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ABSTRACT

This study deals with the modeling and application of the coastal structures using OLAFOAM based on OpenFOAM®,
and the structures were submerged breakwater representing permeable structure and circular perforated caisson
breakwater consisting of a bundle of latticed blocks. This paper consists of the two topics. The first topic includes
3 parts: (1) numerical analysis on wave characteristics around 2-dimensional permeable submerged breakwater in
wave and current coexisting field, (2) numerical analysis on variation characteristics of water surface and velocity
around 3-dimensional permeable submerged breakwater, and (3) numerical analysis on variation characteristics of
water surface and velocity around 3-dimensional permeable submerged breakwater in wave and current coexisting
field. The second topic is numerical simulation on wave overtopping, reflection, wave pressure acting on circular
perforated caisson breakwaters and the interconnectivity between them in a 3-dimensional numerical irregular wave
tank.

In the first part of the first topic, OLAFOAM was validated for 1) wave transformation inside porous structure
under bore conditions, 2) wave transformation and fluctuation of excess pore-water pressure in sand bed by submerged
breakwater under regular wave condition, and 3) regular wave transformation and resultant vertical velocity distribution
under current by comparison with existing laboratory measurements and the performance for irregular waves was
examined from the reproducibility of the target irregular waves and frequency spectrum analysis. Hereafter, this part,
which is almost no examination carried out until now, analyzed closely variation characteristics of wave height or

H ., frequency spectrum, breaking waves, averaged velocity and turbulent kinetic energy around 2-dimensional

porous submerged breakwater in the wave and current coexisting field for the case of sandy or graveled rear beach.
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In the second part of the first topic, the comparisons are made with available experimental results on 1) wave
transformation and fluctuation of wave pressure by a 3-dimensional permeable upright wall and 2) wave transformation
and fluctuation of wave velocities by a 3-dimensional impermeable submerged breakwater to verify its applicability
to the 3-dimensional numerical analysis. Hereafter, the characteristics of the water surface variations like wave height

or A distribution and velocity fields including the average flow velocity, longshore current and turbulent kinetic

energy acting as the main external forces formed around the 3-dimensional permeable submerged breakwaters are
investigated under regular or irregular waves and salient formation. Shoreline response is also predicted by the
longshore-induced flux.

The third part of the first topic is expanded first and second parts. This part, which is almost no
examination carried out until now, analyzed closely the characteristics of the water surface variations like wave

height or /. distribution and velocity fields including the average flow velocity, longshore current and

ms
turbulent kinetic energy acting as the main external forces formed around the 3-dimensional permeable
submerged breakwaters are investigated under wave-current coexisting field and the formation condition of
salient. The target waves were regular and  irregular waves. Shoreline response is also predicted by the
longshore-induced flux, and the effect on formation process of salient is investigated as existing current and
current direction.

In the second topic, to investigate the applicability of OLAFOAM to the specialized breakwater like the
circular perforated caisson breakwater, the variations of wave pressure acting on the 3-dimensional slit caisson
breakwater were compared to the previous experimental results under the regular wave conditions. As a result,
a series of numerical simulations for the circular perforated caisson breakwaters, which is similar to slit
caisson breakwater, was carried out under the irregular wave actions. The hydraulic characteristics of the
breakwater such as wave overtopping, reflection, and wave pressure distribution were carefully investigated
respect to the significant wave height and period, the wave chamber width, and the interconnectivity between
them. Also, the wave pressure distribution was compared with the Goda equation for the impermeable vertical
wall or Takahashi equation for the slit caisson breakwater, and the reflection coefficient was compared with

the Tanimoto equation.
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OpenFOAM® (Open source Field Operation And Manipulation; Jacobsen et al., 2012)< GNU GPL (44} 35
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FHtol o]} & kst EE—% olgalo] vjo} TREL] 4 sz} (Chen et al,, 2014), T3 F2EA]
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(Volume-Averaged Reynolds-Averaged Navier-Stokes)i-84)2 7]1%% OpenFOAM®ol| %3753} WA A o]
7le= F7HCE F71st HFOAM= /NEsISith o<l Higuera et al. (2014)<> IHFOAM®| 38 2%t
v FTEEAN FAASE delehs EEs FUeINlen, H =014 Higuera et al. (2015)
multi-paddle piston’322] X955 Hdatar, Zukel WA S 918t 7H G ellA cutting-edge 715
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(0laFOAM Reference Manual; https://github.com/phicaw/OLAFOAM/blob/master/reference.zip) T =5 7HaIiT
= A7) A WA FAABSHE AL ool AAEE HAlE Al A ve fAlshE 2
Q1 axel o] ¥ o= A vigol olE AH e FAS WA 52 A4 sl
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oK AROIES WHSte] AN WA - RS TRG 5 o] A Pehsh FAKE A
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el
Aol A7 e Hsle] oa FxE FelelM iy B FdEs o
olE Esl] % W Ak FEe] stk FAC] WAk 54 o

T Buccino and Calabrese(2007), d’Angremond et al.(1997), Goda and Ahrens(2008), Seabrook et al.(1999)
4l van der Meer et al.(2005) Fo] TEEFHTS Fato] A Aol tigh A2E AAEIG,
Ranasinghe et al.2009):= 712 3F9] 2Hg8tollx] Fabd 9 SFadAlel ofsh sgids HEsIC
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o, Méndez et al.(2001) FYHIA TR dhsrdolA] 9] e, Ao, 183 5 EE
2 X(radiation stress) &2} > =e|FOETE] O] FA T oA AR YJES AT, Garcia et
al.(2004)= RANS(Reynolds Averaged Navier-Stokes equation) 7218 ©]-23 COBRAS(COmell BReaking
waves And Structures) TX| 522 o]-§-5to] FIAIFA TN qrHHke] e 54 FEEES AT
SFTtE 1231, Hsu et al(2004):= 2719 EFaRdAlC] 1H9E 2AGAIA Al TR0 9] 2Hvortex) oF
=44 Aol tish A7E st vl Aol AlAMRES] et Al dwste] AdE, How vby
Aol WEAAPEEES] et Al A el A= A sl o, Mizutani et al(1998)> 723 &
Aol vkl FapdzA|ele] e agel ARE 54do] vl G st A oA alhEd
I A = -ﬁﬂo}oﬂi‘r 22N 9E ErEee] e Alge] WA Lara et al(2006)2] 1
= 5 93, o] #<43 Garcia et al(2004)¥ 720] COBRAS FElS- o]galo] FapiddA FofA
%ﬁli@r@r A WelM dske AHEY EHoRRE 119 SAS AT Beji et al(1993)

EFIEAC] B R e 281 Ao ERE Ak AelA el AutE ek 2 Bud o)
Aol fofxl SfFAAEZ S FA8lo] 19| T 5442 rsilth

w3k 3 Al et A2 Vicinanza et al.(2009)0] 2 Aol ek Agg AP A)(Buccino
and Calabrese, 2007; d’Angremond et al., 1997; Goda and Ahrens, 2008; Seabrook et al., 1998)=, 12|l
van der Meer et al.(2005)i= Penney and Price(1952)%] 3| AIG APgAS 717 Agsto] 3apdgdA oA A
958 747 39519001, Sharifahmadian et al.2014)= AFAAHANN)S Ea] D8-S Hrlsl3ich
T18)30, Kramer et a1.(2003)f 32RAA] RGN s Ao R HE B3I, Johnson et
al.(2005)2} Jonhnson(2006)-> FHHPA AR AMIKE 21 B9, LIM X2 Boussinesq F2)°l oJgt =43}
= Kramer et al.(2003)2] @@@ﬂa} vl ~ AESFI S, Nobuoka et al.(1997)> 3XFATHARIA nlj$-of
A, 12]3L Loveless and MacLeod(1999)= THI(%45)2] olQbAll #hAl wli$-ollA] Z¥2te] =3hafels A+
ST ahARE 113] 3ARAAl Tl FAE = vhed 1 A wfseld A= AgHEe]
R AAAAE FEsHA A S |l

H Uopl FAE Al dtmibAo T xER A AgHEe] BAE FEE] e vk
st Aso] T gy A oA AFHs dEe EHEX A= Groenewoud et al. (1997)
< 7] (BE)FAL] AT FHAAN S F50ZHE A wlSelM Alas APH R 5319
31, Ranasinghe et al. (2006)> 4H2F/de] o7 5dA] wiollA it E 52 s 2l A3} X84 o
FHE] eolA H - BAS o =519 .01, Ranasinghe and Tumer (2006)= T ZA]ollA ekl tf
g Gkl AR ol Al wFell A iRl S Hla - sk ok A - B4
o =3}9itk B3} Ranasinghe et al. (2010)S MIKE21 F2lS o]&-3lo] sjebda} gl gle] 7z
& RS e vlaste] sl - HAS AR o S3lty $H, Black and Andrews
001)= 3xFAEAS] HiA] ol QloM TdFA] Aol vhrel A (L3 22 3709 wivpEsE AR
sl SAIASE (tombolo) 2} AT (salient) o] FAZ71S AAISHATE

mlo r_L 111

[o

[o

;a
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S —1.27
off _ 0.5(—5) (L1)

A7NM, L= AL Ao, s aiRIig Ao deliobdst glee] g, S, = HA AR Q1E
g 9 skl Ak AelE vy, $=dks Fig. 4990 AR L/S% S, /L, °]
HAS AAEITE 123 Black and Andrews(2001)= L,/.550.68 9= SAAS7 949, 1,/8
<209 A= AT JEe 2AeE VERITE 53], Sulis et al. (2017 A (1.)¥ A
(island)ell et AIRMA S, /L, =0.4(L,/8) " (Black and Andrews, 2000)¥5 A¥E S, /L =
0.48(L,/8)"'*& ol&Eo} Sardinia A T2 W2 3¥le]l FAE TS BUEHS Aol 4
8-3t°] Black and Andrews (2001)7} #A|gk AZAb=2] A x1d0] 95% PAghth= ARS8 ealth
Y3k Harris and Herbich (1986)9} Dally and Pope (1986)%= ©]kAlo] Qloir SAAFe} AAALES]
xaow A7 /5510415 9 L/505~1.08 AL, ATl 932 ksl 1ol

ML

oA AT BYXOR GS/LI0S (G TS AN o714, Pilarzyk and Zeidier
(1996):= Harris and Herbich (1986)%} Dally and Pope (1986)7} A|AISE AHpA S 7|%2 = slo] Th7]o] A
oA A xR0 R HESS 238 1S A (22)2 Algteisith

S
G?> 05(1—K;) (12)

S

ol71M, K& 2xRolqkAlelA dutel] ofgt HAdg® 19 WflE 01~030H, ATE Ge
L< G< L, (LZ 3] Heleld gk F3itk tloleAllel tigt oejdt Aah= ofqkAl AA]e ut
< aAgeltt 285, t1dAle} AFHgate] wAel A8strlel= Fel7h Sl
H, 9} 550 AT A2 IAFE GSIEHAl o] $td Fok, ZRlEol gl 7|25 AT
(Zhao and Faltinsen, 1988; Baddour and Song, 1990; Isaasson and Cheung, 1993; Lin and Hsiao, 1994)]| wH=rH
sho} 43 5591 90l o] S 72 P Z7SHARE s} e S50] WASH 3
A guehe] Aol WS A0 elA glek 1o, AH A} (Thomas, 1981; 1990)S) 313 (Percgrine
1976; Peregrine and Jonsson, 1983) % B4 34 (Thomas, 1990)2 A3719] EEIo| &2} AJo)gt AxlE Holil
ATk 0131?{* Ao 7= gt SF] Bl 71918 W] Rkl 2o 7hE 3 It (Umeyama,
2005). 2] RH AR AT W= s} 550 SEOERE WK BIFHEREE SEH] EAeh
79-91= Aolah, EEA] s7h FHEE Ao HRAES 28R 20w deid gl ol
S} S B 5O oG SEA) AT vl D JEOR B T e STE e,

MO ] 9 Zlo] R B A e 1] 2 4R Uehi), ok s B89 $50% Qg

of¢
rﬁ r
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THAS TS YASEESY] ARTHA el 5 = fivke S gvidith

I E50] FEdh Aol oM sRiE 54 A7e T2 AREE, AR A el
vl 550 Af-syt BAREeHl At s|AolZ= A|AIZE Grant and Madsen (1979)°] 17, WiE
T AFEES] WEAAER O R Shg-g O RN A3 A5 5 2dst Madsen (1994)2)
A, A 9 dAdolE el V1xd] 559 viEER SEEE A Akske (R AEREs
AAITE You (1994)8] A, Hit-w 8 Aetss w2 T i GLM (Generalized Lagrangian Mean)<
%J218}5t Groeneweg and Klopman (1998)8] A, uk¢} &5 Ao atgolx &k Aol dist 34}
50 sfdellE =3 Hsu et al. (2009)2] 1, 4SO 25H Boussinesq® o] A2 FA3HE T
afo] h-Fel EFo] TAlshs A% Batrale] e AR Zou et al(2013)¢] A, 2|3 van
Hoften and Karaki (1976), Brevik (1980) 2! Kemp and Simons (1982, 1983) 5ol 9J3t A&7 A4 AR
v oA gkel 559 woll o3t £% 9 W-RE4dol s Mathisen and Madsen (1996a, b)¥}
Fredsee et al. (1999)°] A&% A% PIV (Particle Image Velocimetry)$} PTV (Particle Tracking Velocimetry)
£ 483t Umeyama (2005, 2009, 2011)] 34 AT 55 & F vk =3k I3 559 Jaahs
S A537] flske] Navier-Stokes WA e 7155t A 5do] Li et al. (2007), Teles et al. (2013),
Markus et al. (2013) 5l &3l 7NEE S O™, XA 3= radiation 52 7'd (radiation stress concept)®] &
2y} v wSFSIT) (Christensen et al., 2003; Johnson et al., 2005; Zheng and Tang, 2009). Park et al. (2001)<
HAgalgy 55 9 B9kl e e REEE] 9kl SGS (SubGrid-Scale) WHTEE ¥ MAC
(Mark And Cel)¥] 3! fF22HlS W8shs FA9sT2S IEsiltt. B9k Zhang et al (2014)<
RANSHg41e o]l wte] 57], 752 217] Bl 5350 W] uk2 s HesAde Rolslisl
1, Soltanpour et al. (2014) 5529 W&} 7]l mebA EqfHlate] AAER ko] WsSdS A
gt FAEA C 2 RE gl

AR, 4719 AT A EEIe AT Agelt Il L EE-TEEY A
of thgt A= 719 Aol A vk wbA, 2 Ao A W A FA|oll 4= OLAFOAM(Higuera et
al, 2015y olgsto] a5 vfH9 9 553 EfHet &Sk Al 2T Y AT E
wol AXE A5 tdow, s vt 9 B 2 AdS BARk: wjARES sk A
Foll QlojA 2 Freld oiest st 9 g Wl 9l FukeadEd) Afukgit, B 9
BFHFEEAUA B3} 2 S8 B4 Ausie, 33007 sl WA el AT
Y 2NN FAL ATE, AL AR Ao]e] Ae, YAIFEAGH

- & 2]
e Wst 3o Wsle| mE g W g Pt 2 FunE 5499 FaaSENme

_1

o,

A, ool 2% % o HEES SIslo] 9 B WIS e AATREC) AGATE Z7H
weh $0) Fow Qlg QkAbl wIMs) Mgt itk B3, TIPS g anbigow wHw)

Collection @ kmou



A TEA B8 W A Wk T2 olelsk )b tLE TS AT =
K% (JTBC, 2015)2} Kim et al. (2017)°] w2 20141d A0 7 Qlgh 3¢
BARLE 26%), 2015\l AF0 R gk FEAbt F 100014 (o] Foll AbRALaL
Gtk oy g QFdALaE TTP el F2hu= vl 11e]e: aizfrol o3k ASAaLe) WARES] A7hs 9]
3l TTP Atolell AE F=07 8] Ferbar, 7ol webrs AFGAIILE S olojAl= EA) Rivls]
sk Qiok 2o vipd wHREE FEull] UisoR S 39 W S WupAe] JE
TTPS] PEF P50 QIS Akeha} 7] 2A0ke] Al 5O Igh TIPS] Es o= st bdEA

= W1} okslE]ar, Sk AAtel okedekS A 5o 29) ojujx| 7}t AslE]e] ARgA} SHeA
orEgS Sk

whEbA, TTP 9352] SQkat Whaplo] 7 viA=lo] Sl kel Ao w4l s+ sidah] flato
T FE39 (BUENR)ES= 1bstal, AAIS] WukPFgde A7V fleto] E53 252 8%
ERY WEO R ZALsl= ZH (BT ¢ A10-2016- 01075221)01 LE L) olegt PAe] FxES
AZEFA% 2L (interlocking revetment bound latticed blocks) == AANS-=4< WIA| (interlocking
breakwater bound latticed blocks)% “J 3}, THE2] Photos 1.1 126114 Al HAe Qo] Al
= AAIE

J

Photo 1.1. Chilam fishing port of Busan. Photo 1.2. Wolnae fishing port of Busan.

B o] £ ulA FAACHAE AEd FEEaE=A4Y 7)15AS B AR 07, o
& At FolM G Bl wrlel 22 glaeeloldy} Agds SellA
of gtrd o= glom, o] et Ak AE e AREFASe g A9
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THE diyt R gute] el2t WabAlex Aol Aloles Sl A S ﬂl°1 To® A% )
Aol=S AZ-FH3H= Park et al. (2016)9} Seo et al. (2015)2] A7} FLE Floz FkEn, o|zfet
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o] AZREFAS ot Ay FaAlelE WA AgweAE EAACE vty 574 8491 TH7Re]
E52 AfE gelA a2 ks tido® S| whtel SEo] A4 Pof SAelA 3%
Al#o] 7Fs8kal, FD A4S o] 88kA] &al UHt Barge A 0= o]Fo] 7Fss7] wiEel 57171 &, 734
Aot} sHARE, ¥ APfFaAlols WAt Aalds o ® v AFEa QAN 10 715
s Aol ©eks] g slo] QA gkom s 7|l S EA0S Wikl S| st A=
o] ItiE AEu= AS Hbshd AgFaAlels BukAlel tigt 71sA (AR dukshat akt
88 (FREE)0] A8 sidEolof sk FAR] Ao w whkEtt

AN

() the It step (b) the 2nd step

(c) the 3rd step

/ RS T8
(e) Plane view (f) Blrd S eye view
Photo 1.3. Installation procedure of circular perforated caisson breakwater bound lattice blocks.
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ool LR 2 A7) ARHEFAS| o3 23
IRPIAS AT 7221 BAS Alglehd drbARl S EAl01: WAl ARt | 2
=tk wEbA,  ATrelM HE=ofshks dukat vk (7]5A) B AR (/AN Higk 7159
EEEFolE 1 u%ﬂ]" T8 ATANES Qo ElﬂJr gtk

= 5 T 93, o|2FH EYEA0IE0] Ae AR
‘Eiﬂrﬂ ’8}015 7}le] oFt} Boivon (1964) EE|EA0IE Adelx mtag Aoz st Ad
A o] WAkl S vIA= T8 Ao, FEYE, FEYE Y %%?%‘ﬂ &
ol A faaddo] HhAkEe] mlAlE G2 A4 dtkal AEA3IH Kondo (1979)= A&
[REo 2 f=rilo] 17] &2 27K EelEA0ES] RS Hrtehs siARds /ideisle
], fEAlo] I7hRTR= 2709] 97t vk Aztel B mabolels Zle etk Wh, Fugazza
and Natale (1992)+= i?ﬂ/golil/} FAES 7o R S SRR RE f5ao] 1711 9Tt AA
81l 7P A WS AZHAIZITRE Kondo (1979)8k= tHE AES Alom, WA 7
A 3 A, A ol 9] 14vid 397t 7hE A2 Wbl Egsiths *P‘Q TR
T}, Huang et al. (2011)> FHLIst Tk FAelA 572 G740 457 42 vAkgS 9& 7+ 3
bl AEX|It} Tanimoto and Yoshimoto (1982)i= &2lES] 355 %O]sﬂr 9] n7t 0.33~0.83.°4 H
AY A a3 3] v)7E 0.15~0208] H9lellx] WAREo] 7 Aths AMdE el do Rt
B] 717g3813It). Suh et al. (2006)<> Galerkin -85 (Galerkin-cigenfunction method)?} -3F<HE-RIell 7]
F38t0] 7|Z2AME] v Aol ARE SelEAlolEe] o3t wRkES FAsisi o, 2atdre el
Aste] AFsIdnh 2ol FAlsAelM = SRS Ada Aol FAIEGI A, 2k Ask
Aol A3ty mdlo] HL-E9t}. Garrido and Medina (2012)% Jarlan 32]9] Ao QFAIHE-S 7]
Hho 7 ubgeld ndls A4 248 A9el el AE v 1w, Meringolo et al. (2015)
SPH (Soothed Particle Hdrodynamics)5< ©]&3lo] 22k 5ol A wke} Lr]EAl0)E) A5 ag
A7tk
oz Ee|EF ol 28eks dpehRtaze]| tieAlis tiEA O = Takahashi "] (Takahashi et
al., 1992, 1996; Tanimoto and Takahashi, 1994)¥} Tabet-Aoul and Lambert "] (Tabet-Aoul and Lambert,
2003), “12]aL DUT (Dalian University of Technology) 3310] #I¢teo] QItk ©71A, Takahashi "
Goda 4] (Goda, 200002 588 WHORE Goda Aol IAHAGATF N, N, N5 T2 g3
ako] Sl wet AAYEte] 2-8-319AT) Takahashi (1996) 6702] wFelAdoll whah ®AGAE A, Ay, A

& AABIL AR olEFEFolY 5T e E5 kAl disiAle A, A= 08~1.0, \,=02 4
83k, Tanimoto et al. (1981)> HETEAICIS, talols, TEEA IS 59 49 H4ow
Ay A= 1.0, A,=02 283130t} Tabet-Aoul and Lambert "S- 2|8 dnE 7|4k 2 Takahashi
Ha} U3 Goda 21 43 WHOZE Takahashi (1996)7} AlAIEH 67]H el whpale] w9)
Zdell st 1 A15 (phase adjustment factor) 2t A f5H e &S depEHE SISl 1

odh
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2L, Chen et al. (2005 A2 =3} wFo] n)7} 0180} 22 7% Tabet-Aoul and Lambert 52
FelAFAHRET A2 gho] AEdths Zs UERSITE DUT WS 19981 FE] F=rollA] ]84,
olEaA W Felddort e SR|EAC)EY Aohs dSREEES HES WHolth B8 Chen et al.
(2003, 2007)> 22HAf-gExRER o]l 71RksE RANS W 41E o]g3te] f&laf W Eqfa]ate] 8- & &2
EFAlo|=o]| Zhgsh= v9kS APHSI L Li et al. (2002, 2003a), Teng et al. (2004), Liu et al. (2006,
2007, 2008)= S-S o]gdlo] SE|EA0E s wkbs APPSO, Liu (2003),
Jiang (2004), Ma (2004), Li et al. (2003b, 2005a, 2005b):= 22} 4l 3x}=e] g o 2 Hadalulel 7
ARIARZE SR EA0IE) A-g8k= dtea APESISItE B8 Lee et al. (2010) =/-72] 24k 9 3
AT A 2R E FREAOEAN RS 2-g-Tiqtel] thet 2xb A A vk} 3xkd A A e
2jo)dS HESIN O™, Lee et al. (2011 Lee et al. (2010)3}F U3 1253} sj4He Agaso] 13
o} ko] AgA] Z42e] 2gulglE Abdste] Afolile vl HESIITE dH, ¥ Ao dE
TAOIE WA} o] Aol A3l f3-S e Aol WabAle| st AFEE Tanimoto et al.

= 7 %o, 152 953 R A¥d Aol UiAlE ko R Bt uE A8AIA
A Z0) Wgle] mE W] HElE AP0 R FFSlal Tamrin et al. (2014) AEHOE HFH

o, o5
J

O s QP el B F AT AT ORS Tl S kA F9) il

wed, i QAFe] Tl FAlA: OLAFOAME A8810] Phoo 1301419} o] Ao %4
T 98] ATl MMe) s AAsE TR Hel Y AFFTANE WAL 713
MRET Al 9 Z9E tHOR SelSE el 9% 3AeNsS Sasis. BiE
o Agahe AN 3HAAGFHFANE YA B 454 E Yt @ F

ke WAk, gukRk T1eja A e, Aol AW gl il SH el Agehs sk R o3 2
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1.2 279 8
B AT 7o THE, 7 49 i8S thEst Ak

D Al Pgelds 2 o] uid Bl HAel] tisto] Mestal 1te] MdS s Zledit)

2) Al 2734 OpenFOAM®-S- 7]53EO 2 3+ OLAFOAMY. 2le]l tst o] 22191 v 7ol sl 7)<sta, E2la}
o] Zjo]| tfgt o]&S V]St

3) Al el WA astst FabdT gl shel W, A5 Aol S she] Wgst A o 2
RN ARSI B B} AT WEe A g4arel il 71 2 AeAalel vl
B .

S 2] I3 PSR opol] ST AEHE 25K el kA=Al ]
ZLES10] OLAFOAM®] B 355t #2iote) 55 W 23 49} 0] FEgel A5 22
A thel A ) 5.0 Ak el A, 45 o) wale] e 4 o] A

H,,, T2 E, o, Fi Bl gy %ﬂ RS54 A S ds] HES.

4) Al 4gollM= WA A vRsstell 3R g A F ol ot v} Mgyt sihiE Bl A ukEgstel
A 3k Al o)t gk Wi Bl 5E: ] tjg 71 Agdatele] vl HE 25 OLAFOAMS] 34k
el ohst Bl e AsstaL ot 2ol 3R A S o= A el g4
=y g A e B ?‘H‘?ﬂ%ﬂ S QA FasH o AEehs Feas, AR 2

URSBAUA 52 T3 4599 S FAH o PE

X
1:;

5) Al SRl 743} 449) ATE Sgelo] FHvtel BE 9 BipHvtel SEO) el AN AT
S S,

6) Al e°gollM= WA i ukegel 3xkdE e EAlRIE WalAlold ate] sohi sl sl 7]5e] A9 Avtet
B3 A E 2B OLAFOAM®| A3-f-370]< apAlela ol thet Blgde A5kl SelEA0lET} A
dFaAolEe] AR A ARk Er x| =t kE ukelo] e 3t o) ukal
FoF71e) Wstel w2 Aol WupAlel Auls, kg, SRR W 150 e
W3] =AY

rO*'

2 >\E
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Fig. 3.2. An illustrative sketch of wave flume and submerged structure for numerical analysis.
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Fig. 3.3. Comparison between simulated and measured water surface elevations.
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Fig. 3.4. Comparison between simulated and measured pore-water pressures.
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Fig. 3.5. Comparison of simulated and measured water surface elevations in wave-current interaction.
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Fig. 3.6. Comparison of simulated and measured mean horizontal velocity profiles in wave-current interaction.
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Fig. 3.7. Calculated wave profiles at wave source position and comparison of target and calculated wave
frequency spectra.
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Fig. 3.8. An illustrative sketch of wave flume and submerged structure for numerical analysis.

(a) Side view

Table 3.1 TFETFS] FA A 285t FujolE, A Ald W s5550 Wkt 27|&
Ztzt ehdit), olrs 520 QlaL sl EAehs A4S WONS R, 383 a7} skl 492
WCF=, 553} 37} 9ugkel 495 WCeoR 7| B Ashd (o]l F4), Table 322 Ef21ke}l
W3}7] 918 A9k RER /)8

“

Table 3.1. Condition of regular wave and current applied to numerical analysis.

Case WCN-RE WCF-RE WCO-RE
current velocity (cnvs) 0 5 -5
wave type regular
wave maker theory Stokes V
H (cm) 7.5
T (s) 1.0

Table 3.2:= &t uke] FAEgAN A48 290l &, ikt Al 9l 555 U S
Z¥7} JERdTE Table 313} SU3A WCN, WCF “12]31 WCOR 3%7] W “g2]3l, Table 3.19] 123}
o 8] el et v RE 7130 AR O 2 Table 31004 AXFE 2|9k vfare} =
Z1ell theohs frelutarel 725719 EatAuaE A8l

Table 3.2. Condition of irregular waves and current applied to numerical analysis.

Case WCN-IR WCE-IR WCO-IR
current velocity (cnvs) 0 5 -5
wave type Irregular : Linear superposition
spectrum Modified Bretshneider-Mitsuyasu(Goda, 1988)
number of waves 150
H, 5 (cm) 75
Tij3 (5) 1.0
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Fig. 3.9. Water surface elevation fluctuations and wave frequency spectra according to the direction of

current for sandy beach.
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Fig. 3.10. Water elevation fluctuations and wave frequency spectra according to the direction of current for

graveled beach.
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Fig. 3.11. Snapshots of breaking waves according to the current direction for sandy beach.
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Fig. 3.12. Snapshots of breaking waves according to the current direction for graveled beach.
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Fig. 3.13. Spatial distribution of simulated wave heights.
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_

Table 3.3 Figs. 3.9¢} 3.10014 UERd 2} sjaiA] §jz]oA o] =9 F 27 sl s 2-gdst
t} 380] gI& W= 7o w wudaE ((WGLolA ] [WGsoll A S [WGlelA shar)S
sk v FAbHo] BEel 24wl WCOolA ZH2E 90.53%2} 90.22%2] #ho] FojR]|al, WCFellA 87.29%
o} 83.05%2] Fto] PofAH, o]z e S FoM At Eo] drHoR Ave= e & 3l
ok olfgt A= Feohs s3El e FditsoluA (RS AR T sl A
o FZHAQL zle] Bl Amsh sfupelde] zlolof whE st UA|anteke] Ajole] ZIQlehs Jlow whd

X

r$~ PV

Table 3.3. Comparison of wave heights at WG1, WG2, WG3, WG4 and WGS.

distance x from position|  wave height for sandy beach (cm) wave height for graveled beach (cm)
of wave maker WCN-RE WCF-RE WCO-RE | WCN-RE WCF-RE WCO-RE
WGl 2=8.000m 8.410 7.987 8717 8.428 8.013 8.817
WG2 x=8.575m 8.157 8.181 7.948 8.176 8.207 7.863
WG3 £=9.000m 2.660 3313 2.013 2.553 3277 1.916
WG4 x=9.425m 1.291 1.670 1.030 1.306 1.650 1.039
WG5S £=10.00m 1.069 1.389 0.826 1.174 1.359 0.862
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Fig. 3.14. Spatial distribution of time-averaged velocities around submerged breakwater.
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Fig. 3.15. Spatial distribution of time-averaged turbulent kinetic energy around submerged breakwater.
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Fig. 3.16. Spatial distribution of time~averaged and vertically—averaged turbulent kinetic energy, and its

accumulation.
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Fig. 3.17. Water surface elevation fluctuations and wave frequency spectra according to the direction of

current for sandy beach.
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Fig. 3.18. Water elevation fluctuations and wave frequency spectra according to the direction of current for

graveled beach.
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Fig. 3.19. Snapshots of breaking waves according to the current direction for sandy beach.
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Fig. 3.20. Snapshots of breaking waves according to the current direction for graveled beach.
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Fig. 3.21. Spatial distribution of simulated A

rms*

Table 3.4+ Figs. 3.172} 3.18¢0A vehdl 72+ sfaiA] fIx]efAle] 3T o 25 su s APdst A
oty 0] & wWE 7|Fo® P E(WGIIN A I WGl A, S [WG1olA

H,, It APdebd wigApdo] ol Zdl Wl WCoolA 22t 79.70%9) 80.51%2] TFalzhalEo]
HoJA| 3L, WCFOllA 73.85%%} 78.80%2] #kol dolAH, o] 2 e Fs ol afarga]doe] Al
o7 dth= As & 7 Atk o3 Ak Fedchs sEWEe] wE Fd s eluA(GREE)
o} FAFIETEEANUA ] FHAR] Aol W Azst fjuielde] zlole] mE geluR|AAteke] A}
ole]] 7|Q1sk= Aoz wrhert

Table 3.4. Comparison of /7, . at WG1, WG2, WG3, WG4 and WGS.

r

distance = from position H_ . for sandy beach(cm) H_ . for graveled beach(cm)
of wave maker WCN-IR WCF-IR WCO-IR WCN-IR WCF-IR WCO-IR
WG1 2£=8.000m 6.883 7.001 6.867 6972 6.950 6.728
WG2 x=8.575m 8.123 8.447 7773 8.086 8.426 7.734
WG3 £=9.000m 3.260 3.771 2,772 3.230 3.741 2.872
WG4 =9.425m 1.844 2.059 1.467 1.725 2.19 1.632
WG5S 2=10.00m 1452 1.831 1.394 1478 1.843 1.311
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Fig. 3.22. Spatial distribution of time-averaged velocities around submerged breakwater.
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Fig. 3.23. Spatial distribution of time-averaged turbulent kinetic energy around submerged breakwater.
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Fig. 3.24. Spatial distribution of time~averaged and vertically—averaged turbulent kinetic energy, and its

accumulation.

_5"_

Collection @ kmou



)
i
Mg
re

o= OLAFOAM F.'lle]l o3t spA|afd o e Fapdsalzh dxd A4l *’Filﬂi”r
o AU T2 SHFEFo = AdEleld A Bl ErHuE 2ufsio] AAl el e
o 198} FurAfEY, vl g i, kg, B sE B BdseluA ok Tﬁﬂ%‘&v
LEA T 250 AeATS WHs] HE-2AEGIth o|2HE EEE T8 AR theel

QoF7]Edt

it

WE
@
:
y
}

(1) B8] ool me ki 9 g, shate] el wFARel B S Ao offel] wgle]
A AW PIEEEY) B2 BF0| Gl ASur A, Fask BAR G4 AR A

Tms
Fof|A FARTA = gk

29 297} 5:80] gl A A Uekde

i
|
d

@ AsKBA olal, FEIESE WA B Ee A9 o 9l 50| el W
glo] shio] FUuA PAAE Aoy HE Ve, 2330 580 A9t 2l A
H5kE wolth} Faels shgo] FAXL Balu Ak FA) thehiel, BipHsHEg e
WFAbEo] elel e g BAgle] sHEol FRRAL P AskYAAE ek,

SPFEEY B9 2 DHBARE uolth} Faoe el PAAL BanEE B
o VERATE, WlAbo) A4l ASel sguae] BAgle] dEo] Hela YL AT

ke WERRARE 18] iR Bl AR ofsith

() F %) thel, FHIFE SN HFA o] Tel F& Aol wAle] B0l Yl A9
YT o] A AW HlEE ela] WAARR) ghdo] FAHH, A0 P %ﬂgfg

B50] A7t AHow **}U% 214 Aiﬂa—}oﬂm FARS] 2 3 X%Ml wAglo
Z}

@) HFFRIA oal, Ao A AW M) Sureld BRI} Sk
5 WEARIS] 8] S Ao gl I SRSl A Ao 4 B b
UL 27 et

_52_

Collection @ kmou



(5) A BAEFABHGFAUA] T8, A AR BF0 %‘%—e} S B
vakAR A AW A FUS AREE Aol ek, AEoR yEEs
Fol gh= 499 #9FEE) A0t 2 G e, Frtnsiel AHE AL 2k
o PRI, olsh W MFAPE WAHESE BEY 45 W BEUT B 4

ARy 9 AhLE FEhaNse] GBS A o pek

References

- Billstein, M., Svensson, U. and Johansson, N.(1999). Development and validation of a numerical model of
flow through embankment dams—comparisons with experimental data and analytical solutions, Transport in
Porous Media, 35(3), 395-406.

- Biot, M.A.(1941), General theory of three-dimensional consolidation, J. Applied Physics, Vol.12, pp.155-164.

- Garcia N., Lara, J.L and Losada, 1.J.(2004). 2-D numerical analysis of near-field flow at low-crested permeable
breakwters, Coastal Engineering, 51, 991-1020.

- Ghosal, S., Lund, T., Moin, P. and Akselvoll, K. (1995). A dynamic localization model for large-eddy simulation
of turbulent flows, Journal of Fluid Mechanics, 286, 229-255.

- Goda, Y.(1988). Statistical variability of sea state parameters as a function of wave spectrum, Coastal
Engineering in Japan, JSCE, 31(1), 39-52.

- Hsu, H. C, Chen, Y. Y, Hsu, J. R. and Tseng, W. J. (2009). Nonlinear water waves on uniform current
in Lagrangian coordinates, Journal of Nonlinear Mathematical Physics, 16(1), 47-61.

- Iwata, K, Kim, D. S., Asai, M. and Shimoda, M. (1990). Wave breaking on submerged floating structure,
Proceedings of Coastal Engineering, JSCE, 37, 604-608 (in Japanese).

- Jeng. D. S, Ye, J. H, Zhang, J. S, and Liu, P. F.(2013). An integrated model for the wave-induced
seabed response around marine structures : Model verifications and applications. Coastal Engineering, 72,
1-19.

- Jensen, B., Jacobsen, N. G. and Christensen, E. D.(2014). Investigations on the porous media equations and
resistance coefficients for coastal structures, Coastal Engineering, 84, 56-72.

- Lara, JL., Garcia, N. and Losada, 1J.(2006). RANS modelling applied to random wave interaction with
submerged permeable structures, Coastal Engineering, 53, 395-417.

- Lin, P. L. F, Lin, P, Chang, K. A. and Sakakiyama, T. (1999). Numerical modeling of wave interaction
with porous structures, Journal of Waterway, Port, Coastal, and Ocean Engineering, ASCE, 125(6), 322-330.
- Mizutani, N., Mostafa, A. M. and Iwata, K. (1998). Nonlinear regular wave, submerged breakwater and
seabed dynamic interaction, Coastal Engineering, 33(2), 177-202.

- Umeyama, M. (2011). Coupled PIV and PTV measurements of particle velocities and trajectories for surface
waves following a steady current, Journal of Waterway, Port, Coastal, and Ocean Engineering, ASCE,
137(2), 85-94.

_53_

Collection @ kmou



ndy wanz gy o S R
AHOJN LMHE G LHoANEo| £

4.1 /\K|6||A-IO|

O
4.1.1 3AAFAYAES FHON £ H O LSt HF

B Aol At Rl FapdrEe| st 48498 HES] $4l Lara et al.(2012)
o] FapdAHE TN =9 9 aitel] et ARAnE ?il;% T8It Lara et al(2012)=
Fig. 413} o] 74 h=04mE 2 32Rd9ks el A% o] 0.6m, Zo] 4m, % 05me] FJ4H
Hol| FAE 2EAIA A FRoA FHHEY ehAskE ?W‘fﬂﬂr [H3VOF =&l eJgt 44
M ory 77 Sl el el *F%Ed Fukpzs 7o) 178m, & 8.6m, %°] 1.0molH, 7
g ARIEle Zahaol 105m ol s} gl $5 S8l o] k. FHuld 2 Bk o
HRAPE A EE ERIPIARE o R ;w:a Ak o] wl, FIJAHA] FFEL ¢=0.51, TUYYH
& Dy=1.5emolH, SAHIIE A=9emO|dl, 715 T=4s0|th

O

Y

h z
- 17.8m > A
Imoarmatie wall
—-
Waves
Impermable — impermable
wall Waves wall
8.6m
A— ] h=C 0.4m
4.0m > e X
(0,0)
0.5m
Impermable wall i -
(0,00, = = X <a sida view>
L 10.5m el
(@) Plane view (b) Side view

Fig. 4.1. lllustrative sketch of wave basin and porous structure.
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of tigt AFAT a9t = A=sh vkel 2] Jensen et al.(2014)°] AAE =500, =20 Z]-8-3Th
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Table 4.1. Wave gauge positions.

Wave gauges X(m) Y(m)
Point 3 9.5 1.0
Point 4 9.5 3.0
Point 5 10.0 4.0
Point 6 11.0 4.50
Point 7 11.5 3.50
Point 9 12.0 1.50

Table 4.2. Pressure gauge positions.

Pressure gauges X(m) Y(m) Z(m)
Point 1 10.5 3.89 0.11
Point 2 10.5 3.69 0.25
Point 3 10.89 4.00 0.11
Point 4 10.69 4.00 0.25
Point 5 11.0 3.70 0.11
Point 6 11.0 3.90 0.25
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Fig. 4.2. Comparison between simulated and measured water surface elevations.
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Fig. 4.3. Comparison between simulated and measured wave pressures.
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Fig. 4.4. Illustrative sketch of wave basin.
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Fig. 4.5. Dimension of submerged breakwater and measuring positions of water surface elevation

and velocity.
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; ~--|o o cExperiment(Kawasaki et al., 1999)
OLAFOAM
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vT: T,

int 1 (b) Point 2

T T T T T T f T
0 02 04 06 08 1 1.2 14 16 18 2

(c) Point 3 (d) Point 4
Fig. 4.6. Comparison between simulated and measured water surface elevations.
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Fig. 4.7. Comparison between simulated and measured X- and Y-direction horizontal velocities.
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& el A EEe S f13l Fig 480l Wb migl o] o] 12.5m, & 10m, 0] 04me] =
715 e AT R sk, T vhee] BARE atelekA| o AT h=25emE A
gofolon, Fx9] Edell= 1209 AR 2k ARLE AAJsIgi FAlvsrR el 3AbA TR
AE AAeto] A Afole] TRl W A EE OIS It

oJstell M= Mizutani et al. (1998)7 & 7I59] el ot 2] A o] AAlfste] fie Bl
FAARINA AQ 5= ARIARE 55 FZsto] AS] 4, AA v 2 ARle] w3l 55 7Hde)
Atk WA, Fig. 8ol Kol nie}l o] A de] Aol A= 2lem, S dom, A5
1.05me] =715 242F 7, AbdAARE 212 Atk 1ela, Al AlAlE =8 ¢=033, 5%
W78 Dyy=3.0emQ FIAIHA R FAE T, ZA 2 wigoll HAE= AL F580] =03, TYUD
D, =0.2em?] B ZH2F 7P E ik FAl2] HIAETT ZHs AGATFE Jensen et al. (2014)0] AAIE
=500, p=2.0= AEsiiom, AWl B+ Bl el agshs Dy =02cme] the/dmidel] gk
Billstein et al. (1999)9] A& 0 ZHE] AHH 0=00, 5=3.02 22 Z-L318ich

$H, ALEGY] Axks FEREeR dYARE AEst, AANdo R TPARE A8
AX=3cm, AY=3cm, AZ=0.7cm~l4emz TR 0H, FAE Zakol thst Courant A= 0.3
s ARKHES st FAAds FAsISin AARoR s AR B Bk

Neumann 7181 af/ox, =0 & 48331k

Y
A 12.5m -~
- -
A Waves L jo=g: Coastal line
3.75m, 3
 —
10m G=2.0m. Sandy beach
2.3m;. 8.0 (s/ope 1:20)
o
\ 4
- X
S=5.5m, 6.0m,
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e 11.47m L
(a) Ilustrative sketch of wave basin
Z
r 3
—
Waves

E! 1.05m

$rc=0.0am
0.25m ‘E"A[:
0.21m i / \,
X

(b) Dimension of submerged breakwater
Fig. 4.8. Illustrative sketch of wave basin and submerged structure for numerical analysis.

_60_

Collection @ kmou



A= Fig 480)oll AAE wiel o] ZulgkozRE FA|C] AWAEAF AlREE A7
4.5m(CASE 7), 40m(CASE 8), 3.5m(CASES 1~6), 3.0m(CASE 9) ©]24¥ A& x|at== &t 3,
AL ol b Fte] A= Fig 8@@)ell AAE A ol £, W SfRIHE Ao siebd
skl Al §E wWHHTFE ARESto] AT BAEE 25 AAIE Black and Andrews(2001)
o] Azlel|l wpe} [,/5202 WSS w2lsle] S5 55m(CASE 7), 6m(CASE 8), 6.5m(CASES 1~6),
Tm(CASE 9)% A3l w3k /7% GZ 3.0m(CASES 1, 4), 25m(CASES 2, 5, 7, 8, 9 %
2.0m(CASES 3, 6)% A17g3tel wl Al o] L= 3.5m(CASES 1, 4), 3.75m(CASES 2, 5, 7, 8, 9),
4.0m(CASES 3, 6)Z 3%, J5unlako g FUst dolo] AL AAEE Z o=z 7PsIsit) o
e A wix|e} b =4S FEH o7 veRd Zlo] Table 433 Table 44°]™, Table 4.3
T3] AlYE, Table 44+ Table 43004 AASE 423te] starst 7)ol digeh= frelakarsl 2
F719] BqrHulgSs 7b2) veEhdick B3 Table 4.390% Table 449 EqrXukel Hsly] el =g}
+ REZ 37lstal, 3ol A ek Aol sfjup A o W7|=o] §lom, Table 441 Table
439] qrAIke} 8| Q8 EatA vk RE 3E7]8thClehEY)

Table 4.3. Incident regular wave condition and 3-dimensional layout of submerged breakwater.

Wave | Wave | Wave | Gap Submerged Distance between Wave
CASE No. | muker | height | period | width | breakwater | shoreline and submerged | Z./S | breaking
theory | A (cm) | 7°(s) | G (m) | length L_ (m) breakwater S’ (m) on crown
CASE 1-RE 30 7.0 1.08
CASE 2-RE 5 25 7.5 1.15 No
CASE 3-RE 2.0 8.0 65 1.23
CASE 4RE 3.0 7.0 ' 1.08
CASE 5RE S“ﬁ‘es 14 |25 75 LI5
CASE 6RE 7 2.0 8.0 1.23 Ves
CASE 7-RE 55 1.36
CASE §&-RE 2.5 75 6.0 1.25
CASE 9-RE 7.0 1.07

Table 4.4. Incident irregular waves condition and 3-dimensional layout of submerged breakwater.

Wave Significant | Significant | Gap | Submerged Di“hi“recﬁ bethe“

CASENo. | mumker | Spectum | wave height | wave period | width | breakwater | £, /S| SO
H TG | G length L, (m) gad

theory 1/3 (cm) 1/3 (m) s breal S (m)
CASE 1R 3.0 70 1.08
CASE 2-IR | Imegular | Modified 5 25 7.5 1.15

waves by | Breshneider-

CASE 3-R | gperositi | Mitsuyasu U 20 80 1.3 s
CASE 4IR | onof | spectum ' 3.0 7.0 1.08

linear (Goda, 7
CASE 5IR | waves 1988) 25 75 115
CASE 6IR 20 80 123
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TR O, Black and Andrews(2001)7} A3 - FAtAskete] L /S9} S /L (S, A AR
QU A Fo) ki At A UEhe] A EAIF R Fig 490lth #% 19
o= el FHEAC L/5205 FAS) 7 MAEAE UERE, 95 el 7 2L w
oF 2pAlE] ekl Zlolck TRlo@E] oF 4 gl whsh Po] B Agelre] WAl MHEAL /S
<209] Wil SEuE BT FYsE 208 AE,

Sailent formation condition
—

4 1.2
|=—Black and Andrews(2001)
@ CASE1,CASE4
W CASE2,CASE5
34t | & CASE3,CASE6
O CASE7 oo} ]
» O CASE8 0
~ & CASE9
21\ | BV '
S [}
%] ]
14------\------- -
0 : : 03 : ‘ ‘ ‘
0 1 2 3 4 0.8 0.9 1 1.2 1.3 1.4

d X 1.1
LJ/S Ls/S

Fig. 4.9. Predictive relationship between Z./S and S, ff/ L, of salient formation condition and layout of
submerged breakwater.

43 TS ARHE X HRQAMES £
431 019 B
(1) =<9 gt

Fig. 4102 SAHRZE A=5em®] 74 Al FHoA @AH s 9l FHEEE YRl Zlos
Fig. 4.10()= 77%°] 3.0m(CASE 1-RE), Fig. 4.10(b)x= 2.5m(CASE 2-RE), 1|3l Fig. 4.10(c)=
2.0m(CASE 3-RE)2| Z-t-¢ll 747} sljdsie, 18 Foll F 3pda F2 A0 AR sk at ARl
AAFE HERATE AR FRARE A 29} o] o 9bds] et sRvkE tho R ASEE= S
N 3k Abegtst Adyjolt}, dae And dnkdog AR Q] A wilselA st s
sh, ] AR ellA e S ke S GRIE ¢ qlnk JiEe] FeE N
HollA 37t HAFEo sart e, 37t AT X JTEe] WETE Bt A wi$E o]
SHE Ae HERdth B3 o] Fes A visE Adue geuAz Haste] A
HiS-oll A mkar) FRasit) oo R JiREo] Bl AigtelA 1ke] 5ol Fhaste] far) ZolA]
ARk A vl shats AR, FA|e] doeko g IS AXItRE AE & 7

_62_

Collection @ kmou



10

st
12

X Direction(m)
X Direction(m)
X Direction(m)

0 25 5 75 10 i 5 . i
Y Direction(m) Y Direction(m) Y Direction(m)
e i o ‘i“____ P T
(a) CASE 1-RE( G=3.0m) (b) CASE 2-RE(G=2.5m) (¢) CASE 3-RE( G=2.0m)

Fig. 4.10. Spatial distribution of simulated wave heights according to change of gap width.
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Fig. 4.11. Spatial distribution of simulated wave heights according to change of gap width.

_63_

Collection @ kmou



X Direction(m)

X Direction(m)

X Direction(m)

Collection @ kmou

12.5

10

I
23

o

25

(a) CASE 4-RE( G=3.0m)

25

5
Y Direction(m)

t=52.0s

5
Y Direction(m)

1=52.45s

1=52.95s

5
Y Direction(m)

X Direction(m)

5
Y Direction(m)

t=52.0s

125

10

4
]

X Direction(m)
o

25

0 25 5 75 10
Y Direction(m)

t=52.45s

12.5

10

g
o

X Direction(m)

25

0 25 5 75 10

Y Direction(m)

1=52.95s

Valocity (m/s

o 0.3 0.6 o9 1.2

(b) CASE 5-RE(G=2.5m)
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Fig. 4.12. Snapshots of wave diffraction and velocity behind submerged breakwater on water surface

contour.
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Fig. 4.13. Snapshots of wave breaking waves on submerged breakwater and beach.
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Fig. 4.14. Spatial distribution of simulated wave heights at three Y-Z cross sections.
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Fig. 4.15. Spatial distribution of simulated wave heights according to change of distance between shoreline
and submerged breakwater.
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Fig. 4.16. Spatial distribution of simulated wave heights at three Y-Z cross sections.
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Fig. 4.17. Spatial distribution of mean velocities at three vertical layers of horizontal plane.
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Fig. 4.18. Spatial distribution of time- and depth-averaged mean velocities in horizontal plane.
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Fig. 4.19. Spatial distribution of time- and depth-averaged mean velocities in horizontal plane.
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Fig. 4.20. Spatial distribution of time- and depth-averaged mean velocities in horizontal plane.
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Fig. 4.21. Spatial distribution of longshore current velocities.

Table 4.5. A longshore current’s convergence point on shoreline and total transport flow discharge due to

longshore current.

Transport flow discharge Transport flow discharge

CASE No, || Converging (cm”/s) (em’/s) Total transport flow

point (From head of breakwater to | (From middle of breakwater to | discharge (cm®/s)

middle of breakwater) head of breakwater)

CASE I-RE | Y=10.0m 8,155.42 0 8,155.42
CASE 2RE | Y=10.0m 6,227.68 0 6,227.68
CASE 3-RE | Y=10.0m 2,579.38 0 2,579.38
CASE 4RE | Y=10.0m 25,631.62 0 25,631.62
CASE 5-RE |  ¥=9.0m 22,857.21 219.85 23,077.06
CASE 6RE | Y=8.1lm 8,490.11 2,073.05 10,563.16
CASE 7-RE | Y=10.0m 20,343.89 0 20,343.89
CASE 8RE | Y=838m 23,161.30 1,713.69 24.874.9
CASE 9-RE | Y=8.64m 25411.64 1,075.66 26,487.30
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Fig. 4.22. Spatial distribution of time- and depth-averaged turbulent kinetic energies in horizontal plane.
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Fig. 4.23. Spatial distribution of time- and depth-averaged turbulent kinetic energies in longshore current

region.
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Fig. 4.24. Spatial distribution of time- and depth-averaged turbulent kinetic energies in horizontal plane.
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Fig. 4.26. Spatial distribution of simulated /7. according to change of gap width.
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Fig. 4.27. Spatial distribution of simulated /7. according to change of gap width.
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Fig. 4.28. Snapshots of wave diffraction and velocity behind submerged breakwater on water surface

contour.
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Fig. 4.29. Snapshots of wave breaking waves on submerged breakwater and sandy beach.
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Fig. 4.30. Spatial distribution of simulated /7, at three Y-Z cross sections.
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Fig. 4.31. Spatial distribution of mean velocities at three vertical layers of horizontal plane.
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Fig. 4.32 Spatial distribution of mean velocities at three vertical layers of horizontal plane.
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Fig. 4.33. Spatial distribution of time- and depth-averaged mean velocities in horizontal plane.
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Fig. 4.34. Spatial distribution of time- and depth-averaged mean velocities in horizontal plane.
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435904 AAE AEFE] FEF (HollA] (—)i Hoh= ARE 7 AelMe ATt FHEE AR
o7 yebstal, 1 Aol Zb WAl AHES o R Fehs Wk ARl Al ESoR
k= Wah oz AfMrell o8l FEEE fSs APFste] Table 4.60 1 gk AAIEHE

E

Table 4.6. A longshore current’s convergence point on shoreline and total transport flow discharge due to

longshore current.

Transport flow discharge Transport flow discharge

CASE No. Converging (em?/s) . (em®/s) Tptal transport 3ﬂow

point (from head of breakwater to (from middle of breakwater to | discharge (cm’/s)

middle of breakwater) head of breakwater)

CASE I-IR | Y=10.0m 3,854.33 0 3,854.33
CASE 2R | Y=10.0m 2,758.86 0 2,758.86
CASE 3-IR | Y=10.0m 1,659.75 0 1,659.75
CASE 4R | Y=10.0m 11,638.88 0 11,638.88
CASE 5IR | Y=10.0m 847797 0 8,471.97
CASE 6R | Y=9.74m 4,665.12 14.98 4,680.10

Table 4.601 AN FEFE AT S5&%S X-7 Bwel WAS Falu FH ghow
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ojtt. o]gfgt WpellUA= gl 718k O Ish sigellux|e] At ARE WYshe F9%
QAT ALl vie} 7o) rm(s'/] Halol] ZHAQl ofekS wzit) o7]A4, Fig. 4.36(a): S-o)ub7}
H1 5=5em?l 7395, Fig. 436(b)= Frolvhart H,,=Tem?) 445 247 vERdch a2 RE A

e S o B e e e L e P Jz—iii Az - STkl el W
= N A Sk el FabdsasselluAZE Ao A vepgs, 5 Fehigo s

A BTS2 & 5 Ak

_9']_

Collection @ kmou



125

10

Il
o

X Direction(m)
3,

X Direction(m)
X Direction(m)

25

0 25 5 75 10 0 25 5 75 10 0 25 5 75 10
Y Direction(m) Y Direction(m) Y Direction(m)
o ‘375 " . ' 7’5 y 1 |‘.25‘ 15
(i) CASE 1-IR( G=3.0m) (if) CASE 2-IR(G=2.5m) (iif) CASE 3-IR( G=2.0m)

(@ H,/;=5cm

12.5 12.5

10 10

. R .
£ ¥ S
o o o
£ £ £
Q Q Q

5 5
x X x

25

25

A / 4 0 25 5 75 10
Y Direction(m) Y Direction(m) Y Direction(m)
o 6. I25 , f .5 , IB|7S 25
(i) CASE 4-IR( G=3.0m) (ii) CASE 5-IR( G=2.5m) (iii) CASE 6-IR( G=2.0m)

(b) H,/;=Tcm
Fig. 4.36. Spatial distribution of time- and depth-averaged turbulent kinetic energies in horizontal plane.

Fig. 4372 sliobiz} sgeyet Wako 2 Al 37 solu Az s UehdH, X=102me} sliokd 91|
X=1147m Alo]9] P goluiA|e] SRS afsh Aro|tt A - FFEP e gollUA Rt Jidel]
UIX|9] avika} gt} gloms o] sl PAIE ZIRICE E5E ANk 0= sja1e] Aol sk o]
5] (radiation stress)i= STPAlel= T8k, Hnt Folliz TSR SRR Tyl SHe] o] whalslo]
olef| #H& Fh= 20T duj Qi) AnE AuHm W3 Fig 4360} o) JiE wi$o] sieka
ol WsellUA 7t 578k, tiEe] 7o) BEgs olefeh k] Aalis s gRlgt 4 Sick )
2hA, TS wiglel) W A wikee] A o] WSk HitdiseluRiel A4 dukEe] ohs she 2RI

T L, FEEFEEIA} =255 AR Sl A FFs vl o add

m%

g

_92_

Collection @ kmou



|'-°-°CASE1 -IR*===CASE2-IR —CASE3-IR

N

7 8 9 10
Y Direction(m)

(2) H,/3=5cm

Turbulent Kinetic Energy
(cmZ2/s2)
N A O AN W N

(5]
(=2

=y
o

|°-°-° CASE4-IR*===CASE5-IR — CASE6-IR

=
o

o

7

.
[3,]

Turbulent Kinetic Energy
(cmZ2/s2)
(3]

7 8 9 10
Y Direction(m)

(b) H,/3=Tcm
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A5t k550 FEe] AR 3AATIIA] Ba) 50l v W) 2] Fe s
REG 2E FENEY B4 0 AT FesleloR A4SH BTG, AT %L BFEEAIA

5.1 HIMZRH
S22 217, WAL A W Ak TS )R] 6l AL 2Ale] AT S, BEE 1 2o

7V 418600 A2 vhg} oml, QAo 2 RS BT Table 425} Table 43614 AN
2k} Eolsi

Table 5.1. Condition of regular wave and current applied to numerical analysis and wave breaking on crown.

Wave Current
hei .

CASE No. Wa::e;naker WE;][C (Clelg”'h L period velocity U/ Wave :;rjjvlnqng on

24 T () (c/s)
WCN-RES 0.0
WCF-RES5 5 10.0 No
WCO-RE5 -10.0

Stokes 11 14

WCN-RE7 0.0
WCF-RE7 7 10.0 Yes
WCO-RE7 -10.0

Table 5.1:> 7r&ake] Tl 483 zulolE, rtute] AlY B 355w W 7|5 7}
2} ekt Eolift B80] gl shle] EAlh: A9E WONOE, 583 WPt Ul 492
WCFE, 57 37} ol 498 WCOR #7] 9 elatn], Table 529 Ef2vtel 8317] 9l5)
AP RER IStk T R Aol 2w o w|Ho] glck
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Table 5.2. Condition of irregular wave and current applied to numerical analysis and wave breaking on crown.

Wave mak Significant Significant Current
CASE No. azfeo “ Spectrum wave height | wave period | velocity U/
o Hyy em) | Ty ) (cmls)
WCN-IR5 0.0
WCF-IR5 5 10.0
WCO-IR5 Irregular waves Modified -10.0
by superposition | Breshneider-Mitsu 1.4
WCN-IR7 | of linear waves | yasu(Goda, 1988) 0.0
WCF-IR7 ! 10.0
WCO-IR7 -10.0
Table 5.2%= &ir&ute] FAAAAA 288 ooz, ikl Ald B 55w W3 s
71z} VAL Table 5.13F U3 WON, WCF 118]31 WCOZ 37| B )5k, Table 5.19] 723}

Sh s 98] BiFERE RE B/)S QAIEOR: Table 51994 AN st shasl
7)ol hgshs felstuet felv1e) BiAnge A8l
5.2 AL

5.2.1 Ofe) BX

Fig. 5.1 Azt A=semdl 735~ Al FHoA A4

SEDXASE A o
SESET +OHHE X

51t 350l Yl A9(WCN-RES), Fig. 5.1 =W sE52 Z-(WCF-RES), 18] Fig. 5.1(c)%
PUYFEF2] - HWCORES) 22t afidab], 18 Foll He 3pda) #-2 A AP aliqtilat
© T}

FAANA I Z9) o] 9o $Hd3]
AEatdt Aol ARE AvRE AgkAow AR Qs Al wi%-
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o] o] yepdr, -] sgeluA7t QTS Fate] e A= 2s & 5 vk a5
of wet i wSE A gRtelluRlE A AlolubA] 9X%F WCN, WCF, WC02] o= 1}
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WCF7} WCNQ| 791t} =7, 18] WCO7F WCN2| 91t WA Z2F Yehs 218 & &= Qltk
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Fig. 5.1. Spatial distribution of simulated wave heights according to change of current direction.
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Fig. 5.2 Spatial distribution of simulated wave heights according to change of current direction.
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Fig. 5.3. Snapshots of wave diffraction and velocity behind submerged breakwater on water surface
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Fig. 5.5. Spatial distribution of time-averaged and depth-averaged mean velocities in z-y plane.
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Fig. 5.6. Spatial distribution of time-averaged and depth-averaged mean velocities in z-y plane.
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Fig. 5.7. Spatial distribution of longshore current velocities.

Table 5.3. A longshore current’s convergence point on shoreline and total transport flow discharge due to

longshore current.

Transport flow discharge Transport flow discharge

CASE No, | Converging (cm’/s) (em?/s) Total transport flow

point (From head of breakwater to | (From middle of breakwater to | discharge (cm®/s)

middle of breakwater) head of breakwater)
WCN-RES | y=10.0m 8,155.42 0 8,155.42
WCE-RES | 4=10.0m 7,168.65 0 7,168.65
WCORES | y=10.0m 6,077.12 0 6,077.12
WCN-RE7 | y=10.0m 25,631.62 0 25,631.62
WCF-RE7 | 4=10.0m 2471271 0 2471277
WCORE7 | y=9.03m 16,091.86 175.87 16,267.73
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Fig. 5.13. Spatial distribution of time-averaged and depth-averaged mean velocities in x-y plane.
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Fig. 5.15. Spatial distribution of longshore current velocities.
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Table 5.4. A longshore current’s convergence point on shoreline and total transport flow discharge due to

longshore current.

Transport flow discharge Transport flow discharge

CASE No. Converging (em®/s) . (em®/s) Tptal transport 3ﬂow

point (From head of breakwater to (From middle of breakwater to | discharge (cm”/s)

middle of breakwater) head of breakwater)
WCN-IRS | 4=10.0m 3,854.33 0 3,854.33
WCF-IR5 | »=10.0m 3,404.60 0 3,404.60
WCOIRS | 4=10.0m 3,211.89 0 3,211.89
WCN-IR7 | 4=10.0m 11,638.88 0 11,638.88
WCF-IR7 | »=10.0m 10,725.36 0 10,725.36
WCOIR7 | 4=10.0m 6,611.632 0 6,611.632
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Fig. 5.16. Spatial distribution of time- and depth-averaged turbulent kinetic energies in z-y plane.
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region.
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(b) Slit caisson breakwater model
Fig. 6.1. lllustrative sketch of wave basin and dimension of slit caisson breakwater.
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0.70m 0.70m

0.2m

(a) Front view (b) Back view
Fig. 6.2. Measuring positions of wave pressure.

OLAFOAMe]| &J5t & FaafjAlol M= Ak g-o] A5 ffsl ejddel vla] F4% Zo] 512m
o] FAZITRE AE8I9a, SEEA IS 29O R E 4.8m o)A Aol AA|sISit WA
AxporE wiet W o= Slip A% AL3l90H, AxT7]= Az=1.0cm, Ay=0.5cm, Az
=1.0cm% F AT 5,076,0007HF FAJSIAE | 2ol 48 3= Cnoidal ¥te]1L, A8 R
S LES 22 (Ghosal et al., 1995)°]ck
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Fig. 6.4. Snapshot of waves acting on slit caisson breakwater.
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Fig. 6.3. Comparison between simulated and measured wave pressures.
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B8=1.7m, 2.7m, 3.7m
4.7m, 5.7m, 6.7m

Side view

Front view
(a) Bird’s view (b) Front view (c) Side view
Fig. 6.6. Dimension of circular perforated caisson breakwater for numerical analysis.

Table 6.1 WFERA whe} o] Eqfiulake] 242 shardste] me 7250 Aerlus flste]
ST (T, =119 8kl felstals H,,=25, 30, 3.5m= 2gatglon, F7usle ne 725
o A5 wlwst] flstel feluar (A, ,=3.0m)E sk, 515 T, 4=110, 130, 15082 37
skttt

Table 6.1. Incident wave condition.

H1/3 Tl/3
Condition 25, 3.0, 3.5m 11.0, 13.0, 15.0s
Wave theory Irregular : Linear superposition
Number of waves 150
Spectrum Modified Bretshneider-Mitsuyasu (Goda, 1988)
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o] AAE Fdt oS YERATE SnappyHexMeshi= castellatedMeshControls, snapControls, addLayerControls
o HE AA HEH w2 sz s AAE el T 7158, A% 9E blockMesh 715
o7 Ao 712 AxE AT v AREEITE SnappyHexMesh®] 3@HAIE IHEFSHAl Avgshd,
catellatedMeshControlsi= blockMeshol|x] AAE 712 ZAE AA|(refine)shi= I o2, B3 FF2E29
e ARE Ak 7lsolth &g A D(efine level)oll Wt BRI} FrEel ddEHE 2
g Feeto] 2= AAE Al 8 4 Stk snapControlsi= casteelatedMeshControlsel] 2]3f -
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54 M AASES Ak 7lselth & Atelli= castellatedMeshControls @} snapControls 7]°6-& ©]

S3jol, AAF3uT 4508 T

Fig. 6.7. Mesh generation around structure using SnappyHexMesh utility.
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Yrjpo] gasts AAE Uehiel, 8 foskw} 255, §o7717H 252 Astie] F1ehe
e Btk olefet AT A A%e WALESE WHE ARHS ) vhEoldh e, Ui

GREEESEEERR SR L]
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+—+—+ CASEO
|®—e—8® CASE1

0.13 ‘ 0.13

|E—E—E CASE2
0.104 {4 o o cCases :
le-©-ocasE4

—E\ [- £ -EICASES —E\
XX 0.078 |¢-<-ocases| -/ S/ / o L.
§.-0.052* L o A é _
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00261 Z= Tt ol
o L& g ‘ ‘
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(@) 7;,,=11.0s ®) H5=3.0m

Fig. 6.8. Wave overtopping rates of circular perforated caisson breakwater.
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Fig. 6.10 73 Fo WE Wi K9 Weks Jehd Z10®, Hssh Fg 687 o] Fig
6.10@)= FAF7] (T 5=11.0s)8 8kl Folv9hals H, ,=2.5, 30, 35m%E WS 73-9-0]1, Fig
6.100)= FITAL (A, ,=3.0m)E 1AL FAFIIE T;,=110, 13.0, 1502 W32 g0k nt

A 48] Iste] Aol ARCRE Leh (b : FARE Hold Aol FTAZ 244 05L
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N E AAE O, Goda and Suzuki (1976)° 23 28-S AREslo] WSS 43It Fig
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() CASE 1 (B=1.7m) (b) CASE 3 (B=3.7m) () CASE 6 (B=6.7m)

Fig. 6.9. Snapshots of wave overtopping on circular perforated caisson breakwater.

- 121 -

Collection @ kmou



2 AgelME B/L=0012 (T;,5=150s, B=1.Tm)~0.065 (7;,=11.0, B=6.7m)°] H<lell 3, Fig
6.10()= B/L=0.0652] 7$-0]1L, Fig. 6.10(b)= B/L=0.052] 7-¢-oltk. 138S Awrid z} Alo]Aofx
HRARES K,=0.567~0.7312] #t& YERH, BE #0127} Tanimoto et al. (1976)°1 23t A v}e] M2
of EAleh= Zla R = vt o7|M, YAkt SrkeE sk, 777 AeE WA
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Fig. 6.10. Reflection coefficient for circular perforated caisson breakwater.

- 122 -

Collection @ kmou



6.3.3 TRl H

FEl

= 5 hE T

32
o

(a) Measuring positions of wave pressure acting  (b) Measuring positions of wave pressure on the
on the front wall of the circular perforated inner wall of the circular perforated caisson
caisson breakwater breakwater

Fig. 6.11. Measuring positions of wave pressure.

Table 6.2. Maximum wave height for Goda and Takahashi equations.

Condition H . ovoutput | Pnaxoutput iy | Hyo (A, SL8H, y5) | H T H, g
H,;y=2.5m ; T} ,=11s | 3.82m 1.53 4.5m 1.80
H,5=3.0m ; 7} 5=11s | 4.87m 1.62 5.4m 1.80
H, s =3.5m ;7 ,5=11s | 4.66m 133 6.3m 1.80
Hy5=3.0m ;77 ,5=13s | 43Im 1.44 54m 1.80
H,;=35m ;T; =155 |  4.17m 1.39 54m 1.80

Table 62+ X814 A7}+2} Goda 2] (Goda, 2000 ; A Elof|x] 19l 2 Takahashi 2] (Takahashi et
al, 1992, 1996 ; Tanimoto and Takahashi, 1994 ; =74 FHHA ThHE vlwsh] S8l F2=0]
A e Aast 27 Sell] T2E ARl Qoi ol JAFFuAEE 240l
HANHAL H s FEBI O, 0|2 RY Hdistae} fojstae) v A (H, 5 AT
SISt B3k Goda 4] ! Takahashi 4ol Huivlas tidoz i vt oA 71g & we] &
ok AHdobs Agat, ol EdEEC] dlloe] et FAR R o= e Este] f9
s f, .9 1.8ve] sk whe ARSE) Wil H | =1.8H,,,°) = W78kl o)5ke) Fig.
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16~Fig. 22+= ¥ FXa1A 479} Goda 2] Y Takahashi 2Joll 93t A= nlw3t Zoju, T
Goda 2] %! Takahashi 2] #8A] F-3Eo] AAHA| 2 24 sl F28 XA =4
H =1.8H, ;& 285 A3 S ATt

maxoutputl/]_ max

(1) ME{EE R83t= Aoyme:
1) g2me] tio}
Fig. 6.12:= #9571 (1;,=11.0s)F 2743kl F-2lukare] Wsle] we AW fradle] 2-gah= v

HREES LR Zloft). o714, Fig. 6.12(a)= 9L H, ,=2.5m?] -9, Fig. 6.12(b)x= +o]3taL
H,,=30mQ) 7%, Fig 6.12(c) Fo9a H, ,=3.5mQ] 7Z-9-oltt I9S Avind dA4os $A4gd
ok A e] A g el 2H88hs Goda FSREES} AR rdellA 7 & ke VR,
Zoje] Frtell wet Aokl A kit 7h Alo] A~ MR adelM Fapdulgks vlwshd
oot H,,=25me B p/pgH, ,=141~1.562 WS, v H, ,=3.0mel B p/pgH, ),
=1.41~1489] W9, K29l H,;=3.5m%) B9 p/pgH, 5=1.18~1.442] RSl &ai, At &
5 Aol Fardugto] Aol HES et Folukal A, ,=3.5mollA Ak Egte] A
How ol HolAl= AL SAkzL fubd Foll FaEe] AEsh7] wEdl Aow ddent thEo
2, frrA Fo] §E&TE Fakdugto] Ao SIS & 5 lon, ol fd Fo] TR vket
ixe] x8o] Hr} BA ¥, frdl el g B U 0% QI3 sfRteluA] Aol Hrt @
o} HXFgo] Holx)7] uftolrk oefgh fal Fofl meE w9kl Avke 1 | olF {5
olzof| Zgshs S el d S Tl 579 -8] 13 Oh et al(2013)2] Ay} FUsH HS Kl
th Goda 217t vlashd FHujulas 2ol ARAEA] 9F2 X3 sl FEE AXSA A AEE
HWHL 7 i 218 79 CASE 0, CASE 1, CASE 2 % CASE 3& EFg50] FolAtt )
SE FoluI H e 1898 B A8k B QPgSe] itk A o Qlrk webA,
VA7) AFfEAels WAe] AW faEe] Agsks st Aol H | =1.8H, ;% 1HE
Goda HHEEE A8shd Byl AR FARt oAz & 7o) vie Hrhes 28 vehd
=4

2L
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1.6
e --
LI B e St
ﬁ 0.8 > \
N +—+—+ CASEQ - - ©ICASES
\ ©——® CASE1 ¢--<-+-> CASE6
0.4 \ B—=—mCASE2 Goda Eq.(Hmax=Hmaxoutpur)
A +—+—+ CASE3 - - - - Goda Eq.(Hmx=1.8Hux)
0 @--©CASE4
2 1.6 1.2 0.8 0.4 0
p/ngm
(@) H/3=2.5m
1.6

2 16 12 0.8 0.4 0
p/ngm
(¢) H,/3=3.5m
Fig. 6.12. Comparison of pressure acting on the front wall of the circular perforated caisson
breakwater (77 /5=11.0s).

2) REFe e
Fig. 6.13 o9kl (A, ,=3.0m)E sk, o579 wale] whe A9 fael 288k Zhat
SREES VR Zlolm, Fig 6.13@a)= 571 T )3=11.0s%1 2%, Fig. 6.130b)= AL 73 ,=13.0s%1
%, Fig 6130 SHHRAL T, ,=15.0sQ1 7-9-0ltk =3t Fig 6.129F 2°] Goda 9} fAKH 7
TN 7P 2 ghs vERg, Zlol] STt weh AGRAR] s vERITE 7} Ao~ MR A
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HollA] TS wlwehd, §o57] T, ,=11.0s%) A= p/pgH, 5=141~1489] W2, Sk 1),
=13.0s%) 7353 p/pgH, ;,=1.57~1412] M), QAL T ,=150s%) B9 p/pgH, ,=138~1.642] S]]
Folan, fFeF7I7F Aolda = Agreln Fatduigle] Srkehs A9 UeRdith Fg. 6.129) %0] e
A o] Y= Fkduigto] AolAw, Goda A3} Blwshd Hoiulal A = 283t Aee

maxoutput = —'0‘— SHE

r&

Aol S3h= o)k QAR Aol 7 S AEEH BT QS S5k 22 o 5 ek

1.6
‘_ - )
12’___— I S L
S 081 \ ——————————————————— N5 b
\ +—+—+ CASEOQ -2 ©ICASES5
\ g ®—9—® CASE1 ¢-<--© CASE6
0.4 \ Soeereeeee |m—m—m CASE2 Goda Eq.(Hmax=Hmaxoutput)
5 +—+—+CASE3 - - = Goda Eq.(Hn==1.8Hu)
0 @-@-©CASE4
2 1.6 1.2 0.8 0.4 0
p/ngm
(@) Tl/3=11.0s
1.6

2 1.6 1:2 0.8 0.4 0
p//) gH1/3

(b) 73/5=13.05
1.6

p/ngm
(©) 7;,5=15.0s
Fig. 6.13. Comparison of pressure acting on the front wall of the circular perforated caisson

breakwater (/) /;=3.0m).
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Fig. 6.14= o571 (T, /5=11.0)F 37d5kaL, FoukaLe] sl w2 AlolE Aol 2-geh= Al
WHEES UERd ZlolH, Fig. 614@)E 9L H, ,=2.5mR! 7%, Fig. 614 frelohal H, ),
=3.0m<?! 4%, Fig. 6.14(0)= o9kl H, ;;=3.5m?! 7-5olth T9E AEd BE AojAv) ARy
= e A A A S AW Edeld FAREEol p/pgH, 3=0.15~0.199] gk& HERY
o, O p/pgH, ;;=0%) Goda 2] Aeh= F 2jolE vrhdich S AW Erkolr FAASS
p/pgH, ;;=0.75~0.962] k& vehiv, Azt B2 R H 5 283 Goda 49 AR AA
Aoz QMSol L9tk B9k A Fo| YerE FAASSo] Fos BEE vEh, ol
A% 71 2A S ek 3elA gelldA7E A E7] wlitolth o714, & ATe] A8
ol WapA|9] Aol sHell gk R Aol H, =1.8H, ;& 123 Goda YHEEE 4
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Fig. 6.14. Comparisons of pressure acting on the bottom of the circular perforated caisson
breakwater (77 /5=11.0s).
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Fig. 6.15. Comparison of pressure acting on the bottom of the circular perforated caisson breakwater
(H, /5=3.0m).
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Fig. 6.16. Comparison of pressure acting on the inner wall of the circular perforated caisson
breakwater (7, /;=11.0s).
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Fig. 6.17. Comparison of pressure acting on the bottom of the circular perforated caisson breakwater
(H, /3=3.0m).
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