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ABSTRACT
Floating box-type breakwaters are frequently used for small harbours and marinas. This paper reports a comparative experimental study of the
performance of a rectangular floating breakwater with and without slotted barriers. Experimental results showed that the slotted barriers attached
to the bottom of a floating box-type breakwater could improve the transmission performance without increasing both the heave and surge motion
responses. It was also found that the slotted barriers could reduce the pitch motion responses for shorter waves and increase the pitch motion responses
for longer waves.

Keywords: Coastal engineering; coastal structures; floating breakwater; gravity waves; laboratory studies; ocean engineering; wave–
structure interactions

1 Introduction

Breakwaters are widely used to reduce wave energy either insideQ1

a harbour or impacting on coast-lines and coastal structures
(Koutandos et al. 2005, Wang and Sun 2010, Huang et al.
2011, Tomasicchio and D’Alessandro 2013). Rubble mound
breakwaters and vertical wall breakwaters are two traditional
forms of bottom-sitting breakwaters. However, in the places
where the water depth is relatively deep, traditional bottom-
sitting breakwaters are not only very expensive to build, but
also environmentally unfriendly since they may block the water
and sediment exchange between the harbour and the ocean.
As alternatives to traditional bottom-sitting breakwaters, float-
ing breakwaters have received much attention recently; this is
because floating breakwaters can be deployed with flexibility
and mobility, can adjust their elevation with variable water lev-
els, allow water and sediment exchange underneath, and are
less dependent on bottom soil conditions. However, floating

breakwaters are known to be less efficient for longer waves.
Therefore, improving the performance of floating breakwaters
for longer waves is of practical interests. For an early review of
designs and applications of various floating breakwaters, please
refer to McCartney (1985).

A simple design of floating breakwater is a partially immersed
rectangular box (Drimer et al. 1992, Sannasiraj et al. 1998). For
a fixed box-type breakwater with a given draught, the ratio of the
breakwater width to wave length is the most important design
parameter (Black et al. 1971, Williams 1988); for a floating box-
type breakwater, the motion responses of the breakwater to waves
can affect the loads in the mooring lines and may also affect the
transmission performance of the breakwater. For a given floating
breakwater, the transmission performance of the floating break-
water is usually poor when the ratio of the breakwater width to
wave length is not large enough.

Many novel designs have been proposed to reduce wave trans-
mission for this type of breakwaters: for example, attaching a
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row of pipes to the bottom of a floating trapezoidal shape break-
water (Mani 1991); making the body of the floating box-type
breakwater porous (Wang and Sun 2010); extending two ver-
tical thin plates down from both sides of a floating box-type
breakwater (Peña et al. 2011, Ruol et al. 2013); adding a single
porous plate at the front part of a heaving box-type breakwater
(Koutandos et al. 2005); attaching pneumatic chambers on both
sides of a floating box-type breakwater (He et al. 2012, 2013).
Slotted barriers can be very effective in reducing wave energy
over a relatively wide range of wave periods (Huang et al. 2011).
In the present study, we propose a new design of floating box-
type breakwater with three rows of slotted barriers attached to
its bottom.

In this study, the hydrodynamic performance of a floating box-
type breakwater with slotted barriers attached to its bottom will
be investigated experimentally and compared with that of the
same floating box-type breakwater without slotted barriers. The
objective of this comparative study is to demonstrate that attach-
ing slotted barriers to a floating breakwater can reduce wave
transmission without significantly increasing motion responses.

2 Experimental setup

The experiments were conducted in a wave flume located in
the Hydraulics Laboratory at Nanyang Technological Univer-
sity, Singapore. The wave flume is 45 m in total length, 1.55 m in
width and 1.5 m in depth. At one end of the flume, a piston-type
wave generator is equipped with an active wave absorption con-
trol system to reduce the wave reflection from the wave paddle.
At the other end, there is a beach covered with several porous
mats to minimize wave reflection.

2.1 The breakwater models and mooring system

The box-type breakwater model used in this study was 1.42 m
in length, 0.75 m in width and 0.40 m in height. For the conve-
nience of fabrication and installation, the model was built as two

separate but identical parts that can be bolted together. Referring
to Fig. 1, three rows of slotted barriers, made of hollow square
aluminium bars, were attached to the bottom of the breakwater.
Each aluminium bar had a square cross-section of 9 mm × 9 mm
and the length of each bar was 250 mm. The centre-to-centre
distance between two bars was 15 mm (i.e. the gap was 6 mm),
resulting in a value of 0.4 for the porosity of the slotted barriers.
The distance between two adjacent rows was kept at 305 mm. The
box-type breakwater was made of 10-mm thick Perspex sheets
and a specified draught was achieved by adding ballast weight
inside the model (steel and Perspex plates). The total weight of
the slotted barriers was small compared with the weight of the
model itself. After the installation of the three rows of slotted bar-
riers, we adjusted ballast weight so the two models had the same
weight. Due to the additional buoyant forces associated with the
hollow aluminium bars, the draught for the model with slotted
barriers was slightly smaller (4 mm smaller) than that without:
the draught was 0.213 m for the model with the slotted barri-
ers, and 0.217 m for the model without the slotted barriers. The
detailed information of the two models is summarized in Table 1
for reference.

In the present experiment, the water depth was fixed at h =
0.9 m and the model was slack-moored at 25 m away from the
wave generator. Three sets of mooring lines were installed on
each side of the model, and each mooring line was fastened to
a concrete anchor. The touchdown point of each mooring line
was about 1 m away from the model centreline and the anchor
point was 3 m away from the model centreline. The stainless-steel
mooring lines had a length of 3.0 m each, and the line density

Table 1 Details of the models examined in the experiments

Moment of
Length Width Height Draught Mass inertia CG

Model (mm) (mm) (mm) (mm) (kg) (kg m2) (mm)

Model 1 1420 750 410 217 231 14.5 88.5
Model 2 1420 750 410 213 231 16.3 80.4

Figure 1 Details of the floating breakwater with slotted barriers. Left: front view showing the arrangement of the aluminium bars in a row; right:
side view showing three rows of slotted barrier
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Figure 2 A sketch of experimental setup
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Figure 3 A view of the model with slotted barriers installed in the
wave flume

was 0.155 kg m−1. The mooring-line scope (defined as the ratio
of the length of a mooring line to the water depth) was 3.33 in this
study. The design of the mooring system considered the typical
adopted values for the touchdown point, the anchor point, and the
mooring-line scope (Mavrakos 1992, Faltinsen 1993). Figure 2
shows the experimental setup, where both the touchdown point
and anchor point are also labelled. A view of the breakwater with
slotted barriers is shown in Fig. 3.

2.2 Data collection and analysis

Four resistance-type wave gauges, each of which had a resolution
of 0.1 mm, were used in the experiment to measure surface ele-
vations: two in the seaside and the other two in the leeside of the
floating breakwater. The distances between the wave gauges were
chosen according to the range suggested by Goda and Suzuki
(1976) for performing a two-point wave separation analysis. The
amplitudes of the incident waves (Ai), the reflected waves (Ar),
the transmitted waves (At), and the waves reflected from the
beach (Arb) can be obtained by a wave separation analysis. We
define the reflection coefficient Cr as Ar/Ai and the transmission
coefficient Ct as At/Ai. Due to the motion of the breakwater,
Cr and Ct include contributions from both scattering waves and
radiated waves.

The motion responses of the floating breakwater to waves
were recorded by an inertia measurement unit (IMU), which was
mounted at one corner on the top plate of the model. The sam-
pling frequency of the IMU was 200 Hz in this study. The IMU
measures the accelerations of the three translational motions and
angular velocities of the three rotational motions. In this study,
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Figure 4 Definition sketch of the two coordinate systems for calculat-
ing RAOs

only three degree-of-freedom responses (surge, heave and pitch)
were allowed.

For small amplitude waves, the motion responses of the
breakwater to monochromatic waves can be well described by
sinusoidal functions. Referring to Fig. 4, two coordinate sys-
tems are needed to determine the response amplitude operators
(RAOs): an earth-fixed coordinate system by (x′, z′), and an
IMU-fixed coordinate system by (x, z). The linear translational
accelerations (ax′(t), az′(t)) of the centre of gravity (CG) in the
earth-fixed coordinate system can be determined by the following
relationships:

ax′(t) ≈ Ax(t) + θ̈ (t)rz ≡ âx′ sin(ωt + φax′ ) (1)

az′(t) ≈ Az(t) − θ̈ (t)rx ≡ âz′ sin(ωt + φaz′ ) (2)

where Ax(t), Az(t) and θ̇ (t) are, respectively, the translational
accelerations and angular velocity measured by the IMU; ω is
the angular frequency of incident waves; (rx, rz) are the coordi-
nates of the CG in the IMU-fixed coordinate system, as shown in
Fig. 4; the angular acceleration θ̈ is derived from the time series
of θ̇ recorded by the IMU under the assumption that θ̇ is a sinu-
soidal function. In Eqs. (1) and (2), (âx′ , âz′) are the amplitudes
of the heave and surge accelerations; (φax′ , φaz′ ) are the phases,
which are immaterial in the analysis. From Eqs. (1) and (2), the
amplitudes of the heave and surge responses can be obtained by

Asurge = âx′

ω2 , Aheave = âz′

ω2 (3)
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The rotational responses in the earth-fixed coordinate system are
the same as those measured by the IMU, and the amplitude of the
pitch angular-velocity ( ˆ̇θ) can be obtained by a fitting procedure.
With Asurge, Aheave and ˆ̇θ being known, the surge, heave and pitch
RAOs are defined, respectively, by

RAOsurge = Asurge

Ai
, RAOheave = Aheave

Ai
, RAOpitch =

ˆ̇θ
ωAi

(4)

2.3 Possible important control parameters

The characteristics of wave scattering by the floating structure
are mainly controlled by the relative width of the breakwater
W /L (Drimer et al. 1992); therefore, W /L is one important
parameter affecting the transmission performance. It is known
that, for a fixed slotted barrier, energy loss is due to the work
done by the drag force acting on the slotted barrier; as a result,
larger wave heights tend to produce smaller transmission coeffi-
cients and slightly larger reflection coefficients for a fixed wave
period (Huang 2007). The drag force is quadratically related to
the local wave velocity through a drag coefficient. For waves
past a fixed vertical cylinder, the drag coefficient varies with
the Keulegan–Carpenter number (KC = UmT/d, where Um is
the velocity amplitude and d is the dimension of the cylinder,
which is 9 mm in the present study) as well as Reynolds num-
ber (R = Umd/v, where v is the kinematic viscosity of water)
(Sarpkaya and Isaacson 1981, Sawaragi 1995, Aristodemo et al.
2011). According to Mei et al. (2005), the KC number is directly
related to Ai/d, where Ai is the amplitude of incoming waves.
Therefore, Ai/d can be another important parameter affecting the
transmission performance.

Experimental studies on effects of mooring system and wave
steepness on floating breakwaters can be found in the literature.
For a floating breakwater with a slack-mooring system, the moor-
ing system is used mainly for station-keeping of the floating
structure. For a slack-mooring system, its stiffness coefficients for
the motion responses are relatively small, and the mooring-line
forces in the slack-mooring lines are usually weak. Sannasiraj
et al. (1998) investigated the performance of a floating breakwa-
ter for three slack-mooring configurations; they found that the
mooring configurations examined did not significantly affect the
wave transmission, and that the moorings at either water level
or the bottom of the floating breakwater yielded significantly
lesser mooring forces than those with a crossed mooring con-
figuration. Vijayakrishna Rapaka et al. (2004) examined three
scopes of a slack mooring system for three wave heights. They
found that increasing the mooring-line scope from 4 to 6 only
slightly reduced the heave RAOs for waves of intermediate fre-
quencies without causing significant changes in both surge and
pitch RAOs; they also found that increasing wave height from
0.05 to 0.1 m in a water depth of 1 m only slightly reduced the
RAOs of surge, heave and pitch modes for longer waves.

Table 2 Experimental conditions

Parameters Ranges

Water depth (h) 0.9 m
Wave period (T ) 1.1–1.7 s at 0.1 s interval
Wave length (L) 1.88–4.00 m
Wave height (Hi) 0.04 m for all wave periods;

0.02, 0.03, 0.05, 0.06 m for
1.3, 1.4, 1.5 s

Ai/d 1.132, 1.753, 2.295, 2.914,
3.414

Relative width (W /L) 0.187, 0.206, 0.228, 0.256,
0.292, 0.338, 0.399

Wave steepness (Hi/L) 0.01–0.023
Ursell number (U = HiL2/h3) 0.18–0.89

2.4 Test conditions

Since previous experimental studies have shown that the trans-
mission coefficient of a floating breakwater is weakly dependent
on wave steepness, but strongly dependent on the ratio of the
breakwater width to wave length (Sannasiraj et al. 1998), the
present study focused on effects of two most important param-
eters: W /L and Ai/d. Two sets of tests were carried out in this
study. In the first set of tests, we first compared the two break-
waters for various W /L with a fixed value of Ai/d; this was
achieved by varying wave period from 1.1 to 1.7 s at 0.1-second
intervals while keeping the target wave height at Hi = 0.04 m for
all wave periods. In the second set of tests, we studied the break-
water with slotted barriers for various Ai/d with a fixed value of
W /L; this was achieved by varying the target wave height from
0.02 to 0.06 m at 0.01-meter intervals for a fixed wave period.
We selected three wave periods to study the influences of Ai/d:
T=1.3, 1.4 and 1.5 s. The reason we chose these three periods
was because the transmission coefficient at T = 1.3 s was the
smallest for Hi = 0.04 m according to the results of the first set
of tests. Details of the experimental conditions are summarized
in Table 2 for reference.

The maximum wave steepness used in the present study was
less than 0.023 and the target waves can be classified as weakly-
nonlinear waves according to Le Mehaute (1976). The Ursell
number (U = HiL2/h3) in our experiments ranged from 0.19 to
0.89, indicating that the nonlinearity of the waves used in the
tests was weak. Possible effects of mooring scopes, steep waves
and irregular waves are outside the scope of the present study.

3 Results and discussion

Experimental results are presented here to demonstrate the effects
of the slotted barriers on wave transmission and reflection as well
as motion responses. We first present the results obtained with
a fixed Ai/d for various values of W /L, and then the results
obtained with a fixed W /L for various values of Ai/d.
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(a) (b)

Figure 5 Effects of the slotted barriers on the (a) transmission
coefficients and (b) reflection coefficients

(a) (b)

Figure 6 The measured (a) beach-reflection coefficients and (b)
energy-loss coefficients

3.1 Comparison of the two breakwater models: effects of W /L

Transmission and reflection coefficients

Figure 5 shows the effects of the slotted barriers on the measured
transmission and reflection coefficients.

In the absence of the slotted barriers, the smallest transmis-
sion coefficient was about 0.32, which occurred at W /L ≈ 0.29.
The slotted barriers reduced the transmission coefficients over
the entire range of the tested wave periods, and a minimum
transmission coefficient as low as 0.05 occurred at W /L ≈ 0.29.
The slotted barriers also increased the reflection coefficients for
shorter waves (i.e. larger values of W /L), but did not significantly
affect the reflection coefficients for longer waves (i.e. smaller
values of W /L). Unlike a fixed, suspended box-type breakwa-
ter, for which transmission coefficient decreases with increasing
W /L, a floating breakwater can generate radiated waves and the
waves measured in both sides of the breakwater include both
the scattered and radiated waves. The phase difference between
the scattered waves and radiated waves affects the measured
transmission and reflection coefficients (Drimer et al. 1992).

Energy-loss coefficient

According to conservation of wave energy, an energy-loss
coefficient Cl can be defined using the following equation:

C2
r + C2

t + Cl = 1 + C2
rb (5)

where Crb is the reflection coefficient of the absorbing beach.
The measured Crb and Cl are shown in Fig. 6, which shows

that the values of C2
rb are less than 3% in all tests. The slotted bar-

riers could enhance the loss of wave energy to turbulence only for
waves longer than W /L = 0.29; on the contrary, the slotted barri-
ers reduced energy loss for waves shorter than W /L = 0.29. The
maximum energy-loss coefficients for both models are almost
the same, indicating that the energy loss caused by the slotted
barriers is less than that by the vortex shedding at the sharp
edges of the breakwater models. The slotted barriers caused the

maximum energy-loss coefficient to occur at a slightly smaller
value of W /L, which can be explained partly by the effects of
the slotted barriers on pitch motion, as explained later.

Motion responses

Figure 7 shows the effects of the slotted barriers on the motion
responses. The slotted barriers had significant effects on both the
surge and pitch RAOs, but negligible effects on the heave RAOs.

Since the wave force acting on the slotted barriers is per-
pendicular to the slotted barriers, and since the two floating
breakwater models have almost the same draughts, the installa-
tion of the slotted barriers does not significantly affect the static
heave-exciting loads (i.e. the buoyancy and the mooring force
when the breakwater is in still water). As a result, the installation
of the slotted barriers did not significantly affect both the natural
period and RAOs of the heave response, as shown in Fig. 7; the
slightly-reduced heave RAOs are due partly to the weak coupling
between the motion responses.

Referring to Fig. 7, for both models, the surge RAOs are
larger for longer waves and smaller for shorter waves. An intu-
itive explanation is provided below. For a floating breakwater,
wave reflection and surge RAOs are related. For shorter waves,
the heavy breakwater does not have enough time to respond
to waves, leading to smaller surge RAOs and larger reflection
coefficients; for longer waves, the breakwater has enough time
to adjust itself so that it can travel long distances with waves,
leading to larger surge RAOs and smaller reflection coefficients.
However, because of the large inertia of the breakwater, there
is always a phase difference between the surge response and the
wave motion.

The slotted barriers reduced surge RAOs for longer waves
(W /L < 0.30), but increased the surge RAOs for shorter waves
(W /L > 0.30). To understand this, we first note that the fol-
lowing two effects of the slotted barriers. (1) Part of the water
between the slotted barriers has to move with the breakwater; the
total mass of the system is virtually increased for surge motion,
which turns to reduce the surge RAOs. (2) A blockage effect
introduced by the slotted barriers (i.e. the slotted barriers can
effectively block the wave motion underneath the breakwater)
may increase the scattering force for surge motion, which turns
to increase both the surge RAOs and reflection coefficients. For
longer waves, the breakwater may travel long distances with
waves, and thus the blockage effect is weak (as indicated by
a small reflection coefficient) and the “virtual mass” effect pre-
vails, leading to a reduction in surge RAOs by the slotted barriers;
for shorter waves, the breakwater does not have enough time to
respond to wave motion, thus the blockage effects prevails (as
indicated by a large reflection coefficient), leading to a slight
increase in surge RAOs.

For the pitch motion, the slotted barriers significantly reduced
pitch RAOs for shorter waves, but significantly increased the
pitch RAOs for waves longer than W /L = 0.25. Note that the
slotted barriers slightly increased the natural period of the pitch
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response; this is partly because the slotted barriers increased the
moment of inertia by 12.4%. A comparison between Figs. 6
and 7 reveals that both the maximum energy loss and the maxi-
mum pitch RAO occur at W /L = 0.29 for the breakwater without
slotted barriers, indicating that the resonant pitch response helps
dissipate more energy through vortex shedding at the sharp edges
of the floating breakwaters.

We remark that, since the mooring-line force is affected
mainly by the surge and heave motions, it is not expected that a
moderate increase in the pitch RAOs will significantly increase
the mooring-line force.

Discussion on energy-loss and transmission coefficients

For a floating breakwater without slotted barriers, factors that
may have contributed to the minimum transmission coefficient
include the wave scattering by the floating breakwater, the phase
differences between the scattered waves and the radiated waves,
and the energy loss due to vortex shedding at the sharp edges of
the breakwater. Our slack-mooring system only provides slight
restrictions on the motion responses, thus our floating break-
water can be approximately regarded as a freely-floating one.
For a freely-floating breakwater in an ideal fluid, a small trans-
mission coefficient may occur when the phase of the radiated
waves is approximately opposite to the phase of the scattered
waves (see Fig. 2 in Drimer et al. 1992). For our breakwater
without slotted barriers, both the maximum energy loss and min-
imum wave transmission occurred at W /L ≈ 0.29 (Figs. 5 and
6), suggesting that the energy loss due to vortex shedding con-
tributed significantly to the minimum transmission coefficient
observed in our experiments. The energy loss depends on the
relative velocity between the surrounding water and the mov-
ing breakwater at the lower edge of the breakwater. Our results
show that the maximum energy loss can be significantly affected
by the pitch RAOs, as shown by the following crude order-of-
magnitude analysis. The relative velocity is controlled by wave
scattering, wave radiation and motion responses of the break-
water. Referring to Fig. 7, both the surge and heave RAOs are
small at W /L ≈ 0.29. The velocity due to the pitch motion is
ωAiRAOpitchr, where r = 0.385 m is the distance from the lower
edge of the breakwater to the CG and the maximum pitch RAO
is RAOpitch =5.71 at W /L ≈ 0.29. If the velocity of wave motion
(incident, scattered and radiated waves) is approximately equal

to ωAi (the actual velocity of wave motion at the lower edge of
the breakwater should be smaller than ωAi because of the dis-
sipation and redistribution of incoming-wave energy), the ratio
of the velocity due to the pitch motion to the velocity due to the
wave motion (i.e. ωAiRAOpitchr/ωAi) should be larger than 2.2,
implying that the energy loss is controlled by the pitch motion
of the floating breakwater at W /L ≈ 0.29.

Referring to Figs. 5 and 6, the slotted barriers made the
maximum energy loss and the minimum wave transmission
occur at different values of W /L. At W /L ≈ 0.29, the mini-
mum transmission coefficient occurred, but the energy loss was
not the maximum, suggesting that the transmission coefficient
was affected by the interaction between the scattered waves and
radiated waves. Obviously, the slotted barriers have altered the
phase differences between the scattered waves and the radiated
waves.

Referring to Figs. 6 and 7, the slotted barriers shifted the
maximum energy-loss coefficient to W /L ≈ 0.26. When the
maximum energy loss occurred, the slotted barrier significantly
reduced both the pitch and surge RAOs (the slightly-reduced
heave RAOs might be due partly to the weakly coupling among
the three RAOs); a reduction in the pitch RAOs may reduce the
energy loss due to the vortex shedding at the sharp edges of the
breakwater. Therefore, at W /L ≈ 0.26, the energy loss increased
by the slotted barriers is due mainly to the work done by the drag
forces acting on the slotted barriers.

3.2 Breakwater model with slotted barriers: effects of Ai/d

Transmission and reflection coefficients

The reflection and transmission coefficients measured at various
values of Ai/d are shown in Fig. 8 for three values of W /L: 0.292,
0.256 and 0.228. For W /L = 0.292, increasing Ai/d from 1.132
to 3.414 slightly decreased the reflection coefficient from 0.60
to 0.50; the transmission coefficient varied within the range of
0.04 and 0.11, and a minimum transmission coefficient of about
0.04 was obtained at Ai/d = 1.753. For W /L = 0.256, increas-
ing Ai/d slightly decreased both the reflection and transmission
coefficients. For W /L = 0.228, the reflection coefficients were
not sensitive to Ai/d, but increasing Ai/d from 1.132 to 3.414
decreased the transmission coefficient from 0.75 to 0.57.

(a) (b) (c)

Figure 7 Effects of the slotted barriers on the measured RAOs: (a) surge RAOs, (b) heave RAOs and (c) pitch RAOs
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(a) (b) (c)

Figure 8 Reflection and transmission coefficients as functions of Ai/d
for three values of W /L: (a) W /L = 0.292, (b) W /L = 0.256 and (c)
W /L = 0.228

(a) (b) (c)

Figure 9 Pitch, surge and heave RAOs as functions of Ai/d for
three values of W /L: (a) W /L = 0.292, (b) W /L = 0.256 and (c)
W /L = 0.228

Huang (2007) has shown that for a fixed slotted barrier,
increasing Ai/d with a fixed wave period tends to reduce the
transmission coefficient and slightly increase the reflection coef-
ficient. However, for the slotted barriers installed on a floating
structure, the effects of Ai/d on wave transmission and reflec-
tion coefficients are not so obvious, possibly because that the
surge response of the breakwater may reduce the relative velocity
between the slotted barriers and the surrounding water.

Motion responses

The effects of Ai/d on motion responses are shown in Fig. 9.
In general, both the surge and heave RAOs were not sensitive
to Ai/d. However, the pitch RAOs decreased with increasing
Ai/d for all three values of W /L. In particular, the pitch RAOs
dropped from 5.5 to 3.4 rad m−1 when Ai/d was increased from
1.132 to 3.414 for W /L =0.256. The authors cannot provide
a satisfactory explanation to the effects of Ai/d on the motion
responses of the floating breakwater with slotted barriers, and a
theory or CFD simulation may be needed to provide satisfactoryQ2

physical explanations.

4 Conclusions

A comparative experimental study is reported to demonstrate the
potential of using slotted barriers to improve the transmission
performance of floating rectangular breakwaters. Experimental
results showed that the slotted barriers attached to the bottom
of a floating rectangular breakwater could significantly reduce

the transmission coefficients, especially for longer waves. The
slotted barriers significantly reduced the pitch responses for
shorter waves but increased the pitch responses for longer waves;
the slotted barriers also reduced the surge responses for longer
waves, but increased the surge responses for shorter waves. The
reduction of the heave responses by the slotted barriers was
minor. For long waves, the reduction of transmission coefficients
by the slotted barriers was related mainly to the increased energy
loss associated with the enhanced pitch motion; for shorter
waves, the reduction of transmission coefficients was related
partly to the blockage effect by the slotted barriers. It is also
argued that the slotted barriers are not likely to significantly
increase the mooring-line force. The effects of steep regular
waves, irregular waves, and the porosity and arrangement of slot-
ted barriers are worth future investigation for optimum designs
of such breakwaters.
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Notations

Aheave = amplitude of the heave response (m)
Ai = incident wave amplitude (m)
Ar = reflected wave amplitude (m)
Arb = amplitude of wave reflected from absorbing

beach (m)
Asurge = amplitude of the surge response (m)
At = transmitted wave amplitude (m)
(Ax(t), Az(t)) = translational accelerations in x- and z- direction

measured by IMU (m s−2)
(ax′(t), az′(t)) = translational accelerations in x- and z- direction

in the earth-fixed coordinate system (m s−2)
(âx′ , âz′) = amplitudes of translational accelerations in x-

and z- direction in the earth-fixed coordinate
system (m s−2)

Cl = energy-loss coefficient (–)
Cr = reflection coefficient (–)
Crb = reflection coefficient of the absorbing beach (–)
Ct = transmission coefficient (–)
d = dimension of the cylinder (m)
h = water depth (m)
Hi = incident wave height (m)
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KC = Keulegan–Carpenter number (–)
L = wave length (m)
R = Reynolds number (–)
r = the distance from the lower edge of the

breakwater to the CG (m)
RAOheave = heave RAO (–)
RAOpitch = pitch RAO (rad m−1)
RAOsurge = surge RAO (–)
(rx, rz) = the coordinates of the CG in the IMU-fixed

coordinate system (m)
T = wave period (s)
U = Ursell number (–)
Um = velocity amplitude (m s−1)
W = width of the floating breakwater (m)
(x, z) = IMU-fixed coordinate system
(x′, z′) = earth-fixed coordinate system
θ̇ (t) = pitch angular-velocity measured by IMU

(rad s−1)
ˆ̇θ = amplitude of the pitch angular-velocity (rad s−1)
θ̈ (t) = pitch angular-acceleration (rad s−2)
v = kinematic viscosity (m2 s−1)
(φax′ , φaz′ ) = initial phases of translational accelerations in

x- and z- direction in the earth-fixed coordinate
system (rad)

ω = wave angular frequency (rad s−1)
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