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1. DISCUSSION

1.1 Official Discussion by Karl Stambaugh (United States of America)

Presented at the ISSC 2015 meeting held in Cascais Portugal, 7 to 10 September 2015

The authors of this report are to be congratulated for their comprehensive and timely overview of sus-
tainment of ships and offshore structures. Because the report covers a broad spectrum on the topic, there
is little to add in scope and much to build on to advance the highly beneficial work in the area of ship
structural sustainment. My comments are based on experience in ship structural design and lifecycle man-
agement support obtained from working for the US Coast Guard Surface Forces Logistics Center, Naval
Architecture Section.

I fully agree with the authors statements regarding the potential for structural reliability approaches be-
ing developed and proposed by many researchers; however, they have found few real commercial or mili-
tary applications. This lack of application is in part due to reliance upon standard rule-based design
approaches. While direct analysis approaches are gaining acceptance in ship structural design, their adap-
tation requires a new perspective on their use in long-term sustainment planning applications. The new
perspectives must include time-based structural reliability, economic analysis of failure consequences,
and cost-effective risk mitigation strategies. These concepts form the basis for risk analysis and the cost-
benefit analysis of alternatives required to mitigate risk.

When viewed from a risk perspective, current rule-based approaches and many proposed reliability
based approaches do not consider the current inspection capabilities, risks and economics of scale (i.e. the
number of structural details in a ship) for maintenance, or the risk of severe failures if the structure is not
adequately maintained. The author’s correctly point out there is much work to be advanced in this area,
especially for ship structures.

The authors review a wide range of monitoring technologies and indicate this is fertile ground for con-
tinued improvement in the processes used to design and maintain ship structures through their service life.
This review includes technologies for monitoring both fatigue and corrosion. However, the authors leave
quantified guidance on their applicability and cost effectiveness for the reader to explore. Furthermore,
the forecasting of structural condition based on structure monitoring data is in some respects easier for
fixed offshore platforms; however, ships often change operational location and heavy weather avoidance
practices by operators influence forecasts of structural condition.

I would like to offer that risk and total ownership cost considerations provide a framework for evaluat-
ing the cost-benefit of risk mitigation strategies and form a framework to guide future research.

In the context of this discussion on benefits of ship structural reliability and risk-based assessments,
would the authors like to comment on current and future contributions by ISSC in highlighting these im-
portant research topics?

1. Current obstacles (e.g. lack of accepted guidelines and unquantified uncertainties) and future
motivations (e.g. lifecycle cost savings) associated with implementation of structural reliability and
risk-based sustainment applications.

2. Role of construction and in-service inspection technologies required to advance reliability based
sustainment approaches given unquantified probability of detection associated with current practices
used for ship structures.

3. Approaches needed to assess initial imperfections and in-service damage in progressive failure
needed to quantify risk and risk mitigation strategies prior to ultimate failure.

4. Most promising approaches for evaluating monitoring systems (e.g. cost effective and value of
information approaches) used to guide quantified risk-based inspections and maintenance decisions
relative to fatigue and corrosion degradation through the service life of ship structure.

5. Forecasting structural condition from response monitoring of ship structure given such factors as the
assumed statistical independence of environmental conditions, the influence of the operator and
changing missions. Do the authors have guidance on forecasting structural condition based on
monitoring?

6. Finally, the authors do not address the cost impacts of ship disposal and related sustainable
manufacturing on service life decisions and planning. Is there any guidance that may be provided in
this area and recommendations for the next committee?
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1.2 Floor and Written Discussions
1.2.1 Neil Pegg (Canada)

Did you consider structural longevity in terms of what the initial design life should be?

1.2.2  Torgeir Moan (Norway)

I would like congratulate the Committee and Official discusser for their excellent contributions and pro-
vide some comments on the Structural Integrity Management (SIM) of offshore structures. SIM needs to
address different failure modes, e.g. relating to overload due to accidental events as well as degradation
due to corrosion and crack growth etc. In this context I will comment on the important challenge of han-
dling the risk associated with cracks in the life cycle. Traditionally this is done by design and inspection
or monitoring. In the last 20-30 years the uncertainties associated with such phenomena and the asso-
ciated decisions during design, fabrication, and operation are increasingly dealt with through risk man-
agement. As mentioned by the Committee, there has been a significant progress made on the development
and application of Risk based inspection (RBI) of offshore structures—actually based on structural relia-
bility methodology (SRM) (e.g. Madsen et al., 1987; Moan, 2005; Moan, 2007; Lotsberg et al., 2013).
This is clearly a step forward. However, traditionally, SRM is based on account of normal uncertainties;
i.e. the effect of “gross errors” is not included. The initial crack size in normal welded joints is of the or-
der of 0.1-0.2 mm—as shown by calibration of fracture mechanics approaches to S-N curves (which are
representative for true fatigue behaviour of welded joints; e.g. (Ayala and Moan, 2007). However, larger
initial cracks do occur during fabrication, e.g. due to wet electrodes etc. (Moan, 2007; Vardal et al.,
1997). Hence, an initial crack of a depth of say 1-2 mm depth already represents a “gross error”. Moreo-
ver, the reliability of nondestructive examination methods, especially underwater, typically corresponds
to a mean detectable crack depth of 1-2 mm. It is also noted that a significant portion of the fatigue life
with respect to a through thickness crack, when the crack is, say, 2 mm deep. For these reasons, it is im-
portant that additional mitigation actions are introduced in the inspection planning, than those planned
through RBI. Obviously, this is also the case when the structure (such as piles) is not inspectable.

Hence, to manage the risk associated with failure modes involving cracks, it is necessary to adopt a
broader risk management approach (Moan, 2014), e.g. in terms of:

e Using the leak before break—contingent upon a reliable leak detection and sufficient residual fatigue
life beyond detectable crack size

e Reducing the crack growth rate by simply making the fatigue design criteria more restrictive
[normally the acceptable fatigue (characteristic) damage for offshore structures varies between 1.0
and 0.1—depending on failure consequences and inspection plan]. This approach is more relevant for
offshore structures than ships because the fatigue problems in platforms are confined to particular
areas (joints).

e Design for a certain fatigue induced damage—even member failure—in terms of the Accidental
Collapse Limit State (ISO19900, 1994; Moan, 2009) to ensure a certain damage tolerance. For
instance, the Alexander Kielland catastrophe could have prevented at minor additional expenses by
such an approach (Moan, 2007).

The choice of risk mitigation approach clearly depends on the character of crack growth and fracture, and
hence the environmental conditions, structural layout etc. Moreover, a balance between risk reduction and
expenditure is required. Regulators and the offshore industry have adopted the ALARP principle; i.e. to
make the risk “As Low As Reasonably Practicable” to balance safety and expenditure (e.g. Vinnem,
2014).

1.2.3  Wolfgang Fricke (Germany)

The discussion by Torgeir Moan might leave some misunderstandings regarding the assumption of initial
crack depths of around 0.1 mm and the probability of crack detection being close to zero for such cracks,
resulting in the question how a sufficient safety can be achieved. In this context it has to be noted that the
initial crack depth is just an assumption for fatigue design using the crack propagation approach in order
to end up with a fatigue life corresponding to that obtained with S-N curves. The approach is also called
“equivalent flaw size concept” defining an inherent flaw from which the crack propagation immediately
starts.

However, the reliability of a structure requires not only a fatigue assessment for the operational lifetime
of, say, 25 years, but also periodic inspections. These are particularly important to cover the errors occur-
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ring during design and fabrication, the latter resulting in larger initial flaws and defects, but below the size
detected by non-destructive testing.

1.2.4 Kim Branner (Denmark)

First, I will like to congratulate the committee on the comprehensive report. In your presentation you
stated that the renewable energy sector is too young to consider life extension (if I understood you
correctly).

I do not completely agree with you on that. In Denmark two small offshore wind farms (Vindeby and
Tuneg Knob) have now exceeded their expected lifetime of 20 years and decommissioning and life exten-
sion is increasingly being discussed and worked on in the sector. An interesting area for offshore wind
energy is repowering. Can a new wind turbine be installed on an old sub-structure? I recommend that the
2018 committee look into this area.

1.2.5 Jon Downes (United Kingdom)

I would like to congratulate the committee on their work which brings together a wide ranging area with
many components into a very useful and interesting report. A large part of the report is rightly devoted to
the methods for predicting the failure of components and the technologies including sensors, to enable
this. As part of any long term maintenance strategy and lifecycle prediction, which the committee recog-
nizes, the need to for inspection and corresponding information is also a key requirement. At present,
visual inspection is the primary tool used within the marine industry. Would the committee be able to
expand on their thoughts as to the adequacy of current inspection practices and if technologies might be
available to enhance the usefulness of the data being retrieved through these visual inspections?

1.2.6  Stuart Cannon (Australia)

Thank you for a very informative and authoritative account of structural longevity. The members of the
committee should be congratulated on their work. The report concentrates on methodologies to predict
life of type and techniques for extending life. Some industries change operating profiles to extend life; a
Grand Prix driver may slow up to ensure tyre life for a race. My question is whether restricting operating
profiles is used within the maritime industry to ensure or enhance the life of the platform?

1.2.7 Mirek Kaminski (The Netherlands)

I would like to contribute to the discussion on uncertainty in fatigue lifetime prediction. We are used to
presenting fatigue tests results in log-log coordinates and we are used to carry out the statistical analysis
of these results in the same coordinate when defining the mean and the design S-N curve. In log-log coor-
dinates the scatter of fatigue lifetime results looks small and acceptable. For D-class details, m = 3 and
stresses in MPa the standard deviation of the log10 lifetime results is 0.21. The 95% scatter of log10 life-
time is then 4 x 0.21 = 0.84. This gives us lifetime scatter of 7 times! (10°0.84 = 7), e.g.: lifetimes of 3
years and 21 years are equally probable! Engineers and students should be aware of this uncertainty. My
experience is that this uncertainty is often forgotten or not being realized. In my opinion, the reason for
that is that the log-log coordinates mask that uncertainty. So, I recommend presenting the fatigue lifetime
data in our engineering books and lectures in linear coordinates. Hopefully this would increase the
awareness.

1.2.8 Ge Wang (United States of America)

Thank you, Mr. Chairman and fellow committee members for putting together a comprehensive report.
The long list of references the Committee reviewed is a testimony of the great interest in this field of
structural longevity. I am pleased to note that research and development remains healthy and active. The
traditional topics of corrosion and fatigue/fracture are given enough attentions in this committee report.
Apparently, there are advances in both academic research and practical application. The Committee has a
larger coverage on the practical application. It is important to apply R&D achievements to improve our
daily routines.

I support Section 5 on prevention and repairs. This is an area that deserves more attention now and in
the near future. A few years back, we wrote a report under the Ship Structure Committee program that
reviews current practice of fracture repair procedure for ship structures (Wang, et al, 2012 and John, et al,
2012). The U.S. Coast Guard had a need for upgrading their guidance on assessing the risk of fractures
and deciding follow up actions. We proposed a risk-based approach to assess the risks that are
applicable to different vessel types, and to take remedial actions in a more risk controlled manner. This is
one example of how research project can be directly applied.

I would like to bring the Committee’s attention to people. I have been deeply involved in Risk-Based
Inspection (RBI) for FPSOs. RBI has been widely accepted in the offshore oil and gas industry. 1 feel
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fortunate to see RBI grow from a pure concept in early 2000’s to an established program. It rationalizes
the structural integrity management (SIM) for floating structures, topside, mooring system among other
systems. Many advanced technologies that are covered in this committee have found application in the
offshore RBI or SIM. And these applications have become the key to the rationalized inspection, main-
tenance and repair program.

One thing I learned from RBI projects is that we must be fully aware of the critical role that people
play during the planning and execution process. The majority of the decision-making process is achieved
at the initial project planning meeting. A RBI starts with a workshop that brings together various depart-
ments from many disciplinary areas. Most of the identified hazards are addressed with a decision by col-
lective wisdom. Predictions using advanced tools such as fracture mechanics and reliability are called
upon only when there is a lack of data or knowledge. The question is what if the collective wisdom is not
comprehensive or possibly flawed in some cases. I would like to hear the Committee’s opinions on the
role that people play in the decision making process, and whether this needs to be addressed.

Finally, I am pleased to see that the Committee devotes efforts to cover monitoring, sensors and inspec-
tion techniques. I strongly believe that this matured industry is slowly but firmly moving towards a new
era when the maintenance and inspection program are based on a combination of eye balling and timely
condition monitoring.

2. REPLY BY COMMITTEE
2.1 Reply to the Official Discusser Mr. Karl Stambaugh

The members of committee V.7 thank Mr. Stambaugh for his thoughtful review of our report and quite
agree with him that a new perspective is needed for long-term sustainment of marine assets. Owners and
operators will need to have a sufficient business case for going beyond a reactive rule-based approach to
maintenance and the adoption of a forward-thinking predictive approach. We agree with his comments
and observations regarding limited application of structural reliability approaches. Although ship struc-
tural reliability technology has been steadily developed over the last several decades, real-world applica-
tions of it have been few, even where that approach could have a great benefit, such as planning for
maintenance. There certainly is a need for time-based structural reliability, economic analysis of failure
consequences, and cost effective mitigation strategies. The use of a risk-based perspective to support sus-
tainment can have great value because risk and total ownership cost considerations provide a framework
for evaluation the cost-benefit of risk mitigation strategies.

In response to Mr. Stambaugh’s comments and questions, the following points are made.

Quantified guidance on the applicability and cost effectiveness of technologies for monitoring fatigue
and corrosion is lacking in the literature. This is perhaps related to the committee’s conclusion that la-
boratory-proven structural health monitoring techniques need to be expanded to address real structures,
with more full-field testing of the systems to develop their full maturity. Without actual operating expe-
rience, the true effectiveness of such systems can only be estimated.

As Mr. Stambaugh pointed out, a new perspective is needed if structural reliability and risk-based sus-
tainment applications are to be made. It will require forward-thinking owners and operators to demon-
strate the effectiveness of such methods and then others may follow. The committee for ISSC 2018
should look for such experimental applications and bring forth the benefits that have been seen as an in-
centive for others to adopt the technology. In that regard, we hope that continued reporting of the U.S.
Coast Guard projects on monitoring their ships will continue to be reported in the literature.

The committee sees no trend for improvements in construction quality in the near future without a clear
incentive to do so. Implementation of structural health monitoring from the earliest stages of fabrication
can demonstrate the payback that can be achieved through improvements in quality and thus provide
owners an incentive to require more quality in construction.

The research to date that the committee has reviewed has not indicated any technologies for monitoring
systems that would be cost prohibitive. However, several technologies promise cost reductions, such as
remote rather than hard-wired sensors; systems for assembling, storing, and evaluating the large amount
of data that can be accumulated; and fully automated advisory monitoring systems.

Forecasting of future operating conditions begins in the design and construction phases using estimates
based on the intended service conditions of the ship, with that information going into a lifetime failure
analysis. The most promising method for updating that lifetime prediction is the use of Bayesian updating
using data from structural health monitoring systems, reflecting actual service conditions and structural
response.

The committee has not specifically investigated the cost of ship disposal, and recommends that the
2018 committee investigate the subject. The cost of ship disposal is rapidly changing as the effect of regu-
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lations on environmental impact and worker safety are leading to a more controlled industry worldwide,
and future cost may be far greater than in the past.

Again, we thank Mr. Stambaugh for his thoughtful comments, and look forward to the work of the
Structural Longevity committee for ISSC 2018.

2.2 Reply to the Floor and Written Discussions
2.2.1 Reply to Neil Pegg

Considerations of structural longevity and initial design life are interrelated in terms of expectations of
maintenance over the lifetime. In almost all cases, routine maintenance will include routine preservation
of structure, although developing coatings technology promise lifetimes of coatings on steel of 20 years
or greater, and often aluminum structure is left uncoated. However, with more traditional preservation
techniques, replacement of corroded structure is part of the routine lifetime maintenance. Fatigue analysis
during the design is aimed at having a low probability of crack initiation during a structure’s lifetime, but
designing to a lower probability of cracking will result in increased initial cost, which must be balanced
against the possibly decreased cost of repairs during the structure’s lifetime. The airframe community
utilizes a fatigue budgeting approach such that operations and cyclic loads are tracked relative to the de-
sign assumptions, and the end of life is considered to have occurred when some predetermined fatigue life
of critical joints has been achieved (e.g. 50% of the total fatigue design life). Life extensions beyond this
may be made based on inspection and further analysis and testing. Tracking of a ship or offshore struc-
tures operational experience in terms of loading would allow a similar approach to be achieved, but with-
out knowing exactly how a platform was loaded, it is difficult to made direct comparisons to the design
assumptions and design life, aside from repair and material renewal to return the platform to an acceptable
condition according to the governing ruleset.

2.2.2  Reply to Torgier Moan and Wolfgang Fricke

Much of the application of the technology of fatigue assessment that has developed over the last few dec-
ades has been applied in the design stage, with the objective of having a low probability of fatigue crack
initiation over a desired lifetime. There is no certain methodology for transitioning between an S-N crack
initiation analysis and a fracture mechanics-based crack growth analysis because S-N data are not based
on a specific crack size that can be carried over into the crack growth analysis. The most viable method,
as indicated by both Prof. Moan and Prof. Fricke is to select a small initial flaw size and conduct a frac-
ture mechanics-based analysis, bypassing the S-N approach. However, with structural longevity studies,
the emphasis in the literature, such as work cited of Frangopol, is on managing cracks once they have
initiated by developing optimum inspection plans. Therefore, with crack growth analysis for structural
longevity studies, the initial crack size is taken considering the probability of detection and the inspection
method used. Inspection cycles are then planned to ensure that an inspection will occur before a crack can
grow to a critical size. This methodology is just evolving as a research topic, and the committee was una-
ble to discover actual applications to real structures, but the committee will continue to seek out any such
practical applications in the future. The committee also appreciates the insight that lower cumulative
damage allowances are more easily instituted in offshore structures for joint connections vs. ships, as well
as the suggestion that damage tolerant structural design be considered in order to prevent accidental
collapse.

2.2.3  Reply to Kim Branner

We appreciate Prof. Branner’s comments concerning 20-year old wind farms. Perhaps the perspective is a
result of some of us who come from countries where the installation of offshore wind farms is still being
debated! We will suggest that the 2018 committee look into the technology that is being applied to assess
the life extension and reusability of these offshore structures.

2.2.4  Reply to Jon Downes

Well, that is in fact one of the key questions for RBI. The outcome, hence Probability of (anomaly)
Detection of visual inspection, greatly differs. The general criteria states 90% PoD for a 1 mm crack
(Shinozuka, 1989), which is quite optimistic and we believe has not been validated in any in-service
study. The major contributing factors are surveyor competence and inspection conditions (e.g. accessibili-
ty, cleanliness, lighting etc.). Studies show that even under more-or-less perfect inspection conditions and
with sufficient surveyor training, the human limitations and sheer size and complexity of the structures
(literally thousands of structural details) makes it virtually impossible to inspect everything thoroughly.
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Additionally there is the principle of what is reasonably possible in terms of time/costs and posed risks
during inspection. Hence, in our opinion, the adequacy of the current inspection practices for smaller size
and less obvious defects and fatigue damage (predictions) is lacking.

As the question suggests; indeed at this moment recent studies focus on a more proactive approach to
make a more clear link between a-priori fatigue prediction and posteriori anomaly detection through a
Risk Based approach using Hull Structure Monitoring (HSM) with Advisory Hull Monitoring Systems
(AHMS, such as used in the Monitas JIP, Kaminski, 2010) and Structural Health Monitoring (SHM)
which measure a failure in progress, such as crack monitoring (CrackGuard JIP). Note that the latter asks
for more structural redundancy to limit risks. Another example is the use of structurally correlated inspec-
tion data to reduce the burden of full inspection to a more thorough singular/local inspection (Berg,
Tammer and Kaminski, 2014). Hence, more rational methodologies to steer the decision-making process
based on quantifiable statistical (un)certainties. On the more practical end, database programs for better
inspection data management emerge (such as BV’s VeriSTAR AIMS) and provide for much better in-
spection schemes and focus.

However, when detected (and repaired), the updating process of structural reliability is not straightfor-
ward. In order to keep the reliability model consistent with the conventional design method based on the
SN-approach, a calibration process on the Fracture Mechanics parameters is needed in such a way that the
differences between the obtained reliability from both approaches are minimized (Tammer et al., 2014).
Furthermore, in most approaches a ‘perfect repair’ is used as a starting point and the risk of brittle fracture
often neglected. Hence, further research into both anomaly detection and Residual Lifetime is a necessity.

2.2.5 Reply to Stuart Cannon

In some studies of the application of structural health monitoring to manage service life such as the work
cited by Frangopol et al., real-time guidance is offered to the operators of ships for the course and speed
to be taken to reduce fatigue damage. At this time, the studies are only of a conceptual nature, but the
committee will continue to seek actual applications of this technology to operating ships.

2.2.6 Reply to Mirek Kaminski

The committee agrees that the focus of fatigue analysis is on the lower probability limits for crack initia-
tion, and the Log-Log scale does mask the inherent variability of S-N data. This means of communication
does likely hinder the user community’s ability to judge fatigue damage risk, but is standard practice to a
degree that it would be hard to adjust without a strong basis. We are unaware of any papers or work ad-
dressing this question. Perhaps this is a useful topic for academic exploration and research, in order to
build the business case for adjustment/modification of technical communications to designers and deci-
sion-makers?

2.2.7 Replyto Ge Wang

The committee commends Dr. Wang and his colleagues at ABS for producing that fine survey of current
fracture repair techniques. Often the situation to which this work applies is when a crack is discovered
either in a planned inspection or as an emerging situation. Then a decision must be made, often in a short
time frame of the repair method to be applied. One of the objectives of structural longevity technology is
to be proactive, anticipate problems, and be prepared to implement a solution when they occur.

The comments regarding the role of people is very important and worth inclusion in a holistic consid-
eration of any decision-making exercise, including design and longevity activities. In our experience, the
people in the room when decisions are being made, make all the difference. But the role of people also
extends to the utilization of tools for design and analysis. The best and most accurate/precise computer
code in the world can still be wrong if the user isn’t as expert as the code developer assumed, and this
isn’t limited to computer codes. Even basic exercises such as determining the section modulus of a hull
girder can lead to differing answers among ‘trained’ people. We will suggest that the role people play in
longevity-related actions be considered in the 2018 committee.
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