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Relative Slope-stability Mapping in the
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ABSTRACT : The study region encompasses about 5900kr including the topographic maps of
Kimhae, Pusan, Miryang, Yangsan, Panguhjin, Tonggok, Uhnyang, Ulsan, Youngchon, Kyongju,
Pulguksa, and Kampo, all at a scale of 1 : 50,000.

The paper discusses how to have prepared the four thematic maps, landslide and unstable slope
distribution map, slope classification amp, soil classification map, and lineament density map. Using
all the above maps and GIS, the relative slope-stability map for the study region wés produced at
a scale of 1:100,000;the map can be utilized for the regional land-use planning in the study

region,

slope-stability =~ was  established in 1996,
1. INTRODUCTION comprising 2-year-investigation for the area of
approximately 5900k The area included the
This paper deals with a part of the twelve topographic maps, Kimhae, Pusan,
research report titled Geological Hazards Miryang, Yangsan, Panguhjin, Tonggok,
Investigation(Han et al, 1997). Uhnyang, Ulsan, Youngchon, Kyongju,
For the purpose of environmental land-use Pulguksa, and Kampo, all at a scale of

planning, a mapping project on relative 1:50,000 (Fig. 1).

* 229 AFA(Korea Institute of Geology, Mining & Materials)
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Investigated in 1996 was the area (about
3420kr) covering the first seven of the
topographic maps mentioned above, while the

area of the rest was done in 1997.
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Fig.1 Map showing the study region
composed of the 12 topographic
maps (1:50,000).

2. THEMATIC MAPS

For the derivation of the relative
slope-stability map for the study region, four
thematic maps comprising landslide and
unstable slope distribution map, slope
classification map, soil classification map, and
lineament density map were prepared and
constructed as data base according to the

process shown in Fig. 2.
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Fig.2 Process of data base
construction.

2.1 LANDSLIDE AND UNSTABLE SLOPE
DISTRIBUTION MAP

According to the records of the Forest
Department of Kyongsangnamdo, Kyongsang-
bukdo, and Pusan, more than 200 landslides
have occurred since 1973. Of them, the muost
common types were identified as the mud
and debris flows which had been indued by
the heavy rainfall during the months between
June and September. Fig. 3 shows a typical
example of mud flow. The mud flow occurred
at Myongchonri, Sangbukmyon, Ulsan on 25th
August, 1979 due to the intense rain by the

typhoon Judy, killing 6 residents and
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damaging 3 houses.
Field investigation was undertaken on 158
landslides and 4 unstable slopes, their loca-

tions being plotted as can be seen in Fig. 4(a).

Fig.3 Photo showing the mud flow occu-
rred at Myongchonri, Sangbukmyon,
Ulsan on 25th August, 1979. (Photo
courtesy of the Forest Dept. of
Kyongsangnamdo).

2.2 SLOPE CLASSIFICATION MAP

The study region was divided into areas of
four units, that is to say 0-5% (0-3°), 5-15% (3-9),
15-30% (9-17"), and steeper than 30% (17°) slope.
Fig. 4(b) shows the slope classification map
the  study The
characteristics of the four units in Fig. 4(b) are

for region, general

presented in Table 1.

2.3 SOIL CLASSIFICATION MAP

The reconnaissance soil maps, which ware
produced at a scale of 1:50,000 in 1971 by the
Institute of Plant Environment, the Office of
Rural Development, were significantly modi-
fied witn the information acquired during the
of both field and

course laboratory
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investigation undertaken in 1996 to 1997 for
engineering application. The modified map has
seven units as shown in Fig. 4(c) ; the units

are described in Table 2.

2.4 LINEAMENT DENSITY MAP

The lineament density map for the study
region shown in Fig. 4(d) was derived from
the lineaments which can be seen in the map.
the lineament
described below. After
comprising  500m X 500m
the

density value of all the squares was obtained

The procedure to construct

density map is
overlapping a net
squares and the

lineaments, lineament

by the following equation (1).

Linea. No./square

Linea. density value =

Average of linea. No./square

Total length of linea./square
+

Average of total length of linea./square

The lineament density values, 0, 0-1, 1-2,
2-3, 34, and 4-11 were utilized to produce the
lineament density map for the study region.

3. RELATIVE SLOPE-STABILITY MAP

The relative was

produced at a scale of 1:100,000 using GIS

slope-stability ~ map

and the four thematic maps described in the
preceeding chapter.

The mapping procedure is described below:.
Firstly, the landslide frequency for all the
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Fig.4 Thematic maps for the study region:(a) Landslide and unstable slope
distribution map, (b) Slope classification map, (¢) Soil classification map,
and (d) Lineament density map.
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Table 1. General characteristics of the slope categories in Fig. 4(b).

Slope category Characteristics

0 to 5% Almost flat. Rarely susceptible to landsliding. Partly susceptible to flooding.
(0-30) Suitable for urbanization and agricultural development.

5 to 15% Gently sloping. Generally not susceptible to landsliding. Good for residential
(3-90) and agricultural development.

15 to 30% Moderately steep slope. Erosion problems. Partly susceptible to landsliding.
(9-170) Partly suitable for dry farming and residential development.

Over 30%

Steep slope. Partly susceptible to landsliding. Best restricted for forestry.

(Over 170)

Table 2. Characteristics of the units shown in Fig. 4(c).

Unit Topography General geologic: character uscs* Petmeabitity
Coastal and inland | Coastal alluvial and SC, SC-SM,
Al , , Low to very low
flat area flood plain deposits ML, CL, CL-ML
Alluvial and flood plain .
A2 | Inland flat area . SP, SM, ML Medium to low
deposits
Alluvial and flood plain ML, CL-
A3 | Area near valley ) P ML High to very low
deposits SC, GC
A4 | Area near valley Colluvial deposits SM, GM High to low
Area at the foot and SM, GC, Medium t
A5 e a *° an Colluvial deposits 5 SM . am o
middle of mountain GM, SCSM, MH | impermeable
Area generall
A6 eath tryd Colluvial deposits 5 SV GM High to 1
i w
near the top an u epos ac gh to lo
middle of mountain
Ar all Residual soil:
o tierfr - Rock exposure and sclsM Low to very 1
a W
near the top an residual soil o very low
middle of mountain ! SM-SC, CI, ML
* Unified Soil Classification System.
units of the slope classification, soil Table 3.
classification, and lineament density map was Secondly, the units for each of the three
obtained by overlapping each of the three maps were relatively rated on the basis of
maps and the landslide and unstable slope their own landslide frequency as presented in
distribution map. The results are presented in Tables 4, 5, and 6.
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Table 3. Landslide frequency for the wunits of the slope classification, soil

classification, and lineament density map.

I
Kind of map Unit Landslide frequency Total 3
; 0-5% ‘ 2 “
5-15% 3 !
Slope classification map f—-——- ——-— o — 162
15-30% 89
\ >30% [ 68 |
S SN U ] RS .
! | Al ; 0 ‘
L | - I —]
‘ A2 ‘ 0
t A3 T 4
Soil classification map A4 5 162
| | A5 | 2%
| e - |
A6 N 129 |
A7 i 0 1
— ____,ﬁ* — T - L ———— ]
! ‘ Density value: 0 35 1
Lineament density map |—— —— ———— —— ] o i o] 162
! Density value: >0.1 | 127

L i

Table 4. Rating for the slope classific-

ation map.
1 Unit T ‘
n 1-5% | 5-15% |15-30% >30%
(Slope percent)
Rate 0 1 3 [ 2

Table 5. Rating for the soil classifica-

tion map.

Unit | A1, A2, A7 | A3, A4 | A5 AB
Rate 0 i 1 2 3
Table 6. Rating for the Lineament

density map.
© Unit
(Density value) 0 >01
\, Rate 0 1 E
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Finally, the rated maps were overlapped in
order to obtain combined rates. Depending
upon the combined rates, slope stability was
classified into 4 categories, stable, genecrally
stable, moderately unstable, and unstable, all
of which were designated as the unit Nos. 1,
2, 3, and 4, respectively (Table 7). The general
characteristics of the units are presented in
Table the

stability map for the study region composed

8. Consequently, relative  slope-
of the four stability categories was produced
at a scale of 1:100,000. The map at a scale
much smaller than the original one is shown

in Fig. 5.
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Fig.5 Relative slope-stability map for the study region.
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Table 7. Relationship between the combined rates and the slope stability
categories.
Unit | Combined rate 1 Slope stability Remarks }
1 0-3 J Stable All the areas of 0 to 5% slope were included.

L R—_— ,, = R
2 4-5 { Generally stable }
3 6 ‘ Moderately unstable ‘

- i . | . —— e e
| All the areas of landslide and presently unstable |

4 7 unstable 1 }

' slope belong to this unit.

Table 8. General characteristics for the units of the four stability categories.

‘7 Unit i

General characteristics

‘ Terrains of 0-5% slope that comprise coastal and inland flat arcas. Their soils generally

1 are classified as SP, SM, SC, ML, and CL according to the USCS and have medium to

! very low permeability.

i

Terrains of 5-15%

1

slope that comprise arcas near valley and at the foot of mountain.

2 t Their soils generally are classified as GM, GC, SM, SC, ML, and CL according to the

b - —

USCS and have high to very low permeability.

mountain and areas of rock exposure. Their soils generally are classified as GM, GC,

Terrains of 15-30% and over 30% slope that comprise arcas at the foot and middle of
P F

SM, SC, ML, CL, and MH according to the USCS and have high to impermeable .

| Terrains of 15-30% slope that comprise arcas at the foot and middle of mountain. Their

3
| permeability.
4. CONCLUSION
Based on the analysis of the landslide and
unstable slope distribution map together with

the slope classification map, about 55% and
42% of the landslides occurred at the terrains

having a slope of 15-30% and over 30%,

respectively. It also was analyzed that as
P y )

much as 80% of the landslides occurred in the

‘ soil characteristics are the same as those for the arcas of the unit 3.

colluvium of the unit No. A6 of the

classification map.

The relative slope-stability map, which was
derived from the four thematic maps can be
utilized for the regional land-use planning in

the study region. The arca percentage of its

four units is as follows
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Unit Slope stability Area, %
1 Stable 322
2 Generally stable 141
3 Moderately unstable 327
4 unstable 21.0 j
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