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ABSTRACT: A numerical investigation was made fo examine characteristics of rectangular pontoon type floating breakwaters in oblique
waves, Sway and heave wave exciting forces, roll moment acting on the floaning breaiowarer and three motion reponses decrease as the

incident wave angle increagses for the most of the wave ranges. There exists a minimmm wave fransmission coefficient which 1s a

finction of wave frequency. In short wave range wave transmission coefficient 1creases as the incident weve angle increases. In long

wave range, however, wave transmission coefficient decreases as the wave incident angle increases.
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1. Introduction

As exploitation of ocean or coastal waters becomes more
frequent, people has been paying much attention to floating
breakwaters. Since they have some advantages over conventional
fixed type breakwaters. They give less impact on the ocean
environment. They do not interfers the natural water exchanges,
since the floating breakwaters allow the ocean cument pass under
the smuctare, The construction cost is less expensive and the
construction period is relatively short. Especially the construgtion
cost does not increase much as the water depth increases, while
construction cost of the conventional {ixed breakwater increases
dramatically if the water depth is deeper than 15-20m. Following
McCariney[1982] if water depth is in excess of 6m, the floating
breakwater is cost effective. Ginyer[1998] reparied the construction
of the floating breakwater at Town Quay in England. The length
of the brealowater is 205m and the construction period was only 6
months, It costed $3,000/m, while the construction cost of the
conventional fixed breakwater was estimated $7,500 - 10,000/m.
Sugawara and Yoshimura [1984] reported an soccessfil installation
mnd operation of 270m long floating breakwater in Fukuyama port
in Japar.

There have been numerous investigations made for various
floating breakwaters. McCariney [1982] reviewed various types of
floating  breakwaters and provided information about installation
and design consideration. See also Gaithwaite [1988] for an
review of some practical aspects of floating breakwater design.
One disadvantage of the floating breakwater is that it partially
transrmits  the waves, although this is a major advantage in
different point of view. In order to fully exploit the advantages of
the floating breakwaters, one has o improve the performance
especially for the long waves. Therefore there have been a lot of
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researches to improve the performance of the floating breakwaters
(Kinoshita and Saijo[1981], Morey et. alf1995], Mani{1991],
Ohkuzu and Kashiwagi[1991], Nekato and Kokumai[1980], Song
et. al[1988] and Kim et. al[1988]).

One of the most important parameter in the floating breakwater
design is 8 wave transmission coefficient which is a height ratio
of transmirted and incident wave. Wave transmission coefficient is
a function of incoming wave frequency, water depth, floating
breakowater  geometry, mooring system and so on. Uspally the
wave transmission coefficient is understood in two dimensional
sense. However the wave transmission coefficlent will vary
according to the incident wave angle.

2. Formulation

Let us assume that the fluid is inviscid, incompressible and the
flow is irotational. The amplitude of the incidert wave is
assumed 1o be small. Then we can use linear patential theory.
Cartesian coordinate system is used and the vertical z direction is

pointing upward. Undisumbed free surface s located at z = O
The velocity potential satisfies the Laplace equation.
VEiO(x, 3,2, H=0 (1

At the body boundary following conditions must be satisfied.

—_— —

VO n=V n @)

where 7 is the velocity vector of the body and % is a normal
vector on the body whose positive direction is cutward the fluid
domain.

Beside the Laplace equation and the body boundary condirion, the
velocity potential also satisfies the free surface boundary condition,
boftorn boumdary condition and the proper radiation conditions.
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Using the linearity of the velocity potential one can decompose
the velocity potendal using the incident potentiall &), the
diffraction  potential @p, and the radiation potemial @y as

follows.
d= @["‘ $D+ @R (3}

Then on the body following condition must sarisfy

8y | iy
Ep + n =, )
a@j? ———)__ —_—
in V- n

Let us comsider » long cylinder paallel to veaxis, A
monochromatic wave of frequency @ and wave number k
approaches the floating treakwater with an angle & When 6 is
zer0, it represents pure beam sea. We assume that the motion is
small and time harmonic, Following Lin and Abbaspour{ 1982},
one can write the velocity potential as follows using the

uniformity in y-direction.
Olx, v, 2, 6= Re[ ¢{x, 2) e *¢ ) o

where A=k sin g
The complex velocity potential
three complex. potentials.

¢ rtan be decomposed into

#x, 2) = d;+ dpt+ dr (6)
The incident wave potential in complex form can be written by
following eguation.

ng cosh k( z+ }"l} P )

#1=— @ cosh kh

o= ghtanhkh, K=o+ g (8)
where 4 is the incident wave amplitude, ® is water depth and &

is the wave number.
The diffraction potential ¢, must salsfy following boundary
value problem which is two dimensional in nature.

VEipu(x, 2)— Brdp=0 in the fhud domain @
% - wzigjl =0 on 20 (10)
% —0 on the bottom (12)
Jim (2 F ia) ¢p=0 (13)

The motion of the body can be expressed as follows,

x{H=Re[& e ™™} for j=1,2,3 (14)

where , represenis displacements of sway, heave and roll for
J=123 respectively, and & represents comesponding complex
displacements,

Since the mofion is small and sinusoidal, ome can decompose
the madiation potential as follows.

Or=Re{&; ¢, e ™}, for ;=123 {15)

where ¢, Tepresents the complex potential of each miode. Using
eq, (14) and (15) we can express the radiaton boundary value
problem for each 4, as follows,

Vi (x, 2)— b, =0 in the fluid domain (16)

hizf - mzizfj =0 on z=0 an
i‘f; =—iwn, for ;=123 on the body (18)

ja—zi ={) on the bottom (19)
. d - _

Jon () =0 &

where n, is the extended normal vectors defined by following
equation,

R TRy M= My Hy= XN, ZH, 21)

Once we obtain the diffraction potential, the forces and the
moment acting on the body due to wave can be calculated from
the following equation

F,:z'prqSD(x,z)n!ds {22
where p is the fluid density.

After solving radiation boundary value problem, hydrodynamic
coefficients can be calculated using following equations.

fy = — -c% fsulm{ @] n;ds (23

A, = pj;pfi'e[qfu,] 7 ds

Assurning that the incident waves are regular, we can write the
equation of the motion of the floating breakwaters i the
frequency domain as follows,

IZ}[ (By+ K} =o' (m,+p)—iwd, )6 = £ @)

where fi is complex force, my, the mass matrix, 1, the added mass
matrix, 3, the wave damping coefficlent matrix, By the hydrostatic
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stiffness matrix, K the moonng stiffness matrix.

After solving the diffraction and radiation problems and the
equation of motion, the tolal velocity potential is given by
following equation,

D= Re{(¢51+ 955‘!‘ gléjfﬁ))eiz(Mtiﬁy)} '(25}
Then the free surface profile can be calculated as

-1 o2
plx, D)= g of | (26)

The wave transmission coefficient CT, which is an amplitude
matio of wansmitted and incident waves, is defined by following
equation.

Aj

C?‘: A {27)

where A,” is the wave amplitade at far downstream,

3. Numerical Calculation

The boundary value problems described by eqguations ($)-(13)
and (16)-(20) can be solved by a boundary element method. The
fundamental solution for the two-dimensional Helmoltz equation is
given by

G=—K,(f87) (28)

r=m—x,)2+(z—zz)2

where X, is the modified Bessel finetion of the second kind and
r is the distance between a boundary point (x, z) and a source

point {x, z). Using the Green’s second idemity and the
fundamental solution, we can obtain the following integral
equation.

2\, _ G~ 0¢

(4 V0.~ (838~ 028 ar 9)

where 27 is used for intemal points and ¢ for boundary points.

Since eq. (28) only satisfies the govemning equation, one has to
distribute the singularities through the whole boundaries. Tn order
to make the computation efficiemt we inmoduce matching
boundaries, The general solutions which satisty the governing
equation and all the boundary conditions including the rmadiation
conditions omtside the matching boundades are known. The
solutions of the outer Tegion may be written as

= AF W+ 3 AR
¥ xyxt
+( ¢‘f)

x{x (30)

where
o = ghtanh kh €))
@ = ghatank, k

W = pties coshklz1+4)

cosh &4 @2

ties cosk,lz+ R

W= cos &,/

Here 4, is a free wave number and k,'s are local wave numbers.
At the matching boundary we impose following conditions,

— gt 0P _ + j—‘fi =g
p=4¢7, 5o =E G ax=x (33}

For numerical computations, the infinite series in eg. (30) are
truncated into finite series and the number of unknown
coefficients must be the same as that of the nodes on the
matching boundary,

4. Result and Discussion

In order to examine the effect of the wave incident angle on
the breakwater performance, four wave incident angles (6=0, 45,
60, and 75 degrees) are selected for computation. Mooring
stiffness is chosen based on the computation by Kim et, alf1998).

Because the effect of the incident wave angle, which is a three
dimensional characteristic in nature, is expressed in terms of two
dimensional governing equation, the velocity potential in this
formulation varies as the wave incident angle changes.

Figmre 1 shows non-dimensional horizontal force
according to each incident wave angle 8 When & is zero, this
figure shows a typical form of two dimensional force. In this
figwe we can see that the horizontal force acting on the floating

waye

breakwater decreases as @ increases.
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Fig. 1 Non-dimensional horizontal wave forces Fo=Fy//0.5p
gBAJ. B/D = 267, i/D = 3.
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Fig. 2 Non-dimensional vertical wave forces F'=F/(0.5pgBA}.
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Fig. 3 Nob-dimensional wave exciting moments M". = M/{0.5p
gBA). B/D = 267, WD =

Figure 2 and 3 for the vertical wave forces and the roll
moment. In this figure we can also see that the vertical wave
force acting on the floating breakwater decreases as f increases.

We can see similar tendency for the roll moment.
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Fig. 4 Non-dimensional sway added mass coefficients Uy’ = 1y
{pBD). B/D =~ 267, D = 3.0.

Figures 4 - 9
coefficients.

show non-dimensional  hydro-  dynamic
From the figres ome can see that significani
changes occur when the wave angle reaches 75 degrees. Ome can
observe that mosi of the hydrodynamic coefficienis behave
differently before and after 1/B=4.
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Fig. 9 Non-dimensional roll wave damping coefficients As" = A/
PBD(2gB)”. BD = 267, KD = 30

Figures 10, 11 and 12 show noo- dimensional motion responses
of sway x'y, heave xn and roll x’5. As the incident wave angle
increases, all three motion reponses decrease. In figre 17 ordinate
scale of 1.0 corresponds  roll angles of 9 degrees approximately
when the wave steepness £ (=f/L) is (0L05. ,

Figwre 13 shows wave transmission coefficlent Cr at various
incident wave engles. There exist local minitum  values near
}/B=35. Wave transmission shows  different
characteristics before and after the local mininwm poimt of Cr
Before the minimum point of Cr (i.e. short wave ranges) wave
iransmission coefficient increases as the angle & increases. In long
wave tanges, however, Cr decreases as & increases. Figwe 14
clearly shows the behavior of O for various B with twoe different
/B ratio at 1.0 and 5.0,

In most of the floating breakwater design process, long waves
rather than short ones cause more concem. In this paper it is
found that the wave fransmission coefficient decreases as the
wave incident angle increases in long wave ranges. Therefore two
dimensional characteristics of the floating breakwater can be used
as a good asset of the performance of the floating breakwater,
provided that the wave diffraction around the floating brealowater
is properly considered.
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5. Summary

In order to understand the characteristics of floating breakwater
in oolique waves, wave transmission coefficients, motion responses
and forces exerted on the breakwater are computed based on the
linear potential theory with matching boundaries. Sway and heave
wave gxciting forces and roll moment acting on the floating
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breakwater decrease as  the
Hydrodyamic coefficienis behave differently before and after a
certain value of [/8 as the incident wave angle changes. -As the
incident wave angle increases, all three motion repopses decrease
also. There exists a local minimum wave transmission coefficient
which is a finction of wave-lengthjbreadih ratio. Tn short wave
ranges, transmission coefficient increases as the incidenit wave

incident wave angle increases,

angle increases. In long wave ranges, however, wave transmission
coefficient decreases as the incident wave angle increases.
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