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Risk assessment of highway slope geological disasters based on GIS

DU Min', WEN De-bao"*, ZHOU Su-ya'

(1. School of Traffic and Transportation Engineering, Changsha University of Science and Technology,Changsha
410114, China;2 . School of Geographical Sciences, Guangzhou University, Guangzhou 510006, China)

Abstract: The risk regionalization of highway slope disasters was studied according to the
situation of frequent geological disasters and the regional distribution characteristics of high-
way slope in Danba County. By analyzing the natural environment and highway geological
hazard characteristics, the slope, rock and soil types, rainfall, river network density and
vegetation coverage as the main factors were selected to build risk assessment index system.
Based on the superposition method of the influencing factors, the mathematical model of the
risk assessment index was established, and the weight of each evaluation index is calculated
by using cloud model-analytic hierarchy process (CM-AHP method). Based on the software
of ENVI5. 2 and ArcGIS10. 2, the hazard index map of " Danba county highway slope geo-
logical hazard" was plotted. In view of the hazard zoning index and the characteristics of
highway engineering, the highway slope disasters in Danba county was divided into 4 grade
16 disaster areas, such as the low risk area, medium dangerous area, high dangerous area,
extremely high danger area. According to the evaluation method of quantitative regionaliza-

tion range and qualitative analysis, the geological disasters risk assessment of highway in
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Danba county was carried out. The evaluation results coincide with the actual situation of
highway slope disaster, which can provide a new way for the prevention and treatment of
Danba County Highway slope disaster in Sichuan province.

Key words: highway slope; geological disasters; ArcGIS; cloud model; analytic hierarchy

process; hazard zoning

’ o o
’ b hY
o ’ ’
° ° ’
’ ’ - N - ~
- ’
o . ’ . ’
N ’ ’
o .
’ ’
b
’ , (GIS)
’ ’
° ’ N
’ ° ’
m AHP
’ ’
s , , 4 16
2]
o , {
4 >> ’ ’
4 o
[3]
GIS ) 1
. N
N ) 4 35 ,
[4]
° s ’
[5] R .
b b o
5 : . SR
y ArcGIS s s
[6] s s
N N N ’ o



15 4 s GIS 61
. . [7) E, = > aE,
i=1
EaiE.riEni
Eo— it
6 , n m o (1)
ZaiE.u'
o i—1
5 H, = /Z;H;,-
1Ay dy s Ay ’
, 1;
21 B sa,=a,=*+=1/m,
(L,
° ap  dip o dig All AlZ Aln
. s da gy A21 A)z A7n
' Ay Ay R € Anl AnZ Ann
’ ’ (2)
(CM-AHP)
) Ay =
o, U=co. 0O
1
2=1,2,3,+,9, U A.(E,, a,v,:;,a,vj>00 (3
Em 9Hu{ ) ’ : E‘z’i N Em' A A _ 1 :( 1 ,ET,j{ ’&) (4)
HH‘ ° l’\’9, Y A_/z E.z‘fz Ejji E?zy'{ °
. [11] NN
LA, = (1,0.437,0.073), A, = (2, 0.707, W =[EY . E) HY 1,
O.118)9A3:(370.43790.073)7144:(470-7079 , U n A19A29"'9A,,9

0.118),A;=(5,0.437,0.073),As = (6,0. 707,
0.118),A;,=(7,0.437,0.073),As = (8,0. 707,
0.118),A,=1(9,0.437,0.073),

U A, A,
A,
, A A A, )
A, s Ay o

m

E,= \)/, E. E,+E.,. (5)

(6)

2

2

e J() () ()

%
EO — E. (j]:[lEﬂJ) !
CTNE G e @
i 2 (H E»,,] ) n
< L



62

( ) 2018 12
R=>FW,, (1D
ji=1
:R i F J
;W J
in °
3
, s s ,
C R , ,
o C = A n/(n — 1), o
1| 2 EaWa ’ '
| ’ ’ (
LWy o (r), =
I (r)> r)> >
2.2 (r)= (rs)s (
D . ) NP R S O e (
) ST T Iy 0 >y s
3 ( ) STy Ty e T >y
, >rs, 1 .
i ) (2)
, ( 2 Do
, (5)~(10)
( 3 ),
’ ’ . ENVI5.?2
’ ArcGIS 10. 2 :
2) .
s
) ,
5 o ,
( 4 )
1
Table 1 Important scale matrix of evaluation index
S e r S T - o R SR
o1 1/5 1/5 3 3 1/3 1 5 1 1/3 1/5 3 5 1/5 1 1/7 1/5 3 5 1/3
o5 1 1 7 7 3 3 7 3001 3 05 7 1/3 7 1 3 9 9 5
o5 1 1 7 7 3 5 9 5 3 1 7 9 1 5 1/3 1 7 9 3
o 1/3 17 1/7 1 1 1/5 1/5 1 3 1/5 1/7 1 3 1/7 1/3 1/9 1/7 1 3 1/5
o 1/3 17 1/7 1 1 1/5 17 /3 5 01/7

s 3 1/3 1/3

w
w
—_

w




15 4 - GIS 63

2

Table 2 Importance judgment matrix of evaluation index

_ J
i

1 2 3 4 5 6
1 (1,0,0) (1/4.5,0.021,0.007) (1/5,0.017,0.006) (3.5,0.437,0.146) (5,0.437,0.146) (1/2.84,0.053,0.016)
2 (4.5,0.437,0.146) (1,0,0) (1/1.83,0.125,0.038) (7,0.437,0.146) (8,0.437,0.146) (3.33.0.426,0.127)
3 (5,0.437,0.146)  (1.83,0.149,0.127) (1,0,0) (7.5,0.437,0.146) (8.5,0.437,0.146) (3.5,0.437,0.146)
4 (1/3,0.017,0.012) (1/7,0.009,0.003) (1/7.5,0.008,0.003) (1,0,0) (2.5,0.437,0.146) (1/5,0.017,0.006)
5 (1/5,0.017,0.006) (1/5,0.017,0.006) (1/8.5,0.006,0.002) (1/2.5,0.07,0.023) (1,0,0) (1/6.5,0.01,0.003)
6 (2.8,0.426,0.127) (1/3.33,0.038,0.011) (1/3.5,0.036,0.012) (5,0.437,0.146) (6.5,0.437,0.146) (1,0,0)

1 1/4.5 1/5 3.5 5 1/2.84) (0.806 5.226
4.5 1 1/1.83 7 8 3.33 2.777 17.723
5 1.83 1 7.5 8.5 3.5 3.9562 22.602
1/3.5 1/7 1/7.5 1 2.5 1/5 0.374 2.401
1/5 1/5 1/8.5 1/2.5 1 1/6.5 | |0.257 1. 759

2.84 1/3.33 1/3.5 5 6.5 1 1.411 9.092
n 3
1A 1 Z ; EsWa — i(ﬂ 17.233 + Table 3 Calculation of importance
n S| 610.806 0 2,777
1 W, W
22.602 |, 2,401 | 1.759 |, 9.072 (0. 806,0. 640,0. 53) (0.088,0.086,0. 083)
002 4 2. 401 4 1. 799 4 9. ):6.4840
3.562  0.374  0.257  1.411 (2.777.2.261.1. 86) (0. 302,0. 305,0. 291)
- — (3.562.,2.891,2. 384) (0. 388,0. 390,0. 373)
=8 _Ann—n 77 0.1, ’
R (nm—DR (0.347,0.296,0. 247) (0.041,0. 040,0. 039)
7 , 6, n=6 , (0. 257,0.201,0. 167) (0.028,0.027,0. 026)
R=1.26. (1.411,1.126,1.197) (0.153,0. 152,0. 188)
4
Table 4 Scale score of Danba county highway slope geological hazard evaluation index
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Fig. 1 Geological hazard risk map and zoning map of highway slope in Danba county

5
Table 5 Danba county highway slope geological hazard risk zoning plan

g
12 /
I s R — — S303.5211
(8 ) Y201
mi — /
m2 /
m s /
Il 4 S303
1183 — S303.S211
! /
v N2 — Y201,5211
Vs /
V1 — /
V2 S211
v
V3 — S303

V3 /




65

15 4 s GIS
4
iD)] ;
2) ;
s CM-AHP
y ArcGIS 4
D [ 3.988,
7.663], s
. 4 16
S303.,S211,
GIS ,  ArcGIS ENVI

(1] [D].
.2013.
WANG Dong. Risk analysia and zoning of highway flood
disasters[ D]. Xi'an;Chang'an University,2013.
(2]
[D].

HE Zhong-tong. Research on highway slop hazard

,2014.

regionalization in the north of Shaanxi province loess
area[ D]. Xi'an:Chang’an University,2014.
[3] ) ,
. ,2016,36(1) :20-25.
TAO Zhi-gang. HAO Zhen-1i, YUAN Xiao-feng. Re-

(4]

(5]

(6]

L7]

(8]

(9]

(10]

search on steep slope hazard zonation for Nanfen
open pit iron mine[ J]. Mining and Metallurgical En-
gineering,2016,36(1) :20-25.

[DJ. : .2018.
JIN Kai-ping. Study of method of hazard zoning for
earthquake triggered landslides and disaster allevia-
tion of line selection in high intensity mountain area
[DJ. Chengdu:Southwest Jiaotong University,2018.
. GIS AHP
Ll ,2017(3) :40-44.
ZHANG Bao-cai, ZHANG Wei, GONG Chang-liang.

[l ’

Slope collapse risk zoning of a open pit iron mine
based on gis and ahp[J]. Site Investigation Science
and Technology,2017(3) ;40-44.
LI, ,2018,27(4) :103-111.
LI Huan-yu, CHEN Zhao-hui, FAN Wen-liang. The
statistical risk analysis model of rainfallinduced
landslide in large areas[]]. Journal of Natural Disas-
ters,2018,27(4):103-111.
, s s ArcGIS
LJ1.
,2015,35(5) :22-27.

QI Hong-liang, YIN Chao, TIAN Wei-ping, et al.
Risk regionalization of highway geo-hazards in China
based arcGIS[J 7. Journal of Chang'an University:
Natural Science Edition,2015,35(5) :22-27.

. 22014,41(6) ;44-50.
ZHANG Jun,CHEN Zheng-yu, LIU Deng-feng. Sta-
bility evaluation of a rock slope based on the cloud
model[ J ]. Hydrogeology and Engineering Geology,
2014,41(6) :44-50.

[JJ.
(9):1352-1358.
JIA Xing-1i, XU Jin-liang. Cloud model-based seismic

,2014,42

risk assessment of road in earthquake region[]].
Journal of Tongji University: Natural Science, 2014,
42(9):1352-1358.
[yl
,2018,46(4) :30-34.
YANG Wen-dong, YANG Dong, XIE Quan-min.
Study on slope risk assessment method based on
cloud model and its application[ J]. Journal of Hua-
zhong University of Science and Technology: Natu-
ral Science Edition,2018,46(4) :30-34.



