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challenge of stabilizing dip soft rock slope rock slopes, the treatment engineering of inner row tracking pressure side of dip soft
rock slope in open-pit mine is proposed based on the analysis of the main controlling factors of slope stability. This study takes
the south side of the first mining area of Hesigewula south open-pit coal mine as the engineering background and proposes a
synergistic treatment scheme for the slope stability of the stope and inner dump, utilizing the combination of limit equilibrium
method and numerical simulation to design the spatial form of the stope slope. This treatment scheme maximizes the safe
recovery of the coal resources covered by the slope. The research results indicate that the length of exposed weak layer is the
primary controlling factor of the stability in inclined soft rock slopes in open-pit mines. Controlling the tracking distance
between the stope and the inner dump is an effective way to improve slope stability. With an increase in tracking distance, the
slope damage mode transitions from the cut-layer-sublayer-shear-out sliding with an arc as the side interface and the weak layer
as the bottom interface to cut-layer-sublayer sliding with an arc as the side interface and weak layer as the bottom interface,
leading to a gradual decrease in slope stability. Moreover, the stability of the inner dump and its composite slope with the stope
increases exponentially with an increase in the backfill rock range of the weak layer of the failure floor. The study sets the
shallow slope of the south slope of the first mining area of Hesigewula coal mine to be 40 m transportation flat and 15 m
security flat, and the deep slope angle of the bottom slope is 29°. When the tracking distance is controlled within 50 m, it can
meet the safety requirements. When the weak layer of the inner dump base is destroyed, and the inclined length of the backfill
rock is 60 m, it can also meet the safety requirements. The study provides new insights into slope stability control in soft rock
open-pit coal mines.

Keywords: open-pit coal mine; downdip soft rock; inner row tracking; pressure governance; spatial form; slope stability
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Table 1 Physical and mechanical parameters of rock mass
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Fig. 1 Typical geological cross-section profile of the sliding area
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Fig. 2 Calculation results of two-dimensional slope stability of the shallow side



2024 4 TR, S BRRAURECE A3 N HEB B R AR EE TR

VBT 55407 1 5 KA 8 R X R 6 Sy £ - 83 -

15 m AR ELEATIE, T8 2R LA S
P, 035V A v R R DB Sk ) B T L 3-1 RIS AR
552 0 IS L W AL BY R, V2 bk g
T R 2 it R 1.2 IEDR

3 RIGRAFRBDBREEZ LS E 27

FeTRZ 3 e AR e YA I 4 SR AT, SE TR ER
R tEgs i, 2015 B AR TAEHS 5 P HE 37 i XU 32
PEVE AT F e LR, At 1 1 R R R o HE = 4
SRS BRONE ] SR SR 3 R S e A I e BRI UYL AR A Bl
FLAC™ $UEBIHLF A, 4387 AN [F] B T8 A 3 RIS [) 38 25
FE B A1 N il 3 = e Rsoe vk, DU SRS S0 A il 3 =3
RS

(1) BEAY ST

% B3] FLAC™ @i i 5 7%, R H CAD 5 Rhino
LA B 7, & SE7E CAD o 3 #1756 1, SR )5
£ Rhino F A4 BT RY B A4 5 DA% Rl 43 () Ab 28, -
Griddle ¥ P& S, Az RS A B4 7S T 44K o A A 0 10— 171
& JEF AR T FLACY T a5 . R ]
RE I SRR PR = 4E500, U 5 W DB 8 ik
e R EAERERIXS G, SeitEE ST 15 Bl T AR A, BRI
& 3, B BRI 2543514 50, 100, 200, 300, 400 m. Ay kA
1RGN, AEASEIRY (18 R R P A 3 30t o A PR LA
L, gy oA AR

ﬁ?

(b) ZIE AR
B3 SgsEEmEs
Fig.3 Three-dimensional numerical simulation model
(2) HHELER T
IR R 2, ARSI BT M B a=29°,
1B BB 50, 200, 400 m T 00 F 3547 88 = I (W11 47

BT RLE [ R AL ), AR 4 BTN . mE S b = 4k
FoE R Es R S FiR.

AT 4, &S TN, JBEREE B 50 m A, =4RSPy
BN I, TR RS B B /N R, &R LA
AT L 3-1 80 A 559 J2 A JIC AT 1 2 -2 - B o
), RERBOKT 1.2, MiBERIEE KT 50 m I, i)
XF H A AT AN RIS 335 £ () 2508 BB AR 45 S T

X 3R A7 F/m
1.055 1E+01
I 1.000 OE+01
9.000 OE-+00
8.000 OE-+00
7.000 OE-+00
6.000 OE-+00
5.000 OE-+00
" 4.000 OE+00
| 3.000 0E+00
2.000 OE-+00
1.000 OE+00
0.000 OE-+00

O =4k = El

X 383 £ /m

1.042 0E+01
1.000 0E+01
9.000 0E+00
8.000 0E+00
7.000 0E+00
6.000 0E+00

Q=4 fi# =IFl

(a) JBEREEEI50 m

X33 3% /m
I 1.020 2E+01
1.000 OE+01

O =4k = [E

Q4= Bl

(b) JBEEHE200 m

X3 A7 #/m
1,524 3E+01
1440 0E+01
1280 0E+01
1120 0E+01
9.600 0E+00
8.000 OE-+00
6.400 0E+00
4800 0E+00
3.200 0E-+00
1,600 OE+00
0.000 0E-+00

O =4 =B

XA /m
I 1413 8E+01

Q@ "4 =

(¢) BB E5400 m
B4 HEEMER

Fig. 4 Numerical simulation results at different tracking distance



-84 - o Hb T K E 5 B IR

41.40
11.20
11.00 =
—10.80

10.60
1.40f L
1.20} a=18°
&7 1.00f = 20°
0.80}

.60t : :
50 100 200 300 400
B R B /m

B 5 BRESSHEEERBIXRMLE
Fig.5 Relationship curve between tracking distance and
slope stability coefficient

TR, VRS 3 A X i AR E T R B I A DN, Bl 2 B
S P 0, 0 0 P AR s Y Ry L TR Ay A A T
3-1 SRR 55 J2 A DI T A U0 2% -2 ¥ o, O ELie i
e RS E PR L A R 12 Bk, I, ;Y
HE+ 3738 B B T AR 50 m LAY, RS % A ik it
A 29°,

4 MHELIFERFRDRREE ST SIET

&R N HE 370 R 1 2 9 RO AR ES S,
EILIR N H B3 2 2 A FL A L 7R
WG 2 2 MRl i T ORGSR N HE L
YR R AR AE, IG5 Y1) i ZU BT R X, BEE
A R B, M o B 2 FERIE R
T A AT T IR 2 3-1 B AR, 20 BB R T AEHS
5 WNHE 00 E P ER, NHE R SRR e R R,
T HE I 5L 3-1. 3-4 B AR TS 2, U £f i 4
K, Fe BN HE B35 S8, AR e Jo kil 2 28 4 i
o RBR R AR SL IR R B A &, SR R
55 2 M HUA A 07 U8 & N HE R b e e v . e IR
He L BB 24 m, AR 60 m. HETHI AR 339X AN A
PN HE R A5 s e 1 R e PR A 7R, W e N HE B/ N S
B R +844 K-, LA SC oM T N HESRE T-+844 7K
B RS 1 BE T PN HE = 3 6 AN [R) A Ak B = A s 3
Fae Mg R 6—7 Fios, ke v 5 ik 55

+910 pts 2036 — URHE ——REABESRI —— 34EEE —— g

+890 | I 5=

+870 | e e
£ 1850 EB=N=
48301 LS
< 4810t [ EEETR

+790 + =

+770 o=29"— ——____

+750 |

a) AHEIR3- VLIRSS 2 i e R s ko 2%

49101 — 3R E —— B2 —— RIS —— 3492 —— N HE i

+890 | B2 ‘

+870
£ +850
j;@ +830 |
= 4g10f

+790 |

+770 }

+750 } = =====S===c=c=c==c===—

(b) FEAMEIRPIHEIEIE3- VA 55 2 i R e Mk 54

4910 — 3 U“ 1‘)515'5'): ——— WER3- 1552 BIFUE 1 —— R 2R ST 34 R ——PHEL b

+890 | ) 7 #1)7

w0l [
£ 4850 | F====—FO
24830 I E{UES
= 4810 | O 75kt

+790 ¢

+770 |

+750 IR === ===

(c) BRI N HEREIRE3- VLI AR 55 2 T EUA AN A

ERF RN

Eo6 3-1EENHERARLEAR T RFEREEITELER

Fig. 6 Calculation results of slope stability under different treatment methods of inner row basement (3-1)
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Fig. 7 Calculation results of slope stability under different treatment methods of inner row basement (3-4)
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