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Abstract

This paper analyses the results of an application of a piled wavescreen. Experimental
measurements were undertaken in the laboratory conditions for a given structural configuration
under the attack of regular and irregular waves. Dynamic pressure distribution along and around the
inclined piles was obtained employing pressure transducers. Using these data, in-line dynamic wave
forces acting on piles were also determined. Water particle (orbital) velocities were measured at
seaward and landward of the wavescreen using two acoustic Doppler velocimeters (ADV)
simultaneously. Furthermore, wave data were collected using resistance type wave gauges at the
seaward and landward of the structure. Based on those data, wave attenuation performance of the
wavescreen was explored for two different depth values. Findings showed that piled wavescreen can
provide effective shore protection as an environmentally friendly coastal structure.
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Nomenclature

ADV  acoustic Doppler velocimeters (—)
RMB rubble mound breakwaters (-)
SWL  still water level (-)

d depth (m)

D pile diameter (m)

d* reference depth (m)

f freeboard (m)

fy distributed in-line dynamic wave force (kN/m)

gravitational acceleration (m/sz)

wave height (m)

incident wave height (m)

maximum wave height (m)

root mean square wave height (m)

significant wave height (m)

transmitted wave height (m)

wave length (m)

wave pressure (kN/mz)

dynamic wave pressure (kN/m?)

in-line component of dynamic wave pressure (kN/m?)
reference dynamic wave pressure (kN/m?)

spacing between the piles (m)

wave period (s)

mean wave period (s)

three components of water particle velocity (m/s)
vertical inclination angle of piles (degree)

angle on the horizontal plane (radian)

angles between transducers and incident wave direction (degree)
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1. Introduction

Various shore protection techniques and structures have been developed and applied to
minimize the wave impact on coastal areas. Rubble mound breakwaters are one of the
most commonly utilized coastal structures in shore protection facilities. In certain
circumstances, it may not be possible to apply rubble mound breakwaters (RMB) in shore
protection due to some technical, economical and environmental limitations. In such
cases, although not preferred as much as RMB, piled breakwaters may be used as an
alternative. There are particular applications, where piled breakwaters are preferable over
RMB. For example, when foundation instability is high, the uncertainty in behavior of
armor layer of RMB increases in the long term. Furthermore, piled breakwaters do not
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totally cut the current or wave action and do not entirely stop the sediment transport
phenomenon. These factors make piled breakwaters environmentally friendly, as they
keep the long-term coastal balance better then RMB. In fact, it may be more appropriate to
call such a piled structure as ‘wavescreen’; since it acts as a screen against waves and
decreases the wave effect, but does not entirely stop the wave activity by transmitting just a
certain ratio of the wave energy.

Offshore and marine structures are designed considering maximum wave loads that
may appear during their lifetime. In this context, determination of the wave forces
which will act on the piles under the storm condition is a vital issue for a wavescreen. For
a fixed vertical cylinder, whose diameter is small enough compared to the wavelength,
the total force is composed of two components. These components are ‘inertia’ and ‘drag’
terms. Total force can be computed by Morison’s equation (Morison et al., 1950). In
the literature, great efforts have been devoted to investigating the drag (Cp) and inertia
(Cnm) coefficients in Morison’s equation (Garrison et al., 1977; Chakrabarti, 1982;
Chakrabarti et al., 1983; Cotter and Chakrabarti, 1984). According to Akyildiz
(2002), there are basically two different approaches for evaluating the non-linear
hydrodynamic wave forces acting on an offshore structure: ‘Morison’s equation’ and
‘diffraction flow theory’. Sumer and Fredsoe (1997) pointed out that the ratio between
diameter, D, of the cylinder and wave length, L, provides the required information on
which theory should be used. If D/L ratio is greater than 0.2, the diffraction effect is
important and if this ratio is lower than 0.2 the diffraction effect can be disregarded.
Another important geometrical variable is the inclination angle of the cylinders.
Anandkumar et al. (1995) experimentally investigated pressures around circular inclined
cylinder under regular waves. Later on, Sundar et al. (1998) presented the variation of Cp
and Cy; coefficients as a function of Keulegan—Carpenter number (KC) for different
inclination of the cylinder. This is followed by Sundar et al. (1999), who investigated
dynamic pressure distribution around an inclined cylinder under freak waves (H,.x/H1/3 >
2.0). In the literature there are fewer studies on multiple-cylinders compared with singular
ones. The studies pertain to Sarpkaya (1976), Chakrabarti (1978, 1981), and Sarpkaya
(1979) may be given as reference studies focused on this issue. Further, Chan et al. (1995)
conducted an experimental study and explored the plunging wave impact on vertical
cylinders.

Based on the arguments presented above, a laboratory study was performed and a set of
experimental measurements was carried out for a particular wavescreen. The primary
objectives of those experiments may be summarized as:

(1) to measure the in-line dynamic pressure distribution along the piles tilted along the
principal wave direction,

(2) to measure the dynamic pressure distribution around the piles,

(3) to determine the wave forces acting on the inclined piles using measured dynamic
wave pressures,

(4) to define the performance of the wavescreen in terms of the wave attenuation; in other
words exploring wave transmission coefficient for various wave conditions,

(5) to monitor the orbital velocity pattern for different depth and wave conditions.
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2. Experiments

2.1. Experimental installation and measurement devices

All the experiments described in this paper were conducted in the Hydraulics
Laboratory of Istanbul Technical University. The experiments were performed under the
attack of regular and irregular waves in a glass sided wave flume 24 m in length, 1 m in
width, and 1 m in depth. The sketch of the flume and locations of the measurement devices
are illustrated in Fig. 1. The waves were generated by a computer controlled wave maker,
which is capable of generating regular waves as well as irregular waves displaying the
Pierson—-Moskowitz wave spectrum. Further details about the performance of the irregular
wave flume utilized in this study may be found in Yagci et al. (2004). The tests were
carried out for 0.65 and 0.75 m still water depth values. At landward of the wavescreen, a
sand beach slope, 1V:7H, was constructed at the end of the channel as a wave dissipater
(Fig. 1).

The wavescreen model was made of plexiglas material in view of the ease of
construction and placement of the waterproof pressure measurement probes. In order to
place the transducers into the piles, the angled piles on the model structure were also made
of plexiglas. Furthermore, the transparency of the plexiglas makes it an ideal material for
such studies to facilitate better visualization. The heading beam was represented as a box
of plexiglas. The sketch and dimensions of the wavescreen are presented in Fig. 2.

For the measurement of dynamic wave pressures acting on the piles, seven pressure
transducers were used throughout the experiments. The locations of the transducers along
the piles are also presented in Fig. 2. So as to measure the pressure distribution around the
cylinder, the system was designed to allow rotation of the cylinder around its axis. The
same wave condition was repeated (Table 1) for each rotation angle of the cylinder (i.e. 0,
22.5, 45, 67.5, 90°). The transducers were connected to computer via a data-logger which

Computer system Computer system Computer system
for wave records for velocity records for pressure records

Wave monitor
fier

Servo cylinder
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Fig. 1. Sketch of the wave flume.
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Fig. 2. (a) Plan and (b) side sketch of the model wavescreen (in mm).

has 16 channels. The sampling frequency of pressure data acquisition was 20 Hz
throughout the experiments. The calibration of the transducers was done by the
manufacturer.

A wave monitor amplifier and four resistance type wave electrodes were employed
throughout the measurements of the wave records. The locations of the wave probes are
depicted in Fig. 1. The wave data were collected with a sampling frequency of 20 Hz. The
digital signals were converted to wave height, and wave period parameters by a program
written in Borland C 2.0 language by Istanbul Technical University, Division of
Hydraulics. In this code, time series parameters were determined using a zero-
downcrossing method. The analysis and the statistics of the recorded wave data were
also computed by the same Borland C 2.0 code after each applied wave series. At the end
of each series, the calibration process was repeated.

So as to understand how the wavescreen impacts the water particle velocities of a
progressive regular wave, two acoustic doppler velocimeters (ADV), which have 25 Hz
sampling frequency, were utilized. Usage of two ADV simultaneously allows collecting
orbital velocity data more reliably compared to collecting data with a single ADV and also
it is time saving. The ADV is a high precision instrument that measures all three flow
velocity components. ADV consists of three modules: the measuring probe, the con-
ditioning module and processing module. The acoustic sensor of the 3D down-looking
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Table 1
Experimental schedule
Test  Still Applied wave Velocity Pressure Pressure
no. water  characteristics measurements measurements measurements
depth with ADV around the piles along the piles
(m) Name of the Reg./ Yes/No  Distance Yes/No  Angle Yes/No
wave series  Irreg. from channel
bottom
1 0.65 23 Reg. Yes 0.03 Yes 0 Yes
2 0.65 23 Reg. Yes 0.06 Yes 22.5 No
3 0.65 23 Reg. Yes 0.09 Yes 45.0 No
4 0.65 23 Reg. Yes 0.12 Yes 67.5 No
5 0.65 23 Reg. Yes 0.15 Yes 90.0 No
6 0.65 23 Reg. Yes 0.20 No - No
7 0.65 23 Reg. Yes 0.25 No - No
8 0.65 23 Reg. Yes 0.30 No - No
9 0.65 23 Reg. Yes 0.35 No - No
10 0.65 23 Reg. Yes 0.40 No - No
11 0.65 23 Reg. Yes 0.45 No - No
12 0.65 13 Reg. No - No - Yes
13 0.65 31 Reg. No - No - Yes
14 0.65 51 Reg. No - No - Yes
15 0.65 1 Irreg. No - No - Yes
16 0.65 2 Irreg. No - No - Yes
17 0.65 3 Irreg. No - No - Yes
18 0.65 4 Irreg. No - No - Yes
19 0.65 5 Irreg. No - No - Yes
20 0.65 6 Irreg. No - No - Yes
21 0.65 7 Irreg. No - No - Yes
22 0.75 23 Reg. Yes 0.03 Yes 0 Yes
23 0.75 23 Reg. Yes 0.06 Yes 22.5 No
24 0.75 23 Reg. Yes 0.09 Yes 45.0 No
25 0.75 23 Reg. Yes 0.12 Yes 67.5 No
26 0.75 23 Reg. Yes 0.15 Yes 90.0 No
27 0.75 23 Reg. Yes 0.20 No - No
28 0.75 23 Reg. Yes 0.25 No - No
29 0.75 23 Reg. Yes 0.30 No - No
30 0.75 23 Reg. Yes 0.35 No - No
31 0.75 23 Reg. Yes 0.40 No - No
32 0.75 23 Reg. Yes 0.45 No - No
33 0.75 23 Reg. Yes 0.50 No - No
34 0.75 23 Reg. Yes 0.55 No - No
35 0.75 13 Reg. No - No - Yes
36 0.75 31 Reg. No - No - Yes
37 0.75 51 Reg. No - No - Yes
38 0.75 1 Irreg. No - No - Yes
39 0.75 2 Irreg. No - No - Yes
40 0.75 3 Irreg. No - No - Yes
41 0.75 4 Irreg. No - No - Yes
42 0.75 5 Irreg. No - No - Yes
43 0.75 6 Irreg. No - No - Yes
44 0.75 7 Irreg. No - No - Yes
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probe is mounted on a rigid stem 0.4 m long and is composed of one transmit transducer
and three receive transducers. ADV measures the velocity in a sampling volume of
0.125 cm® which is 5 cm away from the sensing elements. The ADV processing module
consisted of a PC card, installed in a PC, and data acquisition software. Two velocity
components (u and w) of the orbitals along the depth were obtained with sampling
durations of 30 s for each test. During the measurements one ADV was positioned at
seaward and the other one at landward of the wavescreen (Fig.1). Moreover, the distances
between seaward ADV and wavescreen; landward ADV and wavescreen, were equal to
each other.

2.2. Experimental procedure

The principal goals of the study are as summarized in the introduction section. In order
to achieve these objectives, the experimental procedure, which is presented in Table 1, was
adopted.

As may be seen from Table 1, all the experiments were performed for the depth values
of 0.65 and 0.75 m. For each depth value, four regular and seven irregular wave series
were applied to the structure. The test runs conducted with regular waves were limited to
30 s to minimize build up of reflected wave energy in the flume. While regular wave series
had an application duration of 30 s, each irregular wave series had application duration of
8 min. For the tests conducted with regular waves, the ranges of wave period (7) and wave
height (H) were 0.857-2.056 s and 0.112-0.185 m, respectively. In the tests carried out
with irregular waves, the ranges of the mean wave period (Teqn), sSignificant wave height
(Hy), root mean square wave height (H,,,) and maximum wave height (H,,x) were 1.146—
1.502's, 0.093-0.164 m, 0.065-0.121 m and 0.156-0.233 m, respectively. If sea
conditions were not simulated properly in the laboratory, the obtained results would be
misleading. Considering this point, so as to verify the validity of the experimental wave
data, ratios between measured and analyzed wave height statistics were checked with the
ratios between wave height statistics derived from Rayleigh distribution. These ratios are
given by Goda (1985) and Dean and Dalrymple (1991). Ratios between those wave height
statistics showed that the generated waves in the flume fitted Rayleigh distribution
properly.

The measurements which aim to explore the pressure distribution along the inclined
piles were carried out under regular and irregular waves. In order to characterize the
recorded pressure values, the mean of the highest 30 pressure measurement values were
taken as a representative value for each transducer. This value corresponds to P, for
regular wave series and to Py for the irregular wave series.

As stated above, to measure the pressure distribution around the cylinder, the system
was designed to allow rotation of the cylinder around its axis. Same regular wave
condition (which is indicated with series no 23 in Table 1) was applied to the structure for
each rotation angle of the pressure transducer (i.e. 0, 22.5, 45, 67.5, 90°).

In addition to dynamic in-line pressure measurements, dynamic in-line wave force
distribution was also obtained for a specific wave series (referred to as series 23, see
Table 1). This was simply done by multiplying the dynamic wave pressure values (Pg)
measured around the cylinders with cosine of the inclination angles of the transducers
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Py, The in-line
components of
dynamic wave
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> P, Dynamic wave
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Fig. 3. Horizontal dynamic wave pressure distribution and in-line component of dynamic wave pressure on the pile.

from the normal axis (cos 6;) (1) and then summing the in-line components of pressure
values around the cylinder (2) (Fig. 3)

Pyx = cos 0.Py (1)
/2

roxy = | Paxtoras @)
—7t/2

The summation of the in-line components of dynamic wave pressures were made on a
trapezoidal rule basis (Fig. 4). The vertically distributed in-line force along the cylinders
(fi(y)dy) was then determined for two different water depths as given in Section 3.

In order to compare all the measured dynamic in-line pressure data on the same basis it
was necessary to use dimensionless values. Also the contribution of different wave
parameters on the in-line dynamic wave pressures can be understood by defining
convenient dimensionless parameters. A dimensionless parameter for dynamic pressure
and three different dimensionless parameters for depth are defined and used for this
objective as explained in Section 3.

In order to explore how water particle velocities are affected by presence of the
wavescreen, the velocity measurements were carried out under a regular wave series at
two different depths, i.e. 0.65 and 0.75 m (Table 1). As may be judged from Table 1,
velocity measurements were performed at consecutive points with 0.03 m increments
starting from the bottom to a distance of 0.15 m; this increment was then increased to be
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Fig. 4. The summation of distributed in-line pressure considering trapezoids: shaded region=f{(y)dy.

0.05 m and the velocity measurements were carried out for each successive 0.05 m
interval between depth values of 0.15 and 0.55 m (or 0.45 m for SWL =0.65 m). Since
ADV can collect data as long as it contacts with water, the elevation of the highest point,
from which data can be collected, is limited by the elevation of wave trough. This situation
is depicted in Fig. 5. The data acquisition duration was limited to 30 s for velocity
measurements. Three components of the water particle velocities were obtained for each
elevation after each test. In Fig. 6, measured three velocity components at 0.4 m distance
from the bottom of the flume are given as a sample data. After obtaining three velocity
components (&, v, and w) for each elevation, horizontal orbital velocity profiles along the
depth were acquired using ‘u’. Those results are presented and discussed in Section 3.

Wave transmission is an important parameter for the performance of permeable coastal
protection structures. In order to define the wave damping performance of the structure, a
parameter called wave transmission coefficient was defined as the transmitted wave height
over incident wave height

C, = H/H, (3

where H;, incident wave; H,, transmitted wave. For the calculation of wave transmission
coefficient the regular test results were employed. The experimental results are given in
Section 3.

T U

1 U trough ,

C
—
crest  u
' il

i

Fig. 5. Orbits of water particles in a wave cycles.
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Fig. 6. Orbital velocities of water particles of incident waves measured at 40 cm from the bottom (SWL=0.65 m).

3. Results

3.1. In-line dynamic wave pressures on the piles

All the pressure measurements made along the piles, with regard to test runs noted in
Table 1, are presented in Fig. 7. In Fig. 7a, the vertical distribution of in-line dynamic
wave pressures under regular wave series is given. The vertical distribution of in-line
dynamic wave pressures under irregular wave series are given in two separate figures: in
Fig. 7b the still water depth in the laboratory flume is 0.65 m and in Fig. 7c it is 0.75 m.

It was seen that there is not a simple proportional relation between wave height or wave
period and in-line dynamic wave pressures on wavescreen. But the exponentially decaying
character of pressures with depth can clearly be seen from the related figures. Also the
logarithmic curves fitted to the pressure values gave good correlations (for regular waves,
R*>=0.74-0.99 and for irregular waves R*=0.70-0.98) which supports the previous
values. On the other hand, it is obvious that such best fitting logarithmic curves never
intersect d=0 line; which means that they yield infinity pressure value at the still water
level. Thus, it can be said that the correlation between actual Py vs. d curve and best fitting
logarithmic trend line weakens with d values approaching ‘0’. This statement also explains
why the R* values of 0.75 m water level tests are higher than 0.65 m ones.

The same pressure measurements were also given in dimensionless form. For such a
conversion, to define a reference depth ‘d*’ and a reference pressure ‘P;’ would be
appropriate. Logically, the reference pressure would coincide with the reference depth (i.e.
occurring at the reference depth). Considering the exponential nature of the P4 vs. d
relationship, it is more reliable to define this reference depth (and thus the reference
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Fig. 7. In-line dynamic wave pressures (P4) vs. distance from SWL (d); (a) under regular waves, (b) under
irregular waves for SWL=0.65 m, (c) under irregular waves for SWL=0.75 m.
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pressure) as deep as possible. Among all the transducers, the deepest pressure transducer
was placed 0.42 m below SWL =0.65 m. This value becomes 0.52 m for 0.75 m SWL. In
order to compare both groups of tests (performed with two different SWLs), an additional
pressure value was generated for each test carried out with 0.65m SWL, which
corresponds to 0.52 m depth due to the best fitting logarithmic curve (simply on the curve).
Consequently, the reference depth ‘d*’ was chosen as 0.52 m from the still water level.

Firstly, the dimensionless depth parameter was chosen as d/d*, namely depth from
SWL over reference depth, and the dimensionless pressure parameter was chosen as
P4/P;, namely measured pressure over reference pressure. Such a dimensionless
expression of the ‘pressure vs. depth’ is given in Fig. 8 for regular waves, irregular
waves at 0.65 m SWL and irregular waves at 0.75 m SWL.

Another dimensionless parameter was generated in order to see the effect of wave
height (H) on in-line dynamic wave pressures. Using a similar analogy with the
normalization of standard normal variable, a combined dimensionless parameter defined
as (d—d*)/H was calculated and plotted versus dimensionless in-line dynamic wave
pressure. Fig. 9 shows these charts for regular waves, irregular waves at 0.65 m SWL and
irregular waves at 0.75 m SWL. It would be convenient to note that the wave height (H)
parameter was chosen as significant wave height (Hy) for irregular wave series.

As a final dimensionless parameter, the wave period (7) was also included in a
dimensionless term that was chosen as (d— d*)/gT". The same three plots are repeated for
this parameter and given in Fig. 10 for regular waves, irregular waves at 0.65 m SWL and
irregular waves at 0.75 m SWL. The mean period, ‘Tpe.n’, Was chosen as representative
wave period value for irregular waves.

In order to compare the scattering of dimensionless pressure values with the two
different dimensionless parameters which represent wave height and wave period, two
unique charts covering all tests are illustrated for both. These combined plots for Py/P} vs.
(d—d*)/H and Py/P} vs. (d—d*)/gT* were given in Figs. 11 and 12, respectively.

3.2. Dynamic wave pressures around the piles

The dynamic wave pressures around the piles were measured with 22.5° intervals for
one regular wave series, no. 23, as explained in Section 2.2. The measurements were
conducted for both at 0.65 and 0.75 m SWLs and dynamic wave pressure distribution
around the piles was obtained. Figs. 13 and 14 present the dynamic wave pressure around
the pile (referring to Fig. 3) at 0.65 and 0.75 m SWL, respectively.

The findings show that the maximum dynamic wave pressure does not always occur at
the section normal to the wave direction. In other words, this infinitesimal surface may
rotate and make an angle with the incident wave direction. For example, in Fig. 13 the
maximum dynamic wave pressure around the pile can be seen to be closer to a location
making an angle of 22.5° with the wave direction. This behavior may be explained by the
multi-cylinder effect and possibly related to different parameters such as pile spacing,
wave length, etc. In Fig. 14 the maximum dynamic pressures seem to occur at the
differential surface element coinciding with the incident wave, but it cannot be said that
dynamic wave pressure is decreasing with the angle with the wave direction.
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Fig. 8. In-line dimensionless dynamic wave pressure (Py/P;) vs. dimensionless depth (d/d*): (a) under regular
waves, (b) under irregular waves at SWL=0.65 m, (c) under irregular waves at SWL=0.75 m.
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Fig. 9. In-line dimensionless dynamic wave pressure (Pd/P;) vs. dimensionless depth-wave height ((d —d*)/H): (a)
under regular waves, (b) under irregular waves for SWL=0.65 m, (c) under irregular waves for SWL=0.75 m.



O. Yagci et al. / Ocean Engineering 33 (2006) 1299-1321 1313

(a)9.07 R%2=0.889 o 0.65mNoi3
Rg =0.9132 ¢ 0.65mNo23
g.0{ R2=0.908 A 0.65mNo31
R’ =0.6499 ©  0.65m No51
Ri =0.9615 ® 0.75mNoi13
7.01 Eg = Ogggg & 075mNo23
2 _ A 0.75mNo31
60 R =09093 ®  0.75mNo51
Exp. (0.65 m No13)
x. 5.0 — — — Exp. (0.65 m No23),
2 Exp. (0.65 m No31)
N o — - — -Exp. (0.65 m No51)
& 4.01 - 4 . (0.75 M No13)
e ==Exp. (0.75 m No23)
3.0 1 A = = = Exp. (0.75 m No31)
o = = Exp.(0.75 m No51)
2.0 5
1.0
0.0 T T T T T ]
0 0.01 0.02 0.03 0.04 0.05 0.06
(d-d*)/gT?
(0)9.07 R2_ 08564
R? = 0.8877
8.01 R2=0.977
R2 = 0.9496
7.0 R®=0.8672 o 0.65mNot5
R?=0.9515 ¢ 0.65m No20
6.04 R®=0.9656 A 0.65m No06
X 0.65m No09
X 0.65mNo10
& 5.0 o 065mNot2
> + 0.65mNoi8
o 404 Exp. (0.65 m No15)

— — — Exp. (0.65 m No20)
3.0 1 o . A  |---- Exp. (0.65 m No06)
— - — -Exp. (0.65 m No09)
— = = —Exp. (0.65 m No10)

2.0 1 0. (0.65 M NO12)
= =Exp. (0.65 m No18
1.0 1
0.0 T T T T T ]
0 0.01 0.02 0.03 0.04 0.05 0.06
( d'd*)/ 9 Tmeanz
()90, R2= 07695
R, =0.8073
8.0 R2 =0.936
R2 =0.8333 o 0.75mNo15
| R2 =0.6857 ¢ 0.75m No20
7.0 R’ =0.8639 A 0.75mNo06
R” =0.946 X 0.75m No09
6.0 1 X 0.75mNo10
o 075mNoi2
+ 075mNoi8
*s 5.0 7 Exp. (0.75 m No15)
0\-0 — — —Exp. (0.75 m No20)
o 404 Exp. (0.75 m No06)
— - — -Exp. (0.75 m No09)
— - - —Exp. (0.75 m No10)
3.01 0. (0.75 M NO12)
= =—Exp.(0.75m No18)
2.0
1.0 1
0.0 T T T T T ]
0 0.01 0.02 0.03 0.04 0.05 0.06

(d'd*)/ 9 Tmean2

Fig. 10. In-line dimensionless dynamic wave pressure (Py/P; ) vs. dimensionless depth-wave period ((d— d*)IgT):
(a) under regular waves, (b) under irregular waves for SWL =0.65 m, (c) under irregular waves for SWL=0.75 m.
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Fig. 11. In-line dimensionless dynamic wave pressure (P4/P}) vs. dimensionless depth-wave height ((d —d*)/H).

3.3. In-line dynamic wave forces on the piles

The in-line dynamic wave force distribution on the piles was calculated for one regular
wave series, no. 23, with a procedure explained in Section 2.2. This procedure was applied
both at 0.65 and 0.75 m SWLs and vertical dynamic wave force distribution on the piles
was obtained.

As a first step, the in-line components of dynamic wave pressures were obtained for the
regular wave series, no. 23 (Table 1), at 0.65 and 0.75 m SWLs as given in Figs. 15 and 16,
respectively.

By summing these in-line dynamic wave pressure components, dynamic in-line vertical
wave force distributions for the regular wave were evaluated for 0.65 and 0.75 m SWLs as
shown in Fig. 17. Similar to in-line dynamic wave pressures, also in-line dynamic wave
force shows an exponential decay with depth.
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Fig. 12. In-line dimensionless dynamic wave pressure (Py/P;) vs. dimensionless depth-wave period ((d —d*)

1gT%).
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Fig. 13. Dynamic wave pressure values around the piles with respect to angles with the incident wave direction
(regular wave, SWL=0.65 m).

3.4. Measurements of water particle velocities

The experimental set up and the followed procedure for the water particle velocity
measurements are as described in Sections 2.1 and 2.2, respectively. The notations for the
water particle velocities are given in Fig. 5. In Fig. 18 three components of the water
particle velocities which were measured at the seaward and landward are presented. The
measurements presented in Fig. 18 were carried out at 0.45 m distance from the bottom for
the SWL 0.65 m. In order to give the time series in a more intelligible way, only the data
collected between 10 and 20 s time intervals are given in Fig. 18, though the measurement
duration was 30 s. Despite the fact that similar measurements were conducted along the
depth both at the landward and at the seaward as explained in Section 2.2; considering the
limits of this paper, only the measurements recorded at 0.45 m distance from the bottom
are given and analyzed here. As may be judged from Fig. 18, the particle velocity
component ‘u’ is much more affected compared to ‘w’ by the presence of the wavescreen.
Another conclusion, which can be drawn from Fig. 18, is about the variation of lateral
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Fig. 14. Dynamic wave pressure values around the piles with respect to angles with the incident wave direction
(regular wave, SWL=0.75 m).
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Fig. 15. In-line components of dynamic wave pressure values around the piles with respect to angles with the
incident wave direction (regular wave, SWL=0.65 m).

(spanwise) velocity component ‘v’. Based on Fig. 18, it may be claimed that a lateral
momentum transfer occurs at the landward of the wavescreen which indicates additional
minor energy dissipation.

The velocity profiles were obtained by following the method described in Section 2.2.
The variation of velocity profiles with depth is illustrated in Fig. 19 for the conditions
SWL =0.65 and 0.75 m. The horizontal orbital velocity profiles along the depth were
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Fig. 16. In-line components of dynamic wave pressure values around the piles with respect to angles with the
incident wave direction (regular wave, SWL=0.75 m).
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Fig. 17. Vertical dynamic wave force distribution on the piles (regular wave, SWL=0.65 and 0.75 m).

obtained at the landward and seaward of the wavescreen. As may be concluded from
Fig. 19, the wavescreen has greater impact in terms of wave attenuation within the region
closer to the surface. On the other hand, in the region closer to the bottom, velocity values
at the seaward and at the landward are quite close to each other for both SWL =0.65 and
0.75 m. This result is important since it shows that wavescreen does not stop sediment
transport though it dampens wave energy efficiently. In other words, wavescreen keeps the
long-term coastal balance better then rubble mound breakwaters and this makes
wavescreen an environmentally friendly structure.

3.5. Wave attenuation

The transmitted wave heights were evaluated by the data recorded from the wave probe
behind the model structure at the 30 s duration regular tests. It was seen that C, varies
mostly due to the water level, such that at low water level it is higher and as the water level
increases it decreases (Fig. 20). Also wave period is effective on this parameter (Fig. 20).
This dependence may be due to the diffraction around the piles as it changes the wave
length. Yet, a certain judgement cannot be made regarding the ‘wave height-wave
transmission’ relationship. As such, a dependence was not seen between those two
parameters. Considering the tested waves, the transmission coefficients can be said to be in
the range of 0.30-0.75. The velocity measurement results support this conclusion as well.

4. Conclusion

A model application of a piled wavescreen was performed in the laboratory conditions
in this study. Dynamic pressures on the piles (along and around), water particle velocities
at landward and seaward of the wavescreen and wave measurements were undertaken for a
given structural configuration. Based on the experimental findings the following
conclusions can be drawn.
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Fig. 18. The u, v and, w components of the water particle velocities recorded at the 0.45 m distance from the
bottom for SWL=0.65 m (a) at seaward of the wavescreen, (b) at landward of the wavescreen.

One of the main conclusions of pressure measurements was the exponentially decaying
magnitude of dynamic wave pressures. As can be seen from the results presented in
Section 3.1, there is a strong correlation between the ‘pressure vs. depth’ curves and
logarithmic best fitting curves, both for regular and irregular waves. This correlation
weakens as it approaches the still water level due to the nature of logarithmic functions as
explained in the relevant section. This characteristic seemed not to be less dominant
between the ‘dimensionless pressure (Pd/P;‘) vs. dimensionless depth (d/d*)’.

Also the introduction of wave height and wave period to the dimensionless depth
parameter, as denominator, seemed to reduce the scattering of the data. In other words, it
maintained the gathering of the data within a relatively smaller range. This effect is more
dominant with the wave period.
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The dynamic wave pressure measurements carried out around the piles with 22.5°
intervals showed that the maximum dynamic wave pressure may not always be seen at the
elementary surface normal to the wave direction. Findings show that the maximum
dynamic wave pressure around the pile is closer to a location making an angle of 22.5°
with the incident wave direction for 0.65 SWL. Normally, for a single pile the maximum
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Fig. 20. Wave transmission coefficients vs. wave period for different water levels.

Ht/Hi



1320 O. Yagci et al. / Ocean Engineering 33 (2006) 1299-1321

dynamic wave pressure is expected to occur at the infinitesimal area normal to wave. Such
a switch of the location of maximum wave pressure may be explained due to the multi-
cylinder effect and related to the pile spacing, pile diameter and wavelength parameters.
This phenomenon should be further investigated in future studies.

Another surprising outcome of the pressure measurements was the variation of in-line
components of dynamic wave pressures as this variation fits a third degree polynomial
curve with a very high correlation. This dependency is also worth investigating in a further
experimental study.

The vertical distribution of in-line dynamic wave force, which was calculated by
summing the in-line components of dynamic wave pressures around the piles, also
exhibits an exponentially decaying nature similar to the in-line dynamic wave
pressures. As seen in in-line dynamic wave pressures, this characteristic becomes more
significant with increasing depth. This can also be explained by the nature of
logarithmic functions.

Water particle velocity measurements showed that horizontal velocity component ‘u’ is
affected more drastically compared to vertical velocity component ‘w’ by the presence of
the wavescreen. Also the data demonstrated that a lateral momentum transfer occurs at the
landward of the wavescreen which indicates minor energy dissipation.

Furthermore, the pointwise velocity measurements were conducted using ADV and the
velocity profiles were obtained at landward and seaward of the wavescreen for two
different depths. These data indicated that within the region closer to the surface, the
wavescreen has greater impact in terms of wave energy dissipation. In the region closer to
the bottom, velocity values at the seaward and landward are quite close to each other. As a
result, a considerable amount of wave energy is dissipated within the region close to the
surface. This result is important since in a way it shows the wavescreen does not have
significant influence in sediment transport phenomenon in spite of the fact that it dissipates
wave energy efficiently. At this juncture, it can be concluded that wavescreen keeps the
long-term coastal balance better than rubble mound breakwaters. This makes the
wavescreen an environmentally friendly structure.

It should be borne in mind that the results in this study are obtained for the given
structural configuration. Considering physical parameters (i.e. construction depth, d; pile
diameter, D; spacing between the piles, S; vertical inclination angle, «; freeboard, f; wave
length, L; etc.), the matter should be further investigated using various combinations of
these. The authors hope that the results presented in this study are useful for the
practitioners and helpful in their applications.
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