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Sensitivity Analysis of Slope Stability with Steeply Dipping Weak Interlayer Based on Grey Relational-Orthogonal Test Method
ZHANG Weizhong', RONG Chengzhang', TU Renda', ZHAO Hongbao®, KANG Qinrong'
(1.School of Resources and Safety Engineering, Wuhan Institute of Technology, Wuhan, Hubei 430074, China;
2.School of Energy and Mining Engineering, China University of Mining and Technology-Beijing, Beijing 100083, China)

Abstract : Slopes containing steeply dipping weak interlayers often fail due to the development of sliding surfaces along the weak
interlayer. To address the sensitivity analysis of factors affecting the stability of such slopes, a grey relational-orthogonal test
composite algorithm was proposed. The algorithm combines orthogonal test design, range analysis and grey relational method,
a slope in an open-pit mine in Yunnan Province was taken as an engineering case for study. The strength reduction method was
used to calculate the slope safety factor. An orthogonal test L, (4°) with four levels and five factors was designed to analyze the
influence of interlayer thickness, interlayer dip angle, distance from interlayer to slope surface, interlayer internal {riction angle and
interlayer cohesion on the stability of the open-pit slope. The results show that the interlayer dip angle has the most significant influence
on slope stability, with its range proportion reaching 51.89% . followed by the internal friction angle of the weak interlayer, with a
range proportion of 24.51% , while the other factors have weaker influences. The analysis results of the composite algorithm show a
consistent trend with the traditional range analysis results, but the sensitivity ranking is clearer, verifying the reliability of this method.
The study suggests that in slope design, the slope angle should be controlled to be smaller than the interlayer dip angle, and the slope
stability should be enhanced by increasing the internal friction angle of the weak interlayer. By quantifying the sensitivity weights of key
factors, theoretical support is provided for disaster warning, support design and emergency response.
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0 L BE TR 5 e J2 1 I I B R R OR AR R T
I 2 T JFC S A R A KR, B 2200 5 T s i J= A B
B RIZAE NG HZ T ZAE TR MY ZBACA AR R Z2 0, S B0k 5 kAW 8

el

* Wi HEH:2025-05-14
ELWA :HEAKRBILEINH (52174086) 5 i TR K 2 58 A 808 BB 3 499 H (CX2024072)
PEE BN K T 1977, B W R BRI I B2, FENFET IR T2 5 K ERBHS TAE. E-mail: wazhang1120@126.com
BEESE KA (1980—) , 2, PRI Wt BBz, FENEG 0% 20 1 Ee# MBI TA/E. E-mail: kang801118@163.com



RIR, A TREAKR -EXRBENESRMEB EARB T KBRS []]F LR L FA,2026,46(4). 79

7o R R R TR N B A A S W e A

B AR ORI A e B S S HO A T B R
SEPERISE I, LT MIDAS/ GTS #44: , 5F JH 58 B 37 s vk
KOEASARI R AT 2250 T 5 B I R U .
BRIV A5 R FH FLAC3D BB AT IE A8 1R 56 77 R kA T
(LSNP A E 9/ QU 50 TR e TN i R
ISR T 6 AL 3 35 DR 28 5% 88 R s AR e Pk Y
SO, R A DI S I8 100 5 A S T o s R AR A
XF G TS )23 25 o 300 e 22 4 R B 81 2 i A X
Bk P 33k 20 I 0 T A R 1 S 50man i L
] S HO I 5 i W e PR R S, 2450 B F
W 5 B S iy 23 55 BB R ) T B R T % 259
V2 — W2 4 15 52 AR 100 305 A 73 T e IR e B A5
P ENGEEIEORIE E =Yrekc- A F 3 S CIE e o
SE - BHOR A MO IR T —F % R 2R 4
bR Uk s I Yo A B 1 S ey A RTTD OB b7 WA R
MU R RE A . BAO 25 70K 058 ¢ )22 40 kg ot [ B
TRV ¥ B3 38 4 R D A 42 0 S AR 0 S 0 57 3
2 % F AT T AS TR) Bt 30 2 55 e J2 0 39 1 41 A A X
R i AL B . HE 255k $2 i B A e R4S 7
DUARERE AR T —Fh T2 R Zlil , — 45
122 I 24 145 A K [ P A 20 B B 1 i R i R e
ARAS TR J7 2 WP USCHE B i B S AT P 1 . 5 2 Fp &
DL TN J5 VA B 1207 2 B B R M TRS

U Y 8 K B R E PR 9T B LTS O
A BUR 2 A T RUE RIS b A U S 0
1 553 J22 320 305 PRt X PR A S A A AE B B 2 - (D) PR3
559 J2A R A% R T IR AR A v, VA 1 R KU
BEARAL 5 (ARG HUBAE Z3 B 7 % » AR 22 43 A i BSR
BRI 5 52 s 2 5 5 2 T R AR 800 [R5
S S HE AR M LUK VTR S b TR A

B X b A ) B, A B 5 4 O 8 DG K - E AR
WEAED RS — Ik m R PE, Ak
A IE 3SR BT 5 K A B A3 M il 2 15— fk b
FHBR S R RN ENEST . AW R
TRAR B [ L i A 45 R A A AU 1 K A
0T 2 pE e B S 2 #E K b, S B A
RIS HUREHE Y . B A BE VRN T T
TRAE ST 2 b 5 2R R T i Bl R A3 BT b i R BR A
Xt 58 KA 1 4% 0 B 45 B A FLS AL

1 BUR AT %

1.1 SBEREE
56 JBE B ek 1% 18 B AP T IR BRI R R O C

N EEEEAA @ » 230 0 B i R ASOIR 2SS e i
Priml RN D WL = RBF
C'= C/F, (1
¢’ =arctan(tang/F ) (2)
ST C O BE S  KPas g WSS ) F. HH7
R HG CT AT IUE 19362 1 kPas o T IR 1
NEEHSM . ().
1.2 EXARiEt
TE A2 Bl o B B A ISR R A A
T 0 54 Tk 57 g3 A A% R R R R AT AR v IR 4
T3 38t e 4[] P PR OR R B SIS v
I TR el v Ak B 22 K SF- 22 DR 3R B 1) A Y TG
W7k . %7 LAIE 22 15 O 0 T H HoR i
PR L, Gy Hodn O IE S 9 IR
Boor EEAS IR A 6 v 1 A 2 S 3K R
= RIISE RIS T G G | D0 N1 ' R R I S
A IR 45 5L, R ABAQUS HR A4 P B 1Y 38 B2 97 s
IR R 42 B8 IR IT AR 22 0 M o W 28 0 i 1%
o A A A b ) AR 2 0 B D 3R R 22 S X
FER2 i e B R AT 73 AT Al
VL2 B 5 R AT 100 38 WF 58 % 42 M TE A2k
Wik B IO JZ IR e J2 A7 Je )2 I 394 1 B e
JE NS KO 2 R R A D I A A
E A 553 J2= 300 I RS 5 P 28 A8 Sy wieg oz A% B 4 S DU K SF-
TP ER B IE S 1 A Y L O AR e A% A AR T I 5 HL A
RO I IESE R A Ly (47) . s IR S5
I I B A s . IESCIRERKRI R LR 1

F1 EXRBAFERRER

Table 1 Levels and factors of orthogonal test

Je )z Je 2 JeZEY kZN Je 2
K JEBE/ fii fa / MEEE/  PFEEEM/ TR 1/
m (@) m (@) kPa
1 0.5 45 30 15 65
2 1.0 50 35 20 70
3 1.5 55 40 25 75
4 2.0 60 45 30 80
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Fig.1 Simplified model of steep bedding slope

with weak interlayer (unit:m)
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Table 2 Calculation results of orthogonal test

g JUE KR RRES KEW KRE
sy VEE/ BUM/ W EER/ R/ g
) BEES/m ) kPa

1 0.5 45 30 15 65 0.947 2
2 0.5 50 35 20 70 1.170 8
3 0.5 55 40 25 75 1.278 3
4 0.5 60 45 30 80 1.430 9
5 1.0 45 35 25 80 1.097 3
6 1.0 50 30 30 75 1.255 6
7 1.0 55 45 15 70 1.266 7
8 1.0 60 40 20 65 1.364 8
9 1.5 45 40 30 70 1.203 4
10 1.5 50 45 25 65 1.271 0
11 1.5 55 30 20 80 1.261 8
12 1.5 60 35 15 75 1.321 6
13 2.0 45 45 20 75 1.099 6
14 2.0 50 40 15 80 1.186 3
15 2.0 55 35 30 65 1.392 5
16 2.0 60 30 25 70 1.417 5
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Table 3 Range analysis results

SR k2 e )= KRZH RENE RE

JREE fifn rmEEE EM HiR 1
K. 4.8273  4.3476  4.8914  4.7218  4.9756
K 49845  4.8837 49822  4.8971  5.0585
K; 5.0579 51994 50328 50641 49551
K 50959  5.5348 50591 52825  4.9763
ki 1.206 8 1.0869  1.2228  1.1804  1.2439
ks 1.246 1 1.2209  1.2456  1.2243  1.264 6
ks 1.264 5 1.2998  1.2582  1.266 0  1.2388
ki 1.2740  1.3837  1.2648  1.3206  1.244 1
S 0.0672  0.2968  0.0419  0.1402  0.0259
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Table 4 Safety factors under five factors at different levels

K KR KB kER KB L.
KF R/ M/ W R/ BED/ ;g
m ) 2 /m ) kPa
1 0.5 45 30 15 65 0.947 2
2 1.0 50 35 20 70 1.168 6
3 1.5 55 40 25 75 1.318 9
4 2.0 60 45 30 80 1.465 7
0947 2 1.206 8 1.0869 1.2228 1.1804 1.2439
B 1.168 6 12461 1.2209 12456 1.2243 1.2646
X= 1.3189 1.2645 1.2998 1.2582 1.266 0 1.2388
14657 12740 13837 12648 13206 1.2441

an
1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 O
, 1.2336 1.0326 11233 10186 1.0371 10167
X= 1.3923 10478 11959 1.0289 1.0725 0.9959
15473 1.0556 1.2731 1.034 3 1.118 7 1.000 1
an
R=1[0.594 1 0.6985 0.5843 0.6082 0.574 8]
(12)
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Table 5 Calculation results of composite algorithm

P Je )z 2 Je )3 ¥ )z
JRE fifn WmEE  ONEEM MRS
S 0.016 7 0.0590  0.0126  0.0290  0.008 3
r 0.5941  0.6985  0.5843  0.6082  0.574 8
w 0.1942  0.2283  0.1909  0.1987  0.187 9
s’ 0.0032  0.0135  0.0024  0.0058  0.0016
HEF 3 1 4 2 5
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Fig.2 Range comparison after Min-Max standardization
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