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Abstract: This study was conducted to obtain basic data that could help prevent damage caused by slow-moving
landslides (land-creep). Specifically, the geological, topographic, and physical characteristics of land-creep were
analyzed in Jiphyeon-myeon, Jinju-si. The first and second analyzed land-creeps occurred in 1982 and 2019,
respectively. The area damaged in the second land-creep was about 11.5-fold larger than that damaged in the first
land-creep. The dominant constituent rock in the land-creep area was sedimentary rock, which seems to be weakly
resistant to weathering. The areas that collapsed due to land-creep were related to the presence of separated rocks
between the bedding plane in the estimated activity surface over the slope direction and the vertically developed joint
surface. Thus, surface water and soil debris were introduced through the gaps of separated rocks. Additionally, the
areas collapsed due to the combination of the bedding plane and joint surface shale and sandstone showed an onion
structure of weathered outcrop from the edge to inner part caused by weathering from ground water. Consequently,
core stones were formed. The study area was a typical area of land-creep in a mountain caused by ground water.
Land-creep was classified into convex areas of colluvial land-creep. The landslide-risk rating in the study area was
classified into three and five classes. The flow of ground water moved to the northeast and coincided with the
direction of the collapse. Soil bulk density in the collapsed area was lower than that in ridge area, which was rarely
affected by land-creep. Thus, soil bulk density was affected by the soil disturbance in the collapsed area.
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Figure 1. Location map of the study site.
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Figure 2. The loaction of Sanjivalley in
Deokori Jiphyeon-myeon JinJu-si.
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Coordinates

1 Tension cracking

N35°15'10.9"
£128° 06'50.8"

2 Tension cracking

N35°15'10.7"
E128° 06' 50.6"

3 Tension cracking

N35°15' 10.5"
E128° 06' 504"

4 Tension cracking

N35°15'10.5"
E126° 06'50.1"

5 Tension cracking

N35°15'10.3"
E128° 06'50.2"

6 Tension cracking

N35*15'10.2"
£128° 06 40.7"

7 Tension cracking

NI5T15 100"
E128°06'49.2"

g | Tension cracking

N35*15' 09.9"
£128° 06' 40.0"

9 Tension cracking

N35° 15 11.0"
E128°06'51.1"

N35°15' 09.3"
E126° 06' 48.9"

| N
50m
s 2 1 Ground water
<piing area

N35°15' 08.6"
E128°06'51.8"

Figure 3. The difference between step in the target site.
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Table 1. The size of step difference in the site.

A1 A1Z (2022)

(unit; m)

Step difference(No.)

Temple step " 5 3 . s p . Big difference step
Linear content 11.6 7.8 253 30.9 20.2 34.9 10.5 10.0 26.1 29.7
Width 3.5 0.6 1.5 2.5 1.4 3.6 1.1 14 1.7 4.6
Height 3.9 1.8 1.8 2.6 2.1 3.0 1.2 1.8 1.8 5.2
o2 UePgth &, o] A9 e EFo] & H A e =fE oz s
A FAEEA glon, B4 22 Fo] F3t At &4 A ;A 2AL A3, site 104 T1& 535/ 7 AH360°H,
E Wi x| golc} o2 2021 6 AR WU vy 6° X &)= 346/08, 12+= 072/83, J3+= 026/370|%1oH, &
A A% A AlRIRE A3, Wdgo] Wyt A FHH A& SR 1S S, 129 B Zdk 112 1.0
AP 2P TRz g s o] glom, whxje] Zoj= mmuj @] SAHE H3, 129 13= 242} 3.0 mmf €], 50.0
7.8~349 m, 22 0.6~4.6 m, =0]= 1.2~3.9 m=z AX] mmuje]e] EAE H ) site 204 J12 128/08, 129}
SERe shhol AA dAystol ok J3= 242} 133/66, 026/830]%1 o1, HALEH TR/ TS
Wl o] 2 whysl o= 9l EAJQl 1 (Korea Forest 2, 129 3= sk 11 S = 1.0 mmuyje], 129
Service, 2013; Park, 2016)-> F3x35}2] ¢¥ofom, gdd 3= 747 3.0 mmyj €], 30.0 mmuje]= 137} 714 Yo
WY 0 2 HE T2z AR 9] 145 FH O 2 RE Q% site 39)14] J1-& 024/82, 122} 3= Z}z} 070/87, 324/89% 2.
#4949 X7} 2SI th(Korea Forest Service, 2013). o, 29&H 255 J1L2 27, 29 3= Aok J1&
Bt AHA] AAR= 214°82 Qejuete] Hat ARK] AHAL 3.0 mmuj$], 129} 13+ ZHzF 5.0 mmyf 2], 3.0 mmuyj &=
25°(Jeong et al., 2002) .t} S Ao qlt). =, GHH ] SA7F Ath= S WHEe s Qg 537t W=
LIGAA A EAYTITHE Woo(1995)9] Axet AA]sH3iT skl e & &R %(Korea Forest Service, 2013;
Park, 2018)] RIS Ao FAEh &, o] A9
Zdn o nst At E-2 1982 13} G glo] AT 5 n]A|gk w3t
7F Z Aoz AmEY, Aol AR 7]50] gl
1. X R XH=AL Zof 20193 20209 23 W Fo] WARE o] % A=
AR YO 252 FotE, o9 H AYT, BYTe g, o|5 &3l 5 WHgo] WAsh= A qoli= BEH
2 pAEy, AED Be, A4S Faokn o, FAE WA Z4 AFTA) Holk BAS ASAL WS
L AEY dEC oW U mell SAGT OIS A 371 B8t S HY $RY &2 A
E4 wa, ¢Ho] TABEE, AU ARIOE TAEC]  ARS TR & 9 HOE AR I Fule
ok Aok Abghal B4 Aelo] REAoR WAGE AR us SO WAXES W] Fske 4 0|9
WA 13} gage] WANE 19824 o]F WY AWF o Aol A WASHE wuY WX WUy WA
T AW SHRE 2 T G GA RS QRS A S 212 fus ojele dolnE 1 wste) B4
Table 2. Geological map of the survey target site.
Era Stratum division Mark Geological properties
. alluvium Qa soil, sand, gravel
Cenozoic  Quaternary -
~ ~ ~ unconformity ~ ~~
Chilgok Kne purple sandy shale, shale,
Layer Green gray sandy shale, conglomerate
jinju Knj Light gray to grayish green alkosite,
Mesozoic era Cretaceous Gyeongsanggye Nakdongtong Layer ; sandy shale, black shale
Madong Knm Light gray alkous sandstone, green gray to gray
Layer sandy shale, purple sandy shale, shale
Wonji Knw Limestone Tool Shale, Alcosite Sandstone

Layer
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Figure 4. Result of the ground investigation of
the site to be investigated.
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Figure 5. The location of the geological
survey on the surface.

Site 1 Site 2

Site 3

Figure 6. The main direction and inclination of the outcrop in the imradiated area.

Separation of rocks

Onion Structure

Figure 7. Result of the geological survey.
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= BAA 5T Soleh = S ﬁszm H] 1
2 el wago] fA Wshs HA Y A 9ol YrkPark,
2018). thAk=| o] Eetolj7} Wakslal, g A& W 3Qeke
glom, e F3t sl X3yE Abef(Tomio et al.,

1990; Kim et al., 2015; Choi, 2018)% ZALE|Qlc}.
ST SIS UERLER] ook, BeSRe Angl
o} Y3 WeFo = iy HhAlof| f-2]gt 27(Park et
al., 2019; Lee et al., 2019)°] it} 0]7F0] 3:_1“49] EAgoians
PHow ek o, dele] w471 W
A wAshe o2 Uthtos, Baisuel 2y
wapol Wes YU okt asg Agsiel gul
9 A7k A etk A9 A7 ATHKI e al,
2015; Takaya, 2017; Park et al., 2019)2} -F-A}3} T $HH,
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groundwater flow direction
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AFA) AZ foi]
Hste] FA F 23 m, Zlo] 1.2 m o] SfE ek o5
N e R e o e st o S K D e | S R A s !
FFoE St =l A YA H(Debris flow) &
AFS-E A 9(Soil runoff)S 52 4= QJtl= Lee and Kim
Q011)o] W} 19879 % 51 m(EL A= AH|A AbO|E;
Daum)¥} ZEA R ZNE A} AL BAe Ax)

(Figure 8), 1993\ o|xeo] FFAMAL AZalx] So},
1982d o] 2 13} wal2lo] ulsm e 1993 FHa
AL 71302 1,824.6 m*o| ¢tk o] o Bslx|
okofom, o]& ¢l A&AH o7 wElo] A E o] 2019
ol gy oz Qg Tyt ghfjwof, wd Y u]siH

2 209117 mPo]glon], WUYPoR uyE xﬂﬁ"
522794 m’2 FAHEQITE &, 23 W ajdde 13}

gule) ogEF s 1158 Yol

3. GISE 0|88 ThxIel Rz
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Aojon f5e bl EE A
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lo 0914 1z
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2|5k9ic). =, Park(2019)
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HO =40 LMET} =
ooz o] ABR B4
= AAE R A 570
7000} el shetied, ol A 22

ZA A= gEEA ] F(W) Doj(L)9] v L/W7H
15015} 08 Y2 Wh whzo] ER(EH)A g 1
oFol FANS wet WHg malo] TV} FEue] vl
FAL 7ol WAy st=(Park et al., 2018) T3l &
23tk (Korea Forest Service, 2013). E3E, ZAMAA]
OATIER AN Gl BT MO uio

B 290 o sk $9 ol olg gu
3k Q Ql(Park et al., 2019)0] W Axt= FriEc

AR Aol A B 7F HHgRE A (¢ AT
F59 A 27149 walgle] WA lRxle
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Coordinates

1 Tension crac king

2 Tension cracking

3 | Tension cracking

4 Tension cracl king

5 Tension cracking

sl 6 Tension crac king

7 Tension cracking

8 | Tension crac king

9 Tension cracking

Tension crac king

N
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Figure 10. Collapsed and dangerous areas using digital
topographic maps of the survey site.
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S0 Aol AH Aol wstel
L m|A|x e o) apo] Acks Avtet o
, AABES BAT AT 10° vjgko] o
3.9%, 10°~15°7} 9F 3.5%, 15°~20°= 2F 30.6%, 20°~
25°% oF 40.6%, 25°~30°% oF 17.0%= 714 gokow,
30°~35°% oF 3.1%S Lheh, chehy AAE 3 AL

NS o] 53 i, Wl A olnrt At

Al Al
o A9 023 g oz AR Z, Ao U]
= e7E gt AARE 7HR 3ol lHE% a5l A
FAAAE o) FE Ak Sheke] JFS vlA BT 4
ke WA wUPe 71EA % A= glch

e Aoz
(Takaya, 2017, Park et al., 2019). TjArX]
WA A Aol S
A= ﬁ]*P(Park et al., 2021)0] L]-E]—
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East:(59.9%)

) 4th grade:(31.1%) Northeast:(16.2%) Southeast :(6.6%)

South:(1.7%)
North¢3.9%) | 7 | * Southwest:(0.4%)

2nd grade:(5.0%) ': West:(0.4%)
Morthwest.:(0.95)

3rd grade:(64.0%)

Dangerous landcreep area Rating chart Dangerous landcreep area Direction distribution chart

0 100m: (55.2%)

20~25%:(40.6%)
15~20%(30.6%)
25~30%:(17.%)
10~15%(3.5%) . 30~35%(3.1%) 100~ 200m:[14.5%)
Less than 10%:(3.9%) ~ “% 35~40%(1.3%)
Dangerous landcreep area slope map Dangerous landcreep area altitude chart

Figure 11. Analysis GIS of dangerous landcreep area (Arc map Ver. 10.8).

BA3E A3} 0~100 mE 9F 85.1%= 7F @Werom, 100 EEALS YEUY A tHTomio et al, 1990; Kim et al.,
~200 m= oF 14.8%2 Ve T, A 1= 1133 m,  2015). =, Park(2015, 2019)2, W2t o] A& B2 1

P TP 738 m, A T 363 m2 29 FE) Aol 7+e)(Park and Park, 2019)0f| 23] HHAYal= 97}
£ Uehd wdgo] 7y & WA ehe AL EEE YERY wong ozt o] AAl A Ao gt FFE A=
Atk &, LA = AR 9] 55 o]st AN TH Aol astrta s, E3h AAAEE 77 sk
ol ARtk A+t ZH(Korea Forest Service, 2013)2} ike] 645 WU X e} AAEE ket oS HAR
U]t A180-1 g x| o] H9-oli= hafo] wj- WA A3}
AEZF 2Ajste] Bdd 7HeAdo] w2 AoRE HAES
4, EUSHY QIX} 2M TRl sholet. ob2 ] Ex1gaolA] WS wEHe
SR o] EFy-2 Ak ARI Ef(B2)olH, EA APRER 1% ShEE WUHoR ofAut HEL] EAf7t
(cm)Z 30~60 cm ©]3tE = Hat EA(S0~60 cm, Jeong Y 78S ol Ve vt A ARe} Bl
et al., 2002)3} S-A}3HETE Eoke] Wi pHE 5.15(4.90 ~ ok 4= Qlth(Park, 2019).
54002 $-2utet A ESFS] W pH(Jeong et al., 2002) EFTRJAIE7|(DIK-3300)8 &85} EF 90 em 2!
Hrp w2 pHolqleh &, B4 e A B pH= 4.90~ o742 &) EFGA UL tsto] WUYRAREE Al
54008 oRibdolA S et gl o, dixt B Bt DAV, AR AGFEASHE, S A GRS,
9] pH= 6.72 /30l 717k pHE Yetd B E=]<] SHJAGAFEA G, AotREA], 2 B9 &4
TS pH7F th2¢} pHYE thE A= yERglth U= 3ukE 4% 43 gk Foklch B EA
SR 7} DAY AFFEA] HE= Bl nAb 2 gUPAREE AEAFEo] HATE AUt 9.0
E 9] FeR(%)2 26.6 : 49.5 : 2442 FE(Loam)o] 3]0, cm, e BEA A1) 9] o1&FF | BFET} 55 cm, T
sk S | AekeREA o] Bl - ulab: HEO| FEF H S A9 shel S| I EA] AR 14 em,
(%) 29.7 : 45.9 : 2445 FEOIQTE ESE FUH A} SHEZE 10 em2 Urebyith G A 258 E A= B
Hhef AFAQL o] B ulAl - HEL] FHef(%) Hog FHEAY JeS WA 2 EYFOR BEQF o]
409 : 440 : 15.12 FEZ JeR}, gu x| e} gjzto 10 cm712] BEFg AU T Ao 10.6 kgflem’S Ve Q)
A of| whet EQFol Abdat HESlRFo] thE Ao R UEt o, gy WA AR FERY I EA] sh= H
U o]d Al EFo R 2AH Ador gl Fokgh 32 kegffem’2 o] Kt} Wek=d), o] Wiy oz gt A
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Table 3. The volume density of the tensile crack part in the landslide area.
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Soil depth(cm) /

Soil hardness Normal site

(control site)

Tensile crack on the top  Tensile crack in the bamboo field

Groundwater spill point

(kgflem?) 1 2 1 5

0 0.5 0.5 0.2 0.3 0.2 0.3
5 9.0 4.5 0.2 0.3 0.2 0.3
10 9.0 10.6 (9.0 cm) 0.2 52 2.0 13.0 (8 cm)
15 12.5 (12 cm) 0.2 9.6 (14 cm)
20 0.2
25 0.2
30 0.2
40 3.0
50 2.5
60 32 (55 cm)

Soil depth (cm) 12 9.0 55 14 10 8
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