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Abstract : This paper presents a simplified numerical method that can be used to incorporate the partial
reflection and transmission of water waves in the hyperbolic mild-slope equation. For given reflection and
transmission coefficients, wave fields around a porous breakwater including reflection, transmission, and
diffraction can be simulated accurately. For the verification of the proposed method, numerical experiments have
been carried out and compared with analytic solutions given by Yu(1995) and Mclver(1999). The proposed
method is easy to implement and is computationally efficient. It is demonstrated that the method performs well
with a sloping bottom bathymetry and varying incident wave angles

Keywords : mild-slope equation, reflection, transmission, diffraction, porous breakwater

LM =2 Madsen(1983)2 554 sl Lorentz 57} €] e

(Lorentz principle of equivalent work)S -85 ¥HAlL 2

2o geilel 32 FHAIY) 98 ARAHA W} Falol) Bt AN TIAE, o] mhel WAl Fa)
st o] Faxol Tl met T BaAy 774 &2 I5E, vBHAS, akAlY] £, 57] 59 s 28
Wbl o] ARk SIt). oleldh Fabg wobAlel WA SlolATk Madsene) ZE FEE o] WhE =
ALE Aaire st §l@_ HhAL £ 5o e & g sishs vldAlTE 283 9} AR E A

HHo FHY 4 gle FX\udo] Aasich old) Fd  2H, gto] WAL 2 £} A4S AIATTH Madsen (1983)9)
Hog nae] B3} HH} L sﬂ@ﬁi”— 78T & de 71 ©eshA 9 URAE AN, sle] vt
7ol e A7alE oa] AAj=En Ut 2 =3l 35 gjgo) vh$- afo|u), six]at, Ao &

et A8 Fd74 4 ?— (Institute of Construction and Environmental Research, Handong Global University)
3L ehn FIEA 28385 WS (Corresponding author: Kyungmo Ahn, School of Spatial Environment System Engineering,
Handong Global University, 3 Namsong-ri, Hunghae-eub, Pohang, Kyungbuk-do, 791-708, Korea. kmahn@handong.edu)

84



QA WAl X 9] ZHHskE o) R WA} B R} X)) 7Y 85

T 7P, delelre A 88p] 2k, shie] wixkgd)
tialiA= shute] Fo-gyt -8 cke 9ol gl

A 5(2002)2 F-5-2] 13wt} WALFIZA 23300 o)
T AZE 1M S AAE 3] wiAL o B Ae]st
Aot A 58 AR ARE QAL WA 2ol AR
o] 88t WRALE3} AAZAE Aaglele, o1zl vials
I Fog-g FARYs AdEE B

Yu(1995y= F3tA qhF- wrabAle] g H2 s
(matching asymptotic solution) 7 "S- 2-83] I}e] WAL &
I % 3" Fol| B dulElE AlAlSkTE Yoo duks
< B Ao tisf =202 Qe BRhg i1
ted o]Fo] Wl A2 1 Fepr} vig- idsivke A3
74}, SRk, AAZ ol&9] 78 2o o4l wat
of 253+ Xollx19] st Al Al A o] Ho
p=l e R e
Melver(1999)= Wiener-Hopf 719H-& A-83) g}o] wirl
b 2 glde] B8k A E 73kt Mclverd] 42
Yue] Aol ujg] B4at71 s, WhR-gk whslalel] oleje]
WA 73 Prkshzs 9ol disiA aejslr] wis
of Bt Unkx o= AMEIHs3ltt

£ Aol A= Maruyama®} Kajima(1985)2) #5449
HHAL WA Ao ZHRE TS AR 0] Frlsle] Hke] B
wAlel ¥E FH 0 72 S RBIE WS ARSI
Th 2 AollA AQlehe 21L& wea 3o oA & 2
A A e wALE ARsAY, TE2E T3 FES AR
317] wjiof 1 Aliko] FhdslHME BRHAQl A4S 7t
2t} o] JIY-e mhke] BA, abzte] A7), 4] Sol
#AGlel AL £ =EoME ol 2 /A ] A
FHoll 2835+ 5, Yus} Melver 59 A9} vlmsle] 1
BE3E AEsAh

Ofr r

2 o

A

=

2 ME A 2 HA=A

2.1 X|Hl 14

£ 2o xuf A2 ilo] fhs] Walke d<el
ARZE Bk Y] M, 24, 3-, TR 55
EPd &= )= Maruyama®} Kajima®] SH73AF 94 20)) Af
B2E &L F18 Ao E o3 2t

o
;’Iulv.(nz)%n:o )
n

(?—1_;>+C2)+ﬁ77=0 )

A7VA, g HAY, G I, £ A vt &
Szo}l B850 vl pit AR HE pE oo 28 4
o7 39

Ko SR, s A, A SN SEEE
WAL A s 2 @

o4 E41% o 24 goln thgs) 2] Haw
S, WALE K, BUA A7) 18 ax) 27] §5 o]

&3 o33 2] gt
1-K ikp
f= CcAosH[ ,e‘ ] 3)
X \1+K e

A7)A, K& HARE, Ade B A% 244, 6= 9
AN, g QAbbe} wiAlake) 94k}, i= Jo10lth

A @9 f= Al AF oUiX 748 Uehdth
B Ao A= Watanabe?t Maruyama(1986)7} Aokt 4]
S A8 ool YA AT

fy= aptané /(ﬁ) (}’%r- 1) )

A7N, ap, & pE 22 A AR, HrEre) AL
%, 5% 08 Q2L yehis, p, 0 go] H
ag.

p, = yleh (r 025-2.5) ®)

22 HEAV A =] g2

w2y et el pr wALE
welah) A At 4 ()9 FEAYE dstan

Fig, 1€ S4lo] Qg 234l S0l 9133
Aol ATl WAL shehg VERAT
Fig. 19 A9 F21 A4 A7) 204 7} wlna 4

o, T3t 28 o] ¥t e < vk

£
=
)

(17, 21, s My =1, 6

kA AW G4lo] QAT Thgst, 4 (1)e o
23} 7o) HAY 5 ok,

i s
T+ Lifin=0 @



86 HAZ -
Incident Reflected
Wave Wave

e <4
Reflective
P, P, Structures

77 a -1 7717 -1
Ar
X, X,

Fig. 1. Schematic diagram of computational grids in front of
breakwaters.

slel 42 xFol visl B3 ARH ¥, A
wajel Helahel thew 2o,

®), = Ccose{‘ ‘K’e':wj( n
’ 1+K,e"P
ol @, 9 4 Sxe] TulH FE A (6] o5 £AH
o) 4 ®)& Tet 2ol A% AR

ikB
@), ECcoss[ﬁ (n),, ©)
’ 1+K,e"

WokA| AR Falol HH7E oA g Afelle
x=x oA 4 2)= th&3} 2o] A HTH

kel Thaj )

), —C [ ®)

(1), = —Ciz(pf)xa (10)
2 10y 4 9yl st Aejaha vhas 28 42
2 BAE 4 Aok

o kB
(), ikcose{ﬂ] . an
‘ 1+K,.e*) ™

Steward®} Panchang(2001)& F3H4] wlolae] o] F&
UL AAZAL oo 22 202 AAISH vl ).

xR
lim an —ikcos 1-Ke nj=0 (12)
XX, ax ] +Kreik[3

P,=0 (13)

2 (1) 2 (6o B F R0l x=x,l M= A
%ﬂ £, ole & @7olM AXNG sade] RRuAE 9

F=A7'He] Sweward?} Panchange] A3+ 4 (12)9}
Eﬁo}ﬂl ERE 5 eS¢ 5 Uk weby B 3

oA AEA AN
% qc,

Bl 7 57t HA9e @

23 53 3 FU RE

BRI B2 FE 99 BAZNS KD I
2 2SiEch. Fig. 19 BA 20 239 2
7 24 Qs 7PE, Theel Aol HgaTia
ol];]_.

>

[_)JXb E].;xvax/Z (14)

A7V, pr,-arn 2 b Aol 5 T2} 2ol =
drt.

>
_ 2, _gk o coshk(z+h) 15
J: udz @ ”fh coshkh & 1)

o] u, Sz WakAlol M) WAFE] K ol2aL S x,-
Ax2o1A 9] Akl 18 R HEE =0 p/(1+K )%

2o} w9, ojule) WuiAle) £rgo] K B s, 3}
she] e o) Az Lol Aot Fakgel Fo
2 Aojgr).

N
(p)xb—AX/Z -

16
1+KC'7b (16)

owi 2 (14l Sl WA Aol e] S} she) £
& Tg 2ol Ao 4 Ak

%
Cry 17

SELENEES TP EZEE-

ol

3.1 2%+ Sty WOEo|l M e ohet ME
sl B4 ml2 o] BBk} Tl Exl xjdors 7
E3}17] 3 o9 Fig. 20 VERd R 22 23149

Fzol| s 4] 2o dEs AAET 2™ =

) Incident o
Wave
L]

Internal Wave
Generation Line

Sponge
Layer

Sponge
Layer

Permeable
Breakwaters
Water Depth: (Kr: 0.5,Kt: 0.5)
10m

100 m

Fig. 2. Computational domains for 2-dimensional wave flume.



S73AL Aol e) YRSk ule] B AL A B3} A2 7y 87
Kr:50%, Kt:50%, T=1sec
T T T T T T T T
2'0 e F e R T IIN : IR SR e .|
8 b S ‘ |
;E’ l! l Permeable Breakwater
E1-0 i ! i | { ............ .................. -
05 :
I R R SR N S R R
-50 -40 -30 -20 -10 0 10 20 30 40 50
X (m)
Fig. 3. Computational results (Period : Lsec).
Kr:50%, Kt:50%, T=4sec
T T T T T T T T
2.0_ et e R U - R N S ................
£ / Perrﬁeable Bréakwater
E ........... e e . —
ol .
-50 -40 -30 -20 -10 0 10 20 30 40 50
X{(m)
Fig. 4. Computational results (Period : 4sec).
Kr:50%, Kt:50%, T=8sec
2.0 ............................................................................ —
1‘5 . ]
o
F
£ 10 ; e
05 :
Oo 1 | | L i l L
-50 -40 -30 -20 -10 0 10 20 30 40 50
X (m)
Fig. 5. Computational results (Period : 8sec).
% ghso] ¥ ZSMAGIA AAE SBe 223U A FE £ Aol ANG SR WHo) Sl @
A% T3 g F ) R B F gue]  Algle] ve) £3 8 vle 2 AWTS ¢ 4 Aok

A2E 720l FrEEE Sy FAAES 4 I m
o] £zAA F2 0.01 m&} F7] 1, 4, 8% 2 JHRZ4E
o] F3g g wkAlgo] Zh2} .59 A9l dish A8k
t}. Fig. 35-E} Fig. 55 FV)2 1, 4, 8%9] 259 3
2 wualbE AnE Jepdol, a6l B 4 9lRo] St
4 WA 9] Sz FER) Yeh b $5dle W
SAE T3 Ay} JdgPso] e & 4= ok £
H due 5348 et AEs] FHE T AR wet
WhAE o] S837} FAE o] YAtgtel] tigh sfarn|zt Z}
7} 0.5~1.5¢F 0508 E¥ata gS-S ¢ 5 Yo} o2

3.2 sAlo| Hatshs XIgoM el Tie| BiAL & St

vk HHe] ealo] Wslehe FelAje] gle] WAl 9l
S5 AES] 98] v Fig. 694 Kole A7 2
2 2G| dish A7} Q= B T e o
AR K =0.6, 3-8 K=0.8Y7} A= A9l sl 74 &
AAHE AAEHHT

zyzke] g0l tigh wuA|e] M e Yratatel] of
3k ZatHIE Table 100 VFERASIEE. WARE0] 0.691 739,
A A A A7) gle 752 sharn) 7} WAz}



88 HAE - R

Incident Reflected Transmitted

Wave Wave Wave
— - pos —_

Permeable 0.4m
1 Breakwaters
m . .
Sloa e 06 (Kr:0.6,Kt:0.8)
60m

Fig. 6. Computational domain of bathymetry with varying water depth topography.

Table 1. Normalized wave heights at the front and lee side of

breakwater
WAL Qe 7% A Sl A9
valA] A 19 12
i) £ 0.9 12

e 735l vla) 1o = vEhdar ok WakA]l 250
A AL gl Ao sfale YA Qe B
o ulsh 0.8 A ehka §Itk. o) 44lo] Wsksie

FoM%E The] wha} gl
< vehdtt

F 71X B9oll he spa BEEE o129 Fig. 790 W
ehfiglon, Bad WElAIE FA0R sho] WAL U T}
ol vehks 21S FalshkA #4238 £ Ao

E37} 43H 0= o] oAt R

f“l

3.3 HhR e Wt o| Me| X2 M

331 T3 wakAlel Aoz datste ghe] B¢
T WAl Ao g Yilshe dle) AR d

HE o Lutelet Blawsiylt. =2 ne) Agzzie] &

3} S22 Fig 8l Ueht )tk G=0, 025, 05, 15

o =l thast WAkt T8l tigh 27) b 47}

A 7352l AR} AES AAIsle Yu(1995)9] sl At

Incident Wave
Ho:0.01m, T:10sec

R R2R222], *

200m

Liske

400m

Permeable Breakwaters

200m

400m

Fig. 8. Schematic diagram for porous semi-infinite breakwaters

Bl skt
Yuo] dRbeli= ok 2t

eikx+SIO(xay)
1+2G

x>0

eikx_Szo(x,y)
1+2G

HiHo

30 40 50 60
X (m)

Fig. 7. Computed wave height, solid line: case of permeable breakwater, dashed line: case of no breakwater case.



SAAL g lollAe] iHshE vhe] FE v B F3 A2y 89

71M, K =938 §X %, x = Y] EgoziE 1}

Sialey) = %exp(—fﬁ)(@ c»)+(3+5(7)).

Syo(x: 1) = Syo(=x,¥)

A7, 7= ky/(J aklx]), C(N+iS(y) = IgeXp(i:—:uz)du
o] wje] WALg I B-8-2 GRLS o83t thew 2
o] Aeol”Tk(yu, 1995).

"I 7l
R TR YE R TR Te

Yo B 9hE-g WalAlol] sl s} 2 ks
725 g 1AL FAT o8 A8t 24} Ay
s T51A7] Wizol kr gro] Ao Fggs] A=t o
714 ke g r& U EdelM] ARlE et

£ AR 48 F 6=0.5% 25l gk s 2
o} vuo] siMs)E the-9] Fig. 99} Fig. 109 VERASL
t}. o] Z-ENA BH WuhA 948 Aejshale AR
o AFd=et yuo] siqsizh A= 2 dAlstar sivk
Yue] A8 AAIF ol&& ARSI kAl 9o
e FAge e Ze Aekehd, shdalek Akl
Z GAaL E 5 Qlvk a2|3 o] fRRe) 4y 2
T} Fo A oA 2R AT wjHe R Zhz) 4L T
ol o] HuFIXEE Yud] s 3¢} Bl st Fig.
11~Fig. 1691 VERAITE. o] DTS B tpfdh =3

Noermalized Wave Height

100

el X (m)
Y (m)

Fig. 9. Wave height distribution around porous semi-infinite
breakwaters, numerical solution case.

Normalized Wave Height

100
o 40 X (m)
Y (m)

Fig. 10. Wave height distribution around porous semi-infinite
breakwaters, analytical solution case.

o) wiale3 Skgo) ghol el S 4 Azs) o)

H3i7k 2 QAT A& ¢ & A

332 999 YA 7kA A YA S

Fig. 8] T2} wkEsh Ao oj3)] 2ejo] SiAkzte:
71 37t JAReE Aol disf AR HES AR §
o] wie] A2t ARE Mclvere] LHlsie}t ¥4 Hlwsle] L
AL E AES YT

Mclver®] ksl o33 2ok

¢ * D ksin Bsin @

¢~ 172 172
Qrkry (1 +cosé) “(cosf+cosb K, (kcosh)

(1+cos8)' K, (keos(z—19]))

in/dk

" 2 p~iksin|é} _sgn(y)e™ Tsing,
(1-cos8,) °K , (kcos8,) (2 B iksinld])
2 B—iksing,

e—ikrcos(fﬂ+gu)F|:(2kr)1 QCOS(Igl ;90):|
—ikrcos(|&— [/ -]
e “ 6”)F|:(2kr)1/2cos(||T"):|
74 = iz 2)
o714, Fv] J:exp(t4u du
12 ,
K+(0!)=(l+g) exp{z_”g os-iask) _0'cos@'d¢ }

q Tk 72 cos0'—(q k)
(q+2ﬁ)(i/2ﬂ)IN[(q*a)/(q+a)l
k



90 Az -

[}
z
I

0 L 1 i 1 I} 1 i

-4 -3 -2 -1 o} 1 2 3 4
y/L
25 T 1 T T T T T

2+ x=4L -
-}
z
I

y/L

Fig. 11. Wave height distributions around porous semi-infinite breakwaters at x==+4 L, case (K,: 100%, K, 0%), solid lines:

numerical solutions, cross marks: Yu(1995)’s solution,

25 T T T

0.5+ .
0 t 1 i 1 1 i i
-4 3 2 -1 (o} 1 2 3 4
y/L
25 T T T T T T T
2t x=4L -
1.5} =

H/Ho

]
-4 3

2 1

Fig. 12. Wave height distributions around porous semi-infinite breakwaters at x=+4 L, solid lines: numerical solutions, cross marks:

Yu(1995)’s solution, K,: 67%, K,: 33%.

Mclver®] ¥ul3]= Wiener-Hopf 7192 ©]-&3) 73
Ao ® Yoo Az 2] WAl ZAAMARRS A5l o
A Jr g B AFNAE MclverZ| AAE Lyl
FAA ko] Z 750l thEt 21& 3 FR)A Aot
H sk, -

£ A ZeldPelrte BatAle] Fakgat whakge] o
STl M1 fJAkto] 242} 30°% 4571 7390l thsl) <=
A 5e) A AASIATEARS: 50%, F2HE: 50%). ©)
o, AR EY A} Fol A HEF AR dw
e o 247} 41 v FolX RO ANFEEE T



AN Aol A} ZiHske she) F7 v 2 Fst 227 91

H/Ho

H/Ho

y/L

Fig. 13. Wave height distributions around porous semi-infinite breakwaters at x =24 L, solid lines: numerical solutions, cross marks:
Yu(1995)’s solution, K,: 50%, K: 50%.

25 T T T T T T

2| x=AL .

1.5+ ' -

HiHo

1

0.5 B

[o]
-4 -3 2 -1 o] 1 2 3 4
v/l

25 T T T T T

2- x=41 -
1.5+~ -

! (RAtEass O EOITTTIIITRERI LSS L soe e PURTFER R |

0.5+

H/Ho

L 1 1 L I 1 L

o]
-4 3 2 -1 o] 1 2 3 4
y/L

Fig. 14, Wave height distributions around porous semi-infinite breakwaters at x=+4 L, solid lines: numerical solutions, cross marks:
Yu(1995)’s solution, K,: 25%, K2 75%.

3] Melvere] dulshe} vlawsle] the-¢] Fig 159} Fig. AF el 2 AEEE & 4 Ao
160 YERHATE
Fig. 157 Fig. 16914 X1 2e] AdA7e} sixisle] 2 340[ctHofiMel ot HE
It AR F X8 Qo] deje] a7 T & EFTA oI (TARE: 50%) B FT olREAIRIA}
RS BhalAol] o] YPAKE Aoz B 7o) Al &1 50%, 528 50%) ol i3l YAkl el g



92 HAZ - okAR

H/Ho

25 T T T T T T 1

H/Ho

i ) 1 ! L
2 -1 o] 1 2 3 4
y/L

A2
&

Fig. 15. Wave height distributions around porous semi-infinite breakwaters at x=+4 L, solid lines: numerical solutions, cross marks:
Melver(1999)’s solution, K,: 50%, K,: 50%, oblique incident wave case (6,=30°).

25 7 T T T T T T
2+ x=4L -

1.5 —

H/Ho

1 b

0.5+ -

25 T T T T T T T

2L x=4L -

1.5} E

H/Ho

4 b L bbby

0.5+ -

o]
-4 3 2 -1 4] 1 2 3 4
y/L

Fig. 16. Wave height distributions around porous semi-infinite breakwaters at x==4 L, solid lines: numerical solutions, cross marks:
Mclver(1999)’s solution, K,: 50%, K,: 50%, oblique incident wave case (6,=45°).

HE S AR £ 2] 2o Ao Au 20 3l FZHx=200~400 myellA) F}a18]7} 1.5 FOZ vER}
At=0.01 sec, Ax=2.5m, Ay=2.5mo| A A5 2 9ltk of i, T oletAle] A9l Fatale] HF
o-2-9] Fig. 177} Fig. 18~Fig. 23 5ol YR o2 gFn7} 158 $40 = o7t ZA B¥sw 3l
Fig. 182 o]k Mo xe] BRZA oRkA 2 F} Fig. 192 ©]QkA] v Hol| 9] BEA o]okx] 2 E;Jr
23 o9 mhatH] ¥ X E vehd Ald], gle) irjZ g olQkAle] whaH] X =S viebd AN, slawizt 2t



93

200m

—
k
K

400m

190m

Permeable Breakwaters
(Kr:50%, Kt:50%)

incident Wave
Ho:0.01m, T:10sec

SREERLSRESRIEN:

1
N|
g

€600m

Fig. 17. Computational domain for detached-breakwaters.

50 100 150 200 250

300

X (m)

350 400 450 500 550 600

Fig. 18. Distributions of the normalized wave height along the front of the breakwater (solid line: impermeable breakwater, dotted

line: permeable breakwater).

20 T T T T T T T T T T T

158+ [ T S PRI S N
[+]
10
X

05

00 L

0 50 100 150 200 250 300 350 400 450 500 550 600
X (m)

Fig, 19. Distributions of the normalized wave height along the lee-sides of the breakwater (solid line: impermeable breakwater, dotted

line : permeable breakwater).

7} 0.0~0.2, 0.4~0.6 522 EI3a1 Qi) oJ71A] BF
23 olRMA|e] Ag-olle cltAe] oA 4zt A E 3t
7} A AE-S doA AduAE gamly) Exskal o
o}, Ze)a, oA oMl olbA|] Aol A 3= )
s} TRt 43 X8-S Ao 04~0.69) T EEE
Holi gt}

Fig. 209} Fig. 210 %34 o|tA|e] sfav] £

P
tu_r_

= 2 FHHY XSS YeRIT Fig. 2164 B of
oA Ao A wkAlr} Lot 0.5~1.52] whirn)rt EES}
Rnom oRkAlY] miH M= 3)-80] Yot 0.0~0.29]
o} Bk gl BT WA o] 799 Z)
AP oz start E33}51 et o= oA Gl Al

S8 APo) N2 ThE W 4EHeL Yol A
o]},

\_

l:l r



94 A% -

400

350

250

E 200

150

100 Fo)

Q 50 100

150 200 250 300 350 400 450
X (m)

500 550 600

Fig. 20. Distribution of the normalized wave height around impermeable breakwaters.

Imper Breal

s {Kr:50%)

400

50 i

0

350 400

0 S0 100 150 200 250 300
X (m)

450 500 550 600

Fig. 21. Distribution of normalized surface elevation around impermeable breakwaters at 20T.

Fig. 22¢} Fig. 230l ¥HAME-3 F2Hgo] 242} 0.590
3 olgkAle] o] BEE 2 FEHe] RETE U
ERIAT). Fig. 2404 B o|¢kAl9] Az} widcA
0.5~1.5, 0.4~0.69] v/} B33} Qi olekA|e] vy
Hol A 0.4~0.69] 9187} BEE = AL 50%2) £}
s}l 2l3t Hoz Eoulel olgkAle] ogolq 514 v}
7F A5 AEE doA AR i BXE Holi
At

4.4 E

£ ATolAE vlel ErEs} wakgol Fole o), 5}
o)A et FAAE ANSHE 1 A2 gt
sof she] $3 B3l @ LS ATHO 2 SAmelsh
P AT T B WS BEsRE A ARk
= ATAY DAL A Pl Wrksle] wER
£ Ry stz &% he) 8, v, aela ¥



DA} Aol e) 2hskE The] B ) B F3) Aoy 9

Permeable Breakwaters (Kr:50%, Kt:50%)

400 2
- 1.8
350
41.6
300
11.4
250
E 200
>

150

100

50

2] 50 100 150 200 250 300 350 400 450 500 550 600
X (m)

Fig. 22. Distribution of the normalized wave height around impermeable breakwaters.
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Fig. 23. Distribution of the normalized surface elevation around permeable breakwaters at 20T.
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