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ABSTRACT: Recently, various-shaped coastal structiures have been studied and developed. Among them, the submerged breakwater becarme
generally known as a more effective structure than other structures, because it not only serves its original function, but also has the ability
fo preserve the coastal environment. Most previous investigations have been focused on the wave deformation and energy dissipation due to
submerged breakuwater, but less interest was given fo their internal properties and dynamic behavior of the seabed foundation under wave
loadings. In this study, a direct numerical sinulation (DNS) is newly proposed to study the dynamic interaction between a permeable
submerged breakwater over a sand seabed and nonlinear waves, including wave breaking. The accuracy of the model is checked by comparing
the numerical solution with the existing experimental data related to wave - permeable submerged breakwater - seabed interaction, and showed
fairly nice agreement between them. From the numerical results, based on the newly proposed numerical model, the properties of the
wave-induced pore water pressure and the flow in the seabed foundation are studied. In relation to their internal properties, the stability of

the permeable submerged breakwater is discussed.
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Fig. 2 Definition sketch for the interaction analysis of
wave-submerged breakwater-seabed, and measuring

points of wave profiles and pore water pressures
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Fig. 9 Calculating points of pore water pressures below
submerged breakwater
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Fig. 10 Spatial distributions of maximum pore water

pressures according to the variation of wave
T;=1.2sec(CASE 1
~ CASE3). (b) T, = 1.4sec(CASE 4 ~ CASE®).
(0 T,=1.6sec(CASE 7 ~ CASE9). (d) T,=

1.8sec (CASE 10 ~ CASF12).

period at each point ; (a)

41

BAR)eIA ehkD, el Hstst cho]
WA Z(225cm)ol] ] SEo= of
73%(120 ~ 160cm)Q] G ~ H TellA] Yeh}s, o]3oj
Zylsle RS ek olglt dole SFEeluAHt
el Az Qg gaAle] 2 2 =Y 5
WA G-z E gk AR ER R GA|Rgkde)e] =
N2 Aol askn, olF $591 SRS 2 A
B9 W ARfgoR 5ol T Aese auE

Fig. 10(c)®] 5372 H,/L,=0.0283} Fig. 10(d)] 287
A H/L;=0.0249 392 AR 0em<x<100cmF

2o AxEE et AuiAe SUE sad distedl
FIL AojEFE SUEE e ¢ 4 3, Al 24
T 5359 #3UaAAAE 2 ANtege JEfEow

160cm<x<220cmy-TolA AltEle =594 R
Fig. 10(d)e] S84 H/L,=0.0249 A2 Adshd 5

o
—

Submerged Breakwater

0.0 [P - N
T 01 -
& , 4
3 . i
s 02
[ B
— @ - Ti=18sec(lliiLi= 0.010)
0.3 - : s -
0 20 40 60 80 100 120 140 160 180 200 220
x{cnt)
Submerged Breakwater
0.0
= 01 |-
g : ‘ i S SO N
= e T —~6-
R . Ti=1.252c(1 {1 j= 0.028) A
; 0.2 »»"_:»“" - -~ Ti=L4sec(lifLi= a.aza] ~ 8
= 8‘/' & 6 — Ti=Tésec(HlLi= 0.020) N
/ o e - Ti=18sec(lifLi= 0.017)
0.3 ! : : : ! :
0 20 40 60 80 100 120 140 160 180 200 220
x{cm)
C
( ) Submerged Breakwater
0.0 9898
n e S
= 01 T3
& i St Sl
= 6. el
3 o
S 0.2 frr B T el LI 00320
- - .
o sec(ii/Li= 0.028)
-7 1.8sectHi/Lj= 0.024)
0.3
0 20 40 60 80 100 120 140 160 180 200 220
x(cm)
Fig. 11 Spatial distributions of maximum pore water

pressures according to the variation of incident
wave height at each point ; (@) H,= 3cm(CASE
1,4 7 10). (o) H;=5cm (CASE 2, 5 8, 11). (9
H,=Tcm(CASE 3, 6, 9, 12).



S
[\o]
K
oir
)
o
o
e

3 shao] Hsle] 777} o4 ZrhHE 2L & 4 At
E3 AARoE TVt dojAss Hae we) PAse 5
WebAgel Yl BSske 2 S A 2 5 9

ole} 7], *zmwﬂziwvu i

U 2 oft & of)
ok,
2 W

k
E

\_'§}-oﬂ [q‘—‘ & i]’ ]"\3 3?}?_]821- '}r: u)\-—-‘/]'/ T,-:1.6 sec {l
= B H,=TcmolM, T,=1.8sec? 7%l thalir
sk 8455 AEee] dase A& ¢ 4 At aeln

FHIAAHY]  160em<x<220cmF-ZAA AIEE T

Sl AHE tart B4 ATl v Ftehe
& o]
Z

Y orr oox

1
1:

oﬁ F
o%

B

Holq, o]Fo wal H;=TcmolA oA =%
e vEME, R & 3SEeEYy 2
T;=1.8 sec oA Jehdth o]afdh A9l oA Ag3h
2ol Ahl FAHE ool 7R B FFEARGY A 2
S e wE sl sEtelvA] Al A
Ho} Yehe 232 gk

ﬁ a2y

o T
= =
o= L orr

R
o=

5. 4 =2
2 die # - fE2E - ARk Full-nonlinear 7H3¥4-S 34
g g e ARSI diste] 2 BRAS AEEIe
2 AN FEuiAlel] A&t sz wE
lﬂbl Bl**?‘**o‘:iﬂ*éa 3SRk JJEXMH
£ I Avhlelde =g
o]-OE} 2222}y J].xﬂ:m]—oﬂ}\-] wgE =
=e 7]75*34 AR FEgaAle] Bebgel sbs
=5tk o]2RE ozl FoF e B =79 Z
o7 3o ofgfol] Fl&ditt
(1) s BAEe] Aupgellx] Wave set-downdt 4543}
B ol 4] Wave set-up@/do] Aigict. o|& Q1% P49zt
Prbe] S40 osixE & Qe WA, FF
oA B HaarRe SsiME & YIS

2

Joi
m{o o oo e

A

E

ox 32

¢

ro rlr
ox

fus]
i
i
I

AZo] WA FFshol Ytk &
ol Sl AR
S AL 5 3, o2RE FEUshAAE Al
A A}0) o5E 4 3l 7PsAo] Bolink 23 FUF ¢
A H, 9 9% WES Tl oi@ Zze] Asel
Ursells7h AQSS Ahs) 1340] Geos Ao} &

Aol 122 sl wokd Aew dAdHn:

2

R

N

&

9,

9

]

4

It gg
A &

= Wde] MR iEe 7rEAR] o7 dAH,

s 73?'2;8 Y M H; 2 598 drAF Thel

Ursells7y AAsE Feigho) w3k ARk

ZabellA FAEE ok AV)HRL WA A FYA

FAE = ot el deARE AN Aes &

dEE, 7 Z2FHR AE 22 AN d9es FEE
KR

£

7k AYASE HaNE W Y

Aske EEge 24 He A

Ao KRS Wske A

% FEPIAY 5 AR Fo= s

AT A 0] G S Sl 2
oz puHt

ikl
K

=
—

A, o) (2001). “YLutE I8t
el B3k FRFA”,
pp 1-5

HEH, HH—"J?, o] BAl (2001a). “3xHATEGo] QoI B4

Tl 2lgk spekAeld] #I A7, PE G
&3] %), A58, A3E, pp 107-113.

ATA, o133, TS, A5 (2001b). “VOF |
A FHIEA] A, eSS =Ry, A2, Xﬂ
5-B3, pp 551-560.

23y Ao sie
dRANFTEAA, A6, A28,

=]
EE

]zﬁ}

315# A=At (2008). “VOFRe] 23 Btssge] gloix
BERA ] 93t gz HEEA, =)ol - | FF
fi}ﬂzb A5Y, AdE, pp 207-213.
B, AAF, o1BE, A=A (2005). “uf - FEE - XNk B
Y FASHAS A AP A7 AL, =

st - skFasl#|, #1549, AdF, pp 207213,

Biot, MA. (1941). “General Theory of Three Dimensional
Consolidation”, J. Appl. Phys., Vol 12, pp 155-164.

Brorsen, M. and Larsen, J. (1987). “Source Generation of
Nonlinear Gravity Waves with Boundary Integral Equation
Method”, Coastal Engrg., Vol 11, pp 93-113.

Ergun, S. (1952). “Fluid Flow Through Packed Columns”,
Chem. Engrg. Prog., Vol 48, No 2, pp 89-94.

Hinatsu, M. (1992).
Viscous Nonlinear Waves Using Moving Grid System Fitted
on a Free Surface”, J. Kansai Soc. Nav. Archit. Japan, No
217, pp 1-11.

Hirt, CW. and Nichols, BD. (1981). “Volume of Fluid(VOF)
Method for the Dynamics of Free Boundaries”, ]J. Comp.
Phys., Vol 39, pp 201-225.

Hur, DS. and Mizutani, N. (2003). “Numerical Estimation of
the Wave Forces Acting on a Three-dimensional Body on
Submerged Breakwater”, Coastal Engrg,, Vol 47, pp 329-345.

“Numerical Simulation of Unsteady



&

Jiang, QS., Takahashi Y., Muranishi, M and Isobe. (2000). “A
VOF-FEM Model for the Interaction among Wave, Soils
and Strucure”. Proc. Coastal Engrg, JSCE, Vol 47, pp
51-55.

Kawasaki, K. (1999). “Numerical Simulation of Breaking and
Post Breaking Wave Deformation Process around -a
Submerged Breakwater”, Coastal Engrg. in Japan, Vol 41,
No 3, pp 201-223.

Liu, S. and Jacob HM. (1999). “Norrlinear Flows in Porous
Media”, J. Non-Newtonian Fluid Mech, Vol 86, pp
229252,

Losada, 1], R and Losada, MA. (199). “3-D
Non-breaking Regular Wave Interaction with Submerged

Silva,

C A - ARk v E TS B3 A 43

Breakwaters”, Coastal Engrg., Vol 28, pp 229-248.

Losada, 1], Patterson, MD. and Losada, MA. (1997).
“Harmonic Generation Past a Submerged Porous Step”,
Coastal Engrg,, Vol 31, pp 281-304.

Mizutani, N., Mostafa, AM. and Iwata, K. (1998). “Nonlinear
Regular Wave, Submerged Breakwater and Seabed
Dynamic Interaction”, Coastal Engrg., Vol 33, pp 177-202.

Sakakiyama, T. and Kajima, R (1992). “Numerical Simulation
of Nonlinear Wave Interacting with Permeable Breakwaters”,
Proc. 23rd Int. Conf. Coastal Engrg, ASCE, pp 1517-1530.

2005 79 18Y 91 A
200513 12¥ 59 HE AR A



