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ABSTRACT

Recently, one of the natural disasters, landslide is causing huge damage to people and properties. In order to minimize the
damage caused by continuous landslide, a scientific management system is needed for technologies related to measurement
and monitoring system. This study aims to establish a management system for landslide damage by prediction of slope failure.
Ground behavior was predicted by surface ground deformation in case of slope failure, and the change in ground displacement
was observed as slope surface. As a result, during the slope failure, the ground deformation has the collapse section, the
after collapse precursor section, the acceleration section and the burst acceleration section. In all cases, increase in
displacement with time was observed as a slope failure, and it is very important event of measurement and maintenance
of risky slope. In the future, it can be used as basic data of slope management standard through continuous research. And

it can contribute to reduction of landslide damage and activation of measurement industry.

2 «

2 s G A 3 AAelel Bl s Shole Qs A S AT ek A% A0 s
gl AR Q1% 31 A2 AL AZ, BUER AAE 5 Bl vl o ek wel A7 Besi,
AT AP 5 Be A TRALE A% el BYS BHoR sha ek o) I3 Aate) W

SANNRE B A AR AR WY T Al 2, A
3 71 7k 88 7 TRk AR & 3] o2k Zo® yeh, ¥3) Az
o 2E 2e)A] ARRE] AR A7) B e v—m} PEAOR U

glom, oli= 231913 APAY) A% B 7] PG tIRs] FE SO BRI, AtE) wAle] B sl
GF A5 ATE Fal ARNEINS @ ASVeNEY VZARE B2 5 9 AR AR, Ak ez
8 ASA] BYS 71018 5 U Ao B

Keywords : Landslide, Slope failure, Ground displacement, Surface ground deformation, Slope failure prediction

Received 9 Aug. 2017, Revised 5 Sep. 2017, Accepted 5 Sep. 2017
*Corresponding author

Tel: +82-33-250-6463; Fax: +82-33-251-6463
E-mail address: yskim2@kangwon.ac.kr (Y.-S. Kim)

e
0z
H
ogl
>
oo
~N
re
il
Ol
N
o
iy
1z
o
olm
rok
>
ra
ojc
=
=2
it



X
rhu

2 WAL e AAA T AP eF e Al
+ ek AT A shE LAYAZ|AL Qe 53] 2011
E AR A, 2 AR A S -ElAkE e
Z AAE E7 HE AR, A HsiAle S
F/goll 711t AR 7E A=A o2 ARt =AY of =gt
34’61194 %E% <7 ﬂﬂ e Ao 113} 20124 ﬂiﬁ A

97
St A SISl o sd0slon
Forest Service, 2013).
2 1047F AP Q13 S A AR 309
greolm, ol= A ARz QI AFgARe] 30%0 o]
%

E] ¢ItiKorea

Lb‘

2 2 gao] Hgich Gagae] Aart A7) B8k
30%0] o] 2 TS WA AL Als] 47 A
Slo] fgole & 4 Qlom, HE7ol W e
HIE Z7ol wfe 1 wlalst 348 Selun g
ZFA|o]tHChae et al., 2015).

olaizt Akl TjlE Hzslels] AaiA A ¢
B0} YAES H3ke Tolsii olo] tie 4
o B estel BalE Abtol] ofslor gk Figk
AA(R WAL A= 200885 E T et
2AKE Sqstel A2 13,0000712 % B HBALR
A% 4367040 iRt o ALYl S S8l @3 Itk (Ministry
of Public Safety and Security, 2015).

g 450] o8 At S Baehe Seletol
729 okt AE o ARE AL AAIZE mUE
= B9 ARIAIZE AaAolH, sHA| Bl 7| ol A=

obd pelAA o] dsko i) WA v aﬂ
s} | 91 AFEeAS, mUE ALE 5 At B

_ le

210l A4 ATE 3 Sich A 3o X
?—;@71— Aol et SERA, AHEA B0l A
el Aekole] e Al FEslel 9
on, ofajst A A AT AP 5L T
SR AZ AN A TGl B TNhE
1 oh—,} 1311/} A]-/\].q]g] Hl—/\gEHAP *Fﬂ}ﬂ] H]—A(HZ]O:]
cq]zo] o]-L] A}A}EH tﬂ—}\]—]}\]}ﬂ o ]z—s}l— 740] Mx];d ,L]
A $Ie el saBlo] B oz wreEirkKorea
Institute of Geoscience and Minreal Resources, 2015).

o Eloﬂ/qh AI-A].EH xH—sHoﬂal-p_ 2Hog .LE_ aﬂ i

oaZa T h

ﬁdeE

SAES Folo] A AH W BUHY ALRS 75

2 SIEXBRIATESISE=2E K167 X3z

al7] 913 w2g AgHom s Qv Yre] 49 o
HEAEE Aol ZAstel wiskE o] $18) 44
B2l o)A QA AN RS A, qhubael
A2 A& o7 £35t 9Jom, ujdoA= Aelx]
ol Q= 2ol S ARE WS 5 gl ASA
281E AAjslo] S4B UL, FFO) A9 Abde
A Ang 9 2 7&%9} Aske] Asfel chet

a
5= A7) HEEA] -L‘B_o}l:} Sl g %Qtﬁ(Korea Institute
of Geoscience and Minreal Resources, 2014), AFALE] o -
AR AL Arjsels] Paire B wUE
AAE o83t W A& tidez, 549 4154 2
S A dart Qlck

e, & Q7S b W A5 e
A /\

2.1 ESX|UHYE 59 ¢

Kim(2015)0f o5t 25| Aol HP3h Mel=
L5 A A W3t AR, SFHOREE Hol
2 Aol M= et A, ZsH oz RE "ojil
Y2 AFHR RN o] nji oMl Hst= 2
o U] Qlck mEbA, 2 AGoA= EFANRE
B 52 ARSIl AbHo| By AA|sto] Fo] g
et A& S7HE 22 5 e AEE 35t
iler

2 4 OM *}%} ESANHPE 52 AFHEIA]



d 1 arge N7 Small
22" horizontal 7 + horizontal
\ deformation deformation
€
) Q)
Small € Large
T horizontal H horizontal
deformation \Q/ deformation

Fig. 1. Sign convention of horizontal displacement sensor (Lee et al., 2014)
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(a) The schematic diagram of penetrator (b) The photograph of penetrator

Fig. 2. The schematic diagram and photo of penetrator
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Fig. 3. The photograph of surface ground strain pole

Fig. 4. Calibration test
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Fig. 5. Calibration test results
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(a) The schematic diagram of Slope models

(b) Construction of slope models

Fig. 6. Slope model (Case 1)
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(a) The schematic diagram of Slope models

(b) Construction of slope models

Fig. 7. Slope model (Case 2)
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(a) The schematic diagram of Slope models

(b) Construction of slope models

Fig. 8. Slope model (Case 3)

5.0mQl HE arefsto] APHGH A%
F7] Y 5.0m=z mF BUs 20
Case 1-& AlHI=0] 3.0m, AFHA T .
o =27 Ee =(Fig. 6 (a) =), Case 2= APHE0] 4.0m,
AFEAE Z 2.8m, F 6170 FAIEO R (Fig. 7 (a) 7
%), Case 32 APH=0] 5.0m, APAAZ] & 3.5m, & 87+
o] Z2te 2(Fig. 8 (a) F=2) AASHH: oldf S, 9]
SRR AAAFEA Ol HiRE 30%2] BlEE Ak
on, S, o]0 2] thsfiA= 0.3me] 5L 7+

_i

BYRYAP] S SLFIEE Seivtet delof
7V o) Haatn] Hujel So| ojz] Yelel s F3t)



Table 1. Physical characteristics of the soil

Density pg Sand (0.075~2 mm) | Silt (0,005~0.075 mm) Clay (less then 0.005 mm) Dso Pamax Wopt
(g/cm’) (%) (%) (%) (mm) (g/cm’) (%)
1,793 56.5 95 0.85 0.85 1.928 13.3

(a) Excavate soil

(b) Standby status

Fig. 9. Slope failure through excavation (Case 1)

(a) Excavate soil

(b) Standby status

Fig. 10. Slope failure through excavation (Case 2)
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(a) The schematic diagram of Slope models

(b) Construction of slope models

Fig. 11. Slope failure through excavation (Case 3)

(b) slope failure (Case 2)

(c) slope failure (Case 3)

Fig. 12. Slope failure
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Fig. 13. Displacement vs, time (Case 1)
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