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Suggestion of Measurement Management Criteria for Soil Slope
Failure Based on Displacement
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Abstract

This paper describes the Measurement Management Criteria (MMC) of a soil slope failure based on displacement using literature
reviews, small-scale experiments, large-scale experiments, and field data. Two types of measurement management criteria were developed,
i.e., short-term criteria for slopes under construction or requiring urgent measurements, and long-term criteria for slopes under continuous
management. First, the measurement criteria for the short term were determined based on small- and-large scale experiments, and
were determined to be “1 mm/min for the watch level,” “4 mm/min for the caution level,” and “21 mm/min for the alert level.”
Next, the criteria for the long term were determined through a literature review and field data, and were “2 mm/day for the watch
level,” “8 mm/day for the caution level,” and “56 mm/day for the alert level”.

Key words : Measurement Management Criteria (MMC), Soil Slope, Displacement, Short Term Period Criteria, Long Term Period Criteria

2 X
2 Qe SATE B g welvine] AZRe )2 HAAT, 29 2L RUZAY 1e3 BAolE B4
el st ASHES AF T Ee AEsH 4317} LT @77IRY ASRYrIER ASHA ATt
7515 W71 ASRAA| L0 FusH AL WA, Wl g0l ASReITE 29 L AYATAAE
B3 FADA | mmmin’, “BADA 4 mm/min’ Z AZEA 21 mm/min’ 2 AHHEH AT F HA, A7 ASHYTIES
AYPAFeo dAdole BAS Fa) FodA 2 mm/day’, ZAADA 8 mm/day’ ot AATEA 56 mm/day’ = 4HE E AT
SAME0| : ASHAVE, EAEY, HY, @rVE, ZU71E
1. M2 53] 2ot 54¢ AL ol T AF) w2k
8] ol JTHChoi et al., 2019). ol ALl LFALE] 2}

A%k 7153} 9 A3t lste] AAA Y] W= A A7Ew A 9 2 5 IAE A75(Song

ol -L]'ESH./] A7} =7Vsta ot E3] ALl AAA Sl and Hong, 2007; Choi et al., 2011), 2FAFE] - EA 72 T3]

T T2 HIEE AAEkaL 9o AlRle] 1w 9 Atk Bl 2 213 Hrte| B3 A7HKang and Kim, 2015; Kim et

A1 T3l 7 A sl= S o] AtiLee et al., 2019). al., 2019), AFAFEN o) 2 B o) Sk A7 (Lee et al.,
w}aw A AR S =2 g AFALEe) sl 4hAFelet T 2018; Jang et al., 2020) 5°] Stk

H A7} ) =3 9120 (Gokeeoglu and Sezer, 2009), APALEE Q17 - Akl ARl FFE MAER olF

53] 3= A5E STt T2 A RIS AL ARl TiHlek7] 13k ARALER of - AR A|2H Jl o] e

3, FPRAGHAATL FAD T A AT (Tel: +82-52-928-8462, Fax:+82-52-928-8199, E-mail: sungyuchoi@korea.kr)
Member, Senior Researcher, Disaster Prevention Research Division, National Disaster Management Research Institute
rdPAEIA AT Y FAATFA AAE AT AHE-mail: stonely@korea.kr)
Research Officer, Disaster Prevention Research Division, National Disaster Management Research Institute
ek A2 A3, TPAGEAATY FAATA YA T (Tel: +82-52-928-8464, Fax:+82-52-928-8199, E-mail: jhs99@korea.kr)
Corresponding Author, Member, Senior Researcher, Disaster Prevention Research Division, National Disaster Management Research Institute

- 251 -



37 91t =] 7] Soll st A+ =3k X8 FolH(Ryu
et al., 2013; Park et al., 2018) T& A= A~vfEAE|9}
AREo] T840 SHE AL ITHChoi et al,, 2019). 4FHEH
< 1983\ 37E -9 7150 o - AR AIZELS 5130,
2013 EFITAITE o] 83T 2 A =1 719
= 399 of - AR AAE 75 L 9 Foll AThLee
et al, 2015). AWAHPARE= "FAHAA Aefadol B3 HE
(oFd: S8 A= A7 9 BEstal Atk 548AK
Holl oj3l] 5 #e|r/t Qs AdsE X He] -
IAASHEE Flstelof steE, gAAA e A5
S Bl Aol WE AR Sol| thet o - HR F
TR d7]|EE HEITHMOIS, 2016).

ol A 2y 2 nle} o] U] o - PR AIAELE T
Hog 7y T2 et A=A Ve R A - %
i gtk ol AHRe] B4 XHo] opd A 52 dH
Helof gk Fe] AlxEloZ B 4kx)of tigh B3 A 5]
geto] kst 5=k HIgH Aol opd ke 7Hke.
2 ZHE dSshs 1AAQ] B g o E 41EA
A7 EAY g

o5 B3] fal HT A 2 vgHe] Aol
i3] A ERle] 7Fsgt vdet AS7 1718 &83 It
) Ha ok gRky o g 4kx| ] B AT Ao
AREE A= AS7] FEo R A, HeA, A -
A% A, ARTRIA|, 23Z3EA)|, 259A 5ol

ek

y

s

AN
o

A7 ASF A T HASAE T AT Fot Z
o - AHE A= 7P ARZola Ao Y A=
E 37V = o] = - 9ol dE] AT HA e AF
o)t

=2]0] -9, rl=e] AAZRARS AL AT B s
24072 AN RUHTES AL 1o
E3E AR o - AR A 2ES & Foll lth(Reid
et al,, 1999). FH2 137/1=9] F& ATE
Aol #gF ATE FHsIR O™, ME EI3 A5
H AR 20 9 oS iRt 59 7ES ARt Bazin,
2012). F=9 A= ARAFEZE RIS sk
AAE o R MAASTS 4TAR ER/e & o - AR
A 2='lE 7S TH Yueping et al., 2010). YE-2 155
ZZAFE|(TCIGS, 1996), AFASHd 4$1US](JHO, 1998)
ToA MSE VTR FRINY #EriEs AAsH
A ¥} AT

TU9] A, FES|YFolA 20021 FE HEAA-FA
AN 2L T3] ol o] 2= MQE5(2.6 mm/hr)
E A|2FSFATHMOLIT, 2004). Yoo (2006)= &7 APA ©o]
B E &8st Al B-ae] tigh TR 2 HAEES
ARk A= AS7] F57 8 AR 2l
gk FRigle] #ejr]E A tiste] d7sislern, 55

o2
o~

ke

252 st=uiEs| =22, M213 15 20214 2¥

TAAA A7 EASIAAY B o] ol dE= d o]
EHE vlgo 2 Weir|vte] FRItiT] #E)7]ES NEskd
SH(MOIS, 2015), A7 AFE vl = 20161 F78AHA
e AFEEe il AR deEld gk ol =zt
QS HZSFATHMOIS, 2016).
7] =W - 9] AFAE He 7] #E|E AT
o AlolE] 4] ARE B3l A 2 FAAA
B3 o - AE 7% 9 FUdy der)EE Akskoh
SRR A B AEe] 7158 W] AS vlolEe 34
o= 4d tlolElE B3 71F AR Aol EAI7F
Pyt gk vigd A 3 Bae 2l ulet ZEiAA|
olef th3t A= H=3 Aotk B3] FAA 9
9 AlZo] Ak FAARE EApEH 7 2 vlE
ZRA)8kAL ATHNDMI, 2019).
webs] B AFelxs AlSe] 71t Badt EAMEES
oz = - 9 FuEd, 43 2 Uy 5z dy,
AESA HlolElE 43t EAMIEH A8 71s3h
W 217]Hke] AlS2] 715 (Measurement Management Criteria,
MMCO)< 7 2 AQeAT

o i

I'UE
o

u

Oﬁ l"-.~

tlo

2. HEjVlE 28 # g4 UE

2.1 #27IE 49 UWE

Hgr o] 5= A - Ak a9l % a9l ¥
QAT F5oll ofgh 89l Fofl FaFs wow 9= HigH
Aol AHHQ FFe Wtk o2 <& vgH 5
Feil= oAt 24 vk 29, A B g 553
2dg EF7) 7Stk

A A, oats 2l (Polynomial model) LHHAQ1 HIE:
H 53 BFdE SYATS 7] A7 AL, Hevt
A S7teke 7L o 2 WLt 555l Skt
= KIS E ozl o]efgt As Azt o] whe Ak
TEo] =2 AJEh eHdl SolA =2 Yeht= dEjolth
T WA, 4738 2 (Growth modely2 271 W9 A 74
W7} 7HEEE Y WU AR 0= WrolR]
w ole} Zhe- B Felle HE=o| & Al F2 vERd
o Ao 2 543 EE(Abrupt model)> =77}
gshe 7XE HA7E A ST sk 7 STt
B8] S7FskE RO E Uroj AW o= & ARt
W7t 543 WAshs el = g3t

ol vigH 33 & 7Hte R vjghy Baof mE
GAE FHEo] 7S, ol & Sal AlSaer|E Aol
7Fs3tAl itk Fig. 12 SollA d5st vigd 53 2ds
UEeRH T17o], Table 12 Fig. 18 7[WEOZ A3 ThiAE
T} T RS A sFolk dE B TRl 2l
735 vEH 53 AsS 27 Ay 1L 55 7Y
7HE FRIOE FEo] 7hsEhH ol ASHTIELR



AR 75 A7 DSk A2 RE SERHS] A
7TH0A)E ‘Z7] W8] Y 73b, e LAsAl S718t
T(AB) “s< TR WSI7F 7HEEE(BO) HE 1P
o7 prolzint. 2t 7k TAE #e)71E Fo)(Watch)-
737 (Caution)- 417N Alert)2] 3THAI2] 71& FEE| AR H T2
= eEe ARAY, Al el TR MK, B,
AZEE THEe] FH(Cy o2 HAo] rhsEith

C
= Acceleration
g period
o e S
-'—“"ﬁ; displac_ement period: B
F| period 4
[a) i
1 1
i i
1 1
1 1
i i
(0 H H
Elapsed time
(a) Polynomial model
C
5
T
g Aceeleration |
= Acceleration fg 1 fection point)
A Iitial period /i
a i i
splacement I
period A i
! i
o Elapsed time
(b) Growth model
C
5
g Rapid
aQ acceleration
a, Constrant period
g e vocky |
dlsplac_ement A period B
period ' {
1 1
i i
H H
o Elapsed time
(c) Abrupt model
Fig. 1. Failure Model of Slope
Table 1. Determination of MMC
Type Watch Caution Alert
Polynomial
Growth A B C
Abrupt

EAH|EH

TAZR A4 L o3 2o} Algbel w2 w9
HolElE AE)7|FY L5 ©E 7|Eo 2 v|Eshy
WS E ALl MYEEE vjEsi] AR
& Akt

SHARE Yk o 2 A7 dAIE A= 71l FH 9
785 AE 2 W7F 24 7Fss Aol HLle} ol wE
HW K 3= APgstA ok AR AlSHE) e 52
2 A%t T3) o)ze] APE AlFgshs WHOZE 47 TAE
7150 FHoE Ak ot AAolth oF Bkl
2131 Xu et al. (20112 AA B3 @42 tlo|EE o]83}
of vjgd 537} B AL EE EAs T 9%
dlolg] &4 A3} HigA 53 Al HEEE AR
3HHeE A9 88° o] o= FRl 3l olE AR A7t
GAE 85° ol o= AT

B Ao vlgd 3o tigk ASder|Ees
T 71H BTE AEste] Fo AA G Ve taEe
Tds a2 A4HAE HAEEE 85°= sl AS
7)1 ke FaskATh

2.2 AP

B A7 BAMIET Bl ojg ASBeE e
Ash T - 9] FEH, ARUEY D ofE) 2 A
olElE BA5}9T

AT AF F9 vigHe gy e AEsAL
ghe Azke] E9 S0 Qg vl A9l A 2 gol
¥ ASTLI| S FANA F ABATE AHE
ulg, 9ud Fo| 4430 AZHeS A% AZve)]
Fe TR Agaharh

‘ Type ‘ ‘ Analysis method | | Application part
Small scale |
experiment
Short term
: —’{ Small scale (% 1)+ large scale (X 2) |—» Wasning criteria
Large scale | |
experiment
Literature
e rck
researed sLiterature value>field value: field value Long term
TField «Literature value>field value: literature value Warning criteria
data [

Fig. 2. Analysis Method for MMC
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Table 4. Determined MMC for Short Term
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Table 7. MMC from Field Data

Area MMC (mm/day)
Watch Caution Alert

Gangneung 2 5 63
Danyang 1 20 62
Hongcheon 2 4 35
Yangpyeong 1 -
Chungju 2 - -
Muju 2 -
Yeongdeok 2 6 84
Pohang 1 12 39
Result 2 8 56
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