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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 tsunami earthquake

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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W EIZDOWTITAKREERT — X IZESWT, ENENET ML EORREIZH KT 2 RHED
SEEEMICFHOL, EETLVEZRET D, LT, ZNUHLOERET LEIY AT
PTHA FiEZ#EH 35, F7o, A PTHA FEZHWTET VYA N ORMFEHT 4 FhE L T,
A S B DBEHTHERICKETHELZW LT D, 2B AFERIZONTL, 4.
M ELTARETEL TS,

2.1.1 BEERAE - CRICRIAHENSER LHERET VOEE
(1) HOEBE L W mEIcB 3227 —1U 78l

AWFFETIL, HUBEHE L WEmAEICET 2 27— U ZANIAR D BRI D 5 b
Murotani et al. %5 H & B2 SO MR XK RIF 2 T O G FE LIRS, ThEND AT
— U U ZRIDOARHEN S Z2 EEINCFHE L7z, £ OBR. B3l OREZFEN 51 U725
RIEICHET -2 RBEL, REILUTEE UIMEEZITo72, b, FATF—V v
THIOBABEB ZH— L, HEET— A FMy[Nm]% W@ mAES[m2| 0% s LTE L,
A=V 7Rl E L TIZEE T,

Murotani etal. > D 27— U > ZHIIZ MyO B TRINTE Y, TN E2SOBEEIZERR L
Too BEHE DA — U v 7 I ZRQIDICRT,

M, = 6.45 x 10° §3/2 (2.1.1)

SR =Y U TAIOARFENSIZONT, FCH T, My& [BE L7z L X SO R (R

ELLS4ERENT VD, ThEEIC, SEHEE L L & OM DI ERAEICERT 5 £1.91
(F4R5HH0CIE0.647, LLFIT D 2370\ R D | AEYE(R 2 O IS 4R 2 45308 & 13 B SRRk e 2

LT DOEE T 5, ) &72olz, LM%, Murotanietal.>'*® A5 —1U 7l % [Murotani
BT T L] LIRS,

MBS0 R —) v Z7HIE, HEOKE SICL - CQBRETEIND, B/
XWNWFHFOEIAT — ORI IMurotanietal. 218D 24— U JHIZEFH L, E2AT— D A
T SUEFEICREL TS, AT —YDAT—) v /AIESOREKE LT
(2.1.2) O (2.1.3)2 R~ T,

M, = 5.55 x 10° §3/2 (2.1.2)

My = 2.65 X S2 (2.1.3)

FIAT = OXQADIE, TSI RENTZREER L2 DO TH S, RO RN

SERET D EERERAE2.04 (0.713) o7, F2AT—VOXQRANITHONTIE, FHim
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XDA—V v ZRIBBEC L > T T A 7r—U U JAlE KB 2T 5720
(2, O THREZENC L D RN 21T - 72, RQRII)D AN S 13, FEHERF222.13 (0.756)
EloTe Uk HELX DRy —) TAIOFIAT =V R OE2AT = LD TIH
BEEET V] LIRS,

PRI D21 DR r— 1 v 7RI 2 RQAIHICRT, RQ2.14)1E, FEO2TOREELZRAE L
e ZAHOMBT — X ICHMARHT L BDON L EHTEAHR LIZOTINEFTEL, &
BT, BB ORFHIME R T U — MRS OEE ORI K R4~ 0 EOER L S
NTWRWHIET — X ZRRSIT OGN ORIN LT, SOBKE L THELELEZLD
Thb, fTIELEMET — 2L, K27 0p. 510033.3-112 58 S 7-No.28 D 19684 T+ I
HHEDOET N20OMBEE—A L FOETH Y, 5IHTE O Aida®! 12 EED£3.10X 104526
3A0X10PZETIE L7, Fo, BRSO LICHIERET —Z 1%, [A&RF DONo.22D19584F = k1 7 i
HEEDET L2, No.27D 19684+ ITHIEE D E 7 /L6, No.380D 19834F [ A i iR D £
TV, B HITE ONo0.2- 20019634 7 /b v 7 i &L UNNo.SD 19744 ER B TH 5,

M, = 1.73 x 10° §3/2 (2.1.4)

RO R S X, EERZE1.91 (0.647) Tholz, Lk, BRSO R 7 —1 v 71|
 RFIEEET V) LIRS,

UbtD3o>D27r—U » 7AlE ZNENOFEMERZcZ K 211117, XH O ALENTH
BT ERITEFR, B idsex TN ENK T, ko LBY | 30D R —1 7]

EARE LIZHIE T — 2R BOIR (HE) [SEVWRH Y TNENOE IR KRS
oD ThHhDH, TDIeH, PTHATETIE, IEREB Y, b zlimmn AN & LT
WHE bz, xR —1 U THIZBWTENENOEART — X IZx T 5521 H kK
TOEERAEICOVTHEARA NS E LTIV 2 & & L,

AT, BEAT— IV U JHIORKIZ R ST BET—2 D 55 WilEmfESKk <V &D
(S T Uity iR GARTATRE 97N @mﬁﬁ@&%ﬂﬁbt4/A~ya/MW FoTRDE
NboThsd, T LT, HIEE—A2 FMylx, L FOR(2.1.5)i2 L 2V OfEIZH
PERuN/m?] %2 e U CRE SN D,

My=u-D-S (2.1.5)

RQR.1IND 0D L H1Z, ERBOFEAT— U v THIOMyOEERZZIZ X, B0l
LOENFTENTNDEBEZOND, plIHBERAENMEIZBTL2EAOMHETH LD, 2D
BE M OIEERED ORI T 2L ERHH LB WEHESE T BEDOBIRTEL
A=V ZREREL, ZOBBRRICBIT 2DOEHERZ42FE L, ZORRIL, £

2110 L EBY Th b, %ibOPTHAMNT Tld, ZHFOT XY &DDOEER Zop 2 HW Tz,
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(2) HEFEEMEITLR D GRHI

AWFZETIE, MBI AEME OE T WARIZET 2720 9 5 PTHAIZB W TIAL, —
R IZF) FH & LTV D Gutenberg and Richter>! D€ 7 /L (LLF [GRET V] EW)H,) &
Kagan *'"MOWFE TIRE SN T —X—fFEZGRET /N (LT ITGRET V] Lo ,) D2
D% RIGUTARE D S % TE BT FIM L 7=,

GRET /WL, HIEEDO~ I/ =F a— FERAEHEDOREKREZXQ2.1.6)TRLIEZLDTH S,

logN(m) =a—bm (2.1.6)
ZIZT, NE~7=Fa2— Fmll LOHEOREREH. akObiTEN TR E LT,
K(2.1.6) 1%, MECNOXIEL, BEhicmE &0, it 7 7 ECHE F2R Y OB TE
HEnbd, UL, EEOBRT — 21X, myV NS WHEH CTIXERIGENVHOO, mBA K&
TR DIZONTHAROWBAEENHLS 720 | BN DI L THLSBERIZH D,

—J5. TGREF AT EFROGRET /VOR M2 SE L, BT — % OB X Y i
STFEIETDHETALDIOTHD, ZOET /ML, HEE—XAY FMEHNTXQR.1.7) K

OHX(2.1.8) TR D,

NM)=a-D(M) (2.1.7)
d(M) = (%)ﬁ exp (MtM_C M) (2.1.8)

Z I T, NIFHEE— A FMUL EOHE O REFERAEME, alIM L L L 725 R OF3
FEBEEE . MATR R E T HMBOR/IMEET— A2 b, OEMLL EOMBENRET LA
MR E— A P AIMEL BT 70 2 S E R O BRI A B M ATFER B 72 T — 8 —
WHEMRDHHBEE—A L N (LLF la—F—F—2X> k] L5, ) THYH, X2.1.9T

KIhs,

y (a 'B M) ~ M(l _ ﬁ) 1/(1-p)
AT T aM r(2 - B) (2.1.9)

ZIT, TR A r~ BB AERT, MIZHERAERO T L — NEBNIZ L > TEET L E—
Ak L—FTHY, X2.1.10)TEEND,



M = uUS (2.1.10)

2T, plIHERoOmMER, Uik L — b OEENRE, SITHEREMOBETH D,
L AT TGRET VDa, BIX.GRET VDa, b ZNZENHXEQ.1I1D)DERIZH B2,
ZL T, MBNERKOBFEEZZZT- L&, MEMIZEET X, TGRET MIZIGRET L&
FLL D,

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

w| N
o

AR L72 & 912, GRET /L ETGRET /LT & b, BHFEHERICHESHTER SN D b O
ThoHlw, HEEMEBRESE OREICHKRT OIAHNSIEZHT D, £ 2T, ff#a.
b, a. B. M ZUUTFITRT X ICENENMRELRE L TH-T,

TGRE T VDO AREN S & 1l L 72 JefTAF9E & L TKagan and Jackson* " 2D e 8 5, =
DHFFETIE. Flinn and Engdahl>!3|Z X % B R FrEH O X 5y (BLF TFE Zone) &V 9,)
ZXBIT, FE Zone = & Je OVARIE A2 1A 735 O WUBRBLIGL SR S5 U ClRcLiE 2 FIV ORI ER
M OE R 2o RO 1o, T OB FRBBOMERE AR L LT A0 2 E Lic,
A L7=#7EIX. Global CMTH # v 72 4@M19774F1 H 1 H 2> 520104412 31 H £ TIZ®4A L
lex 7 =F a— F58L LOMETH T,

AWFFETIE. FEATIIZE2 2T K DAREB DO AMER e O R A2op 2 B LT, £ DR,

H AR T DOFE Zone® 9 HNo. 190 Japan-Kamchatka }z N7k A A Ay O " FlEH O i 2 £ H

RAEGRIAFENE & LTIV ® Y 2 & & L, 2238, GRET VOLEEDbIL, KX(2.1.11)
%ﬁﬁb\“(%ﬁﬁ L7z,

WU, Ffa (RO E ) IZHOWTERET, ABFE T, FRHER BT E a0 R T
VURTIZHE D EARE L., EROHERABOBINFEENL A XOEHZFIHAL T, a
OfeRFE LR Bp(@) 28 H L2, pla)ZX(Q2.1.12)IZ7RT,

= TN+ eXp(NFl((;\*[g(:)l)_ ra) (2.1.12)

p(a)

Z 2T, TIHBRAFEE, NIITER Bl SN 7mll EOMEO RERA, T)IET o~
BfAERT, BikDE T I iEZHWEPTHAIZ R UEE 5720, 2 2 Clik, R(2.1.12)
RO cEE L, LQ2.1.13)TE L,



y(N+1,Ta)

TS (2.1.13)

(D(a)zf da’ p(a’ )=
0

Ty IEE AT BB ERT, 2B, TGRET VORI a I2 OV THE,
KQLINEHAWTEHRET L Z LI K0 | EEEEREEp () AR O (o )Z kD
72

AWFFETIR, BT, HERFERABNOEIZ SV TIX, Kagan and Jackson>! 120D 1%
BREBRHA LT L LBESEDLT-D, 1977TFE1ATH N H2010F12H31H £ TOHIM & %
ORI E LI~ =F 2 — R58L EOMBEBHET 5, 2L . FIH LIHED & v 7%
R[REGT — e bBIR A & v 72118 (uT [IMABZ Za | L9 ,) THY, %%%@PTHAV
B9 2 BEAEMFZE2 12Tt & L2 BIRFEIRN O MUE 2 6b 52 & 3%, cFR MBI & 5 mic
FEAE L 7= MR O RIR AT % X 212\_/7“"9“0 ORI EB LI HERIZ, 179 TH 5,
FIRFIZix, SHEOBFMEICMNZ T, BRESZE01F L THRRLE,

ZZFETIC, GRET VORI a, bETGRET VOFEEa, BIZOWTZEINE IR i
Z%E LT, TGRET MZOWTIE, RQRINTRLIZa—F—F— X M (a, B, M)Di%
TENFEIINTND, M ORI ONTIE, 3205 #Ex ks ThHE 2Dz L e LT,
2#a, BIZ RO ERLY THY, Z I TEMIIOWTET,

Mix, KQ.LIOIWCRLIZE DT, 32D F A —=Hpu, U, SOETEINDILOD, £

IZHER DM ERET D 2 LT R CIXNEETH 5, £ 2 T, Kagan* M OAFFTITH
M@Eﬁﬁfm i & U ERIE R AR 2R L A0 AT O B VR FRAT 6 S R 22 AR oD ST 247 )
MRa, 7 v— MNEEEETR RS-SR0S HRO A2 L, SRR 2 120%
EEMINZ0.15(F AxtE) & Lz,

PLEDOHMERER O EIZ L 5 A5 (Japan-Kamchatka (FE Zone:19) K OV L A A 45 )
DGRET VK OTGRET NV Z K 213K VK 214177, Wb ELEAERIC L2100 7
—Z2DFAEDEDERTH 5,

(3) Wl EE | S < RAM ST T L

BEOEP TIE, KESCHE O RICIE U T—EU Eodm S CHRENHEET L Z &
Ik, BEESICEBRARD D EEZ LN TS, AFZETIZ, & > OfFEICLY
REINT R IEEICE S BAREET L E PTHA FIEICEATHZ L L L, A0
ORAFEEmET ML, LTOXQ2.1.14) K OXQ2.1.15)TREIND,

H, 017
hy  hy/Ly

{1 —exp [—1.511}2—2(1 + 1154/3)]} (2.1.14)



Ly = —T? (2.1.15)

T 2T, Hpl IR OB & Ry IXREERE ORI, Lol X K. sIZKIEARL, TIXGEE
BoRMEEzNENRT, GH>MOMETIE, KEARsZ LICERT —2DEo>o% %
TEMREE LCRELTRBY ., TOEIZER 212 OLBYVTHY, KIEANRNFEL 251F
EEERBD NS RDBERANRRIN TN D, RBRUEESET VOMEET LV E LT, Ty
EIER(2.1.14) THEIE S 4L D WL IR O S H, DE & U AR ER 21T H, & BRI O LV K
Dz, K 2.1.5 [ZITKEAEAD 1/100 OGHE ORI &ET V&2 RS, AR TIE, £ 2.1.2
DA% FEIZ U CEIR T 217 BRI & KR AEL O BIFRIZ DV TR A fids % 7B 4
e T HRIFRAAER L, LR O R O KK AR KRG T 2 B8R KA RDDH & &
Lz, EL<IE, At 1ElZ PEL TV D@mCPIZTAR L TWVL,
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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 r—1 o JHI| O, Oy op
. — 1.91 1.22 1.85
7R

Murotani ZE4 & 7/ (0.647) (0.199) (0.616)

B 1 Ay 2.04 1.24 1.97
2 L (0.713) (0.215) (0.680)

P 2.13 1.09 2.12
% 0.756) | (0.0862) | (0.751)

— 1.91 1.32 1.80

SN g

BRREIET TV (0.647) (0.278) (0.584)

(E) TBEOL vy aNOKEIL, BARNEEZRT.

* 2,12 KEAE & LB
Table 2.1.2 Slope angles of bathymetry and variable coefficients

K A il Zirik
1/10 14.0 %
1/20 11.3 %
1/30 9.0 %
1/50 8.6 %
1/100 5.5%

M) A (2007) 214
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Figure 2.1.1 Scaling laws for seismic moment and fault area
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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)
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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 RN TH D, TOFEICONT, EAREEOHESE ik, (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()\ L FEA - BIFICED D RHEN S EBR D 9 b, §FRikEm I A )
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.
AP — FIRZ B R TIEA RS O RE) Y & L CRE SN ET,

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 EBIRIARHEN ST L, EARSES V2 O EICADbE T 1 Ao — R s L
TEHA L, AFETIE, BARNAHEN»S TH> THEEO Y — R TERHTE 5 &
I, AE =T RO JHAORENT — v Zayy 7Y ) —DhI L i L, Y5 BEREH
ELT, 2.1.6 (b)ERERICEND 7V v FiEEEHAT A & 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 REKKN A&, fHx 0> ) 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 —FT Y DA OFE Y — O NWTIEREERD EARES MO HEICEY
| KDOAP— R E LTELE, 10 H7X—ZADORENELR > THIPNATEBY, adv
VU —DSIEOBIETERENTWS, K 2.1.11 (@DFE Lt~ niE, FEROANAPF— R
BHAROIES W IZEBIAN NS WD ER G0 D, S BID, REBOLE Y — i &
THZEDOEITKEN, DF 0| K 2.1.11 (a) TH o T2 RN AT S BIR O BN IEF 1T K
ELAR AT AR

X 2.1.11 (c) i, BRI ARTEN S FEIK D 5 HLHBEBBREO R 7r— 1 > J RO B % P ET v
CLEBATH D, TOMOERITMRET NV E LN, X 2.1.11 Q)DOFEHREDO Y — K
HIBR OIS VIR TSN ER 0D, IREFOFE A — Rhfix, X 2.1.11 (b)i
HLLLTWD, ZOERNS, X 2.1.11 (@)D Y — RROJER 0 1%, #IERED 27—
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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

25



/@EBFE@ TE IR X fif:v . )i 121‘5_‘ LR

IKiR: e e
............. > — >
/’ 7/
/” y/ ’
/' y/
/’ 7/
/'l o
e PE RS
ya 4

HMEESL
Gan s i)

223 KEREBRZMHBONT A —X

Figure 2.2.3  Hydraulic experimental parameters

26



—6—casel (GEE200mm/s) - A -case8 (GEE200mm/s) |

2.5
. —e—case2 (GEE 150mm/s) - A -case9 (GEE 150mm/s)
—e—cased GEE 250mm/s) - A -casel0 GEE250mm/s) |

0 1 I I
150 100 50 0
x(cm)
—e—casel (MIEE500mm/s2) =A=-case8 (HIEE500mm/s2)
2.5 [|—e—case4 (MEE300mm/s2) - A-casell ((hIEEEI00mm/s2)
9t —e—case5 (JNIEE1,000mm/s2) = A -casel? (7][]52}21'000mm/52)_
§15‘ =~ ..-A--,*....
: 1f
| =
0.5
0 Il Il Il
150 100 50 0
x(cm)
25 —e—casel (L7 #200mm) - A -case8 (ZEfL #&200mm)
: —6—caseb (L& 100mm) - A -casel3 (Eﬁ‘iﬁﬂOOmm)-‘
2l —6—case7 (Z{ @300mm) - A -casel4 (ZE{if & 300mm)

150 100 50 0

2.2.4 _
D—EMEIE)

GEAD
224 FEBRIZ X D2EHKKAMHM. (EM) HWEAZZ(LIEGE (FRK)
IHE ZzZ b s GEe (TH) A&z Z LS EiEe
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 2.2.8  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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horizontal displacement of the slope at measurement point x =100 cm in Cases 1, 3 and 6
by analytical results.
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Figure 2.2.11

Comparison between the analytical and the experimental water

levels at the different time in the case 1.
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Figure 2.3.2 Calculation regions for numerical tsunami analysis used for the 1854
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® 241 HEMEOMIEE L CEIFRO T A —2
Table 2.4.1 Geotechnical parameters used for numerical analysis
N R =Y =Wa] EES9 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

ﬁﬁfﬁjg E%?ﬁz\ IEE (gal) |KFEE
10 9.0x 107 24.4 | 0.02485
10 9.0x 107 294.6 | 0.30059
107 9.0x10™ 501.9| 0.51219
10 9.0x 107 688.3 | 0.70240
107 107 812.4| 0.82903
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Figure 2.4.3 Surface geological classification map of the analysis area
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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
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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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