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On wave damping effect due to the crest width variation of a
permeable submerged breakwater
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ABSTRACT: To examine the effect of shape and crest width variation of a permeable submerged breakwater on the wave energy dissipation,
Two-Dimensional numerical model with Large Eddy Simulation, which is able to simulate directly WAve Structure-Seabed interaction (hereafter,
LES-WASS-2D) has been newly developed. A good agreement has been obtained by the comparison between the existing experimental results
and LES-WASS-2D model’s results for the permeable submerged breakwater. Moreover, based on the LES-WASS-2D model, the wave energy
dissipation due fo a permeable submerged breakwater are discussed for regular and irregular waves with relation to its crest width and shape.
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Fig. 1 Schematic diagram of numerical wave tank for verification

Table 1 Numerical setup conditions used for verification

Case No. Case 1 Case 2
porosity n 0.620 0.521
mean grain size(cm) D 3.00 209
water depth(cm) h 475 475
incident wave hieght(cm) H; 429 429
incident wave period(sec) T; 18 18
crest hieght(cm) d 38 38
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Fig. 2 Comparisons of water surface elevation for Case 1.
(a) Gauge No. 1 ; (b) Gauge No. 2 ;
(c) Gauge No. 3 ; (d) Gauge No. 4.
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Fig. 3 Comparisons of water surface elevation for Case 2.
(a) Gauge No. 1 ; (b) Gauge No. 2 ;
(c) Gauge No. 3 ; (d) Gauge No. 4.

Fig. 4. Definition sketch of numerical wave tank for
trapezoidal breakwater
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Fig. 5 Definition sketch of numerical wave tank for rectangular
breakwater

Table 2 Numerical simulation cases

Case No. Case 1 Case2 Case3d
crest width (cm) w 104 70 %
(075  (05L)  (0.25L)
porosity n 04 0.4 04
mean grain size(cm) D 3 3 3
water depth(cm) h 30 30 30
incident wave hieght(cm) H; 6 6 6
incident wave period(sec) Ti 1.0 1.0 1.0
crest hieght(cm) d 2 2 2
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Fig. 6 Spatial distribution of dimensionless due to trapezoidal

breakwater
1.2
L0
L]
; 0.6
X
94
62 :
0.0 '
| I 1
128 L0 0% a8 025 4 028 15 075 Lo 125 1.5 L8
xLj

Fig. 7 Spatial distribution of dimensionless due torectangular
breakwater
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Fig. 8 Positions of wave gauges installed for harmonic analysis

in case of trapezoidal breakwater

7 4 5 % < i o
WS \ L& H i ooV e
Disspion. - NN B b b Disdation
ZLine Veave Sourte I} ! Jons
(eelt), ey

Fig. 9 Posmons of wave gauges installed for hannomc analysxs
in case of rectangular breakwater
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Fig. 11 Comparison of dimensionless wave heights between
regular and irregular waves for trapezoidal breakwater
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Fig. 10 Comparisons of harmonic amplitudes around breakwaters.
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Fig. 12 Comparison of dimensionless wave heights between
regular and irregular waves for rectangular breakwater



25 sl Jepiath =9, 19 39 A, — 2 @&
z+zy W=0.75L, 05L 2 0.25L¢] A$& yehjx 9ok

Fig 67 Fig 7014 & 4 Q& A% Lol A e Wz}
o We} B AT Be Aol moln gon, A
Zo] PojA5E YA} sharo] FA WMFANN A Paoh
AE AW Eo| QJAFE o] FA URE SHFO
24 vt FAAHDANT 2 FRAYS I WAEA
S48 o} Ago] Bo| AEstoz A% Az BUAT

wo, e Wl e e ans wmshd, WA
ARE Fae) A9t WAty JgoR He FE
42 Yeia o, A4 uFdbE 2 Jolg Y
& ggiek

43 Zx| gabol| mE mek 24

A A Fgol| wE ot
3 ZAT 5 7] W& o
o]&3l|M HEZTH

Fig. 102 ZAle] 4o w2 HF7h &8 HESI] 9
&, HOEL 075LE TAse AR AE JEhd Reg,
ol e A P AF2AEYS vl 9ol
o} x=3, H@ X Fig 87 Fig. 99 Vehiz Ue RF}
o] 298 A MY, 3 FA A, 43} 5SS FA uiF
o #Xsn YA E FAIY A5, 29 48 A7 3
A AA ulF AFE S JERAY). Fig 102258 293 3
W XA AES AR, AlEEY] A9t 7R 7
Sl ") x4 Za 2xep AA e AE B 5 Ao
T3 A S Agtel] wet ofzhe] WskE HoluA A
ol M= Al Ee Aevt F39 ARt 135te) 2315}
2% 2L g vehie 28 ¢ 7 Utk

W74 B% Aolg B
2

™
[=]
e AF 2fEYe

4.4 ZHiof 2fst Alntet SrfAinle| gt 24

A & ARG st sRgaet EvAute 3
A& w9 A Zo] 0751 Al E FaEA
o} 78 FHETA A RS AAsET 9714
B ue) sjde 5 MY =28 FUSA AHSE
Ax, FAIS] YAt R Frie FAF Fegagt F9
F71E olgs Atk AUVIM EatEule]  AHEYHS
Bretschneider - Mitsuyasu®] AHEFHE o]g3}.on, 507
AEute e g AU MM ZAHE Fg 1134 Fg 12
o vehdh

Fig. 114 3&& FAADG AAE 7€ 2 3t Atg}
Fo2 FA4st L, FHL ol & AHAA S 5
1E YAEE PR st JeEhll: =3, w4
A7 -@-2 A7 ATkt Bl did Alddol
ok A F(x/Li=10 F-2)AA Bt sl b8
ujepatA| Rt g v o dAske A B 4 Ao oA
< BT e, A B 2 A dee npEE
et G ZAEHAE AR Ao] FUelgn #

BE)AT, 20X & Wike 99 & g 2 oF o}

A Weh BAste FAR P A £ID @R
Jehz e 2e ¢ 4 Aok

5. 48

B A7aMe T34 A A Z wiste ne 3
a3 dis) AES] A8 FARDE AL AST F 2
74 3] FAel el RS FHNAT WA
Zo) wglo] UiF AWE B, FDFo] 255 HPtH A
€ Z7hken o3 A% At 2 78 Al A
o FY3A AT F AU

=%, A gl wE fPzs] Al dis IFSIE
ol gt Aty B Ax, FAAUF FA| FelA Al
A7t 789 A%l vig) 13w 23 2337 AA
' AL B Atk =3, FA A Auste o} ozt

HEE BoluA A wiFMe A ES] B9t 7
He| ARt 1xge} 235 25 ZL2 #e yeple A&
¢+ AT

=3, FAE FHshs FAT B dE A3
o haide & WIS RelA gtor, BiHue] B¢ 3
F7129 ngo] vls) BF715e] o] BA et
e g 398 F (S

K-
=2
9]

to o

lo ¥o i ot

1

s

£ LA

Z93 (2004). “Z Wzl we AR FF g 457, @
ZajFs)orae3)A), A164A 43, pp 206-212

54, AFE, o1FE, AR (2005). "5} - FEE - ANk
HlAY FAIEHAS A% FFFANNIIE A,
323 Qha) o F3t3] %), 1017-7116, A|17H235, pp.86-97

8%, AFA. (20060). “EHATFETES AFAA AP 5
Arde] HER, PEES Ar|Gedd dxe=w
3, CD1, pp 557-560

Hur, D.-S, Kawashima, N., Iwata, K (2003). "Experimental
study of the breaking limit of multi-directional random
waves passing over an impermeable submerged
breakwater", Coastal Eng. 30, pp 1923-1940

Johnson, HK,, Karambas, T.V., Avgeris, I, Zanuttigh, B,
Gonzalez-Marco, D., Caceres, I. (2005). "Modelling of
waves and currents around submerged breakwaters',
Coastal Eng. 52, pp 949-969

Johnson, HK. (2006). "Wave modelling in the vicinity of
submerged breakwater”, Coastal Eng. 53, pp 39-48

Kramer, M., Zanuttigh, B, Von der Meer, W, Vidal, C,
Gironella, FX. (2005). "Laboratory experiments on
low-crested breakwaters", Coastal Eng. 52, pp 867-885

Losada, 1]., Losada, MA., Martin, F.L. (1997). “Harmonic
generation past a submerged porous step”, Coastal Eng.
31, pp 281-304.

- 456 -



