creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

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



2019 12€ 14

Collection @ kmou



ELER e )
LIST OF FIGURES :-+++c+c-setsetsesteseeseaueiteateiteitassatese ettt ettt )
LIST OF TABLES -+ ++++++seessetesseseeseaseattateateeteetteteste ettt se s aae et )
LIST OF PHOTOS +--++++cve-seesseeseessesueamteiteitaste it e its ittt ese ettt (xi)
ABSTRAQCT -++++++vesvesesemeeneimeemeim et es ettt ettt (xii)
O (xvi)
R 78 A o 0
11 B ATO] HIATF BB ot 0
12 B 0] 8 rrr AN W M R ©)
References -+ Moo s o A 0)
Kl 2 % olaFlow TEO| ARPBPMOIR QU HF -+ vvvvvererserssenssnissnisssissiisi i (11
21 k]?j ...................................................................................................... (11)
2.2 olaFlow O] ZJZHP A oo a1
23 B 2ol N N 13)
2.4 olaFlow BHO] FB it ek e, (14)
241 TFEANAL EFEH ToF] 2o HE s (14)

242 FIZA TN HLRE FA 2 A ekl
FHOIZFTGROHHTE <o (16)
243 3 329 ZEFY FHFGE (19)
244 3AEFNRZE ZWoA] 529 B T Q0)
245 3L EETAA ZHA 529 B FLone 26)
24,6 ETFHTFO] ZTPFZ - ovvrerveeeeieiie s 9
2.5 QL rerr e @1)
REFEIEIICES ++++++++erserrernersersensessast et et et ettt ettt 3

- -

Collection @ kmou



30 A QD e (35
3.2 SRR BIAIZT v 37
32,0 TBFFEE oot 37)

322 TFILO] BL oottt (@4

323 BF4E D FFUELZ LR Y] BForrrrrnrrrrne, 46)

B3 ZQd et 8)
REFEIEIICES <+ e vesereeeemeseeeeauaseie et eeeee ettt sttt 49)
N 4 7% EQYYER| FHOWN AR} SE0| DAY NSRS QAR v 4)
A1 AJQL et (54)
4.2 ZER FAIZITE o veve s 5
421 BPAY AR Ee LI (55)

422 TR MO e WP 62)

423 BEEE D BFIELZf LAY B, 63)

43 AT gl L B W R (66)
References -+t 0. . OO0 ... 67)
N 5 7% EQMYEN] FHOIN AT QAT HS} SAIQIIISAION ARBA........oooovocecnns (70)
51 /\-]o‘i ...................................................................................................... (70)
52 Z=X| 8|4 AT} ST MWt (70)
521 AREZA. . e AR M ...........c.ooencieeneneenens (70)

522 A O] FTEIFO] TIFE TLF- oo %)

523 TITFEEGELE oo (718)

524 FFEEO] TZHET oo @1)

52,5 GIQERO] BLE ot 84)

52,6 BTFELEO RG] B E oo @7

5.3 A et o1)
REFEIEIICES -+ esesesesereseeemmsetetas ettt ettt ©2)

— i -

_ollection @ kmou



6.1 A QT o (95)
6.2 ZEXIFPAI AT+ evvevereeree e ©5)
6.2.1 FAEZZA oottt (95)

622 H. O] B ©7)

623 BFGEY] BRI o (100)

6.2.4 QQEEELT oot (104)

625 FAEFELZ ORI O] BT oo (108)

6.3 T et s (109)
REFEIEIICES -+ wesereseresesemseeaesiet et e e (110)
R 77 SR SEOM AT 32 ErAmet S50 A NATEY| AAPHY (112
T AR ererrereenmeneinnenncnn AR By L AL TE g 112)
7.2 2RI N M 113)
721 AR e i e 113)

722 shirEas...... . O B W el (114)

723 BFGEY) FZRELE oot (119)

7.4 QoS Rgy, _ , T . .................. (122

725 BRGFLE ARG B (126)

73 A AN A AR (130)
References v VR Ol ... (131)
N 8 & NNOZS FUOJN AN QIANKHS! 3AIQITISTL] AABHA. ..o (133)
8.1 A Q] o (133)
8.2 SRR BRI T vvevrerrerrer i (134)
821 APAEZZL et (134)

8.2.2 AAPAFENG] THEh - ovveverseieisiei s (134)

82.3 TFIEE L THO] FTp-ovevrevrerrersemieii e (136)

824 T TG et (141)

8.2.5 HTEELIOLIR] - vvvrevrerreremeieitii (142)

8.3 A0ttt (148)

- i -



REFEIEIICES -+ eeeeeeereerennnmnnnnn ettt ettt (149)

B O T8 HE oo (152)
9.1 A 2FONA] Z QT wvereee e (152)
9.2 A 3AHONA Qv (152)
9.3 A 4FAFOIA] ZQT--wvvveeeeeeee e (153)
9.4 A SAFOIA] ZQTewvvveeeeee (154)
9.5 A GFOPA] ZQTewvveeeeee e (155)
9.6 A TAONA] B Qe (156)
9.7 A 8FFONA] ZQT-wveeeereee e (157)
REFEIEIICES <+ e eeseresesmsesemeeieaeetet et et (158)
— v -

Collection @ kmou



Fig.

Fig.

Fig.

Fig.

Fig
Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig

Fig.

Fig.

Fig.
Fig.

Fig.

LL

1.2.

2.1

22.

23.

24.

2.5.

2.6.

27.

28

29.

2.10.

2.11.

2.12.

2.13.

2.14.

2.15.

3.1

LIST OF FIGURES

Layout condition of submerged breakwaters installed in Korea. -

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

Comparison between simulated and measured water surface
elevations.

An illustrative sketch of wave flume and submerged structure for
numerical analysis.

Comparison between sinulated and measured water

surface elevations.
Comparison between simulated and measured pore-water pressures. -

Comparison of sinulated and measured water surface elevations in
wave-current interaction.

Comparison of simulated and measured mean horizontal velocity
profiles in wave-current interaction.

[ustrative sketch for layout of three-dimensional basin and
permeable vertical structure.

Comparison between simulated and measured water

surface elevations.
Comparison between simulated and measured wave pressures. -+

TMustrative sketch for layout of three-dimensional basin and
impermeable vertical structure.

Dimension of submerged breakwater and measuring positions
of water surface elevation and velocity.

Comparison between simulated and measured water

surface elevations.
Comparison between simulated and measured X- and ¥'-direction
velocities.

Calculated wave profiles at wave source position and
comparison of target and calculated wave frequency spectra.

Comparison of target, input and incident spectra, — =e-eeeeereeeeeee

An illustrative sketch of wave flume and submerged structure
for numerical analysis.

Collection @ kmou

(15)

(16)

(17)
(18)

(20)

(23)

(23)

(25)
(26)

@7

@7

(28)

(28)

(30)
G

(38)



Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

32

33.

34.

3.5.

3.6.

3.7.

3.8.

39.

4.1.

4.2.

43.

4.4.

4.5.

4.6.

4.7.

4.8.

4.9.

5.1.

Water surface elevation fluctuations and wave frequency spectra according
to the direction of curert for sandy beach

Water elevation fluctuations and wave frequency spectra according to the
direction of currert for graveled beach.

Snapshots of breaking waves according to the current direction for

sandy beach.
Snapshots of breaking waves according to the current direction for

graveled beach

Spa‘[lal dlsmbunon Of Slrrﬂ.]lated wave helghts ...............................

Spatial distribution of time-averaged velocities around submerged
breakwater.

Spatial distribution of time-averaged turbulent kinetic energy

around submerged breakwater.
Spatial distribution of time-averaged and vertically-averaged

turbulent kinetic energy and its accunmulation.

An illustrative sketch of wave flume and submerged structure
for numerical analysis.

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

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

Snapshots of breaking waves acoording to the current direction for

sandy beach.
Snapshots of breaking waves according to the current direction for

graveled beach.

Spatlal d1s11‘1but10n Of SIlelated wave helghts ...............................

Spatial distribution of time-averaged velocities around

submerged breakwater.
Spatial distribution of time-averaged turbulent kinetic energy

around submerged breakwater.
Spatial distribution of time-averaged and vertically-averaged

turbulent kinetic energy and its accunmilation.
Tlustrative sketch of wave basin and submerged structure

for numerical analysis.

_Vi_

Collection @ kmou

(40)

(41)

(42)

“4)
(45)

(47)

“3)

“3)

(56)

(58)

(60)

(61)

(62)
(63)

(4)

(65)

(66)

(71)



Fig.

Fig.

Fig

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

5.2.

5.3.

5.4.

5.5.

5.6.

5.7.

58

59.

5.10.

511

5.12.

5.13.

5.14.

5.15.

5.16.

5.17.

5.18.

5.19.

6.1.

Spatial distribution of sinulated wave heights according to
change of gap width.
Spatial distribution of simulated wave heights according to
change of gap width.

Snapshots of wave diffraction and velocity behind submerged
breakwater on water surface contour.

Snapshots of wave breaking waves on submerged breakwater
and beach.

Spatial distribution of sinulated wave heights. ~— --exeeeeeeeeeee

Spatial distribution of simulated wave heights according to
change of distance between shoreline and submerged breakwater.

Spatial distribution of simulated wave heights, — «eeeeeroeeeeeeee

Spatial distribution of simulated mean water level according to
change of gap width.

Spatial distribution of sinuilated mean water level. ~ «+eooeoeeeeeeereeeeen

Spatial distribution of mean velocities at three vertical layers of
horizontal plane.

Spatial distribution of time- and depth-averaged mean

velocities in horizontal plane.

Spatial distribution of time- and depth-averaged mean

velocities in horizontal plane.

Spatial distribution of time- and depth-averaged mean velocities
in horizontal plane.

Spatial distribution of longshore current velocities, — +++------eeeeeeeeeeeeeeees

Spatial distribution of time- and depth-averaged turbulent
kinetic energies in horizontal plane.

Spatial distribution of time- and depth-averaged turbulent
kinetic energies in longshore current region.

Spatial distribution of time- and depth-averaged turbulent
kinetic energies in horizontal plane.

Spatial distribution of time- and depth-averaged turbulent
kinetic energies in longshore current region.

[lustrative sketch of wave basin and submerged structure
for numerical analysis.

- vii -

Collection @ kmou

(73)

(73)

(74)

(75)
(76)
(78)
(79)
(80)
(80)

(82)

(83)

(83)

(85)

(86)

(89)

(89)

(90)

©n

©5)



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

6.2.

6.3.

64.

6.5.

6.6.

6.7.

6.8.

6.9.

6.10.

6.11.

6.12.

6.13.

7.1.

72.

7.3.

74.

75.

Spatial distribution of simulated 4., , according to
change of gap width.
Spatial distribution of simulated A,
change of gap width.

Snapshots of wave diffraction and velocity behind
submerged breakwater on water surface contour.

.ms according to

Snapshots of wave breaking waves on submerged
breakwater and sandy beach.

Spatial distribution of simulated #,
CIoss sections.

ms at three Y-7

Spatial distribution of mean velocities at three vertical
layers of horizontal plane.

Spatial distribution of mean velocities at three vertical
layers of horizontal plane.

Spatial distribution of time- and depth-averaged mean velocities

in horizontal plane.

Spatial distribution of time- and depth-averaged mean velocities

in horizontal plane.

Spatial distribution of longshore current velocities. -+«
Spatial distribution of time- and depth-averaged turbulent
kinetic energies in horizontal plane.

Spatial distribution of time- and depth-averaged turbulent
kinetic energies in longshore current region.

[lustrative sketches of wave basin and submerged structure
for numerical analysis.

Spatial distribution of simulated wave heights according to
change of current direction.

Snapshots of wave diffraction and velocity behind submerged
breakwater on water surface contour.

Spatial distribution of simulated wave heights according to
1y direction.

Spatial distribution of simulated #,.,,, according to
change of current direction.

- viii -

Collection @ kmou

(100)

(101)

(102)

(103)

(105)

(106)

(106)

(107)

(108)

(109)

(114)

(116)

(117)

(119)

(120)



Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig

7.6.

7.7.

7.8.

79.

7.10.

711

7.12.

7.13.

7.14.

8.1.

8.2.

8.3.

8.4.

8.5.

8.6.

8.7.

8.8

89.

Spatial distribution of simulated 77, , according to y direction.
Spatial distribution of time-averaged and depth-averaged
mean velocities in -y plane.(Regular wave conditions)

Spatial distribution of time-averaged and depth-averaged
mean velocities in x-y plane.(Irregular wave conditions)

Spatial distribution of longshore current velocities. — «««eeoeoeveeeeee

Spatial distribution of longshore current velocities, ~— --------eeeeeeee+

Spatial distribution of time- and depth-averaged
turbulent kinetic energies in z-y plane.

Spatial distribution of time- and depth-averaged
turbulent kinetic energy in longshore current region.

Spatial distribution of time- and depth-averaged
turbulent kinetic energies in z-y plane.

Spatial distribution of time- and depth-averaged
turbulent kinetic energy in longshore current region.

Definition sketch for layout of LCS, measuring
points of water level and cross section.

THTB Varlahon Of water leVel .................................................

Spatial distribution of simulated wave heights according to
the change of gap width( #=5cm).
Spatial distribution of simulated wave heights according to
the change of gap width( 7/=7cm).

Snapshots of wave diffraction behind LCS(0SH7G250Rc3). =+~

Spatial distribution of time- and depth-averaged mean
velocities in horizontal plane( A=5cm).
Spatial distribution of time- and depth-averaged mean
velocities in horizontal plane( /=7cm).

Spatial distribution of time- and depth-averaged turbulent
kinetic energies in horizontal plane( Z=5cm).

Spatial distribution of time- and depth-averaged turbulent
kinetic energies in horizontal plane( A=7cm).

_iX_

Collection @ kmou

(121)

(122)

(123)

(124)
(125)

(127)

(128)

(129)

(130)

(134)
(136)

(138)

(139)
(140)

(143)

(144)

(145)

(146)



Table 2.1.
Table 2.2.
Table 2.3.
Table 3.1.
Table 3.2.
Table 4.1.
Table 4.2.

Table 5.1.

Table 5.2.

Table 6.1.

Table 6.2.

Table 7.1.

Table 7.2.

Table 7.3.

Table 7.4.

Table &.1.

LIST OF TABLES

Wave gauge POSItions,  «reeesessersssrssemsensnne s,
Pressure auge POSIIONS.  +rrrswssersesssrsssmmssmssnsssisnisnns
Tncident Wave CONAItIONS,  «+«+e-serrerreeremmermmsmmmmeimeineieineieineas
Condition of wave and current applied to numerical analysis. -+
Comparison of wave heights at WG1, WG2, WG3, WG4 and WGS.

Conditions of wave and current applied to numerical analysis. -
Comparison of wave heights at WG1, W&, WG3, WG4 and WGS.

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

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

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

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

Regular wave and current conditions applied to numerical
analysis and wave breaking on crown.

Irregular wave and current conditions applied to numerical
analysis and wave breaking on crown.

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

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

Incident wave condition and 3-dimensional layout of LCS. -+~

Collection @ kmou

24)
24)
(30)
(39)
(45)
(56)
(64)

(72)

&7)

(%)

(107)

(114)

(115)

(124)

(126)

(135)



LIST OF PHOTOS

Photo 1.1.  Weolcheon-coast of Samcheok city from Google Earth, ~ ++--+veeeeereeeeeeees
Photo 1.2.  Submerged breakwaters to protect beach erosion of Songdo, Busan. -+
Photo 13 Dm .............................................................................

_Xi_

Collection @ kmou



Numerical Simulation on Variation Characteristics of Wave Field

around Submerged Breakwater and Low-Crested Structure

by
Sung Wook An

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

ABSTRACT
The purpose of this study is to investigate the variation characteristics of wave heights
and nearshore currents by 2D or 3D numerical analysis according to the installation of
submerged breakwater or low-crested —structure(hereinafter referred to as LCS),
representative structures of littoral drift control structures or offshore structures for the
control of wave and current, in two-dimensional or three-dimensional sea area where regular

or irregular waves and currents(tidal currents) coexist.

Since crest heights is lower than still water level, the submerged breakwater is known
to create a natural beach by preventing the erosion or movement of bottom materials
which induces maintaining the current status or promoting recovery of the eroded beach
while providing eco-friendly effect in maintaining natural landscape of the coast. Although
submerged breakwaters have been planned and installed in many sea areas including the
South and Fast coasts of Korea, the economic feasibility due to wide width has also
been pointed out. It is known that there are not many sites where the purposed function
of preventing erosion is faithfully performed. The reasons of this phenomenon are as

follows. First, the crest width of the submerged breakwaters, the gap width of breakwaters,
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the length and distance from the coastline, etc. are not installed in accordance with the
site conditions. The other reason is that the installation is not correspondent with two

wave conditions, that is, normal wave and abnormal wave, simultaneously.

Thus, in Japan and Europe, LCS has been regarded as the alternative coastal structures
to supplement the shortcomings of submerged breakwaters for a long time. LCS is generally
a low crest structure parallel to the coast to protect the beach, and is known to perform
an intermediate role between the submerged breakwaters and the detached breakwater.
The shape of LCS is similar to that of submerged breakwaters or detached breakwaters,
but the crest heights of LCS is relatively lower than that of detached breakwater. So,
in case of high wave heights, wave overtopping is allowed in LCS case and the magnitude
of horizontal wave force is smaller than that of conventional detached breakwater. The
wave control mechanism of submerged breakwaters is to induce enforced breaking waves
at the crest by improving the frictional resistance by wide widths and reducing the depth
of crest. In contrast, LCS has a narrower crest widths compared to submerged breakwaters
and high crest heights by means of protruding crests in the air, the wave control by
reflection, wave overtopping and friction resistance of LCS is more powerful and
economical than that of submerged breakwaters. While both LCS and submerged
breakwaters reduce wave energy affecting on the beach without dissipation in some extent,
the more transmitted wave energy is reduced in LCS. In view of the advantages of LCS,
many theoretical and experimental studies have been conducted in Europe, and the design
methods has been greatly improved and integrated by field application of results.

In general, the planar two-dimensional analysis method(mild slope equation and
Boussinesq's equation) integrated in the depth direction is almost applied to estimate wave
heights or nearshore currents in the sea area. In this case, variations of sea water level
such as wave height is calculated with a good accuracy. Whereas, the value of nearshore
currents is calculated by the mean flow in the depth direction, there may be some problem
in the beach deformation analysis(bed load and suspended load) based on shallow waters

- Xxiii -
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and nearshore currents, which are heavily influenced by water depths. Especially in case
of porous submerged structures such as submerged breakwaters, wave fields are divided
into areas where structures exist and areas where structures do not exist, vertical integration
in the depth direction can cause a lot of errors. Therefore, in this study, three-dimensional
numerical analysis is performed to solve the shortcomings of the planar two-dimensional
analysis method described above and to obtain a high accuracy result. The olaFlow model,
which has been in the spotlight recently, has been applied. This model was originally
developed based on the OpenFOAM®(Open source Field Operation And Manipulation)
model and is finite volume method based on strong nonlinear analysis. Two-phase fluid
flows analysis, turbulence analysis, and wave breaking analysis is possible with this model,
which is based on the three-dimensional VARANS(Volume-Averaged Reynolds-Averaged
Navier-Stokes) equation. Recently, various modules are used and many researches are
conducted to study interaction between waves and structures, the behavior of two-phase
fluid flows in permeable structures, the interaction between waves, structures and
foundations, the generation of isolated waves, ship motions, ship waves and propulsion.
However, it is actively used and developed mainly in Europe where led the development

of source code, there are few applications in Korea, especially in coastal engineering.

First of all, before applying the olaFlow model to investigate the fluctuation
characteristics of wave heights and nearshore currents due to structures such as submerged
breakwaters or LCS in three-dimensional waters, the verification of olaFlow model is
performed. For this, the numerical results are analyzed compared to the existing
experimental results about following issues, that is, 1) variation of seawater level of a
bore penetrating porous media, 2) wave variation around permeable submerged breakwaters
and variation of pore-water pressure in submerged breakwaters and foundations, 3) variation
of mean flow velocity in coexistence fields of waves and currents, 4) variation of seawater
level and wave pressure around three-dimensional permeable upright walls, 5) variation
of seawater level and flow velocity around three-dimensional impermeable submerged

breakwater. 6) generated wave profile and frequency spectrum of irregular wave.
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Based on the high accuracy and validity of the results of the olaFlow model as described
above, the numerical analyses of following topics are conducted. 1) numerical analysis of
two-dimensional wave fields in the coexistence fields of regular waves and currents around
permeable submerged breakwaters, 2) numerical analysis of two-dimensional wave fields in
coexistence fields of irregular waves and currents around permeable submerged breakwaters,
3) numerical analysis of three-dimensional wave field under regular wave conditions around
permeable submerged breakwaters, 4) numerical analysis of three-dimensional wave field under
irregular wave conditions around permeable submerged breakwaters, 5) numerical analysis of
three-dimensional wave fields in coexistence fields of regular or irregular waves and currents
around permeable submerged breakwaters, and 6) numerical analysis of the three-dimensional
wave field under regular wave conditions around low-crested structures. Variations of seawater
levels, variations of wave heights and frequency spectra, and the fluctuation characteristics
of mean flow velocity and mean turbulence kinetic energy according to conditions of
incident waves, flow conditions and structure arrangements are discussed thoroughly. In
particular, the variations of wave heights, flow velocity, and turbulent kinetic energy around
LCS is derived. The results caused by changes of arrangement such as gap of structures and
depth of crest, and changes of incident wave conditions such as wave height and wave period
are compared and examined with those of submerged breakwaters. Through this process, the
differences in the characteristics of LCS and submerged breakwaters are analyzed and discussed

in detail.

Finally, the important conclusions of each chapter are presented at the end, and the

final conclusions of this study is presented in the conclusion chapter.
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(a) 2009.9.10. (b) 2012.10.23.
Photo 1.1. Weolcheon-coast of Samcheok city from Google Earth.
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Fig. 1.1. Layout condition of submerged breakwaters installed in Korea.
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371508 FEEo] At 7] whzel vkle} Eut gl wpkAfsle] o3t sigAle)7 s o] sk
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e ZoANL 1CSe) 7497 B AhujelluiRlE ZHAARITE ot 28 Lese] el T3t
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o, wgt Fehd =l ool that 7352, Lamberti and Martinelli(1999)= ol ekl S 93t
LCSO) AeAlIE 55156121, Hawkins et al(2007)S LCSOll that AARAME wEsi

r

Photo 1.2. Submerged breakwaters to 1 RN Scngdo,
Busan(https://www.crowdpic.net).
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Photo 1.3. DELOS(www.delos.unibo.it).

g1, Black and Andrews(2001):= 32F A 9] vl x| o)A ©AREA ] 7390l 2)(1.1)2 2 370

Collection @ kmou



7S A1) SAAS tombolo) 2} A2 AA I (salient) 2] BAZAS A SISITE

S ) L —1.27
Zolf 0.5( ) (8))

A7, S, ;= A 2|2 ek WS siokxe JAlote] Azts veR, thee] Fig 1291
FALANATF L,/ 59 S, 1/ L, 8] A ARISISITE Fg 129] 25 Tdlol= Adrlse] 4%
291 L, /5207 3 ol A12] 7w zs ehde, 95 TRells 2F 208 Bt A8
LR Floft}. 1 0 R o Sl Hie} o] Fshe B delA] A xS B
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Sailent formation condition

. — 1.2 & ¥
H Black and Andrews(2001) { [
@—8—8 CASE1,CASE4 L A 4
5 [m—=—8 CASE2,CASES5 0.9 n) [
3 oo | ¢—+—+ CASE3,CASE6 L A s
¥ G -©- ©CASE7 ) S
@ H = -E- ICASES | H H H
5 2 «nac?— -- & :
n i ! ; d
: 03 h
1 RGO . : :
TH~— 0 =
H —_— 000
0 0.8 0.9 1 11 13 14
0 1 2 3 4 Ls/S
Ls/S

Fig. 1.2. Predictive relationship between Z,/.S and S,/ L, of salient formation condition and
layout of submerged breakwater.
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TR ¢, =12 A82ASITE: 3L Z124e] ARHelld fAle] W9t AV VOF 35 716

= Ag8jo] thaat 2ol AbgE o

pP= pwaterF+ Pair (1 - F) (26)
ILL = MTIJ(I?SCT'FJF ILL(I,“' (1 - F) (2"0

w3k WSt WEAAARE v, © LES(Large Eddy Simulation) % 2YGhosal et al., 19952 283}
of A3l o, 71 Hko] olaFlow FElof] thak AAIsE =218l 7152 Lee et al(2016) == olaFlow

7 (http:/ openfoanwiki.net/index.php/ContribyolaFlow) = #33517] Hleic]:

23 SrAIR| TPRjE
Bt oRe HglolE R e Qlojal Aste] Fuiro] ShiH RS ol Fai] o
etk SRzl 2o eiakg i, 59 2 AR u, w ) AR Basiel

o5& Z7h 22812107 o] Folrirk

M
n(t) = D] apcos(2mfmt — £,,) @8
m=1
M coshk,, (h + 2)
u(z,t) = m§1277fm Wamcos@ﬂf’“t g ) 29

sinhk,, (h + 2)

M
wle,t) = X ol — i

m=1

a,,sin(27f,t —¢,) (2.10

A7, e, & Random®t VI, £, & I, & A5 K, 2 O MRS
hs ol T, AAFRE 2= gl ARV e e sk, 1% q,, &t

A1z ZoHch
a, = V2S(f)Af @.11)

7M, AfE TIFE, S(f) v BEgeliAdzo|H, & A telMi= Bt ufe] AHE-
B Rolehs dlol g AR AL i 2)(2.12)] Modified Bretshneider-Mitsuyasu(Goda, 1988)
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o= A g

S(f) = 0.205H, 3 Tyjy ' f Pexp|—0.75( T, 5 f) ] 2.12)

VW, Hy 32 T, T )5 95715 212 vehdich, 58t i £, 9] Adeie]
T FUGEAAERS G0 Rshe W) 71719 Adiale] xiEo] Fdates SRR
Halsh= 1] So| itk & o3 ollA= Modified Bretshneider-Mitsuyasu(Goda, 1988) ~E o] tial
SouAZ AHERS #3184 Q1= Goda2000)0] I3 ARFE Tha-0] 2)2.13)S o] 3lo] Fulg

"= 1;)07 {lnl2ar/@m = DI}, m=1,...,M 213)
1/3

24 olaFlow 2Ee| HF

24.1 DiFAONS St HOjo| A9IHE

Liu et al.(1999)> AV R3S B3l A skl & TR 28 AlRIES] w471l
o8 A S} A S FBER 9ol it =9EE S A3 o) 89em,
0] 58cm2) 221zl FRiEIgom, el 2 30em?] TRy duiaS: eIt thednid
O] FFEL ¢=049, TYUNE Dy=1.5%me ™, AT =503} g=2F 217t 2 8oiict. B3,
Liu et al.(199)] A& FAR2S | 2J8l] Fafddelr Abgeh sl T4 2719 Antd s
AL Ar=A2=05am2] EE ARFAARE o]8310] 178x116] BVIER AlOE 70 2 5E]
4z B9 FAARES el A4 R A olaFlow K2 Higuera et al., 2015)°] 5% LES
TR J 4 Ghosal et al, 1995)0 ]9, HFERAIZE v §-20] A7) ek ko E
Nonsslip 2718 21-8313itk

Fig 212 A0|ES /st & ARPdTel| whe 2| adAlsls} aApsle] o das
vehde, 2ol therduilde S o R 371E9Mth TR RNE =035 £=0.5m FelA]

=

Qz}

olaFlow % 2)Higuera et al., 2015)] 2J8t 9% 5-2] AXFAT} Liu et al.(199)2] A7)} thai
dolst AdE wolal QAL o] FAARteME 1HRQ1 AlO|ES] PSS st A

v

Sk, TiSo] et ol WS 010 B0l UE A5 B Sol Ao e
AP S 20 vt 2o e SRHOR ROIsA 9k Bel 7otk Aoz Bl

Collection @ kmou



o} AL A O olaFlow BEIS] A ARFATRE the/drfde] A - 5 Bl el A - 37t

Ao WEshs WS A% # A5 £ e FRIE F Slrk

BB B &S

Z (cm)

15

10 o

5 3.

a Fai] 40 B0 &0 0 20 40 60 80
X fem) X (cm)

(a) t=0.35s (b) t=0.75s

0 20 40 60 80 0 20 40 60 80
X (cm) X (cm)

(©) t=1.15 (d) =155

0 20 40 60 80
X (cm)
(e) t=1.95

Fig. 2.1. Comparison between sinulated and measured water surface elevations.

242 RrgEN| TN TrgtEd B R AR dRUSREE
FIIEA ] Tt olaFlow X 2(Higuera et al, 2015)9] ARPIEE 75317] Flate] BefAbde]
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A VA Tl 919} A B BeARhle JgiukEow QI A= diES
T RPN O 2R E] Z7JE Mizutani et al(1998)°]] SJet Av}, 12|31 35782 ANEAE2] diAdof
Z}ZF VARANS W72)(Hsu et al., 2004)7} Biot ®782)(Biot, 1941)& 285+ PORO-WSSI % 2)Jeng et
al, 2013)°]) SJgk A E e} vl - HAEST: FefAglel AR Zuas= 7o) 25m, 0] 095m
ol o] uj QAR Wars H=3em, T T=14s, 502 h=03mo]t). B3k Zulat HihE:e]
TZ Bl WS Alofalr] S1al A PE XSk A1) Al 0] 21em, & 105em,
A - 3] AR 120]c) AEe] Al 3£0] 19em, % 360eme] 1, A A - 3 AAP 02 E]
85.5cm O] A57HA] e} 0, o] 9]¢ Yo R IANES AR[BISIE Y] FHES
=033, TUYNEE Dy Bemol™, A FE2 =03, T B Dy=0.1emo|T:

Fg 22 A 2 A1) Al e daele] nlws fla) S7d9 Fes 9 Aeli=sast
W] XS LERdc) ARIAIRES: £017] S8l 522 2715 Ao] 15m, 0] 065mE 7351911,
AT/ Az=10om Az=05em?] 7FAAREE 7481910k x| 23R Stokes 221710125, v
A2 2 23= Neumann 29 0 f / o, =05 21831500k FAI2] TAAE7H 2= AATE Jensen
et al. 2014)0] AT =500, 5=2.0= 2813 0m, Ake] 9= Reflgel sldshs Dy =02m
o] thaAdulldel] tist Billstein et al.(1999)2] A0 ZHE] AFYH =00, 3=3.0S 217 AL3190tt

rlo

rlo

A B8
y @ 235cm 9 C@A 166cm @
—
Wave *
! 9cm Wave
0.3m absorption

(0,0)

85.5cm 42cm 52.5cm 52.5cm  42cm 85.5cm

Fig. 2.2. An illustrative sketch of wave flume and submerged structure
for numerical analysis.

Fig 23 Fig 2.2¢] o1 GDARIelA Akl lws-2 LR, olaFlow B2of] 25t 4]
XAk} Mizutani et al.(1998)°] 2J3 2], Jeng et al2013)] A ARFAZE: S Yehdc)
TROERE] SQlE)= upel o] A FHEel @R H] AWJOJ BRI Bl
9] Y] QAL A e EEQ1 CA Al 3 oA mldegute] wge.
2 el At A - 5l A - sleld o] B, S8l 1@011*% CAR] 3P} Shdal o=
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Fig. 2.3. Comparison between sinulated and measured water surface elevations.
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|+ = aExperiment(Mizutani et al., 1998) —— PORO-WSS(Zeng et al., 2013) —— olaFlow|

7 12 4 16 18 8 82 84
Time (s)

(a) Point 1

Ps/>H

' Time (s) '

"
S
0.5 i
7 12 14 16 78 8 82 84
Time (s)
(c) Point 3
0.5
"
S
05
7 12 14 16 8 8 82 84
Time (s)
(d) Point 4

Fig. 2.4. Comparison between simulated and measured pore-water pressures.

Fig 24+ Fig 2291 017 O-@A 8ol FAIES0%5-S UeR™, Fig 239} 720] olaFlow
el et e A7} Miztani et al. (1998)°1] 218t 24| 2 Jeng et al2013)0]] &Jek x| AV FA R}
£ 2ol Yepdict: 2310w e A 9 siAAR el 19l st A3AE ik o s
A

LRERFA] oh= Ze ER18 4 itk WA, olaFlow Fel] )3t el A= AHke] Eigzsist

ofl A 7este) BT RS vl ek ARisha glorz sl 1=
QA
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243 TS} 589 SEYY THRE
Umeyama(2011)1= S5730l| 11219K5 Z34A1A 1121018} 359] 328l whe mowsd) 745
HHS}E: PIV(Particle Image Velocimetry) S} PTV(Particle Tracking Velocimetry) -2 o]-8-3lo] A4 0%
Sl 29 Ve o] 25m, % 07m, 0] 1.0mO[, 23 0 R5E] 14m2] $1A|oA
o} AAMIEEO ® RS A4 SeIsit) A B350 G AdEielA sk Zakst
7495} 50| EAGh= “dellel A 112kE Zakst Aol WCL, W2, Bl W) 7H3]m], i o1
A= FARe] 7390l faliAl Rt olaFlow lel] <13k x[ai Al At} vlasto] olaFlow F30) EFdE
A% 9= H=1.03em(WCL), 2.34em(WC2) 2 3.61em(WC3), 771 BE Ao ok 7=1.0s,
BETE wel SO R U=0.08ems, 183 G h=03mE ZZ) 25 - TAIERIC
TR AR AT A7) o] 17m, 0] 034me]H, IR H 0 25 E 10m
o] A% SIX|olx] F9lo} AXREC = SRS 5755 0m, o] v A AR Neumann
279 o f ) oz, =08 2830} A7 Az=05mm, A 2=025am0 |7, 7] = 714 455600
7Meet. Exaiet ihAhS: SJet x| 2uoli= Stokes 22101 E-S ARSI M, WrailAdelli= LES B9
(Ghosal et al,, 1995 2183l Hofxl A ARE BlaL - HESI:
Fig 2.5% 112)91s} 5:50] e ahgol] whe 79sle] S ARFAYE A3 Ao} vl 2]
) AR 23} 0] 5] ] WeSlilly developed) I35k 02 577] 59t Akesad
g Avolr}:. TS AEH Rt SRS et FaelA] o1e) AjolE VERIAIRE AR
o7 FAAAT AFA fARE Y] the/dE vERdtk
Fig 26& 552 20| d oM S8vh4r8 vheRd Aotk Tslel] ¢ =000s= 591) 2784
el gho] F we] VS, t=05s shpo] FHE mle] kS A7 vEhin, ¢ =025
ﬁllﬂr%m}ow {HAE] Vgl ¢ =075 St Bt Alolel] S AR oPdel sfdeic:
ARIR Al Hsst S9slel] el nle} o] Zuf ool ghds] widket sRkiks oo
557 B3t Akeatel dujo|tt:
TR ORRE Vel WAl H}d Hol = wAE 5HsF v, o SR
= 3] Pl 0] oRE Zhassta, RiE 9] #bﬂ*i% Lol ok ks, 7
Pde] Alolol= 4 7494 % 6& THBARES RS 24 & 4 Sitk o7)A, 919
71l whet et A3 A FARHA UERFARE skarrt Z7 Kl whet 14
e mEo]l g3 354w doakdor G459 A7) 94 Yehhs 2S84
oItk Fig 2.60)2) t =0255(d=20cm -39} ¢ =0.758(d=25m F-D)elA] ekz1e] xjo|7} Hhajal=
732 Umeyama(2011)14] A eake g% W 7kt o) #19]aFA olaFlow F2(Higuera et

lov
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al., 2015)°1 2Jk Al Ao} Aedte] tis-do] Btk s 2]l

st
ol
30
s}

2 2
© o oExperiment(Umayama., 2011)
"E\ 1.5 olaFlow '—E\ 1.5
S os S 05
g i
S o : o
w -0.5 ] -0.5 |
Py A
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D -2 \

t t t t t t
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Fig. 2.5. Comparison of simulated and measured water surface elevations in wave-current
interaction.

244 SNASIVGAZIE U 29| QI MRt

olaFlow ¥ 2YHigueractal, 2015)2] 0JHA] & LCSE 284S AES BAHOF Lam et al(012)0]
TR Y AR S R FARIORAIE Vo R FAjsiAE lele] L2 A ANE
Lara et al.(2012)°]] 2]k =91 2 5j3te]] 2hek A7} IIBVOF Zxle] oJ3t s A nE 217t
H|1 - AESHE: Lara et al(2012) Fig 273} 201 53 h=04mE 2= 3xelufergol] 44A)8 0]
06m 7A°] 40m % 05m®] FAVJAHOIRMA 7125 Z-GAIA 2] Tl 495t sk
312 27 45190, Sl eell ARG 29t 7o) 17.8m & 86m, 0] 1.0moH, FaPAH
e ZaltolA] 105mE o]AEe] 13, ¢5Hel Aol °"~tﬂﬂr TF R SN} s
E= ERdAREes FAEH of W, FdAREe] F5EE ¢=051, LW Dy
=15em, YARRILE H=9em, F7 1= 7450t

TN A FATRETR] 7= At Felddaae] ee e, T
APgoz Aot %EJX] skorw ARMEEY ALFAel o] Gl 0% = 1 50
£ TR 7300l FUE 06mE TIBISITE AR 1ol e HolRke] 73 ZmA] el
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MR SHE Az=52.5m2] 7PAAARE, 8~125me] W= Ax=2.5emE, 12.5~17.8m2]
ez Az=525me] 7PAARE 717} de19la, o U] A7 Ay=2.5m, AR
Ve Az=125mz 27 A ARl FAJe1s om, nheba A8 AR F i ik s0ubl
of sttt

o = o T
! <
-5 : 2, -5 Al
: £ N
B % | a
-10 - - < -10 o
= £ — ‘
E S 13 al
& a2 @ L |
S15F 221 5 £-15
o ' = =%
> : = [
Q A ué 2 Q
20-f------ | i -20 |
al o8
! o
25 ol = 25
a !
-30 t——f—— -30 [
0 3 6 9 12 15 0O 3 6 9 12 15
Horizontal Velocity(cm/s) Horizontal Velocity(cm/s)
(i) ¢=0.00s (i) £=025
o - - o ; - ;
i ' i o,
H
-5 4
A
1l
T ° af
|
s s
£ £
oy &
Q Q
-30 — ] -30 ——t——t
0 3 6 9 12 15 0O 3 6 9 12 15
Horizontal Velocity(cm/s) Horizontal Velocity(cm/s)
(iif) #=0.505 (iv) £=0.75

(a) WCI (continued)

_Z’I_

Collection @ kmou



> > >

Depth(cm)
@

A
PN
2

A

0 3 6 9 12 15 18
Horizontal Velocity(cm/s)

(i) ¢=0.00s

15 ]

Depth(cm)

-20

-25

-30 f
0 3 6 9 12 15 18
Horizontal Velocity(cm/s)

(iii) #=0.50s
(b) W2

> >

Depth(cm)
o

-30 3 6 91215182124
Horizontal Velocity(cm/s)

(i) t=0.00s
(continued)

_22_

Collection @ kmou

Depth(cm)
o

1
a

1
-
(=]

>

-30 =
0 3 6 9 12 15 18
Horizontal Velocity(cm/s)

(i) ¢=025s

o ; :
P K{ :
! ! N
-5 . : A
N
-10 3
Py
£
=,
S -15
&
Q
-20 |
-25
-30 et
0 3 6 9 12 15 18
Horizontal Velocity(cm/s)
@iv) £=0.75
o
-5
_\-10
§
=
S-15| ¢
&
Q
-20
-25
-30 =t

=
-30 3 6 91215182124
Horizontal Velocity(cm/s)

(ii) 7 =025s



0 0O —————
BEyZE
5 RN R
RN | |
-10 -0 | =t :
T R A | :
< 2 R | :
£ 15 s 15 i e 1l ;
& & : ¥ |
Q Q ; ‘ ‘
20 20k :
: 1 3
25 25|
1 /f‘/: :
-30 ‘ : -30 ==ttt
-30 3 6 91215182124 30 3 6 91215182124
Horizontal Velocity(cm/s) Horizontal Velocity(cm/s)
(i) ¢ =0.50s (@iv) t=0.75
() W3
Fig. 2.6. Comparison of simulated and measured mean horizontal velocity profiles in wave-current
interaction.
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(b) Side view
Fig. 2.7. Tlustrative sketch for layout of three-dimensional basin and permeable vertical

structure.

A2} Cooidal 01 2L, D] LES WGhosal ot al, 1995)S 212} 218315101, 25}
7IA] - 205 <t o] Hupg S Ao bdalsict FadasiolRIAel gk Al 2@l
o &} 3 %3 uke} 720) Jensen et al(2014)0] A =502} 3=2.02 AL3I%T 03714, Fig
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27 91 9 ikl Aot el el W Als AR APESIAIE, Fig 27(a)7 oW Ee] -
£, Fg 270y} 9152 7392 27 Yehdv, Table 2107 =91712] AX191A]Z; Table 2201 )
) AAAAE ZZE ARt Seldglell] 510 2 sRPASKE % 157) Aol 27t SgE9iA)
gk o] ol 67 AHWWTAI, Worl)ol A A =918k 671 A -P1~Po<I)ellAl Tistel chgt
7} A8 ATE: olaFlow F2Higuera et al, 2015)°] o]k Fx|slAA7}s) ofglel A 45 vl - Ak,

Table 2.1. Wave gauge positions.

Wave gauges | x(m) y(m)
w3 9.5 1.0
W4 95 3.0
W5 10.0 40
Wo 11.0 450
W7 115 3.50
Wo 12.0 1.50

Table 2.2. Pressure gauge positions.

Pressure gauges |  x(m) y(m) z(m)
P1 10.5 3.89 0.11
P2 10.5 3.69 0.25
P3 10.89 4.00 0.11
P4 10.69 4.00 0.25
P5 11.0 3.70 0.11
P6 11.0 3.90 0.25

Fig 282 Xl 2509} 915 wlaeh FabgRRIolob el -2 Liek 20
2, T IEBVOF 5] 913 Lara of o 012)) a1k 0] W7]sle] glek. 1%
AR Wash Wi EIRIolo Avtel] S-S el 2102, & ol o] 423
SRl Eie] Q1] S akstel Sl 2o, Fi FaaolzE] wlste]
OJgk Zloluk WSS WeA| 6] FEIE-E FaAolokls) 1 Az Ee) sast
0 wbte] QR Al s 9, WodAO) 165 el s 4R e S
il ol whjsio] Golct, The] Wi Sadaolokel ol sl wold

& BEspe) ofek WAk 217} 3k 2 mlAl Aolck Sl B Rlal el
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25 WeTh WIS 16s OFF 43 S9MAEaR] oRle] Aol Ui 2

rE
12
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=
o

) %Lfﬁﬂ Z0F P, 53] of2jeh Ark= W3, W4, W5, WoRIHellA] Sl1sh 4 9l Edt

et al2012)9] TR AR} 2 FAMATR= 710] FUF ghe vehis e & 5 Ql:

g 295 VI Aok Flelx sighsel Bet el Aol AP A E nlwst Ao,
Fig 287} 55 IHBVOF 2] 913 Lara et ol2012)2] |31 ARE W7 181900k 2158 o).
A Fapg Aok Aol siehiE-g ek P1ot p2ARS) A= AN A FUE s
Hehdhs 2t 918 4= 9l B3, JMW‘QOIC’WM T wirapEA e e st gl wifee]
FFE TN W= P3-PoAIoIA SRS ﬁ‘ﬂ&xﬂlﬁ APAE 2 ARSI QA Feise]

X9} 7o) p3, Ps, PeXIFI9] 16s ol e B o] o)k wixjule] ekl olaf AdE=
30 sehielq oRziel Aol Qlgeirk el AAA 0% AAAE 2 Al P A
% < ek Wb, olaFlow ® U Higeraetal, 2015)°] 913k ¥ A7) Sx[a vk g Alolk
Aol oJ st} A8sietel wEFgol AAE 2 Aldeli 9o m R LOsg} e T
2B A840] £ A0 Wk
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Fig. 2.8. Comparison between sinulated and measured water surface elevations.
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Fig. 2.9. Comparison between simulated and measured wave pressures.
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550 Aol frile 28 3R olaFlow 519 Higuera et al., 2015)2] 21879 - B
3& AE3| Sl Kawasaki and Iwata(1999)2] 72]213e Aldat3Ic. Kawasaki and Twata(1999)->
Fig. 2103} 20| h=04mE 2= 32kduksgel 419 =01 024me] 2ARFEFaRdAll 1125k
AGAIA FA T elEd} FE5HskE el owiE Sl Feldde] ARgE
ZIezE o] 8m % 8m, 50] 0.8mo|, ZugtelA] Tme] o]AA| Mol AAIFEFIRIAIE
AL e, el Hiige] 2 Bl W] AlofE Flsl A 1:102] 9SS
AAESI AR 29 Sl L H=0.1m, 7] T=1259) 7R9E, £ S0
shal H=008Tm, 77| T=1.68s2] 1H25HE 217t 2183191 om, =FakdAle] Aldst o)A 9 745
o] AX|AE Fig 21101 217 LpeERdc

TR AR FRIFIRS] A7) FRIARE] ARFESS flse] Aol 3L(L> 3}
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AR L=220me)3, 55 S L=30m] ke 7RIk npa Al Slip 2718, vl et
W52 B 7Yoo AgH9lom, AN = Ar=dem, Ay=2em, Az=lem®]1, ZA}]
F e 91 5799 7ol ok 3108 el 45 572) 78-9oll ek T el wetet x| xste]
= Stokes 52[ujolES Ag3l9)on, R Ho= LES 29 (Ghosal et al,, 1995)S 2-4513Ich
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Fig. 2.10. Illustrative sketch for layout of three-dimensional basin and impermeable vertical

structure.
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Fig. 2.11. Dimension of submerged breakwater and measuring positions of water surface

elevation and velocity.
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Fig. 2.12. Comparison between simulated and measured water surface elevations.
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Fig. 2.13. Comparison between simulated and measured X- and Y '-direction velocities.
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olaFlow = 2(Higuera et al., 2015)°1] &J3k 32} F 2l 7HA|9] ks sl Aol tist Efd o] el
Ak

246 SriAme| TS

S WA, olaFlow X 2(Higuera et al, 2015)01 Qlopr] Zakiol] Qg Efalufe] )53 Al s
Ao Slale] FamEo] AAHA] ok AT h=04me] FA|SRETRoN fejshal A,
=50cm, A7 T )3=1.8F FHE SRR Zkeigitt 283 AFEYS: 22,1200 AAJH
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283190t oSt 271 0 Z N AR Tl A ER T} BP0 Figs. 2.14(a)8h 2.14(b)l 217t
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W7=lo] Qv 29hs AR AR S Bl st 22 Soldh Aol LR
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(b) Calculated wave profiles at wave source position
Fig 2.14. Calculated wave profiles at wave source position and comparison of target and calculated

wave frequency spectra.

Table 2.3. Incident wave conditions.

Wave Water if:i:gﬁt Sigiicat | Signifean ||

CASE No.| maker Spectrum | depth wave period | wave length
H1/3(H0,1/3) Ur

theory h (cm) () 11/50) Ly /5(m)
CASE 01 224 (361) 1.02 1595 | 026
CASE (2 265 3.93) 1.05 1682 | 035
CASE 03 345 (461) 112 1887 | 057
CASE (4 3.86 (4.96) 114 1% | 068
CASE 05 | lmegular | oo 438 (540) 119 2083 | 089
CASE 06 | vaves by | 00 49 (5.75) 121 2132 1.05
CASE 07 |superpositon] 60 | 520 (6.02) 127 2327 130
CASE 08 | of linear vasu 580 (637) 128 2357 149
CASE 09 | yayes | (G008 1988) 636 (681) 132 2473 1.80
CASE 10 676 (1.16) 141 273 | 234
CASE 11 763 (1.76) 147 204 | 2%
CASE 12 830 (836) 143 2933 331
CASE 13 9.2 (396) 158 3215 | 44l

WA, e B segs Avlun Tl wsll mie 5 2sEge] vshol
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k- 2 [k, 53] Hrrairelre] 7 AHEY Fo] s UstE 2 AtlA AHEIS Modified
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e = 7 Atk Aaiodt elelM veh ks FaleAE- Q) ofefgh SAES At aiekesl]
2 e @ e A e

16 16 16
Case 01 Case 03 Case 05
(L R FYT T Input spectrum 14 e Input spectrum 14 e Input speetrum
12 = Target spectrum 12 w— Target spectrum 12 = Target spectrim
= = [ncident spectrum =, = [ncident spectrum =3 w— [ncident spectrum
g10 g 10 g10
7 7 ‘s
% 8 = 8 = 8
S 3 S
= 6 = 6 = 6
S S S
“ g4 “ g oy
2 2 S 2
0 &-—- 0 0
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
ftHz) [fiHz) filz)
(a) Case 01 (b) Case 03 (c) Case 05
16 16 16
Case 07 Case 09 Case 11
L ] FRCER Input spectrum L ] EEE Input spectrum L R CEET Input spectrum
12 = Target spectrum 12 w— Target spectrum 12 e Turget spectriem
= = [ncident spectrum = = [ncident spectrum =, w— [ncident spectrum
g10 g 10 g10
« “« -
Ls T s Ls
S 3 3
= 6 = 6 = 6
S S S
“ oy “ o4 “ oy
2 . 2 2
-0 q -0 -0
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
ftHz) [fiHz) fiHz)
(d) Case 07 (e) Case 9 (f) Case 11

Fig. 2.15. Comparison of target, input and incident spectra.
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2879 - EFe 71 A A W rel Ao} vluEtE = - ARSI Blaels
BT R, SR PR 1 22k R 3Rk A, W,
TR g ErA e 59 ofe] vk 2t ZRietell Aas ANIGIITE o] E] Navier-Stokes
solverol] 2J8t EalA, ekl ok, VOF ¥ 9 LES dalidel 7158t 7043 <] olaFlow
59 (Higuera et al, 2015)2] 287 - Bl 53] ATE 7 Aom, EqtHue] Zujuiael
st ?ﬁ%ﬁﬂ?@ WA OZNE & Al SJalf vl %%%‘ﬁrﬂ E}%E o) A
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(1) HIZEH

Fig 3.19} 2 Y54 h=255emE 2= 3ol X FAIE thdo 2 23k lqA|aks %
(4°] 21m, 0] 042m)E TABISITE AR = 2 A RE] 7.05-1095me] HSloll= Ax
=0.75m, Az=0.75m®] FEAAE, 1 0]91¢] Felk= Az=15m Az=075me] 7HAZARE 74
aiSictk ZletellA] 9m o] 2 Aol FIIRARE AAAIBIL0m, 1145m o) 2 A -elAiE 1:309]
ZPPRE AT AR 0] 2.5m, AT 085mE 7, EE0] gk Aol s st
7] S13 A - ) vlEAALE: 1R AARISITE AL RS FE ¢=04, TUUE D;,
=emZ 7FA| ], A& Jensen et al. 2014)0] AT =500, 5=2.0 A3t wSAFHo] K
B2 AR FE S-S vhdo® si9l o, Rl A9 39E =028, YA Dy=02em
AAGT a=00, =3.0S, AR A= F9F ¢=049, Dy =1.5%m AZAGT a=500, 320E
7kt Agaiiek v AAIZA 0 23 Neumann 27419 o £/ o2, =02 A-g3190t)

Table 3.1 71217 Aol 2188 23jolE, St Ald Bl 5450 Wkt 2715
Ziz} veRditt Stelile S80] 911 shlo] EARK: 7395 WINOE, 553 3L ekl 495

WCFE, 357 37} o3l 495 WCOR 327] 9 AoJgttielst ).

(2) SRIHET FURARE

(2) HRAZO| 2301 HP

Fig. 321 wli$AFHo] 2Rl 7490l QlojA] A 2] ¢wiga} FulradER] ] s
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npdgste] o] 913 S7kRE 2k ER13 4 ltk olel] tisirli= 952 FakrAdER 0w
3] PR 5= ok TR0, At ER-EQ) Wool s WS FARE ake LehiA) Tt 312
Rl o] spagkal7h S A WAsh, FAlel vlAgske] A 7k ek LERIC
PO RHAS] S WGSOAE WGl e] 3lddo] 42419 S]] whe Wifake] gk
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(b) Dimension of submerged breakwater and measuring positions of water surface elevation
Fig. 3.1. An illustrative sketch of wave flume and submerged structure for numerical analysis.
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Table 3.1. Condition of wave and current applied to numerical analysis.
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Fig. 3.6. Spatial distribution of simulated wave heights.

Table 3.2. Comparison of wave heights at WGI, WG2, WG3, WG4 and WGS.

Distance @ from | Wave height for sandy beach(cm) | Wave height for graveled beach(cm)
position of wave

maker WCN WCF WCO WCN WCF WCO
WGl | 2=8000m| 8410 7.987 8717 8428 8.013 8.817
WG | xz=8575m| 8157 8.181 7.948 8.176 8.207 7.863
WG | 2=9.000m| 2.660 3313 2013 2.553 3277 1.916
WG | 2=9425m| 1.291 1.670 1.030 1.306 1.650 1.039
WG5 | x=1000m | 1.069 1.389 0.826 1.174 1.359 0.862
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Fig. 3.7. Spatial distribution of time-averaged velocities around submerged breakwater.
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Fig. 3.8. Spatial distribution of time-averaged turbulent kinetic energy around submerged breakwater.
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(b) Dimension of submerged breakwater and measuring positions of water surface elevation
Fig 4.1. An illustrative sketch of wave flume and submerged structure for numerical analysis.

Table 4.1. Conditions of wave and current applied to numerical analysis.

Case WCN WCF WCO
Current velocity(cm/'s) 0 3 -5
Wave type Irregular : Linear superposition
Spectrum Modified Bretshneider-Mitsuyasu(Goda, 1988)
Number of waves 150
H j3(cm) 7.5
Ty/5() 1.0
TIRES AR A AR WGlolAtE ALt Aol Qg Rixfte} SVaRie] ko,
T TR oiEo] G- sk, ARG AR WRelHe w2 9] el weE
AR O WGlof Hlel Kt ¢itgo] veRar A - F= winpdide] 2 Hgel T 3tk
e & Ol U0, A Ao WGselr= elwtse) x1Fo] 543] 24 Zls AQlE

7 AL, O] ZHE] WS WG Alo]9] S| A7 REIIER= ARdE 88 o )Tt WG
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Fig 42 Water surface elevation fluctuations and wave fiequency spectra according to the direction of current

for sandy beach.
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Fig. 44. Snapshots of breaking waves according to the current direction for sandy beach..

_6’]_

Collection @ kmou



0.45 0.45

75\0.37 g7
S~ ' N~
No.29 e~ N 0.29 i
0.21 - - - 0.21 - - 1
8.55 8.7 8.85 9 9.15 9.3 9.45 8.55 8.7 8.85 9 9.15 9.3 9.45
Dist: from Wa ker(m) Di: from Wav ker(m)
t=203.00s t=203.14s
0.45 0.45
=0.37 =0.37 |
3 E
No.29 R - = No.29 =
0.21 0.21 1
8.55 8.7 8.85 9 9.15 9.3 9.45 8.55 8.7 8.85 9 9.15 9.3 9.45
Distance from Wavemaker(m) Di: from Wav ker(m)
t=203.34s t=203.42s
Velocity (m/s)
o 0.3 0.6 0.9 1.2
ulllJ,llLL.lJl,ll\\\l|\\w“
(@ WCN
0.45 0.45
=0.37 —E\0.37
S —_—
N 0.29 N 0.29 -~
0.21 0.21 - - -
8.55 8.7 8.85 9 9.15 9.3 9.45 8.55 8.7 8.85 9 9.15 9.3 9.45
Distance from Wavemaker(m) Dista, from Wa ker(m)
0.45 0.45
=0.37 =0.37
£ &
N 0.29 | N 0.29 { -
0.21 1 T i T T 1 0.21 T T T
8.55 8.7 8.85 9 9.15 9.3 9.45 8.55 8.7 8.85 9 9.15 9.3 9.45
Distance from Wavemaker(m) Distance from Wavemaker(m)
t=203.24s t=203.38s
0.45 0.45
=0.37 =0.37
& &
N 0.2 . N 0.2 =
0.21 T T T 0.21 - T T T
8.55 8.7 8.85 9 9.15 9.3 9.45 8.55 8.7 8.85 9 9.15 9.3 9.45
Distance from Wavemaker(m) Distance from Wavemaker(m)
0.45 0.45
=037 =0.37
£ &
No.29 | ~ o N 0.29 | R e
0.21 T T T ' T 1 0.21 T T T
8.55 8.7 8.85 9 9.15 9.3 9.45 8.55 8.7 8.85 9 9.15 9.3 9.45
Distance from Wavemaker(m) Distance from Wavemaker(m)
t=203.34s t=203.48s
() WO
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Fig. 4.6. Spatial distribution of simulated wave heights.
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Table 4.2. Comparison of wave heights at WG1, WG2, WG3, WG4 and WGS.

Distance x from H,,, . for sandy beach(cm) H,,, . for graveled beach(cm)
position of wave

maker WCN WCF WCO WCN WCF WCO
WGL | z=8.000m | 6.883 7.001 6.867 6.972 6.950 6.728
WG2 | z=8575m | 8123 8447 7773 8.086 8426 7.734
WG3 | =9.000m | 3.260 3771 2772 3.230 3.741 2872
WG4 | 2=9425m | 1.84 2,059 1.467 1.725 2199 1.632
WG5S | =1000m | 1452 1.831 1.394 1.478 1.843 1311
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Fig. 4.7. Spatial distribution of time-averaged velocities around submerged breakwater.
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Fig. 4.8. Spatial distribution of time-averaged turbulent kinetic energy around submerged breakwater.
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Fig. 5.1. Tllustrative sketch of wave basin and submerged structure for numerical analysis.

A= Fig 51000 AN vle} o] vk 27E] 1A|o] AHAAPE ARl 437
45m(CASE 7), 40m(CASE 8), 3.5m(CASES 1~6), 3.0m(CASE 9) 2% =] SIxJa}e2 sl9ick
gk, AA|2) Adell siokiake] Ale Fg si@el AN 2] do) £, 2 sulie 9
P At A 55 MR ARRl] AT 5= 2733 AIXS Black and
Andrews(2001)2] Axtel] w2t L,/.5<2.09 H9E 1Esle] S5 55m(CASE 7), 6m(CASE 8),
6.5m(CASES 1~6), Tm(CASE 9)Z 24313t} B8k 1% G5 3.0m(CASES 1, 4), 2.5m(CASES 2,
5,7, 8 9) 2 2.0m(CASES 3, 6)3 Agstol| iz} 1A o] L, += 3.5m(CASES 1, 4), 3.75m(CASES
2,5,7,8,9), 40m(CASES 3, 6)= 7451, J5nigko e FUgh dole] At dA|se= o
7PdaISIcE ot 2 A Hix| gk rksl 221-E FA] 02 VR o] Table S.101, o=
A el izt wbg o W7]o] Sick

_71_

Collection @ kmou



522 M| FHe| MRy oSt 1t

() =2 et

Fig. 5.2v= SRIF7E H=5eme) 745~ 74 Friela] @A sle ohad] SREEs vEd Aow
Fig. 52(a)%= 7I7-%2] 3.0m(CASE 1), Fig. 5.2(b)= 2.5m(CASE 2), 18] Fig. 5.2(c)= 20m(CASE 3)9]
7350l 27t Blgsbe, il 3 3Rt H A0 AR ok AR ZARES: ERIC
AR A AR AR 20} o) 9ol $hds] sk signks: tfd O R &)= 579 Sk Akt
3t Avjo|t}, A} Aufu ANk o2 FA| 2 Qla) A uliell marvt s, Zie) Al
- gelpE] P sl Zhe RIS Atk ZEe] 52T el 3t SR
vk S, sF A5 SRk 0] We s Bk A Wi o) ssle s Hekitk
3L 7o) Fa A v gl sRdeluA7 faslo] 1A wigell slarf 7hAssick
oo R o] BETE iFTelx] o] Aol fiasto] syt Aol A|ek 1A vielA st
AAH, FAS] AdoTgkow I AxIvk= s & 4 Slrk

Table 5.1. Incident wave condition and 3-dimensional layout of submerged breakwater.

Submer Distance between Wave
casg | Weve | Wave | Wae | Gp brealwftzrd shoreline and | breaking
maker | height | period | width
No. teory | Hiem) | 76 | Gm) length submerged on
L, (m) breakwater ,S/(m) crown
CASE 1 30 7.0
CASE 2 5 25 75 No
CASE 3 20 80
CASE 4 30 70 63
CASE 5 St‘]’lk“ W G 75
CASE 6 7 20 80
CASE 7 55 Yes
CASE 8 25 75 6.0
CASE 9 7.0

Fig 532 Fig. 520 vl8] A7t 57Kt H=Temd) 745l et wlare] 37HEEE vpehd
Zlolet. 7i752] wsje] whe} 7ol ] A5 gl AHA| iSeld shar Z17] sl ek AR
Aot R, 529] 7899k frketche 24 gR1st = QAR St B & H=1em®] 749 7%
o] F55 1St H=5em®| Fig 528h= 2] A wi$olA sld&o] 27 ek 218 Sklg
T 9L, o= H=Tem?] Fig. 53] 749 1A Aebdelx] Huprh dAs] 1, sest /50 F555
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Fig. 5.2. Spatial distribution of simulated wave heights according to change of gap width.
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Fig. 5.3. Spatial distribution of simulated wave heights according to change of gap width.
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Fig. 5.5. Snapshots of wave breaking waves on submerged breakwater and beach.
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Fig. 5.7. Spatial distribution of simulated wave heights according to change of distance between

shoreline and submerged breakwater.
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Fig. 5.8. Spatial distribution of simulated wave heights.
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Fig. 5.9. Spatial distribution of simulated mean water level according to change of gap width.
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Fig. 5.10. Spatial distribution of simulated mean water level.
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Fig. 5.11. Spatial distribution of mean velocities at three vertical layers of horizontal plane.
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Fig. 5.12. Spatial distribution of time- and depth-averaged mean velocities in horizontal plane.
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Fig. 5.13. Spatial distribution of time- and depth-averaged mean velocities in horizontal plane.
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Fig. 5.14. Spatial distribution of time- and depth-averaged mean velocities in horizontal plane.
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Fig. 5.15. Spatial distribution of longshore current velocities.
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Table 5.2. A longshore current’s inflection point on shoreline and total transport flow
discharge due to longshore current.

Transport 1l
Transport flow dischur T g;v Total "
CASE Inflection discharge(ch3 /s) x ge(cm 5) .
. (From middle of flow discharge
No. point (From head of breakwater to 3
middle of reovaner) ||/ o bead | (cm®/s)
of breakwater)
CASE 1 | y=10.0m 815542 0 8,155.42
CASE 2 | y=10.0m 6,227.68 0 6,227.68
CASE 3 | 3=10.0m 2,579.38 0 2,579.38
CASE 4 | y=10.0m 25,631.62 0 25,631.62
CASE 5 | =9.00m 2285721 219.85 23,077.06
CASE 6 | y=8.1lm 8490.11 2,073.05 10,563.16
CASE 7 | y=10.0m 20,343.89 0 20,343.89
CASE 8 | y=838m 23,161.30 1,713.69 24,8749
CASE 9 | y=8.64m 25411.64 1,075.66 26,487.30
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Fig. 5.16. Spatial distribution of time- and depth-averaged turbulent kinetic energies in horizontal

plane.
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Fig. 5.17. Spatial distribution of time- and depth-averaged turbulent kinetic energies in longshore

current region.
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Fig. 5.18. Spatial distribution of time- and depth-averaged turbulent kinetic energies in horizontal

plane.
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Fig. 5.19. Spatial distribution of time- and depth-averaged turbulent kinetic energies in longshore

current region.
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(a) Mlustrative sketch of wave basin (b) Dimension of submerged breakwater

Fig. 6.1. Hllustrative sketch of wave basin and submerged structure for numerical analysis.
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FAARIN Q5= ARARE 5-& Fasto] FA19] 37, AlAS) il 2 Aple] ujd 55 71de
STk WA, Fg 6.10] Holi= nle} o] siA{riie] Fhllel] Hdkar= 21em H3e- domy HIHEE
105sme] 715 ZV7F 74, APaAARE 212 A=k 22lan, FAlS] Al 38 $=033,
FUAWE Dy B0eme] FA AR T, A9 ulfel] A= AR 35801 ¢=03, TF
o] Dy,=02omQ) EENZ 712t 7PEIITE ZAS] 3 AE T} 2k AR Jensen et al.2014)°]
AR =500, 32205 21831310, AW1C] 9= Befighdel sidshs Dy, =02em] vhedrid
ofl thet Billstein et al.(1999)2] 23 2K E] AFdH =00, 3.0 22} 43199} 3k Black
and Andrews(2001)7F AXJSE AVIAITTF A= 27091 L, /.9<202] SIS 1Este] 1A 4449
22 AAE, 717ke) 20 W A AJo] 2] ATES X459E) Table 191 42314180 o] 45
BAS] wiAIgl rtatel] et 2S vEpdT

3, AIYe] Arks e R AHARE 8ot AXREe B ZPHARE 483
Az=3em, Ay=em, Az=0Jam14em= TGO, 3% AR}l oSt Courant 3= 03 ©]3}
7t HEE ARRVAS 27gsPir FAVARE Feisitt AR 02 ARIe) B wdell

Neumann 7191 o f/ 02,02 A-831Th

Table 6.1. Incident wave conditions and 3-dimensional layout of submerged breakwater.

Significant | Significant Submerged Distance between
Gap .
CASE wave wave 3 breakwater shoreline and
) : width iy
No. height period G length submerged

M /3(cm) Ty/509) L (m) breakwater ,S(m)
CASE 1 3.0 7.0 1.08
CASE 2 5 25 7.5 1.15
CASE 3 2.0 8.0 1.23

14 6.5

CASE 4 30 7.0 1.08
CASE 5 7 25 7.5 1.15
CASE 6 2.0 8.0 1.23

+ wave maker theory : irregular waves by supetposition of linear waves
* spectrum : modified Bretschneider-Mitsuyasu spectrum(Goda, 1988)

ks Zapio 2RE] A|0] AABAR AR 2131714 3.5m o= A)5del] f118tk, A
9] el kil e] Aeke AAS] Ho] L, 2 s o] skt Al e 55

_96_

Collection @ kmou



n/PASE ARSI] AVAETE A 2738 AIATSE Black and Andrews(2001)2] ZA¥je] w2t
L,/ 5209 H91E 1eato] 6.5me A7gaiSich BEsk 7% G & 3.0m(CASES 1, 4), 2.5m(CASES
2, 5), 20m(CASES 3, )= A7l we} 344 Zo] L, += 3.5m(CASES 1, 4), 3.75m(CASES 2, 5),
40m(CASES 3, 6)= 27} 5w, of5 RO 2 5dst Zo)o] AP dAE= A0 7Fgeisick
opdst e A wiAle} AR 20S A eE VR Z10] Table 6101tk

622 H,,, % 2%

Fig. 62F T3t A, 3=5eme] -5 RA TRl = A, o SRS Ve

OF FAR Al KA sl A, 7F sk, 7] Al elRE Shupt sk
7 BRI = Qltk 7h50] F2 S it W A A, 7 SiEH, 3 dEEE
AR AMF] eSS Wk A vl of sl ek ERICE BEek AiE0] FE55E A
HI5-2 A= dgollu)7} A4s1ed BA wiFold H,,, 7} A 907 JiEe) HesE
Tl e o] ZiAssiol A, 7+ Ao ARE FhA] HiolA A, BEot A0 Aoro.
Z 7RI Wl AR e & - Qlk

Fig 632 Fig 6201 v]3l] frolotart S7ket 1, j5=Tem?] 290l H,,, , 8 S7HEES Vel
ZoTek 7] wislel] wet Zielx] ste] 4% 9 A vkl A, , 8 7] ol Tt A3
A48t Fig 629 49k AR 2t 818 4 glck 2o, oot o 2 H, )y =Tan?)
A4 NFE0) FEE WEH H) =5 Fig 620148k FARSA 71750l 37E AEEs
gVdo] AN Fig, 629] 795} 7l o] o] wrt F8- 771ol dAjaA| Agsh,
kb A wolx] Abigkow sl o] 4giatel gt A, o] HskEe] ArfHow
A7 Rt

Fig. 64 F2J3k07} H, j5=Tem?) 735 A A 9 72 F3lo] 1A vl siksh=
ETAE} Al - g0 sl dRe) 3 9l FHelA 459 Wb vERd Zlo]w,
PRS- 284(45-73s) 5<tell 53 TteloJelolA 66~68s Alo]e] HstlolElEe] LER | Hlizt
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Fig. 6.2. Spatial distribution of simulated /7,.,, , according to change of gap width.
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Fig 6.3. Spatial distribution of simulated /., according to change of gap width.
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Fig. 6.4. Snapshots of wave diffraction and velocity behind submerged breakwater on water surface
contour.
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Fig. 6.5. Snapshots of wave breaking waves on submerged breakwater and sandy beach.
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Fig. 6.6. Spatial distribution of simulated /. . at three Y-Z cross sections.
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Fig. 6.7. Spatial distribution of mean velocities at three vertical layers of horizontal plane.
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Fig. 6.8 Spatial distribution of mean velocities at three vertical layers of horizontal plane.
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Fig. 6.9. Spatial distribution of time- and depth-averaged mean velocities in horizontal plane.
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Fig. 6.10. Spatial distribution of time- and depth-averaged mean velocities in horizontal plane.
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Fig. 6.11. Spatial distribution of longshore current velocities.
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Ao ghdetar, 21 APell 2 AT AR S0 R Sk W ARRReA AFFRS
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Table 6.2. A longshore current’s convergence point on shoreline and total transport flow
discharge due to longshore current.

T fow Transport flow
) I i 3 Total transport
CASE Converging discmrge(cm3 /s) dlscharge(f:m /9) .
. (from middle of flow discharge
No. point (from head of breakwater 3
to midde of br = breakwater to head of (em®/s)
breakwater)
CASE 1 y=10.0m 3,854.33 0 3,854.33
CASE 2 y=10.0m 2,758.86 0 2,758.86
CASE 3 4=10.0m 1,659.75 0 1,659.75
CASE 4 y=10.0m 11,638.88 0 11,638.88
CASE 5 y=10.0m 847197 0 847197
CASE 6 y=9.74m 4,605.12 14.98 4,680.10

-

Table 6201 AAEE F5-FE ARMFE SH&ETC X-7 % ?iow HAS Fojal FAek gho®
FAEAE ArE AR CASES 169] A9 MEo] Wed s QlebkRo] o3t 530 57

Sh= 2 & QAL frelTat H s =Tem?) 7-9-2] CASES 462 7I50] 714 -2 CASE 60141
QkFO] FAIHO) ARBR: Tl AFHECZ oK ofFas 21 BIgh 4= Qi) oejet Avl
| F2o] ME= AFlo] ofg vk 2he o 4 QML Hg o2 AT AEE ARle

&3 4= glom, olelat Ak TFAsle] Ao AAgT(Lee et al, 2017)
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Fig. 6.12. Spatial distribution of time- and depth-averaged turbulent kinetic energies in horizontal

plane.
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Fig. 6.13. Spatial distribution of time- and depth-averaged turbulent kinetic energies in longshore
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12.5m

Waves Ls/2= Coastal line

3.6m

om G=s.0m e p— il

tan A/
025{ 0.21r{
X

(0.0) =6.5m
! 11.47r: — ! i 3.5m E.42m
(a) Tlustrative sketch of wave basin (b) Dimension of submerged breakwater
Fig. 7.1. Tlustrative sketches of wave basin and submerged structure for numerical analysis.

Table 7.1. Regular wave and current conditions applied to numerical analysis and wave breaking on crown.

Wave meker Wave Wave Current

CASE No. theory height period velocity | Wave breaking on crown
H(cm) 17(s) U(cmls)
WCN-RE5 0.0
WCF-RES 5 100 No
WCO-RES -10.0
Stokes 1T 14

WCN-RE7 0.0
WCF-RE7 7 100 Yes
WCO-RE7 -10.0

Table 72%= B512lu}e] G2 Al8lof)] 2145t Zujol2 QAlle] A9 Wl B2&0] sk} 57]
E Z17F Lehitk: Table 13} 543k WON, WCF 1213 WOOR 37| ! 7J €16}, Table 7.1 71215}
s} a) SISt ETkE RE 3718 SRITeko 2 Table 7,100 AAIE T125te) shas)
F71l thshe frelshae} o719 Entrasids 28tk

722 Tig
(1) &I
Fig 72 2V QAL H=5eme}F H=Tem®] 75~ A TR0l v st
7ol Fig 72(a) A7 H=5em?! 73-901ek: (i) S50 i 3 HWONRES), (i) =8
85 50] Z-HWCF-RES), 18] 11 (i) *435-52) 74 P(WCORES)ell 217t afjdah, Z15i5el &
e} FE X0 AR EHO&ﬁ?Jr ARVAAFEE VFERITE: A E SR AR TR 25} o] 5o
QRG] Wk SRS YO d&ER= 5709 95 Akegatet Aot S AuEr Ak

™

- 114 -

Collection @ kmou



SHEES am S0, el ) 421 el m R

s
il A g o 4 girk SEe] el A Wl A el A7) Aol
A] QA WON, WCF, WC02] <=0 7 ulgdof|qx)7} 744610 7| uljSoflr] g} 7hash= 7S
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Table 7.2. Trregular wave and current conditions applied to mumerical analysis and wave breaking on crown.

Significant Significant
Wave maker b &l Cuarrent

CASE No. Spectrum wave height | wave period velocity
theory
H, /5 (cm) T /50 Ulcms)
WCN-IRS 0.0
WCF-IRS h’regtﬂ;r Modified 5 100
WOOIRS || WV ﬁy Bretschneider- z 1100
Superposiion v
WCN-IR7 . Mitsuyasu(Goda, 00
of linear 1988 7
WCE-IR7 Waves ) 100
WCOIR7 -10.0

Fig 72(b)= Fig. 72@)°l Blal A7} 5718 H=Tem®) 730l st F7tafatz = vehdl
Zloltk skl H=5em®] Fig 7.2(a)k frARRE 7H-TollA Bte] 53t 71 w2 jsdelu#]e]
s GRIS = glon, SEHEk) e 777 vl Aasle sigelu]e] = A Alolrt
UA] Qh=t) Tk AR wiloia] shans 717 WORZ F WONILEF 571, WOO7 F WONEE ] LR
w, O] ZHE] WOO7} WONZ} WCFHLH Atja o= Zowgko g F7hiap} Ax: 218 2918
2= oh:]r

Fig. 732 SRt A=Temg] 7% S5l wh2 A4 dAehd 9 /S F3lo] A
U2 At 97k A] - 37 0% sl 3 B el fige] wsabd S vERd Aotk
SE9] el ulzt eVdo] et ol IRt e nl s S1al ot Aukabge] Vs 7Fss el
AR Asole}. T 0 RHH FA AMIR SRBEE A AdellM 5AgE Al AR
Ao 1, SAlol] ZAere] agfe] Sk, uikeR Mulge] w54 e Sk Q18
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(b) H=Tem
Fig. 7.2. Spatial distribution of simulated wave heights according to change of current direction.
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Fig. 7.3. Snapshots of wave diffraction and velocity behind submerged breakwater on water surface
contour.
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Fig. 74. Spatial distribution of simulated wave heights according to v direction.
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Fig. 7.5. Spatial distribution of simulated #,,,, according to change of current direction.
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Fig. 7.7. Spatial distribution of time-averaged and depth-averaged mean velocities in -y plane.

(Regular wave conditions)
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Fig. 7.8. Spatial distribution of time-averaged and depth-averaged mean velocities in -y plane.
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Fig. 7.9. Spatial distribution of longshore current velocities.

Table 7.3. A longshore current’s convergence point on the shoreline and total transport flow

discharge due to longshore current.

Transport flow
Transport flow
. Total transport
CASE Convergin discmrge(cm3 / S) discharge( 772 / 5) flow dischar
No. . (From middle of E
gpomt | (From head of breakwater to 3
: breakwater to head cm?/s)
middle of breakwater) of breakwater)
WCNRES | y=10.0m 8,155.42 0 8,155.42
WCE-RES | 4=10.0m 7,168.65 0 7,168.65
WCORES | 4=10.0m 6,077.12 0 6,077.12
WCNRE7 | 4=10.0m 25,631.62 0 25,631.62
WCF-RE7 | 4=10.0m 24.712.71 0 2471211
WCO-RE7 | 4=9.03m 16,091.86 175.87 16,267.73
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Fig. 7.10. Spatial distribution of longshore current velocities.
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Table 74. A longshore current’s convergence point on shoreline and total transport flow
discharge due to longshore current.

Transport flow
Transport flow
Converai | dischar cm®/s) . 3/ Total tran. Sport
CASE No. | Cirosihead of Seogalei. ) flow discharge
ng point . (From middle of breakwater 3
breakwater to middle o Fead of Hreakviale) (cm?/s)
of breakwater)
WCN-IRS | ¢y=10.0m 3,854.33 0 3,854.33
WCEIRS | =10.0m 3,404.60 0 3,404.60
WCOOIRS | y=10.0m 3211.89 0 3211.89
WCN-IR7 | y=10.0m 11,638.88 0 11,638.88
WCE-IR7 | y=10.0m 10,725.36 0 10,725.36
WCOIR7 | =10.0m 6,611.632 0 6,611.632
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kAR A EH A9 Fg 71108k 20] 7i7 ie-2] sk o= WON, W0, WCFS]
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Fig. 7.11. Spatial distribution of time- and depth-averaged turbulent kinetic energies in z-y plane.
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fluctuation

” |
‘[z ‘ < ; >
X Re = 3cm, Scm F

(a) Ilustrative sketch for layout of LCS

Beach

(c) Dimension of two-dimensional section of LCS and sandy beach
Fig. 8.1. Definition sketch for layout of LCS, measuring points of water level and cross
section.
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Table 8.1. Incident wave condition and 3-dimensional layout of LCS.

Crest i
freeboard | Wave Incident  Inciden Gap | LCS ]?b;\t:neecz Ov
CASE No. | from still | mmaker 1‘12?;11 ;e‘:}lagj width | length | shoreline toppei:g
water level | theory Hem) | TO) G(m) | L(m)| and LCS
R, (cm) S(m)
01H5G300Rc3 3 7 O
02H5G250Rc3 5 2.5 7.5 O
03H5G200Rc3 3 2 8 O
(4H7G300Rc3 O
05H7G250Rc3 7 2.5 7.5 O
06HTG200RC3 Stokes 2 | 8 O
14 6.5

01H5G300Rc8 I 3 7 x
02H5G250Rc8 5 25 75 X
03H5G200Rc8 2 8 X
04H7G300Rc8 8 3 7 X
05SH7G250Rc8 7 2.5 75 x
06H7G200Rc8 2 8 X

823 T} mof o}

Fig 8.3->Table 8.1 A€ Alo] A%l S kakar7} A=5emS) 7350l LS 594, £3] 719] wj$-ollM
SRS LR 20w, Alsge] Al Fet AR vl il - RS f1sle] W7tk o714, LeS(HTH
F0]1.20m; k317 }3em, 8om) 2} A A HZ0] 1.89m; HHG10] dom) o] FHuX|ol|A 715 G2}
F=0] o] L, Zalebel M 7xE71] 9] oA 2] S g skt AR Fl= o] J=rief 9l
O P g A S 7Rk LCSE i o 2 BEE0] glom e Atu s 7= w2 v g
ol dolahH, FAILCSS] T AR gt Ao sict

WA, ZA|FLCSel gt 2122 sharEE S ] a - ZESH Figs. 8.3(a)~(c)= 112 7392, Figs.
83(d0)=LCSE] -5 A eRdTE 1A 2] A= TP AR R 77w aL, A dell A 7t
A AR ARSI AA -5 -5t Ffofuf] o] o] EhAYsl | whizel A v sl efA] of = A =
O] 2715 26z 3harE BRIsH = QI 7750 Eo == 73 9 (Figs. 8.3(2)(b)(c) ol FHA v w92
sharaslel A2 2jo]7h01 1)) 947 | wiell A& st g A UPF-E-E8t pleluiA| o] dddo ] ik
TRt APASRE 2 0 = o A, whebA A 9] b vl ol TS w8 8 0] ko) i o
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35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 35 36 37T 3B 39 40 41 42 43 44 45 46 47 48 49
1(sec) 1 (sec)

(a) Point01 (b) Point02

OSHTG250Re3_Pointd3 & BSHTG250RS_ Pointthd

: AAAAAAAL 2 A A A D AAANAA
H/EAVELVIAVEVEVIRVELVELV VR

35 36 37T 38 39 40 41 42 43 44 45 46 47T 48 49 35 36 37 3B 39 40 41 42 43 44 45 46 47 48 49
1isec) 1 (sec)

nlem)
"

nfem)

(c) Point03 (d) Point04
& DSHTG250Re3_Pointls & OSHTG250RC_Poinitd
e 4
52 S
= AN U/\/‘\Ur’\/\ r’\/\v V/‘\n /\AVH\/\V =
2 2
35 36 37 38 39 40 41 42 43 44 45 46 47 4B 49 35 36 a7 3B 39 40 41 42 43 44 45 46 47 48 49
1{xec) i (sec)
(e) Point05 (f) Point06

Fig. 82. Time variation of water level.
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A, Q5bA] Figs. 8 3(d)~(f)2] 73-5-21 1 23hA] Figs. 8 3(g)~(1) 2] 73- 97 H1-%-5- il 5ol A 7] 2] 3t
S TS VER =212 01 994 Figs. 8.3(20~1) 2] 9= A0S A4 © 2 I ER=TTP F-
S xar7hzol-Aute] A oo AR U 5t o] ddo] oprl=nl, AuiA] Figs. 8 3(d1)°]
A= TIPS A b to U558k sjofu) 2] Heke- A2 0 2 Ao 1 k- 4ulZ Qlgt sjof
UA] Kol A o = o iAiely | wiieolut whebA, 2 el el 483t sk 2t - 2E 0
Fdz1el sl H] LtA] U2 B3l A= slelluix)= EapA] UiF-2 5t sleuA| bl ehs 3t
shelfA)¢] gk A2 Uik Zlo] 38 4 Sltk
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1L - AEE $f5to] 715k 23t Fig 8.32) 74-5-ehH|wahd QA7 =53t T=1450 |25 A}
sk H=em= 57 S| wheel] A4 2 7 i felr] shar=Abt)d 0% 2 g Ve,
oA 3o A7) wyEo] ik 7] 2 o Tk FHAl] thel Figs. 8 4(a)~(c) 2] 9
H43HFigs. 8 3(a)~ (o) 2H & LAl o] so el whet vlF-doll A sharr A el sl tha
Zoleal, 7oA 9k AdE et shar SFo ] veRde Rhe] FA vl vkl A s AR = A
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x Direction(m)
x Direction(m)
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y Direction(m) y Direction(m)
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0 1.5 3 4.5 6 7.5
Fig. 8.3. Spatial distribution of simulated wave heights according to the change of gap
width(H/=5cm).
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Fig. 84. Spatial distribution of simulated wave heights according to the change of gap

width( F/=Tcm).
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(c) t=4345s

z water depth (m)
0.19 0.20 0.21 0.23 0.24 0.25 0.26 0.27 0.29 0.30 0.31

i

Fig. 8.5. Snapshots of wave diffraction behind LCS(0SH7G250Rc3).
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Fig. 8.6. Spatial distribution of time- and depth-averaged mean velocities in horizontal
plane( H=5cm).
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Fig. 8.7. Spatial distribution of time- and depth-averaged mean velocities in horizontal
plane( H=7cm).
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Fig. 8.8. Spatial distribution of time- and depth-averaged turbulent kinetic energies in
horizontal plane( /=5cm).
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Fig. 8.9. Spatial distribution of time- and depth-averaged turbulent kinetic energies in
horizontal plane( H=7Tcm).
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