJ10 37 382 555.493 4 506 380.100 578
MSJ11 37 382 555.493 4 506 380.100 618
MSJ12 37 382 555.493 4 506 380.100 658
MSJ13 37 382 555.493 4 506 380.100 698
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Fig.2 Maximum unbalance force of the model

(1) 13 50 ik i H 35 3l Rl 5002 3 5 9 74 Ik
TP A Z AE A IEAH G C &R . Bk
M5 MR B B 3G KR, 13 59 ik BT
AERE T Y AT SR A N 3 22 L AR 7R R 3 B B TR
il 2 300 3 — A8 Ak E TS 0 AN AR Y v BT B
e KA A T W (L f 2 T

(2) TEW R E My 65°.70°LL J 75° (B Al
L MR G SR R I 5 B R S A R KN S R
B B A B B ) 0 W (A 15 K 4 R 7E 1< 10°
N KPS P . SR, 24 PR 2 Y R e A

R F1/MPa

(a) FR 1 (65°)

757N Z 80K, 7E YRR h Bk 3 8l SR 2 S Hb R T
Bl BT R R B &

(3) MAHb 3% 2l £ B2 0 B, 13 5 07 ik O 5 42
R BB A BE AR AE 75° DL .
3.2.2 N1

WS H AT R BRI CH I
Ko 8 B FBL A I R 0 0 AR RS 42 BR B R AR 2 4 4 P
7% FAIR B A TR +218~ 41 118 m H BN R
HEAT R, 3 3 LA B T R 7 4 IR R 58 iR
) E R SCE IR ARG B & 3 R 4 R

JL F1/MPa

(b) FR I (70°)



86 H ok B 5 A

2026,46(3)

]I F1/MPa

(c) FRM (75°)

R F1/MPa

(d) FRIV (80°)

3 EEHE—THNNHE

Fig.3 Cloud maps of the first main stress distribution of the main shaft
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Fig.4 Cloud maps of first principal stress distribution of the blind shaft
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Fig.5 Cloud maps of displacement field distribution of the main shaft
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Fig.6 Displacement of monitoring points for the main shaft
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Fig.8 Displacement of monitoring points for the blind shaft
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Fig.9 Cloud maps of plastic zone distribution of the main shaft
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Fig.10 Cloud maps of plastic zone distribution of the blind shaft
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Table 5 The amount of overlaid ore before and

after optimizing the delineation range
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m m? t m m? t
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36.26 MPa, {H ¥ % T 45 /K $i H 58 BF (42.5 MPa),
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mm/m) S0 M B MK F 2.4~2.8 mm/m, TF 80°
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o R (PSS R K SR TR S i DN el B NE
i 75°,
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SR FEBURAT B T R AT I X A B 4 ] [ AR R T
B AR B e, @ BOR R ZE mBUR T T2
[ SR S BT L 48 A A B ST P 4 Ak
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