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1 Summary Page

1.1 Keywords

The following keywords can characterise the contents and main achievements of the project:
1. AHP

Bayesian

Bridges

Decision Support System

Fuzzy

Inspection and Maintenance Planning

Multi criteria decision making

W-shore

© ® N O O A W P

Power Plants

10. Requalification of structures
11. Structural assessment

12. Unified decision framework

The order of descriptors is alphabetical, not related to the priorities.

1.2 Abstract

This report summarises the work performed in the BRITE EURAM project BE5935 (Contract
Nr.:BRE2 - CT92 - 0329) and gives a detailed description of the achieved results,

The overall achievement of the project is the improvement of the decision making related to
the requalification of “older” structures in the offshore, bridges and power plants areas.
Therefore, a methodology was developed, in which structural and/or mechanical integrity is
the governing criterion, however other more qualitative criteria are also considered
simultaneously. Furthermore, for the automation of the process, a set of engineering
(software) tools handling several related problems has been developed.

The most innovative achievement of the project has been the development of multi-criteria
decision analysis techniques which take into account various types of uncertainties involved
in the evaluation of the decision criteria and constraints. Starting from the three separate well
established decision techniques: Multi-Criteria Decision Methods (MCDM) namely

a) the deterministic criteria,
b} the fuzzy decision analysis with a singlie criterion involving “fuzzy” uncertainty, and

c) the bayesian decision analysis with a single criterion involving “stochastic”
uncertainty,
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have been developed through combining and merging them with either joint utility functions
or the AHP method.

These developments have provided a comprehensive methodology for problems which may
be encountered in practice. Guidelines have been provided to assist the users in the
selection of a particular method for the problem being considered.

The project has been very successful in achieving its principal objective of providing a
rational basis for decision-making for requalification of existing structures. A decision-
theoretic framework has been proposed for requalification and innovative methods have
been developed for decision analysis within this framework. The applicability and benefits of
the developed methods have been demonstrated through a number of realistic examples.
Finally, the developed methods have been implemented into an intelligent software system.
The exploitation potential of the results is large (spin-off products commercialised already
at the end of the project, exploitation agreement achieved) and the European collaboration
pattern established in the project involving seven countries and several industrial areas

stable.
The results of the BE5S935 project and of the RESTRUCT software offer an excellent basis

for development of these dedicated software systems in single DSS for each area of these
area of application.
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The consortium is organised as follows:

Offshore

AGIP Partner i

SNAMPROGETTI | Ass. Partner { Offshore
D’APPOLONIA Ass. Partner | Offshore
cowl Partner DK Bridges
WS ATKINS Ass. Partner GB Bridges
DNV Partner N Methodology 1
MIT Partner D Methodology 2
MPA Stuttgart Co-ordinator D Power Plants
VO Sponsor FIN Power Plants
GKM Sponsor D Power Plants
Laborelec Sponsor B Power Plants

AGIP is a major oif and gas producer. Since the early eighties, this partner has been
involved in the application of probabilistic techniques to structural analysis. The role of AGIP
was to co-ordinate the tasks related to the offshore structures field of application (platforms

and pipelines). It was involved in the compiling of the final report and guidelines.

COWI is a major international engineering company and it was contributing to the project
with its wide experience within bridge design, construction and maintenance, supplemented
with profound relevant experience within probabilistic assessment of structural reliability.

DNVS role in this project was :e

several interacting criteria,

evaluation.

to develop the present Bayesian probabilistic methods
and optimisation methods to incorporate the decision support ability considering

regulatory constraints and failure probability

.to develop software for “the decision support tool box” as an extension to
previously developed software.
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As an organisation that develops rules and regulations this will give knowledge about the
acceptability of the developed methods.

DNV is in the forefront of present development of statistical tool for probabilistic assessment
of failure probabilities and economical risk combined with the activity in optimisation tools of
design and project economy with ability to incorporate additional information through a
bayesian approach. The past and present activity of DNV is therefore closely connected to
the fields in question and the project was given the opportunity to take the step into full
decision analyses with some new angles of approach.

MIT's major role in this project was the customisation/development of the multicriteria
decision methodologies applicable for structural engineering problems based on fuzzy set
theory, possibility theory and evidence theory. Hence, they were also involved in their testing
and implementation to practical problems, in the feasibility study of an expert system for
structural engineering and decision making and in investigating the decision structures in the
three application areas of concern in this project. One prime concern of MIT was also to
assure that the available information is gathered properly and that the decision making tools
which are developed are able to process the information supplied and to produce the
decision support.

MPA is a research institute whose research is connected with material science. The main
roles of this partner (project co-ordinator) with its sponsors (Electrabel, GKM, IVO, Laborelec,
VTT)) was to provide input data, knowledge and other information related to power plant
applications, as well as to organise testing and validation in the domain of power plants
(together with the sponsoring utility companies), to assist MIT in development of the adapted
methodology for engineering Multi-Criteria Decision Making in the domain of structural
reliability (in particular for the power plant applications), to implement and deploy the
methodology(ies) in the form of (software based) “decision support system tool box*'.

MPA has a quite unique experience in the domain of integration of various elements of
knowledge based systems (data bases, numerics, expert systems, hypermedia, etc...), which
was maximally exploited in the research work on this project.

SNAMPROGETTI's and D’APPOLONIA's role were mainly the identification and
interpretation of decision making problems in the offshore industry, as well as the
contribution to the development of a decision support system. The partners intention from
the project is to promote the methodologies developed within this project in order to improve
their engineering and consultancy services. Their contribution was mainly devoted to the
following activities:

. identification and interpretation of decision-making problems in the offshore
industry

. identification of pilot methodologies
. definition of the requalification methodologies for the requalification of structures.

WS Atkins (a big engineering house) has done basically same type of work as
COW!lconsult, taking the responsibility for the small span bridges.
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3 Technical achievements

3.1 Methodology

in this project several approaches to support decision-making for requalification of structures
have been suggested and investigated by the methodology partners. These approaches
focus mainly on the handling of uncertain information by Bayesian and Fuzzy techniques and
on decision making when multiple goals are present. The suggested techniques have
advantages but also limitations for proper use.

in the following all the applied methods are briefly described.

3.1.1 Fuzzy Rule-based modelling

Fuzzy reasoning theory aims to provide a model for implementing a knowledge based
system [Mamdani, Assilian 1975]. This knowledge will often be available in rules that link the
input variables with the output variables by terms of linguistic variables. By far the most
frequently used method of representing knowledge is by means of production rules. These
are usually of the form:

IF a set of conditions is satisfied THEN a set of consequences can be produced WITH a certainty
factor f.

Production rules are used to capture the expert-s rule of thumb or heuristic relations among
the facts in the domain.

The Fuzzy rule based approach seems to be a powerful tool for modelling bridge condition
states in that it reflects quite accurately the decision process that the bridge inspector has to
go through when assigning condition states to the bridge components. However, the shape
of the membership functions depends greatly on the operators chosen and hence
appropriate operators need to be defined that reflect the compensatory effects of the
different attributes satisfactorily.

Fuzzy rule based modelling also seems to be a good approach for the modelling of
deterioration since analytical models are not available, however, the results of the predicted
condition states are very sensitive to the choice of operators.

A further limitation is that it appears that a targe number of fuzzy rules are often required to
mode! a particular phenomenon adequately. The results obtained are clearly sensitive to the
number of rules specified, although there are no sufficient conditions to help the user to
define the optimum number of rules.

The methodology proposed for updating of fuzzy rules, although subjective, seems to be
adequate for this practical purpose. However, the ‘Correction Function” used to modify the
certainty factors need to be calibrated against experience. A further limitation is that the rule-
base and the inspection results on deterioration need to be defined over the same reference
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time since updating can not be carried out over an intermediate period of time within the rule
base, This can prove to be quite restrictive in practice.

3.2.2 AHP

The AHP (Analytical Hierarchy Process) [Saaty 1990] supports a decision maker in solving
MADM-problems which can be depicted in general as shown in Figure 3.1.

Figure 3.1 AHP scheme

The method of AHP was selected as an appropriate method of MCDM for the types of
decision problems that the end users were expecting to model. As long as AHP is used
within the limitations and guidelines specified in TEC-T3_1-02 it is a powerful tool for ranking
alternatives based on a number of criteria. [t has been acknowledged that rank reversal is a
possibility if the guidelines are not followed and that pairwise comparisons are not always the
best method of normalisation. Utility functions can also be used for the normalisation
process which additionally avoids rank reversal problems.

3.1.3 B-AHP

A new development that has been carried out and documented in the project is the
establishment of a Bayesian Analytical Hierarchy Process Model (B-AHP}), in which all
quantities in the AHP model, physical as well as subjective (linguistic) parameters, are
allowed to be stochastic. An important aspect in the modelling is the decision makers
weighting of attributes based on a knowledge of the probabilistic distribution of the
parameters applied to derive the attribute values, and a utility description of each attribute,
thus avoiding the rank reversal problem of the AHP model. The purpose of B-AHP is to
include the effect of attribute randomness and comparison uncertainties in this ranking
weight determination. Consequently, the resulting ranking weights will be random and
represented through probabilistic distributions. B-AHP is meant to address the following two
main extensions to ordinary AHP:

.Randomness of parameters describing the attributes values

.Uncertainty in pairwise comparisons
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It has been shown that ordinary AHP can easily be modified to handle these two extensions.
The main idea in B-AHP is the use of simulation for assessment of the effect of attribute
randomness and pairwise comparison uncertainty. Each separate simulation run in B-AHP is
equivalent to solving an ordinary AHP problem. Analytical expressions for the probabilistic
ranking weight distributions will in general be difficult, if not impossible, to establish.
However, the statistical moments for the weight distribution functions can be estimated
through simulation. B-AHP uses Monte-Carlo simulation to calculate estimates for the first
four statistical moments of any ranking weight, yielding e.g. estimates for the expectation,
standard deviation, skewness, and kurtosis for the weights. Furthermore, the sensitivity of
the decision measure (e.g. expected weight) for each of the considered decision alternative
to the various model parameters are determined, thus providing measures of sensitivity of
the final decision to the applied model variables. The safety of a structure as measured by its
reliability and the sensitivity of the reliability to the various model variables are also
determined, thus providing measures of where to most efficiently allocate resources in order
to increase the reliability of the structure. A schematic overview of the B-AHP is shown in
Figure 3.2.

ALTERNATIVES UTILITY PREFERENCES
Utili
Attributes fty Attributes
Alt i Attributes
ematives | N\ N A, 1 U
N B, A, } - 1 cza]
DAL 1

Attribute value

SUBROUTINES

- Attribute calculation
- Ranking Pref. :

* AHP - Eigen vector :
Density

- Ranking Alternatives

- Etc.
- y

Weights
Figure 3.2 Schematic overview of the B-AHP

The probabilistic extension of AHP has been used by the offshore partners in this project.
PROBAN computer program has been adopted to solve the pipeline requalification example,
as well as the offshore platform requalification example.

Given the particularities of the example choosen for the real case application, no specific
problems due to the methodology have been experienced. It seems that the methodology is
capable of consider appropriately all the parameters to be considered in a requalification
problem. It is, however, feeling of the Offshore group that only the extended use of the
methodology will permit a correct definition of the applicability limits.
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An important consideration can be derived in general for the application of a methodology
that is purely Bayesian.It seems that for attributes that are not easily quantifiable, as
REPUTATION, a Bayesian combined with Fuzzy AHP could be best appropriate approach.

3.1.4 F-AHP

The Fuzzy-AHP method is an extension of the classical AHP method [Buckley 1985]. The
main difference can be found in the representation of the judgments given by the decision
maker. In the F-AHP approach all judgments will be modelied by trapezoidal fuzzy
numbers.

This method has been used by the power plant and bridge partners in this project. Fuzzy
madelfing might be a useful approach in situations where the state variables are not defined
precisely and analytical models are not available for the evaluation of output quantities.

There is, however, a limitation in the complexity of the membership functions which have to
be trapezoidalL

3.7.5 Combined Approach - FB-AHP

The objective of approaches which combine different techniques for uncertainty modelling is
to deal with decision problems in which crisp, fuzzy and probabilistic uncertainties are
allowed simultaneously. Many methods where different uncertainty techniques have been
combined are suggested. Especially the probability of a fuzzy event [Zadeh 1968] has found
a lot of interest.

In this project the combined approach has been applied for using AHP as a multi criteria
technique. The main idea of this method, called Bayesian-Fuzzy-AHP (BF-AHP}, is to
integrate both, stochastic and fuzzy uncertainties into AHP. Here the judgments in the
comparison matrices may be modelied either by fuzzy numbers or by stochastic variables.
Two implementations of this idea have been performed in this project. They differ only in the
sequence of defuzzification and calculation of the expected values. More details can be
found in TEC-3_4-01/REV 1. The following figure presents one of these suggestions.

The solution process of the BF-AHP approach can be represented by the flowchart in Figure
3.3

BF-AHP is definitely the most innovative development of this project so far. It is quite
common that different types of uncertainties are involved in the criteria used in decision-
making. Some uncertainties are better modelled by stochastic variables and others by fuzzy
numbers. This method, therefore, is very powerful to handle these two kinds of uncertainties.
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determine set of alternatives

determine set of reievant criteria

judge the relative importance of each pair of criteria by using
crisp numbers, fuzzy numbers {linguistic terms} or density functions

rate all alternatives with respect to each single criterion by using
e crisp numbers or
« fuzzy numbers (linguistic terms) or
« density functions (random variables} or
« pairwise comparisons {crisp, fuzzy, probabiiistic)

determine for each random variable a crisp reafization
according 1o their probability distribution

receive fuzzy weights for each altemative
(fuzzy trapezoidal numbers})

ancther
simulation run ?

result: distribution of fuzzy numbers {for each alternative)

i use expected values 1o determine fuzzy number (for each altemative)

et

rank fuzzy numbers (defuzzification)

Figure 3.3 Solution process of BF-AHP

3.2 Decision Framework
3.2.1 General

The ultimate goal of the study for re-qualification is "to establish that the structure is fit for its
intended purpose over the residual service life, and that the consequences in terms of risk to
human life, to the environment and to the assets, in the event of structural failure, are
acceptable both from a reliability and economical point of view”.

The decision-making for re-qualification of structures involves in general choosing between a
number of alternatives such as: use “as-is”, repair, strengthen, reduce loads, reduce
exposure of personnel, replace, abandon, or a combination of these measures. The
identification of all relevant alternatives and selection of appropriate criteria to be used in the
evaluation of the available alternatives are important tasks which require engineering skill.

The choice of any alternative is likely to have profound implications in terms of costs, risk to
human life, to the environment and the future profitability of the structure/facility. Methods of
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multi-criteria decision analysis developed within the RESTRUCT project help to arrive at a
rational decision in such situations.

The main activities involved in a re-qualification process have been grouped broadly into
following tasks:

1. Specification of the Re-qualification Problem
2. Structural Assessment
3. Detailed Inspection and Maintenance Planning
The specification of the re-qualification problem involves the following three main steps
» Define the objective of the re-qualification
. Define the re-qualification set
. Define the decision maker
For more details of the above main steps, see TEC-T6-01.

A brief overview of tasks 2 and 3 is given in the following sections.

Specificaiionaf thee
Re-qualification problera

Structural
Assessment

Detailed I&M
Planning

Figure 3.4 Flow chart for Decision Process for Re-qualification of Structures

3.2.2 Structural Assessment

The decision process for “structural assessment” is shown in Figure 3.5 and Figure 3.6.
A detailed discussion of the basis of this approach can be found in the report TEC-T6-01,
herein a brief summary is given.

The most common reason for re-qualification of an existing structure is when there is a
doubt about the safety of the structure. The evaluation of the safety will in general first be
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assessed using simplified methods based on conservative assumption e.g. using
conservative values for the properties of materials and loads and a conservatively set of
safety acceptance criteria. If the structure fails this safety check, more advanced methods,
such as non-linear methods or reliability analysis methods could be used. The methods and
the safety acceptance criteria could be further refined by collecting material and loading data
specific to the structure (thereby reducing the uncertainty in these values) and by
considering the past performance of the structure. This reasoning forms the basis for the
proposed complexity-level approach, which is used for assessing the safety of the structure.

If the structure in its present condition still fails the safety check, alternative remedial/
mitigation measures or reduction in the function will need to be assessed. In this case, ail
the governing factors should be considered, as the alternatives will have different
consequences in terms of risk to people, to the environment, the assets, costs, etc. This
thinking forms the basis of the proposed staged approach.

The re-qualification procedure should be based on a formal decision-theoretic framework, in
which the objective in each stage of the analysis is to identify the “optimal” solution
according to the chosen criteria. When only one alternative is considered (for e.g. use *as-
is”) it is implicitly assumed that it is the optimal option.

In order to make the re-qualification procedure simple, the stages of the analysis are
arranged in such a way that the first two stages do not require the use of advanced decision
analysis tools. The complexity levels for the evaluation of attributes within each stage are
divided into: simplified methods, state-of-practice methods and state-of-the-art methods.
Advanced methods are used only when the decision to re-qualify the structure cannot be
made using simplified methods.

In summary, the stages may e.g. be as indicated in the following:
Stage O: A preparatory stage which does not result in a decision

Stage 1: Only the ‘as-is” alternative is considered with the constraints on minimum
acceptable safety and durability for the structure.

Stage 2: If the structure cannot be re-qualified during Stage 1, a number of minor
remedial/mitigation measures are considered in Stage 2 which are evaluated
using cost criteria and constraints on safety, durability, and other factors.

Stage 3: !f the re-qualification during Stage 2 fails, the Stage 3 is initiated in which a
number of extensive remedial/mitigation/replace/abandon alternatives are
considered. A number of criteria are used for evaluating the alternatives.

Within each stage, the attributes are evaluated using methods of increasing level of
complexity, which are broadly grouped as:

Complexity-level 1: Simplified methods
Complexity-level 2: State-of-practice methods
Complexity-level 3: State-of-the-art methods

By going from one complexity-level 1o the next the constraints and the measures of the
attributes will in general need to be revised. For example, the safety constraint may be
defined in terms of partial safety factors for deterministic methods {Complexity-1level 2), while
for probabilistic methods (Complexity-level 3) it might be defined in terms of the probability of
failure. This is formally a part of the problem formulation. The alternatives, attributes/criteria
and the constraints also need to be re-formulated when going from one Stage to the next in
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the re-qualification process. The applied methods and the associated safety criteria for each
Complexity-1evel of analysis should be established in such a way that if the structure passes
a lower Complexity-level method it will also pass in all the higher Complexity-level methods.
The higher Complexity-level methods are supposed to reduce conservatism and provide
more confidence in the estimated safety of the structure.

Within each stage, a formal decision analysis is performed in order to define and evaluate
the decision problem and if possible select a proper decision alternative (actions) or interrupt
the process in the current stage and initiate the next stage.

The main steps involved in the decision analysis have been defined as;
. Formulation of the Decision Problem:

A decision problem will in general involve choosing between alternative courses of
act. Hereby, the selection of appropriate attributes for the alternatives to be used in
the decision analysis is an important task since the final decision is totally dependent
on these attributes. Further, it is important to identify all constraints and the
uncertainty associated to them at the beginning of the re-qualification study since the
optimal decision will usually depend heavily on these constraints.

. Evaluation of Attribute Values:

For the success of the structural assessment process it is important to make sure
that each attribute value in the attribute model represents the decision maker’'s
preferences. The attribute values are in general modelled using two different
categories of input data, the basic variables and the derived quantities. In the
determination of the attribute values the time aspect must be considered.

+ Ranking of Alternatives:

The attribute models must be examined to see whether they provide a sufficient basis
for and the necessary confidence to proceed with the decision analysis. If not, a
number of actions are considered to improve the situation. After the necessary
actions are taken, a decision has ¢ be made about whether to re-compute the
attributes using methods of higher complexity or to use a higher Level decision
analysis for evaluating attributes.

If sufficient basis for the decision analysis is found, the decision analysis may,
depending on the level, involve a direct selection of the “as-is” alternative or a ranking
of alternatives based on one attribute or the use of multi-criteria decision analysis
techniques.

Based on the ranking of alternatives and the sensitivities from the decision analysis,
the best alternative is selected. This alternative is evaluated by the decision-maker
to see if it is feasible and acceptable. If the proposed alternative is acceptable, an
optimal 1&M plan may be developed to ensure that the assumed structural condition
is maintained during the remaining service life of the structure. If the proposed
alternative is not acceptable, a feasibility study is carried out to see whether it is
beneficial to use a more advanced method for computing the attributes and to go to
the next complexity level or whether the decision analysis should instead be refined.
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NOTES :

1. Data Collection

.Existing Documentation

.Review Service History

.Condition Survey

.Data/modes for prediction of present and
further condition

2. Fermulation of the decision problem:

.Analyze decision problem

. Specify the decision constraints

.Formulate decision altern ativ €S

. Select and formuiate the decision criteriaf
attributes

3. Evaluation of attribute values;

.Deter mineattribute models

.Identify problem variables

.Collect data and identify/quantify uncertainties

.Evaluate attribute values andfor fuzziness
and/or probability distributions for alternatives

.Eliminate non-compliant alternatives

4. Ranking of Alternatives:

. Specify single- or multi-attribute formulation

.Determine Preferences of DM

* Determine ranking method

.Choose solution method and software tool

+ Calculate ranking measures and rank/select
between decision alternatives

.Evaluate the decision process and the selected
choice

5. Feasibility Study& Evaluation of
Possible Actions:

.More data ?

* More refined analysis ?

.New 1&M plan ?

. Operation restrictions?

. Reassessment of target safety ?

.Estimate effects/cost of actions

.Updatefre-establish input parameters for
analysis ?

.New Stage ?

-New Complexity-Level ?

6. Possible Stages:
.Stage-1: “As |s’ Evacuation
. Stage-2: Minor Actions

. Stage-3: Mgjor Actions

7. Possible Complexity-Levels:
Level-l: Simplified Methods
Level-2 : State-of-Practice Methods
Level-3 : State-of-the-Art Methods

Figure 3.5 Flow-Chart-A: Structural Assessment
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‘ Formulation of Decision Problem
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“Asls’ Evaluation Minor Actions Magjor Actions
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- Repair of damage - Inspection/Monitoring
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Criteria; Criteria: Criteria;
.Implicit in constraints * Cost of remedial actions .Operating revenue

.Risk to human life
.Risk to environment
.Cost of remedial actions

.€etc.
Constraints: Constraints: Nstraints:
.Safety .Safety .Safety
.Durability .Durability .Durability
« Others .Budget, etcC.
.Others
¢ Exit € Exit ¢ Exit

Figure 3.6 Typical Alternatives, Criteria and Constraints for the possible stages “as is”,
“minor actions” and “major actions”.

3.2.3 Detailed Inspection & Management Planning

The 1&M should in general be seen as a part of the re-qualification process. However, for
practical applications, it is in general sufficient to include a rough estimate of I&M costs for
each alternative in order to reduce the computation time. An optimal &M plan and the
corresponding consequences for the selected re-qualification alternative is then developed in
a more detailed study. The result of the detailed planning must be compared to the simplified
approach to evaluate whether the difference might change the ranking of alternatives.

The optima! planning of &M is an important consideration for existing structures as the costs
involved can be quite high. The basic objective of 1&M is to control the deterioration of the
component/structure to ensure its long-term safety and functionality. The 1&M is a
continuous process of in the most general formulation determining numbers, times and
qualities of inspections and inspection techniques and determining maintenance strategies.
Thus, the planning for inspection and for maintenance are inter-linked. Maintenance works
are planned based on the findings from inspections. The maintenance works carried out on
a component influences its future deterioration and hence its inspection schedule. However,
for reasons of simplicity, the planning can be done separately for inspection and
maintenance if the interaction between the two is taken inio account, Formulation of



BE 5935-RESTRUCT Page 18
Synthesis report

inspection/maintenance problems is to a large extent structure dependent and will be
discussed in more details in separate reports for each of the three application areas of the
RESTRUCT project.

Inspections in general are used for various purposes but the consideration here is limited to
inspections which are used to monitor the deterioration of components. 1&M planning is
typically carried out for individual components of a structure. System considerations might be
introduced, but are in general too computation time consuming if modeliing is at all possible.
The planning is usually made for a ‘planning period’ of 1, 2, 5, 10 years or the residual
lifetime of the structure depending on the type of the structure. i the planning is performed
for a period covering more than one normal inspection/maintenance cycle, the costs can in
general be reduced and resources (finance and equipment) can easily be mobilised for the
purpose. Often the &M planning is governed by resource and other constraints, e.g. due to
legislation, and these need to be modelled carefully for each application.

A general decision process for I&M is outlined in the form of flow-chart in Figure 3,7. The
general activities involved are discussed in more details in the commentary.

O O,

No

Y 1
Next Yes Screening of Components
Planning to be Inspected and
Period 3 Maintained

¥ 2

Ranking aod Shortlisting

' :

1&M Planning of

Selected Component F_—

l 4

Schedule1&M plans
for Period

Y 5

Yes Perform Inspections

and/or Maintenance for
this Cycle

Y 6
Evaluate Results

No Yes

Revise Plans ?

Figure 3.7: Flow chart 6: Decision Process for Detailed I&M planning
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3. 3 Tools

The prototype Decision Support System (DSS) developed under task 7 basically implements
the unified decision-theoretic framework developed under task 6 into a software system.
Links are being developed with the required data bases and engineering analysis tools in the
respective areas to realise a fully operational and commercial BSS. This will preserve the
knowledge gained within the project in an active other-than-paper form and ensure its future
application. The basic architecture of the DSS is shown in Figure 3.8.

It consists of the following five sub-systems
1. Databases

2. Hypermedia based information system
3. Engineering Analysis Toois

4. Decision Analysis Tools

5. Intelligent front-end

To enable the user to save the results from MCDM analysis, Decision problem modelling and
more into one session file one overall BE5935 session module has been established. All
modules in the system can be started from the BES335 module. Further, there is a possibility
to store specific comments for one session by using the integrated notepad from the BE5935
module.

USER

system

& A ) < &
> . . +
.

L 1. Databases i 2. Hypermedia information

: 3. Subsystem of advancedL__."‘
: l engineering tools | 2

Fx ’

. x
: 4. Subsystem for decision
optimisation

‘Emll

r 5. Intelligent front-end j

Figure 3.8 Structure of the decision planning optimisation system

The three main modules, in the following characterised as “Foreground Tools”, are the
intelligent front end, the hypermedia based information system and the decision analysis
tools, The tools made available to the project by the partners and the databases can be used
as an additional support in the system and will in the following be characterised as
“Background Tools”. To enable the user to save the results from MCDM analysis, Decision
problem modelling and more into one session fite one overall BE5835 session module has
been established. All modules in the system can be started from the BES5935 module.
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Further, there is a possibility to store specific comments for one session by using the
integrated notepad from the BE5935 module.

3.3.1 Foreground tools

3.3.1.1 Intelligent front-end:

The tool allows communication between the DSS and the user enabling him to define and
model the decision problem in an interactive way and to save the results from MCDM
analysis, Decision problem modelling and more into one session file.

All modules including
« MCDM Module (Decision Analysis Tools)
. Documentation Base (Hypermedia based information system)
. Engineering Tools and

. Databases

are can be accessed from this so called BE5335 module (see Figure 3.9).

Figure 3.9 The BE5935 Module (Intelligent frent-end)

Further, there is a possibility to store specific comments for one session by using the
integrated notepad from the BES935 module. The unified decision framework as well as the
specific frameworks for the target areas of offshore, bridges and power plants developed
within the project are all modelled by a software namely Expert Chart guiding the user
through the decision problem.
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3.3.1.2 Hypermedia based information system

The hypermedia based information system holds all the information relevant for the decision-
making, for example standards, codes, guidelines and documents developed within this
project in a form readily accessible to the decision-maker. This wilt be of considerable help
during the modelling and solution of the decision problem and in providing justifications for
the results. The module is developed by the means of a commercial hypermedia based
information system prototype called “E-Publish”.

3.3.1.3 Decision Analysis Tool

For the needs of the optimisation of the inspection planning in power plants a general MCDM
software tool has been developed, implementing the general methodology of RESTRUCT.
Thus, all ranking problems for all three application areas can be modelled with the same
tool. In the following, some of the major features of the software tool will be described in
detail.

The software tool is a Microsoft Windows based program, developed in the Visual Basic
language, able to create and handle a database with all the relevant data needed to solve a
MCDM problem (alternatives, criteria, criteria weights). Furthermore it can perform
calculations according to the general RESTRUCT methodology and to present and save the
results.

When opening a database previously created by the program, a form like the one in Figure
3.10 will appear:

RESTRUCT

Figure 3.10 Main window of the general MCDM module
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The left part of Figure 3.10 is representative of the structure of the used methodology. The
buttons appearing in this left part represent the steps that should be performed in order to
solve any MCDM problem:

1. Project information

2. Modelling of the problem (Definition of alternatives and sets of alternatives,
definition of criteria, sets of criteria and corresponding weights)

3. Selection of specific problem
4. Input data

5. Calculation

Comparing with the methodology structure only small differences are to be found:

The determination of the criteria weights is placed in the modelling of the problem instead
of being in the input data step. This is done because, for the ranking problems analysed
within this project, the criteria weights were pre-defined. However, the user may change
everything he likes.

Some extra steps are used. The “Project information” is the equivalent to the title of a
report. The “Alternatives sets” and “Criteria groups” are closely related to the extra step
“Selection of specific problem”. These extra steps are needed to model situations like the
situation in a power plant, where we have a big number of components (alternatives) that
should be grouped according to the system and subsystem they belong (Block j - Piping
k, Block j - boiler m, etc.). Furthermore, they increase the usability of the software. By the
“Selection of specific problem” the user has then to select one set of alternatives, one
group of criteria and one of the corresponding sets of weights so as to proceed with the
data input and the calculation.

In general, one can structure the defined alternatives and criteria according to Figure 3.11:

Definition of Definition of groups

aternatives of alternatives

Alternative | Alt. group 1

Alternative 2

Alternative 3 Alt. group 2

Alternative n‘L_j Alt. group m

Definition of Definition of groups Definition of sets of

criteria of criteria weights for crit. group i
Criterion 1 Crit. group 1 Weight set 1
Criterion2 ~=_ ~ .. Weight set 2
Criterion 3 Crt.groupi  TTSe— .
‘‘‘‘‘ Weight set k

Criterion n Crit. group m

Figure 3.11: Possible structure of alternatives and criteria

After selecting a specific problem, in other words a certain set of alternatives, a group of
criteria and a corresponding set of weights, and after completing the input phase, one can
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continue with the calculation. Thereafter, the output is presented in the form of tables and
bar-charts. Typical outputs for an IVO-steamline are shown in Table 3.1and Figure 3.12.

Table 3.1 Ranked alternatives for the [VO-steamline 2RA12

Alternative COA A B C D
2RA 127205 64.094 60.715 62.968 65.220 67.472
2RA127204K1 45,822 44.686 45443 46.200 46.9.57
2RA12Z204K2 45,822 44,686 45443 46.200 46.957
2RA127292 42.937 39.448 41.774 44.100 46.426
2RA127.294 37.003 34.132 36.046 37.960 39.874
2RA127203 33.948 32.231 33.375 34.520 35.665
2RA127813 33.657 31.248 32.854 34.460 36.066
2RA127.807 28.603 26.692 27.966 29.240 30.514
2RA1277 26874 | 25295 | 26.348 27.400 28,452

»Con
medule

Project
CAACT_WORKWSA\TESTSUVO_NEW.ORS

Figure 3.12: Ranked alternatives for the IVO-steamline2RA12 (Barchart)

3.3.2 Background tools

3.3.2.1 Databases

To make the access to standard material property data for the analysis of the decision
problem possible, the structural data bases

« MPA Material DB and

«HTMDB has been included in the DSS Data Bases Module.

The DSS provides appropriate links for connecting existing data bases developed in this
project such as
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. COLOR and
. ISTRA databases.

The required data and data bases has been made available by the partners during the
execution of the project.

3.3.2.2 Engineering Analysis Tools

A number of analysis tools, for example for the evaluation of loading, capacity of structural
components, deterioration and for the evaluation of safety and reliability of structural
components and systems will be used within a decision process. These tools are made
available to the project by the individual partners such as

. TRD (Technische Regel fur Dampfkessel)

. PROBAN and

. Data Engine
Appropriate links are defined in the DSS for connecting these engineering tools.
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4 Exploitation plans and follow-up actions

The results will be used for the target areas of offshore, bridges and power plants. Each field
of application will have its own customised commercial version of the results as the decision
is dependent on the background information which is very application-specific.

Initial exploitation scheme (Figure 4.1 ) established in the Work Program me has been
examined more in detail in the reporting period: possible steps for implementation of the
“after - BRITE" phase have been examined among the partners and also with the monitoring
off icer.

Atkins, AGIP, Snamprogetti, D'Appolonia, COWI and DNV are going to use the results of BE
5935 for in-house purposes and consultantcies.

MPA will use the results for development of a tool for power plants. MPAs sponsors use
them only in-house. MPA will follow up the results of RESTRUCT with the already proposed
BRITE EURAM project COPIN - BES5-1 566 (Cost-Effective Integrated Optimiser for
Planning of Power Plant Inspections), This project will be re-submitted in the second call
after being B-Rated in the first call.

MIT’s aim is the development of a general tool, applicable also for areas outside this project
{a “shell”).
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Figure 4.1: From BE 5935 development to pre-competitive BE 5935 outcome and further, to

commercialisation
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5 Collaboration sought

Generally, the collaboration sought by partners should help to
. maintain and
. further develop

the methodology and, especially, tools developed in BE 5935. This means that collaboration
with Potential further end-users, both in original BE 5935 areas (off, br, pp) and in other
areas (e.g. process plants) is sought in order to support this kind of activity and, through
involvement of their particular experience, assume broader applicability and tools.

Another type of collaboration is sought for
. external exploitation and
. commercialisation

of the system. For this purpose, collaboration with service and country organisations, as well
as with software houses could be beneficial.

Many of these issues are tackled by the exploitation plans and/or agreements of the BE
5935 partners already.
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