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ABSTRACT 


Linear wave theory, also known as first-order, small-amplitude, or Airy wave 

theory is the simplest method of predicting wave characteristics with assumption that 

waves are two-dimensional wave. In this study, Sarawak river estuary is chosen to 

observe wave conditions nearshore. The offshore wave data are analyzed for various 

design waves of average one third of maximum wave heights (H1I3) and extreme value 

of Gumbel and Weibull statistical distribution. In this study, the wave was designed for 

three (3) scenarios. There are for Annual, Northeast Monsoon and Southwest Monsoon. 

This was followed by calculation of wave transformation nearshore using linear wave 

theory of Regular Wave theory. Weibull statistical distribution predicted higher wave 

height nearshore compared to Gumbel statistical distribution. Hl/3 gives the smallest. 

The maximum design wave (H1I3) is about 6.19m obtained from Northeast wave 

scenario with period of2.14s. The des ign wave and wave period varied from location to 

location for each wind direction. 
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ABSTRAK 


Teori ombak linear, juga dikenali sebagai urntan pertama, amplitude kecil, atau 

teori ombak Airy adalah kaedah paling mudah dalam meramalkan ciri-ciri ombak 

dengan menganggap bahawa ombak adalah dua dimensi. Dalam kajian ini, muara 

Sungai Sarawak dipilih dalam kajian ciri-ciri ombak di persisiran pantai. Data ombak di 

laut dalam di anal isis untuk pelbagai ketinggian ombak yang terdiri daripada satu 

pertiga purata maksimun ketinggian ombak(Hl/3) dan nilai ekstrem taburan statistic 

Gumbel dan Weibull. Dalam kajian ini ombak dianalisa untuk tiga keadaan iaitu 

Monsun Tahunan, Monsun Timur Laut dan Monsun Barat Daya. Ini diikuti oleh 

pengiraan pernbahan ombak persisiran pantai menggunakan teori ombak lurns. Taburan 

statistic Weibull meramalkan ombak lebih tinggi berbanding taburan statistic Gumbel. 

HI/3 memberikan ketinggian paling rendah. Ketinggian ombak maksimum(H 1/3 ) 

adalah kira-kira 6.19m diperoleh dari ombak Monsun Timur Laut dengan tempoh 2.14s . ...,. 

Reka bentuk ombak dan tempoh ombak pelbagai dari lokasi ke lokasi lain untuk setiap 

arah angin. 

v 



TABLE OF CONTENTS 


Content Page 

ACKNOWLEDGEMENT iii 


ABSTRACT iv 


ABSTRAK v 


LIST OF TABLES ix 


LIST OF FIGURES x 


LIST OF ABBREVIATIONS xii 


LIST OF SYMBOLS xiii 


CHAPTER 1: INTRODUCTION 

1.1 Introduction 

1.2 Problem Statements 5 

..,. 

1.2.1 Study Area 6 


1.3 Objectives of Study 8 

1.4 Scope of Study 8 

1.5 Significant of Research 9 

Vl 



CHAPTER 2: 


CHAPTER 3: 


LITERA TURE REVIEW 

2.1 	 Introduction 
 10 

2.2 	 Wave Transfonnation 
 12 

2.3 	 Wave Analysis 
 15 

2.3.1 	 Regular and Irregular Waves 16 


2.3.2 	 Short Tenn Analysis 17 


2.3.3 	 Long Tenn Analysis 18 


2.4 	 Theory ofWave 21 


2.4. 1 	 Linear Wave Theory 22 


2.4.1.1 Application of Linear 


Wave Theory at Sungai 


Batu Pahat Estuary 24 


RESEARCH METHODOLOGY 

3.1 	 Introduction 26 


3.2 	 Data Analysis 29 


3.2.1 	 Wave Data Analysis 29 


3.3 	 Design Wave 31 


3.3.1 	 Significant Wave Height 33 


3.3.2 	 Long Tenn Analysis 
 33 

3.3.2.1 	Gumbel's Extreme 


Value Distribution 
 34 

3.3.2.2 	Weibull's Extreme 


Value Distribution 
 37 

Vll 



3.4 Wave Transfonnation 38 

3.5 Linear Wave Theory 40 

CHAPTER 4: DATA COLLECTION AND ANALYSIS 47 

4.1 Introduction 	 47 


4.2 Data Collection 	 48 


4.3 Wave Data and Analysis 	 50 


4.4 Wind Data and Analysis 	 58 


4.5 Linear Wave Theory 	 65 


CHAPTERS: RESULTS AND DISCUSSIONS 	 66 


5.1 Introduction 	 66 


5.3 Design Waves 	 67 


5.4 Wave Height Nearshore 	 68 


CHAPTER 6: CONCLUSIONS AND RECCOMENDA TIONS 77 


6.1 	 Conclusions 77 


.... 

6.2 Reccomendations 	 79 


REFERENCES 80 

APPENDICES 81 

Vlll 



LIST OF TABLES 


Table Page 

Table 2.1 Probability distribution functions for long-term 

statistic (Figure II-8-2 of CEM Part II-Chap. 8) 20 

Table 3.1 Summary of wave characteristics from linear wave theory 43 

Table 4.1 Significant Wave Height Values Approaching from 

Various Directions and their Corresponding Wave Periods 57 

Table 4.2 Calculated Maximum Wave Height Values Using Gumbel 

Distribution Analysis 57 

Table 4.2 Calculated Maximum Wave Height Values Using Weibull 

Distribution Analysis 57 

Table 4.4 Wave height calculation using Linear Wave Theory for 

Annual Monsoon 
.... 

65 

Table 5.1 Deepwater wave directions, wave periods and wave heights 67 

Table 5.2 Wave height nearshore using Linear Wave Theory 68 

IX 



LIST OF FIGURES 


Figure Page 

Figure 1.1 Location of Study Area 7 


Figure 2.1 Wave Characteristics 11 


Figure 2.2 Motion of water particles beneath deepwater and 


shallow water waves. 12 


Figure 3.1 Summary of Research Methodology 28 


Figure 3.2 Procedures for Calculating the Design Wave 32 


Figure 4.1 Study area with shoreline orientation and wave approach 


direction 49 


Figure 4.2 Deepwater wave height within wave exposure window with 


corresponding return period after Gumbel analysis 51 


Figure 4.3 Deepwater wave he ight within wave exposure window with 


corresponding return period after Weibull analysis 52 


Figure 4.4 Sg. Sarawak offshore wave rose (annual statistics) 54 


Figure 4.5 Sg. Sarawak offshore wave rose (Northeast statistics) 55 


Figure 4.6 Sg. Sarawak offshore wave rose (Southwest statistics) 56 


Figure 4.7 Annual wind roses 59 


Figure 4.8 April wind roses 60 


x 



Figure 4.9 May to September wind roses 61 


Figure 4.10 October wind roses 62 


Figure 4.11 November to March wind roses 63 


Figure 5.1 Wave Height from Linear Wave Theory for Annual Monsoon 69 


Figure 5.2 Wave Height from Linear Wave Theory for Northeast Monsoon 70 


Figure 5.3 Wave Height from Linear Wave Theory for Southwest Monsoon 71 


Figure 5.4 Wave Height from Linear Wave Theory, HI!3 72 


Figure 5.5 Wave Height from Linear Wave Theory, HGumbel 73 


Figure 5.6 Wave Height from Linear Wave Theory, HWeibull 74 


Xl 



LIST OF ABBREVIATIONS 


Ann Annual Monsoon 

CEM Coastal Engineering Manual 

DID Department of Irrigation and Drainage 

EFDC Environmental Fluid Dynamics Code 

EIA Environmental Impact Assessment 

FFf Fast Fourier Transform 

MMS Malaysian Meteorological Services 

NEM Northeast Monsoon 

SPM Shore Protection Manual 

SSMO Summary of Synoptic Meteorological Observations 

SWAN Simulating Wave Nearshore 

SWM Southwest Monsoon 

VOSP Voluntary Observer Ship Programme 

xu 



LIST OF SYMBOLS 


A 

B 

k 

N 

Hi 

Tr 

-x 

Scale parameter function of Wei bull 

Location parameter function of Weibull 

Shape parameter function of Wei bull 

Number of individual wave heights 

Wave height record ranked highest to lowest 

Return period 

Mean wave height 

a Standard deviation 

a Parameter distribution function 

u Parameter distribution function 

p(x) 

X 

Bt,B 2 

Extreme value distribution 

Wave height parameter 

Angles between wave crest and bottom contour at 

Ct,C2 

Ks 

Hs 

HIIJ 

Ts 

successive points along an orthogonal, 

Celerities at point where 1 and 2 are measured. 

Shoaling coefficient 

Significant wave height 

Average one third of maximum wave height 

Significant wave period 

xiii 



d 

L 

Kr 

C 

/I; 

T 

g 

N(a , e ) 

E( a ,e ) 

e 

a 

a 

k 

(a , e) S ds,b 

C bonom 

( a, e) S ds, br 

S ds, br, tot 

E tot 

Depth 

Wave length 

Wave refraction coefficient 

Celerity 

Incident wave height 

Wave period 

gravity 

Action density spectrum 

Energy density spectrum 

Wave direction 

Relative frequency 

Propagation velocities in x and y dimensions 

Propagation velocity in a dimension 

Mean frequency 

Mean wave number 

Wave energy dissipation of bottom friction 

Bottom friction coefficient 

Wave energy dissipation ofdepth. induced breaking 

Mean rate ofenergy dissipation per unit horizontal area 

due to wave breaking 

Total wave energy 

Constant time step 

xiv 



!lx, !ly Geographic space with constant resolutions in x and y 

direction 

!l () Constant directional solution 

xv 


