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Assessment of Landslide Causal Factors Using ANN Method
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Abstract

In this study landslide causal factors which are considered to have the same effect in assessment techniques are
categorized and their impact on landslides is analyzed to acquire reasonable weighting factors in the landslide hazard.
Results are compared to those of the Assessment Chart developed by National Institute for Disaster Prevention (NIDP)
and the adequacy and proper portion for landslide causal factors are considered. The Artificial Neural Network (ANN)
method applied to 28 landslide areas is incorporated to evaluate the reasonable rating. Results show that the following
items in the Chart are necessary to modify their portions in order to implement the precise assessment results: 1) Estimated

damage; 2) Tension crack; 3) Existence of valley.
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Table 1. Proportions of evaluating elements for steep slopes (%, Modified from NIDP, 2009)

Evaluation SOIL SLOPE
Classification method NIDP' Choi. K KICT? KEC® KISTEC!
Item (2009) (1986) (2002) (2004) (2004)
Slope angle 16.0 5.83 21.81 6.67 10.5
Slope height 10.0 - 14.56 10 -
Slope length - - - - -
) Gradient length - 21.87 - - -
Profile
Gradient location - 14.58 - - -
traverse profile - 28.94 - - -
Longitudinal profile - 4.01 - 3.33 -
Sub total (%) 26.0 75.22 36.37 20 10.5
Geologic characteristic - 17.35 - 10 -
Soil characteristics - - 10.91 3.33 10.5
Consistency 14.0 - - - -
Condition Weathering - - 6.67 -
Soil depth - - - 5.3
IS Slope condition (Crack) 16.0 - - - -
t Sub total (%) 30.0 17.35 10.91 20.0 15.8
g Number of joint - - - 3.33 -
| Discontinuity except joint - - 7.27 3.33 -
| Joint direction - - - 13.33 -
' ) o Joint angle - - - 10 -
t Discontinuity -
y Special geology (fault) - - - 10 -
Strength of rock - - - 3.33 -
Condition of discontinuity - - - —6.67 -
5 Sub total (%) - - 7.27 43.32 -
a Slope protection - - - -10 5.3
| } Condition of protection - - 7.27 - 10.5
u Protection Importance of protection - - - - -
. Sub total (%) - - 7.27 ~10 15.8
| Thickness of stands - 7.43 - - -
0 Water catchment - - - 3.33 5.3
n Drainage type - - - 10.5
Groundwater/condition 12.0 - 7.27 3.33 10.5
envisrf:rient Rainfall intensity - - - - 10.5
Upslope gradient - - 3.64 3.33 -
Valley 6.0 - 5.45 - -
Infiltration - - - - -
Sub total (%) 18.0 7.43 16.36 9.99 36.8
RMR score - - - - -
Failure history 8.0 - 7.27 6.67 5.3
Stability analysis - - 3.64 - -
Stability Ratio of danger area - - - - -
oy |0 | = | wes [ -] e
Sub total (%) 26.0 - 21.82 6.67+a 21.1
Total score (100) 100 100 100 100 100

'NIDP: National Institute for Disaster Prevention
’KICT: Korea Institute of Construction Technology
’KEC: Korea Expressway Corporation

*KISTEC: Korea Infrastructure Safety & Technology Corporation

ANN DS 0IZ8+ At

91



o] 9tk
KEC(2004)2] 7hyio] 745 Apgle] 23] $de

HaA7le FHEEAxh= dsix= OF+E

2 e

ofelws shglon, A wFE At FEE B
Sis wAE PEoE AABI e 4332%F A
Agkh. KECQO04)] /P2 el lnte 5 gairts
A IAR g B BRRo R Bk HelA 1
W e JYPAAE Tels) B Bee Uy
Tholl HEAA HIAS oIk AEAE el
glovt 7ot Susto] ZAY RO SUwS} AFH
ERERFEEE

KISTEC(2004)2] H7}H2 A 317(36.80%) T
of wiFo] 71y Eokom, theo R QHQLI%) &
Ho] £ WFE AAsk o= BALY. B
2 ZolH AP o] o] retElo] gl o] Gl

uhelol e} 717k 7 hlelis WohEA) o Abd w914

F GBo] EaEo] glo] WA B3 Bl Gt
A HIE A gER AR B8 8 4 9L Aow

e,
NIDP(2009)2] H71& Al Abel 35(30.0%)9] 1]
Fol 71 on], A Bt oA FBEol 26.0%S
LeRe, Al B §5ol 18.0% 1 vlFe] 71 &
o, NIDP(2009)B7181: T34 Telehgt 2 A2
FERlo] WA £47) 28 5 = BRPROR
TAE o] Qlo] KICT(2002), KEC(2004), KISTEC(2004)
of vlsh BAKgEA7L Hovt A ol % Hak A
Sxah e R} QYR 9 Hel, Fajo|eo] o
B9 Po| mgElo] 9lek. T Choi(1986)9] 3
FoHH WRgRol tha REA T,

HA

A o]
Rleks Aold 9 A 2ast

N
N
ok
)

=]

2

N
N
)

EI-I'LIH~

>
Z
z
H
i
U
A

z
o
)
>
K
Lo
>
r [¢]
>
ofrt
ro
r\l
[
Jo
>
<l
N

¢

(¢

o o

Ags) glaf Aol WA 25 RPE
Az A2, Alol, JEIAL ofs} Hof B gk of
Fepoll A E chopslA BgEw
ofollA] ANN 7]%-2 19901 28] 2 §5)7] A|25h
on], Abe Al B GFAE ol 5to]

T
£
N

32
o
B
[-E
o
1)
oX ¥ Hr = KU ow

m

92 E=RLHESE =28 Hi28d H10=

2 Hrsl7] Yoke] A-85 3l 9T Al-Tuhami, 2000; NI

=, 1995; Neaupane and Achet, 2004; Sakellarious and

Ferentinou, 2005). ANN2| EX1.2 AZA715%] 2] TA 4]

2oz S8 5L okl AW 52 Y
o]

A7, SHEEIA] 2 7F-oll HisiA=

A B8 98 Fig. 13} o] Jg3n 293,
Z#Zog TAE thEx20] ANN 2L ARE3}o]

NIDP(2009) 7b#i2] H7Fgs (b5 Fa014) 7}
FAE BASIIA Tk

APE5ET 2 917} H42 NeuroSolutionsTM Version
5.09] tSHAE 2 (multilayer perceptron) @S AE-
stof £H30] 9t Lol Btk el 4 4
T 5L WA Aea FacAE B 4 Qe
= Astgon, Ahe) Ane BEekn JY A=
7SS AAeRs @7 A ul(error back propagation)
&1 2]Z(Paola and Schowengerdt, 1995)2 #]-8-5} %t}
5 A2 gto] BH(goal 2 311l o HIAE
AH0.001%) .5} 2ol A7 Hef B
s)o] EerEE Shae FRebwE L2 s

ANN et Qi = ShathAIet HETHA 9
A AFY Sl AR H2lo] atdnh & A
Ae BH7F EAEE 2871428 EARAPES t4C = NIDP
(2009) B7HE] AP SRE BIRHE 87 QlAE Mg
sjo] ANN W9 7531500k ANN 59 o] 28
B EAANES 2 AT W QA Ao o]

FeedForward

Data . >

BackPropagation

1 Error

DL
Gene 4 .l “/'\\. g;:l%us‘is)

Input layer

Fig. 1. ANN Model (Kim &, 2006)



4l
o

Y l~>4

100

80

Propotion (%)
S
o

20 -

100

AFH O 2 2006d HE2FS 7]7K7.14~7.20,
792 618mm, 79 152 Z) 752 268mm)ol
7} A= QI ckFig. 2).

D
o
T

[ Soil Slope

under 50 50-100 100-150 more than 150
Length (m)
(a) Slope Length

80

Propotion (%)

20

60

40+

o

[ Soil Height

100

under 20 20-40 40-60  more than 60

Angle (°)
(b) Slope Angle

80

Propotion (%)

20

60

4t

o

[ Soil Height

under 20 20-40 40-60  more than 60
Height (m)
(b) Slope Height

Fig. 2. Status of slope to which the ANN Analysis applied

32 AAE 2A S 0|82 SuUXt 7SR FIt

Z

ANNS| TI7he

Aot e AAE Y
SR EEAS Brbshe 450 FEE4Y
ook w3 e A2 o) a5 |
Slof| of g A FaFE WA Brksto] HE Q| Al ut
A &2l tigt A= dS FFAIZI7] Sl ARET:
A W E fAe md Qe Bkl 4
H2A dojRl= HA S2AS Ateted 54
2 & E3MJA sl A(uncertainly analysis)T} U4 3E T

A7F AcHBaek 5, 2005).
2 A= A AE3E NIDP(2009) EARAFH <QF
A4 e AeEE WlREe gaos U

¢

ELX(sensitivity analysis) AlA]slo] AFHET] Gulo]
ZF 7R Aol diet Wil EAskLA ShtE e &
A(sensitivity analysis)= $|3F ANN A4 Ax}, 245

= N, BHlgE2 0.7, 7F 39 Ho|gh<4== Sigmoid
Function®. 2 LAJ3}31, ©|o|E|E Training data(50%)-
Validation data(30%)-Testing data(20%)= &35}
= 2do] 7MY & ATTAR = 89%)E e ITE

NIDP(2009) 7ol = ol s)=(18%), Qe+t
H(16%), BAK16%), AH&=(14%), 853 El(12%), =
°](10%), B °l=(8%), Al=FF(6%) o= T AR
o] 7S A& Hi kAL Aek(Fig. 3). L2tk ANNZ o]
|3 W E BAS AR A3 ASE(Q21.7%), A
(17.6%), S<AEN(16.5%), A7RE(15.1%), E-3]0]21(9.6%),
£01(8.9%), AN FTHEA(5.4%), AN =(5.2%) o=
YIRS 7HEA7F AP E QA ek Fig. 4).

30

25

20

Propotion (%)
o

0

< > o8
= g@(\‘; Qe\oe\@\oq e \W\\eﬂ o é\\\0 \\00 & ‘6\\‘9\06 6&6&%
o N S 3 o 2 e
S R <& < Q;l&
Item

Fig. 3. Slope impacting factor proposed by NIDP

ANN JIES 0I188t AfE SHIIXH 8ot 93



ol 2 of nR rlo

o

Iy Tl

2 I oly

Propotion (%)

Predicted Rigidity

ook
fF 1o

)

LU I

F R
filo

[*]

=

)

il

o §
4 b
N

)
o

S~
>,

5=

(e}

¥ O
ot @
%
i
1o

7122 BATE BA8EH NIDP(2009) &
A AR 6719 HiE ¢l
A7y ok A o] A Belel 1Y B

ol
K
2
2
N
ot
N
o
)
f

= R 2 AL

N
—_

o] gt 7K diat A
B ATIAR = 19%)F
A9 AR Polgoz

T ANN BETE 4] 34

Sgol 25 A

20

L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
[
L
L

4 (/2
\\e‘,\%“ ,‘,o‘é\ @\\d 5\\\0‘\
0 O %
\’w@ < < N ?}Qeoxe

Item

ZZA ANN

Fig. 4. Slope impacting factor proposed by ANN

100

80

60

40 -

20

QO  Training (R=0.87)
B Testing (R=0.89)
A CV.(R=0.79)

40

60 80 100
Measured Rigidity

Fig. 5. Verification result for the ANN impacting factor

Table 2. Guideline on the stability evaluation (NIDP, 2009)
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