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Summary  
 
The maritime industry has seen increased interest in applying risk-based approaches to 
better manage the integrity of ships and offshore units in service. The IMO’s initiative in 
setting Goal-Based Standards will also be reflected in justification of maintenance and 
inspection regimes for marine assets from a performance-based standpoint. The 
development of risk-based strategies for the next generation of maintenance and 
inspection programs for various ships include the application of Reliability-Centered 
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Maintenance (RCM) for machinery systems and Risk-Based Inspection (RBI) for hull 
structures and fixed equipment systems. 
 
By applying RCM principles, an operator can improve the reliability of vessels’ 
machinery systems. Risk assessment techniques (FMECA) and RCM analysis are used to 
determine relevant failure modes and equipment criticality. These inputs provide a 
process feed for optimization of maintenance tasks for maximum uptime. Further, spares 
management can be optimized using the RCM process. A sustainment process is also 
discussed so the operator can keep preventative maintenance tasks current as the system 
ages, new failure modes are identified or system modifications occur. 
 
RBI inspection planning includes risk assessment coupled with the understanding of 
applicable degradation mechanisms and consequence of failures in the structure in order 
to develop an inspection program for the asset. Structural analysis plays an important role 
in this process. For structures, analysis data generated as part of the design process is used 
to predict the likelihood of failure and account for the degradation that structures 
inevitably suffer. Combined with an assessment of consequence of failure, structure is 
risk ranked, inspection methods and frequencies optimized, and then aggregated into an 
RBI plan. Hence, this process can be regarded as a vehicle for incorporating design 
information in the inspection process in an integrated way. This represents a significant 
improvement in integrity management (IM) approach over traditional methods where 
there is little, if any, interaction between the design and in-service phases of the life of the 
asset. Further, targeted inspection and data collection of asset health for critical areas 
within the hull leads to overall risk reduction. 
 
1. Introduction 
 
As analysis techniques become more sophisticated, ships and offshore structures have 
become more complex and innovative. As a result, their designs, with certain unique 
aspects in their configuration, do not necessarily mimic those of their predecessors. In 
particular, naval vessel design emphasizes minimum structural weight in order to 
maximize payload. Compounding this problem is the fact that many organizations 
differentiate between the “Capital Expenditure” and the “Operational Expenditure” 
segments. This can mean that design features which improve a vessel’s operability, 
inspectability and maintainability are rejected at the procurement stage in the interest of 
decreased initial costs and, as a result, the traditional, prescriptive inspection and 
maintenance methods are no longer the most effective. It is imperative that those 
elements of the vessel’s structure or machinery systems more prone to deterioration and 
damage be identified early in the design process. 
 
While there remains a strong need for traditional rule-based and prescriptive approaches, 
marine assets are becoming more complex, have a higher degree of novelty, and many 
aspects of their designs are falling outside or ahead of the development of traditional 
Class Rules. Risk and reliability-based technology is finding increased application 
because of the greater use of performance-based criteria and because of the current 
demands from clients for more flexibility in the way classification services are provided. 
Ever-expanding technologies often require the abandonment of trusted methods, the 
stretching of boundaries and the adoption of new, unfamiliar procedures. Risk and 
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reliability-based design, operation and integrity management programs are all becoming 
more commonplace in this environment. 
 
In addition, the operator’s control of the integrity management of assets must now reach 
far beyond the minimum. Society expects due diligence and proactive management from 
vessel operators. Today’s organizations must also adapt to constant advances in 
technology while burdened with the mandate to do more with less as budgets grow leaner. 
 
Companies with effective asset integrity management programs strive to consider these 
facts throughout the life-cycle of that asset. The leading edge operators will consider 
operability and maintainability from the initial concept and detailed design (how best can 
it be designed for optimum inspectability and maintainability?), construction (what can I 
do now to minimize future inspection and maintenance needs?), installation (what 
baseline am I starting with?), and onward through operation (what are my inspection and 
maintenance results telling me?) and the potential upgrading the asset (what can I do to 
improve performance?). 
 
Traditional practice as exemplified by prescriptive Rules and standard methods lacks the 
flexibility to respond to these demands. Risk and reliability-based methodologies allow 
systematic and rational ways for dealing with variations and deviations from the 
“standard” approach. These more advanced methods of maintenance and inspection 
strategy development follow along an evolutionary continuum that other industries are 
also following (see Figure 1 at the end of the chapter). 
 
This chapter will describe an approach to developing both Risk-Based Inspection and 
Reliability-Centered Maintenance plans for vessel structures and machinery that have the 
potential to result in significantly improved asset integrity management and possible cost 
savings. The methods presented herein aim to support optimized life-cycle integrity 
management of ships and offshore units by utilizing risk and reliability-based methods. 
 
2. Risk-Based Approaches 
 
The marine and offshore industries are drawing upon the lead set by other industries 
(nuclear, aircraft, etc.), in the application of risk-based approaches for design and 
in-service inspection. Risk-based methodologies for inspection plan optimization 
originated in the nuclear industry in the 1970’s and over the years have migrated into 
other industries such as the downstream petrochemical industry in the 1980’s and 1990’s. 
These approaches are now moving into the upstream sector of the oil and gas industry 
and, to a lesser extent, the shipping industry. 
 
Of particular interest has been the application of risk-based inspection (RBI) and 
reliability-centered maintenance (RCM) techniques in which experience-based data 
related to various degradation mechanisms are applied to set inspection and maintenance 
frequencies and scopes. The implementation of these risk and reliability-based techniques 
into the development of a plan provides an alternative to prescriptive time-based 
inspection and maintenance planning. 
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Figure 1 provides a schematic on the evolution of inspection and maintenance plan 
strategies. The compliance-based strategy (Phase 1), also referred to as rule-based, is 
generally representative of the traditional class or regulatory requirements. Inspection 
plans derived from such an approach have generally been developed based on years of 
experience and tend to provide a broader brush inspection plan and a minimum standard. 
These approaches are based on the experience obtained from inspections performed on 
unrestricted trading vessels. The condition or performance-based methods (Phases 2 and 
3) represent the next logical step in the evolution from traditional methods. Degradation 
models and input from subsequent inspections are used to forecast the condition of the 
structure for fixed equipment. When the condition is predicted to reach a predefined 
threshold, inspections are conducted. This method relies heavily on the likelihood of 
structural degradation but does not explicitly include the associated consequences, which 
is a key aspect of the next evolutionary step, the risk-based approach (Phase 4). The 
risk-based methods include aspects of the condition-based methods using trending 
techniques to estimate likelihood, but also factor in an estimation of the consequences of 
the structure’s degradation and potential failure, enabling the program resources to be 
optimized and focused toward inspecting those items which have a greater overall risk 
weight. Once those items are identified, optimum methods of inspection or maintenance 
are then selected. 
 

 
 

Figure 1. Evolution of Inspection and Maintenance Strategies 
 
3. Rationale and Benefits of RBI 
 
RBI for hull structures is becoming more widely used within the offshore oil and gas 
industry. Slowly, such concepts are also seeing application via marine operators who see 
a way to tailor their inspection programs for a specific ship type and also to have a 
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mechanism to adapt the program as the vessels age. Operators feel there are significant 
benefits in developing RBI plans that are tailored to their asset in regard to both design 
and operation. By taking this approach, the inspections are more targeted and the 
operational constraints better managed, resulting in a more optimized inspection program 
while maintaining the same level of safety. 
 
Figure 2 demonstrates the basic purpose of RBI – to allocate resources in accordance with 
risk. In other words, the goal of a risk-based inspection study is to allocate the resources 
(inspection manpower and costs) to those areas where there is the most probable benefit 
to risk reduction. 
 
 
 

 
 

Figure 2. RBI Concepts 
 
Both the traditional approach to hull integrity (largely class-based) and an enhanced 
risk-based approach lead to the ultimate goal of confirming the hull structure is properly 
maintained in accordance with industry and statutory standards. For the risk-based 
approach, a major contributor to the development of such a plan is the foundation of 
experience from the Class Rules which begins with the historical experience of the class 
society. The main drivers which have sparked the industry’s interest in RBI for hull 
structures are the potential benefits of implementing such a plan. There are significant 
benefits in developing a plan that is tailored to a specific class or type of vessel rather than 
following a rule-based approach. The following provides a list of some key benefits from 
a risk-based inspection plan. 
 
• Asset Specific Plan – The plan is tailored for the particular design and operational 

variables such that resources are focused on the highest risk components. This can 
influence, where possible, inspection frequency and/or compartment inspection 
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sequencing, work scope, degree of connection sampling, etc. The advantage of this 
is more focused inspections which target the critical components within the 
structure. The plan can also incorporate overall business requirements, such as 
required asset utilization or compartment downtime limitations. 

• Demonstrable Basis for the Inspection Plan – An RBI plan provides a rational basis 
for the extent and methods of inspections based on combining structural analysis 
and structural reliability results. This allows additional flexibility for inspection 
planning and execution, and provides a better understanding of what items are 
critical and when they become critical. 

• Formal Approach of Collecting Information and Assessing Inspection Results – In 
order for an RBI plan to be executed and updated, data must be captured in a format 
that can be organized and assessed to verify the condition of the hull. Often with 
typical inspection data, the inspections are completed and compared to prescribed 
acceptable limits to determine if mitigation is required. Generally, this is the extent 
of the data’s usefulness. For RBI, the data collected from the inspections is used to 
validate and update the degradation models and determine if adjustments in future 
inspections are warranted (as a result, some form of electronic integrity data 
management tool is typically required to store and trend data). 

• Potentially More Cost-Effective – An RBI plan may provide justification to extend 
inspection frequencies, which may reduce the number of inspections and associated 
costs. However, this may not always be the case. In some cases, inspection intervals 
for compartments may be reduced and inspection scopes may be more rigorous, 
offsetting any cost savings that may be obtained in other compartments. Regardless 
of the cost, an RBI plan provides a means for risk reduction and a rational basis for 
the intervals and inspection scopes which are optimized based on the asset’s service 
conditions. 

 
 
 
- 
- 
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