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Slope Safety Evaluation Based on Unascertained Measurement Theory-Finite Element Method
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Abstract: To ensure the safe operation of open-pit mines, safety evaluation of their slopes needs to be carried out. A slope of a
certain mine was taken as the research object. A numerical calculation model of the slope was established by the finite element
method, the distribution laws of slope stress, displacement and plastic zone were analyzed, and the slope safety factor was
calculated by multiple quantitative analysis methods. The results show that the maximum slope displacement, plastic zone and
minimum safety factor are all close to the third-stage slope. The third-stage slope was taken as the evaluation object. Single
index measurement functions were constructed by the unascertained measurement theory, index weights were determined by
the entropy weight method, and the distance discriminant method was adopted as the evaluation criterion for slope safety grade.
The research results show that the evaluation grade of the slope in an open-pit mine is Grade [l. The evaluation results are
consistent with the numerical simulation results, which verifies that the mine slope is in a relatively stable safety state. After
reinforcement and monitoring were carried out on the slope risk areas, no slope accidents occurred during the operation of the
open-pit mine, which verifies the reliability and practicability of the unascertained measurement theory-finite element method
for slope safety evaluation.

Key words: Slope stability, Unascertained measurement theory, Safety factor, Finite element method

* W% A #A:2025-04-09
BB VL4 B AR R4 H (20232BAB204092) 5 YL VH 44 Bl 9 Ul 9¢ K o7 2 8 B H o 52 30 % 0 H (20212BCD42011) s LV H B H
JT R AR B (G]12200674) 5 8% 642 A S R il —— B 2R AR FH AR w7 K AR 37235 B (20243BCE51187)
PEH BN S8 AR (1987 ), B W R AR AR N I+ B #082  RWF S Al TR L R AT S DT A R A48 405 A | B S AR
FEPET . E-mail : 1750849924 @ qq.com



Sl
=
nw

R TR FEE W - R HEGAREAFN] AT LFRE FL.2026,46(7). 117

0 5%

W= IR TT RAE A R T 4 U il s R [ B
WEl & THZE ", Hoph, R e o #% K e 1L
AR PR AT I — HUR RS K 1 BB K A A
W PEA 4 L T 2023 4F BT b7 38 5B 0 BT i b
PRI, FF JR 300 0 R Tk o B e VPR Lo T

AOBUE T =Y a1 W ES LA == I
BOE AL, IR 5 BT B M D 4 A R AT TR IR
A BIWFGE R 5 A0 VR SO AR R B AR B
A PR ITC R IR HE T 3 S A A I A R A A B R
b B ) A3 AT HR R X A3 A A5 22 A F B BT S R
M A 5T AR S XA R
AR AL TR B A0SR T A BT A 9 | R T R
B VB R S O B S MRS AT T T, ik
B Aoy BT AR A T S AR SRS ; Chen S5 2 T
— % BRI A i Wk 24 4% 2K 1 2E R A A AT R
AL ESE T RRSANE T T R 800 i R v iy 5%
M) 5 SR G A L T — B I A A 5 (ICS)
S Elman 122 9 45 (14 3 35 F R 7000 52 80, 45
%%ﬁﬁﬂﬁﬁ&ﬁ%ﬁ%ﬁ;%%#ﬁ]%%
ZENEE g F W, MSR i1 KA LR F A
HARH %ﬁﬂ%mmﬁiﬂmﬁ*WWWL%mﬁ
MY AT B st B A L2 A A R S SRR
PO HEAE 2 P . AN, REGLE AT T ik e B
U — 25 N A0 oA i A R R ROR 4K
S SR 0 6 BE I (GRA)D — J2 R 4 Br ik
(AHP)V " A5 4 12 W FH F 30 3 R M1 o (H X
SO ARAEAE —E A BN 2K A3 B i ORI 2
FSTEAN G5 R 5 2 F UM )

25 b AR B — 3 B 5 1R AT I SRR R R Y
BT M G A7 76— 26 Jm KR4, FL BT 75 25 5L 1) 1F o 4 A dole
Z HA R UE . B, R0 R 2 B R G4
BV I L5 25 SRS i 1 B R PR G R
Xif 120 3 R M AT A T AN

ARSCLASER 1L o R 52 1 5 R A R
TCIT IR ST T WA TS R ) RS SR
DX A5 5 T 40 BT 32 30 e 5 LUK IR AR R IR R
G390 R FH 22 P i A AT R T SR I 3 R A R BT
TRV BRE 4387 05 ¥6 T 34 4 B0 AR AL R
JEA By 07 FH 35 A B2 P9 A A 26 0 R B3 % BB T
AR e e B ST R 0 0 B B AR AR R

0 R R A 5 45 48 A5 A I 4 3 22 46 A T 2
PRBA s d e o M) P B A )k X I A P HE AT O
Mo VP 5 1 B A TRT B LR ORI B R e SR
ez T I At AR S bR i R H A
BRSO RMTRREMS —ES%.

1 TEBR

MR 48 58 Lt 39k A TR e I 4% 2 A0 K Sl R 2%
820 Y W AE T8 B2 1 3R KU L P X
PRV R AL B D 5 S b 2, A S R E S A
SRR T 3 AR e M, R F AT B T O vk ST i B
BUE AR AL, anE 1 R (B AR R WL RO .
BRI, 1 3R — 2 GG o R A 2
(Mg RR) = Hah i ohsm XL A 2 (H
RS R, 58 U 3 8 v KUK U8 75 )2 ()
TR RS 2R L 5 T Gt B R 5 KA R B A O
AW RR) .

1 HETHEER

Fig.1 Numerical calculation model

2 BAREIEHRZFNT %

21 EXRRIESHAEHE

A S FEAE AN T AR -

(1) 4 28R 5 25 ) [ 1 44 KL 5

(2) HIRFEZE A 5K AN S50, 2 6%
4 38 1 3 19 5 ]

(3) L JZMRL P 3 ) M o AR 2
i AN B AR,

N FHMRE L YRR —H N A
P T A it 0 A A 249 B 5 455 780 I 30 it o 31 78 24 o 5 A
AV AT PRS- T fin 7K P07 ] 29
22 ETEHMEBEHESH

HRAEZ A L i 35 1) S B 0 38 2o 0 47 O L 3
PSS | 1 88 4 O 45 A BUE B & 5, 2% 2 AR

LT 20 K



118 g LB R S5 A 2026,46(7)
585 7 U 127 2R F Mohr-Coulomb A< 14 B4 7Y, iy %€ £5 T ZE MR AR 2 S8 LR 1
®1 BEITBEHESH
Table 1 Slope soil mechanical parameters
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Fig.2 Stress distribution cloud maps of slope
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Fig.3 Displacement distribution cloud maps of slope
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Fig.4 Plastic zone distribution cloud map of slope
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Table 2 Calculation results of safety factor
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Table 3 The index data of a mine slope
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Table 4 Safety evaluation indexes of a mine slope
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Fig.5 Index measurement functions of slope
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