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The Effects of Geological and Topographical Features
on Landslide and Land-creep'
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ABSTRACT

This study was carried out to investigate the effects of geological and topographical features on landslide
and land-creep at the twenty four surveyed sites of Kyungpook province. According to the results obtained,
it was concluded that continuous heavy rainfall was one of the primary factors to occur landslide and land-
creep. Most of the landslides occurred in the past were concentrated in the granite and granitic gneiss
zones, while land-creeps were mainly occurred in the mud-stone zones. Therefore, it was thought that the
physical properties such as soil texture, solid phase, moisture contents, density, hardness and porosity rate
of weathered granite and granitic gneiss could affect the occurrence of landslide and land-creep. Due to the
holding of sand contents in the upper soil layers of weathered granite and granitic gneiss, rainfall could
infiltrate into the soil easily. While lower soil layers contained much quantity of clay and silt contents,
those soils saturated with rainfall cause to lose viscosity and shear strength, Therefore, it was seemed that
landslide was occurred more easily and the saturation of those soils was made much easily by bed rocks
under those soils. Landslide and land-creep are slided into lower place by gravitation and slope degree
factors. Therefore, prediction of landslide occurrence is very difficult because landslide is occurred abruptly,
and physical properties of the soil have to be understood and checking the existence of bed rocks under the
soils is not easy, on the other hand, land-creep is progressed very slowly. Therefore, it was suggested that
in a degree creeping could be protected by removing of several causing factors.

Key words : geological and topographical featurves, landslide, land-creep, parent rocks, properties of
weathered soil
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Table 1. The situation of mass-movement occurrence in Kyungsangpookdo (unit : ha)
g 8 W 8L B W B B W N W W W B W W W teal %
e I R
Pohang - 09 - - 43 - - B3 - 32 - - - }é?o‘)‘ - 176.3 19.9
Kyngiu 2.0 52 - 04 7.3 - T R LA - S - L I
Bonghwa - - 29 04 0.4 S8 193 12 - - 69 24 41 - - g2 R
Yugu - - - - - (23023%) 07 80 - - 25 69 12 - - - 727 82
Munkyang - 13.4 26 3 - 03 - - - = - - 32 - - - 25 25
Yungchun - 2.0 =~ - - - = - 157 - - = = = = - 117 2.0
Yungdk - - o~ - - = - = 37 - 134 - - - - - 111 LM
Ulin - - ~ = - = - - 19 - U9 - - -~ -~ - 168 1.9
Chungdo - 15 =~ 5 - - - = 08 - - - - - -~ - 1308
Goyang - - =~ T -~ - = = = - = - - o < < 71 08
Chungsmg - 06 =~ ~- - - - - 15 - 04 - - 3 - - 55 0.6
Yehun - - -~ - -~ 15 - - - - - 14 - - - - 29 03
Uleng - 2.9 = - = - - = - - - - - o < . 2903
Yugyang - - - 0101 - - - 14 - - - - - < - 16 018
Dalswng - - 02 08 ~ - - - - - - - = - - - 1001
Sungiu - -~ - - =~ = = = = = - - 05 - -~ - 05 0.6
Andng - - - - ~ = = 04 - - = - - - < - 04005
Kyungsan - - -~ - - - - - - 04 - - - - ~ - 0.4 0.05
Smsan - - - - =~ = = = = - = - 02 - - - 0200
Kunwi - - = - -~ - - - - - - - - - ~ - - -
toral 2.0 139.1 5.7 16.8 12.1 73.0_30.0 19.6 165.6 0.4 58.0 137 0 3 2922 32 3.2 10

% parenthesis represents accumulated rainfall when mass-movement occurred. (unit : mm)

Fig. 1. The geological distribution and places(®) which landslide occurred at Sangju and Bonghwa county
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Table 2914 ¢} o] Mol ERES] 2
AAHRLS 54,125ha= ZAMEMS] 43%°) 2 TEE A
Wiee) SAEM-S 29,055ha2 23%°]= FEXES]
SAER-S 20,753ha® 17%°] 2 #ENCEHFS 4
AEMS 21,55Thaz 17%°]ch. 22la #fa2
FE FHel gt k.

N o (Lebikel o3 WEERS LA
el A= 9dha® ZAREEMS 4%l LM
Fr s el = 53ha® 30%°lcth.

T2l 1,000ha% bk HEER Ba:
fapT#= TEREHT7T 1.74hal 0.37MFe1 7&
A RS A ol A= 1.82haell 0.96MEFTE #EM®
M2 fEREmet vssht BEMEREE 2.76%
Y oEo ZER fMs el ibke &
M RE el A Wel Aty tgoEs B
e, el JRelc

Zb o] WREFHHER 5, 1963 THEE 7,
19892 #LEE FAL2 FEEREME WA
AAFI o] WEURTER S WEL st AL
H RS ol ok 270 R gt #Mbo
FREE KEANA LlEZe 2 ARIERE 2
A Ak e KbFo2e Fast 22
w2 @ReZ sty dffele RelA fEFHos
F& @S BRAMEC) oAt o] e of
HHZol HME AHEC) 445t Ack(Fig. ).

s o] Ibtke ARG TEREHRIA BE
3t 1,000ha® #FERT BAMEFREE 0.49ha

W #wRzel Wikk 2 U viXe BE

o 0.34@ArE L2 AEILTIK BEMETEIS 84%
ol EREFTNANE ERRIER AN KEhare
Wk Bl d . KRGS R FiEE
R el BRA SR AR —3 A
o}, ERRERES iEAlE €] 295 A
b7 A =l Wbtk BAEFo] 2 Zoz 4
Hrsl o},

ke 55 Rt wEs R
o MRE airslyl 98 @7 (Principal
component analysis)& ¥ #&HRE TEE ARl
1ol A WA ol A B4R ILibike Factor 1%
4 gebd gaFsta low 199 KEsEe) #
s~ A iWikE Factor 258 o}
g st A WibkEA T BEL
g7 e Aoz eyt

el bl (Lik BWAEHS TERE
Bl = EREANAE 81%, MM
EFlAE 83%t Hn o] HERAAA FEK
7b ol WA Este] LS fA 7 e B
B3 SEEE) BEE (A T Aeg Qg

FEH(1993)2 eiviel R BB A
£3] 2 5 e 7L Bt fFe] WA Afkslx
g4 Zo] BA4E Adbrl 9 © REE ol
a2 el BMbE A 22 Eago] rka v}, Ab
MEAIDE Sevet ERERbLE LSl
o FREHYTE BIb7t we) #TEZ RS
ol A Mkt Rl MRt Eel wskcolx g,

2e

Lo,
™

Table 2. The occurred area and numbers of landslide and land-creep by parent rocks

(unit : ha)
Occurred Occurred Occurred  Occurred Bedrock
Style Parent rock Area area per numbers per : s
area mbers existed non-existed
o 1,000ha 1,000ha places places
ranite 116,563.12 125.05 41 1.07 0.35 9 2
& 47.5%) (60.6%) (47.1%) (31.3%)  (21.6%) (81.8%) (18.2%)
granitic  30,833.59  53.0 28 1.72 0.91 5 1
gneiss (12.6%) (25.7%) (32.2%) (50.3%) (56.2%) (83.3%) (16.7%)
' _ schist 62,172.07 13.55 12 0.22 0.19 1 1
landslide group (25.3%) (6.6%) (13.8%) (6.4%) (11.7%) (50%) (50%)
sedimentary 36,027.22 14.7 6 0.41 0.17 3 1
rocks (14.6%) (7.1%) (6.9%) (12.0%) (10.5%) (75%) (25%)
total 245,596 206.3 87 3.42 1.62 18 5
average 0.85 0.41
) Yeunil group 10 _
and-creep (mudstone) 40,448 4.133 10 0.10 0.25 (100%)
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BES BN JEE HWREEAE S, 1964
FAER SRS THRRY BERBOZ HY
3 EHERS WREe 3w Fadl, —#
BN REEY A5y BRERS Y, =
F, A7|, FEEA ofech, EEEES R
e Ad(shale), B, RBESE BRSO 2o
U e EEsln THRS IMEEo2 #
BEel At BERRS 72 At B: RKE
o WKESZ Ho] glovt B, A U(shale)
73 Bl tha HEH Y Uk,

w2 Table 29 7be] F2 HEHUE Mol A
Brhslgl o] HEHRRS REMWIN Ehgo
2 gt Lkl FHEEERS 0.118ha
Qo] Heted UYL 0.483has & AE i
7} =},

ub £(1997)3% )3 31(1996)7F FELD whol o
swl g Bibtel U bem MRS = 2
Rol QsiT). RS, FEE 2 BES LeRs
F 2MILEER(SIO)7) 61% ~T0% 2 744 B o]
MR (Silica)s Dol 2& Mokstd Ale
714 (SiOnH0)0] Hl 2HF7F How ¥EN
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ol Fou 4T wod MFfel deixng
Aabeiel wEel A dojd 4 e {LEM
wgolet & 4 9},

BER Bt i3 WHEE HES Table 3
3 ogo] LM, BEAE, ILERER, K%, HHBEE,
R 5o ZR7T v AeE Yeva o, £
K5 mHgRS LHETEY EBA 93 TR
2 WA E g mAsta Ml HvE
o #imstgich, melgtskat Bk, &UKkEE, ILK
B, BE, BEd d #mitsind Az, Table
491 7o) MMM AT, &, B w
+2 BRI BEE FUhla ak®Es) LR
& dojReg the HES F6lHE Aoz
A7rEe] JLpERe] wowmzx SA®e Zr13
I e A mEElEE Aoldh. EEERIL
T mA o) 73%, EEHME 60%, HE
B 51%, HME 5% 2 2e]7) i (Table 5),
THEE S ERARA &) B2 e 8lEY
57 5531 TREH ¥t 9& AL &
Ki7E Fol 44 BB & Ue K4S RHT
o, 2322 A BEAREREAA L

Table 3. The physical properties of soil of weathered parent rocks

Soil Texture Solid Moisture Porosity Density Hardness
Style Parelr{xt Layer ool sand  silt clay phase content
roc texture (%) (%) (%) (%) (%) (%) (g/cm®)  (mm)
upper SL 77.05 10.73 12.22 55.17 15.09 44.83 1.11 0.78
. middle SL 73.40 12.75 13.85 54.28 14.82 45.72 1.21 1.0
granite o ver SCL 69.01 15.50 15.49 57.05 13.78 42.95 1.28  1.29
whole SL 73.16 12.99 13.85 55.50 14.56  44.50 1.20 1.04
upper SCL 66.79 18.00 15.21 42.51 18.8% 57.49 1.02 0.61
granitic middle CL 57.36 21.71 20.93 44.77 19.83 44.66 1.06 0.92
gneiss lower CL 57.27 22.06 20.67 45.20 19.36 44.23 1.09 1.10
whole CL 60.47 20.60 18.93 44.16 19.35 48.79 1.06 0.88
landslide
upper CL 57.75 20.95 21.30 38.55 22.25 61.45 1.00 0.61
schist: middle LiC 48.00 22.80 29.20 47.10 22.45 52.90 0.95 0.48
group lower LiC 48.00 22.80 29.20 47.10 22.45 52.90 0.9 0.48
whole LiC 51.25 22.18 26.57 44.25 22.38 55.75  0.97 0.52
upper LiC 47.48 24.14 28.38 40.67 24.35 51.83 0.92 1.11
sedimentary middle LiC 45.30 24.40 30.30 45.20 16.32 54.80 0.90 1.18
rocks lower LiC 44.50 24.12 31.38 42.00 16.88 58.00 1.01 1.26
whole LiC 45.76 24.22 30.02 42.62 19.18 54.88 0.4 1.18
sedimentary upper SC 57.38 15.05 27.57 48.59 24.79 51.41 0.97 1.26
Jand-creep rock middle Li‘C 53.91 17.97 28.12 52.58 23.90 47.42 1.03 1.06
(mudstone, lower LiC 54.66 16.37 28.97 48.73 24.40 51.27 0.99 1.11
shale) whole SC 55.32 16.46 28.22 49.97 24.36  50.03 1.00 1.14
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Table 4. Correlation between physical properties of weathered soil in landslide occurred

Properties Sand Solid phase Moisture content Porosity Density Hardness
Sand 1.000 0.716" -0.632™ -0.601" 0.839% 0.014
Solid phase 1.000 -0.738™ -0.760"" 0.789" 0.192
Moisture content 1.000 0.511" -0.734™ -0.566"
Porosity 1.000 -0.731™ -0.353
Density 1.000 0.329
Hardness 1.000

** : Correlation is significant at the 0.01 level

Table 5. The sand content of upper soil layer by parent rock

* : Correlation is significant at the 0.05 level

(unit : numbers)

parent rocks

granite granitic gneiss schist group sedimentary rock

sand content(%)

86~90 10 9.1%)

81~85 2(18.2%)

76~80 3(27.3%)

71~75 4(36.3%) 2(33.3%)

66~70 10 9.1%) 1(16.7%)

61~65 3(50.0%)

56~60 2(100%) 1(25%)

51~55 1(25%)

46~50

41~45 1(25%)

36~40

31~35 1(25%)

total 11 6 2 4
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Table 6. The occurred area and numbers of land-
slide and land-creep by depth of weathered

soil (unit : ha)
depth landslide land-creep
(cm) area numbers area numbers
20 and ) 2721 4
below (56.4%) (40%)
- _ 0.967 2
31~40 (20.0%)  (20%)
N 0.385 1 _ ~
A-50 (19'6%) 3.8%)
N 0.305 4 _ _
SI~60  (15.0%) (15.4%)
61~70 0.774 9 0.607 1
(25.3%) (34.6%) (12.6%) (10%)
_ 0.649 6 _ _
80 (o) 9%) 23.1%)
81~90 0.595 4 0.532 3
(19.5%) (15.4%) (11.0%) (30%)
100 and  0.349 2

over (11.4%) (7.7%)

Table 7. The occurred area and numbers of land -
slide and land-creep by slope degree

(unit : ha)
landslide land-creep
slope
degree area numbers area numbers
20° and _ 2.338 2
below (48.3%) (20%)
20° ~25° - - - -
%° ~30° 0.168 1 0.345 1
(5.5%) (3.8%) (7.1%) (10%)
31° ~35° 0.338 4 0.964 4
(11.1%) (15.4%) (19.9%) (40%)
36° ~40° 1.754 9 0.874 2
(57.4%) (34.7%) (18.1%) (20%)
A1° ~45° 0.702 11 0.312 1
(23.0%) (42.3%) (6.6%) (10%)
o _rpe 0.095 1 _
750" 3'0%)  (3.8%)
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