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Application of Three Dimensional Limit Equilibrium Method in Slope Stability
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Analysis of Open-pit Mine
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Abstract : This paper takes an open-pit mine as the research object, adopts the three dimensional limit equilibrium method to carry out
the stability analysis of the slopes in each area of the mine, realizes the solution of the safety factors of each area through SLOPE2000
software, and further puts forward the suggestions of slope angle optimization. At the same time, the software uses the simulated
annealing algorithm to search for the most dangerous sliding surface of slope failure in each area, and a three-dimensional sliding
surface model is established by the modeling software and the analysis of it is conducted. The applied research shows that the results
obtained by adopting three dimensional limit equilibrium method are more realistic in the calculation of slope stability coefficient of
open-pit mine; and the results that the most dangerous sliding surface searched and simulated by the simulated annealing method have
certain applicability, which is convenient to guide the correct landslide treatment of slope.

Key words : three dimensional limit equilibrium method ; simulated annealing algorithm; most dangerous sliding surface

PA_EAIFFET 5t AR SOR T = R BRAP- 3% X S i K
" FEIT RS E ML AT B IR 5T

1 HrE

B KA A E Ve o 2T LI PR 3l —

W B TAENE W T IR T e 4 7
BAHREE L, R S A e o dr b i
FAE SR 2 B R 2 R & & R 2
YA RSP 1 2 A S SRR PR A B T A il
FH o FRMEIA? 275 Bishop H:FOSERY eSS W 3h
T 7EAS [ B SR X 1) = 4E A e Pk R B 1Ty
B WRE 2D ST T Spencer V) =4 )1 2f Ak Al
TE S e 7 % v L S A AR A BT T AR 3 T
FH . kIR 23 g = 2 W PR Tk YT 5 B 2%
oK & e FoK ESUEEHAT TR e, T

[fEERA] 2572 (1989 - ) , 53 TR g RE A, Wi+, RN E SR T
IR e 2B AT TAE

(IR 2508, TRk =AM B 7k 76 58 K0 d 3 e 1 4%
MRz A T]. Hr A D T AR ,2022,51(4) 140 —44.

2 B X R R B

HBERU RGA T I EER +286 ~
+303 m, A AR EER SRR A AT TR
N GBINA SR, 0 DR AR REUK 32
AN, R TR YRR R A b 1A,
X EE R 3 AT o3 XPE . AR UEAR R 43 X
P — B TR [R5 AR T 5 S EORRAE, IR T
TR M T 25 32038 T LART H SRR 40 35 A v 366 A A 7] 1)
X BRI Ay ] — X, B 88 R 1 3 3l 4 R 75 A i 3 o
XHI A B.C.D.E.F44rX, T IR
S, OB A K AP B AT A2 TEIX
D 43 NN X B DI D2 WX, BRI 1 fiR .,

3R e ME T R AR — e VT IR S A T
Y T TR B A DR 3 % SR FH AR A S 4
FEIEIEATHI A AT, 43 BT AN 3% B2 T 5 3 395 T 1 7R



55 4 3 %

PR - T T R 53 T 41 -

E1 XFIBMESEX

KFR, FHAZ Bl 1 WS 0 0T RE A B il PR AR
[ B} A0 22 2 P AR 0 e 1) TR 5 A 2R R R R Y AN i
SLHIMA G KR ARUCKH BRI G % 52
JEESE AU 300, 33 B IR AR 21 A A S 42 i1 38 43
X FEATHY, #5303 7 XBESR B A n R

(1) A1 XA TR 37 75 v 5 Fig & X B, 140 3 18
AR 32.5° £47° N FE 240 m, S E AR
THCEBH =A% R A A RS R, i
Bl ARG F R R 2 2R 5 I R S KAk
TR R B SE AE T A A T AR SR R AT,
B EAERE B 5 B RIS B TOE B3R

(2) A2 XA TR 37 V8 v 5 PG G, 32038 10 7 4R
177° £ 47° e Zh 30 B 240 m, AR T
MR A BN A5 A s IR )E T35
RS , AR AT s B R, W72 2 AR Y ) 5
AKX A RS e TR R 2, il 4
P AR PAR S 4307, S B A B AR 2R 65 B A
FIHUE IR

(3)B XA F R 708 74 B, 3 1 7= IRz IX
FABCR 211° £46° S 230 W i B 228 m, AS X i1
FRFEENTHCA AR K, I 3A RS54 o 2
WEZ L5, I 254 T IR AR A AT, T M e B
IEELCR R R AL i 3R | (H AT BE 7= A2 25 T4 6 B RS
HF TR IR

(4)C XA T RIZACHE AR B, 3w =Rz X
211.5° 246° e 2N 8 BE 240 m, ARl 46°,
AR DI AR 2R T ROE AR B, S A R S )
h TR AR I 2 RS AT, i
P IRAE B W RIASE ) [ 5T BURREE

(5)D1 XA F 7R g 5 AR AL &R, 300 Bk i 7= AR %
X 237.5° £46° e Z W 5 BE 264 m, A X
PR 2N THCE AR B, I AR A R 257 2 B hy

JEARGERL 2 WL KT b FE B AL, i 45
FA T AR5 AT, A AR SRR B I R AR X

(6) D2 BXAN 7 i 15 AR R 5 , 30 3% 1 7= Rz X
350.5° £46° , LN = FE 264 m, A il 3
P BT THCA S AR, S e A RS e 2R
TEIRZEA 2RI A R gt by KGR
PRZERE 3 I A8 T R B RE A HT , 3 30 A IR ABE 5K
IR R IR AR,

(7)E XAV F B U 15 25 w0, 30306 1T 7 bR A% IX
31.5° £46° I E B 260 m, AR X3 A AR 3
EHEH AR AR, ARG R
WEIRGEAY AR PRy, Sl S5
T AR A5 0BT, 10 B T AR i SRR = h & B A (]
SOEIR (AT 5 A AE B AR BEIR

(8)F XA T 7 vt 45 PG 50 , 120 304 1l 7 IR IX
31.5° 246° el m R 254 m, ARX AR E
BHM oA AR, DA RS 2
HEERZERE 2RSS 1) R, T 254
T AR A0 BT, 3 3 T AR i SRR =R & B A (]
SUEBIR (BT 5 A e B AR BN

3 LERBORME
3.1 MERE

B RN F R T ERIAE 2O RO BIR )
FR -1 325 i Bishop 325, Janbu 5 #B A] FH 3F i e [ K
FERIRIAIRR = At FR A 23 Ar i U R 7 AL B R B
FIRF- i 70 A 125 B Stk L 3400 7 e BT Sl ) R
1] 3 BOAE PR ST ) 2 R AT 43 A 1, TE IR At |
A TR B e F S 1 Sl T )2 4 R K IR IR
BRI T 1 8 vV T ) v P S, 5 e e i ) A
BRI B I e S A K B 9IS 4 3l 1A 1% 1]
Sr BN T =25, 0 SR T J 52 i A 4y
M, B anpE 2 83 piras . S5 e 5 FRAT
FIAMBBEAT, B0 ZAL MY 2 T WA 8T 01 G |
V FSEAT IR AT T, B T DU AR A A A
AT 2 T 1) 7P, F ARSI RS oy b
PRI RS AS B A I 2 4 2

=4 Bishop IEFEAE « FilA y Fl )5 1) LT AL 5 T
P S H ADT RREN

D [cAR + (N. - pA,)Rtan ¢]
- 2 Wx - Zsznz/cos a, + ZkWe + Ed
(D)

=4k Janbu £ JETE « 75 [0] LT 22 5 7 P-4
My RN

F




S 42 . RET LT

2022 4 (55 51 &)

2 ZHBREENSTRER

D C

3 EHEZHER

cA + (N, — uA )tan cos Q.
o D [eA + (N, - pA ) tan @]cos a, 2)
zNznztan o, + ZkW+E

K, N, ATER 2 s 1) b P AR 5
W+A (uf, —f.)sin a,
N, = n, +f,sin a, 3)
Horfr F R824 RB A, FeoR AR VRIS I T 4 T
e b FRTE BN PLBY 98 S50 R FoR AR
IS ) T W I W RR R & ) 5,
RS U T E W BT 10 5w B M n, FORSHE
IR Lk m S N, 5 2 WS A% f R
TRARFE I IE R S1 N, B8 0 Fm RS W
I s E R KA a8, ST R d sk R KRR
FIINEREE RZE, 1R e T EH M EICAE S,
3.2 RENAE
R oK i B fG B S AR R e R AL 1A
SLOPE2000 k{44715, SLOPE2000 & —3K)"
Z TR B S TR Tz A A
PR EPE AT AR, Hd 35 1 4R U S R
RS- i3 ) A R = B 0 R i i B 2
G RO AR i SE B R 9 Bk e

(53] S sy 1 A A 48 2, PG 4 B 1 1R K 8 AR
[ SR 4 S 1 A = 2 X R IR BR W s A, LS ER T fiE
ALFE . (1) XF Al — AT SR A7 AN [R5 vk
SR = R A e PO R SR DI A B ER A TR
35 LA K 3 R RS E R iR B T A R
PR, (2) AR A FR T O 2 i T R B A AR
HR B A R R 8 T IE B s Bl &5 Ay
o (3) A3HTASIA] 2% 4 O 10 305 s e T T3 &5 R 1Y
SR ARG T RS R TT EE, A AT LA, A
HAERAZE R . (4) R T WAL A A (Janbu) 5 1Y
GRBIERE, A XA A (Janbu ) B R 62 1%
SHE RIS
3.3 RERHITE
UL RO AR ST T R B AR AR

RS2 SRS BRI T, S AR b s i
PRI B ] ARAS A A M IR T S S TR BN R R
WA B ATREE , 25 A0 12 950 A s % A0 1%
B, KA AR S HOLEE 1, AL X 6P L

BB AR AR A A A T2 2505 A SLOPE2000 4K
PR R X AR BRI 4 7R, A F X
VHEZE R0, 43 3 AFH Bishop 75 3DBishop
5 Janbu 71 3DJanbu 32 PUFP 5 AR R AR YN FH )
MR RS R 5 s, Lol A
FNBERY XD e ZBE 2,

R1 EBEHESY

kA THE  =RRE AE BNA
FhE J1/MPa 0.677 0.522 0.878 0. 466
PEEREF/ (°) 34.782  34.054  38.563  33.283
258 /kN+-m 3 28.048  31.382 27. 46 28.538

12 2 [0 | 32
]

19

IHY AN AT

[ic 2

H

ENNNE

E4 Al RipiFERIET

3.4 KBERDW

AL ZFOCR AR AT LA . (1) iP5 EE K
W2 R R AT A R AT LUE IRt
2 DI 4 RABOIART G B/ N AR fE, AL T
TR RS 8 K3 43 DX Sl A B v S 3 R 1 AT
Rk 45 G B 3k SRR | X 4% DX 30 39 T e 300 3%



» e XA e == > pa=s
55 4 9] &R YN R A TR ER R R E T b - 43 -
X REG) EX0) BEV) (TRSH0)] SREHR) ERSRE) ERO) SOW) w0
olzdl&l? HRBEM) ‘ TEERMES) ~ )
;’ SLOPE 2000 - ,ﬁ*;g&x; < : ;m(unbuﬂﬁm'§
0 Fwnm: sota1re ?:‘::'"i';’"’m
g 500 =
w
g 400
al .
rl
i
w20
Fl
[mn| 200
]
ﬂ 150
a
(4] 100
s0
° o 00 200 300 400 500 600 700
(=a 127 EE
HHER - R HHER.
TR TS (FOS)= 1.4947 24 FH Fos)= 1.5100 TRRH 1.3354 EHLFRH 1.4242
HERE s13t ] as01 fo = 1.0000 0= 1.0000
WERE st RS £
wig afs %512 2
2D B ERISHOPEI (L% ] 3D HEHERISIOPEI L%
e - 2D EARTANBUHI (L3 D EARTANBURI (L
W B - -y . — ___
5 Al RRERFITHER
— IR — _ s Ay BAl P
£2 "HE5SHERIESNREREE R3 BERUBELMER

= NIUTE 31

[X g, Bishop 3DBishop & Janbu ¥ 3DJanbu . o . O EE
P P PN T S
Al 1. 495 1.51 1.34 1. 424 S wo () RE WA W D
A2 1.4 1.411 1.265 1.353 . . )
() )
1.756 1.822 1.582 1.738 49° 1371
1.715 1.776 1. 546 1.703 Al Al—AL' 296 51° L322  51° t4e 470
DI 1.693 1.739 1.517 1.67 Siso 1294
D2 1.693 1.726 1.527 1. 664 P
E 1.455 1. 466 1.304 1.378
A2 A2—A2' 186 48.5° 1.311 46° 11.5° 47°
1. 44 1.46 1. 306 1.381
50 1.269
-~y N o 57°  1.435
SURRAE B, 20 M 245 SR A i 3 Bl A e O L AR 3

(2)A2 Zmiﬁ%é%ﬁﬁﬁ;ﬁéﬁﬁgbﬁ%d\,%m? B B—B’ 292 59° 1.414 64° 117.5° 46.5°
VD IR RS 2 e, Y 7 R 5 L7 A o LA

AR SN Wi T e
B WU ;B C D1\ D2 X1 3 %2 4 R B R K s Lan '
JE PRI X B3 AR 2 W | 2 5 b e O ST
A AR B B, (3) it D P e T el TS 4
R BT A S L, = AW T Foe—
IRV B % A AR U0 (22 4 5 G T 9, OF HL D2 D2—D2’' 295 58° 1.417 63° 115.5° 47.5°
MR R AT T R G A DB P e 1308
T =Yk R SP- i BRI 7 A AR (1 S5 b AR 1] 32 31 ) 50°  1.305
P IS R R 4 S R PS04 BB 0 e O T
W IR SF- Al il A 500 ek vp . (4) TETHAG R 49°  1.359
R Sk R ) 4 5 0 R T 8 SRAT B PR 303 510 L1283 500 13 47
SR BRI S 1 o R 4 i BT A A = 500 1314

HER PRV BELS S o M bPAN  RIRHE N FE 0 % B TR /K R S A a3 A5 DR 7, i DR TS Y



44 - REY ILTE

2022 4E (45 51 %)

Uiy

R B NAS , S B 2 T, 0 LU Al i
TEI L 22 A BRI HT SR Tl 48 sl WA A, R
Pirste KB 4% X I 2 4 R BT RS R T LOAGE
25 XA A TR AR, 88 KA 73 IX St e 4%
A m LY T REE

4 GRS R

LI A1 X3 R, FIF SLOPE2000 4K 14 () 45
IR A% d5e f B ¥ g T R AT 4 2, T R A
TR ¢ R, —FREECRES E ) v RLREALIEA
F—MEEERES EG) WA RS RS BN
W

Gy (1,)A(1,) e
Pij(tk): 1 - z Pil<tl;> 1= 4

G, (1) R AR 0 R R O R R
A, (1) FRMR j — FL A ST FUHE 2 B2
R ZARE) AL DK R Y D T A0 PR A
Bty T P54 4 B iV 3 1 1 2
SRR A, = AR 2 30y X R 1 1
W kI 6 BT, R AT A &
50 5 s 96 0 T 5 = 38 RT3
B BRI 7 BER, T RLE (1) PR &
S S AR T A K IE TR L
BRI, DR 2 9 075 0 5 A T % IR
R [T 5 I B T PG AR e
A ) 1 B s W Y 0 T 1T LR 2 SR S 3
A = A 2, T LA 1 Sy 000 45k s O 50
B R, (2) W 0 R SR B, (R
e i P SR E A YN
R, (3 ) SN S0 T A 2 2 2 e 9 L
VEFH, 25 LR i e DR bR 22 = 2 b
MU B IR % | 74 UYL T N 0,
AT S 0B Ve T

5 #5p

T = AR RO vk N SRS 2R (1)
AR PRSP 7 A A 0 3 R P [ ) PR )
T M SR R B R a1 VDN B s T R R T4
ST B, PR, R T S PR B RS AT 1)
RN, (2)SLOPE2000 #5441 S 8 A% FR - i 7=
() A = A Rk TR O e 0 % IR R4S R
NS ECE W R R T A TR B R
TR R W, (3) 18 FBHER K7L R If A

6 ERBIIEm=4&E

BELIE ek

100

0 100 200 300 400 500
7 ERBIHENE R

JUUEE ST 1) = 4 e A 651 4 ) 1A BEAS B 7 (AR 179 J /s T B

WAy == [ AL A FT48 T 0 45 i,

WERI M L (4) &FE R PR E M s

B R A IX I B A TR RS X T A2 X

BN 5 H R A2 458 B X T4 4 R U R

(DX 38, AT DA 2 42 = 30 A

[ &% Hk]

[1] HRE. BRE ST Janbu %5 Sarma ¥4 1A 5L
NFTE[D]. K KHEHK,2019

[2]  FBREEA, RARLE, 28 IR, A 6 BRI 55 B 4 19 = 4
Bishop 71 8 £ 8 5 % [J]. & + L& % 41, 2002,
24(6) :706 —709 .

(3] WRESE, PN 3LT Spencer B i = 2k FR - £ 171 3%
RO PENT ST [ ], 7K SCH BT T #% M 5, 2016,43 (3) .
118 - 123 .

(4] TR, B SR as. = dee BRSP4 506 K H e e
PRAEE AT T 2 FE [ 0] 7K SC b 9 T 3 5, 2002
4.33-35 .

[51 Z0%. iy = e RV 3 e P oe [ D], 43k .
WS R R 2% ,2014.

(6] Fk#2s. dfe e vk = 4R Rk s [ D], 5%,
KR 2008.



mES LT
China Mine Engineering - 45 .

2022 4F 8 H
518 Fam

B R3S - 4 5 -

i BB B R R B R 1P B IT SR IR R D FE
MREHR

Study on Pressure Relief and Effect of Floor in Protective Layer Mining of

Close Distance Coal Seam Group
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Abstract:In order to study the problems of floor pressure relief and gas control in the mining of close-distance coal seam group, by
analyzing the development mechanism of floor rock pressure relief and plastic zone, the numerical simulation was used to analyze the
effect of floor pressure relief and permeability enhancement after the mining of upper protective layer. and the effect of gas control in the
mining of protective layer of close-distance coal seam group was verified through engineering practice. The results show that after the
mining of the protective layer. the maximum failure depth of the floor rock layer can reach 17. 8 m, which is greater than the maximum
vertical distance of 17 m between No.5 coal seam and No.9 coal seam, and No.9 coal seam is within the protection range. Through
numerical simulation. the maximum depth of plastic zone of floor rock failure is 23 mj; after the working face of No. 5 coal seam
advances and exceeds the pressure measuring location, the gas pressure of the pressure measuring hole decreases by 46% ~57.9%.
indicating that the outburst risk of No. 9 coal seam within the effective protection range of No. 5 coal seam after mining has been
eliminated. and the pressure relief effect is good.

Key words: close distance coal seam group; protective layer mining; damage depth; numerical simulation; pressure relief effect
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