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ABSTRACT : There are much damage of people and property because of heavy rain every
year. Especially, there are problem to major facility such as dam, bridge, road, tunnel, and
industrial complex in the ground stability. So the counter plan for landslide or ground failure
must be necessary. In the study, the technique of regional landslide susceptibility assessment
near the Ulsan petrochemical complex and Kumgang railway bridge was developed and
applied using GIS. For the assessment, the geological structures such as bedding and fault
were surveyed and the geological structure, topographic, soil, forest, and land use spatial
database were constructed using GIS. Using the spatial database, the factors that influence
landslide occurrence, such as slope, aspect, curvature and type of topography, texture, material,
drainage and effective thickness of soil, type, age, diameter and density of forest, and land
use were calculated or extracted from the spatial database. For application of geological
structure, the geological structure line and fault density were calculated. Landslide
susceptibility was analyzed using the landslide-occurrence factors by probability method that is
summation of landslide occurrence probability values per each factors range or type. The

landslide susceptibility map can be used to assess ground stability to protect major facility.

Keywords : Geological structure, facility, landslide susceptibility, GIS
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Zlo) ¢ 9 HAE 7 4 ¢ke ¥ DEM(Digital Elevation Model)& 21433}
PR Awe] W= F, AR AVle FTHHS
30m x 30melch AFHALE FZE DBE

3§ A Ause Ach A9
ke FZF DB= DEM (Digital Elevafuon

A2HE HA, e, 1848 BIFE Model)S o] 83t Y AAEEGS A
Astel A ol PR T4 sl AYY. AT FUDBe A
AesetaA FUAd % AR D 1:50,0003 1250000 NAE] Y AR
9U7 Aol AXNse F7 BA FA B FUDBE olEIAh EFe] A% F
Al sl 2% ¥ DBE TEAAY  daetrlEdel 150000 AFEFES B
<Table 1> WA AP=o| 5 F-dAY & FH, 2A, s A, FEEA T
A 1:50,000 AFEe] S, FA, = FUDBE o] &t EYEE T, 2
W 52 B DBE gtk olA@ A, W4, FEEA AW 59 ARE 7}
AYE E DBE 51, A, B2, A% Ax gon, FHE EF 25 AA
5 % 409 B3 D2 TAHEM 2z 540 BE FHRE e, 2he E
M %42 /AT o) g olgstel  go| o Yoz RE IYHAEIIE,
<Table 1> Constructed GIS layers in Ulsan city

|Layer Source data Scale Data type

Administrative District Topographic Map 1:5,000 Coverage

Facility Topographic Map 1:5,000 Coverage

Contour Line Topographic Map 1:50,000 Coverage

Drainage Topographic Map 1:50,000 Coverage

Road Topographic Map 1:50,000 Coverage

Rail Road Topographic Map 1:50,000 Coverage

DEM(Digital Elevation Model) Contour of Topographic Map 1:50,000 GRID

Hillshaded Image DEM 1:50,000 Image

Slope DEM 1:50,000 GRID

Aspect DEM 1:50,000 GRID

Geology Geological Map 1:250,000 Coverage

Fault Geological Map 1:250,000 Coverage

Soil Soil Map 1:25,000 Coverage

Forest Forest Map 1:25,000 Coverage

IRS Pan Image IRS Pan Image Sm’Sm Image

LADNSAT TM Image Landsat TM Image 30m”"30m Image

Land Use Landsat TM Image 30m 30m GRID
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[Figure 1] Geological structure map near
Ulsan petrochemical complex.
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[Figure 2] Fault and fault density map
near Kumgang railway area.
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=3 o] 83te] <Table 4>9} o] 9] FTRE 5 9 ©)
. 71E9 AEAY AF(Lee et al, 2002)
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<Table 2> Range and rating of topographic, soil, forest and land use.

Slope (degree) Rating | Curvature |Rating Soil drainage Rating
0-5 0.10 <9 2.08 Rock 0.00
6-9 027 -8 3.00 Very poorly drained 0.01
T 10 - 13 0.79 -7 2.14 Poorly or very poorly 0.06
o 14 - 17 1.32 -6 2.55 Poorly drained 0.10
18- 23 1.72 -5 2.21
g S | Somewhat poorly or poorly drained
24 - 29 209 4 197 1 o Moderately well or poorly drained 0.13

e 30 - 37 215 3 169 | i Y pooty

p 38 - 86 151 2 116 | | | Somewhat poorly drained 0.15

h Aspect Rating -1 0.99 Moderately well or somewhat poorly drained | 0.16

y Flat Area 0.13 0 0.55 Moderately well or well drained 0.5

S 0.70 t 0.86 Somewhat poor or well drained ’
SE 0.74 2 0.87 Moderately well or excessively drained 0.94
Sw 1.01 3 1.04 Well drained 1.02
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O[AIZ - =R - Al
NWW ;(l)f: 5 (1)2(3) Well or excessively drained 137
E 1.16 0.77 Excessively drained 1.72
N 1.39 > 7 0.83 Soil material Rating
NE 1.71 Diluvium, Alluvium 0.02
Topographic Type Rating Fluvial and marine alluvium )
Plateau, Tidal flat, Alluvium fan. Dune, 0.00 Fluvial alluvium 0.04
River and sea flood area, Plain ’ Valley alluvium 0.20
Lower hilly plateau 0.05 Alluvial colluvium, Limestone colluvium,
Acidic rocks colluvium and sediment,
Piedmont slope area, Mountainous Sedimentary rock colluvium and sediment, 0.36
piedmont slope area 022 Neutral or basic rock colluvium and
sediment
Hilly area 1.00 Acidic rock, Limestone residuum,
Mountainous area 1.33 Metamorphic sedimentay rock and schist
Mountainous and hilly vaily alluvium, 1.90 residuu@, Diluvium, Acidic, neutral, basic 1.58
Lower hilly ‘vally alluvium ’ and sedimentarly rock residuum, Neutral or
Rock 2.00 8 | basci rock residuum
Lower hilly area 2.25 (i) Soil texture Rating
Forest type Rating| 1 | Sand dune, Saline soil, Tidal flat, Rock 0.00
Pine, Field 0.00 Low humic gley soil and alluvial soil 0.41
Cultivated land 0.02 Alluvial soil, Flood plain 0.57
Non-forest 0.14 Regosols 1.00
Larch 0.44 Lihosols and red-yellow podzolic soil 1.16
Mixed broad leaf tree, Needle and broad 132 Lithosols, Acidic brown forest soil 1.54
leaf tree ) Regosols and red-yellow podzolic soil 4.00
Rigida pine 1.64 Effective thickness Rating
Coulter's pine 2.61 Tital flat, Rock 0.00
Artificial chestnut tree 5.00 > 150cm 0.10
Wood diameter Rating 100 - 150 cm or > 150cm 0.22
Medium diameter 0.00 100 - 150 cm 0.33
Non-forest 0.13 50 - 100 ecm or 100 - 150 cm 0.59
Small diameter 1.42 50 - 100 cm 0.84
Very small diameter 2.15 20 - 50 c¢cm or 50 - 100cm 1.23
Wood age Rating 20 - 50 cm 1.62
4th age 0.00 0-20cm 2.00
Non-forest 0.13 Land use Rating
3rd age 1.13 No data 0.00
2nd age 1.47 | L | Urban 0.11
Ist age 215 | 2 | Water 0.12
wood density Rating| ( | Rice field 0.14
Non-forest 0.59 Industrial Complex 0.22
Loose 123 | ¢ | Grass 037
Dense 1.44 | ¢ | Barren 0.42
Moderate 1.50 Forest(loose) 1.11
Forest(dense) 1.57

256




<Table 3> Range and rating of geological structure.

Topographic aspect Rating Topographic aspect Rating
No data 0.83 dir+ 90 =< aspect < dirt+ 95 0.13
dir-90 =< aspect < dir-85 0.28 dir+ 95 =< aspect < dir+100 0.92
dir-85 =< aspect < dir-80 1.14 dir+100 =< aspect < dir+105 0.68
dir-80 =< aspect < dir-75 0.91 dirt105 =< aspect < dir+110 0.37
dir-75 =< aspect < dir-70 1.74 dir+110 =< aspect < dirt115 0.13
dir-70 =< aspect < dir-65 1.38 dir+115 =< aspect < dir+120 0.70
dir-65 =< aspect < dir-60 1.17 dirt120 =< aspect < dir+125 1.00
dir-60 =< aspect < dir-55 0.74 dir+125 =< aspect < dir+130 0.98
dir-55 =< aspect < dir-50 0.93 dir+130 =< aspect < dir+135 0.48
dir-50 =< aspect < dir-45 0.47 dir+135 =< aspect < dirt+140 1.41
dir-45 =< aspect < dir-40 0.34 dir+140 =< aspect < dir+145 I.11
dir-40 =< aspect < dir-35 0.57 dirt145 =< aspect < dir+150 1.29
dir-35 =< aspect < dir-30 1.17 dir+150 =< aspect < dirt+155 1.56
dir-30 =< aspect < dir-25 0.18 dir+155 =< aspect < dir+160 0.68
dir-25 =< aspect < dir-20 1.11 dirt160 =< aspect < dirt165 1.38
dir-20 =< aspect < dir-15 0.58 dir+165 =< aspect < dirt+170 2.03
dir-15 =< aspect < dir-10 1.75 dirt170 =< aspect < dir+175 1.01
dir-10 =< aspect < dir- 5 1.60 dir+175 =< aspect < dir+180 1.06
dir- 5 =< aspect <  dir 1.83 dir-180 =< aspect < dir-175 0.87
dir =< aspect < dirt+ 5 1.36 dir-175 =< aspect < dir-170 1.30
dirt 5 =< aspect < dirt+10 0.85 dir-170 =< aspect < dir-165 1.19
dirt10 =< aspect < dir+15 2.04 dir-165 =< aspect < dir-160 2.52
dir+15 =< aspect < dirt20 1.26 dir-160 =< aspect < dir-155 1.86
dir+20 =< aspect < dir+25 1.25 dir-155 =< aspect < dir-150 0.50
dir+25 =< aspect < dir+30 0.98 dir-150 =< aspect < dir-145 0.46
dir+30 =< aspect < dir+35 1.42 dir-145 =< aspect < dir-140 0.73
dir+35 =< aspect < dirt40 2.07 dir-140 =< aspect < dir-135 0.72
dir+40 =< aspect < dir+45 1.91 dir-135 =< aspect < dir-130 0.42
dir+45 =< aspect < dir+50 0.97 dir-130 =< aspect < dir-125 0.50
dir+50 =< aspect < dir+55 1.46 dir-125 =< aspect < dir-120 1.03
dir+55 =< aspect < dirt+60 0.87 dir-120 =< aspect < dir-115 0.91
dirt60 =< aspect < dir+65 1.53 dir-115 =< aspect < dir-110 0.93
dir+65 =< aspect < dir+70 0.13 dir-110 =< agpect < dir-105 0.54
dir+70 =< aspect < dir+75 0.53 dir-105 =< aspect < dir-100 1.59
dir+75 =< aspect < dir+80 1.04 dir-100 =< aspect < dir- 95 0.79
dir+80 =< aspect < dir+85 0.63 dir- 95 =< aspect < dir- 90 0.00
dir+85 =< aspect < dir+90 1.29
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<Table 4> Range and rating of fault density.

Range Rating
0.000 - 0.002 0.20
0.002 - 0.003 0.40
0.003 - 0.005 0.60
0.005 - 0.007 0.80
0.009 - 0.010 1.00
0.010 - 0.012 1.20
0.012 - 0.014 1.40
0.014 - 0.016 1.60
0.016 - 0.017 1.80

[ ]538-689
] 692-937
il 939 - 1481

g 1482 - 1674

0.5 0 0.5 Kilometers

[Figure 4] Landslide susceptibility map near
the Kumgang railway bridge.

233713335 e 2 AT E AY, BEY 94, EA
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[Figure 3] Landslide susceptibility map
near the petrochemical complex.

258




AAFZARE AAEA 0
st A A=
AR A, B RE
Me Y

re
+

2

>
L

o} to
s
ki

go rx ox L Ao oY lo

O
‘I"O\[

W 2
>
X

A g

12 lo

18
E-RCIY)
4l
ko

1
i -
S
2
1L
X

A
18
Lo

A g=3ke] Eof
Abe] A A
712 F= Aot

ARALE] 24 @A = 3 24 (susceptibi-
lity), 7}& /3 (possibility), 13 /d(risk) 4]
= 37FA @A 7F LtHEinstein, 1988). 4}
A FHokdE S, AW T AMAEE
Ao Z FAAT= 8o BZHAS H

ol r
ol
(1R
=
A
a2
=2
of
o

0:

a2 Aol Peh} Aatel Bl Aokd

e BAR Aol AAtE Thse
GEECERAE REREE
5 AxE fwsdls W FsHe o
sl 2 Aol A abAtelzt vkt Lol

rio
N, 9

70]— ‘—?_ s X]

oby 241 Jlg L W MR o
2= L .
=3 A==

AR Aok Fe )

ANAEE T AL E 2ol

o
i)
(o
r
>~
>
ful
e
4%
v
o =
iU oy

f
UI
o,

O
dr X

—_—
VUI
[l
(=]

re
T N
N Y0 g 2 v oot ol (R 12

Ao Ay R Ae doe A
9 A9 gy Aot BEE 5
om, £ o]§ 2 A4 ATl o]
2482 $89 F o

St
499, APE, AAF, N9M, 283,

HPA, olAE, olFF £, 2000, “3F

AHe & 2 WA r|E AT, 38
Z X pp. 52-76.
AHE, A9, FLE, oA E, 9FE

1

1994, “2]14 F3)olld B HFH dolx

A8 98 GIS 847, AEFE
3} A], Vol. 4, No. 1, pp. 43-55.

A, 1997, “AFHRBA LTSS ©]

&3 Foatddie] GuAbE kA3

259



OlAlE - Mol - T

b, QATEIEL 4AHes)

=%, pp.
, “YAFAS} GISE o] &
FTFAGe AMH A HUE, dx
St AR =2, pp. 5-11.
o|ALZ, B A, 1997, “GISE o] &3 HF
A9 =2AHH AP FHEH
A7, A A A H 5] A30x)
SrE S 9ok pp. 98-113.
oJA}R, 2000, “A|2]GHA2E(GIS)E ©]
&3 AR FHEAR 24 71 A
2 AHE A7, AAYEgn §A1EHY

==
2 o

2 o

o4

olAb, WAE, 2000, “F1k HolElulo] 2
= §1A abe) &
4", @3 AHA, Vol 33, No. 4

2

E

1998, “GISE o]-&-3F
o gojd ARy
3+2GISsHE]) %], Vol. 6, No. 1, pp.
25-33.

Baeza, C. and Corominas, J., 1996, Assessment
of shallow landslide susceptibility by
means of statistical techniques, Proceedings
of the seventh international symposium on
landslides, pp. 147-152.

Baldelli, P., Aleotti, P. and Polloni, G., 1996,

at the

Italy,

Landslide-susceptibility numerical
Straits
Proceedings of the seventh international

Messina crossing  site,

260

symposium on landslides, pp. 153-158.

Carrara, A., Cardinali, M., Guzzetti, F.,
Reichenbach, P., 1995, GIS Technology in
mapping landslide hazard, in Geographical
Information systems in Assessing Natural
Hazards, Kluwer Academic Publishers, pp.
135-175.

Chung, C. F,, Fabbri, A. G, and Van Westen,
C. J, 1995,
Analysis for Landslide Hazard Zonation,

Multivariate  Regression

in Geographical Information Systems in

Assessing  Natural  Hazards, Kluwer
Academic Publishers, pp. 107-133.
Einstein, H. H., 1988, Landslide risk

assessment procedure, Proceedings of the
fifth international symposium on landslide,
Vol. 2, pp. 1075-1090.

Finlay, P. J.,, Mostyn, G. and Martin, R. P,
1996, Use of discriminant functions in
assessing the probability of slope failure,
Proceedings of the seventh international
symposium on landslides, pp. 209-214.

Lee S., Min K., 2001, "Statistical analysis of
landslide susceptibility at Yongin, Korea",
Environmental Geology 40, pp. 1095-1113.

Lee S., Chawe U., Min K, 2002,
"Landslide-susceptibility mapping by
correlation  between  topography  and

geological structure”, Geomorphology 46,
pp. 149-162.

Kienholz, H., Liniger, M.
1996, SLIDISP-A
procedure to locate landslide prone area,

Liener, S.,
Krummenacher, B.,

Proceedings of the seventh international
symposium on landslides, pp. 279-284.



RLPEAES 0188 AAlel Hop 24 TiH Y X HE P

[l o T a2 x s

Mark, R. K. and Ellen, S. D., Statistical and research council, Landslides investigation
simulation models for mapping debris-flow and mitigation, Special report 247.
hazard, in Geographical Information Systems Turrini, C. M. and Visintainer, P. 1998,

in Assessing Natural Hazards, Kluwer "Proposal of a method to define areas of
Academic Publishers, pp. 93-106. landslide hazard and application to an

Turner, K. A. and Schuster, R. L., 1996, area of the Dolomites, Italy", Engineering
Transportation research board, National Geology 50, pp. 255-265.

261



