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Abstract : Accurate estimation of the wave-induced pore water pressure in the seabed is key factor in studying
the stability of the seabed in the vicinity of coastal structure. Most of the existing numerical models for
wave - structure - seabed interaction have been linked through applying hybrid numerical technique which is
analysis method separating the wave field and seabed regime. Therefore, it is necessary to develope a numerical
model for simulating accurately wave - structure - seabed interaction under wave loadings by the single domain
approach for wave field and seabed regime together. In this study, direct numerical simulation is newly proposed.
In this model, modeled fluid drag has been used to detect the hydraulic properties according to the varied
geometrical shape inside the porous media by considering the turbulence resistance as well as laminar resistance.
Contrary to hybrid numerical technique, direct numerical simulation avoids the explicit formulation of the
boundary conditions at the fluid/porous media interface. A good agreement has been obtained by the comparison
between existed experimental results by hydraulic model test and direct numerical simulation results for
wave - structure - seabed interaction. Therefore, the newly proposed numerical model is a powerful tool for
estimating the nonlinear dynamic responses among a structure, its seabed foundation and water waves.

Keywords : direct numerical simulation, wave - structure - seabed interaction, pore water pressure, wave loading

.M

r

91 FAlolth. ol 9} o] 1}

a7
AARkFel BA S0z A H zZhEe Ak

§ 15 - 2B} B8] SUED,
o) B2 TS S AL FRTESY Aol

TEE

*A2 8ol B 587 F 8 &) A4 A T2 (Corresponding author, Institute of marine industry, Division of Civil and Environmental
Engineering, Gyeongsang National University, Tongyoung 650-160, Korea. dshur@nongae.gsnu.ac.kr)
*+ 315 ko)) 8h s 7440 8174 -3 81 (Department of Construction and Environmental Engineering, Korea Maritime University)
*+x1}mobd] 8t o) 8h 8k d -7 (Department of Civil Engineering, Nagoya University)

86



o} PEE AW MY FHSTINNS 98 AR Y e 87

o] itz Frrehe el A, 1 WirEe] o
52 HES ] $ith o] Foll AF7A 9 A 2 A
FAX ZA FAANGA R dFstEol 93 Ak
AL 2 T3S d& B Ayl nuHo] gt} ue}
A, ZHE AAFERES AFsle A, A 2 AT @
AlA ajAA k] AT W oY 71| FAHE F
#3) getslar, 53] FRE] 7124AE g3 o
goz Mg & e ANk AL FEI) R
gart Ao

AF7A AektzEES g4 Hr 2 UmdAldE
T2 o} 2B A4S T4 Auke] 2]
i} HAAFGE | A AZHENS AES ] $
. 28y Ax e AeTRE] SHHAHE 98

Me AFEA e A AYIEeUH 2e

7

SHSHHSE aHE 3 - F2E - A FHAT
o3k FA A AEV A2 F83 FAE o
FHI Ut whebA ghgdel] og s ANk HbEE
3 0 wE AR st 9 Avhle =44
9] F7loll W& HsHEAl ol ATERE Adoh
i EHALY SollA S8 dAlelelEke Bl <
BRI

aetol] 2t ARk ZH5<ptel thek A2 Putnam
(1949), Reid and Kajiura(1957), Sleath(1970), Liu and
O'Donnel(1979), Moshagen apd Tourm(1975), Yamamoto
et al.(1978) @ Madsen(1978) 52 & 4 YA, o] &
< Auge] fAsEN 3Tl he DarcyH =& A
8315l 3lor, giFEe] o] WMahe thddt siAAN
2 s el FE2Eo] F9 Bl A7) o
0, 53] dFgo| el 71x3 Ao|rt

- FF2E - A AR FEEES AT GENE
Mynett and Mei(1982), McDougal et al.(1986), Mase
et al.(1994)& S 5 3127, ol5& Biot®] g4l
Darcy# 3ol & A¥hiel fAEEL /Fgsted fata
oW T2E FHe) BF5gNEe sk e A
iAol

HAFHIEO 2 HEAo) AL, Ao F3
229E 2] YYD F2E L AN 57
=S Al JE Mizutani et al.(1998)9] 79} b
5740l NASA-VOFYS &3t AWHE-E Bioto] 42
olgdl 7128 WIHTIAR 71gs)el Feasne A
S31T Sl # B 500009 IT7E E 5 ATk

olHEt Bt - T2 - SAAIe] A FFT Il o

g RS AR] HEHHE o A skl sl A2

& ApgA g FASIA7EE 283k ajAee
Hybrid” %] 9]&3}aL Sl Aot} TEgk 71&9) Hybrid
7 3543 ANRE =2 ALl o)g ikt
gjasiodorshs W EHEhS 71T QLS Mk ohuey, 2
Hhl fAlsgol ARl theh DarcyH&lE A-83t
7] jE] = HAFENNE FRE F jle 2
o] A|HF o} gttt

oA B AfeME olE sty 3l 95gT
Agktel gk shuke] g &S Adetar, 3tk
HE 283l shs3a ANl 5Yg XSS
F3t 9. 12E - A9 Full-nonlinear 1M 838 474
HEFEE ot AT 5 e IFEY AP 3]
A 7]¥ (direct numerical simulationyg #A|QFs}e] 1l
AE AT T HE4e AR

2. X OETEe MR

21 7| =WHA

o} 2 - ANk FEAE M) A3 X8
R MEEE Fig. 12N pE 4, e A
o] FA), Lz WAke] 938 22 Jepdthe] Yehd)
I SlE upel Zo] R 9 F T g Ao oo
A o, BP9 ] AAANA digo] Auiats
o] P9 ahsgo] mTEe RS WA $5ke
g e] el HA1=o] irhHinatsu, 1992). 344F
ez FRAH 22 f3hS WAAT)7] 945 29
(Brorsen and Larsen, 1987)8} 7% & % 3]A)Rwto] 11
HEoh

Az gl FAGTEE 3 GHY R Hgo] 7}
=S T4 93 13 4+ 1= Porous Body
Model(¢]8}; PBM)S £33+ Hur and Mizutani(2003)<]
2de B3 fA-5-2 dRATe] AujHolegls 7t
Aofl FRAFo] AHHA gk FAETH ez A
7} 22 FaduiA e 35S SFAS 2§ gk
£ BI(Van Gent, 1995)°]] ¥]30] ¥, Hur and Mizutani
(2003)°] Edlo|| 23t AU YA o) FL A
Aol 3l 2P H o2 AgF e FE7t g 4 3
ok webA £ 281452 Hur and Mizutani(2003)
o] FXF| M 72ste SRRk Fapd T2Eo)
AoX 75<] FejE gl Hag FHAE 713t
A S T8l AFAAE shie) vgEA - A



88 54 - ARE - ol%E - AE}
open boundar, open boundar
V3
<EI U=
NN g <
T i~ N old g structure ] -
wave source wave fie
_added ! f < added
dissipation h dissipation
zone T zone
1
! u
(seabed”) |4
. ¥ .
L 2L calculation zone L =22Li
= e i 1

Fig. 1. Definition sketch of numerical wave channel for the analysis of dynamic full-nonlinear interaction among waves -

structure - seabed.

ARA Y E5EAE FAE F AT, ol gig £
Z9] Tt 715HA Q) Heoll wel SHAYA
3 mdslE FAATE EQ9E Aok

B dFeMe 545 FAETEE 2 sAA
el U FALI A28 X}

= A Navner—Stokes-rE‘”'Xéé]*‘ PBM2.E
PG EFEEAQ), 3% 2& F Utk
I(gu)  I(ew)
—_— L L = gk 1
Ox Iz J M
Su Ju Ju
B Blax T oy
- l@ (c?a Tex c?f:zrzx)_ L
sv@+gxuﬁ—w+g W = 12, (ag"r” —agzr”)
ot Ix oz péz p\ Ok 174
2V _ . o By M —-D.—
_352 vE ﬂW Alz Dz Fz (3)

A7V, g*=q(z, ) S(x—x )= ZIYA] x=x A2 Zi}A4
A9 9% 55 Dirac delta¥F u, we x, 23] &%
AR, = AT pe FA9 9E, pe 4, ve A
EX9714, (=0.01 cm’/sec), g= ZHIEE, pE Bkt
999 JHBAF, g5 AAITTE, ¢
ol i3t AH TS, ¢ (=x, 2, j=x, 2)= 715‘/\}11]3‘]-4 *
Aol ek YPeH o = WAl Agshe 3
w-e 7tEdm, je 2 HEYdA e BEe Yehdo,
A (), G)IM M, M= BAA S e B (Sakakiyama
and Kajima, 1992), D, D= SHA, F, F= 3FA
gto g2 tg Aoz A Ar(Shijie and Jacob, 1999;

, £ X, z v

Ergun, 1952).

Mx=(]—gv)CM%—l: —&)C —+ —x+ }(4)
M= (1-8)C,/ 28 =(1-5)C g—mg—;uwg—w}@
2
D, - =8, ©
P gx
2
D,- ¢, 2% @
P gz
(ID_ ey ey ®
F, = Fy =y feuy + ey’ ©)
DP z
71, €& BAYASR, C e SRAYAS, FE
SRARAS, D= Fae) BT Yol
o2, AfEwe YL molshr) s Hinst

N1chols(1981)7} Ag of# e H2E A=At
52001, 2002)9l &3l A7HEE7E 9= VOF(Volume
Of Fluid)3H+ F2 =31t} VOFEs: Fe 94 23%
Q1 FAl A golng fAGgurgt oz} Z)A e
AH7HA E¥se A 9929 H o] rhedla, FY
oM 0<F<1S HE 4 Ao, =3 =1 Af=
A, F=0d A= VIAAE, 0<F<1Y AT 3HA
2 47 Add & Qlok, fA9] #AE-8 VepllE VOF
g Fe thee] ol alEs wESit)

(&,F) +5(£xFu) +0"(8sz)
ot Ix oz

= Fq* (10)



2.2 X[ A4y

E AP A2 ZHAl(staggered mesh)E 383t
o g alS FIAHEH 02 ARE2ALst XA
& ). T3 O A7kl M| £ 4w R 3H
p= SOLAZ]|®H (numerical SOLution Algorithm for transient
fluid flowyg o]83}e] Alaten), o|FHA 2o tisixe
VOF3=2] 422|848 wHx18}7] 918 Donor - acceptor
WS ARE3IIUKHirt and Nichils, 1981; Kawasaki, 1999;
Hur and Mizutani, 2003). T3+ A|7+}e] disidde A
S Hgaka e S g desie YRS
g3}, o]Faldl tisie 1IAREY ARAHET 231
Aol FUAE-E 718 T T (donor)RH:
TARE, URA 3] SURREEAATIE S =9st
Aot B A7 FXA o] 8H AAZT E ARA
ol il FuEAFEA . 2001, 2002; Hur and
Mizutani, 2003y #23}7] ujgic},

3. XM7Y HE

AR RS ATl thaf 2 Al A Atsh=
FA1 71 o) AxrEe} ERSd FAEES dRA
go] AujHolghz 7Hge FHRAT ] LHHA F
PBM®]| 71%3&}F Hur and Mizutani(2003)2] 4=X]3§432 =}
o ts) Aukzlole] Zrlel WE R, U %
A 2 HUgE AT v - HE FoaH Ay 74
5 g3l SRAT oS =93t % - F&
& - 2k AE7hgel uigk 71Ee] Ada 3 AEX
o} B dqe) S| AHE 47 val - HE Fo 2N
BSR4 71 BAdS A5
31X X|BHY ERAEe P&

3.1 558 &

A AFE Fashs g2 HEdEoR Qs s
AA O 2 o) AFRES AT, O R FA AR
9] 74 SFege E §&Fn). ARk o= olzfgl X
il 582 Fig. 20 YR vlet 2ol shgollA o
9] 35S Jehlal gFolre 4o 5585 veill=
2o 2 4HA Arh(Putnam, 1949).

AR o] fAlE] ta] & AFeA A=
2314 7]H e} Al4td=9} Hur and Mizutani(2003)€]
2o o5t X[ EAE vl - AEFZHA AWhY

e 9T AP AR 89

{seabed s

Fig. 2. Systematical fluid flow in seabed under wave action.

wave =
. =90
pore pressure gage dynamaic pressure gage
® . . ;
2 i_seabed a=50°
‘ & Unit : cm '
TRTSTES W/ VS — TSI

Fig. 3. Definition sketch of wave-seabed channel.

FAEES EFWT B ZHold wE 570 A
AL w=olRir), Hlwe] AM8E Xl ER ] AL Fig.
30 Yeh e uie} 2} Y7 YA D,~0.12cm, F5F
£=6=£=0.42 ZWHA AAA S IO YAty
H=10 cmol] O3] YJAHS7] T=1.0, 1.5, 2.0, 2.6 secE
Zyz} ASIAFIEA SA AR 5, 10, 15, 20, 25 cm®]
AA A ZA4E 5 2 =l sl & AN
o] Al4tAs}9} Hur and Mizutani(2003)9] =dof 2]gh
R84 Ao} 742} vl - A ESHT

Fig. 45 Fig. 3¢] FX)9154204 £YAIT0] 27
G570 F7iste] tigk B Aol Ak} Hur
and Mizutani(2003)e] =22 2§ =5 vlwg 1
o)t} 13 0 X Hur and Mizutani(2003)2] A4

Sl SHEAsE Aol GALF Aolel Shtelrt

Aol VehtA] ¢3-2 v, £ 79 Abdale AR
FAIEE] 3HgolA sake] 358 vehlal si=olM &
&S 5SS VePHoEH Fig 200 AAE s o
sAARI ] Akl 35w & dXsk JlsE &
T ok

3.1.2 ARk 9] fr&3 g

Fig. 4o K nle} ol B A9 AXbAet Hur
and Mizutani(2003)2] $=X] 2o 23t Alx-E 3 Alo]d
A 71549 SEWl g apolE Hot FAls] &
oli 7] 913 Rutzlojo] W Z} AHNA ZZH {4
7} ko] A B 9] Fighs olslllA] el



90 S - AHE - olBE - A

This study
h/Li=0.273
Hifti=0.333

Scale of velocity (cm'sec) ; — 1 30cmsec

7o

N
N A

§ LI I

T T T T *
450 500 550 600 650 700 750 800 m 850

2
L
B3

=)

Fig. 4. Comparision of computed water particle velocities.

Cal(Hur and Mizutani., 2003,
A HyL=0.06¢
O HyLi=0.030
O HyL=0.020
0O HyLi=0.014

This study
A HyLi=0064
®  HyL=0030
&  HyL=0020
- Hy/Li=0.014

u /gH. i)0.5
Fig. 5. Comparison of non-dimensional maximum horizontal water particle velocities at each point.

datum point
Putnsdecid i

Cal.(Hur and Mizutani.,2003}
A HyLi=0.064
O  HyL=0.030
O HyLi=0.020

S m—=
\ﬁ This study
A H/L;=0.064
®  HyLi=0.030
& HyL=0.020

B H/L=0014 )

100

phase lag(degrees)

Fig. 6. Comparison of phase lags of the horizontal water particle velocities in seabed.

Fig. 5= & 7] Alazel SFA%e] us=x] g
< PBM®| 7]23F Hur and Mizutani(2003)2] Al4k4 =}
Al Aukglold] m& 2+ A S 8R4 F
ks vERd Folth. 2@ o 2 RE F717] Hold4=
Auhf 5-G049] Huigke =24 e AL ¢ 5 Jok =
8l Hur and Mizutani(2003)ol 2}t A4k} & oA
o] AdAR Bet  FHREE el 3 1o, 9
o] ZFE F AR zlo|7t ARE A& & 4 Ut o]
23 Aol T AL dRAE0] AHjE ek

714l ZFAEo] a1ei= =] L Hur and Mizutani(2003)2]
AEG FHAYA aHE B A7 ety 2
FAALE =Ystal 7] Eo g Hado)

Fig. 62 A3e] £H545-8 71502 Akzlold] o}
& FHERES H4AE Bl ool ooz R
Aukzlofof W2 U RLo] YA} Xubde] SE 84
3} Blw&ted Hur and Mizutani(2003)0l] &3k Alxkz o]
Ale & WskE 3 4 gldlon B a7 Aas
7Pt AAFE, Aot F71E5E gL o



Sg 99 ARSI A 91

0 [ Cat.tktur and Mizutani, 2003)
5 A Ee e-® 6o o A& HYLE=0.068
P : ) O HyL=0.030
- <10 T SR R ) . R S PRI O HAE0.020
= e e s P S 1 HAFS
9 N :
\{, -15 A L ‘e @ < This study
e . A, A Hi/Li=0.064
=20 m »»»» [ Y N an ®  HyL=0.030
T TEETETE R o Hs000
_25 A LYCIPR RER Y IE Q;jp}(), . - HyL=0.014
0.000 0.004 0.008 0.012 0.016

Wynax/@HY*

Fig. 7. Comparision of non-dimensional maximum vertical water particle velocities at each point.

datum point
— BT
0 © e
. Cal,(Hur and Mizutani., 2003
5 ot . e A H/LF0.664
o ) O HYL=0.03D
y R Goa- . me- O HyL#0.020
fg 10 R 0 HA=0014
< ~
\K{ -15 A SxesIpL | I} EEEEERE Tiis study
e e e A HAL=0064
2010 : A BEEER Jrol | SEEPEEETEE ®  HiL=0.030
e : . - & HyL=0.020
.25 el A : [ _xepest n HA=0.014
-30 20 -10 0 10

phase lag(degrees)

Fig. 8. Comparision of phase lags of the vertical water particle velocities in seabed.

Wk AL o 5 Aok

Fig. 72 A|Hizlo| & wejnE s dfa] £ Ao ALt
ZA3}¢} Hur and Mizutani(2003)°]] 2]3+ Ak}l A .1]
Hizlolo] & Z+ A|HoA S E AR5 Hdgks
vehd Aolvt. Ag e 25 E ARizlolrt F71dE
&) Highe ashke 2S¢ ok E 74
AlxkE A2frgre] HAdighe] 9ol M= H/L=0.064%]
95 ALehd F7)71 DoldgE Aol mjAle |
AH259] Huigto] FolAle AEE vERITH 283 X
Hhio] A& HNhe H/L=0.0642] 7490l £ A+
2] A2rAIS} Hur and Mizutani(2003)0 213 Alxbz s
Alolel & z}ol7t AT AAH S Hur and Mizatani
2003yl o3k AT} B 1] AddnEct o &
AAFEES VeI Qi) o|3d e 9 AFS
u}e} Z+o] Hur and Mizutani(2003)el 93 AA-A 37}
Auhje] fAEFol ol SFAFIA nEE £ A
T-9 AlFdte) vls) A og HL FAAGE T
2= getgch

Fig. 82 Avge] Aaie] AT 7€
Higlo)o) whE AARES YAE vk 1ot
o 2R ARizlolo] Frld] ukE AAHe] $AE

)

T

Zhbe] AF--43 w3 Hur and Mizutani(2003)
o gt Alrbdrhs & Hats JepiA Z2 wbd 2 o
Tl o5 A= o] =EAe AL T F
Utk

Fig. 9= £ 7] AlXFE72} Hur and Mizutani(2003)°
93 AatdafelA Akgleld) W HuRBESy p S
peH, 2 RAASR Arjolr). Tgo 2 RE B A7) /)
2HA39} Hur and Mizutani(2003)0l) &8 Alxbds} Alo]
o) ZF=49ke] Hulgkoll & Aele gloy A HAL B/
L=0.030%1 W3l Hur and Mizutani(2003)2] A4+ z}oi]
Hlg) 2 Ao Akt i & 0559 YEl
Wiz e A5 ALshdE AA)A S Z Hur and Mizutani
(20031 oI5 ARXFER} & At AltEriE ok &
TEFAE e i) ol= g B o FH AL
H./L=0.020, H,/L=0.014914 T8 F3lai2|m A]glo] 2]
AAEE 1 Zolghe AXE A& & F Utk F X
A BT A¥lo|7} ZyHESE Hese 1595t
W AEE RS RNT 5 A, T ZoASE
A wXE 1Rk O ARE S & S ok o
kA 71 F=719] afggate] ofs) AhHT el A B
3to] 7Fs Aol Folzltke 218 vepdot. 18]1 Fig. 5



92 5% - DA -

I Cal.(Hur and Mizutani., 2003)
: A HyLi=0.064
O HyLi=0.030
O HyLm0020

[} HyL=0.014
.

This study
HifLi=0.064
Hy/Li=0.030
Hy/L;=0.020
HyLi=0.014

"e o)

0.0 0.1 . 0.2

Prax/(ogHy

0.3 04

Fig. 9. Comparison of non-dimensional maximum pore water pressures at each point.

datum point
rakasbidiot. shidiok
0 X ©
,,,,,,,,, e ek e e e e | | Cal(Hur and Mizutand, 2003
51- ; A EO A HiLi=0.064
N i o O HfL=0.030
-~ -10 f ° O HiL#=0.020
S - 3 1 HyL=0.014
3 .
?q’ 215 b e ® * This study
. ) A HLi=0.06%
201 - ° * ®  HyL=0.030
. & HLi=0.020
25 LI * ' B HyLi=0.014
-6 -4 2 0 2

phase lag(degrees)

Fig. 10. Comparison of phase lags of the pore water pressures in seabed.

2 Fig. 70 Ve F2719] wslel] 2 Awhj £, A
Ao HUgto 2 e ARk 5k TS
ol o & 93-S B eSS ¢ & Aok

Fig. 10& Aukge] 54 AZREE 71Ee2 A
Hizlojol] mE 7HEretke] e Uekd adolt. 1
Yo 2 2E Hur and Mizutani(2003)°l 23} Alxtda=
2k} ZlojQo) wE 5% Al 2 WsE &
A & glovt B A9 Abdas ARkzlo|7t $7
H5E AgHe 1S5 e =eAe e g 5
Q3L HIL00649) B ALt F7|7} dojASE
AbgelAe] Fheat Ao 215te] ke F
FAE A& FAT 5 sk ‘

3.1.3 AW ] f&o] dEol nle JEF

ol A AHE ule} o] B FX|FPMIY o EZRE A
oA- Ak &gkt Aol 12EA %2 PBMY|
71%%}+ Hur and Mizutani(2003)0 28+ Xwhy f-<4:3k0]
53l v|Re Z42he] FEFE HES] st At
o) X9 AT s v - HESHY, o2
2] Auhje) fAAge s 2FATe] 2o Hade
=gt

0.1 No.2 No.3 No.4
- - - -
wave ==
h=30

e |
" (seabed ] | d=19 !
Unit : em |
AR SRR y v S S

Fig. 11. Measuring points of wave profile.

Fig. 112 ZEd ZA19] A4 2 99| vlad=|
£ vehl 2 3l Fig. 119 AH No.1, No.2, No.3 &
Nodol|lAe] AT sl £ AldbEzet Hur and
Mizutani(2003)°l )3+ A48 2 Mizutani et al.(1998)2]
APXE 242 ebd 3le] Fig. 1200 AAIE] glot. 3t
Al thehrE FFE 5767504, BTL% D27 cm, 3}
Aztel AL digiME TFE g=g=¢=0.4, FTU7
D,=0.08 cm®] R AA]wto] 12T}, o] o YAt
273 4AaL H=3 om, YAME7) T=1.4 seco|th.

Fig. 1223 & 4= Ql& ule} o] & FAs)94d54
= A Aol ATl e vldgate] 4,
o o A wjFolxe] fERES st FA B



SRR - AN MY FHEAAE A% ARFARA M AR 93
20 20
0 ExpMitarietal, 19) |- O EypMintaietal, 19) |
15 e ol s Mizatar, 2003)| 15 "= = — CalFur and Mizutani, 2003)|
10}~ ~——-— This study 10 This study
= 05l SRS | o= Gp08agy.
T o5y R a g Doy 505 e
00— o % ST N p : %
05 Soat - ; Soee 05 e a0
10 ' ' 10 ‘ 1
0 02 04 06 08 1 12 14 16 18 0 0.2 04 0.6 08 1 12 14 16
' vI; o1
(a) Time variations of wave profiles at No.1. (b) Time variations of wave profiles at No.2..
20 — 20
P O Exp(Mizutani et o1, 1998) i G ExpMizutani et al, 1998)
15 z — - — Cal o and Mizatari, 20| 15 - Calturand izatani, 203) |~
1.0 ——— This study ——— This study
= 05 RN | -
= SEVIIOIN ~095 m&ﬁ, PG S it
00 =000 7 e (0 NG ~007
05 i i . NS
10 — 10—
0 0.2 0.4 0.6 08 -1 12 14 16 60 02 04 06 08 10 12 14 16 18
T; YT

(c) Time variations of wave profiles at No.3 .

(d) Time variations of wave profiles at No.4 .

Fig. 12, Comparison of numerical and experimental results.

o] AXHQ] FHHF-S F AFsIL Yok =3 2 AT
9} A2+A 7} Hur and Mizutani(2003)8] Al4FE 3¢}
HIRZHE kA & Aole el A @A £ d
9] AArZzbs 2 HehNo.3) 2 A vl 3-(No.4)oll
A &5 o] Bl 1% Fig. 12(c), Fig. 12(d)
oA 1 4= Jl= Hke}F 2] Hur and Mizutani(2003)7]
o Akl Ble] Bl AR go] A B F, TN
ol w2 ulKgsle) ¥4, G ehe ghe] £
G- ARAe} Bt Bot & AW e A
& 5= Aot olget A= B FRE - AR SR
o) ths} B Ao} 343} Hur and Mizutani(2003)d]
ot A Qlo] FHAZU Fg Aol L3 A8
go] Yol e ol Yehe AxE g of
ZRE FAFW A sl SRA%e] eivt
= S 98] Beshm, £ Fig 494 293 vle}
Zo] Aol o] fdate) HiFo] B Xuhyje] #
ARG FF 23 4ES nedhe Aol e A
o2 gedn.

£ 5y

3.2 0} - s M X gte] ota 2

Auke) glojol] W =4 slel tidked Yamamoto
et al.(1978)9] A9} B 3449 E vlu - HES}
ok, el A& sHEge] AY 9 Axd 24

A2 YIXE Fig. 30 AAE FX|9542 e} T3t

Fig. 132 7F=24=qbol] thall Yamamoto et al.(1978)<]
AR} B A ARele] BlnE Vel Aot} Fig.
1394 pi= SiAREPSOIA S48 A9 HjzE
< YelliiL, pe siAAe] 215eke] HiFS 7}
Z+ yehdt), A4 3= Yamamoto et al.(1978)2] 28
29} Hlwate] A AR Zlojo| W SrtATE &
Al i, 53] F7)7F A5 o)t AL B}
HESHA TRttt AP 2R E BFFAL H/L, 7L B
E SiARgte] Zolo ufE gAY o ZA 43}
SEAAL HIL, 7} B-E5E s A A ] AAo] w)X)
dEAEe 2 He AL ¢ 5 Uk

:]17
334 PEE -l MX|He| ¥457Hy
3. F2E - SRR vlAFgs e FAl o
M A} EATAY el £ fHH 71EY
Ax|ete] HnEFE B iy gdE =23t
ZAe] 7ol gt APAE YA H=3 cm, A
7] T=1.4 sectll UIZt Mizutani et al.(1998)°] AHE,
S o] el disiMe JAMRAL H=5 cm, BAL
" F7] T=2.2 secoll tIZ+ Mostafa et al.(1999)2] AHXS
AHE-Ete] At Re] Bl AE 25 d
Fig. 142 ARS-E ZA19] Al B 755te] B9 ]

L
i



94 A%5 - ABE
0 I
[ O This study !
A Exp.(Yamamoto e1al.,1978) ||
ST
-10
z
W 15
-20
-25

PP
@ T;=1.0sec(H,/L;=0.064)

0

O This study
A Exp.(Yamamoto et al,1978)

T 7 il 7

z(cm)

pro
© T:=2.0 sec(H,/L;=0.020)

z(cm)

o
) T:=1.5sec(H;/L;=0.030)

[0 This study L
A Exp(Yamamoto et al1978)
B | A

o
@ T:=2.6 sec(H;/L;=0.014)

Fig. 13. Comparison of wave-induced pore water pressures (p/p,) in seabed.

wave =—>

Fig. 14. Definition sketch for the interaction analysis of wave-
submerged breakwater-seabed.

& UERIH, Fig. 155 AW A, 78T 2
57l HuYxE Jeplia ik, 34 2 E4
WaA|e] AMELEEE FFE g=5=6-04, BTYA
D=2.7em®} AT 2 PSS Ak FSE g=5=504,
B#Y%A D,=0.08 cme] B AR|wro 7 FggT
Fig. 162 Fig. 149} Z} 91X](A, B, C, DAl A A4t
3 7 Ede] AZPHE-S Mizutani et al.(1998)2] 23

wave ==>

ifka

i

Unit :em |

Bye .~ Cge;
110 {_seabed - ‘110

TSRS

e e e
F A IS T R IR TN

Fig. 15. Definition sketch for the interaction analysis of wave-
composite breakwater-seabed.

2o} HlmF Aolth. A, ol JloIN & 7HE4ete] 3]
A7} QYA i AolE Ho)7le A5 AA
o8 AANR 2 Auhe] 7Egte] AZPE-S AY
Ao & AL BolT YUtk



- FEE - ANk BlAdE FAeRAE A3 AeRsiArIe) A 95
0.6 T 06 5
""" Q Etp‘Wizumnidal,lm)l -~ 0 ietal, 1998)l
04 || —— Thisstuty 04 sty
) i o )
— Q —
z % s z % &
50 00 - o] 5o 00 L
& & o ‘CLQNT & a \)/6
02 Pooror =02 hes 5
04 04
06 SR N S N U S 06
00 01 02 03 04 05 06 07 08 09 10 00 01 02 03 04 05 06 07 08 09 10
YT; YT
(a) Time variations of pore water pressures at point A. (b) Time variations of pore water pressures at point B.
06 - 0.6
----- 0 ExpMiutanietal, 1998)‘l : [0 Expiataieta, 1999)
oy Mty ) o e R
= 0.0:C0 H — : :
=02 OUO/U/ AL - Quzmunn)Ooxﬁ\
Bol =l B =
=02 =02 2 o
04 04
06 ' : 06
00 01 02 03 04 05 06 07 08 09 10 00 01 02 03 04 05 06 07 08 09 10
T, yr;

(c) Time variations of pore water pressures at point C.

(d) Time variations of pore water pressures at point D.

Fig. 16. Comparison of time variations of pore water pressures in case of wave-submerged breakwater-seabed.

20 —— . 10
15 bt v 0 Dpostafaeral, 19%9) N 08 {0 Fxr‘wostafaztnl,lm)}v
10 : f [ This study [ o0 | 05 | Thisstudy )
= gL _ ; AR SRR SR R
=0 C s N = . P : R ot : :
05 : 5% oA N 03 ; ‘ ; ; e
1.0 : : ‘ 05 : P
-15 : 08
20 10
00 0.3 0.6 09 12 15 18 0.0 03 0.6 09 12 15 18
YT VT
(@) Time variations of wave profiles at No.1. (b) Time variations of wave profiles at No.2.

10

08 G Exp{Mostafaetal, 1999) |

05 I This study .

=00 PNTos paciSlatay O leiv.:
= % v ot

0.3

0.5

08

-1.0 -

0.0 03 0.6 09 12 15 18
oT;

(c) Time variations of wave profiles at No.3.

Fig. 17. Comparison of time variations of wave profiles in case of wave-composite breakwater-seabed.

ARLES Auke B9 Tiake] WeE Aols Wi
A MAERE 5910 M-S 247 A AR e
¢ % .

Fig. 182 Fig. 159 2+ $12(A, B, CR)ol A AlAks

Fig. 17 Fig. 152] 3 No.l, No.2 € No3ollA =%
TRl disf 2 APEFAE Mostafa et al.(1999)9]
AP 9} w23 Aot Fig. 17238 B 79| At s
A= AR H o2 FAolL&HANM ] 29)2] AZhHE B



% %4 - RE -

08 O Exp{Mostafs et al, 1999)
]\—-——~ This study

=g Wt Q
=03

%4 TN

SRR 00 070 008

60 01 02 03 04 05 06 07 08 09 10
VI

() Time variations of pore water pressures at point A.

0.6

04

o Iy etal, 1999)
[— This shudy

% 0 has YT,
e I8 OOC\,TJL T Ore

0.6 - -
00 01 02 03 04 05 06 07 08 09 10

I
(b) Time variations of pore water pressures at point B.

1.0
08 [ O Exp.Mostafaet al, 1999
o | his sty

05 0009,
=3 & Q.
%00 S |
S S {
=403
&-0.5 7 Ve 0.0
08
1.0 : .
60 01 02 03 04 05 06 07 08 09 10

T
(c) Time variations of pore water pressures at point C.

Fig. 18. Comparison of time variations of pore water pressures
in case of wave-composite breakwater-seabed.

9ol AlI7HHE5-S Mostafa et al.(1999)] A¥ =9}

Hwgk Zovh, £ A9 Alibdide 15499 vldy
A ATHEE Fihst] AAH o2 HPx9} F& o
3L Hola it

4.4 £

£ AFoxe - FERE - ARk HAE A4S
a)448}7] flote w7t AukRel] g shue] Ay
@*‘Q TSI, §YE FALTAES 58 9} 72
& - A4t Full-nonlinear ZHE3-S X 4= 3l 2
XJE«] ZA-ZABIN 7 HE Akt 1 efdAdE 35T
B0 A &L HESIT |27 E dol

=q%
a3

%5 - PN

AFgHE ofefol 71 g

() 3 2 Al FHATS AE + de 4
T A AR A 7S ALt

() 718 d7ATe} 48X 2 2 FAs AR E 2
Z} Hlw - AE3Ro 24 X|phlle] §x)9-SFol] ZF-Aglo]
T2d 987} Q& Aoz Ao

(3) AAAT || F7oll wE & 2 ] 94
e FHERE daide A4 7L ZoHdE o
S5 WA T, FAREE ST} 2R RS
& 4 Ak :Lah A A Rke] gloj7} FVEE 2
Z49ke] A A AL ¢ 5 AT, AR
Hie] HeEE et A5 S ojASE 2

A He 2E FE 5 U
ZNE#
A=A, olE, 244 (2002). FEFIAITEE 3 4
s g gehdd 2 553 4. sEaEtes]
okF 832, 14(2), 171- 18]
A=st, oBE, TS, TWES (2001). VOFHO 71%3k &

A —r@ﬂ%"&% Eﬂ*d. HgtERstsl=E, 21(5-
B), 551-560.

Brorsen, M. and Larsen, J. (1987). Source generation of non-
linear gravity waves with boundary integral equation method.
Coastal Engrg., 11, 93-113.

Ergun, S. (1952). Fluid flow through packed columns. Chem.
Engrg. Prog., 48(2), 89-94.

Hinatsu, M. (1992). Numerical simulation of unsteady viscous
nonlinear waves using moving grid system fitted on a free
surface. J. kansai Soc. Nav. Archit. Japan, 217, 1-11.

Hirt, C.W. and Nichols, B.D. (1981). Volume of fluid(VOF)
method for the dynamics of free boundaries. J. Comp.
Phys., 39, 201-225.

Hur, D.S. and Mizutani, N. (2003). Numerical estimation of
the wave forces acting on a three-dimensional body on sub-
merged breakwater. Coastal Engrg., 47, 329-345.

Kawasaki, K. (1999). Numerical simulation of breaking and
post breaking wave deformation process around a submerged
breakwater. Coastal Engrg. in Japan, 41, 201-223.

Liu, PL.-F. and O’Donnel. (1979). Wave induced forces on
buried pipeline in permeabke seabed. Proceedings of 4th
Intl. Conf. Civil Eng. in Ocean, ASCE, 111-121.

Madsen, O.S. (1978). Wave-induced pore pressures and effec-
tive stresses in a porous bed. Geotechnique, 28(4), 377-393.

Mase, H., Sakai, T. and Sakamoto, M. (1994). Wave-induced



S P2 - A MAY SHSYRNE A AUFANL7E) AR 97

pore water pressures and effective stresses around break-
water. Ocean. Engrg., 21, 361-379.

McDougal, W.G,, Tsai, Y.T. and Sollitt. C.K. (1986). Verifica-
tion of the analytical model for ocean wave-soil-caisson
interaction. Proceedings of 4th Intl. Conf. on Coastal Engrg,,
ASCE, Taipei, Taiwan, 2089-2103.

Mizutani, N., Mostafa, A.M. and Iwata, K. (1998). Nonlinear
regular wave, submerged breakwater and seabed dynamic
interaction. Coastal Engrg., 43, 177-202.

Moshagen, N.H. and Torum, A. (1975). Wave induced pres-
sure in permeable seabeds. J. Waterw. Harbor. and Coastal
Eng., ASCE, 101, 49-58.

Mostafa, A.M., Mizutani, N. and Iwata, K. (1999). Nonlinear

wave, composite breakwater and seabed dynamic interaction.

J. Waterw. Port Coast. Ocean Engrg., ASCE, 125, 88-97.

Mynett, A.M. and Mei, C.C. (1982). Wave-induced stresses in
a saturated poro-elastic sea bed beneath a rectangular cais-
son. Geotechnique, 32(3), 235-247.

Putnam, J.A. (1949). Loss of wave energy due to percolation
in a permeable seabed bottom. Trans. of American Geoph-
sical Union, 30(3), 349-356.

Reid, R.O. and Kajiura, K. (1957). On the damping of gravity

waves over a permeable sea bed. Trans. American Geo-
physical Union, 38(5), 662-666.

Sakakiyama, T. and Kajima, R. (1992). Numerical simulation
of nonlinear wave interacting with permeable breakwaters.
Proc. 23rd Int. Conf. Coastal Engrg., ASCE, 1517-1530.

Shijie Liu and Jacob H. Masliyah. (1999). Non-linear flows in
porous media. J. Non-Newtonian Fluid Mech., 86, 229-252.

Sleath, J.F.A. (1970). Wave induced pressures in bed of sand.
J. Hydr. Div.,, ASCE, 96(HY2), 367-379.

Van Gent, M.R.A. (1995). Porous flow through rubble-mound
material. J. Waterw. Port Coast. Ocean Eng., 121, 176-181.

Yamamoto, T., Koning, H.L., Sellmeiher, H. and van Hijum,
E.V. (1978).-On the response of a poro-elastic bed to water
waves. J. Fluid Mech., 87, 193-206.

¥ 9, SiEEM, MTEESE, BAHEE. (2000). i - 0 - K
SEMOHAIERIZEEY 5 VOF-FEMBEIE 7L OBREE. HAR
ERIBWMAE, 47, 51-55.

Received March 4, 2005
Accepted May 11, 2005



