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ABSTRACT: The slope failure prediction interval model is proposed for determining changing tendency of the
displacement and the velocity. Normally, the monitoring system is a sustainable management system for the
prediction of slope failure. In order to predict the slope failure, the research is ongoing to implement into the model
by the application of measured data, such as the slope displacement data or velocity data. Most of prediction model
studies has been conducted as a method to predict the change of before and after the failure point by time-dependent
displacement data. The earlier studies is based on linear function on inverse velocity equation. However, this study
presents a model that the point (interval) of slope failure establishes the inverse velocity equation by exponential
equation instead of conventional linear equations. The point of slope failure is predicted by proposed model on
obtained data which is the exponential form of the model equations. The adequacy of inverse velocity exponential
equation is verified on measured displacement data at OO site. The verification of prediction model is compared
to the time of actually occurred slope failure which it uses the exponential model equations. The actual failure
point and predicting failure point are compared for improving the prediction model. The point of actual failure
is to 1160 days after installed the monitoring system. The point of predicting failure is to about 1000 days based
on the inverse velocity model In summary, the proposed slope failure prediction model allows to predict the point
at which the possibility of failure rather than the exact time of the failure.
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1. ME

SvigEe) ABL AATE, 5, 221
o], A5k, 7] 52 A, A= ol 25t
o) §% 9 5}3) Yehe ol =eict AR A @
a7} obd o) 840 B9, HFES 2 Fokk
& 52 1HSHA] ¢7] ol ARl whE H
grio] BHoE & 4 gtk web A ARlA
= el el g Holy B o4 e
ofstel BT 4 gtk Aol HAAS 2
CCTV 5& F53to] Aot M9 B E= U4
Al % HlolEE ARSI MY AR E
shofsian glek. sk ol g o] AAA
30 aijgpol ohat hAsglo] obd AL 5 a4
o]7]o| AFaLz ojojd 4= it} HIEH Y A
ol T2 73] A5l et A Frfle] Aol
ofsto] 2|&2 0 2 o] Fof|al AR, AR 7ol
dfet ASAZ ol E7} oy B AHS Fot u)
AE = 47 F=2 o|FaL itk(Fukuzono,
1985; Cho et al., 2008). £3] Fukuzono (1985)= Al
gl wg S A ASS 817] o] Ak
£, P54 So] ofd Wel-&x] AU 5
& BYAFHE &3¢tk Fukuzono (1985)¢] 2
i Alekel Aol ofahel wigl-wole) Pis B
FH(convex), A& (linear), LEF(concave)22 EF
3 4 glon, ol Asakso] ojs) AAHT. 514
9t Fukuzono (1985)7} AItgt H@4lS A%-S 11
o ohe FAT BHARE Bl AL A%
(A, RO EHNHS o|=3gcHFukuzono,
1985). % A5 HHolH= ddtolEed= &
2] &2 A7 ZH4(interval) 3 3 fl= W
H(error) W&o Fukuzono (1985)7} Atst md
A2 2-8-A17]7] ofHth(Fukuzono, 1985). & H+
ofl Ak AR BAOA] AR AS BT Qi AIZE-E
(time-displacement) 9] AAUAE &-g5}o] x4
3 o4 mu S el

2. Linear Inverse Velocity 2 &!

Fukuzono (1985)¢] & &= o & (inverse-ve-
locity)= Alzbo] AakstaAl A4 917} wstal
L 249 danet A7 B wae Wl

(Fukuzono, 1985). Fukuzono (1985)9] 2]l AA|
H Al 22 dF AAHEIE AP =
ekl aysiglon, 28] Al wet mas
L lse] B goleg st 94w g
L AEShe B2 A 1E 3k th(Fukuzono, 1985).
wfebd, A HAN St Zo A dhE B
A\(inverse-velocity) 7} 0.2 7H= A4S FA5}
A HE2 I ¥ SRR 7S T4

(1)-

SA70IA £ = A1, tr= B AIZL, V= HSIEE, A
383 a= A5 YEhdh 28 194 HZo] ¢=2
Al A% (linear) SRS Holil >2 o= E5F
(convex) W&, a<2 duj= 2= (concave) &
< ®o|A Yrk(Fukuzono, 1985). Fukuzono (1985)
= A9 AolA FHAIH A BT dlE5
Uit o 2 AY £ HjoB 2 WA= A3 He
okl 31% 31, Voight (1988, 1989)¢} Kilburn and
Petley (2003)2 94 48 38 27sloA] A3}
of Zoj7 o427} Mo B Rolew oy
HE o]gF oz Zslgti(Voight, 1988, 1989;
Kilburn and Petley, 2003).

Rose and Hungr (2006)2 A3 4] g4 ndS
ZGAA it ol A 9] B3 Al &3t
Aol A L2 Held o8 o Wk (trend)E 11
sof dolelE Wefat & Tt AP 02 B34
A& d&3sHth(Rose and Hungr, 2006). H] A3
o &% P02 Hge A HAAZTE o 3

—a>2(convex)
= a=2(linear)

——a<2(concave)

Inverse Velocity

Failure

Fig. 1. Inverse-velocity versus time relationships pre-
ceeding slope failure-after Fukuzono.
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3. NEW Exponential Inverse Velocity (NEIV)

&

0
2>

A ATES WAR7IH ) Mse Betd
o|F 9 £k RYE st AFPaf = FHs}
4t Fukuzono (1985)9] g<&=wbH (inverse-ve-
locity) 0.2 W} A|71S 2A4sH= Hpioz &3 A
& ASdole 2 &-8357]oll= AR 1 E o e g
9] o)7L 43| Wol WAs o 28417171
o= of&H-&°] wrEth(Fukuzono, 1985). Est 5L
& Az HE e 2 WOl e B Algale] of EE
A GAZ ol Etstal 2 o)7L e AgskH, 4
THA = 27] W&o Fukuzono (1985)9] H&=
oz HeZh eyl wet BTl o=
AL =700 2 7He BES HEE H8A7E A2
o]F}h(Fukuzono, 1985). T3t o] HYE EF3}
of HYlo et G&E & o R ZASstolE @2
W7 AmE ¥ AEL dlZelols 47 st
o B el YURE Fol Fukuzono
(1985)9] & —ﬁ,‘—E HJ‘QQ

s oAt St
t‘*ﬁ} *l’é“l"ﬂ/ﬂ 11—’? Hﬂﬁﬂ%-g Kol Z-ofgt
o H= HE o &3 BAF o Fo] 78t
(Fukuzono, 1985; Cho et al., 2008).

2 AFolA Y Al A2 A5BAY F

<% T d(new-exponential-inverse-velocity mod-

Displacement

Time

(a) Displacement versus time using real data
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el, NEIV)Z AAJZE #H 9] dlo]gof tfgt A4
ot A4 2e RAAR)S VRSl 1 AL
do g Ao 2N =&t} NEIVEEA)(4](3))
< I8 2(b )Q’ 2t 27 2(b)oll A= NEIV 229
gt 225 a3 b e E Yol & 4= QL
t}. a7+ Fukuzono (1985)2] A& (linear) <7t
3} 0] A HE Ao} 022 7 e 3
skar ok b7k B 7 AR SR 9 ¥ ot
Aol thigt J&ro)7] fizof 71&717} vie- 2
Are 2] &e 2 vk A " ch(Fukuzono, 1985).

D= qe' (2)
Aq7)0f|A] t = A7k, D = §19], a = A {d=oltt.
V,=ae! ©)

A7ONA £= ATk V= o £, a= & HEAS
ol}.

3.1 QUEHEM MUSEETA}

2 A5 39l 7 NEIVEE ] JY4S A
E3l7] 93t A |79 d3ke g e %id%
L] Trﬂ éf’Ml AXg Z7e g (olstk =3
XHL) FETHIE 3). 53 A+ Ae=

Sl 7:'715 FHOE Fohz e 4540 1A
sh, 771 =9t =0 AT A o AR

= ATe 9% 328 m, Hdf 0] 58 mé]
TERE F 97H9] atho] 2EH Ut HgH FAk=
45~48°2 2AJEo] 3lem, 200 m Aol T A

Inverse-Velocity

Time

(b) Inverse-velocity using NEIV model

Fig. 2. Inverse-velocity versus time relation using NEIV model.
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FR7 FAE o] ok 2 @42 2004 74 897
Bl 78 1847HA W AF 7392 A3l ASF A2
©]190~200 m 7-7+9] 44tk SH A 23537}
AR AGRols S0l TAEIAL,
WAy o)de] BE FHoR 7 H st AH
3 = Aol THEH ofo] theh AURATL o] F
OIATHH 4, 5). 54 A7 AR T
4 HuprEgAels, SeksE2 AdEe~<
33l =, et Sl HFE= EAF
2 o] ozl Fio] tiFo|qirt. Tl ot &
Y & B FHoE FE 9 st Hek Y
HoH, AY 4 ASFE FdEe AEr
A Aeheo] FFo= FH7 MR o= JPE=
o] A= Ut 205~260 m 772 A
< Ut B2 A H5Y YYo= T AR
o= FFFAo] F3lo] MPd A AHH o).
53] 4attE SHOR Ao 3P e
Hopto 2 A, 440 siati = S35 A3t

N
ol>
el
v
rht

A vke Heko 2 LT o] Qlth 4ATH SR &
HHolls Stz EEskar glon, T3 Yol
L 2 E(fault gouge)7} A5+ Qlo] {42

JgFo] oJ3t FoFAo 2 v ] F ool wa
Al 28 = = Aol ek (2™ 7).

32 753 X7 HIZ2MO| CHSH NEIVEEH HE
54 AT AE71(GMG TRS-2) A4S
TTW AA (X 2H B AHA) 1671, 494 1712 &
2%9 AE71E AAste] AATE AE ASE 473
Zold, AZARE F4 CDMAS B34 53}
I Yek AAASAAE e 9 F 5HEH
TTW 1591, TTW 161 AlAfollA 24220 7}
FA E o] dUet ASHE st e ol
TH1E 8). Hx 20099 7¥ 9 UFA 7--=Fol
229.5 mm7} TAYstg e, o] uf ZAAE He= 7
4 124714 oF 3 mmo] W] F71S Hof -151.44
mm (G2 -149 mm) 2 P =k 2 A Hof| vhe

Fig. 5. Tension crack and step in the vincinity of grave.
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Al ¢F 10 mme] 233 ¥9)(-159.6 mm)7} 74 15
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HeldlolE 9] BIIAPAH A <=7t AL 1}
o} dhafo] W= on, AR 1 AFEH 7t
AEte] o] 1t Bk g9 S vl
=it AA R HeldloHE TAsIHA SRS
A58 )= vl ot S g 3R0l, Fukuzono
(1985)9] o &&= B &S B35 72 dAH e
28310 Q= ASAIAHA 2E2dE W do]
HE & 52 AN H o= EtstaL Az 74
3} ofl o] o Aoz HIFRa} uetslr] J=
A2 FAREHIE 10(a)). ES AIZE 7HE 3 %
Ay o2& arEste] Hlo|el & BE g < Fukuzono

= i —

Fig. 6. Surface layer failure at 205 ~260 m section.
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Fig. 8. Location of TTW 15 and TTW 16 sensors.
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(1985) 9] inverse-velocity ¥41-S &-LAHS off A
A R=070] 0], 2229 gheko] ofa) £7 2%
AZEHAT WY ek 58 ZEE 5] fE,
53] A cll&o] Be| 2] uet HEir| B o] By
= A of| EA7F leka g 4= lek(2E 10(b)).
wba] B Ao A= NEIV ZES o] 831 AA]
7S dlolgo tigt A4S B3 vjgwe) gt
I AHE dS3nh B @3] tigt A=golg
(29 11(2)2 Uehd FAA(R=0.976)0] That
A (y=16.127¢" ) S ARESH] W RS FRENEIV
W4S =&3H3 ek 19 11(b)&= NEIV 344 &
53 aejzo|n] agztn} byzto 2 FEE 42 9l
1, AgFZHa 7oA 7187171 A< 091 F7Hb
FZhHo 2 Jojrh= Al oA YA HE &T 5
ok 2 AR 20099 78 15¢ (A7) AXg ¢
2HE 1160¢ ©|%F) 57} F9leH, NEIVREY

Fig. 7. Waterway formation alongside fault zone.
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Fig. 10. Inverse-velocity versus time relation at the Yumokjeong Site using inverse velocity method of Fukuzono.
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