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Abstract

The hydroelastic responses of a very-long floating structure (VLFS) in waves connected to a floating oscillating-water-column (OWC)

breakwater system by a pin are analyzed by making use of the modal expansion method in two dimensions. The Bernoulli–Euler beam

equation for the VLFS is coupled with the equations of motions of the breakwater taking account of the geometric and dynamic

boundary conditions at the pin. The Legendre polynomials are employed as admissible functions representing the assumed modes of the

VLFS with pinned-free-boundary conditions. It has been shown numerically that the deflections, bending moments and shear forces of

the VLFS in waves can be reduced significantly by a pin-connected OWC breakwater. The time-mean horizontal drift forces of the VLFS

equipped with the breakwater calculated by the near-field method are also presented.
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1. Introduction

In order to reduce the hydroelastic responses of a very-
long floating structure (VLFS) in waves, a box-shaped anti-
motion device rigidly attached to the weather-side edge of a
VLFS has been proposed by Takagi et al. (2000). The anti-
wave performance of a submerged horizontal plate
attached to the weather-side end of a VLFS has been
studied experimentally by Ohta et al. (1999) and analyzed
by Watanabe et al. (2003). The hydroelastic response
reduction performance of a oscillating-water-column
(OWC) breakwater system freely floating in front of a
VLFS has been presented by Hong et al. (2006) where the
boundary-value problem for the velocity potential have
been solved by making use of a Green integral equation
with Kelvine-type Green function in a finite-depth water.

In this paper, the hydroelastic responses of a two-
dimensional VLFS connected to the floating-OWC break-
water system, by a pin have been analyzed by making use
of the modal expansion method. The two-dimensional
VLFS is modeled as a Bernoulli–Euler beam. The relative
motions between the flexible VLFS and the rigid floating
breakwater have been formulated taking account of the
geometric and dynamic boundary conditions at the pin.
The Legendre polynomials are employed as admissible
functions representing the assumed modes of the VLFS
with pinned-free-boundary conditions of the Bernoulli–
Euler beam. Numerical results have been presented to show
the hydroelastic response reduction performance of the
pin-connected OWC breakwater system.

2. Theoretical analyses

A VLFS is freely floating on the free surface of finite-
depth water under gravity. Cartesian coordinates (x, y, z)
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attached to the mean position of the VLFS are employed
with the origin at the center of the waterplane, and the
x-axis parallel to the lengthwise direction of the VLFS and
the y-axis vertically upwards. There are no motions in the
direction of z-axis. A floating OWC breakwater system is
connected to the left end of the VLFS by a pin as shown in
Fig. 1. The breakwater performs simple harmonic rigid-
body oscillations of small amplitude about its mean position
with circular frequency o of plane progressive linear waves
incident from x ¼ �1. The displacement of a point M(x, y)
of the breakwater can be expressed as follows:

DBðMÞ ¼ qB
1 e1 þ qB

3 e3 � ½ðx� xB
o Þe1 þ ðy� yB

o Þe2Þ�, (1)

where qB
l ðl ¼ 1; 2; 3Þ are the complex amplitude of rigid

sway, heave, and roll motions of the breakwater and (xB
o, yBo)

the coordinates of the center of rotation.
The horizontal motion of the VLFS is assumed to be a

rigid sway motion with complex amplitude qV1 . The vertical
displacement w(x) of the VLFS can be found by solving the
Bernoulli–Euler beam equation

ðEIwðxÞ00Þ00e�iot ¼ f ðxÞ e�iot, (2)

where E is Young’s modulus, I the moment of inertia and
f(x) the external force field.
According to the Rayleigh–Ritz method, w(x) can be

expressed as

wðxÞ e�iot ¼
XN

l¼2

qV
l e
�iot

� �
hlðxÞ, (3)

where hl(x) are the admissible functions and qV
l ðl ¼

2; 3; . . . ;NÞ the corresponding complex amplitude. It
should be noted that the pin is moving in accordance with
the relative motions between the VLFS and the pin-
connected breakwater.
The displacement of a point M(x, y) of the VLFS can be

expressed as follows:

DVðMÞ ¼ qV
1 e1 þ wðxÞe2. (4)

The pinned-free-boundary conditions of the VLFS mod-
eled as a Bernoulli–Euler beam are

wðxÞ00 ¼ 0 at x ¼ �LV=2, (5)
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Nomenclature

DB(M) displacement vector of a point M on the
breakwater

DV(M) displacement vector of a point M on the VLFS
E Young’s modulus of the VLFS
Fx time-mean horizontal drift force
FB

k wave exciting force coefficients of the break-
water

FC
k excitation coefficients of the breakwater due to

the air pressure in the OWC chamber
FV

k generalized wave exciting force coefficients of
the VLFS

H water depth
hlðxÞ ðl ¼ 2; 3; . . . ;NÞ admissible functions
I moment of inertia of the VLFS
Kkl stiffness matrix of the VLFS
m0 wave number
M(x) bending moment of the VLFS
m(x) mass distribution of the VLFS
MB

kl inertia coefficients of the breakwater
MBBB

kl hydrodynamic coefficients of the breakwater
due to its own motions

MBBV
kl hydrodynamic coefficients of the breakwater

due to the motions of the VLFS
MBC

kl coefficients of the breakwater due to the air
pressure in the OWC chamber

MV
kl generalized inertia coefficients of the VLFS

MBVB
kl hydrodynamic coefficients of the VLFS due to

the motion of the breakwater
MBVV

kl hydrodynamic coefficients of the VLFS due to
its own motions

PnðxÞ; n ¼ l � 2; l ¼ 2; 3; 4; . . . Legendre polynomials
of order n

qB
l ðl ¼ 1; 2; 3Þ complex amplitude of rigid sway, heave,

and roll motions of the breakwater
qV
1 complex amplitude of the rigid sway motion of

the VLFS
qV

l ðl ¼ 2; 3; . . . ;NÞ complex amplitude of generalized
modes of the VLFS

Q ¼ Qxe1 þQye2 reaction force at the pin
Q(x) shear force of the VLFS
RB

kl hydrostatic restoring coefficients of the break-
water

RV
kl hydrostatic stiffness matrix of the VLFS

SB wetted surface of the breakwater
SV wetted surface of the VLFS
SB
W waterplane of the breakwater

SV
W waterplane of the VLFS

w(x) vertical displacement of the VLFS
(xa, 0) coordinates of the pin
ðxB

o ; yB
o Þ coordinates of the center of rotation of the

breakwater
C0 incident wave potential
CS scattering wave potential
CR radiation wave potential
cB

l ðl ¼ 1; 2; 3Þ unit-amplitude radiation potentials
due to the motions of breakwater

cV
l ðl ¼ 1; 2; . . . ;NÞ unit-amplitude radiation poten-

tials due to the motions of the VLFS
g equivalent linear damping parameter
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