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Abstract

With the occasion of the Fukushima Daiichi Nuclear Power Station accident caused by the 2011
off the Pacific Coast of Tohoku Earthquake and Tsunami (hereinafter referred to as “the 2011 Tohoku
Earthquake Tsunami”) on March 11, 2011, tsunami risk assessment for nuclear power plants has
become a key challenge. Thus, “Development of the standard tsunami” and “Reference of the
exceedance probability” were added as requirements to the current regulatory standards. For the
continuous advancement of nuclear regulation, continuously improving various evaluation methods
related to these requirements is essential. The previous safety researches mainly targeted interplate
earthquakes to improve tsunami source model, etc., however, considering the treatment of
uncertainties in relation to the modeling of the scale and frequency of earthquakes, the characteristics
of tsunami occurrence factors, crustal earthquakes and other than earthquakes should be reflected
on the probabilistic tsunami hazard assessment method (hereinafter referred to as “PTHA”). In this
project, based on the above background, we studied the following research subjects ((1) a. to ¢. and

(2) a.) from 2017 to 2020.

(1) Improving the reliability of probabilistic tsunami hazard assessment for tsunamis caused by

earthquakes
a. Developing an assessment method for the uncertainty of the tsunami occurrence models

In this study, a tsunami caused by interplate earthquakes as an object, we set probabilistic

models by quantitatively evaluating uncertainties in each factor, which are models of the

scaling law related to the seismic scale, the Gutenberg—Richter law related to the frequency

of earthquake occurrence and the critical tsunami height, and we proposed a PTHA method

that incorporates these probabilistic models. Furthermore, we applied the proposed method

off the coast of Fukushima Prefecture as the model site and analyzed the effects of uncertain

factors affecting the PTHA results. We confirmed that the uncertainty of the scaling law related

to the seismic scale had the most significant effect among the above uncertain factors.
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b. Constructing a characterization wave source model for inter-plate earthquake tsunami along
trench
In this study, we analyzed the effects of the horizontal crustal displacements on the initial
displacement distribution/condition on sea surface using a hydraulics experiment that
simulates this horizontal displacement and the analysis method by Tanioka and Satake (1996).
As aresult, we understood that the horizontal displacement influences the initial displacement
distribution/condition on sea surface and that the faster the speed of crustal movement, the
larger its influence. Furthermore, using the analysis method of Tanioka and Satake (1996), we
proposed a method to set the characterizing model for tsunami source that takes into account
the effects of the horizontal crustal displacement and demonstrates tsunami trace height
reproducibility quantitatively of the Tohoku earthquake tusnami.
c. Verifying the applicability of the characterized wave source model for small-, medium-, and
large-scale tsunamis
In this study, concerning tsunamis caused by small- and large-scale (Mw8.8 or less)
interplate earthquakes, we considered four earthquakes occurred in the Nankai Trough (1854
Ansei Tokai, 1854 Ansei Nankai, 1707 Hoei, and 1944 Showa Tonannkai) as the object and
created a characterized wave source model using the method by Sugino et al. (2014). The
model quantitatively demonstrated the reproducibility of the trace heights of these four
tsunamis. Moreover, regarding the tsunamis caused by inland crustal earthquakes, we
considered the two earthquakes that occurred at the Sea of Japan (1833 Tenpo Dewa Oki and
1983 Sea of Japan) as the object and quantitatively showed the reproducibility of the trace
height of each tsunami using the characterization wave source model based on the strong

motion prediction recipe by the Headquarters for Earthquake Research Promotion.

(2) Development of a probabilistic tsunami hazard assessment method for the uncertainty of
tsunamis caused by factors other than earthquakes

d. Developing a probabilistic tsunami hazard assessment method for tsunami caused by

submarine landslides

In this study, it was confirmed that the modified Fellenius method, which has been used

conventionally for the stability analysis of slopes on the ground, is applicable to the submarine

environment through a centrifuge model experiment, which simulated submarine landslides

and other procedures. Thereafter, we proposed a probabilistic tsunami hazard assessment

method for tsunamis caused by submarine landslides through combination with the “submarine

landslide risk assessment method,” which is the achievement of the safety researches up to

2016.
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PR, ERORWVHEE TS, BLEIZIT, RALDDRAND L LEZALNLR, LD X

I IR R T T B S B W TH H AL TV,
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ABFFETIE, 7 L— MEHERIC K D 25T, MR & g I o A —
U ZHIKED GR ANZ DWW THIBEEME TR S BT —Z 12 ESW\W T, EhZEnE
T EOFREICH R T DN MEN S BRI L, MRET LV EZRET D, £z, [R
ROV TIX, Gl 2P ORAEESETAVERHAT L2 L L L, ERICE T 2K TEK
FOEOHAZIMET A COEAEE 25, 7272 L, ZORMEEET VIX, EBRT
— X2 EHWEEIRET LV THY . ERLOAr—Y o FHIERERIC, BURET VI K DHEE
i, FRICLAEERT —XICH L TEEZA LTS, 2O, SMFFIFATHRETH
HERELT, RAREEET VOAHNSEEETHZ L L, EEMICHHM L T, R
BT NERET D, £ LT, ZNUHLOMERET VEZIY ALz PTHA FlEZ¥ET 5, £
72, RPTHA FiEZHWTET VYA N OBRMENT 2 305 L T, KA S BR DMEHTHRE R
CRETHELZALNIT D, 2B, AFRIZONTIE, 4%, Wl L TALXREZ TEL
TW5,

2.1.1 BEERAE - CRICRIAHENSER LHERET LVOEE
(1) MBI L Wi IcB 4227 —1U 71l

AWFZETIE, HEBRBE LW EmAEICEAT 227 =V U ZANR L2 BEENZED 5 b
Murotani et al. 26, H & B2 OHFERR XK ORIF 230G FE LIRS, ThEND AT
— U U ZRIDOARHEN S Z2EEINCFHE L7z, £ OBR. Bl OREFEN 51 U725
AIICHET — 2 2 BAE L, LEIUSCTEENIBEZT 72, 612, H£ATF—U ~
OB EB A — L, HEET— A FMy[Nm]Z Wi mfES[m?| D% L L TR L,
A=V TRl E L TIZEE T,

Murotani etal. > D 27—V > ZHNI MO BB TR ENTEY | TNEASOREIZEH L
Too BEHE DA — U v 7 I ZRQA1DICRT,

M, = 6.45 x 105 §3/2 (2.1.1)

ZDART =1 ZRIOARFENSIZOW T, ST, 1og(S) DR YR 22 010g(5) 73 My
ZHEAF L2 ERE LT Ologs) T 154 LR EN TN D, T2 Tk, SOMBELTERLE
L& log(Mo) DIEMENR 201090y DISITHAT L2V EUET D Z & T\ Ologauy)l£1.91 (HEA
XHECTIR0.647, LUFWI 0 3720 R Y | BEHER 22 O EIZ 4R 5 FEIE & 13X B SR B & L7
RO LT 5, ) &725, L%, Murotanietal. 20D 27—V o 7 H|% [MurotaniZ#1£5
vl RS,

HELXTORr—Y o 7HIT, HEOKREZ SIZL - Q2B TR D, HERBE D/
SWHOEIAT—Y O IMurotani etal. 20D A — U U FHIEZEEHA L, F2AT—I DA

=0 ZAEFEICREL TS, BAT VDR — v Z7RlZSOBETERL, K
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(2.1.2) O (2.1.3)2 R~ T,
M, = 5.55 x 105 §3/2 (2.1.2)
M, = 2.65 x §2 (2.1.3)

FIAT—YOXQID)IE, Fam3P IR SN e ER- LD TH D, RO A HED
SERET D &opogmy)132.04 (0.713) L7po7z, H2AT =T OXQ2.1NTOW T, JHiH
XDRr—V v ZHIBRIZENIC L > TW D T A — 10 U ZHI E KRB A+ 5729
(2 D THREUNT X 2 UG 21T o 7o K(2.1.3)Dojgmy)132.13 (0.756) & 722 -7z,
Lth, HE D2V TOARr—) U THIOFEIAT =V ROF2AT— V£ T THEBEEE
T LIRS,

JEIR S22 r— 1 v 7 2 Q1D T, RQIHF, BEL2ESOREZELRAEL
ol A OMET — X ICHEMAEE L BN A EH A LI-OTINEITEL, &
BT, BRIEDRFHIME R T L — N BRI OB ORISR K O3~ ) B OENFE S
IWCWARWHIET —# ZER ST O G bR LT, SO E L TRELE LD
ThHbH, FTIELEZHET—Z X, i 30p. SIDOFK3.3-1IF 7= No.28D 19684 F
IR DT N 20OMEE— A > FOMETH U | 5 HSCHERD Aida? 1012 -5 £ 3.10 X 10?12
B3 10X 1020NZETIE L7, £, B LIZHIET — 213, [ARFDONo.220D1958F= hr 7
HHIEE DE T /12, No.27D19684F+ 1 HiE D E 7 /16, No.380 19834F H A H i HizE D
TV, HEEHIEE DON0.2-20019634E 7 /L v 7 i1 e O'N0.5 D 1974EREMHTH 5,

M, = 1.73 x 106 §3/2 (2.1.4)

R D 010gamy (£1.91 (0.647) TH T, Utk IR O> SO A—1 v 70l% TREFEE
EBTIV] LIRS,

UbD3o>DRr—U 7l TN TN OEERZcZ K 2111217, XH oA H
BT — 4 ERIEEE Mﬁiﬂ%%m%h%# FiRko LBy, 300 —1 » JH|
X, AL LIEHET — 2 PR () IGBEWAHYD, ZNENDOE DKM I
TbDThHD, D, PTHAFIETIE, 1ERERLYD . b d@imlI R NS & LT
WHE bz, xR —1 U THIZBWTENENOEART — X I3 55 21T H kK
T O ZIZOWVWTHBMARAAENI E LTERVIRS 2 & & L,

LIAT, BAT—V U JHIORKIZ R ST lBET—2 D 55 WiEmfESK O~V &D
VL BT R OB @mﬁﬁ@&%ﬂﬁbt4/A~ya/Mﬁ FoTRDE
N-boThs, T LT, HIEE— A2 FMylix, L FOR(Q2.1.5)i2 L 2D OfEIZH]
PERUN/mM )2 f U CRESND,



My=u-D-S (2.1.5)

KQAIYMLHNDHE 512, EilofAr—1 yﬁ“BIJ@Momﬁ‘%ﬁ#ologw) ZIiE. W
4—u®i60%b>aih‘(b\é EFEZDND, pIHEREMEICB T LIEADOHETH LT
O, I DR E My DEERER 010, 0> DRI D REN B D &%z Wi AES & )Y
EDOBR TR LA — I v ZAIEFEL, ZOBERRICZI T 2 DOEUER o) 0gm) & H
E LT, TORREIEL, R 2110L80 Th5H, BIBOPTHAMN Tlk, BHOT Y &D
DIEHER 22 010g(p) Z T,

(2) MERREAMEIZIR D GR HY

AAFZE Tl MBI AL OE T WARIZBE T 2BEEFZE0 9 5 PTHAIZB W TIAL, —
WRIZF A & LTV D Gutenberg and Richter*' '€ 5 /L (LLF [GRET V] EWH,) &
Kagan *' 2O TREINTZT —/N—fFEZGRET /L (BLF ITGRET /L] LW H,) D2
DE IR X & T EAIZEEM L7,

GRET/NVIE, MEO~/=F 2 — NERAHEORBRZRXQRI1)TELEZLOTH D,

logN(m) = a—bm (2.1.6)

2T, NEI~7=F 22— Fmll LOHBEO BB AL, akObTEN TR ERKT,
X(2.1.6)1%. Moo N5, AliomAz & v, )ﬁa‘%ﬁt&“? 7 ETHE TR OEMRTE

BHaEns, L, ZEOBMHIT — XX, md/hE Wi EARIZITWS DD, mAdKZ
72 DN OITHRAEB OB BEIHL 720 | ﬁrﬁ%ﬁ%ﬁbﬂ\ b 5
—J . TGREFNWA121T . FEROGRETF VOB 2 %E L, BT — &% OFEEIC L0 T

STFEIETHETNANDIODTHD, ZOFETNVIE, HEE—A L IMEHNTXQR.1.) AL
OR(2.1.8)TEEND,

N(M) = a - (M) 2.1.7)
® (M) = (%)B exp (MtM_C M) (2.1.8)

ZZ T, NIFHEE— X FMUL EOHE O BREFEIRABE ., aldM Ll EE e 5 IR OF5
FEMEE . M TR L T A HMBOR/ BT — 2 b, OIEM L EOHERRAT AT
HIFEE — A > F MU BIZ70 % S E MR 0 B M. MAXFRREEIE 727 — R —

DNEWRDDHEBEE—A K (LUF Ta—F—F—2X2 k] 2o, ) THH, X2.1.9T
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Kb,

1/(1-p)

[ Ma-p
MA%BJﬂ_ngﬂxz—ﬁ) (2.1.9)

T, TIEH v~k ERT, MIZHERAERO T L — NEBIC L > TERETHE—
A RF-Lb—=FThb, X2.110)TEEND,

M = uUs (2.1.10)

2T, plIHERoOmMER, Uik L — b OENEE, SITHEREMOBETH D,
EZAT. TGRET VDa, BIX.GRET VDa, b&ENENNQR.1.11)DEFRIZH 52112,

ZL T, MBNERKOBZEEZZZT- L&, MEmIZEBRT X, TGRET VIZGRET /L L
FLL D,

w| N
o

a = exp(a), B = (2.1.11)

AN L72 & 912, GRET /L ETGRET ME & i, BIIGRHRICESWTER SN D b D
ThoHlw, HEEMEBHEE OREIZHKRT IR NS EZHAT D, £ 2T, ff¥#a.
b, a. B. M ZLLTIZRT X OICENENMREL L L THoT,

TGRE T VD AREN S & 1l L 72 JefTAF9E & L TKagan and Jackson* " BOWFZER 8 5, =
DHFFETIE. Flinn and Engdahl>!'"Z X % B AR CEEERI O X 5> (BLF TFE Zone) &W9,)
ZRIBZ, FE Zone = & M OVEIL F0A Fr iy D M BB GRS I 6T L Tl BB & WL OB ER
M OE R 2o RO 1o, T OB FRBBOMEREERIR L LT A0 2 E Lic, '
A L7=#7EIX. Global CMTH # v Z725@M19774F1 H1H 2> 520104412 H31H £ Tz AL
e~V =F 22— R58LL LOMETH -T2,

AWFFETIE. FEATIIZE2 B3I K DR BB DO AMER e O R A2op 22 B LT, £ DR,

H AT HEDOFE Zone® 9 HNo. 19 Japan-Kamchatka & ONE 74 A iA Z iy 0 — FiEA O % £ H

RAEGRII AN S E LTHRO| S 2 & & L, 2238, GRET VOLEEDbIL, KX(2.1.11)
%ﬁﬁb\“(%ﬁﬁ L7z,

WU, e (OB ) IZHOWTERET . ABFE T, FRHER BT E a0 R T
Y ARITHE D EAGE L, EEOMBIRABOBHEENL A XOEHZFM LT, a
OfeRFE LR Bp(@) 28 H L2, pla)ZX(Q.1.12)IZ7RT,



exp(N log(a) —Ta)
r'(N+1)

p(a) = TN*! (2.1.12)

Z 2T, TIEEBAES. NIZTHEM B S 7-mll EoEO BRRER, F)iEh e~
Bdia£d, hikow 7 ralkzHOTEPTHAIL 72 UERH D720, 2 2Tk, H(2.1.12)
RREOAMEEOE CEREL, X(Q2.1.13) TE LT,

y(N+1,Ta)

AT (2.1.13)

@(a)zf da’ pa’ )=
0

ZIZT, YIRS BB EERT, 2B, TGRET LV OFEalz >V T,
R LINEHNTERHRT 52 LICL Y| HEREEMEp(a) R OCRBESMEE O (o) %KD
72

AFZEClE, BT, #ERBERAERNOEIZ DV TIE, Kagan and Jackson*!3D{%
BREBRHA LT L L BESEDLT-D, 1977TFE1ATH 2 H2010F12H31H £ TOHIM & %
DFICFEAE LT~ =F 22— R58U EOMBEIRKR T2, 7272 L FIH LIZHED # v 7T,
REGT—ALBIR A Z a 720 (LUF [IMAI 2 a7 ) L)) Tho, FHDDOPTHAIC
B9 2 BEAEMFZE2 12 Cxb 4 & U 7o BIRAEI N O IR 2 x4 & 3%, xP4ailk & kI G i i
A LEHEBEOBESMZK 2121277, ZORMBICESZ LZMERKIE, 179 TH D,
FIBFIZIE, SHEOBFEMEBEICMZ T, BRES 2651 L THERLE,

ZZFETIZ, GRET VOMEEa. bETGRET LOFEEa, BIZOWTENEIHER A
Zi%E LT, TGRET MZOWTIE, RQRINTRLIZa—F—F— X MM (a, B, M)Di%
ENRFEINTWD, M.ORERGAAIZOWVW T, 3205 BEEIETHEZDLI L L LT,
fofka, I ERO LBV THY, ZZ TIEMIZOWTRT,

M, KQILIVIRLIZE DI, 320D T A—HFyu U, SOETREINLILOD, Th
FIUCTERD A 2 fR T D 2 EIXBEES T REECTH 5, & 2 T, Kagan® T OHFFEIZ i,
MO A & U CRHEBL AT 2 RE L. 5940 O SEEE I VX FREAT x5 ik 42 0K o0 S 2 )|
MeRa, 7 — MNEEEETR CFRFEESEOSHHRO A2 L, SHEUERER 221203
EERINZ0.15(F AR & Lz,

UL EDOMEREF OB EIZ L 54k (Japan-Kamchatka (FE Zone:19) % V2 kA iA A7)
DGRET VK OTGRET NV ZK 213K K 2141273 T, WIS EBAERIZ L 51057
— ADMAEDLHEDORERTH D,

(3) REEARIEICE S BAEmET L
BHEORAPEET VE, UTOXRLIHETRQ2.1.15)TEREND,



H, 017
hy  hy/Lg

{1 —exp [—1.571}2—2(1 + 1154/3)]} (2.1.14)

Ly =—T? (2.1.15)

T I T, Hpl IR OB &L by (XRERE O KEE, Lol ZREIE R . sIZKIEARL, TIXHRE
WoORMEZzNENET, G2 SOMIETIE, KEARsS L ICERT -2 DIEbo& %
EEFEKE LTEIELTRBY, TOMIZE 212 OLBVTHY ., KIEARI HEL 2513
EEMRENNE L R HMAPREN TN D, RFEEET VOMBEET L E LT, T
EIE(2.1.14) THRIE S 1L 2 s DI = Hy DI & L ARMER 22 1TH), & ZEREOFRE L Y K
Dz, K 2.1.5 \ZITKEAEAD 1/100 OGA ORI EET V&2 /RS, KL T, #2.1.2
DA% I L ClERobr 2170, Bahfgik & KIEAE O BRI DWW CKIEA s & # A
LT HEIRRNAIER L, AL O H S 0 K IE A B e 2 BER A RD 5 2 L &
Liz, # LT, 4%, fERZ TEL TV AMmXTICTAREL TN,
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211 PET NV EEWEEEICE TR — U TANAR D RN S —FL

Table 2.1.1 Standard deviations of scaling laws for mean of slip and fault area

A=Y 78 Olog(Mg) | Olog(w) | Olog(d)

) 101 1.22 1.85

e

Murotani ZZ #4571 (0.647) (0.199) (0.616)

O 2.04 1.24 1.97
—— (0.713) (0.215) (0.680)

= 55 R 2.13 1.09 2.12
- 0.756) | (0.0862) | (0.751)

: 191 132 1.80

a7 g e

N s (0.647) (0.278) (0.584)

() TBOD vy aNORMEIT, ARNEZRT.

# 2.1.2 KIEAE & ZEREK
Table 2.1.2  Slope angles of bathymetry and variable coefficients

KIE AP ZiieEk
1/10 14.0%
1/20 11.3%
1/30 9.0%
1/50 8.6%
1/100 5.5%

) Ao (2007) 219
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Figure 2.1.1 Scaling laws for seismic moment and fault area

JMA 1977-2010 M=5.8
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2.1.2  fRHTRFGAE (BIFEMR) & IMA B ¥ 1 7S KGN AL Lz
MR ORI A (R - 1977 H£~20104F, ~ 27 =F 22— F : M58 LI |)
Figure 2.1.2 Targeted area of tsunami source (black lines) and hypocenter locations

recorded in the JMA catalogue (observed from 1977 through 2010, more than M5.8)

12



1 1
0 0
k) k)
-2} -2t
R R
:H.l -3r H‘l -3}
_5 L _5 3
-6 * . . * - ~g'= : . : ; *
6 7 8 9 10 11 12 6 7 8 9 10 1 12
Y =Fa—F YI=Fa—~F
(a) Japan-Kamchatka (FE Zone:19) (b) BILIIAIH;
2.1.3 GRET/VIZ L DRI A
Figure 2.1.3 Modeling for earthquake occurrence frequency using GR model
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Figure 2.1.4 Modeling for earthquake occurrence frequency using TGR model
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Figure 2.1.5 Example of modeling for limited tsunami height

(Slope angle of bathymetry is 1/100)

2.1.2 BRIV 7Y v 7EEZ AW PTHA FiE L £ O A F

PTHA FVETIE., fEx ORHED S BERIZOW TEARII RN S & 3REGERT AR 120
HLTROES ON— KN TH D, ZOFIEIZONT, EARZREOHEE 2V i, (B
PR E ML 1| RO A — R, Rk AR EMEIZE I O HE Y — Rlifg <
KRBT D] LINTVD, ZOLI RV FNFIETIE, B — FlBRIZHRA D15
O X IFETHGRI N S OB D ARG S AL, BRI RN S OBENE LN E TREL
SNnbZ ki b,

AIFIETIL, ZHD 2 DONHEN S Z RFRICED TV, 035 O RHED S O RS2 EE
P N ORI R I D £ 9 PTHA FIEEZRET D, IRWT, 2.1.1 THEEE L 72
B AGTBITR D ARHEN SBEROMERE T VIS LR OREFIELEM L, &5 R % 32
i L 4% PTHA & % L 7=,

MeRGRITFIEICB I DELBAERIIZBINY 7V U ZIERHWONE Z Enh 5, 20
FiEliZ, B 2.1.6 @QIRTEIICH TV o S OHEERE - 2hREAm ESE 570, EH
AR E OB TR LI MRERICEA SN D Z N2, BRARHE ST 2
DX RMEREHTREIND ZENEL, Bl ) v 7EREOEFHEMTE D, —
T RGRII ARSI, BB TER e Yy Y U — D4 L A THRE I ILD 2D,
TREHETDH, 22T, K 2.1.6 OITRT LI, DIEOBOEEE . EAIS U E
xR THEBAR OBIE 2R E LT (BRUIDIE DS 3, EEHAT 13 DHFEDA A —V),
itz 7V IR ERE L, EOGEICEEY T 20 RET D, 22T, X 2.1.6
Q)DMERII AN S EIRIFREEDJERIY > 7V v Tk EwmAT 52 ENafREL 25, &5
W AR TIE TV T OEE D H T2, 77 Vi J7# (Latin Hypercube Sampling,

LHS) ExfAebEs LT,
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B 2.1.7 (@)~ 2.1.7 (TR - BIRFICEE DL D ARHEN S ER D 9 b, 5w A D>
SIHBELLEROr Y vy 7V ) = RO OESZ -4, M 2.1.7 (O HMEBRLBIZR D
2 =0 THNZOWTIE, 3 DOET A EZMGE L, ZNETNDOET — % ORI AN
EEZEBLC, BARIDEBOMEZRE Lz BEREEET V] LHROMBEL 5L L
7eZooET v (IMurotani BHET V) THEEEET V) 2 151 525, £,
Murotani 22 €7 /L] & THEEFEET /L] Tid, HIEHEEO KEWEHE CTEWAH D |
1%5t1 &E2%, LizRoT, 3 0DEFALOELOLIE, XQ2.1.16)DLHY & Li-,

[Murotani%ﬁi‘ﬁ%?jlb]: [EE %’EE%’?/D]: [E%ﬁﬂ%ﬂi%?/b] =1:1:2 (2.1.16)

X 2.1.7 (b)DOHIFEFE AEMEEIT/E D GR HNICHOWTIE.GR EF /L E TGR EF V% 1 % 1,
TNEIUREIZIZ, A AREVED Japan-Kamchatka DOf & R DO RIEAIALE OEL 1 %t 1
E LT, BT, K 2.1.7 )DEEBEOET U v VR H R T 5 Hk @ HEEE O R
MO TIE, BB S 2120 &t2 2L T, 7 b— MHHEERE CIHEERZ (8
SRR T (0.20, 0.25, 0.30) D3 ODOfEARE L., MEET L — b NHEEEE TIEFE T <
(0.223. 0.300, 0.372, 0.438) D4 O>DEERE L. TNENEELONIEE Lz,

BRABE BT NV OBIRICOW T, BLEERICE > TH T Y 7 — A 2 LR
WOz RD, 2N BiEfER RISz — FihRoOsREO FIREE L CREE L.
ANPF— RHRZ B ETITAERIFORE)Y & LTRE I D,

4 2.1.8 IZ PTHA OxfGHiiz~d, £/, K 2.1.9 127 b — MEHE R OVEET L —
NNHIEE O REFRIROEEZ ~T, Zhbb, BHD 22 0fRESR UL, £z,
IO OFEICEET 2TV AEEOFERET LV FEETH D, EIFEEFRET LO—F]
E LT, X 2.1.10 12 BAMEE D T BiEE E COMGMHEEO 2% €7 L L7 No.630
DEPEIRE T NV E2 T, AL, BN O AR —7e 3 X0 54 O RN & 2 KRBT 5
72T, RTAD BB RT N D BOTIRCME ., BliE Z 2 S Ei 15 H0 /2 — 2 D
Thbd, ZOXIBRARE—FT XY GAHOERE N — %, BET DT U AEEOHEHR
EMw 1T T HEZTOBAER 3 EOGAEDORELHDH, LEDL 22O Tix. Zh
B EHR RN SITHEL, EARRE 2V OFEICADLET I AOAY— Rilifs LT
R U2 AR TR AN S Th > THEEO Y — Nt CRBETE D L 9
ARY)—FT RO JHORENRZ—r a2y 7YV —00lk ERla L, BELRELEZREL
T, X 2.1.6(b)&FEICERIY 7V v FEZRZEATL L L LT,

PTHA TiX, 7V 7 — A T L IZEMEHEEME &2 KD 5 LR35, 85 2120
fEHTClE, E LT U FEEOT R TISB W THE R « 8 LT 21T > 72, 0¥
X, FIZiienr —2Th o7, AR TIE, MBEBKOR 77— v 7RO R S
EERTDHZLICE T T ) A DOWIRET VOBPE TN+ TICBE LS &I

%, LinL. T b OB mAt M 2 3~ TH AR - 31 LA TR 2 2 LITHEN
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TRV, BEIO NP — RFEi RIS D K 512, KEDOERWE ZAERHET 2 HE Tk
IR O3~ 0 B L S ISRIE R Y SLo, ZOMBRERIM LT, HERAGRE -
BRI S PRGN ) S = A DEE SRS 2 L L L, RiERX
ZRQLIDICRT, 2B, NQR1I5DTRY ELHEET— A FOFIBEFKRLFIHL TH
Do

o= Moi (2.1.17)
/ Moi '

ZITVHBEY T 77— A H OERB ST, My (ZRHEEE— A 2 b Myl3
EF S 212 TRRE L72K) 600 fEHO ) U AEE O H OMIEE— A > b HIEIREE &
EffizThEnNET, 2B, o7V 7 —2 & B OBEEREL ORE—3 =0 5370
Bl ¥ — %, v FVABEOIFEEOZTNS ER— LT 5, ZOMOMITEMIT, %
b2 E SR,

4 2.1.11 (a)~[X 2.1.11 (TR 2R, K 2.1.11 ()i, EROT X TORFHENS
TR EZOM|Y PN FHEZEH LR CTH D, FIKOBEIL, Y — RIS
B DR KRN, B EE RS, MR EA &, x> ) AEEIcBiT 5
W — REE R T O fe KOKNL B3y 538 FE AT O L A2 oo s 28 8 (Bl &2 E & 9 5,)
EHELGIWTRE LIZETH D, ftdid, TR EMEL KT, FRTOHERILME~
DY TV Tl —ADONF— NllifpZ | REFILZZN O ZFIEE L & & DFE AT
— Nz ZnNETNET, Vo7V 7T 10 FOBEE R L, BlE, 7V 75K
Z 100 FIZ LIZBA O b Ef L, 10 TOFE L IZERUHERETHD Z L 2R LT,
E 2.1.11 (b))~ 2.1.11 (d)iF. A S ZK O 2% i HEsR 3 5 7o O AT S
EEELI-ERTH D,

2.1.11 (b)i&, BRI AN S I B L BROMRET V2T X COEgET L E L
BATHY R —F Y DA OFE R Y — L NZONTIERERD ERES MO HEICEY
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Table 2.2.1 Conditions in the hydraulic experiment
Case No WY | e |22 AL TFA X |KHEH
: (cm/s) | (cm/s?) | (cm) | # A A Tr(s) | (cm)

casel (kAR —Z)| 20 50 20 1.4

case2 15 50 20 1.63

case3 25 50 20 1.3

cased4 20 30 20 1.53 24

cases 20 100 20 1.3

case6 20 50 10 0.9

case?7 20 50 30 1.9

case8 20 50 20 14

case9 15 50 20 1.63

casel( 25 50 20 1.3

casell 20 30 20 1.53 31

casel2 20 100 20 1.3

casel3 20 50 10 0.9

caseld4 20 50 30 1.9
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Figure 2.2.2  Schematic of the hydraulic experiment
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Figure 2.2.4  Maximum experiment water-level at each measurement point. Upper
panel: velocity changes only; middle panel: acceleration changes only; and lower

panel: displacement changes only.
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Figure 2.2.5  Experiment water level at each measurement point. Upper panel:

velocity changes only; middle panel: acceleration changes only; and lower panel:

displacement changes only.
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Figure 2.2.6  Water level and the total net rise of the ocean bottom level due to the
horizontal displacement of the slope at measurement point x =100 ¢cm in Cases 1, 3 and 6

by experimental results.
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Figure 2.2.7  Analysis model

32



[~e—caset (5232(1)0mm/s) -A 'caseé(iiIEZOOmm/s)
2l —e—case2 (GEE 150mm/s) - A -case9 (GEE 150mm/s)
—e—case3 GEE 250mm/s) - A -casel10 GEE250mm/s)

150 100 50 0
x(cm)
—O—casel‘ (hﬂiﬁlﬁSOﬂmm/sé) -A-case8 (ﬁﬂﬁlﬁSOOmm/sZ)

2l —e—case4 (JNFEE300mm/s2) =-A=-casell (MEE300mm/s2) ||
—o—caseb (& FE1,000mm/s2) - A -casel2 (HI:EE 1,000mm/s2)

---‘---*—--.‘-..‘...

0 1 1 1
150 100 50 0
5 x(cm)
' —e—casel (34"2{:‘7_§200mm) =A-case8 (ZE {32 &200mm)
2l —e—caseb (ZE{IE100mm) - A -casel3 (ZE{LE 100mm)||
—e—case’ (ZEHLE300mm) - A -casel4 (ZE{L & 300mm)

150 100 50 0

x(cm)
Gan s M o—EE)

22.8 MEHTICE D\RIOKA M. (EX) #EZZ LS TS (PRK) N
HWEZEbSESE (TR EEE2ZbsEHE
Figure 2.2.8  Maximum analysis water-level at each measurement point. Upper panel:
velocity changes only; middle panel: acceleration changes only; and lower panel:

displacement changes only.
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Figure 2.2.10  Water level and the total net rise of the ocean bottom level due to the
horizontal displacement of the slope at measurement point x =100 cm in Cases 1, 3 and 6
by analytical results.
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Comparison between the analytical and the experimental water

levels at the different time in the case 1.
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Figure 2.2.12  nua/dy versus the dimensionless risetime (7,/(L/c)).
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Figure 2.2.13 Effect of wave propagation on the maximum water level
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Figure 2.2.14 Estimation of tsunami source model.
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Figure 2.2.16 Tsunami source models by tsunami joint-inversion analysis results.
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Figure 2.2.17 Comparison of the observation value, the calculation value by TS

method and the calculation value by previous method on tsunami waveform.
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Figure 2.3.2 Calculation regions for numerical tsunami analysis used for the 1854
Ansei-Tokai Earthquake, the 1854 Ansei-Nankai Earthquake and the 1707 Hoei
Earthquake

50



FTADE(m)

0-2
2- 4
4- 6
G- 8
8-10
10-12
12 =14
14 - 16
100 200 km 16 -18
— — 18- 20
10! S R
L b = Lssesssen, =
2.1 AP . . [ R,
= ) B I — ia
o2 100
iy
] | e mHEm e HERNE (LHORMLERETL) |
10 FF19 F21 F23 F25 F27 F29
F16F18 F20 F22 F24 F26 F28 F30
(a) 1854 422 B AU HiI =
FADE(m)
0- 2
2- 4
4-6
6- 8
8-10
10-12
12-14
14 - 16
100 200 km 16-18
— — 18 - 20
10’ 5 . .
B — 3 Y es93es sassvsssvsvssses® .u ] ST T FLLTLL e
= ot
oy T
2 100
s
1 | e EHE e HERNE (LHORMERETL) |
10 FO3 FO6 FO8F10 F12  F14 F16 F18
F02 FO5 FO7 F09 F11 F13 F15 F17 F19

(b) 1854 -2 By e Vg I 7%

VEfE « fo 8 235 |2 —EF INE(E 1IE
X 2.33 K bRV (B) ROGEESRE S CEMEO R (F)  (1/2)

Figure 2.3.3 The characterizing models for tsunami source of target earthquakes (upper panel)
and comparison between the simulation tsunami heights and the remarks (lower panel) (1/2)

51




FADE (m)
O=2

2-4
4-6
6- 8
8-10
10-12
12~ 14
14-16
: 0__ 100 200 km g
e | P PO 00 £ S 1 SR N :
_ 5 i = - . T —— R— T Y 7T .a:
E
By >
B 100
510
1 | @ EME e FEREE (LRORMILERETL) |
10 F02 F05 FO7 F09 F11 F13 F15 F17 F22F25 F29
FO1FO03 F06 F08 F10 F12 F14 F16 F21F24 F28  F30
(c) 1707 4 7k Hi5E
IR E(m)
o~1
1~2
2~3
3~4
4~6
We~s8
20 0 20 40 60 80km =§:,010
os= .
....,......:.: .......... (1 bt AP it .':‘::l:'l:gl':":":
s~~~ T T T P, ee,_. .. %0e LTI
‘IHE seg s
B 100
Rl
1 | @ EEEm e FEEEE (LRORMILERETL) |
10 F02 FO4 FO6 FOB10
FO1 FO3 F05 FO7F09

X kEIFSh o F IR - FOL BT, FO2 HIAM, FO3 LAeiifki, FO9 {i, F10 FHM
(d) 1944 47 B3 5 peg 1 iU R
(i - 2 B TE
234 FHEEIRET Y (B) RORHRENS SRBEOE (F)  (2/2)

Figure 2.3.4 The characterizing models for tsunami source of target earthquakes (upper panel)
and comparison between the simulation tsunami heights and the remarks (lower panel) (2/2)

52



2.3.2 PREHIGER AN HURIC K DB ORHEIRIRE 7V D B ELE
(1) FEHEALEIRET LV ORE

X G MR I 1 B AR O A L2 BEAE O N BRI N IR O 5 &, K& 2l O R A Gl ik
D&% 1833 4 RIFH P HIFE(MS8.1). 1983 4F H A H i iEWM,7.9) & T 5,

xS MR E I ORI IRE T L DR EICH T2 o Tk, AUFFE T, K HIEREHR O Rk
LEIRE T L OBEBRMEOERTMAZ B L LTWA D, IIRA EIXBEEME O W E 5
JU 23T 230 BB WMUGRE Lc, F£io, FrHELEIEE 7V OEIR AR O R S(m?) & OVNEY)
TD & D(m)iL, EIRKEZ FE LB OMEE TR FE (Tvve)) 232028350 T
BH L7z, T3] 2320013, Me-SRITHOWT, HIBEE— A2+ My DHFIZIE U TR
HREH 2 TS, M=1.8X103(N*m) (My7.4 1Y) % ERIZGEAICHWDBERKE LT
I, RQ3.DBRENTEY, AFRICEIT HRBHBEBORBEZBE 2, X(2.3.1) X 0 Rk
LR E T L OREIER IO ERE S 2R 7z, 72k, BAEFROMEET— A b MolE, BETE
WFFED W T /1 2317239 M 2 W DM BT T NV Th o712 2 L LA B OmIE L T Y
BEBELRDI,

S=1.0x10"1 x M, (2.3.1)

R BN IRAKOHEFE S DO E S LIRERET HICS o Tk, BEENEET
NEBBIZ MEORE RSO EZFR CIC L TEHBERZAVTRELE, 20 & &,
Wi TR S 3 L2 D 20km 82 2501, BEAEKTE &7 L OE K OMERHE 7 55k
DIVHWIE TS & RIRE L, ZHICK DV EERR- 2o EMER 2R LTHEY
RoTz, 728, MIPESR 41X EARTFEE 2016232 1ITH0EV 3.5X100Pa & L7, 72, ARFTTIX
TRTOETFTANF/NAE S T2 THY, —HET0 Z2{0E LT,

RO FIEIZ KR E LI R E 7 L OB, 1833 R HDPIHIET 1 7 —
A 1983 FFEAARMEHHHE T2 77— A Th D, 1983 F A AT EMED 2 r— A DN, A
H O EET /L 2318 2 BB LR LIRIRE T V&2 77— X A, Satake DR EET /L 2317
BB LTREHEEIRET V&2 — A B &1 5,

(2) fEHT SR

FEMT I VL IERR TG R B GR 2 F O T2, R REFRAT (2 U D VI M OV s o0 T € 77 /L 1%
A TR D F B E T 6 DOREI TR v, 22 TR SMED A §EIk 1350 m 725
ik o> F fEI 5.56 m £ T 1/3 T o412/ LTHERHEZIT Y. FHEIROREL, TH
PR T — & = A | 2312 93 B seb gty OJE RSk A S L, BEER - BhiH L 7R RS o
PEE RIS\, RSO - i IC 7z o T, EMEFEEN A £721X B Th
V. A HUERE OIRBRECER O BVE WG 2 S A, ERIBZRR 0 AL RWE D ITELE LTz,

X 2.3.5 (ZMHTHEHION, F BEIROBREMEZ =T,
53



HIET — X1, BARMEICBIT 2 KEAEMEICR T 2 TR S W EE 234 o
(ZHEi S VT2 T T — & R OVFRAE i (X 17 R B A 5 B /L 2320 AR 30 70 27 U » Rk
BT — & T 5 JTOPO302322 % W THERL L T-.

(3) MR LA IR M OV AR ERLME O e R

RRE L2 B LI IR 70 K OV 7 — & % O CHEI 8 - R bT 2 60 L, AR 3
(FHREEg &) LIRS CEBFR) & Oad W E 2210 O (M7 K - 280
TR 2 ) 12 X 0 FEMEZ @ BRI EEM L7, JEBRREE O HS AT, 1833 A5 K IR HB i
HIEE 53 Husi, 1983 4F H ARUEH I HUE 494 IS Th 5, 7235, 2.3.1(3) & [AERIC, IRBF LA
(ZHe BTV TR E 2 3 S & U CHEBLMEZ © BEAICHHE L-, TR, Soh (K,
k) 1T 1833 FERER P HIEE T (1.98, 1.66). 1983 4F 0 AV F iR T — A A (1.61,
1.70), 7—AB (1.51, 1.73) Th ot K 2.3.6 lIZENZOF R AR & &I E O gk
T, ¥ 2.3.6 KON 237 K0 EOGHUERIE ORELEIRE T MIZB W TS, JE
PRkt U R ® 23 S VB & e o TV D, FRIC 1833 4R KR HIFI IR Tix F21,
F22, F23 OFEEN O IR OBRSET OB RHEER TEN R E <, 1983 4 H A H5 H
BECTAZ—AKROB 7 —AL HIZ, F36, F38, F39, F42, F49 OFK [ R O FEHE g T 203
REW,

1833 AR R PR . 1983 4F A AR EHE (75— A A, #¥—AB) 22\ T, kif
U CARMICFHRESE @SRRIk LTS < R K& KO ERH LD Z
EMD L, FIHIKMPMET ED EEZ NS, EE, RELELT RV EZHERLTLEZA,
1833 A ROR PRI IR | 1983 4E A AR HE (X —2 A, 77— 2 B) OREENEET L
DT R EITZFNZEH, 6.40m, 4.87m, 450m Th o7z DITKk L, AW THE L2
FEMEALBEIRET L ClE, RET/LT28m L78->TEY, 1.5~22 FOEWRE LN,
F7o, WRAEOERBEIZOWTIX, BEEWE £ 7 skt L TA RO RHAIEIRET L0 J5
N 1S5~22fFEREVEL 72> TR, B2 - HFEO LRI A L TR0 &5
LT3, £oT, SEOF—ATIE, FHLEIEET VOREICHTZ> T, EEEHRD
HREITIRELS Rob DD, FHTRYENR DR BEL O, TORE, 2EMITED
MR COFFEEREEN/NS LD S HICHEOFRMMED & 2 S8R T & D 203 K& <
Hiztb D EEZ 5,

AT, BURIZIHBWT, NN HERIC X 28R 25 5R & U bgie 7 v
DR EFTEPHELIN TR L, BEIEEZRT L TLve) B0 2H05 2
2Lz, LT, BABIZEBWTRAE LEBEOMEEZ SR, FERIRET VoK
RAEMOMEE S kO TR0 & D #RKDiz BT, BENFEOWETT L 2317 -2319 ol
JENLE 2 BB IR MERIRE T VOWBMIE AR E L, £/2. 7L — MHMEZ 5 &
L7285 230 Clk, Mw8.2 LA T OHIFEIZ X 2 FMALIIRE T LT —8k 30 TR L T

WBHZEEBEIC, AFETHL I RVDMBET L E L TRERTE L, RELEEMN L
54



BIRE T NV OFBMT OFEER. (K, k) OEPE< R, FHAERE L TTIR L TRVWE
BRI TR oTo, KR, HEORRMMEN TR < KAV CIEEH R E & LRV S O ZE03 K
ol Z Enn, ARERA L TR0 Tixn, 2 BBEOT XY EIkORESEZT

. BT RT R0 EEL Z LT, FEERKESND EE R D,

LlbXo, Mw88 LA F D7 L— b [EHIAE Je OV Rz s PN IR L2 6 9= 2 PR LI IR E 7 v
OFBMEOREZH LT 5720, G MEEKR I L TR LERET V2R E L
FHE 2310 DFRFE (K - k) IC& 0 HHMEZERMICTEM L, ARG (K, wzi
PTHA ORMEN S DRE/RT A —H B=In(k )& LTHRIHTE S, 7L — MHEHIEIZ SOV T
X, BB PUSOURS N RAL-EER O (0.91,1.30) 12T, KRR O H/ N T
(K, k) DEBRRKEL 2D EBHALNTR-T-Z &0 B, PTHA OREEILOBLA T, V
B & 230 ORFEACEIRE T V2T 556120, BRSO N D S 2 IR RIS
CCELSED Z & DMEEDR R S Tc, PSRN HEIZ DV T, %ﬁ@%E¢&
OFBMEOB AT, R AEIEET VORETEORMNEZERD HDLERD L,

55



5000000 5000000

Min. Min.
-9321 -9321
5000 5000
- 4000 . 4000
4500000 3000 4500000 2000
2000 2000
1000 1000
0 0
-1000 1000
4000000 # 2000 4000000 [ 000
-3000 3000
—-4000 4000
il o000 L
— -5000
0 500000 1000000 0 500000 1000000
SIS Y S Y o ¥ =T
(a) 1833 A= R AR P i Hiu (b) 1983 4 A A fg 1 R
2.3.5 FEIOBENE
Figure 2.3.5 The place of F area
i i "
0 100km G
———
1:2000000 g
"
"
39°
Y E(m)
’ 0o~
JeR
2~3
ba* 3~4
38* Ma~s6
Wes~s8
We~10
W=
%' EED 130"
10! : :
’E\ A DS D . e e .:..-o'-o....' T
% 100 .. .
it .
[ @ EWS e@:EEss CROBMELERETL) || |
101 T T T T T T

F11  F12 F13  F14 F15 F16 F17  F18 F20 F21  F22 F23  F25

(a) 1833 4 R AR H P ph il &
2.3.6 FEELEIRET L () ROGHEENS SEBEOE () (1/2)

Figure 2.3.6 The characterizing models for tsunami source of target earthquakes (upper panel)
and comparison between the simulation tsunami heights and the remarks (lower panel) (1/2)

56



138° 139° 140°

[0}
0 100km u
A ®
1:2000000 2
-
@t
L
40°
L
39°
FARY&E(m)
! o~1
% 1~2
ba* 2~3
38" 3~a
4~ 6
We~s
Wa~10
‘» 2
g i T30 W=
10! .
- - £3
~ PO e | IO R
RIS M S i S e de =
e it R . RAF K 2 .....-.-.
%100 e PR .
#& e oo i, I =

[ @ mEiE @ HEREE (FHOBELEEET L)

I I
F13F17 F21 F23 F26F34 F36 F38 F39 Fa2 F45  F46 F48 F49 Fb1
F12F15 F20 F22 F25F29 F50

(b) 1983 £ H A iR (7 — R A)

138° 139° 140°

-1

0 100km U
iy
1:2000000 :
.
L
39°
Y& (m)
‘ o~
i g
38° 3~4
4~6
We~s
8~ 10
—t——] B
10t LR
' i
'..‘-,, -.":. =N
/g % [« I R - -
= o - ‘ﬂ. J - sol
EIOO RARER TS W R PRI ° [
it el =2
- e
H | o myE @ HEIES ROBHELRRTTL) |||
-1 I I I T I T
10 F13F17 F21 F23 F26F34 F36 F38 F39 Fa2 F45  F46 F48 F49 Fb1
F12F15 F20 F22 F25F29 F50

(c) 1983 4= H Ay rh s zE (7 — A B)
2.3.7 FEMAEEIRET LV (B) ROGHEEE S SEMRE O (F) (2/2)

Figure 2.3.7  The characterizing models for tsunami source of target earthquakes (upper
panel) and comparison between the simulation tsunami heights and the remarks (lower panel)

57



24 WREHT D EREREORBRIER N — FFHMEFEOEMH

BUTHMIEETIL, BT ARET ORI AL R 22 E L, 20K EDORE
DBIBFERIZIR DD, HERTDHZ 2RO TNWD, ZORDOFEL LT, PTHA FER
Hunbivd, £72, PTHA FIEX T MR OB IZXT 325 U A 27 G5l (LU THH PRA
WV 9,) FIEAMRT DERHINO 1 5L 75TV 5,

PTHA FikE LCid, EARZEROHAEE 24 N MENTEY . BAKRTHFEOH
B PRA FIED FEfFEE 242 T EAFPROWMEE > 5SS LTWD, Znbo®mE
FEOPTHEL SNOHKIT, #HEEROLTH L,

W ORAERE LT, ERRBEBENZ WS DD, ZLIMNT b i ESOHE 7+ T
TOHTRY LB ZHND, FHTNEiEo U A7 OB TIX, fx O P — Rigx L
TiMliT 5 2 EMEETHY . PTHA FIEICHB T HHREORABERZILEL TV 2 &R
VETH D, MR~ 0 R EY O PTHA (2B 2 BEAEAFZEH] & LTI, Grilli & 242 <,
WS « Horrillo>** & 1T b5,

Grilli & 243X, 7 A U W HEFORERE Z 3G & LT, & 50 UDikE Lo fm
22V T, BEEORER L DB LN TV AMIEEE O T R BRSO/ F
A—HEHHCEH LT, ErThrnyIalb—rare2fnafime e Emmcr s
HF =0 DNV — REEl 2 505G L, il L7z 3= 0 0k X 0 FIKAL 0 A & sRed | k5
Ht D 100 AR K O 500 EREROEE @2 HEE LT,

M&JE « Horrillo?>#4 X, A ¥ 2RISR E L 2 2OFREKmIZ- >\ T, Bim Lo
HIT — 2 22 615 HAVICIREE E MM E O #AG X X 0 SE Ry e 2 R e X4 JE L,
Z LT, Grilli 52 OFEEABEL, Z ORIFRIC X 2 WPEE A H R E T IC X
DHT N O — PRl 2 Fh L, Z O REZEE X TRIBEOHEE A — a2 L
72

LorL, WEDOHT Y O — Nz x5 & L7z Grilli 243 L OMGJE - Horrillo**#
OFFEX, TR OFEA IR TN E K O~ EBEOBE) IR D RN S, 1#
SIS CTe B O MEEDIX D D ENZRJ I N TR, Eio, BEFORE L EMIT F1E
OWIEKEREE FICB T WAL E LI TV,

AHFFECTIE, VEEHT R0 IR EE 2 %G & U7z PTHA TIEE BT 5728, Ak 28 4F
JEECICEN LI Z RN ROMRRETH D MRS R EREHEFE S 2EA L,
JEHIT RV R OERE 2515 L Uiz PTHA FIEEZRET L5 L L b2, 7 /W CORE
Wit ol NREHT N0 EREHE FIE] 24° T, FEARHT ) BAEME K OB
HMOIEHHER0, ORI UEWHE (FAWRSSE) OIE6 X Z2ZE L,
TR OFAED LT S EHERRNTFIECI > CTERMICTMT 22 08 TE 5, £,
A SEIR I E FIETIX, BHE QL EMATICHER O EREICEH SN TELBET =L =
U AEE VTSN, MRS R0 AR U 7o DR R SR A A 2 HE L, MR

DICHEMTE 200, FLEMTE55HETHLOHEEED AN S E DDA fif
58



BT D, B ARMFED 241 1%, 5%, X ELTARETEL TS, Fo, 24212
IRTHFZENAEICEE L CiE, Ak 29 FE L STIICEE T TEIE L 722 EN B AKX
LT LAMIGERT (AT, AARKT) ~DOFRFICLIDHE 2472492 F LD HDTH
%o

2.4.1 YEEHT D ERERE OB/ NT — FFEFIEORRE L 7 VR TOREN
(1) Mg~V R B ORI/ N — RFHlFEORSE

Wk 28 AFEEE TIZFEM L2278 Tk, MEEEH T~ 0 KR OMERGRr N — R
FEAM A OB O — B & U ORI R0 R E FIE OB 21T, TORRE £ L
O, VERE - 2B 24 OFRCE LTAR Lz, MEMT R0 R REE OfERma A~ — R
i 2 S92 1 1d, WEECHL T~ 0 fERR BRI E SN %, HEECH T 0 JEIRAE s & L P13 K
frzBE L, TS E TOBREMT 217 SRl 31T 5 IKNAL & 2 D KALDF AT
FEORRERD DUNEND L, M 2.4.1 (THFEHT 0 ERERE O#EEGR Y — REEE
DERET7 v —ZRd, WREEMT R0 FEAMEREHE ] HREIKMOFE ], [
FRAT I, THESSGRAVERIE Y — NARHT] OFEMICOW T, LATICIEIZ R T,

O MEEHT D A GRS E

W9~ 0 R AL SR E Tl ek - 37 24 OFEIC—HUR A MR 5, [FFE
Tix. REOREMITIEEY = L= AEZ AW, A v ¥ afb U7z QU O 2 R
ICBWTHE O TR IREZZRE L, REE (T30 HILOE A EZBE S THRLEZD
D) EENENEEL TS, £ LT, FHAICBT D R/NERRL DT &2
L. Z O FEE &3 D BOEBL A A UET D, % LT, REIER A ORHIAY 1.0 A
TERDHPHOENMEE T Y FEAEREE LTS, L L, 242 TRTERENS .,
3R LT LB ERE (R RERE R DT RYIR) TRAETLHIOTIERL, &
BN T RELRLIMTRVBRTCHET S E2EE X, RELZETOMT Y R
ARG E LT, T RO BAEEREAET L EE LT,

s x OHIFT XV IR n OBEMELZ O (x, k,mn) & L, WT O3 X0 R THRA
T HMERS,(x k,m)iE, KQADTROOLND, T2 T, kIMEEOKFEEE, miTHilgo%
ERTAMREEDOIXO ST 2B ELIMMEEE Y FE2RT,

N

ﬁ(mknﬂ=]:—f] (1- @ e komm)) 2.4.1)
n=1

I BT, HifSx, KEEEED L ZOMFT N0 S S RBAEMSES () IXWMEMRE >~ Fm
DEIFHT ZEEL E LTRQ2.4.2)006 R T,

59



M
fmm=zmﬁmkmm (2.42)

©  EEYEKLORE

OTIRMER T D OREfMRERE ZOWRERDTZ, T 2T, T DR B HK
WAL 2 TS 2 HiEE RS, HEYEKALOREFEE LTE, Watts, er al >4 D Fik
BT 2. Watts, et al. > OFETIE, EB - firiicGEX 2 EAM L TR | #id
D ORERSCHT R HES, E, RinaAi%EEZ N7 A—L L, i8R
DRFiERODLZENTED, TNHDONT A—21F, OTHELIZHT R RO T
A—HZx=H\\%, Watts, etal.>** D FEZBRHT 52 & CHAEAMOBBEZYIGFTE 5, &
512, Watts, et al. 2*° O FIETIX, #1950 SEOBEEEEES IR OFEIC & > THE
TN TG A =Rl o TEY . A1/ T A =516 WEi)| %@E%ﬂ%ﬁ?%éﬁﬁﬁ
Lo TWnD, L L, EEOWEIEHME CIXERDIEN Y BDHERTH 5720, AL
ﬂ%%#%%%b\ﬂ#“@%@ﬁﬁT*EuL@Lmﬂﬁéﬁﬁi\%@E%%ﬂ%@
DA ZEAN LT, F£72, TV IE w 22O\ TIE, Watts, et al. 24022 & #i3<Y
DHE AT Th D Slide B, Slump L T & IZENE 025X FHE, 1L.OXFmEEE Lz,

@ HEREMEHT

KRIZ, PTHA OFHfiHSICH T o2& 2T ET 2, EFLOT X TOEEHHAKAMIZS
WTTHEBARFR IR 217 O (T3, REQRFIRAMPFEAE L, BEN TRV, £ T, H#EK
WHIARALDS —EELL & 22 DT R0 2t gz, KQ4NTRT 7 U —r oiEfH] 247 &3
QAN T HEBERE O 248 2l A G b, FHliH S O & 2 S IR/ E L,

«|H
_ 2 243
ha =i (243)
hy = |~h (2.4.4)
A

T 2T, h i EEHm A AL D AKAL(m),  Hg (X FEAT H A 0D KR (m), RILREAT 3~ 2 EE A1 K AL
(m). HIZEEAM 9 2 EE ) 30 AL Hi S o0 K IR (m) . AVEREAR 9~ 2 HER AT A KT 5 20> & Sk
AETOREEI(KM)TH D,

@ FeREmAVEE Y — NEHT

PTHA % FEfi9 HI21E, SURERT 0|2 X 2 35S T O & &k OV O AR N
m



VETHD, FUEEMT Y OFHHA TO/EESIZOIZT, FOREHKRRITIOTHEREST
ETWDH, T2 TlE, Pl A CHEW S Sna B4 5 R EERPMOEEHFIEEZR~T,
F7. MR TEE oMM v bm, KPEEEED & X 2HEE S Sna i 2 5 R
EMEEP,, (0, k, )TN Q2452 LV RD D, K(2.4.5)01F. EXFRERO L EHT <D IR
THE®mEnE X DMEERORELEW®WT 5,

Poy(nbom) =1— ﬂjzlﬂ:=1(1 — Dk x,mn) CDn(n,x,n)) (2.4.5)

ZIZT. q)n(n,x, MITH R, T XV RnOH T XD IC L > THEEE I Pnz B 2 55
T EMHRTH 5,
WIZ, KVEEELD & X\ 2EW & SnE B 2 5 R 2 EERP,(n, k) 2 X(2.4.6) HRDT-,

M
PaI) = )" Penlnbesm)/M (24.6)

T 2T, MM Y OB EET,
BRI EERERDIREMREZE L, RS Sne B2 2MEP()EXQ47)TRD D,

POD = ) (p(O) * (1, 10) (247)
k

m T VIR T ORI
FITHFIEH T =0 338 L7z 2 & D3SHERE S AU T 2 BEIVE Ok 240 2 %5, K
%ﬁ«@tl¢&®%4pmﬂﬁ—%Mﬁ$&® i & AT,

O MEEHT R FEA SRR E

13 CDIZBRRE O~ 0 AR HEZ1T 72, HIBET VL, NEO T/
Mg~ 7 7 OERHERES] OXRBT —2 2410 @V@% EAiTE$®% AR
2 DEREIC BT D EENAARET VXA XL, LD, PRIy LCHERR LT,
%%ﬁ%imMm&Lto%%%7»@%%ﬁl%l242 2, HEXSKEK 243 12
TNEIRT, BEEICK T A, B . JEOHBEMEEIZ OV TR, YRR O iR
HIF — 2 BZE b/ noot2, BARIED KRR OWH T — % OffEER 2551
TRETDHZ L LT, BAWTRE (ctotang) [ZOWTIE, WENRKEIIRDIFEE
BFENeWMRELIRD, D EULEORENSBALDN/NEL RBEICH D Z Enb, K

(A THEIFE L., ZHIZHBIE ) o7& tan ¢p Z R T EZIMA THEABREDOE L L7z, £
61



7o BEIXREICH L TREMICRE LSS &2, KQR49)THEIF L, 728, 50 m [H
b CERE 1,000 m £ T 20 HORBIZHEI LT, EEIZ UM E 2 IS L,

y=bx*x? (2.4.8)
y=ax*x+b (2.4.9)

T, X ITBERND OREE, yIIEWHEETH S,

FHIZONWTIEL, AR SNTAERO DB ORAET) ¢ R OWNHEEA ¢ 21525 2 & 1
LS RE 242 W THIEWE Z & OWPEE O H B BRI RE DO K& W, Fa — 2 (3
E e« F—n—) OEESMW LI, i/ - JRIC OV Tik, PDH Center>* " (T K 5 V-3 1) 72 H1
WETEE A2 B IR Lo, SHBHMEIOMMEE R O, N7 X =% a, b DfEi%EFK 2.4.1 IZ5RT,

iR RIE, R - 28 2 IR 2IEFERE LT R0 EROEE A < ho
AR R A E A TRVEEE d ERER [ OBMRAREE L BRI X0 [ER
RERDOT, TROERE J EREE I DRI ENTW <Y 4 X2 M 16 T,
TRV IR d OEAKRMEIE 760 m, F/MEIEL S m, BHEE [ OFKRMIE 5,000 m, H/MiEix
180 m Th -7,

RSN T, BEITTE I R A b 52 & U T SRR A HUEE A~ — RARAT J-SHIS?*4!* D HifE
AP RHREFIR Lz, BUSCTE 7 — 213, TRAERERICE T 2 RKEE S, (cm/s)dD
50 FEHEAE R Pso TH o772, (Q2.4.10)2 LV I KINBEREES A #H L7z,

Sy=" xS, (2.4.10)

ZIZT, TIRZOHSICK T 2 R0 1 WEAFRMTHY | FMilE N7 7V OEKHLE
IZE D RAHHEERICEAT o ME 42 3BIIT=2s & LT,

Fo. T ROEK OB ANV — RN IC IR AERERNLENZ R DD T, ETERR
TV UMRRITHE D ARGE LT, 50 AR RN AE R Pso A EAEmMEER P~ AR L., ERROE
B X0 &SN RIEES, & FBIRMER P OF — 205, FRIEMERN1071, 1072,
1073, 107, 1073 L e B KIEEE 23R, Z N Z MBI 0 O EMNT IV D HE
B S & L7, R 242 ICHREIR S & BAEMEERT,

PLEDRRNTGAFIC L0 BE SNICET X — vy 7% 244 (TR7, HT
Y DHA I Slide B & Slump B D 2 L 0 | R R LI2fESRIE, WE OR L
Fa 11 OBRHTEYLIELOTH S, WL Y BAREFTIEE T 0 ORAEMFESE
FoTNDHIENRETE D, MEOEVEBREINICENTH, AARE T Clifho g
Koy EEDLLTICHT R BAEHBENELS Lo TWNDH I LMD, TR OREMREOH

MTCIE, #EX DLV b LARHABRDEED TN RKRE N ENGND,
62



@  MEEHT R LR EE O fE SRR N — BT

2.4.1 (N@~DIZ7R LT J71EIC TERIAITE N O FFAl 1 A% C O fe R0 0O A~ — RfigsT %
IToTe, REAmMAIE, BEE, P, JURR, SR 4 HillE LT, £n2h ol Tih s
B & KPR 100 m #R OF 8 AT Calii 24T - 72, Pl DAL EBIfR 2 X 2.4.5 1277,
W, WEHT XY EROEE AN — FET CERT 2R ErIOr Yy 7Y ) —% ¥
2.4.6 \Z/RT, HEIEHT Y OXF—2 L LT Slide B & Slump Lo 2 FFENKL Z 0 5 5 7=
D, LA IET 111 OFEEALOIHIEE LT, HEERBEKMO RS & LTIE, B
=04, 0.5, 0.6 D3 D&UE L, FEHALTHIE I,

L EOSEMETT— Rz HE Lz, X 2.4.7@~@IZBEHE, EH, AR, RO
KR 100 m HiSIZ 31T 2 RIS R LR O EE A — N &2 2 v Ehrd, [
(@~ &g T 5 & Al CREDOHE A — Riifi L toTnd, Zhb & HEER
DEP AP — R & e 5, Mg b7 7 HBICKT 50O E A — Pl
NP — RRATF— 3 > J-THIS** O TRERTE 5, Bz, X 2.4.7 (BT, FlEss
AEREFEDY 102 THRARKA B2 20 m FRE L 72> TWD O3 L, HiugE KA Tl E
U A MR CRRAARM LA BN SmBEL 2> THY | BEMT Y ERDOFRK
TWERE 2o, BEMTIED 52, 2 E TOWFEHLS Y KR ESE O3 A 7Lk
N2 EEBEZDLHE, ZORMRITIRETELLEZOND,

VLEX D (M2 XIS & U9 0 L R O R m i A~ — RREAT 2 FE0E L |
S O — NS ZRET D 2 ENTE 2, 2Nk T, MEERK O O Zp3%t
S L 7o TOTEHERRIEE Y — R W T, A — FEROMEEILET S 2 &
MTET, 72720, HERRERICHASTRETELRRE Rodc, T, BEIHIK
NOHEARHE 2 B3~ 5 72 OISl SR FIEEZ WD A2 stk b B2 b, ERL
THITE, 2D FEORRLEHEEIENLE L E X 5, R, EEHT <D B AEBRE
HIEICB W TR, PR O BUSCHIE T T LV O E ., I DR EIZRBIT D URIE O HEFEY)
D HBIEREROBEENREL L THIT N D,

63



® 241 HEMEOMIEE L CEIFRO T A —2
Table 2.4.1 Geotechnical parameters used for numerical analysis
N R MED | NEREEA HAMTRE BE
(kg/m® | (kN/m?) ¢ a b a b

=% 1900 130.4 42.0 0.3286 45.2965 | 5.567*10™ 1.8861
ik 1933 8.1 42.2 0.3286 2.813 5.567*10™ 1.9191
i 1821 59.3 33.5 0.3286 20.5943 | 5.567*10™ 1.8071
e 1760 91 24.4 0.3286 31.6034 | 5567*10™ 1.7461
® 242 VREHS Y BT R O Y — NREAT IS 2 HUER B R S & J8 AR e

Table 2.4.2  Seismic intensity and occurrence probability used for numerical analysis

Eﬁfﬁ% E%?&’ﬁ% IR (gal) | ATEE
107! 9.0%107 24.4 0.02485
10 9.0%10° 294.6 0.30059
10 9.0¥10™ 501.9 0.51219
10 9.0%¥107 688.3 0.70240
10° 1.0%10° 812.4 0.82903
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Figure 2.4.3 Surface geological classification map of the analysis area
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Figure 2.4.4 Submarine landslide hazard map of analysis area
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Figure 2.4.6 Logic tree for submarine landslide induced tsunami
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Table 2.4.3 Experimental conditions for slope model

NEER G P
£ — 2 [ #EaR | aEms ‘ - ‘
. S UG (m)| ERREE | 3B (G7?)
) (m)
r—21 | 131 2.79 23 N
FRER
=22 12.3 2.61 15
r—23 30.0 8.46 15 30
T =4 35.0 8.46 23 BEE
7 — &b 15.0 3.92 23

X1 fEIXE IR COBREE

%2 G1$9.80665m/s” o o -
ERGIEN B ARKE T T Je T
FRITCAE LR 24 2 5
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Figure 2.4.8 A schematic diagram of centrifugal model experiment

B 2.4.9 BFEABI A~ AT Z

SN I AKS T
S LR P
L 27 4 HE R B
%ﬁ 2.4.22 % 723 ‘%‘I‘E\

Figure 2.4.9 A schematic diagram of static loading on a slope model
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Figure 2.4.10 A schematic diagram of dynamic loading on a slope model
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Figure 2.4.12  Shear strain distribution due to vibration of 3.33 m/s? in casel
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Figure 2.4.13 The slip surface obtained in the experiment (red dashed line), the slip surface
used in the analysis (blue dashed line), and the critical slip surface (green dashed line)
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Figure 2.4.14 Relationship between horizontal seismic and coefficient
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