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o ASl BAL 20119 A7) SN WA At} AL O Abke) BAe] GFL 1A BB A
ESE 9 AZEHS $9 A 3y 9202 BHS oItk XRD, XRF, £Y#4 % oL2E(ASTER) 94342
og3te] HESE BN BYXAE B A YRS APIGS BAsse Aeol=E 0,98 10 pm
A Bk Fe¥'sl F47h Uebon 14sh 1.9 um S12obatielld OHSH H,09) 4% 54 540] Lol ek
Z7VHOR 22, 23% 24 pum AZHFUNGA Alhydroxylo] UeRITh §4 SHE ofzE 914G WE S, 6,
NN LA, SWIRy, WEANS ol83le] UTholE PPe F23YTh $4 248 vigoE B34 4 el
S bk shAel okl 49gel g TR Beskt,

F8o] 1 A, BBWALE, AEFE, okiE, EALt

The purpose of this study is to analyze the key factors that contribute to landslide causes through swelling clay
minerals and terrain analysis in landslide sites taken place of in Yongin city, Gyeonggi-do, 2011. The study was
conducted based on field survey by XRD (X-ray Diffraction), XRF (X-ray fluorescence), spectroscopic analysis on
soil samples obtained from landslide sites and ASTER satellite image. Illite shows absorption features; Fe** and
Fe*" at 0.9 and 1.0 um, broad water absorption features near 1.4 and 1.9 pm, and additional Al-hydroxyl features at
2.2, 2.3 and 2.4 um, respectively. These absorption features are consistent with the bands 5, 6, and 7 of ASTER
(Advanced Spaceborne Thermal Emission and Reflection Radiometer) satellite image. Illite image was extracted
using band math of SWIRy;.. From these results, we confirmed the applicability of ASTER satellite image using
identification of swelling clay minerals to landslide study.
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HEZES 75 9 WP Qs 728 s
© 2Rt o} ApAAbddA o] BALH 9 A
S IANA RS fdete AP BREAEE
of7] Atk HEZES] B FE H Aole] HE
Txo xetE = BAe] s <1 7igith A
EZEo] FE2 EfV] ol u MEdS 2=
W FE TFERIF BRG] Atk JE] WA A3t
= 29l Bl HEQAS] Fth 79, Foleare
& AEYA ), EYEE, EFRR] I H
Z, FHiebgoltt. WY HEFE] A /A Fo
TEe SREREUOIE, dEtolE, JhgEue]Eolr
RERUe|EZL 7P s ] =4 FhEEvelEVL B
Zdo]l 71 Pth(Van der Meer, 1999). ¢]E2 HE
FES F4ske 7P dRbAl EdolH(Gray and
Murphy, 2002) X &F8ellr EF W33} 5 7Hs7d
S UJellE F8 AXNAR 7FEThAl-Rawas, 1999;
Fall and Sarr, 2007). AEFES 3&E 24, 7= %
=2 3poH 542 ME tEA veidt. B A
& AAFEe F8 FAE ople B4 HEZES]
EAZ Q3] WA= L £ )TH(Snethen, 1975;
Al-Rawas, 1999; Bell, 1999; Shi et al., 2002;
Sridharan and Gurtug, 2004; Kim et al., 2005; Al-
Mukhtar et al., 2010; Seco et al., 2011). HEZEL]
EAE A 2 A WY EFE s 9
g 7o aclelw A gl A= B S W7t
ol slejx] P2 ol

Ril)

,n Qj
)

-+

A2 B 7beA A ALE AlTdTH(Van
der Meer, 1999). 53] XA13HE4(XRD), FAHAA}
| (SEM), T304 (TEM), AXFEEA(DTA),
LEHFEA(TGA) 718E AR BEde] dEdes &
Hahs WHo] 2aAlEet ARSE ghon HEZES]
9le A or FgFolr)

2009).
SHH AM 7S] g4 F ASTER (Advanced Space-

412 PAF - o) - Hud

=

borne Thermal Emission and Reflection Radiometer)
9/dg ol Ak Aol AREEo] SkTH(Crowley et
al., 2003; Liu et al, 2004; Fourniadis et al., 2007;
Santini et al., 2009; Choi et al., 2012; Nefeslioglu
et al, 2012; Song et al, 2012). Santini et al
2009y =jollA 2 Wlsk= 2AE] 391 & 4t
AFel (shallow landslide)ES AFAE 2dQl SHALSTAB
(Shallow Landslide Stability)> 2 thFsh 2|8 24 &
2kl aas 48] 98l ki dlolHzRE it
¥ DEMs HlwE S8t T3 3 5495
olgate] B¢l FE w¥dhe FES AT F okx
H 919l thdst = K band mathyS 53l A
F(index) B3-S A= A+7F A= g
(Rowan and Mars, 2003; Tommaso and Rubinstein,
2007; Van der Meer et al, 2012). YAEAPIHS 3
EEFE B sl ofHAT mEaL A 45
5 23 W= el gAI7E 7hs itk
FHol Slel, =l FAAG e BEeH B4 BRI 9
g ZAYeR o]&¥ Hb QTKChi and Lee, 2007,
Lee et al, 2011; Son et al, 2011). Wb E A9
e HlaE] Aztela, FA B A7) delM 44
o]§FaL e TFFEAE o83l Ak AR
o] AFolM HEFZ=S S5t okiE 4B 3
A8 7FsAol tiate] A8k

¢

47|

ATAHL PHFAY 771 RN AU dhS
2 AYH FHFE 127° 1000"~127° 15'00", B¢ 37°
18'00"~37° 2250l IX| ket ARALE] HAYHIR]= 2011
| 79 2795 29U7KA] SE= Qs @Sk 4
AFEIE Al - oA G538 A58 FHERALR 75
STt @A Ax A7 Wl 191 AR
AR L] Ak TAE 118~335m, AXFE ZolE 41~
450 m, AL ZHAARS 11.09°~38.6°9] B S
Ak A F2 Agletel] Q1s ¢ FEEE oF]
d7]e] HFPAR Fibe] Y& B sttt
AL A B olr]o] MAURR S-SR HWIY
o] AYL AX|&H(Fig. 1) hAE FHHo|

F2 o=z AMEZHTKOh and Yoon, 1972).
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Fig. 1. Sampling locations with geological map of the study area.
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Fig. 2. SWIR reflectance spectra of typical (A) kaolinites, (B) illites, and (C) montmorillonites (Van der Meer, 1999).

Table 1. Performance parameters for the ASTER radiometer (Fujisada, 1995).

ASTER baseline performance requirements

Subsystem Band Spectral Radiomgtric Absolute Spati'fll qu;:glzl :tlion
number | range (um) resolution accuracy (o) resolution levels
VNIR 1 0.52-0.60 NEAp<0.5% <+4% I5m 8 bit
2 0.63-0.69
3N 0.78-0.86
3B 0.78-0.86
4 1.600-1.700 | NEAp<0.5%
5 2.145-2.185 | NEAp<1.3%
SWIR 6 2.185-2.225 | NEAp<1.3% <+4% 30 m 8 bit
7 2.235-2.285 | NEAp<1.3%
8 2.295-2.365 | NEAp<1.0%
9 2.360-2.430 | NEAp<1.3%
10 8.125-8.475
11 8.475-8.825 <3K (200-240 K)
TIR 12 8.925-9.275 | NEAT<0.3% [<2K (240-270 K) 90 m 12 bit
13 10.25-10.95 < 1K (270-340 K)
14 10.95-11.65 <2K (340-370 K)

Stereo based-to-height ratio

0.6 (along-track)

Swath width 60 km
To'tal converage .m.cross-track 232 km
direction by pointing

Mission life 5 years

MTF at Nyquist registration

0.25 (cross-track)

0.20 (along-track)

Band-to-band registration

Intra-telescope: 0.2 pixels

Intra-telescope: 0.3 pixels

of coarser band

Peak data rate 89.2 Mbps
Mass 406 kg
Peak power 726 W
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o} Jde] FAMHAL 60 km x 60 kmO = FH S|
A9 gk FEAD GXE H3l F&3 ARSE o]
it} E3), 1.6-2.43 ume] TupgAelulel SWIR (Shot
Wave Infra Red)d %ol ‘]l“‘: A= ]- 67Hi ME3} g0
o] FEAAE FEL
g 5 ke Ao ] % = °P‘E% W"ﬂ“
TFA B0 A BRMES oplske HER
9] 53] B4 wet s RS o] gate] LAt
B 24S AlEsiaTh

A A HERE 5 dEjolE APES 95
ARE ol JARIFEE 20044 49 170 EH
702 ERSDAC (Earth Remote Sensing Data Analysis
Center, Japan)ollA] =215l Level 1BZ *]2]® Zlo|t}.
WA A A (USGS) 38 gtolHefe] =iy AdE
A< defo|Ee] 354 AHEE ENVI ver 4.8
SZEO)E o]83lo] ofiH W=l atiole] B
AelE 313tk ENVI ver. 4.82] FLAASHES AlM&-3}d
t)7]157g0] o]Folg o, o]} T EALS| & (radiance)
= WA (reflectance) = HEHSIA T
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Fig. 3. XRD anslysis of samples YI 07, 08, and 13
collected from the landslide sites.
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Table 2. Mineral composition of landslide samples by XRD analysis.

No. Mineral composition (%)
Quartz Albite Vermiculite kaolinite Illite Sepiolite

YI 01 29.1 14.7 5.2 14.9 36.1 Nd
YI 02 26.6 16.4 5.8 15.1 36.1 Nd
YI 03 33.5 12.6 5.1 14.7 34.0 Nd
YI 04 36.3 10.0 3.8 153 34.6 Nd
YI 05 26.7 6.0 4.8 14.1 44.9 3.7
YI 06 12.1 7.7 7.8 18.7 493 43
YI 07 11.9 7.8 5.4 11.2 60.1 35
YI 08 16.5 2.1 3.1 11.8 64.4 2.1
YI 09 29.3 8.9 43 15.4 42.1 Nd
YI 10 282 14.6 4.7 15.7 36.8 Nd
YI 11 133 6.9 4.6 15.6 59.6 Nd
YI 12 252 143 4.0 153 41.1 Nd
YI 13 19.2 1.1 23 10.1 67.2 Nd
YI 14 30.2 9.5 3.8 16.5 40.0 Nd
YI 15 32.1 17.0 4.7 17.2 29.0 Nd
YI 16 19.9 8.1 5.8 16.2 50.1 Nd
YI 17 26.4 12.3 5.7 14.4 41.3 Nd
YI 18 23.5 9.2 5.5 17.4 443 Nd

*Nd : Not detected

g2l els) A7 39
@ 38R o= sl
Hige BRI
oslolln] Eabe] Rt

e A, A9l &

sjEst glor, 44 2
A, 24 A 78] ol
Eoe] Tae RS 548
=45k 2AEo) . &
Mg 2RSS 4719} 4

0le] o7 EY y-Ho| EFEAS Hole )
Aof|A] Fgo] AZEAY A l uity A7} AdolsHA|
Ueh % it AZe] BEguile RS RS 7o

A (1 2k,

R, = c{i‘ % 100(%) (1)
T,

Q] Al S, C,, Tie 78 Yol by, 259
o] FARE, MEAA el TS GER-370090
A ZASHNE W ol ¢ 10]8 7P 3THChi
and Lee, 2007).

=273 At gho 1E}(F1g 4).
el ABOAM 50%7F EE Si02
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Table 3. Element composition of landslide samples by XRF analysis. (Unit: wt %)
Oxide YI 01 YI 02 YT 03 YI 04 YI 05 YI 06 YI 07 YT 08 YT 09
SiO, 59.49 58.73 59.6 63.28 534 50.29 50.19 55.75 58.16
Al,O5 22.18 22.46 22.93 20.05 26.37 29.75 273 26.27 25.13
Fe,04 8.29 8.5 8.59 7.13 10.44 10.85 11.44 8.59 8.29
K,O 3.48 3.58 3.32 3.69 4.02 3.69 4.58 4.38 4.01

F 0.35 0.26 0.32 0.3 Nd 0.21 0.22 0.29 Nd
Na,O 0.85 0.85 0.51 1.13 0.59 0.45 0.81 0.42 0.51
MgO 2.56 2.56 2.25 2.1 2.56 2.34 2.72 2.1 1.85
P,05 0.09 0.21 0.09 0.09 0.11 0.11 0.13 0.09 0.21
SO; 0.29 0.31 0.39 0.28 0.42 0.3 0.26 0.3 0.12

Cl 0.03 0.03 0.02 0.01 0.02 0.04 0.01 0.02 Nd
CaO 0.71 0.8 0.35 0.45 0.32 0.4 0.48 0.24 0.33
TiO, 1.28 1.22 1.22 1.14 1.3 1.1 1.34 1.15 1.01
Cr,04 0.04 0.04 0.04 0.03 0.05 0.05 0.04 0.04 0.05
MnO 0.1 0.14 0.12 0.08 0.13 0.12 0.18 0.08 0.09

*Nd : Not detected

Table 3. (Continued). (Unit: wt %)
Oxide YI 10 YI 11 YI 12 YI 13 YI 14 YI 15 YI 16 YI 17 YI 18
SiO, 55.41 49.26 57.19 54.43 55.44 56.99 50.44 54.06 52.42
Al,O5 26.18 31.45 26.13 29.42 27.21 24.33 27.68 25.83 29.1
Fe,0; 9.41 10.07 7.71 7.02 9.06 9.76 13.09 9.73 9.32
K,O 3.57 3.67 4 5.13 4.56 3.22 3.59 4.63 5.31

F Nd 0.25 Nd 0.25 Nd 0.21 Nd Nd Nd
Na,O 0.52 0.46 1.01 0.38 0.31 0.48 0.31 0.66 0.29
MgO 2.17 1.78 1.65 1.51 1.95 2.51 2.15 2.63 1.99
P,05 0.26 0.17 0.14 0.11 0.13 0.1 0.19 0.21 0.11
SO, 0.22 0.3 0.19 0.35 0.13 0.26 0.54 0.21 0.08

Cl Nd 0.02 Nd 0.01 Nd 0.02 0.03 Nd Nd
CaO 0.54 0.54 0.45 0.16 0.16 0.39 0.23 0.6 0.17
TiO, 1.43 1.51 1.24 0.9 0.86 1.32 1.42 1.18 0.99
Cr,O3 Nd 0.02 0.03 0.03 Nd 0.04 0.05 Nd Nd
MnO 0.11 0.19 0.08 0.04 0.07 0.12 0.11 0.13 0.1

*Nd : Not detected

(Clark et al., 1990). ST =94 0] 2.0~2.5 um 33 1.9 um AS2IPgFGoM = BT S50l vErdth
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Fig. 4. Reflectance spectra of YI 07, 08, and 13 soil
sampled from the landslide locations.
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Fig. 5. Laboratory spectra of illite from both USGS and
JPL (Lee, 2014).
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Fig. 6. Rearrangement of laboratory spectra on illite to
ASTER SWIR bands (Lee, 2014).
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L

Landsfide Frequency

Ridge

Fig. 7. Frequency of landslide for part of the ridge.

& Average slope: 25.15"

Landslide Frequency

Fig. 8. Frequency of landslides for 5° intervals of the slope
angle.

Slope Angle{’]

gty 54

A7A ] 1870 At AL S, AL,
AP A3 A3t 47 54D offellA 83%, 20~30°
APoI7t 44%, A B oaA] o= Al vhERst
th 7P B AR A NESE Bl SAe 4
SAoE HoEglon 47 S ofgfel HTH R
ARFER7E AR 202 el 1 SN 44,
2% SN 3, 3 SAdolA 3R, 4% SAdelA
SAFoR WASIATKFig. 7). A LA = AAAL
Holl A 17K, A (AR, B, AR, BEA, 27
TOE QIF QI o7 AAEAL 24 B v
odlA gi7F BAYSITE 17 S 2 Sl ke
Foll o8t AT a2 ARyt BT
e o] AAapoME 3% SIS 4 54
ol ARAREN7E WA E AT ZAk=e] whE ARk e] 1l
=TS BE FAMECRE e AAlelA dAbEE B
o] WAshs o= yeEsth 10200 Atel7} 57,
20~30° Atel7h 87K, 30~40° Alol7b SR RESITH
(Fig. 8). L3+ Ht ZAMEE 25.15°2 Yeht )9
A7AHET AR 4SBT Figure 95 AW
e7F S R AMRAALE AT = (rose
diagram)©. 2 EA|S}ITE. 20° Bk AP} FeiAHA

PPNEE F43] F18S ¢ 5 Yot el

=
30° ool AjEl WANIEE s A% B,

Fig. 9. Rose diagram showing the slope lines and the slope
angle.

Legend

@ Landsbce Area

Fig. 10. False color composite image using band 6, band7,
and SWIRy; overlaid on a topographic map.

ASTER & 7ts4

2004'd 49 17¢0] 9GS of2E FHINL=E
SWIRp 29S 48 ¥ R/GB (band 6/band 7/
SWIR i) E THAI3IATHFig. 10). B0l gk AlY
I FEA AR YepE Ao] delolEe] Fheke]
Eo oz aAlgdh 2011 780 BT AAlE) A
A7} SWIRyy, BEE 283 o}~ 49 v 4
I AAE 10° BIRE 40° 23 Y, T 40| |
S AY, mgor FAE FHS A, g A
o] Wi ZUsH Rxsh} A7t T2 AL A9t
3 dalo|E9 o] =& AFE X HoA BlwF At

Alel7} go) ik, web Ak o % A

ifie4



420 WAE - o8 -

A%t of2E AR o83 2HER] BAl(spectral
sensing)®] 7FsAS Hel Z 4 918 Ao wuE,
T3 T RS E3 AR Aol A
B defelE gt SWIRy, 2ES 2838l
vl Bl HER ZFo] ofFojxirkd Ak At Y
S A= = HlolEHe]2r) E Aol Z|thE

G dAFQ 20043 49 ok=E 949
FE olgate] 7= ERIA AT AriellA 2011
790 HAYSE AR Are] A8 7heAdS RISk
AAFE AlEe] dEtolE gl Héa 0.99} 1.0 um
oY A2olM Fe?'e} Fe'el F47F delgon
149} 1.9 pm g 12ollA OHSF Hy000 &3t 7
3 F¢ EAS Btk F7HEeR 22, 233 24um
o] elZolA Al-hydroxyle]l BTk B3 59
EgzAditl wetd A= ohe st QlelA of
URe] Fot WSO R HigEe] UYehE AE &
QI3IGATE of2E] g el A= oRRXARAL B
FEH ATE T AR AlRe] WY FES A
F BESA At FARH UERETE S, Lee et al.
(2009)°0] A¥et Bl A8k Ak, WA BAYAA
E2 dElo|E9] Fgel] oJaix 1 i dEe] HlE| o}
A Bl 2N ALS Bth 9, delelE FHaol
A ERd A3 AR Q12e] 2RafE] x| o]
A3

OfXE] TFEA T FETHA %%L, OMXW ZAe
T2 S Ak A9 gk kB
40] ofeR A zAl Hagh Al AHlE Eole A
< B8, A FoF A9 B4 913 o EA
7FsdS AASkL vk - HEFES o83 ok
B 914933} GIS F7HEA
o] Ababe] A 07Ee] HlolEwo]2~E
Aoz} detect

A A

o] A= 20149 AR (MRS E )] Alde
2 AHAE - %%%X]Wdﬁ%}ﬁﬂ A 4L g
o} Y ATLZFAHI : 2012M3A2A1050976) ©]9]]
A=Y

References

Al-Mukhtar, M. L. A. and Alcover, J. F., 2010, Behavior
and mineralogy changes in lime-treated expansive soil
at 20°C, Applied Clay Science, 50, 191-198.

Al-Rawas, A, A., 1999, The factors controlling the expan-
sive nature of the soils and rocks of northern Oman,
Engineering Geology, 53, 327-350.

Bell, F. G, 1999, Geological hazards: their assessment,
avoidance and mitigation: London etc, E & FN SPON,
648p.

Chi, K. H. and Lee, H. J., 2007, Extraction of pyrophyllite
mineralized zone using characteristics of spectral
reflectance of rock samples, Journal of the Korean
Society of Remote Sensing, 23(6), 493-500 (in Korean).

Choi, J. W., Oh, H. J., Lee, H. J,, Lee, C. W., and Lee, S.
R., 2012, Combining landslide susceptibility maps
obtained from frequency ratio, logistic regression, and
artificial neural network models using ASTER images
and GIS, Engineering Geology, 124, 12-23.

Choo, C. O., 2001, Mineralogical Characteristics of illite
and its applications, The Journal of the Mineralogical
Society of Korea (Mineral & Industry), 14(2), 29-37.
(in Korean)

Clark, R. N., King, T. V. V,, Klejwa, M., Swayze, G,, and
Vergo, N., 1990, High spectral resolution reflectance
spectroscopy of minerals. Journal of Geophysical
Research, 95, 12653-12680.

Crowley, J. K., Hubbard, B. E., and Mars, J. C., 2003,
Analysis of potential debris flow source areas on
mount shasta, california, by using airborne and satellite
remote sensing data, Remote Sensing of Environment,
87, 345-358.

Di Tommaso, I. and Rubinstein, N., 2007, Hydrothermal
alteration mapping using ASTER data in the Infiernillo
porphyry deposit, Argentina, Ore Geology Reviews,
32, 275-290.

Fall, M. and Sarr, A. M., 2007, Geotechnical charac-
terization of expansive soils and their implications in
ground movements in Dakar, Bulletin of Engineering
Geology and the Environment, 66, 279-288.

Fourniadis, I. G, Liu, J. G,, and Mason, P. J., 2007. Land-
slide hazard assessment in the Three Gorges area,
China, using ASTER imagery: Wushan-Badong. Geo-
morphology, 84, 126-144.

Fujisada, H., 1995, Design and performance of ASTER
instrument, Proceedings of SPIE, The International
Society for Optical Engineering, 2583, 16-25.

Gray, J. and Murphy, B., 2002, Parent material and world
soil distribution, 17th World Congress of Soil Science
(WCSS) Bangkok, Thailand, 2215-1 - 2215-14.

Kim, K. S., Choo, C. O., Booh, S. A., and Jeong, G. C.,
2005, Importance of microtextural and geochemical
characterizations of soils on landslide sites, Journal of
Engineering Geology, 15(4), 447-462. (in Korean)

Lee, H. J., 2014, Extracting Models of Hydrothermal
Altered Minerals by ASTER SWIR Images, PhD The-
sis, Pukyong National University, Pusan, Korea, 48-51
(in Korean).



HEFES] RS 51 ASTER 91393 ol &gk Ak AR &4 421

Lee, H. J., Chi, K. H., and Jang, D. H., 2008, Extraction
of pyrophyllite mine using characteristics of spectral
reflectance of aster satellite imageries, Journal of the
Korean Geomorphological Association, 49-60 (in
Korean).

Lee, H. J., Kim, E. J., and Moon, D. H., 2011, Iden-
tification of advanced argillic-altered rocks of the hae-
nam area, using by aster spectral analysis, Journal of
the Korean Society of Economic and Environmental
Geology, 44(6), 463-474 (in Korean).

Lee, H. J,, Kim, 1. J., Chi, K. H., Kim, E. J., and Jang, D.
H., 2009, Extraction model of non-metallic mine using
multi-spectral aster swir data, Journal of the Korean
Geomorphological Association, 16(3), 77-86 (in Korean).

Liu, J. P, Mason, P. J., Clerici, N., Chen, S., Davis, A. M.,
Miao, F., Deng, H., and Liang, L., 2004, Landslide
hazard assessment in the three gorges area of the
Yangtze river using ASTER imagery: Zigui-Badong,
Geomorphology, 61, 171-187.

Nefeslioglu, H. A., San, B. T., Gokceoglu, C., and
Duman, T. Y., 2012, An assessment on the use of Terra
ASTER L3A data in landslide susceptibility mapping,
International Journal of Applied Earth Observation and
Geoinformation, 14, 40-60.

Oh, L. S. and Yoon, Y. Y., 1972, 1:50,000 Geological map
of the Suwon sheet, KIGAM, 7p.

Rowan, L. C., Hook, S. J., Abrams, J. J., and Mars, J. C.,
2003, Mapping hydrothermally altered rocks at
Cuprite, Nevada using the Advanced Spaceborne Ther-
mal Emissivity and Reflection Radiometer (ASTER),
A new satellite-imaging system, Economic Geology,
98, 1019-1027.

Rowan, L. C. and Mars, J. C., 2003, Lithologic mapping
in the mountain Pass, California area using Advanced
Spaceborne Thermal Emission and Reflection Radi-
ometer (ASTER) data, Remote Sensing of Environ-
ment 84, 350-366.

Santini, M., Grimaldi, S., Nardi, F., Petroselli, A., and
Rulli, M. C., 2009, Pre-processing algorithms and
landslide modelling on remotely sensed DEMs, Geo-
morphology, 113, 110-125.

Seco, A., Ramirez, F., Miqueleiz, L., and Garcia, B., 2011,
Stabilization of expansive soils for use in construction,
Applied Clay Science, 51, 348-352.

Shi, B., Jiang, H., Liu, Z., and Fang, H. Y., 2002, Engi-
neering geological characteristics of expansive soils in
China, Engineering Geology, 67, 63-71.

Snethen, D. R., Townsend, F. C., Johnson, L. D., Patrick,
D. M., and Vedros, P. J., 1975, A Review of Engi-
neering experiences with expansive soils in highway
subgrades, Federal Highway Administration Office of
Research and Development, Washington D.C.

Song, K. Y., Oh, H. J., Choi, J., Park, 1., Lee, C., and Lee,

S., 2012, Prediction of landslides using ASTER imag-
ery and data mining models, Advances in Space
Research, 49, 978-993.

Son, Y. S., Kang, M. K., and Yoon, W. J., 2011, Study of
the pyrophyllite deposit characteristics in nohwa-do
using aster image, The Korean Society of Mineral and
Energy Resources Engineers, 335-350 (in Korean).

Sridharan, A. and Gurtug, Y., 2004, Swelling behavior of
compacted fine-grained soils, Engineering Geology,
72, 9-18.

Van der Meer, F. D., 1999, Can we map swelling clay with
remote sensing?, International Journal of Applied
Earth Observation and Geoinformation, 1, 27-35.

Van der Meer, F. D., van der Werff, H., van Ruitenbeek,
F. J., Hecker, C. A., Bakker, W. H., Noomen, M. F.,
van der Meijde, M., Carranza, E. J. M., Smeth J. B. d.,
and Woldai, T., 2012, Multi and hyperspectral geologic
remote sensing: a review, Internationallournal of
Applied Earth Observation and Geoinformation, 14,
112-128.

Yitagesu, F. A., van der Meer, F., van der Werff, H., and
Zigterman, W., 2009, Quantifying engineering param-
eters of expansive soils from their reflectance spectra.
Engineering Geology, 105(3), 151-160.

=
R
A
4
=
)

N,

A8 olEAl AR 1375EHT)
Tel: 054-820-7735
Fax: 054-822-5467

E-mail: namsoil@naver.com

oz

F=AAAL AT SEAE AT
305-350 tiAFAA 247 7HEE 30
Tel: 042-868-3072

E-mail: leehj@kigam.re kr

Mo

e gt A8k ¥}t

760-749 & FEA AEE 1375(FHT)
Tel: 054-820-5753

Fax: 054-822-5467

E-mail: jeong@anu.ac.kr



