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ABSTRACT

This paper presents a modelling reccurence motion on a large volume semi-submersible
using ANSYS AQWA version 13. Recurrence is the phenomenon in which a system of
quasi-periodically returns to its initial conditions after undergoing some degrees of
evolution, this finding supports the theory of to quasi deter minism (QD) of sea waves. The
computational method calculated the hydrodynamic characteristics and recurrence
motion for the semi-submersible. The motions were analyzed in four types of different
incident irregular waves by using JONSWAP Spectrum which is generally regarded as a
pure randomness in nature interacting with the structure generating hydrodynamic
motion. Responses of motion were simulated for 3 hours, in which it was divided into 9
seeds for each incident wave. The incident waves of significant wave height of Hs 7
meters with the wave periods of Tp 12.7 and 13.5 seconds; and significant wave height of
Hs 8 meters with the wave periods of Tp 12.7 and 13.5 seconds were generated in the
simulation, it was found that the recurrence motion occurred in the time interval (to +
635s, to + 879s) and (to + 1774s, to + 1988s); (to + 693s, to + 882s) and (to + 1735s, to
+ 1924s); (to + 693s, to + 882s) and (to + 1735s, to + 1924s); (to + 792s, to + 992s)
and (to + 1938s, to + 2138s) respectively. Recurrence motion on a large volume semi-
submersible supports the quasi deter minism (QD) Theory.
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1.0 INTRODUCTION

As the demand for oil and gas is increasing, thedrfer fixed and floating structure is
gaining importance in the form of offshore facdii Semi-submersible is a very
important structure in the future due to the oill gas exploration that leads to deep water
[1]. With the caused exploration oil and gas tleatls to deep water and heave suppressed
deep water structures. The challenge to producie aleep water is complicated, many
considerations that must be estimated. As watethdeggreases, the safety, structural
integrity, mooring, and maintenance of a systenobec more and more difficult and
challenging [2].

Tendency of deep water platform structure is ddptpya semi-submersible
platform. The important issue on the semi-submérsgitructure is its hydrodynamic
characteristics in waves. One of the hydrodynarnaracteristics is due to the interaction
of the motion, water depth and waves.
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The total hydrodynamic force produced motiae do action of wave is
assumed to be equal to the sum of the daad inertia force components.
Hydrodynamic analysis is performed in the fregcy domain with the Morison
equation being used for calculating wave aeildrag and inertia forces on the
structure [3]. The relative importance of theotcomponents depends on the size of
the structure. Sharant [4] has analyzed the hyaranhic loading due to the motion of
large offshore structures. They have researahedevelop a non-reflecting boundary
condition for the analysis of fully or partsubmerged offshore structures for which
the effect of water compressibility may begleeted but that of surface waves is
important. Hydrodynamic interaction effect betwédsmge column can cause a substantial
increase in local wave height [5].

The random wave motion of a floating structure bBadkecurrence phenomenal.
Kaihatu, and James M. [6] have studied the phenomehrecurrence. Recurrence is the
phenomenon in which a system quasi-periodicallyrret to its initial conditions after
undergoing some degree of evolution. Experimenirreace of the wave carried out by
Bocotti [7], the research identical sequences Mattikely large waves were found hours
apart from one another. This finding supports theoty of quasi determinism of sea
waves. The quasi determinism (QD) theory introdweeterministic wave function (of
both space and time) that shows what, most probably happen if an exceptionally
large wave will occur at some point in a sea sto@@ theory has theoretical and
practical significance in ocean engineering andahaxchitecture because it suggests that
extreme wave force, far from being random, tendet@eterministic.

Distorted

\ Undistorted
____________ wave
=

Figure 1. Schematic of wave run up problem

According to Eatock Taylor and Sincock [5], hydrodynic interaction effects
between large columns can cause substantial iresess local wave height. They
analyzed this phenomenon of wave upwelling thecalyi using a high order hybrid
element technique. It was concluded that wave Upwekffects are highly significant
and should be considered in design.

Kagemoto and Yue’s [8] interaction theory has besed by Yilmaz, et. al [9] to
obtain analytical solutions for the diffraction ptem of truncated cylinders. The
diffraction potential of an isolated cylinder istaimed using Garret’s [10] solution, and
evanescent mode solutions are derived in a simigmer to Garret's [10] solution. Free
surface elevations are calculated for an array oofr fcylinders and compared with
experimental measurements.

Matsumoto, et. al [11] extended a Boundary Elemiédethod (BEM) wave run
up on surrounding column model that incorporatesl Zmder diffraction effects
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(WAMIT) and a Volume of Fluid (VOF) CFD code (ComBW). The numerical method
can improve the results in comparison fmider standard linear analysis that may lead to
significant errors concerning the air gap evaluafiar both fixed and moored model in
regular waves.

Concerning the wave run-up phenomenon generatedhensea surface in
irregular waves, it always has a random nature. H2jvever, Bocotti [7] conducted field
experiment for measuring waves in surrounding pibegerify the quasi-determinism of
sea waves (QD) theory, Bocotti [13] suggests timaexceptionally two large waves in
two sea states with the same spectrum, and withsdinee configuration of the solid
boundary should belong to two identical sequentesmuves.

Priyanto, et. al [14], carried out the small-scaleored model tests of a large
semi-submersible in the Marine Technology Centrelf @Y1towing tank of Universiti
Teknologi Malaysia (UTM). Tests were performed witloored model under the action
of irregular waves. Each of two JONSWAP spectruras wroduced with different seed
numbers for representing two sea-state time trableses run up at south (S) and north
part (N1) were measured by resistance wave gatteesoncluded that the measured
wave run up verified that the QD theory is alsol@pple to wave run up on the large
volume semi- submersible.

This paper presents the modelling recurrenceamain the semi-submersible at
condition with computational methods using ANSYSW® version 13 which focuses
on the prediction of the recurrence phenomena ori-sebmersible structure at irregular
waves and the effect that occurs of the structlitee objective was to evaluate the
hydrodynamic characteristics of surge, pitch anavedn different water depths and the
motions like-ness of some seed responses duriryB Hiull scale; and the motions like-
ness are verified by Weibull distributions.

20 MOTION ON SEMI-SUBMERSIBLE

2.1 Semi-submersible Motions

A floating body has six degrees of freedomo completely define the floating

body motion it is necessary to consider momats in  all these modes as
illustrated in Figure 2. The motions are ied as movements of the centre of
gravity (CoG) of the body and rotations aba@utset of orthogonal axes through the
CoG. These are space axes moving with tleanmforward speed of the floating

body but otherwise fixed in space. It will heted that roll and pitch are the dynamic
equivalents of heel and trim. Translations alorgxfand y-axis and rotation about the z-
axis lead to no residual force or moment, providiesgplacement remains constant, as the
body is in neutral equilibrium.

For the other translation and rotations, movemenbpposed by a force or
moment provided the floating body is stable in timabde. The magnitude of the
opposition increases with increasing displacemeaitnfthe equilibrium position, the
variation being linear for small disturbances. Tikishe characteristic of a simple spring
system. Thus, it is to be expected that the equaj@verning the motion of a floating
body in still water, which is subject to a distunba in the roll, pitch or heave modes, will
be similar to that governing the motion of a masa®pring.
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Figure 2: Semi-submersible motion definition

Table 1: Six degrees of freedom of motion

Trandation AXxis Description Positive Sense
or rotation
Along x  Surge Forwards
Translation Alongy Sway To starboard
Alongz Heave Downwards
About x  Roll Starboard side down
Rotation Abouty Pitch Bow up
Aboutz Yaw Bow to starboard

This is indeed the case, and of the un-damped tbas#@ioating body is said to
move with simple harmonic motion. Disturbanceshie yaw, surge and sway modes will
not lead to such an oscillatory motion and theséians, when the ship is in a seaway,
exhibit a different character to roll, pitch anchlie. These are considered separately and
it is the oscillatory motions which are dealt witththe next few sections. It is convenient
to consider the motion which would follow a distange in still water, both without and
with damping, before proceeding to the more realtsise of motions in waves.

2.2. Motion in Irregular Waves

Once the transfer functions between wave the ersmngymotion (component) energy are
known, one can transform any wave energy spectauendorresponding motion energy
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spectrum. Figure 3 shows an example of the strikifigence of the average wave period
on a response spectrum.
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Figure 3. Effect of wave period on heave

For the wave spectrum with an average period of $&€onds, the transfer
function has very low values in the wave frequemayige. The response spectrum
becomes small, only small motions result. As therage wave period gets larger and the
response increases dramatically. A similar effeitit e obtained for a larger range of
average wave periods if the transfer function @f thotion shifts in the low frequency
region . A low natural frequency is required toasbtthis. This principle has been used
when designing semi-submersibles, which have a lagjume under water and a very
small spring term for heave (small water plane Jarglawever, such a shape does not
make much of a wave when it oscillates; it haseligotential damping. This results in
large (sometimes very large) Response Aamplituder&er’ s at the natural frequency .
As long as there is (almost) no wave energy atfthguency, the response spectrum will
remain small [15].

3.0 QUASI DETERMINISTIC THEORY

According to Kaihatu and James [6] (2009), a commmamifestation of nonlinear wave
behavior is the phenomenon of recurrence among all snumber of frequency
components. Loosely defined, recurrence is the ghenon in which a system quasi-
periodically returns to its initial conditions aftendergoing some degree of evolution.

The latest experimental studies the recurrenceareuwntroduced by Boccotti [7].
The quasi determinism (QD) theory introduces arddtéstic wave function (of both
space and time) that shows what, most probably, habpen if an exceptionally large
wave will occur at some point in a sea storm. Tagerministic wave function holds for
every configuration of the solid boundary, providdtht the wave motion may be
regarded as irrotational [14].

The most important novelty of the QD theory is thla¢ deterministic wave
function. If a wave with a given exceptionally largeightH occurs at some poing ,y, at
a time instantgtin a sea storm, there is a very great probabilitat the random free
surface displacement around poigty, for a span of time before and aftgist very close
to the following deterministic wave function:
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w(x ,Y,T)—w(x,,Y,T - T*) H (1)
y(0oT)-ylooT| 2

nlxo+ X, Yo +Y,to+T)=

Here, ¥. is the covariance with both space and time ldgseo random free surface
displacement, that is,

w(X.Y.T)=7(%0.y0. Th(%0 + X, Yo +Y.tg +T) (2

where the angle brackets denote an average wipleceto time t and™* is the lag of the
absolute minimum of the auto-covariance function.

Associated with the deterministic wave function .(Bqis a distribution of velocity
potential in the water, which to the lowest ordeaiStokes expansion is given by.

¢(X,Y,Z,T)—¢(X,Y,Z,T —T*)H
X, Yo+Y,ztg+T)= o 3
AXO-" YotY.zlg+ ) l,[/(0,0,0)‘l//(0,0,T ) 2 ( )

where @ is the covariance of the free surface displaceraadtthe velocity potential of
the random wind-generated waves :

AX.Y.2T)=n(x0.0.2t)1(x0 + X, yo +Y, 2,55 +T) (4)

This is the gist of the quasideterminism QD the&mpecifically, the deterministic
wave function (equation 4) and the distributiorvelocity potential (equation 4) not only
are valid for waves in the open sea, but also fmldvaves interacting with solid bodies
of arbitrary shapes and sizes. What is requestbdi®that the free surface displacement
of the random wind-generated waves represents aganed above. A stationary random
Gaussian process are non-homogeneous in space because pfdabence of any solid
body that induces wave diffraction. What changesnflone configuration of the solid
boundary to another configuration is only the ielahip between the functions and
directional spectrum of the incident waves.

Based on the QD theory the important parametetheofvave run up spectrum
are [7]: the peak frequency, the dominant directaord the bandwidth. The records with
some similar values of the tripl&p, 0, v where:Tp = period associated with the peak of
the energy spectrun = angle between the wave direction,= narrow-bandedness
parameter (equal to the absolute value of the ptigmobetween the minimum and the
maximum of the auto-covariance of wave run up flatibns). It was found three pairs of
datasets that satisfied.

4.0 NUMERICAL SIMULATION
4.1 Incident wave conditions

The modelling of incident waves in towing tank,efiparameters uni-modal JONSWAP
wave spectrum is utilized for the specified wavidg formula for the JONSWAP spectrum
may be written as equations (5) and (6). Incideavevthat used is irregular waves, in
which to display the random nature, with incidersiver parameters for significant wave
height and period is shown as Table 2. Table 2epitsshe wave parameters adopted in
the simulation tests (full scale). The tested peake periods comprehended 12.7s and
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13.5s. As shown in Table 2, during 3 hours theatam on the seed humbers mainly can
generate different time traces but the wave peratkwave heights are constant in the
tests.

Table 2 — Incident waves parameters (full scale)

Hs (m) Tp () y Direction

7.0 12.7 1 0

7.0 12.7 1 0

8.0 13.5 1 0

8.0 13.5 1 0

o _4.-5 -4 exp{—(Tpf—l)z /2a2]
Sf)=aHeT, f ex;{—lZE{Tpf) }y (5)
_ 9°

a =5.0609——[1- 0287In 6
2 )] ()

whereS(f) = spectral wave energy density distributibly, = significant wave heightf=
wave frequency (Hz)l, = peak wave period (seg)= spectral peakedness,

o= 0.09 for f > f,, and o= 0.07 for f <f,, andf, = peak wave frequency (Hz)=T}/
4.2 Modelling structur e of semi-submersible

The model is a large volume semi-submersible wiB)748 tones displacement,
characterized by having large displacement hule flatform is stabilized 4 rectangular
column arrangement as shown in Figures 4 and 5.

The model main particulars are presented in T8bléhe model has a mooring
system arranged in four lines in such a way thatdterall horizontal spring stiffness
which is 171kN/m.

Table 3 — Model main characteristics

Designation Symbo| Unitl Full scale
Overall Length L M 86.920
Overall Breadth B M 86.920
Overall Draft D M 22.000
Operating

Displacement 4 MT 58,748

Center of gravit|

. XCG M 0.00
from Centerline
Cente of gravity KG M 28 59
above base
Center of buoyand KB M 8.22
above base
Metacentric  heigt KM M 38.90
above base
Pitch gyradius Ky M 35.36
Roll gyradius K M 36.45
Yaw gyradius K M 39.83

N
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Figure 4. Semi-submersible main dimensions
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Data analysis performed based on the resultseofrtbdeling that conducted by
using ANSYS AQWA version 13. A diffraction analysi$ the Semi-submersible in
ANSYS AQWA, the main goal is to firstly obtain thieydrodynamic parameters
(damping, added mass coefficients) and free flgaAO’s. Secondly, the results of the
ANSYS AQWA hydrodynamic diffraction analysis for R are reported and compared
with experiment result and code MOSES analysis.ti,aso obtain the recurrence
motions for the semi-submersible based on the Wadlstributions of RAO response in

the time domain analysis.

Figure 5. Modelling Semi-submersible in ANSYS AQWA
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5. RESULTS AND DISCUSSIONS
5.1 Hydrodynamics characteristics

Six degrees of freedom (6 DOF) refer to the freeddmmovement of a rigid body in
three-dimensional space. Specifically, the bodyfree to move forward/backward,
up/down, left/right (translation in three perpendiéc axes) combined with rotation about
three perpendicular axes, often termed pitch, yana, roll.

The 6 DOF motions of a rigid body in body coordenaystem are governed by
the equations of linear and angular momentum redeto the center of gravity. Motion
analysis of the 3 degrees of freedom (3 DOF) madfathe center of gravity performed to
motion of the surge, heave and pitch, where théysisais done to determine the added
mass, damping and RAOs on heading - O degree.

Heave RAO ;
(mim) Heave RAO (heading 0 deg)
2.50 T
; —-EXPERIMENT
2.00 1 ---MOSES
L J‘“
150 | ;‘s,u‘ —ANSYS AQWA
1.00 | /""\
I v/
0.00 [ / L \. . mm === TN == TE LNkt
0.00 0.05 0.10 0.15 0.20 0.25
Wave Frequency (Hz)
Figure 6. Comparison of Heave RAO among Exp, MOSiES
ANSYS AQWA
Pitch RAO ; ;
(deg/m) Pitch RAO (heading 0 deg)
0.50
—e~EXPERIMENT
0.40 ---MOSES
0.20
0.10 —
0.00 =
0.00 0.05 0.10 0.15 0.20 0.25
Wave Frequency (Hz)

Figure 7. Comparison of Pitch RAO among Exp, MOS&&®I
ANSYS AQWA
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Figures 6 and 7 show the Response Amplitude Ope(RAO) for Heave and

Pitch motion refers to the data obtained direatyrf the irregular wave moored tests [14],
the solid line, here named ANSYS AQWA, was obtaimedoresent numerical tests,
specifically carried out to determine the RAOs leeand pitch of the semi submersible.
The results from MOSES and ANSYS AQWA have the saailee. This shows that the
results of the experiment analysis and ANSYS AQWA MOSES analysis occurred on
the same treatment of conditions semisubmersiblectste. The maximum value of
response amplitude operator (RAO) for heave aratlfi®quency is 0.05 Hz. its different
condition on the experiment results, the value e tesulting response amplitude
operators lower than the MOSES and ANSYS AQWA whibl value of the same
frequency at 0.05 Hz.
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Figure 8. Added Mass of Surge for Different H/Daoat
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Figure 9. Added Mass of Heave for Different H/Daat
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Added inertia of pitch
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Figure 10. Added Inertia of Pitch for Different HfBtio
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Figure 11. Damping Coef. of Surge for DifferétiD ratio
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Figure 12. Damping Coef. of Heave for DifferéfiD ratio
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Figure 13. Damping Coef. of Pitch for Different Hr&Xio

The added mass surga,, heave &s3) and pitch &ss) in Figures 8 — 10 are expressed in
non dimensional term as defined as the followingagign.

m

m " Bn = m . _ L (7)
Bd(Ka)' %~ md(ks)’ %8 Bd?(km)

It is found that the water depth has a very smakhm effect on the surge added mass
predicted, but has significant effect on the heawel pitch added mass. The most
important area of concern in the research is indefrequency region near to the natural
frequency of the system where the system expemsef@ge motions at resonance
frequency.

The damping coefficient of surgb,{), heave lfz3) and pitch Bss) in Figures 11 —
13 are expressed in non dimensional term as deéia¢de following equations.

R

mw . mw . mal
o oBd(KG)? s oBd(KB)? ' s pBd2(KM )2 ®

The calculated damping values for the semi-subimlergplatform are presented in

Figures 11, 12 and Figure 13. The Figures showstimedimensional damping for the

surge, heave and pitch motions. It is observed ftbenthree figures that at the low
frequency region (around the various motions resomafrequencies) the potential
damping vanishes which agrees with what was meatiopreviously regarding the

importance of low frequency motions response neathé resonance frequency. In
addition, same results for the damping values lier durge were estimated at different
values of the water depth — draught ratidddd=1.2, 2, 10 and infinite where no effect of
water depth was found. However, the different dagpialues for the heave and pitch
were estimated where the effect of different valofethie water depth was significant.

5.2 Recurrence motions

During 3 hours it was found two recurrence pairbedve motions that satisfied the same
Weibull distribution trend in the sea states assshim Figures 14 and 15. As the time lag
|t - to|] grows also the differences between the motiorie@timulation with the incident
wave height of Hs=7m and 8m, gradually, grow. Oa ititerval {o + 635s,to + 879s)
and (o + 1774s,to + 1988s) the like-ness heave motion (not regulashiape and size)
were indicated that the Weibull distribution vezdithe like-ness heave motion, as well as
the recurrence ond+ 693s,to + 882s) andt¢ + 1735sto0 + 1924s).
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Weibul Distribution heave motions in waves Hs 7 m Tp13.5 sec
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Figure 17. The recurence on the intertak{( 792s,to + 992s) andt6 +
1938s;o + 2138s)
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The heave motion time series with the incident whegght of Hs=7m for likeness
between intervalt¢ + 693s,to + 882s) andtp + 1735s,to + 1924s) determined on
weibull distribution on Figure 16, the trend of ghashowed closed data distribution. This
showed also that the recurrence of heave motiom tvét incident wave height of Hs=8m
in Figure 17 for likeness between interved € 792s,to + 992s) andtb + 1938s,to +
2138s) almost have same condition of realisation.

6.0 CONCLUSIONS

The semi-submersible structure essentially stabtae waves, that proved with very low
natural frequency (large mass and small intersedatiibh the waterline), transfers only a
very small part of the wave energy, very low fioster heave motions will appear, it
remains essentially stable in the waves Responsglititie Operator (RAO) of semi-
submersible structure that were predicted by usimgde ANSYS AQWA, have agreed
well with the results from code MOSES and modelegixpents.

The heave motion repeated the similar Weibullridhgtion at least twice on the
different time interval. The motion responses ohissubmersible proved the reccurence
phenomena from the (QD) theory. There is a timeriral in which the heave motion of
semi-submersible measured in the JONSWAP spectraveswvith some similar value of
dominant direction and the bandwidth record, wal’& similar fluctuation heave motion.
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NOMENCLATURES

Hs
Tp
f
g

Wave height significant
Peak wave period
Wave frequency
Gravity acceleration

JONSWAP  JONSWAP wave spectrum

QD

Quasi-Determinism

RAOS(w) Response Amplitude Operator

a

OI="

Alfa constant

Gamma constant

Free surface elevation/displacement
Water Depth

Draught
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