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Numerical Simulation on Tsunami Inundation and Debris Damage by STOC Model
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Synopsis

The tsunami of the 2011 Great East Japan Earthquake was higher than tsunamis that had been estimated
for tsunami disaster management in each area damaged by the tsunami, resulting in catastrophic disasters.
The tsunami flowed over coastal defense facilities such as a levee and dike, and flooded coastal areas widely.
Further, it caused not only destruction of buildings and infrastructures, but also much debris such as ships,
boats, cars, logs and others. We should predict and understand what may happen if tsunamis hit an area of
interest, in order to prepare well for disaster management. Based on lessons learned from the 2011 Great
East Japan Earthquake, tsunami hazard estimation has been conducted and prepared for largest-possible
tsunamis. Since largest-possible tsunamis may flow over coastal defense facilities in a similar way to the
2011 Tohoku tsunami, we need to investigate and develop solutions to reduce effects of such a high tsunami.

At present, tsunami hazard estimation is commonly conducted with horizontally two-dimensional
numerical simulation models in which the hydrostatic pressure is assumed. However, the hydrostatic
pressure assumption cannot be applied for tsunamis interacting with structures and transforming into undular
bores. It is well known that the undular bore causes higher water surface elevation and wave pressure than a
tsunami that is not the undular bore.

The Port and Airport Research Institute has been developing a numerical simulation system for estimating
inundation and debris motion induced by storm surge and tsunamis, named as the Storm Surge and Tsunami
Simulator in Oceans and Coastal Areas (STOC). The STOC system includes a three-dimensional model in
which the hydrostatic pressure assumption is not applied. This report will introduce improvement for
increasing accuracy after the previous report in Reports of PARI in 2005, and development for calculating
wave breaking and tsunami-induced debris. Model verification and validation are also conducted through
comparison with results of hydraulic model experiments and application to actual damage by the 2011 Tohoku

tsunami

Key Words: Tsunami, undular bore, wave breaking, inundation, debris, numerical simulation,
three- dimension model, STOC, verification, validation
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BCTHER LIZHB O STOC-ML Off RO B-A IR E L
NEZY, TORENKE L 725 EHEHHMNFELT
BT EOSENRAETTWAE. ZHUE, FERRIEME & 5k
PEOMBEMERTHL VY FrBETIEIRw. —J, Hh
ICKFEM TR LI STOC-IC OFEHRIZIZY U b osrding
DWFENHHTETEY, E5AF—2% L0 GRMAD
V=02 (29 % 2 & CREEE AT ORI 72 B IE 2 5 R
TETWD. &6, FEOKIZEBWT, #HEET1C
L0, FEBHE L 0O TS D N EmBE
LT3,

DX, FRoOBmERREAEE X, V=02 L LT,
ETFNAVEEN L CHER T2 EXT-#EZ2TTo72. E
-2.5(b) ICRIERROEETRT. Ax 22OV T, AY/L
=110 (Ax=0.10m) D KL 2 ITHWEFEAR T OB T
AT O RBL 2RI E R Y E U720 o 72 72 D IS ikt S
WCEERT, RS L TER TR L VET S
WEHE TIIHE L TV, — 7, AVL=1/25 B LUV 1/50
(Ax=0.04 m L T*0.02 m) DOFAITIE, WEIXIZIER
B2 0, AYL=1/10 DHA L 0 & FERIE & DS MR
EESN, B X AW EBENSE LT TS, AzIZDOWNT
%, Azla=4.0 (Az=0.20 m) &HWHEKTOHFAITY Y
b 5% O E SR/ NG & 72 D23, Azla=2.0 B
1.0 (Az=0.10 m 35 £ U1 0.05 m) Dl ITIEIZFRMEIZ 2D,
Az/a=4.0 DEGE L0 b ERIE L OBESMEIT IV, Lk
ST, HRTIERENG LT DHEAITE, BREO
A7V v FR# V=02, AYL=1/25 B X FAz/a=1.0~2.0
EHELEE L T 5.

E 5T, [ 5 (2007)") 0 K EAE B R-Case 2 DOFF
BHE %17 o7z, BS50m, 1B1.0m, ES 1.5 m DK
BEABNICES 20 m DY —7 2%\, AR 120 OFE
ERHE L. V—7 K 10em & L, BHEEAOGIR
WE 3 cm, JEIH] 30 s O UIANE) O IEKIE & & L. &
BT IREIZA=0.02 m, Az=0.03 m (AY/L=1/25, Azla*=
1.0), ™A 7V > FfREx 7=0.2 & L CREEET V%58 A
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0.10 1 . ! . . ;
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E0.06 1
Tos N\ \ AT :
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008 |
E0.06 -
To.04 N
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(a) 720 A X — DOLREL V &AL S W2 FH R (/L= 1/50,
Az/a=2.0) (KH, BW:AHEET L& D, NBW: T
FIR L)

012 1
0.10 |
0.08
0.06
0.04 1\,
0.02 -
0.00 &
0.12
0.10
_.0.08
E0.06
So0.04 N
002 1

0.00 ‘ : ;
5 7 9 11 13 15 17
distance from wave maker (m)

17 (m)
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(b) #&FRIfEA B L O 2B b SE-3HE (7=02, #:
W T )
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L7, B-2. 6 \ZKAIIRERAN O i 2 w3, Iz,
W ©(2007)7231F - 7= COULWAVE (Lynett and Liu, 2002) 2
K;é%ﬁ%%%%bfwé ZOFERT—AIZBWT
%,MOOE 0 REEORE - BREN RS BHR I
m®£%7—x TR L TH [EBR R MRET 21TV, AL
=1/25, Azla=2.0 FREE D43 fiFRE & TIUXH 0 ICBSR B
BENDZ LEHERL TN, 7B, AYL 2L T
FHIE 52010925 2 RICIERRIE 25 O Bam & 7 /L% L
TRLEAYLE120 &0 ) RETIEE—& Lz,

2.5 STOC-IC & STOC-ML (i

STOC-IC & STOC-ML % ##t 9™ 23 & 121%, HEfbi i
D JEPHIZ STOC-ML & STOC-IC % 3 9~ 5 st HEfE 0 %
NENNCA —N—T » T Z T, FOHRTKRAL, Jit
W, EAoWmEEEZNFEMBICZ 0BRSS, LEno
T, STOC-ML & STOC-IC DAHEIZHEE LA 5 W5 a#E
Bt (two-way ¥i) (272 5.

% J& D STOC-IC %71 STOC-ML & Hifg D STOC-ML
T D, TUEOSHE (LK & 2R T
e pZ LT B NETHS. LaL, 3 WTatED

FEIEDNIAL 72 LEHHE a A MR EL D, £ T, B
HIZREFE D712, R WOooR L fEdEs fiEy,

520019 % 512 L CEIE T A O HE AR & % 58T
EHBICH R L.

B-2. 7 ([ HE O BEE N A 7w . HEE R o
A v 2Nl 1 FERFRIAT v 7RO K EFE O
BOMEREBRT D2 525X D, HT- KIS Mk

HWOSRE A & 5 2 DA ORISR, #EnoxX
2.19B LTQ220)E 72 5.
Zk Ui Orcp = Ezk Siex (2.19)
Zku;c,ké‘;c,k = Ezk Slex (2.20)

T 2T, werld STOC-IC i L7z #H AN OB R
FICHB T DEEOAEFE, ¢ pldF OB T
HEEDOKDIEE, uje JIBROLEICI T DK JE DK
Tk, Sjc lIBMIBICE T 2KBOKDES, k 138
T, WeP LU TN ENHERBIR B L OB RALE
TOWEFERIETH 5. HEOTZD, §jcp = 8/cik L,
SROLIEZ 51T 2 Wi Wi 2> & O § 4 & Befse i Sk

BANEAT L EExD L, KQ2D)D X HicEREND.
Uc k _E:“;c,k _E (2.21)

ks, RS L BMALE & TKRERS KUK R D
By, BIRALEICI T D ACFHUE O §hiE 5310 & He 5T At
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STOC-ML or STOC-IC
(multi-layers)
: Reference Boundary
7 é‘IC k . '

T
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Boundary
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o
JNY

. Vi i v
| X, Mean Velocity i, 1

B-2.7 w7 ik O W BN

IR DRKEICAr—D 7 L CREERMEICED
W CEHAMMTEYE T2 L2k Y, Liios %?5
WRFEOHREHGRT 2720, TT VEBEEE
7T A NHRETo7z. B-2. 8 IZFHEOMEZ R . %
FRIBEZ 150 m~5m ¥ TE(b S E72Ek 1~4 2856 L
BRI 41X ERE AN/ 2 m T 1 EL ’K%F‘a‘ﬁﬁﬁaéz\%uw:.
B-2.8 @ ERNCIEM# R N o i 2 38 2 Wik X &
TN IEfESL 3 & 4 259, fEIK 4 121X STOC-IC, £ ?
SMAIBEIER (13 B E > STOC-ML %3 L7=. STOC-IC
Hikz 5Lk L, BIRAMEZ 2 ELE L.
X-2.8 FTIZIX Wide area-A DJE1KA 11 J& D STOC-IC
THHE LIS A0 KIES A B RL TS, ZOFKK
TSI L D &, FEE3 & 4 OBHRITRRTGE 10 m/s
PLEE 72 BAEIZ/ > TS, B-2. 9 IZBA B mi o
HFLAEED y=0 m il E OB I HIKFEREHO
NELAT 2R T. kD7, Wide area-A % STOC-IC
THELABRLRLTWS., LK, 5Il&EME L
2, $RE—FRTZ o o BB R ofid A (RHFIC X FIE
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(a) BERIE (51 3ely) (b)) SRR (R L)
®-2.9 y=0m @l EOBERH IS D ACEHE O FhE
oA (X Hee St (RIERTD), A Z2RACE (2

V), O SR (FIER) , O:JAk STOC-IC)

1w (m's)
(=1

180 240 300 360 420 480 540 600
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®-2.10 (y, 2)=(0 m, -3 m)D LI EEBR O ERIT 31T 2 KR
HOREREER (IR kBT, A B#%
(BB, B wR%E SREL2), —
B B R% (BRELS), IR R%
(BB 8), KREHR  ILfElK STOC-IC)

SRR TR ) R3S BRALE O FE A (R AR & i)
ko THESHh (PO E ER) o, Kiks
STOC-IC I LV R LR (MFoOr! & R &
[A% DFE R A FNRAI DL ERNCED Z LR AlREL 7o
7.

SOEI, WERBRAE AT D729, STOC-IC D
fHIE A & -2. 8 TX D Narrow area-B (2% Tikw, MR
Ex1,2,58 BV EERIFHEEIT 72 B-2.10 12 y=0
m, z=-3m OPFHELER NENC T 2 K O REFE I
T, EANCIE L2 55| & 381285 U BB
DRELSLEHNTWDLID, ZRAEL 2~8 B & LGS
WIZZNBEE SN TS, 2REEZ 1 'L E LT

BB LERHCEE N KR E BB L TV DR, Zhik
SBNLE DB CE L TV A 720 m Flo 7 ¢
— KRRy 7 DEERENTZTZDEEZOND. 12, &
MOEE A ——Z v TR LRI T 5 B L& LIZGEIC
LI LERFICE T OB H Y, A——F v T s
D8N L LESHAICIEE] EREO R KIREEK & 72
STW5D. Ub”hd, BRALEITA——T v 7 HEEN
T2HRMTT D LB HEEICT 5.

2.6 HRHEFEOHR

STOC-ML Ti%, FEK T4 LD bIEOEWELR
S 2 A N T D AT, BRI 2 BEE
2L, RQ2)IRTABOBIRAR WEHEH LT, B
RO OEB &Rk 2 ZET 5.

Cd, \J2gd d,<2d,/3
q::{ 1“u ga, d u (2'22)

C,d,\2g(d,~d,) d,>2d,/3

T2, q ITEAENM -0 O E, 4,8 X0 d, 3R
RO BRI L OTFHRAITOBETERS S L v Lok,
C=0.35, C,=2.6C; TH 5.

B-2. 11 ITRTEEARICBWT, BED STOC-ML
M LT, BER R AR 2 — AR O R 2 FEME L 72
TN OFHEREK T A XL 150m TH D, £l L=
BIZRD 2 7r—ATh b, OLFmo 1 3HEEO FE
NHEARYS -0 15 mYs O—EEEmAL, Tl
WD 2 m OKMEED S TR SEEGE (K
222)0 EXAEG ), BLOQ RSO 1 HEE O T
S BATHERTYS 720 1.5 m¥s D—EWEAHRAL, F
WS 2 m DOKMEEDSMETHRE SE-HBE R
Q22O FRAEWE) Thsb. K2, HALKF
FIRAR 15 m%s DOEBAIIT LN O KALIZRIHIAAL 1
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WCHRAE: 15 mYs BEON 1.5 m¥s DA OREE R #% O
WAL % FEHEIC LTz KR &2 7R3, W ORAE
DA BRQ2.22) 0 B FE S D KM BESE R O il
WRAELTWA., LaL, BEROBERCIEA—\—v
2— MNIBOBEHBTET VA —a— MBRREAELTND.
ZOBGITWHENIITE L < .

o =z < v da
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: : d ; =
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foo=- === et m—---- J
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B-2.13  BESTRAI#R OF0E OB (G 7 2 i <
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2 15 L Fas oSy " =1 i _ﬁi
= 210
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®-2.14 BERFUCI T 5 3HE T IEK RATHE O KNS
O (O AMARK, IR : kEAOHE
STOC-ML, K## : i R&DHJg STOC-ML, 7
L —ff#R © STOC-IC)
INHA—N—va— T U F = a— FORERIZX
UTFDEY>THAH. RQ2VTTFREND L ) IR
BESER OFith DKM OH o TR SN D2, BEER
DI DKM OFHITQ2.2)~Q AR IED) R
WS oT, BEBESAIR CRIMEE (B2, ez
DAWE | HERWZEH) OFEL2ZIT5. B-2.13 1
BEBE RUBT 1% 12 381F DR PEIE DR E H ik o e X 2R

- 14 -

RESER O EOUEE up 25, MBI L - T, Atk OFiH
w R uy WA TREL D mw, HAE NG R T
cell X, Tou/0x>0, cell Xs Tou/ dx<0 £720, cell X; X
cell X; TIX 0w/ 0x=0 & 725, Z DL &, BESERATH T
vF T LT ARRB ONLE TRMATE 9 (v, 0w/ d x)/ 0 x>0
LD Tihbb, i@ A LB TiE FHMOKMAE<
DX OB AMER LT, BEOERFICIXARMA LA L,
BEQBEB TIIKMANTHT2Z &5, ZHITED,
B-2. 12 128 LT3t R R ORHE A TE 5.

ORI O RO REGEMET H-HICK
QNIRRT LI, (dt+ d)v.duw dx \IZETHINET
DOFHETTHE+ d) Ve (ug-u))/Ax D5 BEIZ L VX IED S
NHTEHEZO EEZRND EJEHo 2 J8Il2oT dwv
(-u) Ax +dove (up)) Ax WK - CEET DL ICKEL
7.

(dl +d, )Ve % = (dl + dZ)Ve MZT_MI (Hek)

0—u,
Ax

U,

+d,

—(d, +d2)veg—uzvg(dl A_X”IJ(E&E)
X

(2.23)

ZOWE DR EMRT D20, B-2.11 ([T LizE
BIRRIZBWT, BEO STOC-ML ¥ L ' STOC-IC (%
B) #RAWTT A MR E T o7 1 ZIEEHICRDLET
HEEIT-o7Z. v=10 ms ThH5. K-2. 14 [TEEEEHRIC
BT % LTI R R 0 KL 2E R 45 A 0D Lt & o=
B RIT & 0 BEEES R OO OAR T MR Sh, B
XAHFEEY ICHEATE L L9 Icko 2

BHIZ, BEEERAIRICRT DKMIRE 2 B S/t 57
O, B-2. 11 IZB W THIHIKEZL 100 m, BEE % 1 m
L, WAHZZ®ZR2 MDD IZEESE SR B 1 Lo
A& 1em ERSEHEETo-. B-2. 15 (CEEEER
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A% DKM DFFFAE R 27~ R ATTIZ 1 em DKL
BLIZKF L THAET L/ 7Tm ORMIREBI 4, SRIZE VM
AHTENRTETVD. ZOWRTHMERTUTKE <@
Wiz, BIEPRICKRELS RSV T502< 2L
MWTED.

2.7 STOC-DM M#FZE
HB+HLWVIFHEDOLHOERDER S Z LN TED
£ 91, STOC Tid STOC-ML X STOC-IC {Z L > TF®
FHR S AT O AKALRVRIR DI - AT T — 2 b,
PURER L OMEME AR50 AWV CEMIRICIER T 5
WAEDZFML, ERMEOEHZHET 2 FEL
STOC-DM (ZHA L. EiloET /b EfHEIZT 5
70T, EFRWRITESIROMIKE Lz, BEiRmiRo 6
B HEEEB) O N, WEESN T 3 51RO RO
x e y dhds JUMRIE 2 ) &, [EESEEO 5 HERE 2
HhE Y OEEROHREEEF L7 (B-2.16). 7=72L, z ik
FraoirEiE iy, EEHEAEM 2 LT, K
A2 B NAEIZBRE L CERMIEOBK 2R B2 6 |
TiEENT A & Lz,

725, ERIFIRAVICHE O R OB E IR A 72 3N 4
SNBHN, HRT5L91, EHOXEE[E L THRER
HY72 3 & ATREIC L TV B
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(1) WEMRA LT D IES)
a) 1ER]
ERIRICIER 3 2 50 ORIl EE, FBELAH
Zxtg b LI 52005 L 5 HMEE T L 2B B
L7z, MBELDETMITY Vo REPELIZLDOTH
v, A EEENEBE X, MERITIROT Fy, #AATTHR
DHFyBERzHiEDLY DE—RA2 F M, 35T
WC, RATHET2ET LV THD. ol, N1R0E—A
VN, ERMEREICEOBENCE Lo TREIT O
HEER (X, Y, 2) BV TERSLTWS, F-2.17
BLUOR-2.18 (2% DOE

Fy =(1=D)Fpy + Ay, + Fyyy (224)

BRLOHBEROEREZ T
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Fy=(1=DFpy + AFpy, + Fyy

My =(=DMpy + M pyy + M,

Fpy = _U CDX]u sm

+5”5 ConuU,lU,[dYdz

sn

U
Fy, = §CDX2(UGZ w7, )‘ C‘ BD
G

Fy _’2’ C DLU de j f”de

Foy = g-”w CDYLpszs Vps

+ g J‘Lb CDYl,:szb v,

dXdZ

sb
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B, LBXUD I, TnENERMEOE,
SBROEUK, h 13KE, U Uy Ve BETD Vy 1ZE
=218 |- IR AR DMBEN 35 DA E BT
X ORI T T DFERHRIERRR 5y, Us & Ve lXERMIED &
DL SIS DR E R 5 F1 3 K OREARI 5 18] o> F8 st 3 3
BE T 2WEERE R D BRI FAROEE) , Coxrom
Coxrsm Coyips 3 £ Cpyy o (XETRIIR OMBERL B 351
DEEZEAA ST OS] OFIREL, Cpro B L Cpyp 13 E
FEJ7 13 K OMARIT 10 D HUIERER, Co 1 LB IR DIEME
TR, 1 IEE— AL FLA—TH 5. R(2.24)~(2.26)
POV 1 BEITRABSE S AT 22 &Ic ko
THACDH A%, FHOE 2 BT FENTELT D
LI Ko TR E, AUE 3 EITEEIERL
T3, KQ24)~Q20IZBIT B 4ATHE 1| HB LU 3
HTIE, B-2.18 [Transd L olc, EimwiEimicis
T AFEIEDO M EID AN TS, 2070, Wik
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BT 2 e RAKDLAY A 12 BT STOC-IC & STOC-ML (2 &
DENENOFFEMICKE RERNBENERICR -T2,
T, HEEOBIET TR, RENSKE REEE R
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MIC L DFEICHAD E/hE .
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B SN0 T, Z oBIREERE X ORAKIR-CE & &
D A4TVY, STOC-ML O HhE I & MiFEd 5.
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(1) FHEEE
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DB SNIZHEOSE 1 olE»biEShz
Takagawa + Tomita (2014)?DIREF /L EZEA LTZ. Z
DEF LY, WRIEE SN\ FEEE TERENMEET S
WHIZ & D AZEM GPS HRE 8T IR GPS iR
AR L7l E L HET 5 L L HiIc(E-3.15),
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HEREFHD D012, B-3.16 [TRTHRAT 4
JREEEN LIHER T EEA L. #HERTOKRE
SE, WA ST 1 EIR T 1350m & L, 173012
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RICHNLITOHIAKNL E LCTHEE L, 51 Lk
B (T.P-0.35m) 35 X OV 2 P L SicBERE (T.P.-0.10m)
DL D 2 FEE AV THRET L 72

(2)  BiEIEOMIEDEE

a) BHREOMEET L

HNHQR012PDESREBEIC, BEMEND 1 m/s T
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BOXREEIZRE L2l 20T ATl 15 s
FLEE CROC RIS 70 5. RGBT EICE HE 4
HELTHEZDLDOTHD.
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BB T 2 0IHIARNLITEE 2 2 W H OBET 5 & X 0]
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INKERALBH I ER DA E & I MR 7R E TH - T
Wa. ZOZEnD, KA OBEITHEIEE 2
FIlE-oTHI X SN LIFHETHH.
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COBE)  BEOFERFEREHEEL TVWD. £IT,
ZZCOBMERRTIE, PO O BIRKE T3 5 R
A (HE 125 45« BiRSRIP ClR ORI FAET D 5
D) wBIEROBIEORREA O AR — A L LT,
Z OBLIER X OO 2 438, 143, 1 %ISR
g5 & LIcHE ORI - RAKFEEFEM L. ol
ANFEOMEEIT TR OMEHT L 0 HiFER 115 0 Th 5.

X

6.0
50
4.0
3.0

T 20

10

2: 0.0

-1.0
20
3.0
40 L

120 140 160 180

80 100

IBRIED S OFME (53)

B-3.17 JUKBEBAEBH LR~ HB 2 119.5 73 (THEHE L7 &
EORIEEE (R BXO 115 SITdE L
L XDRREE (7L —— A8 WO
FTCRLI S VT HEBEOY  (5E#R)

-27-

B, WK E LTE 2 D RITENLE, RAKIECRE
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