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ABSTRACT

Subsea telecommunication cable has been used extensively since the 1850’s
and the deployment of subsea cable continues to be a risky and challenging operation
encountered by engineers due to many uncertainties. Analysis of subsea cable tension
is very important in the design stage, to ensure that the cables are laid out according to
plan. A free hanging subsea cable that is connected from a floating vessel to the seabed,
has been known to be the most common configuration deployed near to platform.
However, this conventional configuration produces a large hang-off 1oad on the subsea
cables which could potentially cause buckling issues at touchdown point. An
alternative configuration is created by considering the use of buoyancy module
attached to certain parts of the subsea cable in order to reduce stress and avoid failure.
In this research, the formulation of mathematical model in steady state condition
related to the free hanging subsea cable configuration is improved on obtaining the top
tension by considering a single point moment at the top node based on the physical
law of subsea cable. The linear element of subsea cable is introduced by discretizing
the cable element on each region accordingly. The mathematical model for the
conventional configuration is developed as the first step to improve the analysis of
subsea cable tension problem and to provide an insight on the position of maximum
tension produced on the cable. The mathematical model obtained is then extended for
the configuration with buoyancy module attached to the subsea cable. Tension analysis
for both subsea cable configurations, were solved using minimization without
gradient-based technique. This technique produces results that converge to exact
solution considering the implementation of additional assumption and condition on the
formulated mathematical model. The conventional subsea cable configuration shows
maximum tension at the hang-off section, a situation that causes extreme stress on the
subsea cable. However, the new subsea cable configurations developed in this research
have been shown to reduce the subsea cable tension, especially at the hang-off section.
In conclusion, a single buoyancy module attached to specific position on the subsea
cable could reduce the extreme stress of cable and prevent cable breaks.

vi



ABSTRAK

Kabel telekomunikasi bawah laut telah digunakan secara meluas sejak tahun
1850 dan penggunaan kabel ini merupakan operasi yang berisiko serta mencabar bagi
para jurutera kerana pelbagai ketidakpastian. Analisa ketegangan kabel bawah laut
sangat penting dalam peringkat reka bentuk, bagi memastikan kabel diletakkan
mengikut perancangan. Kabel bawah laut yang tergantung secara bebas yang
disambungkan daripada sebuah kapal terapung ke dasar laut merupakan konfigurasi
yang paling biasa digunakan berhampiran pelantar. Namun, konfigurasi konvensional
ini menghasilkan beban tergantung yang sangat besar pada kabel dan berpotensi
menyebabkan masalah ketidakstabilan pengancing pada titik sentuhan bawah laut.
Konfigurasi alternatif direka dengan mempertimbangkan penggunaan modul
keapungan yang diletakkan pada bahagian tertentu kabel bagi mengurangkan tekanan
dan mengelakkan kegagalan. Dalam kajian ini, ketegangan teratas model matematik
bagi kabel bawah laut yang tergantung secara bebas dalam keadaan pegun dirumuskan
dengan mempertimbangkan penggunaan satu tittk momen pada nod dasar laut
berdasarkan hukum fizik kabel. Unsur linear pada kabel bawah laut diperkenalkan
dengan membahagikan elemen kabel kepada beberapa kawasan dengan sewajarnya.
Model matematik untuk konfigurasi konvensional dihasilkan sebagai langkah pertama
untuk memperbaiki analisa masalah ketegangan kabel dan memberikan pandangan
tentang kedudukan maksimum ketegangan kabel. Model matematik yang diperolehi
kemudiannya dikembangkan untuk konfigurasi yang menggunakan modul keapungan
yang diletakkan pada kabel bawah laut. Analisa ketegangan kabel untuk kedua-dua
konfigurasi telah diselesaikan menggunakan teknik minimasi tanpa kecerunan. Teknik
ini menghasilkan jawapan yang menumpu kepada penyelesaian tepat dengan
mempertimbangkan syarat dan andaian tambahan pada model matematik yang
dirumus. Konfigurasi konvensional menunjukkan ketegangan maksimum di bahagian
tergantung, keadaan yang akan menyebabkan tekanan melampau pada kabel. Namun,
konfigurasi baru bagi kabel yang dibentuk dalam penyelidikan ini telah menunjukkan
pengurangan ketegangan kabel terutamanya pada bahagian yang tergantung.
Kesimpulannya, satu modul keapungan yang diletakkan pada kedudukan khusus di
kabel dapat mengurangkan tekanan kabel yang melampau serta mengelakkan kabel
putus.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Subsea optical fiber cable has been available since early of 1850’s and has been
extensively constructed worldwide. Subsea cables have been used to carry telegraphy
traffic, and can thus be called the first instant telecommunication link. Subsea cable is
placed on the sea bed between one land based station to another in order to carry
telecommunication signals across stretches of ocean and sea. As stated by Yang et al.
(2013), rapid development of telecommunication systems has led to the exploitation
of the ocean environment resources in order to ensure the intensive deployment
process of subsea cable. Marine environment may be very complicated and
inconsistent in some region. Thus, the operation of subsea cable deployment process
is a crucial stage where any incorrect manipulation of the process will tend to produce

irreparable damage to the subsea cable.

According to Xiang ef al. (2016), subsea cable laying is a common process for
engineers including installation of cable. In modern industry, these cables are used for
telecommunication, marine petroleum exploitation and as power cables. Subsea cable
installation process is extremely important in life time process involving the
consideration of cable profile and the ocean environment in order to avoid any
detrimental effects on the cable. The laying process requires very precise control as
today’s modern cables are made of fiber optics technology to carry digital data
including internet and private data traffic. Wastage of budget will occur whenever

issues arise when the cable being laid is not controlled properly.



One of the challenges faced during subsea cable laying process is the formation
of slack (Abidin ef al., 2018). Slack that formed during the laying process of subsea
cable will increase the possibility that the cable being laid is too long, where cable
being laid not exactly according to the plan route and cause buckling issues at the
touchdown point (TDP). The problem of uncontrolled slacks also leads to the wastage
of budget. This situation will make detection of cable break locations to be inaccurate
and lead to increase in cable break instances. Therefore, for certain vessels to operate,
it is very necessary to control the residual tension of the cable and determine the most

convenient cable configuration in order to avoid any slack on the cable.

As it may not be possible to develop analytical solutions of practical
engineering problems, numerical method is chosen and developed due to its ability to
obtain an approximate solution of many types of engineering problems. Numerical
method is the study of algorithm that provide numerical approximation of
mathematical analysis generally in real world application. Numerical method is also
very important in scientific computing of engineering problems as it allows us to
estimate solution to the problems that may be extremely difficult to solve analytically.
Most engineering problems are in the form of partial differential equations (PDEs)
with certain boundary conditions. In general, solution to these PDEs are very
significant due to the practical interest of the solution. It is very important for the expert
to develop approximate solutions to the given PDEs as it would help in real world
problem, even if it may be very difficult to obtain the closed form of the solution.
There are many available numerical techniques that can be used in order to
approximate the solution of related problems such as finite difference method (FDM),
finite element method (FEM), boundary element method (BEM) and other numerical

methods.

The most common numerical methods used in engineering and computational
fluid dynamic problems are FDM and FEM. FDM is known as the most dominant
approach to numerical solutions of PDE because of its simplicity and thus it is
commonly used by engineers as a kick start of solution to the related problem. The
idea of FDM is to approximate the differential operator by replacing the derivatives in

the equation using differential quotation of forward, backward and central difference



equation. However, the usage of FDM is limited and not suitable for spatial

discretization of non-rectangular and complex geometries.

As for FEM, it will approximate the values of unknown at discrete number of
points over the domain. The analytic solution of problems in related areas of heat
transfer, fluid flow and many more would generally require the solution to the
boundary value problem. FEM formulation of these problems will lead to a system of
algebraic equations. The large problem is then sub divided into simpler parts called
finite elements. However, the associated error function produced during the
calculation in this method can be minimized by giving some effort in computation,

which may require extra work.

At present, various numerical methods have been developed for subsea cable
problem in literature such as FDM, FEM and BEM. However, the discretization
involved in these methods requires some sort of underlying computational mesh and
becomes a difficult task to solve for higher-dimensional problem. Approximation to
the partial differential equation of these methods will require solving related problems
using time integration technique which will result in increase of error produce in the

calculation and make the approximate solution not converging to the exact solution.

1.2 Research Background

According to Wang et al. (2013), the configuration and design performance of
subsea cable are essential during the design stage of subsea cable installation. A free
hanging subsea cable connected from a floating production vessel to the seabed,
known as a catenary configuration, has been promoted as an increasingly attractive
choice in deep water fields. The catenary configuration of subsea cable form has been
an attractive choice as it provides few advantages such as lower manufacturing cost
and good ability to resist high temperature. However, this kind of configuration faced
a great challenge in harsh environments such as buckling issue at the touchdown zone
of subsea cable, which is induced by the fatigue problem due to the vessel motion and

hydrodynamic reaction. The catenary configuration is only recommended for systems



with less harsh environment and less vessel motion as this kind of shape will also cause

high top tension levels.

As catenary configuration of subsea cable is sensitive to fatigue, variation to
the catenary configuration is developed by considering the existence of buoyancy
module, which has become a logical extension of the catenary configuration by
installing several buoyancy modules at a certain part of the subsea cable creating
upward buoyancy force to eliminate partial tension of the subsea cable. According to
Wang and Duan (2015), buoyancy module equipped on the subsea cable tends to
decouple the catenary configuration from surface dynamic in the touchdown region,
creating wave shape which ensures the strength, fatigue performance, and platform

payload of the cable are within acceptable limits.

According to Bai (2014), subsea cable and pipeline are similar in terms of
slender structures and accidental impact loads but differ in terms of local damage
mechanism. The subsea cable response towards trawl gears will be dramatically
different compared to pipeline due to the flexibility and weight per unit length of the
cable. However, the interaction mechanism between subsea cable and trawl gears
located on the seabed is similar with pipelines. The subsea cable tension is dominated
and behaves like a flexible beam during the pulling process assuming that the towing
speed of the floating production vessel is low. Thus, the damage on subsea cable due

to the trawls may not be too significant during the initial impact stage.

To date, there are many studies concerning the numerical simulation of the
subsea cable problem. However, the majority of papers are mainly focusing on the
simplified version of subsea cable configuration, which is subsea cable without
buoyancy module with several crucial assumptions and some restrictions on
engineering problem. For example, the formulation of linear model was made by
eliminating the tangential drag forces and some of them assumed that the cable’s
elevation angle is constant along the cable (Vaz et al., 1997, Vaz & Patel, 2000,
Chucheepsakul et al., 2003, Howison, 2005). Other than that, in many of the cases
mentioned above, the use of buoyancy module was ignored in the formulation in order

to preserve the simplicity and easy installation of subsea cable (Han et al., 2018). This



kind of model is very sensitive to fatigue and present high top tension of subsea cable

when being submerged into the ocean.

Most of previous studies on free hanging subsea cable focused on developing
mathematical equation on subsea cable tension in which the top and TDP tension are
obtained based on free end or fixes conditions without considering the physical law of
the cable (Yangefal., 2013). This kind of mathematical equation for this configuration
faced a great challenge in harsh environments such as buckling issue at the touchdown
zone of subsea cable, which is induced by the fatigue problem due to the vessel motion
and hydrodynamic reaction. The analytic solution of complex geometry of subsea
cable may not exist or may not be possible to be developed (Park et al., 2003). Thus,
numerical analysis of the related problem should be developed as an alternative

approach in solving the problem.

Minimization without gradient-based technique provides an approximation to
the mathematical analysis solution and may also overcome some drawbacks in the
conventional numerical methods such as not suitable for problem with complex
geometry (Nocedal & Wright, 1999). Minimization without gradient-based technique
has the ability to efficiently find the global minima of the problem even in complex
geometry. This method also has the ability to minimize the sum of squares of the
residual errors, which make the approximate solution converge to exact solution
(Russenschuck, 1999). This technique makes the additive assumption and condition
on the formulated mathematical model of related problem possible where it will be
more practical and tend to be more similar to the actual situation. This undertaking is
essential as it can assist many opportunities to be explored in the future in terms of

modelling improvement.

1.3 Problem Statement

Subsea cable deployment is still considered to be very challenging, complex
and crucial due to many uncertainties arising due to the nonlinearity of the cable

behavior and multiple affecting parameters such as current velocity, water depth and



cable diameter. The catenary configuration of subsea cable, which can be described as
a free hanging subsea cable connected from a floating production vessel to the seabed,
has become a popular configuration used in deployment of subsea cable near the
platform as it can provide a low cost alternative of subsea cable design. However, this
type of configuration is sensitive to fatigue and produces large hang-off loads which
will potentially cause a buckling issue on the subsea cable at the touchdown point zone.
The catenary configuration is only recommended for systems with less harsh
environment and less vessel motion as this kind of shape will also cause high top
tension levels. An alternative to this configuration is developed by considering the
implementation of buoyancy module in certain part of the subsea cable in order to
reduce the fatigue response and extreme stress of the subsea cable. The dimension of
subsea cable geometry with the use of buoyancy module provides an important factor
that will control the strength and fatigue performance of a cable. This study is
conducted in order to analyze the tension of subsea cable in condition with and without
buoyancy module and also to determine a suitable cable configuration for subsea cable

deployment in a shallow water condition near the platform area.

Cable wastage during deployment of subsea cable near the platform may occur
due to the formation of slack where the cable configuration curves tend to be fatter
when cable touches the seabed. In order to control the wastage, the formation of slack
needs to be minimized and the vessel movement needs to be synchronized with the
cable being laid out. To address this, the optimal cable tension during the deployment
of the cable is very important and needs to be determined appropriately. Tension
analysis of both types of subsea cable configuration is important in the design process
as it will provide an insight into which configuration would be chosen under certain
conditions. This study is conducted to provide an analysis of tension distribution along
the subsea cable based on the subsea cable configurations with a focus on several

performance measures such as position of the vessel, and water depth.

Despite the establishment of FDM, FEM and BEM in subsea cable problem,
numerical approach of minimization without gradient-based technique has been
chosen in this study as this technique provides an approximation to the mathematical

analysis solution by efficiently finding the global minima of the problem even in



higher-dimension problem. The formulation of the conventional methods mentioned
will lead to a system of algebraic equation that associated with more error produced
during calculation and require extra work on minimizing the error which will cause
the approximate solution not converging to the exact solution. Thus, numerical
approach of minimization without gradient-based technique is used as this method
have the ability to minimize the sum of squares of the residual errors, which make the
approximate solution become more accurate and converge to the exact solution. This
study will provide an insight into minimizing and controlling the formation of tension
on subsea cable and assist in the establishment of numerical approach of minimization

without gradient-based technique.

1.4  Research Objectives

The objectives of this study are:

i.  To formulate two-dimensional mathematical model related to tension analysis
of subsea cable in steady state condition for the case of subsea cable with and
without buoyancy module.

ii.  To solve the two-dimensional subsea cable problem related to tension analysis
of the subsea cable by using numerical approach of minimization without
gradient-based technique.

iii.  To determine the suitable subsea cable configuration with buoyancy module

for deployment near to platform area.

1.5 Scope of the Research

The scope of this study is as follows:



1. This study considers the formulation of two-dimensional subsea cable problem
related to the tension analysis of the subsea cable in steady state condition for
the case of subsea cable with and without buoyancy module.

ii.  This study only involves mathematical formulation and the simulation of
subsea cable tension without and with buoyancy module in which the
simulation will be focused on getting the suitable cable configuration in
condition of shallow water near the platform area considering the depth to be
80m.

iii.  In this study, only one type of numerical approach of minimization technique
is considered when solving the tension analysis of subsea cable which is

minimization without gradient-based technique.

1.6  Significance of the Research

In particular, the deployment of subsea cable in shallow water will cause much
more complexity as compared to deep water because the current velocity in shallow
water has much greater significance in the structural performance of the subsea cable.
Thus, subsea cable configuration is one of the key points that must be considered
during the design process of the whole operation in order to enhance the structural
performance of the subsea cable especially near to the platform area. More accurate
amount of cable tension can improve the subsea cable lifetime and directly minimize
the cost of the whole cable deployment by avoiding any formation of slack. The
outcomes of the present study will help to clearly understand the behavior and the
mechanics of subsea cables while providing an insight into choosing suitable cable

configuration in certain condition.

The new formulated model in this study is basically aimed to mitigate the
negative impacts that might reduce the subsea cable lifetime and maintenance. Thus,
this study will eventually provide a numerical simulation on minimizing subsea cable
tension with the consideration of two types of configuration for future reference: (1)
subsea cable without buoyancy module; (2) subsea cable with buoyancy module. The

new mathematical model is formulated by considering different boundary condition



approach with some special treatment based on the physical and mechanical laws of
subsea cable. The tension analysis of subsea cable is obtained by considering the use
of numerical approach of minimization without gradient-based technique as this
method would provide more accurate approximate solution to the related problem and
its ability in solving problem with some more complex geometry. It is also important
to note that the application of numerical approach of minimization without gradient-
based technique on subsea cable problem can be very useful as it can minimize sum of
squares of the residual errors produced during the calculation of the solution to the

related problem which will provide more accurate solution.

Next, MATLAB program codes for cable tension analysis is developed based
on minimization without gradient-based technique in order to conveniently check the
performance of numerical methods in subsea cable problem. The MATLAB program
is utilized in this study due to its ability and availability of the optimization toolbox
which can be used for the calculation purpose in this study. The formulation of
MATLAB algorithm with the available built-in library for minimization problem
provide a shorter time in obtaining the approximate solution compared to the classical
discretization technique which requires more complex command on solving the
problem. In order to get the physical understanding of the related problem, the
solutions and finding are plotted. This enable the results to be clearly presented and
comparison can be made between each simulation of subsea cable without and with

buoyancy module.

1.7 Thesis Organization

This thesis is divided into five chapters. The first chapter provides a brief
introduction to this research. This chapter consists of research background, problem

statement, scope of the study and significance of the study.

In Chapter 2, some basic knowledge related to this research is presented by
looking back through past study. The basic knowledge included in this chapter are

some historical background of subsea cable, subsea cable laying concept and



mathematical model related to subsea cable problem. Explanation of the mathematical
optimization method as well as its application are reviewed. Limitation and research

gap for this study are also discussed in this chapter.

Chapter 3 begins by formulating the mathematical model related to subsea
cable tension for the case without buoyancy module. The boundary condition
formulated based on the physical and mechanical laws of subsea cable are explained
in detail in this chapter. After that, the mathematical model is extended by considering
the use of buoyancy module on certain part of subsea cable. The result of the subsea

cable tension analysis for both cases are discussed in Chapter 4.

The summary of the whole thesis is provided in Chapter 5. Some
recommendations for further research related to this topic are also given in this chapter.
A flowchart of thesis organization is given in Figure 1.1 to explain the whole body of

thesis.
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Figure 1.1 Thesis organization.
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