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Abstract : The matching condition at a perforated wall with vertical slits involves the permeability parameter, which can
be calculated by two different methods. One expresses the permeability parameter in terms of energy dissipation
coefficient and jet length at the perforated wall, being advantageous in that all the related variables are known, but it gives
wrong result in the limit of long waves. The other expresses the permeability parameter in terms of friction coefficient and
inertia coefficient, giving correct result from short to long waves, but the friction coefficient should be determined on the
basis of a best fit between measured and predicted values of such hydrodynamic coefficients as reflection and transmission
coefficients. In the present study, an empirical formula for the friction coefficient is proposed in terms of known variables,
i.e., the porosity and thickness of the perforated wall and the water depth. This enables direct estimation of the friction
coefficient without invoking a best fit procedure. To obtain the empirical formula, hydraulic experiments are carried out,
the results of which are used along with other researchers’ results. The proposed formula is used to predict the reflection
and transmission coefficients of a curtain-wall-pile breakwater, the upper part of which is a curtain wall and the lower part
consisting of a perforated wall with vertical slits. The concurrence between the experimental data and calculated results is
good, verifying the appropriateness of the proposed formula.
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Table 1. Geometrical parameters and test conditions of experiment
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Fig. 2. Sketch of wave flume and experimental setup in SNU: (a)
top view; (b) side view. W=wave gauge.
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Table 2. Geometrical parameters and test conditions of experiment

in SNU in KORDI
WidthxThickness of Piles(cm) 2x2 3x3 WidthxThickness of Piles(cm) 2x2 2x4 3x1 3x3 3x5
Porosity 0.1 Porosity 02,03, 04
Structure Type Vertical slit wall Structure Type Vertical slit wall
Water Depth(cm) 30, 35, 40, 45, 50, 55, 60, 65, 70 Water Depth(cm) 40, 50, 60
Period(s) 1.0, 1.2, 1.4, 1.6, 1.8, 2.0 Period(s) 1.0,12, 14,16, 1.8, 2.0
H/L 0.03 HIL 0.03
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Fig. 3. Sketch of wave flume and experimental setup in KORDI: (a) top view; (b) side view. W=wave gauge.
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Table 3. Summary of experimental results

29

i Wavet
i absorber

2da)(m) b(m) hm 7 L 7
0.02 0.02 0.40 0.2 0.46 2.5
0.02 0.02 0.50 0.2 0.30 2.8
0.02 0.02 0.60 0.2 0.47 3.6
0.02 0.02 0.40 0.3 0.46 0.1
0.02 0.02 0.50 0.3 0.67 1.9
0.02 0.02 0.60 0.3 0.58 1.2
0.02 0.02 0.40 04 0.63 1.3
0.02 0.02 0.50 04 0.80 1.6
0.02 0.02 0.60 04 0.52 1.8
0.02 0.04 0.40 0.2 0.59 1.5
0.02 0.04 0.50 0.2 0.67 1.6
0.02 0.04 0.60 0.2 0.53 1.5
0.02 0.04 0.40 0.3 0.82 0.7
0.02 0.04 0.50 0.3 0.86 0.5
0.02 0.04 0.60 0.3 0.59 1.0
0.02 0.04 0.40 04 0.50 1.2
0.02 0.04 0.50 04 0.92 0.6
0.02 0.04 0.60 04 0.65 1.0
0.03 0.01 0.40 0.2 0.37 3.1
0.03 0.01 0.50 0.2 0.22 3.9
0.03 0.01 0.60 0.2 0.40 34
0.03 0.01 0.40 0.3 0.59 3.1
0.03 0.01 0.50 0.3 0.58 2.9
0.03 0.01 0.60 0.3 0.39 34
0.03 0.01 0.40 04 0.82 33
0.03 0.01 0.50 04 0.76 34
0.03 0.01 0.60 04 0.88 4.1
0.03 0.03 0.40 0.2 0.60 1.5
0.03 0.03 0.50 0.2 0.71 1.7
0.03 0.03 0.60 0.2 0.67 1.5
0.03 0.03 0.40 0.3 0.68 1.0
0.03 0.03 0.50 0.3 0.68 0.8
0.03 0.03 0.60 0.3 0.69 0.9
0.03 0.03 0.40 04 0.71 0.7
0.03 0.03 0.50 04 0.68 0.7
0.03 0.03 0.60 04 0.62 0.8
0.03 0.05 0.40 0.2 0.76 1.1
0.03 0.05 0.50 0.2 0.83 1.0
0.03 0.05 0.60 0.2 0.88 1.1
0.03 0.05 0.40 0.3 0.79 0.4
0.03 0.05 0.50 0.3 0.82 0.3
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Table 3. (Continued)

2(d-a) (m) b(m) & (m) r 1, 7
0.03 0.05 0.60 03 0.78 0.8
0.03 0.05 0.40 0.4 0.92 0.6
0.03 0.05 0.50 0.4 0.92 03
0.03 0.05 0.60 0.4 0.66 0.4
0.02 0.02 030 0.1 0.61 3.7
0.02 0.02 035 0.1 0.61 3.1
0.02 0.02 0.40 0.1 0.66 3.0
0.02 0.02 045 0.1 047 3.1
0.02 0.02 0.50 0.1 0.56 4.0
0.02 0.02 0.55 0.1 0.55 42
0.02 0.02 0.60 0.1 0.56 3.5
0.02 0.02 0.65 0.1 0.50 47
0.02 0.02 0.70 0.1 034 3.8
0.03 0.03 030 0.1 0.57 25
0.03 0.03 035 0.1 0.60 24
0.03 0.03 0.40 0.1 0.77 33
0.03 0.03 045 0.1 027 5.0
0.03 0.03 0.50 0.1 0.63 26
0.03 0.03 0.55 0.1 0.53 27
0.03 0.03 0.60 0.1 0.57 26
0.03 0.03 0.65 0.1 0.72 28
0.03 0.03 0.70 0.1 0.79 29
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1 cm, porosity = 0.2, water depth = 50 cm, and index of agreement = 0.22.
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Researchers b (m) h(m) r 1, f

S o 1 0.05 05 005 089 34
0.05 05 01 093 04

o o R ° ] 005 05 0I5 093 05

g o . o Kakuno and Liu (1993)  0.05 05 025 095 04

w sl o o | 0.15 05 01 08 06
g ° 0.15 05 015 080 07

0.15 0.5 025 088 0.7

°© o 0013 045 005 096 25
8 . o Isaacson et al. (1998) 13 045 02 070 34
T 8 g o T Cho and Kim (2002)  0.019 0.6 0286 057 1.6
g g 0.01 0.35 0.1 089 9.1

1 1 1 1 1 Q 1 1 1 . . . . .
%005 01 o 02 02 03 0% 04 045 05 Li et al. (2006) 001 0.35 02 088 89

0.01 0.35 03 081 82

Fig. 8. Relationship between r and f. 0.01 0.35 04 08 76

f= br/h?] AsAlE ] g x@sh, A ot gl HATE A
2o e ApolE wolar glon, thAlA 0% vsedt A 7t

£=0.037x(br/h) "™ at 0.0015<br/h<0.075  (23) 919 A2 23y o] 4-310] Fig. 110] Fol7l 7oke]

)



32 ED
10 . : : . ; : :
f O Present Exp.
gl ll:l o A Kakuno and Liu (1993) |
l & Isaacson et al. (1938)
al L u] ¥ Cho and Kim (2002)
l o O Liet al. (2006)
7+ .
|
6B |I B
y— 5 Clb o] -
4+ (%: B
8ho o
3F 4
. 8o
2 4
3% o '
1+ o \8 Qo 4
s 27 Beey oo~ 2.
UD 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
brrh
Fig. 10. Comparison of predicted f with experimental results as
function of br/h.
b
K > -
7 =
d -
h
| |
| |
: : 2a
24
(a) (b)
Fig. 11. Definition sketch of curtain-wall pile breakwater: (a) side
view; and (b) front view.
1 T T T = T Fe s T £t
- B —
~ B - T
o —
. o
sost & .7 P i
e -0 oral
o.- j
T
-t
D L L 1 1 1 1 1 1
05 1 15 2 25 3 35 4 45 5
kh
—— : : \ ; ; .
\;:-HE_T_ AN
508k & \EQ‘EK x@,_\u\_\ 1
g T °
=~ . A‘“- \\\\\\ =1 T
o 1 1 1 P SN b LR et LEEEEe
05 1 15 2 25 3 35 4 45 5
kh
Fig. 12. Comparison of predicted hydrodynamic coefficients with
experimental results as function of k% for various drafts of
upper wall; f=0.7: predicted: (—)d/h=0.2, () d/
=04, () dli= 0.6. Measured: (O) dii=0.2, (L) di=04,
(&) dih=0.6.
E91el opile] H 59k A E R b2 23
H|o]E]= Suh et al.(2006)2 21-8-3F2ATE. Suh et al.(2006)°]
A3 o] 104 m, 3% 3.7 m, =0 4.6 mE 7HA|& 23

- A7

=)

=1 X];‘g'?:_]'

FxoA FAEN o, A £ 2.4 m, A 9] 7

= 0.143 m, I F70 F3E&S 052 FoAEE, Fak
0.7= ARFATE Fig. 120 919] npEAGE ARE3to] At
g Aol AAAANE vl walek. Alitel ARH 814 B

3+ Suh et al(2006)2] v=oll AT E o] §lom, o= 91552 #
EQlM e 7189 AR2A(E, 2¢,/Ox = O¢y/Ox = 0 for
-d<z<0, x=0)7t W1 Lpe A= 28el AwE wE v} Fo
St} Fig. 120014 Bizo] ASE-atd Wk e} 22 A4 &
s Xt o FREAAME & Aol T3 A
A& AFEEIE W T A 2 dAFS & ATk

3|

6.2 E

FraulolAe] F4= wi/iE Aakslr] S8l Sollitt and
Cross(1972)e1] 23l AQHe whilo] wo] 2ro]a Qlr, spA 4t
AR £, AR 9} 5 9k] v wE Fa AYslof
Sto}, whEbA] 2 Aol thekst A e
Astell A e Faste] e ATAES] A8 AYE F
Fato] vlEAGe} A1 WS br/ngle] BAE vk, o
S 2 AL AN BTk = 0037x(briky . o] A

o]gsto] AEL I WipA|o|x ] Tke] RiALE U R
S 74])\]_01] x%&s} @J,]_ 74]/\};] g]_ A 64}]7}_ 2k ol;q 6]—% H
Atk B3k AlkE A2 Li et al(2006)2] 2] K.t} 24
A7t

__1_

S 5
=

AR =

=S Al EFARTOlA] Al s %kf&%%ﬁziz
(KSGP) A ALR] /‘15“415517 BK21
S8k AR 7R AR o] A
1%ﬂ1§1ﬂ ot Aol FaEdE U 04?4
S| FATA0] Aol A EHYLE &
FAAE Aol A AR .

ik
rot

Fps

A7Y, A8 LS 2008). A E3 HEH
o) w5
5009.
299, 7dE (2002). A3 E3ol] ok A REY R )
A, skl obal ke ehsl A, 16(3), 1-7.

Bennett, G.S., Mclver, P. and Smallman, J.V. (1992). A mathemat-
ical model of a slotted wavescreen breakwater. Coastal Eng., 18,
231-249.

Hagiwara, K. (1985). Analysis of upright structure for wave dissi-

o] Tl ARt
Al 58] FEfAlEelETE] =, A, 506-

pation using integral equation. Proc., 19th Int. Conf. on Coastal
Eng., ASCE, 3, 2810-2826.

Hossain, A., Kioka, W. and Kitano, T. (2001). Transmission of long
waves induced by short-wave groups through a composite



214

|

9 3o
breakwater. Coastal Eng. J., 43, 83-97.

Isaacson, M., Premasiri, S. and Yang, G. (1998). Wave interactions
with vertical slotted barrier. J. Waterw., Port, Coastal, and Ocean
Eng., 124, 118-126.

Kakuno, S. and Liu, P.L.-F. (1993). Scattering of water waves by
vertical cylinders. J. Waterw., Port, Coastal, and Ocean Eng.,
119(3), 302-322.

Kim, B.H. (1998). Interaction of waves, seabed and structures. PhD
dissertation, Seoul National Univ., Seoul. Korea., 5, 142-146.

Li, Y., Liu, Y. and Teng, B. (2006). Porous effect parameter of thin
permeable plates. Coastal Eng. J., 48, 309-336.

Losada, I.J., Losada, M.A. and Baquerize, A. (1993). An analytical
method to evaluate the efficiency of porous screens as wave
dampers. Applied Ocean Research, 15, 207-215.

Mei, C.C., Liu, PL.-F. and Ippen, A.T. (1974). Quadratic loss and
scattering of long waves. J. Waterw., Harbors Coastal Eng. Div.,
Am. Soc. Civ. Eng., 100, 217-239.

Mei, C.C. (1983). The applied dynamics of ocean surface waves,
Wiley, Newyork.

Park, W.S., Kim, B.H., Suh, K.D. and Lee, K.S. (2000). Scattering
of irregular waves by vertical cylinders. Coastal Eng. J., 42,
253-271.

Press, W.H., Teukolsky, S.A., Vetterling, W.T. and Flannery, B.P.
(1992). Numerical recipes in FORTRAN: The art of scientific

57 =~
SH ]

N7Ha=e] vl A 33

computing, Cambridge University Press, Cambridge, U.K.

Sollitt, C.K. and Cross, R.H. (1972). Wave transmission through
permeable breakwaters. Proc., 13th Int. Conf. on Coastal Eng.,
ASCE, 3, 1827-1846.

Suh, K.D., Park, W.S. and Park, B.S. (2001). Separation of incident
and reflected waves in wave-current flumes. Coastal Eng., 43,
149-159.

Suh, K.D., Son, S.Y., Lee, J.I. and Lee, T.H. (2002). Calculation of
irregular wave reflection from perforated-wall caisson breakwa-
ters using a regular wave model. Proc. 28th Conf. on Coastal
Eng., 3, 1709-1721.

Suh, K.D., Shin, S. and Cox, D.T. (2006). Hydrodynamic charac-
teristics of pile-supported vertical wall breakwaters. J. Waterw.,
Port, Coastal, and Ocean Eng., 123(3), 118-126.

Willmott, C.J. (1981). On the validation of models. Physical Geog-
raphy, 2, 184-194.

Yu, X. (1995). Diffraction of water waves by porous breakwaters.
J. Waterw., Port, Coastal, and Ocean Eng., 121, 275-282.

Zhu, S. and Chwang, A.T. (2001). Analytical study of porous wave
absorber. J. Eng. Mech., 127, 326-332.

15155
EEE
LEE:

: 20093 8¥ 4
g 2010 1€ 18Y
: 2010 1€ 20

2 e



