VRIS 28 R AN IR ST T
%44 B 2 5 (2005)

HEKFEEND 3 IoetEZ 8 L7cmi « BEREE S X = L — & STOC D% &
LI AT~ D

(YR L U iEp Nl

2 F

WBRIZB T 2MKEE O THIE, RETOAZ G, ®EOEEKEORLR - B & v o BKm
75>E?€>K73>ﬂ‘;&75§“6%72b\. FRCHE 1L, — AT K &2 A F A R & < EEh S © 508,
SEFFIITIF E A CEBI SV, ok, flxiE, EEAT— Ry FEREICBOLThE

%E?é@(ﬂi%?@ﬂi‘f%ﬁ%— &, i 2&E§ﬁ1ﬁ:€T/Vﬁ>3éﬁﬁ fEENTWS., AR, BE
W OREEW T E T, WARDBHEEYEOREIZIHR > CTREFMZT TREAEFMIZH KX < EH)
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Storm Surge and Tsunami Simulator in Oceans and Coastal Areas (STOC)

Takashi TOMITA*
Taro KAKINUMA **

Synopsis

The numerical simulator, STOC, which consists of 1) 3D models of STOC- IC and STOC-VF, 2)
multilevel model named STOC-ML and 3) connection model, has been developed to provide
seawater motion from offshore to coastal zones due to tsunamis or storm surges including
inundation onto a complex beach. By adopting the 3D model locally, we can economically and
accurately evaluate complicated flow around coastal structures or over various topographies, which
are smoothly expressed with a porous model introduced into the continuity and Reynolds equations.
Water surface displacement is determined by the vertically integrated equation of continuity in both
STOC-IC and STOC-ML, while by the 3D-VOF method in STOC-VF. In comparison with
experimental, theoretical and numerical data, the calculation results show accuracy of STOC in the
various test cases. In the present paper STOC was applied to tsunami calculation to represent the 3D
phenomena around the open mouth of tsunami breakwaters. We found net dynamic pressure making
up more than half of the net total pressure on the superstructure of submerged breakwater. Thus we
can calculate 3D distribution of fluid force on structures considering not only hydrostatic but also
dynamic pressures by use of STOC.

Key Words: storm surge, tsunami, numerical calculation, 3D flow, dynamic pressure, connection
model
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1. £FAMNE

R, REEUE, FEMEMNELE\C X D HELNAE A B - B
BT DRMPBERMNTRO DN T WD, HFiT, BEREWE
DAL, RS Oz X 2N — RiZe xR
& B S IEHOMEEET REE D V 7 N AR IR A A
SERFTR L. B ATk L, V7 MR
ST D7 DI, BIEERRIC X DD RE A AT L
e BT, B#liROE% CEEM EIckoTED LS 7
AKAL, VIR, VAT, BAKIBRFEAET DO EH LM
THVERDD.

BUE, B OBEET T, BIERRERG & IR R
WHLGG (BKER) ([CERSWEBEET VARG S5
Tk (BIx0E, %R - B 1993) NI HAVWLRTE
v, oL TIE, FERIES OB IS SV i T L
CEMRD, 2002) 12KV HEGE DM FA e 0 REBICEA
TEDEIICR-TEE. LIAT, NOXEEOETHE
L 7= ERiERiimIciL, PIREOM#aR 4% < O
MEWIA B 1, IR0 U O 28b b AR - T,
B CITEHE R AIRENG DR S D . £ DR,
Bt - BHIEE & o 7o A ORE EREM T
T & o THEHEZRRFZE R A0 2 A3 DR 3@ < Z
Ll D. L LD, milseEEoF %@y A
WHNTW D ERER T, HEwEE cEbd 5imE
RSO E A AT S Z LN TE S, SRS
XRS5 K5 e ORI OREEATIRD 2 &
MWTERV. SBIC, $HiEH MO ERZHH N S 4172
TR, BRI ALIC L - TA L 5 K2 &1
RENE EREICHBRTE 220, $£72, 2004412 A 26 HIZ
BE LAY b TIHERIC R 7oA o RYEREER OBRIC
i, R OREEY &0 L2 D OR T
NETFARE Sh, HEWORBEEZ T RNLRET S
ENBEOBEMES AR, K& Lodd, £L
T, Ay 7 J— NEOERYPEIIZ L VB XN, B
DOWHEIIOT XE L2 EIFILRET N, 2
9 LIZIR EEOWEIEW D520 5808 ) Of-E, HukoB;
KNERD-DICEETHS.

T, AWFETIE, MEKREIO 3 koA BE L
E  HER O S 2 L—F EBET S, T, 3
WOLHEE T v, ZREWHEET LB L OEN D DB
TNAPDOBRER IS, HIE RS R /AT
IZ 3RTETNEBEAT S LICL D, EHEARRERSCE
JID53A % EWELS, Do, ZhERRY - RRFHNCETET 5 2
ERTEDLLICRD. ZDOEZDL LI, IER S (2001)
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%, FEROKIE 3 RoeET L & FKEf 2 IRIEET V%
A LIET VR L, WiE Lo AR & Bk
LD 3 RITHIZRIRENEIE CAFI A G L Lz, &
MFETIE, 20 3 ROt E T KRS EET V&
WHT 5. 2k, @mHoHEICENT, [UER TR
s J) & MRS RSN § 72 O 3 R0 & WIS AT ST O P B R
HEOENEFHL, —J, HEOHERICEWT, Bz
R E < L Eic kb, &b (2000) & [RIEEIS,
BRRIAE S WD A ZE T 5720 ThHhD. LT,
IS TOOHEREEONIEREAS DY 7-0IC, W
HORBROEEN A BE L Re T V2T 5.

SHIARET ML, MEW ERE CHETESLOE
RSN TEHRY, EELEMICL 28 F - RAKOKE, Ui
BV ) OB R RHTNFIRE TH Y, T OFER A AT
bT25Z k-, MKEBLZHRFERICHEST 2 Z &
MWTED.

2B, AWMICTIE, BER X ONRE 2 28k T — e
ThHEREL, INHEERE L TRDRVA, &l
REOUEARWEN O 3 WITHEEIZE LT, 42K 5 (2000) 13,
BESMODIREERMLTRBY, v s 7 ABIIH-
D, REBIOREGRMAEHLE LTRITSLLOBEL
TWa5.

AFICTIE, FF, HrL<BAFE L7iamzmig - d
WEMES I =2 —4%ThHo STOC (Storm surge and
Tsunami simulator in Oceans and Coastal areas) O FHHEE
BERODDR T —7 - TANMIE o THENDT-H,
BEAE 0 I R SRR I & D LEERIZ & 0 AREUEE T v D
MEEZATZ2 D . WIS, FERRA =L aefR e LT, #
W BAE s DB AR 61T HHEIK O 3 IR BB A
BIRIERT 2EBERENSHE CE L2 L 2R 5.
ZLT, ZHETHFOITHR S TOZRWERPIEEED
BEOREMICRITT 3 WoTRBI OB, EHBAE
B O B ElIzoWTRETT 5

2. BiE - EEBIEY T2 L—42 STOC DERL

2.1 STOC-IC

BEE7 /v STOC 13, 3 KIGEET L & L8 L~ L
ETNEEGLNAT IV Yy R-ETALTHD. 205, 3
WOCHEE T ML, BHRREMEOFHEIFENRER S
ZODEFETANRDS. ThbE, HBRERROMERED
BRic, $hiE HmicHisy Lo 52 (vertically
Integrated equation of Continuity) %\ % STOC-IC &,
VOF % M5 STOC-VF Tho. )i, ZEET L



WE O FEH - RE RS

STOC-ML T, STOC-IC & [RIRICENE Mgy L7z
H T RAEZAWTHREREROMNELZEDD. ZNHD
T VEAERZ S S LT, FRENO#ERO
Mz, BEET7 VAT 2 HEkER T 5.

STOC-IC ®H:AEFHFEFUL, porous EF /L (Kl &
1990) =@M L7 3 wocodEk AR (K1) &
Reynolds FHE ((2) TH 5. 7ok, ZDOET LTI,
KN E % $RTEL T SRRy L el el (GR3) 76
BHT 5720, Mo X 5 IKER S T I %A
R AGEIITEATE e,

oy, _ (1)
Ox,
Oy uu;
}/v%_'_L_i_Ct :_&aip
ot ox; Po Ox; @)
- o Ov,
_;’_}/V Mg’ +i ]//'Ve 6“’ +7j
Lo ox; |'7 "\ ox; ox

on 0 m 0
+ = 3
/a ; j h;/xudz yj h;/yvdz 0 3)

TN, x TNV NEESR oy, 2), w1 X x JFIA)
OVEE (w, v, w), n (I/KEEE, h (FHEAEKEIDD
IKEE, po VFIEIEBLE, p 1FETT, 9, ITEDEFEL AL (X
v ¥ aNE D DO EER, 0=y,=1), p 13 x /7
MOGREEIEE (r, y, 7. Wi Z 5 2 O 1w
R, 0=y=1), g FEHEFHEOEINHEE (0, 0, g), v,
VEERNERE MR B (BREMEAREL & B RSMER S D Fn) T
»H5. C; 1 Coriolis THHTH YV, f; & Coriolis D/37 A
Z2LTHE C I, x BEIOY y FHTENEN —fov B
S fou 2725, BE p (2B LTE, BELIOES
BT 80 - IR A BENICiE X, Bk
JE LM R (B2, AR, 1993) IfRALT
KD B,

ELIEE T /MITIE, SGS TRENEMEARELD K S IZFHER A »
VaDRE IKGFET AR E G Er IREET L0
fttl, & Reynolds £t k—¢ 2 FREXET LV HLEATE S
Lol L (BfEiRik I FimEZ B SR, 1995).

Fio, MWEIEICBTANE LT, RRICEDR
FETBIUMAZEEL, ARET VL, FLAR
DORIEGHEE LT Myers ET LEBEALTND. i
J7, HEERFHEICH L CIE, Mansinha and Smylie (1971)
WL BWEET VEMAIAA TS,

IS E IR E LT, staggered A v ¥ = TZER]
ZHERAL L, leapfrog BRI X VIR E S 5. # 1
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WHBA O L LT, HEARLESR O ILU/BICGSTAB
EERAL TS, PIIERME, BEC—ElEHRET
LZEEWREELTEY, 2, ZRBUEHETT VO
DHONHLABETH D, BREME, R, Kl
WHER L OMEOZNEIUTIE U TRIRATHETH 5.

2.2 STOC-VF
3WILETNE LT, VOFIE (hEBRREMmNtE
A —, 2001) ¥ L7 3 kot VOF TF L ThH D
STOC-VF Z#HWAZ L b AEETHSD. ZDOET /LTI,
BRHEZRMEOHEAELT 572012, XQB) Ofkbbvic
VOF B#icBId 2 8im iR & Mg <. fiE-> T, STOC-VF
&, BHEO XD ITKEEN MR 258 I b T
5.

2.3 STOC-ML

STOC-ML %, $REFMZHBIZAEIL, SBICHK
P E2#EA LIZET AV THD. EHEMIRNEND
Z ELSME STOC-IC & RIBROHETFIEER WS, F72
bbb, $hEGmE w OFEE L L OFREER 3 K
TEET N E B TEY, ool FBLUEMH
FHOWMIEIL, STOCIC LFRETHD. 1,
STOC-ML 1%, 1 BET /L GREFEHRET L) &£ LT
HANWbZ ELARETHD.

24 3RTBEETIVESEBBEETILOES
STOC-IC % XU STOC-VF %, H#HKEET L TH
v, fi)i, STOC-ML I, #KEET L THD. Zib
FEFKEET NV EFKEET VEEERER T L, T0
BRRCHENARLEICRDAREENH 5. £72, 3 Kot
WEPEE TV CIR ) BREIR CI%, Z@iEees Vel O IR
FEIR & LR LT, KT - SRIELO WG ATk LT & 0
Ay amAWD I LIZRD. LT, b OfEE
HCHE ORI R 2 BT 2 7o, Zo0
FEIK D overlap fEIKAEX T, Z OREKICKRD X O AnEER
ETFNEBAT L. Tbb, EHKEET VL FHKE
TF D overlap FEIE L THAKEET LD 1 A v
2O (B1 o O Offsy) &, ZomkxIE
FKIEETADA Y v al@ThoEld 5. % LT, overlap
REEEOSMAlE FEFRKEETT L OBER, NlEFKEET
NOBERE L, WEDOBEREME Z Ok CHET 5
ZOMEEITH < ETHHEARMEEHER T D7D T2
LB X, FEHERROKE S K EET VOHET
AT LEERNS.
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E AT R o -+

E SACA R o - &+
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X-1 Overlap fEIHK

BARIZIE, overlap FEI & HKIEET L & OB TR
DESTHEREMEEZD.

(1) SMABER GERMKEETILHOER)

SMUBER I, TR oOE E LT, EHKEET
NTHRELEZERI Y —oRNAlOW#EE 5 2 5. £ DR,
Wik DT R BT % X 5105 2 72 s oA 2wl AR S
ERUD. M7, BERTmORERIE, AR o THMET
. F¥, A TEEF, ERAMOETHRAHTLILOL
T 5.

(2) REIBR FKEETILHOESR)

WIBESR CIL, ERTmofE E LT, EFHFKEET
NCHE LAY Licfid 52 5. )7, BfJim

OFENT, FEFFKEET NV CTHE LIZEEZ T L MEE
52 50, overlap fEIK CIitEZFET 5. - T, B-1
DOOHID ST, FEKIEET M L DARNMFEEITR D .

ks, MEOBE»LIE, KEFA, $EFME D A
v ¥ 2 EREE FEEIC L TR OREE L.

Fio, BOKEETNVEEFHKEETNVOHEA Y v a
ERKE S RRD20C, HEHEOLDIZHED X A L
AT T EEZDVENDD. EFKIEET NVEFOZ
A LAT v T HEFKIEHEDZ A DAT v T ORI D

1, 725, In &L, nEEIZFE—RZOFEZITR

O

3. BEETILORER

JRAEIR & IRFEIR OHE O FIEIL, 2B KIS D.
T72bb, two-way 3L N one-way D FETH 5. STOC
T, MEZBRRICHNWD Z &R TES.

A I, 3WROCHEIK, £ & O s D 45]
B AR Y A DAT v 7T 728, HHEBOBERO
*EE??’F‘%‘%F@T%’C“%%) HEIEW) O FE 72 M RERT AR D

W2, AHEOEL Y bRBERER I DHAIL, 2
? two-way DFiEEHWD
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fins, #%ETIL, PIDICLBEEET VA2 AW TR
Bkt U CEEZITR Y, BERN 0T — & 2 25 5H
BREIC 7o o TRAFL TEBL . RIS, HERERNTED
NI G 2 DFERZ 527056, Pialkz 3ot
ETNVCHLS . Tibb, ZBEEET WK DA
% 3RTTHEETE T /UIZ one-way CIET. ZDFEE AW
X, Ay vathg AR Rk E i< B, #HE
RefEIEIfR Ar ZPHEIRIC T2 KD b R&ES LH T &N
AHETH Y, HEEENTRIN D TRIFEAEICHETE
HTHAD.

L2 AT, B O TIEDN two-way T 57> one-way T
HHMTED LT, BpaEAIZ BV T LR R R
D3 B 2NTERE L TWRIT IR H 7RV, RAZEHIT
KAz, i, ), REBIOVRETHY, Zhbom
BERMETH D, TOOIZ, 5 LIERKIL, Bk
RN TER T OMERRER LD HFEN S D, F,
T RARICHIERBEEAT 5 HEbH 5. it
BlAE, EEREROMEMRE (EFD, 2001) <0, i@k,
PEIE, F720%, WEHOEOMEREAEA L, EE, E
NRYEB DN T2 18 B NGRS D HETH
5. ZOXHIT, BERET ML, MEREEEDOL DI
BATOINC Lo THHEIND. 2.4 TlE, W
TLHFREERART-DOTH -T2, Kiw3C T, one-way D
FEERHWDLZ L LT 5.

4 ROFT—9 - TRAMIKBETIVIREE

LMD Fv—2 5 X MNEIZ L 5T STOC D
FAEEATRVY, KETERWE D OFHMEZ T L, A3
EEF VDY EMN DT, T 2 TIE, STOC-IC D
THERIZ SOV THIRT 5.

®-2(a) 1%, yd=1.0 IZHDEEmZ x DEDFMIC
Eﬁﬁuofﬁwaﬁghé,1L®Eém¢wbzﬁ
JEIES cavity N OFHEMBRTH 5. Bl L OVKHEIZ
BT, noslip ELTW5. B-20) (2, ZOLED xid
=0.5 [Zo 7z xFmiE v OFEMRREZ RS, mAE
TV (a-FLOW) IC X DtHEMER R L TR ZER
VRO HNT, B & HMHOEERR SR E L <
BRENTWAZ EDBERTE 5.
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1.0

0 0.5
x/d
(@) WEEH~T Fv
1.0
——: STOC
® . o-FLOW
= 0.5¢
=Y
0—1.0 0 1.0

u/u,

(b) x/d=05 \ZBITD u OFEEREOLLE

K-2 STOC-IC @ 2&KJTIES cavity Hiit~DiEH

®-3 2, AiZehEECHENT, £&D 1km DK
W2, x OIEOFHEICEUG N % 5§ 2 72 & ZI2E L 5Kk
MOFRMEEEZTT. 22T, 7 BEO® u i, #h?
N, KEEHB LD x = 500m (2B 5 FR O KI5
W ThD, HESLMEELT, BRICBTSEE U=
20m/s, MFIAIFEELRER £, =0.0026, KK LMK DEEL »
= 12107 BXOShEF MO MBI ERE K =
001m*/s %5 x7-. #KEZL, h=101m THD. ZO
R LT, o & 5 REERER S b T b (52

BFA, 1993) .
91 %U\U\ )
ox 2gh
u =h‘7;(14-zz (14—32: oy (5)
4K h h

z

®-3 LY, STOC-IC 1%, KiEA/ IR L OWEE &k
I<HBLTWELEEXD. 2L, EloOFERIC,
FUS &N T & LTH 225G, €7 ABEUICRET
LT ENDOND.
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0.1
) of
< _0.01 '
0 500 1000
x(m)
0 f%ﬁﬂﬂ
E s}
N
_10 1 1 1 1
—0.3 0 0.3

u(m/s)

X-3 Rtk 2N ERETER E N IS I 1T AR (o
STOC-IC (2 &k A #tHfE, —: K@), (5) 1T & 2 HGHE)

5, BRBREEBRHEREOLRICL HETIVIREL

5.1 FRGKRZICET 2BREER L DR

BARD (1988) 7%, AWEHBIEEEEXIG & Lz 3k
TR SRR (RAUHE R 1/50) 2R L TWADT, TD
FEI & SR EAS R & AT 5. BUEFE T, FEBR
KD AMIZ STOC-IC ZiMA Uiz, FHEK T4 X,
A m (&K 40m) TiE, BIOMEEE B LT
% 10m OHFIPAT 25cm, ZFOWWSMIUT 50em & L, i
MIZHEZR T 5 5 (2R 20m) Tik, 27T 25cm & L7-.
SREL T ANV, Bk & EYEE LC, -120, —100, —80,
—-60, —50, —40, =30, —20, —-10, -6, —4, -2, 0, 2, 4,
6, 10 BL 20em ICEHFMKTE2HE L.

-4 (%, B SRR 1 e 2 38 2 diAL T T O KL o> 22
MZIZ DN T, AR SRR AE B & SR RAS S % it L
b THD. BRESR— A%, B OO
0.98m/s LV 1.05Sm/s DHLOTH Y, FEFH T,
INHICREERT 1.0m/s & LTz

BHiz iRl AE Tk, TRAX—HENEE LS. £
2T, IRERE LR R 0DV 2 T AR R R A S LTz
ACEF M X OSRE 7 o imEiis RS & LT, &
L LT 1.0x107% ~ 1.0x10’m%s DO#HiPHTELSHT-
Ta B LU SGS MEKMEET L (ETVEER C,=0.2)
PR LG AICOW T TRz, 7ok, T 1.0x10°
Sm?s 1% 20C 2B D KOEHENERE CTH 5. K o)
Z0E (=2, —4) 1%, KER X OE ST Mo kR
D 10 OREKERLTED, KR X OSRE IR



BENZNZE 1.0x10 7 m%s BL Y 1.0x10 *m%s TH
L LEFLTWS. £72, (SGS) BX UV (SGS,F) 13,
SGS HEHMEREEZBEH LIy —AThY, Z0HbH
VF? OfF b DI, xFRIOHERK YA X% 25cm >
5 12.5cm (I LIer —AThD.

Exp. (u=0.98m/s)
0.06 Exp. (u=1.05m/s)
—o— Cal. (-6, -6)
0.04 —a— Cal. (-3, -3)
5 —w— Cal. (-2,-4)
0.02 —o— Cal. (-2,-3)
- 0 —o— Cal. (-2,-2)
g B —e— Cal. (SGS)
= —002 L —a— Cal. (SGS. F)
-0.04 |
-0.06 |
-0.08 ' '
0.4 0.8 1.2 1.6 2.0 24 2.8
x (m)

-4 AR SR A O /KR B O bl

FXIC L5 &, BkEMARE 1.0x10 *m%s & VW23
T, WCEDEANEBETE RV, FHEEBRNE
B L —F L2, IMIC X B8N EBE L2 EROR
MR OGS, B (K4 x<1.6m) OFPHT
W, TRERRSTERR R D 2 BTN D ZERI B LI K & A
ERIFE R0, Bl R % CIERE g2 gih Tn
. SRIE T EIRENRE AR N & 2R (<3, -3), (=2,-4) B
X (=2,-3) K —ATiE, OOz L b
F— ORI T4 TR <, KOOI T B FHHEE A SR
EIZHARTAEL R TWAB. —F, KEHFAELOH
B 5 BN PEAR S 2 4512 1.0x10 2 m?Ys & Lz — &
T, FRAMRESERMER L BN L —5T 5. HE
ET B W TEHREIREE MR E K& < L & ER
FERE LS HBTHZ LN TERVER & LT, K
1.2m OBIEOICE & 0.82m OFIENH H 712D, Wi
L BENDOEE ST 6 DOEE~DHFENKRE IpoT=Z L3
EzbNhb.

F72, SGS @EMEREE W28 A OFH RR R
TERPER RIS E B E AW GE L0 b & BICERRE R
XL —HT AL DITARY, MRFHEKTEE Y
FEBRAERIC KT D, 7220, FEBRTIE x=2.1m 2D
2.4m (ZHFTAKALAY —0.06m 225 —0.04m F THEIFE L
TWD 2, BEFHE TR OREIE O, 2D
AL DEFZ ISR, yJ7 PR EGE R D 25 m DF R
AP A RSB THZLI28Y, FEREERIC
EIEIRBEEZLND.
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5.2 #lE EDERICEHT HIERRERE DLLE

A ORI ONT, BB - PRI X B Wi 5
B (B"ARD, 1983) Lhtikd 2. K-b(a) i, #R -
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