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ABSTRACT

This report attempts to discuss the preliminary research done and basic understanding of the
chosen topic, which s Effect of Hydrodynamic Coefficient on the Classic Spars

Responses.

Objectives: To study the performance of Spars Responses with vanation hydrodynamic

coefficients,

As a floating structure, the motion of spar platform which connected to the sea bottom by
anchoring is taken into account. The motions are affected by the environmental load such as
wind, current and wave. The different type of the dynamic responses such as heave, surge,

pitch, sway, roll and yaw of the classic spar platform are being analyzed,

The research is about to determine how the different values of hydrodynamic coefficients
affect the platform response which are surge, heave and pitch. Surge is the motion of the
platform horizontally, heave is vertically and pitch is about the rotation of the platform. In
this research, three member’s conditions are being considered. They are the clean member,
semi-fouled member and fouled member which have different hydrodynamic coefficients
values. One of factors that affect the member's condition is the marine growth. Marine
growth is known to give adverse effects on the performance of offshore structure. It presents
will roughened the surfaces of the structure hence increase its drag coefficients. Structures
with the best protection scheme from marine organisms would after few years start to be
covered by vanous types of growth, Generally, it was also recognized that the most important
source of loading exerted on offshore structure comes from hydrodynamic action which are
influenced by CD and CM values.

From the research done, 1t is concluded that the motion of clean member is larger compared
to semi fouled and fouled member. It is because, for the fouled member, the forces are

dissipated to the fouled parts,
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CHAPTER 1
INTRODUCTION

1.1 BACKGROUND OF STUDY

As oil and gas offshore Exploration and Production (E&P) operations in deep water,
many nnovative floating offshore structures are being proposed for cost savings.
Offshore structure may be defined as one which has no fixed access to dry land and
which 1s required to stay in position in all weather conditions, One such type of floating
platforms 1s Classic Spar platform. It is one of a compliant structure which has high
stability and excellent motion performance in optimum construction and maintenance
cost. To date, in conjunction with the development of oil and gas exploration into deeper
and deeper water, spar platform become the most chosen platform by many companies. It
is modeled as a ngid cylinder with six degrees of freedom at its center of gravity, (Jun B
Rho and Hang S. Choi, 2003), Classic Spar platform is always connected to the sea floor
by multi-component catenaries mooring lines emanating from the spar’s hull 1o keep it
stationary at desired locations. Such a spread mooring is possible because unlike ships,

the environmental force on a spar platform is relatively insensitive to direction,

Examples of environmental forces are wind force, wave force and current force. All of
these forces are directly affect the response of the platform. There are factors that
influenced the amphitude of force acting towards the platform. One of them is the
hydrodynamic coefficient. The hydrodynamic coefficients consist of drag coefficient
(Cd) for the drag force (Fd) and mitial coefficient (Cm) for inertia force (Fi). There are
several reasons why the hydrodynamic coefficient values changed. The main reason is
because of the surface roughness. The platform’s surface roughness plays a big role in
determuning the effect of the force towards the platform response. This is because, if the
platform members are rough which 1s mostly because of the marine growth, then the flow

of water will be different. Thus, effect the amount of wave and force hit the platform,



1.2 PROBLEM STATEMENT

Offshore structures are complex type of installations placed in the sea for several
purposes. They usually intended for oil exploration, production, processing or
accommodation.  During their lifetime, they will usually experience several types of
loadings. These loading among others are operational loading, gravity loading,
environmental loading as well as accidental loading. Environmental loading are wind

load, wave load and current load. All off these loads will affect the platform responses.

On any structure installed offshore, numerous type of marine fouling organism may be
found on its submerged member after a certain time. Their distributions on structural
members vary according to several factors; among others are geographical location, water
depth, water temperature and season, ocean current, platform design and operation. This
marine growth will affect the platform’s surface roughness which then directly affects the
hydrodynamic coefficient. Hydrodynamic coefficients consist of drag coefficient, Cd and

imtial coefficient, Cm,

Different hydrodynamic coefficient will caused different amplitude of horizontal wave
and therefore caused different displacement of platform motion which is subjected to the
wave, Therefore, it 1s important to study on the relation of surface roughness with the

hydrodynamic coefficient and their effect towards the platform responses.

L



1.3 OBJECTIVES AND SCOPE OF STUDY

The objectives of this research are:

e To determine the water particle motion in order to get the horizontal force that
effect the platform

e To determine the wave profile

e To study on how different values of hydrodynamic coefficients effect the platform
responses

¢ To determine what condition of the platform member caused more responses.

For this project, the scope of study would be on deepwater technology in oil and gas

industry. The project will be more focusing on classic spar platform which consists of:

B Study about the wave properties such as wave speed, wave frequency, wave
particle and more. Besides that, sketch for particle orbit and kinematics by linear

theory also being done,

. Study on the behavior of the classic spars platform under the environmental effect

influent (such as wind, wave and current) and load applied.

- Analyze and determine the dynamic responses of spar platform such as heave,
surge, pitch, sway, roll and yaw which are subjected to wave loads, Manual
calculation using the hydrodynamics equations being done and compared with the

data gained from the observation of the movement of the scaled-platform model.



CHAPTER 2
LITERATURE REVIEW

2.1 CLASSIC SPAR PLATFORM

As the development of oil and gas companies become highly competitive nowadays, the
innovation of the platform becomes famous and high demand. Spar platform has been
operated for offshore structures in oil and gas industry especially in decp water
production. Spar platform can be installed at 500m until 3000m water depth. The shape
of spar platform is usually consists of long hollow vertical cylinder with large diameter
which 1s normally moored by means of conventional spread chain (Jun B. Rho and Hang
S. Choi). Up to now, there are three types of spar which are classic spar, truss spar and
cell spar. The classic spar is a large, cylindrical hull moored in a vertical position, The
proneenng spar production system offers a stable platform that can accommodate dry
trees and support work over and drilling operations. The truss spar replaces the lower
portion of cylindrical hull with an open truss structure to reduce the size and cost, The
latest and current spar which now becomes as the third generation of spar technology is
called as cell spar. The spar 1s improved as the structure which is easy to fabricate and
flexible in the water besides makes it more cost-efficient design, providing another option
to reduce the reserve threshold for economic development of deepwater field. Besides

that, it can be removed easily to other offshore platforms,
The charactenstic of Classic Spar platform are as below:

a) It can be operated up to 3000 meters of depth.

b) It s stable since the center of buoyancy is always above the center of gravity of
structure

¢) It has a favorable motion compares to the other floating structures,

d) 1t has a mumimum hull/deck which can be configures for significant hiquid storage
if this s advantageous.

¢) Onl can be stored at low marginal cost. (Agarwal and Jain, 2001)



In 1996, Kerr-McGee pioneered the use of spar technology in deepwater fhield
development at its Neptune field, in the Gulf of Mexico. It was the world first spar
floating production facility which has been installed in the water depth of 588 m. The
spar, NEPTUNE 1s a classic spar with 198-m long vertical cylinder with diameter of 22 m
(Gtnther F. Clauss, 2007). It consists of an upper buoyancy tank (hard tank) which will
be withstanding the full hydrostatic pressure, The hard tank also provides buoyancy for
the structure to support deck, hull, ballast and vertical tensions, The soft tank at the
bottom of the hull will provide floatation during the installation stages when it s floating

horizontally as well as for the placement of fixed ballast

As the offshore industry is moving into deeper waters and more hostile environment, the
o1l industries with the help of contractors and consulting films has developed several
alternate platform concepts for deep water production, This is to ensure that the offshore

industries can achieve the target

Figure 2.1: Classic Spar Platform



Classic spar platform can support the rigid and flexible risers. The required air gap must
be accurately determined in order to keep the platform stable, The air gap is the region
between the mean water level and the freeboard. Classic spar platform has high stability
which can withstand the environmental disturbance such as wind, wave and current,
Besides that, 1t s excellent in motion performance and the cost for construction and

maintenance 1s low,
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BASIC ARRANGEMENT AND TERMS

Figure 2.2° Basic arrangement and terms for classic and truss spar platform,
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DYNAMIC BEHAVIOUR OF SPAR PLATFORM

Ihe spar platform s modeled as six degree-offreedom structure. There are three
displacements consist of surge, sway and heave along X, Y and Z axis respectively and

also three rotational motions which is roll, pitch and yaw about those three axis

Heave

Yaw

Roll

*  Surge
Pitch

Sway

Figure 2.3: Motion of degree-of-freedom

2.3 HYDRODYNAMIC COEFFICENT

Extensive research effort has already been expended to obtain the values of the force
cocthcents, Cy, drag coelhicient, Cp, and it coefficient, Cy both in laboratory and in the
field. Based on the research, it has successtully demonstrated the dependence of these

cocthicients on appropriate nondimensional quantities, However, before applying the



values of any coefficients available in the hiterature to a design case, 1t1s important to

know how they were determined

I'here are several factors that affect the hydrodynamics coefficient such as the Reynold's
number, the shape of the cylinder, the forces, Keulegan-Carpenter number cte. All of
these factors will give the effect to the platform because 1t affects the hydrodynamic
cocthcient

I'he shape of the cylinder 1s affected by marine growth. Marine growth i1s known to give
adverse effects on the performance of offshore structure. Its presents will roughened the
surfaces of the structure hence increase its drag coefficients, Structures with the best
protection scheme from marine organisms would after few years start to be covered by
various types of growth. Generally, it was also recognized that the most important source
of loading exerted on offshore structure comes from hydrodynamic action which are

influenced by CD and CM values

Figure 2.4 Example of manne growth at the platform



CHAPTER 3
METHODOLOGY
11 PROCEDURE

Rescarch about the classic spars platform is very important in order to give the better
understanding on the topic chosen. The information gained from the books, journals and
also from the related websites. All of the information then being discussed with the
supervisor and additional information is given by the supervisor. The weekly meeting

with the supervisor helps a lot in getting clear view on how the project should be done.

311 Literature Survey

The journals and books available which related to the topic of project are chose 10 be
summarized. This is a sequence of the rescarch done by the author. The author needs to
go through the journals and books and find the important information and data related to
the project. Those information and data will be then highlighted and abridge into a short
summary. This information soon will be used as a guideline and reference in order to
complete the project. Besides that, information are also gained from the website which

are related to hydrodynamic coefficient and classic spars platform,

1.1.2 Form Objectives

It 15 needed for the author to have an aim to make sure the project will carry on very well,
Therefore, the objectives are formed so that the author clears on what to be achieved in
this project. The step by step tasks have to be arranged in order to make the progress of
the project going smoothly. The description of the target project is required to point out

the main wdea and planning of the undergoing project,



3. 1.3 Manual Calculation using the hydrodynamic equations

The author has done the manual calculation using the equation gained from the literature
survey. The calculation of the particle movements and hydrodynamic effect towards the

platform are done using Microsoft Excel,

3.1.4 Offshore Lab

The model of the platform was build based on the data and dimension which had been
finalized The model then is tested with varies test and condition to determine the
properties of the platform and to determine the hydrodynamic coefficient effect to the

platform. The data gained are noted and compared with manual calculation,

L L5 Tools

The author needs to use some software in order to complete this project. The very basic
software used for calculation is Microsoft Excel. This software helps to calculate the
needed values faster and reduce the error compared to if it 1s done manually. Matlab
software 15 also used in this project. Structural Analysis Computer System (SACS)
software will be the main software used in this project. Finally, the tools are used while

the author does the offshore laboratory,

10



32 WORK PROGRESS

Ihere are some activities related to the project which has been completed after the mad

semester break

Methodology

| THEORETICAL ]—-I—[ LABORATORY |

Figure 3.1: Flow of work progress

32,1 Rescarch And Literature Review

A lot of research has been done for the first few weeks in order to enhance the
famihanzation on the chosen topic, The scopes of research are about the classic spar
platform and the dynamic coethcient behavior towards the platform. The rescarch
obtained from the related journals and websites. The information gained are summarized

and will be used for the further research and activities in this project



3.2.2 Manual calculation using hydrodynamic equations

I'he author had done manual calculation based on the chart of the methodology. The
calculation was done 1in order to determine the wave charactenistic, the force acting on the
platform as well as the response on the platform, the calculations were done in Microsoft

Excel. The result obtained then being plotted so that the pattern of cach data with respect

to depth and time can be shown clearly
a) Linear Airy Wave Theory

Ihe study on determining the moton of water particle, The water particle motion
is in orbital. There are horizontal and vertical motion, The equations  of

determining both velocity and acceleration are

Table 3.1: Lincar Airy wave Equation

Horizontal Vertical

mH cosh ks rH sinh ks

Water Particle = ) =
Wodty “* T annkd “**® V=T sthkd

s5in®©

: du Im"Hcoshks dv 2n-Hsinhks
Water Particle B i v 4 St 201 LA 11 ‘H sinh ks e
Acceleration ot T+ sinhkd ot T+ sinhkd
Where
H = Wave height : d = water depth > T = wave period
0=kx



b)  Morison Equation

Morison equation used to determine the honizontal force acting towards the platform

Total honzontal force 1s the summation of initial force and drag force as the equation

below

Table 3.2: Morison Equation

Total Horizontal force =

Inertial Force Drag Force
D= D
1 — PChry 2 t'l fD=pCD—|u|u
Where
p = water density, D = Hull diameter

Cm = Initial coefficient,

u = water particle velocity, U= water particle acceleration

¢) Pierson-Moskowitz Spectrum

I Wave spectrum

a l_ "S';-
S(f)*‘ )‘f Se °

where

a = constant value (0.0081) , fo

W oD | u | u

Cd = Drag Coefficient

[N

o

27T
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2. From the above equation, the wave height for each frequency can be obtain from

the equation

H(f1) = 2 2S5(A)AfF

i Based on previous equation, wave profile can be computed from the equation

H(?
nlx. t) = T cos[k(n)t =2nf(n)t + e(n)]

n-l

where
Hn = wave height at frequency n = H(l,, )

tin) = 2n R(n), where R(n) s random number in range (0,2n)

d) Motion Response Spectrum

Motion Response Spectrum is the phase where the responses of the platform are

determined based on the force acting towards the platform

Table 3.3 Motion Response Spectrum

Response Amplitude Operators (RAO)

F/(H/2

RAO =

vk - Mmw=)=-+(Cw)-

Responses when subjected to wave

Response(t) = RAQ x n(t)

14



Table 3.4 Computation of Responsc

Force(f;)

Surge D | .
f=pC, L \,(',‘[) ulu Hyurge = R/
4 2 S

f = Pressure x Area
floon Hifeave = R
P=pg H coshks cos®

+ € ()!h Ld

f « moment of force
P“(‘h Hy&uﬁ i RA
f = f x distance to centerof gravity

1.2.3  Design the Classic Spars platform mo

o get clearer about the project, the author hi
seale and dimension for the model of the
conclusion with the dimension as stated in th
based on the real platform (Neptune platform
author had decided to use Perspex as the m
mooring line and concrete block to attached

floor)



Table 3.4: Computation of Response Spectrum and wave profile

Force(f;) Wave profile Wave Spectrum

Surge ) z ’
f=pC, 114) ) i’(.ﬂ[) vy Huuge= RAO% o, x H(n) S(F) urge = RAO? e x S(fn)

f = Pressure x Area
Heave Hpeuve = RAO? e X H(n)  S()ypue = RAO%, ., x S(fn)

P=pg H coshks cos0
2 coshkd

_ f = moment of force
ik Hyuch = RAO% o, x H(n)  S(F) i = RAO? 0, x S(fin)
f= fx distance to centerof gravity

123 Design the Classic Spars platform model

To get clearer about the project, the author had discussed with the supervisor about the
scale and dimension for the model of the platform. The discussion had come to
conclusion with the dimension as stated in the figure below, The model is constructed
based on the real platform (Neptune platform) with the scale of 1:317 centimeters, The
author had decided to use Perspex as the matenial for the model, won chain for the
moonng hine and concrete block to attached mooring line to the seabed (wave tank's

floor)

15



Hull Height = 70cm

Dealt hesght = 60cm

Hull diameter = Tem

Figure 3.2 Dimension of the Classic Spar platform model with scale of 12 317cm

16



324 Laboratory

I'he author had done the laboratory using the scaled model of the Classic Spar platform at
wave tank, offshore lab, The laboratory 1s done in order to observe the response of the
platform towards the changing of environmental effect, Several tnials were done with
different wave height, wave period and water depth, The movement of the platform 1s

recorded and plotted using graph papers

I'he purpose of having the laboratory testing is to observe the motion of the platform with
respect to the random and regular wave with 1 meter water depth. The author sets up the

model herselfl and run the testing

Graph
papers
attached
to the

tank’s wall Platform |

model |

Iron hooks

[ron chain
(mooring line)

Concrete

blocks

Figure 1.3 Model Setup at the Offshore Lab



CHAPTER 4
RESULTS AND DISCUSSION

41 RESEARCH

The author needs to do hterature review and finalized the data required in order to
calculate the effect of the hydrodynamic coefficient to the platform. Based on research
which had been done, the author chose Neptune Spar Platform simply because it is the

first classic spars platform developed in the world, The details for the platform are as

below
Table 4.1 : Detail of Neptune Spar Platform and environment details
Platform Details

, (Technip Coflexip Finland)

Delivery Year 1996
' Chient Oryx
" Hull Diameter } 2195m
" Hull Height 214 88m

" Hull light weight

11 69910ns

Environment Details

- Water Depth 19351t / 589 8m
Wind Speed Tm/sec
Max wave height (storm condition) Em
Water density, p 1025kg/m’

Values of hydrodynamuc coefficients used in this project are;

Table 4.2 : Values of hydrodynamic coefficient in different condition

Condition Cd Cm
Clean 0.65 1.6
Semi Fouled (.86 1.4
Fouled 1.05 1.2

18




4.2 ANALYSIS

Based on the data of Neptune Spar Platform gained, the author does some analysis on the

theones calculation. The results of the analysis are as shown:

4.2.1 Wave Particle Motions

Based on Lincar Airy Wave Theory, the wave particle is calculated. Wave theories
descnibe the kinematics of waves of water on the basis of potential theory. In particular,
the author calculates the particle displacement, velocities and accelerations and the

dynamic pressure as functions of the surface elevation of the waves.

8 /\< _./N,._’//\
ol C.>
C> - =

Figure 4.1: Water particle orbital motion (Wikipedia)

water particle velocity with respec to depth

8s%0 |

450 — HOrizontal velocity
— e rUC e velocity

Depths (m)

150
(8] 1 2 3

particle velocity (m/s)

Figure 4.2 Water particle displacement with respect to depth

From the graph, velocity for both vertical and horizontal water particle motion become
zero at depth = 475m
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water particle acceleration with respect to depth
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Figure 4.3 Water Particle acceleration with respect to depth

Acceleration for both vertical and horizontal water particle motion become zero at depth

approximately 485m

From both of water particle motion’s graph, it is said that the motion of the water particle

decreasing with depth and become almost zero at almost half of water depth,

4.2.2  Horizontal Forces of Neptune Spar Platform

Based on Monson’s equation, the horizontal force acting towards the platform s
calculated at different depth of Neptune Spar platform. The relation of the force at
different time and relation of the force at different depth are plotted. The Morison's

equation 1s

zD

l l al
f = pC, u+=;p(,,l)|u|u

where

L = water particle acceleration, U = water particle velocity
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Table 4.3 : Horizontal force for different hydrodynamic coefficient value

it |3 S | SRR | . S

0, 620,239.7472 1,001,925.745 811,082.7463
1| 15,237,159.27 -11,097,060.88 -13,167,110.08
2 -24,490,869.66 -18,339,101.59 -21,414,985.63
3| -22,996,283.24 -17,341,795.55 -20,169,039.39
a -11,904,200.56 -9,354,983.065 110,629,591 .81
s | 4,374,202.595 2,764,759.467 3,569,481.031
6| 18,954,936.13 13,991,120.5 16,473,028.31
7] 25,198,817.14 18,898,402.43 22,048,609.78
8 | 20,567,761.41 15,612,944.74 18,090,353.08
9| 7,330,523.477 5,996,123.655 6,663,323.566

9.4 | 720,724.4568 1,077,280.753 899,002.6048

Total horizontal force with respect to depth
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s
800
o 20000 40000 60000 80000
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Figure 4.4: Horizontal force with respect to depth

Hased on the graph above, it is shown that the horizontal force increase with respect 1o

water depth. The force acting towards the platform is greater as it goes deeper and this is

because of the pressure at deeper water is higher,



Horizontal Force with respect to time
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Figure 4.5 Honzontal force with respect to ime

From both graphs of horizontal force, 1t s smd that horizontal force in clean member
(Cd= 065, Cm=1.6) has highest horizontal (2,500,000kN at t=2 and 7 sec) compared to

sem fouled, and fouled member

Therefore, it can be conclude that horizontal force acting at the platform is higher in clean
member compared to fouled member, It 15 because: it for fouled member, the force is

dissipated to the manine growth which results in force decrease,

"
L]



4.2.3 Wave Spectrum

Wave energy density, S(f) was determined based on the Pierson Moskowitz Spectrum
theory. As refer to book of Chakrabarti (1987), Pierson and Moskowitz in 1964 had

proposed a new principle for an energy spectrum distribution of a wind generated sea
state based on the similarity theory,

The P-M spectrum model 1s written as:

Wave Spectrum
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Figure 4.6: Wave Spectrum

Based on the graph obtained, it is shown that the wave spectrum behavior as parabolic

towards increasing of frequency. From the graph above, the highest spectrum is 110més
at frequency 0.09Hz



4.2.4 Wave profile

From the calculated wave height, the time series of the wave profile (1=0 — t=100sec)
around the platform was computed using a random phase in range of 0 - 2n. At a

frequency iy, the energy density is S(f)). The wave height at this frequency is obtained

using the equation:

H() = 2 N(2S(1)ADD

Wave profile of Neptune Spar Platform

-t et
| s

Time (sec)

Figure 4.7: Wave profile of Neptune Spar platform,

From the graph above, it is shows that the highest wave elevation is at 1=85 sec with the
high of 4m



4.2.5 Motion Response Analysis
Neptune Spar Platform is a structure that is free 1o move in wave's motion and it is may
be cntical near the resonance of the structure, Therefore, it is important for the author to

study about the overall response of the structure due to a design-wave spectrum,
a) Surge Response Analysis

Surge 18 the honizontal platform motion. The results of surge analysis are plotted as
below

Surge response spectrum
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Figure 4.8: Surge Response Spectrum

From the graph, the highest surge response is at clean member condition (Cd=0.65,

Cm=1.6) with the value i1s 27 Sm’s at frequency range of 0.05-0,1Hz
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Figure 4.9: Surge Profile

From the graph, the highest surge profile is at clean member condition (Cd=0.65,

Cm=1.6) with the value i1s 0.7m at range time of 0-20sec

Based on both of graphs above, the value of surge spectrum and elevation are higher in
clean member condition. Which means the horizontal platform’s motion is greater for
clean member condition with the value of Cd and Cm is 0.65 and 1.6 respectively. This is

because, clean member 1s has less weight thus caused it is easily to move.,

Force for surge analysis is calculated using the Morison's equation which considers the

horizontal force acting towards the platform.



b) Heave Response Analysis

Heave s the vertical platform motion. These are the result of the heave analysis:

Heave Response spectrum
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Figure 4.10: Heave Response Spectrum

From the graph, the highest heave response is within the range of 35<40m’s at frequency
range of 0.05-0.08 Hz
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Figure 4.11: Heave Profile

—— Heave Profile

From the graph, the highest heave profile is 0.9m at range time of 80-100sec

Hydrodynamic coefficient does not affect heave (vertical platform motion). It is because,

the force calculated for heave is not using Morison's equation, but use the equation of

pressure time's area. Thus, the changed of hydrodynamic coefficients are not affected.

Force = Pressure x Area of Hull

Figure 4.12: Force determination for heave



¢) Pitch Response Analysis

Pitch analysis s analysis of the rotation of the platform. In order to find the rotation
ol the platform, the moment of the platform about the centered is calculated. Moment
il the platform is calculated with the horizontal force acting on the platform time's
with the distance of force to center of gravity, The results of pitch analysis are as

below

Pitch Response Spectrum
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Figure 4.13: Pitch Response Spectrum

From the graph, the highest Pitch response is at clean water condition (Cd=0.65, Cm=1.6)

with the value s 27 Sm’s at frequency range of 0.05-0,1Hz
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Figure 4.14: Pitch Profile
Y

From the graph, the highest pitch profile is at clean member condition (Cd=0.65,

Cm=1.6) with the value is 0. 7rad at range time of 0-20sec

Based on both of graph above, the value of surge spectrum and elevation are higher in
clean member condition. Which means the platform’s rotation is greater for clean
member condition with the value of Cd and Cm is 0.65 and 1.6 respectively. Clean

member has less weight, thus the overturning is easier (o occur,
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4.3 LABORATORY

Purpose of handling the laboratory session is to observe on how the platform responses
towards the wave applied. Based on the experiments which had been done at the offshore
lab, the results obtain are as below!

Table 4.4: Laboratory data for the trials

No. of tnal I 2 | 3
' Wave penod (sec) | 20 10
' Wave height (m) 0.1 0.05 | 0.05
' Frequency (Hz) | 0.05 | 0.1
" Water depth (m) 1.00 1.00 ‘ 1.00

Result for X-axis platform displacement for each trial:

X-axis platform displacement for trial 1

=== X-axis platform displacement
for trial 1

Time (sec)

Figure 4.15: X-axis platform displacement for trial-1
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X-axis platform displacement for trial 2
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Figure 4.16: X-axis platform displacement for trial-2
X-axis platform displacement for trial 3
15
10

-

)

Dusplacement (cm)
o

kil R L
'i J_M‘ ',',"' i e e

10

15

Time (sec)

Figure 4.17: X-axis platform displacement for trial-3

From the graphs above, it is shown that the higher the wave high, the greater the
displacement. The platform displacements for trial-1 are in range of <20c¢m to 20¢m with

the wave height of 0.1meter. The displacement is decreasing as the wave height and

frequency is decreasing
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Y-axis platform displacement results for cach trial are as below:

Y-axis platform displacement for trial 1

~—&— Y-axis platform
displacement for trial 1

Dis placerment fcm)

Time (sec)

Figure 4.18: Y -axis platform displacement for trial-1

Y-axis platform displacement for trial 2
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Figure 4.19: Y-axis platform displacement for trial-2
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Y-axis platform displacement for trial 3

20
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Figure 4.20: Y -axis platform displacement for trial-3

From the graphs above, the pattern of the graphs are the same with X-axis platform
displacement where the result shows that the higher the wave high, the greater the
displacement. The displacement is decreasing as the wave height and frequency is

decreasing

The result for the laboratory has smaller value compared to the real condition of platform
because the model had been scaled down, Besides that, the result does not matter much in
this rescarch because the purpose of having the laboratory is to give the better

understanding about the real condition platform motion,
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CHAPTER 5
CONCLUSION

The dynamic analysis about the wave had been done and the maximum wave height
obtained 15 dmeter (based on wave profile). Water particle motion is decreasing with

depth and become almost zero at approximately half of water depth

“Monson's equation 1s vahid only when five times diameter of the structural member is
smaller compared to the wave length”-Sorensen R.M. 1997 | Basic Coastal Engineering
# Thus, in this research, the drag force is negligible for the large structure,
» The wave profile, horizontal force, wave response increasing with the
increase of Cm (inertia coefficient for inertia force)
# This s because, in fouled water(less Cm), the force is decapitate to the

water particle and caused the force acting to the platform decrease,

Hydrodynamic coefficient does not affect the heave responses because the way force
acting towards the platform is calculated for using the equation of

Force = Pressure x Area
Thus, this caused no changed of hydrodynamic coefficient seems Morison's Euation 1s
not used

From the model testing, the motion of the platform subjected to the wave can be seen,

-
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RECOMMENDATION

For the further research to be done there are some recommendations so that improvement

can be made. The recommendations are:

1. The laboratory should be completed with proper device such as the water particle
motion and object motion’s automatic recorder,

2. The study should focus more on the marine growth properties such as the
thickness and the roughness so that more accurate values for hydrodynamic

coetficient can be gained thus accurate response can be obtained.
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Heave Response spectrum
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