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From modelling to time  -domain analysis using Sesam ™
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1 EXECUTIVE SUMMARY

With wider use of the floatover method during deck installation, challenges facin g engineers are
numerous. Sesam Marine (Sima, Simo and Riflex) , State -of the -art software that is part of the Sesam
family, provides a reliable and efficient solution for analysing the procedure of floatover operation in

different phases, including stand by, entry, mating and exit, etc.

M Comparedto a convential DOS command based tool, the modernized GUI in Sima allows engineers
to design and manipulate the models and settings during operations in auser -friendly and
intera ctive way. Models can be  verified either from a text file or in graphic view in different phases of
the analysis. This will save tremendous time during project analysis.

1 Various of objects and methods built in Sima, e.g. docking cone, fenders and bumpers, can help our
engineers simulate the whole system as accurate ly as possible, including some key parts like DSU

(Deck Support Unit)  and LMU (Leg Mating Unit) . This will definitely increase the confidence of
operation s ince far fewer assumptions and approximations have to be made in Sima, compared to
other traditional method  s.

1 Inadditionto the quasi-static method s that are widely used now, Sima also provides the advanced
coupled FE method for mooring system s. This lead s to more detailed tension check and other unique
checks that may be needed in floatover analysis, such as clearance check between mooring lines and
on-bottom pipelines.

1 The calculation algorithm is so efficient that the analysis time can be expected to de crease from days
to hours , compared to other software tools . In addition, utilization of vari able parameters makes
parametric design and optimization possible.

1 The powerful in -built post -processorcansatisfy your engi n e eforsqhickmesuitsdckeck s,
detail ed statistic s post -processing , plotting and more .

To summarize, Sesam Marineisa  n outstanding tool for managing the risks during marine operation
analysis.

This white paper aims at documentingth e efficiency of Sesam for float over analysis.
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2 INTRODUCTION

Floatover deck installation is becoming increasingly popular and reliable inrecentyears . The floatover
technology uses avariety of floatover systems and lets large platform topsides be installed as a single
integrated package wi  thout the use of a heavy lift crane vessel. This allows not only the elimination of
expensive day -rate derrick barges, minimization of offshore hookup, and maximization of onshore

testing and commissioning, but also freedom of equipment layout within the d eck compared to modular
lifting designs [,

Floatover installation can be applied for topside installation of both fixed and floating platform s. An
18,000 ton EAP GN topside and a 21, 800 ton Lunskoye -A topside had applied floatover installation onto

jacke t substructure and concrete gravity -based structure respectively [,

Sesam Marine provides the ability to visualizei thesopranait d®n
showing the results of all known factors, including dynamic positioning. It reduce s risk significantly for
transportation, installation and lifting of fixed and floating structures and installation of subsea

equipment.

This white paper aims to provide a reference of the best practice to conduct a floatover analysis with
Sesam, including simulations and an alysis from modelling and hydrodynamics to non -linear time -domain
analysis, result evaluation and reports. Various installation  phases, including standby, entry, docking and
mating, and exit operations with different critical steps are explain ed.

A typical workflow  in Sesam could be as below.

Panel and other models to Added mass, damping
run hydrodynamic coefficients, 1st and 2™
order wave loads, etc.

analysis

DATA
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‘ Graphic ‘
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— Graphic files for animation
Though many real project experiences were refe rred during the preparation of this document , all the

data below are fordemo  nstrati on purpose only and in no circ  umstance should they be used directly in
real projects.

If readers want to learn the best practice from this white paper, please kindly contact our support team
via software.support@dnvgl.com . A'workshop ma ybe arranged up on request.
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The f ollowing modules from Sesam were used during the preparation. These could be the basic
configuration if our clients want to reproduce the analysis or purchase the software for their projects.

Modules Short Description

GeniE with extension Conceptual panel modelling
for curved geometry

HydroD, Wadam and Hydrodynamic analysis in the frequency domain based on the radiation
Postresp diffraction methodology for large volume structures based on input data
prepar ed from HydroD GUI

Sima, Simo and Riflex Manage risk of marine operations with vi sual simulation of calculations

Non -linear time domain simulation of motions and station -keeping behavio ur of
a complex system of floating vessels and suspended loads. The fo rces include
wind, waves and current

Non -linear strength analysis of rise rs and other slender structures
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3 MODELLING AND HYDRODYNAMICS

3.1 Panel modelling

GeniE is used to prepare both the panel finite element model (FEM)  for hydrodynamic analysis , as well
as the geometry files used laterin  Sima for demonstration purpose. Regarding how to use GeniE, please
referto DNV GL - Software course:  SE-03 Hull modelling for hydrodynamic analysis - Introductory

training . Belowis a typical T-shape barge FEM model (half).

Sima supports import  of several types of geometry files for viewing purpose s. GeniE can export *.obj
files for use in Sima . Our users can control the colours orthe transparency of different parts (panels or
beams ) of the model by modifying the parameters in View Option.

When saving the .obj file, t here will be an extra *.mtl file saved for each *.obj file. It includes the colo ur
information. Users need to put them in the same folder to include colourinformation.  An example is
shown below.

3 Bargegni - Genie (DirectXg) [=2[E] = ]
File Edit ¥iew Guiding Geometry Structure Loads Tools Help
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“le |, .| [10Apr20151545
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3.2 Hydrodynamic calculation

The purp ose of hydrodynamic calculation is to get hydrodynamic coefficients of the barge , such as added
mass and potential damping coefficients, first order wave forces and mean drift wave forces transfer
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function, etc.  For more details of how to use HydroD , please refer to DNV GL - Software course: SE-06
Hydrodynamic analysis of offshore floaters - frequency domain

Several loading conditions should be considered during the floatover operation because the barge may
experience environment  al loads from different directions and it will also have different draft s during the
mating phase . A typical setting of waves could be as bel OW.

1 Wave period: from 3s~30s with 0.5s step
1 Wave direction: 0deg~180deg with 30deg step

Since Wadam will automatically detect the mean water level and divide the panel elements crossing it,

only one panel FEM model is needed for different loading conditions (e.g. draft)
RAOs (Response Amplitude Operation) may be plotted by Postresp like following examp les.
Amplitude of Response Variable Amplitude of Response Variable
,V'..
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3 / ' / T —
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3.3 Sensitivity  study

A sensitiv ity study may be conducted to find effects from the panel size to the hydrodynamic analysis
results. In general, the panel size near the free surface should be fine enough to get the accurate
potential forces.
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4 FLOATOVER ANAL YSIS

4.1 General description

Broadly, the float over analysisis divided into several stages.
An example of stages during passive floatover could be as below.

1) Standby: The barge with topside is moored in a safe distance from the substructure to start the
preparation s, such as t he v etmewaiisg fdr aHe instadlation svgather window. For
standby stage, operation and survival conditions can be checked.

2) Entry (docking) : The barge position is controlled by winching in/out the mooring system to enter the
jacket slot . An additional mating mooring system that connect s the barge to the jacket is normally used
to assist the positioning.

3) Pre- and mating : The environmental loads are balanced by the mooring and mating systems that
keep the barge in position.

In pre -mating phase,t he bargei s ballasted downto  match the LM Us with receptors on top of the
substructure legs . The remaining tie  -downs are then remov ed. The stabbing cone is just in contact with
the docking cone and none of topside weightis transferred  yet.

In mating phase of passive float over operation,t he vessel is ballasted rapidly to lower the topside onto
the substructure until the entire topside weightis transferred.

4) Undocking and exit: The barge is continuously ballasted to create a gap between the underside of
deckand t he vessel 6s Deck Suapahenthefvesseim eis witHir@vi)rom the jacket slot.

A continuous time  -domain approach , which includes above phases , can be simulated in Sima
simultaneously , while industry practice also provides the approach to separately check several key steps
for each stage (loading condition). An example is shown below.

Steps Entry Pre- and mating and load transfer Undocking and e  xit
1 Bow past Row4 0% Mating position

2 Bow past Row3 10% Bow past Rowl

3 Bow past Row2 50% Bow past Row2

4 Bow past Rowl 75% Bow past Row3

5 Topside centered slot 90% Bow past Row4

6 / 100% /

4.2 Coupled and de -coupled analysis

During the floatover  analysis, users can choose either coupled or de -coupled approaches. In general,
during coupled analysis , all slender structures (mooring lines) will be simulated as FE (beam or bar), and
connected to the vessel with master -slave supernodes, thus the inter action of floater mean position and
dynamic responses due to slender structure restoring, damping and inertia forces will be calculated
simultaneously . Consequently , the analysis time will increase  slightly .
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In a de -coupled analysis, the mooring system is calculated by traditional catenary formula with quasi-
static derivation.  In addition, the solving time will be faster.
Sima provides both alternatives , making the analysis very flexible and allowing the user to compare the

results from different methods.

In most case s of floatover, de -coupled analysis may be  sufficient, since the water depth s are relatively
shallow and the dynamics from the mooring system are insignificant. However, if the mooring system
becomes complex, e.g. moorings with several buoys, th e catenary method may not be able to find a

proper single solution with quasi -static derivation, and an advanced FEM should be used. In addition , if
some extra check needs to be done for the mooring, such as clearance check between moorings and on -
bottom p ipes, FEM is recommended to get more accurate displacements of each node on the mooring

lines in each time step.

4.3 Environment S

The environment  settings in Sima are  straightforward . Wind, waves, current and swell can be input
directly from the GUI. Different types of waves and wind can be selected. And the spectrum or profile
plot will be automatically generated by Sima and can be used to check the parameters or in the report,

as shown below.

current profile

wzs/rad

Deptn [n]
1]
[¢]

4.4 Bodies

Six or three DOF (Degrees of Freedom)  or fixed bodies can be defined in Sima. For example, in floatover
analysis, the barge and topside can be defined as large 6-DOF bodies with the jacket defined as fixed
bodies.

441 Geometry

Geometries of the bodies can be defined with different methods. In the initial design phase, or for

simplicity, users can choose to use several basic types of geometries, such as box, sphere, or cylinders.
In addition, external geometry file can be read in for the purpose of  visualization . Sima supports
different file format s and for Sesam users, we recommend to use *.obj files. See 3.1 as well.

Though the geometry  of bodies will not be used in the calculation, they are still very useful for the
checking of models, relative positions, and components settings during the analysis.
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4.4.2 Interface with hydrodynamic modules

For floating structures, Sima provides the interfa ~ ce with hydrodynamic  results files from HydroD . The
retardation function will be calculated simultaneously  from added mass and damping coefficients, which

will be used later during the integration in time domain calculation.

By importing the interface files, the hydrodynamic coefficients could be presented directly from Sima GUI.
This very useful function  allo ws users to directly check those data before wasting too much time setting
the floatover model if there is an error in the hydrodynamics.

a Barge
4 || Kinetics
@ Structural Mass
@ Linear Damping
(@ Hydrostatic Stiffness
@ First Order Motion Transfer Function
@ First Order Wave Force Transfer Function
@ Wave Drift Force
@ Quadratic Wind Coefficients
4 || Radiation Data
@ Frequency Dependent Added Mass
@ Frequency Dependent Damping
@ Retardatien Function
@ Added Mass Zero
& Added Mass Infinite

4.4.3 Wind and current forces coefficients

Wind and current  coefficients can be manually defined in Sima  , aswellasd amping . Those data can be
either calculated by empirical formula or CFD method, or obtained from model test.
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