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Analysis of Topography and Ground Characteristics of
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Abstract: We conducted this study to provide essential data for implementing restoration measures on the physical
properties of the geology, topography, and soil of the landcreep areas in Yangpyeong-gun, Gyeonggi-do. The strata
of the survey area comprised topsoil, weathered soil, weathered rock, and soft rock layers. The landcreep area, caused
by colluvial debris, was located in a convex topography shape distributed as bedrock with shales and incorporated
with sandstone. According to the measurement of the displacement meter, the surveyed area has crept from 1.1 mm
to 6.5 mm during the recurrent landcreep between 1 July and 27 August, 2020. The landcreep had progressed over
two directions (S65° W, E45° S, and E70° S) which were similar to the groundwater flow direction (E82.5° S and S16.8°
W). The average slope of the landcreep area occurred on a gentle slope (19.3°), lower than the average slope of the
mountain area (25°) in Korea. The bulk density in the groundwater areas was lower than that in other surveyed areas.

Key words: landcreep, colluvial soil, ground water movement, restoration measures, soil bulk density, lower than the
average slope of mountain
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Figure 1. The current state of landcreep area.
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Figure 3. Sampling location for soil bulk density analysis.
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T mofEo] Y A Sof oA 11 ko] Eofol A
o FIE A2 AR gEd HR EgTEE 7HA

YASAMASES FE 202040 A5k =,
20209 7 1958 84 27U7HA] YAISA(1H, TW-1)of
A= 8.6 mm7} 3.4 mm=E(Ho] 2} 5.2 mm), YAIZA|(2H,
TW-2)o A= -6.5 mmoj|A] -7.6 mm(Ho| 2} 1.1 mm)Z2
St LA, YAISAI3H, TW-3)o A= 1.6 mm oA 8.1
mm(Fo] 2} 6.5 mm)= $3Fste] WP o] ko] viEhd
Aog BAEGon, o] Al7|o] Wago] YAt
(Figure 5).
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Coordinates point
Latitude Longitude Latitude Longitude

Sensor __(start point) (start point) (end point) (end point)

deg min sec deg min sec deg min sec deg min sec
TW-l 37 29 474 127 31 436 37 20 466 127 31 437
TW-2 37 29 487 127 31 448 37 29 479 127 31 451
TW3 37 29 487 127 31 455 37 29 479 127 3l 461

Yongdu-ri Gneiss complex
Banded Biotite Gneiss

Yangpyeong Igneous complex
Porphyry Syenite

Figure 5. Location of extensometer system installation. Figure 6. Geology of landcreep area.
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27 31.753). o] X o] Heke _—‘ELE]E wg0] o1RFd
3} AgE]o] glon, |5k 21.1~343 mE X|5}229]
f FE AL 370 molAE )
ZFo 2 172.5°(E82.5°S), Al 45.0 mojAE WY
196.8°(S16.8°W) 2] 3t fAlgh Ao ek} Aats
o] & WFer gy TAsk: Jom E4Fh
(Woo, 1992; Park et al., 2018).

wfebd 23 gugo] AUTTA SW ~ ES o
o] XY Aoz ey, o5 Faf AP %‘2%
o SO AYol] 13 A Y7ok A
24 WY WSS FHOE AW Sl ﬂ&om

—_—

3. SFRAIXIS S5t [fAIX| B
wuly Ba2e) et makE Al
Hel Ao S
ee and Kim(2011)9] EA} 8= X <(Soil runoff)
o) WA e Debrs floy . T2 2 516K A
s2o] wke} 319} AAS) ABA AR(15.000E 4
ShCHFigure 7). WHlgo] WAsky] Hel 2010W ol
T AR vEdo] fliE EA o] YAl Qled], ofuf
on] Wiago] HgP=|o] S50°W Hoyf’akoi B EAPEE
g e ez yehylth o]
11,165.1 m*o]Qlck. 1% & X‘%i—c%i sl w=ol 7t
%319k 20119 7THREH Y FFARK
Yo7 23l S50°W Wk} E45°S Wik o
shlon, e 71,090 m’ o eyt

2013 73} 84 S A5 = sl WHHA I
3 Wze =it Tlg] WAL 78,818.3 mP o2 L}EF
W, ol BEARR Qe flkieH Aol F7IRE Ao 7

F

of

D

e

A1 A2Z (2022)

QIek Axtef AbEE: 20204 XH““”??P gogoR Qs
v

A

= . )
A 2aRE $u 0 SRA Ygos AL i
2 o FE, 9P B 5 O 3UE ATE o
2 gy of ;

e FEMOR Kol o] Wgd o) A 3
A= A g o] AL e ARl B o] X[
o disiAe Sz, Aed A 5 Hd 2 3

o} #-8o] %3@_} AL 2 Almdth
20113} 20134 Wale vl o 2 olst u|ae Hos)
7] 913l #HE FEHoRE ZAEZH(ESE &0 277
m, 7] 0.3 m), % OE% & 2AEIH(=E iOl
225 m, 77 03 mE A

G T WA e ASE Ueht B gu
AAE gIo) s AT Aol the B AL 5

Yoh Aol Wad Aoz ArHth

4. GISE S;é*%%._ E|'| X| XEEN
TR A ey
o, a2 ‘/]’E}‘/]'X] O}OPO‘I] 25 oF 13.6%, 354

L 9oF 53.0%, 4552 °F 29.4%, 55H&

”E}(Flgure 9). ojZo] ZAFFA = A IR 5Hol 1,
S oF 13.6%, 352 o]aF x| eo] oF 86.4%2 1,
FAHet oF 6.4 wol A 1E 5T 59 5

Oﬂ gk e ol s Wds| A8 Zart %1

Aoz ApmEchPark, 2018).

AP =S T3 GIS AAE B4 da), 24} o

AR 9] AARS 10°u]gho] OF 4.7%, 10°~ 15°%= OF 56.4%,

15°~ 20°%= 9F 33.0%, 20°~ 25°= 2F 5.9%= 10°~ 15°

mlo

Figure 7. Analysis of landcreep area using aerial photography.
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Figure 8. Landcreep area analysis results using drone image. Note: The ocher color inside the red line is where the

collapsed area was formed by landcreep.
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Table 1. Results of soil characteristics in landcreep area.
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Grain size analysis (%)

Location - Soil texture Soil pH
Sand Slit Clay
Landcreep area Topsoil 27.1 522 20.7 Silty Loam 5.0
Landcreep area ground water outflow 55.6 30.8 13.7 Sandy Loam 54
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Table 2. Analysis result of soil permeability coefficient of landcreep area.

Water content(%)

Coefficient of permeabili
Name of the smaple Gravitational water content Soil porosity P v

(pF0~1.8) (pF0~2.7) (em/sec)
Normal soil 19 24.07 0.00051
Topsoil 26.54 31.64 0.05189
Tension crack no.1 Upper 23.82 27.65 0.00472
Tension crack no.1 Bottom 30.11 34.11 0.03459
Tension crack no.2 road upper topsoil 23.29 27.61 0.00335
Tension crack no.2 road 30cm from the top 27.35 31.61 0.01297
Tension crack no.3 road Upper 28.7 32.8 0.00519
Tension crack no.3 road 30cm from the top 28.89 3243 0.00472
Tension crack no.4 Upper 27.15 29.46 0.01730
Tension crack no.4 Groundwater 29.26 41.25 0.00144
Tension crack no.4 30cm from the top 13.57 29.66 0.00012
6. EYEXIUT Zut SHE QA BA] B Y 2tE Y 2 A3e e
Hat EALS 271 13 om, A QB A AR e ok&® B0l WARE AR sHE7E Bk
15 em, 2 IRt EA] SH-7F 85 om, == S QA SAUETE 9 Yebd=t, ol gEEeR % BEY
AR ART7E 42 em, =2 FIHE IR EA] SHRIF 12 o] efsfi7} ARt At ATk XSkt fEEE A
cm, HEH SHE QI AAI7}F 74 em, HIEH S Q1% HoM= BEF] AUl @A Yehst=t, ol= A5t
FAHAF §2A7HT9 emo|Girk(Table 3). EFGAD 5 92 Qe 7 ool b W B, FA Fow
E 2T 23 kyom'S ehglow, m2 Sk s =] §AWEsL WA veksy] njiolct
W E A, =2 S D AISHE, vigE FUHA B2 AER v|ad BR8Nt S

Table 3. Result of soil bulk density using soil penetrometer.

Soil hardness (kgf/cm?)

Soil denth Landcreep Landcreep ~ Upeer tension Bottom tension Tension crack Ground water
oil dept upper upper crack in the  crack in the in the lower spill area in the
(cm) Normal slope  soil(upper) soil(Bottom) middle of the middle of the part of the lower part of
@ @ road road slope the slope
0 2.3 6.0 4.0 4.2 4.0 2.0 2.0
2.3 6.0 4.0 4.2 4.0 2.0 2.0
10 2.3 6.0 4.0 42 4.0 2.0 2.0
15 2.3 (13cm) 6.0 (15cm) 4.0 42 4.0 (12cm) 2.0 2.0
20 4.0 42 2.0 2.0
25 4.0 42 2.0 2.0
30 4.0 42 2.0 2.0
40 4.0 42 22 2.0
50 4.0 42 (42cm) 24 2.0
60 4.0 2.5 2.5
70 4.0 2.7 2.5
80 4.0 2.7 (74cm) 2.7 (79cm)

90 4.0 (85cm)
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Figure 13. Cross section of the geological layer.

Table 4. Result of drilling investigation.

Number Stratum division ((]?]ef)-trlllq) Thi(cli(lr)less Geological composition (TI\C]R\;?{IE;))
Colluvium 0.0~1.5 1.5 Argillaceous gravel, Sand, mixed complex -
Colluvium 1.5~4.5 3.0 Slity clay, sand and gravel mixed complex 7/30~12/30
Sedentary deposit  4.5~29.0 24.5 Sandy slit, Silty sand, Fine textured soils 9/30~50/16
BH- Weathered rock  29.0~29.8 0.8 Silty sand, Fine textured soils 50/10
Weathered rock  29.8~38.0 8.2 Syenite, Complete~High weathering state 20~94/0
Soft rock 38.0~41.0 3.0 Syenite, Normal weathering state 100/49
Colluvium 0.0~0.6 0.6 Argillaceous gravel, Sand mixed complex -
Colluvium 0.6~2.0 14 Slity clay, gravel and Cobble stone mixed complex 3/30
sedentary deposit  2.0~28.0 26.0 Slity clay, Slity sand, Fine textured soils 4/30~50/11
weathered rock 28.0~32.0 4.0 Silty sand, Fine textured soils 50/10~50/8
Bh= sedentary deposit  32.0~38.0 6.0 Silty sand, Fine textured soils 50/19~50/13
weathered rock 38.0~39.5 1.5 Silty sand, Granule~Medium texture 50/9~50/7
weathered rock  39.5~55.8 16.3 Syenite Complete~High weathering state 12~96/0
Soft rock 55.8~56.5 0.7 Syenite, Little weathering state 100~33
Colluvium 0.0~1.4 14 Argillaceous gravel, Sand mixed complex 3/30
Colluvium 1.4~7.5 6.1 Slity clay, gravel and Cobble stone mixed complex 6/30~11/30
BH-3  sedentary deposit  7.5~33.0 25.5 Sandy slit, Slity sand, Fine textured soils 16/30~50/17
weathered rock 33.0~36.5 3.5 Slity sand, Granule~Medium texture 50/10~50/6
Soft rock 36.5~39.0 2.5 Syenite, Normal~little weathering state 84/22
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Table 5. Application conditions for each stratum.

Division Unit Weight Adhesion (kPa) Internal friction angle (o) Notes
(kKN/m”)

Colluvium 19.0 5.0 27.2 Application of indoor test results
Sedentary deposit 20.0 6.2 27.6 Application of indoor test results
Weathered rock 21.0 30.0 33.0 Application of Reference Result

Table 6. Reference factor of safety for application on slopes.
Interpretation condition Minimum safety rate Groundwater conditions
Dry Fs > 1.5 Interpretation of no underground water level
Rainy Fs > 12 Natural ground saturation
Earthquake Fs > 1.1 Level of ground survey measurement
Table 7. Specific information on soil nailing method.
Division Installation interval Installation length Installation steps Notes
Soil nailing 1.5m x 1.5m 20.0 m 8 steps D29, SD400
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Figure 14. Slope stability according to the application of the soil nailing method.
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