
Effect of Water Depth on the Behaviour of Triangular Tension Leg Platform (TLP) 

by 

MOHD AZIM BIN MOHD KHALID 

Dissertation submitted in partial fulfillment of 

the requirements for the 

Bachelor of Engineering (Hons) 

(Civil Engineering) 

JULY2008 

Universiti Teknologi PETRONAS 
Bandar Seri Iskandar 
31750 Tronoh 
Perak Darul Ridzuan 



CERTIFICATION OF APPROVAL 

Effect of Water Depth on the Behaviour of Triangular Tension Leg Platform (TLP) 

Approved by, 

by 

Mohd Azim bin Mohd Khalid 

A project dissertation submitted to the 

Civil Engineering Programme 

University Technology ofPETRONAS 

In partial fulfillment of the requirement for the 

Bachelor of Engineering (Hons) 

(Civil Engineering) 

(AP DR. KURIAN V. JOHN) 

Co. Supervisor: MR. KALAIKUMAR NL VALL YUTHAM 

UNIVERSITY TECHNOLOGY OF PETRONAS 

TRONOH, PERAK 

July 2008 

11 



ACKNOWLEDGEMENT 

First and foremost, pray to God the Al-Mighty for His bless and love, giving me all the 

strength to complete the final year research project. After everything had been planned, 

efforts were made, the project managed to be finished within the time frame. Without the 

help and guidance from other people, this study would not be able to complete 

successfully. Hence, on this page I would like to express my gratitude to those parties 

who had directly or indirectly involved helping me in this project. 

I would to dedicate this project as a token of gift to my beloved parents, Mohd Khalid bin 

Mohamed and Siti Radizah binti Abd Samad for their never ending support and pray. Not 

to forget to both of my lovely sisters, Shariza and Sharina who had been very 

encouraging and always remind me whenever I forget. 

My truly deepest appreciation goes to AP Dr. Kurian V. John, for his expertise, 

knowledge, ideas and thoughts. Without his guidance, the project would not been able to 

accomplish accordingly. I would also like to thank Mr. Kalaikumar Vallyutham as my 

supervisor who had been very supportive and hoping for the very best of the outcome of 

the research. His advices were of valuable and priceless. 

Last but not least, thanks very much to my fellow colleagues, Rasydan, and Azimah, for 

helping a lot in the finding and analyzing of the research project. Those precious 

moments spending time together discussing and sharing information will always be 

remembered. 

Again, thank you very much. 

v 



TABLE OF CONTENTS 

CERTIFICATE ................................................................................................................. ii 

ABSTRACT ...................................................................................................................... iv 

ACKNOWLEDGEMENT ................................................................................................ v 

CHAPTER 1 ...................................................................................................................... 1 

INTRODUCTION ............................................................................................................. I 

Background of Study .................................................................................................. I 

1.2 Problem Statement .......................................................................................... 3 

1.3 Objectives ....................................................................................................... 6 

1.4 Scope of Study ................................................................................................ 6 

CHAPTER 2 ...................................................................................................................... 8 

LITERATURE REVIEW ................................................................................................ 8 

CHAPTER 3 .................................................................................................................... 16 

METHODOLOGY ....................................................................................................... 16 

3.1 Research ........................................................................................................ 17 

3.2 Conduct Analysis .......................................................................................... 18 

3.3 Software required .......................................................................................... 18 

3.4 Health, Safety & Environment (HSE) Analysis ........................................... 20 

CHAPTER 4 .................................................................................................................... 21 

RESULTS AND DISCUSSIONS ................................................................................. 21 

4.1 Dimensional and Enviromnental Data .......................................................... 21 

4.2 Coordinate system of triangular TLP ............................................................ 22 

4.3 Analysis on Wave Spectrum ......................................................................... 22 

4.4 Analysis of Wave Time Series ...................................................................... 24 

4.5 Analysis on surge response ........................................................................... 27 

4.51 Parameters in surge analysis ......................................................................... 27 

VI 



CHAPTER I 

INTRODUCTION 

Background of Study 

An offshore structure can be defined as one which has no fixed access to dry land. It is 

required to stay in position in all weather conditions. The offshore structure should 

experience small motion to provide stable working condition for operations such as 

drilling and production of oil. Fixed structures experience greater forces than compliant 

structures in viable enviromnent such as an ocean. (1] 

Many types of structural systems have been proposed to enhance the water depth 

capability of offshore structures. The tension-leg platform (TLP) is one of the promising 

concepts. A TLP is a floating structure, vertically moored to the seabed by a system of 

pre-tensioned tethers held in tension by the buoyancy of the hull. This approach restrains 

vertical motions (heave, pitch, and roll) but allows horizontal movements (surge, sway, 

and yaw). A typical compliant offshore platform is exposed to a combination of 

enviromnentalloads such as winds, waves and currents. [2] 
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Figure 1.0: Six degree of freedom 

Study aims to investigate the effects of water depth on responses (surge, heave, and pitch) 

of triangular TLP, as shown in Figure 1.0. In the research, wave theories are applied for 

calculating waves and forces acting on the structure. Researches were conducted 

involving finding the historical events of TLPs installation in the world, the functions, 

global water depth significant changes, and TLP dimensional platform and environmental 

data. 

A parametric study will be conducted to analyze the effects of water depth on the 

responses of a triangular TLP. The dimensions of platform and environmental data are to 

be assumed at certain values, and the water depth value is varying. As for the study, 

Brutus TLP was chosen and few alterations were made since there had never been a 

triangular TLP ever constructed in the ocean of the world. 
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1.2 Problem Statement 

A typical compliant offshore platform is exposed to a combination of environmental 

loads such as winds, waves and currents. There are two non-linear aspects that have to be 

taken into account when designing TLP, one relates to the amount of offset (min value of 

horizontal response) and another one is the limit (minimum or maximum values) of 

tendon tension forces. As far as the functions of a TLP is concerned, floatation is one the 

most crucial components. Therefore, water depth incorporates significantly when it 

comes to designing TLP. A triangular shape TLP is chosen because as far as the TLP 

design is concerned, three columns structure is less stable. In the history of the tension 

leg platform, triangular shape structure has been proposed, but yet not built. [2] 

Oil exploration and production (E&P) companies are drilling further out into the sea, 

deeper under the ocean floor (more than 1000 feet) to tap into the pockets of oil and 

natural gas. [3] 

Although, deepwater was once prohibitively expensive, high oil prices make the 

economics of deepwater drilling economically feasible. Factors affecting this E&P 

frontier include: 

• Strong worldwide demand for energy, especially from burgeoning economies like 

China bolster the increasing price for oil and, to a lesser extent, natural gas 

• Traditional oil producing basins have matured, particularly on land, and 

exploration & production companies have started to look for new reserves in 

challenging, deepwater enviromnents in the deepwater Gulf of Mexico. [3] 

Apart from that, the need to get into more deepwater oil exploration, another factor which 

contributes to the idea of the study is the greenhouse warming. Green house warming is a 
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mechanism preventing radiation from being transferred out of Earth's atmosphere. This 

condition is due to gaseous substances like carbon dioxide, carbon monoxide that absorb 

radiation from the sun light and other heat sources and keeping them from being radiated. 

The repercussion is the increasing global temperature subjected to high amount of heat 

capacity trapped. [ 4] 

The phenomenon occurs due to many events conducted by both natural and human 

activities. Natural activities such as volcanic eruption, respiration, organic decay and 

weathering of calcareous rocks release carbon dioxide. Human activities like burning 

fuel, deforestation, industrialization, and land-use changes have caused a significant 

increment of carbon dioxide. [ 4] 

Models of earth climate named General Circulation Models suggesting that the doubling 

of carbon dioxide will lead to an increase in global temperature of 1.4°C to 4.5°C in the 

21 ''century. Models added that decreasing of oceans water level only happen during the 

glacial period thousands years ago where sea level drop from 80m to 120m due to the 

growth of glaciers. [ 5] 

Greenhouse effects will lead to increasing water depth of the oceans of the world. As 

seawater warms, its volume expands. Meanwhile, freshwater which is stored in polar 

continental regions melts and flows as input to sea, thus contributes to sea-level rise. In 

the last 100 years, tide-gauge records show a general increase in sea-level of 2.4 ± 0.9 

mm per year (Peltier and Tushingham 1989). About 70% of increasing water depth 

results from thermal expansion of ocean and 30% from melting glaciers that flows 

freshwater into the sea. [ 4] 
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Figure 1.1: Global average sea-level rises from 1990 to 2100. [4] 

Figure 1.1 presents the global average sea-level rise from 1990 to 2010. The region on 

dark shading is the average of seven climate models. Oil and gas industries of the world 

had embarked about going into ultra deepwater exploration and more hostile 

environments due to shortage of oil reservoirs in land and shoreline. Development in 

deepwater production has progressed most rapidly in the Gulf of Mexico. The latest 

record breaking unit is the Noble Clyde Boudreaux (Silvertip), a semi-submersible 

production unit in 2,900m (9,356 ft) water depth, which operated by Shell Offshore 

Inc. Moreover, global warming factor also applies slightly to the increasing water depth, 

but surely. [3] 

As a whole, study focuses on the effect of water depth on the behaviours of TLP to found 

out the possibilities that a designed TLP for certain water depth can suits in other 

different water depth as well, as far as water depth is the only parameter concerned. 
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1.3 Objectives 

• To prepare detailed literature survey about the tension leg platform technology 

and about the tension leg platforms that are already installed or being installed 

• To determine the dynamic responses of a typical triangular tension leg platform 

subjected to different water depths by assuming the platform as a rigid body and 

by solving the dynamic equations in frequency domain and in time domain 

1.4 · Scope of Study 

• Study on the concepts of a functional TLP. The characteristics, the response of 

TLP are to be studied. 

• Study on the history of TLP installation in the oil and gas production in many 

places in the world. 

• Study on the wave theories, wave parameters and distinguish the suitability of 

different types of wave theories 

• Conduct dynamic analysis of triangular TLP in frequency domain and in time 

domain 

• Determine the effect of varying water depths on the dynamic responses. This is 

the primary concern of the overall study. 
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Study is subjected to certain assumptions, as to be mentioned in the following: 

• Study will only involve deep water. Intermediate and shallow water are not being 

considered in the research. 

• Dimensional platform (draught, diameter of member, height, etc) and 

environmental data (wave height, significant height, etc) were assumed to certain 

values, but based on real dimensional platform and site condition. 

• Symmetrical direction of force (horizontal force) IS acting on the cylindrical 

member. 

• Vertical forces are zero and assumed to be resisted by the tensile tendons of TLP. 

• There are no effects of wind speed in the study. 
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