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Fig.1 Forward cloud generator
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Fig.2 Comparison of traditional cloud model and improved cloud model
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Fig.3 Flow chart of the evaluation model
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Table 1 Risk classification criteria for waste dump slopes

e . . MRIEEG) .
al(®) H/m v/(kN-m™) c/kPa /(%) MCl%
I (35,+) (100, +o) (22,+) (0,16) (0,15) (30,+)
I (30,35) (60,100) (18,22) (16,24) (15,25) (18,30)
m (25,30) (30,60) (14,18) (24,32) (25,35) (8,18)
I\ (0,25) (0,30) (0,14) (32,+) (35,+%) (0,8)
F2 HLIHBEIENERIENHFHETESER h,>h,>++>h, (4)

Table 2 Calculation results of digital characteristics for
cloud model of waste dump slope evaluation indicators
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Fig. 4 Cloud maps of evaluation indicators

R3 B /M EEEERE

Table 3 Assignment for importance levels of

indicator h,_/h,

[[EN(ED [NIEREALE] it (1 it {7 15 HH
1.0 [ B 22 1.6 GREN T
1.2 FHIME 1.8 iy 7 2L
1.4 A . 2
A i A AL 0, H A 0N
L
w” =za,’; w (10)
k=1

212 Vol. 34 No. 1

Feb., 2026

4 FERMB S FAF AT

4.1 BEPBYESHH

Sk B IE AR SCHE 3 30 95 £ 16 45 DT B (1
G BRI AT, 55 SRR (22T 400, 20205 X8 A
45,2022) 60 2 HE 3730 3k SRR R T 8
W SE AT AN, Fovh 50 4B R ik g, Ay 104
B VE R IR AE o HE 3300 B DR AR B0 1) A
SUEIINEL S BT, 7] LA AT 4R bR =2 18] A B
IR



ZEH S ST IR — I R oA A HE R 16 R S GO

56 e ® " L) o ® L] & .
o 42F 3 \‘-. . T 4 . gog o 't‘.. . Y H *
=~ Seo ® . M S o0 . -l 2 ool .o
3 28 | iﬁﬁa/(") ..- .".:' ‘ . ‘::-o.'-’ }: 0‘; o Y . * % e \?ozw’ 00‘\0--.3 o *
1l o.l.-‘\-:. . ::W: 0\';:3 . . : na X3 ‘:. [XTX
330 . . L] . .
E e * ‘ LI L N . .'.‘ . e .
E 220 * g e n'. b iﬁ%H/m ° ° ".'... J ":'.:. o’ 'y '70". Mo ‘
110 "a ;ﬁ’.'« . ¢ .-.:':n.":: [ ." .‘0. P * .. : o .!:- :' ®oe ..O'.o‘ ;’
0 o o 3 o o ~.b "f‘.' .." " - .
% . . e o o o . .
ool el | iy ETL IRl I
z 20T, iy X | A FEYGNmT) | “edoes || ’-{‘;x- ’ SIY AN
e 16.2 . : ® ... . ae 2 :. ° . ()
P o . .o . . .
10.8
57}F 0 . ) . . . 0 . o.
< 38 oo’ . o . o % e o %0 ot e
19 .'0 * e o L .o. ..o ° I.o .. * WEF%jJC/kPa . .o' o‘ -. ® o o :'
< * o’.o o .. . ® oy ‘e e ‘® 8 o oo . .
sl 2ra ”:{,\.o'.- of ‘.’.g-, 3 o "'%','.: -_-:}.‘. Yo
48 F
P .‘\o-. e .ol A ) .'o'.'ot
o 36} P | bt the T S0 PR
~ o Lo o Suleg . LX) . o Ye0® o o
= | - . oo o bo, o * ol
S 24 e, L, .l.«:.' .'-:0.:'." LT X . Wg%ﬁwl() ': QN
12F e ° \' .ou.‘ e ..-‘ e * '.o ..' 1)
Kls : . : .
g 8% e wwe” P %0y o3 DAY IR LECTRPSE B
© 28F o e, e .-:"o :p‘- - on, . ® . .o-".o ot
= ‘e o o® - ® go ] L1 ee * *% gie® oo so2ed, > 23
§ lake @ 02..‘.,. s!"/l . .:'f.-..*‘,: ‘1‘." . o ,{.(_ EIKEMCI%
w %%, e len’ ° ‘e . e v, e’ o
ob .

al(®) H/m P/(KN-m~3)

14 28 42 56 0 110 22033010.816221.627.0 O 19 38 570 12 24 36 48 0 14 28 42

c/kPa l(°) MCl%

E5 EMEiRE A E

Fig. 5 Scatter plot of evaluation index matrix

HE A 5 3 35 S50 BCHR AR AR R L an 181 6 TR
Sk 4T M R R BT A VRN HE AR L I 8 AR HER LS.
K6 507, K Z BT 48 b5 18 o A7 B35 A 7 7 g
(A rps Uk BH R 22 BT 38 A5 19 8508 S 8 X AR
G3 A MRS P R AR A B R (E B T IE R
0L

HE - 3 390 33 52450 5080 B 1Y) B A L 1#] 7
FIis o i3 PEM AR AR IR AR 2 B LA 5, AR A
KBFFE S (Shukla et al,2021) , [ SR B £F 2 Bl
A b B A BT R IE 03 o BT A SRR T
W8 A B 72N [R5 BBl P 8 B30 o3 A T 0, L7
ALAL, 6 AN VAN T8 B 19 5 FE#R 2 DA e i L A 1)
PR IR BEAIS , 60 415 Hh A7 764 SR i 25 FF A
il A5 By L B B S, 5 T LS A v i 3
B BRI 2 FEAS BCHE /N, A 0 BT AT
ANTELFFA LA (0 B Bl w22 AR BN, R T
IEH GO #h ARV 48 A5 B0 B 1E 25 430 A

350 | B 25%~75%
§ T LSIQRAHE
300 - = il
. - HyfE
250 T . S
200

]

250t
100 i .

Vo | = g

-50 1 1 1
o H y & [ McC
THEbR

B6 ITMiEIREL

Fig. 6 Boxplot of evaluation indicators

RV VA N SR R R A B N B i (P N S
Aii o PG, AR SOR 2 BERR A 5 HiF L3 i e
SFHHA—E R E BN

2026 FF2 B HF34E-F1H

213



214

Y fo/(°)

2 15 18 21 2 30
A Hy/(kN'm?)
() KEB A

PIEERE f 0/ (°)
(e) PIEEE I EL T 3 Al

25

20

15

i

10 kel

N

) DR
150 200

0 50 100 250 300 350

YW Hm
(b) W E Al
24

0 10 20 30 40 ‘50 60
PIEE F1clkPa

o 10 20 30 40 50
EIKRBMCI%
) ERREF A

7 MERER S HE

Fig.7 Histogram distribution diagrams of evaluation indicators

4.2 WEWHHE

K H G AR AL K A5 F8 b1 £ % WAL, 15
38 2o TR A A TR X BT A5 32 % WA R A T fL Ak
HE SRR AGHE ., IR G PR R AGE
1 % WA R 5 G 1k 1 3 W28 36 0 35 TR 2
A, 38 3 TR e Y 34 SEUCRELTE R 32 A g
WG B G AR AT 12 PR A5 i 18 3 s 2 S B AN L 2R
B, MRE v Ik G1 ¥k 52 4 8 32 Wt 4 5% el 1) s 2%
AT B0 — 7 TR A B B 3 T T IFE M 4
RBBFFE B RS E P, R HE -0 sk
P 85 2 TR AR AL TR i nT E L4 1 A A FE AR AL
HOWCIT % . 3FRAGE s A EH Al 8 i .

Vol. 34 No.1 Feb., 2026

4.3 R

HR 4 % 2 FEL 8 15 21| 1Y 2= B RU B SRR AIE 45 2
2 A AE AR 50 A1 IG AEREA S , A F MATLAB
A, o B I 1 s A s A (3) TR AR AR
Y SEI S R 25 5 SR B B, 0 AR T B B B 55
%, I SAL-CM F1 G1-CM HE + 37 1 3 175 16 45 9%
PEMM BRI PEMN 45 SR T X e, S5 R K 4, hE4
AL, 2R —ok R CM 1 35 £ 5 45 ZTAN SR 1)
W3R A3k 96% , 155 THAL —CM F1 G1-CM AL 5
ARG IG AR (TR -CM) , TET 9 R .

F1ABURBE )12 TR 43 2B 0 1) g
(735 ARG B B R R 2 PR 8 bR . K14y



ZEH S ST IR — I R oA A HE R 16 R S GO

0a5| o GLE A PE) FPGEA A B, S50 B ) (TN G A 11
’ o TR STRAL: JENRN ; \ JEUEN
PR, FESN M) FFN PPN R BAPE , FE 520 B o
0.30 N NI ST AT > >
0 2 2 D A5 B DB Ay B A R A vh R AR
% 025} SEBRAL A BHPE R L], TR A
o2} 0. sion=— 1P
Precision TP+FP (11)
QIS 4 1] 238 2 PP A A S T A 114 B R AT
ool B REAR P BT o5 L T8 5
TP
0.05 k Recall=m ( 12)
o H b c [ MC F1 ﬁ\ﬁ%ﬂz{ﬁ*ﬁﬂ%%{gﬂlg @%E@bﬂ*iqz
Ef ¥y AR
8 IFMBUEB/INE Precision X Recall
F1=2x——" (13)
Fig. 8 Weight obtained by three empowerment methods Precision+ Recall
=4 HTHBEBRERTINER
Table 4 Evaluation results of hazard level for waste dump slope
LA HE R
LAY B i7E—7Y IR ik — _ 5 sy
HA G > D) ) (D) V) WZE—E R CM  THZE—CM  IR—ECRCM  Gl-BRRCM  FhR%Eg
1 0.3533 0.1903 0.0064 0.4181 v v v v v
2 0.413 0.2433 0.093 0.0012 I I I I I
3 0.3056 0.2346 0.1373 0.0006 | I I I I
4 0.1505 0.0918 0.417 0.1756 1] 1] v I I
5 0.4249 0.1124 0.032 0.1804 1 I I I I
6 0.2484 0.2749 0.2146 0.0785 I Il Il Il Il
49 0.2023 0.0036 0.1932 0.2868 v 1= Y Y v
50 0.4643 0.1176 0.1096 0.0228 I I I I I
T+ RN TN A5
KRR A [T P10 B0 ER AR 5. 100
FSTUAR, T O ANV SO F1 45y
s . . 9
KT 0.9, DA I BUR e HE + 5730 £ o 45 ool
TE B A B A AT o
N
N . v 90
5 MR N A g o
@

N T A AR SO R — ) OO ek o 8
S5 GV R Y B R PR AT AT L 255 10 L
EHE T AR A HEAT R AF G, 10 ZH 0104
FEACHCHR e 6 WL E AT AR IL e 7. i e 7 e e e o
AT S B A AR S R A B 4 R
ARSCHTIMAERAG Ier 58 SRR, RIAA ST ST A Fig. 9 Comparison of evaluation accuracy rates among
2R — R CM L3S [ SR 2 B A e i 1 43 four models

2026 FF2 B HF34E-F1H 215



216

B4t

WG A5 R T HAT WA A S A T FEE

RS SEIERHE

Table 5 Values of classification indicators

REEY TP FP FN Precision Recall F1

1 23 2 0 0.920 1 0.960

1 13 0 2 1 0.867 0.934
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Table 6 Sample data of test set
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a/(°)  Hm  y/(kN-m™) c¢/kPa @/(°)  MCI%
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3 16.16  74.81 20.00 3285 1122 36.10
4 5055  48.00 20.00 19.00 3420 22.80
5 2425 154.24 19.78 14.86  30.00 18.40
6  40.18 14175 23.48 3213 2080  6.90
72060 127.92 17.90 17.60  20.00  22.60
8 2100 61.61 21.22 630 2040 17.20
9 3500 2142 18.49 1218 2856  22.30
10 5250  96.60 24.30 2496 30.07  35.80
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Table 7 Evaluation results of test set samples

e AR MZE—gRCM  figE-CM SRR
o My My My
1 0.2951 0.247 0.0820 0.2021 I | e
2 0.4592 0.0812 0.2962 0.0041 I | e
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Evaluation of Risk Level of Waste Dumps Based on Game-Improved Cloud
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Abstract: As the centralized repository for waste materials produced during mining operations, the stability of
waste dump slopes is crucial for ensuring mine safety. These slopes are influenced by the combined effects of
various factors. In the assessment process, it is imperative to consider not only the inherent randomness of each
evaluation indicator but also the uncertainties stemming from incomplete information or ambiguous judgments.
This study introduces an evaluation method, grounded in game theory and an improved cloud model, that
accurately quantifies the hazard levels of waste dumps. In constructing the evaluation indicator system, a
comprehensive analysis of factors affecting slope instability in waste dumps, is conducted. Key parameters, such
as slope angle(a), slope height(H), unit weight(y), cohesion(c), internal friction angle(¢), and moisture content
(MC), are selected to develop a multidimensional and comprehensive evaluation indicator system. Data from 50

sets of slope sample trials are utilized. The entropy weight method and the G1 method are utilized to determine

Vol. 34 No.1 Feb., 2026



ZEH S ST IR — I R oA A HE R 16 R S GO

the objective and subjective weights of each indicator, respectively. Subsequently, game theory is applied to
integrate and optimize these subjective and objective weights, thereby mitigating the subjectivity and limitations
inherent in single weighting approaches. To overcome the challenges posed by traditional cloud models in
managing data within fuzzy boundary intervals, semi-ascending and semi-descending cloud models are
employed to represent uncertainties at these intervals, leading to the development of an improved cloud model.
By combining the subjective and objective weights with the cloud model’ s capability to handle uncertainty, an
accurate quantification of the hazard levels of waste dump slopes is achieved. The membership degrees of
various hazard levels are calculated to ascertain the hazard levels of the sample waste dumps, which are then
compared with the evaluation outcomes derived from individual subjective or objective weighting methods, as
well as the actual hazard levels. In conclusion, the capability of the Game-Improved CM to classify hazards is
thoroughly examined. To enhance the verification of the model’ s accuracy and reliability, it is employed to
evaluate and analyze ten sets of test sample data. The findings of this study reveal that the hazard level
assessments of waste dumps conducted using the Game-Improved CM align closely with actual conditions.
Furthermore, when compared to existing methodologies, the evaluation approach utilizing the Game-Improved
CM exhibits enhanced practicality and reliability.

Key words: waste dump; slope; improved cloud model; game theory; risk level evaluation; uncertainty analysis
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