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1. Abstract 
 Tension Leg Platforms (TLPs), if designed 
properly, are the best oil and natural production 
facilities in the world. They are utilized globally by 
prominent oil companies such as Hess, Conoco 
Philips, and Shell. We have designed a prototype 
TLP with two novel features.  First, our prototype 
structure, dubbed the Governor’s School of 
Engineering and Technology (GSET) TLP, is taller 
than any preexisting structure.  Our second novel 
contribution, which enables a taller structure, is the 
use of optical fiber inside the tendons to efficiently 
and accurately locate cracks in the members of the 
structure. We concluded that if the optical fibers are 
embedded in the tendons, a crack in the tendons 
would yield a crack in the fiber, thus revealing a 
system failure. We also performed numerous 
calculations to determine the wave force that this 
structure will undergo. Our main goal in the design 
process was to adapt rather than replace. We created 
a structure that will adapt to the environmental 
conditions in the Santos Basin. Optimizing different 
parts of the GSET TLP instead of replacing them 
accomplishes this. 
 

2. Introduction 
 The need for offshore oil drills has been 
increasing since the 1970s [1]. The oil industry 
needed stable, yet cost efficient ways to drill 
offshore. Since fixed offshore structures require a 
lot of physical dimension to maintain stability and 
strength, compliant offshore structures had to be 
considered. These advanced structures are flexibly 
connected to the sea floor and are free to move with 
the waves. Due to their stability and cost efficiency 
the demand for and consideration of compliant 
offshore structures has increased due to the oil 
industry’s frantic search for underwater oil reserves.  

  In this paper, our primary concern is the 
design and construction of a TLP model. We will 
propose dimensions, and components of the GSET 
TLP, as well as discuss some dynamic responses the 
structure will have to overcome in the Santos Basin: 
a location off the coast of Brazil yielding a record 
water depth of 2100m, a record for any TLP design. 
Most importantly, we will discuss the utilization 
and response of embedded fiber optics in fiber 
carbon tendons. We have devised a system in which 
the fiber optics can detect cracks in the tendons of 
the structure, allowing us to fix the problem more 
quickly and resourcefully. 
 

3. Background 
Compliant Offshore Structures 

Compliant offshore structures are offshore 
drilling platforms that dig deep into the sea floor in 
search of energy resources. They are connected to 
the sea floor, allowing them to move freely with the 
current, waves, and wind. These structures rely on a 
restoring buoyancy force to maintain their stability 
after lateral movements. Likewise, the structures 
avoid resonances by operating at a frequency well 
below that of the ocean’s various frequencies.  
Thus, compliant offshore structures provide the 
flexibility and high quality needed to exploit energy 
resources well below the ocean’s surface.  
 The three major compliant offshore 
structures available in the market today are 
articulated towers, guyed platforms, and the TLP. 
The articulated tower is made up of a tubular 
column or trussed steel latticework. 



 
FIG.1   Articulated Tower 
It contains a deck, shaft, base and universal joint 
(see Figure 1). Like an articulated tower, a guyed 
tower consists of a deck, shaft, base, and universal 
joint. However, a guyed tower has mooring lines for 
support instead of chambers.  

 
  
 
The articulated tower and guyed tower construction 
and design make it possible for the platforms to pre-
drill, but not to drill and produce energy resources. 
Similarly, it is feasible for the towers to undergo 
sub-sea installation, which requires that the 

structure be but together under the surface of the 
water.  
 TLPs are vertically moored buoyant 
structures that, if designed properly, are insensitive 
to water depth. The structures consist of platforms, 
columns, and pontoons, with tendons and templates 
acting as supports. 
 The templates are held in place with piles 
that are driven into the sea bed. Descending through 
the center of the platform are vertical risers that drill 
into the sea floor and deliver oil and natural gas to 
the platform.  
 TLPs are complete oil and natural gas 
production facilities. It is possible to use TLPs for 
pre-drilling, as well as drilling and production. In 
addition, sub-sea installation is feasible (pre-
reading).  

What makes TLPs so reliable is their ability 
to have surge, sway, and yaw resonances, the 
vertical movements of a TLP, below the wave 
frequency range. At the same time the structure’s 
heave, pitch, and roll, the horizontal movements, 
operate above the wave frequency range. This 
results in stability unlike any other compliant 
offshore structure [1].  

 
 
 
 
Optical Fibers 

Optical fiber is a glass or plastic material that 
conducts light along its length. It consists of a core 
with a high index of refraction and a sheath with a 

FIG. 2  Guyed Tower 
FIG. 3      Tension Leg Platform 

Risers 



lower index of refraction. When light enters the 
fiber, it will stay in the core. If light leaves the core, 
the material’s transition to a lower refractive index 
refracts the light back into the core. This is called 
total internal reflection [2]. 

 
Carbon Fiber 
 One great advance in TLP technology is the 
advent of carbon-fiber epoxy composites of 
extremely high strengths. These are corrosion-
resistant, helping in the saline environment. Their 
high strengths can decrease the amount of material 
necessary in the tendons, reducing the diameter of 
the tendons and thus reducing the hydrodynamic 
resistance of the structure in the water.  
 They are also superior in fatigue strength, 
which makes for a longer-lasting and thus a more 
economical structure over time. In addition to its 
high resistance to fatigue, carbon-fiber composites 
can have other fibers embedded within the epoxy 
matrix, which enables one of the major advances we 
made. Many optical fibers will be embedded within 
the carbon fiber of the tendons allowing for 
maximum efficiency of the tendons [3]. 
 
Construction of TLPs 

 During the course of construction, all of the 
components are built on shore and then towed to the 
site; this makes the cost less expensive and makes 
the platform easier to install.  All of the components 
are assembled and welded in an area near the water. 
The tubes and bracings for the construction of the 
components are all prefabricated and shipped to the 
construction site. Once building is finished, the 
construction area is flooded and special tugs pull the 
floating frame structure to the production site. 
These tugs, or barges (Figure 4), have to carry tons 
of equipments, and so they are specially designed 
and made of heavy construction to withstand such 
big loads. As the barge reaches the production site, 
certain parts of the structure like the templates are 
flooded to upright the structure in its correct 
position. Engineers use precise navigation systems, 
much like GPS systems, in order to accurately 
position the templates at the bottom of the ocean; 
templates, therefore, have such big dimensions in 
order to withstand the immense pressure. 

 

 
FIG. 4       Ocean Barge 
 

Once the positioning is done, modular offshore 
cranes are (Figure 5) used to lower the foundation 
piles over the templates beneath the ocean bottom. 
These piles help fix the templates in place.  

The construction of a TLP thus faces many 
challenges, since some components have to be 
installed in the bottom of the ocean, where the 
hydrostatic pressure is so high that it would make a 
human implode to about the size of a soccer ball. 
During the course of this construction, up to three 
hundred people are involved in this feat of which 
two hundred are on shore.  

These challenges are reflected on the amount of 
time that it takes to build a structure. On average, a 
TLP can take up to six years for construction; this 
was the amount of years that it took to build the 
Auger TLP, which is a merely 640 m. in height. 
Huge investment is also needed, since the Auger 
TLP cost 1.2 billion dollars for construction. Due to 
our larger structure, one can expect an investment 
upwards 1.5 billion dollars.  

 

 
FIG.5         A modular offshore crane: 

 Some can weigh up to 150 tons.    
 

 

4. Engineering Design 
Santos Basin 
 Over the past year, Brazil has been emerging 
as a new player in the oil and gas industry. Recent 
discoveries of two huge oil fields in the Santos 
Basin are making a great buzz among oil companies 
worldwide [4].  



 In November 2007, the Tupi Oil Field was 
discovered in the Santos Basin. The Tupi Oil Field 
is said to hold an estimated five to eight billion 
barrels of crude oil. Analysis showed the oil gravity 
is between 25 and 28 API, which basically grades 
how light oil in the water around it. In addition, oil 
sampling at the site corroborates the existence of 
oil. In January 2008, another oil field was 
discovered 37km away from the Tupi deepwater 
field. The Jupiter Oil Field is also estimated to hold 
five to eight billion barrels of crude oil [5].  
 The design of the GSET TLP can be 
implemented in either of these sites. They both hold 
similar water depths of a little more than 2100m. 
The only difference that should be accounted for is 
how far the risers will drill into the ocean’s surface 
and how deep the piles will go underground. No 
TLP in existence today has the ability to reach a 
water depth of 2100m.  

 
 

 
 

Components of TLP 
 The tensioned leg platform is composed of 
three main components: the hull, tendons and 
templates.  
 
Hull 

 The hull is comprised of the columns and 
the pontoon: buoyant structures that maintain the 
deck/platform above the waves. The two parts of 
the hull are constructed with steel. Likewise, the 
GSET TLP will be strictly a tri-column structure.  

The hull of the platform is comprised of 
three columns [22.6 m. diameter; 46 m. ht.] and 
pontoons [11 m. wide; 8.5 m. ht.] Many structures 
in the market today utilize four or one column 
TLPs. We decided to implement three columns due 
to the fact that wave forces will dissipate quickly 

over three columns as opposed to one. Likewise, the 
three column triangular structure is more stable than 
the four column structure. Geometrically, triangular 
are more stable than rectangles.  

 Since this structure is intended for extreme 
environments on the sea, the pressure of the water 
requires that we use strong, rigid materials. Thus, 
all of the components of the platform are made out 
of steel except for tendons; too much steel would 
also mean too much weight for the structure. The 
tendons are usually the part of the platform that 
withstands the most stress during current/wave 
forces; therefore, the tendons are a good location to 
use carbon fiber composites: a material that is 
composed of two or more constituent elements that 
when combined allows for a reinforced strength 
with low densities/low weight.  

 

 
 
 
 
 
 
 
 
 
Tendons 

The columns and pontoons are moored to 
the seafloor by carbon fiber tendons. Each column 
and pontoon is connected to three tendons [66 cm. 
diameter; 9 cm. wall thickness; 2109 m. ht.]; so nine 
tendons in total. Due to the massive depth of the 
tendons, we have utilized fiber optics to maximize 
the efficiency of this particular component. The 

FIG. 6  Santos Basin: 
Located 300km off the cost of Sao Paulo, Brazil. 

FIG.7  GSET TLP 
This TLP was designed using Solid 
Works. This design was made to scale 
allowing us to view the tendons’ length 
as compared to the hull. This also 
signifies the large buoyancy force that 
keeps the structure afloat. 



tendon’s composite material will make it easier to 
implement fiber optics. 
 
Templates/Piles 

The tendons are fixed to the ground by 
templates [18 m. x 18 m. x 9 m. ht.] that are 
anchored in place by piles [183 cm. diameter; 130 
m. ht.]. 

 The templates are also made of steel along 
with the piles. 

Upon the completion of construction, the 
structure would be over 2100 m tall and weigh over 
two hundred million pounds. To put it further in 
proportion, one can stack five empire state buildings 
(New York City’s tallest building) on top of each 
other to match the height of our TLP.   
 
Utilization of Fiber Optics 
 Because the GSET TLP is of an 
unprecedented depth, the tendons will be of 
particular concern when monitoring the 
performance of the structure. In order to ensure the 
structural integrity of the carbon-fiber composite 
tendons, we will embed optical fibers into the 
matrix alongside the carbon fibers. If the optical 
fibers are intentionally made relatively weak, they 
will fracture in the event of any damage to the 
composite material as proposed by Measures, 
Glossop, et al [6]. Any sort of minor crack in the 
tendons will be immediately detected by the optical 
fibers. The break in the core of the fiber causes the 
light to leak out in all direction, thus resulting in a 
loss of light measurable on the other end of the 
fiber. This can be used to detect failure of a tendon 
and can prompt investigation of the damaged 
tendon, which can be reinforced at the appropriate 
location. The optical fibers will allow us to maintain 
a safe and productive structure. It has been reported 
that image enhanced backlighting has been shown 
to be a powerful and convenient method of 
assessing the structural internal damage to a 
composite material. 
 The optical fibers in our structure will 
operate in a closed loop system in which light is 
transmitted through one sensor and is detected 
through another at the end of the system (Figure 6). 
Light will be sent through the platform by engineers 
and then engineers will monitor how much light 
passed through on the other sensor. If there is a 
crack in the tendons, the optical fibers will be 
cracked as well allowing no light to pass through to 
the sensors at the end of the system. When there is 

no light detected, a system failure alert will appear, 
allowing the engineers to fix the problem efficiently 
and effectively at the exact point of damage. The 
engineers will then reinforce the tendon instead of 
replace it since they know the exact failure location. 

 
 

 
 
 
 
 
 

 
 
Forces and Dynamic Responses: 

The following forces will be discussed in this 
section: 

·  Buoyancy Force 
·  Springing and Ringing 
·  Wind Force 
·  Wave Force 
·  Current Force 
·  Vortex Shedding 
·  Dissipative Force 

 Due to the severe conditions that the GSET 
TLP will have to face, we found it necessary to 
analyze the different types of forces that the 
structure will have to endure. We also analyze some 
dynamic responses that are a result of the forces 
encountered by the TLP. The examination of all 
these forces and dynamic responses resulted in the 
development of the specific dimensions and 
properties of the TLP.  
 
Buoyancy Force 
 In order for the structure to stay upright, 
some sort of restoring force is necessary. The 
buoyancy force keeps the GSET TLP afloat against 
gravity and tension in the tendons. This force is 
dependent on both the volume of the structure that 
is submerged, as well as the density of the fluid in 
which it is located. When the platform drifts off 
vertically, the force from the tendons on the 
platform can be divided into a downward force, 

FIG. 8  Optical Fiber 
This figure shows the light traveling 
through the optical fiber. Without any 
cracks the light passes through 
seamlessly; however, the slightest crack 
in the fiber would yield a failure error 
due to the lack of light on the other end. 



preventing the bobbing of the platform, and a 
horizontal restoring force that brings the TLP back 
over the center of the templates on the seafloor. The 
buoyancy force, however, produces motions so slow 
that it doesn’t impair the productivity of the 
platform.  
 
Springing and Ringing 

 In some instances, the horizontal oscillation 
of the structure can present danger to the TLP. 
Daily occurrences such as wind, waves, and current 
will make the TLP oscillate sideways. This 
horizontal movement would submerge the structure 
in more water due to the axial stiffness of the 
tendons, thus increasing the buoyancy forces of the 
hull and stretching the tendons in a springing effec
resulting in fatigue [1]; this allows for low 
frequency oscillation but presents danger to the 
tethers. This fatigue results from the extrem
damping in this region [7] and can ultimately 
destroy the tendon. Therefore, we decided to 
incorporate a hydraulic damper (see Figure 9). In 
previous experiments, analysis showed that the 
damper decreased the leg tension response 
significantly [7]. Hydraulic dampers are able to 
absorb the rebound/release of the energy transmitted
through waves by pumping oil through small 
valves. However, we can never underestimate the 
power of nature, hence, the fiber optics. 

 

 
 
  

Springing can also be accompanied by ringing; 
a dangerous behavior, much like that of a struck 
bell, that can result in jerky motions producing high 
levels of stress on the tendons in a matter of a few 
oscillations. Ringing is prone to occur during the 
passage of steep waves. However, ringing is a 
transient motion that can only occur when a steady
state springing is present [1]. Therefore, if we 

FIG.9  a hydraulic damper
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reduce springing, ringing would rarely occur. It was 
found by several studies that ringing was greatly 
affected by the TLP’s center of gravity and 
insignificantly affected by damping. By increasing 
the system’s center of mass, 
vibration caused by ringing would be eliminated. 
Since our TLP’s center of gravity is relatively 
massive, this will also allow us to reduce the 
occurrence of ringing. Our platform is thus very 
stable.  
 
Current Forces and Vortex Shedding
 Underneath the surface of the water there 
are various currents that our offshore structure must 
overcome. The current off the coast of Brazil is 
considered weak and shallow, but still poses a 
significant threat. It only travels around 50
yet it is very salty with a sa
36.2 [8]. Even though the currents are slow and do 
not cause any detrimental effects on the platform's 
productivity, current induced vortex shedding must 
be considered. When the Reynolds number of the 
flow around a cylinder is between 250 and 10
vortices form and shed regularly on opposite sides 
of the wake. This produces asymmetrical pressure 
distributions that cause the cylinder to move. As the 
vortices separate on alternate sides, the cylinder is 
forced in alternate directions perpendicular to the 
flow. If the shedding frequency is close enough to 
the resonant frequency of the structure, then the 
cylinders begin to oscillate [9
lead to large increases in vibration amplitude. The 
large repeated deflections can cause severe 
problems in the structure causing the tendons to 
fatigue. This led to us implementing coiled columns 
and tendons to overcome the vortex shedding. The 
helical structures help break up the vortices 
preventing excess oscillation. 
 
Wind Force 
 Although most of the platform is 
underwater, there is still a significant portion that 
breaks through the surface. The 
structure that is above the surface
significant surface area to the wind’s flow. Even 
though the underwater portion receives much 
greater forces due to the greater density and 
viscosity of the water, accountability must be taken 
into account for the above water construction. 
Vortex shedding also occurs in the air so structures 
need to be protected against that. 
water structures must be able to tolerate the constant 

a hydraulic damper 
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presence of the wind, especially if it is salty. In our 
model, we will disregard the wind force due to its 
little effect on the structure as a whole. 
 
Dissipative Force 
 The structure of the TLP is fixed to the 
ocean floor by templates which hold the tendons in 
place. At the surface of the water however, there is 
no fixed connection allowing for vibration. Because 
it is connected at only one end the top of the 
structure vibrates back and forth. This vibration is 
not too significant because it is immersed in water. 
The vibrations move the structure through the fluid, 
which damps the motion. Water is relatively dense 
compared to air so it provides more friction during 
oscillation. This helps minimize oscillation so it is 
not too much of a problem. The fluid restricts the 
movement of the structure so the oscillation caused 
by any other forces will die down after a period of 
time. 
 

FIG. 10 Displacement vs. Time Graph
A damping force that decreases amount of 
oscillation. 
 
Wave Force 
 One of the major forces this TLP will have 
to withstand will be that of waves on the columns. 
Waves not only put the offshore structure in 
constant motion by moving particles and 
transferring their momentum through friction, but 
they also provide slamming forces when the 
surfaces of the waves slap up against the structure. 
Waves can cause several dynamic responses from 
the structure depending on where they hit. They 
generally produce heave and surge motions, which 
are, respectively, vertical and horizontal motion. 
During strong storms, wind can cause waves to 
become very steep, which may present a danger to 
the platform. With steep waves, wave upwelling 
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to withstand will be that of waves on the columns. 
Waves not only put the offshore structure in 
constant motion by moving particles and 

heir momentum through friction, but 
they also provide slamming forces when the 
surfaces of the waves slap up against the structure. 
Waves can cause several dynamic responses from 
the structure depending on where they hit. They 

urge motions, which 
are, respectively, vertical and horizontal motion. 
During strong storms, wind can cause waves to 
become very steep, which may present a danger to 
the platform. With steep waves, wave upwelling 

and wave runup may occur. Wave runup may ca
an increase in the vertical extent of wave uprush, 
and wave upwelling may cause the wave to increase 
in height. These forces can thus damage the 
platform due to their force. In previous studies, a 
correlation between column spacing and these wave 
forces was found [1] as column spacing increased, 
the wave forces decreased. Although our columns 
are massive in size, they are far apart by an average 
of 183 m. This distance between the columns can 
ensure reduced wave forces.
will model the waves using sinusoidal functions. 
Deep-ocean waves are close enough to harmonic 
waves that we can assume that we will receive 
accurate responses from this modeling technique. 
For simplicity, we will only analyze the dynamic 
response of the GSET TLP to w
upcoming section provides the calculations for our 
analysis. 
 
5. Calculations 

The wave force can be approximated by the 
Morison equation. There are two main components 
of the wave force: the drag and the inertia force on 
the columns. The total wave force is the addition of 
the drag force and inertia force on the object. 

The drag force on an element dx is given by:
 

�
 

where CD is the experimentally determined drag 
coefficient dependent on the fluid flow of this 
particular region. The parameter 
the water, D is the diameter of the column and 
the instantaneous wave velocity. The absolute value 
around the wave velocity multiplied by the normal 
wave velocity allows for direction of the wave to be 
considered in this equation. Integrating this 
equation with respect to the length of the columns 
will give the drag force on the columns. For 
example, the length of the columns for the GSET 
TLP is 22.56 meters. Thus, we can proceed:
 

 
 The inertia force for the infin
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The inertia force for the infinitely small 
length element of the columns, dx is given by: 
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where CI is the inertia coefficient dependent on
size and shape of the structure. The parameter 
the instantaneous horizontal water particle 
acceleration. We can proceed using the length of the 
columns for the sample TLP once again:

 

 

 
 

Thus, the complete Morison equation, which gives 
the total wave force on the TLP is: 
 

 
Companies and developers who would like to drill 
in this region can utilize these equations and find 
out the missing variables by analyzing average 
statistics for the waves. 
 A simpler version of the Morison equation 
involves finding the average horizontal 
displacement, or offset, and then using that to 
calculate the total horizontal motion, or the surge 
[7]. This dynamic equation assumes a single degree 
of freedom model of the TLP. The governing 
equation of motion is: 
 

�
 

In this equation, m is the structural mass, C is the 
damping coefficient, and K is the tether stiffness. 
Based on prior studies, we have estimated the mass 
to be kg and the tether stiffness, K=5000 
N/m. The damping coefficient is: 
 

�
 

and we can approximate � , the damping factor to 
equal 0.1. Thus, the damping coefficient, C= 8.43×

. After utilizing the approximations for the 
constants, we can insert in a harmonic function for 
the time varying wave induced force on the right 
hand side of equation 1.04. This force is also a 
function of the position of the oscillating TLP:
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columns for the sample TLP once again: 

Thus, the complete Morison equation, which gives 
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Companies and developers who would like to drill 
uations and find 

out the missing variables by analyzing average 

A simpler version of the Morison equation 

displacement, or offset, and then using that to 
on, or the surge 

. This dynamic equation assumes a single degree 
of freedom model of the TLP. The governing 
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In this equation, m is the structural mass, C is the 
damping coefficient, and K is the tether stiffness. 

on prior studies, we have estimated the mass 
kg and the tether stiffness, K=5000 
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, the damping factor to 
equal 0.1. Thus, the damping coefficient, C= 8.43×

. After utilizing the approximations for the 
constants, we can insert in a harmonic function for 
the time varying wave induced force on the right 

1.04. This force is also a 
function of the position of the oscillating TLP: 
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We used a cosine function to approximate the wave 
induced force because we are making the 
assumption that the waves are just harmonic and flat 
as opposed to random. The parameter 
frequency of the waves approximated to equal 0.4 
rad/s. F0 is the inertia part of the wave
force given in deep water by: 
 

 
where D =draft of the TLP columns. Draft is the 
distance between surface water and bottom of 
structure which in this study is approximately 2300 
m. Furthermore, H=water depth, which in the 
Santos Basin is approximately 2100 meters. The 
parameter g is the acceleration due to gravity taken 
to be 9.8 m/s2, Cm is the added mass coefficient 
which can be approximated as 2, and A
sectional area of the three columns, which for our 
specific structure is 1.03×10
number which is a property of the waves, inversely 
related to their wavelength. We will approximate k 
to equal 0.1 m-1. 
 Furthermore, we can also assume that the 
TLP excursion is small compared to the wave 
length so that the higher order terms in 
linear may be neglected then 
simplifying the differential equation into one that is 
only linear: 
 

 
Substituting this expression into equation 1.04 
we get: 
 

�
which simplifies to: 
 

 
Solving this differential equation for x, which is the 
time dependent horizontal displacement or surge, 
gives: 
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We used a cosine function to approximate the wave 
induced force because we are making the 
assumption that the waves are just harmonic and flat 

parameter �  is the 
frequency of the waves approximated to equal 0.4 

is the inertia part of the wave-exciting 
force given in deep water by:  
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where D =draft of the TLP columns. Draft is the 
distance between surface water and bottom of 

hich in this study is approximately 2300 
m. Furthermore, H=water depth, which in the 
Santos Basin is approximately 2100 meters. The 
parameter g is the acceleration due to gravity taken 

is the added mass coefficient 
ted as 2, and AI is the cross 

sectional area of the three columns, which for our 
specific structure is 1.03×104m. Lastly, k=wave 
number which is a property of the waves, inversely 
related to their wavelength. We will approximate k 

rmore, we can also assume that the 
TLP excursion is small compared to the wave 
length so that the higher order terms in kx beyond 
linear may be neglected then [7]. Basically, we are 
simplifying the differential equation into one that is 
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Solving this differential equation for x, which is the 
time dependent horizontal displacement or surge, 
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Then, we can solve for K* and from the value of 
K*, we can solve for X0
 

 

After finding X0, we can solve for the offset 
value: 
 

 
Finally, this leads to solving equation 1.11 for 
x(t): 

 
This plot shows the total horizontal 

displacement versus time for approximately ten 
cycles. This graph is a harmonic plot that displays 
the oscillatory nature of the TLP. It initially begins 
with a displacement of about 63 meters at time t=0s. 
It then moves in the opposite direction upon moving 
again in the initial direction, resembling spring
movements. Because this graph models an actual 
structure, it slightly strays from the harmonic 
pattern due to its varying amplitudes. Nonetheless, 
the general pattern remains harmonic. The 
structure’s period is 400s and the amplitude ranges 
from about 345m in the positive y direction to about 
215m in the negative y direction. 

 

 
 
 

 

 
 

FIG.11  Displacement vs. Time Plot
This graph shows the oscillatory nature of 
the TLP. The movement ranges from 
-215m to 345m in the horizontal direction.

Then, we can solve for K* and from the value of 
: 

 

 

, we can solve for the offset 

 

lving equation 1.11 for 

 

This plot shows the total horizontal 
displacement versus time for approximately ten 
cycles. This graph is a harmonic plot that displays 
the oscillatory nature of the TLP. It initially begins 

about 63 meters at time t=0s. 
It then moves in the opposite direction upon moving 
again in the initial direction, resembling spring-like 
movements. Because this graph models an actual 
structure, it slightly strays from the harmonic 

ng amplitudes. Nonetheless, 
the general pattern remains harmonic. The 
structure’s period is 400s and the amplitude ranges 
from about 345m in the positive y direction to about 
215m in the negative y direction.  

 Displacement vs. Time Plot 
This graph shows the oscillatory nature of 

vement ranges from  
215m to 345m in the horizontal direction. 



6. Discussion 
Location 
 The Santos Basin location was chosen due 
to the challenge of designing a structure at an 
unheard of water depth of 2100m. The relatively 
slow moving current and lack of hurricanes in the 
area also contributed to the decision. The area is 
known to contain oil due to the construction of 
wells in the area, which provided a great incentive 
for our design.  Currently many companies are 
working to harvest the riches under the Santos 
Basin, inspiring us to design a structure to act as a 
base model for the industry. Designing a structure at 
such a depth requires a lot of innovation and 
analysis. 
 
Materials and Dimensions 
 The majority of the structure is constructed 
of steel. Steel provides the necessary strength and 
stability, which is why it is the preferred material 
among all compliant offshore structures to date.  

The tendons are made of carbon fiber. 
Freyssinet, Institut Français du Pétrole and Doris 
Engineering carried out research to identify the best 
tendon technology for TLP tendons based on 
quality and price. The research proved that carbon 
fiber composite tendons were best among traditional 
steel tendons and other composites for the 
construction of TLPs in deep water [9]. This also 
helped us implement our fiber optics idea by 
allowing us to embed the optical fibers within the 
carbon fiber matrix. 
 The dimensions of the TLP are based on the 
Auger TLP. The pontoon and platform dimensions 
are similar with some minor changes. We had to 
adjust the column dimensions specifically because 
we were using three columns instead of four, 
making it necessary to adjust for the loss of column 
volume when decreasing the count. The choice to 
reduce the column count was primarily due to the 
fact that we wanted the structure to be as stable as 
possible. The triangular design that results from 
having three columns is superior in stability over a 
rectangular design. Simple algebraic manipulation 
allowed us to get the specific column dimensions 
previously mentioned. The major difference in the 
dimensions was the tendon length. This was the 
only major change because the other dimensions 
could be kept constant due to the large buoyancy 
force they provide. Changing the tendon length to 
make up for the increased depth and checking how 

they behave using the Morrison equation was all 
that was needed.  
  
Wave Calculations 
From the previously derived solution to the Morison 
Equation, the surge of this TLP ranges from 345m 
in one direction to 215m in the other. This 
movement is relatively small when compared to the 
depth of the water. Thus, our structure should stand 
when faced with fairly strong waves. Though the 
structure will oscillate quite a bit and this oscillation 
may cause a problem in terms of the people on 
board, the structure will stand in the Santos Basin. It 
is imperative to make the workers on board feel as 
comfortable as possible. After all, they are the ones 
who repair, maintain, and identify problems with 
the equipment on board. Most if not all of the 
people live on the structure for very long periods of 
time. Therefore, to combat this massive movement 
in terms of human sickness, the builders of this 
structure should try to center the building on the 
platform where people live as much as possible. 
Furthermore, we are also designing the tendons to 
be very strong as evidenced the utilization of carbon 
fiber on those tethers. Lastly, the three columns on 
this TLP allow for greater stability to combat this 
tremendous wave force. This three column design 
works better than a four column design because it 
provides greater stability. A triangular design 
provides more stiffness and can resist more force 
than a square design. 

 

7. Related Work 
Auger TLP: 
 The Auger TLP was designed by Shell and 
fully constructed by 1994. It is located in the Gulf 
of Mexico in the Llano Field. All of our dimensions 
were based on the Auger TLP since we had easy 
access to the information through our advisor. We 
used the Auger TLP dimensions as a guide for our 
deeper structure and scaled any necessary 
dimensions such as the tendon length. 
 
Magnolia TLP 
 The Magnolia TLP located in the Gulf of 
Mexico is dually owned by Conoco Philips and 
Ocean Energy. The oil field was discovered in 1999 
by Conoco’s Deepwater Pathfinder. After the 
discovery, plans to build the record setting 1432.6m 
deep TLP were underway. 



 The Magnolia TLP consists of four 
cylindrical columns connected to four rectangular 
pontoons. At the base of each column, a pontoon 
extends outward to support two tendons. The 
tendons are kept in place with piles that are drilled 
into the sea floor. Since the Magnolia TLP is 
currently the deepest of its kind, we found it 
necessary to study the structure in order to design 
an even deeper model [10]. 
 
Dynamic Response 

The paper by R. Adrezin, P. Bar-Avi and H. 
Benaroya reviewed the dynamic response of 
compliant offshore structures. Their review of how 
a TLP responds to wave forces provided a great 
basis for our design. Within the paper, the authors 
talk about Mekha et al. (1994) studying the 
nonlinear effect of evaluating the wave forces on a 
TLP up to the wave free surface. Mekha et al. 
studied the effect on the TLP by different methods. 
These methods included evaluating the TLP 
response with or without irregular waves, and with 
or without current. After completion of the study, 
Mekha et al. concluded that for a TLP subject to 
regular waves, the surge amplitude is not affected 
by the method chosen, but the average surge drift 
was very sensitive to the method used. The heave 
and pitch responses were also effected by the 
method used by rising above their natural frequency 
[1]. 

 
Fiber Optics 

Measures, Glossop, et al determined that optical 
fibers embedded in Kevlar-epoxy composites can be 
used to determine the structural integrity of the part 
immediately before installation. Even though their 
application of optical fibers is slightly different than 
ours, the study shows that our plan would work [8].  

The researchers behind this study found that the 
fibers, if made relatively weak, will break at the 
same limit as the composite. The Kevlar composite 
is translucent, so when light is shone into the broken 
fibers, the light filters out through the composite. 
They used it to detect damage in a part before 
installation. In our case we would use carbon-fiber 
composites instead of Kevlar-epoxy composites, 
and we measure the amount of light passing through 
the fibers rather than the amount that leaks out of 
the broken ones. However, by finding that light 
leaks out, they confirmed that the amount of light 
transmitted through the fiber would decrease when 

it is damaged. Their findings were also helpful in 
informing us that we need to make the optical fibers 
weak to enhance our tether detection technique. 

 
 

8. Future Work 
 The design and construction of TLPs is a 
very complicated and tedious process. Many factors 
have to be accounted for in order to build a stable 
and reliable structure. In our design we covered 
very important aspects that have to be considered in 
the design process; however, much more has to be 
done.  
 The dynamic response of the GSET TLP to 
buoyancy and vortex shredding has to be analyzed 
mathematically. Likewise, tests have to be 
conducted on the fiber optics technique mentioned 
in order to validate the theory. Hypothetically the 
fiber optics idea is viable, but the idea has to be 
tested in the extreme environment of the ocean. 
Other than this, minor changes to the dimensions 
might be necessary after additional mathematical 
analysis of the structure is completed. 

 
9. Conclusion 
 The high performance compliant offshore 
structures known as TLPs have been at the forefront 
of deepwater operation. This paper proposes a 
design for the deepest TLP to date, as well as goes a 
step further by implementing smart materials to 
enhance the structure’s reliability. Similarly, 
complex equations of motion are used to detect how 
the structure will behave under the ocean’s strong 
and repetitive waves.  
 After completing this experiment we have 
come to the conclusion that the depth of the water 
does not limit the structural integrity of a TLP, as 
long as the structure has reliable tendons and 
enough buoyancy force to remain afloat. Analysis 
of many TLPs and their dynamic response allowed 
to come to this conclusion. Carbon fiber acts as an 
enhancement to our design due to the fact that it has 
the best quality to price ratio as opposed to steel. 
Likewise, the implementation of fiber optics in 
carbon fiber tendons can be a break through in TLP 
smart technology if implemented in the structure.   
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