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Abstract: This study characterized areas at risk of land creep by focusing on a site that has undergone this pheno-
menon in Ulju-gun, South Korea. Land creep in the area of interest was catalyzed by road expansion work conducted
in 2022. The site was examined on the basis of its geological features, topography, effective soil depth, soil hardness,
electrical resistivity, and subsurface profile. It consists of a slope covered with sparse vegetation and a concave top
that retains rainwater during rainfall. Compositionally, land creep affected the shale, sandstone, and conglomerate
formations on the site, which had little silt and more sand and clay compared with areas that were unaffected by
land creep. An electrical resistivity survey enabled us to detect a groundwater zone at the site, which explains the
softness of the soil. Finally, the effective soil depth at the land creep-affected area was 30.4 cm on average, indicating
deep colluvial deposits. In contrast, unaffected sites had an effective soil depth of 24.7 cm on average. These results
should facilitate the creation of systems for monitoring and preemptively responding to land creep, significantly
mitigating the socioeconomic losses associated with this phenomenon.
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Figure 1. Vegetation survey site.



16 BEILLMBIESES A113d A5 (2024)

Uehhe 542 olgdte] FleH WAL A 3. GISEA U H7|HIXEEA}
=1

ek, Adge =2 vwshglc 202249 109 % A HdA S 7 AT A9E dFeR GPS
2 A 2, SA4E o]8sto] It B TR EA (Garmln 64s)5 &3t FARE SIS S
3F |- o] E Zo|, HolE zAEALH AARE dAFS R GIS AZE G oj(Arc map Ver. 10.8)

gl 2] 9] A FEAL 95 FEA| 2R Yol A wt of ﬂ%é‘}‘ﬂ BARE 23 gEE A ol st
3t 2 & E(1:25,000)2 A3tk nA A& Pal R of AATEIRIE T H, FAEE, AAUFRE Z4S AA
N R TS i) PUPES o A7 5 Ayto]  SFA:
A3 WelwA Agol Makskm, ulH A Yol Mstsof AT Fleo AmmE AP REE AR, A
=94 oA} @A 1 Z140] Hojr| Ato] z|&wo| g QJAHAFH AAL WS, Zol, TE, AFGaA9), I,
A Ubebdtha sk chPark et al., 2019a). o] &at A7 B, BAlL B2 Tl 7RIS ot A f1dE
Aasto] 2FE(1:25,00009 BYZAE E3) 0Ax|E w155 Ee FoIshal Qleh AAE AEew2 E45t
(WA, LAY, BN, ey TR FRUS LS g o 28 e
- ° S A H A=
@) (Park, 2018)% Fefstairt. st e 2akAE A, ole] et e Aol o
2. X|E U EQUEN i‘ioﬂ o=y 5P7LH°H*1L gy A %ﬁ% f}ﬁjﬂ

A 2S-SR AR AL Y(Korea Institute of Geo- g%}3§7;;?i}?§ggt;%2$ ﬁ;ﬁ%’l @‘ooiz ;;_;
science and Mineral Resources)oﬂ/ﬂ 97Est 1:250,000 ] o] aubAe]l AAfEetE o)zl 9= AL drET)
AzZE 7uto 7 Ao wd o g2 dhalst olAFd .

(National Institute of Forest Science, 2017).
S EAe) A ehhner ol £ 500 e Z“”"M U guy we) gue 2L sk BT U 85 432
AR vl RS IO BGPHS TR org5) oya) 7uiAg g A Qurae

AR T (Korea Forestry Promotion Instltute)oﬂ o] 5}o] = A TR YA 2alsliy AU AT SAT} wol
B AREEITH %79 A7 HIAT FAbs SR EAE E35) %]

Alskert A9 B ARl ofsto] Rt Afo]o] HEL} Bl BALE Bxo @ 2alE9lT, |Aw A7|u A3} e
Alsl7h SEEe A B 1A 7S BRls] ¢ AR B sto] A|514m0] 2 BIAL W Zaa) Al AlE B
stol, o] E4F FAMES &Q18k= Crumb Test (ASTM Hom 22851 9tHCho, 2020). A7 A3} SAH= o
D 6572-06)5 353t #AlEs B SHAI7E = SAoR WA AFE Atz SHEW F D=

|
i

ofse] Y7t EBIEE HEE UEPITHMcCook, 1991 Ag|Rzase /0|3 e Foo] i 222
Figure 2). o|& #H2l35}7] ¢35 B I E7](Soil sampler) A= Yalol}. 7|Etere FAskE ke, WA oEl
£ olgste] Wy WA EY HdHRERE ®E, 20 T AH[AR oo My o 2 vehu, S5l
cm, 50 cm, 100 cm, 200 cm, 250 cm, 300 cm Zlo|o] EoF 22 Au| A3t ggoz wgoz vehdot oy
2 HHSAom, A= olgafel EUSlo]l 10mL B AR F4L 71FECE 272 100 mR-1 in Figure
=2 AEO|EE o|g3to] EQF 9o 10 mL & HoE 3), %72 100 m(R-2 in Figure 3) & 27l19] gloz
2 30+, 1AZF 7H4 9] EAEE S45Hen Ab % 200 mE =353

3

.

¥

10
AP

& gt ok

o

\'\ - a—
Normal Serious

Figure 2. Dispersion soil (McCook. 1991).
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A3 A1 (2024)
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Figure 5. Ground investigation site.
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A3 A1 (2024)

Figure 7. a, concave type of the top part; b and c, tensile crack; d, concave type of
groundwater inflow point; e, soil displacement caused by landcreep; f, water catchment
in the lower road.
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Figure 8. Tension crack caused by landcreep.
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Table 1. Geology of the research area.

A3 A1 (2024)

Location Geologic age Stratigraphy Mark Geological features
Topsoil Cenozoic Era 4th Alluvium Qa Clay, Sand, Gravel
Unconformity
q ) Kul Purpleshale, Grayshale, Sandstone,
Under Mesozoic era Ulsan Formation Conglomerate
30 m Cretaceous Period
Kuho Hornfels
Table 2. Soil analysis results of the research area.
. Grain size analysis(%) .
Location - Soil texture pH
Sand Silt Clay
Crack Topsoil 64.4 323 32 Sandy Loam 5.12
Soil below crack 72.9 16.7 10.4 Sandy Loam 5.00
Normal site 53.6 43.5 2.9 Sandy Loam 5.29
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Figure 10. After 30 minutes of the soil dispersion experiment.
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Figure 11. After 1 hour of the soil dispersion experiment.
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Figure 16. Result of groundwater Line.
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Figure 17. Result of normal site.
Table 3. Analysis of variance.
Soil hardness
Classification 5
N Avg” (kgf/em?) SD F P
Line 1 229 21.44° 9.64
Line 2 295 20.20* 9.51
. 12.07 <0.001
Groundwater line 299 22.90° 12.60
Normal site 148 26.23¢ 12.76
“ Scheffe test, a < b <c¢ <d
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Table 4. Result of slope analysis.

Gy 54 27

Classification slope of landcreep site(")

10 m Sm 10 m 15m 20m 25m
Above Under 5 m under
above above under under under under  Average
crack crack crack
crack crack crack crack crack crack
No.
Site 1 2 3 4 5 6 7 8 9
Line 1 7 19 4 40 23 12 32 30 16 20.3
Line 2 3 2 3 42 18 9 20 21 19 15.2
Ground water 14 B 83 17 15 8 2 18 17.2
Line
Classification slope of normal site(")
No.
Site 1 2 3 4 5 6
Normal site 28 23 27 32 28 23 26.8
Groundwater Line®] 74-9- @ x|¢l Line 13}= {9 ZARtol| whah AP ZgARS] Zpol 7t QLA ot 7] <
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Table S. T-test between the landcreep area and the normal site.

=-3.476, p=0.002% FJ5F 0.01 7|20 82 FAZS
2 FosHA vetengs AHRrhdol 7|24bE AL, iyt
o] AQeEo] FAXCRE F ek 7F ARH ZARe] Aol
7k Qe RS HETh

6. K|HEEA} Za}

X*P XIOq 271 Aol thgt Al52AF AxKTable 6), BH-1
Ol HFEZL 0.0~14 mZ ¢H 49l W3t AEZR waj
ﬁi}ib 1.4~6.5 m=Z IH 42 AE, AL 6.5~11.4 m
2 AU e Ao, Folo) YEE ot~ BB
of A=g mglon] ool RAE BEHUTE A
114-304 m2 A2 Foho] Yt ot~ BF FIE
Eoﬂotq 01:7]—4 :r,Lodo] ol‘_—_ 34\_o_§ L]—E]—k,{'l:]—

BH-29] ¢ EEZL2 0.0~0.5 mZ ¢4 49 AEA
we, FHEL 05-15 mE 4H A2l Ansk AE, gt
21595 m2 AU Fio] Jrl BE ~ g A
2 b, oigkel Fo] Gl Atk Ak 9.5~
155 m2 AR BE ~ A% FI2 ekt ool
ol 9l e iek. Z, ANEEAL AT FHAA A
Fapeel Fajefo] ZASHL Falot Fdol U AR
W, Yol Her A QYL sekd 4 gl Angick

. . Statistics
Classification t(p)
N Average SD
landcreep area 27 17.59 11.74
. -3.476(0.002)
Normal site 6 26.83 343
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Table 6. Result of borehole investigation.

A3 A1 (2024)

. Depth Thickness . N
No. Stratigraphy (GL.-m) (m) Composition (TCR/RQD)
Topsoil layer 00 ~ 1.4 1.4 Silty sand with rock fragment, Dense 47/30
Weathering soil 14 ~ 6.5 5.1 Silt with rock fragment, Coagulate 50/25 ~ 50/22
BH-1 Soft rock 6.5 ~ 114 4.9 Shale, Severe weathering, Severe crack (64~65/0~5)
Slickensides 114 ~ 304 19.0 Shale, little ~ normal weathering, (96~100~60/95)
little ~ normal Crack
Topsoil layer 0.0 ~ 0.5 0.5 Silty sand with rock fragment, -
Weathering soil 05~ 1.5 1.0 Silt with rock fragment, Solidity 14/30
BH-2  Soft rock 15 ~ 95 8.0 Shale, little ~ normal weathering, (83~100/20~37)
Normal ~ Severe Crack
Slickensides 9.5 ~ 155 6.0 Shale, normal~severe weathering, (100/58~63)

Normal ~ Severe Crack

Direction of flow & Flow velocity analysis

Direction - Velocity

" Degree 4 Speedium/sed

100

270°

Speed(umysee)

Number of data

BH-01:25.0m
Direction : 17.7
Velocity : 2.082E-04 (cm/sec) .

180°

90'(E)

Figure 18. Result of groundwater flow direction analysis.
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