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Characteristics of Wave on Circular Breakwater of Double Array
by Various Porous Coefficients among Circular Caissons

FrdA| o

2~
il By

Min Su Park*

S|

Q Xl :71FE Aol

pr=f)

Skpe] P9E ol7] Slal Aol Al W Tl F7h A Aokeg MAs] uy
She A% vtelel Sl oA Lo} Aol Aol Aole] e wsle] W AP Agslele] 25
t oot W eE 54 BRe Fesith B Aot SRSl Fabaele] S5E @ A5
el HFH Oz VIAGRs Darcydl WAL o830l ¢ AIEFAe) T8 A% ekl e 29 e
GshAle] Aga= skt 542 BAsielch, SR RS Sws] Slal Sankarbabu et al. (2008H =
e A I I P g

Cpehgle,

HAB0| : LRI, FHE AT, olF ARANE, 9, I 0F

rﬁﬂifi&o\'

Abstract : In order to increase the stability of existing breakwater, new caissons are installed on the back or the
front of existing caissons. It is very important to evaluate wave force and wave run-up according to the change of
porosity among caissons and the energy loss due to separation effects. In this study, we use the eigenfunction
expansion method with Darcy’s law, which describes the flow of a fluid through a porous plate, to analyze the
characteristics of wave on circular breakwater of double array for various porous coefficients. To verify the
numerical method, the comparison between present results and Sankarbabu et al. (2008) is made. The wave force
and the wave run-up acting on each dual cylindrical caisson are calculated for various parameters by considering
the energy loss and the change of porosity.

Keywords : eigenfunction expansion method, porous coefficient, dual cylindrical caisson, wave force, wave run-up
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Fig. 1. Definition sketch of numerical model for a dual circular
caisson breakwater.
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Fig. 2. Comparison of dimensionless wave force in x-direction on the individual inner cylinders in group of dual cylinders for various incident

wave angles with dla=5, Rla=4, bla=0.5 and G=1.0.
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Table 1. Porous parameter and porosity of outer circular boundary

Porous parameter (G) Relation function Porosity (P)
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0.5 B 0.07141
2% G=91T2P-0.155 1.0
8.0 0.88912
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Fig. 7. Dimensionless wave force in x-direction on caisson 4 with d/b =2, b/a=10/10.075, s/b=0.015 and = 0.0° for various porous param-

eters of outer wall.
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Fig. 8. Dimensionless wave force in x-direction with d/b = 2, b/a = 10/10.075, s/b=0.015 and = 0.0° for various porous parameters of outer

wall: caisson 11 for case 1, caisson 10 for case 2.

Ak 0ol thalj MRt aefskgl o, Park(2020)2] 4]
A ot wj A g adell YAE AP Aol sk ko]
7P A Hehe] Fdelln doldas slEo] ol 4
& Hylonw £ oM Tl H1AIE ol A8
ol #88hs W& TR HES TSI Figs,
73 82 S Fad AAelE] g=E wElel] uhE V)&
olF ABAolET At AR H = olF ARAelEte] A

A8 BT 9o, Figs. 99} 102 AX7H7 B(s/b =
0.12)7F 7F8 Bl 7-9-2] SR 548 HolF

& Aozl disl 25 Fd dFZ Aol D-gshs 3
< FFEC] TS 9Yo] Fhashs S Hola ¢l
om G7} 2.0 o1dQ1 B-olli= F2Eo| ZE3h= vo] 1]
28k 02 YERgtth Uiy 87015 2 d3gAle)
of Zhgah= dHES gt A 9= ) agkEe] A=
g oS A lsha kA9 (ka < 0.25)2F A (ka > 0.8)
oA &1 T AFGA0)=e] F=E Wl #AIRe]
Abet 3hE 7HAE Solst @ldo] wHAE QI o= el A
o5 T d3gAlol=e] w5 Wl Agle] HEHo] &
AbsHAl Bl 7] o1+ A¥-S(Williams and Li(2000), Cho



428 vy

| Caisson 4

—— Ref 4(G=8.0)

1§a Case 1

2*” ——G=0.1

3*1 ——G=0.5

2y ——G=2.0
——G=8.0

e

—— G= oo(park,2020)

N o »
=

29

Dimensionless Inner Forces (in/ngbZ)

o
I

T T T T T T T
02 03 04 05 06 07 08 09 10
Dimensionless Wavenumber (kb)

(=
o
o

(a) Inner force for Case 1

Caisson 4

30

© oo

—— Ref 4(G=8.0)
Case 1

e

254
DD ——G=01
ikl ——G=05
20 ——G=20

——G=8.0

&

1

N sTw N e
=449

)
1

Dimensionless Outer Forces (Fxo/pgHa?)
&
1

=3
o
!

T T T T T T T T
02 03 04 05 06 07 08 09 10
Dimensionless Wavenumber (ka)

=
o
o

(c) Outer force for Case 1

| Caisson 4

—Ref4(G=8.0)

[

2§ Case 1

- ——G=0.1
H) ——G=05
D& ——G=2.0
5 ——G=8.0
6*1 —+—G= o0
4

Dimensionless Total Forces (Fxt/ngaz)

T T T T T T T T
00 01 02 03 04 05 06 07 08 09 10
Dimensionless Wavenumber (ka)

(e) Total force for Case 1

Caisson 4

——Ref 4(G=8.0)
Case 2

——G=0.1
——G=0.5
——G=20
——G=8.0

—— G= oo(park,2020)

=]
f

T T T T T T T
02 03 04 05 06 07 08 09 10
Dimensionless Wavenumber (kb)

o
=
=]

(b) Inner force for Case 2

Caisson 4

W
o

254 | ——Ref4(G=8.0)

Case 2

——G=0.1 X
204 _ G=05

——G=2.0
154 [ ——G=8.0

=]
1

Dimensionless Outer Forces (Fxo/pgHa?)
&
1

=)

=)
(=4
=3

01 02 03 04 05 06 07 08 09 10
Dimensionless Wavenumber (ka)

(d) Outer force for Case 2

“w
€T
g
E) 50, —— Ref 4(G=8.0)
w Case 2
3 ——G=0.1
‘-5’ ——G=05
i ——G=2.0
% ——G=8.0
(=
[
3
[=3
(=}
(7]
(=4
7}
£
a

——G= o0

T T T T T T T T T
00 01 02 03 04 05 06 07 08 09 10
Dimensionless Wavenumber (ka)

(f) Total force for Case 2

Fig. 9. Dimensionless wave force in x-direction on caisson 4 with d/b =2, b/a=10/10.075, s/b=0.12 and = 0.0° for various porous param-

eters of outer wall.
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Fig. 10. Dimensionless wave force in x-direction with d/b = 2, b/a = 10/10.075, s/b = 0.12 and = 0.0° for various porous parameters of outer

wall: caisson 11 for case 1, caisson 10 for case 2.
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Table 2. Wave number and wave force at maximum peak point for s/b=0.015

Caisson 4 of Case 1

Caisson 4 of Case 2

Porous parameter

(G) Wave number Wave force Difference Wave number Wave force Difference
(ka) (Fxt) (%) (ka) (Fxt) (%)
0.1 0.3008 9.9363 -59.629 0.4846 10.9814 -68.895
0.5 0.3342 11.3784 -53.770 0.5180 13.4552 -61.888
2.0 0.3342 15.8337 —35.668 0.5347 21.9340 -37.872
8.0 0.3342 21.0818 —14.345 0.5347 30.4650 —-13.709
® 0.3342 24.6126 0.000 0.5347 35.3048 0.000
Caisson 11 of Case 1 Caisson 10 of Case 2
Porous parameter ; -
() Wave number Wave force Difference Wave number Wave force Difference
(ka) (Fx1) (%) (ka) (Fxt) (%)
0.1 0.2841 9.3723 -63.896 0.4679 11.0397 -67.629
0.5 03175 10.9738 -57.726 0.5180 13.3884 -60.742
2.0 0.3342 16.1765 -37.684 0.5347 21.1419 -38.007
8.0 0.3342 22.2014 -14.475 0.5347 294712 —13.584
0 0.3342 25.9589 0.000 0.5347 34.1037 0.000
Table 3. Wave number and wave force at maximum peak point for s/b=0.12
Caisson 4 of Case 1 Caisson 4 of Case 2
Porous parameter - '
(G) Wave number Wave force Difference Wave number Wave force Difference
(ka) (Fxt) (%) (ka) (Fxt) (%)
0.1 0.3008 13.0369 -53.099 0.4010 12.2268 -58.657
0.5 0.3175 13.6940 -50.735 0.4345 14.1857 -52.033
2.0 0.3342 18.8002 -32.365 0.4345 20.4245 -30.938
8.0 0.3342 24.5440 -11.701 0.4345 26.2382 -11.280
o 0.3342 27.7966 0.000 0.4345 29.5740 0.000
Caisson 11 of Case 1 Caisson 10 of Case 2
Porous parameter - -
() Wave number Wave force Difference Wave number Wave force Difference
(ka) (Fx1) (%) (ka) (Fxt) (%)
0.1 0.3008 11.9811 —54.247 0.4010 11.9337 -61.227
0.5 03175 13.3360 -49.073 0.4178 13.5271 -56.050
2.0 03175 17.3168 -33.871 0.4345 20.9754 -31.851
8.0 0.3342 23.0459 -11.993 0.4345 27.3016 -11.297
0 0.3342 26.1863 0.000 0.4345 30.7786 0.000
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Fig. 11. Dimensionless wave run-up on caisson 4 with d/b=2, bla=10/10.075, s/b=0.015 and = 0.0° for various porous parameters of
outer wall.
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Fig. 12. Dimensionless wave run-up with d/b =2, b/a=10/10.075, s/b=0.015 and = 0.0° for various porous parameters of outer wall: cais-
son 11 for case 1, caisson 10 for case 2.
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Fig. 13. Dimensionless wave run-up on caisson 4 with d/b = 2, b/a = 10/10.075, s/b=0.12 and = 0.0° for various porous parameters of outer

Fig. 14. Dimensionless wave run-up with d/b =2, b/la=10/10.075, s/b=0.12 and 8= 0.0° for various porous parameters of outer wall: cais-
son 11 for case 1, caisson 10 for case 2.
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