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Abstract: In view of the complexity, uncertainty, and fuzziness of the factors involved in evalua-
ting slope stability, based on the fuzzy matter-element theory, we calculated the objective and
subjective weights of the influence factors using the analytic hierarchy process and the entropy
weight method. Then, we established a fuzzy matter-element model based on the coefficients of
combined weights that considers both objective and subjective factors. The problem of weight al-
location can be avoided by employing our proposed method. A comprehensive evaluation can be
made by using this matter-element model along with the subjective and objective weighting meth-
od, both of which make the best use of statistical information from samples, based on expert the-
ories and experience, to obtain reasonable index weights. We conduct a case study to demonstrate
that this method can not only accurately estimate the slope stability but also provides a new way

to evaluate slope stability.
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Table 1 The grade standards of slope stability
£ ROD  FRZEMIEFIE HLRN 1/ MPa Bi%J1/MPa WEEE M/ () WiE  HERKBEWE/mm

BT 90~100 90~100 0~2 0.22~0.32 37~45 0~30 0~20

Rl 75~90 75~90 2~8 0.12~0.22 29~37 30~45 20~40
HARZEIN 50~75 50~75 8§~14 0.08~0.12 21~29 45~60 40~60

ABEN 25~50 30~50 14~20 0.05~0.08 13~21 60~80 60~100
WAREEEV 0~25 0~30 20~25 0~0.05 0~13 80~100 100~150
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Table 2 Measured values of indexes for slope stability
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ﬁ(ﬁnﬁéﬁgTﬁ)EgI*ﬁ%éﬁE%ﬁ,ﬂmmiﬁﬁg& P1 72.00 15 0.44 0.024 12.0 46 120
BRI R DK I 0 1 B S B T2 R R F
P3 87.21 82 6.77 0.22 46.0 51 344
(2) fRAE =) F AL R 8 R OC R, . P4 89.46 84  12.23  0.21  42.0 47 344
(3) MR PEFR HERR ¥ JC I R, ¥4 22 07 F Jy B
BIPIITTR, .
I P, P, P, P, I I I v Vo
C, 0.7200 0.6523 0.8721 0.8946 1.0000 0.9000 0.7500 0.5000 0.250 0
C, 0.1500 0.6300 0.6500 0.8400 1.0000 0.9000 0.7500 0.500 0 0.300 0
C, 09824 0.8540 0.7292 0.5068 1.0000 0.9200 0.6800 0.4400 0.200 0
R = C, 0.0750 0.406 2 0.687 5 0.656 2 1.0000 0.6900 0.3800 0.2500 0.160 0
C, 0.2608 0.967 4 1.0000 0.9130 1.0000 0.8043 0.6304 0.4565 0.2826
Cs 05400 0.5700 0.4900 0.530 0 1.0000 0.700 0 0.550 0 0.400 0 0.200 0
|C, 0.6512 1.0000 1.0000 1.0000 1.0000 0.9418 0.8837 0.8256 0.709 3
r P, P, P, P, I 1 i I\ v o1
C, 0.0784 0.1209 0.0164 0.111 0.0000 0.01 0.0625 0.25  0.562 5
C, 0.7225 0.1369 0.1225 0.0256 0.0000 0.0l  0.0625 0.25  0.490 0
C, 0.0003 0.0213 0.0733 0.2432 0.0000 0.0064 0.1024 0.3136 0.640 0
Ro=le, 08556 03525 00977 01182 0.0000 00961 03844 0.5625 0.705 6
C, 0.5464 0.0011 0.0000 0.0076 0.0000 0.0383 0.1366 0.2954 0.514 6
C, 0.2116 0.1849 0.2601 0.2209 0.0000  0.09  0.2025 0.3600 0.640 0
|C, 0.1217 0.0000 0.0000 0.0000 0.0000 0.0034 0.0135 0.0304 0.087 7
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Table 3 Comparison between of evaluation results of

measured slopes

7R3 R ) 76 VA Y CIE7 322
P1 VvV V V
P2 1T ik I
P3 I 1 1
P4 Il Il I
5 #i

(1D WA YA E R AR Z, HBA R E
P B B A BRAE K ROH ) oo B 1 ) 30 B AR
SEVEVEOT P HESE T ROR W ST PR R, TR S S
Br W] 2 B LAY — 5 ) AT PR AT R JE

(2) Al FJZE R o3 B i T3 1 e A 7 R i [H 1~ 1Y
FAUALHE , P AN S B i BCHE BEoRE TS R
B B UL (L P T R 3 e 0L A I Ok A S BT A
1 il BEORE S PRI 7E — S B9 32 WS

(3) IR e KIS B Pir S e 9 5 80
TP AR B T 55 B & 8, AT LA & A et
SR WL

(4) X 3 VB AL O 4 R BT SR AT

DA B - A4 0 5 1) 2 R D 2 v S 0 9 A
Bk

2 & 3 ik (References)

(1] gEskm, B Ukis . B L7 Jr 2 70 3 S A2 s P340 oh o9 B T
[J0. P 7% 2 4, 2007, 29 (1) : 35-39.
HUO Zhangli, LIANG Shouyun. Application of Fuzzy Mathe-
matics Method on Landslide Stability Assessment[ J]. North-
western Seismological Journal,2007,29(1) :35-39.

(2] SR, BAAT, 244 a0 i ek s v r i [T 1. T =S )
2004,24(2) :250-255.
JIA Dongyuan, YIN Ke, LI Yanhua. Analytical Method for
Slope Stability[ ] ].Underground Space,2004,24(2) :250-255.

[3] %A, 3 B 0,00, 55 5T PR SOk 1 R 4 DG I 3 2
TE ARG AE PE T eh 9 BT . 22 22 224 B AR B 22 0,
2016,52(4) :429-433.
LUO Zehua, HUANG Liiwei, LIU Gao,et al.Grey Correlation
Degree Based on Sensitivity Coefficient and Its Application in
Predicting the Stability of Slope[ J].Journal of Lanzhou Uni-
versity: Natural Sciences,2016,52(4):429-433.

[4] sk, AR, M 05 5 AR 4 o0 43 A LML 6 5 A ol ok Hh AR
#t,1997.
ZHANG Bin, YONG Qidong, XIAO Fangchun. Fuzzy Matter
Element Analysis| M].Beijing: Petroleum Industry Press,1997.

(5]  BRAEE, 2IBE T 0 AL A58 4 0 B2 80 A8 K 3 25 & 3T P i
BT K A 24,2005, 36(9) : 1057-1061.
ZHANG Xiangi, LIANG Chuan. Application of Fuzzy Matter-
element Model Based on Coefficients of Entropy in Compre-
hensive Evaluation of Water Quality[]J].Journal of Hydraulic
Engineering,2005,36(9):1057-1061.

(F#% 980 )



980

o® T OB E R 2017 4F
[ ~#$i2 . 1989, 8(1) : 37-44. Technology,2007.
JIANG Jinquan. The Initial Fault Process of the Old Roof and [10]  ZE i, F [RE . 05 27 i it S & % 43 A b FL A e p ep
Its Mine Pressure[ ] ]. Journal of Shandong Mining Institute, M L] a0 S TRER¥R. 2004,23(7):1127-
1989,8 (1):37-44. 1131.

L7 WP I I AL i o 3l S s B M PP AN B 58 [ D] 5 & 1l R BH QIN Zhongcheng, WANG Tongxu. Abutment Pressure Distri-
K2 ,2006. bution and Its transfer Law in Floor of Deep Isolated Full-
YAO Qinghua. Study on Appraisal of Rockburst Hazard in mechanized Mining Faces Using Sublevel Caving[ ] ].Chinese
Isolated Caol Pillar[ D]. Qinghai: Shandong University of Sci- Journal of Rock Mechanics and Engineering, 2004, 23 (7).
ence and Technology,2006. 1127-1131.

[8] F=Zr, LEF1H 4 €K, % 3 E sh Ak — B0k Bk iE 3 ) [11] Ak M, e fER, 5 R 2 X R E R 5 R E BEEA
IS B4 B M 43 BT L0 . M 7 TR 241, 2017,39(1) : 8-12. [MOAEET i [l K2 AR A, 2014,
ZHOU Yundong, SHANGGUAN Ziheng, CHU Feifei, et al. SHI Yongkui, HAO Jian, HAN Zuozhen,et al.Filling Repeat-
Influence of Non-consistency of Ground Motion on Tunnel Dy- ed Mining in Pit Goaf and Disaster Prevention Technology
namic Response[ ] ]. China Earthquake Engineering Journal. [M]. Beijing: China University of Mining and Technology
2017,39(1) :8-12. Press,2014.

[9] T ILMR. KR i 9K K R 3 B 532 2 B3R e A A R 0 S [12]  ZEHEN4RGE A5 25 (8] 45 0 00 ot S Ho i O 5E [0 ). R0 B &

[DI.HER « 2 HOH T K%, 2007,
YU Erlin. Failure Characteristics of Overlying Strata Move-
ment and Strata Behaviors Research in Island with Large Min-

ing Height [ D]. Huainan: Anhui University of Science and

& TR 44R,2006,23(1) :30-33.

JIANG Fuxing. Viewpoint of Spatial Structures of Overlying
Strata and Its Application in Coal Mine[ ]J].Journal of Mining
&. Safety Engineering,2006,23(1) :30-33.

Az Az Ve Az Ve Az Ve Az Az Az Az Az A Az A Az e e A e e e A e AE Ve e e e Az e A e A e A Az e e e e A e A e e e e e e

(E#EF 950 T)

(6]

(7]

(8]

9]

I3 A 4 B e 3 5 0 A 2% LML B 5t IUAR Cll i A
2001.

QIU Wanhua.Management Decision and Applied Entropy[ M ].
Beijing: Machinery Industry Press,2001.

WIE X H B A5 T 6 00 WA S SO BT SR
O AR R 2 2 4 (T4 D , 2008, 38(5) :31-35.

HUANG Zengyan, WANG Guangyue, LI Qian. Rank Evalua-
tion of Sand Liquefaction Based on Extension[]]. Journal of
Shandong University ( Engineering Science) , 2008, 38 (5) : 31-
35.

Sk, = T CHE AHP BEAESR AT )5 vk 2 B bR PSR v id i
(0.8 T2, 2005, 3(5) : 18-20.

WU Zhongxiong, GAO Qingping. Improved AHP Application
in the Multi-objective Decision for Mining Method Selection
[J].Mining Engineering,2005,3(5) :18-20.

22 va B A UG L AR I8 AR B A5 A R X 1 RS E 1 Y 5 e BT Y

[10]

[11]

(1055 + 715 ,2009,30(2) :492-496.
LI Kegang, HOU Kepeng, LI Wang.Research on Influences of
Factors Dynamic Weight on Slope Stability[ ] ]. Rock and Soil
Mechanics,2009,30(2) :492-496.
EE AR A AL AR A T AT A6 RS Y 5 B i AR E T
WL % 4 5344 . 2008, 35(6) : 25-28.
WANG Runsheng, LI Cunguo, GUO Liwen. Research on
Evaluation of the High-steep Slope Stability Based on the Ex-
tension Theory[ J]. Mining Safety &. Environmental Protec-
tion,2008,35(6) :25-28.
TWE T O Y K S I 2 BT R R B s G 3 R E
WFgEI]. 4+ 1% ,2011,32(11) ; 3437-3441.
DING Lihong. Research on Estimation of Slope Stability
Based on Improved Grey Correlation Analysis and Analytic
Hierarchy Process [ J ]. Rock and Soil Mechanics, 2011, 32
(11):3437-3441.



