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Table 1 Parameters of rock mechanics

Ag-em®)  MPa /) /GPa T u
;%J;gg 2.65 0.0337 31.5 3.54 0.32
;2% 2.66 0.126 4 325 9.33 0.30
gg% 2.66 0.1643 334 15.76 0.27
i & 291 02163 31.8 16.08 0.25
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Table 3 Experimental results under slope height of 130 m
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Table 2 Slope factor levels for anglo—anglian and rhyolite
compositions

WEAF GHEEM  AREEME) FEEE/Mm
1 8 55 4
2 10 60 6
3 12 65 8
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BR300 B 31k o B A [ 858 435 1, ¢

WA TR 3% PR 26 A 73, LA i 31 22 4 R BGH i

PR e AT, SEI R B R L% 3~% 6.

#58 /m 5o

LREER (HRRE)

Bk R 9 B B Wi A /(0) £ 98 /m T Z YA IC) pyre— TR S Ta—
1 8 55 4 41 1.477 1.350
2 8 60 6 38 1.562 1.424
3 8 65 8 35 1.680 1.524
4 10 55 6 39 1.545 1.410
5 10 60 8 37 1.614 1.470
6 10 65 4 50 1.235 1.145
7 12 55 8 37 1.590 1.449
8 12 60 4 48 1.266 1.168
9 12 65 6 47 1.287 1.186
x4 NBE R 280 m T YL AE R
Table 4 Experimental results under slope height of 280 m
. N ) . FEE R (KR
S22 5 BB & E/m & B 3T £7/(°) - 5 58 BE /m I 2 WA 1) Py W T (ST
1 8 55 4 40 1.181 1.081
2 8 60 6 37 1.272 1.160
3 8 65 8 35 1.374 1.243
4 10 55 6 38 1.252 1.143
5 10 60 8 36 1.306 1.190
6 10 65 4 50 0.953 0.879
7 12 55 8 37 1.299 1.183
8 12 60 4 48 0.981 0.904
9 12 65 6 47 1.016 0.935
23 SUysEEAG BRAHB A (x) ZIR R,

B3 R TR R BE () TR (F) 5

Xt AN 2 B8 b i Rt 7 FURE D 8 S A P AR R O T
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Table 5 Experimental results under slope height of 326 m

WEAER (ZERE)

50 g 5 & B B /m & B 3T £ /() - 5 i B /m e K0 YA 1) - Y
- AT W7 T 0L (8P BB )
1 8 55 4 40 1.115 1.016
2 8 60 6 37 1.197 1.086
3 8 65 8 35 1.285 1.162
4 10 55 6 38 1.179 1.071
5 10 60 8 36 1.230 1.115
6 10 65 4 50 0.886 0.813
7 12 55 8 37 1218 1.105
8 12 60 4 48 0.912 0.837
9 12 65 6 47 0.952 0.871
x6 DPEEER 476 m T AT LR
Table 6 Experimental results under slope height of 476 m
TR (HERE)
S5 G o BB & E/m B By 3k A /) - 55 58 B /m e B WA IC°) —
e " noeE A T M B (8RBT )
1 8 55 4 40 0.983 0.915
2 8 60 6 37 1.066 0.991
3 8 65 8 35 1.162 1.076
4 10 55 6 38 1.049 0.975
5 10 60 8 36 1.096 1.017
6 10 65 4 49 0.767 0.716
7 12 55 8 36 1.094 1.016
8 12 60 4 48 0.795 0.743
9 12 65 6 46 0.832 0.778
1.5
17 @ (b) . -
L o— N e B | O— IR
o —Jis i ZUHES Lar o — His R IS
1.6 F
Fy=-0.03x+2.7284 131 Ff"'?ef_zsi’;i'”n
sk 2 - (R*=0.9968) ° o R=0.9934)
12+
-
14} b
/
13+ J 1.0
Fg=-0.0261x+2.4261 o ’ Fy=-0.0234x+2.0376 °
12k (R*=0.9963) 09l (R*=0.9949)
° o
11 L L i 1 L 1 1 L L 08 L 1 1 L L 1 1 L 1
34 36 38 40 42 44 46 48 50 52 34 36 38 40 42 44 46 48 50 52
X X
1.4 13
© (d)
13l o— TR 1l o— R BT
° o— R ERE : o o— M FUESE
12 Fy=-0.0262x+2.1822 L1
o =-0. . ° Fy=-0.026x+2.0576
2_
L1k ’ ? (R7=0.9964) Lol 4 (R*=0.9893)
S @
1.0 - 09+
0.9 + ® 08 L ¥
Fg=-0.0229x+1.9499 Fg=-0.024x+1.8939
08l (R2=0.9968) ° o7l (R*=0.9895)
0'7 L 1 1 L L 1 1 1 1 06 1 1 1 1 1 1 1 1 L
34 36 38 40 42 44 46 48 50 52 34 36 38 40 42 44 46 48 50 52

& 3

N [ 3 v BT B A S e A RO R

Fig. 3 Plot of final slope angle versus factor of safety for different slope heights
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Table 7 Maximum values of final slope angle for different
slope heights
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Fig. 4 Partition of slope structural parameters
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Fig. 5 Location map of slope profiles in the design realm
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Table 8 Slope stability calculations for the design realm

4y X WA S MWEE/m  AMme) BEAA HEAH A FVF 54 R A giR
M-P: Bishopi%
I 1.226 1.229 1.20 i B R
1 238 36 I 1.185 1.184 1.18 il JE B R
1 1.161 1.159 1.15 T A B B R
I 1367 1372 1.20 T 2 Y0 SR
2 189 34 I 1.251 1277 1.18 il JE R R
i 1.226 125 1.15 il 2 R
I 1.283 1.282 1.20 il 2 R
BIX 3 280 31 Il 1.196 1.205 1.18 il 2 R
1 1.162 1.158 1.15 T A B B R
I 1.291 1.291 1.20 T 2 Y0 SR
4 290 32 I 1214 1214 1.18 il JE R R
i 1.169 1.167 1.15 il 2 R
I 1.445 1.454 1.20 il 2 R
5 170 34 Il 1.327 1.335 1.18 il JE R
1 1.307 1315 1.15 T A B B R
I 1.497 — 1.20 T 2 Y0 SR
6.1 7 288 25 Il 1372 — 1.18 A B R
I 1323 — 1.15 il 2 R
I 1.3 1.301 1.20 il 2 R
6 T #B 187 35 I 1.224 1.225 1.18 il 2 R
1 1.179 1.178 1.15 T A B B R
CIX.
I 1.401 1.399 1.20 T 2 Y0 SR
6% 475 28 Il 131 1304 1.18 A B R
i 1.25 1.248 1.15 il JE R
I 1.288 1.288 1.20 il 2 R
7 356 31 I 1.191 1.191 1.18 il JE R
1 1.166 1.165 1.15 T A B B R
I 1.625 1.633 1.20 T 2 Y0 SR
DX 8 115 37 I 1.506 1.514 1.18 il JE R R
i 1.485 1.492 1.15 il JE B R
I 1.264 1.263 1.20 il 2 R
9 253 38 I 1.189 1.191 1.18 il 2 R
Al 1 1.155 1.152 1.15 T A B B R
I 1.338 1.344 1.20 T 2 Y0 SR
10 165 33 Il 1.221 1.227 1.18 T AR R R
1212 1217 1.15 i 2 AV R

E S T AR TR, MAES T8 A EH TR I fraRa G Mo | E+ KR
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Fig. 6 Computational modelling of end terrain
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Fig.7 Computational modelling of end terrain
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Structural Parameter Analysis and Stability Calculation of End—of—pit Slope of a
Polymetallic Mine
LIU Guoyin', SUN Fayuan’, DING Junming', DU Degang', YIN Xiuping', ZHANG Kunhua'

1. Kunming Kunze Mining Technology Co., Ltd, Kunming 650000, China;
2. Yunnan YaRong Mining Technology Limited Company, Kunming 650093, China

Abstract: The slope stability of open—pit polymetallic mines is the key problem to ensure mine safety and environmental
protection. In this paper, orthogonal experimental design, limit equilibrium method and FLAC3D numerical simulation are
used to systematically analyze the structural parameters of the end slope of an open—pit mine and verify its stability.
Through orthogonal experiment design, slope stability parameters under different slope height, slope Angle and geological
conditions were investigated, and the safety factor was calculated by using simplified Bishop method and
Morgenstern—Price method. The results showed that under natural conditions, the safety coefficient of each slope was
greater than 1.17, which was in line with the standard requirements. In order to further verify the stability of the slope,
FLAC3D numerical simulation combined with strength reduction method was used for three—dimensional stability analysis.
The simulation results showed that there were some risks in the top and local areas of the slope surface, but the overall
safety factor was 1.78, indicating that the slope was in a stable state. This study not only provides theoretical basis and
practical guidance for slope design and stability evaluation of open—pit mine, but also provides reference for similar
engineering projects, which has important value of improving mining safety and prolonging mine life.

Keywords: slope stability; bishop method; morgenstern—price method; strength reduction theory; FLAC3D
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