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SITI NUR HANIS BINTI ABDULLAH
ABSTRACT
Coastal areas are currently facing serious problems of erosion. Urgent protection is needed in order to cater these alarming problems. Submerged breakwater is one of the protections that can be used to reduce the erosion. This type of breakwater widely used all over the world. This research deals with submerged breakwater that armored with interlocking concrete unit (ICU-V). The objectives of this research are to investigate the relationship between the variables of the factors affecting wave attenuation, to compare the theoretical values and experimental values and to produce an effective and optimum design of submerged breakwaters with interlocking concrete unit (ICU-V). Laboratory experiment on submerged breakwater using interlocking concrete unit (ICU-V) with 108 tests for this research were analyzed. The varied parameters were wave period (T), wave height; water depth (d) and width crest (B). The experiment tests were conducted in a wave flume 23m long and 2 m wide. The result from this laboratory experiment has been compared with the previous researchers. The results shown that the two variables that been investigated in this laboratory experiment which are depth of submergence and crest width do have effect on the wave attenuation. Wave attenuation is inversely proportional with the crest width but directly proportional with the relative crest elevation. Transmission coefficients derived from the experimental results are reasonably comparable with the theoretical values calculated based on Tomasicchio and D'Alessandro.    
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CHAPTER 1
INTRODUCTION

1.1
Project Background
The Federation of Malaysia covers a land area of 329,758 square km comprising two regions; Peninsular Malaysia and East Malaysia (Sabah and Sarawak). It has 4809 km of coastlines. Coastal zone is very valuable to country because it can generate Malaysia economy due to present of oil and gas, port facilities and industry. They are also residential in the coastal area. More than 70% of the population lives within the coastal area and with 4,800 km of coastline and a large percentage of population living within 5 km from it, demands of developments and industrialization in these areas had made a very big impact on the resources and the coastline itself. 
Erosion was identified as a national problem in the National Coastal Erosion Study (1984-1986) with more than 28% of Malaysia coastline is facing erosion (DID, 2010). Erosion is caused by two factors which are through naturally and man-made. The agriculture project and construction work are the erosion due to man-made while storms during high tide is the main causes by natural system. If no mitigation is action taken to prevent or reduce this erosion problems, people will lose their living place and the economy growth will face declination. Thus, fast mitigation of the coastal erosion is needed. 
Submerged breakwater is one of the protections that can be used to reduce the erosion. Submerged breakwater is armored by rock or concrete armour unit. Breakwater armored by rock is widely use at East Coast of Peninsular Malaysia and mainly granite rock. Meanwhile, concrete armour unit, is made by concrete. Xbloc, Core-Loc, Accropode and Cubipod are some example of the concrete armour unit. These armour units are having different hydraulic properties.        
1.2
Problem statement
Current conditions are more challenging than before. More optimize and innovative design is required not only to obtain a more economical costal protection structure but also more effective and aesthetic. Recently, University Teknologi PETRONAS has developed an innovative breakwater armour unit. The units are constructed by using concrete and it is named Interlocking Concrete Unit (ICU-V). This ICU-V unit is having high interlocking between the neighboring units. The wave transmission coefficient (Kt) of the unit must be determined in order to evaluate the effectiveness of the design.   

In order to determine the wave transmission coefficient, the unit must be tested by performing laboratory experiment. This experiment is using small scale armour units and several test series must be carried out. The experimental study is carried out with different wave height, crest width, wave period and water depth.    

1.3   Objective of Study

There are three objectives of this study;

1. To investigate the effect of wave period and crest width of submerged breakwater using Interlocking Concrete Unit (ICU-V) to wave transmission.  

2. To investigate the effect of depth of submergence of submerged breakwater using Interlocking Concrete Unit (ICU-V) to wave transmission. 
3. To compare the experimental result with theoretical values (formulation of the transmission coefficient).
1.4
Scope of Study

The scopes of the study of this research are focus on the design consideration and recommendations with regard to parameters involved of the submerged breakwater for innovative concrete armour unit. These are the scope of study involved:
1. Research on past studies relates with parameter that impact the wave attenuation which concentrated on the wave period, width crest and depth of submergence of breakwater.   

2. Experimental work: to investigate the wave transmission using small scale of the unit model (Interlocking Concrete Unit (ICU-V)) under different conditions. 
 1.5
Relevancy of the Project
Coastal erosion gives negative impact to the world both economy and society. This issue led many researchers to develop more effective armour unit for coastal protection.  Concrete armour unit gradually becoming the best alternative to protect the coastal area from erosion as the high performance capability. However only few armour unit in market can cater the low bearing capacity (muddy soil) especially on the submerged breakwater. Hence finding from this study will provide better understanding on the performance of Interlocking Concrete Unit (ICU-V) on the submerged breakwater. Besides the optimum design for submerged breakwater using innovative ICU-V can be obtained.
1.6
Feasibility of the project
This research is a fundamental study of stability innovative interlocking concrete armour unit on submerged breakwater. This research is feasible in term of several aspects such as material, equipment and it is within time frame as this study only focus the stability of innovative interlocking concrete armour unit on the submerge breakwater. Prior to conducting the experiment, knowledge of the subject matter is enhance by comprehensive reading of technical paper, journal and meet the expertise such as lecturer.     
CHAPTER 2
LITERATURE REVIEW

Erosion in coastal area occurs due to the wave action. In order to reduce the erosion, protections in coastal area are required such as coastal structures. Coastal structures can be categories (1) coastal defence works and (2) harbor defence works (van Zwicht, 2009 ; Vilaplana, 2012). Dikes, seawalls and revetments are type of coastal defence works, while caissons and breakwaters are used as defence works of harbours. 

2.1
Rubble mound breakwater
The breakwater was developed to reduce excessive wave impact on the coastal area. It is armoured by double or single layer of which the main function are to withstand the wave forces and dissipate the wave energy. Rubble mound breakwaters can be armoured by rocks or concrete armour units (van Zwicht, 2009; Koppel, 2012). 

Figure1 shows a typical cross-section of a rubble mound breakwater. [image: image1.emf]
Figure 1 Conventional multi-layer rubble mound breakwater (CEM 2006)
Wave energy are dissipated on the rubble mound breakwater by absorption; but only small part wave energy is reflected though (Burcharth, 2006; Van der Linde, 2010; Vilaplana. 2012). Hence, there is a clear interaction between waves and breakwaters, which should be well understood to perform a good design and guarantee that the structure meets all the functions for which it was built during its lifetime. 

There is several type of rubble mound breakwater:

1. Conventional Breakwater

2. Berm Breakwater

3. Low-crested Breakwater

4. Submerge Breakwater

	Type of Rubble Mound Breakwater
	Figure

	Conventional Breakwater
	[image: image2.emf]

	Berm Breakwater
	[image: image3.emf]

	Low-crested Breakwater
	[image: image4.emf]

	Submerged Breakwater
	[image: image5.emf]


Figure 2 Type of Rubble Mound Breakwater (Van der Linde, 2010)
The important for each of the typical rubble mound breakwater as in Figure2 for this study will be briefly discussed.

Conventional breakwater which only permitted limited wave overtopping because of the still water level below the crest. The conventional breakwater widely been used all over the world as it can meet full wave protection requirement (wave transmission small). However in this study, this type of breakwater is not used because has been extensively studies in the past. 

Meanwhile berm breakwater which the berm located at the still water line that can reduces run-up and the amount of wave overtopping. (Van der Linde, 2010) In the case of single layer armour units a berm is usually not applied, when overtopping and run-up has to be reduced the breakwater crest is usually further elevated.

The low-crested breakwaters and submerged breakwater have similarity. Both are used when no full wave protection is required and have relatively high overtopping transmission rate (Kramer, 2005; Burcharth, 2006; Muttray, 2012). The advantages of this breakwater are as protection of harbor entrances, shore protection measures, and act as artificial fishing grounds. Besides, the amount of material needed is less. The difference between these two types of breakwater is only submerged breakwater invisible meanwhile low crested breakwater less visible.       

2.2
Armour Units
Armour unit generally is a block of structure that used as the method of coastal protection since World War II. A large variety of armour unit has been developed. From a rock and cubic concrete unit, it developed to have interlocking feature. The chronological development of concrete armour units is represented;  
[image: image6.emf]
Figure 3 Chronological developments of concrete armour units (Van der Linde, 2010)
Amour units generally can be classified into several categories such as shape, placement method, number of layers and stability factor.
[image: image7.emf]
Table 1 Classification of armour units by Delta Marine Consultants

[image: image8.emf]
Figure 4 Classification of concrete armour units (CHL, 2006)
Structural strength from the massive to slender will increases the hydraulic stability. However the probability to breakage is high compared to massive units. Interlocking feature of slender unit plays important roles in stability and not only relies on the weight.   The new generations of armour unit have been developing rapidly by improving its design shape in order to strengthen the interlocking system rather than increasing the weight. Generally this type of concrete armour units placed in single layer and the shape became more complex. The first single layer armour unit is Accropode that was develop by Sogreah in 1980 and has been used more than 100 projects around the world. The single layer system more stable to higher wave heights (Medina & Gomez, 2012). 
2.3
Stability mechanism

The stability factor of armour units consist of three mechanisms namely:   

1. Self-weight
2. Friction
3. Interlocking

Besides, there are also several relative contributions to stability such as armour units shape, placement and slope angle. The stability of self-weight mechanism of armour units will decrease at steep slope. It is contradicts to friction and interlocking mechanism which the stability at steep slope becomes more dominant due to the increasing component of the gravitational force parallel to the slope.      
2.4 
Interlocking Concrete Unit (ICU-V)

Interlocking Concrete Unit (ICU-V) armour unit has been developed by University Teknologi PETRONAS. It is designed to be geometrically fits into each other neighboring unit during placement and each unit supporting each other when experience wave impact. The characteristics of the shape is friction enhancer which provide good interlocking in Z-direction, spaces which provide good wave dissipating features and simple shape which ease for fabrication. 

[image: image9.jpg]



Figure 5 Interlocking Concrete Unit (ICU-V)

The conventional armour units have several limitations. One of them is limited in term of hydraulic stability and tendency failure at muddy coastline is high due to massive structure weight. In the market the light weight armour unit is limited and not cost effective for small size.  
They also have several potential structural failures such as breakage and expansion of rebar.  
Due to the limitation an innovative Interlocking Concrete Unit (ICU-V) is invented. The advantages of ICU-V;
1. Single layer placement, less slender and compact.
2. Integrate high interlocking and friction capability (more stable but lighter)

3. Ease for fabrication and efficient for storage.
[image: image53.emf]The stability factor of (ICU-V) units is dominant to interlocking and friction mechanism compared to weight-based.       

2.5
Stability on Submerged Structures
Research had been done to the armour layer stability of a low crested breakwater; one of them is Van der Meer et al (1994). He states that the hydraulic stability of low crested and submerged breakwaters with rock armour is increasing with decreasing crest level. A crest level at the water line leads to increase in armour layer stability; a crest level below the water line (submerged breakwater) will further increase the stability of the rock armour. These results are confirmed amongst others by (Vidal et. al, 1995; Burcharth et al, 2006; Van der Linde, 2010). Stability on the crest reaches a minimum when the freeboard is zero.  The armour layer stability of these structures may be higher than for non-overtopped structures; the wave loads on the seaward slope are likely to be reduced when wave energy is passing over the breakwater crest (Vidal et. al, 1991; J.W. van der Meer, 1994 1994; Kramer et al 2005; Van der Linde, 2010; Muttray et. al. 2012). 
2.6
Governing parameter of wave transmission 
In order to examine the performance of a submerged breakwater, there are some parameters where involved in wave attenuation that need to be considered. These parameters are important and are further discussed in this chapter. 

[image: image10.png]



Figure 7 Breakwater layout Van der Meer (2005)
The main parameters describing wave transmission have been given as above, here for a rubble mound structure. These are;

Hi= Incident significant wave height

Ht= Transmitted significant wave height

Tp= Peak period

Rc= Crest freeboard

hc= Structure height

B= Crest width

Kt= Transmission coefficient Ht /Hi
In case the area behind the structure is a plane of water, the masses of water spilling over the crest from time to time will generate waves in the basin. These waves will generally be smaller than the waves at the outside of the structure. The ratio between the wave height behind the structure (Ht) and the wave height in front of the structure (Hi) is the transmission coefficient Kt (Van der Meer et al, 1996)
The governing parameters related to transmission are: structural geometry, permeability, crest freeboard, crest width, surface roughness, water depth and hydraulic parameters wave height and wave period (Van der Meer et al, 1996; Ivano Melito & Jeffrey A. Melby, 2002, Van der Meer et al, 2005). Other parameters, the angle of incidence will probably show an influence if tests have been performed in a wave basin (Van der Meer et al, 2005).

The effectiveness of a breakwater in attenuating wave energy can be measured by the amount of wave energy that is transmitted past the structure. The greater the wave transmission coefficient, the less the wave attenuation. Wave transmission is quantified by the use of the wave transmission coefficient, 
[image: image11.png]



Where Kt is the wave transmission coefficient, Ht is the height of the transmitted wave on the landward side of the structure, and H; is the height of the incident wave on the seaward side of the structure (U. S. Army Corps of Engineers, 1984).
2.6.1
Effect of submerged breakwater
Nowadays, the increasing interest on environmental aspects leads coastal managers to prefer submerged breakwaters due to their own advantages such as an enhanced water circulation, reduced visual impact, absence of tombolo and an increase in biodiversity. For these reasons, coastal defense structures are often constructed with “low crests” and are characterized by frequent overtopping and high wave transmission (Lamberti et al., 2005; Tomasicchio et al., 2010; Buccino et al., 2011; D’Alessandro and Tomasicchio, 2013). A submerged breakwater is one of the promising methods in order to protect coastline. Wave transmission due to wave overtopping is one of the important parameters to design the crest height and width of coastal structures (Van der Meer et al, 2005). 
Wave transmission is phenomena that allow a certain amount of wave energy to pass through and over the breakwater. The remaining part of the wave energy is dissipated by the wave breaking over the structure and seaward reflected. 

2.6.2
Guidelines design for breakwater

Generally the crest height is determined based on the wave transmission, constructability, structural integrity, functional use and aesthetics value. In addition other factors need to be considered are wave conditions (height, period, depth of water), armour stability and lifecycle cost and wind break. 
When calculating the breakwater overtopping, the leeward side should be designed for breaking wave impact and generally the crest width dimension has a minimum of three armour stones wide (U. S Army Corps of Engineers Dept., 1984). The slope playing important role in wave transmission which the side slopes are designed for stability based on the site-specification conditions. A more gradual slope allows use of smaller armour units, which may reduce the costs and create a more stable structure. The slopes are normally not steeper than 1: 1.5 and not flatter than 1: 5 unless using a dynamically stable beach. The leeward slope is usually 1: 1.5. In order to design the side slopes, the following need to be factors that have to consider:

1. Wave conditions such as height, period, angle of obliqueness and water depth

2. Hydraulic boundaries: tides, currents, seismic activity, sediment processes run-up, run-down, overtopping, transmission, reflection

3. Availability of suitable local quarried stone

4. Construction methods and capacity and reach of available equipment’s

Based on ASCE (1982) guidelines, a soft foundation material may need a more gradual slope in order to distribute the load and if the local rock produced is of good quality but smaller sizes, consider flattening the breakwater slopes to optimize use of the quarry. The slopes of 3: 1 or flatter may begin causing refracting wave and this can be used to benefit for the wave attenuation. Wave energy is absorbed by layering several sizes of rock. A three layer sections is commonly used, however the two layers system works well for wave heights of less than 1.5 m. The armour layer for rock is normally about twice the thickness of the underlying filter. The layer thickness is normally two stone diameters. The determination of layer thickness is based on:
1. Wave conditions such as height, period, angle of obliqueness and water depth

2. Wight and grading of armour (rocks)

3. Density of armour

4. Stone quality/shape

5. Breakwater slope

6. Allowable wave run-up

Clarification of profile survey methods and surface definition may be beneficial in determining the slope thickness during construction. If controlling run-up is critical to design, an armour layer of 3 units thick would be beneficial. (CIRIA, 1991).

In shallow water where less than about 6 m, the design of the toe is subject to scour as waves break on the structure. If possible, the preferred method of design is to place a dredged trench at the toe thereby lowering the elevation at the toe. The three stone minimum widths are commonly used for the toe.

In determining the toe details, the designer should consider:
1. Wave conditions such as height, period, angle, water depth, breaking and non-breaking waves

2. Arrangement of toe geometry

3. Construction methods

4. Weight and density of armour

2.6.3
Research base on wave attenuation 
1. Energy loss caused by a submerged porous breakwater
Research conducted by Yi-Chun Liao (2013) which concentrates on the criteria of energy loss that caused by a submerged porous breakwater. Several parameters were varied; they are wave conditions as well as depth of submergence or freeboard of the submerged breakwater and front slope of 1/2 and 1/5.    

Based on this experiment results show that milder front slope may not cause wave breaking more effectively compared to the steeper front slope. In addition given freeboard of submerged breakwater, longer waves are more difficult to be triggered to break than shorter waves as expected. The submerged breakwaters function much more efficiently if waves can be triggered to break.

2. Relationship between transmission coefficient and freeboard over incident wave height
Previous research related to the relationship of transmission coefficient (kt) and freeboard Rc over incident significant wave height.
Based on the graph of the scatter obtained, transmission coefficient does not exceed 1 and above 0 for structure with a considerable relative freeboard.  

[image: image12.png])
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Figure 8 Wave transmission versus relative crest height R/Hi
From the research the boundaries were set at K, max. = 0.75 and Kt min = 0.075, while the validity of the formulae was limited for 1< Hs/Dn50 < 6 and 0.01 < sop <0.05. The trend of the graph showed that transmission coefficient decreasing as the relative crest height Rc/Hi.  

3. Effect of wave period and type of core permeability on wave energy transmission 

M.Ivano, A. Melby (2002) performed a laboratory experiment to investigate the wave transmission through the structure and due to overtopping. The test series were performed using Core-Loc armour layer. The parameter that varied is wave period and type of core permeability. 

[image: image13.emf]
Figure 9 Effect of wave period on Kt
Figure 9 shows a plot of Kt versus Rc/Hi for various wave periods including the data for the submerged structure. From this figure, it can be seen that, for constant relative crest height, wave transmission increases slightly with wave period

The effects of core permeability on transmission are shown in Figure 10. 

The test conditions for the effect of core permeability on transmission coefficient are summarized as below;
	Series
	Water depth, (m)
	Freeboard Rc (m)
	Permeability, P (core)

	1
	0.5
	0.3
	Low

	5
	0.7
	0.1
	Low

	8
	0.5
	0.3
	Medium

	9
	0.7
	0.1
	Medium


Table 2 Test condition for the effect of core permeability
[image: image14.emf]
Figure 10 Effect of core permeability on Kt
For these tests, where only wave transmission due to overtopping was measured, a new structure was built in the flume with hc = 0.4 m and using a core of medium permeability. In general, a medium permeability level of the core allows more transmission due to the water flowing through the more porous structure.

In conclusion from the experiment the transmission coefficient Kt was related to the relative crest height Rc/Hi as follows:

Kt = 0.95 for Rc=Hi < -1.0

for – 1.0 < Rc/Hi < 1.3

Kt = 0.05 for Rc/Hi > 1.3
2.6.4 Empirical formula of Wave Transmission Coefficient 

1. Van der Meer (1990)
Van der Meer (1990) proposed a prediction formula where the transmission coefficient directly decreases with relative crest freeboard, Rc/Hmo

[image: image15.emf]
where Kt equal to or greater than 0.1 and Kt equal to or less than 0.8

2. D’Angremond et al. (1996)
Formula proposed by d’Angremond et al.
[image: image16.emf]
D’Angremond et al. formulae have been limited with two values for Kt which Kt = 0.075 and Kt = 0.8.
3. Goda and Ahrens 2008
Empirical formula of wave transmission coefficient proposed by Goda and Ahrens (2008) is as follows;

[image: image17.emf]
h = water depth

Beff = Relative crest width

Deff = Effective diameter

Lo = deepwater wavelength
L = local wavelength

[image: image18.emf]
Kh = assumption that the run-p height can be approximately equal to Hi. The upper bound of (Kt)all = 1.0, because there is a possibility that the sum of the energies of the waves passing over and through a low crested structure may exceed 1.0 when the waves incident to a porous and submerged low crested structure is very small in height. The equation above is applied for both emerged and submerged low crested structure. 
[image: image19.emf]
[image: image20.emf]
For submerged structures, (Kt)over is usually much larger than (Kt)thru and thus the contribution of the latter to (Kt)all remains small. In particular, when the structure is submerged, the wave transmission is mainly governed by breaking and frictional dissipation over the crest and slopes surfaces of the structure. Rc,o represents an approximate limit of non-dimensional wave runup. When the relative freeboard Rc/Hi exceeds Rc,o, the exponential function takes a value larger than 1.0. When the crest of the structure is high and little wave overtopping occurs, the wave transmission takes place through the voids among stones and units. In this case, Kt can be evaluated with the following equation:
[image: image21.emf]
In the data analysis, in accordance with Goda and Ahrens (2008), the effective Beff has been calculated as follows:

a. emerged breakwaters: Beff = width at still water level;

b. zero freeboard: Beff = (9 × crest width + bottom width)/10;

c. submerged breakwaters: Beff = (4 × crest width + bottom width)/5.

This is equivalent to the assumptions that the width of breakwater with zero freeboard is measured at the level of 10% below the crest, while that of the submerged breakwater is measured at the level of 20% below the crest. The effective diameter Deff is the median diameter Dn50 for rubble stone and (M/ρ)1/3 for concrete blocks with M being the mass and ρ being the density (Goda and Ahrens, 2008).
4. Tomachicio & D’Alessandro 2013
In the present study, the improvement formulation proposed by Tomachicio and D’Alssandro (2013) is based on the formulation proposed by Goda and Ahrens (2008). The results are:
[image: image22.emf]
[image: image23.emf]
[image: image24.emf]
The relative run-up height as Rc,0 =1.0 for impermeable low crested structure, and Rc,0 = 0.6 to 0.8 for permeable low crested structure. The adopted modifications determine a decrease of influence of (Kt)thru and, on the contrary, an increase of the effect induced by (Kt)over in the estimation of (Kt)all. 
Respect to Goda and Ahrens (2008), the application of the new formulation gives a better result Kt as much larger number of data taken into account

CHAPTER 3

METHODOLOGY

3.1
Research Methodology
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3.1.1
Research and Development of Armour Unit Design

The appropriate research and background study was done by study a lot of research papers, thesis, books, trusted website and site assessment. This will lead to better understanding, good analytical and critical literature review regarding the project.    
3.2      Project Activities 

3.2.1     Site Assessment 
The authors conducted site assessment in three places; Pantai Pengkalan Balak, Pantai Siring and Tangjung Keling. 

3.2.1.1
Pantai Pengkalan Balak
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Figure 11 Location Pantai Pengkalan Balak (DID Melaka, 2013)
The types of coastal protections at Pantai Pengkalan Balak are groynes and Labuan Block. Based on this site assessment both groynes material used in Pantai Pengkalan Balak is rock that randomly placed. Rock that randomly placed provides high void to solid ratio that hydraulically more efficient that placed and packed rock. The sizes of rock used varied. 
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Figure 12 Varies sizes of rock
From the observation there is no rock displacement outside the gyrone and according to village resident the highest water level was not overtopped the groyne. This indicated the groyne with rock armour unit in Pantai Pengkalan Balak well functional. The beach slope approximately 1:10. Walkaway survey along the shoreline with the existing of groynes shows the formation of accretion and erosion as in figure; 
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Figure 13 Pantai Pengkalan Balak
Labuan Blocks at Pantai Pengkalan Balak is placed as a slopping revetment. The dimension of Labuan Block approximately as below;
	Parameter
	Dimension(Approximately)

	Length 
	100 cm

	Width
	120 cm

	Height
	55 cm


Table 3 Dimension Labuan Block at Pantai Pengkalan Balak, Melaka
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Figure 14 Labuan Block with toe settled 
From the observation shows that the toe structure of Labuan Block was slightly settled by sand. This is due to the non-interlocking system and relies entirely on its mass to withstand waves and run-up. Besides Labuan Block cause wave reflection and flanking erosion, reducing the beach width and sandy shores. Due to its weight, it has only so far been used on sandy beaches where the soil bearing capacities are high. 
3.2.1.2    Pantai Siring

Site Location
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Figure 15 Location Pantai Siring (DID Melaka, 2013)
Both of these breakwaters protect small fishing ports and the villages behind them. These two breakwaters are situated fairly close to each other and are facing the sea. The types of armour units used at the breakwaters are rocks in different sizes. 

[image: image31.jpg]



Figure 16 Measured rock sizes
Approximately average of the rock size shown;

	Rock Size 
	Dimension (Length x Width x Height ) 

	Large
	130cm x 70cm x 40cm

	Medium
	50cm x 40cm x 35cm

	Small
	30cm x 25cm x 20cm


Table 4 Dimension of rock
The primary reason breakwaters are built in the first place is to protect shipping ports from the full strength of open ocean waves. This protection makes for easier, safer and more productive for the fishermen’s boat. The rate of erosion also reduced. 
The geotube is one of the coastal protections used in Pantai Siring before the construction of breakwater. There are four unit of geotube on the left and right of the jetty. The dimension of the geotube is 50meter length and 50 meter width. Geotube were installed in the sea to arrest direct impact of waves. According to the village residence the existence of geotube helped to reduce the destruction of mangrove by the wave. This encouraged mangrove rehabilitation as the geotube promote sedimentation.     
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Figure 17 Geotube
3.2.1.3     Tanjung Kling

Tanjung Kling comprising 120 m shoreline fronting Shah’s Beach Resort, south of a heartland. The area has been identified as a Critical Erosion Area under the National Coastal Erosion Study (1985). Based on information and data gathered, the area was undergoing severe erosion due to changes in the shoreline due to infra-structural development in the vicinity of the resort. The Sine-Slab was used at Tanjung Kling. The walkover surveys were conducted to check the overall condition, settlement and change of alignment. There was a substantial accumulation of sediments trapped by structures as shown;
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Figure 18 Accumulation of sediment
Close observations are being conducted further for signs of structural and physical deterioration. From the surveyed the reinforcement was corroded and few armour units were crack.
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Figure 19 Reinforcement corrode and cracking 
A part from that damage at the end of the structures was present. Marine algae were also observed on the rocks at some places on the rocks, snails, clams and barnacles were also found. Creepers or sea vegetation has covered some parts of the revetment system providing the green effect. 
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Figure 20 Snail, clam in the Sine Slab
3.3    Model Setup and Specification

Hydraulic 2D Model Test

The purpose of 2D model test is to determine the transmission coefficient value by testing the model unit and get the maximum wave height, optimum slope of the structure and maximum design water depth of the armour unit. This model will be tested in the wave flume at Coastal and Offshore Laboratory, UTP. The facility is equipped with programmable wave generator with 23 m x 1.5 m x 1.5 m dimensions. The wave is produced by single wave paddle. The armour unit performance will be tested using a mild wave climate based on wave climate at West Coast of Peninsular Malaysia. Based on the wave condition reported by (Othman. 1991; Hashim. 2010) during monsoon season that affected West Coast of Peninsular Malaysia the wave steepness are varied. The water depth that will be used in this experiment is 0.5m to 0.7m. Irregular JONSWAP wave spectrum will be used in all the test conditions. 

Froude scaling is applied because for the scale reproduction of wave, the ration between inertia and gravitational forces are dominant.  The other scaling laws provide scaling of less dominant parameter; Surface tension can cause some scale effects on non-breaking laboratory wave propagation, but only if laboratory waves are very small and steep, heights and periods below 2 cm and 0.3 s. 
The different flow condition between the model and prototype will caused distortion. Thus the flow effect due to the scaled model is taken into consideration. Reynolds number for the flow in the armour model and core section must be greater than 4 x 104 and 5 x 103 respectively as suggested by Jensen, O.J., 1989 and Jensen et al. 1983) due to distortion problem. (Hughes and S.A. 1995) claim to eliminate viscous scale effect models should use as largest scale as possible.  
The Froude scaling rules used are as follows;
	Parameter
	Multiplication Factor

	Length (m)
	5

	Area (m2)
	52=25

	Volume (m3)
	53=125

	Weight (kg)
	53=125


Table 5 Froude scaling
Wave probe are placed before and after the structure in order to measured elevation of surface water. The wave probes will provide the incident wave height and transmitted wave height. The two wave probe before the structure is to measure the incident wave and other two wave probes after the structure is to measure the transmitted wave height. 
3.3.1
Laboratory Testing
The laboratory testing was conducted using physical models (innovative interlocking concrete armour unit) of a submerged offshore breakwater in the Offshore and Ocean laboratory. The physical models were made with various dimensions in crest width and depth of submergence so that the result covers part of the gaps left by previous experimental testing.

In this test, several models were made by emulating typical arrangement of submerged breakwater at the site with various crest width and depth of submergence. In order to determine the effect of these 2 parameters, the experiment maintained other factors constant such as height and slope of the structure.
1. Construct the prototype of rubble-mound breakwater 

The first step is to set up the rubble-mound breakwater according to the calculated dimension. The dimension of the rubble-mound breakwater is calculated based on the slope 1:1.5 that will be tested with 0.5 m crest height.
Below is the breakwater layout for the experiment 
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Figure 21 Breakwater layout
2. Armour units are placed on the breakwater

The number of armour unit ware placed according to the dimension relative to the breakwater dimension which is based on the wave flume dimension. 
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Figure 22 Amour unit placement on the breakwater
3. Placement of the wave probe
Wave probes are the equipment that will record the wave height reading that has been produced at their respective locations. The spacing of the wave probe is according to the research by Mansard and Funke. 
4. Wave is generated according to current experimental wave condition

The test series consists of different water depth with different wave steepness.
The all variables involved in the testing were summarized as below; 
	Wave Series
	Wave Height(m) 
	Wave Period(s)

	W1
	0.1
	1.4

	W2
	0.1
	1.6

	W3
	0.1
	2.0

	W4
	0.2
	1.4

	W5
	0.2
	1.6

	W6
	0.2
	2.0

	W7
	0.3
	1.4

	W8
	0.3
	1.6

	W9
	0.3
	2.0

	W10
	0.4
	1.4

	W11
	0.4
	1.6

	W12
	0.4
	2.0


	Series
	Water Depth (m)
	Crest Width (m)
	Slope

	A1
	0.50
	0.30
	1:1.5

	A2
	0.55
	0.30
	1:1.5

	A3
	0.60
	0.30
	1:1.5

	A4
	0.65
	0.30
	1:1.5

	A5
	0.70
	0.30
	1:1.5

	B1
	0.50
	0.50
	1:1.5

	B2
	0.55
	0.50
	1:1.5

	B3
	0.60
	0.50
	1:1.5

	B4
	0.65
	0.50
	1:1.5

	B5
	0.70
	0.50
	1:1.5


Table 6 Summaries of test condition
5. All of wave probe are adjustable according to the guideline before continuing the next experimental wave period. 
6. Calibration of the wave height

Before the experiment was executed, the wave gauges used in measuring the wave height were calibrated. The calibration was made for every change in water depth. It has to be done in order to ensure the wave height is measured correctly where the incoming and transmitted wave is accurate according to the determined values.
7. Steps number 3-6 are repeated for the whole test condition prepare.

8. Data Analysis

After the laboratory testing were finished, the data was analyzed based on several criteria in order to relate with previous data from past researches. This is important to give a better view on the result of the tested data.

3.4
Gantt Chart
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Table 7 Gantt Chart
3.5
Key milestone

	Key Milestones
	FYP1
	            FYP2

	
	Feb
	Mar
	Apr
	May
	June
	July
	Aug
	Sept

	Experimental study
	
	
	
	
	
	
	
	

	Simulation
	 
	 
	 
	 
	 
	 
	 
	 

	Analysis of result
	 
	 
	 
	
	
	 
	 
	 

	Evaluation of the performance
	
	
	
	
	
	
	
	


Table 8 Key Milestone
3.6
Tools
3.6.1
Equipment
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Table 9 Equipment
3.6.2
Software
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Table 10 Software
CHAPTER 4
RESULT AND DISCUSSION
4.0
Result

This chapter presents all results analyzed from the series of experiments conducted throughout the laboratory experiment. The results were tabulated and correlated in graphs. Results are available in graph form for comparison.

The wave transmission coefficient (Kt) is defined as height of transmitted wave (Ht) over height of incident wave (Hi). The lesser the wave transmission coefficient value, indicates more effective the structure in dissipating waves energy. 
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Where: 

Kt = transmission coefficients

Ht = Transmitted wave height

Hi = Incident wave height

The result of laboratory experiment is as below;
A very important parameter is the relative crest height: crest freeboard divided by incident wave height (Rc/Hi). This denotes how much a breakwater is underneath the still water level in proportion to the wave height. This experimental result of wave transmission is done by creating a graph of Kt versus Rc/Hi. Crest freeboard of submerged breakwater is indicated as negative.

4.0.1 Effect of wave period and crest width on wave transmission coefficient 
In this experiment, three wave period are used; 1.4s, 1.6s and 2.0s. Past research by Van der Meer (1990) found that longer wave causes a larger Kt. But Powell and Allsop (1985) noted the opposite. Below is current laboratory experiment result for the effect of wave period on transmission coefficient.  
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Figure 23 Effect of wave period on transmission coefficient
Below is the effect of crest width on transmission for different wave period.
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Figure 24 Kt as a function of Rc/Hi, given width crest; Wave period=1.4s
The wave transmission coefficient of wave period for 1.4 second with width crests 0.30 m and 0.50 m is shown in Figure 24. The value of wave transmission coefficient is tabulated as below; 
	Width Crest (m)
	Rc/Hi
	Max Kt
	Min Kt

	0.30
	0
	0.38050
	0.29391

	
	-0.166 to -4.067
	0.78479
	0.38281

	0.50
	0
	0.19025
	0.14696

	
	-0.332 to -1.901
	0.40440
	0.16505


Table 11 Wave transmission coefficient; Tp=1.4s
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Figure 25 Kt as a function of Rc/Hi, given width crest; Wave period=1.6s
Wave transmission coefficient for wave period 1.6 second is shown in Figure 25 and the value is tabulated as in Table 12. 
	Width Crest (m)
	Rc/Hi
	Max Kt
	Min Kt

	0.30
	0
	0.49623
	0.31926

	
	-0.171 to -1.621
	0.76122
	0.39954

	0.50
	0
	0.24811
	0.15963

	
	-0.168 to -2.146
	0.68375
	0.17458


Table 12 Wave transmission coefficient; Tp=1.6s
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Figure 26 Kt as a function of Rc/Hi, given width crest; Wave period=2.0s
Wave transmission coefficient for wave period 2.0 second is shown in Figure 26 and the value of Kt is as below;
	Width Crest (m)
	Rc/Hi
	Max Kt
	Min Kt

	0.30
	0
	0.40727
	0.36282

	
	-0.175 to -3.602
	0.91493
	0.61053

	0.50
	0
	0.10416
	0.07819

	
	-0.177 to -1.572
	0.39063
	0.20272


Table 13 Wave transmission coefficient; Tp=2.0s
At a submerged breakwater an increase of the crest width will cause more friction losses at the crest and a longer way for a wave to overtop the structure. Thus a decrease of the wave transmission coefficient. 
4.0.2
Effect of water depth (depth of submergence) on wave transmission coefficient 

The laboratory experiment varied water depth from 0.50 m until 0.70 m with increment 0.05 m. The result from the experiment was presented in graph by wave transmission coefficient (Kt) versus relative crest width (Rc/Hi) as below.   
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Figure 27 Kt as a function of Rc/Hi, given B/Lo
From the graph as the water depth increases or the depth of submergence decrease the wave transmission coefficient will decreases. This shown that the water depths contribute and one of the factor that gives impact to the wave transmission.   
4.0.3
Comparison between theoretical values and experimental values  

A part from that, after series of laboratory experiment of the designated test ranges, the results were compared into theoretical values made by earlier studies by Goda and Ahrens (2008) and Tomasicchio and D’Alessandro (2013). The x-axis represents the experimental values while y-axis represents the theoretical values. The comparison was portrayed as below.  
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Figure 28 Comparison between experiments values and theoretical values (Goda and Ahrens, 2008) 
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Figure 29 Comparison between experiments values and theoretical values (Tomasicchio and D’Alessandro, 2013)
4.1
Discussion

After reading several journals and articles about the same test executed by previous researchers, there are some gaps that can be filled with some ranges in order to complement results from previous studies. It involved range of wave period, crest width and the depth of submergence.
Based on the previous research (Chapter 2), clearly indicate that the crest width influence the wave transmission coefficient. The wider the crest widths result in higher wave transmission coefficient, Kt. In addition, the depths of the submergence of the structure contributed to wave transmission which the higher the depth of submergence result in higher wave transmission that consequently decrease the performance. 
Inspections of the general trends defined by the 2-D test data shows that Kt, is most sensitive to the depth of submergence and the crest width. To a lesser degree, Kt is influenced by the period of the incident wave. Typical trends observed during the 2-D tests are summarized in Figures 23, 24, 25, 26 and 27. 
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Figure 30 Effect of wave transmission (past research)        Figure 31 Effect of wave transmission (current research)
      Current finding in Figure 31 shows, at wave period T=2 s, result in high wave transmission coefficient. For wave period T=1.6 s, the wave transmission coefficient slightly less and even lesser for T=1.4 s. Wave transmission coefficient increase with increasing wave period. This finding supported by past research as in Figure 30 (dotted circle) which illustrate the trend of scatted data which likely the same as the current laboratory experiment scatted data trend results. Based on this argument, wave period slightly contribute to the wave transmission.

The crest width is an important parameter for wave transmission. It is expected that the lowest Kt value would be achieve with optimum cress width (Dattatri et al., 1978). Current graph in Figure 24, 25 and 26 shows the wider crest width (0.50 m) result in low wave transmission coefficient compare to the narrow crest width (0.30 m). The wave reduction for this experimental result is between the wider crest width (0.50 m) and narrow crest width (0.30 m) is from 30 % to 55 %. The wider crest width results in less wave transmission over the submerged breakwater. As conclusion the wave transmission is inversely proportional with the crest width. The transmission wave over the submerged breakwater is affected when the length of the crest width is changed. 
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          Figure 32 Past researches Result 

     Figure 33 Laboratory Experimental Result

In addition, depth of submergence is another important parameter in wave transmission. Figure 33 is the result of the current finding, which the trend of the scatted data slightly similar as the result from the various past researcher. The wave transmission coefficient from current experimental result slightly lesser compared to the previous result. This indicates that the ICU-V is effective on the submerged breakwater. The different of wave transmission coefficient as in Figure 32 (dotted circle) and 33 might be due to the dissimilar of the parameter such as incoming wave, size of breakwater and crest width. However the trend of the scatted data likely the same which wave transmission coefficient increases as the depth of submergence increasing. When the depth of submergence is increasing, the wave height will not hitting the crest of the submerged breakwater. Thus, the wave will not break at the designated area and as a result the wave will not be reduced at the shoreline that would make the performance of submerged breakwater ineffective. In order to avoid this failure and obtain the optimum design, several parameters need to be considered such as wave height, tidal range, and water depth at the designated construction.  
There are several guidelines in designing submerged breakwater armour units. In Europe, the preferred design is crest freeboards close to the mean sea level with small width (M. Buccino, and M. Calabrese, 2007). Meanwhile in Japan, wider crest (artificial reefs) is most favorable. The weakness of submerged breakwater is the difficulty in predicting the shoreline response to their placement (Hanson and Kraus, 1990). However accurate estimate of wave transmission coefficient is also important in designing to avoid failure under worst case scenario such as during extreme climate condition. 
The estimation of wave transmission coefficient is through numerical formulation. This laboratory experiment values need to be compare with the numerical formulation in order to verify the suitability of the formula as the new armour units was used. In Figure 28 and Figure 28 shows, the relationships between theoretical and experimental values using formulation created by Goda and Ahrens in 2008 and Tomasicchio and D’Alessandro in 2013. Form graph, the experimental value slightly different with theoretical values. However the theoretical formula by Tomasicchio and D’Alessandro in 2013 is more comparable than Goda and Ahrens.   

CHAPTER 5
CONCLUSION 
The series of laboratory experiment and analyzed results had proven the selected parameters that influence the wave attenuation of the submerged breakwater. The selected parameters that have being focus are wave period, crest width and depth of submergence. 

Theoretically, the wave period, crest width and depth of submergence have impact on wave transmission where it was clearly proven by the previous research. The result of this research the wave transmission coefficient Kt slightly varied depending on the;

1. Wave period

The wave transmission coefficient is directly proportional to wave period
2. Crest width

The wave transmission coefficient is inversely proportional to crest width
3. Depth of submergence 

The wave transmission coefficient is directly proportional to depth of submergence
These relationships were obtained by the laboratory testing where the result from the laboratory testing has been analyzed. From the results discussed it is seen that, significant value in wave transmission is almost the same from the as the previous researched. 
On the other hand, the experimental result and theoretical values was evaluated. Transmission coefficients derived from the experimental results are reasonably comparable with the theoretical values calculated based on Tomasicchio and D'Alessandro. As conclusion the objective above is achieved.  

Recommendation
The suggested future work plan for project expansion and continuation amongst others includes:

i. The slope in this research is constant as 1:1.5 m as the focus for this research only on the crest width and depth of submergence. For further work plan the slope can be varied as from the previous researched shown the slope have impact on wave attenuation.    

ii. Another, it is recommended to obtain more test data by increasing the number of measurements performed. The more an experiment is repeated, the better the spread of the data can be investigated and deemed reliable. Also, when an experiment is rerun several times, possible errors have a higher chance of detection. 

iii. In addition proper guideline and schedule need to be done in order to ensure the research successfully completed especially when handling laboratory work.  
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