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Systems to Risk Assessment of Slopes
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Abstract

In the field of civil engineering, monitoring by sensors has not been recognized to be important comparing to visual

observation. Sensors used in infrastructure monitoring so far have been large in size, high price and low durability.

However, situation changes day by day because monitoring is requested to observe a large numbers of crucial aged

infrastructures in Japan. The rapid advance of sensors often used in frontier electronic devices proved to be very

useful to detect deterioration of infrastructure. This idea can be applied to risk assessment of slope. We need to

provide various sensors and to measure the behavior of slope at many different locations. Reliable, cheap and easy
to handle sensors should be developed and they could collect vast amount of data, so called “Big Data”. The data

can be analyzed by advanced technologies such as an artificial intelligence and is comprehended to assess stability

of various slopes.

Key words: Infra-monitoring, Measurement method, Risk assessment of slope, Advanced sensors, Artificial

intelligence
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Activities and Future Direction on Landslide Disaster Researches in NIED
Hiromu MORIWAKI
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Abstract:

We have been suffered from landslide disasters caused by earthquake, heavy rainfall and melting snow. The damage

tends to be much intensified by recent global warming and activating earthquake. NIED established in 1963, has

been studying on the prevention on natural disasters including landslide disasters over fifty years. As planning of

next project will start soon, the author discussed future direction and appropriate themes on landslide researches,

looking back past activities in NIED.

Key words: landslide disaster, Past research activities, Future direction, Next themes
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Fig. 8 Examination of surface displacement and evacuation
in Wada landslide, Nara Prefecture (Moriwaki,
2001).
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Research on Landslide Prediction by Slope Monitoring in NIED

— Slope sensor based on a new IoT technology —

Naoki SAKAI

*Storm, Flood and Landslide Research Department,

National Research Institute for Earth Science and Disaster Prevention, Japan

sakai@bosai.go.jp

Abstract

This paper describes that landslide prediction using slope monitoring with a slope sensor based on a new IoT

technology. We examined to verify the warning sign of MEMS-based accelerometers with a large scale-rainfall

simulator. We found that the change of surface deformation data were detected by a new sensor. Then we will

provide an opportunities to develop new sensors with an IoT technology among universities, institution and private

company.

Key words: Landslide, Slope monitoring, MEMS-based accelerometers, [oT
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Abstract

For the prediction of a slope failure, there are two general methods, deterministic and statistical. The former
approach is based on mathematical models of the physical mechanisms. However, in the study of landslide, it
might be difficult to construct the deterministic model because the mechanisms have not been revealed completely.
The latter approach does not posit mechanisms that control a slope failure, but assumes rather that some available
information can be related arbitrarily to measurable characteristics.

In this paper, we construct the statistical time series model for the velocity of surface displacement by considering
the variation of elements, such as inclination, rainfall, soil and temperature, to be an error. The derived model is
probabilistic, and based on the model, we can construct a confidence interval for the predicted velocity and make a
probability distribution useful for the prediction of slope failure time.

Key words: ARIMA model, Fukuzono’s prediction, Probability distribution, Slope monitoring, Time series analysis
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Applicability of Space-borne Synthetic Aperture Radar for Landslides Monitoring

Ryoichi Furuta

*Research and Development Department,
Remote Sensing Technology Center of Japan
Sfuruta_ryoichi@restec.or,jp

Abstract

Space-borne Synthetic Aperture Radar (SAR) has capability to monitor landslides in all-weather condition
and day-and-night time. One of the SAR application, SAR interferometry, can be measure the displacement
of creep type landslides by +/- 1cm accuracy using its phase information. Author applied SAR interferometry
to Japanese SAR satellite datasets and confirmed that capability to detect large scale creep type landslides
in Japan and availability of factor analysis using precipitation data. However, SAR interferometric analysis
cannot be applied to detection of fall type landslides, debris flow, and others. Conventional SAR image
analysis technique can be detecting these kinds of landslides but its ability is influenced by polarization mode.
Thus, utilization of multi polarization mode data were proposed to detect fall type landslides, debris flow, and
others. Complex correlation analysis of HH and VV polarization shown high sensitivity to detect vegetation
removal area and it can be applied to detect debris flow, was confirmed. And author proposed new visualization
technique, Multi Polarimetric Coherence mapping (MPC), and it has successful to detect several landslides
in Japan including deep-sheeted landslides in Totsukawa, Nara, Japan, that collapsed by Typhoon 12 in 2011.

Key words: Satellite, Synthetic Aperture Radar (SAR), DInSAR, Polarimetric SAR Analysis
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A low-cost and simple method of monitoring rainfall-induced landslides is proposed, with the intention of
developing an early-warning system. Surface tilt angles of a slope are monitored using this method, which
incorporates a Micro Electro Mechanical Systems (MEMS) tilt sensor and a volumetric water content sensor. In
several case studies, including a slope failure test conducted on a natural slope using artificial heavy rainfall, the
system detected distinct tilt behavior in the slope in pre-failure stages. Based on these behaviors and a conservative
approach, it is proposed that a precaution for slope failure be issued at a tilting rate of 0.01°/h, and warning of
slope failure issued at a rate of 0.1°/h. The development of this system can occur at a significantly reduced cost
(approximately one-third) compared with current and comparable monitoring methods. Given the cost reduction,
slopes can be monitored at many points, resulting in detailed observation of slope behaviors, but the potentially
large number of monitoring points for each slope does induce a financial restriction. Therefore, the selection of
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The Early Warning System of Slope Failure based on Monitoring
Surface Inclination Changes and its deployment

Uchimura Taro” and Wang Lin"™*

*The University of Tokyo,Japan
uchimura@civil.t.u-tokyo.ac.jp
**Chuo Kaihatsu Corporation, Japan
wang@ckcenet.co.jp

Abstract

sensor positions needs to be carefully considered for an effective early warning system.

Key words: Slope failure, Early warning, Monitoring, Tilt sensors, Wireless network
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Study of Slope Stability Analysis Using Soil Moisture Sensor

Shinji Kasahara

* Fire and Disaster Prevention Solutions Division,
NEC Corporation, Japan
s-kasahara@hy.jp.nec.com

Abstract

Slope stability analysis is used as one of a slope failure risk evaluation method. Ordinary many people use this
method with some fixed parameters in this analysis formula, because there is difficulty in measuring those
parameters in real time. However, those parameters are to be known as variables according to the soil moisture
percentage, and slope failure often occurred with increase of soil moisture caused by heavy rain. In this draft,
we propose the highly accurate stability evaluation method based on the slope stability analysis formula, using
parameters calculated by the sensor data with learned model between each parameter and the sensor data. And we
report the evaluation result of our new method in some slope failure experiments.

Key words: Slope stability analysis, Slope failure, Safety factor, Soil moisture
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Outbreak Timing of the Sediment Disasters
Judging from Soil Water Index

Kenji OKADA

*Weather Forecast Division,
Japan Meteorological Agency, Japan
kenji-okada@met.kishou.go.jp

Abstract

Japan Meteorological Agency(JMA) has developed Soil Water Index(SWI), using Analysed Precipitation and
3-serial steps Tank Model, and has recognized deep relations to rain and sediment disasters. This paper reports
outbreak timing of sediment disasters by heavy rain. Results are showed in Japanese, more deep relations with

sediment disasters were closer with SWI’s index history order than SWI’s numerical value, and reports differences

of the sediment disaster’s outbreak by the earthquakes in wet season and dry season.

Key words: Soil Water Index, Tank Model, Analysed Precipitation, Risk of Sediment Disaster, Heavy rain warning
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Fig. 3 3-hour precipitation and sediment disasters.

F 4055 2016 # 3 f

00 -

1800
BOD
400
1200
1000
800
BOO -
400 |ﬂ
0 Lo AW .ﬂ_ﬂ.ﬂ_mﬁ@_._ I
[1] i 1 2 2 3 3 4 4 5 5 68 8 7 7 B B 9 9 1
o 50 5 0 65 065 0 65 05 0 5 005 065 0
000 O 0CO0CO0O0OD0PO0OCD OO QOO0 0O OCO
o

Y4 BTS04 TSR G () LA R ()
Fig. 4 3-hour precipitation and sediment disasters.

22 S ZM§ *'E‘#“&O)*E%E’

AW HEOEEE (Y 5) bREOISDENH
T, hd H A -1;1[.3 AR, 22T
S5km Ay af Tz 10 F WO® &5 5@ ) N
MBI R fgRB i A (B LS BT L0 EN
Wiz (Y 6).

1 (
I |
! | il ees .

ML O ]

T LT

Y5 A7 TETERs (K 80) LA S K ()

Fig. 5 Numerical value of SWI and sediment disasters.

6000

5000

4000

J000

2000

1000
a - . - . - - L R L — — b
2 3 4 5 6 1

Y6 T (KEd) LA 2 B (D)

Fig. 6 Historical index of SWI and sediment disasters.

TORL, BRI & BT EORENE N
L, X5ICH VALY ORI ES BT DL L
PRGN EBWIR LT, - F, MEAZES O



S 0N R AT W
EIITHOEE 2 21T WEFITIEE
ST B RN LN E BRI,
23 - BEF - F ORISR ORBT

#9 87,000 F ¥ DA IR A IF R ITRR Y . 0 BT
EEIN TV, -WTHA[ - RB [ Tk
MEf LD WREEOMHEFTNZ(Y ).

ZDig 5%, 10 f WTH bEHEEENG o 7=% (g
Bl i) T BRETEADOM TN 2 LTHD,
JEESE N NBITENTH 2 D D<A >TW
/z.

s R

S0
Se00)
ol
000 |
2000
——

0 II.I..- ______________ I

T34 5 6 T 8 9 W 1012 03005 18 17 0B 18 B

Y7 JREEE (BE) L os BT T (HED)

Fig. 7 Numbers of sediment disasters by outbreak of
history order.

2.4 fLgp
FROFF - BT L TWBIENS, T
DY HICHEE T EREE QR (YO (3% O
5 D) BRELTH D, Z5MHETT D & ot
MHE LUTR (ANED E TIRZoR 1 3A Lic<
W, EERRFRICEDS BTN LEZE I
Liu£5<MIUY%fj@%$ﬁﬁ§bt<ma
SR DR FAET T, RAFVO®RE &5 KF
1%@%91mérﬁﬂmf THRFT-LZ&ET A,
10 f Rz D6 e MRD SN (Y 8). ZIUL, -
BRTO[REZWETHEHIC, FREFILITS
<OWIPmE “IFHZETHHRVZR>SE5

B AL TS, - F, TR REICES N
RWENGENAFEHBA 2 THTIIMNEF LI N
?—% Bhf:fﬂ, Frizls N2 R R PRFELLTWAST Y

SRR PR,

zs@ﬁz@a%gamﬁw
VR FMHI 2T F ETITS BXFITERD 489
VEZLDEMNT K 5N, 2T, %%@ﬁ
= A HDSkm Ay oS EhE Sk

EBXTOH I "

g_’ FH25A 3 ’f EAEBA :3 g Cusmn )
n—_._ - - 151#\3‘? o
| Saans b,
200 e
[ Ml V
ok, >
{J _?—'—I—.—“
‘ 9 -
1960 1970 1980 1990 2000
Y8 A UTOFY O KB LT BT

Fig. 8 Every year's highest value of SWI and sediment
disasters in the Mt. Rokko.

EZHF ETOHS 10 f TO® OJREVER &8 L
g (Y 9) 2R NS, AT R 2T F OE s
SITYRITFMBE26F D10 F HED%TH 5.
BB, T EIFTOWT LEIE 0.

#OEY (436 M) iEIE X TOMH 10 F WD5KH
k@I LY I T L koTnb. Z
U, SR - DR IRTHT, Bl ARwiTLD
BREDH XEIFITA LTS,

A
500 R
o ——
-~ 0
w00 [ 89%
ﬁf—-—afr_aﬁ)s,,/
300 —
200
100
D . — — e —
PP PP PP PP
&
R
Y9 JREYEE L ORI

Fig. 9 Relation of historical order and the death of person.

TEALF 6 FICL S THE LA S %% T
5 10 F WORMEREEBALANS S B iR
MG LI &mB, %P TRYRI2F 15,
ﬁslop@%+%ﬁ@ AL S km A w2
FIZLL7Z5 612, A0 OF R EHRETOEHZTIO
OTid 2. ii’ff‘ THHZ BDRFTORLRENE LT
WET ) EFARETUNT, oG o &R
DESHES b 2320 E THF T 212 X FTHEARGEI A
EN LT



S SR A el 4

2.6 i WETELE AN 10T B SRR
PRI WRETNHETHE LR LE
200 ) ~DfE Efr o= 5km Ay o DA FIEL

B (9 10) THAOLZEA 5101, BE-Fis
BROBIEATTHRLYTL, ¥2 AP L TH

DFAT D ZEMGNEDTH S, 3%~ 45T
BWE-L D BY NS L R DA 2 3
2R, TO2HWIIFY O B E LT
HOUE, WOEEE DF 0 ITHA T D

HEXHFXFRLTNB EEFIND.
2500 I~ABEOEERE
REHMITI5%
2000 BEE M 1L52%
1500

1000
500
o

12345678 9%91011121314151617 18192021 222324

Y 10 FEE 200 D) - DFISLE
Fig. 10 Appearance time of SWI's numerical value
more than 200.

27 ZOiCD%5

C HREEOE— /I, EREOF P ARV
H e R O EF'!'*?&??P L,

c BEEOSH S (BRI BEERAEA O E
W BRI G0N,

s W THIT - F¥ /O -V B E TS @
XEOH2EHD, ThEhE5LEREL TV
5.

s W A UEOE—BICHEME T BTN
32 LTS A B,

TR 75‘?"\4,L =W BRES LN,
= B EfTHIETHES BT

4j\ =
3, L
S NG STk,

e RAY

3. EOYT TR
J“K;F@EHW1W%i¢.
1 i
SIS TH 197 ~237 ORI DFLLE 1
¢ﬁ$%édu AR EEEHE ok 2O
- HORICEDELLS BF THE Lias B8 F (R

le =

Eun *}\u

F 4055 2016 # 3 f

LE BB L kkfE

mrETHE, Y11 O

EORREF DAY 2 KD bEEEENTR Ay
:lf%f*«%>%fbfw%@ T i (Y

SAEL DAY it
dbfmé.:hémg,%@@ﬁwiﬂfwﬁg
EDOHEMENT L, FF DAy 2o LEEkEDS
NEFHLTHINNSLREFZABHTEDORRYE
MAHEND.

& o e asmEm
erHER WA

YL ke LS B K
Fig. 11 map of SWI's value and sediment disasters in
Kagoshima Pref.

A B aomiA
exHR WA

Y12 R & RS K
Fig. 12 map of SWI's historical order and sediment
disasters if Kagoshima Pref.

32 Mix7
CEMI KL BRTORRES WY TAT
SICEEEFUIRT S, T, R TIE, HEEs
22 2 g akkfe, REIZN T A2 L, iy
TN A% N, BRI UN%KE 2AT.
321 YRBUFREFLETOS R
L&At TRISSEns ] BXTOHENEE

S

16 %5812 4 Al 3 L7 (W 13), - 5, ¥
m%f@n%%mmw“mmzﬁpt.:mam
5T S S DR F 0,



i
P
i

i

a

280 {  RE4BURE
EALTIHERER
200 | i 1
180 | } |
r'
100 1 1 ! 1 ,F || mmEE
. )l
e |
50 ""“-""""--a..“ ?ﬁ'ﬁﬂmm
KATHE A | S
4 12 T4 12 24 12 LI
FERIF spesn 278 288 298

Y13 L& TSIk £ 07 2hd R
Fig. 13 Chronological order of SWI in Kameyama
Asakita-ku, Hiroshima-city.

322 V265 A FLBER DO bR

SR LS FTEY O W R, A%
ROEBALITND (Y 14). 197 FI2% 5 7% T
BRSS9 L, 20 7 APOKT- & I HE A
F0, VRILF 6P 0% K0 B 2H <
oS AT b RS L

300
dEDEMDRXE
| = :tll'(iﬁiﬁﬁ{i
EHUW
00 TR ALAER Eamk
1
100
e
0 _— —_— i S— .
12 24 12
ErksEgA 188 198 208

Y14 [ ETLhmY AR O ARG Kk
Fig. 14 Chronological order of SWI in Yagi
Asaminami-ku, Hiroshima-city.

3.2.3 V27 § R LA

2015 7 938, - 3 2% DA B A F T
FIAUIC K D% 2957 2 L7z Skm A w0 D% 5 9
YEY I5ICAT. VIR A RREER AN SRR
BRI A ETORELE LEDT, - BXF1I
W B §H K E GR BB R R TR SN
EBHLTOEEE,

W DILE S L B 18 4 1ok o TYRE
NEsALOWSEES ORNE, 4 -0wR
FAT Ik > TH B ENA R YR e -5
TROMY, BEFAE 125 GRRE AR ATk % &
VR END GRA DR AR-JREE D, T 51T

KNS At BREONE SIS

KA SIEH
400 | ji»mn|
|

12 24 12 24 12 24
HE7iFo R aE =] 108 B

Y15 AR TR S LS Bph
Fig. 15 chronological order of SWI in Kanuma-city.

L1735 DRITHIEL TWEE S EN T 173 O
REETOY Y Lk, 3R 5 -2 T 12
WO ThDFE R &R0 T2,
3.2.4 VR 1T §OEIRE BT b

MR TIZ 400 F U2 B OF® EHETINDSY
AI T THERD w2 L, Frdkd 13500
R B A=RILASCPAE (Y 16). ¥ EHENS F
EESLRMEORLTNVIY 7 THARD TR
M S A L TW5D.

4004 (- — [
EEOR

SBE29EM O \
400 nmtﬁﬁq,

2005E1=—[F
1004F [=— [

9R48 58 68

Y16 FIRFES DS RA%WE i
Fig. 16 chronological order of SWI in Mt.Waniduka.

3.25 § Ok

WFIAT(1972) § TR 67, "7 RS FK OB
ARG O IR TR T TR T L
SR RIZODOVWTHRES O%E #0567 Avhe Wz
BEL(YI1T). - BXTOH 2 NED IThlzo
THE LERBICRBON 2 BEBMMNF 21D
RGN, ZOEFTIEEL O3B O FHIUL
WhDHRT ITHEL, %h%“h%\?é«*ﬁﬁi%ﬁv{é L
72 60 N N4 Y O v RIFRAAFEA
ECAEEATHE L, 10 5% A— RO

(=1

(B



S SRS A4 A 4 T 4 HR

B e, Wb ZBIER AL e L
THHLOTNWEHEETODH D, FPREE X
FEFCGHMME RN T LTHE SITFFERI N
WO, Z hRE BRI BRI R R
CHETHIENLNWENDETEITKS.

500
450 i
ﬁ a0 HIHEAIE 1
E’E 50 TEIZIFEDS = b
300 1 f—H
?ib 250 { i \\\" ———
iy wo Mo
150 AN e
o T i
50 1
I sevesecescn: 4I|. ...'h.-‘._ -
12 24 12 248§
BE4a7E78 58 6B

Y17 R TEEEROS AR K
Fig. 17 Chronological order of SWI in Shigetou.

326 A 23 EHQREHE

EFENTHSF A AR VT8 f TR
RE DR AN T HEENH L. Y 1815
A2 R QFFER TATIEY R L F 8 13 7
2~ Skm Ay ot @ 12 HFFTHN AT 2
L7z, FilcilEFENTEHEPLERS=DL DN
o ’C*‘L;tﬁ”di“"é MET LIRWDTHZ DFh Dffghs
R TAHIENTERVONELTH 5.

bl Uby TR 3 SR EE

400
300 ;
WA
e
200 + :
= ¢ \-‘.""--“'-vfou.__-q
50
. 1o
ix 24 iz 24 i3 24
ErE11¥8R 138 148 150

Fig. 18 A 2 77k THOF N &3 L 74 i
Fig. 18 Chronological order of SWI in Hachioji.

327 B A b

TOLE, VR 8P ABHEERRLE

BT A E LTSS 2% E W TS0
Flo- BORMNI BT ~2%HE D5 &8
100 f 12~ fr EWSRDTH BFh E/RD T EEH
LT3 (¥ 19).

TRRI2F IR 21T IR oIk D, FC
TIX%#7 43 (1968) f @ﬁ“f'f'%ﬁj/a SlSog M EAE O S

44055 2016 § 3 f

PHNARE L, - % TR 2§ 02 Btk L.
TOW, §5 URLICEY LR TR IR R
PRI OA & B WA B T LM, ZOT

FAZED, ZORE IS O aRTHED O bR
AL 2 S AN
. AboiER @
£s BARUD
a0 T tumEmE
200
200
100 rEEER
2184305
0 £ 01171 | o
1 ) 12 F7] 12 4
Wwh148 158 168

Y19 o R THE LES Bk
Fig. 19 Chronological order of SWI in Izu-Ooshima.

328 M2 EERICKBFHELR

TPk 15 (2003) 11 PO AR S & 3 Fr VAR © 3
mwi,T%?Lt\ﬁ%dL£é'i%ﬁ%4$
T H BT ZLLZONY 20 THS. 37 NIFTH
900 mm D%k &5 A% ACCTRIRD S Lz,

ZOTYTFEFMS®RN DR, TOFBEE
2 5km A2 2 TIH200 f 12~ f O® Tk
20072 f, 2015 # 38 - H % H N TH 180 2D T,
ZDFBITKOFIELL /255 ¥ B 400 13505 12130
TRLZD l:< WhEF 25615, LaLl, adE
E%%%'HL%T 2RO SREBNTH = I G A NS T2
I3, iiz 5 BXEHE LT NI
DR THOTHENICIDEREHDORNE /2D &
T UIREE L Te o TS B ETH 2 T H W R A 2
5N5%.

500

400 —

300
200"

100

20034118 128 13H 14H

Y20 N7 RRLRS OC RRT HK
Fig. 20 Chronological order of SWI in artificial
collapse experiment.



ZA%E

RN A BT O E YIS

3.2.3 FpEp Iﬁﬁm_ 7 Rk
N _ - P004/10,/20 TE:DNET (3
FRFELE BRON-TE LT T ICh 2% 5 — AR
EBENRY—FRmF LTEED, DROLIICE® R _c e
ENEEN T L5525 b, 7 5 ;
TOLFIET R L6 FITHA~R T A THT TR - v e
EbES LT RE 168 OREIEWETHR R 5
TTHD(Y2). 29 \OFHIZTRTHLALE g b A
T - . R - .
Wo DRkl B 2L LzS5km Ay 2 aTHE L
. ' -
: 10A 208 158% .
| tamunpmene || S R SRI D ,.‘-?ﬁ | TemREeNEeL  |—— | _Pf,«_;‘j
POOL 10,20 12 :0005T {5 :\_::} 7 & _ PO0E10,20 TEDIET ¥ - T o "_1};
| z I o . ~ I ¥ = 2
: 2 : 3
, et "’L-‘l':ﬁ‘"f .l-.? : ' e 4
NS : 7 L
4 o’ oy ¥ ) }-lv ¥ 4 &
o : iy s
I~ ﬁ S 4 o~ o
i T
K : EERE
e’ I. g ¢ - iyl
TR b : g b
| wmme || 10A20B1285 - 1 10A 208 168% e
z AT g P v e T s o E
S | SRRl [mn— S
: £ e -
) i' S j‘zﬁ ke . kel % 1
L L f ? .1-.';: b i ﬁ j ¢
S 5 3 7 :
s ey . g b K pe
i e ) % ‘ S
I~ = e = : x ;
g L 4 ‘ “* R
4 - EERE
if o 1‘_@ b | - P
| wm2BLE | O 3 0A0BE7H ||
| tEARmpRENL |- 3520 Tas | LERRmRRENE | 1 Tae
BO0L10/20. 14 00IET I :_j:A ; £ _: 00410720, 18 IET N ¢ :
i S ] B ) ]
T + 2 ¥ t
g & = 3 .3"' 5 v i .J:.
L § ] - B 5 i
= _ 2 = I o U
A % IR :
EHER
b | . e . N | s ™=
. “E‘;“"ﬁ’;ﬂ | 10H208148 - ; 10H 208188 -




S SR A el 4

| 10m2082% ||

Y21 YRR LA
Fig. 21 Map of SWI’s historical order and death of persons.

4. LH0L BRF OB

Rt 12(1923)F‘ OR 12T S LKA AT
JFE IR NE > TWbDD, B H AT DM KFITZ
EANEYToNDTENEL, MR 29 ST %
HLE NS o BXFTeT0RhE IOV TIED
FODEH5N TR,

V16 F 10 B 23 T OFER Y A TH S ®
REMEH LIz, BaH SERITRO I 25
12137 2% E HEENS0~60REE I -F LTHD,
TOBWH LHLTEH BLTNL <L, &

F 4055 2016 # 3 f

B3RP DR T 39%?733‘%[? L=k b b o
7z. &féi‘%} IZHh DFZBHTH - TR ® OFESS*E 1%
L, & XL 02 S LT ulau'ész “ 2515,

CHNIRWLTHEF I 2 bf:$%§$, B Z
& 7(1995) f 1 f 17 ° @Wé;‘wﬁiﬁﬁc%ﬂ'ﬁazs
(2011)]9 3A 1LY OR " 7"‘}\?3#\ W35 fE Y 10R
B OPRAATHE LTHD, - LT, SRER
% f'”bf’ IRz E Y LTk,

KR" ‘}Qq}‘}‘%u\ }'ﬁ/\r"‘@“ Sl %}; FHAVAST
SN, %F‘ 5% = @*ﬁihéﬁqﬁbf;??’”l"\f
B s T FRNS O X E 7532<5f]_§ L, #f
B R MR S 3N DR S i
ATO- BBXE 0))3,‘[I EY7n, ZHUEE %p 0)‘%
B4 ORERETEEE- LT, Y ofp
T%%%O)mamﬁ\ﬂ\éhfblé.

TRBMG, GRS LB R e
HIZkD: BT OREIIDRPLOBTHFL, &
SIZEDHEDHRTHHZ LT LRI ENTES
n5.

5. 9&7%?w®m5x—9

S EAREERTIE, n B AR (1979) AL
f:é\i‘:ﬂ 51U7®/<5x—5f@d TleEHs' % 4<%
DTUTDNNTA=FZPF W Tnhd.

G TN A=Y KB (" T 2 —Z 0TI NRE
EOETENUITUITR B 5N 20, 2T EEd
ICh & BT LOEBALETER DD N9T/NT
A—=FZRETDHIEIAFTNTIIIRNT &, T
HDINTA—=FT D72, TNER L IS HE T
LTWaS5km Ay afiZ&HR 7575000 T
&, IHITEFS B2 OJmVJI'BE/_?FE'.‘d“Z,):&ﬁS‘
THTRANWI &, REYEE DA LM
INTA=IDFa—Z2T7RB3 DT E%- £0)NT
A—=FZB NWTW5,

- P EAT &, SR NELLE BT R,
9]9 7107 @O & Y)L%‘L_ ST %ILYE’JLH&TI/
ST A= D L A z;m/\vx 5 %

Lizig X (¥ 22 &% 1), S EN e = NAEAN N
b B NGEE T T & 8 AV NNVRD > 7272t
ol

PEIIINT A— S BAFIS N R 08 37
'@%hf:fg:E?T)l/%é‘lq Df:E] 5 L Li nlﬁu’(%é ?T%;\
CERENEH LA Skm Ay 22 THEAXTE



BN onlzasl
Fa—Z 2T %EFN,

*;ut‘»

Jid, %E EXFEENSHEF
TNZEE CX DT D0

AT 2 IZHP 50 EELTI5ND

L

|: - S

L

L— %-4.4
—

— m=as
I

[BEY

Colid

Y22 NNTA-HD;

EhE Wk (h) &S

rHHr

A9EE (7))

Fig. 22 Parameter comparison between SWI and Jitousono et.al.

Wik

; ?f‘f

etk (h) &2

%%Hﬂﬁ@ B RIS O R
q SETH (h)

Table.1 Hlstorlcal order's comparison between between SWI

and Jitousono et.al.

Bt | A B [ |fEHE| JEE |5 A B (¥ |[fEH(E

1] 1997 7 9 23 297 1] 1997 7 10 5 312

2[ 1995 7 4 7 252 2[ 1995 7 4 24 258

3[ 1993 8 1 21 233 3] 1993 8 1 21 230

4| 2002 6 30 11 218 4] 2002 6 30 1 211

5[ 2000 8 18 11 212 5| 2000 8 18 11 210

6] 1993 8 20 11 205 6] 1993 8 20 1 203

7] 1996 7 7 3 182 7] 1993 7 5 8 183

8[ 1993 7 4 16 181 8] 1996 7 7 3 167

9] 1991 10 1 6 168 9] 1991 10 1 6 160

10| 2001 6 23 15 160 10| 2001 6 23 15 156

xE®

R BTN T B0 DU EE 2R,
Koo BXFTMHETHLERSLN, DX

DM S ens s BXFTAZT2L1FR5N

WA, #2 DX

(- S EETIERY) END RGN BRSO
ETYPERERBEDELTNS.
- s, TR B D R
FTEDHT L THD, R EFIAWH RO A
FBHEA TERN.
INGzZEmEOHDELTHRSDTIERSINT A
5 I4ZFPRTE BTN TERBENG £5

ZEMFEINDG., TOEDIIH®RES BT OF
WRTF—YDHRETFIRSBH N LTTH 5.

R, SRR F

bHDLDT, THOZ BT DL

I > THRD:

HADHEDTEE
WZHEFE Lz,

ANE HENS AT WREDH YA N

Eauiid

AP TIE N XBR QR I TT, TEn5d
T 1770)4‘4@0) FEEE L, PR PR
ARG BE I F SN oE YW ERHRDFERFE DT
ERLSADPNTIHFDLEEZERATHIOTUNTT
N5,

=
o

bmﬁwﬁﬁéﬁ%qaﬁéﬁaf@54é
AT DL £S5 A TONEEWEY
P PR DERICE < B9 LT 5.

SR

n

-
[
ﬁ::é
e
XV

1) Ishihara, Y and S. Kobatake (1979) : Runoff Model
for Flood Forecasting. Bulletin of the Disaster

Prevention Research Institute, 29, 27-43.

MEH SR TV JIBET (1998) 1 1997 F FLLE 18
ATER R TH 2 LI2ET, fpd v v #n;
FEURE . WA R GREY), 51(4), 21-26.

[x}

3) J1EkiE g (2012) ¢ H T

AHREITE B T

BT AT 4 IV LAREIZTDNT. H5HFA
& ¥ No.110.

4) T T F36(2002) : Z EW%E . RS 69,
67-100.

5) H 2 RE (2009) : Z E™%K o R O R).
W2 TRE, 57(8), 56-57.



B SR S AR T AR E 4055 2016 F 3 B

/)
[(%_3}3 (/)"C* [f/U\n
%Lh

la; e

F% SHL, %A
WwZlez
LSENO)
7 %]
51

u:x“E [

KDB7 AwE HEEOHNS BT LEOMEENE
BB 2R W LR 05 £ DHET #Wmm_&émbt
Bxﬂ\IHH SLE BRI AR E P S A T OH 2 NS

SN E, BRETHEETZ Y UED
v — HELHESEXEHEMDRRTSHIE, § VWEZNUTRN -ALE SRR ET O
kS 7=.

F—J—R .7 Z%hI?

*}LN

Sk, ¥ ETI, ENR

=
3,

SRR



T SR 2ty e g iR - 4UR

T HPRERD A RICBITAERICHTIENE TR L 2D

*k T IEK* *

44055 2016 § 3 f

S D REES

’.r; =7 k%
- 3

Characteristic of the Coefficients of Effective Rainfall Amount due to Local
Accustoming Rainfall for Prediction of Sediment Related-Disasters
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Abstract

The effective rainfall amount is employed for the prediction of surface failures and debris flows they trigger.
Although only one coefficient is used for the calculation of the effective rainfall amount, the determination method
of the coefficient has not yet been established. Therefore, so far, the values of the coefficient are assumed and have
been so applied in each study area. Our results show that there is a good linear relationship between the values of

the coefficient characteristic of effective rainfall amount and regional rainfall amount in various sediment-related

disaster areas by setting 270 mm as the critical effective rainfall amount. Recently sediment related-disasters

occurred in two areas in volcanic regions and one area in a granite region. We revealed that coefficients for these

areas are not dramatically different from those obtained in sedimentary rock regions.

Key words: Heavy rainfall, Surface failure, Storage, One Tank model, Pore pressure
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Abstract

This study introduces a new method for evaluating slope failure vulnerability in steep mountainous regions by

using antecedent precipitation indices (APIs). The method uses a novel two-dimensional diagram, which examine

excesses of APIs over their past maximal values. The two-dimensional diagram evaluates each pair of APIs with

various half-life times (HLTs). The method was applied for analyzing sediment disasters occurred recently: Kii

and Shobara disasters. The former is characterized by deep and huge slope failures and the latter is well known by

intensive occurrences of shallow failures. Results indicated that the method can take warnings of the occurrences of

various slope failures. Since the method is simple and clear, and is based on hydrological and mechanical concepts,

it has a potential to provide credible warning systems for disaster specialists as well as for local governments and

residents.
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Fig. 5 Evaluation of the past maximum excess by the two-dimensional diagram (Results for Kii disaster).
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Fig. 6 Evaluation of the past maximum excess by the two-dimensional diagram (Results for Shobara disaster).
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Prediction of an Onset of a Rainfall-induced Landslide Based on Monitoring of
Deformation and Groundwater Level in a Slope

Katsuo Sasahara

*Kochi University,Japan
sasahara@kochi-u.ac.jp

Abstract

Analysis of the monitored data on the surface displacement and the groundwater level at different locations in sandy
model slope under artificial rainfall was conducted to establish time-prediction method of an onset of a rainfall-
induced landslide based on the monitoring of deformation and groundwater in a slope. The analysis revealed that
the relation between the surface displacement and the groundwater level can be modified as hyperbolic curve. The
maximum surface displacement grew larger and maximum groundwater level was smaller at farther location from
the toe of the model slope. The time-prediction based on the monitored data was proposed as following procedures.
(1) To make the regression equation for the surface displacement - the groundwater level based on the monitored
data at any time before the failure, (2) To make the regression equation for the time - the groundwater level based
on the same data with (1), and (3) To incorporate the equation for the time - the groundwater level into that for
the surface displacement - the groundwater level then to derive the time - the surface displacement relation. (4)
To derive the time - the inverse of the surface displacement velocity from the equation for the time - the surface
displacement relation. The equation for the time - the surface displacement and the equation for the time - the
inverse of the surface displacement velocity could simulate the actual phenomena of the model slope well based on
the monitored data.

Key words: Rainfall-induced landslide, Time-prediction, Surface displacement, Groundwater level
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Fig. 10 The time — the inverse of the surface displacement velocity at 0.75 m from the toe of the slope.

v: the surface displacement velocity.
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