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I.

Abstract

In the 7 last years several findings have highlighted the importance of the system connecting the
topsides structure to the hull. This area at the border between hull design and topsides design is of
uttermost importance for the production integrity. Based on this observation, this paper will
present different existing designs of connection of the topsides to the hull, from stiff stools, to
sliding support. It will then focus on the way to assess such connections in order to insure the
integrity of the connection but also of the hull structures below the deck and of the topsides first
level structures. Interaction between the hull and the topsides will be developed. The paper
finishes on the challenges regarding inspection, maintenance and repairs of these connections. All
along the paper, feedbacks from existing units will be used to illustrate the speech, for converted
and new built units in mild and severe environment. There are approximately 170 Floating Unit
systems in operation or available worldwide. If about 45% of them are FSO with none or limited
topsides, about 55% are FPSO concerned by the question of the connection between their hulls
and their more or less complex topsides.

II.

Introduction

There are approximately 170 Floating Unit systems in operation or available worldwide. About
55% are FPSO. FPSO combines the refinery technologies for the topsides and the naval
architecture for the hull. One of the challenges in a FPSO project is to design, assess and validate
the structure between the topsides structure and the hull structure. The hull is under continuous
deformation due to the passing waves and these deformations should be “absorbed” by topsides
structures.
Since the first FPSO in the world, more than 20 years of experience have been gathered. Several
designs have been proved inefficient, expensive to build or on the contrary satisfactory choice.
And if the first FPSO were equipped with light topsides, the topsides are still becoming heavier

and heavier, and not limited to mild environment. Following the technology needs, the structural
assessment of FPSO is increasing in complexity, accuracy and quickness. Nowadays integrated
models, including hull and topsides, are a standard tool of validation of FPSO design for yielding
and spectral fatigue analysis.
This paper describes the different steps to assess the interface between topsides and hull
structure; starting by identifying the different loads to be taken into account, continuing on a
review of design of these interfaces and finishes the presentation of the different ways to assess
them.

III. Topsides loads and hull accelerations
Initially we can considered the hull as a rigid structure, to identified the first set of load than
apply to the interface hull-topsides. The effects of the elasticity of the hull will be described in
section IV.

III.1/ Topsides loads
The first aim of the interface hull-topsides is to transmit the topsides weights to the hull structure!
If topsides weights are generally well known when the project enter in the structural design
phase, their distribution on the topsides structure is known only after a first design analysis.
Moreover the loads distribution between the different support between the hull and the topsides
also depend of the design engineering of the topsides structure. To correctly assess these loads it
is needed to know:
¾ the topsides main structure
¾ the weight and centre of gravity of main equipements
¾ the weight, centre of gravity and inertia of the rest of the topsides (both structure and
smaller equipments)
Depending of the stage of the project, the accuracy of the estimation of these data can lead to
different assumptions regarding the interface assessment. From a basic vertical weight to be
applied on each topsides supports to a fully coupled model. This will be detailed in section VI.
Of course the topsides loads to be transmitted to the hull are also depending of the hull on-site
motions and accelerations. These results are coming from the hydrodynamic analysis.

III.2/ Hull motions and accelerations from hydrodynamic analysis
Hull motions and accelerations are the first results of hydrodynamic computations. It takes into
account the unit shape, weight and inertia to get Response Amplitude Operators (RAOs) for each
of the motions and accelerations. These RAOs are specific to the unit and to the loading
conditions analysed.
Short terms accelerations can then be easily assessed for specific wave types.
However, it is recommended to perform long term calculations based on extended site condition
data. Such site data are now quite common and can be obtained either by on-site measurements
over several years, either by hindcast data.
In particular in case of units equipped with a weathervaning system (such as a turret) correlated
data of waves, wind and current are necessary to estimate the real heading of vessel with regards
to the waves. These heading calculations allow to determine the wave directions as seen by the
unit, depending of the wave heights and periods, but also of the wind and current speed and
direction. This is particularly relevant to assess the quartering and beam sea cases and estimate
how much transversal accelerations (and others transversal effects) will happen on the
weathervaning unit.
Once this heading analysis performed, long term analysis for defined return periods can be done
based on spectral computations.
These accelerations, computed at the centre of gravity of the unit can then be translated to any
point of the unit, considered as a rigid body.
Hydrodynamic analysis taking into account the real stiffness of the hull body, are now being
developed in research department, papers are mentioned in the references.

IV. Hull deformations
As said previously, the main reason of specificity of the interface hull-topsides is that the hull is
far from a rigid structure. The hull, much more than moving to follow the incoming waves, is
also continuously deformed under the wave loads and the internal pressures.

IV.1/ Hull girder deformations
The hull girder deformations can be divided in three main deformations:
¾ Vertical bending moment
¾ Horizontal bending moment
¾ torsion
Those 3 deformations are always a combination of both mass distribution in the hull girder and
wave effect on the hull. Their RAOs are the next results of hydrodynamic analysis, after motions
and accelerations RAOs. Short and long term vertical and horizontal bending moment and torsion
are then computed with similar spectral computation then described for accelerations.

In ship engineering the terms “static” or “still water” analysis are used when assessing the selfweight of the unit versus the buoyancy. The buoyancy is defined by the hull shape, draft and trim.
The self-weigh is a combination of lightship distribution (steel, piping, equipments, topsides
weights) and compartment fillings. The hull girder effects due to still water loads are known as
accurately as the self-weight distribution is known using stability software, as the on-board
loadmaster (at least for vertical bending moment). At early design stage a maximum still water
vertical bending is defined called permissible. All loading patterns used during the life of the unit
should then stay below this value.
Torsion is traditionally not computed for oil tankers and considered as negligible. However
recent FSO studies lead to such extreme inspection/repair loading pattern, that torsion was no
longer negligible
The wave types of effect on the hull girder depend of:
¾ Waves and ship relative heading
¾ wave length
The amplitude of the effect induced is then linked also to the wave height, the hull shape and
inertia.
The 2 following sections will illustrate each effect separately. But it should be kept in mind, that
the hull always sees a combination of them.

IV.1.1/

Vertical Bending Moment

Static vertical bending moment is generally maximized homogenous loading pattern.
Wave vertical bending moment is maximized in head sea sea-states, for waves about as long as
the length of the ship.

FPSO model in trough of waves
This effect is the one that creates the greater hull girder deflections. And due to the stiffness of
the hull compared to the topsides structure, the topsides are working under forced displacement.
Naval engineers say that elements longer than the tenth of the unit length are fully contributed to
the hull girder vertical bending moment. Even if class societies have generally in their Rules a
more refined way to estimate this participation, finite element models are often the only way to
determine exactly this participation.
For the interface hull topsides, it means that special care is to be paid to stiff modules, if they are
close or longer than the tenth of the hull length.

IV.1.2/

Torsion

Static torsion is generally negligible. When not, it is due to specific loading patterns, such as the
one on the following picture. This type of loading pattern is not common in shipping industry and
so, should be analyzed with the greatest care during FPSO project.
Wave torsion is maximized in quartering sea sea-states. It is strongly linked to the hull shape. It
should be noted than to assess directly the wave torsion, hydrodynamic assessment should know
the centre of torsion.

Deformation under both torsion and bending moment
(pictures of container vessel is used because torsion is easier to show on open-deck vessel)
Torsion is said negligible for ship with a complete deck. (On the contrary torsion is critical for
ships like container vessel with large deck openings). However FPSO loading pattern are
generally more severe than on a ship and it has been shown on several cases than torsion should
not be disregarded.

IV.1.3/

Horizontal bending moment

In ship design, horizontal bending is the moment around the vertical axis. Static horizontal
bending moment is null, since there is no transversal loads in stillwater conditions. This remark is
also applicable in case of pure head sea condition.
On the contrary, when the waves come transversally (beam or quartering seas) the gradient of
pressure between each side of fore and aft parts of the hull can generate a horizontal bending
moment.

View from below of a converted unit
beam sea wave loads inducing horizontal bending moment

Horizontal bending moment should be assessed particularly when wind sea and swell directions
are not directly associated, like for Campos Basin, offshore Brazil. In such case the hull is most
of the time seeing both head and side seas.

IV.2/ Effects leading to deck stresses concentration
Effects described in the previous sections were hull girder effects, affecting the whole ship. In
this section we will detail the effects than can locally modify the deck deformations, being
generated either globally on the hull or locally.

IV.2.1/

Effects of alternate filling

Cargo tank fillings have a direct effect on the hull deformations and so, on the deck structure. In
case of alternate filling the deck and the structures below will be sensible to the global
deformations of transverse and longitudinal bulkheads.

IV.2.2/

Poisson effect

When put in tension a steel piece will of course lengthen, but it will also transversally shorten.
The same thing happens for the deck. When the ship is in hogging, the deck is in tension. So it
will also have the tendency to retract itself transversally. This effect can create non-negligible
transverse effects in pure head sea conditions. Combined with the alternate filling between wing
and center tanks, this is one of the critical effects for the design of deck transverse web frames in
ships.

Typical section of single hull FPSO, under hogging moment and crest of waves
deck transverse webs are under transversal compression

IV.2.3/

Steel dilatation

Dilatation due the variation of temperature between the outside air, the fluid (air, sea water, oil)
below the deck and the temperature of the structure will also generate additional deformations.
This is particularly the case if the oil is warmed, or in tropical area (where the sun is harsh, but
the nights can be cold) or close to the flare tower…
If the dilation is quite easy to estimate at first stage, a refine assessment is much more
complicated due to the number of heating sources and the complexity of screen effect of topsides
elements.

IV.2.4/

Effect of attached structures

Last but not least, the deck deformations are locally depending of the close by structures. The
hull girder effects are generally considered as a forced displacement, due the high stiffness of the
hull. However, it should not be forgotten than the local deformations can be significantly
influenced by the local structure such as:
¾ longitudinal or transverse bulkhead;
¾ Under deck secondary structure;
¾ Under deck reinforcements for the hull equipment;
¾ And, of course, the topsides stools…
The stools arrangement and design depend of the several factors, it will also influence the type of
assessment to be performed.

Typical longitudinal and transverse deformations of ship with super-structures under bending
Discussion regarding the effects of super-structure on neutral fiber of hull section and hull girder
stresses can be found in reference [2]

V.

Main interfaces hull topsides:

V.1/ Topsides supports philosophy
Topsides supporting stools arrangements and designs are almost as numerous as FPSOs. They
depend of the topsides equipments needed, of the weather severity of the site and of the hull.
Without trying to be exhaustive here are some criteria to class and assess the stools arrangements.
¾ Number of stools
A high number of stools has the advantage to limit the loads by stools and so limiting the stresses
in the stool and the need for under-deck structure reinforcements. On the other hand that means
that the hull deformations will be much more transmit to the topsides “pallet”, which will have to
sustain it. In harsh environment it can appear to be difficult to design, particularly if the topsides
pallet are long compared to the unit length (around and more than one tenth of Lpp).

This picture highlights the effect of long modules combined with stiff stools: the fore and aft
stools are taking all the deformations
¾ Length of the topside modules
The number of stool has very few effects on the stress concentration in way of first and last stool
at deck level. These stress concentrations are much affected by the length of the modules
compared with the unit length, as already mentioned in this paper.

¾ Stool stiffness
The stool stiffness will generate the stress concentration at the connection with the deck. The
more stiff the design is the more their will be stresses between the hull and the topsides. Several
level of stiffness can be found from the complete stiff stools, which are generally large stools,
with heavy brackets in longitudinal and transversal direction in order to smooth the stress
concentration factor. These brackets should be backed by under-deck deck structure. This type of
stool allows to transmit heavy loads. Then there are some stools stiff in only one direction,
generally done with transverse or longitudinal bracket on the deck. These stool are less efficient
in case of heavy topsides. Stools stiffness can also be determined with the help of sliding joints.
In this case no stiffness will be seen by the connection in the sliding direction.

Example of four stiff stools module topsides.
¾ Four stools, iso-static design
This arrangement aims to be quasi-isostatic. If one stool is generally stiff in every direction the
three others one are sliding in one or two directions in order to avoid too much hyperstatic. These
sliding arrangements allow the deck of the hull to move and be slightly deformed without
transferring too much displacement at the topsides level. Separate like this hull and topsides is
quite satisfying from structural point of view, however the sliding joints and their aging are still a
major engineering piece of work for huge topsides. Nevertheless some of the heaviest topsides in
the world are supported using such stools design.
It should be noted that a critical design load case for sliding joint is a damaged load case with a
lot of heel. Several degrees of heel can happen very quickly on a floating unit, as a recent
example remind us. If these cases are generally not critical for the hull (damaged stability should
be checked by Class Society) the topsides supports should also be designed for such extreme load
cases.

On the left, view of stools of a FPSO, under sagging conditions.
On the right, a view of deformed 4 stools iso-static support.
¾ No real stools, but an integrated deck.
For mild environment, it can also be found a design of “integrated deck”, which allows a large
flexibility in term of topsides module integration on a deck linked to the main deck of the hull by
a series of transversal supports. These transversal supports let the hull move around its
transversal axis without transferring too much displacement on the integrated deck.
¾ Double plate
In some designs, double plates are welded on the deck. Then the topsides stools are welded on
this double plate. If from structural point of view, double plate could be easily assess, in
particular in way of the weld which should transfert most of the loads, from integrity point of
view, this design is not recommended. In fact it leads to risk of undetectable problem such as root
cracking or corrosion between double plate and deck. This 2 damage could both lead to an
unexpected breach on deck and the linked risk of explosion.
Whatever the stools arrangement their integration within the hull structure is a critical point.

V.2/ Integration with hull
Looking at general arrangement of a ship, several points appear to be more adapted to support
high weight, in particular the connection between transverse web frames and longitudinal
bulkheads. Due to the hull girder loads this area is generally strong enough to support heavy

loads. On the contrary this are will support high longitudinal stresses. The stools welded above
such longitudinal primary members should be designed to support theses stresses.
However it is not possible to put all the stools on such areas, and most of them are put above
typical transverse web frames. Of course the deck transverse webs should be assessed for
yielding and buckling due to the additional loads but also local calculations should be performed
for stress concentration areas.
Generally thick insert plates are put in the deck below the stools. However, great care should be
taken to the under-deck structure. This area is quite difficult to inspect and even more difficult to
repair on site due to the necessity of scaffolding. The connection between deck longitudinal
stiffeners and transverse web can be critical in fatigue due to bending. In way of topsides stools
stresses longitudinal stresses can be increased at longitudinal bracket toes increasing this risk of
low fatigue life.
Cut-out on deck transverse web around deck longitudinal stiffeners are very common in shipping
industry. The deck is not loaded and such cut-outs are not critical. But in way of topsides stool
the shear can be significantly increased and the cut-outs may become critical in shear and fatigue
due to shear. In such cases they will need to be closed by collar plates.
It should also be noted than the structure below the deck is generally found very corroded on
older F(P)SOs. This gaseous corrosion has already leaded to on-site steel renewal. It is strongly
recommended to paint this area.
Before detailing the different ways to assess structural integrity of this integration of the stool
topsides within the hull structure in section VII; the next section will introduce typical hull
structural analysis for FPSO.

VI. Hull structural analysis
Bureau Veritas approach is based on the analysis of the stress level acting in the structure (for
yielding, buckling and fatigue strengths) and on its verification according to permissible stresses
ratios. The evaluation is carried out including:
¾ 3D coarse mesh models to evaluate stresses and buckling behaviour.
¾ 3D fine meshes analysis to complete the necessary structural analysis of primary
structural members from 3D coarse mesh.
¾ Fatigue analysis for connections details

This VeriSTAR approach is generally preceded of a 2D analysis, performed in Mars. Mars
enables to check longitudinal elements and transverse bulkhead against BV Rules for both hull
girder and local scantlings.
Typical FPSO loading patterns from loading sequences are used for fatigue analysis. While
yielding and buckling analysis can be performed for special loading conditions (inspection, repair
LC…)
For all FPSO calculations, site conditions are applied.
At the end, the following criteria will be considered to identify elements which do not comply
with the Rules criteria for intended operation as FPSO:
¾ Elements with stress ratio above 1.00 do not comply with the applied criteria.
¾ Elements with stress ratio between 0.975 and 1.00 are considered as suspects areas.
¾ Elements with ratio less than 0.975 comply with applied criteria.
Calculations are performed at both tanker and FPSO stages. Tanker phase gives an overview of
the structural integrity of the original vessel against the newest set of Rules. The conclusions of
such study can lead the pre-dry-dock inspections directly to the most critical areas. This study
may also help to determine the level of criticality of elements found critical in FPSO or tanker
phase.
As part of tanker phase, an accumulated damage is also calculated, based on the available trading
history of the ship.
On the other hand, the FPSO assessment enables to define where renewals or reinforcements will
be needed either because of ageing of the structure (corrosion, accumulated damage…) either
because of its new use of FPSO (loading/unloading sequence, site conditions…)

VII. Structural Assessment of the interface
The following sections will detail the different ways to assess the interface hull-structure
regarding yielding, buckling and fatigue. They are classed from the most basic to the most
complex one. Each of them can be relevant depending of the status of the project (particularly of
the knowledge of the topsides main structure and weight distribution), but depending of what is
the question to answer, from the easiest: “can the hull structure support my topsides loads?” to
the most difficult: “is my design able to stay 20 years on site?”

For each of the different assessment types, we will try to highlight the advantages and
disadvantages. Of course this list is not exhaustive; project needs and specificities on one hand
and engineer imagination and subtlety on the other hand could lead to slightly different
calculations. But the main methods are summarized here:

VII.1/ Hull partial models and topsides loads
The hull structure is analyzed trough 3-holds FEM models.
Topsides loads are distributed on deck structure by mean of
forces. The lower of the topsides can be modeled or not. For
such analysis the topsides loads are generally obtained through
basic assumptions.

This first level of analysis is particularly adapted for a quick estimation of the global yielding and
buckling capacities of the primary members under the deck:
¾ Upper strakes of longitudinal bulkheads
¾ Upper plates of transversal bulkheads
¾ Deck transverse web and brackets.

For a local assessment of the connection between the stool and the deck structure, the lower part
of the stool can be modeled, and the concentrated loads from topsides analysis input on top of the
modeled stools. With such models, the local design of topsides stools support can be checked,
regarding yielding and buckling.
However these models do not take into account the topsides stiffness between stools. Most of the
time the topsides loads are also maximum topsides loads, combining gravity and hull
accelerations) which are not relevant for fatigue analysis.
Fatigue analysis based on such model will only assess the fatigue due to the hull
dynamic effects.

VII.2/ Hull partial models and main structure of topsides
The hull structure is still analyzed trough 3-holds
model. But this time the topsides are modeled up to the
first main structural level. Topsides weights and inertia
are them distributed either by mean of concentrated
loads on the model, either by an additional weight at
the centre of gravity of the topsides modules.
Based on such models, the effect of hull deformations
on the interaction hull-topsides can be analyzed, and
relevant yielding and fatigue assessment can be done.

VII.3/ Complete models and main structure of topsides
The next level of analysis corresponds to a similar hull-topside interface modelling, but extended
on the whole ship length.
These models increase the accuracy of the hull
girder deformations, in particular in the fore and aft
part of the cargo area, where the hull scantlings and
the topsides design show discontinuities. These
areas are generally more difficult to analyze using
3-holds models.
These models can also better assess the secondary hull girder effects such as horizontal bending
moment and torsion, described previously.
Nevertheless, these models are longer to build than a 3-holds model, due the complexity of the
hull design in the fore and aft part.

VII.4/ Integrated models
The higher level of analysis is a coupled model,
including the whole ship model, the complete
topsides main structures and weight distribution.
The main advantage of these models is that the
topsides weight distribution and inertia is directly

including in the model. The load distribution on topsides stools is then directly calculated by the
software, using an accurate modeling of hull and topsides and the wave induced effects.
These models allow to assess the effect of the interaction hull topsides even in the higher
structural nodes.

Whatever the level used the global weight of topsides and their longitudinal weight distribution is
taken into account for hull girder still water load. For 3-holds, the results from stability or load
master calculations are input in the model. For complete ship model, the hull girder loads are recalculated for each load cases.
Wave loads computed trough hydrodynamic studies, will always take into account the topsides
and superstructures mass, centre of gravity and inertia to determine on site accelerations. Wave
bending moment, wave shear and relative wave elevation computation will also use the total
weight distribution.

VIII. Conclusions
To conclude this paper, which was focused on design, here are a few remarks regarding the
inspection/maintenance of the interface hull/tospides. Without carrying out a full risk analysis, it
appears that the interface hull/topsides is a critical area regarding both stress concentrations and
possible consequences. In case of damage and due to the proximity of the deck, the risks of gas
leaking (and so explosion) or hull weakening are quite high. Generally repairs will require hot
works.
On the other hand, in most cases stresses at the deck and topsides level can be reduced by adapted
loading and unloading sequence. It should also be noted that if the part above the deck is easy to
inspect regularly, others part such as under-deck structure are difficult to access, particularly if no
passageways is put in place, but not less critical.
Finally, behind the complexity of FPSO the connection between the hull and topsides structure, at
the border between the hull and the topsides, the marine engineers and the offshore engineers, the
shipyard and the oil industry, should not be neglected. Using the up-to-date naval and offshore
tools, it is now possible to build effective coupled models, integrating both the complete hull
structural mode and the complete topsides structure. These models can then be used to assess
accurately the yielding and fatigue of these connections, under realistic wave loads.
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