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Abstract 

The Risk-Based Inspection (RBI) programme is a part of the overall Asset Integrity 

Management (AIM). The RBI programme offers benefits such as providing a rational basis 

for inspection plans and efficient tools for updating those plans. The ultimate goal of the RBI 

programme, coupled with a more generic approach to asset integrity management, is to verify 

the integrity of the facility and its fitness for service.  

Present study attempts to address a step by step approach which can be followed for RBI 

planning inspection. Guidelines regarding the various steps of the RBI process are also 

provided in order to assist in preparing and maintaining the RBI programme. An advanced 

tool for semi-quantitative risk assessment of offshore floating structures is developed, where 

the user guide is presented.   

Keywords: Floating Production Storage Offloading (FPSO) Inspection, Risk Based 

Inspection (RBI), Degradation Mechanism, Non-Destructive Testing (NDT), As Low As 

Reasonably Practicable (ALARP) 

 

INTRODUCTION 

Offshore Floating Structures such as FPSO and Floating Liquefied Natural Gas (FLNG) 

vessels are designed to be moored on station for the duration of their service life and it is 

impractical to return them periodically to dry dock for inspection and maintenance. Risk-

based Inspection (RBI) pertaining to hull integrity management of floating units provides a 

unique flexible approach to help operators mitigate risk and improve reliability leading to a 

longer time on station, by optimizing maintenance schedules and reducing unnecessary 

inspection activities.  

Risk based inspection methods was used to develop a basis for an in-service inspection 

programme for the FPSO hull and topside structures with respect to fatigue cracks, where the 

FPSO unit installed in the Norwegian Sector of the North Sea. The most critical hot spot 

areas' showing the shortest calculated fatigue lives had been selected for analyses Landet et. 

al [1]. 

New methodology for risk-based maintenance were presented by Khan and Haddara [2]. 

Their proposed methodology was comprehensive and quantitative. It comprised three main 

modules: risk estimation module, risk evaluation module, and maintenance planning module.  

As a case study, the application of the technique to a 255,000 tonnes FPSO hull was designed 

and discussed the implications of the results for future hull designs by Holdbrook [3]. 

American Bureau of Shipping (ABS) has developed a multi-level risk-based inspection 

methodology ranging from simplified deterministic approaches using standard design 
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analysis up to sophisticated probabilistic approaches. In line with the various levels of 

assessment defined above, ABS has also started developing an automated RBI assessment 

tool by Lee et. al [4].  

The factors influencing the costs of inspections and repairs are also important. Based on past 

experience, typical costs of different types of inspections and repair actions were presented 

for fixed and floating offshore steel structures, including FPSO’s, subject to fatigue damages 

Straub et. al [5]. 

The primary reasons why Risk Based Inspection (RBI) had become an important element of 

Asset Integrity Management and how it had to be applied in a cost effective manner on FPSO 

and Gas projects around the world.  Practical experience from a number of case histories to 

highlight how the RBI Plans could be practically implemented through baselines and ongoing 

inspections using non-destructive testing methods applied with minimum operational 

disruption Constantinis et. al [6].   

Tammer and Kaminski [9] provided a brief review of the methodological composition of 

Risk Based Inspection (RBI) and the application of the methodology for safeguarding hull 

integrity of offshore floating structures, with fatigue as primary degradation mechanism. The 

work has a distinct focus on the opportunities RBI has to offer in combination with Structural 

Health Monitoring. 

The methodology and the practical calculations for risk-based inspection planning of fatigue 

cracks in welded offshore steel structures were addressed. Due to the uncertainty in the 

variables involved in the problem, the planning has to be carried out by stochastic modeling 

and risk based assessments. The classical theory was briefly outlined and the latest 

recommendations from a Joint Industry Project recently completed in Norway were also 

included. A practical case study for life extension of an oil loading system in the North Sea 

was studied by Lassen [8]. 

Goyet et. al [7] gave some strong insights about all ingredients which had to be used to 

support the development of relevant RBI practices. Emphasis was put on quantitative fatigue 

RBI which was a good basis to highlight these ingredients. The model example, the RBI 

theoretical framework and the state-of-the-practice dealing with component quantitative RBI 

from a whole for which the objective was to open the door to other RBI issues which were 

briefly mentioned.  

The benefits of enhancing classic Risk Based Inspection (without fatigue monitoring data) 

with an Advisory Hull Monitoring System (AHMS) was introduced to monitor and justify 

lifetime consumption to provide more thorough grounds for operational, inspection, repair 

and maintenance decisions whilst demonstrating regulatory compliance Tammer et. al [10]. 

The state of the art as well as two major methodologies used for fatigue life prediction of 

structures and mechanical items were discussed by Keprate and Ratnayake [12]. The first (S-

N approach) was based on experimentally derived S-N curves and linear damage rule (LDR). 

The methodology and the practical calculations for risk based inspection planning for fatigue 

cracks in welded details were studied. Due to the uncertainty in the variables involved in the 
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problem the planning had to be carried out by stochastic modelling and risk based 

assessments by Lassen and Recho [11].  

Fatigue cracks, as a structural deterioration mechanism, may lead to unanticipated out of 

service of naval ships. Consequently, risk assessment and effective inspection planning of 

naval ships under fatigue damage are needed to achieve economic and sustainable 

performance of these structures. This paper presents a probabilistic framework for fatigue 

risk and updating assessment and updating through inspection events. (Dong and Frangopol 

[13])  

This study provides the operators of floating units, such as FPSO and FLNG units, with 

information on how to develop a risk-based inspection plan, which can replace the traditional 

prescriptive approach to inspection planning and will minimise downtime, reduce risk and 

mitigate unplanned dry-docking due to non-conformance with Classification Society Rules. 

Further, present study attempts to address a step by step approach which can be followed for 

RBI planning inspection. Guidelines regarding the various steps of the RBI process are also 

provided in order to assist in preparing and maintaining the RBI programme. An advanced 

tool for semi-quantitative risk assessment of offshore floating structures is developed, where 

further a step-by-step user guide is presented.  Hence, a well-structured risk-based inspection 

scheme will help operators reduce downtime and facilitate continuous operation by focusing 

inspection and resource on critical risk elements.  

 

RBI PROCESS DESCRIPTION  
 

The RBI programme must ensure that the integrity of the offshore floating facilities is 

maintained. The RBI process should be viewed as an iterative process, which is continually 

updated based on new information acquired throughout the life of the facilities.  The flow 

chart associated with the iterative RBI process is illustrated in Figure 1.   
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Figure 1. RBI process flow chart 

 

The major tasks of the RBI process are carried out and include: 

- “Define” phase, which covers: 

o Compiling the facility data, including general asset data, design data, 

fabrication data, installation data and baseline inspection data  

o Identifying and grouping the structural components to be assessed by RBI  

o Identifying the various degradation mechanisms which are considered in the 

RBI  

o Carrying out the risk assessment which includes assessing the likelihood of 

failure and the consequence of failure  
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- “Plan” phase, which covers: 

o Outlining the inspection methods available for the RBI programme  

o Defining the extents of inspection  

o Defining the inspection frequencies  

o Prioritising the inspections  

o Presenting how the RBI programme is approved and what should be 

considered for the approval process  

- “Execute” phase, which covers: 

o Planning the inspections  

o Controlling the execution of the inspections  

o Collecting the inspection results  

- “Review and Report” phase, which covers: 

o Reviewing the inspection results  

o Updating the RBI programme as a result of the inspection findings 
 

RBI PROCESS –  “DEFINE” PHASE   

The first task of the RBI process is to collect, collate and review the documentation. The 

facility data to be considered for a green-fields facility are those collected typically during the 

design and fabrication phases, and until the facility enters in service. They include general 

asset data, design data, fabrication data, Installation data, and baseline inspection data.  

The degradation mechanisms, which apply to each structural component group, must be 

identified. The identification of degradation mechanisms is typically based on industry 

experience and reviews of design and operating procedures. Typical degradation mechanisms 

for an offshore floating structure include corrosion, wear and fatigue. 

The two factors which are considered when determining the risk of failure for a component 

are: 

1. The likelihood of the degradation failure modes occurring 

2. The consequence of the failure occurring 

 

Each failure mode may have more than one degradation mechanism that could lead to failure 

of a component. Therefore, it is the risk of a given degradation mechanism giving rise to a 

failure mode that is assessed. The likelihood is driven by the degradation failure mode 

potential. The consequence is driven by the effect of the failure mode. Where risk is critical 

or high, risk reduction options should be considered to reduce it to as low as reasonably 

practicable (ALARP). 
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In this study, the risk assessments concentrate on fatigue sensitive areas such as longitudinal 

hull structures, moonpool, hatches and penetrations, topside modules primary and secondary 

steel (including joints/stools/foundations), turret structure, mooring system, riser supporting 

structures, areas subjected to corrosion (internal and external) and critical structural areas, 

which are defined as those parts of the structure that are susceptible to high degrees or levels 

of stress.  

The likelihood of failure should be assessed for the degradation mechanisms that can lead to 

a failure. For the RBI process, the likelihood of each of the individual degradation 

mechanism should be assessed either qualitatively (e.g. industry experience, engineering 

judgement) or semi-quantitatively (e.g. in-place and fatigue analysis, empirical data, etc.). 

The RBI advanced tool presented in this study uses a semi-quantitative assessment for 

likelihood of failure. 

The quantitative approach is used when the relevant degradation mechanism can be assessed 

by physical models, i.e. for fatigue and crack propagation, to a less degree corrosion. These 

physical models have their own limits that is for crack propagation for example, high or low 

crack propagation rates need for other models. The use of probabilistic models of degradation 

phenomena is of great benefit: the probabilities are computed with a reduced level of 

uncertainty compared to qualitative approach, and Bayesian updating taking into account 

inspection quality is also part of the probability evaluation.  

 

The qualitative approach is well suited for components where damage is not directly 

quantifiable or when boundaries of quantitative models are reached. Then, probabilities and 

consequences are assessed by expert judgement through several meetings, using HAZID and 

HAZOP sessions. The risk level of failure is then established and structural components are 

ranked according to it.   

  

These both approaches have often to be mixed together to provide the overall inspection plan 

of the unit, as presented by below Figure 2. 
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Figure 2. RBI merging quantitative and qualitative approaches for structural assessment (e.g. fatigue) 

 

Risk matrix is developed as shown in Figure 3, the result of the likelihood assessment 

produce a likelihood factor assigned to a failure mode, in the range 1 to 6 (highly likely to 

remote). During risk assessments of offshore floating structures, likelihood is most often 

defined by “Experience” or “Frequency”. Wherever possible, likelihood is based on 

consideration of: 

1. Design factors 

2. Industry experience 

3. Historical databases 

4. Past events and findings of inspections 
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Figure 3. Risk matrix developed in this study  
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Consequence of failure are assessed by considering financial, environmental, and health & 

safety consequences. In all cases, the basis for the consequence assessment will be provided 

in the RBI study to enable audit and review. 

The risk ranking is determined based on the consequence and likelihood of the event, using 

the risk matrix.  

The result of the assessment results in a risk ranking factor for the failure mode as per the risk 

matrix. There are four defined risk categories: Low risk, moderate risk, high risk and critical 

risk. These are the result of the consequence and likelihood assessments. 

RBI PROCESS –  “PLAN” PHASE   

The inspection plans must present the risk associated with a structural component and the 

strategy to detect, prevent, control and mitigate potential failure; that includes acceptance 

criteria, inspection methods, frequencies, inspection restrictions, boundaries and permits. The 

role of inspection is to check whether degradation is occurring, to measure the progress of 

that degradation, and to help ensure that integrity can be maintained within asset safe life 

span. Inspection provides assurance that asset integrity is maintained in accordance with the 

design intent. 

The inspection plans must answer the following questions as shown by Figure 4: 

 

Figure 4. Goals of Inspection Plans 

The inspections should concentrate on the detection, sizing of the defect and determination of 

the degradation rate. Inspection methods are typically grouped such as General Visual 

Inspection (GVI), Non-Destructive Testing (NDT), Thickness Measurements (TM), and 

Cathodic Protection System Inspection.  

 

There is no standard evaluation method to determine the inspection frequency; however, the 

goal is to achieve a risk that is ALARP by reducing the likelihood of failure between 

inspections to an acceptable threshold level.  

Figure 5 shows how the inspection interval for the critical component may be maintained at 

24 months by increasing the extent and method of inspection for the critical lower level 

components. In this case, the extent was increased from 10% to 25% for 11 components, with 

the NDT inspection included for the most critical component, which had small crack like 

indications. 
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If ALARP cannot be achieved with a cost effective inspection programme, then a risk control 

plan must be developed and implemented, including additional control measures or repairs to 

reduce the risk of failure. 
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Figure 5. Risk Reduction to ALARP through Inspection Interval, Method and Extent 

The inspection frequencies require updating during the life of the facility, based on condition 

data, to adjust for changes to the risk profile over the life of the facility.  

Typical inspection frequency, based on industry experience, is a good starting point for a 

new-build; typical frequencies are as follows: 

- Critical risk: 6 to 12 months 

- High risk: 12 to 24 months 

- Medium risk: 24 to 60 months 

- Low risk: 60 to 120 months 
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The quantity of inspection results and the confidence in their quality and accuracy help in 

establishing and updating inspection frequencies. Trending is crucial in the RBI process as it 

allows adjustment of the inspection frequencies based on predicted time to failure. 

Inspection prioritization can help in allocating resources based on the risk ranking of a given 

structural component group. Risk assessments may find different risks levels associated with 

different component groups within a group (e.g. water ballast tanks group). This is 

particularly the case for tanks and topsides, but not so much for the turret and mooring 

system, due to their nature and accessibility. For instance, there are advantages in conducting 

inspections first on the tanks with higher risk, progressing towards the lower risk tanks at the 

end of the cycle. This approach can provide flexibility and minimize the risk of having an 

inspection backlog 

In the case of the storage and ballast tanks, the tanks located at midship are subjected to 

higher dynamic loadings. However, the structural design of these tanks is very similar to the 

one of those located closer to aftship and foreship, where the dynamic loads are lower. For 

this reason, the risk ranking of the tanks located at midship is very likely to be higher than 

those outside the midship section. They should therefore be prioritized for inspection by risk 

ranking. Other parameters which may be taken into account when prioritizing the inspections 

include proximity of heavy equipment, vibrating equipment and flare. 

RBI PROCESS –  “EXECUTE” PHASE   

The RBI programme developed in the previous phase of the RBI process must be executed 

correctly in order to determine the integrity of the structural component. This requires that the 

techniques used and the extent of inspection or monitoring are as detailed on the inspection 

plans. An improper execution of the inspection plans may result in failure of the RBI process 

and may lead to severe consequences. Therefore, control measures to ensure the adequate 

execution of the RBI process are defined. This includes: 

- Preparation of clear inspection plans with clear instructions and guidelines 

- Standardization of inspection and component specifications 

- Definition of clear and meaningful acceptance criteria 

- Selection of qualified personnel to carry out inspections 

- Use of functioning and accurate (calibrated) equipment for inspections 

- Preparation of procedure for reporting of the inspection results 

- Standardization of reporting worksheets 

- Preparation of Asset Integrity Management (AIM) organization chart with 

responsibilities clearly identified 
 

Each inspection shall give rise to an inspection report. The inspection reports must be stored 

in the data management system. Results of the inspection shall be recorded in a methodical 
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way to provide a history of the components over the life of the facility. This information can 

be used in the event of the discovery of anomalies in the future. 

RBI PROCESS “REVIEW AND REPORT” PHASE   

Once the inspections have been conducted, the inspection results must be reviewed. 

Any adverse findings from any of these reports shall be assessed by the RBI team and may 

give rise to: 

- An unscheduled inspection for more information seeking, using advanced Non-

Destructive Testing (NDT) for instance 

- A surveillance or monitoring programme development 

- A de-rating of the operating limits 

- A detailed RBI re-assessment, using a quantitative approach for instance 

 

Inspection results related to degradation mechanisms, such as corrosion, fatigue and wear, 

should be used to create trends. These trends can then be used during the RBI programme 

updates, particularly where direct quantitative analyses are undertaken 

Where anomalies are discovered, they should be reported immediately to the appropriate 

technical authority to enable early assessment and additional inspection data to be gathered. 

The typical initiators which trigger reviews and updates of the RBI process are: 

- Unexpected inspection results 

o Unanticipated degradation rates 

o Unanticipated failures 

- Changes in operations 

- Availability of trending information 

- Availability of new industry knowledge and databases 

- Strengthening, modifications and repairs 

 

NEW RBI ASSESSMENT TOOL FOR STRUCTURES  
 

The “RBI Assessment Tool for Structures” allows users to establish the risk ranking of an 

individual structural component. This tool offers a combination of semi-quantitative and 

qualitative assessments: 

- The likelihood of failure is determined by using a scoring system. This approach 

corresponds to a semi-quantitative approach. 

- The consequence of failure is determined using a qualitative approach, mainly based on 

engineering judgement and industry experience. 
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The likelihood and consequence of failure are then automatically combined by the 

spreadsheet and risk rankings, based on the Risk Matrix given earlier, are established. 

The new tool is composed of;  

o Giving details on the lower level component being assessed (parent tag, 

primary function, lower level component given tag, description and location). 

o Describing the applicable failure scenarios (maximum of 4 scenarios per 

worksheet). The primary degradation mechanism and the likelihood 

classification are reported. The likelihood classification allows differentiation 

between events that have different probability of failure curves as a function of 

the likelihood scoring system. Three curves are available. The probability of 

failure curve is automatically selected once the scenario is defined.   

o Presenting the likelihood assessment (characteristic and condition data 

evaluation, scores, weight factors for the different degradation mechanisms, 

justifications and references). 

o Presenting the consequence assessment (potential consequences, evaluation, 

ranking, justifications and references) for each scenario considered. Only 3 

consequences are assessed: financial, health and safety, environment. The 

severity levels of consequences are in accordance with the Risk Matrix.  

o Presenting the RBI risk reduction measures and revised likelihood assessment, 

including the contribution of inspection intervals inspection method such as 

General Visual Inspection (GVI), Close Visual Inspection (CVI), Thickness 

Measurements (TM), Non-Destructive Testing (NDT) and the extent of 

inspections. 

o Reporting the results of the risk assessment for the component assessed. 

o Providing a list of recommendations. 
 

Only credible and simplified failure scenarios are considered by the RBI assessment. 

Different failure scenarios are defined for the different structure/component types. The failure 

scenarios currently available in the study include: 

- Crack due to fatigue leading to loss of containment 

- Crack due to fatigue leading to structural failure 

- Wall diminution due to corrosion leading to load capacity reduction (de-rating) 

- Wall diminution due to corrosion leading to loss of containment 

- Wall diminution due to corrosion leading to structural failure 

- Wall diminution due to wear leading to structural failure 

Each degradation failure mode has a corresponding likelihood classification assigned to allow 

differentiation between events that have different likelihood (or probability of failure) curves 

as a function of the likelihood scoring system. Three failure classification curves such as 

Fatigue (A), Corrosion (B) and Wear (C) allow for differentiation between failure modes that 

have differing levels of likelihood as a function of the degradation mechanism based scoring 
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system, such as wall thinning that requires de-rating versus wall thinning that leads to 

structural collapse. Figure 6 illustrates the different likelihood curves in terms of the 

probability of failure against the likelihood score. 

 
 

 

 

 

 
 

 

 

 

Figure 6. Likelihood Classification (Probability of Failure versus Scoring System) 

The likelihood of failure is determined by using a scoring system. The scoring system is 

implemented through a questionnaire which aims to evaluate the risk associated with specific 

characteristic and condition data. The scoring system is used to emphasize the fact that many 

different parameters, depending on the structural component type, have an influence on the 

likelihood of failure and most importantly to ensure that these parameters are captured in the 

risk assessment.  

Characteristic data extracted from design and fabrication documentation, as well as results 

from baseline inspection reports, are assessed. Scores between 1 and 5 are allocated to each 

parameter retained for the likelihood evaluation. The applicable parameters are automatically 

selected by the spreadsheet and required to be filled when selecting the structural component 

type on the “Summary” worksheet. Different parameters will indeed be applicable depending 

on the structures being assessed, e.g. tank and mooring system. All characteristic and 

condition data parameters are presented in Table 1 and Table 2. 

Depending on the degradation mechanisms being considered weight factors (between 1 and 

10) are applied to the evaluation criteria. The weight factors are automatically allocated to the 

different parameters when selecting the degradation mechanism. For instance, the evaluation 

parameter “safety factor on fatigue life” is more important than “buckling usage factor” when 

assessing the risk associated with fatigue. Therefore, a higher weight factor is applied to the 

score obtained for the parameter “safety factor on fatigue life”. 

Some evaluation parameters (e.g. mechanical damage, remaining thickness…) require more 

than a linear function (i.e. weight factor) to account for significant disparities in terms of risk 

between two scores (e.g. 4 and 5) and to account for the importance of some parameters 

which cannot be adequately addressed by the weight factor alone. A power function is 

therefore introduced and applied to the scores of some evaluation parameters before applying 

the weight factors. For instance, when evaluating the potential mechanical damages, the score 
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ratio between a crack (score 5) and a moderate deformation (score 4) would be 1.25 if no 

power function was applied, with only a moderate increase in the associated likelihood of 

failure even with the weighting factor set to 10. This ratio is too low and does not provide a 

realistic evaluation of the risks dues to these two mechanical damages. A power function of 

1.5 applied to the two scores gives a score ratio greater than 1.40 which is found to be more 

realistic, and increases the effective score for the mechanical damage from 5 to 11 thus 

capturing the relative importance of this parameter on the likelihood of a failure event 

occurring. 

Table 1. Characteristic Data Parameters 

 

Evaluation Factor 

SCORE 

1 2 3 4 5 

Structural Type Standard design 

(proven industry 

track record) 

Standard design (1 or 

2 failures 

encountered 

throughout the 

industry) 

Standard design 

(more than 2 

failures 

encountered 

throughout the 

industry) 

Novel design 

(accelerated 

lifecycle testing) 

Novel design (no 

testing) 

Structural Detail Non-welded 

details (cast 

nodes, plates) 

Transverse butt weld 

(both sides) 
Transverse butt 

weld (1 side with 

backing), 

cruciform joint, 

doubler plates, 

snipped or 

crossing flanges 

Penetrations,  

gusset plate or 

stiffener supports, 

cope holes, 

tubular/box 

connections 

Transverse butt 

weld (1 side 

without backing), 

overlap joint, 

bolted joint, 

partial penetration 

and  fillet weld 

Structural Category 

Tertiary Secondary 

Secondary 
supporting major 
safety critical 
equipment 

Primary Special 

Structural 
Verification 
Approach 

Accurate method 
(e.g. FEM). 
Conservative loads 
and assumptions. 

Accurate method 
(e.g. FEM). Best 
estimate loads and 
assumptions. 

Approximate 
method (e.g. hand 
calculations). 
Conservative 
estimate loads and 
assumptions. 

Approximate 
method (e.g. hand 
calculations). Best 
estimate loads and 
assumptions. 

No design 
calculations. 

Design Fatigue 
Factor (DFF) on 

Service Life 
(=Calculated Fatigue 

Life / Service Life) 

≥10%        FF 
<10% above or equal 
DFF 

Toe grinding/weld 
profiling required 
to achieve the 
required DFF 

≥90%     FF 
with/without toe 
grinding/weld 
profiling 

<90% of DFF 
with/without toe 
grinding/weld 
profiling 

Yielding Usage 
Factor  

U            ≤ 0.6 
0.6< U            ≤ 
0.8 

0.8 < Usage factor 
≤ 0.9 

0.9 <Usage factor 
≤ 1.0 

Usage factor > 1.0 
(but proven 
acceptable with 
more refined 
calculations) 

Buckling Usage 
Factor  

U            ≤ 0.6 
0.6< U            ≤ 
0.8 

0.8 < Usage factor 
≤ 0.9 

0.9 <Usage factor 
≤ 1.0 

Usage factor > 1.0 
(but proven 
acceptable with 
more refined 
calculations) 

Type of Loading 
Moderate 
static/pressure 
loading only 

Fluid pressure or hull 
girder dynamic 
loading (high cycle 
fatigue) 

Inertia loading 
(high cycle fatigue) 

Cargo loading / 
unloading (low 
cycle fatigue) 

Rotating 
Equipment or VIV 
(vibration / high 
cycle fatigue) 
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Material 
Standard ductility 
(e.g. normal 
strength steel) 

      
Moderate ductility 
(e.g. high strength 
steel) 

Corrosivity of 
Environment 

Air or non 
corrosive 
environment on 
both sides 

Corrosive 
environment on one 
side with cathodic 
protection (e.g. 
Marine environment) 

Corrosive 
environment on 
both sides with 
cathodic 
protection (e.g. 
Marine 
environment) 

Corrosive 
environment on 
one side with free 
corrosion (e.g. 
Splash zone) 

Corrosive 
environment on 
both sides with 
free corrosion (e.g. 
Splash zone) 

 

Corrosion 
Allowance 

Corrosion 
allowance 
included for 40 
years of service 
life or no corrosion 
allowance 
required 

Corrosion allowance 
included for 25-39 
years 

Corrosion 
allowance 
included for 20-24 
years 

Corrosion 
allowance 
included for less 
than 19 years 

Required corrosion 
allowance not 
included 

Content Type 
Dry void or non 
corrosive 
atmosphere 

Condensate or MEG 
Reception fluid or 
diesel oil 

Slop or offspec 
water 

Water ballast 

Surface / Content 
Temperature 

15 to 60°C   > 60°C   < 15 or > 100°C 

Design Deviation 
None - meets 
BOD/Specification 

Minor deviation to 
BOD/Specification 

Moderate 
deviation to 
BOD/Specification 

Major deviation 
from 
BOD/Specification 

Non compliance 
with 
BOD/Specification 
(e.g. load/material 
factors, load 
combinations, 
code of practice) 

Fabrication (Weld 
Inspection) 

Fully inspected in 
accordance with 
class inspection 
requirements 

  
Incomplete 
inspection 

  

Non conformance 
(not inspected as 
per class  
inspection 
requirements) 

Fabrication (Weld 
Quality) 

ISO 5817 Class B ISO 5817 Class C ISO 5817 Class D 

Beyond limits for 
imperfections 
defined by ISO 
5817 

No fabrication 
weld quality data 
provided 

Fabrication/Baseline 
(Weld Repair) 

No weld repair 

Misalignment, 
excessive 
concativity/convexity, 
excessive 
reinforcement repair 
(grinding) 

Undercut repair, 
insufficient fill 
(gouging/grinding 
and re-welding 
using smaller 
electrode) 

Incomplete fusion, 
Inclusion repair 
(removing and re-
welding) 

Multiple weld 
repairs undertaken 
of same weld or 
total re-welding 

Fabrication 
(Material 

Certificates) 

Full specification 
compliance 

Equivalent material 
substitution 

Deviation to 
specification on 
mechanical 
properties 

Deviation to 
specification on 
chemical 
properties 

Deviation to 
specification on 
manufacture 
process, testing, 
chemical and 
mechanical 
properties 

Baseline (Thickness) 
Equal or greater 
than design 
thickness 

  
Within 1 to 5% less 
than design 
thickness 

  
 > 5% less than 
design thickness 

Baseline (CP Survey) 
1150 V ≤    < -
900mV (Design 
assumption) 

CP < -1150mV 
-900 V ≤    ≤ -
850mV  or any 
anodes inactive 

CP > -850mV, or > 
30% anodes 
inactive 

CP > -800mV , or  > 
50% anodes 
inactive 

Baseline (Protective Intact Slight paint 
          ≤ 1%      

Moderate coating 
breakdown > 1% 

Considerable 
coating 

Severe coating 
breakdown > 50% 
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Coatings) rust breakthrough as 
staining/light surface 
corrosion observed 

with moderate 
rust scaling 
present 

breakdown > 10% 
typically with 
heavy rust scaling 

with very 
heavy/extreme 
rust scaling 

Baseline 
(Mechanical 

Damage) 

No visible damage 
or superficial 
damage 

Minor dents or 
indentation marks 

Moderate dents or 
deformations 

Major dents or 
deformations, 
small crack like 
indications 

Severe dents, 
crack or gross 
deformation 

 

Table 2. Condition Data Parameters 

 

Evaluation Factor 

SCORE 

1 2 3 4 5 

Years in Service < 10 years < 20 years < 30 years ≤ 40       > 40 years 

Corrosion 
Measure/Remaining 

Net Nominal 
Thickness (i.e. not 

including CA) 

≥       S         
≥                  
Within 5% less of 
design thickness 

Within 7% less of 
design thickness 

Within 10% less of 
design thickness 

Within 15% less of 
design thickness 

>15% less of 
design thickness 

CP Surveys and 
Anode Depletion  

< 10% depleted 
and -1150 V ≤    
< -900mV 

10% ≤           < 
30% or CP < -1150mV  

30% ≤           < 
50% or -900 V ≤ 
   ≤ -850mV, or 
any anodes 
inactive 

50% ≤           < 
90% or CP > -
850mV, or > 30% 
anodes inactive 

Depletion > 90% or 
CP > -800mV , or > 
50% anodes 
inactive 

Protective Coating 
Condition 

GOOD   FAIR   POOR 

Operating Topside 
Weight Change 

At 95% of NTE At 98% of NTE <1% above NTE 
1% to 3% above 
NTE 

>3% above NTE 

Mechanical Damage 
No visible damage 
or superficial 
damage 

Minor dents or 
indentation marks 

Moderate dents or 
deformations 

Major dents or 
deformations, 
small crack like 
indications 

Severe dents, 
crack or gross 
deformation 

Weld Repair No weld repair       
Weld repair 
required 

MIC No    Yes 

Marine Growth 
No or very minor 
marine growth 

Minor marine growth 
(< 50% design 
allowance) 

Moderate marine 
growth (50% - 80% 
design allowance) 

Major marine 
growth (80% - 
100% design 
allowance) 

Excessive marine 
growth (> 100% 
design allowable) 

Scour 
No or minor 
observed scour 

S     ≤ 50%        
allowance 

S     ≤ 90% 
design allowance 

Scour >90 % to 
100% design 
allowance 

Scour >100% 
design allowance 

 

The weight factors applied to the characteristic data (design, fabrication and baseline) and 

condition data parameters are provided in Figure 7, Figure 8 and Figure 9 respectively. 

All individual scores are added to give an overall “Characteristic data evaluation” score. The 

same process is followed for the condition data. The two overall scores are finally added and 

the likelihood established based on the total score. This is done by distributing the maximum 
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possible total score in 6 even bounds corresponding to the likelihood extracted from the Risk 

Matrix, i.e. highly likely, likely, possible, unlikely, highly unlikely and remote. 

 

 

 

Figure 7. Characteristic Data (Design) Weight Factors 

 

 

Figure 8. Characteristic Data (Fabrication and Baseline) Weight Factors 
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Figure 9. Condition Data Weight Factors 

The consequence of failure is determined using a qualitative approach based on engineering 

judgement and industry experience. Three direct consequences of failure are evaluated if 

applicable. This includes financial, health & safety, and environment consequences. The 

severity levels are defined in accordance with the Risk Matrix. An extract is presented in 

Table 3. 

Table 3. Risk Matrix studied  

Ranking Financial (NPV) Health and Safety Environment 

Catastrophic > $1B > 20 fatalities or PTDs 
Regional scale, permanent impact on 
environment 

Major $100M - $1B 2 - 20 fatalities or PTDs 
Large scale event, long term impact 
on environment 

Significant $10M - $100M Single fatality or PTD 
Medium to large scale, medium term 
impact on environment 

Moderate $1M - 10M 
Major injury or illness, 
PPD, lost time injury 

Local to medium scale, short to 
medium term impact on 
environment 

Minor $100K - $1M 

Minor injury or illness, 
alternative duties injury, 
medical treatment 
injury 

Local scale event with short term 
impact on environment 

Insignificant < $100K 
Slight injury or illness, 
first aid injury 

Local scale event with temporary 
impact on environment 

 

Risk can be mitigated by establishing risk reduction measures. Inspection frequency, extent 

and method are used as RBI risk reduction measures in the spreadsheet by reducing the 

likelihood of failure between inspections.  
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By defining an inspection frequency, extent and method, the risk associated with a lower 

level component can be reduced to ALARP.  

The reduction in the likelihood score is calculated by the following formulae: 

 
Where,  

- SRBI = Score reduction factor due to RBI 

- Si = Score reduction factor due to inspection frequency (between 0 and -80); 
Inspection intervals available are 6, 12, 24, 36, 48, 60 and 120 months. 

- m = Score reduction coefficient due to inspection method (between 0 and 1.5); 
Inspection methods available are GVI, CVI, GVI + TM, CVI + TM, CVI + NDT and CVI +TM 
+ NDT. 

- e = Score reduction coefficient due to inspection extent (between 0.75 and 1.75); 
Inspection extents available are spot checks, 10%, 25%, 50% and 100%. 

 

Figure 10 depicts the relationship between the likelihood reduction score and the inspection 

interval and extent. The score reduction coefficient m is dependent on the degradation 

mechanism. For example, GVI and TM are less effective at detecting indications of fatigue 

than wear, whereas the use of NDT methods provides an increased probability of detection 

for fatigue damage. 

The effect of the inspection interval on the risk profile of the component (numbers indicating 

lower level component breakdown), is illustrated for inspection frequencies of “no 

inspection”, 60 months, 24 months and 6 months based on pre-defined inspection methods 

and an inspection extent of 10%. For this example, the high-risk component can be reduced 

to ALARP with an inspection interval of 24 – 60 months, whereas the critical component 

requires an inspection interval of 6 – 12 months.  

The inspection interval for the critical component may be maintained at 24 months by 

increasing the extent and method of inspection for the critical lower level components. In this 

case the extent was increased from 10% to 25% for 11 components, with the NDT inspection 

included for the most critical component which had small crack like indications. 

The extent and method of inspection, control measures or repairs should also be considered to 

ensure that the inspection intervals required to achieve ALARP are not excessive and 

adequately address the relevant degradation mechanisms for a given component. 
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Figure 10. Risk Reduction Factors (Inspection Interval and Extent) 

 

 S  ’S G    S                          

Step 1: Creating the spreadsheet 

The “master” template shall always be used when starting the risk assessment of structure. 

Step 2: “Summary” worksheet 

The RBI programme details may also be input, with the inspection interval controlled from 

the summary worksheet. This allows for quick “what-if” analysis of different inspection 

intervals to be evaluated. 

An overview of the risk assessment including an overall risk ranking and the risk matrix with 

the number of components in each cell of the risk matrix is displayed, along with the number 

of components of critical, high, moderate or low risk.  

The typical data included in the Summary tool is presented below in Figure 11.  
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6 5 4 3 2 1

A

B

C 2 5

D 27 3

E

F

Risk Assessment Workbook

High Level Component

Basic Description

Primary Function

Detailed Description

Hydrocarbon containment

S-241-T-021

C

HIGH LEVEL COMPONENT DETAILS

Component Type TANK

Facility Ichthys FPSO

System

Document #

Revision

FPSO Hull

RBI_REC.2_(S-241-T-021)_RevC

Prepared By

Checked By

Approved By

Date

HIGH LEVEL RISK ASSESSMENT SUMMARY

Risk Assessment Breakdown and Risk Matrix based on RBI Programme

There are 10 components that have a risk ranking of MODERATE.  Review controls to ensure 

that they remain effective.

The general location of the Ichthys FPSO component S-241-T-021 

is i l lustrated below.

Location

Risk Classification Overall RiskConsequenceLikelihood

There are 27 components that have a risk ranking of LOW.  Continue to monitor to ensure risk 

remains low.

There are 0 components that have a risk ranking of CRITICAL.  

There are 0 components that have a risk ranking of HIGH  

Likelihood

C
o

n
se

q
u

e
n

ce

Inspection Policy

Without RBI Programme

With RBI Programme C5

Unlikely Significant High

Highly Unlikely Significant

RBI Inspection Interval

C4

Moderate

31/03/2014

L. Le Berre

TANK,Reception Midship REC.2

INSPECTION HISTORY

Outstanding Corrective Actions Closing Date

Inspection Type (Scheduled / Event Driven / Opportunistic)

Last Inspection Date

Months60

Condensate Reception Fluids

Ballast Void

MEG 

Fresh water Slop / Offspec 
water

Diesel / Oil Moon pool

Space (Machinery / 
Thruster)

Bilge tanks

Decks

 

Figure 11. Summary Worksheet 

The “Summary” worksheet summarizes all design, fabrication and inspection reference data 

used to prepare the spreadsheet. The results extracted from the worksheets are presented, as 

shown in Figure 12.  
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INS-1

LB1-1

Panel  at Inspection Stringer at #190

Panel  at L.BHD (Port) between #150 

and #190, and between Bottom and 

Stringer 3

No InspectionTag Number

D5

LOWER LEVEL RISK ASSESSMENT SUMMARY

RBI Programme

S-241-T-021-BOT-1

S-241-T-021-CDK-1

S-241-T-021-INS-1

S-241-T-021-LB1-1

S-241-T-021-LB1-2

Risk Ranking

Description

Moderate D6

Reference Number Title

S903-AS-CAL-10004, Rev 0 CALCULATIONS : FPSO HULL : FATIGUE ANALYSIS FOR HULL DETAILS OF FPSO

S903-AS-CAL-10042, Rev 1 CALCULATIONS: FPSO HULL: COMPANY CORROSION MARGIN

S903-DS-PAE-10005, Sheet 999, Rev 1 PLAN AND ELEVATIONS: FPSO HULL: SHELL EXPANSION

S903-DS-PAE-10008, Sheet 999, Rev 0 PLAN AND ELEVATIONS: FPSO HULL: CARGO DECK PLAN

S903-DS-PAE-10011, Sheet 999, Rev C

Panel  at Cargo Deck between #190 

and #230

C5 Moderate C6

D6

High C5 Moderate

Moderate

Panel  at L.BHD (Port) between #190 

and #230, and between Stringer 3 

and Stringer 1

PLAN AND ELEVATIONS: FPSO HULL: TYPICAL TRANS. BULKHEAD

S903-DS-PAE-10018.999, Rev 1 PLAN AND ELEVATIONS: FPSO HULL: C/H FRAMES

Low

D5 Moderate

Identifier

ModerateHigh

Panel  at Bottom between #190 and 

#230

DESIGN, FABRICATION AND INSPECTION REFERENCE DATA

C4

PLAN AND ELEVATIONS: FPSO HULL: CONSTRUCTION PROFILE & DECK PLANS903-DS-PAE-10021, Sheet 999, Rev 1

BOT-1 C5C4

Low

S903-AS-STD-10001 Rev.C STANDARD: FPSO HULL: STRUCTURAL CATEGORY PLAN

S903-AS-CAL-10013, Rev 1 CALCULATIONS: FPSO HULL: STRENGTH ANALYSIS FOR FPSO MAIN HULL STRUCTURES 

(MID)S903-AS-CAL-10003, Rev 0 CALCULATIONS: FPSO HULL: FATIGUE SCREENING OF FPSO HULL STRUCTURE

CDK-1

LB1-2  

Figure 12. Risk assessment in summary  

Step 3: Define the lower level component and the failure scenarios applicable 

The user shall define a “Description”, which must include the structural component type and 

location. The user shall then define up to four failure scenarios to be studied through the pull-

down lists. This allows the spreadsheet to allocate weight factors, based on the degradation 

mechanisms associated with the failure modes, to each of the evaluation parameters.  

Step 4: Carry out the risk evaluation 

Drop-down lists are available for each “Evaluation” parameters to be assessed. A value or 

description shall be selected by the user for each parameter. This allows the spreadsheet to 

allocate a “Score” (between 1 and 5) to the parameter.  

The same process is followed for the consequence assessment for each failure scenarios, 

except that this time a ranking (between A and F) is allocated to the consequence type after 

selecting the severity level of consequence. A risk reduction score is assigned based on the 

defined inspection interval, type and extent covered by the programme for each failure 

scenarios. 

Step 5: Provide recommendations 

All recommendations resulting from the risk assessment of the lower level component shall 

be provided in the field “Recommendations” as shown in Figure 13.  
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Condition Data Evaluation Evaluation Score

Weight Factor

Justification / ReferenceFat_1 Corr_1 Corr_2

Corros ion Measure/Remaining Net Nominal  

Thickness  (i .e. not including  CA)

>=Gross  Scantl ing

>=Des ign thickness
1 4.7 6.9 6.9

Years  in Service < 10 years 1 4.7 2.8 2.8

Protective Coating Condition GOOD 1 2.4 4.1 4.1

CP Surveys  and Anode Depletion < 10% depleted and -1150mV =< CP < -900mV 1 2.4 6.9 6.9

Operating Tops ide Weight Change At 95% of NTE 1 4.7 2.8 2.8

Mechanica l  Damage No vis ible damage or superficia l  damage 1 11.8 6.9 6.9

MIC No 1 2.4 6.9 6.9

Weld Repair No weld repairs 1 7.1 2.8 2.8

Condition Data Total Weight Factor 40 40 40 Total condition data weighting for each degradation failure mode

Spare

Spare

Total Evaluation Score 174 163 163 Total score for each degradation failure mode

Condition Data Evaluation Score 40 40 40 Total condition data score for each degradation failure mode

CONSEQUENCE ASSESSMENT

Potential Consequences

Evaluation and Consequence Ranking

Justification / ReferenceFat_1 Corr_1 Corr_2

Likelihood Ranking 4 4 5 Likelihood ranking for each degradation failure mode

Financial
$10M - $100M $100K - $1M $10M - $100M

C E C

Health and Safety

Sl ight injury or i l lness , fi rs t 

a id or medica l  treatment 

Sl ight injury or i l lness , fi rs t 

a id or medica l  treatment 

Sl ight injury or i l lness , fi rs t 

a id or medica l  treatment 

F F F

Environment 

Local  sca le event with 

temporary impact

Local  sca le event with 

temporary impact

Local  sca le event with 

temporary impact

F F F

High level only. Capabilities of specific NDT inspection techniques are not considered.  

Inspection Interva l  (Months) 60

-25 -31 -31

RBI RISK REDUCTION MEASURES

Inspection Data Evaluation Interval / Type

Risk Reduction Factor

CommentsFat_1 Corr_1 Corr_2

RBI Adjusted Total Evaluation Score 149 131 131 Total score for each degradation failure mode

Percentage of critical locations inspected by CVI and/or NDT methods.

RBI Likelihood Reduction Score -25 -31 -31 Total score for each degradation failure mode

Inspection Extent 25%

Remote Inspection N/A 0 0 0
Remote inspection techniques used to provide supplementary integrity data.

Moitoring Systems N/A

RISK ASSESSMENT

Inspection Case

Failure Mode Based Risk Ranking

Overall Risk RankingFat_1 Corr_1 Corr_2

RBI Adjusted Likelihood Ranking 5 5 6 Likelihood ranking for each degradation failure mode

Recommendations

High

With RBI Programme C5 E5 C6 C5 Moderate

Without RBI Programme C4 E4 C5 C4

0 0 0
Monitoring methods used to provide increased level of knowledge regarding the load history and 

utilisation of the component.

Set by high level component. 

Inspection Type GVI + CVI + TM

 

Figure 13. Risk assessment worksheet  

CONCLUSION 

In this paper, a new advanced tool is developed based on semi-quantitative risk assessment 

for offshore floating structures, where a step-by-step user guide is also presented. Further, 

guidelines regarding the various steps of the RBI process are provided so as to assist in 

preparing and maintaining the RBI programme. The study demonstrates that by applying a 

properly developed RBI program, the extent and cost of the detailed generic inspection may 

be reduced as a result of; 

- Reduced risk from an incorrect survey focus, 

- Reduced time necessary for survey through selection of critical connections, 

- Reduced and more focused local NDE and thickness measurements 

The RBI team involved in the “Define”, “Plan”, “Execute” and “Review and Report” phases 

would typically be composed of structural integrity engineers and naval architects, who have 

a good understanding of the degradation mechanisms that will be encountered in the RBI 

assessment, such as corrosion, and who also have a good knowledge of offshore operations 

and maintenance. Also, every engineer involved in the RBI process must understand the 
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Health, Safety and Environmental management constraints in the offshore oil and gas 

industry, and more particularly offshore floating structures.  
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