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Evaluation of Foundation Pit Slope Stability Based on
Unascertained Measure Theory and Euclidean Distance Discriminant Method
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(1. China Railway Tunnel Group No.3 Engineering Co., Lid., Shenzhen 518051, Guangdong, China; 2.School of Civil
Engineering and Architecture, East China Jiaotong University, Nanchang 330013, Jiangxi, China)

Abstract; Based on the unascertained measure theory, ten influencing factors, including hydrological and engineering
geological conditions, slope height, slope gradient, foundation pit depth, drainage facilities, adjacent loads, distance
from adjacent loads to the pit edge, maximum daily rainfall, support method and construction method, were selected.
The weight of each indicator was determined by using the entropy weight method, and an unascertained measure theory
model for a certain foundation pit slope was established. Then the slope’s stability level was determined by adopting
Euclidean distance discriminant method. The results indicate that when there is heavy rainfall and both drainage facilities
and support methods are poor, the foundation pit slope is instable. When there is no rainfall and both drainage facilities
and support schemes are good, the slope is relatively stable. It is shown that drainage facilities and support schemes have
a significant impact on slope stability. Field monitoring data show that the evaluation results are consistent with the actual
situation, demonstrating high reliability of the proposed unascertained measure theory and Euclidean distance
discriminant method for evaluating foundation pit slope stability.
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Table 1  Assessment criteria for slope stability of foundation pit
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Measure function of each indicator

Table 3 Analysis indicators for slope stability of a typical foundation pit
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Table 4  Slope stability level and stability coefficient of foundation pit under different working condition

R4 BIRTENDERERERRREREE

AL d, dy dy dy e/ ME mRRErE REtRE RENER
I 0.962 5 0.668 3 1.140 2 0.846 2 d, BRGE 9.104 5 1
I 1.086 8 0.700 6 1.1595 0.741 5 d, B 8.9326 2
m 1.094 1 0.846 9 1.166 3 0.596 1 d, ARE 8.6714 4
\Y 0.959 3 0.806 7 1.1375 0.706 7 d, AaE 8.8120 3
A% 1.094 1 0.846 9 1.166 3 0.596 1 d, Ny 8.671 4 4
VI 1.1213 0.993 9 1.1919 0.4529 d, ARGE 8.496 5 5

4 DAL AT

&1 2 S S TB7 RS A R AR b R 1R, A 2
LA SR S A S DIAEE, 3 H 8
HzE 4 H 4 B, &S5 TP b, 3 A
8—12 H AZHELLRE R FENA , WA RL IR F 0.77 mm/d;
3 H 21—23 H,2Z5sBEmsZm, i3 Bt 1 mm/d,
Xof 7 SR A TR LG S 4 i T VI s B 7 R B 8, B e
13254 H 4 Hing & 35,4 A 14—18 H Gk
PRI A RS /N T 0.1 mm/d, XF 0 TCRERR | S
WL T s B Te i AR A, e e Mg 4 A
19—24 HFERIIR], 3K oKk #) 0.73 mm/d,
X R S TOU I, e At F T80 1
55 T8 VU B e e P =2 (1],

PR | H SRR SCp oy Rt 107 O Bk
A E

3) & TOEYIREHET . T I >TH 1>
THN>THI=T.5V>T.5 VI, Bl e R HHEK 3%
Tt RS AP 5 S2E R, FETh RS e Pl 22 ; To ks HLHE
TRt RN SR 7 S I i BT SRR e M RS
HEZK Uit F1 3 30 5 SO T A 1 s ) d = X L
PRSI , SR FE A ff S0 5 P9 TR G B 25 )
PP S5 R 5 B SR LW, 6 BRI A A
0] B TR I 5 0 S ke X S e 39 R A A e M
INETS =i

222 3Lk ( References) :

(1] PefR5 IR, A8, 4F. 2T GA-PSO IREG LI SVR M1 fE
ARRUETRTMEEAL[ )] SmIl, 2024(9) :237-244.
PANG Junyong, LIU Jun, ZHENG Jingjing, et al. Stability evaluation
model of slope dangerous rock mass based on GA-PSO hybrid optimi-
zation SVR[J]. Metal Mine, 2024(9) ;237-244.

(2] ZEMEME, B WK, LR A SR i 82 Kl R I R R E
RAGEMENIFE[I]. TR TR, 2024,44(4) :150-154.
LI Yanchao, WANG Feifei, JJANG Anmin, et al. Deformation and
failure characteristics and stability of open-pit slopes with fault struc-

ture[ J]. Mining and Metallurgical Engineering, 2024,44(4) :150-154.

[3] SHAH MALEKPOOR P, LOPEZ-QUEROL S, JAVANKHOSHDEL S.

[ gl —e— MBAIRINE]
120 : 1.0
TEXFMB 107.7 SEIPH B
100 - : 95905 ~
- ®
g 80 : 1 0E
E h ; I
i 60} : 4-0.5
E ; :
g gt F : 1-1.0 =
: =
20 _F ‘ ! I T H --1.5 R
] :
| 1
0 1] =l F.L ] T 1 = 0
3A8H 3A19H 3H31H4A1IH 4A22H
H#I

B2 EiiaagimEmETamsE
Fig.2 Curves of foundation slope displacement

and rainfall change

5 4

1) I R B BEIE A a8 1 SR80 R
RN J3E BRSBTS FAS A 1 5 -8 P, R FHBRR
PRI 8 0 91 1 e T A S PSR

2) FIEMIB A TREA ARSI 55
8 4 DFZWEJT I, K SCTRE M A5 1 s 2
WY RE FEGCIREE HEAK B |5k 3z A7 288 i 27

Pseudo-static approach for slope stability analysis within a stochastic
probabilistic framework for moderate earthquakes[ J]. Soil Dynamics
and Earthquake Engineering, 2024 ,184 ;108846.

(4] BB ZRIEM SOEIE 4F JET GRA-AHP IR ZE NI SR %

BRI AR E P R R U AT [, 706 TR, 2024,44(1)
31-34.
ZHAO Li, LI Zhengguo, SU Dengfeng, et al. Sensitivity analysis of
slope stability influencing factors based on GRA-AHP combined range
analysis composite algorithm[ J]. Mining and Metallurgical Engineer-
ing, 2024,44(1) :31-34.

[5] MW e, A, 55 T FIACY (58 Ko™ d1 i e e v &
N N R U 1], EREHOR 2018,26(2) :179-186.
YANG Mingcai, SHENG Jianlong, YE Zuyang, et al. Analysis of
sensitivity factors of open-pit mine slope stability and impact based on
FIAC" [ J]. Gold Science and Technology, 2018,26(2) :179-186.

(6] AEMGH BHERHE , FrkEk, %, BT 2RIk MO EeF e n



62

[N

T

o545 %

[10]

BERODPAGEEILI]. BRI T R, 2024,53(3) : 1-6.
REN Pengzhao, XIE Shengqing, QI Lulu, et al. Analysis of slope sta-
bility in open-pit mines based on analytic hierarchy process and fuzzy
mathematics theory[ J]. China Mine Engineering, 2024,53(3) :1-6.
B 5 KT R, T 4L A R - 0 KRR R 4 5 g SR PP [ 7]
FALBFFT S K, 2024,44(7) :149-155.
XIAO Liang, ZHANG Qianjun. Evaluation of rock burst level based
on combination weighting-cobweb grey target model [ J ]. Mining Re-
search and Development, 2024 ,44(7) :149-155.
LR, 5 RBR 4. BT AHP-FCE BRI 5 KA ST+
Gl RuE VT [J]. BRI EIR , 2024,39(5) :54-58.
ZHAO Zhigiang, WANG Yong, LI Xiaojun, et al. Slope stability
evaluation of open-pit coal mine external dump based on AHP-FCE
model[ J]. Opencast Mining Technology, 2024,39(5) ;54-58.
ZHANG G R, WANG E Y, ZHANG C L, et al. A comprehensive risk
assessment method for coal and gas outburst in underground coal
mines based on variable weight theory and uncertainty analysis[J].
Process Safety and Environmental Protection, 2022,167.97-111.
Ehede, Aot AL, 45, LT 202 & 2 RUEEEh i i
R S BRR PR B AR E 14 KU L2 R 2R i 7GR AR ST [T,
B LREFAR, 2024,44(5) .782-791.
WANG Xiaolong, LI Yingsheng, FU Ruiqi, et al. Degradation state
evaluation of wind turbine generator set pitch bearing based on multi-
variant refined composite multiscale fluctuation dispersion entropy

and cumulative Euclidean distance matrix measure [ J ]. Journal of

[11]

[13]

Chinese Society of Power Engineering, 2024 ,44(5) :782-791.
M. BT AR I 5 R R B TR SR AT PAR DR [ D]
TR TEYIR 2023,

LUO Guangbin. Research on safety assessment of deep excavation
based on intelligent monitoring and Euclidean distance[ D ]. Shenz-
hen: Shenzhen University, 2023.

B, 2006, 2R, A5 SET AR e E IR R B I IR
PEAMTLT]. BHR TR, 2023,43(4) :6-11.

HU Bin, LI Jianfei, LI Jing, et al. Analysis of long-term slope sta-
bility based on creep characteristics of its weak intercalation [ J ].
Mining and Metallurgical Engineering, 2023,43(4) :6-11.

XIDLEE 25 AU, A5 ST R o0 00 B2 PR Y FE ST 3 R
SEVERPAT (1] L TR RS 2A4R ( AR AR | 2019,36(1)
11-16.

LIU Hanlu, LI Xinsheng, XIE Dongzhou, et al. Stability evaluation
of foundation pit based on unascertained measure theory[ J].Journal
of Hebei University of Engineering ( Natural Science Edition ),

2019,36(1) : 11-16.

SIRIARST i SR M, BKIEAT S0 RAE, . AT R 40 Jo ) B 36 Ao BR K JE
BF ARG RO A AR RIR [ T]. &E TR, 2025,45(3) :57-62.
YU Kunpeng, ZHANG Haixing, HUANG Panheng, et al. Evaluation of

foundation pit slope stability based on unascertained measure theory and

Euclidean distance discriminant method [ J ]. Mining and Metallurgical

Engineering, 2025,45(3) :57-62.

(HIEIERYEITESE

(IR TR OWA 7)) KRV IIR IR B R ST | o 4 @ 24 25 95, 1 1) B ANA T R AT, AR Tl
w0 ) B < RGO R A RSOGO A E R AZ ORI CACT W AL AT R R R
AT —IRZESHETIY, CAh E A (CNKL) 7 7808 e B PR KT SOR S S0l R EANE R
MAK R R RRATZ
(IR TAR) B M QIR IR0 16 4 MR BT A6 T3 RG0A KA ™ A5 BRI A FAg 2
FEAREH SRR D IR A M BRI AR AR, SR Ok A Y R RE A

(IR TR ) Sl R B 0 B B SO b 5, 0 45 £ =l B f R PRR 28

C e TRE ) FAOGAET 1T P ) 42 [ 5 M IR JRy 3T B AR ), AR mT BBz ) S 4R T e g &R AR5 42—58, K
16 FF, 120 Jo/ M, 44F 6 L 120 JT,

o db WEEKDHE LR 966 S

BE 4R 410012

=1 & (0731)88657070/88657176/88657173
f£  HE: (0731)88657186

E-mail: kuangyegongchengzz@ 163.com

B & AN BEMNE

FRER: FAIREE(KD)BRAA
FARIT: TERITKIDAREZIT

T S: 1901013009201095502

™ HE: http: / www.kygezz.com



