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Abstract 

The Structural Performance Joint Industry Project (JIP) 
was initiated to enhance the current understanding and deci-
sion making capability for future project teams or current in-
tegrity management groups working for operating companies 
and responsible for managing hull structural integrity for 
FPSO/FSO type assets.  The JIP has collected a comprehen-
sive set of corrosion data, observed fatigue damage as well as 
coating and repair performance for 10 FPSOs and FSOs cur-
rently in operation throughout the world.  Geographic regions 
covered by this representative set of units include the North 
Sea, West Africa, South America and Asia.  While there have 
been other queries and participant survey type data collection 
efforts for floating production units, this  JIP represents the 
first wide-ranging and detailed collection and evaluation of 
FPSO/FSO performance data from the various regions of the 
world , operating companies as well as for new and converted 
vessels.  Of equal importance, the research has gathered les-
sons learned and success stories obtained from a review of 
vessel operations, maintenance/inspection, and repair records 
as well as interviews with the personnel who know best; the 
operations staff.  In order to better understand hull structural 
performance, vessel operational data including design and 
observed environmental conditions, tank loading sequences 
and service conditions, were also obtained.  This information 
has provided valuable insight into possible factors influencing 
the structural performance. 

This paper presents a brief overview of the project as well 
as key findings from the collection end evaluation work.  Spe-
cifically, the paper reports on findings in the following areas: 

 Description of different hull integrity management ap-
proaches 

 Observation of most prevalent corrosion and fatigue 
integrity issues faced by operators today 

 Investigation into contributing factors impacting hull 
integrity 

 Advice on key items to address during conversion or 
new construction of FPSO/FSO’s 

 
FPSO/FSO operators safely and effectively manage hull 

structural integrity, generally with minimal impact to opera-
tions.  However, there is ample evidence from the JIP collec-
tion and evaluation effort that hull integrity problems do occur 
and require actions to be taken covering additional inspection, 
monitoring, or repair.  Most of these decisions are required to 
be made on-site with minimal or no impact to production, but 
it can be costly, time consuming and difficult to manage.  The 
JIP provides insight into the preventative measures that have 
the most impact on these types of problems. The collected 
experience-based data will facilitate the development of ra-
tionalized approaches to the decision-making regarding FPSO 
design, and inspection. 
  
Introduction 
The popularity of the FPSO/FSO offshore facility is evident in 
the ever increasing number of operating units and future 
planned units.  As of mid-2004, there were approximately 97 
FPSOs operating around the world with another 19 under con-
struction [1].  Furthermore, there are numerous other 
FPSO/FSO facilities planned or under study for future field 
developments.  Of this fleet of FPSOs, the majority of the ves-
sels are converted from trading tankers, primarily older vin-
tage single hull tankers, but there is an increasing trend for 
new build FPSOs as tanker conversion candidates become 
more difficult to obtain. 

Although there is considerable growth for these types of 
facilities, it is generally recognized that when compared to 
trading tankers, FPSO/FSOs have very limited experience 
from which to draw historical data and trends.  This is particu-
larly true with regards to the long-term hull structural per-
formance.  For tankers, there are many vessels that have 20-30 
years operating experience and as such the experience is used 
to identify and address structural integrity issues, both by pre-
ventative methods or in response to observed problems that 
occur during operations.  In contrast, most of the FPSO/FSO 
installations have been in operation for less than 10 years and 
as a result there tends to be a lack of experienced based data 
from this specific service that can be used for decision making 
during design, conversion/construction for overall manage-
ment of the hull structure.  Additionally, the offshore oil and 
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gas industry is drawing upon the lead set by other industries 
(e.g., nuclear, aircraft, etc.) via the application of risk-based 
approaches in both design and inspection.  However, in order 
to apply risk-based methods, experienced based data related to 
corrosion, corrosion protection, fatigue performance as well as 
an understanding of how operating parameters impact these 
parameters is needed to successfully apply these methods.   

Recognizing these current limitations, the FPSO Structural 
Performance JIP was initiated with the objective of aggressive 
data collection and evaluation of experienced based FPSO 
performance structured to enhance current understanding and 
decision-making capability related to structural integrity man-
agement of the hull.  In order to accomplish this, the following 
success factors were needed;  

 
1) Support from FPSO industry leaders.  
2) Access to FPSO/FSO vessel class survey reports, 3rd 

party inspection and repair records, and operations data.   
3) A method that enabled the JIP team to obtain compre-

hensive detail on vessel inspections and operations 
without taxing the resources of the vessel’s support and 
operations staff.   

4) Access to key anecdotal information from the vessel 
operations staff to flush out the data reviewed in items 2 
and 3 listed above. 

 
For this project, the JIP team has been fortunate to be suc-

cessful on all four of the above requirements.  Support and 
participation in this project came from seven key operating 
companies which own, operate, or have interest in a large per-
centage of FPSO/FSOs operating throughout the world.  The 
seven JIP participants include BP, ConocoPhillips, Chevron-
Texaco, ExxonMobil, Petrobras, Shell and Single Buoy Moor-
ing (SBM).  Each company recognized the need for this effort 
as well as the benefits that come from the project both within 
their own organizations and in sharing with the other compa-
nies participating in this JIP. 

With the participation of the aforementioned operators, ac-
cess to the required vessel data and key individually responsi-
ble for maintaining this information could be obtained.  It is 
important to note that the value of the data collection effort is 
directly related to the details that could be collected on the 
vessel’s hull integrity.  Hence, the use of questionnaires to 
obtain data was avoided.  Instead the data was obtained 
through review of all available Class survey reports as well as 
owner operations and inspection records, and maintenance and 
repair (IMR) files on the hull. This entailed one or two engi-
neers visiting the operating unit where the vessel files resided 
and reviewing all relevant documents on site (e.g., design re-
ports and analyses, inspection and repair reports, special stud-
ies and analyses, etc.).    

The method used in the JIP to collect the data involved a 
three step process.   
 
1) Step 1 involved the review of available class survey and 

gauging files, if the vessel was classed.  This informa-
tion provided information that could be used to investi-
gate corrosion rates as well as obtain a general under-
standing of the vessel’s history while in service as a 
FPSO/FSO, and for conversions, also covers the history 

while in tanker service.   
2) Step 2 involved the review of the owner’s files.  This 

information supplemented the class files providing 
more detail on the inspection findings and repairs as 
well as impact to operations (financial, downtime, pro-
duction loss, etc…).  Additionally, the operators' main-
tenance and inspection philosophy, vessel operation pa-
rameters (e.g., loading regime/sequence, cargo tempera-
ture, tank service and deviations from planned, etc.) 
were also obtained from the owner’s files.   

3) The third step, which effectively closes the data collec-
tion loop, was vessel operations input.  In this step, the 
JIP team met with operations staff to review observa-
tions from the class and owners files, filling in gaps 
where information might be missing as well as confirm-
ing conclusions related to integrity problems observed 
in the files.  Additionally, the meetings with the opera-
tions staff provided insight into how maintenance and 
vessel operations were adjusted or modified to address 
arising integrity issues.  The meetings provide historical 
and anecdotal information that helps put the observa-
tions in perspective within the management of the entire 
FPSO/FSO asset.        

 
This collection process was conducted on 10 vessels which 

were selected by the participants from a pool of approximately 
18 candidates which the participants own, operate or have 
invested interest. The general requirements for a candidate 
vessel were that the vessel has been in operation as an 
FPSO/FSO for over five years.  This ensured that at least one 
comprehensive survey, typically one Class required special, 
would have been conducted on the vessel.  During the selec-
tion process, an effort was made to select from the pool of 
vessels such that there was a good cross section of the current 
worldwide fleet.  The make up of the 10 vessels was as fol-
lows: 
 

 Operating region: 
• Brazil - 2 
• West Africa - 3 
• N. Sea/N. Atlantic - 3 
• Asia/ Australia - 2 

 Construction 
• New build (All double sided hulls) - 3 
• Conversion (All single hull, early 1970s vintage) - 7 

 Operations  
• FPSO - 7 
• FSO - 3 

 
Another important aspect related to the vessels is the num-

ber of years in operation as an FPSO/FSO.  The majority of 
the vessels (7 total) have been operating between 6-8 years.  
Of the remaining three vessels, two have been in service for 
11 years and one for over 23 years.   

As shown above, the 10 vessels make up a very representa-
tive cross-section of the current fleet. 
 
Key Aspects of the FPSO Structural Performance JIP 

The JIP focused on the following key topics: 
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 Understand the Integrity Management philosophy of the 
Operating Unit responsible for hull integrity 

 Perform a comprehensive study of FPSO/FSO specific 
hull corrosion rates, with results compared to typical 
tanker rates observed in similar service via published 
source data 

 Perform a qualitative investigation into coating perform-
ance 

 Document fatigue performance of the hull structure 
 Document all corrosion, fatigue, operational problems and 

success stories, and anecdotal findings into a comprehen-
sive searchable “Lessons Learned Database” 

 
The remaining sections of this paper will briefly discuss 

some of the key findings and observations. 
 
Integrity Management Philosophies 

The operating companies have similar but varying philoso-
phies in terms of managing the integrity of the hull structures.   

With regard to staffing, depending on the size of the oper-
ating company, the integrity management program may be run 
by a small in-house team of operating company employees 
who form the inspection and maintenance (IM) support.  In 
addition to the FSO/FPSO’s, these teams also support other 
key in-field assets such as fixed platforms and subsea produc-
tion.  In most instances, the operating unit will draw upon an 
in-house central engineering resource to support the activity, if 
assessment of the results is needed for the IM plan execution.  
Other companies utilize an in-house representative as a focal 
point who then subcontracts key aspects of the inspection, data 
management and engineering support via third party contracts.     

Another major difference lies in the culture upon which the 
operating company manages its FSO/FPSO’s.  Two distinct 
cultures are prevalent; one that derives influences from a ship-
ping/marine background and another that derives from an up-
stream oil and gas background.  Often the marine/shipping 
influenced team relies heavily on the Class Society to outline 
the requirements for inspection and integrity management of 
the unit.  In this case, typically very little is done beyond the 
requirement laid out within the Class rules (i.e. a standard 5 
year cycle of inspections coupled with periodic gaugings of 
representative structures).  In this instance however, the IM 
team often has vast tanker experience to draw upon and this 
assists in proper management of the hull.   In the case of the 
oil and gas influenced programs, the IM plan for the hull will 
usually be an asset-specific plan (often the unit may not be 
classed or remain in class).  The plan will outline a schedule of 
inspection for the various hull compartments backed up by 
detailed work scopes for each inspection.  In this case, the plan 
is performance-based, often drawing upon risk assessment 
methods to focus and optimize the IM program.  Often, this 
team is less experienced in tanker operations, but does have 
experience in the operation of offshore facilities (fixed or 
floating). 

 
Cargo Tank Corrosion Rate Evaluation 

The next key task of the JIP was the collection and evalua-
tion of available thickness measurements (gauging) conducted 
during the in-service inspections.  This information was used 
to develop corrosion rate estimates in various tanks and loca-

tions from the 10 vessels, thus providing a large data set of 
FPSO/FSO specific corrosion data.  This information can be 
used to compare between vessels to investigate difference in 
service conditions and associated impact on rates as well as 
between published guidelines such as the Tanker Structural 
Cooperative Forum (TSCF) [2].    

 The corrosion rate estimates for new build vessels were 
generally a straightforward exercise, in which the gauged 
thickness is subtracted from the as-built thickness and divided 
by the years in service.   

For the conversions, the process is more involved.  First 
the regions of the hull that were gauged during the conversion 
are mapped.  These locations are compared to the regions of 
the hull that were gauged during later in-service inspections.  
Where there is overlap in the inspections, for example the 
same transverse web frame or the same region of deck plate, 
the specific gauging points on the components are examined to 
determine if there are “coincident” points.  Figure 1 shows a 
diagram portraying the general process.  Note that “coinci-
dent” in the case of gauging points should not be taken in the 
literal sense of the word.  Generally, “coincident” is consid-
ered gauging points that are within one meter of one another.  
It is recognized that one will never obtain exactly “coincident” 
gauging points, but since the objective is to estimate the gen-
eral corrosion rate, on average the measured material loss be-
tween the individual points should provide a representative 
portrait of the corrosion within the tank for the particular 
component of interest.  For this approach, one corrosion rate 
“data point” generally equates to two “coincident” gauging 
points.  To place the effort in perspective, a typical corrosion 
rate data set for a single vessel is between 300-1800 “data 
points”.   

It should also be noted that for some components such as 
deck and bottom plating, the averages for individual plates are 
used instead of individual gauging points.  This is also shown 
pictorially in Figure 1.   

When working with thickness measurements, there are ob-
viously inherent errors that present themselves.  In some cases, 
there were instances where the original or conversion thick-
ness is less than the later in-service measurement at a “coinci-
dent” point.  Whether to discard these points all together or 
count these data points as “0” corrosion and the potential im-
pact to the corrosion rate estimates was investigated. The re-
sults of the sensitivity studies indicate that for a component on 
a conversion with 20 or more data points, treating data points 
with measured increases in the range of 0.1-0.25mm as “0 
mm”, results in corrosion rate estimates between 0-15% lower 
than if all data points with measured increases were discarded.  
In cases where there are less than 20 data points for a conver-
sion component, the estimated corrosion rate can be 15-30% 
more than if all data points with measured increases are dis-
carded.   When reviewing the data on a new build which had a 
large overall gauging data set, the percent difference in the 
estimated rates appear to be considerably higher.  In this case, 
there were many gaugings greater than the design original 
thickness.  This may indicate a bias for new builds possibly 
due to over tolerance on the as-built plate thickness.  Based on 
these sensitivity studies, it was decided that all data points that 
produce a wastage less than 0 would be discarded.   

The process provides a very comprehensive set of 
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FPSO/FSO specific corrosion rates for the different structural 
components (e.g., web frames, bottom plate, etc.) and corro-
sion protection system.  Moreover, the tank service conditions, 
to include cargo temperatures, produced water in cargo tanks, 
offloading frequencies, crude weight and sulfur content, etc., 
can be coupled with the corrosion rate results to investigate 
differences between the 10 different vessels as well as pub-
lished data such the TSCF.    

The following bullets provide an overview of the results of 
the cargo oil tank corrosion rate evaluations for various inter-
nal structural elements.  The rates are not presented in detail 
due to the project’s confidentially commitments, but instead 
described in relation to the published TSCF corrosion rates, 
which are widely used as the industry guide for FPSO/FSO 
design for forecasting conversion renewal requirements or 
new construction material wastage margins.     

 Uncoated Deckhead Elements (deck plating, deck longi-
tudinal web and flanges) - The calculated corrosion rates 
were generally found to be in the mid to upper range of 
the TSCF rates. 

 Uncoated Bottom Elements (bottom plating, bottom longi-
tudinal web and flanges) - Two vessels had uncoated 
bottom elements.  Between the two vessels there was a 
large discrepancy between the corrosion rates, with one 
vessel showing rates in the upper range of the TSCF 
rates and the other on the lower range of the TSCF num-
bers for these elements.  When reviewing the tank ser-
vice conditions for potential contributing factors, there 
were three variables that were notably different, offload-
ing frequency, temperature and crude sulfur content (i.e., 
sour or sweet crude).  The vessel with the higher corro-
sion rate had significantly lower offloading frequencies 
(upward of 3 months) compared to an offloading fre-
quency of approximately one week for the vessel with 
the lower rates (i.e. dwell time of the cargo within the 
tanks).  The typical amount of produced water in the 
tanks that had to be decanted during each offloading cy-
cle was similar between the two vessels.  However, fac-
tors that would normally be attributed to higher corrosion 
rates such as higher crude temperatures and sour crude 
were present on the vessel with the lower rate.  Based on 
these tank service condition differences, it tends to point 
to the duration (i.e., offloading frequency) for which the 
“undisturbed” oil and associated settle water resides on 
the bottom structure being one of the main contributors 
in the variation in the rates.   

 Coated Bottom Elements - For coated bottoms, the calcu-
lated rates, which are assumed to be thickness measure-
ments taken at regions in coating break down area, were 
comparable to the TSCF general corrosion rate for un-
coated bottom plating.  This is based on a comparison of 
rates from four vessels in the collection effort.  Note that 
in all but one of the vessels, anodes were present as 
back-up to the coatings. 

 Uncoated Side Shell Elements (side shell plating, side 
shell longitudinal web and flanges) - For the shell plat-
ing, the general rates tend to be higher than the TSCF 
rates based on data from four vessels.  Based on a review 
of the tank service conditions, all four vessels have light 
sweet crude and the temperatures are not generally in the 

high range.  It is unclear why the elements in this region 
tend to be on average higher than the TSCF numbers.   

 Uncoated Longitudinal Bulkhead (LBH) Elements (LBH 
plating, LBH longitudinal web and flanges) - For the 
LBH elements, the calculated rates tend to fall on the up-
per end of the TSCF guidelines, with the exception of 
one of the vessels.  When comparing the differences be-
tween the service conditions for this vessel and the oth-
ers, it is noted that the base sediment and water (BS&W) 
is lower and the crude is generally heavier than the other 
vessels.  Additionally, it was observed that the vessel 
found to have the highest corrosion rate had the longest 
duration between cargo offloading and there were a 
number of cargo tanks that were not normally used.  
These factors may indicate that the rates are partially de-
pendent on the surfaces being coated with oil that pro-
vides a protective coating to the bare steel (provided the 
crude is clean and not very hot).   Shorter offloading fre-
quencies and heavier, clean oil tending to keep these sur-
faces coated.    

 Uncoated Transverse Web Frame Elements (web plating, 
and ring face plates) – The transverse web frame plating 
rates were generally in line with or lower than the pub-
lished TSCF rates based on thickness readings from six 
of the vessels.  

Obviously, care must be taken prior to blindly applying the 
above generalized rate comparisons.  Inevitably, there are 
limitations as well as potential bias that can influence the 
thickness reading data set (e.g., limited gauging point loca-
tions for different tank services, accuracy of thickness read-
ings, etc.).   However, even with these potential deficiencies, 
the rate study provides an excellent starting point for better 
understanding the FPSO/FSO specific service conditions and 
the impact these conditions have on corrosion rates.  Further-
more, due to the various factors influencing the corrosion rates 
and spread within the data, looking at the data as a generalized 
whole has less merit than when used to investigate differences 
between the individual or groups of vessels.  When used in 
this capacity, the calculated rates can be looked at on an indi-
vidual basis or binned into groups based on the service condi-
tion parameters.  This enables those making design decisions 
on appropriate corrosion margins and/or renewals for conver-
sions to compare their particular vessel and the anticipated 
service conditions to these observed rates.    
 
Lessons Learned Database 

One other product of the JIP is a “lessons learned” data-
base that provides in-detail hull integrity issues encountered 
while in service.  For each integrity issue or “finding” the fol-
lowing details are provided: 

 Description of finding (i.e., location, extent of damage, 
etc.) 

 How problems or issue was identified (e.g., scheduled 
inspections, monitoring program, accident, etc.) 

 Perceived causes of problem.  This is based on inspection 
narratives, special studies and/or conversations with op-
erations personnel. 

 Response to integrity problem (e.g., repair details, 
changes to maintenance or inspection program, opera-
tions changes such as changes to loading patterns, etc.) 
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 Impact to operations and repair effort (e.g., man-hours 
and/or cost when available) 

 Summary of the lesson learned.  This generally highlights 
measures that may have prevented the problem. 

   
Figure 2 shows an example of the findings database sheet.  

In addition to this information, the database also contains in-
formation on the vessel particulars (e.g., displacement, dimen-
sion, tank arrangement, history, tank usage and protection 
systems and operating parameters (i.e., observed on site envi-
ronmental conditions and motions), cargo information such as 
temperature, offloading frequencies as well as typical tank 
loading sequences. 

The remaining sections of this paper provide an overview 
of key findings as well as the perceived instigating factors 
observed in the development of the lessons learned database.  

 
Corrosion Damage and Repair 

When reviewing the FPSO/FSO service years of the vessel 
in the collection effort, the majority of the units have only 
been in service on average for 7 years. This is a relatively 
short service time for corrosion issues to occur, since this is a 
deterioration mechanism whereby if adequate protection (coat-
ings) and backup systems (anodes, etc…) are provided in the 
design, these issues should not manifest themselves at all in 
this period of time.  If they do, it should be much later in the 
service life.  However, the data tends to indicate that even 
early in the service life, regardless if it is a new build or con-
version, corrosion problems can arise quickly, potentially re-
sulting in significant damage that warrants in-service repairs.  
Furthermore, there are a number of instances where extensive 
localized corrosion has occurred in locations, such as void and 
machinery spaces. Table 1 provides descriptions of select cor-
rosion related integrity issues that were observed.  The intent 
of the table is to provide general insight into the typical integ-
rity issues that can arise offshore as well as some of the per-
ceived contributing factors.   

When reviewing the select observations in the table, there 
are general themes related to prevention that present them-
selves from the table.  These are described briefly below. 

 Importance of Inspection and Maintenance of 
Void/Machinery Spaces – The first three observations re-
inforce the need to adequately inspect void and machin-
ery spaces particularly those locations that may be ex-
posed to seawater leak sources, or sludge or oily water, 
such as found in bilge spaces.  For finding 3 in the table, 
monitoring or periodic checks of voids to confirm no 
standing water is present may have prevented the extent 
of corrosion.   

 Importance of Baselining the Hull Structure – For find-
ings 3 and 5, thorough baselining of the hull structure en-
sures that the overall condition is known and most im-
portantly documented, such that areas in need of renewal 
are caught while in the shipyard and areas that are ac-
ceptable but known to have pre-existing corrosion or is-
sues can be monitored over the life of the asset.  Baselin-
ing should include a thorough review of the vessels in-
tegrity history to identify prior problems areas.  It should 
also include an “expanded” inspection program prior to 
the shipyard conversion, including extensive thickness 

measurements and close visual as well as non-destructive 
examination, as deemed necessary.  The term “ex-
panded” is intended to represent inspections that are in 
addition to the normal minimal Class requirements for a 
special survey.  Thorough baselining provides the foun-
dation for all subsequent inspections carried out over the 
in-service life as well as the necessary understanding of 
the hull integrity issues for the specific facility. 

 Design Assumptions – Ensuring the corrosion protection 
design assumptions are appropriate for the intended ser-
vice conditions are highlighted in finding 4.  Reception 
and dedicated settling tanks are normally under more se-
vere service conditions, making them more susceptible to 
coating breakdown, anode depletion and ultimately cor-
rosion.  Usually these tanks will be exposed to higher 
fluid temperatures, more produced water and increased 
overall throughput than a typical cargo tank and thus the 
protection measures must be adequately designed to ac-
commodate these conditions.  It would also seem wise 
for the IM team to revisit the design assumptions made 
for these protection systems with the operating crew on 
board the vessel 1 or 2 years down the road from com-
missioning to ensure initial assumptions were in fact cor-
rect.  

 Management of Change – Operational and field require-
ments of the vessel will inevitably change as the field 
ages.  Whether it is more produced water running 
through the tanks, changes in the sulfur content or lower 
production rates, all result in changes that may detrimen-
tally impact the hull integrity.  Findings 4 and 5 tend to 
highlight this.  In these cases, the tanks that sustained 
corrosion damage were under service conditions that 
changed overtime.  For finding 4, the operating tempera-
tures and sulfur content were higher and for finding 5 the 
tanks were more or less unused with standing fluids in a 
hot humid environment.  Recognizing these changes, the 
potential impact to the hull integrity and timely acting 
upon them can mitigate problems before they require 
costly repairs.  Generally, action may be a tank inspec-
tion, possibly at reduced interval to verify corrosion pro-
tection measures are adequate or confirm the conditions 
in the tanks are not precipitating an undesirable condi-
tion.   

 
Fatigue Damage 

Another key deliverable of the JIP was the collection and 
evaluation of fatigue damage that has been found on the can-
didate FPSO/FSO hulls.  The objective was to document fa-
tigue related findings such as repetitive cracks and fractures 
within the hull if they exist and also if they do not.  That is, 
good fatigue performance is also documented as an example 
for future project teams to draw upon.  One-off type cracks 
and damages were not recorded as part of this section of the 
work, but larger fractures if caused by accident damage or a 
similar event, are covered in the Lessons Learned Database.   

No attempt was made by the JIP team to categorize or de-
termine the root cause of the fractures.  The participants felt 
that the variables at work and the amount of conjecture to ac-
curately predict a root cause for the damage would lead to 
incorrect assumptions and conclusions.  In this regard, only 
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objective evidence, provided in the form or metocean data, 
vessel response (design and observed), tank cargo load/offload 
and ballasting regimes and frequencies was documented.  A 
typical table showing the layout of the data collected is shown 
in Figure 3.  Also provided in a separate section of the JIP 
work are pertinent design details related to construction details 
for critical welds and connections, materials of construction, 
and general arrangements of the hull structure are provided for 
the participants to draw their own conclusions.   

When cracks and damage were found, the work attempted 
to document corrective actions taken to address the problem, 
covering enhanced monitoring of cracking or repairs affected.  
For conversions, the findings also document any actions taken 
at conversions (such as NDE to find existing damage or retro-
fit/modification of details) to prevent damage as an 
FPSO/FSO.   

Crack counts and observed locations are provided on ideal-
ized vessel diagrams for each type of repetitive problem en-
countered.  Also documented was information on when the 
cracks were found and if they had also previously occurred 
during operations as a tanker (if a conversion).  It is hoped that 
when one couples this type of information with the observed 
loading on the vessel, patterns or root-causes associated with 
the fractures will become apparent for the JIP report users.  
Additionally, designers can use the information to compare 
their particular vessel (new build or conversion) to this data to 
ensure adequate attention is being applied to regions where 
fatigue related problems and associated detail have occurred in 
the past.   

When reviewing the select observations within the fatigue 
summaries, the following general themes would seem to be 
the main causes of FPSO/FSO related fatigue problems: 

 
  Connection Details:  Often, a particular vessel used in a 

conversion was fatigue prone as a tanker and this prob-
lem carries through as a converted FPSO/FSO.  The age 
of the vessel and the construction details prevalent in 
some conversion candidates were not as fatigue friendly 
as present day tanker connection details.  Most often 
these types of fractures are associated with the nuisance 
type cracking typically found in longitudinal connections 
along the side shell, LBH, deck and bottom.  Neverthe-
less, they must be dealt with and managed as part of the 
IM program when found, especially in larger numbers. 

 Under- or Over- Estimation of Loading:  Occurs in both 
new builds and conversions.  The vessel may be experi-
encing fatigue problems in situ due to an underestimation 
of the environmental loading or tank loading regimes, or 
a combination of both.  Problems of this type have been 
found, both isolated to a specific area of the hull or as 
widespread damage.   

 Workmanship:  In some instances related to conversions, 
the cause of cracking can be ascertained as due to poor 
welding quality during construction which given the ex-
tended life of the vessels as FPSO/FSO’s, manifests itself 
in the form of fatigue related problems as the vessel ages.  
The reduced life associated with poor weld quality is not 
something typically accounted for in the fatigue calcula-
tions performed during the conversion project.  This 
could lead to overestimation of remaining life in actual 

service.  
 New Locations and Areas for Fatigue Damage:   Again, 

in some conversion candidates, the cargo loading re-
gimes introduce the vessel to new forms of cyclic load-
ing often on bulkheads and components not originally 
designed for such loads at the frequencies experience on 
FSO/FPSO’s.  While robust for strength purposes, cer-
tain design details were not meant to see loading of this 
type at the frequencies typically seen in floating installa-
tions (often 3 to 7 day parcel offtakes and loading).   

 
Once again, to reinforce the findings related to corrosion 

above, it would seem that for conversion candidates, a NDE-
based sampling plan covering fatigue critical locations would 
seem warranted in addition to gauging which is normally per-
formed.  The collected data would seem to indicate that the 
cost of obtaining this information in the shipyard is approxi-
mately 8 times cheaper than having to obtain this information 
in situ.  Having accurate baseline data for fatigue prone loca-
tions obtained in the shipyard during conversion (or even for 
new-builds) lays the foundation for integrity management de-
cisions in the future. This information is also necessary to as-
sist in providing the necessary data to develop more advanced 
integrity management planning, such as risk and reliability 
based programs, which enable the operator to optimize their 
hull IM programs.   
 
Conclusions 

Key observations and conclusions that can be drawn from 
the JIP effort show that while there are many similarities be-
tween FPSO/FSO’s and tankers, there also exist unique factors 
which must be considered for each installation on a case-by-
case basis.  The JIP provides unique insight into the integrity 
issues related to FPSO/FSO facilities.  It is important to men-
tion that, in all cases, the issues gathered during the JIP were 
successfully managed offshore by the operators.  The data 
provides comprehensive information on a variety of issues that 
readily reinforce what is generally understood by the opera-
tors.  In this case these understandings are not typically pre-
sented as a whole since they tend to be observed by one asset 
team or another in different locations around the world and 
operated by different companies.  The JIP closes these gaps 
across distance and company lines and enables a more holistic 
understanding of hull integrity issues.    

It is anticipated that data collected from the JIP effort can 
be used by the participants to aid them in developing and fur-
ther refining future project design specifications related to hull 
structures.  Areas anticipated as possibly being aided by this 
JIP effort include but are not limited to the following: 

 
 Hull Vetting for Conversions – It is anticipated that 

project specifications will be enhanced to cover the 
possible need for enhanced gauging and baseline in-
spection of fatigue critical locations so this informa-
tion is available as needed during the vessels operat-
ing life as an FPSO/FSO.  

 Design Assumptions:  This covers improvements to 
design aspects covering topics such as proper selec-
tion of environmental loading, tank loading and ser-
vice influences on strength, fatigue and stability, hull 
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and process deck interface issues, coating and anode 
design assumptions, etc…. 

 Operational and Ergonomic Aspects:  Covers speci-
fication improvements related to access and ease of 
inspection (especially when considering site envi-
ronmental conditions), fabric maintenance schemes 
for painting, coatings, supply boat damage contin-
gencies, equipment and consumable handling at site, 
etc.   

 
Future Work 

This paper covers data and evaluation efforts conducted as 
Phase 1 of the JIP.  As other participants join, it is hoped that 
the effort can be extended to additional candidate vessels fur-
ther expanding the data set.  Additionally, plans for a future 
phase to this project is a Hull Integrity User’s Group, whereby 
the JIP participants meet annually, where additional lessons 
and observations on these and other vessels are included, up-
dated and shared, with the goal of continuously improving 
FPSO/FSO hull performance.  
  

Acknowledgements 
The authors wish to thank many colleagues for their valu-

able comments and reviews, especially those who have sup-
ported this effort from the operating companies, including Roy 
Tubbs, Adam Collins, Andrew Newport, Dogan Cirakoglu, 
Keith Kushner, Leonardo Vilian, Sergio Cardoso, Fikry 
Botros, Peter Gorf, Chandler Grenier, Anil Thayamballi, Doug 
Angevine and Bob Wolfram.  Without their vision and support 
this project and associated successes would not have been 
possible. 

References 

1. Offshore Magazine, “2004 Worldwide Survey of Floating 
Production, Storage and Offloading (FPSO) Units”, Sep-
tember 2004. 

2. TSCF (1997). Guidance Manual for Tanker Structures, 
Tanker Structure Co-operative Forum, Witherby & Co. 
Ltd. 

 

 



8  OTC 17543 

Figure 1:  Typical Gauging Data Points Used for Corrosion Rate Estimates 
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Figure 2:  Typical Lessons Learned Data Sheet 
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Table 1:  Example Corrosion Related Issues 
 

I
D 

Description Years in 
Service 

as 
FPSO/ 
FSO 

Corrosion 
Type 

Location Perceived Contributing Factors 

1 Capillary leak 
in side shell 

18 Localized 
pit 

Engine room in 
the lower region 
of the side shell  

Possible substantial period of time elapsed with corrosive bilge 
water was trapped between the side shell longitudinal and side 
shell plate resulting in localized internal corrosion.  At this loca-
tion a pit developed internal that happened to coincide with a pit 
on the outer hull resulting in the capillary leak.  

2 Coating 
breakdown 
and subse-
quent exces-
sive localized 
corrosion 

15 Localized 
corrosion 

Oil tight bulk-
head between 
slop tank and 
pump room 

Coating within machinery space was allowed to deteriorate re-
sulting in a region of transverse bulkhead plating that exceeded 
the wastage allowables.  There was some contribution of corro-
sion loss on the slop tank side but majority was on the pump 
room side. 

3 Coating 
breakdown 
and excessive 
localized cor-
rosion and 
leak 

6 Localized 
corrosion / 
pitting or 
possible 
defect  

Void space side 
shell below the 
waterline 

Region likely had standing water that was allowed to remain 
over a long period of time.  Either the coating failure or existing 
coating defects resulted in extensive corrosion of the shell plat-
ing and small leak.   

4 Coating 
breakdown 
and excessive 
localized cor-
rosion 
throughout 
tank bottom 

5 Extensive 
coating loss 
and pitting 

Cargo reception 
tank bottom plat-
ing and bottom 
structure 

The main reception tank corrosion protection system (i.e., hard 
coated bottom structure and anode back-ups) was of similar 
design as the cargo tanks. However, reception tank was exposed 
to significantly higher crude temperatures as well as more pro-
duced water than a normal cargo tank.  Furthermore, the crude 
from some of the later new field production that came on line 
had higher hydrogen sulfide content.   

5 Corrosion 
below mini-
mal plate 
thickness 
allowables  

7 General 
corrosion 

Cargo storage 
tank bottom plat-
ing 

The two cargo tanks in which this occurred were normally not 
used during the storage/offloading cycle and thus may have had 
water/oil standing undisturbed on the bottom for a long period 
time.  Additionally, during the vessels tanker service there was 
evidence that bottom plating renewals were required in the past 
in these regions, potentially indicating that these wasted areas 
may have been pre-existing (i.e., at or near the minimal thick-
ness allowables) and missed during the conversion.     
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Figure 3:  Typical Fatigue Data – General Information 

 

 

 


