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Abstract : The design and the construction are carried out by installation of new caissons on the back or the front
of old caissons to increase the stability of old caisson breakwater. In this study, we use the eigenfunction expan-
sion method to analyze the effects of wave structure interaction when new circular caissons are installed on the
back or the front of old caissons. The comparison of numerical results between present method and Williams and
Li is made, and the wave force and the wave run-up acting on each circular caisson are calculated for various
parameters by considering the wave structure interaction.
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Fig. 1. Definition sketch of numerical model for a circular caisson
breakwater.
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Fig. 2. Dimensionless total wave force in x-direction on a four cyl-
inder array with d/a=>5, Rla=4 for f=0.0°, f=22.5" and
L=45.0".



310 Exise
(a) Run-up for ka=n/2 (b) Run-up for ka=n
24 28
Present Present
204 Cy1 Cy2 Cy3 Cy4 244 Cy1 Cy2 Cy3 Cy4
g Williams & Li(2000) 'ET Williams & Li(2000)
£ = Cy1 e Cy2 & Cy3 v Cy4 E204 = Cy1 @ Cy2 & Cy3 v Cy4
216 Ly =3 : g
> >
S S
& 2 16
2 1.2 @ ]
[0} [0}
< < 121
Q o |
12 12
5 & 0.8
E E |
a a
0 0.4
0-0'|'|'|'|'|'|'|'|'|'|'|' 0-0'|"I'|*|'|'|'|'|'|'|*|'|
0 30 60 90 120 150 180 210 240 270 300 330 360 0 30 60 90 120 150 180 210 240 270 300 330 360

6

0

Fig. 3. Dimensionless wave run-up on outer wall of each cylinder for four cylinder array with d/a=35, Rla=4, =45.0": (a) ka= 2, (b)

ka=r.

i

<Reference>

<CASE 1>

Fig. 4. Definition sketches for numerical cases.

(a) CASE 1(Fourteen caisson)

35
— —Ref
T 304 Case 1
2 ——s=0.15m
2 o5 ——s=0.30m
e ——s=0.60m
S ——s=1.20m
O
S 20
'8
123
8 154
=
£}
2 10
[
E
o 5]
0 * T E ¥ £ T . T ¥ T = T T T % T 3
00 01 02 03 04 05 06 07 08 09 10

Dimensionless Wavenumber (ka)

0.15m_

i;L‘.

‘i

<CASE 2>

(b) CASE 2(Thirteen caisson)

Dimensionless Forces (Fx/pgHa?)

——Ref
Case 2
——s=0.15m
——s=0.30m
——s=0.60m
——s=1.20m

0.

T T T T T T T T T T
02 03 04 05 06 07 08 09

Dimensionless Wavenumber (ka)

——
0 01 1.0

Fig. 5. Dimensionless total wave force in x-direction on breakwater with d/a =2 and = 0.0° for various distances between the first row and
the second row: (a) CASE 1 (fourteen caisson), (b) CASE 2 (thirteen caisson).

Fol welS el
Hilom, 2 A+-e] =234 4 = Williams and Li(2000)
of siAlaf el T2 YAE BT

ok wjeo] ol skt shel wet vl

= Qyolee]

okt WS Aol MiA, AANA ] we At T
ZZ7be] 4EAtg ek Auah AEa) $9) Fig. 49



71& A@A | o) Al QA0S FPAA o whE Thel FAETR] Ao gk Pt 311
2ol sAAo]| A AT B ollA 7= YA o] 92 EA)S LhERH Chakrabarti(1987)2] 3122 elw GAKSH
& IR Y WA E 715 A1) 2 (Reference) 2 A4 3} 7d8FS Bola lT).
Qom 7)E JpE Qo)) 744 &l 1 o) dkyA } A 2 AT OPdTRER] WakAIRl Aol 247ke]
S oA AAER= 5,000% o4 Alo]=e] Ax|E&- GAlo|=o] H] AFS 317 wliel NE QAo 2

21 0.15 m= G 8IATE B |34 Alo]AellA #ﬂ
& A0l M A (a=10 m)S 7|FO 2 dlgn)7} 20] 1
Case 17} Case 2014+ 71 d3Alo|E&a) A2 X H =
AgGA )= AN (s)el] whE TG TS A8V
98l = 474 (s=0.15m, s=03m, s=0.6m, s = 1.2 m)=
Tkl

Fig. 55 718 Q37A0)&o) g-gah= g E5S w5
A 2ol AHgehs vhES yERdT TRlelA A

x| #Eshs g 71 9 Al 43Alo]E3te] A
b7 Wsle] wpet AL xfo|7} MAYSEA] gk om 4712] A
AT} 1A AXE ST E(RIa =2)0 D83k

gk

(a) CASE 1(Fourteen caisson)

2g ] | Caisson 1 |
e 1|——Ref1
:5224' Case 1
x ——s=0.15m
=20 | ——5=0.30m
o ——s=0.60m
5 169 | ——s=1.20m
[
a
8124
=
9
n 8-
| =
£
a 41
0 ut . . . . .
0.0 0.2 0.9

Dimensionless Wavenumber (ka)

1.0

&ohs 54 Bk e Fasit 71 ddAele
2t AE@AelERe AR whE 9k} R ERe] A4S
218 ol 7t AW Aol Ag8hs AHEYe T4
&t7] 18l Fig. 6~12+= AR Aol $1A13h g
ol A8k S el F1g 13~19%= 1]
2 g dgAelEEel A8ehs v S vehgith 7
GOl g8l v EdE HeEts] vefslr] S8l
aAelA dAkke] ARz x 3} sF sl Atehs 0%
off thelixfnt aefsiglon Sl §l 3AlEE Vs
O 7 50t sl SR i ol 2H-g8h=
HEHE TSR & AelX sl SIAT dFAol

(]

o do rf) 4

h&

]

E

28 A
dgA]
<l

(b) CASE 2(Thirteen caisson)

36 | Caisson 1 |
S y
& 32 —=—Ref1 L
228 Case 2 x
E 7| ——s=0.15m
- 244 ——s5=0.30m
9 ——5=0.60m -
S5 209 | ——s=1.20m *
('
& 164
Q
S 12
[
o 84
£
O 44 Eza& m é
0 T T T T T T T T T T T T T T T T T 1
00 01 02 03 04 05 06 07 08 09 10

Dimensionless Wavenumber (ka)

Fig. 6. Dimensionless wave force in x-direction on caisson 1 with d/a=2 and = 0.0° for various distances between the first row and the
second row: (a) CASE 1 (fourteen caisson), (b) CASE 2 (thirteen caisson).
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second row: (a) CASE 1 (fourteen caisson), (b) CASE 2 (thirteen caisson).
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(a) CASE 1(Fourteen caisson)

N N N
o S ©
1 1 1

Dimensionless Forces (Fx/pgHa®)
>
1

Caisson 8 |

——Ref1
Case 1
——s5=0.15m
——s=0.30m
——s=0.60m
——s=1.20m

0.8
Dimensionless Wavenumber (ka)

03 04 05 06 07

0.9

1.0

(b) CASE 2(Thirteen caisson)

Caisson 8 |

——Ref1
Case 2
——s=0.15m
——5=0.30m
——s5=0.60m
——s=1.20m s

LT e g wR

T T T T T T T LI T T T 3 T
02 03 04 05 06 07 08
Dimensionless Wavenumber (ka)

T
0.1 09 1.0

Fig. 13. Dimensionless wave force in x-direction on caisson 8 with d/a=2 and = 0.0" for various distances between the first row and the
second row: (a) CASE 1 (fourteen caisson), (b) CASE 2 (thirteen caisson).
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Fig. 14. Dimensionless wave force in y-direction on caisson 8 with d/a=2 and = 0.0" for various distances between the first row and the
second row: (a) CASE 1 (fourteen caisson), (b) CASE 2 (thirteen caisson).
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Fig. 15. Dimensionless wave force in x-direction on caisson 9 with d/a =2 and 8= 0.0° for various distances between the first row and the
second row: (a) CASE 1 (fourteen caisson), (b) CASE 2 (thirteen caisson).

Fig. 16. Dimensionless wave force in y-direction on caisson 9 with d/a=2 and = 0.0" for various distances between the first row and the
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Fig. 17. Dimensionless wave force in x-direction on caisson 10 with d/a=2 and = 0.0° for various distances between the first row and the
second row: (a) CASE 1 (fourteen caisson), (b) CASE 2 (thirteen caisson).
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Fig. 18. Dimensionless wave force in y-direction on caisson 10 with d/a=2 and = 0.0° for various distances between the first row and the
second row: (a) CASE 1 (fourteen caisson), (b) CASE 2 (thirteen caisson).
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Table 1. Peak point of circular caisson 4 for CASE 1
§=0.15m §=0.30m §=0.60 m s=12m
Pe.ak Wave Wave Wave Wave Wave Wave Wave Wave Wave Wave Wave Wave
point  number period  length number period length number period  length number period length
(ka) (M L (ka) (T) @) (ka) ) @) (ka) (M L)
1 0340  14.146  184.769 0340  14.146 184.769 0332  14.456 189.398 0332 14456 189.398
2 0.415 11.947 151.516 0.448  11.218 140.285 0.481 10.597 130.613 0.523 9.939 120.243
3 0.523 9.939 120.243 0.581 9.188 108.228 0.655 8.431 95.897 0.746 7.725  84.183
Table 2. Peak point of circular caisson 4 for CASE 2
s=0.15m s=030m s=0.60 m s=12m
Pe.ak Wave Wave Wave Wave Wave Wave Wave Wave Wave Wave Wave Wave
point  pumber period  length number period  length number period  length number period  length
(ka) (T 0 (ka) (T L) (ka) (T) @L) (ka) (M D)
1 0.531 9.821 118368 0.514  10.062 122.192 0.481 10.597 130.613 0.440 11389 142931
2 0.630 8.662 99.684 0.647 8.506  97.129 0.664 8358  94.695 0.672 8287  93.524
3 0.805 7.363 78.101 0.871 7.011 72.148 0.937 6.710  67.040 0.995 6.480  63.135
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(a) ka=0.332
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(b) ka=0.523

Fig. 20. Dimensionless free surface elevations (7/H) for CASE 1 (fourteen caisson) for da=2 s=1.2m and #=0.0": (a) ka=0.332, (b)

ka=0.523, (c) ka=0.746.

(a) ka=0.440

(b) ka=0.672

Fig. 21. Dimensionless free surface elevations (7/H) for CASE 2 (thirteen caisson) for dla=2 s=1.2m and 8= 0.0": (a) ka=0.440, (b)

ka=10.672.
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(a) CASE 1 at ka=0.3981 (b) CASE 2 at ka=0.60545
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Fig. 22. Dimensionless wave run-up on caisson 1 with d/a=2 and = 0.0° for various distances between the first row and the second row:
(a) CASE 1 at ka=0.3981, (b) CASE 2 at ka=0.60545.

(a) CASE 1 at ka=0.3981 (b) CASE 2 at ka=0.60545
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Fig. 23. Dimensionless wave run-up on caisson 2 with d/a=2 and #=0.0° for various distances between the first row and the second row:
(a) CASE 1 at ka=0.3981, (b) CASE 2 at ka = 0.60545.

(a) CASE 1 at ka=0.3981 (b) CASE 2 at ka=0.60545
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Fig. 24. Dimensionless wave run-up on caisson 3 with d/a =2 and = 0.0 for various distances between the first row and the second row:
(a) CASE 1 at ka=0.3981, (b) CASE 2 at ka =0.60545.
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(b) CASE 2 at ka=0.60545
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Fig. 25. Dimensionless wave run-up on caisson 4 with d/a=2 and #=0.0° for various distances between the first row and the second row:

(a) CASE 1 at ka=0.3981, (b) CASE 2 at ka=0.60545.
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(b) CASE 2 at ka=0.60545
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Fig. 26. Dimensionless wave run-up on caisson 8 with d/a=2 and B=0.0° for various distances between the first row and the second row:

(a) CASE 1 at ka=0.3981, (b) CASE 2 at ka=0.60545.
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(b) CASE 2 at ka=0.60545
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Fig. 27. Dimensionless wave run-up on caisson 9 with d/a=2 and = 0.0° for various distances between the first row and the second row:

(a) CASE 1 at ka=0.3981, (b) CASE 2 at ka = 0.60545.
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(a) CASE 1 at ka=0.3981
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Fig. 28. Dimensionless wave run-up on caisson 10 with d/a=2 and = 0.0° for various distances between the first row and the second row:

(a) CASE 1 at ka=0.3981, (b) CASE 2 at ka = 0.60545.
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Fig. 29. Dimensionless wave run-up on caisson 11 of CASE 1 with

dla=2 ka=03981 and B=0.0° for various distances
between the first row and the second row.
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