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Wave Screening Performance Using Floating and Submerged Breakwaters
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Abstract [ In this study, the hybrid breakwater system - a breakwater system combining the floating breakwa-
ter with the submerged breakwater - is used to improve the wave screening performance that may not be
achieved by using the floating breakwater or the submerged breakwater, separately. Two-dimensional finite
element method is used for numerical analysis and the wave reflection ratio and the wave transmission ratio are
analyzed for the proposed case. In case of using the hybrid breakwater system, wave screening performance is
more effective than in case of using the floating breakwater or the submerged breakwater, separately. It also
shows an effective wave screening on the long wave period and an advanced wave screening performance with
low height of the submerged breakwater.
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1. Introduction

In order to develop and utilize coastal zone efficiently,
various kinds of breakwaters should be studied and devel-
oped. Although the existing rubble mound breakwater is
excellent in wave screening performance, it has some eco-
nomical and technical problems in construction and man-
agement in deep water. It also deteriorates sea water quality
and causes sea water pollution behind breakwaters with
blocking sea water circulation. From this point the floating
breakwater or the submerged breakwater has been studied
steadily and those breakwaters are considered the alterna-
tive breakwaters that are able to complement the weak
point of the existing rubble mound breakwater (Frederik-
sen, 1971; Shashikala, Sundaravadivleu and Ganapathy,

1977; Hales, 1981; Kobayashi and Wurjanto, 1989; Van der
meer and Deamen, 1994; Vathamony, 1995; Sannasiraj,
Sundar and Sundaravadivelu, 1998).

In this study, the hybrid breakwater system - a breakwa-
ter system combining the floating breakwater with the sub-
merged breakwater - is used to achieve the strong point and
to complement the weak point of each breakwater. Two-
dimensional finite element method is used for numerical
analysis and the wave reflection ratio and the wave trans-
mission ratio are analyzed.

2. Governing equation and boundary conditions

The fluid is assumed to be incompressible and inviscid,
and the flow is irrotational. The fluid motion, therefore, can
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Fig. 1. Schematic definition of the breakwater for numerical
model.

be expressed with the velocity potential, @, which satisfies
the Laplace equation.
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Boundary conditions at free surface (S), seabed (Sq), sur-
face of the floating breakwater surface (S,) and surface of
the submerged breakwater (Sp,) are as follows.
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Where, n is the outward unit normal from the boundary
surface to the fluid domain, V, is the velocity of the float-
ing breakwater surface in that direction and g is the grav-
itational acceleration.

The velocity potential @ is expressed as the sum of
potential of each wave component.

b= Re':(¢0+¢4+ il ¢j§jJe_w t:’ 3
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Where, ¢, is the velocity potential of the incident wave,
¢4 is the velocity potential of the diffracted wave, ¢; is
the velocity potential of the reflected wave in j-direction
motion, &; is the complex amplitude in j-direction motion.
j-direction motion consists in three components of sway
(& 1), heave (£2) and roll (&3). The velocity potential by
the diffracted wave at infinite boundary (S,) must satisfy
the following radiation condition.

lim ﬁ(g—ff -ik0¢j) =0
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for j=1,2,3,4 @

Where, ko is the wave number, and r = lxl and i = J/—1.

The hydrodynamic pressure distribution, p (x, z; £) on
body surface or at arbitrary point in the fluid domain is
given by the linearized Bernoulli equation as
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where, p is the fluid density.

The wave force/moment components on the solid body
can be obtained by integrating all of the hydrodynamic
pressure at each point on the bbdy. The wave forces in the
horizontal and the vertical directions (F;, F5), and the
moment about the origin (F3) are described as follows.
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for j=1,23 (6)

Where, F,—e’s represent the hydrodynamic exciting force
components associated with @o+¢. and are identical to
the wave force components for a fixed body. Fy ’s are the
force components associated with the radiated wave
potential, ¢, (k =1, 2, 3), and conveniently described in
the conventional way by the added mass coefficients, tx,
and the damping coefficients, A, such that
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where, [ and Ay are real numbers, and Im[] denotes the
imaginary part of the argument.

By using the linear wave diffraction theory, the wave-
structure interaction problems can be formulated as two
boundary value problems, i.e., the diffraction problem of an
incident wave, which interacts with a fixed body and is
associated with @ and ¢4, and the radiation problem of a
freely floating body, which oscillates in otherwise still
water and is associated with ¢; (j =1, 2, 3). In case of the
submerged breakwater, only the diffraction problem can be
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considered because the radiation problem does not occur.
In case of the floating breakwater, however, the diffraction
and radiation problems are considered because both prob-
lems occur coincidentally.

In this study, in order to analyze the boundary value
problems efficiently, the entire fluid domain is divided into
two regions; the inner finite element region surrounding the
solid body and the outer infinite element region not sur-
rounding the solid body. The inner region is analyzed by
the finite element technique and the outer region is ana-
lyzed by the infinite element technique.

3. Comparison of the numerical results with
the experimental results

3.1 Comparison of the numerical results of the submerged
breakwater with the experimental results

The numerical results of the rectangular submerged
breakwater are compared with the existing experimental
results of the rectangular submerged breakwater performed
by Losada and Patterson (1997). They performed the
experiments with water depth, 2 =0.475 m, height of the
submerged breakwater, D = 0.385 m and width of the sub-
merged breakwater, W= 0.8 m. Table 1 shows wave condi-
tions using in the experiments of the submerged breakwater.

In the numerical analysis for the submerged breakwater,
the same scale of water depth, height of the submerged
breakwater and width of the submerged breakwater used
in the experiments are used, and 100 wave conditions,
h/L 0.005~0.5 with the increment of 0.005 are used.

Fig. 2 and Fig. 3 show the comparison of the numerical
results of the submerged breakwater with the experimental
results performed by Losada and Patterson (1997). Fig. 2
shows the wave reflection ratio, and Fig. 3 shows the wave
transmission ratio. The solid line and the circle represent
the numerical result and the experimental result, respectively.

In Fig. 2, the wave reflection ratio of the numerical result
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Fig. 2. Comparison of the wave reflection ratio of the numer-
ical result of the submerged breakwater with that of the
experimental result.
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Fig. 3. Comparison of the wave transmission ratio of the
numerical result of the submerged breakwater with that
of the experimental result.

Table 1. Wave conditions using in the experiments of the submerged breakwater performed by Losada and Patterson (1997)

T(sec) 038 0.9 1.0 1.2 1.3 14 15
H(cm) 3.32 3.27 312 3.19 2.94 2.97 2.64
WL 0.086 0.092 0.102 0.113 0.126 0.135 0.145 0.158
T(sec) 1.6 1.7 1.8 2.1 23 25
H(cm) 3.08 291 2.66 2.55 277 1.96
WL 0.170 0.186 0.208 0.234 0.269 0.317 0.380
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is partly a little larger than that of the experimental result.
The wave reflection ratio of the numerical result of the sub-
merged breakwater, however, show a fairly good agree-
ment with that of the experimental result.

In Fig. 3, like the result of the wave reflection ratio, the
wave transmission ratio of the numerical result shows a lit-
tle disagreement with that of the experimental result, at
which the wave transmission ratio of the numerical result is
partly a little smaller than that of the experimental result.
However, the wave transmission ratio of the numerical
result of the submerged breakwater also shows a fairly
good agreement with that of the experimental result.

3.2 Comparison of the numerical results of the floating
breakwater with the experimental results

The numerical results of the Pontoon-type floating
breakwater are compared with the existing experimental
results of the Pontoon-type floating breakwater performed
in KORDI (Korea Ocean Research and Development Insti-
tute) (1992). KORDI performed the experiments with
water depth, #=0.5 m, length of the floating breakwater,
L;=0.98 m, width of the floating breakwater, B=0.5m,
height of the floating breakwater, D= 0.2 m, draft of the
floating breakwater, dr=0.1 m, weight of the floating
breakwater, M = 49 kg ;, moment of inertia, M; = 1.684 kg - m
and length of the mooring line, L, =4 m. Table 2. shows
wave conditions using in the experiments of the floating
breakwater

In the numerical analysis for the floating breakwater, the
same scale of water depth, length of the floating breakwa-
ter, width of the floating breakwater, height of the floating
breakwater, draft of the floating breakwater, etc. used in the
experiments are used, and 100 wave conditions, /L =
0.005~0.5 with the increment of are used.

Fig. 4 and Fig. 5 show the comparison of the numerical
results of the floating breakwater with the experimental
results performed in KORDI (1992). Fig. 4 shows the wave
reflection ratio, and Fig. 5 shows the wave transmission
ratio. The solid line and the circle represent the numerical
result and the experimental result, respectively.
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Fig. 4. Comparison of the wave reflection ratio of the numer-
ical result of the floating breakwater with that of the
experimental result.
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Fig. 5. Comparison of the wave transmission ratio of the
numerical result of the floating breakwater with that of
the experimental result.

In Fig. 4, the wave reflection ratio of the numerical result
is partly a little larger than that of the experimental result.
The wave reflection ratio of the numerical result of the
floating breakwater, however, show a fairly good agree-

Table 2. Wave conditions using in the experiments of the floating breakwater performed by KORDI (1992)

T(sec) 0.8 0.85 0.9 0.97 1.06 1.18 1.37 1.70 2.40
H(cm) 30 4.0 4.0 5.0 6.0 8.0 8.0 8.0 8.0
WL 0.5 0.45 04 035 0.3 0.25 0.2 0.15 0.1
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ment with that of the experimental result.

In Fig. 5, like the result of the wave reflection ratio, the
wave transmission ratio of the numerical result shows a lit-
tle disagreement with that of the experimental result, at
which the wave transmission ratio of the numerical result is
partly a little larger or a little smaller than that of the exper-
imental result. However, the wave transmission ratio of the
numerical result of the floating breakwater also shows a
fairly good agreement with that of the experimental result.

4. Numerical results and discassions

In this study, the hybrid breakwater system - a breakwa-
ter system combining the floating breakwater with the sub-
merged breakwater as shown in Fig. 1 - is used to analyze
the characteristics of the wave reflection and transmission.
The numerical analysis is performed in three cases; the case
1 - the submerged breakwater located just below the floating
breakwater on the sea surface (Fig. 1(1)), the case 2 - the
submerged breakwater located at one water depth offshore
below the floating breakwater (Fig. 1(2)) and the case 3 - the
submerged breakwater located at one water depth inshore
below the floating breakwater on the sea surface (Fig. 1(3)).

The definition of the width (B) and the draft (d) of the
floating breakwater, the width (W) and the height (D) of the
submerged breakwater and the water depth (h) are shown
in Fig. 1. B/h=1.0 and d;= 0.2 h are used for the floating
breakwater. The submerged breakwater is considered as
rectangular and impermeable, and W/h = 1.0 is used. 100
wave conditions are used in numerical analyses, varying
the ratio of the water depth (k) and the incident wave length
(L), A/ L from 0.005 to 0.5 with the increment of 0.005.

4.1The characteristics of the wave reflection and the
wave transmission of the case 1 of the hybrid break-
water system
Fig. 6 and Fig. 7 show the wave reflection ratio, Kz and
the wave transmission ratio, Kr of the case 1. The numeri-
cal analysis is carried out with the submerged breakwater
height, D=04h, D=05h, D=0.6h and D=0.7h. In
Fig. 6 and Fig. 7 ‘f&s’ denotes K and Krof the hybrid
breakwater system of the case 1.
In the case 1 of the hybrid breakwater system, as shown
in Fig. 6 and Fig. 7, as the submerged breakwater height is
increased the range of the effective wave screening perfor-
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Fig. 7. The wave transmission ratio of the case 1.

mance (large wave reflection ratio, Kz and small transmis-
sion ratio, Ky) are extended from short wave period to
relatively longer wave period. However, it does not show
an effective wave screening performance with low height
of the submerged breakwater.

4.2 Comparison of the wave reflection ratio and the wave
transmission ratio of the case 1 of the hybrid break-
water system with the floating breakwater and the
submerged breakwater

Fig. 8 and Fig. 9 show the comparison of Ky and Kr for

D =0.7 h of the case 1 with those of the floating breakwa-
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Fig. 8. Comparison of the wave reflection ratio of the case 1
with those of the floating breakwater and the sub-
merged breakwater.
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Fig. 9. Comparison of the wave transmission ratio of the case
1 with those of the floating breakwater and the sub-
merged breakwater.

ter and the submerged breakwater. In Fig. 8 and Fig. 9 %/,
‘s’ and ‘f&s’ denotes Ky and K7 of the floating breakwater,
the submerged breakwater and the case 1 of the hybrid
breakwater system, respectively.

As shown in Fig. 8 and Fig. 9, the floating breakwater
and the submerged breakwater show a good wave screen-
ing performance in short wave period and in long wave
period, respectively. Comparing those breakwaters with the

case 1 of the hybrid breakwater system, however, the effec-
tiveness of wave screening performance of those breakwa-
ters is much less than that of the case 1 except the wave
reflection ratio in long wave for the submerged breakwater
and the wave transmission ratio in short wave for the float-
ing breakwater.

Fig. 8 shows the wave reflection ratio, Kz of the case 1
of the hybrid breakwater system is larger than those of the
floating breakwater and the submerged breakwater. In long
wave period, at which 4 /L smaller than 0.15, however, the
submerged breakwater shows a better wave reflection than
that of the case 1. In short wave peﬁod, at which h/L
greater than 0.45, the wave reflection ratio of the floating
breakwater has the same value of the case 1. In Fig. 5, the
case 1 of the hybrid breakwater system shows smaller wave
transmission ratio, K7 than that of the floating breakwater
and the submerged breakwater except h/L greater than
about 0.38. Comparing the case 1 of the hybrid breakwater
system with the floating breakwater and the submerged
breakwaters, it appears that more effective wave screening
performance can be obtained with the hybrid breakwater
system.

4.3 Comparison of the wave reflection ratio and the wave
transmission ratio of the case 1, case 2 and case 3 of
the hybrid breakwater system

Fig. 10 and 11 show comparison of the wave reflection
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Fig. 10. Comparison of the wave reflection ratio of the case 1,
case 2 and case 3 of the hybrid breakwater system.
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Transmission Ratio, K;

hrL

Fig. 11. Comparison of the wave transmission ratio of the case
1, case 2 and case 3 of the hybrid breakwater system.

ratio, Kz and the wave transmission ratio, Kr in the case 1,
case 2 and case 3 for the submerged breakwater height,
D =0.7 h. In Fig. 6 and Fig. 7, ‘f&s’ denotes Kr and Ky of
the case 1, ‘f&s’ denotes those of the case 2 and ‘f&s(in)’
denotes those of the case 3.

As shown in Fig. 10 and Fig. 11, the case 2 and the case
3 of the hybrid breakwater system show almost same
aspect in the wave reflection ratio and the wave transmis-
sion ratio. On the other hand, the case 1 shows much better
wave screening performance with larger Kgand smaller Kr
than that of the case 2 and the case 3. It is inferred, there-
fore, the location of the submerged breakwater offshore or
inshore is not crucial, but the most effective wave screening
performance appears in the hybrid breakwater system with
the submerged breakwater located just below the floating
breakwater.

5. Conclusion

Three cases of numerical analyses for the hybrid break-
water system is carried out to improve wave screening per-
formance.

In case of the hybrid breakwater system, the wave reflec-
tion ratio is increased and the wave transmission ratio is
decreased than those of the floating breakwater or the sub-
merged breakwater, so that more effective wave screening
performance can be obtained with the hybrid breakwater

system. It is also found that in the hybrid breakwater sys-
tem as the submerged breakwater height is increased the
larger wave reflection ratio and the smaller wave transmis-
sion ratio are obtained, and the range of the effective wave
screening performance are extended from short wave
period to relatively longer wave period.

The case 2 and the case 3 of the hybrid breakwater sys-
tem show almost same aspect in the wave reflection ratio
and the wave transmission ratio, on the other hand, the case
1 shows much better wave screening performance than that
of the case 2 and the case 3. It is found, therefore, the most
effective wave screening appears in the hybrid breakwater
system with the submerged breakwater located just below
the floating breakwater.
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