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ABSTRACT

The objective of this report is to report the overall view of this project,
Experimental Studies of Perforated Plate Breakwaters until the end of this semester.
This report will discuss about the current status of the project and the theory used to

complete this project.

This study is done with the aim to carry out laboratory experiment using
various types of perforated plate and calculate the wave transmission and reflection
throughout the perforated plates. Several perforated plates will be used in the wave
flume of the Hydraulic Laboratory of UTP to evaluate the validity of the existing
guides in the literature through systematic experiments. The fundamentals of this

project are the physical modeling and its application to coastal engineering,

For this project, the author focuses on detail study of wave characteristics
and the development of perforated plate breakwater. A series of experiments using
the perforated plate was done in the wave flume of the Hydraulic Laboratory of UTP
to measure the reflection and transmission coefficients of wave through single and

double perforated plate breakwater.

The first section of this report describes the background of the project as well
as the problem statement. The objectives of project also described in this section. All
relevant reading materials that used in the project will be discussed in second
section. That literature provides background information on the research question
and to identify what others have discovered about their finding. In the third and forth
section, the experimental setup and result will be described. Tt will contain the
procedure of this experiment and the tools/equipment used. This project requires to

do research and design work to tackle the problems that have encountered.

I



ACKNOWLEDGEMENTS

Firstly, 1 would like to express my deepest gratitude the following
individuals for their continuous help, support, and guidance in the development of
this research study

* Dr Saied Saiedi (Supervisor)

* Dr Shamsul Rahman Mohamed Kutty (FYP Coordinator)
* Dr. Madzlan Napiah (FYP Committee Chairman)

*  Mr. Zaini (Laboratory technician)

Secondly, 1 would like to thanks the Universiti Teknologi PETRONAS
(UTP), especially to Civil Engineering Department for giving me an opportunity to
perform on my final year project. The students were inculcated with essential skill in
the engineering knowledge such as maintenance management, technical skill,
technology literacy, creative thinking and communication skills. This knowledge is

the basis aspect relevant on engineering.

Last but not least, I also would like to say thank you to all my fellow friends
and my family who have been giving me courage and advice throughout this course

in order to complete this research study.



TABLE OF CONTENTS

Page Number
CERTIFICATION OF APPROVAL.........coooiiii e I
CERTIFICATION OF ORIGINALITY.........cocoiiiiiiii e 1I
ABSTRACT. ... m
ACKNOWLEDGEMENTS. ..ot v
TABLE OF CONTENTS. ..ottt v
LISTOFFIGURES.........coi e e VII

CHAPTER 1 : INTRODUCTION

1.1 Backgroundofstudy.......................................................7 ........ 1
1.2 Problem Statement............cocoviiiiiiiiiiiii e, 3
1.3 Objectives and Scope of Study........coovvviiiniiiiiiiii e 4

CHAPTER 2 : LITERATURE REVIEW

2.1  Rigid Vertical-Faced Structures............cc.oevvviivniirirnicneecerannennnns 5
2.2 WaveReflection............cooooiiiiii e 5
2.3 Wave TTansmission. ......cooouiiiiiiii i e eeeee e, 9
24 WaVE ENOIEY. .ot e et 10 |

CHAPTER 3: DEVELOPMENT OF PERFORATED PLATE BREAKWATER
3.1  Designand fabrication.............ccooviiiiiiiiie e 12
K ) (o 1 ST PR 13



CHAPTER 4: EXPERIMENTAL SETUP AND PROCEDURE
4.1  Laboratory Equipments and Instrumentation...................cocooevueennn.n, 18

CHAPTER 5: EXPERIMENTAL RESULTS AND ANALYSIS

5.1  Preliminary Experiment on the Wave Properties...............ocouveneennen.. 22
5.2 Experimental Laboratory on Wave Reflection and Transmission. .......... 27
5.2.1 Reflected Waves.........covevvivemenieee e e, 41
522 Transmitted Waves........ocovviiiiiiiiiiiiniiiiciecees e e anene 47
5.2.3 Dissipation of Wave ENergy........cocovviviiinveereereireennnnnnns 52
CHAPTER 6: CONCLUSION AND RECOMMENDATION.................... 62
REFERENCES. ... ..ot e 63
APPENDICES. ..o e ee e 63



- Figure 1.1:

Figure 1.2:

Figure 2.1:
Figure 2.2:
Figure 2.3:
Figure 2.4
Figure 2.5:
Figure 3.1
Figure 3.2
Figure 3.3;
Figure 4.1:
- Figure 4.2:
Figure 4.3:
Figure 4.4:
Figure 4.5:
Figure 5.1:
Figure 5.2:

Figure 5.3:
Figure 5.4:
Figure 5.5:

Figure 5.6:

Figure 5.7.
Figure 5.8:

Figure 5.9:

Figure 5.10:

LISTS OF FIGURES

Page Number
Perforated Plate Breakwaters at Coastal Area...........ccouvevvienennnien 2
Hollow perforated plate.............ccoceeiiiiiiiiiiini e 3
Standing Waves..........u.vivveiiviieeinneeeesessesesesesssecsesneseens 7
Envelope of Partial Wave Reflection.........................., v 7
Wave reflection coefficient for perforated caissons................... 8
Wave reflection coefficients for single perforated screen............ 8
Wave transmission through perforated single wall.................... 9
Perforated plates with different porosity..............cocvvvinienennen. 14
Technical Drawing of the Model.............ccooviiviiiiniiniiennn, 15
Pictures of the Model from Different Views.......................... 17
Modular Flow Channel.............cocoooiviiiiiicii i, 18
Wave Generator Flap-Type.......o.oviiiiiiiiiiiiiiiiiieiien e 19
Switch BoX......ooi 20
Hook and Point Gauge............cccoooviiiiiiiiiiniii e 21
Pump Unit......o 21
Schematic drawing of the wave flume...............cocevviiiininnnnn. 22

Measurement of wave height and wave length through

ObSEIVALIONS. ... ..evviirciiiiie e eea e 25
d/L, against Stroke Frequency for d = 15, 20, 25, 30 cm............. 26
The Preparation of Model...............coccoovviiiiiiii i, 27
Wave abSOTber........ovuuiviiiii e 27
Schematic drawing of the wave flume.................................. 28
Various perforated plates.............ccoceeeivieiiiiiiniiiiiin e, 28

Pictures taken during experiments for 10% plate porosity at

20cm waterdepth...........ocooiviiiii 29
Pictures taken during experiments for 10% plate porosity at -

25 emwaterdepth ..o e 30
Pictures taken during experiments for 15% plate porosity at

20cmwaterdepth ... 31

VI



Figure 5.11:
Figure 5.12:
Figure 5.13:
Figure 5.14:
Figure 5.15:
Figure 5.16:
Figure 5.17:

Figure 5.18:

Figure 5.19:
Figure 5.20:

Figure 5.21:

Pictures taken during experiments for 15% plate porosity at

25cmwaterdepth ..o 32
Pictures taken during experiments for 30% plate porosity at
20cmwaterdepth .......oooviiiii 33
Pictures taken during experiments for 30% plate porosity at
25cmwaterdepth .....ooviiii 34
Definition Sketch for waves in the flume.....................c.ooe 37
Partial reflection (0 < G, < 1)iuiiinvnii e 38
Wave height and wave length marked on the flume wall............. 38
Wave Reflection Coefficients for Single and Double Perforated
Plates at Various Water Depths.............cooiiniiinnnn, 44
Wave Transmission Coefficients for Single and Double

Perforated Plates at Various Water Depths.................... v 50
Definition sketch for Hy, Hoand Hy.oovoviieiniiiiiiiiiiciiaeans 52
Dissipation of Wave Energy through Breakwater at Various

Water Depths.........cooooviiiiniinnnn, e 58
Plate with non-symmetrical holes................ocociviiiiiiiiiinnnn 60

VIII



Table 2.1:

Table 3.1;

Table 5.1;

Table §5.2:

Table 5.3:

Table 5.4:

Table 5.5:

Table 5.6

Table 5.7:

Table 5.8;

Table 5.9:

Table 5.10;
Table 5.11:
Table 5.12:
Table 5,13:;

Table 5.14:

LISTS OF TABLES

Page Number
Common Expressions for Reflected Waves............................ 6
Porosities for different plate diameters................cc.ocovvvvnnnn.. 14
Determination of wavelength and Water Condition................... 24
Wave Period Values for Different Stroke Frequencies................. 24

Comparisons of H,,,, and H,,, for different plate porosities
(reflected WavVes)..........oooieiiieiieeee e PR 35
Comparisons of H; and H,, for different plate porosities
(transmitted Waves).............uuvveiiiiiseeeieenn e eee e, 36
Comparison of C; for different plate porosities at maximum
AdJUSTMENt. ... 39

Comparisons of C, for different plate porosities at maximum

adjustment. ..., 40
Comparisons of H; for different plate porosities at maximum

AJUSIMENT. .. ...t e e 53
Comparisons of H, for different plate porosities at maximum

AAJUSTMETIE. ...t 53
Comparisons of /, for different plate porosities at maximum

AAJUSINENT. ..ovit et 54
Comparisons of wave energy for incident waves, E; ............... 55
Comparisons of wave energy for reflected waves, E,............... 55
Comparisons of wave energy for transmitted waves, E,............. 56

Comparisons of wave energy loss, Ej,, for different plate
POTOSITIES ... .eeeviiii e e, 56
Percentages of wave energy loss, ), for different plate

POTOSILIES. ...t e 57



CHAPTER1: INTRODUCTION
1.1 Project Background

Structures are constructed along the coast for a variety purposes. Owing to its
nature, there is strong pressure for development of the land and nearshore areas along
the coast. There is a commensurate need to protect this development from damage by
waves and storm surge. Coastal structures are an important component in any coastal
protection scheme. Structures may be designed to act directly to control wave and storm
surge action or secondarily to stabilize a beach which, in turn, provides protection to the

coast.

Sandy beaches, besides providing for coastal protection, have a significant
recreational value. There is a limited amount of sandy available in most coastal areas
and the sand is usually moving along the shore as well as on- and offshore. Sand may
also be artificially placed on the shore to supplement the sand and that is there naturally.
Often, structures are required to control where this sand remains and to protect the

beach from losses caused by waves and storm surge.

Navigation and the moorage of vessels are important components of coastal
activities. Coastal structures are important to the establishment of safe and efficient
navigation channels across the coastline to interior harbor areas. Structures are also
important to the development of safe harbor areas on the outer coast as well as in

interior bays and estuaries.

There are a variety of structure types that can be constructed to satisfy one or
more of the purposes discussed above. These include:
* Long thin cylindrical structures including individual piles and framed structures,
pipelines and cables
" Large single-unit submerged and partially submerged structures
"  Moored floating structures



* Rubble mound structures, both massive structures and rubble mound veneers to
protect embankments
* Vertical-faced rigid structures

There are two primary concerns in the design of any coastal structure. One is the
structural aspects which address the stability of the structure when exposed to design
hydrodynamic and other loadings. The other is the functional aspects which focus on
the geometry of the structure to see that it satisfies the particular design functions such
as keeping the wave weights in the lee of the structure reduced to an acceptable level or

helping to retain a sufficiently wide beach at the desired location.

Perforated plate breakwaters

coast

SEa

N

Figure 1.1 - Perforated Plate Breakwaters at Coastal Area

In this study, we are going to test the perforated plate breakwaters that will be
installed as shown in the Figure 1.1. The breakwaters are arranges like that for several
purposes, such as for boat anchoring, for tourism purpose, and also for fishing and
agriculture.



Several perforated plates will be used in the wave flume of the hydrology
Laboratory of UTP to evaluate the validity of the existing guides in the literature
through systematic experiments. The perforated plates with different size of the holes
(Figure 1.2) will be used in this experiment. The wave transmission and reflection will
be observed for the different types of the perforated plates. The energy and the force of
the wave will be calculated.
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Figure 1.2 - Hollow perforated plate

Two complementary techniques being applied throughout the experiment are
laboratory work and mathematical calculation. Hence variations in wave amplitudes
are required for the respective analysis of energy dissipation due to the presence of the
wave absorber at different wave period, water depths and stroke adjustment. Analysis
and comparison approach will be used to identify the best performance and the
fimitation of the wave absorbers in this study. A calibration chart also recommended to
be provided for others’ uses and references purposes in the future

1.2 Problem statement

There are several types and materials are used in construction of breakwaters to
absorb wave energy. While enormous data is available on the routine breakwater types,
information on breakwaters and water absorbers are made of perforated plates is not
sufficient in the literature.



1.3 Objectives and Scope of Study

Objectives
* To carry out laboratory experiment using various types of perforated plate.
* To study and calculate the waves transmission and reflection throughout the

perforated plates in the wave flume.

Scope of Study
To achieve the main objectives stated above, the student has to learn and do literature

reviews regarding the subject matters.

1. Study on wave mechanics
The student will learn on how to use estimation method of incident and reflected
waves In regular wave experiments. Most of the information is gather form

existing proceeding or journals of coastal engineering.

2. Learn on how to use the Wave Generator
The student is given an opportunity to explore the usage of Wave Generator Flap-
type HM162.41 and other accessory equipment related. Such a new technology
like this equipment offers a lot that could be learn, This unit equipment is used to
help obtaining information on the behavior of waves in the offshore area as well

as the coastal protection

3. Develop the perforated plate breakwater
The conceptual design of the wave screen is based on student’s idea and
creativity, with the guidance from supervisor. The features of the design are

referred to existing studies from the previous proceeding in coastal engineering.

4. Analyze the experimental results
Results and all the data obtained in the experimental are analyzed in order to get
the graphs of the perforated plate breakwater in relating variables.



CHAPTER 2: LITERATURE REVIEW
2.1 Rigid Vertical-Faced Structures

Some classes of coastal structures incorporated a rigid vertical face that is
exposed to wave action. These include caissons typically consisting of a concrete or
steel shell filled with sand and gravel and sitting on gravel based, and vertical concrete
or wood panels supported at intervals by vertical and batter piles. The latter have been
used at marinas and to control wave action at ferry slips. An important aspect of the
design of these structures is determination of the wave loading on the structure. If the
wave loading is sufficient, caisson structures can slide off of their base. Vertical panel
structures carry the wave-induced force to the supporting piles which can fail if the -

force is excessive.
2.2 Wave Reflection

When a wave reaches a rigid, impermeable vertical wall it is completely
reflected. After some time, under controlled conditions, the reflected waves and the
incident waves together form a standing wave. The wave form no longer moves forward
in space. A theoretical expression for such a standing wave (Figure 2.1) may be
obtained by superposition of the equations for an incident and a reflected wave. The
small amplitude expressions for a standing wave are given in Table 2.1. A maximum
wave height (antinode) is present at the structure and at every half wave length away
from the structure. A zero wave height (node) is located L/4 from the wall and then at
every half wave length. The maximum wave height is twice the height of the original -

incident wave.

Partial wave reflection will result if the reflecting surface is sloping, flexible or -
porous. The reflected wave is the smaller than the incident wave, which yields a
standing wave that varies in wave height with distance, s shown in Figure 2.2. The
partial antinodes (Hmax) are less than twice the incident wave height, while the partial .



nodes (Hy,) are greater than zero. The resulting wave envelope can be used to estimate
the reflection coefficient and the incident wave height. For simple sinusoidal waves the
relationships are given in Equation 6 and 7 of Table 2.1. The envelope can be defines by

a number of wave probes that measure waves simultaneously at different locations over

half a wave length.

Complete Reflection Partial Reflection

1. Water Surface fmj n=H cos kxcos ot ??:‘{'(Hl -} ujeostke + @)
5 ]

+ M COSAX COSH

2. Nodes fmi} [ - L3
Xour = _J' 7
3. Horezontal Component of 2aHf coshkizvd) )
Orbital Velocity Imis) T
4. Vertical Component of _ 2aH sinh kiz+d)
Osbital Velocity {mfs) W o W cos £x cos
5. Pressure Response Factor cosh kf: +d)
P coshid
6. Reflection Coeffroient K=l . Hy (H s - Hmin)
H ! ‘H may + H ':srrn}
7. Incident Wave Height tm] | 17, = 11 H, - {H v+ Hoia)
z

8 MWL~ SWL [m]

B =K ot kd

Table 2.1 - Common Expressions for Reflected Waves
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Figure 2.2 - Envelope of Partial Wave Reflection

Bulk reflection coefficients for plain vertical breakwaters on seabed, for vertical
breakwaters on rubble foundation, for horizontal composite breakwaters, for sloping top
caissons, for single perforated screens and for perforated caissons are given in Figure
2.3 and Figure 2.4.
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2.3 Wave Transmission

Wave action behind a structure can be caused by wave overtopping and also by
wave penetration if the structure is permeable. Waves generated by the falling water
from overtopping tend to have shorter periods than the incident waves. Generally the

transmitied wave periods are about half than of the incident waves.

Wave transmission can be characterized by a transmission coefficient, C,
defined as the ratio of transmitted to incident characteristic wave heights (e.g., H, and

H;) as given in equation below:
Cr =+ (1)

Wave transmission for vertical breakwaters is mainly the result of wave
overtopping. Therefore the ratio of the breakwater crests height (R.) to the incident
wave height (H)) is the most important parameter. Wave transmission coefficients for
plain vertical breakwaters, horizontal composite breakwaters, sloping top breakwaters
and perforated walls are given in Figure 2.5.
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Figure 2.5 - Wave transmission through perforated single wall (adapted from Allsop
and Hettiarachchi 1998)



2.4 Wave Energy

The energy possessed by a wave is in two forms:
1. Kinetic energy, which is the energy inherent in the orbital motion of the water
particles.
2. Potential energy possessed by the particles as a result of being displaced from

their mean (equilibrium) position.

From a water particle in a given wave, energy is continually being converted
from potential energy (at crest and trough) to kinetic energy (as it passes through the
equilibrium position), and back again.

The totai cnergy (E) per unit area of a wave is given by:

E=%( H?) @)

where p is the density of the water (in kg m™), g is 9.8 ms? and H is the wave height
(m). The energy (E) is then in joules per square meter (J m?). The equation shows that
wave energy is proportional to the square of the wave height.

Propagation of wave energy

Waves travel in groups in deep water, with area of minimal disturbance between
groups. Individual waves die out at the front of each group. It is obvious that no energy
is being transmitted across regions where there are no waves, i.e. between the groups. It
follows that the energy is contained within the wave group, and travels at the group
speed. The rate at which energy is supplied at a particular location (e.g. a beach) is
called wave power, and is the product of group speed (c;) and wave energy per unit area
(E), as expressed per unit length of wave crest.

P=ExC, (3)
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Attenuation of wave energy

Wave attenuation involves loss or dissipation of wave energy, resulting in a

reduction of wave height. Energy is dissipated in four main ways:

1.

4.

White capping, which involves transfer of wave energy to the kinetic energy of
moving water, thus reinforcing the wind-driven surface current

Viscous attenuation, which is only important for very high frequency capillary
waves and involves dissipation of energy into heat by friction between water
molecules

Air resistance, which applies to large steep waves soon after they leave the area
in which they were generated and enter regions of calm or contrary winds
Non-linear wave-wave interaction, which involves no loss of energy in itself
because energy is simply ‘swapped’ between different frequencies. However,
the total amount of energy available for such ‘swapping’ will gradually
decrease, because higher frequency waves are more likely to dissipate energy in

the ways described under 1 and 2 above

Uses of wave energy

Wave energy is a potential source of pollution-free ‘alternative energy’, and has

been used for some time on a small scale, e.g. to recharge batteries on buoys carrying

navigation lights.

il



CHAPTER 3: DEVELOPMENT OF PERFORATED PLATE BREAKWATER
3.1 Design and fabrication

A background of literature review on design criteria of the existing dcsighs by
previous researchers is prerequisite for development of a new design. From the
literature review given, the author has to design the frame for the breakwaters, which is
used to support the breakwaters during the test.

The material selected for the frame is made of aluminum. Aluminum is chosen
because it can resist corrosion as the structure will submerge in the water throughout the

experiments. Other features and advantages of this design are listed below:

» The frame is fit with the flume dimension so that we can get better wave
characteristics with less error

»  The weight of the frame is approximately 3 kg, so it is heavy and can resist the force
from wave

»  The frame uses the 1x1 inch and 2x1 inch square hollow section aluminum which is

strong enough to support the breakwater

Several foundries and hardware shops were surveyed for the fabrication purpose.
Beside the frame, the student also had to choose the best materials which are going to
be used for breakwater. For this project, it is decided to use plywood as the materials for
breakwater. There are two factors that have been considered, which are:

= Cost
Cost of the plywood is lower compared to other materials such as fiber and glass

= Easy to drill
The plywood can be cut into pieces easily using the machines in UTP Workshop
and also easier to drill holes compared to others.

12



3.2 Porosity

The reason why we need to drill holes on the plates is because we have to
consider the porosity of the plate. The porosity will be one of the subjects that we will
analyze in the laboratory work. We assume that perforated holes in the plates are
uniformly distributed over the surface of plates. The porosity of the plates is defined by
the ratio of the perforated area to the total surface area of the plates.

The sample calculation for plate porosity of 20 mm diameter holes,

Porosity, 9 = Area of pore space x 100% “4)
Total area

Total area of a plate = 275 x 400
=110 000 mm’

Total number of holes =13 x §
=104

Area of pore space = nd’
4

= (20Y°
4

=3142x 104
=32676.8 mm®

Porosity, @ = 32676.8 x 100%
110 000

=29.7% = 30%

13



The table below shows the percentages of porosity for different diameters of the

plate. There also a picture to show some of the plates with different porosity.

10 7
12 10
14 15
20 30
24 43

Table 3.1 - Porosities for different plate diameters

7% porosity

| 15% porosity

43% porosity

Figure 3.1 - Perforated plates with different porosity

The figures below show the technical drawing for the breakwater frame and

some pictures of the model from different angle.

14
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(b). Plan View of the Model
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