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ABSTRACT

Forces from a nonlinear irregular wave model on a offshore structure are investigated.
Comparing the results obtained from the linear wave theory and with the stream function wave
theory and investigate the force from fully nonlinear irregular waves is used from the Morison’s
equation. The predictions of the wave forces is compared. The corresponding force profiles from
the stream function theory with the force-profiles of two selected waves from the irregular wave
train are compared. The results recommend that the non-linear irregular waves give high value to
larger extreme wave forces that those predicted by linear theory. The linear theory which is stream

function theory in some issue underestimate the wave forces acting on the offshore structure
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CHAPTER 1

INTRODUCTION

1.1 Background Study

Ocean waves are random and irregular height, period ,length shape and speed of
propagation. A actual and real sea state is best explained by a irregular wave model. Summation
of many small liner wave components with different amplitude, frequency and direction is a linear
irregular wave model. The phases are irregular and random toward each other. A nonlinear
irregular wave model allows for differences and summation frequency wave component affect by

non-linear interaction between the individual wave components.

Determine the design wave methods or by stochastic methods applying wave spectra
will consider wave conditions for structural design purposes. For quasisatatic response of
structure, it is sufficient to use deterministic regular waves characterized by corresponding wave
period, crest and through height, wave length and period. Statistical method will capable to predict

the deterministic wave parameters.

Stochastic modelling of the sea surface and its kinematics by time series is required for
structures with significant dynamic response. Wave frequency spectrum is best described sea state
with a given significant wave height, a representative frequency , a mean propagation direction
and aspreading function. In applications the sea state is usually assumed to be a stationary random
process. Three hours has been introduced as a standard time between registrations of sea states
when measure waves, but the duration of stationary capable to range from 30 minutes to 10 hours.
The wave conditions in a sea state can be divided into two particular conditions which is swell and
wind seas . Wind seas are caused by local wind meanwhile swell have no interaction to the local

win. Swell usually wave that have travelled out of the the areas where they were generated.



1.2 Problem Statement

A actual and real sea state is best explained by a irregular wave model. Basically
engineer will calculated the prediction using regular wave which is easy to executed and for this
project, the irregular wave method will be used to calculated the force for the prediction
.Comparing the results obtained from the linear wave theory which is using the regular method by
using the data from PTS (Petronas Technical Standard) with the condition of worst storm in 100
years with the irregular method and investigate the force from fully nonlinear irregular waves will

give actual value for the sea state

1.3 Objectives

A actual and real sea state is best described by a irregular wave model. The main objective
of this study is to calculate the force for nonlinear irregular waves to the structure . Below are the

details objectives of this study:
I.  To compare the differences between regular wave and irregular waves
Il.  To determine the differences due to various method in calculating kinematics

I1l.  To determine the effects water depth to the wave force



1.4 Scope of Study

This project is conducted to comparing the results obtained from the linear wave theory
which is using the regular method by using the data form PTS (Petronas Technical Standards) with
the condition of worst storm in 100 years with the irregular method and investigate the force from
fully nonlinear irregular waves, Morison’s equation is used to calculated the force for the nonlinear
irregular waves and regular waves. A actual sea state is best described by a irregular wave model.
Basically engineer will calculated the prediction using regular wave which is easy to executed and

for this project, the irregular wave method will be used to calculated the force for the prediction.

There are two phases in this project. The first phase of this project is during final year first
semester. The focus is more on data collection, literature review and data analysis and interpret .
The first phase is very important to provide understanding on overall process and theoretical
knowledge for this project. The second phase is during final year second semester. The focus will
be on conducting discussion and data analyzing. The results obtained will be documented in final

report.



CHAPTER 2

LITERATURE REVIEW

21 Wave Force Formations

The main important when designing the structure is the computation of the water wave
forces on an offshore structure. Task involving between the complexity of the interaction with the
structure make its as a difficult situation. The effects on the offshore structure ,the random nature
of the ocean waves and the incomplete of even some of the highly nonlinear wave theories to
explain it become more difficult and hard as we start to investigated and examined. Furthermore,
our understanding about the interaction phenomenon through analytical studies, laboratory
experiments and at-sea measurements are reasonably accurate in predicting wave impacts on a a

variety of offshore structures agreeing with some of the theories available today.

Throughout the year, the development of offshore structure is increasing and there is
a lot of variety offshore structure. One of the common used by the industrial is piled jacket-type
platforms which is consists of small tubular members. Its also composed with large volume gravity
platforms which consists of large members coupled with smaller braces, semisubmersibles,
tension legged platforms with large vertical, horizontal and diagonal circular or square cylinders
and arctic structures. The variety formulations for wave forces are apply to the this type and size

of the members in an offshore structure.

Wave forces on offshore structures are calculated in three different ways:
e Morison equation
e Froude-Krylov theory

¢ Diffraction theory



The Morison equation is to be linearly combination between the inertia forces and drag
forces. The combination involve an inertia which called as mass coefficient and a drag coefficient
which can be determined by experiment. The drag force gives significant value to application of
morison equation. This is normally happen when the structure diameter is small compared to the

water wave length.

The Froude-Krylov can be applied when the drag force is less and the inertia force give
significant values while the structure diameter is still relatively small.
It use the pressure area method and utilize the incident wave pressure on the surface of the structure
to give the force value. The benefit of this method is that for some of the symmetric objects , the
force produce may be in a closed form and the it easy to find the force coefficients.

The current structure is expected to adapt the wave field in the area of the structure
when the wave length is compare to the size of the structure. In this case, the evaluation of the
wave can be proceed when the diffraction of the waves from the surface of the structure are taken
into account. This called as theory for diffraction or generally known as diffraction theory. The
solution commonly involving between numerical technique and the associated boundary

conditions to solve the Laplace equation while in closed form solution.

A simple dimensional analysis is perform first in order to determine which are three
amethods are applicable. F, known as the force of the wave act to structure while D, is the diameter
of a vertical cylinder or the column of the structure. Both of this can be written as the following

function



f=v(T,D,Luy,p,v (2.1)

Based on function above the tis time ,T is wave period, L is wave length, u, is maximum
horizontal water particle velocity, p is mass density of water and v is kinematic viscosity. From

the velocity , the water particle acceleration can be obtained. In linear wave theory 1, is wu,
where w is 2?” . In a M-L-T system, the Buckingham Pi theorem will result five dimensionless

quantities for eight variables. Then, dimensionless force can be expressed as a function of four non

dimensional quantities

t u T UgD 71'D
=YvG. - (2.2)
puo v 'L
Based on the function above the t/T is dimensionless time, =L is Keulegan-Carpenter parameter

(KC), =2 js Reynolds number, and = 2 s diffraction parameter,

The importance of drag force can be expressed by using the KC number while the the
importance of diffraction effect can be express using diffraction parameter. The diameter of the
structure is one of the characteristic when determine the KC number while diffraction parameter
is the ratio between the diameter of the structure and wave length. When the diffraction parameter
is big means that the KC number is small and when the diffraction parameter is small means that
the KC number is big. Thus, small drag effects means the diffraction effect is big and when the

drag effects is big means the diffraction is negligible.



2.2 Morison Equation

The Morison Equation was introduced and developed by was Morison, O’Brien,
Johnson, and Shaaf (1950) in explaining the horizontal wave forces acting on a vertical cylindrical
pile which scale from the bottom of the ocean through the free surface. Morison, et al. proposed
that the force exerted from uninterrupted surface waves on a vertical cylindrical pile which expand
from the bottom through the free surface from the figure below is consists of two important
components which is inertia and drag.

Figure 2.1: Wave forces acting on diameter cylinder



2.3 Development of Morison Equation

When water particle moving in a wave, it carries a momentum. This approved the
principle concept of the inertia force. The particle will accelerates and decelerates when passing
around the vertical cylinder. This shows that the application of a force acting on the cylinder
increase the momentum. The increment of force acting on a small segment of the cylinder needed

to accomplish in order to proportional to the acceleration at the mid of the cylinder

df; = CypZ D> tds (2.3)

Based on function above the df; is inertia force on the segment ds of the vertical cylinder while
D is the cylinder diameter and du/dt is the local water particle acceleration at the centerline of the
cylinder . While C,, is the inertia coefficient. For a uniformly accelerated flow the inertia

coefficient can be equal to 2.

The presence of a wake region on the downstream side of the cylinder is the
principal cause of the drag force components. The differential is created by the region between
the downstream and upstream of the cylinder at a given amount of time which is that downstream
region is low pressure compare to the pressure of upstream. Based on the theory, the water particle
motion under a wave oscillate within the wave period. Therefore, the downstream side of the
cylinder repeat every half cycle and a after half a cycle, a mirror image is created. The differential

pressure due to different region causes a force to be exerted in the water particle velocity.
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Figure 2.2: Pressure distribution through the vertical cylinder in waves
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Figure 2.3: Drag coefficient versus Reynolds number

The square of the water particle velocity is proportional with the drag force from the
Morison equation. The absolute value of the water particle velocity is include in order to ensure

the drag force is same direction the velocity.



dfp = %CDpDIqudS (2.4)

Based on the function above the df}, is drag force on an incremental segment, ds, of the cylinder
while u is instantaneous water particle velocity and Cp, is drag coefficient. In a uniform flow, the
value of (steady) drag coefficient C;, is dependent on the cylinder roughness and Reynolds
number. For rough cylinders and smooth cylinder , its values obtained from experiments are
given in Figure 2.3. The value of drag coefficient increased by the cylinder roughness.. In the

case of the oscillatory flow this value is hard to obtain .

Combining the inertia and drag components of force, the Morison equation is written as
f=CudS +CoAplulu (2.5)
In which f = force per unit length of the vertical cylinder
A =p % D*? (2.6)

And
1

The above equation (2.5) gives the forces on unit length of a vertical cylinder. Assuming
that the cylinders expands from the ocean floor the SWL ( Figure 2.1), the total force on the

cylinder is given by the integral the equation below

d d d
F=[ fds= fo[cMA,d—';‘ + CpAplululds  (2.8)

10



The Empricial is the original Morison equation. Thus, it can be questioned its
application to a complex time dependant separated flow. However , is not applicable to derive
new formulations to give best explaination the flow phenomena. The method to improve the
Morison equation in terms of aligning the measured data by adding higher (odd) harmonic terms
is described by Sarpkaya and Isaacson (1981). The reliability of original Morison equation has
been approved in predicting wave force on small members . The small discrepancy might not be

considered as important and in the current of many other uncertainties in designing the structure.

11



CHAPTER 3

METHODOLOGY

3.1 Project Flow

The process flow for this project is as below:

Problem Statement & Objectives

Identifying the purpose of this project and to set goals that are expected to be
achieve by the end of this project

NS

Literature Review

Gathering theoretical information from different sources to provide
understanding about the project.

NS

Simulation Methodology

Deciding simulation method and procedures to obtain the data and prove the
theory.

NS

Data Gathering and Data Analysis
Conducting the simulation to get the data and to analyze the results obtained.

N

Documentation and Reporting

Documenting all the information and results obtained from the project.
Conclusion and recommendations about this project will be made for further
improvement.

12



3.2  Project Methodology

3.2.1 Overview
The overview of methodology for this project is as below:

» ldentification of regular wave and irregular wave kinematics
 Development of simulation procedures

« Summation of sinusoidal wave components using Matlab which is have different water depth
« The data obtained from the PTS ( Petronas Technical Standard).
« Simulation using Regular Wave method and Irregular Wave method to obtain the Force

« Comparing the regular wave results and irregular waves results

» Preparation of final report based on all the results and data

13



3.2.2 Simulation

3.2.2.1 Simulation of regular wave

The purpose of the Simulation is to explore the total forces on the cylinder with different
wave height , wave period and water depth. For the regular wave ,The wave characteristic can
obtain from the Petronas Technical Standards (PTS) with condition worst storm in 100 years. The

table below shows example wave characteristic from Peninsular Malaysia Operation.

WAVE Units Operating Criteria 100- year Storm Event
Hs m 4.38 5.77

Tz sec 6.91 8.06

Tp sec 9.74 11.37

Hmax m 8.44 11.65

Tass sec 8.38 9.64

Table 3.1: Peninsular Malaysia Operation (PMO) ( Water depth 70m)

The following below is equation from the Morison equation in order to calculate the

total forces acting on the vertical cylinder

ddu

1 d D*
F = CdEpro uldz + CmnTpfO

Based on function above p is mass density of fluid (kg/m3) = 1000 kg/m3, D is diameter of
cylinder (m) = 0.5 m, uis fluid particle velocity (m/s), du/dt is fluid particle acceleration (m/s2),

Cd is drag coefficient and Cm is mass coefficient.

14



In computing global wave forces on the structure with Morrison’s equation, drag and
mass coefficients for tubular members shall be determined as functions of wave and current
parameters and surface roughness, size and orientation as per APl code requirement with the

following criteria:

Tubular Members Non-Tubular Members
Drag Coefficient Cd 1.0 2.0
Mass Coefficient Cm 2.0 2.0

Table 3.2: Drag coefficient and mass coefficient for the following members

Based on the Morison Equation ,the horizontal velocity which is u and the particle

acceleration is du/dt are shown in function below.

__awcoshk (y+d) .
= oy SD (wt — kx) (3.2)
du _ aw?coshk (y+d)
2 = sinh (kd) cos(wt — kx) (3.3)
In which a is wave height, w is wave frequency = = 2?" k is wave number = “’?2 , y is length from

the free surface , t is wave period and x is length in x direction.

From the data above , the force for the regular wave is calculated into two
condition which is 80m water depth and 180m water depth to compare to the force in irregular

wave.

15



3.2.2.2 Simulation of irregular wave

The simulation for irregular wave, the wave characteristic data can obtain from

the Universiti Teknologi Petronas with 80m water depth and 180m water depth condition in

order to compare with the regular results. The table below shows the data for velocity ,

acceleration and elevation for each time period

80m water depth

X
£ 81921024 double
1 2 3 4 5 [ 1 8 9 0 u n B 1 5 16 1 1 1 20 a 2 B E
1 -0.0064 -0.0064 00064 -0.0064 0064 00064 00064 -D.0064 00064 -0.0064 -0.0064 -0.0064 -0.0064 -0.0064 0064 00064 00064 -D.0064 00064 -0.0064 -0.0064 -0.0064 -0.0064 -0.0064
2 00055 -0.0055 -0.0035 00055 00055 00055 00055 00055 00055 00035 00035 -0.0055 -0.0035 00055 010035 00055 00035 00055 00055 -00055 -0.0035 -0.0055 -0.0035 00055
3 00034 00034 00034 0.0034 0034 00034 00034 00034 00034 00034 00034 00034 00034 0.0034 0034 00034 00034 00034 00034 00035 -0.0035 -0.0035 00035 -0.0035
4 30%0eM 3NMeM 3190 3NUeM 3NMWeldd 320Meld 32Me0d 338eM 3Bl 350eM 32507eM 320NeM 3Xi6edd 3204ledd 3307604 -332MeM 33MTed 33540eM 33Tl -33800eld AN 34200e D4 3A5Me0d 34TBeMd
5 00033 00033 00033 00033 00033 00033 00033 00033 00033 00033 00033 00033 00033 00033 00033 00033 00033 00033 00033 00033 00033 00033 00033 00033
[ 00063 0.0063 0.006% 0.0088 00069 00068 0.0063 00068 00063 0.0063 0.0069 0,008 00063 0.0088 00069 0.0088 0.0069 00068 00063 00063 0.0063 0,008 0.006% 0.0088
7 00034 0.0034 00034 00034 00094 00034 0.0094 00054 00034 00084 00094 00034 00034 00034 00094 00034 00095 00085 00055 00085 00095 00035 00035 0.0035
0004 OMO4  0MmO4 OMO4  OBIO4 MM MO+ OMM 004 OMO4  omO4 0004 OMOS MM DMO4  OMOH DOIO4 DM 004 OQIO4  OMO4 0005 DMOS  00M0S
9 00034 0.0034 00034 00034 00094 00034 00094 00054 00094 00084 00094 00034 00034 0.0034 00094 00034 00094 00054 00094 00004 00034 00034 00034 0.0034
0 0.0064 0.0064 00064 0.0064 00064 00064 0.0064 00064 00064 00064 0.0064 0.0064 00064 0.0064 00054 00064 0.0064 00064 00064 00064 0.006¢ 0.0064 00064 0.0054
m 009 0N 0N M9 DMK ODHS 009 DOWS 00M9 DO 00M9 00M9 DO OOMS  0OM9  0OMS 009 DAOI9 0009 009 DOD9 Q09 QM9 QNS
12 00033 00033 010033 00033 00033 00033 0003 00033 00033 00033 00033 00033 -0.40033 -0.0033 00033 00033 0003 00033 00033 -00033 -0.0033 00033 -0.0033 -0.0033
B -0.0080 -0.0080 -0.0080 <0.0080 0.0080 00080 00080 -0.0080 00080 -0.0080 -0.0080 -0.008) -0.0080 -0.0080 0.0080 00081 00081 -0.0081 -0.0081 00081 -0.0081 -0.0081 00081 <0.0081
u 00114 0014 it 00114 Rty 0014 0114 -4 00114 004 001 00114 it 00114 Rty 00114 0114 -4 00114 -00114 00 00114 it 00115
15 0015 00126 01126 0126 00126 00126 00126 -0012% 00125 00126 00126 0016 00126 00126 00126 Rluk) 207 Rluvl) 00127 -0 -0z 00 0017 A0z
16 00114 00114 0114 0114 D014 00114 00114 00114 00114 0014 0014 00114 0114 00115 0115 00115 0115 00115 00115 00115 00115 00115 00115 00115
u -0.0081 -0.0081 -D.0081 -0.0081 0081 00081 00081 -0.0081 -0.0081 -0.00e1 -0.0081 -0.0081 -D.0081 -0.0081 0081 00081 00081 -D.0081 -0.0081 -0.0081 -0.0081 -0.0081 -D.0081 -0.0081
B 00 MR AR MR MR OME MR DO 00 D2 00m2 MR MR DM@ 0@ D0 R R D D00 MeR MR MR 403
18 0001 00071 00021 000n 00021 0001 00021 0ma 0002 00021 00021 0001 00021 00022 00022 00022 0002 00022 0002 00022 00022 00022 00022 00022
2 00063 0.0063 00063 0.0068 00063 00068 0.0063 00068 00063 00063 0.0069 0008 00063 0.0068 00063 00068 0.0063 00068 00063 00063 0.0063 000683 00063 0.0063
N M 0MO2 0MO2 OMO2 DMO2 0D QM2 DO 00l DOM2 02 0002 D02 002 002 002 002 DAL QA2 002 DAl QM2 om@ 0mm
b2 0014 00114 0014 00114 001 00114 00114 0014 00114 00114 00 00114 0014 00114 0014 00114 00114 0014 00114 0014 00114 00114 0014 00114
B 00105 0.0105 00105 00105 00105 00105 00105 0005 00105 00105 00105 00105 00105 00105 00105 00105 00105 005 00105 00105 00105 00105 00105 00105
M 0N MW 0N 0D DAY ON® 009 DO 000 DO 0009 00 DM 0N 009 0078 009 DO OO0 000 DO 00W 0MM 0Nm
5 00041 0.0041 00041 0.0041 00041 00041 00041 0001 00041 00041 00041 0.0041 00041 0.0041 00041 00041 00041 00041 00041 00041 00041 00041 00041 0.0041
X% 17290 174e-0d  LI80ed  17207edd  1L717ed 17132eM4  17081e04  1702e-M  16950e-04  16871e-0d  16782e4  166BMe-D4 165TTe-04 164604 1633e0d  15098ed  16054e-D4 15899 15736e-D4  15563e-04 1538004 15189e04  LASETeDd  14777ed
a 00033 -0.0033 00033 00033 40033 00033 00033 00033 00033 -0.0033 00033 00033 00033 00033 0033 00033 40033 00033 00033 -00033 -0.0033 00033 00033 00033
B 00056 -0.00% 00056 00056 010056 00056 00056 010056 00056 00036 0005 -0.005% 00056 00056 010056 00056 00056 010056 00036 -000% 00056 0005 010056 00056
x -0.0065 -0.0085 -0.0066 <0.0086 0.0066 -0.0066 00066 -0.0066 00068 -0.0066 -0.0066 -0.0065 -0.0066 <0.0056 0.0066 -0.0066 00066 -0.0066 00068 00065 -0.0066 -0.0065 -0.0066 00056
EJ] 00063 -0.0083 -0.0063 00083 0063 00063 010063 -0.0063 00063 -0.0063 -0.0063 -0.0063 -0.0063 00083 00063 00063 010063 -D.0064 00064 -0.0064 -0.0064 -0.0064 -0.0064 -0.0084
7 0L DMt OMst ML DML ML O0SL OGSt 005U A0St et 005U DSl OO0SL AOOSL DOOSL OO DAL DAL -DOOSL DOOS1 OO OOl 0005
2 00035 -0.0035 0035 -0.0035 0035 00035 00035 -0.0035 00035 -0.0035 00035 -0.0035 00035 -0.0035 0035 00035 00035 -0.0035 00035 00035 -0.0035 -0.0035 00035 -0.0035
B 00019 00013 0019 00018 0019 00018 00019 -0.0019 00018 -0.0018 00018 00018 -D.0018 00018 0018 00018 0018 -0.0018 00018 -00018 -0.0018 00018 D018 <0.0018
U 61T 61THedd 6100e0t 61T7eM 61M5elt 616BeM 6160eM S1SleM SMReM GlEeM 6UI5e0 61M7eld Glllel 6035 G0t G0TSeM E0BMeM G0G8eM S0l G0 SNNeM SITleM 59 592el
35 5255ed5 52551e05 52M03e05 528%WedS 53152005 5348805 538005 543M5e05 5A6e05 5558105 56291eS S7076e05 575%6e(5 58671e05 55680e5 60965e05 62M4e05 63359e05 6AGGBe 05 6505305 67512e05 69046e05 T0636e05 72341eds
¥ 20314eMd  20316e-04 20320e0d  203Medd 203504 20362e4  2033%e-04  2D4Se-M  2043Be-Md 2047204 20509e4  20549e-04  20584e04  20643e04  20696e04  20752ed 20812604 20877 20985e-04  20017e-D4 2108304 Z1173e0d  2157e04 21345e
T OSBRRNS SWMWeS SRS SRS/l SWUNS SRITDS SVUNT SVBeAS 530S SN SIS SN 5205105 SIRTReDS SIS SIMRNS SIRISeNS SISIRNS SAAMeNS 520005 SHRPENS SHSAENS 510N S1TO4edS

Table 3.3: Acceleration data for 80m water depth

16



EJU |

[ 81931024 double

1 2 3 4 5 ] 7 8 9 10 1 12 13 1 15 16 17 18 19 20 a 2 B 2
1 -4.6285e-04  -4.6284e-04 -46282e-04 -46280e-04 -46278e-04 -46275e-04 -46271e04 -4626Te-04 -46262e-04 4625704 -4625le-0d -Ab2de-0d) -46237e-04 4623004 -A6221e-04 4621304 -46203e-04 46194e-04 4618304 -46172e-04 -4.6160e-04 -46148e-04 -4.6136e-04
2 -B4084e-04 -3.4085e-04 -BAOBSe-04 -BA085e-04 -340BSe-04 -BA0BGe-04 -B406e-04 -34087e-04 -BAORTe-D! -BADBGe-04 -BA0G0-04 -B.4000e-04 -B4001e-04 -BA002e-04 -B4003e-04 -B40Me0d -BA0%6e-04 -B4097e0d 840004 -BAL00e-04 -B4102e04 -BAIOMe-D4 -BALOGe-04 -B410Be-04
3 00011 00011 00011 00011 00011 -0a01L -0.0011 00011 00011 00011 00011 00011 00011 00011 00011 00011 00011 00011 -0a01L -0.0011 00011 00011 00011 00011
4 00012 00012 00012 00012 -0.0012 040012 00012 00012 00012 00012 00012 00012 00012 00012 00012 00012 00012 -0.0013 040013 00013 00013 00013 00013 00013
5 -0.0012 -0.0012 00012 00012 -0.0012 00012 -0.0012 00012 -0.0012 -00012 -0.0012 -0.0012 -00012 -0.0012 -0.0012 00012 00012 -0.0012 00012 -0.0012 00012 -0.0012 -00012 -0.0012
6 -833%e-04 -833%0e04 B3IeM -83333e0d 83365e04 BIMeMd £33e0d 33307e04 8120l B32edd 83447e04 8246704 83400e04 835lde04 8354004 83560e-04 8350004 -8363Le0d B36GDe04 -BIT02e-04 -£3740e04 B37R0e-04 B3822e-04 -83866e-04
7 3TN0 -TPe04 31775e04 31778604 -11783e04 -317%0e-0d -31798e-04 31807604 -31818e-04 -31830e-04) -31844e-04 -31830e-04 -31875e-04) -31893e-04 31912604 -31933e-04 -31955e-04 3197904 32004604 -32030e-04 -3.2038e-04 -3.208Ge-04 -32L18e-04 -32151e-04
8 312Bedd 312Bedd 3120eM 3DMedd 3120e0d 3120Te-M 32Me-Md 3120eDd 3ANTe-Dd 3122e-0d 3107e-04 3120204 31196e04 3110004 3118304 37Se0d 36704 31150e0d 3M150e-04 31140604 31130e04 31110e04 31108e-04 3109704
9 04107e-04 04107e04 0419804 04200e-04 04202e04 0405e-04 0420904 04213e04 0421804 0422e0d 942004 0423304 04245e0d 0MSde 04 0426304 042Me0d 0A283e-04 04204e0d 04306e-04 0431804 0433e0d  04345e04 04330e-04  0437de0d
10 00014 0.0014 00014 00014 0.0014 00014 00014 00014 0.0014 00014 00014 0.0014 00014 00014 0.0014 00014 00014 0.0014 00014 00014 00014 0.0014 00014 00014
i 00017 0.0017 00017 00017 0.0017 0.0017 00017 00017 0.0017 00017 00017 0.0017 00017 00017 0.0017 00017 00017 0.0017 0.0017 00017 00017 0.0017 00017 00017
1 00017 0.0017 00017 00017 0.0017 0.0017 00017 00017 0.0017 00017 00017 0.0017 00017 00017 0.0017 00017 00017 0.0017 0.0017 00017 00017 0.0017 00017 00017
13 00013 0.0013 00013 00013 0.0013 0.0013 00013 00013 0.0013 00013 00013 0.0013 00013 00013 0.0013 00013 00013 0.0013 0.0013 00013 00013 0.0013 00013 00013
14 6908304 6908304 69086e-04 6908004 69094e0d  69101e-04 60109e-04 69118e04 6912904 6I14le-0d 69155e04  69170e-04 6I186e-04 6920de-0d  6922e-Dd 6924de-0d  60267e-04 69091e-Dd 69316e-0d  69M2e0d  633M0eDd  69400e-04 693ed)  6.9463e-04
15 7233805 -7.338e05 -7.2357e05 72335e-05 -7.2353e05 7.23%0e05 72M6e-05 7234205 723305 72332e-05 T80 7231905 72312605 72304e05 7229605 7.2286e-05 T206e05 -72266e05 7.2255e-05 72243e05 -72231e05 7.2207e05 -7.2204e03 -7.2180e-05
16 -8.367Me-04 -B3675e-04 -B3677e-04 -B3660s-04 -83685e-04 -BIEe-04 -BI69Te-04 -B3706e-04 -BITMSe-04 -BI726e-04 -§373Be-04 -83752e-04 -BI7T66e-04 -§3782e-04 -83800e-04 -B6l8e-04 -83B3Be-04 -83030e-04 -BIBELe-04 -83905e-04 -BI930e-04 -B39%6e-04 -B39%Bde-0d4) -BA012e-04
)Y -0.0015 -0.0015 00015 -0.0015 -0.0015 01015 -0.0015 00015 -0.0015 -0.0015 -0.0015 -0.0015 00015 -0.0015 -0.0015 00015 -0.0015 -0.0015 01015 -0.0015 00015 -0.0015 -0.0015 -0.0015
18 -0.0018 00018 00018 -0.0018 -0.0018 010018 -0.0013 00018 -0.0018 00018 -0.0018 00018 00018 -0.0018 00018 00018 -0.0018 -0.0018 010018 -0.0013 00018 -0.0018 00018 -0.0018
19 -0.0018 -0.0018 00018 -0.0018 -0.0018 00018 -0.0018 00018 -0.0018 -00018 -0.0018 -0.0018 -00018 -0.0018 -0.0018 00018 -0.0018 -0.0018 00018 -0.0018 00019 -0.0018 -00018 00013
2 -0.0016 -0.0016 00016 -0.0016 -0.0016 01016 -0.0016 00016 -0.0016 -0.0016 -0.0016 -0.0016 00016 -0.0016 -0.0016 00016 -0.0016 -0.0016 01016 -0.0016 00016 -0.0016 -0.0016 -0.0016
il -0.0010 00010 00010 -0.0010 -0.0010 040010 -0.0010 -0.0010 -0.0010 00010 -0.0010 -0.0010 00010 -0.0010 00010 00010 -0.0010 -0.0010 040010 -0.0010 -0.0010 -0.0010 00010 -0.0010
2 -32%86e-04 -3.2986e-04 -32985e-04 -32984e-04 -32983e-04 -329Ble-0d -32079e-04 -12976e-04 -32973e-04 -32970e-04 -312966e-04 -32961e-04 -32957e-04 -32952e-04 -32946e-04 -32940e-04 329304 3202704 -32920e-04 -32912¢-04 -32905e-04 -3.28%6e-04 -32887e-04) -3.2878e-04
23 3640e-0d  36405e-04  36497e04  3E501e-04 36506e-04  36513e-04  3E52e-04  3653Me0d  36542e-04  36555e-04 36570e04  36586e-04 36603e-04 36622e-04 3664304 36665e-04  3G6BBe-04 36713e-04 36740e-0d  3676Be-04 3679804 36820e-04 3686204 36896e-04
24 0A661e-04 0466204 04GG5e-04 0467104 04678e04  04688e-04  0AT00-04  04TM4e04  04T3Le04  OATA0e-D4  04TI0e04 94703¢-04 O4E18e-04  04B45e-04  04874e04 04006e-04  040M0e04  04076e-04 950L4e-04  05034e04  05007e04 O5142e-04 0518004 9523304
5 00013 0.0012 00013 00013 0.0013 00013 00013 00013 0.0013 00013 00013 0.0012 00013 00013 0.0012 00013 00013 0.0013 00013 00013 00013 0.0013 00013 00013
2% 0.0015 0.0015 0.0015: 0.0015 0.0015 0.0015 0.0015 00015 0.0015 0.0015: 00015 0.0015 0.0015: 0.0015 0.0015 0.0015: 0.0015 0.0015 0.0015 0.0015 00015 0.0015 0.0015: 00015
a 00014 0.0014 00014 00014 0.0014 0.004 00014 00014 0.0014 00014 00014 0.0014 00014 00014 0.0014 00014 00014 0.0014 0.004 00014 00014 0.0014 00014 00014
28 00011 0.001L 00011 00011 0.0011 00011 00011 00011 0.0011 00011 00011 0.001L 00011 00011 0.001L 00011 00011 0.0011 00011 00011 00011 0.0011 00011 00011
2 68488e-04 68488e-04 68487e-04 68486e-04 68484e-04 68481e-04 68478e-04 68474e-04 6.8470e-04 68465e-04 68459e-04 6.8453e-04 68MTe-04  6843%e-04 68432004 68423e-04 68414e-04  68405e-04  68395e-04 68304e-04 68372004 6836le-0d  68348e-04) 68335e-04
N LMTe04 2741704 27415e04 2741204 2740804 27403e04 2730704 27390e04  2738le04 273204 2736le0d 2734004 27336e-0d 2M32e0d 27307e 04 2701e0d 2MM3e04 27255e04 27235e04  272de0d 27192604 2716004 27145e-04) 2712004
31 -B8276e-05 -8.8283e05 -88303e05 -B8336e-05 08382005 8805 -BE5l4e-05 -88600e05 B.8GO%e05 -BEElle-05 -88937e05 8907505 -B9227e-05 8939205 -8957le05 -B9762e-05 -89967e05 -00185e-05 -9.0416e-05 -00661e05 0091905 91190e-05 -01474e03 91772805
32 -35870e-04 -35871e-04 -35872e-04 -35875e-04 -35879e-04 -3.5885e-04 -35891e-04 -35899e-04 -35908e-04 -35918e-04 -35029e-04 -3.5941e-04 -35954e-04 -35969e-04 -3.5985e-04 -36002e-04 -36020e-04 -36040e-04 -36060e-04 -36082e-04 -36105e-04 -36129e-04 -36154e-04) -35181e-04
3 Slle0d 5241204 52413e04 5241504 5241704 52420e0d 5242504 -52420e04 52435e-04 524le-0d 5244Be04 5243604 -52465e-04 5247e0d -5248ded 52405e-04 -52506e-04 5251804 -5253le-04 -52543e-04 -52560e04 5.2575e-04 5290104 -5.2607e-04
3 5086004 -59860e-04 -508Gle04 -50861e-04 -59862e-04 -508G2e-04 -50863e-04 -59864c04 5986604 -50867e-04 -50860e-04 -5.9870e-04 -59872e-04 -5087Tde-04 5087704 -50870e-04 -50882e-04 -50884e-04 -508E7e-04 5080004 5080404 -59807e-04 -50901e-04) -5.9904e-04
35 -61325e-04 -61325e-04 -613Me-M -6133e-04 -61322e-04 -6130e-04 6131804 -61316e-04 -6.1313e-04 -61310e-04 -61306e-04 -61302e-04 -651298e-04 -6129de-04 -6.1280e-04 -61283e-04 -61278e-04 -61272e-04 -61265e-04 -61258e-04 -51251e-04 -61243e-04 -61236e-04) -61227e-04
3% 6029904 6020804 60207e04 -60205e-04 602304 602004 -60286e-04 -6.0281e04 6.0275e-04 -60260e-04 -60262e04 6025404 -60246e-04 60237e04 -60227e04 6.0216e-04 60205e04 -60193c04 -G0180e-04 -60L66e-04 60152604 -6.0137e-04 6012104 -6.0004e-04
37 5041804 -50417e04 50416e-04 -50414e-04 -541le04 5040704 -50402e-04 -59307e04 5930004 -50383e-04) -59375e04 -5.0366e-04 -59336e-04 -5034be-04 -5.03Med 5932604 5930804 5920404 59270e-04 5026404 5924704 -59220¢-04) 5921104 -59192e-04
Table 3.4: Velocity data for 80m water depth
iz x|
[ 819311024 double
2 3 4 5 6 7 8 9 10 1 12 13 u 15 16 17 18 19 20 i 2 3 4
-0.7992 -0.7984 -0.7976: -0.7968 -0.7960 -0.7953 -0.7945 0.7937 -0.7929 07921 -0.7913 -0.7905 -0.7897 -0.7889 -0.7881 -07874 -0.7866 -0.7858 -0.7850 -0.7842 0.7834. -0.7826 07818
-0.7992 -0.7984 07976, -0.7968 -0.7960 -0.7953 -0.7945 07937 -0.7929 07921 -07913 -0.7905 -0.7897 -0.7889 -0.7881° 07874 -0.7866 07858’ -0.7850 -0.7842 07834 -0.7826 07818’
-0.7992 -0.7984 -0.7976. -0.7968 -0.7961 -0.7953 -0.7945 0.7937 -0.7929 0.7921. -0.7913 -0.7905 -0.7897 -0.78%0 -0.7882 -0.7874 -0.7866 -0.7858. -0.7850 -0.71842 07834, -0.7827 07819
-0.7992 -0.7984 07976, -0.7969 -0.7961 -0.7953 -0.7945 07937 -0.7929 07922 -07914 -0.7906 07898’ -0.7890 0.7882 -0.3875 -0.7867 07859 -0.7851 -0.7843 07835 -07828 07820
-0.7992 -0.7984 -0.7977 -0.7969 -0.7961 -0.7953 -0.7946 0.7938. -0.7930 0.7922 -0.7915 -0.1907 -0.7899. -0.7891 -0.7884. -0.7876 -0.7868 -0.7860. -0.7853 -0.7845 07837 -0.7829 07822
-0.7992 -0.7985 07977 -0.7969 -0.7962 -0.7954 -0.7946 07939, -07931 07933 -0.7916 -0.7908 -0.7900° -0.7893 -0.7885 03877 -0.7870 -0.7862 -0.7854 -0.7847 07839, 07831 07824
-0.7992 -0.71985 -0.7977 -0.7969 -0.7962 -0.7954 -0.1947 0.7939. -0.7931 0.7924. -0.7916 -0.7908 -0.7901: -0.7893 -0.7886: -0.7878 -0.7870 -0.7863 -0.7855 -0.71847 -0.7840. -0.7832 07825
-0.7992 0.7985 -0.7977 -0.7969 0.7962 -0.7954 -0.7946 0.7939. -0.7931 0.7923 -0.7915 -0.7908 -0.7900 -0.7892 0.7883 07877 -0.7869 -0.7862 -0.7854 -0.7846 07839 -0.7831 07823
-0.7992 -0.7984 -0.7977 -0.7969 -0.7961 -0.7953 -0.7945 0.7938. -0.7930 0.7922 -0.7914 -0.7906 -0.7898: -0.7891 -0.7883 -0.7875 -0.7867 -0.7859 -0.7852 -0.7844 -0.7836. -0.7828 -0.7820
-0.7992 -0.7984 -0.7976. -0.7968 -0.7960 -0.7952 -0.7944 07937 -0.7929 0.7921. -0.7913 -0.7905 0.7897 -0.7889 -0.7881 -07873 -0.7865 -0.7857 -0.7849 -0.7841 07833 -0.7825 07818
-0.7992 -0.7984 -0.7976. -0.7968 -0.7960 -0.7952 -0.7944 -0.7936: -0.7928 0.7920 -0.7912 -0.7904 -0.789: -0.7888 -0.7880 -0.7872 -0.7864 -0.7856: -0.7848 -0.7840 07832 -0.7824 -0.7816:
-0.7992 -0.7984 -0.7976. -0.7968 -0.7960 -0.7952 -0.7944 0.7936. -0.7928 0.7920 -0.7912 -0.7904 -0.78% -0.7888 -0.7880 07872 -0.7864 07836 -0.7848 -0.7840 07832 -0.7824 07816
-0.7992 -0.7984 -0.7976. -0.7968 -0.7960 -0.7952 -0.7944 -0.7936: -0.7928 0.7921. -0.7913 -0.1905 -0.7897 -0.7889 -0.7881 -07873 -0.7865 -0.7857 -0.7849 -0.7841 07833 -0.7825 07817
-0.7992 -0.7984 -0.7976. -0.7968 -0.7960 -0.7953 0.7945 07937 -0.7929 0.7921 -0.7913 -0.7905 -0.7897 -0.7889 -0.7881. -0.7874 -0.7866 07858 -0.7850 0.7842 07834 -0.7826 07818
-0.7992 -0.7984 -0.7977 -0.7969 -0.7961 -0.7953 -0.7945 0.7937 -0.7930 0.7922 -0.7914 -0.7906 -0.7898: -0.78%0 -0.7883 -0.7875 -0.7867 -0.7859 -0.7851 -0.7843 -0.7836. -0.7828 -0.7820
-0.7992 0.7985 -0.7977 -0.7969 0.791 -0.7954 -0.7946 0.7938. -0.7930 07923 -0.7915 -0.1907 0.7899 -0.7892 -0.7884 -0.7876 -0.7868 -0.7861 -0.7853 0.7845 07837 -0.7830 07822
-0.7992 -0.7985 -0.7977 -0.7969 -0.7962 -0.7954 -0.7946 -0.7939, -0.7931 07923 -0.7916 -0.7908 -0.7900 -0.7893 -0.7885 -0.7877 -0.1870 -0.7862 -0.7854 -0.7847 07839, -0.7831 0.7824
-0.7992 0.7985 -0.7977 -0.7969 0.7962 -0.7954 -0.7946 0.7939. -0.7931 0.7924 -0.7916 -0.7908 0.7901 -0.7893 -0.7885 -0.7878 -0.7870 -0.7862 -0.7855 -0.7847 07839 -0.7832 07824
-0.7992 -0.7985 -0.7977 -0.7969 -0.7962 -0.7954 -0.7946 -0.7939, -0.7931 07923 -0.7916 -0.7908 -0.7900 -0.7893 -0.7885 -0.7877 -0.7869 -0.7862 -0.7854 -0.7846 07839, -0.7831 07823
-0.7992 -0.7985 0.7977 -0.7969 -0.7961 -0.7954 -0.7946 0.7938. -0.7930 07923 -0.7915 -0.7907 -0.7899 -0.7892 -0.7884 -0.7876 -0.7868 -0.7861 -0.7853 -0.7845 0.7837 -0.7830 07822
-0.7992 -0.7984 -0.7976. -0.7969 -0.7961 -0.7953 -0.7945 0.7937 -0.7929 07922 -0.7914 -0.7906 -0.7898. -0.7890 -0.7882 -0.7875 -0.7867 -0.7859. -0.7851 -0.7843 -0.7835: -0.7828 -0.7820
-0.7992 -0.7984 -0.7976: -0.7968 -0.7960 -0.7952 -0.7944 0.7937 -0.7929 07921 -0.7913 -0.7905 -0.7897 -0.7889 -0.7881 -07873 -0.7865 -0.7857 -0.7849 -0.7841 07833 -0.7825 07818
-0.7992 -0.7984 -0.7976, -0.7968 -0.7960° -0.7952 -0.7944 07936, -0.7928 0.7920 -0.7912 -0.7904 -0.7896 -0.7888 -0.7880° -0.7872 -0.7864 -0.7856 -0.7848 -0.7840 07832 -0.7824 07816
-0.7992 -0.7984 -0.7976: -0.7968 -0.7960 -0.7952 -0.7944 0.7936: -0.7928 0.7920 -0.7912 -0.7905 -0.7897 -0.7889 -0.7881 -07873 -0.7865 -0.7857 -0.7849 -0.7841 07833 -0.7825 07817
-0.7992 -0.7984 07976, -0.7969 -0.7961 -0.7953 -0.7945 07937 -0.7929 07921 -07913 -0.7906 07898’ -0.7890 0.7882 07874 -0.7866 07858’ -0.7851 -0.7843 07835 -0.7827 07819
-0.7992 -0.7984 -0.7977 -0.7969 -0.7961 -0.7953 -0.7945 0.7938. -0.7930 0792 -0.7914 -0.1907 07899 -0.7891 -0.7883 -0.7875 -0.7868 -0.7860° -0.7852 -0.7844 -0.7836. -0.7829 07821
-0.7992 -0.7984 07977 -0.7969 -0.7961 -0.7953 -0.7946 07938 -0.7930 07922 -07914 -0.7907 07899 -0.7891 0.7883 -0.7876 -0.7868 -0.7860° -0.7852 -0.7845 07837 -07829 07810
-0.7992 -0.7984 -0.7977 -0.7969 -0.7961 -0.7953 -0.7945 0.7938. -0.7930 0.7922 -0.7914 -0.1907 -0.7899. -0.7891 -0.7883 -0.7875 -0.7868 -0.7860. -0.7852 -0.7844 -0.7836. -0.7829 -0.7821.
-0.7992 -0.7984 07977 -0.7969 -0.7961 -0.7953 -0.7945 07938 -0.7930 07922 -07914 -0.7907 07899 -0.7891 0.7883 -0.3875 -0.7868 -0.7860° -0.7852 -0.7844 07836, -07829 07810
-0.7992 -0.7984 -0.7977 -0.7969 -0.7961 -0.7953 -0.7946 0.7938. -0.7930 0.7922 -0.7915 -0.1907 -0.7899. -0.7891 -0.7883 -0.7876 -0.7868 -0.7860. -0.7852 -0.7845 07837 -0.7829 -0.7821.
-0.7992 -0.7984 -0.7977 -0.7969 -0.791 -0.7953 -0.7946 0.7938. -0.7930 0.7922 -0.7914 -0.1907 0.7899 -0.7891 -0.7883 -0.7876 -0.7868 -0.7860° -0.7852 -0.7844 07837 -0.7829 07821
-0.7992 -0.7984 -0.7977 -0.7969 -0.7961 -0.7953 -0.7945 0.7937 -0.7930 0.7922 -0.7914 -0.7906 -0.7898; -0.78%0 -0.7883 -0.7875 -0.7867 -0.7859. -0.7851 -0.7844 -0.7836. -0.7828 -0.7820
-0.7992 -0.7984 -0.7976. -0.7969 -0.791 -0.7953 0.7945 07937 -0.7929 0.7921. -0.7914 -0.7906 0.7898: -0.78%0 0.7882 -0.7874 -0.7867 07859 -0.7851 0.7843 07833 -0.7827 07819
-0.7992 -0.7984 -0.7977 -0.7969 -0.7961 -0.7953 -0.7945 0.7937 -0.7930 0.7922 -0.7914 -0.7906 -0.7898: -0.78%0 -0.7883 -0.7875 -0.7867 -0.7859 -0.7851 -0.7844 -0.7836. -0.7828 -0.7820
-0.7992 -0.7984 -0.7977 -0.7969 -0.791 -0.7953 0.7945 0.7938. -0.7930 0.7922 -0.7914 -0.1907 0.7899 -0.7891 -0.7883 -0.7875 -0.7868 -0.7860° -0.7852 -0.7844 -0.7836. -0.7829 07821
-0.7992 -0.7984 -0.7977 -0.7969 -0.7961 -0.7953 -0.7945 0.7938. -0.7930 0.7922 -0.7914 -0.7906 -0.7898: -0.7891 -0.7883 -0.7875 -0.7867 -0.7859 -0.7852 -0.7844 -0.7836. -0.7828 -0.7820
-0.7992 -0.7984 -0.7976: -0.7968 0.791 -0.7953 0.7945 07937 -0.7929 0.7921 -0.7913 -0.7905 07898 -0.78%0 0.7882 -0.7874 -0.7866 07858 -0.7850 0.7842 07835 -0.7827 07819

Table 3.5: Elevation data for 80m water depth
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The table above the acceleration, velocity and elevation for each time period

in 80m water depth. The column represent the acceleration , velocity and elevation while for the

row represent the wave period. The difference between row is 1/66 seconds.

180m water depth

1 193024 double

e

EREREE R

HOE OO E B RS R R

1
ATeM
484504
EHEC)
-LAT07e4
-15303e 05
13T8e M
131He
3912%eM
4585
45%1eM
413374
3.2095e 4
198444
495915
BE390e05
-12692e-4
32190e 4
3803204
53504
ATTBeM
31015e04
L1T0e 04
BA3lde 5
280ed5
142554
1378 M
303
3310eM
32674
185MeM
215824
12581eM
2631245
1131505
-1 56804
219%LeM

1

67034
AT
408471
ErE
187074
-15308e 05

1379 M
13Me M
3912 M
4586eM
455514
41338
3.2095¢-M
1944eM
4959005

BE3Be 05
22692
301924
38034
53804
TR M
31016
2110
B4 5

2802645
140%eM
2371194
IN2eM
33300eM
32674e-M
28570 M
21583 M
12561eM
1631145

181785
156304
-21%leM

3
46712
ATTHeM
RRLE
EHOE
-18708e-4
-15300e05

137804
28064
39130e-M
45884
45053 4
413404
3.209e-M
1944564
4958805
6401e-05
12593
3%
3804
405004
3795
31007
1T M
LR
280005
14057e-M
23704
30254
33302 M
32676e-M
285734
21583eM
1256leM
2630e-15
J138:05
156304
-21963e

4
-4 67164
AT
A5l
2743 M
-18709e-04
-15301e05
137814
280814
39134e- M4
45242e-04
4505704
4134204
3.2098e-04
10445604
4058405
-96415¢-05
-1.2595¢- 4
320%e-04
3897
L0504
3T
3101804
17
451305
28035e-05
14258e-04
23T
30704
3334eM
32678e-04
285744
2158414
125%8leM
26306e-05
1133805
-15632e-M4
11564

5
67
T340
25T
32047
1871
-15M8e05

1378304
2EM2e04
39138e-04
45MTe-04
43082604
4134604
32000e-04
1044604
4957905
L]
-1.2%8e 4
3280004
3Rt
-4 0506e-D4
3T
3100004
-iBeM
451305
28046e-05
14260e-04
23THe 04
3027004
33317e04
3.2680e-04
28576e-04
21586e-04
12582604
256302605
-11346e-05
-156 e
-1197e4

]
4572904
ATHe0d
42863 04
-3 2751e-04
-1ET13e4
-25296e-05

1378604
154704
3514404
4515304
45%8e-04
4135204
320404
1548804
4857305
9 5458e-05
22102604
32805604
3804 04
-A0611e4
-3780ed
310Be04
AN
94512605
28060e-05
1426304
231604
007404
333UeM
3268404
2857004
21587e-04
12583604
26296e-05
-11363e 05
-13637e-04
219704

7
-AT3Ted
-ATT50e04
ARTe M
-3 2157e4
-15T15e 4
15290605

137894
18052e-4
3815264
A521e4
430756 04
413504
32106eM
19450e4
48565 05
-9 54E8e-05
-22107e4
32810604
380526 04
-40615e-04
3780904
31027e04
-176e 04
B4312e05
LETed5
14266604
13732e 4
30IT6eM
335eM
336884
18582e 4
115304
1358el
16090645
11385 05
-13540e-04
RALEEC)

]

5745
A TT6le4
4288004
3 0T6e 4
L8704
1528865

13193
181594
39160eM
450Te
450%4e 4
413854
3213eM
1985264
495%e 45

DE5Hed5
L0113
328174
3305004
4068
378l
310314
TR 04
B4511ed5

130%ed5
142694
137137e M
INed
33331eM
32608
18587e M
21552e4
125856
268245

J140e05
-1 5644e 4
-119T0e4

9

A FTo0e-04
ATTRe
4280104
30Tl
L1878
-15283e 5

137974
281674
39170
4582eM
4505e 4
413744
3219-M
19454e4
4954605

B 565605
20710
382
380684
A6
3782
310354
AL
BA510e05

281 20ed5
141T4e M
13M42e M
302904
3337eM
326994
2359 M
215954
12586e M
1607245

T3 05
-1 564304
-21985e-4

10

6T
A TT86e4
420034
32780
18720
15185

138024
28276e-M
39182e-M
45004
45006e 4
41383 M
3225
19457e-M
40515

DE6Lle-05
2072
3284
3807
05404
3782
31M1eM
21183 M
4503605

2814805
142784
23743 4
30288
33345 M
32706e-M
285%6e M
pA:
12567eM
162205

RALHES]
15654
-21%leM

1
467834
A TE02e 4
-4 64
32784
1873204
-15102e05
138084
28285e- M
39194e-M4
4530804
4501914
413341
3233 M
19450e-04
495105
9666305
-L27HeM
B4
38087
40554
3TETeM
3147
-21186e-4
9450805
2817805
14%4e-M4
23756e 4
30306e-M4
3335 M
3073
286004
2160314
12588
26250e-05
1150805
-1.5650- 4
-21%98e-4

12
-4 6606e-04
L TE10e-04
2t
-3.2500e-4
1873704
-15065e-05
1314e-04
28096e-04
3920804
453Be 04
4503404
4140604
324le04
1046304
4.9506e-05
A672e05
L2043
385504
389984
-4 06604
3646
3105304
-21188-04
9 4506e-035
2820105
14290e-04
23764e-04
3034e04
3332604
30
2860004
2160704
1259004
268705
1154805
-1.5666e-04
-2.206e-4

bt}
L
4783804
4204704
3512
-18743e04
-1515805
138Ne04
28306e-04
3924e-04
45340e-04
4505004
4141504
32050604
10467604
4343005
9 6784e-05
2053l
326704
390204
L5724
-3 78564
-31060e-04
2119804
9450505
287e05
1426604
23M2e04
I03Me04
333Me0
328004
2861604
21612604
12592604
251805
11598605
-156726-04
-L204e

1

15508 -
LT85 4
42904
-3 28304
-18756e-04
-25M2e05

-4 296504
R
-1 514504
-15150e05
1380904
153004
3904004
4535804
A 5067e-04
414304
30504
1047104
43472605
9535205
2276404
3283004
00504
-4 068504
-3T867e-04
-31068e-04
-21197e04
450305
25286e-05
1483804
1376204
30335604
333204
3774004
1EMe 04
2161704
15Me04
2620805
1164105
-13680e-04
-220Hed

1383704
2533504
3925804
4537704
4508504
414804
3216904
1947504,
4045305

582605
-22TT6e04
-3 28004
391004
-40700e-04
3780904
-31076e-04
QAR
450205

1532805
1431104
1378004
3034604
33304
375004
1853004
216204
1255604
2619105

T1653e05
-1 568304
203t

16

4585104
-AT903e04
4300404
-32853e04
-18763e4
-2583e405

13845204
283304
39278
45308
410504
414654
32180eM
1948004
4043305

3700505
-217E8e 4
320004
-39056e04
4070504
-37852e 04
-31085e04
QAN
3450005

1E3Me 5
143194
138034
303384
33406e M
361
PG
216284
1.5%eM
25173605

RALC
-1 565704
-L2Med

bl

-4 ol
79284
430264
328684
18TTLeM
-151Be s

13855 M
28366e-M
39298
45471eM
461274
41483
3292
19484eM
4941105

97090e-05
22800
30005
3907
RUBE
37905 M
310954
2100 M
4505

28420615
1437
1314e M
303724
33409
30TeM
28651 M
21635e-M
12600e-M
161545

1180305
157064
-2205%e-M

13
- 042e-
470554
RELC
326854
18794
157305
13854e 4
28384e M
3930e-M
4544564
451434
41504
322054
19490e-M4
4938805
9718005
28154
32043
390924
RUEE
37020
311054
-21n5M
405
284Me05
143374
238004
3036e-M
33433 M
32786e-M
28661 M
PALGES
12603 M
261345
118805
-1576e-4
220684

Table 3.6: Acceleration data for the 180m water depth
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19
46T
4T84
REE
38034
-18788e-04
-15002e05

138754
2840004
3934e M
45470e-04
4517304
415204
32208e-04
10485e-04
4935305
972%6e-05
128304
3206104
3911
-4 7664
3935
3111604
A
L]
2850905
1434704
2384004
30400e-04
33448e M4
3.2800e-04
286124
2164804
1260504
26112e-05
11940205
157204
-2.28le

0
700l
4 Bde-04
431004
3822
-18797e04
-15190e-05
13886e- 04
P
3935804
45407604
4519904
41542604
328204
195004
4933705
ATTee-0
-1 25464
-3.2080e-04
3913
-4 0786e-04
-3T5le
3112804
2120704
44313
28587605
14358e-04
2385e04
IM416e-04
36e04
32814e-04
286804
2165604
1.2608e-04
25089-05
1202605
-15738e04
220956

n
403204
-4 BM5e-04
4312604
-3 8420
-1 830704
-15178e05
1388804
pELE
353Me-04
43515604
4520604
41564604
324704
19507e-04
4330905
74505
12863604
3300104
3915304
-4 0506e-04
3796804
3114004
AR
A48
25649605
14369604
2386804
M0
33481e04
3904
2863604
21664e-04
12611604
25085¢-05
-12087e-05
-1 574804
-22008e-04

n
-4 7086e-04
-1 807904
4315704
-3 962604
-1 581704
-25165e-05
13910204
154304
394204
4555504
A52He 04
415804
306304
19514e04.
A3280e-05
975705
2288104
3302604
30175e-04
L8704
-37986e-04
3115304
2173004
S 44Ee05
257305
1438004
1388e 04
30450604
334804
384504
2870904
2167204
1561404
25M0e05
12605
-15762e04
220 Ued

B

41004
8110t
431704
-3 2804
-18828e04
-25151e45

139804
154504
3945104
4558604,
AEdMe 04
4161204
3200904
1957104
49050205

37715405
-228%9e04
-33M5e0¢
3915004
4083004
-35005e04
-31166e04
-21M6e04
4E

15715
1835304
23500204
3304
33507e
3286204
187204
216104
1261804
25013605

124305
-15TT5e04
-22040e04

»

A15Ted
-A8150e04
A3H0%e0
-33007e-04
-1 38004
-25137e05

13936204
2850804
394Ele M
4561904
4504
416304
3287eM
1952804
A3H3e05

918905
-2809e4
-33068e04
391404
-ADET3e04
-38025e04
-31180e04
QAN
-S43

25852e05
14405604
235704
3T
335%eM
3287904
287364
2169004
L2%2eM
2598605

-18%e05
-1 576804
-225Ted



2] 819331024 double

1
2
3
4
5
]
7
]
9
10
u
n
B

ERERREEEESELRR

OB E N ERRE SRR

-11384e05
3568205
-63846e-05
-8.0085¢-05
8678205
8322005
6354705
4867405
-2.2029e-05
6742406
3428505
5744605
7369105
8136305
75866205
6364305
50005
2548205
4380606
-20331e05
40005
5845905
5808105
-10162e05
5475105
527505
-35719e05
-L5661e-05
51486e-06
244%e05
4005905
51014e-05
55787e05
5434205
4713805
3525905

z

2
1843705
1138405
-39983e-05
6384705
-8.0086e-05
-8.6783e 05
430e 5
6994805
48674e 05
-1.2039 05
6742706
34286e 05
5744705
1369205
8136305
196705
6564405
50205
21048205
4380406
-20331e05
420205
5846005
£8092e-05
101805
6475705
5275805
-3571905
1566105
5148906
2445705
4.0260e-05
5101505
5578805
5438305
4713805
3525305

3
1843805
-11384e-05
3938505
-£6.3850e-05|
-8.0090e-05,
2678705,
8322505
5995105,
-4 8676e-05
-2.2040e-05
6.7435¢-06)
34288e-05|
5.7450e-05
1369505
8137205
19871e-05
6.9646e-05
52122605
20432605
4330606
-20333e-05
420805
55462605
5808505
-10165¢-05
5475805
5776105
-35720e-05|
-1.5661e-05
5149706
2445805
40262605
5101705
5.5790e-05|
5438505
4714005
35260e-05

4
154005
-L1385e-05
39988605
5285605
S00%6e-05
BEIMES
B3B1el5
59956605
A BT80S
2204005
6744806
3428105
5.7455¢-05
1300105
B137e-05
79876e-05
6.9650e-05
SN Ue-05
29483e-05
4.3800e-06
10335605
-4 07705
5546705
-5.5100-05
-10189e-05
5476305
5206305
357105
-L5661e-05
51510606

40265e-05
51020e-05
5578405
5434805
47142605
3506105

5
1844205
1138705
3999305
6386305
-8.0105e-05
-86803e-05
-83240e-05
6996305
-4 3683e-05
-22042e-05
6746706
3429605
5746105
1370905
8138605
7988305
£.9656¢-05
5212805
2943405
4387806
2033805
4203205
5847305
5810605
10175605
5ATBEe-05
5276705
357805
-1.5661e-05
5150906
24854605
40270e-05
51026e-05
5.5800e-05
5435305
4714605
3526405

[]
184505
-11383e05
355005
6381305
8011705
-8.6815¢-05
-83251e05
6567105
4868905
-22043e-05
6749106
3430205
5741005
137905
8139705
7589205
6566305
5233405
21543605
4386306
-L03H3e05
4203305
5848105
-58114e05
1018305
-5ATHe05
52712e05
-35725¢05
-L5661e05
5155306
2446905
40776e-05
5103205
5.5806e-05
5435%9e05
4715105
35266205

7
184805
1139105
-4.0006e-05
6388405
013105
-8.6830e-05
832505
6998205
4869605
-12045¢-05
6.7520e-06
3430805
5748105
131205
8140505
7590405
6967205
5203805
2048705
433406
1034805
-4 20MGe-05
-58490e-05
681405
101%e5
5478205
52T 05
-3578e 05
1566105
5158306
24478205
4028305
5104105
5581505
5436705
4715705
352005

8
1845305

113805
-40015e-05
-633%8e-05
8014705
8634805
8328105
-5.9995¢-05
4570405
-2.2048e-05

6755406
3431705
5749305
137405
8142405
19917605
6.9682e-05
5214505
20490e-05
4382606

-20354e-05
-42055e-05
5.8501e-05
658136e-05
1020405
54792605
5278405
-35731e-05
-1.5661e-05

5161806
24430e-05
409105
5.1050e-05|
5.5825¢-05,
54375¢-05
476305
35204e05

1345705
-113%e-05
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5.5836e-05
54386e-05

4717105

3527805

0
1346305
-113%e05
4003705
-63931e-05
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8337105
-1.0066e-05
4574805
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-8.5975e-05
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-3.5762e-05
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5485705
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8013305
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52249e-05
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-42205e-05
-5.8682e-05
6.8325¢-05
1038105
54340e-05
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3578405
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5217406
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4720105
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-401TTe05 4020005
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-83579e-05 -83623e05
-10233e05 -T0267e05
-48852e05 -48874e05
-22001e05 -22087e05

6.81%3e-06
34T7e05
5T15e05
TAN9e05
8170205
BA167e-05
6987705
5.2266e-05
2952905
4.3405e-06

6.8286e-06
34500e-05
57739e-05
7403905
B1M3e05
E0203e-05
6.3905¢-05
52284e05
28535e-05
433406

1046905 2048605
4200905 4255405
S58T1e05 5874105
58355605 -5.3387e05
10409605 7043905
549405 5498905
-5.2006e-05 -5.2824e-05
-3518e 05 -35802e-05
-1.5658e-05 -1.5657e-05

5.2063e-06
245%e-05
4.0848e-05
51230e-05
5.6007e-05
5453905
4728905
3534705

Table 3.7: Velocity data for the 180m water depth
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58534605
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4739005
3540705
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1148705
4033805
-6.4403-05
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-8.7495¢-05
8387805
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-2134e05
6883306
3463705
5793805
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5198005
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5238705
28569605
4298306
-20385¢-05
4240205
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-6.5136e-05
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5618905
54702e-05
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17962
17962
1792
1782
17982
17983
17983
1792
1782
17982
17962
17962
1792
1782
17982
17962
17962
17983
1783
17983
17962
17962
1792
1782
17982
17962
17962
1792
1782
17982
17962
17962
1792
1782
17982
17962
17962

-1.7965
-1.7965
-1.7985
17965
-1.7965
-1.7965
-1.7965
-1.7985
17965
-1.7965
-1.7965
-1.7965
-1.7985
17965
-1.7965
-1.7965
-1.7965
-1.7985
17965
-1.7965
-1.7965
-1.7965
-1.7985
17965
-1.7965
-1.7965
-1.7965
-1.7985
17965
-1.7965
-1.7965
-1.7965
-1.7985
17965
-1.7965
-1.7965
-1.7965

L1M7
-L7%7
-LIM7
L7847
L1347
L7948
L7948
-LIM7
L7847
L1347
L1M7
-L7%7
-LIM7
L7847
L1347
L1M7
-L7%7
L7848
L7848
L1348
L1M7
-L7%7
-LIM7
L7847
L1347
L1M7
-L7%7
-LIM7
L7847
L1347
L1M7
-L7%7
-LIM7
L7847
L1347
L1M7
L7947

17912
17912
17912
17912
1712
17913
-17913
17912
17912
1712
17912
17912
A7
1791
1712
17912
17912
17913
17913
17913
17912
17912
A7
17912
1712
17912
17912
17912
17912
1712
17912
17912
17912
17912
1711
17912
7912

-1.7834
-1.7834
-1.7834
L7835
-1.7835
-1.7835
-1.7835

-LI877
-L78T1
L7
L7671
LI
-LI878
L7878
L7
L7671
LI
-LI877
-L7876
L7876
L7876
-LI876
-LI877
-L78T1
L7878
L7878
L8
-LI877
-L7876
L7876
L7876
LI
-LI877
-L78T1
L7
L7671
LI
-LI877
-L78T1
L7
L7876
-LI876
-L7876
-L78T

17841
17840
17842
17882
1788
17843
17843
17842
17882
1788
17841
17840
1784
1784
17841
17842
17842
17883
17883
17843
17842
17840
1784
1784
17841
17841
17842
17842
17882
1788
17842
17842
1784
1784
17841
17841
17842

pil

-84 -L7806
-178M4 -L7806
1784 -L7806
%M LT
17825 -LI807
-L785 L7808
-L7825 -L7808
LT85 -L7807
%M LT
1784 L7806
-84 -L7806
L7883 -L7806
LB -L7805
A%B LS
1783 L7806
-84 -L7806
-L7825 -L7807
LT85 -L7808
A%E L8
17825 L7808
-84 -L7806
L7883 -L7805
LB -L7805
A%B L786
1784 L7806
-84 -L7806
-178M4 -L7806
1784 -L7807
ARS LB
17825 -LI807
-L785 -L7807
-L7825 -L7807
1784 -L7806
A%B LS
1783 L7805
1788 -L7806
-L78M4 -L7806

-17753
-17753
17753
L7754
-17754
-LI755
-LI755
-L7T54
L7754
-10753
-17753
-17753
17752
-2
-10753
-17754
-LI755
L7755
L7756
-17755
-17754
-17752
17752
1753
-10753
-17753
-LI754
-L7T54
L7755
-17755
-LI755
-LI754
17753
-2
-17752
-17753
-L7754

-1
-1
R
-10718
-17718

1.9
Rt
-1
1770
-1
-LTT18
R
-1
-1
-LIT18

-1.76%9

Table 3.8: Elevation data for the 180m water depth
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-17685

-1.7685
-1.7683
-17682
-17681
L7682
-1.7683
-1.7683
-1.7683
17634
L7634
-1.7685
-1.7685
-17684
17683
L7682
-17681
-17682
-17683

L7630
L7630
L7630
1761
L1632
-LI63
L7683
L7632
1761
L7630
L7630
-L7629
L7628
L7628
L1629
L7630
L7632
L7633
L7634
L1633
L7631
-L7629
L7628
1769
L7630
L7630
L7630
L7831
17632
L1632
L7632
L7631
L7630
1769
L1628
-L7629
L7630

-L7612
L7612
17613
L7613
L7614
-L7615
-L7615
17614
L7613
-L7613
-L7612
-L7611
-17610
L7610
-L7611
-L7613
L7614
17616
LT
-L7615
-L7613
-L7611
-17610
1761
-17612
-L7613
-L7613
17613
LTl
-L7615
-L7615
L7614
17612
1761
-L7610
-L7611
-L7613



The table above the acceleration, velocity and elevation for each time period in 180m
water depth. The column represent the acceleration , velocity and elevation while for the row

represent the wave period. The difference between row is 1/66 seconds.

Based on the data from Universiti Teknologi Petronas , the value for the acceleration,
velocity and elevation are substitute into the Morison equation with constant diameter and density
which is 0.5 m and 1000 kg/m”3 to find the Total force. Therefore, the results for the regular wave
and irregular waves are compared.
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3.3

Project Gantt Chart and Key Milestones

No

Activities/ Week

Project planning and
FYP Il briefing

Perform simulation
and analysis

Preparation of
Progress Report

Completion of
progress report and
submission to SV

Continuation of
project work

Preparation of poster
for Pre-SEDEX

Pre-SEDEX poster
presentation with
internal examiner

Completion of
simulation and
continuation on
project documentation

Preparation and
submission of
Dissertation (soft-
bound)

10

Preparation and
submission of
Technical Paper

11

FYP viva oral
presentation

12

Dissertation format
checking and final
touch-up

13

Completion of FYP
and submission of
Project Dissertation
(hard-bound)

Project Timeline

Key Milestone
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3.4  Key Project Milestones Details

No | Activities/ Week
Project planning and

1 FYP Il briefing
Collection of data

2 : .
for simulation

3 Preparation of data
for simulation
Analysing the data

4 - )
for simulation
Execution of

5 ] .
simulation

Continuation on
7 | simulation and data
analysis
Preparation of

8 | poster for Pre-
SEDEX

9 Results
documentation
Preparation of

10 | . .
dissertation
Preparation of

11 .
technical paper
Format and Turnitin

12 .
checking
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13

14

Preparation of slides
and material for
resentation

Printing of FYP
hard-bound

15

Completion of FYP
and submission of
hard-bound
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RESULTS

4.1 Simulation

4.1.1 Simulation of Regular wave

The total length of the vertical cylinder which is as column for the platform is
assumed. The numerical case is conducted with following input data which is d=0.5m, Cm = 1.0,
Cd =2.0, T=10s and p= 1000 kg/m"3. Figure below shows the time series of wave profile based

on the input data and the numerical results with the analytical solutions

08+

06

04

0.2

N2+

045

06

08+

Figure 4.1 : Time series of regular wave on vertical cylinder
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4.1.2 Simulation of Irregular wave

The irregular waves are simulated for the repetition period without the vertical
cylinder which is assumed as column of the platform. The time series for the irregular waves are
shown in figure below.. For the different water depth which is d=80m and d= 180m, the wave

spectrum is shown in figure below.

E | |
0 1000 2000 3000 4000 5000 6000 7000 8000 9000

Figure 4.2 : Time series of irregular wave on vertical cylinder with 80m depth

| | | |
0 1000 2000 3000 4000 5000 6000 7000 3000 9000

Figure 4.3: Time series of irregular wave on vertical cylinder with 180m depth
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4.2 Impact of water depth on the drag and inertia coefficient

After the time series of simulation is done, the different water depths is investigated

for the drag coefficient and inertia coefficient acting on vertical cylinder which is the column for

the fixed jacket platform. The water depth for the regular wave is substitute the value 80m and 180

into the drag coefficient and inertia coefficient. The table below shows that input data for different

water depth in irregular wave . The water depth value scale is 80m to 180m which is indicated to

the finite water depth. The wave height which is H wave period , T is considered constant in regular

wave
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-21938e-4

2
-4 fa6e-4
478154
419304
-3.280e-04
1E37e4
-23265e-05
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Table 4.1: Data for 80m water depth
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38124e04
L JET3e 4
35025¢ 04
-31180e-4
21253
-BAEe05

28850605
14405604
23974
304E7e04
3353604
3287904
28736e 4
21630e 04
12671e-04
255605

1 B%ed5
1578804
121574



A

] 61530004 double

ATl

1

2

3 -42M6eDd
4 370N
5 -18707eM
§ 1530305
7 137N
3 283eM
9 39128eM
10 4535
10 4505l
12 41337eM
13 32%eM
U 1%l
15 4950105
16 -963%0e05
17 -2280e4
18 32780
19 33820
N 4058
N 3T%BeM
2 305eM
B el
M S45HeD3
28021e05
140554
23713
3063
3310
3267404
2857104
21582 04
12581e 04
2631205
1131505
1562904
21

o [ e [ae e | e e (o | | | 2

substitute the 80m and 180m water depth into the coefficient with the wave characteristic obtained
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The drag coefficient and inertia coefficient for regular wave is obtained by
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1426004
237U
302004
313170
32630e04
285T6e 4
215864
1258204
26302605
11346605
1563404
-11%7e-04

6
4572804
AT
-4 253t
3 2T5le
1671364
-1506e05
1378604
18174
3514
430534
43%8e04
4133204
3HMe0d
1044804
49573605
95458605
1770204
3280504
3894604
A6l
3TEMe
3102364
-L1THe
4512605
28060e-05
146304
1372804
30
1320
32634e 08
2857904
21587e04
1258304
2629605
1136305
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4514
450404
4136504
321304
13452e 04
43556e05

965245
2213604
-32817e04
38950604
4062304
3781404
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-ATT86e 4
428034
32780e 4
-1877e 4
2528605

1380204
24776604
3518204
459404
45006e 4
41383
32256
1945764
4933403

D5611e-05
-22T6e-04
3283404
-38877e-04
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Table 4.2: Data for 180m water depth
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from Petronas Technical Standard (PTS). The drag coefficient and inertia coefficient to the vertical

cylinder which is the column for fixed jacket platform shows at the figures below using the

absolute values of the results. The figure below shows that the drag coefficient and inertia

coefficient for regular wave and irregular wave with 80m water depth and 180m water depth.
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Figure 4.5: Inertia coefficient for regular wave with 80m water depth
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Figure 4.6: Drag coefficient for regular wave with 180m water depth
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Figure 4.7: Inertia coefficient for regular wave with 180m water depth
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Figure 4.9 : Inertia coefficient for irregular wave with 80m water depth
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Figure 4.11: Inertia coefficient for irregular wave with 180m water depth
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Based on figure above shows that the drag coefficient and inertia coefficient for
regular wave decrease when the water depth increase. The drag coefficient and inertia coefficient
for irregular wave reach the highest peak which is at water depth 180m and the average values
change a little bit. The average values for the regular waves are 26% higher than the irregular
wave , while the maximum drag coefficient and inertia coefficient are induced by the irregular

waves is 75% higher than the regular waves.
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4.3 Impact of water depth on Total Force

For this part, the total force investigated for a vertical cylinder with different water
depth . The water depth data shows at Table 4.1 and Table 4.2 for 80m and 180m water depth.
The table is for irregular wave water depth and for the regular wave, the 80m and 180m is substitute
into the Morison Equation to obtain the total force. The total force acting to the vertical cylinder
which is the column for fixed jacket platform shows at the figures below using the absolute values
of the results. The figure below shows that the total force for regular wave and irregular wave

with 80m water depth and 180m water depth.

5000 T

4000 |~ ; ; —

3000 —

2000 [—

F (N

1000 {— 3 3 —

1000 |— : 7 3 —

2000 \ \ \ \ \ \ \ \
0 10 20 30 40 50 60 7 80 90 100

Time (s)

Figure 4.12: Total force for regular wave with 80m water depth
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Figure 4.13: Total Force for regular wave with 180m water depth
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Figure 4.14: Total Force for irregular wave with 80m water depth
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Figure 4.15: Total Force for irregular wave with 180m water depth

Based on figure above shows that the total force for regular wave decrease when
the water depth increase. The total force for irregular wave reach the highest peak which is at
water depth 180m at time from 1 to 1000s and the average values change a little bit. The average
values for the regular waves are 30% higher than the irregular wave , while the Total Force are
induced by the irregular waves is 70% higher than the regular waves. Therefore, this shows that

irregular waves have larger total force than the regular waves
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CONCLUSION & RECOMMENDATION

5.1 Conclusion

In conclusion, this project will focus on the effects of non-irregular wave kinematics to the
offshore structure . Furthermore, the kinematics irregular wave will be tested for different wave
water depth to obtain the drag coefficient, inertia coefficient and total force. Proper method and
procedures will be identified to carry out the simulation process. Data analysis will be comparing

the regular wave results with the irregular waves result.

For the results, the drag coefficient and inertia coefficient for the regular wave decrease
when the water depth increase . For the irregular waves, the drag coefficient and inertia coefficient
give much greater values then the regular waves, while the averages values are lower than the
regular waves. For the respect to the different wave depth, the total force for regular waves
decrease when the water depth increase. The total force for irregular waves reach the highest peak
and the averages values change a little bit. This shows that total force for irregular waves have
high value than total force in regular wave . From the discussion , it shown that the irregular waves

give more significant results than regular waves.

Lastly, through this project , the author hope that author achieve the objective which is to
compare the difference between regular wave and irregular waves , determine the difference due
to various method in calculating kinematics by using Morison Equation and to determine the
effects of water depth to the wave force.
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5.1 Recommendation

For recommendations, more factors can be study in order to gain more understanding on
non-irregular waves effects to the offshore structure . Moreover, more method can be study such
as experimental and laboratory. Other wave theories and wave spectra such as Fast Fourier
Transform, First order theory, Second order theory and other can be study to gain more knowledge
about the irregular wave theory. It is important to have essential information on all the factors in
order to design offshore structure. Hopefully, this project will add more understanding on non-

irregular wave kinematic to the offshore structure for future development.
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