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Case study of landslide types in Korea
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2 o : $PYelA HF T3 G A= 2375 (debris flow)ol® o= HF
TS A1712 6¥€-8YE Alolel tiRE SAdTh ZAMEAC S3tH 29ze] ATl
200mm ©]4d o @AFr] AJERT o)L AW xF dgo] ¥ AFdgMe T
A gorm Tt gle AdoAMwt dAdch x7idE Aol <& e}o] =(translational
slide)2 A1 &EB g Edo] AARY AFoZ {FHHUAM HEHAFFTLE Heldr) 4
ARFFY 990 HuJdes Holy &gz LAJAAE A AHA 21 & A9
kMo FF, APRE, AAAAL AEEE, BEFASF, AXEUE, TFE Foljth ol ¥A
AR50 EAAE, 53 2A2HE AL o3ty AAEY AHH NFAE FIHA A
Abe) 2A 24& AF A

o+t ¥ 8 (rock mass creep)< WF-E ZFGAl 5]31‘%}7‘]‘34]7*1 SR 2y AL A
9 A B9 3o AE fRojut AdAc: L HOF Im WYely Ty AR
7t 27] W& uls P A, FA FEA Eﬂr’l?}*—r‘ AR ARALE] Go] o] W
&%t 3o o] He AY MAde dFE Fdd gdEHE dFoly YR
A A#Ho Jdo] AAPAEA FANA] AAFZR F4F %0

31438 <g}o]=(rotational slide)s E¥Fo] FAAY 71wete] 43 F3hd d%Fo
A gAEE olEX &3] AR e AES AFHA. o] AAEHE dF = w4
230z AYPHE EAo] glon LAYy E A37] 3G AFo] HYdr} o) 3
A9} g BRC) EAY A3 SIS AL vis A 2eHo e BEH FF
o] B3 o2 Qdd ARTR F3e HLEHr] HELZ BFF AAehS EF-FEED
XY ARALElZ} o] FHS A &%t
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Abstract : The most dominant type of landslide in Korea is debris flows which mostly
take place along mountain slopes during the rainy season, July to August. The
landslides have been reported to begin activation when rainfall is more than 200mm
within 2days. The debris flows are usually followed by translational slips which occur
upper part of mountain slopes and they transit to debris flow as getting down to the
valleys. Lithology, location, slope inclination, grain size distribution of soil, permeability,
dry density and porosity have been proved as triggering factor causing translational
slides. The triggering data taken from mapping are statistically analysed to get landslide
potential quantitatively.

Rock mass creeps mostly occur on well bedded sedimentary rocks in Kyeongsang
Basin. Although the displacement of rock mass creep is relatively small about 1lm, the
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creep can cause severe hazards due to relatively large volume of the involved rock
mass. Examples are rock mass creep occurred in the mouth of Hwangryongsan Tunnel,
in Chilgok and in Sachon in 1999. Although the direct factor of the creeps are due to
slope cutting at the foot area, more attention is required

A rotational slide occurring within thick soil formation or weathered rock is also
closely related to bottom part of slope cutting. It is propagated circular or semi-circular
type. Especially in korea, the rotational slide may be frequently occurred in Tertiary tuff
area. Because they are mainly composed of volcanic ash and pyroclastic materials, well
developed joints and high degree of swelling and absorption can easily cause the slide.
The landslide among the Pohang-Guryongpo national road is belong to this type of
slide.

Keywords : debris flow, translational slide, rock mass creep, rotational slide

1.4 4

AT E Fe(type)ol uwebd BFE o giH 2 b(fall), EE(topple), o=
(slide), ¥ 3 (lateral spread), & (flow)o.2 ¥ 7/ (UNESCO Working Party, 1990,
EPOCH, 1993), #t#| ¥ 9 =Z<f(form)el 93t #FE we HW(planar), #7](wedge), ©
Al (stepped), Y& (circular), &Y & (semi-circular) 522 EF& 4 qlvh E=3 o5 A
o] B&A QA zh&dd o A7 obdrlel wel 9 (single) = & (multiple) ol#ts €
o]E A}43l7] = 3rch(Brunsden, 1985, Hutchinson, 1988).

St e dAZ AP FS(debris flow), &A1 9EHrock fall), ¢ EF <&
o] =(planar slide), &P (rock creep) L 3 AH <ol =(rotational slide) 57FA] 3 &) &
AARZE Fo] BRI aF AP AFFEE wet A SRS FEY ALY
b b gk A fEL AR AR AFESY BAEAAN SAsE Aoy &gl
E (translational slide) 83do] AFFE {53t LA} a2 Holg&efol=g &
HekA] e AN FEL FEIE 2R e Aol EAelr) 1996 FH 1998d7HA] 3d 7t
1= Aol A FAARY Ast™ o9 e AAbglE 292 200mm ©)Fe HF
7 g o B Aoz FAAHJH(A LY 9, 1999).

ARtE YL Gt WF GdE wE gawe] FAHAA SAHEY et e
A HAHA QG &3] FAST vt thEHQ Az FAF FEA B A
o] P ALALE S} ARG ARALER Folth ol REZFo oA A MAEEY H
A AR AN AdALE e e A SHE 2T | @A) ad $Sugda s
ol& FF AAtelE tiFE wFoly ddde] § & FEY Ed45HUY dBHo Uk

AAY o= EGFoU EST Zo] 43 FTIE dute] A EQLdo) o
g & o A=Y fElvEty 2SS ESFY AmUt vad gbr] wjEo) £33 gt
A F2 RART. T B2 28T MY AAERE o] A G A37] Fatete] ¥
o wi-¢ Hekstq wAE Aot

ol AFAME koA AFET HAHAQ AAteE, T L I AY MAlE Y] B A}
dE AN A AEE EUR AFEFATH

ox

o
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2. 24 H#%F(debris flow)

2 349zt AUIE Ao B& AMAFEiZE wgEgt ol F 2 A48 75 AAL
BEA A7IE8 otvgt f-euetdlA 2 old FF9 AMAEE oy 7 8 A
THE T 7IdEe Aoz g4 ok vty A HE A9 1200mm AE
ojuf of o) Awt o]ye] 7, 8o HFE W oYl H2 347 AVE duldA =RA B
G-2Ee] 93t 2-3YUzP = Hdl 600mm ol4te] 712" wbE 9l Olivier(1994)3 244
HoEetel ATl A HT AT 20%E 2HT AL By A dojg £ Qum
B gk vk 9131 Brand(1984)$F Premchitt(1986)€ &L A7t ulgles AZ749= xAz7A
olub FEAA 27 BAG] DY AAEHE Yo 5 dvn HIE v ot ojst
< RaE '96d 693 '98d 89 ¥ ‘999 8¥ol AUIE EX WA AF3L7) gid A}

B dod B FUT YI2AE 2E o)k

THREZLE B W BIE AYY e ol=g frEoE EFHEU Abest @
B3 M €dl=R ARHAL & 015 =40l StF2 AolHdAN FEIFNZ B
st Aoy Setel=e muey wWel HWE HASE w-Y3533 (non-circular

failure)®] FeHE Holed ol muey] Wo] trE R H|3le AugHe] A3 @
= “H %”Ef?}‘:}. ol ZE AYL AR FAFTES EE AN PO BAHE AL}

Aoz AP HFE 4 9
g %}Z—}i‘:\_ TETUY Ao R sl MAATe FAI AEE 2 sA E o
AHE dodE Aor deAn ik o] XAy Aoy Lelol=E AAlEe) FH AR
HFH AL dols 10~100m7hA] thekstA vebhdth, AR eI AR EE 2o 1~
2m BES B (scarp)E AT o] Alei7t 28H 7] A A23 YW (tension crack)e] F
As) YEHASTES ¢ F Ao

o] A9 dHFE EFL MY EFHEY, @E HAE)R 2, 49, 29 59 &g
o2 FAEY. dd(debris) e APEA 50%E 2R &= MY WM g A9
A 2, 45, HEE MR EXAE AHE 9nst=d(Vames, 1978), o]A ] 53 o
= 2AAEY A3 dHe FHe BT H4er] gEd AgEAZg HE &
¥ & (sediments flow)oll ¥]dte] 729} £x7 A=A Ao,

o] A9 FERFTLE FZ VY AFE uwel 2AHdEY drle "oy Zaejze
BgAor SAHAY F vud HEg 4k ApdcN dold HHwIrt Yojyz Tl’rJ—l%
240] 2 o)FHUA F99 EF EAHo dAFEF FHZ W] HUA A
Gel Felulee Fe dedth Fig 18 15000 AFEe] FAG A4S 3 A
AARE AR gk M) T Boke AbAle] RAR A Moy &eloltolm 1 WY o
2 HFEE HEY H5S Y Sk

_[;gﬁ
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Fig. 1. Plan view of the landslide; translational slide of upper part transits
into debris flow getting down to the valley.

NE g 8 aQelAw ARe) Wels By ABBAL 7

O

Zta AbR S FHle AR EA FAAHER YL Aldgy 24 92 F bR F
2% AtH 9 7]35H 8 (slope geometry) FElE A S22 ofyg AALE A7 A Fakg
o) @ FAolm AAY WAH WPs A@-H o] UrH(Johnes1983, Griffiths et al,1990).
71834 delE AASE AYREZe AR EZE S8 Yo 1, Az AAEE
9 254E Folt

HJERFEE A E SAAHANY gy vty Fel odte FEI FLHBZ ALE

]

SARNGAN ] AFEA] Fosrh F, A H 4R Hol¥ &eho)=(translational
B .g. 3

slip)9] A3 EAd o3 A2 HARFE A4 PRELS AHo|F &aol= 9 mtyd)
Aolo] F&H oz WA ol

Z&ole By FMo A7 F2 BPH T TolA s AT wolth AMAbE A
ILEG@EFE 713 5 159 uE WRELT AXElY 2 o AAE HEE 4
W 00% oldel ge mel: IEoIA AbA LAMES R w3 2 chgel 80-90%,
70-80%¢) #o, 1w} M)

Rulipiiv
2
w
N )

= SA4NEr A gon 1S 98 dol A
70% olatE e sbE AkA} 3] Aol 1=7F 500mY ¢
450m ©]%F9] = (90% o] )l A AFAERS] WA
olahell M= S FFo] 343 Asdr). Fig.
EE AN AR FHAoRREH 1RV Robd £E AAHY wAul st A Ay
< BAEY(Fig. 2).

A AP ) AArZbE T]Eo R B w AALEIZE 7bE Bo] AR X9 HALE 26~30
= ol o] A A AALE o] 32%7t doidt) Fig. 3& AALER LR A A e) HA
Ztol] upg AbAbefe] A Wizl AAbE el A Aolo] uld WF AALE FAE 1Pom
A AR AR oM AS HAE 205 mvtd "= Al Al e AlEx] gho}
0280 FAZE AXEA A SAL 333 248 BdEd, 28y BAze] 30
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Fig. 2. Landslide frequency exponentially increase as topographic elevation
becomes high. Diagram showing frequency number against elevation.
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e AAEAE FHEsle Ao T3 EY AHANE AW gywo] o= AT ¢
A e A gAH g3 AGEAHS FHE F g

gy 71N E §F Al tid A golu hAgs IE =
o dojuta e AR A AEY 93 998 Fua = Rojme

£

B
O

Ol
r- R

2
>

Ho] ohi Yurd
AAHE Do)

o



ekl B BAY AN A3 Hdth FAE Ao AAHE Az A
o 3o Bl sasle] Wolibs F4E HoBZ YA E R 5HTE vola

oWl X el EEdte BEYY B9 4EL O Add §Ede dH B daH e
Aolx d3Hon gNeo EX & dotstd EY9 294 AAE o= Ax §5%
T AAE Aolr olgk L AHAM AUAHE dode B EAAY A s
AL AAHE dodle 44 EY Add HrkE 7}%‘3P7ﬂ & Aol

Feluvete) AAbR s R TP AR B4 B g RAojth. 7AM wate
E%E Varnes(1978)7F A3 4u T39S 8¢ v 22 82L& A §ol2M
ATFA 9] Arbee] g% A EAE MHPEY ¥ opet o] T3} o] xgd B4

2 T4 9o
Arbehe) s Wl Ze) sl moe AwERe =)
$HBZ AHE Yol Ahe 2Ud 234 ge A4
R HAHE Yoslt BAA) BANE FUANE Be
A ARt etk Aol A 8IS oA RS dojuh
Astel AW BAANYE A

2l el elate]
o) B4 2e)4 2Hs nla
ok ool2) 3k BN Ao
o AAAA 64719 NEE A

o

NET F 8HES BY ANPS Aol WAk AW 2%A e e By
NS WESQ, DA% G, FHE, BRI, AT § 2E YR EYEAN o2
o ol molm Utk FHMY A BE Zﬂfﬂl/\i N7k AREA 4o i AR

ArAte o] A ARE HTEd e gle /4051 Bk v A B3R Aka
of BA(Fig. 5)& AHEW e Aol B B4 o= Hxo Ao Ad&S &
T St

AAHE dodle 84 F FrATE b F83% 8L =
ATFAGAM AT EF ARE UGOE AP Aupse} abrbe) Blxse BASE AuE
A FFEAT 25 FF AAEIE A FES dA43] Z4EE UERY

FrAas AL s AGdA 117, 35 Heped X doM 2470,
A 67 F 39709 AMEE ddeR el FFAss 34%e] HArketoly Hekr ok
1 order A% &2 WH(Fig. 6), 99 WA T kAl 24 Nx = 57390 #nkete 12
g Zaste @448 Helnd(Fig. 7).
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Fig. 5. The frequency of landslide vs void ratio and porosity.
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Fig. 6. Permeability values of three different Fig. 7. Landslide frequency within unit
rock masses; granite, biotite gneiss area in three different rock

and mica schist. masses,
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Efell A ARALE FH R B ATbeAE S FARAT o] A AAbest BAE sbsAe] AR
d&seo A8 A3t 2E2d 7 v o)

2 FE WA A o) ATFANE F7)
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T

= Hddithology), &7 &(porosity), AZUE(dry density), YJEEF(grain size distri-
bution), ¥4 A9 (permeability) &, X E AR Z+= 1Y (elevation), A8 ZAAMEH(dip direc-
tion), AFH 7 AHdip angle), AHAFE] Al &5 AFA 7 AHangle of top)E zHZE A A3kl c)

AbAbefell <GS v A= AE FEFH R FEhr] A FAAE B 22 2E 3

Rt |
BAG olga A A, AZUE, YEEE, THE, BFAS, D%, AR Agy A4
Sol Abatelel g vlA= Ao vehdth ol FAR BAMEGE 2429 59
Aol uoh gelgel ke o Pyl Ao sk wxay ALY o
o) =]

=3 s
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Fig. 8. Map showing quantitative probability of landslide potential; the colored area

indicates maximum probability.
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3. ¥+ ¥ 3 (rock mass creep)

YREEPL BEFAY diFE(ock flow)d] s3I thBrunsden, 1985). 4wlE e
sagging, deep seated gravitational creep 59 Go]RE 2*o]=d o] AdutTsPo] tfE At
AtRi el RSt SRl A & AlEe weEdUM MAE FEnrl Ydojitr] wE
oty 2R E GWtE Y2 Fedoe] A wyd vtelyt BEdLwo] Alg) war® qhulbol A
erH 7] ok g o)W Hefo) AbAbelE FHEE(backward topple)oltt columnar < e}
ol=o] FefE He AS5Ut Bl

FRrEge iR Oy 2 5EAE 2ud=d(Dramis and Sorriso Valvo, 1994);

D see owd AN Jd F3 m’ o ol2n ALE AdE 44 me o2t

2) = HEEA] A% S webA ol e @

3) TR vste] w1z E A Aol 5Aor,

re
fui2]
rl

o

4) BAF= 0 Adwe] Ar)=d olAo] AE MM graben-ridge-ridge depression
T trough 59 #& dgs A3

ARt gdo] WAl W3S FHE uhe 9oy Mencl(1968)3 Zischinsky (1969)7F

AAlgE Bdo] ojatw AbA FAIF e hEle] FFHI AGE dod)rdE Fugtdo)

7] ol A3 (viscous deformation)7t dojvttin FA&gIch 18y Savageot
Varnes(1987)2 A4 7= A&l & Adgdyus wel Agss gz ¢ste] obut
Woll X A = = 49_i DA FRANE dgurt dojuxnt sE 2 A2 wha) gt

o) getd 4 ee 4y

Soelol A FUETE ohAdA HBAE AT WA, B4 BB B9
Solnsl EREI, ARA AREN D AH-AND Awze) £2Es 5 ol Al
AT 1% APE-uzie) AME 3 ASSE BE A4 HHet el w2

o},

3-1. AX ZAAH
o AbAbeE 19983 9¥ AE AXT TS MW F3E duelAd 2A4sd o

s W AEST HIAF A GEFe REsE Aoz 23 F¢
2 WA 293 Abgte] F4 G olth(Fig. 9). 283, AFdE Alolo] AEY ki 4dUds
1 SFA AT AR vehve M-S F3E Bol wgton, B3 Aleke A Es
2 3 f4A FAAE FEE B

of A FelA LT ALA T A K- = nzke) BAsh A shrkd vl

S BoFn F23 FHEYE HoFa 4= 7124 SAMPD NOW, 90
94 XMITE: HAFE A @3 g3l A o] dFre] AAE FAdsta ddon, o
£2A= Y AA™l A= Ae] okt o el AHeldd NSOE, 80SESH N20W,
85NE W] gddEe] mA FEEY S AT MBS 34 3lu Ao

o] A dellA s}t dojubA] && o g3 AAbE A2 N4OE, 23~25SE A& o)
B, 37 " AN E FEFL vda EFAEA AR, AAZe Al AA s
2AE 10~20° el E B3 vk f3sh dojd X Ao REE wgom o 50m
A eAM 40~60cmALe SFFE 7HAE S HdFo] dAHEH o] xF AME U
A2 N68E, 30SEE YElRA®, :F4dA B2 & o 45 999 FARgN F 2o

Ao e

H
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Fig. 9. Geologic map of the Chilgok area.

o] A G FFHE dEFHL AR F waeoltd. NHAW/S0°, N70E/80SE  ~
N8BE/90" 24, o] F Wake] ©@Fo] Aatef A9 e Zé_?ﬁ dadith F3E Ababd g

5 HAA2 Nodwe g oz A A9 o] ©@F¥ Hdv 4 lem FA9 HEZ}
yEgo] o & I EQ Fe dFudE N150°Y ’d-’F%k 7 AAAE ke AAA

2

G xde] BEEA Eegtl FEW o 50°9 HAAAE e dFEFz Mol wadt)
of @22 AAZ(normal) FAlelF +E& ¥ ALE wuHY, HE HJEA RN
T BEE F glo] AT BAA] ke nhEe o3 FYAHE Aoz e
N70E/80SE W&ol @5H2 37 ¥ AMH Y o vy

T Re= o] &
THAE 94 HEZF dEso] gtk HE IEW 5o dFude T ARy vz
Aol gt 5, N134°9) A3 57° A A & 20° ARALE ze F 7/ @324 o)
th 57 AAA] 228 Az (normal sense)®] AALOlFA ©EEES AAlFx, 20° A
el 242 FHFF FO)T TEE UEY o] T ©ERM F 57° AAALY 2AMo
20° ARANY 2N GAEANIE GHSR Hol AAlolEA ©E LT FH|FAH FH
o F71 Lot &S A F Ak F, 9 A A FH5Yg FLo|FEL §
3, 1 F AR EASRA nPALe] Az BAlelE Fg ¥ Aoz #AME 5 gl

=3

o] o] iFEe HesE Ao Fon
FEHE EESL 3 ‘4 °]& Al
A2 N8OE, 80SE<¢} N20W, 8NEZ
W otha deEs e AFAE 4
A sk (Fig. 10).

i o‘ﬁ‘,

0%'3

ol

flo

hul
by

(o3

ke W E BoFr]E A g
: & AArze] 90° o FA7kg Tzte]
A& dEde Sad e ME AAE

AC)
L



L3

LEGEND
N\ \ Fault

Tension Fracture &
haihd Down throw tip

,". R
S /
r‘=‘-;=,—.—,.s=-—'—’—7’—

Fig. 10 Plan view of the landslide.

qute] AGZAEE FAHEY] A&, FYUHES dAdoz F APAGANNHE LS AAEE
AGZE=AEE A3 FF Atelo FE7F FAE ASE AFASFAT AF A3 AFH3 A
B EF 2 AGAE I yReRzE 2o,

duty oz Aol et At o &d TIEHW AAREE AY dHH By
HRA Zastes o2 gHA dH(Rodrigues & Sousa,1981) o1H WL 138 AALES)
TAYE FAY AAEE AHEA, AL 2K Q29 e Folda 9Y F
o dAF$7Fe] ztzh 226.8mms} 221.0mmel] o]28 o]l IujoM wAFE A YFH
9 4AE JegiE Ao2A, dutg FH3) EIANPL B, 2999 AUAEE #H
3 FEATIE 2R S NS Ao Aty

3-2. 2349

APALER 7L 2 A AR} FoRolE 1970d el AEF JESF Y o] dEE 1998
Zo FFFTALE FAFAA DAL AT AFHE 60° AAZ AT "AARY o
A Gl st TR, M H dFHY FAE A PHoR dHEY gRE 2
el AMeR s AT deldl FA(Fig. 1D. F, A4 % AAE 711 29
OJA T AP AL FAWY FFE YA e AL 4L & o F =W £E A}
| WelZt ¢AstA @ Font

W, o AFTEE w ¥ ¥ AIFA/ A FHA A& ulkg} 2ol YW A}
ol9] HEA WA HEE Fol ZF+E 94 ¥ FHaA |k wE £x9 w7 o] FojAA
FE AEYW FEFRIE Aol YA Aol AdAE it v Aoy, Wikt 948
3 ol FolXA] ¥3 HEZHC HFFE AV} FTHFA Bo2A FEEY AY oy
o]l FaHy, A= AGAEIF A FaEd oo wi AlHE TASE gt njne
Hol A% 7t&3H AT

o] A £ e EAL AU 9Y F ZFWe EAA Fun YA L we
SEIHE AAE ook ESFHY 4w M B FFY F A 3P gwre

- 28 -



AAE @A vlksAR Gre) FYUS BE slipe] BAHD, T TR A SR
b JEA @3 9E Weld BEYH2 FuU $Ede BFWE 54 9 F 8%
"ol EASA 2ge & Atk

vFig. 11. Graphical analysis of slope stability. Most of bedding planes
are plotted in unstable area. The internal friction angle is 20 degrees.

urebA] o] AbAbele) EEFRAE o) Ao AAHA o)l YWtE P guky
°l71=3tt}. Fig. 12 Mahr(1977)8] et wdg AR AAg) 2o HEA7 £
2A BaEe diyEe] AW E E4e el ¥ FA dEvEs 538 5
=

8 > e
AN o

(b)

Fig. 12. Schematic cross section of the landslide. (a)l:zone of viscous deformation; 2:zone
vielded by shearing; 3:shearing in the brittle(shallow) zone to accommodate for the

volume decrease in the ductile(deep) zone(after Savage and Varnes,1987).
(b)Schematic cross section of the studied landslide.
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4. 3] AFA}e](Rotational slide)

old Fejol A= HAude] & dEHoIgFo] EH LR HI(circulan @A
H(spoon) HI & FHE 517‘:“ Ao} dntAolrt AL ‘34_ ¢ e 48 7 4
Ao ¥g¥d & glon 4N EY EE HHEE WY o= Rdx L3 ¢ Ut FRE
- gt ¢ dEedM F km7bA 22" 5 Ao

a9 wyrt ARHE B9 X (mass)e M2 AAHE 3 Al —43P°‘1 e &
do2 yYyoixth ol EYEL AW ARAME AH FH(backward)FZ o2 &1
R Ao AFE EeteAHo B Eo] 2 & Y/ (bulging)S At}

old Hefe) AAEE Edolt MM EHAE FRA BA Ao} Aol HlIgs B
*T TAA P Bol LAt a2y 7y dAEE AHSA BEASHe] 2EId S
A9 Eo] YA =Y HEALTH A2 GE FFHY ¢FoE TAE HHYGZF] HAHY A
ArE O] Hersith, WS ARFElE AMRSHR O] AAFA e st o3 Ad®He] & A
€
o
o)

J» HH

Lo

%
AW, ERNEF EE A9 9 FA A5 45 ol A=Al 5
F A5 457 D719 FARGe] WEHW A WAL FAAAY, S}
1Y getolse 54 1—t— FY-TRENY FEIF FAFROE 2
E SYue AAEF by 2

._?
2]

S 53 A#FHAJE A9 Erh(Varnes, 1978). A9 A U] AFHA &
ez =
q
)

2ol 4
A %9} shjolny.

>\1

4-1. AF AFA}LH

o] AkALERE 19993 8€ AE AFA FEU L5284 S A AALEsE 2A S
A GL AR A FEHY FHAR o]FoA glon, A FEE F 2-3m9 o] ZET
Bt dojd Al M& AA BRIdE A7 AEtn ok o] ARAEE QdE AG
2397 Jof 33y, ¥E 77t vlEHT, /M R Fge] 2AFE FJHE JANA
FA), 1999).

o] AFL& A37] HaE FEGE £33, 32 AY ¢ dgez FAHY
(Fig. 13). By g wE=5e =5 A2 F37 Bo) APHA &L Aejoln, Alds
7 ZA] Auke) o] o WY XA (striation)o] WA TREG
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Fig. 13. Geologic map of the Kyungju area.

o] AMAlel= AZHE 9 1133737\}0“*‘] A et vk % vl ¥ (Semi-circular failure) o]t}
Hg ApHe AL Az 3 FRogA 22°0 Hi AAE HAu) AA}Eje] Aol
165m, %—"— 52m A Zolw 711]% A F3 oF 10-15m Ao o]F Ao FHHT AkA}
AlZEE NIOWS M& 4 11'%54 NSOW ] 535 ZBARZ M2 As 428 gua s °]—E—t¥
(Fig. 14). A1Z5-9 #AH HArbE 36°2A H]m_i Sg BALE ol F 1, FAYAE |
ojth, A= AR FE 1% 2 NI30° o2 3d Udiolth

AL e} N & BAFE &L ATl Hil'}-T’- TS5 BAFE BRI AAd X
g AARE ALY 7]7<‘l-r(toe)-§~ FHOE A N10W4 Wako 2wttt A3
9 444‘41_" 7t AdE FAE Holw, ZHE FAGAE A ARROA <k
15m, S3HFoA ¢ 35~40m °l2, Hd FAYAE 6mol o8t AAR A2 LA
o } & (secondary fracture) E=& AF @ d(tension fracture)z o] /AR ¢ret)
TAE A ST e 2719 FE7F FX3ed], o] ERY H&ERE B8 A o)
FS FHY F Ak 2xY HHAAA EEY o]FAYE N-S, E-W @3N ztzh
12.8m, 69m oltt. B3 A A&} B3 F AALY FAAAE 20°0]9, A o] F(net slip)
2 18m=E &AFHAGY. F, o] R R E NI30° Bgo = 20°9 FAAAE 71x8 18m ©]
3t At

r{r

lid

o
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= |
L 238 gx
123z gx

\?3 2 o
£y na

0 50m

—

5 AARE NoOWe %o = dil2e g FAsie deddtt F5d94 < 10m
] NW-SE%d ®olg}t 20-35me FAYAE Helth o] B&& Ayke] NI130° #&o=z
o] 53 TAZ NW-SE %3] ¥ojxt #ad,

AbAbe) A FR A oF 50m 3 AP FEE AN AFdte A4S 24 A
o] 122) A (rotational slip)oll <& AP QAutEc §3 Aoz v X A|q IAASE
o] 98-8 3= 50m AAF FFAME -'41]‘3}01 AARE B} ol 7] AJ&ste, ¢F 100m
Ao A ure] AFEL o 3-4m AT 2 o o2 (Fig. 15).

ARALE L 2 ARRE FA] A2 4L FH AGY] AeAEE 2W 849 ¥ FAASH
& gA4to] 4474mmEA F3F3E B ZA¢FE Jerd §3), 89 492 1088mme] ¥
AsFe2 AFA7 W3, 1843 23YelE 27t 46.0mm, 36.0mme] vjiH T2 ¥
b iRk o)d AHdAM s Adrdrt A5dtd AEW F 7R A FIGE A o] 2
A HAE AR FAHL
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~ Newly formed surface after movement
~ Original surface

.~ Slip Surface Tension crack
.~ Basement surface

BB 1ranstormed material
m Surficial deposits

Tertiary voicanic rock (tutf)

100m ""|

Fig. 15. Schematic cross section of the Kyungju area

5. 9 9 4&

2 F3% 712 E 93l B 49 A9 AFHE @A) RN o2 Q%
ARALERZE F33kE FAlolth 53] 19969 & 7IH LR o2 s @Ato] FRHo] YEYR e
gl g&o] A3 AR FFHY 4o & AAUE, AEEE ¢ 1% 7
Ao wer AALE) A O JhEseteE @48 Beola
FH 2o @A AALE Y] AlEE 8L ohgn 2o
D $augeAs 7 &3] dA3tE AAEE A3 FF(debris flow)el® 1 E4&
o&3 2o
- AF 3 A71Q 69-89 Atold gl E GG XA BAC W 2dzte] 7
9-2o] 200mm °)FY w LAF}7] A F3e
- AN EE AAEY kT wadEH g B JoH YRERE x=F7F e A
Ao LA gL}
- z7ldE Mo)¥ £ o|=(translational slide)ol 2l3le] WA S u3EAo] A}
ol AFog AFEFHUA debris flowz Holdtt a22E R E 9| debris flow
= Aoy &gtol=g AdHAJYH.
- debris flowd] ¥<le] HIuYe Moy &gz TAAAE 79 A9 =2
A9 3hH ¢ (crystalline, non-crystalline, stratified), AP 1E, APHAAL Y=
¥, 55AF A2YE, FFE Folth
QRS BAAE, 53] X229 AR g3td AAEY AFH 71FA
TE5 A3, o5 F3e AAE 2ASEE HFI A

g o= e oo
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2) $EEF(rock mass creep)S HZ HEFALS Aol XXM ZAHD gleo
M I 542 gsddn
FE A4A HYGAGAM ¢AHEH AH d9e AY AW saR e HE o
ol
- Agdoles e WeE Im Weoly TGRS FRIL 27 Wi wl$ P
CAF, B BEA HEYGT, AR AL Fol o] MFe &3t
- 239 dRle] He AF Addie dFE FHd gEHo3lE dFed oinw
et duso] o] AARAA A FFE FoE a3

_EL

3) M P edtol =(rotational slide)e E¥ZF] FAAU 7Ivtdo] 43 F3ld A%

o] A "”‘3‘5}“‘1 E3] A st AES dudooen 54 thgAgr

- o] AAHE 9% EE Wd35Por APHE EAo] Jon fvedME A3
7] &3 A FGol F st

- 3Ae A 2ol EAE A3 S3Ye At uig A dgEoglo
BEH FT o] =ob AF7A F HAF}EZ oA FHejo AALeirt 2R
7hsAd el o}

- AF 2AEe XY-TEIN FERY AT} o] MFo) &3

A AL o] ATE HEYIER FAFFATALALY S AR LATIEALAL 9
Qgoz +YF ATFARY RN o] AYE Bo| Ferlere AFH FUo| Bato]
4AE AE BT,
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