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Numerical Simulation on Variation Characteristics
of Wave Field around Low-Crested Structure

by
Jun-Hyeong, Lee

Department of Civil and Environmental Engineering
Graduate School of
Korea Maritime and Ocean University

Abstract

In this study, we carried out the numerical simulation and analysis of the variation
characteristics of the wave field around LCS (Low-Crested Structure), and the results were
compared with the existing studies on submerged breakwater.

Europe and Japan have conducted many researches on the LCS to prevent the beach erosion
such that LCS has been regarded as an alternative to the submerged breakwaters. In addition,
the research results were used for the design manuals. However, most conventional studies on
LCS have been focused on the estimation of required weight of armor units with

two-dimensional wave transmission, mainly based on experimental examinations and discussions.

We conducted 2-D and 3-D numerical analysis for permeable LCS. In the study, we used
the olaFlow model that is based on the Navier-Stokes momentum equations with the
OpenFOAM®(Open source Field Operation And Manipulation) model. This model is a strongly
nonlinear analysis method based on the finite volume method and it enables the breaking and
turbulence analysis.

First of all, we performed the verification of the olaFlow model. To this end, we compared
the numerical results of the model to the existing experimental results in various aspects that
include the wave variation around 2-D impermeable submerged breakwater, the water velocity

around 2-D permeable submerged breakwater, the variation of seawater level and wave pressure
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around three-dimensional permeable upright walls, the variation of seawater level and flow
velocity around three-dimensional impermeable submerged breakwater, and the generated wave
profile and frequency spectrum of irregular wave. Then, we applied the model to LCS to carry
out the numerical analysis of wave field characteristics in different cases such as (1) Variation
Characteristic of Wave Field around 2-D LCS, (2) Variation Characteristics of Irregular Wave
Fields around 2-D LCS, (3) Variation Characteristics of Wave Field around 3-D LCS, (4)
Variation Characteristics of Irregular Wave Field around 3-D LCS.

In case (1), experiments were carried out on the wave flume around the LCS with beach by
changing the conditions like crest freeboard height, incident wave height and period. The
variation characteristics such as the transmission by LCS, the wave propagation, the averaged
wave height spatial distribution, the averaged water velocity and spatial distribution, and
averaged turbulent kinetic energy were investigated. In case (2), we carried out experiments for
the irregular wave field with additional analysis of characteristic of wave spectrum. In case (3)
and (4), the experiments were conducted for 3-D numerical wave tank with the same cross
section with case (1) and (2) by changing incident wave height, crest freeboard height, and
structures gap width. Both the regular and irregular wave fields are studied, respectively.
Variation characteristics and distribution of mean wave(#,,,, wave) nearshore current as well
as the mean turbulent kinetic were investigated compared with existing study results on

submerged breakwater.
KEY WORDS: LCS(Low-Crested Structure), gap width, creste freeboard, OpenFOAM, olaFlow,

2-Dimensional wave flume, 3-Dimensional wave tank, irregular wave, wave height distribution, nearshore

current, turbulent kinetic energy, submerged breakwater
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Photo 1.1. Locally damaged cases and coastal protection structures.
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(b) Detached breakwater (http://www.reportemside.com)

(c) Tel Awiv, Israel (2004 Thomson books.cole)
Photo 1.2. Various types of breakwater.
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TET oAl AAg Z1AH1S AAR FHelle AFAAR A FA(AA)7E Hfeke AXS U

|
ﬂ
|
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ERll= A& S(VOF 39 FE ©]83k= VOF < &3, VOF e AAAe] 25 F=l,
71AAL] 9 =0, 283 A9} 7IAE BT X3kl e AALL 9w 0<F<1Y gE e
T} VOF & Fe A3 22)2HE AHAE fAIEGE sl 2259 o]figaozrel ALt
1=

oF 1 0CupF 1 olu ) FAl—F)
ot 6 om o oz, =0 @)

3 2

A7NA, u, e VEVEFOL |uy|= min[e,|u], max(|u,])] 7 2ol Folx, B Aol
£ o o18 AEHAT, F3, A7ke] ALkolA fAle] WESh BAAGE VOF $5E AEAE A
gaje] TR} o] 44E 4 o,

P = pwatch+ Pair (1 - F) (26)
n= /LuzaterF—’— Hair (1 N F) (27)
53 Aedt RS H8AS v, = LES(Large Eddy Simulation) =.2)(Ghosal et al., 1995)< 2}-83}

o 2HgsIR o™, 1 uko] olaFlow Edof thal g #2184 71H-E Lee et al(2016) 32 olaFlow
17 (https://github.com/phicau/olaFlow/tree/master/reference) & 3+=2317] HI=HTY.

22 =rATR| RORIE

=TT gl 20 RRE ozl ARue] Fuleol] shiy ewle g Folaed] o=
ot pAEHAN s AN ARG g, 78 B AARE u, w o] AR a3
Ol 77t 2](2.8)~2.10)3 o] FoiZitt.

i)

1A

M
Y a,cos(2nf,t = e,) (28)

m=1
M coshk,, (h + 2)
= Z 20 f 7 acos (2mft — &) 29
m=1 sinh kmh

o sinhk,, (h + 2)
Y 2nf, ——————a, sin(2nf,t — &, ) (2.10)
sinh k,,h

m=1
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A71A, e, 2 Random$ 47, £, & 95, a,
FAlelt)y, a8y, ARAFHE 25 AgHdA ARPES HWFeR Hs, IF g, & Thee 4
21)E Aojdrh

a, = V2S(PAS @11)

A7NA, Afe FHEE, S(f) € FeuAdzelH, & dAolxe EfAute] ~HERS Bt
BoEh= dlof Bl AREET e 4)(2.12)2] Modified Bretshneider-Mitsuyasu(Goda, 1988) 2%

S(f)=0.205H,,32 Ty )3 f Pexp|— 0.75( Ty 5 £) ) 2.12)

A7IM, Hy )y T3, T, )5S FAI5715 242 Yepith 3k i f o Adeiols
FHFHEY S FPOE F8shs W 424 AEute] z1Fo] FUEE FoUAE 2
k= 1y Sol Atk B Aol A= Modified Bretshneider-Mitsuyasu(Goda, 1988) Z~ZE# o] thal ol
UAR 2HERS 28T 5 s Goda(2000)° 2f3l AR Thee] H2.13)< o8t ok f,

& Mejsigic,

~1.007
f’"l 7’71/3

{In[287/2m — DI}V m=1,...,M 2.13)
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M3y oNYIMHDREES| FEO JATISYe HESY

3.1 PN 3
3.1.1 2NAUSFUYTN FRHAWN DIgHY

Li and Zhang(2019)2 Fig. 3.13% 22 EFAIYAT}E HAH 2x-dr2oA T RPLPS 53
TEE Sl O8S AR do] 24me] 23T Zuet AW ZRE 6mol| BEF
IPHAE X8R, Al AWAAL 120, $HAAL 1610, HEE 2m B E0] 03m=z T
wEk A h=04mo] T H=lem, 7] 7=2.02%9 FR9E L3t 351901, Table 3.1
FHAY] HAE veRdt: 2 Hoxe APe FAR] Hsl Feld oA ARSI R TY
St 719 AXFIYE A8 Az=lem, Az=0.5em®] 7HAAAE o|83l FA|AEE TS
A 85 FREZL olaFlow F2(Higuera et al, 2018)0l 5% LES R W72} (Ghosal et al, 1995)
oltt.

==

Fig. 3.1. Cross-section of wave flume and measuring positions of water surface elevation.

Table 3.1. Measuring points of water elevation.

Wave Gauges  (m)
G01 52
G02 10.5
G03 125
G 135
GO05 145
Go6 173
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Fig. 3.2 Fig. 3.1°] F1X GI~G6S] A elA FardF71el tigk 94
FRAATE 7o) JERATE IPOZHE] olE=
A7t Aol BAEA kAR AAE GAA A E oA

Zhang(2019)9] 2] @Az} olaFlowoﬂ °J%k

Hiel o] ZA] AHAFl GIAZLe B

HE-& HER™, Li and

Ao SRR, A W] G3AIF, G4 2D RIS FRAAL GS, Gl A Al Eske]

o= o

B A5 2
A= = APt e A 5 Aok

Aaholl A iAol BaEn, olgldt Eadl el SeldnE wg-

— | —ola Flow(LES) == == Experiment — | w— olaFlow(LES) == = Experiment
E3 E3
=2 =2
S 1 S 1
g ¢ \/\/\./ g ;
L \ L 4
L [T 2
w -2 A -
-E 0 1 2 -ig 0 1 2 3
= vT = vT
(@ Gl, 52m () G2, 10.5m
— | — olgFlow(LES) == == Experiment — | — giqFlow(LES) == = Experiment
53 = 53 -
= 2 = 2
21 21
S0 So
L L 4
] Ly 2
-2 Ty =,
3 0 1 2 0 1 2 3
o ©
= vT = vT
(c) G3, 12.5m (d) G4, 13.5m
——— gla Flow(LES) == == Experiment —— glaFlow(LES) == = Experiment
11 5§17
= 1 s 1
S0 So
L 4 L 4
L TT] 2
a2 -
3 0 1 2 2 0 1 2 3
(] ©
= vT = vT
(e) G5, 14.5m (H G6, 17.3m

Fig. 3.2. Comparison between simulated and measured water surface elevations.

Collection @ kmou



3.12 2NAUEMYEN FHAN /5

Fig. 3.3 Garcia et al(2004)°] FIHATFHNA G50 5S SAsY] 28l 33 2229
S f<5A) AAAAE AN gl ARE o] 18.64mo] 1, EFIAA
Dol Fd AAE ARSI AA714, ERAAAANRS Z2ape] AHoZRE 476melA 1:209] 7
AFZ AFE A, Fo] 10emet Zo] 2.8me] HEkek AWkS 7RA|H, o] Fof 1:209] WlEAAE ATk
A WEAM S 9552 217 17eme] #ol9} 25eme] FolE Zhal, A-FHAAE 212 TAH
H, A2 1mE AAET G52 Fig 33(b)oll UeRE vkl o] 2Al duzAre] flefx 7]
oF NN FHOF 125me] (HEE FAT A AAE FEA ofs] S, Table 32& 333}
© A HuE Yepith FEAEe FA h=04m, I H=Tem, F7] T=1.63%2] Z0AM 43
HAL, Az=lem, Az=lem®] A AHAAE o83l T3, WRAMIFTY F5EL ¢
=049, TU4UE D;=1.18cmo]H, AATE o=10003 =125 27 AL} =3 NE=S F

=5 ¢=053, TY9U4 D;,=3.87cm, a=10003} 5=0.8°] Z-&5 Yt}

r
B
=l
=,
f
fr 4

o

o T

z
T Wave  Measured area
—_— /

18.64m

(a) Cross-section of wave flume

(b) Velocimeter positions
Fig. 3.3. Nlustrative sketch of wave flume and measuring positions of water velocity.
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Fig. 34%} Fig. 3.5 Garcia et al(2004)2] e]4845 9 COBRAS Ede &g Fx]s44a7,
olaFlow Utéoﬂ /]z:;_ ] H}Hzé_l J,]._ 71—71— HJ7}AH ;G/\J] _L].a]-/\n ;(4}\—] Ul 74 /\_114 /KED‘\_ o= §:'l-7]1] _T;—_/\]'c:fl-
o o7IA, FEEe FAFY] o/ TE Y1, A3 Uk ve A7 FEAES RS
ofmgith

Table 3.2. Measuring points of water velocity.

Wave Gauges x(m) z(m)
Gl 145
QG2 155

6.760
G3 175
G4 20.5
G5 20.0
G6 21.0
6.885
G7 23.0
G8 26.0
a9 26.0
Gl10 270
7.010
Gll1 29.0
GlI2 320

RA R Wes YERiE Fig 342 A9IRA Fig 34@°X ofte] Aels ehll= 2=
oF 2= Q). o) 2 AFe] A WEZo] mrlo] AWk SEE o] ZAshs whE, B ww
o THY HEEe AAE feAEs A P A TREle] B4 HRolt A
SN E ESHAL AR BN FRA0Z fx|o) EFo| AL Fo| FXHA T ol
A7F vyepd A0 AgkEnt T2y olaFlow ®92 Garcia et al(2004)°] A|A3k= COBRAS =&
uoh 2A gro= Tl Auom thE AAelME A3 & A 2hE Sl Sl

Fig. 3.5% 3ol it @35 vehla, dAlze= Fig' 349) 7ot Few} BolH= A
om wekg 2 Q. YL, o) ANH ERoh} E2H Hio| THo| o3 At ozl

= AAGL0] F7|} SGLERT} 1/5-140 AT 2o 7S Z1] mRolth m3 AR
Ao A= COBRAS REE FX|si4et Avrt Fe|ngdyddse o 3T 20E A4Eslnz,
weh FgTRERe] Hg4o] B Zow HEH
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- 10 f = 10 = 10
T, T 0 T /
- -10 'l‘- - oo -10 = -10 ‘
-20 olaFlow(LES) -20 -20
- w== COBRAS
caeeee Ex.DMmml
0 0.5 1 0 0.5 1 0 0.5 1
vT T T
(a) Gl, x=6.76m, z=14.5m (b) G5, x=6.885m, z=20m () &9, x=7.0lm, z=26m
30 30 30
G2 G6 G10
20 / 20 , 20 i
::3\ 10 / % 10 ‘:‘:\ 10 \ ,
= 0 = 0 £ 0
3 4 ] g Vi
S -10 = S -10 - = 410
-20 -20 -20 =
0 0.5 1 0 0.5 1 0 0.5 1
vT vT vT
(d) @2, £=6.76m, z=15.5m (e) Gb, =6.885m, z=2lm (® GI10, z=7.0lm, z=27m
30 30 30
- Gl ] G7 e G11
= 10 = 10 = 10 ,
Y Fa\'™ AR \
2 S N /
= -10 N= = -10 = -10 =
-20 -20 -20
0 0.5 1 0 0.5 1 0 0.5 1
T T T
(g G3, x=6.76m, z=17.5m (h) G7, £=6.885m, z=23m @) Gl1, z=70lm, z=29m
30 30 30
= 10 = 10 = 10
$ ol VAR A f
e =2 =
= -10 4 = -10 \L’/ = -10 =
20 20 -20 ""TL
0 0.5 1 0 0.5 1 0 0.5 1
vT vT T
() G4, z=676m, 2=20.5m &) G8, =6.885m, »=26m () G2, 2=7.0lm, z=32m

Fig. 3.4. Comparison between simulated and measured X -direction velocities.
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Fig. 3.5. Comparison between simulated and measured Y'-direction velocities.
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3.2 HIMAH

LCSell #3F Faak574e] MEEHE Hsh] flate] 83 B A4 A A| ok s T2 e
Fig. 3.6()2F 720] Zo] 12.5m, %°| 04me] F2o) 025me] dgFAoZ FAHN L, 2 Heoll LCS
o} AR ARSIt o] wl, FA|siM oA ] v A= Sllp-:— AE&E AL, AR =
o] ko z Azr=0.75em, AZOZ A2=0.75eme] HAWAAZ 77 FAHJ oW, 23k Al A
T ol AR S| ol At TIEES StGiTh

x
0.4m, 4z=0.75cm/mesh

Water depth

12.5m, 4x=0.75cm/mesh
(@) Iustrative sketch of wave flume

z .,..,.,........‘1
x < Re = 3em, 8em X

(b) Nustrative sketch of emerged LCS and sandy beach
L/4 L L2

A 4

Beach

(c) Measuring points of water level fluctuation.
Fig. 3.6. Definition sketch of wave flume and LCS.

Fig. 360y & ol AHEE LCS«] SRl thek A= °1U4, THEFL Lee et al(2019)S
[xsle] =23 5 7 A, gt Ao} v} Al
At HEE R =Bem®t 8em®= 27 FAISITE 12]a, TIPSS] 3582 ¢=05% 125
o, AZATFE Madsen and White(1975)9] A0 2HE A9 o=1200, =177} ALYt =3
AREREE BRS 1:1.59] AR} 0.1333me] EolE THH, 3580l ¢=033, TYUHE°] Dy =3em
o], olell thgk Jensen et al(2014)S] AFCEHE E=ZH =500, 3=2.09] AFAT7} L=
HHH, Caisson F-2-2 BFEIHOE THEHUL, 19 EO)E 0.1467molth AR 1:209] AARE 714
o, FFE0] ¢=03, TUUH°] D;;=0.2ecmo|H, Billstein et al.(1999)2] A&o] 2af Hoixl= A&

CimE=3

(

it n
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T a=0, 4=3.00] ALHJ} A7A, X Gl A omRE F2E/AY o|AAYE oH|
T}

Table 332 £ T340l &5 AT A, F2E] A, F2E9] Mozl o]
AAY 2 93 qJ5EE Yepdth A4 LESOl &gk W= (Ghosal et al, 1995)S A-83190H,

QP2 A 915 Cowrant B4 0.1 ol3b7h HES Bgsle] SRS S

o

Table 3.3. Incident wave condition and 2-dimensional layout of LCS.

Crest frecboard | Wave | Incident wave | Incident wave ];:V;ta;‘:ne
CASE No. | from still water maker Height period . Overtopping

level R, (cm) | theory H, (cm) T () shoreline and

LCS X (m)

01H30Rc3 3 X
02H40RC3 4 X
03H50Rc3 5 X
04H60RC3 3 6 O
05H70Rc3 7 O
0GHSORc3 8 O
O7HS8Rc3 Stokes II 838 14 65 O
(09H40Rc8 4 X
10HS0Rc8 5 X
11H60RC8 6 X
12H70Rc8 ° 7 X
13HS0RC8 8 X
14HS8Rc8 838 X

3.3 PAPHAHL}
33.1 LCSOfl &f3t M2

Fig. 3.7 Table 3.3¢1 AN dARZ2AS 4831 olaFlow =D (Higuera et al., 2018)2HE %]
o= ol A&} Kim and Lee(2017)9] e|2F AP0l 2ol =59 A& F44d o

A7E vlste] vepd Aotk o] wf, ¥ AellAl= Fig 3.6(c)olA YR 3719] StuAlE AH8-3t
LCS A9 2709 suA|ZRE YAAHAEDN WAIAHER-S Goda and Suzuki(1976)2] 273
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oZRE Bl =F3la, FAl0] LCS wiFHe] AXH 1719 sharA oA 0401115 A s EHS
e YA ER R Yrol AEES FASIGT 1A 852 72EY Ada RE
A 72 FAEAIR ahE Ueda, AAES Lesell o HPe K& Uehdch ke
ARG ae] Wsle) wE Mago] wsle 37 ¢dow, R,/H, <059 HeleAs FAIA
Gt s dEgo] ot Aethes 4TS YERIARL R,/ H, > 059 HeldAMe FALAw
o o] Aol veh A dethe 21s & vk o714, A3ARe} FAAHAE vaHESHA
R./H; <059 H9lolA F A3} Atelof] efghe] Xfo|7} vERARE wejd FApddgare] HAH
AME F At FEAE te9S Uil A ATk e, Aol o7 HLe} vl
SlH LCSe| dggo] Adoz e 3 < U AL & 4 A(ee et al, 2016), ©]l
whe} wl$ AR mAE 9HEe] FEe Ale ARk Lese A9v A Ao, o= <8t
o FEEY T FA == 3AANIFE dolskAl UErd o E FFETHLee et al, 2019).

ﬁ”

=

F

ut

o)
=

rr
o

£
L

rlo
o)

1~

O Kim, Y. T. & Lee, J. 1.(2017) QO olaFlow(LES; regular waves)l
0.8
- 0.6
. 0.4
02 &g
. 88 o B 88 8 8 8
0 0.5 1.5 2
R /H;

Fig. 3.7. Comparison of the transmission coefficients.

3.3.2 Tje| MOpry

29| Fig. 3.8 Table 3.3914 AAG Alo]2 Foll 012H40Rc3} 09H40Rc82] 7490l thgh uho]
GG A FZHEoE Yehl Aot} F Alolas FYS YA AUE 7AAT, deart
oldt A5 UERATtE o714, ezt dolstARl ATt H=4emE A2 ks 77 wWE
of 7 g oA dapt IAEA a1, FESRI TIPS WE 3 A9E7] wie] F 39 2%

53 s oA fogk ztolrt HAEA] e e AlZEeR FRIT 4 Qi) dEa,
T A% 5 TIPS UE 5343 gouA|= tiF-Ee] Aole A oA meE &5 &xouX]
2 HEFo] 1S T2 AdHr).

Th2 2, Fig. 3.9 Table 33914 Azt AlY 2 H=8.8cmoll thall ATar} Adolgt F #Aqo]
2> 0TH88Rc3 7 14H88Rc8Q] 73-7-ol uto] Hup S Al-gitdo® yepd Aoty 18& AR
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28 R-geme| AL WARIAT, ol AF2 TIPZ] U)ol oA FoHE D §
&9z} oS golaiAl UEpla, B8] Agol ¥ R=ame] A9 Aolee] Ag Aol wls
WE B8] WAElE, Aols WiF nie AgEe] Lese] WFolA Agsel A1Hel Fge vl
do] & R-som| 4% W7} WEFe] TIPES Yofaix 7] o] vl
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333 LCS FHOIN TR ST

ol Ze el gl wAshE TIPS A5S 9 WRARISAA gofqAe] 24 5
o2 Moy 9 AAlgkare] Aolo mel Fxiulae] I7)d B Aolrt S Ao R HATEY, o]
& A3E vepd Zo| Fig 3100tk 28-S AHRH QAR 2R H, < Sem@] 79l Hdkal
o] ztolo] W FIoae] MFE A YA eke W, H>5em®| 79+ LCSO| AW 9w
ol A mw|SEARE ofzhe] whar zto|7h b, sj$HdAE Mot 2 97t AAFoR oF
AL FE UEE AE & 5 ok ole@ Ay APt s Aot HigsE =Ha o
w2} TIPS WollAl rhzo) o3 stoflz|e] Adbo] Ao g T4 AYE7] wiZelth o7]A, LCS
o] AdoMe RESEYFA0] FASAT H < 6cme] F A& uke} o] Ao zjold

& FRESEHIA o]zt A9l YehtA] etk deuy, H>6emo 735 Hekare] xjolof wet
FESETIAA Apol7F ERIARE ghe] Aol mlAshd, wheba Hdare] xjojel] whe HhARE-9]
2ol - AL Ao ke o] 2RE Aol Ao ZRE HHEE vh= TIPE: WHEE v
She B¢ A abEE AoE wAd:

ﬂﬁﬁl Fig. 3.11% Fig 3.109] ZA¥E Hdada Yalmiae] Wsel] we Fadg7toiaix

st Uehdl ZlolH, $£952 2RAANXNERH Al DE S L& e FARIAE
Uehle, A% 2F S99 04 A2 AnEs 10719 o2 B9 Javty HE A

I HZ2 Wr FAY993E Jepdd Fig 3.11(e A9t R=3em?l 75, Fig 3.11(b)= R,
=8em?l 5ol 247t gty o714, AlE viE AHeA Hlgake A9 FHE Boe W
ko] A9 o= AR dole A & Sk olfd A= AlolE ARA nldate]
745 BAREe] AL, Eute] A9 whARgo] ZopA|7] wiolth. m3h duUiFe] F2E A
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ZJEkste] rmeto] FA| 57] wiEolth

t=25.50s(02H40Rc3) t=25.50s(09H40Rc8)
Time: 25.80

£=25.805(02H40RC3) £=25.805(09H40RcS)
Time: 26.00 Jime: 26.00

O 4 4w as ass as 49 s as am 4 am s w1 s 3 53 s sa s 4% as s as w 45 4 anm an am s a3 sm a1 s 52 m b

£=26.00s (02HAORC3) £=26.005(09H40RcS)
, Jime: 26.35

.......
wwwwwwwwwwwwwwwwwwww

£ =26.355(02H40Rc3) t=26.353(09HAORCcS)
(@ R, =3cm (b) R.=8cm

Velocity (cm/s)
I ] I

] 8.5 17 255 34 425 51

Fig. 3.8. Snapshots of water velocity and water level around LCS for H;=4cm

Collection @ kmou



o e e

£=05.505(07HSSRc3) #=25.505(14HS8RcH)

L o e 200
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Time: 26.00 Time: 26.00
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Fig. 3.9. Snapshots of water velocity and water level around LCS for A, =8.8cm.
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Fig. 3.10. Spatial distribution of simulated wave heights for different 7.
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Fig. 3.11. Spatial distribution of simulated wave heights for different /.
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Fig. 3.12. Spatial distribution of time-averaged velocities around LCS.
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Fig. 3.13. Spatial distribution of time-averaged turbulent kinetic energy around LCS.
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Table 4.1. Incident wave conditions.

Water Slgmﬁce.mt Ve Significant | Significant | Ursell

Wave height .
CASE No. maker theo Spectrum depth S wave period | wave length | No.
> hemy | TV T )| Ly |
(cm)
CASE 01 224 (3.61) 1.02 1.595 0.26
CASE 02 2.65 (3.93) 1.05 1.632 0.35
CASE 03 345 (4.61) 1.12 1.887 0.57
CASE 4 3.86 (4.96) 1.14 1.946 0.68
CASE 05 438 (5.40) 1.19 2.093 0.89
Modified
CASE 06 | Trregular waves Brotschneider 490 (5.75) 1.21 2.152 1.05
CASE 07 | by superposition Mitsuyast 60 520 (6.02) 1.27 2.327 1.30
f 1i i

CASE 08 | of lnear waves (Goda, 1988) 5.80 (6.37) 1.28 2.357 1.49
CASE 09 6.36 (6.81) 132 2473 1.80
CASE 10 6.76 (7.16) 141 2.733 234
CASE 11 7.63 (7.76) 1.47 2.904 2.98
CASE 12 8.30 (8.36) 148 2.933 331
CASE 13 922 (8.96) 1.58 3215 441
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Fig. 4.2. Comparison of target, input and incident spectra.
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Fig. 43 & FAa14lA LCSol o3t Eflas4e] HEEAS E4sk] flstd 743
AokErE B LCSY] TaddS vERdth T35 2ol 125m, E°] 04me] FEAAM v A =
Slipzio] A&, A= THYFCE Ar=075em, FAYFCE Az=075cme| D71E e
Xét'wﬂz}i TAREAL, 23} Al A ol AR 57 ol At TFHEE Stk &

+ 025me] dAFAHCE FAHULL, LSt AL 42t 290 2 RE] 42807Tmet 647Tm=
Olﬁﬂﬁiv} &71A, LCSe] THHEdLS Lee et a1(2019a)% st =2H3A, ol Aol TIP %
Akt 0.196me] FAE 7L, A
e RSBemét R=8emZ FAEM, TIPS 3552 ¢=0.5, A&A5 Madsen and White(1975)°]
Aoz RE AHE o=12003 =172 Z&3I} ARInLEERE 1:1.59] Ak} 0.1333me] £015
T, FFEL =033, TYUEL Dyy=3eme] 1, ©]oll thet APAISE Jensen et al(2014)2] 23
N AAS a=5002 3=2.0% AEeith HHE, AlojEe BRI T IHHAL, 0] 0.1467mo]
o AR 1200 AAE JHAH, 3FEL 903, TYUAEL D,y=02cmo|H, Billstein et
al(1999)2] Aol o3l doAA= APAFT o=09t g=3.00] FLHUL A7A, X+ FFHolA A
Ao =RE LCS7HAY oA A E YehdTt
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(a) Illustrative sketch of wave flume, emerged LCS and sandy beach
4.3m —|

L/4 L L2

(c) Measuring points of water level fluctuation for analyzing wave transmission
Fig. 4.3. Definition sketch of wave flume and LCS.
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olAA e B Ay} ARE

g Yehdth Atk

SOl AARS #1381 Courant <= 0.1 °3P} H==E A
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Table 4.2. Incident wave condition and 2-dimensional layout of LCS.

B Y TrEe] Ay, TxE] F oz RE

S LESel| 93t F=(Ghosal et al, 1995)= A-83t%0H,

= 710

4& St

Crest frechoard | Incident | | Dbt | Significant Distance 1 ber
. mncident wave | incident wave between
CASE No. | from still water wave . . . of
level B, (cm) spectrum height period shoreline and waves
¢ Hy 3 (cm) T3 LCS X (m)
01H30Rc3 3
02H40Rc3 4
03H50Rc3 5
04H60Rc3 3 6
05H70Rc3 b
06HB80Rc3 8
07H8SRC3 Modified 838
Bretshneider- 14 6.5 150
08HBORCS Mitsuyasu 3
09HAORCS 4
10H50Rc8 5
11H60Rc8 8 6
12H70Rc8 7
13H80Rc8 8
14H88Rc8 8.8

43 FACHNEDL

43.1 LCS FHON TRIAHE

Fig 44 TL3 AL R SBemé AAFAF7] T 5=14s0ll thell JARTEAL A, /3] W3t
e zupbd AUWG], =0.1m) LCS9| AZHWG, 2=43m) 2 LCSS] MiZF(WG3, z=6m)ol|A1e]
B iE o2 RE dojzl st EY ] HiwE e T, 7t AR Fig 43(b)ol AR
oh I2olA AR gart 718kl wel WGl WG2olM e At Ed o) STlshs de UEl
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WARE LCSe| w591 WG3olA= st=glER ) eyt 7o UehuA] & 2e & o Sdoh o71A,
WG WG20IA sR2=FER ] Apol= LCSOl| o7t FEgiuke]l Aol me sxtvkarolA el 2ol
of & 2113 WGIA el 37} Auteo] WG2el Aol =sI7iAe] A 2 dRE el
e dolux|e] 4ol me 29le] FF mEoltt ofH3 8112 YAkrelutare] St wel 2
A =W, Aoz WG2olM s ER ] ZhaEo] A yehdtt. 53], YAkrelutart Skl
0} AFFurE SR I AFAFEIHoR geluR|9] o7t BAE N, AN art 7H
Z Fig 4402 WG20oAM = A 2HE-e] F45= 2l & o itk I, WE3llA st EH
of Wzt Ao yehA] ed= A2 LCse| Tl el A wiF2 HEs= veuA|e] tiFLo]
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Fig. 44. Comparison of spectra obtained at WG1, W2 and WG3 for various significant incident wave
heights in case of /Z,=3cm and 7' /3=1.4s.
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Fig. 4.12. Spatial distribution of time-averaged velocities around LCS.
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(b) Plane view
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(c) Side view
Fig. 5.1. Nlustrative sketch of 3D-wave tank and 3D-permeable vertical caisson.
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AR 33 423 EGRF0IMA HHeA F9HES UER Z 0=, 8 o] Fo a8
uFe] vehde, oke] aHg-e Yabutell o3t Zlol1, F= FIEAHORMRIZTE Q] Hiabul
g Zloltk. 59} eA|FolAe] 9T FAIAH A} T BEAIAZRE ] 3]Hn 3
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FEgpAo] o WAL 247t 93 A RS Aelth FeAY B FANAATe) vhgA
© 63 A 165 oF HBY STl oRlo] Aol UrhiAT, AAHOR ul$ & 7

He ZAog Adyn E3] o]yd A= 3, 4, 5, 9X A el = a1, X3 Lara et al(2012)
of A AT e} B A EA= 7o LT whe UEhie Ae & ok
Table 5.1. Wave gauge positions.
Wave Gauges x(m) y(m)
W3 95 1.00
W4 95 3.00
W5 100 4.00
Wo 11.0 450
w7 115 3.50
W9 12.0 1.50
Table 5.2. Pressure gauge positions.
Wave Gauges x(m) y(m) z(m)
Pl 10.50 3.89 0.11
P2 10.50 3.69 025
P3 10.89 4.00 0.11
P4 10.69 4.00 025
P5 11.00 3.70 0.11
11.00 3.90 025

Fig. 5.3& Fa3AR0IRHA FRlolA aiqiisol] Bk XA Aol HPZAAE nlwg Z10=,
Fig. 529 U3k TH3VOFE ol 93 Lara et al.(2012)2] S|4 A= 78kt 18-S A9
4 A AAA APAETES YERA 13} 243 9] A= ARA} A YT w2

UEE 2s &g & Aok E=g B gAY S BRI AZEE O 3)da} gl whabat
o] S Al W= 36 AN FYUFL Ao g AFHAE & APetn YA FYHE

oMol 2ol 3, 5, 62152 l6s THollA F EFIA O] 27 whaluke] Gl ofs M= B

B yPiFolA <zte] o7} QIAHTE Ty, AR AFAE & AFsta e A
o = Stk wEbA, olaFlow‘jt“(nguera et al, 2018)°) o3+ FA|S|A A= Fd2 oAl o3k
gy Aguqte] MEdgolA APAE Z Adstal Jloru® LSS 22 FETERERY
Hgdo] 2 Aog el
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g 0.12 o © oExperiment(Lara et al., 2012) ——IH3VOF Lara et al., 2012) — olaFlow §0.12
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Fig. 5.2. Comparison between simulated and measured water surface elevations.
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Fig. 5.3. Comparison between simulated and measured wave pressures.
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5.12 SNUSETRRE Fepy

T-ZE9] HdollA FAE 2h= 3B Z olaFlow(Higuera et al, 2018)9] 21-&-EldAS HE
317] 913l Kawasaki et al(1999)9] 28-S AH3ITE Kawasaki et al(1999)> Fig. 549} 2o| h
=04mE ZHe 3Ll AXE Eo] 0.24me] AAAFBEAA S 2 uE AEAA FA F
HoA FWEY fEHsts FEldPoRRE SASGT FEdPd AME Zueze 4o
28m, & 8m, #°| 0.8molH, ZIFHNA Tme] o|AA el HALFEEALAE XAk 18],
Zupg Q%] 2 gl vhabke] Aols sl AAF 1109 9SS AAETh A
2 F9 SAANME 3 H=0.1m, F7] 71259 FAIE, 74 SHoMAM= Fa H=0.087m, F7]
T-1.68s2] H2BE 77t A gsilon, EEARA Alde oA L FEA2] HA9AE Fig
5.500 2+ vepditt

(a) Bird’s eye view
; 7.0m i

Wave absorption

=il
Waves

s i

Wave absorption

K

_ Slope /
O.24mI. 141
ke 28m

(b) Plane view (c) Side view
Fig. 54. Nlustrative sketch of 3D-wave tank and 3D-impermeable submerged breakwater.

Unit : m Y Unit : m

@
{2.2.0.8)
3.0m

o )
{0.0,0.0) (2.4,0.08)

0.9m

(d) Wave gauge positions (e) Velocimeter positions
Fig. 5.5. Dimension of submerged breakwater and measuring positions of water surface elevation and velocity.
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TR AR FRIZIER 7)E FAAREY] ARMEES flste] do] 3L(LE T
20 % AEHAT, BRI oo giE 1509 oA EAHA AA7IA, 791 S

ANE L=20molal, 5 SAAE L=30me #e 7K sl gAzAS Slipzde, w3yt
FEHE BT AR ALHIoH, ARTE Ar=2em, Ay=2em, Az=leme]iL, AA}] F
N 9 34 Aol =k 3108000, 75 S49 749l ek 102%Hel 23tk x| 3}
+ Stokes SA}FFO| S Agalgon, WREdol= LESE(Ghosal et al., 1995y 2-83}th

Fig. 5.6 Figs. 54¢} 559 270 2HE 2HJH Fig. 54(a)2] BF3A FHolAM FAd9Hs
o 3 FAEATe} AFARE UeRd Aolth FAl ARl 13 24- M= JAT Bdd 5
of IR Qlste] oA i) e =] ARFEEaL FAl wFR] 337 4X - A= ke A
FAREE B3t oA tiARE Zhe gFo] AT 2 & 5 ok 37 APl =
e 2 WES FARRE e oA wie] A A dolx #4¥ Alekuevanescent mode
waves)7} ZHARN FEFS WX Aol o]AA Lt B} 11 470 1% o] ol A" Ae
& Atk oA ARMAFTHANA A AR} AFAAE HwshE FEItel] YAAgo] Hig-

Fo3 ZAoE woEr, weta B FRs4 ] BdAle] Fw8] geldth

Fig. 572 Figs. 54%} 55 210 258E 249 Fig 5.5(b)2] & XMI Frlol|l A FA)el A A The}

ARAAE Hwd EFAYA FRNA iR kY] FALSEREHEsE UeRd Zloln, &
A Eole BT HHoRREH(IAM LS A AHGOZHE]) 2=028m<l Zl%jo}t}. 1A% Aol
31, 29} 3XHE SEute] S AFH SR W Foln, 4x3 L A v Fo|th A ol
M o83 F5ol, UmA ARelME ke ol Bd e & o o, ARPEEIA A

TR B A AT APATE sk 4T tidAe] e Zow sy, met
A olaFlow(Higuera et al., 2018)° &+ 3A}AFIIA| ] a7 s ATel gt efd4do] F-5-3]
AZHr)

rlo

O

52 HMZH

& FASNY e 3ARFAI Y ErEE Fig 589k 22 2ol 125m, F 10m, £°] 04me] x|
025me] AT E FAHIL, T i & FA)4 ) tidT2E?] LeSH iHle] HAAHT.
HEEAIE Slip2d o FAHNY, FSHAARANE ySUFOE LCS7E ¥HEH o8 HA|Ee
ZAog 7H3te SlipEAaes 483ttt A= Ar=3em$} Ay=3cmo|H, AXIEEY s
NN FHTAE Az=14~0.75cm®] 7VAAAZE, FHAAN FZFFBANAE A2=0.75~1.4cme] 7HH
AAR 24z 38t om, ZuAld] 2 F0=7 570 oo At XFEHEE SIGith A7A, GE A
Tl F2E Atolo] MTFHE, L& AT F2EY Zolg, X& A5 oisf st
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A FEETIA olAARE 7 Au|Ritt. 7]M, i ZelM AAEe] FAxseks Aol sl

=
oA, & AgtollA LCSe w0 219 Mol Letne AT F4He 21E U

!

1.8 1.8
15} i.--[o o oExperiment(Kawasaki et al., 1999) 1.5 ! ' ; :
1.2 y olaFlow 12} R I AR

T T T T
0 02 04 06 08 1 12 14 16 18 2 0 02 04 06 08 1 12 14 16 18 2

T

T T T T T - T T T T T T T T
0 02 04 06 08 1 12 14 16 18 2 0 02 04 06 08 1 12 14 16 18 2
T T
(c) Point @ (d) Point @
Fig. 5.6. Comparison between simulated and measured water surface elevations.
. 07 o 0.7
= 0.6 © Experiment(Kawasaki etl, 1999) u(gR\%S ¢ Experiment(Kawasakietal, 1999) wigRI0S[ =, 0.6
mm gi —olaFlow ulgR)lS —olaFlow vi(gR)%S Oé’ gi:
=~ U i T = Y
Egg ssosdzesadmueslamadees sal s s ST ;gg
:“0:1 - N, - h 2“0:1
E 0 AN . | AANANAA : &‘ 0 42
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So2 S 02 ‘
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Fig. 5.7. Comparison between simulated and measured X- and Y'-direction velocities.
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Ay=3cm/mesh

(a) Iustrative sketch of placement of LCS (b) Measuring points of water level fluctuation

< »|
Z e Kl
L’ il Re =3cm, Scm X

(b) Dimension of two-dimensional section of LCS and sandy beach
Fig. 5.8. Definition sketch for layout of LCS, measuring points of water level and cross section.

Fig. 580)= o] AFIEHE Hetelr] At +ASAHA H2HE vehdth Fig 58(c)= &
Aol 285k LCSe /gl tigh A= M, o] Lee et al(2017)914 A-8H LCSE #H=E3t] =
Z39th o714, TIPS 1:1.59] ZAe} 0.1967me] FAIE 2t 99ks 388 w9} 583514 &
g sl JPuE R =3cms} 8emE 72t TESIGOH, FIE 005, FYUA Dyy=Sem, 1
3 oAl e Madsen and White(1975)9] A8 0 2 RE 2HE o=12007 3=1.7S 283}
o} W ERES 1:1.59] A} 0.1333me] E0lE 7KW, 35F 0033, TYUA D;=3em, 1¥]
I Jensen et al.(2014)9] Ao 2RE AAH =500 5=2.02 Z-&3Ac) Aol EolE 0.1467m
ola, BFIoR Agett SNl 1209 AAE THAM, 58 =03, TYUDE D5=0.2em,
12) 3L Billstein et al(1999)2] A& o 2XE] AAH =03} 3.0 F&3HITh

Table 5.3 X340l 285 F2latte] A, F2E| NTE, F2E] do|, 7289 Hual
2 3o R RE olAA Y et Zzte] A5 Uepdth Ak LESOl| o] 7R (Ghosal
al, 1995 #-&3lar, Axke] ¢HgS 3 Courant’d<FZ 0.1 olap} HE2 Al FAeA S

Y3tk

o
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Table 5.3. Incident wave condition and 3-dimensional layout of LCS.

Crest i
frecboard | Wave | neident | Incident | oo Ib)lef\tvaneeoj v
CASE No. | fromstill | maker }‘l‘e’f‘gvgt p‘:‘;ﬁ width | lngh | shoreline | Op;;g

water level | theory Hem | T6 G m) | L, m) | and LCS

R, (cm) X (m)
01H5G300Rc3 3 7 O
02H5G250Rc3 5 25 75 O
03H5G200Rc3 2 8 O
04H7G300Rc3 3 O
05H7G250Rc3 7 25 75 O
06H7G200RC3 Stokers 1.4 2 8 65 O
01H5G300Rc8 I 3 7 X
02H5G250Rc8 5 25 75 X
03H5G200Rc8 2 8 X
CGIGRS | — Yz, 1 x
05H7G250Rc8 7 25 75 X
06H7G200Rc8 2 8 X

53 FAOHN Et

53.1 YYNES Tt

il

B FAE A0l AREE= olaFlow=2)(Higuera et al,, 2018)° 2]+ 3 UAR B4R S/
2o, FaA 2ol 7]2381e] 339 Navier-Stokes--51742], LESel 28 iz 2 VOFHo
ot FAFH 55 ARV wet WEANE FEALe] Y] el B ALRARE] A8
3, E=e B HolEe] ok WAL B xR g s28ublle] AxtE A
I, BFAZE AR e A 1Al A4t Workstation(Intel*Xeon(R) CPU  E5-2630 V3
@2A40GHz x16)9] 167} Processor= HEANS F3g ¢ 4959 spxdutol] ths thek 192h0] 485
™, dloJHZS 600GBol| 2l webs], B FX|Ae] Egjakel] tisl A dE o] wlolEE FHsko
of 3= AlTkE 97 Ik, aEla EE)Eel| tist HuAE Ags] $igh ghef d3t7]
st 3F REe EEshe ARRE ARl ekl Zart Qioh @17]*1, Table 5.39]
05H7G250Rc39] Alo]2~of thall theF A defoll =23t A 0= =)= t=35s o] <] 3o] ATE
& UERA Zlo] Fig. 5901t

ok
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JO8e AMEE Fig 59@~d)T Fig 5800l 18 A& Uehdle ukek o] 2 49| /T
ol X& AolA 5ke] ARPAE-S VERA Zlolt)h o714, Fig 59@ap(brerd = JIFSETE &
Zo] Ao 7W7+e YAE YeRH, Fig 59(d)E F4lo] Lot Z$-olth Fig 59a)rb)r(c) = 2
£ gt JA= 71%% TR WESA|A L ghe] nlAPHL TA YepA| g 2oz Hel
t}. Fig. 5.9(d)9 749 3de] FFos JFo vy} LCSe| HiTR 3-Eo] H&dt 74-9-Hr} ghal
7} A, slREe)] gt BEEE S B 4 ok Fig 59 (e Lese) wiEAH
oA Te] ARbAE-S YEP Z2=, Fig 59(f)7F Bk FAo] & Aotk Fig 59e)2 A%
AHE Lujgt ool T RE Fate] 725 WiTR 3dE ot Y AR st Ja, 98
Hio) wlg- & vyl 23E A & & Atk Fig 59D T AlRbAE AA7E A4 Sl
A YerEE o] A-oME Harslids(wave setup)o] BHIETHE A & ¢ Qi) oo 21E
HIE Fig. 5.9(09] 7% t <36solA g B el E26kA] FUARE [ o= ¢ > 355 o] F
= AYEY A S Uepiths 21 SR 4 itk o|2RE wha, {4 2 19 HeA| F
<t >36s ©]F9 FE WFORE A, BHA= t >36s ©F S/ FE AT

A
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Fig. 59. Time variation of water level.

Collection @ kmou



53.2 BalETet ope| Mo}

Fig. 5.102 Table 539 AAE Ao]2~ Foll YA H=5em?! 750 LCS FH, 53] 19 Hj
oA B EEE Ve Zlold, FAldl Bk e AT Lee et al, 2017)2 AH= HIALAEE ¢
slo] W73t} of7)A, LCS(AHEo] 1.20m; HE7} 3em, 8em)9t A HZo] 1.89m; HTkFAlo)
4em)®] FRAEANA ATFE G FEES] Aol L, B iMelA FERE/AY oJAAT X+ F
gatet. sHARE s Ado] o] o APsAS Ve ¥, LCSE ATHdos 55
Hoj glor® HAnE 7Ae #AR dHFdo] dolshH, 1AeE LCse| 73418 E3F olsith

A, AeF LCSell tigk Z47te] stu Rz E vla HEZI Figs. 5.10()~c)= FA1 745, Figs.
510d~(i)= LCSS 7B-¢5 247 vehinh A9 A= FAEE 45, Dl o
AL T e IAR At A YRE 53 goluiz|e] dgo] WAshy] wlel FA vz i3
AA o= Are] A7|E Zt= salE IRIG Stk JiTFHo] S)EE 7-HFigs. 5.10(a)(b)y(0)°l
T A vk wj$e] samste] A Ao} FolA R ¢b7] wiiel HMedt A AA WEE F
g golA] o] Ado] W BES AAshks Z0E AAAY, webs Ao vlE wiFAE T
FE 53 3de] o] AFoE Avks 2 AT 4 vk 1, FAY A ATHol F
oMAFE JiFRY] Tl 3 JFH vl FFHOE HiTE AGEE FeUR|E S0l wWiFH
A Bzt ZolAlE AdE UERdT:

thgol, LCSolA ATkl R =3emSl  Figs. 5.10d)~(H2] A$-E And A 125 niz ujd
of 22 FalE SRIT 4 Utk Table 53914 UERH Hie}l o] kvt 3emd] 749+ Aot 24
g A9} o] el TIP UIF-E 53 Jollux|o] HEZ Qlste] nlz oA <kzte] 3}
Wt REHE Zlog Addn ATFEo] Fopgld wet 7= wieddA AAH o= sart &
ol AL MFHE T HIFE ABHE HellUATt FoE7] WEelth FEE viE wj$ol
A ghare] wstel] & Aolg YERA e AL FAleh 2ol dutel AA RS B3 geluix] A
o] AL, WHe] F2E vl wjFoAE 3] Fe] Aok As vEhinh 9, iR wiE

A vt Fojee A FAY] At LA JiTEo] Fopgel wet 3Ale] 9ok
2] LCSO A9 AT FYelA 3 5 B FFo| Foleth I, FEERI 725 dHe|
e ARE o R A9 AeHT i  FESEIEE0] 345 S & F 3om, ol LS

of 288 =F3HI9 Aozl o7k Z WAk Yo AT
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Fig. 5.10. Spatial distribution of wave heights of submerged breakwaters and LCS constructed at wave

tank( A=5cm).
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Fig. 11. Spatial distribution of wave heights of submerged breakwaters and LCS constructed at wave
tank( /=Tcm).
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Figs. 5.10(g~(i)= JT7} R =8emZ 7ZE2| Aoz dupy} BAslR| ¢ Agolth 7%
E kR wi$olA 3|duke]  JEka AFRo] FoHFE FEE wiSelA] SarExe] Wl s
oA 3 e % B SE 2 HWEPS Lt BASHRE  Figs. 5.10(d)~(H2 B9k tiAF L
2 Tttt o7|A, YIHA] Figs. 5.10d)~(D] 7392 BILTA| Figs. 5.10e~(1)2] 257 725 Wi
oA Ae] YT Y FIEEE YERlE 21 BT Figs. 510902 A9E Aol
S AAH R IEIE TIP 8] Woar) Eof guksA] gl AA Wi-es B8 JoluiA] A
o] HolAl= WHH, Y3hA| Figs. 5.10(d~(D2] 7B TIPS My} wof WiE F¢ Joluiz] A
2 Ao R Aol Mo dutE I3k ToliA] Hge] FiHoR wo] dAEly| wiEo|tt.
upeha, B PR Ae3 atzan FREY g gis) vlgaa] yiEE B3l g
= FouAE LA YRS 53 geux|el Aohe Fok gouRe] it A9 FYsith= 2ol
F449 5 Atk

Fig. 5.11(Figs. 5.103% 5.1194 WH#lo] A7]7} ThEthe 2ol foutgithe Table 53914 dAHAL
7b H=Tem%] 73%- LCS FHel|A S 2 s Jepd Zloln, gk 2o t-gshs Al A3t 419
AT(Lee et al, 2017)%] A% Bla-AES 9ot W73t A=3 Fig 5109 7-9-9F vlwshd
ANFE BYE T=14s501A8k Azt g=lemE F71E7] Wil AR os T2E HjlEY
oA stas AtiEoRE & g Yehla, FRoIA 3Ho] HA| wAEo et TR 2 9t
FdEch ZAlo] gk Figs. 5.11(a)y«c)2] A5+ &3 Figs. 5.10(a)c)2 sL3HA 77-Z0] Fold
of wheh vl FHel| A sart WA F1hel| tislAle tha 15 ATRelA 3 e gha FFo
UeRdt) wbde] A vl2 wjFollA gt ARE AL FReA A FFe] AuHoz A
7] W2l Ao ATy thgog A9 LeSY A4S vlwstd dAFoZ LS A9 o
A AL BaE Jepfa, R4 @] Ao okt & AFE JERATh LCSOlA AT
Zo] Zhao] W Aol wjFoA At FoEe AL Fig 5109 A9 YA 314 9
o] Ztash=s AL Fig 5.109] 7399} ezt Ao)sick,

Figs. 5.11(g ()= D7t R =8emZE TZE2| o= vy} BAYSR| ek 7-9-oln, L3}
7b BASHE Figs. 5.11(d)~(H2) 459} 725 HiE wWjFolA 3)dute] JE} s TEo] ZolEdl
2t 25 Sl FargEe] s} fTRA 3 HF 9 gl $EI e Mgl tAA e
2 FYsih

Fig. 5.12% Table 539014 AAE 05HIG250Rc3S] Alo) 2ol thal] 1}¢] MupapgS Al-ZEog
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e

Fig. 5.12. Snapshots of waves on LCS and and sandy beach(OSH7G250Rc3).
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Fig. 5.13. Spatial distribution of mean velocities of submerged breakwaters and LCS constructed at wave

tank( A/=5cm).
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Fig. 5.14. Spatial distribution of mean velocities of submerged breakwaters and LCS constructed at wave

tank( Z/=Tom).

Collection @ kmou



X Direction{m)
X Direction(m)

X Direction(m)

0 25 5 7.5 10 0 25 5 75 10 0 25 5 75
Y Direction(m) Y Direction(m) Y Direction(m)
(a) O1H5G300Sub (b) 02H5G250Sub (¢) 03H5G200Sub
12,5 12.5 12.5

10 10

x Direction(m)
~
o [
x Direction(m)
x Direction(m)
-
n

o

2.5 25

5 .5 7.5 5 .5 75 5 .5 75
y Direction(m) vy Direction(m) y Direction(m)

(d) O1HSG300Rc3 () 2HSG250Rc3 (f) 03HSG200RC3

125 12.5 12.5

10 10 10
E7s Eis E7s
S i~ c

S 8 )

S bt ks

2 2 2

Q 5 Q 5 Q 51
x x x

2.5 25 25

5 . 5 75 5 5 75
y Direction(m) y Direction(m)

(g) 04H5G300Rc8 (h) 0SH5G250Rc8 (1) 06H5G200Rc8

Turbulent Kinetic Energy (crm®/=*) Turbulent Kinetic Energy (cm?/s?)

5 .5 7.5
y Direction(m)

2 E |
| s submerged breakwater o 7 44 21 28 35°
Fig. 5.15. Spatial distribution of turbulent kinetic energies of submerged breakwaters and LCS constructed at

wave tank( H=5cm).
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Fig. 5.16. Spatial distribution of turbulent kinetic energies of submerged breakwaters and LCS constructed at
wave tank( H=Tcm).
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6.1 HINZAH

Al 5N olaFlow= 2 (Higuera et al,, 2018)9] &84S HEZ EZO=Z Kawasaki et al.(1999)°l
OJ3 A EFAAG A Y FHAA 9] B F§49] AR} Lara et al(2012)0] AT B TR

TG ALFAGAGRE PO FAEA S Fstd] =28 FAEAE olaFlow ZZol| ¢
& FAelA Aol A7 vl gl AEZL 3] o] FolA] old tigk el AFHAT &=F,
TRt Zi= Al 27304l Modified Bretschneider -Mitsuyasu~ZE&(Goda 1988)S FAIZHa<t
Azastsol= E76lal T3S T3 & »E—Olﬂ /ol vehtA| edgtal, SAFER T

s e SRleiit). mebA, s R Bd 9
BolMe Ago g ARl 7es Agehe

ﬂﬂﬁ e —1> m{E

B AlAel 3AFAv s RS Fig 619k 22 20l 125m, F 10m, ¥°] 04me] x|
025me] YAFHOR TS, T Tl 2 FAsAe) dhdTE=?] LS siRlo] AA|H T
HIEAAIE SlipZA o2 PAENL, SSEAARANE ySUFORE LCS7t ¥HEH o R HA|E=
RAog 7Hgste] Slip2ls AE38ith AxA7E Az=Bem®t Ay=3cme|™, APIELY FEub
NN TS Az=14-075em®] 7PAARR, RN FRIFHAME Az=0.75~1.4cme] 7hA
ARE 747 TS AA71A, G BTN T2= Alld] ATELE, L= AN 722
o Zolg, X+ sl sl sibdelld Tx=a7HA9 oA E A7t or|Rit of7]A, & Al
A AgATe] g zdstehe Aol i HEQTE Black and Andrews (2001)7F A|AIGE 270l w2
B A ARAL L/ X<10Z FoiAH, B AFolM LCSe] mAzHE o] 279 WSl

Fig. 6.1(b)< Kim and lee(2017)& =3t TE3¢ LCSY /4 siWls dHE= Uehich WA,
TREERELS 1:1.59] AR} 0.1333me] EolE 7K, I5E 0033, YUY D,y=Bem, 121
Jensen et al.(2014)9] AFoZRE AAH =500 £=2.0S LA Ao|ES 2 AHOZRE
0.1022m2] Eolol] A=x18ke] 0.1467me] Eol9} 0.24me] ek ZolE zha, BEIHo g 28319t
TIPS ZIAAZRE 42807m olA=|o] 1:1.59] ZAL} 0.1967me] FAE Zta 439 wo| 3§
sk 799k Ao R AA &8k A5 88t AYE R SBemé 8emE 27t AElEkil o

& 175 4319tk NS ZAAZRE 64/mE 0|43 1:209] AAE
T, F5E =03, T9UE D;,=02cm, 1T Billstein et al.(1999)2] AHO2HE] 2HHE o0
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A 4
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(b) Dimension of two-dimensional section of LCS and sandy beach
Fig. 6.1. Definition sketch for layout of LCS.

Table 6.1 2 FX&|Ho) 88 Bfduge] AY, 7289 MTE, 725 4o|, 12E
2 RO 2RE o]AAY] g EfATe AEH NFE A UERATh FAIALRS LES
O3 FREE(Ghosal et al, 1995) 2835133, AlMte] PES H8l Courant’d+E 0.1 ©J3P} H=E
Agrste] FAI)A-E TS

6.2 $ABHA HED}
621 H, TTEEe} me| M}

Fig. 62+= Table 6.1914] A|A|gE Alo]A Fofl A7} Hy jy=5em?] 73-F-oll LCSTHI} Hj$-ol A
H,,, Sz s vepd Zojw, o] ek AT (Lee et al, 2018)2] A¥w 3 W7ete] ]
WHEST o] w, AAE FAARY A FuEAAEYS FHE] AFYT £ =T ASARE
655(35~100s) E<toll H 5 StulolE v dio® solrh of7)x, Leseh Al Funjx|elA )
TE Q8 TFEY o] [, 9 diekdell FxEZAY o1AAY Xt Ytk ©d AE A
to] HrEo] 9lov e HuRAS 7X= wbd, LSt AeEdor EEHo] glore HAdus
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M AR BRgAe] olstel, AR ek Aolat

Table 6.1. Incident wave condition and 3-dimensional layout of LCS.

Crest Significant | Sinificant Distan
freeboard & o Gop | LCS | SE®
) ) incident incident i between | Number
from still | Incident wave width | lenghth .
CASE No. water wave wave a I shoreline of
. spectrum Height | paiod | " ( ) and LCS | waves

m

01HSG300Rc3 3 7

02HSG250RE3 5 25 | 75

03HSG200Rc3 . 2

(4H7G300RE3 3 7

0SHIG250Rc3 7 25 | 75

0GHTG200RE3 Modifiei 2 8

Bretschneider- 14 65 150

01HSG300Rc8 - 3 7

02H5G250Rc8 5 25 | 75

03H5G200Rc8 . 2

(4H7G300Rc8 3 7

0SH7G250Rc8 7 25 | 75

06H7G200Rc8 2 8

Figs. 62(a)c)= Z719 4=, Figs. 62N W2 Aty R =Bem¢! LCSY H9-Z, F
622~ F& APl R =8em?] A5 27 vEh1L, 53 0375em (M0 ® A
A, FAQ A9 FIAERRE TS, Aol Aeas 2] wliel Aeda AR UiR-E
&3 Tl e] o] whgah, A HiZ wiFelA o= AR A7E Zh= st geldnh A
A 2] o] FoJEx Z-F(Figs. 62(a)>(b)—(c)oll Al vkE wie-e] A, Tparistel] A2 vt
A ok e FeEll A AA RS E3 geluA| e o] B FES AHchs AR v
s, wEba] A vz aigelxE TS S 3] o] AR Arks s g1
T Atk gk FAL] B sl FoldaS AT Tdell 3 A susEo] A et

2

e B

u

A

LCSeIA Akl R,=3em?] Figs. 6.2(d~HS -9+ 24Hd=112 THLee et al, 2019b)2] A¥}s} v]
w3 F Qlek WA, FRE uE S]] wEE 22 ghals TP U5 §8 dheluxe] Ao

FEoItk. 7hFol Fopdel met 72 Wil AAH R st Fojts A ATRE
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Fig. 6.3(c3a149] 7HAL 0.75em® ¥AIE] 3L, Figs. 629} 6.30014 ®e] 27|17} th2th= Aol
o] wkeh e festart H, j=7emel A9 LCS FHNA H,,, F1E VERH ZlolH, mgh 2o
&5k Aol #st HaAAH(Lee et al, 2018)S] A¥E 7 Wr)sct A&t Fig 622 A5
HlWaPd FOF71E T )p=14s2 FLHARL Fo9tals M) p=Tem% S7HAZI webA, A4 0
2 gEE oA gae AdAoR & S vea, AlFelA sdo] A os AA
Aslo] At A 37t FelEck Al gt Figs. 6.3(a)~(0)S] -t %= Figs. 6.2(a)~(c)
s} FYsA Thg-Eo] Foplel wheh wigelld stz Al g3t s vha F01Ea, Ji
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Fig. 64. Snapshots of wave diffraction behind LCS (0SH7G250Rc3).
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Fig. 6.5. Spatial distribution of mean velocities of submerged breakwaters and LCS constructed at wave
tank( /7, /3 =Sem).
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