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ABSTRACT

Offshore platforms are categorized according to the water depth in which installed. Regarding to
rising demand of deep water drillling and exploration, floating production system (FPS) is one of
the best alternative due to ease of installation and transportation. The main concern for FPS is
stability in wave motions. This report consists of dynamic analysis of semi-submersible both in -
frequency domain and time domain. Due to c:oniplexity of calculations, this analysis is
accomplished by computer programming. This report mairdy focused on analysis of semi-
submersible as a whole structure. In literature review the types of platform are briefly described
including their similarities and differences. Our focus in this project is mainly draws to three
critical motions of platform, which are surge, heave and pitch. These displacements are studied.
under random waves. For random wave generation, P-M is chosen. The forces on body are
calculated by Froude-Krylov theory. In this report the effect of water depth is investigated. The
frequency domain analysis is done for two drafts and the results are compéred together. For time
domain analysis one case is accomplished using Newmark’s Beta method and the result is

compared with frequency domain method.
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CHAPTER 1
INTRODUCTION

As the demand for oil and gas is rising nowadays. the petroleum industry inquires continues
development thus deep water oil exploration plays an important role in this industry. For
exploration and production of oil and gas in deep water it is inevitable to install floating platform

since using fixed structure is not feasible.

The concern about 'semi 'submersible platform is stability against wave motion. As it is obvious

operating a proper drilling in deep water needs structural stability of platform.

1.1 Background of Study

This repoft will concentrate on dynamic analysis of semi submersible platforms, Offshore
platforms are exposed not only to the extreme conditions of the environment such as wave slam,
ice impact, and fatigue, but also to accidental events such. as boat impact and objects dropped off
the platform. The list of such accidental events that have occurred over the past several decades
is myriad. It includes ramming by a supply boat that went full ahead rather than full astern,
impact froml the reinforced corner of a cargo barge, and impact by a derrick barge whose -
mooring lines had parted. The dropped-objects category includes a number of pedestal cranes
pulled off their supports when they attempted to follow the movements of a supply boat and thus

exceeded their allowable radii, also drill cellars, casing, a mud pump, and pile hammer.

To design of floating offshore platform theré are variety of aspects should be under

ronsideration. One of the most critical aspects is environmental issues. Some of these challenges

are listed as below:

o Weight control and stability became key design drivers

.



¢ Dynamic responses govern the loads on mooring and equipment
o Fatigue is an important consideration
¢ In some areas, the new environmental make design difficult, e.g.
o Large currents in deepwater of Gulf of Mexico
o ' High seas and strong currents in North Atlantic

o Long period swells in West Africa

Installation of the platforms, mooring and decks in deepwater present new challenge

1.2  Problem Statement

:

Design of semi submersible structures is a crucial issue since it should appreciate different
~ aspects. In the design of semi-submersible, and its configuration in particular. a clear idea of
the functions it must perform should be in hand. . These will strongly influence
conﬁgurétiona’l choices, Besides drilling, these functions include production, heavy lift,

accommodations, operaticnal support {surface, subsea), and even space launch.

Apart from the mission and support functions, stated simply, there are two essential f'unctiohs '

it must of semi-submersible:

¢ To stably support a payload above the highest waves
~ o To minimally respond to waves.
To achieve these requirements we need to have accurate analysis based on structural dynamic

principles.

1.3 Objectives

1. To prepare a detailed literature survey about the serni-submersible technology for

offshore platform.



2. To analyze a floating production system(FPS) dynamically in frequency domain and time
domain | _

3. To compare different types of semi-submersible platforms based on dynamic response to -
oceanic random waves. _ '

4. To determine the effect of different parameter like water depth, wave length on the FPS

response.

1.4 Scope of study/work

o This study consists of some researches on different types of platforms due to their

characteristics similarities and differences.
o To study different types of semi-submersibles and their generations.

¢ To study the dynamic motions of a semi-submersible in three degree of surge, heave and

pitch in frequency and time domain.



CHAPTER 2
LITERATURE REVIEW

2.1 - General ‘

An oil platform or oil rig is a large structure that is used to house workers and machinery needéd
to drill and/or produce oil and natural gas through wells in the ocean bed. Relying on the
" circumstances, the platform may be fixed to the ocean floor, consist of an artificial island, or be

floating.

Mainly, oil platforms are placed on the continental shelf, though as technology improves, drilling
and production operation in deeper waters becomes both feasible and prbﬁtable. A typical
platform may have around thirty wellheads located on the plaiform and directional drilling
allows reservoirs to be accessed at both different depths and at remote positions up to 5 miles (8

kilometres) from the platform.

We have different types of platfdrrn which are categorized by their functionality in depth of

water.



Figure 2-1: different types of platform with respect to water depth

2.1.1 Fixed Platforms

This kind of platform is built on concrete and/or steel legs anchored directly onto the
seabed, supporting a deck with space for drilling rigs, production facilities and crew
quarters. Such platforms are, by virtue of their immobility. several types of structure are
used, steel jacket, concrete caisson, floating steel and even floating concrete. Steel jackets
are vertical sections made of tubular steel members, and are usually piled into the seabed.
Concrete caisson structures. Often they have in-built oil storage in tanks below the sea
surface and these tanks were often give flotation capability, allowing them to be built
close to shore. Fixed platforms are economically feasible for installation in water depths
up to about 1,700 feet (520 m).



Figure 2-2: Fixed Platform

2.1.2 Compliant Towers

drilling and production operations. The purpose of their design is to sustain significant lateral

deflections and forces. Mostly they are used in water depths ranging from 1,500 and 3,000 feet
450 and 900 m).

Figure 2-3; Compliant Tower



2.1.3 Semi-submersible Platforms

Semi submersible is having legs of sufficient buoyancy to cause the structure to float, but of
weight sufficient to keep the structure upright. Semi-submersible rigs can be moved from place
to place; and can be ballasted up or down by altering the amount of flooding in buoyancy tanks;
they are generally anchored by cable anchors during drilling operations, though they can also be
kept in place by the use of dynamic positioning. Semi-submersible can be used in depths from

600 to 6,000 feet (180 to 1,800 m).

Figure 2-4: Semi- Submersible

2.1.4 Jack-up Platforms

as the name suggests, are platforms that can be jacked up above the sea using legs which can be
lowered like jacks. These platforms, used in relatively low depths, are designed to move from

place to place, and then anchor themselves by deploying the jack-like legs.



2.1.5 Drill ships

Drill ship is a maritime vessel that has been fitted with drilling apparatus. It is most often used
for exploratory drilling of new oil or gas wells in deep water but can also be used for scientific
drilling. It is often built on a modified tanker hull and outfitted with a dynamic positioning
system to maintain its position over the well Floating are large ships equipped with processing
facilities and moored to a location for a long period. The main types of floating production
systems are FPSO (floating production, storage, and offloading system), FSO (floating storage
and offloading system), and FSU (floating storage unit). These ships do not actually drill for oil

or gas.

Figure 2-5: Drill Ship

2.1.6 Tension-leg platforms

TLP consists of floating rigs tethered to the seabed in a manner that eliminates most vertical
movement of the structure. TLPS are used in water depths up to about 6,000 feet (2,000 m). The
"conventional” TLP is a 4-column design which looks similar to a semisubmersible. they are
relatively low cost, used in water depths between 600 and 3,500 feet (200 and 1,100 m). Mini
TLPs can also be used as utility, satellite or early production platforms for larger deepwater

discoveries.



Figure 2-6: TLP

2.1.7 SPAR Platforms

Spar platform moored to the seabed like the TLP, but whereas the TLP has vertical tension
tethers the Spar has more conventional mooring lines. Spars have been designed in three
configurations: the "conventional" one-piece cylindrical hull, the "truss spar" where the
midsection is composed of truss elements connecting the upper buoyant hull (called a hard tank)
with the bottom soft tank containing permanent ballast, and the "cell spar" which is built from
multiple vertical cylinders. The Spar may be more economical to build for small and medium
sized rigs than the TLP, and has more inherent stability than a TLP since it has a large
counterweight at the bottom and does not depend on the mooring to hold it upright. It also has
the ability, by use of chain-jacks attached to the mooring lines, to move horizontally over the oil
field. The first production spar was Kerr-McGee's Neptune, which is a floating production
facility anchored in 1,930 feet (588 m) in the Gulf of Mexico.



Figure 2-7: Spar Platform

2.2 History

emi-submersibles evolyed from a drilling vesse] type called a “submersible,” which operated

ng deck well above the highest
required “stability columns™ to

tting on bottom in fairly shallow water and provided a worki
tpected waves. These units transited afloat on pontoons and

® st Generation: Before 1971
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e 2nd Generation: 1971-1980
e 3rd Generation: 1981-1984
e 4th Generation: 1984-1998

Those most recently built, those since 1998, might be called “*Sth Generation,” but a clear
distinction has not emerged. The first generation consists of a broad variety of configurations
developed throughout the 1960s, beginning with the “Bluewater I” and including the notable
SEDCO 135 designs and the variously configured ODECO designs. With the exception of the
SEDCO 135, these designs all featured an array of multiple pontoons. Besides large diameter
stability columns at the extremities. they also had many slender interior columns to support the |
working deck - but no diagonal trussing. The main element of global strength was the pontoon.
Conversely, the SEDCO 135. a 3-column design. evolved from a Transworld submersible design
and employed independent columns and footing tied together with a trussed space frame. The
Forex Neptune ““Pentagone 81.” a S-column, independent footing, trussed space frame design, is
the culmination of this period. It is a true space frame, without trusses in a bent and also is an

early user of hull-type superstructure.

The 2nd generation produced the majority of the units built. In addition to better technology
exchange, this generation was stimulated by competition from drillships The structural system
was somewhat unique and maintained almost entirely by a hull-type superstructure. integrally
built into the tops of the stability columns. It did have a shallow truss system with diagonal
bracing. but did not have the low. horizontal transverse typical of later designs. The
**ZephyrIMarge Class.” drilling units of the early 1970s. emulated the Mohole structural system
but, upon entering service in the North Sea. the “Margie™ suffered failures in the shallow truss.
This event proved ihe necessity of the horizontal bracing and also the viability of the hull-type
superstructure, without which. the “Margie™ would have broken up. Another was the Offshore
Company’s “Chris Chenery.” Without the horizontal transverses or the shallow truss. it had a
hull-type superstructure, albeit heavily reinforced. it too demonstrated the strength of the hull-
type super structure. The “Chris Chenery™ and its single sister both have since been fitted with

horizontal transverses to extend the fatigue life.



While no sinlg!e design represented a complete understanding of the design principals, most 2nd -
generation semi-submersibles were relatively well designed from a performance point of view. -
An important aspect of this period was a higher level of dissemination of the design and
performance knowledge. It is not a-coincidence that the first USCG Regulations and the ABS
Classing Rules were published in the late 1960s and that the OTC began in 1969. Most notable ‘
of this period, if only by its numbers, is the' Aker H-3.0 design. Other notables include the

Pacesetter and the SEDCO 700 classes.

The demarcation between the 2nd and the 3rd generation is rather sharp. In 1979, only two units

were delivered and in 1980 there were none.

With respect to the increased size, payload, and higher standards of redundancy, the main
features of the third generation are the presence of the twin pontoon pattern, the usage of huil- "
Lype superstructure, the well designed brace connections, and a generally thorough understgmding
of the design principles of semi-submersibles. Notable 3rd generation designs are the “Bingo,”
“Ocean Odyssey™, “Scarabeo 57 and the “Zapata Arctic”. The numbers of enhanced 2nd
generation designs were built during this period, particularly the Sedco 700 and Pacesetter
Classes and even a few st generation designs. The 4th generation is rather difficult to define and

is small.

the 4th generation semi-submersibles arc large, suitabte for harsh environment operation, and
deep water capable. From a structural point of -view, a maiker of the 4th generation semi-
submersible designs is ‘tilat they rely fully on a hull-type superstructure with no bracing other

than horizontals between the columns. One of the favorable aspects of this configuration is that, ‘_
by the elimination of bracing, many inspection problems and the fatigue potential they repre'sent
are eliminated. The first use of this structural configuration was in the five Penrod semi-

submersibles by Reineke in the early 1970s. .

- 2.3 Semi-submersible Design

Semi-snbmersibles consist of a deck. multiple columns and pontoons. They are “column
Stabilized”, meanirig that the-centre of gravity is above the centre of buoyancy, and the Stability

is determined by the restoring moment of the columns. This contrasts with the spar platform,

12



which achieves stability by placing the centre of gravity below the centre of buoyancy. and the
TLP, whose stability is derived from the tendons. The design of semi-submersibles depends on

these principle considerations.
o Weights and CG’s (cycle of steadily improving estimates)
e Hydrostatics; tank capacities
¢ Intact and Damaged Stability
o Current forces (mooring loads)
e Ballast System Performance
e Global Strength

o Fatigue

There may be different constraints for various load cases: operations, transit, survival, and
installation. These should be identified in order to be able to check the configurations for each
case. Weight estimates need to be made of all permanent payload and variable loads. including
equipment and systems outfit for the functions (drilling, processing, utilities, quarters, flare, etc.).
The equipment weights are to be supplanted by vendor equipment as it becomes available. The
perform arrangements and calculations should be developed to support the outfit estimates
(piping. access, corrosion protection. etc.). In addition. variable load requirements in amount.
distribution. and with respect to the operating state should be ﬁ'rmly established. And. if it
matters. the installation weight-states for permanently sited platforms should be determined.
Before initiating the design, there should be a definitive Functions List (e.g. production, drilling,
quarters), a Systems Summary, and an Equipment List (mission and support). Trial equiﬁmem
and systems layouts should be made and coordinated with any constraints needed in the initial

design. The constraints might include. for example:

» Wind Forces (stability and mooring loads)



e Motions (sea keeping; drift and low frequency mooring loads)
o Maximum lightship draft.for quayside outfitting,
0 | Maximum beam for canal tra.nsit or dry transportation,
o Maximum lightship weight and VCG envelope for dry transport,
~* Environmental criteria for operations. Lrénsit and survival.
e Maximum lateral eccentricity of the deck load which needs to be trimmed,

e Maximum allowable motions (angles, accelerations) for each given environmental and

load condition.

2.4 Functions and configurations of semi-submersible

In the design of a semi-submersible, and its configuration in particular, a clear idea of the
functions it must perform should be in hand. These will strongly influence configurational
choices. Besides drilling. these functions include production, heavy lift, accommodations,
operational support (surface. subsea), and even space launch. Apart from the misston and support-
functions, stated simply. there are twe essential functions of a semi-submersible: To stably
support a payload above the highest waves, To minimally respond to waves. These are the
principal factors that establish size. It is, however, the mission functions and associated support

functions that most significantly contribute to configuration.
The three main configurational components are:

e Pontoons

¢ Stability columns

o Deck _
Figure 2.7 shows sectional views of four semi-submersible arrangements, identilying the above
four components. Waterlines are shown at their typical operating state, “semi-submerged™. While

each has the noted components. each is distinctive. Case A is typical of 3rd generation semi-



submersibles, whereas Case B is quite typical of the 2nd generation. Similarly Cases C and D are -

typical of the 3rd and 4th generations respectively.

Virtually. all semi-submersibles have at least two floatation states: semi submerged (afloat on the
columns) and afloat on the pontoons. The pontoons are the sole source of floatation of the semi
when not semi-submerged. ’Ihe stability columns are the pnumpal elements of ﬂoatatlon and

floatation stability while ‘semi- submerged. Although they may function
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Figure 2-8:

structurally, structural strength is not the main function of the columns. Ii is notable that the
pontoons are prinm.{*i]y filled with ballast when semi submerged. Beyond this. the size,
submergence, proportion and spacing of the columns and pontoons are major factors in the
hydrodynamic performance of semi-submersibles. Oslellsfbly, the deck provides the working
surface for most of the semi-submersible’s functions. It has the structural function to transfer the
weight of the deck and if:’; loading to the columns (and bracing). I—I@wé‘ver. the deck is also a part
of the overall global strength system, providing a structural connection berween all of the

columns.



The pontoons and columns are usually arranged and connected in a way that can provide
considerable 'global strength. Generally the deck is likewise arranged and connected. Where this _
arrangement does not provide sufficient global strength, a space frame bracing svstem :is .
employed (see fig. 2.9B and C). This has been very much the case in the carlier designs. .

However, bracing systems are problematic in that they are expensive to build.

2.4.1 Decks

The decks of the early semi designs were a single level structures with individual deckhouses
| arranged with no coherent interrelated structural function. This arrangement was often referred to
as a “piece of toast with luinps of butter”. Support of a single deck requires a space frame
bracing system and, or close column spacing, Sing]e decks were favored in earlier semi-design
because of the then limited erection resources. What has since evolved is the hull-type -
superstructure with integral connection to the column tops. Such a configuration can eliminate
most. if not all space frame bracing. Among the advantages of the hull-type, integrally connected
deck is superior strength, considerable usable interior space, and valuable floatation in damaged
stability. If built with the rest of the hull in a modern shipyard. A hull-type deck is lighter, less
costly, and of superior strength than other alternatives. A disadvantage, in some cases, is a
necessity for mechanical ventilation and to fully outfit by a single builder. A “cousin™ to the hull-"
type deck is the “truss-deck.” Tt is preferred in some production applications that favour open.
natural ventilation as well as historical design and fabrication practices. Particularly where there
is separate {abrication, outfitting. And joining of the deck (“split construction™), the truss-type
decks can be preferred because most fabricators of production decks are not equipped to build
platéd-structures. Similarly, design organizations that specialize in “topsides” are not l_
experienced in working with hull-type structures. The choice of the deck type is therefore of
-considerable importance in configuring a semi insofar as it determines whether a split or an

integrated construction will be preferred.

For clarity of terminology, the pentoon. colurns, and bracing (usually) are referred to as the
“hull™. the “deck™ being distinguished separately. With hull-type decks. there is not such a’

distinction.
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2.4.2 Coliimns] Pontoons

The number and arrangements of pontoons and

variants employed in the evolution of the semi. This has included as few as three to as many as a
dozen or more columns. It has likewise included a simple two parallel pontoon aﬁangememﬁ up
to six, and even a grillage of orthogonally intersecting pontoons. As noted in the historical |
discussion, a few major designs featured independent footing pontoons, one for each stability -
column. The SEDCO 135 design, for example, had three independent pontoons; the Pentagone

design had five. Figures 2.8 and 2.9 show a number of typical column and pontoon

columns distinguish many configurationally

arrangements.
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Figure 2-10: Semi-submersible pontoon arrangements

Only the 4-, 6-, and 8-column configurations continue in preference. Similarly only the twin
ponteon and the closed array pontoon arrangements are currently used. A 3-column closed array
pontoon (triangular) arranger'ant has been proposed for both FPS semi submersible and TLP
applications, and offers 4 steel reduction opportunity. But these desi gns have not been succéss{"ul,
perhaps because of the more complex deck arrangements. The twin pontoon preference is '
principally because of its mobility. A preference for the 6- and 8-columns relates pnmarlly to the

twin pontoon option, and is influenced by the use of bracing systems.

A closed array, or “ring”, pontoon arrangement is not very good for towing mobility, but is often
preferred for a permanently sited system because it offers superior strength and an excellent
potential for a braceless S},fsif:nﬂ. Transverse braces are not required and. with well designed.
column to pontoon conrections. as well as special connection at the deck. The system can handle

the racking toads. This is the basis of most TLP global strength systems. Fully developed huli-
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type deck to the column connections offer an even greater strength potential, and allows wider

column spacing,

As noted earlier, the function of the columns is to provide stability. A critical point of stability is
when a semi is submerging, and when ﬂle flotation undergoes transitions from being afloat on
the pontoons to being afloat on the columns. This operation is restricted to mild ¢onditions and
requires only that there be “positive GM™. It limits the deck loading and otherwise discourages

the particularly tall semis. For this reason, it is common to flare the columns at the pontoons to
enhance stability through the critical range of drafts, Deck area is sometimes considered a sizing
factor. Usually, the spacing of the' columns for stability provides adequate interior space,
particularly if there are two decks. Moderate deck extensions outside the column are a practical
option. Sometimes, the overall width is a limiling factor. A limited maximum width has had a

role in selecting the 6- and 8-column arrangement.

2.4.3 . Bracing

Bracing confligurations vary considr.—:fably. These principally include a transverse bracing. low on
the columns, to resist squeeze/pry forces and, with these, a transverse diagonal bracing. The -
diagonal bracing is both to support the deck wéight and, tegether with the horizontal transverse,
prbvide the lateral racking strength. Often, a system of the horizontal diagonals is used o
provide racking strength against guartering seas. A bracing svstemn commonly found on many of
the 3rd generation drilling platform. As a structural system. the strength of the space frame truss
system is typically developed in parallel series of planes between columns, fbllowing civil
engineering practice, called “bents.” Each bent is a full truss, including the deck as a top chord .
and the horizontal, transverse brace as the bottom chord, all spanning between a pair of stability -

columns. Some use an “inverted-V™ form of diagonals and some use an “inverted-"W.” Except
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for a deck girder, the members consist of large diameter, thin walled cylinders. A well designed

and well connected deck structure can el iminate the need for most bracin g.

Similarly a closed array pontoon can also eliminate the need for bracing similar to a 4-column

TLP. However, a twin pontoon structure will require horizontal transverses.
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Figure 2-11: Typical 3rd generation semi-submersible bracing system

2.5 Theory

In this following part some theories relevant to our topic is discussed briefly. As we should have
some knowledge about wave theory and oceanic forces wave theory. In this section a basic

review of linear wave theory and types of hydrodyramic force theory are discussed.

2.5.1 Wave Theory

Ocean waves are, generally. random in nature. However, larger waves in a random wave series
may be given the form of a regular wave that may be described by a deterministic theory. Even
though these wave theories are idealistic, they are very useful in the design of an offshore
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structure and its structural members. The wave theories that are normaily applied to offshore -
structures are described in this section. There are several wave theories that are useful in the
design of offshore structures. These theories, by necessity. are regular. Regular waves have the
characteristics of having a period such that each cycle has exactly the same form. T hus the
theory describes the properiies of one cycle of the regular waves and these properties are
mvariant from cycle to cycie. There are three parameters that are needed i n descnbmg any wave

theory. They are:

period (T) which is the time taken for two successive crests to pass a stdtlonary point,
» Height (H) which is the vertical distance between the crest and the following 1rough For
a linear wave, the crest amphtudu i1s equal to the trough amplitude, while they are unequal

for a non-linear wave

v

Water depth (d) represents the vertical distance from the mean water level to the mean
ocean floor. For wave theories, the floor is assumed horizontal and flat. Several other
quantities that are tmportant in the water wave theory may be computed from these

parameters. These critical parameters are: -

o Waveﬂength (L) which is the horizontal distance between successive crests.

% Frequency (f) which is the reciprocal of the period. _

< Horizontal water particle velocity (u) which is the instantaneous velocity along x of_a
water particle. |

% Vertical water particle vel‘bcily (v) which is the insitantaneous velocity along yof a
water particie. |

* Horizontal water particle acceleration (G) which is the instantaneous acceleration
along x of a water particle, 7

% Vertical water particle acceleration (G which is the in: stantaneous acceleration along y

of a water particle,

A wave creates a free ‘surface motion at the mean water level acted upon by gravity, The
elevation of the free surface varies with space x and time t. The simplest and most applied wave
theory is the linear wave theory. For the linear wave theory, the wave has the form of a sine

curve and the free surface profile is written in the foliowing simple form:



n = aSin(kx — wr)

2-1: Wave Formula

In which the quantities a, w and k are constants. The coefficient “a” is amplitude of the wave.
The quantity w is the frequency of oscillation of the wave and k is called the wave number. A
two-dimensional coordinate system x, y is chosen to describe the wave propagation with x in the |
direction of wave and y vertical. The point where the value of the profile .is‘ +a is called a crest

while the point with the value -a is called the trough.
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Figure 2-12: Wave Profile

2.5.2 Morison equation

The basic equation for the stability of submerged objects is the Morison Equation The total °
horizontal wave induced force on a submerged object can be broken up into two basic parts. The

Morison equation contains two forces as mentioned above. The overall equation can be shown

as:
Jf T J{ inerfic + -f.:'."rcrg
Equation 2-2: Morison Equation
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25.2.1 Drag Force

The drag force is the predominate wave induced force on a submerged object in shallow water
(Dean). The drag force is calculated using the classic drag equation (Roberson) as seen as

below:
, | |
| Sirag = 5 C,, pDluluds

Equation 2-3: Drag Force

Where Cp is the doefﬁcient of drag, p is the density of sea water, and ds is the projected cross
sectional area element as seen from the direction of flow, and u is the horizontal water particle |
velocity. The only unknown in the equation is the coefficient of drag. Since the coefficient of
drag is dependent on the shape and surface roughness of the object. it must be determined

experimentally. Results of the scale model tests are used to determine the drag coefficient.

2522 Inertia Force

The inertia force is the force imparted on the submerged object by the acceleration of the fluid

past the object. The inertia force is defined by:

: T . Cu
df. =C p=D" " ds
/. mf? 4 Ot

Equation 2-4: Inertia Force



) ) P ) ) . Ou . .
Where Cy is the coefficient of inertia, p1s the density of sca water, and ’ is the water particle

acceleration. The coefficient of inertia is based in the size and shape of the object, 'Cy is always .

greater than or equal to one.

2.5.3 Dynamic Analysis

A dynamic analysis is normally mandatory for every offshore structure. but can be Restricted to

the main modes in the case of stff structures.

2.5.3.1 Eguations quotz'oﬁ

The governing dynamic equations of multi-degrees-of:freedom systems can be expressed in the

maitrix form:

MX"+CX" + KX = B(;)

Equation 2-5: Equation of Motion
Where:

M is the mass matrix

C is the damping matrix

K is the stiffness matrix |

X, X', X’ are the displacement, velocity and acceleration vectors (function of time). P(t) is the
time dependent force vector: in the most general case it may depend on the displacements of the
structure also (i.e. relative motion of the structure with respect to the wave velocity in Morison

equation),



2.5.3.2 Mass

The mass matrix represents the distribution of masses over the structure. The added mass of water
{mass of water displaced by the member and determined from poteniial flow theory) and the
mass of marine growth. Masses are general ly lumped at discrete points of the model. The mass
matrix consequently becomes diagonal but local modes of vibration of single members are
ignored (these modes may bé important for certain members subjected to an earthquake). The

selection of lumping points may significantly affect the ensuing Solution.

As a further simplification to larger models mvolving considerable degrees-of freedom, the

system can be condensed to a few fréedoms while still retaming its basic Energy distribution.

2.5.33  Damping

Damping is the most difficult to estimate among, all parameters governing the dynamic response
of a structure. [t may consist of structural and hydrodynamu: damping. Structural Damping:
Structural damping is associated with the loss of energy by internal friction in the matelrial It
increases with the order of the mode. being roughly proportional to the strain energy involved i in '
cach. Hydrodynamic Damping: Damping provided by the waler surrounding the structure i

commonly added to the former, but may alternatively be accounted as part of the forcing

function when vibrations are close to resonance,

Viscous damping represents the most common and simple form ot damping. It may have one of
the following representations modal damping: a specific damping ratio 4 expressing the
percentage to critical associated with cach mode (typteally '{ = 0.5% structural; ¢ = 1.5%

hydredynamic).

* proportional damping: defined as a linear combination of stiffness and mass matzices. All other
types of non-viscous damping should preferably be expressed as an equivalent viscous damping

mairix.
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2534  Stiffness

The stiffness matrix is in all aspects similar to the one used in static analyses. Free Vibration
Mode Shapes and Frequencies The first step in a dynamic analysis consists of determining the

principal natural vibration mode shapes and frequencies of the undamped, mutti-degree-of-
freedom structure up to a given order (30" to 50™). This consists of solving the eigen-value

problem:
KX = AMX
EQuation 2-6: Eigen value Equation

For rigid structures having a fundamental vibration period well below the range of wave periods
(typically less than 3 s), the dynamic behavior is simply accounted for by multiplying the time-

dependent loads by a dynamic amplification

I

DAF = 7.2 V 2
Ja- g+ 20y

Equation 2-7: DAF Formula

2.5.3.5  Frequency Domain Analysis

Such analysis is most appropriate for evaluating the steady-state response of a system subjected
to cyclic loadings, as the transient part of the response vanishes rapidly under the effect of

damping. The loading function is developed in Fourier series up to an order 7;



i
P0)=2 pet
i=l

Equation 2-8: Fourier series for loading Function

The plot of the amplitudes pj versus the circular frequencies wj is called the amplitude power
spectra of the loading. Usually. significant values of pj only occur within a narrow range of
frequencies and the analysis can be restricted to it. The relationship between response and force

vestors is expressed by the transfer matrix H, such as:
H=-Mo’+ICo+K
Equation 2-9: Transfer Matrix

The elements of which represent:

T X, _deflection _in_freedom
L=t S =t STEEAOM T
P force _in__freedom k

Equation 2-10: Transfer Matrix Elements

The spectral density of response in freedom j versus force is then The fast Fourier transform

(FFT) is the most efficient algorithm associated with this kind of analysis.
2.5.3.6  Time Domain Analysis

The response of the i-th mode may alternatively be determined by resorting to Duhamel's

integral:
X (0= [P(0)h(t ~1)dr
]

Equation 2-11: Duhamel’s integral

The overall response is then obtained by summing at each time step the individual responses

over all significant modes.



2.5.4 Basics of static stability

In stability investigation, the stability of structure will be observed without any hydrodynamic
force. As it is mentioned before this stability is prerequisite for dynamic stability. The basic idea _
of checking stability is to consider righting moment which is the consequence of buoyancy and .

the wind heeling arm that caused by wind.

Curve A = infoc! &2 curve
Corve B = wingd healrwg arm cunw

' 0 0 10 40 S0 60 . 80 30
NN\ Angla of nelination (degrees) :
A

Figure 2-13: Stability criteria for heam wind and rolling

To derive wind moment therz are lots equations based on type of structure and speed of wind.
For righting arm curve we need to calculate several parameters like center of gravity, center of

buoyancy and metacenter.
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Figure 2-14: Stability of Structure

These two equations are the basic idea for calculation the parameters, In spread sheet these
parameters will be calculated based on heeling angle

Equation 2-12: Basic relationship between CG,CB, MC

GM = KB+ BM —KG

Equation 2-13: Relationship between B, MC

<] |~
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3.2 General

The basic idea for this project is o prepare a simple mode! of semi submersible motion.

According to project topic we should have analysis in both frequency and domain. As it mention

before for sake of simplicity the Morison equation will be used in this project. Morison equation
is the easiest and the most straight forward equation for finding the force on the structure. In first
step analysis will be carried out for regular wave and in next stage will be expanded to random

Waves,

The semi submersible structure will be break in to different segments. However the shape of

elerents is not regular and contains unconformity, they will be considered symmetrical and

harmonic. Submerged part of platform mainly contains two main elements which are pontoons
and columns. As the pentoons have mostly rectangular cross-section and the Morison equation is
applicable for cylindrical segments, a cylindrical pontoon which has same cross-section area

with actual pontoon will be utilized for satisfactory of conditions.

3.3 Semi-Submersible Properties

The selected semi-submersible is taken from conceptual design report. This particular semi-
submersible is designed for Malaysia. The purpose of this selection is availability of all required

information like structural dimension, Weight of platform, pitch and heave natural period. The

cross section of this platform is rectangular. The column cross section is also rectangular, Since

the cross section is symmetrical. Calculation and analysis is done for one direction. The

dimension of semi-submersible is as below.

Pontoon Columh

Length: - 82.292(m) Length | 15.24(m)
Width: 82.292(m) Width 15.24(m)
Height: 16.674(m)  Height 24.384(m)

t



| Figure 3-1: Submerged portion of Semi-Submersible

The platform has different weight depends on its drafi. For this analysis operational mode is
chosen due to sensitivity of operation to motions. The operational draft for this platform is

25.908(m) and the weight of structure in operational mode is 194 859(KN).

3.4 Spectrum generation

The regular wave theories are applicable in a design where a single wave method is employed.
This is often a common method in the design of an offshore structure. In this case an extreme
wave is represented by a regular wave of the appropriate height and‘ period.: This method
provides a simple analysis in determining the extreme response of an offshore structure. The
random ocean wave, on the other hand, is deseribed by an energy density spectrum. The wave |
energy spectrum describes the energy content of an ocean wave and ifs distribution over a
frequency range of the random wave. Therefore, the random wave method of design may be
important especially in the design of floating structures. The random wave is generally described

by its statistical parameters. For this analysis P-M spectrum is chosen. The random wave

generation is the following step.

L)
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Figure 3-2: P-M Spectrum

3.5 Random Wave generation

The next step in hydrodynamic force calculation is random wave generation. For force
calculation horizontal and vertical velocity and acceleration is needed. From energy density

spectrum, wave height is calculated.
H(7,)=2y2(f )
Equation 3-1: Wave Height Formula

The horizontal and vertical velocity and aceeleration can be calculated from the below formulas.

lad
ol



U= é’ﬂ ‘Es_%__h(ks) -c0s(®)
20 cos(kd)

Equation 3-2: Horizental velocity

= SR COSNKS) )
2w sinh(kd)

Equation 3-3: Vertical Velocity

Bu_ gk coshlhs) .o
ot 2 cos(kd)

Equation 3-4: Horizontal Aceeleration

¥ _&fik sinh(ks) cos(®)
Py 2 cos(kd)

Equation 3-5: Vertical Acceleration

3.6 Force Calculation on the Body

In this step the horizontal, vertical velocity and moment about center of gravity arc calculated.
According the geometry of semi-submiersiblé, F roude-Krylov method is the best alternative. ‘The

reason for this selection is availability of specific formula for rectangular cross section.

Figure 3-3: Cubic Element
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The formulas for vertical and horizontal force are as below,

sinh(kZ, / 2) sinh(k/, /2)

Fo=C i, 2
a2 PEE

x

Figure 3-4: Horizontal Force

F‘ =C.pV sinh(4/, /2) sinh(k/, /2) -
' ki, /2 kl 12

Figure 3-5: Vertical Force -

In these formulas “#,™, “v, ™ are horizontal and vertical acceleration of CG of the respective

element. 1, b, I3 are width, height and length of element as it shown in figure 3-3. V is the
volume of the element that can be calculated simply. Since all the forces on each element can be

calculated individually, the total force on the platform is obtained by adding the forces together.

3.7 Frequency Domain Analysis

The motion response of structure can be calculated by two methods. The first method is
frequency domain analysis. This section is a bricf description of this method step by step. The
first step is obtaining RAO for three motions. The next step is motion spectrum for each motion

which is straight forivard and the last stage is caleulation of mofion by the time.

3.7.1 RAO Calculation

RAO is calculated for each frequency. RAO is depéndent on {ew factors. The formulas for RAO

are shown as below for three motions separately.

< WFH /2
RiO, - FHI)

N . 3 . R |1
[(K), =m0y +(C,w) "

Figure 3-6: Surge RAO



F I(H2)
RAO,,., = -

M e ] - ) ‘ I‘.‘
UKy =m0y +(Cyw”)' ]

Figure 3-7: Heave RAQ

- M_(H2)

RAO,,, = —
(Ky =17 +(Cuw™)']?

pitch

Figure 3-8: Pitch RAO

In these formula my;, myy, I3z are added mass for surge, heave and pitch respectively. Added
mass is the mass of water that is dispiaced with respective motion. The value for added mass can -
be calculated by below formulas. It should be noted that 1 is mass momeni of inertia of structure

about axis of rotation.
ps
n,, = Zl.sz+M»

Figure 3-9: Surge Ad!déd Mass

3

D
s = ——p+ M
T

Figure 3-10: Heave Added Mass
Iy=my,xr’ 41
Figure 3-11: Pitch Added Mass

The value of K is stiffness for each motion. for surge this value js depends on mooring line

system. But for pitch and heave the below formulas can be used .

b, = P8
. 2m

Figure 3-12: Stiffness for Heave



gGMA,
ey = —"

Figure 3-13: Stiffness for Pitch
Where:

M= mass

GM= distance from center of gravily to metacenter

I= Second moment of -inertié with respect to water plane

Awp= Water plane area |
Cri, Caz, Cy; values depends on damping ratio of system. These value are vary by frequency but -
since the calculation of damping ratio is complicated, a constant value is assumed for every
frequency.

3.7.2  Respense Spectrum Caleulation

Calculation of Iesponse spectrum 1s straight forward. Using the RAO values for every frequency

and the energy density spectrum, the response spectrum js penerated.
§.(f)=5(r)x R4’

Equation 3-6: Response Spectrum

3.7.3 Response to Random Wave in Time

The steps for this stage are the same as random wave generation. First] y the response amplitude
is obtained from response spectrum with respect (o below formula,

H,(f)= 225 (1)

Equation 3-7: Resbdnse Amplitude to Wave



Then response is achieved by using this formula. #{i) is random function that generates random

number between ¢ and 2x.

o)=3 E_Q(_fl)cos(zq o)

=1

Equation 3-8: Motion Equation

3.8 Newmark’s Beta Method

This is one of the integration methods that is used for dynamic analysis. In this section this

method is described step by step.

Stepl The stiffness matrix [K], the damping matrix [C]. the mass matrix {M], the initial

displacement vector { X}, the initial velogity {XU} are given as'the known input data.
Step2 The force {F (1)} is calculated for t=0

Step3 The initial acceleration vector is then calculated as below:
. 1 o )
{¥,}= = (F, -cx, - kx,)

Stepd & = 0.5, = 0.25(0.5+8) and with integration constants as:

1 ! 1 1 o A& T
gy =5ty S =,y =y === gy =] g = )
aAt” all - @i et o 2|l

ty =M1 ~3). a, =5 and Ar is time slep
Step5 K" = K+ a,M +a,C
Step6 For each time step, the following are caiculated:

quHAI = F

i+AL

+M (a(,X, +a, X, +a, ¥ , }+ C(a],'—\’, +a, X, + aﬁ)'("f)



¥, =a(x

“E A

wX,)wazXf magX,

T+A1

These values are calculated at each time step and then value of evaluate until the convergence is

achieved at each step.



CHAPTER 4
CRESULT AND DISCUSSION

In this chapter the results for three responses are illustrated by aid of graph and tables. This -
chapter consists of two sections, in first section the result for frequency analysis is shown and in -
next section time domain analysis is reviewed. In each section the calculation 'is done for
different case study which is explained in the following chapter.

4.1 Frequency Domain Analysis
In this section. the result for frequency domain is shown. The first case is response of semi-
submersible to different significant wave heights and depth.

4.1.1- Water Depth Study

In this section the motion Analysis is done for [our different water depths.

Table 4-1: water Depth Case Study |

Case. Water | H,\:
' Depth(m)
Case A | 600 63 |
[ Case B - 900 63
Case C 1200 6.3
Case D . 1500 6.3
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Figure 4-1: Surge RAO
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Figure 4-3: Heave RAO
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Figure 4-7: Surge Motion Case B
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Figure 4-8: Heave Motion Case B
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500 1000 1500 2000

Time (s)

Figure 4-11: Heave Motion Case C
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4.1.2 Effect of Draft

In this section effect of draft on each motion is studied. For each draft result is shown as below.
Besides operational draft, survival draft is important. Survival draft for this platform is 20.36(m).

By changing draft, all the properties of system will be changed. For this system the properties for

survival draft are as below.

Draft 20.36(m)
Weight 179,069(KN)
T, for Heave 18.57(s)

T, for Pitch  29.15(s)

m/m

0.05 0.1 0.15 0.2 0.25 03
Frequency (Hz)

Figure 4-15: Surge RAO Survival Draft
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Figure 4-17: Pitch RAO Survival Draft
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4.2 Time Domain Analysis

In this section the calculation for motion response is revised again but with time domain
approach. For this approach these three motions (surge, heave and pitch) are coupled. The steps
for this method are described in methodology chapter. For same cases, the program is done
frequency and time domain analysis. The comparison between two cases is conducted in

discussion section.

i. — — L ———————— . - I — SE——— ———

er
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Figure 4-18: Surge Frequency Response
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Figure 4-20: Heave Response Frequency Domain
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Figure 4-22: Pitch Response Frequency Domain
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4.3 Discussion

Figure 4-23: Pitch Response Time Domain
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In this section, the final results are compared together. Firstly frequency domain results for
different water depth are discussed as below.

43.1 Water Depth Effect

Table 4-2: Water Depth effect in Frequency Domain Statistic Data

Case

Surge Heave Pitch Surge Heave Pitch
Mean Mean Mean Standard | Standard | Standard
(m) (m) (Rad) Deviation | Deviation | Deviation
A 1.75764 0.362373 | 0.00855671 | 1.32062 | 0275728 0.00654517
B 1.68687 0.352692 | 0.00865142 | 1.40231 0.285183 | 0.00643339
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C

177429 | 0367869 |

000857291 “i".'é'd’/—or'rbfiﬁ_’f_?;s 0.00646501

2 L

0.00853337 L1.31571 ‘ 0.282249'\0.00642306 .

'Table 4-3: Water Depth Effect in Freque

1.73379 0.349773

ncy Domain Amplitades

Case Surge Heave Pitch Surge Heave Pitch
Maximum | Maximum Maximum Minimuam | Minimum Minimum
(m) {m) (Rad) (m) () (Rad)
T T 668532 | 1.50891 O0ise7s | 667256 | -1.50745 20.0356382 |
"5 | 684667 |  1.50348 i ea0s 1 688711 | -1.47156 | -0.0370619
C 6.93605- 1.33524 0.03503 -6.30975 -1.32733 -0.0355353
b 7.16988 3376 0.0356523 | -7.06365 | -1.38549 20.0350153 |
S R - A o

From these two tables we can realize th
forces. The resuits shows that by incre
does not have major effecton s
anchored the platform to the sea bed. T

case which is not in the scope of this proj

mooring lines

4.3.2

As it discussed in previous section,

system. Since the wek

and heave is al

Effect of Draft

50 affected by changing the draft. this sectio

ystem. But the major conce

ght of structure is in direct elationship

at the water depth does not have significant effect on the

asing the maximum surge value will increase slightly but it ‘

m in deeper is the mooring line which

and their cost which is also not included in this report.

n is allocated to this topie.

he role of oceanic current should be considered in this

ect. The other issue of deeper water is the weight of

the structure draft has effect on all the properties of motion

with draft and the stiffness of pitch



Table 4-4: Draft Effect Statistic Data

" Draft *_STGQE Heave |  Pitch T Surge Heave Pitch |
(m) Mean Mean Mean 8.D S.D S.D
' (m) (m) (Rad) (m} (m) (Rad)
T2500 | 172225 7".(13’577551“'"6'.6'07811—{;'@6"1" 135823 | 0279908 | 000677981
20.36 0.665236 | 0.337807 0.0266375 | 0.524939 0.255866 | 0.0197674
L I !
Table 4-5: Draft Effect Amplitudes
[ Draft *§ufg] Heave ] ‘Pité-l:l_ﬂ-jmﬁ-gu_r-ge Heave Pitch )
(m) Maximum | Maximum | Maximum Minimum | Minimum | Minimum
(m) {m) (Rad) (m) (m) ~ (Rad)
509 T84T | 15849 5 ia6sa0l T 815241 | ~1.54302 | -0.0358646 )
— 5036 | 262075 | 124018 | 0. (09219 | -2.62422 | -1.2379 20.118065 |
[ IR _'_.H,_L.__gb_._,,”__ ___Al__é.__.f___.g_ R —— _;,____.__.-

As it is shown in tables, surge decreases signific
part is less, t

motion is not affected very much. Since

hus the horizontal force decreases and

the draft. the total vertical force is not a‘ffectéd.

draft. but the position' of center of gravity will shift upward. thus the p
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antly. In survival draft the columns submerged

as the effect surge value reduces. Heave

the pontoen cross section does not chang

The other critical value is pitch value. Lven though horizontal force d

e by changing

ecreases by decrement in

itch will increase.



4.3.3 Frequency Domain and Time domain Assessment

The purpose of this section is to compare the resu

As it mentioned before time domain analysis 1S more

Its from frequency domain and time domain.

precise method because it considers the

changes in draft and stiffness. The other advantage of time domain is accomplishment of coupled

motion analysis.

consideration. The statistic data is shown in below tables.

Table 4-6: Frequeney and Time Domain Statistic Data

Time domain puts the effect of different motion on each other under -

59

Case Surge Heave Pitch | Surge Heave Pitch
Mean Mean Mean S.D S.D S.D
(m) (m) (Rad) (m) (m) (Rad)
“Trequency | 1.76826 | 0.368201 | 0.00843305 131726 | 0.27189 | 0.00665826
Domain
Time 1.38721 0.319509 | 0.00771196 1.0748 (0.251844 0.00577836 _
Domain
Table 4-7: Frequency and Time Domain Amplitudes
Draft Surge Heave Pitch WAf;l—urge Heave Pitch
{m) Maximum | Maximum | Maximum | Minimum Minimum Minimum
(m) (m) (Rad) (m) (m) {Rad)
Froquency | 6.06044 | 130828 | 00388737 | 604249 | -1.33253 | -0.0393902
Domain ' |
" Time 5.9157 ae0as 1 0.0969864 | 6.1084 | -1.40459 | -0.0370906 |
Domain



As it obvious from ihese results, there is acceptable coherency between two methods. Time -
domain amplitudes are slightly less than frequency domain. This matter may have two sources.
Firstly in time domain draft is changing by time, since the horizontal forces decreases by

decrement in drafi. the coupled motion is slightly. less than dependent one.

The other matter that is considered in time 1s alternation of pitch stiffness by heave motion. This
phenomenon can be studied in further studied. For surge motion the amplitude does not change

by distance from wave origin. but when it is coupled with heave the effect is considerable.
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CHAPTER 5
CONCLUSION

This research is commenced by studying the offshore platforms. A brief literature is prepared
consists if their types and their various functionality based on water depth and environmental
condition. After this phase semi-submersible is taken under research in order to have better

overall view of its characteristic.

Firstly. the history of semi-submersible is studied as a part of project. The sequential alternation
of this platform is studied in introduction chapter. The next stage of research was a brief
investigation about the effects of different factors on design and configuration of semi-

submersible. This study can be found in literature review.

The general purpose of this project was dynamic analysis of semi-submersible in frequency and
time domain. For dynamic analysis, surge. heave and pitch are done in this report. The other
three motions are excluded from this report due to similarity. In this report, oceanic wave is the '

only source of hydrodynamic loading. current and wind load are excluded in this research.

The steps for dynamic analysis are described in methodology chapter by detail. Frequency
domain is done at the beginning followed by time domain. Time domain analysis gives more
precise and accurate results.but it is more complicated. On the other hand frequency domain is

straight forward and simple.

» In results and discussjon chapter, frequency domain analysis is done for different water
depth. As the results show, water depth does not have very significant effect on motion

amplitudes.

» The other important factor is draft. In this report the motion analysis is done for two
different draft, operational and survival. The results show that surge motion is more

critical in operational draft due to higher load on the columns. In contrast with surge
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heave is not affected significantly and it ‘is relatively constant in two conditions. The
pitch motion is more critical in survival condition. The results are available in results and -

discussion chapter.

From this research we can conclude time domain analysis is necessary for floating
structures like semi submersibles due to high level of uncertainty. This could be a better

and more conservative analysis beside frequency domain.



CHAPTER 6
RECOMMENDATIONS

Time domain dynamic analysis needs vast range of research. For further study, these topics are

recommended.
1. Dynamic Analysis using diffraction theory for semi-submersible
2. Six degree of {freedom motion analysis in random sea
3. The effect of damping ratio on motions in semi-submersible
4. Frequency domain analysis using different types ol specfrum
5. Comparison between RAOs for dil‘t‘ereﬁt kind of platforms
6. Optimizatior: in design of semi-submersible
7. Stiffﬁess caleulation for six degree of freedom motions

8. Effect of mooring lines on heave and pitch stiffbess



CHAPTER 7
APPENDIX

Code of this program is written in visual basic compatible to Excel.

71 Data Collection

Function volume plsf. plsd. org. rpl)

Dyim res1(3). res2(3). xAngle(3). yAngi'cu), pisl2(2. 12, 3% res(3, vect{3), vect1(3), vect2(3) As Double

xAngle(0y = 1
xAngle(1)=0

xAngle(2y=0

yAngle() =0
yAngle(1y=1

yAngie(2) = v}

res1(0) = prai(l. 0) - pis8(0.0)
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resi(1) = pts8(1. 1) - pts8(0, 1)

vesi(2) = pts8(1. 2) - ptsB(0. 2)

res2t0) = pts8(3. 0) - pts8(0. 1)
reéZ(l) = ptsB(3. 1) - prs8i0: 1)
res2(2) = pis8(3. 2) - ptsB(. 2)

i = vecCross{res2, yAngle, res)

If (res(0) =) Then

resd =0

Else

i="res(0})/ Abs(res{0)}

|'.cs4 vc(‘./\nglc(]‘csl vangle) * i

End If

= vec(‘.ross(résl. xAngle. res)

If (res(1y = 0) Ther

res3.= 0

Else

i = res(1) /7 Abstres(1))

fes3 veeAnglegrest, xAngi_c} i

End If

Fori=0To7



j = rotatem{resd. ptsS(i_. (. ptsBE. 1y pis8(i. 20, rpu0). rput R rp|(2-). 2. rex)

'j = rotatem(res3. psB(i. 0). ptsg(i. 1), pts8(i. 2). pts§(0. ). pis8(0. 1. ptsBifh 2). 2. res)
pts12(0. i. 0y = res(0)

pts12(0 i B} = res(1)

pts1 0. 1. 2) = res{2)

j = rotatem((res4), ptsi2(0. 1. 0). pts12(0. i 1. ptsd 200, 0. 2). (). rpt(1). rpt{2). 1. res)
psl2(l i) = Round(res(0). 10}
ptst2(1.i. 1y = Rpund(rest 1). 1)

pts12(1, L 2} = Round{res(2). 19}

Next i

Fori=0To3
j = rotatem(res3. ptsd(1. ). ptsddi. 1) predi. 230, 0.0, 2, res)
pisi2(0, i+ & Oy = res((

pIs1200 i+ 8. 1y =res by

ptsi2(0. i + 8. 2) = res(2)

j = rotatesn{resd. psi2(0. 1+ 8. 0. plsl12(0. i+ 8. 1) pts12(0. i + 8. 25 0.0 0.1, res)

ptsi2(1. i + 8. 0) = Round(res(th. $)]

ptsi2il i+ 8 1= Round{res( ). 1)
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ptst2ih. i+ 8. 2) = Round(res(2). 10)

Next i

=3

Fori=0Toll
Forj=0To2

pts12(1. i )= ptst2(1, i. j) - org(i)
‘Cells(15 + i 1+ jy=ps12(0. 1. ])
Cells(15 +i, L+j+ 3y=ptsl2. L]
"MsgBox ("X res” & i & " " & j & Mis =" & pts12(0, i) & veCrll &
C ARG " & vbCrLI& " Y res & i & " & & Mis =" & ptsl 20,0 )
Next
Next i
vecetO(0) = ptsl?(.l. 9. 0)-pisi2(l. 8. 0)
veetD{ 1) = pts12(1. 9. ) - prsi2(1. 8. 1)

veet0(2) = ptsi2(1. 9. 2) - pis12(1, 8. 2)

veet1{0) = ptsi2(1. 11,0} - ptsl2(1. 8. 0)
vectl(l) = pls12¢L 11 1) - ptel 201 8. 1)

veet (2= plel2(1 11.2) - pist2(1. 8. 2)

i = vecCross{vect{), veet|. vectl)
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d=(vect2(0) * ptsf2{1. 8. M} (veel2(1) * psl (L & 13 {vect2(2) * p1s12(L 8. 2}).

a = vecLength(res!)

b = vecLength{res2}

volume = ((d * b * a) / vect2(2)) - {{vect2(N *b¥*a” 2}/ (2% vect2(2)) - HveatZ{1) * b ~2F )/ 2 ¥ vect2(2))

End Function

72  Mathematical functions

Function volumetpts8. ptsd. org. rpt)

Dim rest3). res2(3), xAngle(3). yAngle(3). ptsl2¢2. 12, 3. rest3) veel003 ), vect 1031 veet2(3 As Double

xAngle(®) =1
xAngle(!) =0

xAngle(2) =0

yAngle(0}=0
yAngle(l) =1

vAngle(2) = i

resti0) = pts8( 1. 0) - pts8(0. o)

resl(1) = pts8(1. 1) - pts80. 1)
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resi{2)= pisd(i. 2) - pts8(1. 2)

res2(0) = pts83. 0} - prsB0. )
res2(1) = pts8(3. 1)~ pts80. 1)

(e2(2) = ptsB(3. 2) - pisBi0. 2)

i = veeCross(res2. yAngle. 1¢5)
If {res(0) = 0) Then |
resd =0
Else
i=res{0y/ Abs(res(O))
resd = vecAngle(res2. yAngle) * i

End If

i = vecCross(rest xAngle. res)
I resthy =) Then
res3 =0

Else
i = res(1)/ Abstres(1}

a3 = vecAnghe(rest. wAnple) * 1

End 1f

Fori={41To7
2). rpr( 03 Tpl H.opt2. 2 res)

atein{res3. plsf{i. O pLsBli 1). ps®(i.

j ool
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i = rotatemn(res3. ptsR(i, 03, pis8(i. 1). pis8(i. 2). pis8(0. 0), pts80. 1}, ptsilh. 2). 2. res)
pis b2¢0: 4. 0) = res(0)
pts1200. i, 1) = res(1)

pts]i((). i.2) = res(2)

j = rotatem({resd). ptsi2¢0. i 0, ptsi2(0. i D) pts12(0. & 25 rptt®) mt(1). rpb(2). 1. res)
pis12¢1. 1. 0) = Round(res(). 10}
pts12(1, i, 1} = Round{res{1). 13)

pts12¢1, i. 2} = Round(res(2). 10}

Next i

Fori= Tt‘i 3

j = rotatem(res3, ptsd{i. 0). ptsd(i. 1), ptsd(i, 2). 0. 0. 0. 2. res)
Tpes2(0, i+ 8. 0) = res(()

pls12(0. 1+ 8. 1)=res(1)

p1sl12¢0, i + 8. 2) = resi 2y

J = rotatem(resd. pts12(0. PR, D), pts1240. 7+ 8. 1. ptsk200. 1+ 8. 2), 60 1 res)
prs12(L i+ 8. 1) = Round{res{0). 10)
ptst2(l. i+ 8, 1) = Round(res(1), 10)

pis12(1. i+ 8. 2} = Round(res(2). 10)
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Fori=0To 11
Forj=0Te2
ptsl2(1. i.j)‘= ptsl2( 1. 1) - org(i)
'Cells(15 +i. l+j)=‘pt312(0. iy
Cefls(15 + 0.1+ +5)=pisI 2 1. i. J)
MsgBox ("X res" & 1 & " " & j& is="& pts12(0, i. jy & vbCrLli & _
" And " & vhOTLI & " Yres" & i & " " & ] & "is=" & ptsl2(0. 7, 1)
Next j
MNext &
vectD(0) = pLs12(1. 9. 0) - pist 2(1. 8 0
vectQ( 1) = pts1200. 9. 1} - ptsl2¢1L 8. 1)

vect(2) = pts12(1, 9. 2) - plsi2(L. 8. b))
veat L(fh = pts12(L 11 () - pis 1201 8. )
veetl(1) = ptsh2(1. 11 1) - pts12(1. 8. 1)

veel1{2) = pts12¢1. 1. 2) - ptsi2(1. 8.2)

i = vecCross(vert(. vect k., vect2)
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d = (vect2(0) * ptsl2{1. 8, ) + (vect2(1) * pts1201. 8. 1N+ {vect2(2) * ps12(1. 8. 2)}

a = vecLength(res!)

b = vecLength{res2}

volume = {(d *b*a)/ vn:é12(2}) S(ivectZ{0y *h*a” 2y /(2F vect2(2M) —.((vcct'lt DD Ea) s 2% ved 22D

End Function

73 Time Domain Programming

MY\(Hs = 7.3\ IndentingNewLing]
\n= 200:\\ IndentingMewLine]
\(dep = 15000 M IndentingNewLine]
\(density = 103530 IndentingNewlLine]
Yomegal = \{t.161 #0 ROTHSRY 5 IndciningNewLinc]
\( f0) = nmcga.{)/\((l* PirAnIndentingNewLine}
Yalpha = 5*\{[Hlsfll}\)"'2*0:1‘1cgu()""4/9.8()7'“2:'\)\| indentingNewLine]
\(step =\M( .3 - .02)\)/\((1.1 - l)\);‘\)\[!nd.entingNewl_ine]
\(Array[(ﬁ-negas. n]:\)\[iﬁdeuii]‘néNt:WLint:]
Yomegas = Tablef2*Pi*\(( .02 + (i - 1yt
steph), 1. n} - IndentingNewLine]
Wlreq = Tahle[M¢ .02 +\(i - PR)Esteph) n¥ )N IndentingNewline)
\(Array[s. n)A) {IndentingNewLine] | |
WArrayfk. n]:\)\[IndentingNt:.w[.int:} :
W Array] waveheight. n]:R] IndentingNewline]
yi = 1) IndentingNewLine|
\(s = Table[alpha®9. 807 2A((2*
Pi)\_')"4*il'req[\(l[i}\]]"‘\(é\)*

Exp[\(- 12594 freq[ IR A4 i ]k
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\[IndentingNewLine]
b= Tahle[FindRoni{nmega's[\([i]\).!'“Q e
9.807*x*Tanh[x*depl. {x. .3}] {i. n}:\Oy[IndentingMNewLine]
\(k = Table[b[\M[i. L. 2]\}}. {i. n} )\ IndentingNewLine]
delta = step\[IndentingNewline]
W{waveheight =
’]'able[2*\((2*s[\([i]\)] fdelta)\)” 5. {i. n} AN IndentingNewLine]
waveheight MUV = 29 2*s[M[IT9]* 020" S\ IndentingNewline]
\randomn = Table| Randem[Reat. 0. 2%Pi}]. {i. n} -9 IndentingNewline]
Ycoef =
Table[\{{1V4\ \((BesselJiO, k[i]*r] - Bizsseldf2, k[i]*
(P2 + VAN Bessel Y[0. k[i]*r] - BesselY[2, k|
ARV 2N SO 2Pk
iT*reBesselI[1. k[i]*e]V), i n} ]\ IndentingNewLine}
\(numbercelements = 4:\)\[IndentingNewLine] -
\(numberpelements = 4:304 IndentingNewLine]
Ydraft = 23000 IndentingMewline]
A .’-.\I‘l’ii)’|_C]€t11t‘.!1t.p!'()p. numbercelements + numberpelements]it
\[IndentingNewLine]
Welementprop[ 1] =} 15.’.?4, 15.24.
8-.5. 0. \f(draﬂ - 1667402 + dep -
drafi + 16.674} \)W\[IndentingNewLing]
Welementprop[2] = |
[5.24.13.24. 8.5

0.\ ((drafl - 16.6740)/2 + dep - draft + 16.674] 0%
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\[IndentingNewLing]

‘(elemenitprop|

3] = 11524, 15.24.8.5. 2.29_\((drafi - 16.6740)/2 + dep - draft +

16.674 :\)\[IndentingNew Line]

\(elementprop[4] = {15.24. 15.24. 8.5. 82.29. \((dralt - 16.6740\)/2 + dep -

drafi + 16.674 ) :\)\[IndentingNewLine|

‘elementprop[3] = | 1€6.674. 82.292.

16.674. 0, draft + 16.674/2} \)\[IndentingNewLine]
\(elementprop[6] = {16.674. 82.292. 16.674. 82.292. dep -
draft + 16.674/2) :\)\[IndentingNewLine]

\(elementprop[7] = 182.292. 16.674. 16.674. (. dep - drall + 16.674/2}2\)\
\[IndentingNewLine]

\(elementprop|

8] = 182,292, 16.674. 16.67-4. 0. dep - draft + 16,6742} 1)

\[IndentingNewLine]|

\(hacceleration = Table[ |

9.807*k{\[i]V]*waveheight[M[i[V)]*Cosh[k[\([i]\)[*\(elementprop] T]V]}
\STONAC2*Cash KM [ dep] ). 9.807*K{\([
ilVi*waveheight[\[i]W]*Cosh[k[\([i]W]*\(elementprop]
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