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Abstract

The present paper outlines an ongoing experiment of wave interactions of a pile-
supported breakwater. Wave transmission, reflection and energy dissipation will be
determined and compared to theoretical data. The theoretical data was based on
eigenfunction expansion method that accounts for energy dissipation within the barrier.
The breakwater model was constructed from timber pillars, and plywood and placed in an
aluminum frame. The experiment is still ongoing in the 2D-wave flume at Oregon State
University.

Introduction

Breakwaters are designed to protect certain areas from wave interaction. They
can be used to provide economical protection to harbors, marinas, and can also be used to
restore eroding beaches. The most common type of breakwater is a rubble mound. A
typical rubble mound breakwater consists of inner layers of stone, and large shaped
concrete objects on the outer layer. They are sloped for wave runup, to prevent unwanted
reflection. Rubble mound breakwaters are adaptable to wide range of water depths and
wave conditions. However, under certain conditions arubble mound breakwater may not
be a viable option. Since, rubble mound breakwaters are sloped for sability, in deeper
watersthey can leave avery large footprint, and be very costly. Under these types of
situations a pile-supported breakwater can be considered.

A pile-supported breakwater is defined here as a porous wave barrier, with
vertical timber pillarsthat are supported into the seafloor. The breakwater has an
impermeable vertical wall that extends above the water level to some distance below sea
level, depending on sea conditions and how much desired wave should be transmitted.
The portion of the breakwater that extends from the end of the vertical wall to the
seafloor is defined as the permeable portion. This means it allows water to pass in and
out of the pillars. This makes it environmentally friendly because it allows fish and other
sea life to pass through the porous section. The other advantages of a pile-supported
breakwater are that it requires a much smaller footprint, than the case of a rubble mound
breakwater. This results in much less material used, which makes the breakwater much
more efficient, cost wise.

Pile —supported breakwaters are arelatively new concept. Thereis very little
material to be found on these types of wave barrier. However, Kriebel did a series of test
on a partly submerged vertical breakwater. 1saacson conducted test on a partially
submerged vertical slotted barrier. Both of them ran experiments to test for wave



reflection, wave transmission and wave forces on the respected models. The theory and
method behind their experiments is very close to the ongoing experiment for a pile-
supported breakwater.

The purpose of this present paper is to describe my contribution to an ongoing
experiment to test wave interaction with a pile-supported breakwater. Graduate student
Sugnwon Shin and visiting professor Kaydee are conducting the experiment. A model
was constructed and placed in alarge wave flume at Oregon State University. The
experiment will determine wave transmission, reflection and the energy dissipated by the
structure. A series of test will be run at various wave heights ranging from 6.7- 53.3 cm,
and various wave periods from 1.5- 4.0s. Both regular and irregular wave spectrums will
be used during the experiment. A JONSWAP wave spectrum with g ranging from 1.0-10
was used to generate the irregular waves.

Literature Review

Thisreview summarizes a series of different theories and experimental methods
used to calculate wave reflection (Kriebel 1999), transmission (Kriebel 1996) and drag on
vertical wave barriers (Kriebel 1998). Two types of wave barriers which are also known,
as breakwaters were looked at, vertical slotted, and partially submerged (see figure
below). Kriebal did a series of testing on a partly submerged breakwater. His test
included performance in random seas, wave transmission and wave forces on a vertical
breakwater. |saacson wrote a paper outlining the numerical calculation of wave
interactions on a vertical slotted barrier (Isaacson 1998). The numerical results were
related to experimental results.

The Weigel theory also known as the power transmission theory has been in use
for the last 30 plus years for calculating wave transmission past vertical wave barriers.
This theory isused by the Army Corps of Engineers in the Shore Protection Manual and
by the Navel Facilities Engineering Command in the Coastal Protection Design Manual
26.2. The Power Transmission Theory tendsto over predict wave transmission, because
it does not account for wave reflection. The Theory only applies to regular waves and
also proves inconsistent when applied to shallow water conditions. (Kriebel 1998)

Losada and Azm developed mathematically exact solutions for linear water wave
interaction, based on eigenfunction expansion methods. The eigenvalue expansion
method involves solutions for velocity potentials on both the upwave and downwave
sides of the barrier. The potentials must be matched at its location from the barrier. They
must be harmonic in time with frequency. Complex matrix equations are solved to alow
for equations to solve for various wave properties. (Isaacson 1998)

For design purposes in the Army Corps of Engineers Shore Protection Manual
(SMP) and in the Navy Design Manual 26.2 (DM26.2), used a modified version of
Wiegal’s Theory isused. Kriebel argues that this procedureis overly conservative.
Kriebel’s goal is to evaluate this method, and to determine a better method for



determining wave loads on wave barriers (Kriebel 1996). Under various conditions
Kriebel showed that the present theory used in the SMP and DM 26.2 over predicted wave
forces by a factor of 2.5. He also showed that none of the measured values were greater
than the predicted values (Kriebel 1998). Kriebel concluded that use of this theory might
produce deeper barrier draft than needed, and would result in money wasted.

Kriebel concluded that the eigenfunction theory is capable of predicting wave
transmission, reflection and wave loads within 10-20% for various types of conditions.
This theory proved to be much more reliable than the methods used in the SPM and
DM26.2 (Kriebel 1999).

Figure1: Kriebel'ssketch of waveinteraction with a vertical wave barrier
Theoretical Background

Through an expanded version of the eigenfunction theory visiting professor
Kaydee came up with theoretical equations for reflection, transmission and energy
dissipation coefficients. The theory isvery similar to that used in Kriebel and Isaacson’s
experiments, but it accounts for varying porosities, and that the piles are submerged into
the sea floor. The figure below shows theoretical relations of transmission, reflection and

energy dissipation coefficients to kd values. Wherek is the wave number (2:%_ ),Lis

the wavelength and d isthe water depth. The figure below shows the following
coefficients for a porosity of 0.5. Asthe porosity changes a family of curves should
form. Theoretically the transmission coefficient should decrease as the wavelength
increases.



Figure 2: Theoretical transmission, reflection and energy dissipation coefficients
versus kd

Design of Test Specimen

A largerigid aluminum alloy support frame was used to contain the pile
supported breakwater structure. The frame consists of an inner diameter of 3.15m, and
an inner height of 2.60 m. The width of the frameis 26cm.

The breakwater model was designed outside of the frame, and then placed in.
Large timber square piles, which were 14.6cm in width and 3m long, were ordered for the
construction of the structure. In order for the pillarsto fit inside the frame they had to be
cut downto 2.52m. The pillars were placed such the slots between them were the same
width. The top and bottom of the pillars were attached to 5X15 cm timber nailing plates
using 9cm long decking screws. The nailing plates ran perpendicular with the square
pillars, and were equal length with width of the aluminum frame. The breakwater model
was designed to be close-fitting with the inside of the support frame.



Figure 3: Square pileswith equal spacing attached to nailing plates

Three different sections of 2cm plywood were cut to act as the impermeable wall
section of the backwater. The plywood ran the width of the breakwater and was designed
for different water depth penetrations. The plywood was placed on the front and the back
of the model. The gaps between the plywood were filled using small cut square pillars.
The first set of plywood was secured to the structure allowing for awater penetration of
0.48m. The other plywood was set aside for later in the experiment.

Once the construction of the pile-supported breakwater structure was complete it
was placed into the frame. A forklift along with a large boom was used to transport the
model. The purpose of the boom was to extend the arm or reach of the forklift. A series
of cable and ropes were used to support the model to the boom. The model was designed
so that the plywood wall portion was flush with the frame on the side that wave
interaction would take place. The frame was wider than the model, so square pillars were
cut and placed into the frame to support the model. Once the model was placed into the
frame, it was bolted in securely and the small square plies used as supports were taking
out.

A screen was designed to be placed on top of the breakwater frame to prevent
wave overtopping during the experiment. A wooden frame made out of 5X15 cm nailing
plates, and was mounted to the top of the. 2-cm plywood was mounted onto the wooden
frame to act asthe screen. The screen was flush with the front of the aluminum frame,
and the penetrating wall.

Experimental Setup



The experiments for this study were conducted a Oregon State University (OSU).
The OSU wave tank is 104 m long and 3.3 mwide. The water depth was fixed
throughout the experiment at 2.4 m.

The beach profile had to be changed from the previous test. A false floor was
placed 0.84 m from the bottom of the tank. Following the false floor the beach had a 1
on 12 dope until the end of the tank. Once the beach profile was constructed the
breakwater model was placed into the end of the tank using the same forklift method as
described previously. The model was then lifted using a pulley system to the appropriate
spot on the false floor. The pulley was anchored to a bridge above the wave flume that
ran the length of the tank. The frame was left supported and the force transducers were
installed.

The force transducers were mounted into the walls of the flume, such that each
corner of the breakwater model could be attached to them. However, before the
breakwater could be attached the force transducers had to be calibrated. In order to
calibrate the force transducers, a load cell had to be calibrated first using actual measured
weights. The load cell gives a certain voltage per unit weight. Once the data from the
load cell was plotted, we were able to determine the calibration factor for the load cell.
The load cell was placed in series with a cable, and turnbuckles in order to calibrate the
force transducers. The cable was fastened into an eyebolt about 8 m away. Aswe turned
the turnbuckles more tension was applied to the cable, which put force on the transducer.
From the readings, we were able to determine a voltage per unit force ratio for the force
transducer. This same process was conducted on both sides of all four-force transducers.

Once the force transducers were calibrated we were able to mount them onto the
frame. They were mounted with around 0.5 m ball joints (see figure below). Three wave
gages were placed on the wave maker side of the breakwater, and one on the beach side.
The three gages in front were used to measure the incident and reflected wave height,
where as the one on the beach side measured the transmitted wave height. Wave gages
1,2 and 3 were placed 8.32, 7.1 and 6.49 m away from the upwave side of the model
respectively. Wave gage 4 was placed 8.04 m from the model on the downwave side.



Figure 4: Shows how model was connected to force transducer with ball joints.

Figure5: Wave gages 1,2 and 3 on the upwave side of the breakwater.
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Figure 6: Experimental setup

false floor

Description of Experiments

A figure of the experimental conditions is shown below. The water depth h
remains a constant 2.4 m. Three different wall penetrations will be tested. The various

penetrations are 0.48, 0.96 and 1.44 m which, correspond to porosity (%) of 0.2,0.4, and

0.6. Wall penetration is defined as how far the wall penetrates the water level. For each
wall setting a series of runs will be made for both regular an irregular waves. For the
regular waves the wave period (T) will range from 1.2-4.0 s, with wave heights (H)
ranging from 6.7-54.4 cm. For the regular runs the test will last 2 minutes producing 6000
points of data for each channel. A JONSWAP wave spectrum with g ranging from 1.0-
10 was used to generate the irregular waves. The wave periods ranged from 1.2-5.0 s,
and the maximum wave height (Hs). The irregular runs went for 12 minutes producing
30000 points of data for each channel. Two different series of runs will be conducted for
both test regular and irregular waves. For one series the wave steepness (H/L) will
remain constant while both the periods and wave heights are altered. The second series
of runs will test the effects of wave steepness, by keeping the period constant but atering
the wave heights and wave steepness. The table below shows how the experiment will be
conducted. Graduate student



Figure 7: experimental conditions, h=2.4 m, b=14.6 cm, 2A-2a=b (square piles)

Table 1: Variouswave conditions

Regular waves:

d=0.48, 0.96, 1.44m

H/L=0.03
T (sec) 1.2 1.5 2.0 2.5 3.0 4.0
H (cm) 6.7 10.5 18.4 27.2 35.9 52.3
T=3.0s, H/L=0.005,0.01,0.02,0.03,0.04,0.05,0.06
T (sec) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
H(cm) |45 9.1 18.1 27.2 36.3 45.4 54.4
Irregular waves:
JONSWAP spectrum with g=1.0,3.3,10.0
H,/ _ _

L, = 0.03,9 =1.0,3.310.0
Tp (se) 1.2 1.5 2.0 3.0 4.0 5.0
Hs (cm) 6.7 10.5 18.4 27.2 35.9 52.3
Tp=2.5s, H/L= 0.005,0.01,0.02,0.03,0.04,0.05,0.06, g=3.3
Tp(sec) |25 25 25 25 25 25 25
Hs(cm) |45 9.1 18.1 27.2 36.3 45.4 54.4




Summary

The experimental set up took much longer than expected. We were only slotted
for one week to complete the experiment, but the experiment took longer than aweek just
to setup. Once we were set up the experiment got delayed even more, because the
incident wave heights were off the inputted wave heights. The experiment is still
ongoing as this paper iswritten. The experiment will still go onwhen | leave. Itis
unfortunate that | was unable to analyze the data and see if it compared to the theoretical
data.
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