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the mooring system to improve its performance for a certain wave period.
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1. Introduction

The floating rectangular structures have been constructed 

for the purpose of attenuating waves in the coastal region for 

decades. Those structures installed in sea environment have 

been interacted with the gravity wave. Due to the wave 

interaction, the flow has been disturbed to be vortical and 

turbulent in the vicinity of structures. The flow pattern due 

to the interaction between the wave and the motion of 

floating structures is very complicated and has a significant 

effect on the behavior of structures. The roll motion, unlike 

other motions, is highly nonlinear because of the fluid 

viscous effect. In this study, the vortical flow characteristics 

due to the wave interaction are going to be investigated with 

the comparison between the rectangular structure in the roll 

motion and the fixed condition.

A variety of investigations have been performed to 

understand the vortical issues of the flow around the surface 

piercing structures due to wave interactions. Numerous 

analytical, numerical and experimental studies have been 

reported on the problem of wave-circular cylinder interaction. 

Several numerical models were developed to investigate the 

flow around submerged or floating structures. Milne-Thomson's 

circle theorem was used to study the characteristics of a two 

dimensional irrotational flow around a horizontal cylinder 

under long-crested waves by Chaplin (1981). Braza et al. 

(1986) presented numerical simulations on the flow field at 

the near wake of a circular cylinder based on a finite volume 

velocity-pressure formulation of the unsteady Navier-Stokes 

equations. A Navier-Stokes time-stepping model was 

employed to compute the orbital flow motion around a 

circular cylinder by Chaplin (1993).

One of the typical floating structure in seas is the 

breakwater which was categorized for their limitations and 

some design considerations by Bruce (1985). Fugazza and 

Natale (1988) presented the energy losses and floating 

breakwater responses in comparison between experiments 

and a linear model. Williams and Abul-Azm (1997) and 

Williams et al. (2000) applied linear potential theory to 

calculate the hydrodynamic properties of floating pontoon 

breakwaters of rectangular section. Mays et al. (1999) analyzed 

the wave attenuation caused by breakwaters consisted of 

submerged and moored horizontal cylinders using linear 

potential theory. Chen et al. (2002) simulated vortex structures 

and flow separation patterns for a partially submerged pontoon 

structure using the Reynolds Averaged Navier-Stokes (RANS) 

equations in conjunction with a domain decomposition 

approach.

With substantial advances in fluid measurement techniques 

in the recent years, particle image velocimetry (PIV) is now 

capable of measuring fluid velocity fields at a sufficient 

resolution to determine the structures of vortex and turbulence 

in the flow. Using PIV, the origination of vorticity in a wave 

field and its relationship to the flow near the free surface and 

the shape of the waves were addressed by Rood (1994) and 

Dabiri and Gharib (1997). Oshkai and Rockwell (1999) 

extended results of Lighthill (1986) calculating the effective 

force acting on a cylinder under waves using the spatial and 

temporal evolution of the instantaneous velocity field around 

the cylinder. Although many researchers have studied on the 

floating breakwater in the sea condition, it was rarely 

included and examined that the vortical flow pattern due to 
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the wave interaction with the floating breakwater in fixed 

and roll-allowed conditions.

The purpose of this study is the investigation of the wave 

interaction with the rectangular floating breakwater. The flow 

profile obtained by PIV technique is represented to understand 

the vortical flow due to the wave interaction in the roll 

motion and the fixed condition. Also, the transmission 

coefficients are compared in both conditions over the extensive 

wave periods, which represent the performance of breakwater 

to attenuate the incoming waves. These results would be 

applied to design the floating breakwater having the mooring 

system to improve its performance for a certain wave period.

2. Experimental Set-up and Technique

2.1 Experimental condition
The experiments were performed in a glass walled wave 

tank that is 36 m long, 0.9 m wide, and 1.2 m deep as shown 

in Fig. 1. A 1 : 5.5 sloping beach was installed at the end of 

the tank. A layer of horsehair was placed on the beach to 

absorb the wave energy and reduce reflection. The wavemaker 

is of dry back flap type. The flap is driven by a synchronous 

servo-motor controlled by a computer, and hydrostatically 

balanced using an automatic near constant force and a 

pneumatic control system.

A rectangular acrylic floating breakwater with the dimensions 

of 0.900 m long (L), 0.300 m wide (B), and 0.05 m high (D) 

was used in the experiment as shown in Fig. 1. The floating 

breakwater was located at 20 m from the wavemaker across 

the entire width of the wave tank in a beam sea condition 

and the water depth (h) was kept as 0.800 m throughout the 

experiment. The floating breakwater was mounted on the 

tank walls with bars and a pair of hinges through the center 

of gravity of the structure (0.05 m from the bottom). These 

hinge supports allowed only the roll motion and was aligned 

with the still water level.

To measure the roll motion of floating breakwater, rotary 

position sensor was installed at the center of rotation which 

was same with the center gravity. The geometric description 

of rectangular structure is schematized in Fig. 2. The roll

Fig. 1 Sketch of the wave tank (unit: mm)

Fig. 2 Schematic of the experimental setup and PIV fields of 

view (unit: mm)

natural frequency (ωN = 6.78 rad/s) was obtained from the 

free decay test conducted in a calm water. To understand the 

interaction between the rectangular floating breakwater and 

waves with the plain condition, regular waves of periods, T =

0.5~2.0 s, including the roll natural period (0.93 s) were tested 

in the experiments. The corresponding wave lengths (λ) and 

wave heights (H) are listed in Table 1. To observe the effect 

on the variation of wave height, the experiment was conducted 

with several wave heights for wave periods (T = 0.7 s, 0.93 s, 

1.2 s, 2.0 s). For every wave periods, the measurement data 

were acquired over 8~12 wave cycles before the reflected 

waves coming back to the floating breakwater so that wave 

reflection does not affect measurement. Among the regular

Table 1 Regular wave condition: Bold numbers mean the cases 

of PIV measurement

T (s) ω (rad/s) λ (m) HI (m) ζa

0.5 12.57 0.39 0.010 0.0805

0.6 10.47 0.56 0.017 0.0950

0.7 8.98 0.77 0.015, 0.023, 
0.029

0.0616, 0.0944, 
0.1191

0.8 7.85 1.00 0.029 0.0912

0.85 7.39 1.13 0.033 0.0919

0.93 6.76 1.35 0.016, 0.027, 
0.032, 0.040

0.037, 0.0628, 
0.0745, 0.0931

1.0 6.28 1.56 0.044 0.0887

1.1 5.71 1.88 0.057 0.0953

1.2 5.24 2.22 0.032, 0.060, 
0.067

0.0453, 0.0849, 
0.0948

0.3 4.83 2.57 0.060 0.0732

1.4 4.49 2.93 0.061 0.0653

1.5 4.19 3.29 0.062 0.0591

1.6 3.93 3.65 0.060 0.0516

1.8 3.49 4.36 0.061 0.0440

2.0 3.14 5.05 0.026, 0.059 0.0162, 0.0367
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 waves tested, regular waves of four periods (T = 0.8 s, 0.93 s, 

1.2 s, and 2.0 s) and two wave height of the wave same with 

natural roll period (TN = 0.93 s) were achieved the quantitative 

flow field around the structure corners using the PIV system.

2.2 Data acquisition and processing 
PIV technique was used to measure velocity profiles in the 

vicinity of the rectangular structure. The double-frame/ 

single-pulsed cross-correlation method was used for PIV 

velocity computation. Two fields of view (FOV) were used to 

obtain velocity fields at the two lower corners of the 

structure shown in Fig. 2. The size of the FOVs was fixed as 

162 × 129 mm
2
. FOV 1 and FOV 2 were intended to cover the 

region in which vorticity was separated at each floating 

breakwater corner. Interrogation windows of 32 × 32 pixels 

(4.0 × 4.0 mm
2
) with 50% overlap between the adjacent 

windows were used in the PIV velocity computation, i.e., the 

distance between the adjacent vectors is 2.0 mm. The time 

separation (dt) between two laser pulses in an image pair 

was adjusted between 3 ms~5 ms to make the instantaneous 

maximum velocity be less than a third of the interrogation 

area. Because the CCD camera was limited to obtain image 

pairs at a rate of 4 Hz, PIV images were captured at a 

suitable rate between 2~4 Hz according to a wave period.

The image acquisition needed to be obtained 3~4 times 

over to obtain a series of velocity profiles for a wave period. 

Each velocity profile which was separately acquired by 

different experimental trials was arranged in regular sequence 

within wave cycles. Then, time differences between successive 

velocity profiles in a sequence of each wave period are listed 

in Table 2. As the periodic wave and structure motion was 

repeated for every wave period before the reflected waves 

coming back to the structure, velocity profiles was smoothed 

by the phase averaging from 8~12 instantaneous velocity 

measurements from the same phase of each regular wave. 

Two double-wired resistant-type wave gauges were used to 

measure the free surface elevation with a computer housing 

DAQ board. The gauges were located at 4 cm in front and 

behind the rectangular structure, respectively, to measure the

 

Table 2 Acquisition number of velocity profiles within a wave 

period

T (s)
Number of velocity

profiles within
a wave period 

Time difference
between successive
velocity profiles (s)

0.80 08 0.100

0.93 08 0.116

1.20 12 0.100

2.00 16 0.125

 

Fig. 3 Schematic sketch of the experimental set-up (Com. A: 

Control the wavemaker and the PIV system. Com. B: 

Take data from sensors. Com. C: Control the laser and 

CCD camera)

wave elevation at the PIV fields of view. Rotary position 

sensor was utilized to measure the roll motion, which has the 

full range ± 60o and a sum of a linearity error and a 

repeatability error less than 0.2% of full scale output. Every 

data from wave gages and rotary position sensor were taken 

at a sampling rate of 100 Hz.

PIV was used to map the velocity field in the study. The 

PIV system used in this study is sketched in Fig. 3. PIV 

system and the wavemaker were synchronized by the 

computer A housed a data acquisition board (National 

Instruments AT-AO-6/10) which generated analog output DC 

voltage. The timing of laser pulses were controlled by the 

CCD camera by the computer B housed the Programmable- 

Timing-Unit-Board. Also, the control signals of the PIV 

system and the wavemaker were synchronized with all the 

data from wave gages, and a rotary position sensor.

2.3 Particle image velocimetry technique 
Particle image velocimetry (PIV) was employed to measure 

the velocity profile in this experiment. The PIV technique is a 

non-intrusive, indirect, and whole field method. Therefore, 

PIV has the characteristics that no probe is disturbed the 

fluid in experiment, that the artificial seeding particle is 

added for measurement rather than directly measuring the 

fluid elements, and that a number of velocity can be obtained 

simultaneously.

In this experiment, the PIV illumination source was a 

dual-head Spectra-Physics Nd : Yag laser. The laser contains a 

crystal harmonic generator that is used to generate the 

frequency doubled 532 nm green light from the original 1064 nm 

invisible light. The laser has a maximum energy output of 

400 mJ/pulse in the 532 nm wavelength, a pulse duration of 

10 ns, and a repetition rate of 10 Hz in each head so that 20 

pulses are generated per second. The light sheet optic used a 

combination of two spherical lenses and one cylindrical lens 
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Fig. 4 Sketch of the light sheet optics 

to generate a thin light sheet (about 1 mm) from the 3 mm 

diameter laser beam (Fig. 4). Vestosint 2157 natural made of 

polyamid 12 was used as the seeding particle which is a 

mean diameter of 57 µm and a specific weight of 1.02. The 

camera used to capture images is a digital CCD (Charge- 

Coupled Device) camera with a 105 mm f/1.8 micro lens set 

at f/2.8~4.0. It has 1280 × 1024 pixels, a 6.7 µm× 6.7 µm pixel 

size, 12 bit of dynamic range, and 8 Hz framing rate. PIV 

images were recorded by the double-frame/single-pulsed 

method. The main advantage of this technique is to remove 

the directional ambiguity. The time difference (dt) between 

the 1st and 2nd frames was adjusted 3~5 ms, which was 

determined by the maximum displacement to be less than a 

third of the width of the interrogation window size.

A pair of PIV images was used to compute the velocity 

profile with the commercial software (DaVis) from LaVision. 

The background noise was subtracted before the evaluation of 

velocity vectors. The complexes 2-D fast Fourier transform 

were calculated from the two interrogation windows and 

were multiplied by complex conjugate. Then, the inverse FFT 

was applied to yield the cross correlation function. The use of 

FFT can simplify and significantly speed up the cross- 

correlation process of two interrogation windows from a pair 

of images (Willert and Gharib, 1991). The adaptive multi-pass 

algorithm was applied to reduce less faulty vectors. Firstly, it 

has calculated a reference velocity vector for each rectangle 

section which was an initial cell size (four times of an 

interrogation area). At the next step, this reference velocity 

vector was used as a cell shift to compute the more accurate 

vector field. Because this method has shifted an interrogation 

area to the location where particles moved, the stronger cross 

correlation can be taken. Once the velocity vectors have been 

calculated in the interrogation area (32 × 32 pixels) with a 

50% overlap, spurious false vectors were eliminated by the 

median filter (Westerweel, 1994). The left-over empty spaces 

was filled-up with interpolated vectors and smoothed by a 

simple 3 × 3 smoothing filter to reduced noise.

The mean velocity were obtained by phase-averaging the 

measured instantaneous velocities at each phase, i.e.,


 



   (1)

where the symbol < > represents phase average, uk
(l) the 

k-component velocity obtained from the l
th

 instantaneous 

velocity measurement, N the total number of instantaneous 

velocities at that phase, and Uk the phase-averaged mean 

velocity.

By definition the vorticity is related to the circulation by 

Stokes theorem

  ∇×     (2)

where l describes the path of integration around a surface S, 

Γ the circulation, and Ω the vorticity. The vorticity for a fluid 

element is computed by reducing the surface S to zero and 

applying Stokes theorem to the xz-gridded PIV velocity data 

(Raffel et al., 1998). The following formula provides the 

vorticity at the point (i, j) was obtained based on the 

circulation calculated using its eight neighboring points, i.e.,

   
  with    


           

 

         

 

        

 

          

(3)

Eq. (3) is equivalent to applying the center difference 

scheme to a smoothed (kernel) velocity field (Westerweel, 

1993). With uncorrelated velocity, the uncertainty estimated in 

the vorticity reduces to εΩ≈ 0.61εu/dx which is less than εΩ
≈ εu/dx for center differences or εΩ≈1.34εu/dx for the 

Richardson extrapolation method (Raffel et al., 1998).

3. Experimental Results

3.1 Transmission of wave energy 
Floating breakwater has been designed to attenuate the 

incident waves in an open sea. Floating breakwaters have 

been ensured the acceptable wave attenuation at relatively 

low costs and can be categorized to the flexible and rigid 

floating structure. Because this experiment was conducted for 

the fixed and one degree of freedom (roll motion) condition, 

it can account for the comparison between the fixed and 

rolling structure. The transmission coefficient, KT = HT/HI, 

which is the ratio of transmitted wave height to incident 

wave height, measures the breakwater performance in this 
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Fig. 5 Transmission coefficients (KT)

chapter. Fig. 5 shows the transmission coefficient versus the 

ratio of the width of structure to wave length (B/λ).

It is observed from this figure that the transmission 

coefficient decreases with increasing B/λ. Namely, the 

floating breakwater can effectively attenuate the shorter 

period wave than the longer period wave and the width of 

breakwater plays a significant role in its performance. When 

the floating breakwater allowed the roll motion, it transmitted 

less wave energy then the fixed structure at B/λ < 0.3. On 

this account, the roll motion of floating breakwater induced 

by the incident wave help to attenuate the wave energy 

transmitted through the floating structure for relatively longer 

period waves. Regular waves were tested in similar wave 

steepness (0.026~0.03) for B/λ < 0.14. For B/λ < 0.14, wave 

height was fixed at the 6 cm. Therefore, wave steepness of 

waves for B/λ < 0.14 was reduced to 0.023~0.013. Because the 

transmission coefficient increases with decreasing wave 

steepness (Arunachalam and Raman, 1982), it might be 

decreased at the same wave steepness with waves of B/λ <

0.14.

3.2 Flow near floating structure in fixed and roll motion
PIV technique was employed to take the velocity profiles of 

incident waves without structure and wave interactions with 

the rectangular floating breakwater in the fixed and roll 

motion conditions. The mean velocity profiles and vorticity 

contours were provided with the phase averaging from 8 or 

10 instantaneous velocity measurements of 8 phases for T =

0.8 s and 0.93 s, 12 phases for T = 1.2 s, and 16 phases for T =

2.0 s over a wave period. All the results of PIV were 

synchronized by the computer housing DAQ board with 

Fig. 6 Wave profiles of the fixed condition (solid line: incident 

wave, dashed line: wave at seaward side, dotted line: 

wave at leeward side)

wave elevations and the roll motion of floating breakwater. 

The phases of velocity maps correspond to the free surface 

elevation in Figs. 6 and 7. Solid line is the wave elevation to 

be measured at the location of the center of structure without 

the floating structure. Dashed line and dotted line were 

measured at the locations of 4 cm from the structure in the 

seaward side and leeward side, respectively. For the duration 

of measurement, all the regular waves were repeated within 

the 2% error which was from the ratio the standard deviation 

of elevations of 8~10 successive waves to the maximum wave 
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Fig. 7 Wave profiles of the roll motion condition (solid line: 

incident wave, dashed line: wave at seaward side, dotted 

line: wave at leeward side)

height. Because velocity profiles of the incident wave were 

synchronized with those of the wave interaction at each 

phase, it can help to investigate into the flow deformation 

due to the diffraction effect in the case of fixed floating 

breakwater and due to the roll motion. Note that only every 

other velocity vectors in each row and column were plotted 

in the velocity figures, i.e., only one-quarter of the total 

measured velocity vectors is displayed in each figure.

3.3 Roll Natural period wave (T = 0.93 s)
The viscous effect in the roll motion is caused by the flow 

Fig. 8 Mean velocity profile of regular wave (T = 0.93 s and H =

0.027 m) at the seaward side 

separation due to the roll motion, which is most significant 

with the roll natural period wave. Fig. 8 shows the water 

particle velocities without the structure at the seaward side, 

and Fig. 9 represents velocity profiles in FOV1 and FOV2 at 

phases 1 and 5 for the wave (T = 0.93 s). At the phase 1 of 

the fixed condition (Fig. 9(a)), the positive vortex started to 

separate and the negative vortex was decaying at the 

seaward side. The positive vortex began to be separated at 

the leeward side. In the roll motion conditon (Fig. 9(b)), the 

positive vortical flow was produced behind the structure 

motion. Note that positive vortex was generated at both sides 

resulting from the structure roll motion. At the phase 5, the 

water velocity under the wave had 180 different phase angle 

with the phase 1. Whereas the positive vortex was still 

evolved by the downward flow under the corner of fixed 

structure, the clockwise (negative) vortex began to be 

separated by the counter-clockwise roll motion at the 

seaward side in Fig. 9(c). The structure rotated in the counter 

clockwise with the water near the structure (Fig. 9(d)), and 

the negative vortex was developed at the seaward side 

following the structure motion. The negative vortex was, also, 

generated under the bottom of leeward side due to the roll 

motion. From the wave interaction with the rectangular 

floating breakwater and the regular wave having the same 

wave period with the roll natural period, the vortex shedding 

at both corners was caused by the roll motion of the 

structure. In the fixed condition, the vortex was generated by 

the wave motion of wave. At the leeward side of the fixed 

floating breakwater, a little vortex was separated by the 

relatively small transmitted wave. However, the large vortex 

was generated by the roll motion at the leeward side. For the 

seaward side, it was represented the vortex separated in the 

opposite direction of the fixed floating breakwater. These 

vortices of both sides are known as the roll viscous damping 

(eddy making damping) to reduce the roll motion at the 

wave of the roll natural period of structure.
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Fig. 9 Mean velocity and vorticity (T = 0.93 s and H = 0.027 m) at 

the seaward side (left column) and the leeward side 

(right column)

3.4 Longer period (T = 1.2 s and 2.0 s) waves than roll natural 
period

Figure 10 and Fig. 12 show the water particle velocities 

without the structure at the seaward side for regular waves T

= 1.2 s and 2.0 s, respectively. The flow pattern with the roll 

motion interacted with the longer wave period (T = 1.2 s and 

2.0 s) than the roll natural period is similar with that of the 

fixed condition, which are represented in Fig. 11 and Fig. 13. 

Figure 11 shows the water particle velocity profile near the 

structure under the regular wave (T = 1.2 s) condition. At 

phase 1 (Fig. 11(b)), the structure started to be inclined into 

Fig. 10 Mean velocity profile of regular wave (T = 1.2 s and H =

0.06 m) at the seaward side 

Fig. 11 Mean velocity and vorticity (T = 1.2 s and H = 0.06 m) at 

the seaward side (left column) and the leeward side 

(right column)



18 Sung-Bu Suh and Kwang Hyo Jung

Fig. 12 Mean velocity profile of regular wave (T = 2.0 s and H =

0.059 m) at the seaward side

Fig. 13 Mean velocity and vorticity (T = 2.0 s and H = 0.059 m) at 

the seaward side (left column) and the leeward side 

(right column)

counter-clockwise direction and the negative vortex was fully 

developed. The remnant positive vortex remained under the 

free surface of seaward side after separated from the corner. 

With the longer wave than the roll natural period, the vortex 

was, mainly, generated by the water motion instead of the 

roll motion of structure. The vortices in the case of fixed 

condition were developed earlier than that in the roll allowed 

condition. At the leeward side, the positive vortex was 

separated by the up-flow. However, the size and magnitude 

of vortex was smaller than that of the fixed floating 

breakwater, since the floating breakwater rolled in same 

direction with the water motion. Until the phase 7, the free 

surface descended to the lowest water level with rotating of 

floating breakwater corner in the same direction with the 

wave flow. Then, the positive vortex was most developed 

under the structure at the seaward side and the negative 

vortex under the leeward side. The relative water particle 

velocity to structure corners in the roll motion was slower 

than that of the fixed condition, since the floating breakwater 

rotated in the same direction with wave flow. At both sides, 

consequently, the size and strength of vortices in the roll 

allowed condition was smaller and lower than those of fixed 

condition.

In wave period of T = 2.0 s (Fig. 13), the flow pattern of the 

case of roll motion is analogous with the fixed case. The 

vortices of the roll motion case were developed a little later 

than the fixed case, because the structure rolled in the same 

direction with the water particle motion under the wave 

condition, which is similar with the case of T = 1.2 s.

3.5 Shorter period (T = 0.8 s) wave than roll natural period
It was experimented to investigate the shorter period wave 

(T = 0.8 s) than the roll natural frequency. Figure 14 shows the 

water particle velocities without the structure at the seaward 

side for the regular wave T = 0.8 s at phases 1 and 5. Because 

the transmission coefficient (KT = 0.45) was relatively small, a 

little wave motion were at the leeward side. In the leeward 

 

Fig. 14 Mean velocity profile of regular wave (T = 0.8 s and H =

0.029 m) at the seaward side
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Fig. 15 Mean velocity and vorticity (T = 0.8 s and H = 0.029 m) at 

the seaward side (left column) and the leeward side 

(right column)

side, the roll motion disturbed the flow like as the roll 

natural period wave case. When the wave came down to the 

trough, the structure was rolled in the clockwise direction 

unlike other wave. As a result of that, the vortices in the roll 

motion case were generated faster than for the fixed 

condition. At the phase 1 (Fig. 15(a)), the positive vortex of 

the fixed case was developing by the descent flow, and in 

roll motion case, the positive vortex was developed by the 

combination of the clockwise roll motion and the decent flow. 

In the leeward side, the positive vortex was generated by the 

roll motion; it was decayed faster than that of the seaward 

side. At phase 5, the negative vortices were developed at the 

seaward side in the similar pattern of the fixed and roll 

motion cases. With the shorter period of wave, the vortex 

trajectory was shorter than that of the longer period wave 

because of the shorter water particle displacement. The vortex 

generation caused by the combination of the roll motion and 

the wave flow.

4. Conclusion

Experiments were performed on the regular wave interactions 

with a two-dimensional rectangular floating structure with 

the fixed and roll motion conditions in a beam sea. The wave 

transmission coefficient, which is the efficiency of the 

breakwater, is low for the shorter wave period and high with 

for the longer wave period. The free rolling breakwater is 

more efficient than the fixed breakwater for the longer period 

wave. The positive and negative vortices are generated due 

to corner separation and migrate with a distinct open 

trajectory each and caused the flow in the vicinity of the 

structure to become rotational and turbulent. The vorticity 

was stronger at the seaward side than the leeward side in 

the fixed condition, because the only transmitted waves have 

an effect on the leeward side.

With the comparison of the velocity profiles of the incident 

wave and the wave interaction with the fixed floating 

breakwater and the floating breakwater in roll motion, it was 

clearly illustrated that the flow pattern was deformed by the 

diffraction for the fixed floating breakwater and the radiation 

by the rolling floating breakwater. It was investigated that 

was the viscous damping (eddy making damping) effect have 

arisen with the flow separation at the corners at the roll 

natural period. Because the flow was separated to the 

opposite direction of the roll motion, the viscous damping 

have an obvious effect on the reduction of the roll motion 

with the roll natural period wave. This is known as the 

typical viscous damping effect due to the vortex shedding. 

For the longer period wave than the roll natural period, the 

vortex shedding due to diffraction is prominent, which is 

similar with that of the fixed floating breakwater. In the case 

of shorter period wave than the roll natural period, the 

vortex was generated by the radiation at the leeward side, 

but it was shed in the same direction with the vortex due to 

the diffraction at the seaward side.
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