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I. Abstract
Most people agree on the necessity to carry out numerical analyses on converted units to evaluate
their adequacy for the future offshore service and are usually required by Classification
Societies for Certification purposes. For new-builts Class Rules exist that define the calculations
needed for the design evaluation.
For some time now the use of Offshore Floating Units has been increasing significantly and the
prospects are that it will continue growing in the next couple of years. FPSO’s (Floating
Processing Storage and Offloading), FPU’s (Floating Processing Unit) and FSO’s (Floating
Storage and Offloading) seem to be have the stronger growth rate, be it new-builds or
conversions. The latter are always an attractive option as they may reduce times for deployment
and CAPEX. The converted vessel are usually “mature” VLCC`s (being 20 years old or more)
and may have hidden defects and weaknesses not always evident through inspection. A standard
design approach on the converted unit can leave unattended many potential flaws that would
otherwise be spotted if the previous service life is taken into account.
The benefits of an early and thorough analysis previous even to the conversion inspections are
long-termed. Being FPSO’s complex systems where production rates are always menaced by
several degradation mechanisms implicit to the process, the addition of a hurdle which is the
flaws of the supporting hull structure can delay the expected payback time. Apart from being
economically annoying these flaws can lead to sea pollution and if not treated correctly place the
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whole asset in danger. The hull is not the expensive part of a deepwater production project and
the expenditure and time needed to assess conveniently the state of the structure is nothing
compared to the possibility of having to reduce by half the production rate and storage capacity
because cracks have appeared on several tanks. A huge investment is made on the topsides and
subsea equipment which may have to stay idle because not enough thought was given to the
sustaining structure.
Similarly, the new oil and gas recovery solutions and the current oil prices have led to economic
development of marginal fields or extended exploitation of existing ones above the original
expected life. This leads to keeping the assets for a longer period thus requiring a life extension
assessment.
This paper will present the available analysis that can define the structural needs for a safe
operation and the state-of-the-art on conversion or life extension. Examples of typical concerns
that have been reported in converted units will be given.

II. Introduction
Nowadays it is fairly common to carry out numerical analyses in order to assess the structure of
any to-be Floating Production Storage Offloading (FPSO) unit, be it new- built or converted from
an existing oil-tanker. It is important, however, to understand the aim of those calculations and
the context in which they are done.
F(P)SO Conversions are usually considered for fast track projects as they normally provide the
lowest times to first oil, Ref. [1]. The main structural concern of such units, as the action implies,
is that they are modified in order to fit a different purpose other than what it was originally
designed for, trading tanker. It is true that both purposes are very alike but they still have
differences that must be kept in mind:
-

A tanker is designed usually under an IACS member Rules for sailing ships. These rules
have been drafted considering that the each trip can be measured, at most, in months. The
maximum loads calculated take this into account. Corrosion margins and local strength
criteria used in its design have as background the fact that a trading tanker must go to
dry-dock periodically for a full survey, where renewals and repairs can be done easily.

-

A tanker wasn’t designed to continuously support upper deck structure throughout its
length, such as topsides in a FPSO.

-

A trading tanker inspection plan usually limits to the Class Surveys, predefined from
Rules.
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In opposition to all of the above a converted F(P)SO intended to stay for several years on site
with continuous production must have a taylor-made inspection plan to account for the
particularities of its operation. The consequences of finding areas of concern during any of the
surveys must be acknowledged as repairs will be costly (direct and opportunity costs from effects
on production).
Generally schedule for conversion is very tight and so it is quite difficult to perform extensive
surveys. However it is a very important to check that there is no existing degradation (crack,
pitting, buckled members, welds grooving…) on board that could create troubles once on site.
This is why the surveys should be prepared in advance by identifying the critical areas of the
structure (called ‘hot spot’ areas) that will be subject to a close inspection during conversion.
Structural calculation for yielding, buckling and fatigue can allow identifying the critical areas of
the structure and based on these analyses, hot spot maps could be created and delivered to
surveyors prior to their inspection. Since structural calculation is time consuming it is necessary
to start the calculation as early as possible in the project. Anticipating the calculation is a key
point to have an efficient survey that will prevent problems on site and maximize refurbishment
efforts.

III. Knowing the unit
Vessels built under the current applicable Common Structural Rules are designed to be more
robust than those built under previous rule requirements, with stringent and refined requirements
at critical areas. The CSR designed tanker has a fatigue design life of 25 years based on trading
solely in the North Atlantic (severe weather conditions).
Under which rules was it built where it actually traded, for how long and how was it maintained
will already give a fairly good idea on the degree of confidence that can be given as starters to the
vessel.
Knowing the environmental conditions for the future location and their relative severity compared
to the tanker Classification notation given will also a good starting point on what to look for.
The two examples in Table 1 below illustrate the impact on the design considerations
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Table 1 Examples of two vessels for conversion

Case 1: A CSR built 5-yr old
vessel
This 2D screenshot shows
the calculated design fatigue
life for each longitudinal
stiffener connection to the
transverse web frame @ Fr.
XX.
Based on World-Wide
trading the design fatigue
life of each connection is
over 40 years so even with 5
years fatigue design life used
up no structural
enhancement is proposed to
enable the unit to remain on
station for 25 years on a
‘sheltered waters basis.

Case 2: A 15yr old vessel
not built under CSR code.
The red arrow indicates
those connections were the
design fatigue life has been
mainly used up and therefore
refurbishment and
enhancements are
recommended to increase the
fatigue life for the required
FPSO service life of 25
years after conversion even
in mild environment.
(sheltered waters)
The black arrow are the
additional connections for
which refurbishment will be
needed if the FPSO phase is
intended in more severe
environment.

38th IPA Convention

4

IPA14-E-191

Coating considerations:
Amendments to SOLAS regulations II-1/3-2 concerning the mandatory Performance Standard for
Protective Coatings (PSPC) were adopted by the IMO Maritime Safety Committee (at MSC 82 on
the 8 December 2006).
Tankers covered by the IACS Common Structural Rules (CSR) were required by IACS to
conform to the requirements from that date. The Standard is based on a detailed specification and
requirements which intend to provide a target useful coating life of 15 years, which is considered
to be the time period, from initial application, over which the coating system is intended to
remain in “GOOD” condition. The actual useful life will vary, depending on numerous variables
including actual conditions encountered in service and performance of maintenance.
So in our examples above, the 5yr old tanker had the PSPC code applicable at the time of
construction, whereas the 15yr old did not.

Hull Structure Conditions:
Generally the hull structure degradations can be ranked in one of the following Ref[2]:
-

Fatigue related cracks

-

Corrosion: whereas uniform or localized, pitting, grooving

-

Damaged: buckled members, strained members, dents from collisions or falling objects.

Table 2 Example of hull degradation mechanisms

Pitting

Crack at stiffener connection
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Uniform and localized extreme corrosion

Buckled side shell stiffener from supply
vessel collision

Thickness measurements:
Vessels under Classification (following the Rules from a member of the IACS) have to undergo
regular campaigns of UTMs to know the actual thickness of plates and stiffeners.
Compiling all existing information and even carrying out an exhaustive UTM campaign prior to
conversion will allow determining if repairs and steel renewal will be necessary. Assessing future
thickness loss with a forecast using estimated corrosion rates will also prove to very valuable
when assessing the work needed for a conversion or a FPSO relocation.

Figure 1 3D VeriSTAR HLC model of converted tanker with measured plates
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Figure 2 central cargo tank 3D VeriSTAR HLC model with measured plates

The figures 1 and 2 above were obtained using VeriSTAR HLC and shows plates for which
thickness measurements has been carried out and a colour code against a corrosion criteria (green
is OK, orange is Not OK). Each small orange square is a thickness measurement taken.
When 3D condition monitoring models are not available there are other ways to illustrate quickly
how “good” or “bad” the corrosion is overall.
The figure 3 below shows a statistical S curve with the percentage of allowable thickness loss on
the X-axis and the percentage of findings on the Y-axis. The more to the right the S curves go the
poorer the condition of the structure subgroup is. There is one curve per structure subgroup.

Figure 3 Statistical analysis of UTM campaign

38th IPA Convention

7

IPA14-E-191

Condition Heritage
There have been cases where poor design and short-term repairs during Tanker service have
caused troubles after as FPSO once on site. In particular, the use of fillet welds and doubler plates
sometimes found, while as Tanker, on quick repairs can be costly if they have to be repaired once
the unit is placed on site. Cracks might have been developing from the crack root Ref.[3] and
remain invisible to close visual inspections while on dry-dock, showing themselves later once on
site.

IV. Structural Key Issues
There is the inevitable link between how long is a structure required to last and what is the
maximum expected load that it will have to sustain without failure.
Before starting the conversion of an oil tanker, a certain number of design parameters should be
carefully assessed in order to evaluate the potential consequences on the structure. The as-built
design parameters of the existing tankers should be checked and possible modification of these
parameters due to the conversion should be assessed.
The definition of the still water maximum values of the vertical bending moment and shear force
is related to the total acceptable levels (still water plus wave loads) that the structure is capable to
reach according to the different Class criteria. These criteria include the hull girder ultimate
strength (before global collapse) and local plate and stiffener buckling and yielding capacity.
The expected maximum environmental loads are usually calculated for a return period of 100years. A converted tanker had, at its design, the hull girder strength checked against 20-years
return period loads.
There are four main factors that need to be cared for a proper assessment of the operational life of
the floating facility:
-

Strength and Fatigue

-

Maximum environmental loads. i.e. Return period to be considered

-

Corrosion allowance. i.e what are the corrosion margins that need to be assumed

STRENGTH & FATIGUE
In converted units it is useful to run cases that represent probable conditions from previous
services. Both in still water and under wave loads. Results from these calculation can guide
renewal works (identification of highly stressed welds) and conversion survey. Experience has
shown that cracks have remained undetected during conversion works and it was not until they
reached a significant length that they were not found out once operating offshore.
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The list of actual allowable loading conditions of the oil tanker is defined in the Trim and
Stability Booklet and/or Loading Manual. Generally the as-built design loading conditions are not
relevant for the use as an Offshore unit for which the loading conditions will refer to the
loading/offloading sequences. It should be noted for example that some existing oil tankers where
not designed for partial fillings conditions and/or alternate loading conditions.
In the case of FPSOs (either conversions or relocation of existing units) any changes of the
topsides weight may not only induce local reinforcements of the structure but will also modify the
lightship weight distribution of the vessel. This will induce modifications of the longitudinal
strength assessment of the unit, i.e. the still water bending moments (SWBM) and shear forces
(SWSF). For each of the expected loading conditions, calculation of SWBM and SWSF should be
performed and compared with the admissible values which were assigned to the oil tanker
(remark : most of the existing oil tankers are fitted with a loading calculator on board that can be
used to make such verification). When listing all the loading cases to be checked due
consideration is to be given to Inspection and Maintenance cases which are generally the most
critical loading cases. See Ref. [2]. The ideal is to find realistic loading patterns that allow
inspection and repairs on any tank while keeping the SWBM and SWSF within original
admissible values.
When a tanker is selected for conversion it already has a certain burden from fatigue damage after
sustaining several sea states. In many cases this damage will remain invisible to surveying eyes if
no crack is apparent and no previous fatigue calculation has been done that may indicate the wear
the detail has been subjected to. The fact that the vessel goes to drydock doesn't mean a damage
count reset on the structural connection, even if the detail is strengthened i.e. addition of lug
plates or backing brackets. The accumulated fatigue damage will remain unless the detail is
replaced or rewelded.
For future locations where enough historic data is available (more than 10 years) fatigue damage
evaluation should not be a concern as it will be possible to build adequate stress-range long-term
distributions through spectral fatigue analysis for the relevant structural details, see Figure 4.
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Figure 4 Stress Range RAO and long-term stress-range distribution for one structural detail

However, if not enough historical data is available for the future offshore site, default
deterministic long-term stress-range developed for the trading ships may not necessarily provide
the adequate level of conservatism for certain locations.
Regarding low-cycle fatigue, that is stress-ranges coming from the loading-unloading cycles, the
current approach of applying, as a minimum, a one-day wave in order to calculate the loadingunloading cycle stress ranges is still applicable, independent of how many years will the unit be
on site. The assumption of 1-week cycle (or 52 loading-unloading cycles per year) is considered
conservative and equally independent on the design life.
According to Ref.[4] the structure assessment could be broken down into:
-

Hull Girder Strength: Yielding and Ultimate strength

-

2D Fatigue Analysis: Longitudinal stiffeners connection to transverse members

-

Local Structural Check: Plating and stiffeners yielding and buckling criteria

-

3D Finite Element Analysis: Primary supporting members for yielding, buckling and
fatigue analysis. Connections with topsides

-

Sloshing: for LNG/LPG conversions

-

Slamming loads: for harsh environments

-

Verification of renewal scantling: Re-assessment of hull-girder strength, ultimate strength
and buckling.

The general process to carry out all the necessary assessments is shown below:
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Figure 5 Process flow for the strength and fatigue analyses of floating offshore units

Although it is recommended to carry out new studies for each new re-location or prior to any
conversion there are cases for which this might not seem necessary:
a) Cases for which strength calculations may not be needed. Required to fulfil the following
three conditions:
a. The new still water loads is lower than that of previous services
b. The new site environmental loads are lower than that of previous services
c. The hull corrosion levels satisfy Class renewal in service limits
b) Cases for which a fatigue re-assessment may not be needed. Required to fulfil:
a. The combined future offshore design life and the previous past service is less
than the original design life for the vessel
b. The new environmental loads are lower than past service
MAXIMUM ENVIRONMENTAL LOADS
Currently the structure of floating units is evaluated against the 100 year extreme conditions
(probabilistically expressed as is 10-8.7 Ref. Erreur ! Source du renvoi introuvable..
The extreme response is obtained from the assessment of the floating unit sea behaviour
combining the response amplitude factors (RAOs or transfer functions) with the site meteocean
data wave energy spectrums Ref.[6]Erreur ! Source du renvoi introuvable.. The final result
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will depend on the richness and quality of the data available. The extreme response is not

only the max 100y value obtained for each load effect:
-

vertical wave bending moment
horizontal wave bending moment
relative wave elevation
vertical wave shear force
accelerations (linear and angular)
motions (angles of roll, pitch)

but also the adequate combination of them (as an example default combination factors for hull
girder loads as per Erreur ! Source du renvoi introuvable.[5] is given in Table 3)

Table 3 Hull girder loads combination factors as per Bureau Veritas Rules for Offshore Units
Long Term Distribution
14.00
13.00
12.00
11.00
10.00
9.00

RAO Roll

8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00
1.E+00

1.E+01

1.E+02

1.E+03

1.E+04

1.E+05

1.E+06

1.E+07

1.E+08

1.E+09

Figure 6 Examples of response amplitude operator for Roll response and long term distribution for
vertical wave bending moment for min and max drafts

CORROSION ALLOWANCE
Structure assessment of offshore floaters is done on what is called “net scantlings”. These are the
plate and stiffeners thicknesses after deducting a corrosion margin from the design as-built
drawings and without taking into account any additional thickness requested by owner above the
designers proposal. The default corrosion margin applied for new-built units is given in Table 4.
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Table 4 Corrosion additions tc , in mm, for each exposed side

When checking a unit prior to conversion or relocation the other concept use is “reassessed
thickness”. This is the minimum thickness that satisfies all strength and fatigue criteria mentioned
above, and it includes a level of conservatism. In a conversion or relocation the “reassessed
thickness” and the “net scantlings” coincide. The corrosion margins given in Table X are added
on top to obtain the required gross thickness.
However the actual minimum renewal thickness (that with which any steel replacements must be
carried out) is calculated using expected future corrosion rates. If designer or owner do not have
their own figures the following default values are proposed, see Table 5.

Table 5 Corrosion rates Cr, in mm/yr for each exposed side

Using the gross required thickness as starting point, the final total thickness loss at the end of the
expected life offshore must not be more than 75% of the allowable wastage (this is called
substantial corrosion). So from this assumption the expected actual thickness loss based on the
corrosion rates and site life is added on top to obtain the minimum required renewal thickness.
This process is shown in the figure 7 below:
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Figure 7 Calculation of thickness renewal prior to conversion works

V. Remaining Strength Margins
In some cases, the unit is already operating after conversion or life extension without an adequate
strength and fatigue re-assessment done. In those cases it is possible to determine what will the
minimum acceptable thickness be before repairs are needed without compromising the integrity
of the hull. This knowledge can help define an optimized criteria for corrosion levels and warn in
advance when approaching critical levels, giving time for budget and planning purposes.
An example of proposed process is given below in Figure 8.
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Figure 8 Thickness reassessment process for operating units

1- Carry out 2D section models to run the first iterations with diminished scantlings on
plates and stiffeners, and applying external loads according to the hydrodynamic
calculations.
2- With the scantlings obtained from the 2D iterations, finite element models for the cargo
area will be built. Three 3-hold-long models will be analyzed; one for the midship region,
one for the fore end and one for the aft end. Rule-based calculations, with loads based on
the hydrodynamic calculations will be performed. It is expected that a couple of iterations
will be necessary to reach a thickness that satisfies strength criteria. Calculations are done
at coarse mesh level. No fatigue or local fine mesh analyses are carried out.
3- With the scantlings obtained from the 3D FEMs a complete length model will be built
and assessed using the in-house tool HOMER. This tools allows coupling the
hydrodynamic models (from HydroSTAR) with the Finite Element Model. This will
allow analyzing the complete hull structure with wave loads that cannot be properly
represented in the 3-hold-models of step 2.
4- As a final check a selected number of 2D sections will be re-run for fatigue using the
obtained scantlings to ensure that no detail has less than 1 FDF under the reassessed
thickness.
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VI. Conclusion
Conversions, FPSO relocations and life extensions are now generally expected for offshore
floating units. There are, however, risks inherent to use vessels that originally were not designed
for offshore service purposes or above the intended service life. The hidden dangers can be
exposed and remedial actions can be anticipated as well as understanding the limits of operability.
It just needs preparation prior to any works are initiated and undertaking the necessary data
collection (condition of the unit through surveys for example) and the appropriate analyses.
Properly done this preparatory work will avoid losses through production shortages due to repairs
but more importantly, putting the life of the personnel working on board at risk.
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VIII. Glossary of terms:
SOLAS: Safety of Life at Sea
IACS: International Association of Classification Societies
CSR: Common Structure Rules
UTM: Ultrasonic Thickness Measurement
RAO: Response Amplitude Operator
FDF: Fatigue Damage Factor
VWBM: Vertical Wave Bending Moment
VWSF: Vertical Wave Shear Force
FPSO: Floating Production Storage and Offloading
CAPEX: Capital Expenditure
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