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ABSTRACT

Fuzzy Setbased Risk Management for Construction Prgects
Ahmad Salah, Ph.D.
Concordia University, 2015

Efficient and compehensiverisk managemens critical for successful delivery of engineering,
procurement and construction management (EPCM) projects. Complexity of construction
projects is on the risavhich makes it necessary to model uncertainties and to manage risk items
related to this class of projects. For decades, researchers and construction practitioners worked
together to introduce methods for risk identification and assessment. Considesatdifort was
directed towards the development of methods for mitigation, monitoring, and control. The
respective individual limitations of these methods prevent the development of comprehensive
model which satisfies the needs of practitioners. In thesearch a comprehensivesk
managemenmno d e | o C BeMEMpedo address the limitations of existing methods and to

fill the gap between research and practice. The developed model implements a micro system
approach to introduce a novel risk identifioat methodology that provides a systematic
procedure to identify risk associated witbnstructionprojects. The identification procedure
implements root cause analysis and brainstorming technique to identify risk items, consequences,
and root causes. Thieveloped CRMM also introduces new method for determination of risk
ownership wutilizing fuizQrye s@wn etrhoe oaog/n caenpdt . OnNT
determination method allocates risk to the owner with highest ability, effectiveness, and capacity
to deal with that risk. It also introduces a new qualitative and quantitative evaluation process that
utilizes fuzzy set theory and fuzzy probability theory, as well as a new risk mapping procedure

which allows for the determination of risk level associatgth any project component (e.g.,



category). The quantitative assessment methodology allows for tlod kirsguisticand numeric

fuzzy evaluations. Fuzzy Linguistidumeric Conversion Scheme (FLNCS) is introduced to
convert the linguistic evaluations mnumeric.The quantitative assessment methodolatpp
introduces the prenitigation contingency that represents the contingency fund required for a risk
in case no mitigation strategy is implemented. In this respect a novel risk mitigation framework
is developed to generate and evaluate possible mitigation strategies for each risk being
considered. It also provides a selection procedure which allows users to select the most effective
mitigation strategy; making use of fuzzy set theory. The mitigationodetbgy introduces the
postmitigation contingency that quantifies the contingency required for the selected mitigation
strategy. Performance of selected mitigation strategy is monitored using a newly developed risk
monitoring method that compares the adliu depleted contingency to the post mitigation
contingency. The developed monitoring method provides an early warning that alerts users of
detected possible failure of selected mitigation strategy. It also determines the correct time for
initiation of cantrol process based on a set of qualitative factors. Once risk control process is
initiated, the developed control method identifies, evaluates, and selects the most effective
control action(s) to support the selected mitigation strategy. In cases wheselghted control
action fails, the developed control method notifies the user to reviséeskheanagemenplan.

These notifications allows user to avoid potential failures of similar risk items which are
expected to occur in the future. The developeM™M was coded using VB.Net under
Microsoft® windows and .NET framework environment to facilitate its application. A set of case
studies are collected from literature aadalysedto validate the developed methods within
CRMM and to illustrate their essealifeatures. Also, a numerical example elucidates the

complete computational processes of the developed comprehensive model.
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CHAPTER 1: INTRODUCTION

1.1 General

The challenges inherent to construction projects are continuously ingreasmg with the
number of stakeholders involved, the level of complexity, and the volume of work. These
increases affect the number and magnitude of the associated risks, particularly for engineering,
procurement, construction, and management (EPCM)e@®) The use of an effective
procedure in construction projects contributes to reduction of cost overruns and schedule delays
(Serpella, Ferrada, Howard, & Rubio, 201dhd also minimizes the number of ndentified

and umlanned risk events that may be harmful to one or more project obje(Rvesds &
Segner, 2011; Loosemore, Raftery, Reilly, & Higgon, 2008aditional procedurencludes five
processes: identification(Ebrahimnejad, Mousavi, & Seyrafianpour, 2010dssessment
(Hassanein & Afifi, 2007; Abdelgawad & Fayek, 2012)itigation (Abdelgawad & Fayek,

2010) monitoring(Junryan, Feng, & Yan, 2011pnd contro(Lingard, et al., 2015)Apart from

a few studiegMarcelino Sadaba, Péré&zcurdia, Echeverriaazcano, & BeniteAmurrio, 2014;

Yoon, Tamer, & Hastak, 2014; Zb, Hwang, & Low, 2013; Fang & Marle, 2012; Banaitiene &
Banaitis, 2012; Abdelgawad & Fayek, 201@omprehensive procedurgas received less
attention than individual processes. This situation has led to a lack of comprehensive and
effective procedures, lmich has compelled construction practitioners to develop their own
procedures using a combination of commercially available tools. However, the majority of
construction practitioners are not yet satisfied and have demonstrated their interest in the revisio

or replacement of theaurrent procedurby 2015(Deloitte, 2012)



In the construction industryneffective risk managemens the most common cause of project
failure (Beckers, et al, 2013)A study conducted by Project Management Solutions
(PMSolutions, 2011among 134 organizations comprising a total of 20,821 construction projects
wascompleted in 2011. The results showed that 37% of construction projectstwiske for an
average of $74million/year/firm. Out of these 37% projects at risk, 25% could be recovered and
12% failed which translates into an average of $24 M / firm lost every year duskto
managementailure. However, these amounts are about toeiase according ta recent study
conducted amongpractitioners in the construction industry by Strategic R&814) Their

results indicate that 61% and 17% of participants have declared that overall risk hasdncrease
and decreased, respectfully, over the last 10 years. It also showed that 71% and 5% of
participants have concluded that overall risk is likely to increase and decrease, respectively, in

the upcoming 10 years.

1.2 Research Motivation and Problem Statement

The literature reveals that most of the published work is focused on the development of risk
assessment methodologies using deterministic, probabilistic, or fuzzynedelling, or a
combination thereof. Considerably less work, however, has been devoteddevdiopment of

risk identification, mitigation, monitoring, and control, which has contributed to the lack of a
comprehensivanethodology. Identification techniquéBorghesi & Gaudenzi, 2013; Tworek,
2010) are sed to identify the risk associated with construction projects. However, these
techniques on their own cannot identify all risk items associated with construction projects
(Borghesi & Gaudenzi, 2013; Tworek, 2018)so, a common practice for risk identification in

the construction industry is to use a -generated list of risk items at the project level

(Rezakhani, 2012)Little effort has been directed toward risk ownership deternoinatvhich
2



represents a critical part of the risk identification prodgtmna, Thomas, & Swanson, 2013;

Peckiene, Komarovska, & Ustinovicius, 2013)

In terms of risk assessment, the current methods do not conosidertainty and imprecisien
associated probability of occurrence of each risk item. Current assessment methods either
provide qualitative or quantitative perspectives, without providing a systematic correlation
procedure to allow users to shift from qtetive to quantitative assessments. Also, a majority of
risk assessment methods are simulatiaeed methods and rely on availability of historical data.
Mitigation methods haveeceivedless attention than identification and assessment. These
methods arédased on the intuitive selection of mitigation strateg#isdul-Rahman, Loo, &

Wang, 2012; Agrawal, 2012; Chan J. H., Chan, Chan, & Lam, 2012)n the use of a general
mitigation strategy such as avoidandransfer, reduction, and retentigkbdelgawad & Fayek,

2010; Hallowell & Gambatese, 2005 owever, the use of general mitigation strategies has been
proven ineffective according to a study conducted by B{2042) The results of that study
showed that more that 33% (40%) of the participants experienced no reduction when risk transfer
(retention) mitigation strategy was applied, while 3.7% (4%) were faced with an incraéhse in

total cost of the risk being considered. Risk monitoring researchers have recommended the use of
existing monitoring techniques originally developed for other industries (e.g. Financial). These
techniques are reactive rather than proactive and theptdoonsider the efficiency of a selected
mitigation strategy. Also, they do not provide any information about the most suitable time for

risk control process initiatiofZi-mei & Ke-fan, 2013)

According to a recent study atucted by Deloitte(2012) among 192 professionals from
corporate management and financial organizations in the USA, 90% of the participants are yet to

be satisfied with their currerand mitigation procedures. Also, neothan 50% of the Deloitte
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study participants declared their intention to change their current procedures by the end of 2015.
The control process rewved the least attention froresearchers. The majority of studies have
recommended the use of intuitivedpement and oesite decision making to control the occurred

risk items(Ehsan, Alam, Mirza, & Ishaque, 2010; Dey, Kinch, & Ogunlana, 2007; Curtis &
Turley, 2007) The limitations and shortcomings of tharrent methods fom the construction

industry represent the key motivations for this research.

1.3 Aim and Obijectives

The aim of this reseands to develop a comprehensi®delfor constructiorprojects, focusing
on identification, assessment, mitigationpnitoring, and control processes. A set of objectives

have been generated to realize the ultimate aim of this research:

1. Development of a systematic risk identification method based on a-apgr@ach which
allows the identification of known and unknowisk items. The identification method
provides a systematic procedure for selecting risk owners using a set of criteria. It also
i ntroduces risk responsibility matri x, us i
highlights the responsibility of team méers to each risk item.

2. Development of a new risk assessment methodology using fuzzy set theory and fuzzy
probability theory. The developed method provides qualitative and quantitative
assessment of each risk item, while considering vagueness and impressociated
with expert judgement. It also introduces {pnéigation contingency, which represents
theupper contingency baseline for the risk monitoring process.

3. Development of a new methodology for mitigation which identifies, evaluates,

prioritizes and selects the most effective mitigation strategy for each risk item using



fuzzy set and fuzzy probability theories. This method introduces thenpogation
contingency which represents th@ver contingency baseline for the risk monitoring
process.

4. Development of a new methodology for systemized risk monitoring which makes use of
the contingency baselin¢o evaluate the efficiency of a selected mitigation strategy. It
also highlights the most suitable time for initiating the control process, whioWsall
proactive rather than reactive actions.

5. Development of a new risk control methodology, using fuzzy theory, which identifies,
evaluates, prioritizes and selects the most effective control action to suppsetatied
strategy. The output of control mcessesallows users to dynamically update the
mitigation strategies of similar risks and to avoid the unnecessary depletion of project

resources.

The advancement of the risk management theory represents the main academic objectives of this
research. Thisdvancement includesew procedures, methods, aatfjorithmswhich systemize
the application of each risk management process from identification to control. Also, it models

the dynamicinteractions among these processes.

1.4 Research Philosophy

The researchhilosophy behind the developments made in this thesis rests on (1) integration as a
means for benefiting from the advantages and useful features of available methodologies in the
literature; (2) the dynamimiegration among the differeprocesses to bidia comprehensive

and effectivemode| and(3) understanding of therocesses, with a focus on improving current

practice via the development of innovative and practical methods for each process. Based on this



philosophy and in an effo to understand th@rocess ofin the construction industry, the
following questions were deemed critical:
A What are thénputs of eaclprocess?
What are theutputs of eacprocess?
What is the function of eagtrocess?

How doeghis function add value to th@ocess? and

> > > >

What is the most suitable model thaaps the relation between eagtocess and its
respective predecessor or successor?
As to the automation othe process for construction projects, the following questions were
deemed important:

A What is the purpose of eaphocess? and

A How can this process be simplified?
The philosophy and its related questions listed above were helpful in guiding the research work

presented in this thesis.

1.5 Research Methodology

The methodology followed to achieve the objectives of thisareh is presented Figure 1.1.
The methodology is summarized in five stages: analysis, development, implementation,
validation, and conclusion. The analysis stage began with a problem statement and definition of
the research objectives. It then focuses on performing a compneheagiew ofthe following
processes:

A Identification

A Assessment

A Mitigation



A Monitoring

A Control

From the analysis stage, gaps and limitations in the current literature are identified. To respond
to the limitations and gaps identified in the analysis stageo@del was developed to provide a
comprehensive and effective procedure in the development stage. Data collection was conducted
in the implementation stage, and the challenges associated wifirattical integration of the
process into the developed moédeere also addressed at this stage. In addition, prototype
software was developed to validate the developed model using case studies collected from the
literature. The findings of this research, including its limitations and observations, are presented

in the conclusion.

1.6 Thesis Organization

Chapter 2 presents a revie# the literature focusing on existing methods, the use of fuzzy set
theory, applications in the construction industry, and related policies and procedures presently
used in the field. le poposedmodel encompasses methdds; identification, assessment
mitigation, monitoring, and control are presented in Chapter 3. Chapter 4 presents different case
studies and scenarios which illustrate the application of the proposed methedsHagoroess

and highlights their essential features. Chapter 5 presents a standalone automated tool, coded
using VB.net, which facilitates and eases the application of the proposed methodologies using a
graphical user interface (GUI) in a windows environment. fdmults of case studies aad
numerical examplareanalysedand discussed in Chapter 6. Chapter 7 summarizes this research,
highlights the main contributions, draws conclusions, and provides recommendations for future

work.
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CHAPTER 2: LITERATURE REVIEW

2.1 General

The literature provides a wide range of risk definitions; however, that of Project Management
Institute (PMP) is selected as risk definition in the context of this thesisl®Ridfines risk as

fian uncertain event or condition that, if it occurs, has a positive or negative effect on one or
more project objectives such as scope, schedule, cost, and qURaNtY, A Guide to the Project
ManagemenBody of Knowledge, 2013)An event is considered as uncertain only if 0<P<1 and
an uncertain event is considered as a risk
negative or positive consequences is referred to as threat or opport@spectively.
Consequently, the probabilitynpact (Rl) model dominates the literatur@Zhou & Zhang,
2010) The RI model calculates the risk value as a multiplication of the probability of occurrence

(P) and of the consequen(C),as presented in Eq. 2.1

2 0 # 2.1

Over the decades, researchers have proposed extensions tol thisk Pmodel, such as
predictability (Williams, 1999) exposurgJannadi & Almishari, 203), Discrimination(Nieto-
Morote & RuzVila, 2011; Cervone, 2006)manageabilityDikmen, Birgonul, & Han, 2007)
controllability (Cagno, Caron, & Mancini, 2007 factor index(Zeng, An, & Smith, 2007)
vulnerability (Vidal & Marle, 2012; Zhang J. , 2007)and significancéHan, Kim, Kim, & Jang,
2008) However, ithas been found that the IPrisk model still prevails, while improvement
efforts have increased recenflJaroun, 2014) Therefore, the # risk model was selected for

modellingthe risk associated with construction projeatshis thesis.
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Risk management plan (RMPgpresents the overall planning to deal with the identification,
evaluation, mitigation, monitoring, and control of risk items associated with construction projects
(Kwan & Leung, 2011) Several methods for the identification, assessment, mitigation,
monitoring, and control of risks are available in the literafi@plan & Mikes, 2012; Kwan &
Leung, 2011; Lee, Park, & Shin, 2009Jhis chapter focuses on the existing methods,

highlighting their respective advantages and limitations.

2.2 Related Work

In the construction industryrisk managemenis considered ag continuous process which
includes the identification, assessment, mitigatinanitoring, and control of the risks associated
with projects. The nature, volume increase, and complexity of construction projects contribute to
the need for an effectivmode| one that requires a managerial intervention approach and not a
simple analtical approach(Thamhain, 2013)Project in the construction industry should not
only consider project risks but also business ri€gshaufelberger, 2009)Contractors and
owners have used maynko maximize the profit margin and to minimize the cost of risk
consequence@hao, Hwang, & Low, 2013However, overemphasis on profit and cost can lead

to the failure of starting with inappropriate risk allocation aedding with the inability to

del i ver a pr (@hae Elwadgs& Lovi POA3)nappropiate risk allocation practice
assigns the risk contractually to one of the project stakeholders without considering that
stakdn 0 | d e r & sabiltyagnaefficigngy to manage the associated (itknna, Thomas, &

Swanson, 2013)

Raydugin(2010)and Chapman & War@003) clustered the risk associated with construction

projects into two major categories: 1) Known risks, and 2) Unknown risks. Known risks (known
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unknowns) are those which are includedaiplan and unknown risks (by definition) fail to be
included. Kaplan and Mes (2012) clustered construction risks into three major categories: 1)
preventable risks (i.e. project risks, internal risks), 2) strategy risks (i.e. business risks,
competition risks), and 3) external risks (i.e. ipcdl risks, natural risks). Regardless of the
clustering scheme, the common practice is to use-dgdmeed list with a limited number of risks
associated with construction proje¢@hamhain 2013; Kaplan & Mikes, 2012; Raydugin, 2010;

Tang, Qiang, Duffield, Young, & Lu, 2007; Chapman & Ward, 2003)

Risk Managemenprocedures in the construction industry have recently received considerable
attention from researche(Marcelino Sadaba, Pér&zcurdia, Echeverrihazcano, & Benite
Amurrio, 2014; Yoon, Tamer, & Hastak, 2014; Zhao, Hwang, & Low, 2013; Fang & Marle, A
simulatiorbased risk model for decision suppfat project risk management, 2012; Banaitiene

& Banaitis, 2012; Abdelgawad & Fayek, 201@Jthough a significant gap remains between the
existing theory and practice ofCarvalho & Rabechini Junio2015; Taroun, 2014; Kelmeti,
2006; Baloi & Price, 2003) This review focused on the methods introduced for construction

industry.

MarcelinoSadabaet al. (2014) introduced a new methodology for small constructiomdi

Their method identifies two types of risks; operational and strategic. These risanadysed

and evaluated using a newly introduced risk priority index (RPI). Their method assumes that a
project manager has selected a suitable response plan forigabdased on its respective RPI
value. The monitoring process includes a list of general criteria to detect the failure of a risk
response plan. The control process is initiated based on a set of general information which is
received periodically. Hower, their method did not consider the interdependencies between the

mitigation, monitoring and control processes.
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Yoon et al. (2014) introduced a postompletion framework Their method focuses on the
impact of each sk on the profitability of construction projects. It identifies the risk items based
on the difference between the cost of each activity at completion and its original contract cost.
The assessment of each risk is based on the criticality of its respmepiget on profit (Pl).

Their method recommended the use of general mitigation strategies: avoidance, transfer,
education, and retention. However, it did not provide any monitoring and processes procedure,

nor an evaluation procedure for the selected atiog strategy.

Zhao et al(2013)introduced a fuzzy based model to deal vattierprise forconstruction firms

using a set of criteria wherein each criterion has a set of best practices identified through a
survey coducted among professionals. Their method tends to rank the criteria and calculate the
enterprise maturitindex (ERMMI) based on the identified set of critgddao, Hwang, & Low,

2012) The ERMMI, a value between 0 andvias calculated using the fuzzy number for each

best practice assigned by (Zleag Hevang, £ Lavn 2013t he cr
However, this methodan onlybe applied to evaluate the capacity of an organizationaisage

risk, rather than to managing the risk associated with projects.

Fang and Marle (2012) introduced a simulation based model for decision suppooieict.

Their method takes into consideration the interactions, assumbd todependentbetween
different risks. It uses the cause and effect calculation to transform the risk structure matrix
(RSM) into a risk numeric matrix (RNM). They claim that a combination of the evaluation
(classic) and simulation methods could increase the reliability of fitveposed method if
historical data is availabléFang & Marle, 2012) However, it is not realistic to assume that

historical datarealwaysbeingavailable.
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Dey (2012) introducel a new methodology for utilizing a multiple criteria decisioaking
(MCDM) technique and decision tree analysis (DTA). He suggested the identification of risks
using a cause and effect diagram, and evaluates them using the analytic hierarchy progess (AHP
The possible mitigation responses are then identified using the risk mapping generated by the
gualitative assessment of risks. Decision tree analysis is used to select the best mitigation
responseH o we v e r methbdedped sot provide any procedurevaluate theffect of using

a mitigation strategy. Also, no monitoring criteria or control procedure are provided; assuming

that the mitigation strategy has always a good performance.

Abdelgawad and Faygl2010)introduced a framework using fuzzy failure meeléect analysis
(FMEA) and the fuzzy analytical hierarchy process (AHP). Their method identifies the risks
associated with construction projects at the work package level. It also recommends the
assessment of prability (P), consequence (C), and detection (D) using linguistic evaluations.
The results of their assessment process provide a qualitative value referred to as the risk
criticality number (RCN). Based on the RCN value of each risk item, a general c@radion

is recommended. However, each corrective action was based on one of the general mitigation
strategies (e.g. avoid) with nsystematic procedure for the evaluation of the corrective action

being considered. Also, the method did not provide anyitaiamg criteria, or control procedure.

The development of a comprehensive procedure, which combines all of the processes, has
received less attention from researchers. Therefore, it is necessary to review the literature of the
methods developed for theeitification, assessment, mitigation, monitoring, and control of risks

associated with construction projects.
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2.3 Risk Identification

Risk identification is the process that generates the register of risks associated with these
projects. It is considered asteal process, because unidentified risks may be dangerous for one
or more project objectives and may generate harmful consequences even before it can be
addressedRounds & Segner, 2011; 1SO, 200HIso, Losemore et al(2006) assert that a

single unidentified risk may totally cripple a project or business. Reliable risk identification
process should first be performed to ensure effective risk asses&atatt & Moselhi, 2013;

Tworek, 2012; ISO, 2009)

Researchers introduced several methods for risk identification such as: checklists, documentation
review (Deniz & Kaymak, 2007) brainstorming(Chapman R. J., 2001)surveys (Bajaj,
Oluwoye, & Lenard, 1997)interviews(Chapman R. J., 2001ptrength Weakness Opportunity
Threat (SWOT) arlgsis (Sweeting, 2011)nominal group techniquéelbecq & VandeVen,

1971) and Delphi techniqgugChapman R. J., 1998Results of a study about effectiveness of
thesetechniques show that 68% of contractors use brainstorming technique to identify risks
associated with construction proje¢tsvorek, 2010) Diagramming and analysis techniques are

also used in identifying risks associatedthwconstruction projects such as; Organizational
charts, Flow charts, Vulnerability analysis, Event chain diagrams, and decision trees. Borghesi
and Gaudenz2013)conduct a comprehensive study of diagramming and sisakychniques in
respect to type of project or business. They found that these techniques, on their own, cannot
identify all risks associated with the project or business. Consequently, they recommended the
combination of several techniques which may éase the likelihood of identification process

success without providing a systematic procedure for identification. FuzzpaSed risk
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identification methods have been also introduced which integrate fuzzy set (Badey, 1965)
with the Analytic Network Process (ANRl).iu & Tsai, 2012) root cause analys{®\bdelgawad
& Fayek, 2010) multi-criteria group decision makingTravakkol-Moghaddam, Mousavi, &
Hashemi, 2011)and what is referred to as ma@pproach(Borghesi & Gaudenzi, 20123)
Moreover, other researchers investigated the methods used in risk identification of a specific

field such assafety and securitfRaspotnig & Opdahl, 20123)

Raspotnig and Apdat{P013)investigated the techniques used in identification of security and
safety risks using an assessment frameworkhvis based on twelve criteria: 1) time of use, 2)
stakeholders, 3) type of system, 4) application area, 5) layered view, 6) input, 7) process, 8)
output, 9) interoperability, 10) scalability, 11) creativity, and 12) communication. Results of the
investigaion highlighted the strengths and weaknesses of each technique with recommendations
to improve by research. It also indicated that the techniques which are currently used for
identification of security risks are considered more mature than the onesouseentification

of safety risks.

Liu and Tsai(2012)introduced an identification method for major hazards. Their method utilized
guality function deployment (QDF), root cause analysis, and fuzzy analytic networsproc
(ANP). Their method is applicable to differentiate among hazards based on their respective
criticality. However, this method focused on the ranking rather than identification of hazards and

causes.

TavakkolrMoghaddamet al. (2011) introduced a new comprehensive approach for identifying
and prioritizing risks of engineering, procurement and construction (EPC) projects. His method

utilized multiple criteria group decision making (MCGDM) in a fuzzy environment baséaeon
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fuzzy entropy(Dhar, Chutia, & Mahanta, 2012nd VIKOR (Opricovic, 2011)techniques.
However, their method provided a ranking system and selection procedure rather than

identification.

Abdelgavad and Fayek(2010) utilized the root cause analysis for identification of risk
associated with construction projects. They recommended the identification of risk events and
root causes at work package level, rathen timacro approac{Borghesi & Gaudenzi, 2013as
presented in the work breakdown structure (WBS). Their method was considered helpful, by two
construction practitioners, in identification of risk events which require highentem.
However, their method did not provide a systematic procedure for risk identification prior to

application of root cause analysis.

Hall (2008) claimed that risk identification process could be broken into four stages: 1)
Identification of theunfavaurableevents, 2) Analysis of the hazards associated with each event,
3) Analysis of related contingencies, and 4) Identification of the types of effect stemming from
each event. Their method is similar to SWOT analysis but it was focused on threatshather

opportunities.

An important part of risk identification process is the determination of risk owneftdhipna,
Thomas, & Swanson, 2013Jhe common practice for risk owner determination is to shift the
risk being conslered to one of project stakeholders (e.g. Contractor) with minimum effort and
less cost. This allocation practice is referred to by Hanna €R@l3) as inappropriate risk
allocation method. AlsoPeckieneet al (2013) described the contractual risk assignment as
inequitable and unreasonable procétanna and Swansd8006)suggested the selection of risk

owner, among several project parties, based on his capacity and ability to evaluate, mitigate,
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monitor, and control this risk. Otherwise, the failure rat@rofect wouldbe increasedHanna,
Thomas, & Swanson, 2013)

However, majority of risk identification researchers agreed that the scope of risk identification is
to generate a risk register which include valuable and appropriate information about each risk
such as: risk Number (D description, probability of occurrence, impact, risk owner, and
planned response. However, risk register has no standardized document in terms of number and
type of included information. Therefore, the common practice of risk register is that each

company generates a customized risk register based on its (Medsen, 2010)

2.4 Risk Assessment

The risk assessment process received higher attention from researchers as compitierd to
processesSeveral methods for risk asseent have been developed which can be clustered into
three categories: 1) qualitative assessn{@aroun, 2014; Lazzerini & Mkrtchyan, 20112)
guantitative assessmeffbdelgawad, Faye & Martinez, 2010) and 3) hybrid techniques
called also semmualitative and senguantitative technique¢Marhavilas, Koulouriotis, &
Gemeni, 2011a)The qualitative assessment evaluates, prioritizes the identifiedesk and
highlights the critical risk items based on their respective risk values. The quantitative risk
assessment evaluates the consequences (in dollars values), and probability of occurrence of
critical items in risk register. Then, the quantitativ&k nalue can be calculated using Eq..2.1
Researchers utilized different approaches to develop their methodologies for risk assessment
such as: deterministibased, simulatiohased, and fuzzy set based. However, the main focus of

this review is on the fuzzset based methods.
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Tmo gai t i(2odaintreducedaalproject ranking method based on a combination between
technique of preference by similarity of ideal solution (TOPSIS) and fuzzy set theory (FST). The
proposedmethod ranked the projects based on set of risks. Their method calculated the similarity
to negative ideal solution ACO of each proje
respective similarities where, a project with higher similarity is ic@emed more critical than

another with lower similarity. However, this method could be applied in qualitative assessment

at the organization level rather than work package level.

Nieto-Morote and Ruwila (2011) introduced a fuzzy approach for risk assessment of
construction project. Their method calculated the overall risk factor as multiplication of risk
probability of occurrence and risk impacts divided by risk discrimination. The risk
discrimination, which was proped by Cervon€2006) represents the relation between risks by
gauging the impact of risk to the overall perspective of project rather than the independent
perspective. However, their assessment method is complicateitisamgplication requires an

expert.

Fuzzy set theory has been also used by Dikmen €Qfl7) They introduced a framework using
decision matrix based on fuzzy linguistic value and aggregation rules. Mbthodcalkulated
the rating of risks associated with construction projects at the project level rather than at the work

package level.

Lazzerini and Mkrtchyar{2011) introduced a method using fuzzy set theory for tackling the
subjectivity and complexity of risk assessment using the Extended Fuzzy Cognitive Maps (E

FCMs). The use of CM allows the mapping of fuzzy rules among risks and risk factors.
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However, their method incorporated high level of subjectivity in the processlaifonship

elimination.

Kangari and Rigg$1989)utilized the linguistic capability of fuzzy set theory to assess the risk
associated with construction project. Their metlevdluatedthe total risk level of the pregt

based on the severity of l oss ASO and the EuU
bet ween the AS0 and the predefined fuzzy set

which has the small est di st wlotteprbjectt iSO repres

The output of qualitative risk assessment usually is a mapping system which highlights the
criticality of each risk item based on its respective qualitative risk value. However, risk mapping
may differ from an organization to anotheraiso may differ from a risk type to another. Table 1
shows an example of risk mapping based on scale from 1 to 25 where, 1 denotes the ultimate

very low and 25 represents the ultimate very high.

Table 2 1
Risk
Very Low Low Moderate High Very High
Score<3 3< Score<9 9< Score<16 16< Score<22 Score >22

Several methods have been introduced in literature for quantitative risk assessment. However,
similar to the qualitative assessment, this review is focused only on thedeiz#dyeory based
methods. Polat and Bing2013)introduced, using fuzzy logic and multiple regression analysis

(MRA), a method to predict the contingency required to manage the risk associated with
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international constrc t i on projects. Their met hod I nt egr
employing linguistic logical rules which are constructed using the expert judgment. However,
their method achieved a reliable contingency estimation, as compared to MRA, at the project

level rather than at the work package level.

Zhao et al.(2013) introduced a quantitative assessment model to quantify the risk using an
enterprise risk model. Their model utilized fuzzy theory to tackle the problentggela the
imprecision and ambiguity of expert judgment. Their model calculated the fuzzy representation
of each risk based on its respective weight and evaluations of experts. However, this method
provided an evaluation system for maturity of organizatisk without consideration of type of

risk or level of risk.

Researchers use hybridization of fuzzy system with other approaches to ovdredimitations

of these approaches and to model the imprecision and ambiguity associated with project risks.
However, this hybridization transfer the limitations of these approached to the fuzzy system. Liu
and Tsai(2012) introduced a hybrid method between fuzzy set theory (FST) and the failure
modes and effect analysis (FMEA)aasto assess the risk value of hazard causes based on the
fuzzy inference approach. However, their method was applicable only when limited number of
risks is involved. It also utilized fuzzy number with triangular membership function only with

recommendabin to incorporate other membership function shapes.

Abdelgawad and Fayek012) introduced a framework for construction projects risk using
failure mode and effect analysis (FMEA), fault tree analysis (FTA), and Fuagjc.LThis
method was used to calculate the overall probability (OP) and expected risk magnitude (ERM).

Output of their method was a percentage of risk allowance at project level based on selected
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mitigation strategies. However, it did not provide a mii@a strategy selection procedure and it

did not consider the cost and the efficiency of each strategy. .

Abdelgawad et al(2010) for quantitative risk assessment of horizontal drilling project. The
method uses the fliuree to calculate the top event fuzzy probability based on the basic event
which may cause the occurrence of this risk. The proposed method calculated the fuzzy
probability of t-tuemethardpnd ¢éhe reeart of nasirnumgnethod. ¢lowever,
their method did not considers the uncertainty associated with the determination of relation (i.e.

AORO and AANDO gates) between top risk event

Sadeghi et al2010)introduces a new hybrid ethod which combines the fuzzy set theory and
Monte Carlo simulation. The Fuzzy Monte Carlo Simulation (FMCS) method uses a
combination between probabilistic input and three types of fuzzy input: 1) Constant, 2) uniform,
and 3) triangular. The method hdsl#y to capture the fuzzy as well as probabilistic uncertainty
using the generated fuzzy cumulative distribution functidowever,their methods similar to
hybrid-based methodand considers onlythe Inf and Supvalueso f -cut$ informulating the

dedsion making process

Shaheen et al(2007) introduces a quantification method for estimating the cost range of
construction project using fuzzy set theory. However, their method includes a lengthy procedure
for data cdlection using several rounds of Delphi method. Similarly, Salah and Mq2€lhb)

provide a quantitative method that provides a simpler procedure for range cost estimating and
provides a systematic calculation for tiogency associated with the project. However, both
methods did not consider the fuzzy membership calculations and assumed the membership

function of cost range estimating has a trapezoidal shape which is not always reflect the reality.
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In addition, fuzzyset theory has been used to quantify the risk associated with a specific type of:
projects(Li & Zou, 2012; Tongyin, Wei, & Ying-hua, 2011; Xu, Yeung, Chan, Wang, & Ke,

2010; Ebrahimnejad, Mousa\§, Seyrafianpour, 2010Q)contractgChan J. H., Chan, Chan, &

Lam, 2011; Bi & Tan, 2010Q)or specific risk categoriesing & Low, 2007) (Aminbakhsh,
Gunduz, & Sonmez, 2013, Ar i kan, Dajdeviren,
Gbodossou, & Nadeau, 2012; Rolstadas, Hetland, Jergeas, & Westney, 2011; Kong, Lu, Kang,
Lo, & Xie, 2011; Ling & Low, 2007)However, these methods quantifitxe risk at macro level

and they are applicable only when limited number of risks is involved.

2.5 Risk Mitigation

Risk mitigation process has major influences on suazkegd® risk management plan ahds an
important impact on cost overrun and schedwdi&ays of projectgHanna, Swanson, & Aoun,
2014) Despite thatconsiderably less work has been directed toward risk mitigétipons &
Skitmore, 2004)Majority of the risk mitigation work availdé in literature focused on the use of
general mitigation strategies such as: avoidance, transfer, retention, and red@mn& Fan,

2014; FangMarle, Xie, & Zio, 2013; Fang, Marle, Xie, & Zio, 2013; PMI, A Guide to the
Project Management Body of Knowledge, 2013; Abdelgawad & Fayek, 2012; Abdelgawad,
Fayek, & Martinez, 2010; Baker, Ponniah, & Smith, 1999; Raftery, 19%#jwever, a recent
suney conducted by Burn@012)highlights the ineffectiveness of general mitigation strategies.
The results of this investigation showed that 3.7% suffer from an increase in cost and 33.3 % of
the participants received meduction when risk transfer has been usedhown irFigure2.1. It

also showed that 4.6% suffered from an increase of risk cost, 34% were not sure, and 7%

received no reduction when retention has been used as sh&iguia2.1 (Burns, 2012)
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Figure2.1 Use of General Mitigation Strategies: a) Transfer, b) Retention (Burns, 2012)

Fan et al.(2015) introduced selection procedure for risk response usisglmsed reasoning
(CBR). Their method selected the risk response(s) based on similar case from historical data.
However, their method is predicated on availability of historical data and its application required
human interventions especially for idertétion of inapplicable strategies. Also, their selection

procedure is lengthy and it is only applicable when limited number of risks is involved.

Other researches focused on evaluation of limited number of risk mitigation strgidgiess,

2014; Agrawal, 2012; AbduRahman, Loo, & Wang, 2012; Chan J. H., Chan, Chan, & Lam,
2012; Fang & Marle, 2012; Hallowell & Gambatese, 2008)rris (2014)provided a review of
practical mitigation actions such as HAbuying

provide any systematic and structured procedure for selection of risk mitigation strategy.

Agrawal (2012) investigated a list of risk associated with renewable energy projects and

recommended a mitigation strategy for each risk item. However, the recommendations failed to
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indicate the contribution of recommended strategies in decreasing the risk value.hsimilar
Abdul-Rahman et al(2012) focused in his study on the mitigation of risks associated with
construction project in Gulf area using a questionnaire. The questionnaire was successfully
completed by 143 respondents @rtchitect, 35 Engineer, and 67 Contractor). The method uses
the risk significance index to rank the risk factors. Then, a list of risk response measures has
been identified based on three categories: engineering, construction common. Their method
presentd a comprehensive description of the identified risk factors and recommended a response
measure for each risk. However, their method is considered as subjective because it did not
provide any systematic selection procedure. Also, it did not indicatefdw ef each mitigation

strategy on its respective risk factors.

Chan et al(2012)utilized the questionnaire method to rate the effectiveness of 18 risk mitigation
strategies. The respondents were requested to evaheai8 strategies based on scale of 5: least
effective, fairly effective, effective, very effective, and most effective. Their method first rated
the proposed mitigation strategies individually and then it consolidated these strategies into
seven groupso overcome the interdependency effects. The results showed that the highly rated
strategies are; 1) right selection of project team, 2) mutual trust between contract parties, 3)
clearly defined scope of works, 4) involvement of contractor in developmienegs at early

stage, and 5) proactive participation by the main contractor throughout the GMP process.

Fang and Marl€2012) based on a simulated risk frequency, compare the risk frequency with a
classic mitigation a@n (i.e. without interactions among risks) and new mitigation action (i.e.
with interactions among risks). The new mitigation actions show a decrease of the risk frequency

by 60% at the local mitigation level. Then, different types of strategies (liendg 2, and 3)

have been ceamparoend tsd rfantoegy. The results shov
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all risks except the risk 3 as shownHigure 2.2. However, their method assumed that same
strategy (e.g. action) can be applied to mitigate all risks associated with the project. Also, it did
not provide any systematic evaluation for each mitigation strategy and how it decreases the value

of each isk item.

1.000
0.900
0.800 +

0.700
0.600
0.500 +
0.400
0,300
0.200 +
0.100

Simulated Risk Frequency

0,000

1 2 3 456 7 & 9 10 11 12 13 14 15 16 17 18 19 20
Risk

Figure2.2 Comparison of Risk Mitigation Actiong-ang & Marle, 2012)

Hallowell and Gambateg2009)focused on mitigationteategies of safety risks associated with
construction projects. Their method was based on Delphi technique using a questionnaire. It
guantified the ability of each strategy to mitigate the individual risk. Then, it calculated the total
capacity of eachteategy as the sum of its respective capacities on all risk items. However, their

method dealt with a limited number of risks with a limited number of strategies.

The literature review of risk mitigation practice showed intuitive judgment in selecting the

mitigation strategies and responses. The lack of reliable methodologies and documented
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standards leads practitioners to generate a list of strategies and responses. These strategies are

used to mitigate limited number of identified risks associated witlstoaction projects.

2.6 Risk Monitoring

Risk monitoring process represents a major challdageractitioners especially under ever
increasing complexity of construction proje€Wilson, 2015) Risk monitoring is important to
ensure that the exposure to a specific risk is not being excéeldgtin, 2014) The aim of
monitoring process is to establish an indicator system over which project managers could
evaluatethe risk mitigation planUnfortunaely, risk monitoring process received considerably
less effort from researchers even though the majority agreed that risk monitoring is a mandatory
process. The lack of risk monitoring methodologies in literature enforced practitioners to use
basic projectmanagement tools (e.g. Earned Value) for risk monito(iAgtchard, 2015;

Kerzner, 2013)

The results of a survey conducted by Deloitte and Fo@@&E2) revealed that less than %bof
construction industry practitioners use continuous risk monitoring. It also showed that 90% of
surveyed executives consider, as priority, the restructutesfprocedurdy end of 2015. Also,

half of the surveyods r @wediodetdepniers ofa contihuoussk t h e i
monitoring system. In addition, Znei and Kefan (2013)declared that no attempt was made to

identify the precise timing for the initiation of risk control process.

Fang and Mde (2012)concluded that the risk monitoring process has a continuous evolvement
of risk network since there are always newly identified risks which should be evaluated.
Consequently, the risks should beenaaluated bsed on the interactions of previously mitigated

risks and newly identified risks. Their method recommended the update of risk network and risk
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response plan based on newly identified risks. However, it did not provide a systematic

procedure for monitorinthe performance of selected mitigation strategy.

Likewise, Liu et al.(2011)proposed a method for risk monitoring based on risk matrix method.
Their method recommended the use of risk monitoring instruments based @mking of risk

level using a scale from 1 to 5. The risk matrix method has been used to evaluate the risk level of
the risks associated with deep excavation projects. They claimed that their method allows for
identification of abnormal and dangerousiations. However, their method provided a reactive
monitoring system which is based on field observations and reports. It also provided general
recommendations for risk monitoring rather than a systematic procedure with a clear set of

evaluation criteria.

Ning and Mao(2011)introduced a new method for risk monitoring. Their method was able to
maps the interaction between four categories of risks: managerial, technical, environmental, and
economical. These interactiontoav users to compare between the targeted and actual risk value
of each category. For example, if actual is higher than targeted risk value then, a mitigation
strategy is applied to reduce this score. This procedure is repeated until the actual rigkatalue
least equal to targeted risk value. However, their method did not provide any systematic
procedure for selection of mitigation strategy. Also, it assumed that the targeted risk value can be
always reached. Also, the performance of mitigation gyai® not considered as one of the

monitoring criteria.

Ehsan et al(2010) suggested that the risks associated with construction projects should be
monitored based on predictive indicators. These indicators shoul@i@rmv early warning once

the project reaches a risky point. They also suggested the preparation of a contingency plan prior
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to the occurrence of risk event. The amount of contingency for each risk is calculated based on
the risk consequences. However,ithaethod did not provide a calculation procedure for the
contingency fund. Also, it recommended the use of predictive indicators rather than a systematic

monitoring procedure based on actual data.

The literature review of risk monitoring showed intuitiuedgment in selection of the monitoring
procedure. The performance of selected mitigation strategy is not accounted as one of the
monitoring criteria. It also highlighted that the precise timing for initiation of control process is

not considered as past the monitoring system.

2.7 Risk Control

Risk control represents a dynamic process throughout theylife of construction project.
Researchers recommended the use of a general mitigation strategy (e.g. Transfer) for risk control
tool without providing ay systematic procedure for selection or evalua{ibimgard, et al.,

2015; Borghesi & Gaudenzi, 2013; Baker, Ponniah, & Smith, 1998)er researchefghsan,

Alam, Mirza, & Ishaque, 2010; Curtis & Turley, 2007; Dey, Kinch, & Ogunlana, 260@$ider

the risk control as continuous and dynamic process which incorporates subjective and intuitive
selection of control actions based on the results of monitoringepsfLingard, et al., 2015)

The different meanings of risk control process, in literature, justified the volume of research

effort oriented toward it.

Pritchard(2015)recommended the usd risk review as risk control method. He claimed that the
risk review allows the examination of risk status, and mitigation strategy performance. It also
highlights the need for supplemental mitigation strategy (e.g. action). However, his method did

not rovide any systematic procedure or criteria for mitigation strategy evaluation.
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Mahendra et a2013)considered the risk control process as a part of the monitoring process. If
the strategy has positive effect on tiek being considered then, no control action is required.
Otherwise, it is recommended to register the results of the selected mitigation strafegyréor

risk management platiowever, their method is considered as reactive because it dffectsk
management plan déiture projects. Also, it did not provide any systematic procedure for risk
control. Similarly, Dey et a(2007)suggested the control of occurred risk dynamically through
faster decisions form a sthalecision group. This group include representatives from both
developer and owner sides and it has to work closely with risk monitoring group. However, the
type and quality of shared information between monitoring and decision groups are not clear.
Also, the method did not provide a systematic evaluation or selection procedure for such

decision.

The literature review of risk control showed intuitive judgment in selection of the control
procedure. It also illustrated the different meanings of risk coptomess from a practitioner to
another. It also highlighted the lack of a systematic risk control procedure which considers the
results of monitoring process and performance of selected mitigation strategy. Also, the literature
highlighted the lack of systnatic decision support which indicate the precise time for initiation

or termination of control process based on set of criteria.

2.8 Summary

2.8.1 Gap and Limitations

The literaturecited above omisk managemerdepicts the followingyaps and limitatiors:
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1. Identification techniques cannot identify risks associated with projdotsa
comprehensive manner

2. Inadequaterocedursfor risk allocationand relatedisk owneship determination.

3. No systematic interaction between qualitative and quantitative assessment.

4. Mitigationprocedure sufferffom the lack of reliable methodologies for evaluation and
selecting the most appropriate mitigation streeg

5. Lack ofspecializedisk monitoring methodology.

6. Inability to determine precisgme for imitating risk control proes.

7. No systematic control procedsri® overcomesubjective judgement

8. No consideration of nteractions among the risk management processes foeed
comprehensive and robust risk management.

9. Application of risk management at macro level rather than nirel, which makes it

difficult to identify the root causes behind unacceptable performance

2.8.2 Modelling Techniques

Probabilistic modellingmethods dealith randomness of variables similar to probability theory.
The application of simulatiebased methods.e. MonteCarlo Simulation) needs historical data.
The constructionprojects representplanned, rather than randomhuman actionswhich
incorporate imprecision and vagueness. In addition, the historical datataieays available
which prevent theapplication of simulatioibased methodThereforethe fuzzy set theory
(Zadeh, 1965) is integrated in this research. The selection of fuzzy set theory is bdised on
definition as a theory that allows the modelling of imprecision and vagueness assadiated

variables (Zadeh, 1965). Also unlike probability theory, the application of fuzzy set theory does
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not require historical datdn this research, the algebraic sum and product introduced by Zadeh

(1965) are used to add and multiply the fuzzy numbers.

2.8.3 Opportunities vs. Threat

The literature onrisk managemengenerally deals with thremtHowever opportunities may

assist in decreasing the effeat threats This research focuses on management of threats
however the opportunés can be considered as nage threas asdescribedater in Chapter .3

For example, the difference between the costs of threats and opportunities represents the cost of
risk associated with the projectit should be noted that the opportunities, unlike threats, are

favourable taoccur and their benefitzaveto bemaximized
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CHAPTER 3: COMPREHENSIVE RISKMANAGEMENT MODEL

3.1 General

The aim of this chapter is to provide a comprehensive description of the develogetifon

risk managementThis chapter presents the methods atgbrithms $ed to perform each

process in risk managemeiithe developed model provides a comprehensivesgstématic risk

management proceduf@ constructionprojects.Figure3.1d epi ct s

t his

chapterd

The methodology represents integration, in one computational platform, of five newly developed

methods for identification, assessment, mitigation, monitoring, and control of risks associated

with construction prcts.Included also is brief over view of fuzzy set theory and macro versus

micro modelling prior to the description of the developments made in this chapter.

Chapter 3
v v v v |
3.2 Fuzzy Set 3.3 Micro 3.4 Proposed 35Sy
3.1 Generd Theory Approach methodol ogy o -=ummery
v v v v v
3.4.1 Identification| | 3.4.2 Assessment 3.4.3 Mitigation | | 3.4.4 Monitoring| | 3.4.1 Control

Figure3.1 Chapte 3 Overview

32



3.2 Fuzzy SetTheory

Fuzzy sei(Zadeh, 1965and fuzzy probabilitfZadeh, 2008jheories are found more suitable to
model uncertainty associated witisk mitigation input. Unlike probabilistic and statistical
techniques, these theories can be used regardless of the availability of histori¢aiud8ta,

2015) Also, fuzzy theory facilitates the use of linguistic evaluation, or natargjuage terms,
whichis difficult to express with probability theo(into, Nunes, & Ribeiro, 2011)n addition,
probability theory is based on the assumption of randomness, whereas construction projects deal
with conscioushyplanned human actions that ayenerallynot random(Faber & Stewart, 2003;

Nilsen & Aven, 2003) Therefore,fuzzy set theory was selected to model the uncertainty

associated witimput of the developed modébalah & Moselhi, 2015)

3.2.1 Fuzzy Numbers

Fuzzy numbers are usually represented using a quadruple of real numbers [a, b, ¢, d] where the
interval [b, c] represents the core and interval [a, d] represents the support as shown in
Figure 3.2. Fuzzy numbers are characterized by their membership function p(x) which can be

expressed as shown in BjL
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Four basic types for fuzzy numbers da@ used to model the uncertainty associated with an
input. The crispfuzzy number is represented by a singleton (e.g., [a]) and its membership
function equals to 0 except for x=a. Uniform fuzzy number is represented using the core only
(e.g., [a=b, c=d])which means right and left boundaries are equals to 0 respeciiviaggular

fuzzy number is represented by a triplet (e[a,,b=c, d]) which represents its left and right
boundaries. Trapezoidal when the fuzzy number is represented by quadruplia(dgc, d])

and its membership functios presentedn Eq. 3.1. The membership function of a trapezoidal

fuzzy numbeis shownin Figure3.2.

Membership

H(X)
10 — - - -

U(X) H(X)

Y

a b c d
=—— Left Boundary 4.%&7 Core 4>:<H Right Boundary ——

Support -

Figure3.2 Trapezoidal Fuzzy Membership Function

3.2.2 Fuzzy Operations

Literature provides several fuzzy operation definitiathst include: addition, subtraction,
multiplication, and divisior{Nieto-Morote & RuzVila, 2011) However, in this th&s two types
of fuzzy addition have been used: addition of dependent fuzzy numbersadaiittbn of

independent fuzzy numbe(gq. 3.2a) The addition of dependent fuzzy numbers represents the
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combination of several evaluatignssingexpert(j) judgementfor the same fuzzy numbér A 0
(e.g.,Aj) as shown in Eqg. 32which represents the algebraic sum introduceddgeh,(1965)
Wher e, ( ) and (V) operators are wutilized
evaluations for the four items of the gimaple that represents the fuzzy numbeidrAthe other

hand, the addition of independent fuzzy numbers represents the addition of different fuzzy
numbers (e.g., A + B)for example, the cost of each risk consequence is added on top of other
consequenced he addition of independent numbers adtls quadruple elements shown in

Eq. 3.3. As for Fuzzy multiplicatioror algebraic product (Zadeh, 1965nly the multiplication

of independentuzzy numbers is used as shown in Eq. 3.4.

Addition of dependerfiizzy numbers:

i=n i=n i =n i =n
A=A +A+e +A = & 1 & & 3 & B3 a4 3. 2a
=1 Q=1 =1 =1

Equation(3.2a)providesa quadruple representation of tigebraic sum operatiantroduced by
Zadeh(1965) Equation 3.2b shows th#te membership of the sufr.g of two fuzzy numbers
equalsto 1 whenfa or fg is equalto 1. However, it equals 0 only whénand § are equal to 0

thus Eyuation 3.2a is generated.

Addition of independent fuzzy numbers:

A+B & o O ohd @ 3.3

Multiplication of two irdependent fuzzy numbers:



AT B= &LT bl,aQT bz,a:;T b3,a4T b4] 3.4

Defuzzification methods are commonly used to transform fuzzy number into a real number
(Nieto-Morote & RuzVila, 2011) Several defuzzification methods exist in the literature sisch
centreof area (COA)centerof sum(COS),centerof maximum (COM), and mean of maximum
(MOM). However, thecentreof area method presented in Eq. 3.5 is employeddaizzification

of fuzzy numberdecause, unlike the other defuzzification methods, it incorporates all areas of

membership functiom Also, it considers that adluchareado be of equal importance.

3.3 Macro vs. Micro

Micro and macro are different but equally importéhaylor, 2014) The macrois basedon
similarity and treats a large population of risk items together as simokigure 3.3. In the other
hand, the micraepresents the practice that treats each risk items individ{iadilor, 2014)
Complexity of construction projects and uniqueness of the construction processes generate
uniqueset of risksManaging those risks requirepkanfor responses, at thedividual level, to
decrease their consequescés compared to macro, michas severabenefits. Therefore it

was integrated ithe proposed model. These benefits include but are not linoited t

1. Number of risks associated with micro level is limited.

2. ldentification rate of risks and their respective consequences is increased.
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3. Alteration between micro to macro levels is possible.
4. Critical risk items, within a group or category, are identiabl

5. Potentials for minimizing the consequences of critical risks are recognizable.

Construction Projects

External

Internal Risks Risks

Figure3.3 Example oRisk Management &ilacroLevel

It should be noted thahe number of riskat micro level is way Ilgher tharthat at the nacro

level. However, dealingvith risks at the micro level indicates the potential failure before the risk
becomes bigger and uncontrollabldne Figure 3.3 shows an example of macro risk level which
deals with risk associated at egbry levé where internal risks represents those with direct
relation to the project activitye(g. safety) external risks those which affect the project without

direct relation to the project activities (e.g. labour strike).

3.4 Methodology

The developed mdel follows traditional practices, bwever; it provides a comprehensive
procedurethat deals with risk items, associated with construction projects, continuousty fro
identification up to control processekhedeveloged modelis basedn fuzzy set theor{Zadeh,
1965) fuzzy probability theoryZadeh, 2008 and micro approackiraylor, 2014) Figure 3.4

presents the outline afevelopedmode| which encompassefive methodsfor identification
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assessmentpitigation, monitoring, andcontrol respectively The developedanodelinherits its
dynamic feature from the continuous interactions amdsgfive processes as shown in
Figure 3.4. Each procesmterchangesvith otherprocesss, as requirediewly collected dat&o

update the risk management plaithe developed modemakes use of thenicro approach to
deaease the number of risks associated with the level being considered and to increase the rate

of identification of these risks as shownHigure3.5.

The identification method introduces the miecigsk breakdownstructure (MRBS) which
employs the micro approach to elevabe identification rates of known and unknown risks
considerably In this research, nown risks represent those which are already encountered,
managed and documented in previous projects. Unknasks represent those which are not
previously encountered or managédhe developed risk identificatioimtroduces a systematic
methodology for risk ownership determination using a set of identified criteria and fuzzy theory
(Zadeh, 1965) It also provides a new risk register document that provides a comprehensive set
of information about each risk. The assessment method evaluates the risk qualitatively and
guantitatively using fuzzy set theo(adeh, 1965and fuzzy probability theorgZadeh, 2008)

which are referredo asfuzzytheory.
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The developed model provides a new risk mapping techrilwptautilized the qualitative risk

value and fuzzy calculation. The quantitative risk assessment calculates the newly introduced
pre-mitigation contingency RREMQ, which represents the quantitative risk value prior to
consideration of mitigation strategy. Thetigmtion method evaluates the possible mitigation
strategies for each risk and selects the most suitable mitigation strategy based on newly
introduced planned efficiency factor (PEF). It also introducesptst mitigationcontingency
(POSTMC), which repients the quantitative risk value after implementation of selected
mitigation strategy. The monitoring method represents a continuous ptbatssns to identify

the possible failures of selected mitigation strategy based on the analysis of planmeadcgffic
factor (PEF) vs. actual efficiency factor (AEF). It also identifies and highlights, based on the
results of theanalysis the precise timing for initiation of theontrolprocess. The control method
evaluates and selects the most suitable contr@ra¢CA) based on the monitoring results. It

also introduces the post control cost factor (PCF) which indicates the effectiveness of selected
control action. It also provides decisionmaking supportthat allows users to updatéeir risk
management plabased on newly collected data from occurred reskd/orfailed mitigation

strategy.

3.4.1 Identification

The developedisk identification method makes use ofrécro approacho identify, at thetask

level, the known and majority of unknown risks associateth wonstruction projects. It
addresses the inappropriate risk allocation by introducing a systematic procedure for
determination of risk ownership using fuzzy theory. It introduces the risk responsibility matrix
using fione ri sk, 0 aermine and ralocate the nslp respaamsibhitiest among e t

project team member3.he procedure oflevelopmethod includes siphases: data collection,
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generation of micro risk breakdown structure (MRBS), identification process, determination of
risk ownership, geeration of risk responsibility matrix (RRM), and generation of risk register.

These phases are described below.

The cevelopedrisk identification method collects data, using data gathering tools, groject
documentatiogand organizational asset datads suclas:past experiencdatabaseandlearned
lessons databasas shown inFigure 3.6. Successful data collection, which includes data
pertinent to work breakdown structure (WBS) and organization breakdown structure (OBS),

eases the generation of micro risk breakdown structure (MRBS) and risk responsibility matrix

(RRM).

[\ Organizational Asset : :
‘ ‘ Databases such as: Past \\ | Project Documentations

| !
“\\ / Learned Lessons Databases /

| - such as: Contract, Drawings,
| Specification, location, etc... |
/ \\ \\

Experience Database, ; w
\ 4

Data Collection

Figure3.6 Data Collection

After data collection, a micro risk breakdown structure (MRBS), which breakdowns the project
up to task levelis generateds shown irFigure3.7. Generated MRBS identifies the known risk
itemsand increasethe identification rate of unknown risk items considerablyfocusing only

on risks associated with thiedividual task. Similar to project WBS, the MRBS helps usdo
assign a unigue identification number (UIDN) for each risk iteam (sing numbers of:

associated taskk), activity(j), packaged], category), and project §) as shown irFigure 3.7.
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The number of levelsniMRBS differs from one project @nother, thereforehe UIDN referred
to risk item associated with a certain project differs from the UIDN refers to the same risk in
another projects. However, a standardized UIDN, which represents the same riskhia all t

projects, can be reached if an organization uses a fixed ndonbevels.

Strategic /
Organization
v v v v v
Project 1 Project 2 ---- Projectp r--| Projectn-1 Project n
]

v v v v v
Category 1 Category 2 ---- Category | ---- Category n-1 Category n
|
v v v v v
Package 1 Package 2 |----- Package i r---1Package n-1 Package n
|
v v v v v
Activity 1 Activity 2 +---- Activity ] r---1 Activity n-1 Activity n
|
v v v v v
Task 1 Task 2 t----1 Taskk r--4 Taskn-1 Task n
|
v v v v v

Risk 1 Risk2 r-----1 Risk m r---1 Risk n-1 Risk n

Figure3.7 Micro Risk Breakdown Structure

Experts identify, using a combination of identification tools, the known risk items associated
with each task as shown kigure 3.8. However, uknown risk items are identified usirrgot
causeanalysis along with brainstorming acduse effectliagram as shown iRigure 3.8. The

use ofmicro level(i.e., task level) may elevatke rate of identificatiofior known and unknown

risks and their respective consequences considerably

42



Té c
9 = [ (@)]
cy| Tz gB 5 B3 =3 S
=g é 3 g é e 2 f2e BE S
= 8 O &)
x| g- 5 Ea 82 °@ %
c a =
S 2 x
£ | | | | | 3
= 2
2@ >
= Draiect Pide /) ldentify risk
.§ Known Risks List Bui Id—>{ | Project Risk (| | L items associ ated—— %.
- . Database || \ith each task 5
Yes §
% | Past experience /! g
g . Dacbase “—Nﬂ_ Al pI'OjeC'[S ae—_ > 2
3 l - checked? %
§o) For each Project - ~_ =
s e Learnedens A - 3
% | - ) Unknown Risks List &
T % \ Database |/ =
%8 | \ | 4
g 3 For each / 2
ed SSO
% -é Learn Luun @\J Generate: @
2= \potentla'?f} 1. Consequences (CLij)
5 ISt |—>2 Preventive Actions (PAIj)
> ; J 3. Remedia Actions (RAIj))
% PRCER
S

Figure3.8 Identification Process

Past experiencdatabase and documented learned lessons datalpasserg the main sources
for identification of problems, neoonforming procedure or difficulties confronted in similar
projects. The developed identification method utilizes a newly introdaealgorithmreferred

to as PreventivdRoot Causeand Effect Rmedial PRCER, which combines three types of
techniquesroot causanalysis,cause effectliagramand brainstorming. Theoot causenalysis
(RCA) identifies the rootcauses,and brainstorming technique identifies their respective

preventive actions. T®hcause effectdiagram identifies the consequences of a risk, and
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brainstorming technique identifies lists of remedial actions. FREERalgorithm, shown in
Figure 3.9, is similar to BowTie method that presentddr health and safety risk analysis.
However, unlike bow tie method, PRCER has tway identification process for cause risk
and consequence risk. The twowaysidentification process allows the identification of cause

(consequence) if the risk itemabeen identified first and vieeersa.

Brainstorming Root Analysis Cause Effect Diagram Brainstor ming
Preventive Root ] ] Consequences Remedial
ActionsList Causes List ActionsList
Preventive Root Consequence, | | [ Remedia

Action 1 Cause 1 1 Action 1
2] (2]
- O o
Preventive 2 ®
Action 2 %' %'
Consequence
. Root 8D Riskitemi {8— g
Preventive | 1 Causej T T c
Actionk
Preventive Root Conseguence Z Remedial
Action n Cause n n 7 Action4
Two Wa Two Way
L Ide\rl'nvtificat)i/on o Ide\:lvtificat)i/onJ
Figure3.9 PRCERProcedure

The output of PRCER represents three lists for each risk item: consequences, preventive actions,
and remedial actionsRisk consequences list includes all the consequences implied by the
occurrenceof the risk being consideredach expert (j) independently is requested to provide a

list of consequences (CLij) for each identified risk item (i). A consolidation proosmesented

in Eq. 3.6 is used to generate for each risk item an ultimate consequistcéSLi) which

combines all consequence lists provided by experts.
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Where, Cl; represents thist ofrisksc ons equences provided by exper

mrepresents number of experts.

Preventive andemedial liss include all actionsthat have been proven effective based on the
expert judgment in preventing or remediatihg risk being considered respectivétach expert
generates a list of possible preventive (PAij) and remedial (RAIij) actions for the risl bein
considered. Then, consolidated lists for preventi®Ai( and remedial RAi) actions are

generated usinggs. 3.7and 38 respectively.

Where, PA and RA; represent respectivetiie lists ofprevertive and remedial actions provided

by expert fAjo for risk item fAio.

The developed identification method introduces a new systematic procedure for selection of risk
owner. This proceduris basedb n fAone r i sk, dhatendstoallecatedehask pr oac
to one owner onlyRisk owner is characterizedy his capacity, effectiveness and ability to

manage the risk being considerd@kepartment of Education Training and Employment, 2012;

Risk ManagemeniCapabilities, 2011; ISO, 2009 Capacity, effectiveness, and ability are

defined respectively as maximum effort that can be handledreeof successfulness in

45



producing desired results, and possession of means and skills to do things. The ovisership
grantedto a risk owner based on the newly introduced risk ownership score (ROS). The ROS
evaluates the ability (Ab), capacity (Ca), and effectiveness (Ef) of each risk owner to effectively
manage the risk being considered. A fuzzy index is developed &sume the degree of
satisfying of each ownership criterion: capaciGal), efficiency Efl) and ability @Abl). The
degree of satisfaction for each criteriis evaluated as fuzzy percentage whHewnd 1 denote
respectivelyextremely desnot satisy and totally satisfyThe three fuzzy indices are combined

into afuzzy ROS using Ed3.9. FuzzyMembershigunctionof ROS iscalculated alsasingEq.

3.10 The fuzzy additions selectedn orderto incorporate the extreme case when all indices are

eqgual to 0.The fuzzy ROS islefuzzifiedusing thecentreof area method as shown in Eg.11
ROSADbHC atE f | 3.9

lepos Tegp | 1g,, T (-8, 3.10

Where,

A, C ,andE represent risk ownership, ability, capacity, and efficiency indices

m, , M-, and m. representhe membership functions of risk ownership, ability, capacity, and

efficiency indices.

RE. . xdx

) ROS
ROSZ S - 3.11
- 8ROSX X

The risk responsibility matrix (RRM) represents a combination of introduced MRBS and the

responsibility assignment matrix (RAM) which is currgniksed to assign responsibilities at the
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activity level (PMI, 2013) The RRM interprets the relation between responsible team members,
whether to support (S) or to approve (A), and risk owner @D of project team memlseis

selected as the risk owner using the risk ownership score. Since the risk item represents an
exposure to all parties and not to the entity represented by the risk owmeoytsmembers are
assignedo the risk owner inmanagingoccurred risk Also, approal members ar@assignedo
approve, as required, the deviations from nsknagemenplan. Tabe 3.1 illustrates an example

of the risk responsibility matrix. The developed risk ownership determination procedure
represents a replacement of the inappropriate risk allocation practice reported in literature
(Hanna, Thomas, & Swanson, 2013; Peckiene, Komarovska, & Ustinovicius, 2013; Zhao,

Hwang, & Low, 2013)

Tabe 3.1 Example of Risk Responsibility Matrix

Risk Team Members (TM) Project ! , ] :

UIDN ™ML ™2 ™3 — Manjager High Mgmt.| Client Mgmt.
6.4.3.2.5.1 O S A
6.4.3.2.5.2 O S A A
6.4.3.2.5.3 S S O A
6.4.3.2.5.4 S O A
6.4.3.2.5.5 S O S A A

eeéeeééeeceé
O: Own S: Support A: Approve

Identification of risk items, their respective consequences, selection of risk owner, and
generation brisk responsibility matrix allow users to generate a risk register that includes risk
details such as: UIDN, name, description, owner, support members, approval members, risk
conseqguences, preventive actions, and remedial actions as shbaia.2. However, this risk
register is usually extended in progressing with assessment, mitigation, monitoring, and control

processes.
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Table3.2 Proposed Risk Register atlatification Level

UIDN Name Description | Owner Support | Approval Consequence
Members | Members
: affects the
Error in .
) column A Redesign
Design of . . . . <
shape, Design | Engineering| Project | A Rework
6.4.3.2.5.1 Concrete : A
Column number or | Engineer, Manager | Manmager | A Wasted
Eormwork spacing of material
form ties

3.4.2 Assessment

Risk register itemare evaluatedqualitatively and quantitatively, using fuzzy thed@adeh,

2008; Zadeh, 1965Experts involved in assessmeaubcess evaluate consequeimpact (C)

and the probability of occurrence (P) using a linguistic or numeric fuzzy numbers. The

developed risk assessment method incorporates, as showrFigure 3.10, six phases:

fuzzification,

linguistic conversion,

qualitative assessment,

risk mapping, quantitative

assessment, and pm@tigation contingency estimatinghese phases are described subsequently.

Fuzzification » Linguistic conversion Phase—» Qualitative Assessment
Pre-mitigation o P : :
contingency estimating Quantitative Assessment < Risk Mapping

In the first phasg

and

evaluations can be represented using a quadruple of real numbers ranging from 0 to 10; where O

Figure3.10 Overview of Developed Risk Assessment Method

fuzzy

each

expert

A j

probability
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denotes very low and 10 denotes very high. If such numeric evaluation is impossible, experts can

evaluate risk components using limgfic evaluations.

s Risk
Risk i 1. Register &
_ E
v Evaluate using fuzzy theory; R o
Expert N Probability(Pij), Consequence(Cij ), LlngUlS_tIC _5
fjo Preventive Actions(PAij ), Remedial @ Yes» Conversion s
A Actions(PAjj ),Consequences (EMVikj) Phase =
o e T

Figure3.11 Fuzzification Phase

The linguistic evaluations are converted into numeric using fuzzy linguistic numeric conversion
scheme (FLNCS) prior tgroceeihg to qualitative assessment of risk being considered.
Generation of FLNCS utilizeexpert judgement to evaluate the interrelation between linguistic
term (e.g. Very Low) and their respective numeric fuzzy evaluafitve. generation process

includesfour steps as follows:

1. Define Lower and Upper Boundaries of each fuzzy attribute

Each fuzzy attribute (i.e., Low$} representedy its lower boundary (LB) and upper boundary

(UB). To facilitate the evaluation of each fuzzy attribidad expert is requested evaluate the

lower and upper boundary as shownTable 3.3; this excludes the lower boundary of the first

attribute and the upper boundary of the last attribute, which are equal to 0 and 10 respectively.
Append X AAO0O presents a numeric examploweransd i | | u

upper boundaries are calculated udiing 3.12andEq. 3.13respectively as follows:
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j=m

LB= LB, 3.12
j=1
j =m
UB= UB; 3.13
j=1
Where,
LBjand UBr epresent, respectively, the | ower and

evaluated by expert Afjo.

2. Generate Uniform Fuzzy number of each fuzz\ilaite

Uniform fuzzy number, which represents each fuzzy attribute, is generated using lower and
upper boundarieg he uniform fuzzy number (F) atttribute(i) can be expressed using B314

as follows:

F=L BU B] 3.14
Table3.3 shows an example fgeneratiorof FLNCS using five attributes from very low to very
high. The number of attributes is recommended to be minittnee and maximumsevenas

recommended by several researchers.

Table3.3 Generation of Fuzzy Attributes

Fuzzy System
Very Low Low Medium High Very High
(i=1) (i=2) (i=3) (i=4) (i=5)
Experts F, = Fs F, F
Lower than Between Between Between Higher than
E; UB11 LBo; | UB21 | LB31 | UB3;1 | LBs | UBgg LBs;
E. UBi, LB2, | UB22 | LB32 | UB3, | LBsy | UBg2 LBs2
Es UBi3 LBo3 | UBp3 | LB33 | UB33 | LBy | UBy3 LBs3
E4 UB14 LBos | UB2s | LB3sa | UB3s | LBas | UBsy LBs4
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Fuzzy System

Very Low Low Medium High Very High

(i=1) (i=2) (i=3) (i=4) (i=5)

Experts F = Es F, Fe
Lower than Between Between Between Higher than

éee

En UBln LBZn UBZn LB3n UB3n I-B4n UB4n LBSn

F O | UB; | LB, | UB, | LBs | UBs | LB, | UBs | LBs | 10

The uniform fuzzy numberargemeedtted gendiSate
scheme, which highlight the fuzzy area of each attribute. The fuzzy area represents the common
area between twoonsecutivduzzy attributes as shown Figure3.14(a). The left boundary of

fuzzy area belongto the left fuzzy attribute (i.e. g1, ,=0) whereas right boundary belongs to
theright fuzzy area (i.e. g=1, u=0). Thus, final FLNCS is generated by linking the boundaries

of each fuzzy area to the corerespective fuzzy attribute as showrFigure3.14(b).

3. Conversion of linguistic Evaluation

Post generation of FLNCS, the linguistic evaluations of each risk item are converted into

numeric as showmi

Figure 3.12. It should be noted that the fuzzy lingugshumeric conversion schemghown in

Figure 3.14, is generated once fagach risk item (or group of risksrhat mean FLNGS
represents an organizational assad itcan be used in the conversion process ofithd t em fi 0
in future projects.After the conversion of all linguistic evaluations, the probability and
consequenceassociated with each risk item are expressed on a &oaheO to 10, where 0
denotes extremely low and 10 denotes extremely high. Iquhktativeassessmemthasefuzzy

number calculationMoselhi & Salah, 2012; Carlsson, Fedrizzi, & Fuller, 208 utilized to
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add or multiply fuzzy numbers.uEzy consequence amaobability of occurrence for edn risk

item are calculated using fuzzy addition as shown in 4% and3.17respectively.

///\\\\\ . -
— Py linguistic? <] Expert fijo}«- Risk fio}«; | Fuzzification Phase |
T .
ves oy No; i=i+1 Generation of Fuzzy

v j=j+1

Linguistic
N P=FLNCS(Pj) @N @ Conversigon Scheme
for each risk item fio

—>Cjj linguistic?——No—
\\L/ Qualitative
Yes—» Cij=FLNCS(Cij) v Assessment Phase

Linguistic Conversion
Phase

Figure3.12 Linguistic Conversion Phase
The fuzzy risk value (Rwhich representshe qualitative severity oéach risk itemlt is
calculated using fuzzy arithmetic multiplicatiofprobability and consequence of each risk item

as shown in Eq3.19

Quantitative| " 5 Riski < Linguistic Conversion Phase £
Risk v
Assessment Numeric Fuzzy Calculation of
T Evaluations for Pij, Cij Fuzzy Pi and Ci —l
” A <
Yes ——Fuzzy Addition s
@ [ Fuzzy Theory . Fuzzy 4 Calculation .g
L Multiplication of Fuzzy Rl -IC—U!
I—Defuzzificationﬁ ' E
e J-» GeneraleRisk | pefuzzified value of R J :
C(?ff Eceme Mapping o

Figure3.13 Qualitative Assessment Phase
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(@)

Membership E Fuzzy Area between VL and L % Fuzzy Area between M and H

Qg Fuzzy Area between L and M @ Fuzzy Area between H and VH
o Very Low (VL) Low (L) Medium (M) High(H) Very High (VH)
T 7 ] | 7 T
/ / |
1 2 3 4 5 6 7 8 9 10

M/ H—=—=—-H H/VH——=VH>=

j—VL—=t=—VL /L

(b)

Very Low (VL) Low (L) Medium (M) High(H) Very High (VH)
10 — — — ——— — o
h e N - N B
0.5 A N
- N S - e e AN
1 2 3 4 5 Scale g 7 8 9 10

Figure3.14 Fuzzy Linguistic Numeric Conversion Scheme: Preliminary (a) and Final (b)
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For each risk component, fuzzy membership functions are generated usgé=and Eq. 3.18
Similarly, the membership function of risk value is generagdguEq.3.22(Zadeh, 1965) The

flow diagram of qualitative assessment phagaesentedh Figure3.13.
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The risk value can be calculated using the fuzzy multiplication operation as follows:

.19

C2
3_(
C
w

vy Ps om 6

w m &€ ®i 0Q Q

| YO O QY Od Q 3.21

Where,

Scale (P) and Scale (C) (not ne@gsequal) are used to evaluate the fuzzy probability and fuzzy

consequence, respectively (e.g., scal®01-5).
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The fuzzy risk values calculatede defuzzifiedusingthe centeiof area metho@Nieto-Morote
& Ruz-Vila, 2011)using Eg. 3.22The risk value iglefuzzifiedto calculate the qualitative risk
val u@ @R e ac h gendraterhe dsk shapginghown inFigure 3.16, based on the

selected mapping scaddown inTable3.4.

W ' 0wQw

o wQw

In the risk mapping phase new method is developed to overcome limitations of traditional
related procedures. For examplee traditional risk rating matrix is useditioistrate graphically

the level of risk associated with a proje€he probabilityof occurrence and impact m&sents
X-axis and ¥axis of the risk matrix as shown Figure 3.15. However, current risk matrix is
useful only if a limited number of risk itenae involved In addition, it does not provide any
information about theisk level of any other project components (e.g., activity). The developed
risk mapping method @rcomes these limitations by introducing a new illustratii@ provides
information about risk level at the various project levels. The developed mapping utilizes the
gualitative thsak vahgesiiiRrgoaphicdly theaticdlity oféath i | | us
project component from risk level up to project levEhe introduced risk mapping scheme
shown inTable 3.4 and the micro approach presentedFigure 3.7, jointly allow for the
generation of risk mapping for the project being considered as showigune 3.16. The
devdoped risk mapping provides decision suppbét allows managers tadentify the highrisk
project componentwithout delving into detailsHowever, it should be noted that the mapping
schemeshown inTable 3.4, depends on risk acceptance of an organizatiod, thereforegach

organization sets a scheme of criticafiy each risk item or type
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RISK-02
wn RISK-11
RISK-09 RISK-06
-

RISK-14 RISK-13 RISK-04 RISK-08
P RISK-01
RISK-15

RISK-10 RISK-05 RISK-07
~ RISK-12

RISK-16
RISK-17

Impact

Figure3.15 Example of a Risk Matrix

Project 1

Category n
Package 1 :

Risk Associateq

Task 1

Project P

Category |

Activity j
Package i

Figure3.16 Developed Risk Mapping

Table3.4 Risk Mapping Color Scheme

Qualitative Risk Value (%) Criticality scheme Color Scheme

0-5 Very NonCritical

5-20 Non-Critical
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Quialitative Risk Value (%) Criticality scheme Color Scheme

20-50 Medium

50-80 Critical

80-100 Very Critical _

The risk value of each project component is calculatethe weighted average of the risk values
of subcomponents associated with the component being considered using Eqg. 3.23a and Eg.

3.23b as follows

Where,

Wi represents the weight of stbo mponent fAi 0 associat.ed with pr

The weight ofeachsebo mponent fAi 0 is calculated as follc
Ri

- 3.23b
Bi IR |

Wi:

Where,

Rij represents the defuzzified risk value of sulo mponent @i 0 associated w
As to quantitative assessment, it should be note treditative riskvalues alone are meaningless

in expressing monetary impact; therefore, it is important to evaluate the risk quantitatively.
Thethe developed quantitative assessment method introduces thaitggation contingency

(PREMQ) that represents the contingerfand allocated for each risk item prior to the selection

of mitigation strategy. PREMC integrates the qualitative risk value with expected monetary

value (EMV) of each risk item. The overview of the quantitative assessment ighstsawnin
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Figure 3.17.

* : :
. : ~ Qualitative
Consequ*ence ko <«— Expert Assessment Phase | _
Evaluation of fuzzy I . o
EMVij K §——Fuzzification N Miti gall on
No Process
No 1=+l _

k=k+1 \k\:ﬂk/’)/ Yves ‘_<i|y<_ <
e Caculationof Fuzzy | s
[ fuzzy EMVij | edton Theor)L_\ ~ Cdculationof| &
/j:?ns\ *”I/ -defuzzmcanon Defuzzified g
Calculation of N e value of S
YesP fuz EMVi —Addition ¢ PREMC O

zyl _ Calculation of | A

" Fuzzy PREMC

Figure3.17 Overview of Quantitative Assessment Phase

The risk consequences, identified by experts during the identification phase, are evaluated using
fuzzy theory. Eaclm i sk i tem Ai 0 has Ano0 coRsegqgee veass Nann
expected monetary valueval uati ons where Aimo represented

expected value of each consequence (k) associated with risk (i) evaluated by exgert (j)
repreentedas%- 6. Using fuzzy arithmetic additiorf- 6 and %- 6Gare calculated using

Egs.3.24a and3.24 respectively as follows:

00 o O0w h O0w h OO0 h 00w 3.24a

00 ® O0wh Obwoh Q@wh 00 3.24hb
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Using fuzzy membership function addition, membership function%-0f6 and %- Gs

generated usinggs. 3.25 and3.26respectively as follows:

k=n
1 3.25
SEMVTE EMY | k .
k =
i Th B o 00w
g
’p
:," p h Obw & 00w
’p
U'p
‘ w P p h O0w & 00w 3.26
[¥
(MY
(MY
I’y ‘ I . ) ’ \ . ) ,
P p h OLw w OLw
4
iy m Obw w H
Fuzzy premitigation contingency0 2 %-o#f each ri sk item Ai 0 and i

function are calculated using E.27 and Eq.3.28 respectively. Thedefuzzified value of

PREMCis calculated using E@.29as follows:

0 YOO=¥TO0 w 3.27
r.:‘ ®» woh 1Y @ Y QeEQO0O0® & OO0 w

‘ _ ph 1Y o Y ®tlQObw @ O0w 3 o8
F o wh 1Y @® Y QeQOdw ® 00w
i M 1Y o Y ®eiQODw ® 00

+

% E X dx
PRE MG2"REM 3.209

»~-B 8PREMa(d X
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Total contingencies associated with each projeatponent are calculateging Equations 3.30

- 3.33 The total project contingenas calculated using Eq. 3.34

At task (k) level:

0 YOO 0'YOU O 3.30
At activity (j) level:
0 YOO ©0'YOU 6 3.31
At package (i) level:
0 YOO 0 YOD 6 3.32
At category (1) level:
0 YOO 0 YOD 6 3.33
At project (p) level:
0 YOOH 0YOD 6 3.34

Where, Nisk, Nask Nactivity, Npackage 8N Ncategory@re respectively numbers of risks, tasks, activities,

packages, and categories.

Calculation of pramitigation contingency highlights the total amount of risk associated with the
project The developed risk assessment method was firstly introduced to manage the risk

associated with construction projecHowever, its generioatureallows for its applicationto
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other types of projectdt also provides decision support to projeciners at arearly stage of
project development, especially when gefw decisionis required The cumulativePREMC
represents a contingency baselinat assists users in evaluating the performance of contingency

depletion in the case where no mitigatgirategyis implemented

3.4.3 Mitigation

The developed risk mitigation method generalizes the-mdgiation assessment procedure
developed by Salah and Moselfi014) It also provides a new method for identification,
asessment, and selection of the most effective mitigation strategy. It also evalugpestthe
mitigation contingency (POSTMC), which represents the required contingency fund in case
mitigation strategyis implemented Overview of the mitigation process isresented in

Figure3.18 which illustrates the three main phases as follows:

A Assessment phase in which the cost and efficiency factor of preventive and remedial
actionsare evaluatedsing fuzzy set theorfzadeh, 1965as shown irFigure 3.8.

A Selection phase in which list of possible mitigation straiegyeneratedthe cost (MSC)
mitigation efficiency factor (MEF), and planned efficiency factor (PEF) of each strategy
are calculated. Thus, the dtrgy with highest planned efficiency is selected as the most
effective strategy in mitigating the risk being considered.

A Postmitigation Phase in which postitigation contingency (POSTMC) is calculated

using the planned efficiency factor and the-prieigation contingency (PREMC).

In the first phase, the assessment process of preventive and remedial actions makes use of fuzzy
theory(Zadeh, 1965)The assessment process includes two steps: 1) assessaféoteoicy

factor,and 2) assessment of cost.
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Step 1. Assessment of efficiency factors

Mitigation efficiency factor on probability (MEFP) measures the capability of preventive action
measure to prevent the occurrence of a risk. Mitigation efficiency factocoosequence
(MEFC) measures the capability of remedial action to reduce the impact of a risk. Each expert
evaluates, using linguistic or numeric fuzzy numbers, the mitigation efficiency factor on
probability (MEFP) for eacliPA;, and 2) mitigation efficiency factor ozonsequencéMEFC)

for eachRA,. Linguistic evaluations o 'O"Oand{ 'O Oére converted into numeric using Eq.

3.35 and Eq. 3.38, respectively. Then, evaluations of all experts are combined to generate fuzzy
numbers for MEFR and MEFG using Eq.3.36 and Eq. 3.39, respectively. Thus, defuzzified

values of MEFP and MEFC are calculated using Eq. 3.37 and Eq. 3.40, respectively.

FLNCS ( MEFR ), if linguistic
j

MEFPij = | 3.35
T MEFPy; ,if numeric
ai=l I i F 1=
MEFR, = g @MEFR,, @EFR, ~MEFR, ~ MEFP, 3.36
ﬁ Xiere,, ( X) dX
MEFR, =2 3.37
N /Mherpy, (X) dx
FLNCS | MEF if linguistic
MEFCiq =.F S MEFGy ). JUISHE, 3.38
T MEFCiq ,if numeric
_e iz i F 1=
MEFC, 8 @MEFG;, , ) BEFGC,,, ) MEFG ) MEF(; , 3.39
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A XMuerc,, (X) dX

+

e}

i\ /Thercy, (X) dx
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<«— Expert jo—»
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PA ko cekrl

j=+1
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<— MEFCigj
& Fuzzy RACiqj

Evauate Fuzzy
M EFPikj
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>

Yoy
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Fuzzy MEFCiq
& Fuzzy RACiq

—

iY

RACiq, PACi

Defuzzified value of
MFEPik, MFEC iq,

Calculation of
<« Fuzzy MEFPik
K, & Fuzzy RACik

Assessment

v

[ s Generation of possible
| StrateAgy 80 €= it gation strategies (MS)

No c
Assessment of s=st+l > Calculation of Planned -g
strategy Cost Yes | Efficiency Factor (PEF) o)
SO >N v 3
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5
: Calcualtion of Selected Mitgation =
PREMCI = “postmci € strategy strategy (PEF) S
i=n? Yes—»{ End g
a

Figure3.18 Overview ofDevelopedrisk Mitigation Method
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Where, k and g represemgspectively,numbers of preventive and remedial actions associated

hY

with risk item ifio.

Step2. Assessment of Cost

Each expert evaluates, using lingtic or numeric fuzzy numbers, the costs of preventive (PAC)

and remedial (RAC) actions. Linguistic evaluation)od @nd'Y 6 @&re converted into numeric

using Eg. 3.41 and Eqg. 3.44espectively. The fuzzy representations for the costs oeptee

action

fnko and remedi al action

afian @s peesepteddéna | c u |

Eq. 3.42 and Eq. 3.4%®spectively. The defuzzified values are calculaigidg Eq. 3.43 and Eq.

3.46respectively.

_fFLNCS ( PAGy ), if linguistic

PACij = J
i PAGy; ,if numeric
e I3 i E j1=
PAQk :gn@Aijli n @quz1 N BAQ;IS” N m 94
A X/hac ( X) dx
PAG, ===
A Mhac,, (X) dx
EFLNCS, | RAG; |, if linguistic
RAGy =[F-NCS (RAG) \
f RAG; ,if numeric
@l iz i = j 1=
RAG, = ¢ RAG,,, BAG,. BAG,. R,
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+ﬁgxmACiq (x) dx
RAG, === 3.46

+o
fi /Tkacy, (X) dx

o

In the selection phase, the most effective mitigation strat@g$) is selected among list of
possible mitigation strategies generated using combination techniqud fistselection phase
includes three main steps: 1) generation of possible mitigation strategies, 2) assessment of

possible mitigation strategies, and 3) selection of the most ig#auitigation strategy.

Step 1. Generation of possible mitigation strategies

Each strategy can be represented by a combination of remedial and preventive asisingsyn
in Eq. 3.47 The number of possible mitigation strategies (m) is calculated tingpmbination

techniqugMcCalffrey, 2006)as shown in Eq. 3.48

MS :g PA, » » », P,ﬁ\),( RA » » », RA 3.47

Where, k and q are respectively number of preventive and remedial actions included in the

mitigation strategy.

Kraak+q
m=3 o 3.48
r=1C r
an 6 nl
C" = — .
r ? 2r|(n_r)' 3.49
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Where,
k, represents the number of preventive actions
g, represents the number of remedial actions

r, represents the number of items in a combination

Each commation is calculated using Eq. 3.4%r example, fltwo preventive actions (papa.)
and two remedial actions (ta&) are involved in the selection procedure which means k+q = 4
and r = 4 (i.e. all possible combination). Thus, number of possible mitigation strategies is

calculated as ftows:

.? 04 ~ 40 04 ~ 40 ~ o ~
MAZ im o o edos Argas
ag 218 2 @ 24g 27¢ 2

The possible mitigation strategies associated withfriskwhen two preventive actions and two

remedial actionare involved can be listed as follows:

(pa).(pa).(ra).(ra).( pa. pa)( pa rd { pa rd ( pa ra( pa r3,
(ra,ra).(pa, pa.ra)( pa pa. g ( pararg( pa rarg,
(pa, pa, ra, ra) |

MS; =

— ——> :

Step 2. Assessment of possible mitigatsirateqgies

Total cost of a mitigation strategy is calculated using cost of its respective remedial and
preventive actionsusing Eq. 3.50 Mi t i gat i on efficiency factor
calculated using mitigation efficiency factors of preventidEEPR) and remedial (MEFg)

actionsrespectively using Eq. 3.51
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b Y6 066 Y6 8 3.50

Where, PAC and RAC represent, respectively, cost of each preventive and remedial action

associated with mitigation strategy fAso.

p 000 p 0000 p 0006 3.51

Where,n, andng, are, respectively, numbers of preventive and remedial actions associated with

mitigation strategy MfAso.

Mitigation efficiency factor (MEF) is important for thevaluationof mitigation strategies;
however, it cannot distinguish between different mitigation strategies because it does not
consider the mitigation strategy cost (MSC). Therefore, a fabitrincorporates mitigation
strategy cost (MSC) and preitigation contingency RREMQ is needed to select the most

effective mitigation strategy.

Step 3. Selection of most effective mitigation strategy

Planned efficiency factor (PEF) is a newly introduced measure used to select the most effective
mitigation strategy. It integrates mitigatioffieiency factor (MEF) with mitigation strategy cost
(MSC) and premitigation contingencyRREMQ using Eqg. 3.52The mitigation strategthat

has the highest PEE considereds themosteffective mitigation strategy for risk item ().

per = MEF,® PREMG - MSG 352
PREMG
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Thed anned efficiency factor ( Pi€thenusen to cacaldtee ct e d

thepostmi t i gati on conti ngencusingER.G.SASMIOWS: of r i sk

POSTMG =(1 - PEF) 3PREM( 3.53

Postmitigation conthgency of normitigated risk item equals to its preitigation contingency.
Thus, total postnitigation contingency of a project (TPC) combines all puosigation

contingency (POSTMC) of itsoenponents using Egs. 3.58.58as follows:

At task (k) level:

00 "YY&ES 00°YYDH 3.54

At activity (j) level:
00 YY&ES 007YYDO 3.55

At packae (i) level:
00 "YY&G6 00 YYD 6 3.56

At category (l) level:
00 "YY&G6 00 YYD 6 3.57

At project (p) level:
00 "YY{ES 00 YYD 6 3.58
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Where, Niisk, Nask Nactivity, Npackage 8Nd Ncategory@re respectively numbers of riskasks, activities,

packages, and categories.

Estimating posmitigation contingency of a project and its components, usaquationy3.48)-

(3.52), helps users to estimate the contingency required for each project component contingency
with a higher level of confidence. It also assists in eliminating the unnecessary allocation of
contingency fundhat may be incorporateth PREMC Identification, assessment, selection, and
implementation of most effective mitigation stratepertscost overrun and sche@utlelay. In
addition, thepostmitigation contingency curve represents a baseline for the contingency fund
required to mitigate all risk associated witbnstructionprojecs. It also represents a useful

criterion formonitoringthe performance of selectedtigation strategy.

3.4.4 Monitoring

Developed risk monitoring method makes usk pre-mitigation contingency RREMQ
calculated during thassessmemgrocessand posimitigation contingencyPOSTMC)calculated
during the mitigation phasgalah & Moselhi, 2014)The developed method consists of three
phases: calculation of actual efficiency factor, determination of risk acceptance, and initiation of

control action criteria. An overview of risk monitorimgpresentedh Figure 3.19.

In phase one, the actual efficiency factor is calculated as described subseduenthctual
mitigation contingency is calculated as cumulative mitigation cost over the dife af/risk item

Ai 0 wus3b9g Eq.
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Figure 3.19 Overview of Risk Monitoring Process

71




ACTMG, (1) =ACTMG, (t-1)+AC, (1 3.59

Where,
(t) and (t1) represents respectively the current and previous monitoring period.

ACTMC, (t) represents the cumulagivactual mitigation contingency up to monitoring period

it o.

ACi(t) represents the actual cost of risk item

period t.

The actual mitigation contingency at t=0 equals to mitigation strategy cost (M&)ected

mitigation strategy fiso (e.g., Buy insurance

ACTMG,_ (t=0) =MSG 3.60

However, expected mitigation contingenityat represents the actual mitigation contingency at

the end of risk life cycle is estire using Eq. 3.61 as follows:

ACTMG,(t)- MSG

ACTMG, =MSG + % of compldion () 3.61
Where,
MSCsr epresents the initial coet of employed mit
% ofcompletion( t ) , represents the percentage of comp

ACTMC;, represerst the actual mitigation contingency expected to be used at the end of life
when r i sikretied em #fAi 0
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Percentage of completion representsrdi® of the remaining duration over the total duration of

each risk item Ai 0. IiBbxpressedsfallaweint age of compl e
% of completion (tr Fb,- €D 3.62
FD, - SD
Where,

SD, FD, and CS represent respectively start, finish, and current dates.

Act ual efficiency factor (AEF) represents the
mitigating risk itemfi i O . AEF is <calcul ated, similar to P

pre-mitigation contingencies as presenteda 3.63.

ACTMG,
AEF =1 -— "1 3.63
' PREMG

Risk acceptance, which represents the capacity to accommodate risk, represents tha deviatio
percentage between actual (AEF) and planned (PEF) efficiency factors. Quantification of risk
acceptance should account for the inherent uncertainty associated with its computational process
as described below. Fuzzy set the@@adeh, 1965)s utilized in modelling such uncertainty.

Each expert () evaluat es, on a scale from O
fuzzy number. The fuzzy risk acceptance;Rd its defuzzified value are calculated using Eqs.

3.64, and 3.65 respectively.

j=m
RA=3 RA 3.64

=1

Where,
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m, represents the number of experts involved in the evaluation process.
RA;, represents the fuzzy risk acceptance of r|

RA,representdte fuzzy risk acceptance of risk item

JDX.S .
RA= n’ia o (¥ 3.65
ﬁg SRA

( X

Where,

rRay, represents the membership function of the
RA, represents the defuzzified value of the ri

In the risk control initiation phase, planned and actual efficiency factors of selected mitigation

strategy fAso and risk acceptance (RA) of ri stk

PEF . e . :
control. If, ——= ¢ 1 indicates that theelected mitigation strategy is effective and no further

i,s

i,s

actions are needed. Ii,< @1+RA indicates that the evaluation process of employed

mitigation strategy need to be-vesited, and accordingly revisedhus, precontrol updated
actua | efficiency factor (AEF®6) is then calcul a

as follows:
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ACTMC,
PREMG

AEF, =1- 3.66

PEF
If > ¢ 1+RA , that means mitigation strategy has an accepgffitgency, and no necessary

i,s
action is needed. LfPEi >1+RA,, similar to the situation wheﬂ >1+RA, indicates the
i,s i,s
possibility of selected mitigation strategy failutkat initiates the control process to ease
consequences of the risk item being considekbolwever, prior to the initiation of thask
control process, thei sk r esi dual (RR), which represents

calculated using Eq. 3.67.

RR,SACTMG, -ACTMG, (t 3.67

3.4.5 Control

Failure of any mitigatiorstrategyinitiates the risk control process. However, prior to risk control
process initiation, theserneeds to investigate the reasons behind such failure. If the employed
mitigation strategy fails because wflanagerialdecision or inappropriate application thene th
elimination of these reasons is required prior to consideration of similar risk items. Otherwise,
the control process has to be initiated to ease consequences and minimize contingency of the risk

item being considered.

If the risk item being considerad not retiredyet, then control action is required to support the

employed mitigation strategy HfAso. Experts ide
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its control efficiency factor (CEF) which represents the capacity of control action teedhe

consequences of risk residual (RFROverview of the developed risk control methsgresented

in Figure3.20.
Each expert fAjo evaluates, using fuzzyonset tI
Ako on consequences of risk item Ai 0 mitigat e

and itsdefuzzifiedvalue are calculated respectively using 88 and Eq. 3.69.

j=m
CEFi,s,k:a CEFi,S,kj 3.68

=1

e
— na X'SCEFi,syk ( *
e

CEF, 3.69
o A, (X
Where,
CEFskir epresents the control efficiency factor g
CEFskrepresents the average of coktrol efficien
RRsrepresents the residualr otfeaegy stk item fAi 0 mi

Post control factor (PCF) which integrates the control efficiency factor (CEF) of control action
Ako and the risk residual of risk ite®&70ii 0 mi
Then, the control actions being considereel @mnked in a descending order (e.g., high to low)

using post control factor.

CEF_ . * R -CA
PCF - i,s.k R,s Q 370
i,s,k RRS

76



Where,

PCRsk,r epresents t

he post

mitigatiem.strategy

control

factor

Expert ijj0 <« Action fiko 4—L
A

|dentification of AiNkO
control actionsto control

residual of strategy fisd

in mitigating risk item

fio

Evaluation of fuzzy A
‘ No No
CERisk T ER kel
Fuzzification @ <k;II\T<’7>
Fuzzy \ { /
Theory ™
- agdion | Caleulateof | | n ot o ifi cation of CEF sk
fuzzy CEFi;sk
Defuzzification T
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Risk Residual RRi,s

v
| Calculation of

L

PCF

Calculati on of Action k41 ek Ranklng of control Actions|
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with the same strategy fiso Contingency Plan Accordingly| | 8
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Figure3.20 Overview of Developed Risk Control Method
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CAC,represents the kost of control action A

Postcontrol factor is used to rank the possible control actions and to sedeoias$t effective

contr ol action. T hheghestpost tontmll factar dstselectad tofible primavy t h

contr ol action to control the risk residual
PCFskO0 , that indicactéesonhhékosésotooaentdieobkdaas
project resources without considerable outcomes. Otherwisgs20F , contr ol actio

be used to support the employed mitigation st

ofselectec ontr ol action AkJIP7laswlowsal cul ated using Eo

PRG,, = RR, { 1 -PCE)) 3.71

However, it is important to evaluate the efficiency of the combination of two control actions or
more to check the possibility to ease, beyond selected centol i on Ak o, t he con
ri sk residual. Post control factor of a combi

control acti on tREGFridaalculatedeusirg Eql 3.3 folpwse s

. CEF,,,3 PRC., -CA
PCF =——t G G 3.72
i,s,k+1 PRQ,s,k

If, PCFask+10 O ,indicates thei nef f i ci ency of c o nstconasideredasc t i o n
unnecessary depletion of project resources. Similarly, projected risk cost for a combination of K

control actions is calculated using Bg73as follows:
k=K .
PRG, = RR, O( 1 -PCF,) 3.73
k=1
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Where,
K represents the number of combined control actions

The post controlactual mitigation contingencgnd the updated actual efficiency factging

combination of afedlBulacdusihgrE®.74aral&Ed. B.Tb mespectly.

ACTMG, , = ACMC,, +RC 3.74
, ACTMG

AE&gl—A 3.75
. PREMGC

In case none of the identified control actiemgoundeffective, that indicates failuref control
procesof the risk being considerednd consequently the failure of tfisk managemerglanof
that risk In such a case, the risk mitigation process needs to-imtiated to identify new

mitigation strategiethatare more effective than the previously identified ones.

Failure of the management plaxir i s k i t e m pdiential faduee nob theemitigation
process of similar risk itesn ArGomséeqganhedy wi
most effective mitigation strategy needs to beevaluated, or replaced if required, prior to
consideration of similar i sk i t e m HARgare3&2% Theshupdated value of planned
efficiency factor ( BEF)n onii tmiegnatdantgi ors ssktadiattué¢ @

Eq. 3.76 as follows:

rs

. AEF,
PEF =——'3 PEF_ 3.76
PE ’

i,s
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For each yet to occur Update mitigation process of risk fird
= risk item firo mitigated —»  using the actual efficiency factor of
? with strategy fiko strategy ko

v
Updated Risk Management Plan

Occurred Risk fid

Mitigated with Failed?
strategy ko 4
For each yet to occur Re-initiate the mitigation Process of each
" 5 risk item fird mitigated —»| risk item Ard and replace the strategy fko
with strategy ko with more effective strategy

Figure3.21 Dynamic Update of Risk Managemd?ian Using Newly Collected Data

Updated values of the planned, e fpfriyeselecmaitsy f a ct
mitigate ri sk irerankingproceédure af nentifiedantitigason strategies. If,
strasegryenmimi ns t he most e f f e -nitigavoe codngency tee gy t h
evaluated using E@.77a Otherwise, strategis0 s houl d be r e ptlladoc e dwhhyc h

has the highest PEF based on the new ranking, and subsequentiyjtgasion contingency of

risk item Ar o i3sfrbcal cul ated using Eq.
POSTMG, =PREMC x(1-PEE 3.77a
POSTMC,,, =PREMC x(1-PEE,, 3.70

Updates of posmitigation contingency for upcoming risk items provide valuable information

about expected performance of risk mitigation process. Such information allows users to make
Aavail able contingency vVvs.at iadicatescthe estitus cobthet i n g e
contingency fund. It also allows users to take, if required, proactive decisions that may avoid the

overdepletion of contingency and consequently project overruns.
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3.4.6 Risk ManagementPerformance Index

Developedmodel allows rsk owners to managge risk items effectivelyat themicro level.
However, project stakeholders need to evaluate the performance iékheanagemenplan
(RMP) withaut delving into details. Thugperformance index (RPI) is introduced to evaluate
the RVIP performance in a similar manner to earned value managenMpt.d@mpares the pre
mitigation contingency baselind?REMQ), postmitigation contingency baseline (POSTMC),

and the actual mitigation contingency (ACTM@yringt he same perNMR DB At 0.

calculated usingeg. 3.78and presentedraphicallyas shown irFigure3.22.

_ PREMG, - ACTMG

= 3.78
PREMG, - POSTMG

MPI

The RPMI provides infanation about the performance sk managemenplan at any time
during the project execution. Such information is utilized to support the decision making in
implementng a deviation from thesk managementlan, if necessary. It can be also utilized to
generate soft or hard notificatiorespectivelywhenpostor premitigation baselines havgeen

exceeded
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Figure3.22 Performance Index
3.5 Opportunity Modeling
The developed CRMM manages tieeats;however,in the assessment phaggportunites can
be integrated indirecthby considering themas negative threatsin the mitigation phase,
opportunity should benitigatedwith inciting actionsnsteadof preventive actions and exploiting
action instead of remedial action. Inciting actions represent the actions which encourage the
opportunity to occufor example delay a procurement of el to get benefit from an expected
price reduction Exploiting actions represent those which maximize the benefits of the
opportunity being considerefdr example make partial procurement to benefit from a further
decrease in the material pricd=or the monitoring and control process similar procedure to
threats can be followed for monitoring and contadl opportunites. By considering the
opportunities (O) and threats (T) the overall-prtigation contingency at a task (k) can be

calculated using E@®.79 as follows:
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02%-#02%-4 02 %-/# 3.7

3.6 Summary

This chapter presents the develop€®MM and its frameworks, modules, suipdules,
methods, procedures and algorithms. The develdfiRMM is implementedin a systematic
framework; utilizing fuzzy theory in an adaptive waysing he algebraic sum and product
introduced by Zadeh (1965)¢ facilitate themodellingof uncertainties associated with the input
data of CRMM. The developedCRMM integratesdynamicallythe five processedescribed in
this chaptersing fuzzy set theorgt micro level This integration facilitate interactiveinput-

output exchange among ttevelopedisk management processes.
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CHAPTER 4: CASE STUDIES ANDA NUMERICAL EXAMPLE

4.1 Overview

The aim of this ido validate the developed modedndto illustrate its essentiafeaturesusing a

set of case studies and a numerical exantpEhould be noted that data collectifmm the first

application of thedeveloped modeakpresents anajor challenge. However, these dagpresents

anorganizationahssetthat canbe used fofuture projects.The set of case studies are gathered

from literature to validate the applicability and reliability of the developeethods for

identification, assessment, and mitigatidie numerical examplés presented to illustratine

complete apptation processfor the developed modehcluding the developed methods for

monitoring and controlOverview of the chapter is provided Figure4.1.

Chapter 4
v v ) 4 )
4.1 General 4.2 CaseSudies | +3 Numerica 4.4 Summary
Example
I
\ 4 \ 4 \ 4 \4
421 4.2.2 4.2.3
e Qualitative Quantitative 4.2.4 Mitigation
Idnetification
Assessment Assessment

Figure4.1 Overview of Chapter 4
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4.2 CaseStudies

The developedanodd encompasses fivenethods forrisk identification, assessment, mgition,
monitoring and control. The validation process aims to illustrate the features and to investigat

the accuracy of developed model as compared to existing methods.

4.2.1 l|dentification Method

Sydney Opera House (SOMdase study is selected to validébe identification methodThe
specifications and details of SOH are as follows:

- The owner: State Governmieof New South Wales

- Architect : Jorn Utzon

- Cost:Initial Estimate was A$ 7 million and actual cosAB102 million

- The building covers about 1.8 hectares

- The roof is supported on 32 concrete columns up to 2.5 m (8 ft) square

- 1300% over budget

- 10 yeardelay

At early stage of theSOH project vital caisideratios were neglecteguch as the innovative
nature of the projectAustralian government wanthusiastid¢o build the projectand therefore,
it pushes Utzon (i.e. the architect) to start the construdiased on initial structural sketches.

This led to erroneous desiffmt conveys teeverare-designiterations.

SOH projectat that timewasthe largest project in Australaith innovative architecture and
long with unprecedentestructure Theroof shape was introduced for the first time and it was
hard to design due to lack of structural analysis softwHhne. project is considereshe of the

architectural wonders of the wor&hd the roof is made @pherical.Considering these factt
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that timewould avoidand at least unveilegariousrisk items associated with the projeigures
Figure 4.2, Figure 4.3 and Figure 4.4 show the root causes, risk items and consequarsiag

the developed identification method

The application of developedentification methodconsideringthe threefacts associated with
the SOH projectgeads to19 risk itemsas compared to 12 risk itendentified using traditional
method as shown ihable4.1.The rate of identification using the developed methddaseased

to 94 % as compared to the traditional metl&¥@a

Ineffective selection
of materials
Out-sourcing
materias
Shortage of
Materials Low productivity Delay
Labor Strike Lack of skilled staff
Large Scale
Project Unavailability of Design Change
construction < . Cogt |
Equipment (or tools) Construction method 0Ost Increase
changed
Change in authority Changein vision and
objectives
Change orders

Figure4.2 Risks Associated with Large Scale Proj€rtterion

The application of developed method increases by 27% the identification rate of the risks
associated with SOH project. It should be noted that the application of the method at early stage
with considerations of all project circumstances and glaith the cooperation of all project

parties, may help to identify more risks and subsequently avoid more problems. It should be
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noted that the SOH case study demonstrates the use of the developed identification method.

However, it does not test the edgilities of the developed in various stages of project execution.

Incomplete Design
Pressure to Strat I
Construction Early |nc9r_np (_ete
Specifications
Enthusiastic Lack of adequate Delay
Owner planning Failure of scheduling
Lack of details i
Undefined Scope
Cost Increase
Error in Estimate

Figure4.3 Risk Items Associated withnthusiasticOwner Criterion

Erroneous design
Lack of
communication Incomplete
. structural drawings
Innovative
Architecture Design Involvement of new
and unprecedented technology _ Delay
siructure Comple_xny of
Design
Lack of Experience Ineffective decisions Cost Increase
Deficiency in
Quality
Ineffective use of

resources

Figure4.4 RisksAssociated with Innovative Architecture and Unprecedented Structure
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Table4.1 Comparison between the Traditional method and the developed identificatbod

Risk identified using

traditional Risk identified using
identification method | Developed identification Actual Situation
(BurtonshawGunn, method
2013)

Poor Cost Estimate

Error in Estimate

Initial Estimate A 7 M

Incompkte Design

Incomplete Design

The roof shells were designed as a series of parabolas which was impos|
construct. Utzon changed the shells to all being created as ribs from a
of the same radius (75 m)

Failure to Keep withirn
the cost estimate

(Consequence)

Failure to achieve th"
required  completio
date

(Consequence)

Changes in Projeq
Scope and requiremer

Undefined Scope

Ted Farmer completed the glass walls and interiors including adding
previously unplanned venues underneath thec€arHall on the western side

Design Change

Design Change

the major hall was changed from dual purpose for concert and opera to g
purpose concert hall

Pressure to deliver th
project on accelerate
schedule

(Root Cause)

Inaccurate contraq Failure of Scheduling 10 years delay
time estimate

Lack of | (Root Cause)

communication

between projec

participants.

Inadequately  define

roles and

Ineffective Decisions

Minister in charge, simply refused to pay Utzon. As a result Utzagnes in
February 1966.
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Risk identified using

traditional Risk identified using
identification method | Developed identification Actual Situation
(BurtonshawGunn, method
2013)
responsibilities.
Insufficient skilled| Lack of skilled staff During the project a patime executive, who did not have the techni

Staff

competence and skillsvasappointedo supervise the project

Political Risks

Change in Vision an

objectives

The new government considers the SOH as cost-blaiwSo,it was temptec
to call a halt to control the expenditures.

Incomplete Specifications

The Sydney Opera House project had no design andjpesifications set b
the client

Ineffective selegion of
materials

It is relatively dark space, due to the materials used and primarily due
contrasting harsh sunlight at the eastern and western sides

Out-sourcing materials

1,056,000 glazed white granite tiles imported from Sweden

Low productiuty

Payments were being delivered and ecunsiderableprogress was seen,uth
the government began withholding payments to Utadrich slow downthe
productivity.

Construction metho( Construction of the shells was one of thest difficult engineeng tasksever
change to be attempted

Generation of changl The government eventually became an obstacle to the project teg
orders inhibiting changes during the progress of the operamdsthus contribute|

to cost overrun and delays

Erroneous design

Utzon was pushed to start the constructiefore the design was even close
finalizationwhich led to erroneous design.

Incomplete structurs

drawings

Construction beginning before proper engineering drawings had been pre

Deficiency in quality

N/A

Ineffective use o
resources

When Utzon resignghe government appointed new architects who blew
budget from $18.4 to $102 million

Complexity of design

Computers were needed to calculate stress points within the roof of the §
Opera House
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4.2.2 Selection of risk owner

Thecase study is collected from literature and it Wwestly introducedby El Sayegh{2008)and

used recently bl Sayeghand Mansou(2015) Thecase sidywas usedo allocate list of risks

to owner or contractorA set of risks wasollected from literaturéEl-Sayegh & Mansour, 2015;

El-Sayegh, 2008as shown iTable4.2.

Table4.2 List of Risk items Associated with Construction Projects

| R('é‘r_# Risk # N
Risk # Sayegh, (El-Sayegh & Description
2008) Mansour, 2015)
1 1 20 Owner sod6 del ayed payn
2 4 11 Change of design required by owners
3 5 N/A Lack of scope of work definition by owner
4 6 10 Delays in obtaining site access and right of v
5 9 2 Defective design
6 13 17 Accidents duing construction
7 14 19 Poor quality of work
8 15 8 Low productivity of labor and equipment
9 27 6 Delays in approvals
10 31 N/A Inflation and sudden changes in prices
11 35 3 Shortage in equipment availability
12 39 21 Delays in resolving disputes
13 40 24 Unfairness in tendering

The developedallocationmethod was appliedn this list of risks taking into consideratiomnd

types ofownership candidatethe ownerand thecontractor. For each risk items, eandidate

receives fuzzy evaluatiorigr his capacity, effectemess, and ability to manage thiak.

For examplerisk owner determinatiofor risk #6 is presentetb illustratethe processs shown

in Table4.3. Each ownership critevn is evaluaté using fuzzy numbers as follows:
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6 ©"'00.5,0.6, 0.6, 0.7]
‘0"Q'0 0.7, 0.8, 0.8, 0.9]
6 ®00.8,0.9, 0.9, 1.0]

The membership function of each criterion is presentdeigare 4.5. The fuzzycalculationis

used to calculate the fuzzy risk ownership score as follows:
YO Y 20,23, 2.4,2.6]

The membership calculation is used dalculatethe membership function aisk ownership
score as shown iRigure4.6. Thecentreof area (COA) defuzzificatio method presented in Eq.

3.11was used to calculate the defuzzified value of risk ownership scel®as inTable4.3.

Similar process idollowed to calculate the ownership score for each candidate as shown in
Table4.4. Subsequentlfor each risk itemtheownershipcandidate with highest ROSselected
asthe owner as showmiTable4.5. A comparisorof the developed methodith the methods
proposed by EGayegh(2008)and EtSayegh and Manso2015)is presented iffable4.6. For

calculation of risk ownership score for all risk item please refer to Appé&hdix
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Table4.3 Example of Defuzzification of Caractor ROS for Risk # 6

Defuzzification of Contractor ROS for Risk # 6

X 2.000 | 2.030 «» | 2.270 |[2.300 |2.310 » | 2.390 [2.400 |2.420 | » |2.580 |2.600
DY 0.000 |0.100 | 8 |0.900 |1.000 |1.000 | & |1.000 |[1.000 |0.900 | 8 |0.100 |0.000 |x
Y 0.000 | 0.271 S 0.999 | 1.000 |1.000 S 1.000 |1.000 |0.999 S 0.271 | 0.000
Area 0.000 | 0.004 g 0.030 |0.030 |0.010 g 0.010 | 0.010 |0.020 g 0.008 | 0.0B |0.47
X.Area 0.008 LT 1 0.067 |0.069 |0.023 T 10024 [0.024 |0.048 | T |02 0.007 | 1.095
ROS |2311
Table4.4 Ownership Determination F&achRisk Itemin Table 42
Risk | Candidate Capacity Effectiveness Ability ROS ROS
1 Contractor | 0.2 0.4 05| 06 | 02/02|04|04[01]|01/02|02] 05| 07| 11| 1.2 | 0.86
Owner |08|08|09| 09 ]07/08/09[09|08|09|10|10| 23| 25| 28 | 2.8 | 2.57
5 Contractor | 0.4| 0.4 05| 05 | 05/05| 06|06 0.2]|02|04|04]| 1.10| 1.10| 1.50| 1.50|, 1.3
Owner |08|08|10| 1.0 |08[08|/09|09|08|08|09|09|240| 240|280 280| 2.6
3 Contractor | 0.7 0.7/ 09| 09 | 0.3/03|04(04|04|/05/05|/06| 14| 15| 1.8 | 1.9 | 1.65
Owner | 05|/06|06| 07 ]07/08/08[{09|07|/08[/09[09| 19| 22| 23| 25| 221
4 Contractor | 0.2 0.2 03| 03 | 05/05|06(06|04|04|05|/05| 1.1 | 11| 1.4 | 1.4 | 1.25
Owner |07/07|08| 09 ]06[07/09[10(06|07|07[08| 19| 21| 24| 27| 221
c Contractor | 0.5| 05| 0.6| 06 | 05/ 06| 06| 0.7|05|05|06|06| 15| 16| 1.8 | 1.9 | 1.70
Owner |06|07|07| 08]|06|06|07|07]05/05|/06|06| 1.7 | 18| 20| 2.1 | 1.90
5 Contractor | 0.5| 06| 0.6| 0.7 | 0.7/ 08| 08|09 08|09|1.0|10| 20 | 23| 24 | 26 | 231
Owner | 05|05|06| 07 |03/04/05|06]05/05|/06|06| 13| 14| 17| 19| 1.50
- Contractor | 0.8 09| 09| 1.0 | 0.8/ 08| 09|09 0.7/08|08|10| 23| 25| 26 | 29| 259
Owner |06|06| 07| 07 |06|06|07|07]07/08/08[09| 19| 20| 22| 23| 2.10
8 Contractor | 0.7 0.8/ 0.8| 09 | 0.7/ 08| 09(1.0|08|09|09|10| 22 | 25| 26 | 29 | 255
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Risk | Candidate Capacity Effectiveness Ability ROS ROS
Owner 04/05/06| 0705|0606 07[{06]07|07|09} 15| 18| 19| 23| 1.89
9 Contractor | 0.3 03| 05| 0504|0405/ 05|04|05/06(07) 21| 12| 16 | 1.7 | 1.40
Owner 08,0809 09]07/08/09/10]07{07|09(09]| 22| 23| 27 | 28| 250
10 Contractor| 0.7/ 08| 08| 09 |06/ 0.7{08[09]08[{09|09|10}| 21 | 24 | 25| 28 | 2.45
Owner 07/08(08| 09 07/08/09/10|05{06|06[|07] 19| 22| 23| 26| 2.20
11 Contractor | 0.7 0.7/ 08| 08 |08/ 08(09|{09|07|08|09|10| 22| 23 | 26 | 2.7 | 2.45
Owner 030304 04]02/03/03/04]04/05|06(07] 09| 11| 13| 15| 1.20
12 Contractor| 0.5/ 05| 06| 06 | 0.7/ 0.7/ 080804050607} 16| 1.7 | 20| 21 | 1.85
Owner 07/07/09| 091 08/09/09/10|06|07|07(08]| 21| 23| 25| 2.7 | 240
13 Contractor| 06| 06| 0.7 0.7 |06 0.7/ 0.7/ 08| 05|05/06(07| 1.7 | 1.8 | 20| 22| 1.94
Owner 0710708 08| 05/05/06[06[08/08[/09(09} 20| 20| 23 | 23| 2.15
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Table4.5 Comparisorof Results of Risk Ownership Determination

El-Sayegh . .
Developed anZI ’ Kha;za}enl El-Sayegh Actual Allocation
Risk Model Mansour e al (2008) in Port Co_mplex
(2012) (Khazaeni et al.,
(2015) 2012)
O C O C o|jc|s| O C S
1 | 256 | 0.85| 26 25 | 71| 2 | 27| 32.31| 36.92| 30.77 Shared
2 2.6 1.3 34 17 | 66| 20|14|50.77| 10.77| 38.46 Contractor
3 219 | 1.64 N/A N/A 30.77| 18.46| 50.77 N/A
4 | 227 | 1.25| 37 14 [ 63|19 18] 24.62| 33.85| 41.54 Undecided
5 | 1.89| 1.69| 36 15 [ 83| 3 | 14| 26.15| 18.46| 55.38 Contracor
6 1.57 | 2.298] 12 39 | 4 |84|12| 3.08 | 87.69| 9.23 Contractor
7 | 2.095|2.577| 16 35 | 0|78|22| 4.62 | 64.62| 30.77 Contractor
8 |1.872| 2535 17 34 | 0|90 |10, O |[83.08 16.92 Contractor
9 |2.392]1.395] 31 20 N/A 30.91| 30.91| 38.18 N/A
10 | 2.235| 2.435 N/A 71| 2 | 27| 6.15 | 38.46| 55.38 Undecided
11 | 1.19 | 2445 7 44 718211 0 75.38| 24.62 Undecided
12 | 2.39 |1.845) 16 35 |32|11|57| 6.15 | 24.62| 69.23 Contractor
13 | 2.15|1.931 34 17 | 72| 16| 12| 30.77| 21.54| 47.69 Owner
Table4.6 Relative Accuracy Rates of Developed Method
Developed El-Sayegh ang Khazaeni et EI- Actuall
Methods Model Mansour al. Sayegh | Allocation
(2015) (2012) (2008)
Developed 1
Model
El-Sayegh ang 9/10*° 1
Mansour
(2015)
Khazaeni et al. 9/10 »° 8/10*° 1
(2012)
El-Sayegh 5/5 abe 6/102° 6/82° 1
(2008)
Actual 4/62>c 5/9aP 4/8% ¢ 4/11* 1
Allocation

a:N/A is neglectedb: Shareds neglected c: Undecided isxeglected
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4.2.3 Qualitative Assessment

Threecase studies were collected from literature to validate he developed qualitative assessment
method and to illustrate its essential features. The first case study is Sydreyhopsg SOH)

that was assessed qualitatively ByrtonshawGunn (2013) The second is Rehabilitation for
University of Cartagena Buildings(Nieto-Morote & RuzVila, 2011) and the third is aad

construction projecfMahamid, 2011)

The first case study is the SOH project which was used to illustrate applicability of the developed
gualitative assessment methddhe risksassociated with SOH projeahown inTable 4.7, were
assesselly BurtonshawGunn(2013)using a scale from(lLow) to 4 (critical) for probability of
occurrence as shown ifhable 4.7. The risk matrix followed byBurtonshawGunn (2013) is

shown inTable 4.9 where; green, yellowred and brown colours denote respectively low,

medium, high, and critical

Tablke 4.7 SOH Qualitative Risk Assessment (Adopted vidtirtonshawGunn(2013)

Risk P I Risk
Poor Cost Estimate 3 3 Critical
Incomplete Design 1 4 High
Changes in Project Spe and requirement 1 3 High
Design Change 2 2 Low
Inaccurate contract time estimate 3 4 Critical
Inadequately defined roles and responsibilitig 1 4 High
Insufficient skilled Staff 1 2 Low
Political Risks 4 2 Medium

In the application of the deveped a similar scale to that &urtonshawGunn(2013)is used to
input qualitative variablegi.e. 3 = High) as show inTable 4.8. The linguistic term were
converted into numeric using the FLNCS presentdeigare4.7. The color mapping scale used

in the developed method is shownTiable4.9. The results of linguistimumeric conversion for
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probability of occurrence and impact are presentethinle4.8. The fuzzy risk valueshown in

Table 4.8, of each riskitem is calculated using Eq. 3.19. The cenof area (COA)

defuzzification method presented in Eq. 3.22 was used to calculate the defuzzified risk value as

presented ifable4.10.

Table4.8 SOH Qualitative Risk Assessment Using the Developed method

Risk P |1 FLNCS(P) FLNCS(I) Fuzzy Risk Value
Poor Cost

Estimate H |[H | (5779 (3,5,8,9) (0.15,0.35,0.56,081)
Incomplete

Design L |VH| (00,34 (8,9,10,10) (0,0,0.3,04)
Changes in

Project

Scope and L |H |(0,034) (3,589 (0,0,024,0.36)
requirement

Design Changg M | M | (3,4,5,7) (1,3,3,5) (0.03,0.12,0.15,0.3)

Inaccurate

contract H | VH | (57,79 (8,9,10,10) (0.4,063,0.7,0.9)
time estimate
Inadequately
defined M | VH | (3457) (89,10,10) | (0.24,0.36,05,0.7)
roles and
responsibilities
Insufficient
skilled Staff L |M |(0,0,34) (1,3,3,5) (0,0,0.09,0.2)
Political Risks | VH | M | (7,9,10,10) (1,3,3,5) (0.07,0.27,0.3,0.5)
Table4.9 Color Mapping Scale.
Mapping Scale | Mapping Color
R<02
0.2<R<030
0.30<R<050
R>050 Critical
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Membership
Linguistic Scheme (High-Low)

1.0 Low Medium High Very High
1 2 3 4 5 6 7 8 9 10
Probability
Membership
Linguistic Scheme (High-Low)
1.0 Low Medium High Very High

1 2 3 4 5 6 7 8 9 10
Impact

Figure4.7 FLNCS for probability and consequence of S@dse Study

Table4.10 Comparison Between The Developed Method and Burtonghamn (2013)

. : Defuzzified .| Developed| Burtonshaw-
Risk Fuzzy Risk Value Value Wi ‘ Method | Gunn (2013)
1 Poor " .

Cost Estimate (0.15,0.35,0.56,081) 0.518 0.18 [eigiifer=1 ‘ Critical

2 Incomplete (0,0,0.3,0.4) 0302 |0.11

Design

3 Changes in

Z;‘(’jje"t Scope (0,0,0.24,0.36) 0259 |0.09] Medium

requirement

Design Changd  (0.03,0.12,0.15,0.35) | 0.191 | 0.07

g~

Inaccurate
contract (0.4,0.63,0.7,0.9) 0.67 0.23 [eigiifer:1| Critical
time estimate

defined roles
and
responsibilities

(0.24,0.36,0.5,0.7) 0.473 0.16

7 Insufficient

skilled Staff

6 Inadequately
(0,0,0.09,0.2) 0.126 0.04

8 Political Risks (0.07,0.27,0.3,®) 0.320 0.11 Medium
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Despite the difference in assessment results
APol itical Ri skso, t his case study demonstr:
illustrates its flexibility to use linguistiterms instead of numeriélso, the developed method,

unlike other method, incorporates uncertainty associated with the assessment of risk items. It
alsocalculateghe risklevel associated with the projeasing Eq.3.23a assuminthat this list of

risks represents the risks associated with the project as shawbled.11. The fuzzy risk value

and defuzzifiedrisk value of SOH project shown inTable4.11, are calcuated using Eg 3.19

and 3.22respectively

Table4.11 Risk Mapping for SOH Project

. . Fuzzy Risk Value of Fuzzy risk Risk .
Project Risks  och risk ok | Rk Vapping
PEZ?{mi?St (0.25,049,0.56,0.72)
Incomplete
Desi%n (0,0,0.3,0.4)
Changes in
Project
ScopJe and (0,0,0.24,0.36)

requirement
Design Change | (0.03,0.12,0.15,0.35)
SOH Inaccurate
contract (0.4,0.63,0.7,0.9)
time estimate

Inadequately
defined
roles and
responsibilities.
Insufficient

skilled Staff (0,0,0.09,0.2)

Political Risks (0.07,0.27,0.3,0.5)

(0,0,0.7,0.9) | 0442

(0.24,0.36,0.5,0.7)

The second case study represemshabilitation project of a building in University of Cartagena
is collectal from literature(Nieto-Morote & RuzVila, 2011) and selected to demonstrate the

applicability of developed qualitative risk assessment methodology. Completing the project on
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schedule was the most important issue for thisegtpjtherefore, risk items associated with
project delay werenvestigated At that time, thirteen risks associated with project delay were
identified and grouped into 4 categories: Managememgineering execution and supply as
shown inTable4.12. Four experts with high experience in this kind of projects are selected to
evaluate the identified risks using fuzzy numbers as showiralile 4.12. The fuzzy impact,

probaliity, and risk value of each risk item are calculated using Egs. 3.15, 3.17, and 3.19

respectively as shown ifable4.13.

Table4.12 Fuzzy Evaluations of Risks Asciated with Manageme@ategory

Category Risks Measure of RI Measure of RP
E1|(0.1,0.25,0.25,0.4 (0, 0,0.1,0.2)
Lack of adequate process E2 0, 0,0.1,0.2) (0,0,0.1,0.2)
E3| (0.3,0.5,0.5,0.7)| (0.2,0.5,0.5, 0.8
E4 | (0.6, Q75, 0.75, 0.9] (0.2, 0.5, 0.5, 0.8
El (0,0,0.2,0.2) |(0.2,0.5,05,0.8
L ack of resoUrces E2| (0.3,0.5,0.5,0.7)| (0,0,0.1,0.2)
E3| (0.3,0.5,0.5,0.7)| (0.7,0.91,1)
M E4| (0.1, 0.25, 0.25, 0.4 (0.2,0.5,0.5, 0.8
anagement E1| (0.3,05, 05, 0.7)| (02,05, 05, 0.8
Inexperienced teamembers E2| (0.6, 0.75, 0.75, 0.9 (0.2, 0.5, 0.5, 0.8
E3| (0.3,0.5,0.5,0.7)| (0,0,0.1,0.2)
E4 | (0.6, 0.75, 0.75, 0.9 (0.2, 0.5, 0.5, 0.8
E1| (0.3,0.5,0.5,0.7)| (0.2,0.5, 0.5, 0.8
Lack of motivation attitudeq E2 | (0.1, 0.25, 0.25, 0.4 (0.7,0.9, 1, 1)
E3| (0.3,0.5,0.5,0.7)| (0.7,0.91,1)
E4|(0.6,0.75,0.75,0.9 (0.7,0.9,1,1)
Table4.13 Fuzzy Calculation Using Developed Method
. Fuzz Fuzz Fuzzy Risk
Category Risks Impa():/t Probabﬁity Va)llue
Lack of adequatel  , 75 0.9) | (0,0,0.5,0.8) | (0,0,0.375,0.72)
Managemen process
Lack of (0, 0,05, 0.7) 0,0, 1.0,1.0) (0, 0,0.5,0.7)
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. Fuzzy Fuzzy Fuzzy Risk
Category Risks Impact Probability Value
resources
t'g:;‘fﬂ;;‘g:?s (0.3,0.5,0.75,0.9) (0,0, 0.5,0.8) | (0, 0, 0.375, 0.72
Lack of motivation (0.2, 0.125, 0.75
attitudes (0.1, 0.25, 0.75, 0.9 (0.2, 0.5, 1.0, 1.0 0.9)
1.2 1.2
1.0 1.0
%Lo.s %Lo.s
206 206
5 5
=04 =04
0.2 0.2
00 Risk Value 0.0 Risk Value
0.000 0.200 0.400 0.600 0.800 0.000 0.200 0.400 0.600
Lack of Adequate Process Lack of Resources
1.2 1.2
1.0 1.0

Membership
o o
(«2] (o]

o
N

0.2

0.0
0.000

0.200
Inexperienced Team members

0.400

0.600

o
©

Membership
o
(e2]

0.4
0.2

Risk Value

0.800 0.000 0.500

Lack of Motivation Attitudes

Risk Value

1.000

Figure4.8 Membership Functions for Risk Values§Each Category
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Table4.14 Ranking of Risk Items Using Developed Method

Deffuzzified Rl‘j‘sni‘r‘]'”g Ranking by Deﬁgéﬂf'ed
Category Risks Risk Devebge d Nieto-Morote Value
Value (2011)
method
Lack of adequate 0.318 > 1
process
Lack ofresources 0.244 4 3
M ' 331
anagement  Inexperienced 0.325 3 2 0.33
team members
Lack of motivation
attitudes 0.399 1 4

The only differese in ranking ist he fALack of motivat i bintheat ti tu

developed method and #4 in NidWorote and Vila(2011) The developed method was able to
generate similar ranking for 3 out of 4 risks. In itidd, the developed method provided
information about the level of risks associated with management group as shoalrigd.14.
It should be noted that the Niekdorote and Vila (2011assumed thevaluations pvided by
expertsas dependentvhile the developed method consider them as independimtetails of

calculationare presented iAppendixC.

The third case studyocus on a road construction projects and it was collected from literature
(Mahamid, 2011)The cas@resentanevaluation of 43 factors whiatontribute indelaying the

road construction projects. The 43 factors were grouped into five groups: Logic and
environment, managerial, consultant, financial, external. &Hastors were evaluated using
guestionnaires from 18 public owners. Théme average was used to calculate the level of
impact and probability ashewn in Table 4.16. The same procedure, presented in the second
case, is followed to evaluation of fuzzy risk value of each risk factor, defuzzification, and

calculation of risk level associated with each group.
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The fuzzy linguistic numeric conversion scheme is generated based on the linguistic evaluation
used by Mahanid (2011)as shown imrable4.15. The FLNCS used in the conversion procedure
is presented ifrigure4.9. The mapping scale presentedaible4.18 is based on the evaluation

scale for probability and impact used by Maha(2d11)as shown in

Table4.19.
Membership
Linguistic Scheme (High-Low)
1.0 Very Low Low Medium High Very High

1 2 3 4 5 6 7 8 9 10
Probability / Impact

Figure4.9 Fuzzy Linguistic Numeric Conversn Scheme
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Table4.15 Fuzzy Linguistic Conversion Scheme

Poor communication between construction par

(5.5,6.5,7.5,8.5)

(3.5,4.5,5.5,6.5)

Unreasonable project time frame

(3.5,4.5,5.5,6.5)

(3.5,4.5,5.5,6.5)

Groups Factors Averages FLNCS
I P I P
Late design works M | M (3.5,4.5,5.5,6.5) (3.5,4.5,5.5,6.5)
Mistake in design M L (5.5,6.5,7.5,8.p (1.5,2.5,3.5,4.5)
Inappropriate design M L (5.5,6.5,7.5,8.5) (1.5,2.5,3.5,4.5)
Consultant Late inspection M | M (3.5,4.5,5.5,6.5) (3.5,4.5,5.5,6.5)
Late approval M | M (3.5,4.5,5.5,6.5) (3.5,4.5,5.5,6.5)
Insufficient inspectors H L (5.5,6.5,7.5,8.5) (1.5,2.5,3%,4.5)
Incapable inspectors M | M (3.5,4.5,5.5,6.5) (3.5,4.5,5.5,6.5)
Insufficient labors M L (5.5,6.5,7.5,8.5) (1.5,2.5,3.5,4.5)
Rework from poor material quality H L (5.5,6.5,7.5,8.5) (1.5,2.5,3.5,4.5)
Rework from poor workmaship H M (5.5,6.5,7.5,8.5) (3.5,4.5,5.5,6.5)
Disturbance to public activities M L (5.5,6.5,7.5,8.5) (1.5,2.5,3.5,4.5)
Logic and Unavailable construction material M | M (3.5,4.5,5.5,6.5) (3.5,4.5,5.5,6.5)
Environmental High competition in bids L M (1.5,2.5,3.5,4.5) (3.5,4.5,55,6.5)
Limited construction area M | M (3.5,4.5,5.5,6.5) (3.5,4.5,5.5,6.5)
Poor terrain condition M L (3.5,4.5,5.5,6.5) (1.5,2.5,3.5,4.5)
Poor ground condition M L (3.5,4.5,5.5,6.5) (1.5,2.5,3.5,4.5)
Poor soil suitability L M (1.5,2.5,3.5,4.5) (3.54.5,5.5,6.5)
Delays in decision making M | M (3.5,4.5,5.5,6.5) (3.5,4.5,5.5,6.5)
Postponement of project M | M (3.5,4.5,5.5,6.5) (3.5,4.5,5.5,6.5)
Late land hanebver M L (3.5,4.5,5.5,6.5) (1.5,2.5,3.5,4.5)
Managerial Late submission of nominated magdsi M L (3.5,4.5,5.5,6.5) (1.5,2.5,3.5,4.5)
H | M
M | M
H | M

Poor resource management

(5.5,6.5,7.5,8.5)

(3.5,4.5,5.5,6.5)
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Groups Factors Averages FLNCS
I P I P
Changes in management ways M L (3.5,4.5,5.5,6.5) (1.5,2.5,3.5,4.5)
Design changes M | M (3.5,4.5,5.5,6.5) (3.5,4.5,5.5,6.5)
Internal administrative problems M | M (3.5,4.5,5.5,6.5) (3.5,4.5,5.5,6.5)
Undefined scope of working M | M (35,4.5,5.5,6.5) (3.5,4.5,5.5,6.5)
Late documentation M | M (3.5,4.5,5.5,6.5) (3.5,4.5,5.5,6.5)
Delay in commencement H M (5.5,6.5,7.5,8.5) (3.5,4.5,5.5,6.5)
Improper construction method M | M (3.5,4.5,5.5,6.5) (3.5,4.5,5.5,6.5)
Late issuing of approvalocuments M | M (3.5,4.5,5.5,6.5) (3.5,4.5,5.5,6.5)
Payments delay H L (5.5,6.5,7.5,8.5) (1.5,2.5,3.5,4.5)
Exchange rate fluctuation M | M (3.5,4.5,5.5,6.5) (3.5,4.5,5.5,6.5)
. Monopoly L | L (1.5,2.5,3.5,4.5) (1.5,2.5,3.5,4.5)
Financial - -
Financial status adwner L L (1.5,2.5,3.5,4.5) (1.5,2.5,3.5,4.5)
Financial status of contractor M | M (3.5,4.5,5.5,6.5) (3.5,4.5,5.5,6.5)
Changing of bankers policy for loans L L (1.5,2.5,3.5,4.5) (1.5,2.5,3.5,4.5)
Segmentation of the West Bank M H (3.5,4.5,5.%.5) (5.5,6.5,7.5,8.5)
Closure M | M (3.5,4.5,5.5,6.5) (3.5,4.5,5.5,6.5)
External Political situation M | M (3.5,4.5,5.5,6.5) (3.5,4.5,5.5,6.5)
Weather condition M | M (3.5,4.5,5.5,6.5) (3.5,4.5,5.5,6.5)
Natural disaster L L (1.5,2.5,3.5,4.5) (1.5,2.5,3.5,4.5)
Table4.16 Risk Mapping Using Developed Method
Groups Factors Fuzzy Risk Value g?;ﬂz\fg;ﬁg Wi Dl\j\gfop ded M(;B?LT)ld
Consultant Late design works (0.1225,0,2025,0.3025,0.4 22" 0.3 0.162
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Groups Factors Fuzzy Risk Value g?;ﬁz\fg;sg Wi Dﬁ\gﬁop ded M(azgiT)'d
Mistake in design (0.0525,0.1125,0.1925,0.292%  0.197 0.107
Inappropriate design (0.0525,0.1125,0.1925,0.292%  0.197 0.107
Late inspection (0.1225,0,2025,0.3025,0.422" 0.3 0.162
Late approval (0.1225,0,2025,0.3025,0.422" 0.3 0.162
Insufficient inspectors | (0.0825,0.1625,0.2625,0.3824  0.255 0.138 )
Incapable inspectors (0.1225,0,2025,0.3025,0.422" 0.3 0.162
Insufficient labors (0.0525,0.1125,0.1925,0.2924  0.197 0.081
REUBIS fg’lglft’gor matel | oso5 0.1625,0.2625,0.382  0.255 0.105
Rework from poor
Workmansh'?p (0.1925,0.2925,0.4125,0.552§  0.385 0.159
_ Disturbance to public | 4 5555 0 1125,0.1925,0.292f  0.197 0.081
Log|c and activities
Environmental  Unavailable construction |, 1555 g po5 0,3025,0.4225] 0.3 0.124
material
High competition in bids | (0.0525,0.1125,0.1925,0.292%  0.197 0.081 s
Limited construction area | (0.1225,0,2025,0.3025,0.422"1 0.3 0.124
Poor terrain condition (0.0525,0.1125,0.1925,0.292F  0.197 0.081
Poor ground andition (0.0525,0.1125,0.1925,0.292%F  0.197 0.081
Poor soil suitability (0.0525,0.1125,0.1925,0.292¢  0.197 0.081
Delays in decision making | (0.1225,0,2025,0.3025,0.4224 0.3 0.067
Postponement of project | (0.1225,0,2025,0.3025,0.422" 0.3 0.067
Late land hanever (0.0525,0.1125,0.1925,0.292¢  0.197 0.044
Managerial Gl SUbn:r;zStlgr?aﬁsf NOMINAE 4 0505 0.1125,0.1925,0.2921  0.197 0.044
Poor communication betwee, , ;55  2925,0.4125,0.552¢  0.385 0.087
construction parties
Unreasonable projecttime |, ;555 5 025,0,3025,0.4221 0.3 0.067

frame
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Groups Factors Fuzzy Risk Value g?;ﬁz\fg;ﬁg Wi D&\g:f)op ded Mégirln)'d
Poor resource managemen (0.1925,0.2925,0.4125,0.552% 0.385 0.087
Changes in management wa (0.0525,0.1125,0.1925,0.292% 0.197 0.044
Design changes (0.1225,0,2025,8025,0.4225) 0.3 0.067
Internal administrative | 1555 9 2025 0.3025,0.4221 0.3 0.067
problems
Undefined scope of working| (0.1225,0,2025,0.3025,0.422F 0.3 0.067
Late documentation (0.1225,0,2025,0.3025,0.422" 0.3 0.067
Delay in commenceent (0.1925,0.2925,0.4125,0.552%  0.385 0.087
Improper construction metho| (0.1225,0,2025,0.3025,0.422¢ 0.3 0.067
Late issuing of approval
docu?nemspp (0.1225,0,2025,0.3025,0.422% 0.3 0.067
Payments delay (0.0825,0.1625,0.2625,0.382§  0.255 0.200
Exchange rate fluctuation | (0.1225,0,2025,0.3025,0.422"1 0.3 0.236
Monopoly (0.0225,0.0625,0.01225,0.202  0.139 0.109
Financial Financial status of owner | (0.0225,0.0625,0.01225,0.202  0.139 0.109
Financial status of contracto| (0.1225,02025,0.3025,0.4225 0.3 0.236
Cha“g'”? of bankers policy| 4 5595 0.0625,0.01225,0.202  0.139 0.109
or loans
Segmemag;’n”k"f the West | 1925,0.2925,0.4125,0.552¢  0.385 0.270
External Closure (0.1225,0,2025,0.3025,0.422" 0.3 0.211
Pditical situation (0.1225,0,2025,0.3025,0.422" 0.3 0.211
Weather condition (0.1225,0,2025,0.3025,0.422" 0.3 0.211
Natural disaster (0.0225,0.0625,0.01225,0.202  0.139 0.098
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Table4.17 Risk Mapping at Group Level

. : o Defuzzified .
Groups(j) Fuzzy Risk ValueB  ® 'Y Risk Value Mapping
Logic andEnvironmental (0.1021,0.17780.27350.3893 0.2433
Consultant (0.09530.1687,0.2621,0.3755 0.2335
Managerial (0.09350.15130.22290.3082 0.1999
Financial (0.0817,0.14860.19930.34249 0.2070
External (0.1317,0.21320.304004362 0.3393 D
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The result of risk mapping shows a considerable level of accuracy (~82%) as compared to
tradtional risk matrix method. In addition, the developed method represents a decision support
for managers since it highlights the higbk categories within the project as shown in

Table4.17.

Table4.18 Color Mapping Scale.

| Mapping Color

Mapping Scale

R<0.16

0.16<R<0.2

R>0.2

Table4.19 Probability and Impact Linguistic Evaluation @lamid, 2011)

Value Probability / Impact
X<0.2 Very Low
0.2<X<0.4 Low
0.4<X<0.6 Medium
0.6<X<0.8 High
X>0.8 Very High
1o Memebership Functions of Risk
Value — Risk Value of
1 ,— Consultant
0.8 [ \ \ Logic and
\ Environmenta
0.6 — Managerial
0.4
- Financial
0.2
0 : : : : — External
0 0.1 0.2 0.3 0.4 0.5 0.6

Figure4.10 Membership Function of Risk Value for Each Group of Risk
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The fuzzy sk values for each group are presente#igure4.10. The centre of area is used to
defuzzify the fuzzy risk value and the mapping scale presentEabie4.17 is usedto map the

risk level of each group. For more details about the calculation please refer to appendix D.

4.2.4 Quantitative Assessment

The developed quantitative assessment metltddes the fuzzy setnd fuzzy probability
theoies Two case studies were tmited from literature to evaluate aquiatively the risk items
associatedvith construction projects. The first case study is a highway construction project
(Paek, Lee, & Ock, 1993)and the second North Edmonton Sanitaryrik (NEST) project
(Shaheen, Robinson, & AbouRizk, 2007Jhe data sets used in both case studies are similar to
the set of data required by the developed quantitative method, thus, these case studies were

selected.

The first case studyreferred to as UHCOC projeds, collected from literaturéPaek, Lee, &

Ock, 1993) This casestudy, whichrepresents a real project for urban highway constructson

used to validate the developed quantitatigk @ssessmeniThe UHCOC projectonsists of

32.18 km highway with 80 various types of bridge structudésincludes approximately
21,870,000 mdf excavation material, 90,000 rof retaining wall, and 45,000 m of various sizes

of drainage pipes. Theog of the project was projected to be around $800 millang it was
scheduled to be completed within 1500 calendar diagisiding the design phasélHCOC
represents a private partnership project that was financed by private owners; the fund was raised
by issuing local bonds and the investment planned to be recouped by charging roddéolls
estimators, from the construction firm that bid the project, provided their own assessment of the
major risk elements and the monetary consequences associatedclitiskalemenare shown
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in Table4.20. Qualitative information does not exst it was not provided by Paek et é1993)
therefore, calculation of Pmitigation contingency assumed that the qualitative risk values of
each risk element equals 10 The fuzy calculations areised to calculate the fuzzy risk value
associated with each component of UHCOC project as showahle 4.21. Figure4.11 shows

the membersip functiors for; estimation and noeestimation related risks, positive and negative
risks, and the total ks associated with UHCOC projediable 4.22 shows the defuzzified value

of premitigation contingency dr eachproject component.The results show that the pre
mitigation contingency required for managing all risk elements associated with UHCOC project
equals to 28,850,100F.able 4.23 shows comparison between ttesults of developed method

and that of Paek et al. (1993), Salah and Moselhi (2012), and Moselhi (F8®fore details

about the calculation please refer to Appertglix
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Table4.20 Data for UHCOC ProjediPaek et al., 1993)

UHCOC

Category Package Risks a b c d
1 Top soil quantity overrun 255 | 285 | 315 | 345
2 Additional retaining walls and Pilings under retaining walls| 3500 | 4500 | 5250 | 5500
3 Additional wick drain pipe 120 | 142 | 150 | 150
o 4 Additional remedial excavation in lieu of wick drain pipe 1400| 1800 | 2000 | 2400
Estg?:lzlon 5 Rock quantity overrundrill and shoot by 25% 2550| 3230| 3570| 4250
6 Additional 1 mi hauling distance of drill and shoot rock 2000 | 2375| 2625 | 3000
Positive 7 Disposalfee $1.0/cu. Yd. for drill and shoot rock 4165 | 4752 | 5047 | 5625
Risks 8 Increase in all storm drainage pipe by 6 in 1040| 1170| 1430| 1560
9 Increase in reinforced concrete pipe by 15% 1360| 1615| 1700| 1700
10 Schedule acceleration 5250| 6750| 7500 | 8625
11 DBE by 20% 800 | 900 | 1000| 1150
Non 12 Design Growth 3000/ 5100 6600| 7500
esgigits'on 13 Design/approval delays 2800/ 3600 | 4400 | 5200
14 Regulatory agencies 3750| 4750 | 5250| 6000
15 Disposal of excess materials 4250| 4750| 5000 | 5500
16 Less remedial excavation in lieu of wickain pipe 285 | 297 | 300 | 300
17 less retaining walls and pilings under retaining walls 3200| 3800 | 4200| 4600
o 18 Fatten slopes on site waste from drill and shoot rock 2400| 2700| 3000| 3000
EStl'g‘al:'O” 19 Less tire/ track / repairost 935 | 1067 1133 1265
Negative 'S 20 Less equipment maintenance cost 996 | 1140| 1260 1404
Risks 21 Piling reduction by 6ft per pile under bridge 720 | 873 | 900 | 900
22 Replace 78Rvalue rock with 50Rvalue rock 1725| 2185| 2300| 2415
Non 23 Schedule deceleration 3750| 4750 | 5000| 5750

estimation .

Risks 24 Less Design/approval delays 1400| 1800 2200 | 2600
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Table4.21 Fuzzy Calculation of UHCOC Project and its Components

Type

Group

Fuzzy Risk Value

Fuzzy Risk Value

Fuzzy Risk Value

of Groups of Types of Project

Positive ES“F:?:‘Q'O” (16390, 19869, 22087, 2453

Risks Non (36240, 45719, 51837, 5850)
estimation | (19850, 25850, 29750, 3397

UHCOC Risks (20829, 27107, 31544, 3627

ES“F:?:‘;'O” (10261, 12062, 133, 13884)

Ng?:lfg’e Non (15411, 18612, 20293, 2223
estimation | (5150, 6550, 7200, 8350)

Risks

Table4.22 Defuzzified Risk Values for UHCOC and its Components

Defuzzified Risk Defuzzified Risk Defuzzified Risk
Type Group Valueof Groups Value of Types Value of Project
$) (%) $)
Estimati
Positive stimation 2067108
Risk Risk
ISKS Non 47934.18
Estimation 27194.5
UHCOC = Risks 28850.1
stimation 12211.32
Negative Risk
Risks Non. 19036.11
Estimation 6806.76
Risks
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Package Risk Value
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0.8 \ = Positive Estimation
' l Risks
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- Negative
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0.8
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Figure4.11 Fuzzy Membership for UHCOC Project and its Compdsien
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Table4.23 Comparison of UHCOC Results

Developed Salah Moselhi (1997) using Paek et al.
Method (2012) PERT (1993)
%) (%) (%)
uHcoC 28,850,100 | 28,872,500 29,2%,000 28,968,350.00
Project
Thesecondt ase study represents a tunnelling proje

Sanitary T rwhichkvas cqllddtEdSrony literatuf(Shaheen, Robinson, & AbouRizk,

2007) The city hadan initial estimate of $6 million and a maximum allocated budget of $8.8
million (Shaheen, Robinson, & AbouRizk, 2007he data, used in this case stuslypwn in
Table4.24, was prepared by the City of Edmonton for its tunnelling project. The NEST project is

a tunnel, with 3.6 km length and interior diameter of 2.34 m, which aims to provide sanitary
servicing to neighbourhoods in northern city of Edmonton, Alberta.Qityeof Edmonton had
concerns about meeting the budgeted cost of the project. Therefore a study was conducted using
Monte Carlo simulationThis case study was also used by Salah and Mog2llii5) and
Shaheen et al(2007) to estimate the range cost of a projeebor more details about the

calculation please refer to Appendix F.

Table4.24 Cost Estimation Bta for NEST Project

Activity Name A (%) B ($) C (%) D (%)
Mobilization 40000 70000 70000 100000
Power Installation 89000 89000 89000 89000
Power- 156 Str. 15000 15000 50000 50000
Excavate Work Shaf 97600 122000 122000 146400
Excavate under cut 200000 269000 269000 350000
excavate tail tunnel to east 100000 123000 123000 150000
form and pour undercut 80000 80000 80000 80000
form and pour tail undercut 39000 39000 39000 39000
form and pour shaft 100000 120000 120000 150000
excavate access shaft 16000 16000 16000 16000
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Activity Name A (%) B ($) C (%) D (%)
backfill shaft and install segments 44000 44000 44000 44000
tunnel install segments (866m) 1951964 | 2142484 | 2142484 | 2909760
patch and rub tunnel crown 80.000 134.000 | 134.000 140000
patch and rub tunnel final cleanup 161.000 | 188.000 | 188.000 | 215.000
spoil removal 54 8.1 8.1 9.7
access manhole shaft 61000 61000 61000 61000
tunnel and install segments (756m) | 1704024 | 1870344 | 1870344 | 2540160
patch and rub tunnel crown 80 134 134 140
patch and rub tunnel final cleanup 161 188 188 215
spoil removal 54 8.1 8.1 9.7
removal shaft 101000 101000 101000 101000
Fuzzy Cost Range of NEST 4639080.8| 5162488.2| 5197488.2| 6827049.4
Defuzzified Value of NEST 5,638099
Table4.25 Results of Cost Range Estimating Case Study
Developed . Shaheen et Monte carlo
Methopd Salah(ggfsl;/loselhl al.(2007) Simulation
(%) ($) ($)
NEST| $5,638 099 $ 5,456,373 $6,054,474 $ 6,059,350

The results shown in Tablé.25 shows that the developed method can be applied also to
estimating cost range of construction projedise fuzzy membership function that represents
the cost range estimate tiie NEST project using the developed methods presented in
Figure4.12. The shape of the membership functions is generated using the fuzzy multiplication
presentedn Eq3.2b However, in case of multiple fuzzy evaluatiareused he shape of fuzzy
membership function could differs than trapezoidalassumed by Shaheen et(a007) and

Salah & Moselhi (2015)Thus, the fuzzy membership calculation used in the developed method

in that case mayehd to more accurate results as compared to other methods.
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Figure4.12 Fuzzy Membership Function for Range Cost Estimating of NEST Project

4.2.5 Mitigation

The case study is collected from literatAsbdelgawad & Fayek, 2012)The scope of the

selected projecincludes the installation of a new crude oil pipeline with an initial capacity of

350,000 bpd. The total length of the pipeline is 380 km. Horizontal directional di(HiBd)

failure to meet the project objectives was identified as a critical risk elierge strategies were

identified and selected to mitigate thbree risk factors associated with thes shown in

Table4.26.

Table4.26 HDD Mitigation DATA (Adopted with Abdejawad and Faye{z012)

Risk Risk : e
Event Eactors Basic Event Mitigations P
Non availability of HDD Establish a proper
HDD Failure to select theg  contractor with the required prequalification
. . . . M
failure right contractor experience at the time and | strategy to select the

location required

right contractor

117



Risk Risk

Event Factors Basic Event Mitigations P

Failure to establish objective
selection criteria and enforce M

them during bidding stage
Failure to select thg Failure to establish complete| Establish a proper

most appropriate geotechnical studies procedure to select th H
drilling location Right of Way (ROW) constraint] right drilling location | M
Failure to e_tablish Poor project management I_Establish a L
proper contingency contingency plan to
plan to control the Unavailability of skilled control the risk, if M
risk event if realized resources realized

Abdelgawad and FaydR012)estimate the expected risk magnitude (ER¥IHDD failure after
consideration ofthree mitigation strategies The fuzzy event tree analysis was selected to
calculation the overall probabiliyassuming that all three strategies have potentigetdailed

or succeededConsidering thewvailabledata, HDD case study was analysed aatibratedto
applythe developed mitigation method as showfable4.27. The fuzzy linguistic conversion
scheme, presesd inFigure4.13, is used to convert the linguistierms.However, this FLNCS
represents a variable and it can differ frome organization or project type to anothdihe

results of the conversion are preserntedable4.28.

Table4.27 Post Analysis of HDD Case Study Dafebflelgawad and FaygR012)

Ig\:/lzlr(]t Preventive Actions (PA) MEFP Remedial Actions (RA) | MEFC
1. Establish a proper
prequalification strategy to M 1. Establish a contingenc
HDD select the right contractor plan to control the risk| M
failure . . ) ;
2. Establish a proper procedure { L if realized
select the right drilling location
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Figure4.13 FLNCS for HDD Case Study

1.0

Table4.28 Converted Linguistic Evaluation of Preventive and Remedial Actions

Risk Defuzzified Defuzzified
Event PA MEFP MEFP RA MEFC MEFC
PAl1 | [0.3,0.5,0.5,0.7] 0.5
HDD
failure RA1 | [0.3,0.5,0.5,0.7] 0.5
PA2 | [0.1,0.2,0.3,0.5] 0.28
Table4.29 Generation and Identification of Possible Mitigation Strategies
Possible Mitigation Strategy | Actions | MEF | MSC | PREMC | PEF | POSTMC
MS1 PAl 0.5 0.5 0.5
MS?2 PA2 0.28 0.28 0.72
MS3 RA1 0.5 0.5 0.5
MS4 MS1+MS2 | 0.36 0 1 0.36 0.64
MS5 MS1+MS3 | 0.75 0.75 0.25
MS6 MS2+MS3 | 0.64 0.64 0.36
MS7 MS3+MS4 | 0.82 0.82 0.18
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The data did not includdetailsabou cost of each mitigation strategy and the-priggation
contingency in case of HDD failure. Thusist of the mitigation straggesandthe pre-mitigation
contingency areconsideredequal toO and 1 respectively. In this case, the post mitigation
contingency is calculated as percentagé the risk cost of HDD failureThe PEF for each
mitigation strategy is calculated using E352. The mitigation strategy ME(i.e. similar to the
case study)s selected as the most effective mitigation stratiegyHDD failure as shown in

Table4.29. Thus, he post mitigation contingency is calculated using Eq. 3.53 as follows:
POSTMC= (1-PEF)x PREMCC POSTMC = (10.82)*1 = 0.18 (18%)

The difference betweel S5 and MS7 is relatively low, thus, the use of MS5 elevatepadisé
mitigation conthgencyfrom 18(%) to 25(%). However, the cost of each mitigation strategy and
the premitigation contingency value could lead to different selection. Assuming the pre
mitigation contingency of the HDD failure risk is 1% of the total cost ofHB projed that
means the post mitigation contingency equals t®8%. (025%) of the baseline cost of the
project which is considered as comparable results obtained by the case study (B2 e

details about the calculatiari MEF please refer to Appendi®.

4.3 Numerical Example

Lack of monitoring and contrainethods in literature generates lack of dakéch can be usetb
validate the developedhonitoring and control method¥hus a numerical example is used to
illustrate the complete process of the develo@&MM and to highlight its essential features

including monitoring and control
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Figure4.14 Project Risk Breakdown StructureMicro Level
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Table4.30 UIDN Generation For each Project Component

Projects Categories Packages Activities Tasks Risks UIDN
1 D_esig_n Error: Code 111111
Design Violation
2 Design Error:
. 1.1.1.1.1.2
1 Structural 1 SCt?chctﬁfs Mistakes
1 Dimensions Error | 1.1.1.1.2.1
Detailing | 2 Error in Size
1 Engineering Selection 1.1.1.1.2.2
1 Coneptual Error 1.1.21.1.1
Plans X -
2 Functionality Error | 1.1.2.1.1.2
2 Architectural 1 Drawings | 1 Material Selection | ;154191
1 AQ Elevations Error
Tower 2 Lack of Details 1.1.2.1.2.2
Purchase 1 Price Increase 1.2.1.1.11
1 Concrete 2 Lack of availability | 1.2.1.1.1.2
1 Resources ) :
Material Delivered |-+ 2t Delivery 1.2.1.1.2.1
elivere
2 Damaged Materials| 1.2.1.1.2.2
2 Procurement 1 Defected | 122111
Masonry Workmanship
2 Services 1 Constructor 2 Alignment Problem | 1.2.2.1.1.2
1 Low Quality 122121
Concrete :
2 Poor Workmanship | 1.2.21.2.2
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Table4.31 Consequences, Preventive Actions, and Remedial Actions of Each Risk Item

Consequences Preventive Actions Remedial Actions
> g X S — 5 =
S« | ez 2|28 21 £ a5 8y o0
UIDN 6| 5| E| S| 2| 2|23 | 2| | 82| |58 25§

s | 3| S 58| 2| S |83 3832|252 8| %5|¢s¢
2 04 g 2s © @) S o R = € £ n Q c = =
@ < « 5 S o < 2 S - =
o < a & = O

1.1.1.1.1.1 \ \ \ VvV \

1.1.1.1.1.2 \% \ \Y \ \

1.1.1.1.21 \ \Y Vv Vv

1.1.1.1.22 \Y \Y \Y \Y Vv

1.1.21.11 \ \Y Vv

1.1.21.1.2 \Y \ \Y \Y Vv

1.1.2.1.21 \ \Y Vv

1.1.2.1.22 \Y \ \Y; \Y Vv

1.21.1.11 \Y; \Y Vv

1.21.1.12 \Y \Y Vv

1.21.1.21 \Y; \Y Vv Vv

1.2.1.1.22 \Y \Y Vv

122111 \Y \Y Vv

1.22.1.1.2 \Y \Y \Y Vv \Y

1.2.2.1.21 \Y \Y Vv

1.2.2.1.22 \Y; \Y Vv
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4.3.1 ldentification phase

The first step is to generate the MRBS as showfignre4.14. The numerical example consists

of small poject that has in total 16 risks associated with 8 tasks, 4 activities, 4 packages, and 2
categories. Based on the hierarchy the project components an UIDN is assigned to each risk
item as shown inTable 4.30. After generation of MRBS, the risk consequences, preventive

actions, remedial actions and control actions are identified as shovebled.31.

4.3.2 Assessment Phase

The assessment phasdlows the identification phse and itconsists of three steps: Qualitative
assessment, risk mapping, and quantitative assessment. Each step was treated separately to

demonstrate the interconnections among these steps.

The first step is the qualitative assessment of risk itefmseXpertsevaluate thgrobabilityand
impact of each riskusing fuzzy theoryas shown inTable 4.32. The linguistic evaluations of
probability or impact are convertetito numericusing the FLNCS shown iRigure4.15. Fuzzy
calculation is used to calculate the fuzzy probability, fuzzy impact, and fugkyvalueas

shown inTable4.33. For more details about the calculation please refer to Appendix H

Table4.32 Fuzzy Evaluation of Impact, Probability and Conseqesraf Each Risk

Impact Probability Consequences

Risk E Ci1 C2 C3
ajbjcjdiajbjc d a|bjc|d|a|b|lc|d|ja|b]|c]|d
El |6|7|7|8 (12| 4|5 |10|(20|30|50|15|25[30|35|10|15|20|25
111111 E2 |3|5|5| 7 |3|5| 6|7 |[30][40|40|60|10|20|20|25|15|30|30]|35
E3 |3|4|4| 6 |2|4| 4| 7 |15|/25|25|50|30|40|50|60|20|25| 25|40
E1 |1|3|5/6|1|3| 5|6 |10[/20|{30|40|10|15|25|30|10|30|30]40
111112 E2 |2|4|4| 7 |2|4| 6|7 |30]|50|50|60|20|[30|30|40|30|40]|40]|50
E3 |1]2]|2| 3|23 3|6 /10[/20][40|60|30|40|40|60|15|25|25]30
111121 E1 |6|7|8|10|1|2| 4|5 (20|{30|40|50| - | - | - | -|-1]-1]+-]-
E2 |3|5|5| 7 |3|5|6 |7 |30[30[(40|40| - | - | - | -|-|-1|-1-
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Impact Probability Consequences

Risk E C1 c2 C3
ajbjepdijalblc)d alblc|d|al|b|lc|d|a|b|c|d
E3 |3/5|7]| 813|455 15/25(30]50] - -1 -1-1-1-1-1-
11100 EL1315(5(8 [1[3] 5|6 [30]40(40]60| 15| 25|25[30] - | - | - |-
""" E2 | 21313612447 20/30[40[50[20[30]40(50] - | -] - |-
E3 |2414] 7122 330/30/40[40[30[30]40] 40| - | -] - |-
E1 35|78 13455 10(30(30(40] - -] -1-1-1-1-1-
Ll =2 1al4a[ 7356 7130[40]40(50] - | - | - -1 -1-1-7-
E3 341461233615/ 25(25(30 - -] -1 -1-1-]-1-
12110  EL1213[3[6 [1]2]4 |5 [15]25]30|50|30|30]40]40]30]40]40]60
""" E2 |3(516] 7 24|47 10]30]30]40|15|25]25]30|40]50] 5060
E3 [1]3/5]6 23|56 30|40 40]60|20]30]40]50[10]20] 2050
E1 1212313455 100202025 - -1 -1-1-1-1-1-
11212 =153 36 (135 6130[40(50(60] - | - | - -1 -1-1-7-
E3 34146 244710015 25[30] - -] -1 -1-1-]-1-
12100 EL1213[3[6 [1]2]4 |5 [15]25/30|50|30|30]|40]40]30]40]40]60
""" E2 | 2414|7246 7 30/50[50]60]20]30]30]40|30]40] 4050
E3 |3(5/5] 7 35|67 |30]40[40]60|10|20]20] 25|15 30] 30|35
E1 |2/3|5]/ 611356 30/40(50]60] - -1 -1-1-1-1-1-
L2444 e, SIS 2 3| 5 | 6 (20(30(30(50] - |- |- |- |- |-|-|-
E3 |34|4|6 357 820(25(35]40 - -] -1 -1-1-1-1-
E1 |3/5|7]| 813|456 20030(40(50] - | -] -1 -1-1-]-1-
12l T8 l8 9233515253040 - | - |- -1 -1-1-7-
E3 |3(4|4] 61566 730040(50(60] - | -] -1 -1-1-1-1-
El 2412|6347 820253540 - -] -1 -1-1-1-1-
121122 =551 376168 (3456 20030(40(50] - | - | - -1-1-1-1-
E3 [6]/7 8] 9 EIEINSN 15[25[30[40] - [ -[-[-[-1-1-1-
E1 |3]6|7|83|4|5|6[20030(40(50] - -] -1 -1-1-1-1-
Lell22 =5 a6 (2[4 4] 7110[15]25130] - | - | - -1 -1-1-7-
E3 |3(5/5] 71356 7 30040(40(60] - | -] -1 -1-1-1-1-
E1 677|102 2 4 5 4 7070(80] - -1 -1 -1-1-1-1-
122111 E2 |4(5(5] 63516 7150/60(60]90] - -1 -1 -1-1-1-1-
E3 571891345 530505070 - -1 -1-1-1-1-1-
122112 EL[5[7]7] 8 [GNNSNNMONNEY 30 40]40[60[20[30]40[50[ - [ - | - [ -
""" E2 |5(6/6] 715|6| 7|8 |30]40[40]50|30[30]40]40| - | -] - |-
E3 67|18 915789 15/30(30]35/15[25]30]50] - | -] - |-
E1 |2/3|4]| 611345 15/25(30(50] - -1 -1 -1-1-1-1-
122122 —eo % alal 73516 7 130(40(40] 70| - | - | - -[-1-]-1-
E3 |4]6/6] 81456 730(50(50[80 - -1]-1-1-1-]-1-
E1 |6/7|8|10/4]5/5]650/60(60[9] - -1 -1 -1-1-1-1-
122122 5515766 9 [6178 91 30/40(50] 70 - | - | -1 -1-1-1-1-
E3 57171 815|8|810[30/35(45]60| - | -] -1 -1-1-1-1-

Green: Low, Yellow=Medium, Orange= ¢, Red = Very High
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Figure4.15 Fuzzy Linguistic Conversion Scheme

Table4.33 Fuzzy Calculation of Risk Item

. Fuzz Fuzz . Defuzzified
Risk Impaé/t Probabﬁity Fuzzy Risk Value Risk Value
1.1.1.1.12.1) [3,47,8] [1,2,6,7] [0.03,0.08,0.42,0.56] 0.26
1.1.1.1.1.2 [1,2,5,7] [1,3,6,7] [0.01,0.06,0.3,0.49] 0.2
1.1.1.1.21) [3,5,8,10] [1,2,6,7] [0.03,0.1,0.48,0.7] 0.31
1.1.1.1.22 [2,3,5,7] [1,2,5,8] [0.02,0.06,0.25,0.56] 0.2
1.1.21.1.1) [2,4,7,8] [2,3,6,7] [0.04,0.12,0.42,0.56] 0.28
1.1.21.1.2| [1,2,4,6] [1,3,5,7] [0.01,0.06,0.2,0.42] 0.163
1.1.2.1.21) [2,3,5,7] [1,2,6,7] [0.02,0.06,0.3,0.49] 0.22
1.1.2.1.22| [1,2,4,6] [1,3,7,8] [0.01,0.06,0.28,0.48] 0.2
1.2.1.1.1.1) [1,3,5,6] [3,5,7,8] [0.01,0.09,0.35,0.48] 0.225
1.2.1.1.1.2 [3,4,8,9] [2,3,6,7] [0.06,0.12,0.48,0.63] 0.31
1.2.1.1.21| [2,489] [1,2,7,8] [0.02,0.08,(066,0.72] 0.33
1.2.1.1.22| [2,4,7,8] [2,4,6,7] [0.04,0.16,0.42,0.56] 0.29
1.2.2.1.1.1| [4,5,8,10] [1,2,6,7] [0.04,0.1,0.48,0.7] 0.33
1.2.2.1.1.2| [5,6,8,9] [5,6,10,10] [0.25,0.36,3,0.9] 0.4
1.2.21.21| [2,3,6,8] [1,3,6,7] [0.02,0.09,0.36,0.56] 0.25
1.2.2.1.2.2| [5,6,8,10] [4,5,8,10] [0.2,0.3,0.64,1.0] 0.54

The risk mapping method is used to illustrate graphically the risk level associateccadh
project component ashown inTable 4.34 and Table 4.36 respectively Subsequently the risk

items are mappeds shown irusing the mapping scale presented able4.35. The Fuzzy Risk
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value of each task is also calculates using Eq. 3%8alarly, the risk level associadavith each

activity, package, and category is calculaaad mappeds shown in

Table4.34 Risk Mapping at Risk and Task Levels

Weight Defuzzified
. Defuzzified Risk of Fuzzy Risk )
Risk ) . ) Risk Value
Risk Value | Mapping risk Value of Task
of Task
value
1.1.1.1.1.1 0.26 0.57
111112 02 043 [0.021,0.071,0.368,0.53] 0.235
1.1.1.1.2.1 0.31 0.61
111122 02 039 [0.026,0.084,0.39,0.645] 0.268
1.1.21.1.1 0.28 0.63
112112 0163 037 [0.029,0.098,0.339,0.508 0.235
052 | 0110350175 0200 [ REEENN
1.2.1.1.1.1 0.225 0.42
1211192 031 058 [0.039,0.107,0.425,0.567 0.275
1.2.1.1.2.1 0.33 0.53
1211290 029 047 [0.029,0.117,0.457,0.645 0.31
122111 0.33 0.38
122110 053 062 [0.169,0.26,0.579,0.823] 0.45
1.2.21.2.1 0.25 0.32
1221292 054 0.68 [0.143,0.234,0.551,0.86] 0.45
Table4.35 Risk Mapping Scale
Mapping Scale | Mapping Color
R<005
0.05<R<02
0.2<R<035

0.35<R<05
R>05
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Table4.36 Fuzzy Calculation and Mapping for Packages and Categories

Defuzzified Defuzzified
Risk Fuzzy Risk Value of | Risk Value| Fuzzy Risk Value of | Risk Value
Activity / Package of Activity Category of
/Package Category
1.11.1.11
1.1.1.1.1.2) [0.024,0.078,0.38,0.591
1.1.1.1.2.1 0.253
1.1.1.1.2.2 |
1.1.2.1.1.1 [0.023,0.077,0.336,0.52]  0.229
1.1.2.1.1.2 [0.023,0.076,0.281,0.43(
1.1.21.2.1 0.198
1.1.2.1.2.2
1.21.1.1.1
1.2.1.1.1.2/ [0.034,0.113,0.442,608]
1.2.1.1.2.1 0.291
1.2.1.1.2.2
1.2.21.1.1 [0.108,0.194,0.517,0.75 0.386
1.2.2.1.1.2) [0.156,0.247,0.565,0.841
1.2.2.1.2.1 0.448
1.2.2.1.2.2

The fuzzy risk level of the project equals to [0.0766, 0,1B445, 0.665]and its respective
defuzzifiedvalueequals to 0.328Thatmeans the overall risk levaksociated with the projeist
medium. Thus, mappi ng of t he A A Qandlits nwespecbive pompojegits t ite
presented ifrigure4.16. The quantitative assessment step aims to calculate the contingency fund
required to manage a risk as shownrable 4.37. The premitigation contingency for project
components can be also calculated usiages of Egs. 3.30 3.34 as shown iMable 4.38.

However, premitigation contingency is decreased by implementing a mitigation strategy.
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Table4.37 Premitigation Contingency Calculation at Risk Level

_ Fuzzy Fuzzy Defuzzified
Risk EMV PREMC PREMC
(x1000%)
1.1.1.1.1.1 [30,55,120,160] [0.9,4.4,50.4,89.6] 34.13
1.1.1.1.1.2 [30,60,130,170] [0.3,3.6,39,83.3] 26.52
1.1.1.1.2.1 [15,25,40,50] [0.45,2.5,19.2,35] 12.6
1.1.1.1.2.2 [35,55,80,110] [0.7,3.3,20,61.6] 16.83
1.1.2.1.1.1 [10,25,40,50] [0.4,3,16.8,28] 10.84
1.1.2.1.1.2 [10,15,50,60] [0.1,0.9,10,25.2] 83.85
1.1.2.1.2.1 [40,75,130,160] [0.8,4.5,39,78.4] 22.4
1.1.2.1.2.2 [15,25,35,50] [0.15,1.5,9.8,24] 7.4
1.2.1.1.1.1 [20,25,50,60] [0.2,2.25,17.5,28.8] 10.94
1.2.1.1.1.2 [15,25,50,60] [0.9,3,24,37.8] 14.67
1.2.1.1.2.1 [15,25,40,50] [0.3,2,19.6,36] 13.08
1.2.1.1.2.2 [10,15,40,60] [0.4,2.4,16.8,33.6] 11.8
1.2.21.1.1 [30,50,70,90] [1.2,5,33.6,63] 23.33
1.2.21.1.2 [30,55,70,110] [7.5,19.8,51.2,99] 40.14
1.2.21.2.1 [15,25,50,80] [0.3,2.25,18,44.8] 14.4
1.2.2.1.2.2 [30,35,60,90] [6,10.5,38.4,90] 32.6

Table4.38 Calculation of Pramitigation Contingency for Project Components

PREMC at PREMC at PRIE.MC PREMC at PREMC at
Risk Risk Level Task Level Activity / Category Project
(x10008) (x10008$) Package Level Level Level
(x1000%) (x1000%) (x1000%)
1.1.1.1.11 34.13
1.1.1.1.1.2 26.52 60.65 90.08
1.1.1.1.21 12.6 9 43 '
1.1.1.1.2.2 16.83 ' 214.56
1.1.2.1.11 10.84
1.1.2.1.1.2 83.85 94.69 124.48
1.1.2.1.21 22.4 29.8 '
1.1.2.1.2.2 7.4 '
121111 10.94 25.61 375.52
1.2.1.1.1.2 14.67
1.2.1.1.21 13.08 24.88 50.49
1.2.1.1.2.2 11.8 ' 160.96
1.2.2.1.11 23.33 63.47 '
1.2.2.1.1.2 40.14 ' 110.47
1.2.2.1.21 14.4 47 '
1.2.2.1.2.2 32.6
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Table4.39 Evaluation of Preventive and Remedial Actions

Preventive Actions Remedial Actions
Quality Assurance Increase Waste Management Resource Increase
R E Communications
Cost Efficiency Cost Efficiency Cost Efficiency Cost Efficiency
(PAC) Factor (PAC) Factor (RAC) Factor (RAC) Factor
(x10009%) (MEFP) (x10009%) (MEFP) (x1000%) (MEFC) (x1000%) (MEFC)
E1l| [3,5,6,9]]|[0.2,0.3,0.4,0.5] [4,5,5,8] | [0.6,0.7,0.8,0.9] [3,5,6,7] | [0.4,0.5,0.5,0.6] - -
122112 E2 [4,6,6,7] | [0.4,0.70.7,0.8]| [4,6,7,9] | [0.5,0.6,0.6,0.8] [2,4,5,6] | [0.5,0.7,0.7,0.8] - -
E3| [2,3,3,5]|[0.4,0.6,0.6,0.7] [3,5,6,7] | [0.5,0.8,0.8,0.9] [4,5,5,8] | [0.5,0.6,0.7,0.9] - -
E1l| [2,3,5,6]|[0.4,0.5,0.6,0.8] - - - - [3,6,6,9] | [0.3,0.4,0.4,0.5]
122122 E2|[34,47 [[0.3,0.4,0.4,0.7 - - - - [4,5,5,7] | [0.5,0.7,0.7,0.9]
E3| [2,5,6,7] | [0.5,0.6,0.6,0.8] - - - - [4,6,7,8] | [0.4,0.5,0.6,0.8]

Table4.40 Fuzzy Calculation for Preventive and Remedial Actions

Preventive Adbns

Remedial Actions

Quality Assurance Increz'ase. Waste Management Resource Increase
R Communications
Cost Efficiency Cost Efficiency Cost Efficiency Cost (RAC) Efficiency
(PAC) Factor (PAC) Factor (RAC) Factor (x10009 Factor
(x1000%) (MEFP) (x1000%) (MEFP) (x1000%) (MEFC) (MEFC)
1221.1.2 [2,3,6,9] | [0.2,0.3,0.7,0.8] [3,5,7,9] | [0.5,0.6,0.8,0.9] [2,4,6,8] | [0.4,0.5,0.7,0.9] - -
122122 [2,3,6,7] | [0.3,0.4,0.6,0.8 - - - - [3,5,7,9] [0.3,0.4,0.4,0.5]
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Figure4.17 Memebership Function of Costs and Efficiency factors of Preventive and Remedial Actions
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The mitigation process aims to identify, evaluate and select the most effective mitigation strategy
to decrease the contingency durequired for managing a risk. The focus in the remaining part of
this example is on the most critical risks: Alignment problem (1.2.2.1.1.2) and Poor
Workmanship (1.2.2.1.2.2). The identified preventive and remedial actions, sh@ahl@#.39,

are used to generate a list of possible mitigation strategies for each risk. Thus, the first step is
evaluation of these actions as presented able 4.39. Three experts were involved in the
evaluation pocess of mitigation strategy using fuzzy set theory. Thus, the cost and the efficiency
factors of preventive and remedial actions are evaluated as showrabie 4.40. The

membership functions of cost and effiagrfactor of each action are presente&igure4.17.

Table4.41 Defuzzification of Cost and Efficiency Factors of Preventive and Remedial Actions

Preventive Acbins Remedial Actions
R Quality Increase Waste Resource
Assurance Communication Management Increase

PAC | MEFP PAC MEFP RAC | MEFC | RAC | MEFC

122112 5.15 0.50 6.98 0.71 5.36 0.63 - -

4.56 0.55 - - - - 5.99 0.58

1.2.21.2.2

The defuzzified cost and effency factor of each action is presented e mitigationprocess

aims to identify, evaluate and select the most effective mitigation strategy to decrease the
contingency fud required for managing a risk. The focus in the remaining part of this example
is on the most critical risks: Alignment problem (1.2.2.1.1.2) and Poor Workmanship
(1.2.2.1.2.2). The identified preventive and remedial actions, showalle 4.39, are used to
generate a list of possible mitigation strategies for each risk. Thus, the first step is evaluation of
these actions as presentedlable 4.39. Three experts were involved in the evaluatioogess

of mitigation strategy using fuzzy set theory. Thus, the cost and the efficiency factors of
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preventive and remedial actions are evaluated as showralie 4.40. The membership

functions of cost and efficiey factor of each action are presente&igure4.17.

Table 4.41. Generation of possible mitigation strategies for each risk itenrasepted in
Table4.42. The mitigation strategy cost (MSQ@hitigation efficiency factor (MEF)and planned
efficiency factor (PEF)for each strategy are calculated usikgs. 3.50 3.51, and 3.52
respectively.Based on PEF, MS6 and MS3 weselected as the most effectisgrategies for
mitigating Alignment problem (1.2.2.1.1.2) and Poor Workmanship (1.2.2.1.2.2) respectively.

Thus, the post mitigation congency is calculated using Eq. 3&3presented ihable4.42.

Table4.42 Mitigation of "Poor Workmanship" and "Alignment Problem™

Possible
Risk Mitigation Actions MEF | MSC | PREMC | PEF| POSTMC
Strategies
MS1 PA1 0.5 | 5.15 0.37
MS2 PA2 0.71 | 6.98 0.54
MS3 RA1 0.63 | 5.36 0.50
1221192 MS4 MS1+MS2 0.86 | 12.13 4014 0.56 16.76
MS5 MS1+MS3 0.82 | 10.51 0.56
MS6 MS2+MS3 0.89 | 12.34 0.58
MS7 MS1+MS2+MS3 | 0.95 | 17.49 0.51
MS1 PA1 0.55 | 4.56 0.41
1.2.2.1.22 MS2 RA1 0.58 | 5.99 32.6 0.40 16.74
MS3 MS1+MS2 0.81 | 10.55 0.49

The monitoring procesams to evaluatéhe risk acceptance factthratrepresents theonitoring
criterion as theacceptable tolerancin mitigating each risk. Three experts evaluate the risk

acceptance factor using fuzzy theory lagven inTable4.43.
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Table4.43 Evaluation of Risk Acceptance Factor

R E | Fuzzy RAIj(%) Fuzzy RA| Defuzzified RAi (%)
E1l [1,2,23]
1.2.21.1.2 E2 [1,3,3,4] [1,2,3,5] 2.8
E3 [2,3,3,5]
E1l [2,3,3,5]
1.2.21.2.2 E2 [2,3,4,5] [2,3,4,6] 4.6
E3 [2,4,4,6]

The monitoring process requires actual data to evaluate the selected mitigation strategy. The
dataincludesactual mitigation depleted and actual peragetof completionvhich assumed to

be gathered using an automatic acquisition systershownin Table 4.44. The monitoring
process continuously calculates the actual efficiency factor and compare to the planned
efficiency factorusing risk acceptance (RA) criterion as showiale4.44. Once theplanned
actualratio is higher than 1+RA the system send an alert to risk owner to initiate the control
process Once the risk control process is initiated the monitoring system casulbage risk

residual using Eq. 3.67 as follows:

RR =17.5513 = $4.55 K

The controlprocess aims to decrease the risk residual in order to not exceed the post mitigation
contingency. In this numerical example, the experts identified two possible control actions
AChange concrete contractor o and A B x chePsosoirv e

wor kmanshipo risk.
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Table4.44 Monitoring Process Calculation

S o 5| ®¢ L
@) 2 =1 = —
=S| 2| o] ¢% 58| 98 u| 2| % =
R wl 0 () == =t = o Ll T o I
o4 3 S| oo SE| RE| < m + <
(o} ot < Qo o O o o
~ O <O
1.2.2.1.1.2 40.14| 16.76| 12.34| 14 80% | 14.42 | 0.64 | 0.91 | 1.028
1.2.2.1.2.2 32.6 | 16.74| 10.55| 13 35% | 17.55 | 046 | 1.054| 1.046

The experts evaluadghoseactions using fuzzy set theory as showiiable4.45. Fuzzy

calculationis used to calculate the control efficiency facadits defuzzified value for each

control actionas showrnn Table4.46 and

Table4.47 respectivelyThe post control factor (PCF) is calculated using Eq. 3.70 as shown in

Table4.47.

Table4.45 Control Actions Evaluations

Preventive Actions
R E Change ConcretContractor Excessive Quality Supervision
CAC CEF CAC CEF
E1l [1,1.5,1.5,2]| [0.4,0.7,0.7,0.9]| [1,1.51.52.5 | [0.5,0.6,0.8,0.9]
1.2.21.12 E2 [0.5,1,1.5,2] | [0.5,0.6,0.7,0.8]| [1,2,2,2.5 [0.6,0.7,0.8,0.9]
E3 [0.5,1,1,2] | [0.5,0.7,0.7,0.9]| [0.51,1,2.5] | [0.7,0.8,0.8,1.0]

Table4.46 Control Actions Fuzzy Calculation

ControlActions

R Change Concrete Contractor Excessive Quality Supervision
CAC CEF CAC CEF
122112 | [0.51,152] [0.4,06,0.7,0.9] [0.51,1.5,2.% [0.5,0.6,0.8,0.9]
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Table4.47 Control Actions Defuzzified Evaluations

Control Actions
R Change Concrete Contractor Excessive Quality Supervision
CAC CEF PCF CAC CEF PCF
1.2.2.1.1.2 1.2 0.7 0.44 1.6 0.8 0.45

The excessive qualityupervision has the higheBCF;however, the difference between the two

actions is negligible. Therefore, it is important to check the efficiency of combining these two
control actions. The project r i sskalcaladusingusi ng
EqQ.37).. The wupdated PCF of fAChange concrete cont
using Eq.3.72 Subsequently, efficiency of the combination of these &stionsis investigated

using Eq. 3.72Based on the available dataand carte s it uati on t he combi n;
Quality Supervisiono along with AChange concr
contr ol t he APoor Wo Mdble¥ed8 $he popt oisk eostupgated acteiat t e d |
mitigation contingency, and updated actual efficiency factor are calculated using Egs. 3.73, 3.74,

and 3.75 respectively as showable4.48.

Table4.48 Control Process Output for Poor Workmanship Risk

Ranked PRC | ACTMC'
R control | PCRox | T ¢ ok | ok | AFF PEFAEE]  Alert

Actions S (9) ($) bk
Excessive
Quality 045 | 045| 25
Supervision

1.2.2.1.1.2 1495 | 0.54 0.91
Change
Concrete 0.44 0.22 ] 1.95
Contractor
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The final actual efficiency factor can be used to updateglkiened efficiency factor and post
mitigation contingencyf nonoccurred risk that is mitigated with the same strategy (i.e. MS6)
using Eq 3.7 and 3.77This dynamic update allows user to keep the risk management plan up

to-date and to take proactive decisions if deemed necessary.

4.4 Summary

In this chapter, numerous case studies were used to demonstrate the applicability of the
developedmodel and to illustrate its essential features. In addition, a numerical example is
presented to illustrate the complete process of developed model from identification process up to
control. The results of developed method as compared to case studiethahtive developed

model is highly applicable and efficiemAlso, the numerical example shows the systematic

application of the developed model.
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CHAPTER 5: AUTOMATION OF PROPO&D RISK

MANAGEMENT METHOD

5.1 Overview

This chapter presents the computer implementaticheotleveloped risk management model. It
also highlights the frameworks, modules, algorithms, and the interactions among developed
model components. It describes the Graphical User Interface (GUI) that is designed to allow
users with various levels of expgence to use the developed software. The GUI enables users to
input new data for each project component, to copy initial data from another project, or to collect

data from a central database. Higure5.1depics the chapter 5 overview.

Chapter 5
|
| } ! !
v ¥ v v v v
5.:;; %/rsrtnem Idenﬁ.f?fat . R S;;i o Mi?i-;;‘;on Moi-i?;i g 5.3.6 Control

Figure5.1 Chapter 5 Overview

5.2 System Platform

The developed model was implemented in prototype software, which has similar structure to the

developed mdel, as described in Chapter 3. The developed model represents standalone risk
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management software under windows platform. It integrates the fuzzy set and fuzzy probability
theories within its architecture, which makes it free of dependencies to ottwargodr tools.

The developed software is coded using .NET framework version 4.5 using visual basic (VB)
programming language solely. The source code of the software is logically organized into
namespaces, regions, classes, methods, and modules, whithtéatie integration of new
functionality in the future. The Graphical User Interface (GUI) of the developed software is
designed in a manner that minimizes the level of user experience requirement. It is manipulated
using interactive screens that perosers with minimum experience, in risk management and/or
fuzzy theory, to apply the developed software.

The developed software provides an automated application for the developed dynamic risk
management methodology for construction projects using fugizyheory. However, it has an
expandable feature, which allows incorporation of other projects (e.g. infrastructure) with minor
manipulations. The developed software utilizes the Mdtiiv-Controller (MVC) paradigm,

shown inFigureb5.2, as its main architectural pattgikupp & Makris, 2012)

US%— Q*\* “Interacts

Users ,
Controller View
Manipulates—> Model ——Updates

Figure5.2 Paradigm of Model View Controller
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The controller allows users to send commands to update the ngided'®r to change the view's
presentation. Once the model receives an updatetiftes the view to produce updated output,

and the controller to change the available set of commands. The developed software utilizes
threetier architecture, shown iRigure 5.3, which consists of MVC paradigm (i.e. Ti&}, data
processing at application server (i.e. T2y and data synchronization at central database server
(i.e. Tier3). The application logic integrates between the three tiers throughout developed

algorthms and data elements.

Tier 1- Controller View
MVC
Model
R
esponse
Request
Application Server
Tier 2- Data Queryipg S
Application Processin «— o
g Reporting X

Data _
Tier 3- Acquisition ——UPdating—>
Database System

Central Database

Figure5.3 Developed System Architecture
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5.3 Software Development

The software is developed using vb.net language and it consists of five modules: atemtjfic
assessment, mitigation, monitoring, and control. Each module has its own classes, attributes,
functions, and subroutines. Also, each module provides a list of interactive screens to notify
users when input or feedbacks are required. The prototyme\aloped software is named
FuzzyRM, which stands for Fuzzy Risk Management. StarScreen of FuzzyRM is presented

in Figure5.4. The identification process is integrated within the asgrscreen, which provides a

set of controls to add project, category, package, activity, task, risk, consequence, actions,
probability, and impact. It also allows the removal and editingleicsed project components as
shown inFigure 5.5. The identification process allows the generation of micro risk breakdown

structure.

The evaluation process provides an assessment of each project componeas, gadiability,
impact, risk value, and pmaitigation contingency, as shownhigure5.6. It also shows the risk
mapping, making use of the mapping scale presentdaliate 3.4. The graphical presentation
illustrates the fuzzy memberships which represent the probability, impact, risk value, expected
monetary value (EMV), prenitigation contingency, and contingency monitoring curves of
selected risk components, as showrigure 5.7. The contingency monitoring curves include

pre-mitigation, postmitigation, and actual mitigation contingency curves.
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File Edit View Tools Winds Risk M t  Help
DSHER|@ !
' Identification b Assessment & Mitigation ‘¢ Monitoring 4% Control |
Controls MRES Evaluation Results Graphical Presentation
- ) Fuzzy Probability
Load Existing Project | |
Fuzzy Consequence
Fuzzy Risk Value
Fuzzy Expected Monetary Value
Add Package | |
Fuzzy Pre-Mitigation Contingency
dd Aty | |
Pre-Mitigation Contingency
Add Task | |
Add Risk Mitigation
Add
Add Impact
| we [
e ]
Add Consequence
e o
Preventive Remedial Selected Miigation Strategy:
Action Action
Monitering and Control
Remove Edit
Selection Selection ‘ Mantar ‘
Data Acquisition ‘ Cortrl ‘

Figure5.4 Startup Screemf FuzzyRM
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Add Impact
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Figure5.5Risk Identification Controls

FuzzyRM
Evaluation Results
Fuzzy Probahility

_ Fuzzy Consequence
Fuzzy Fisk Value
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Fuzzy Pre-Mitigation Contingency

Pre-Mitigation Contingency

Evaluate

Figure5.6Risk Evaluation Information
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Graphical Presentation
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Figure5.7Graphical Presentation

The mitigation process provides information about the results of mitigation process, such as: The
selected mitigation strategy and its respective mitigation efficiency factor (MEF), planned
efficiency factor (PEF), mitigation strategyst (MSC), and post mitigation contingency of

project component, as shownhkigureb.8.
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ot mitigate risk = =

Preventive Actions Remedial Actions Mitigation Strategies

MEF

PEF

MSC

OK

Cancel

Figure5.8 Mitigation Process Information

The monitoring process provides information about the actual status of the risk being considered.
Two types of periodic inputs are required in the mamtp process. The developed software
assumes the number of monitoring periods equals to 10. For each monitoring period, the user is
requested to input actual mitigation contingency (ACTMC) that represents the contingency
depleted, up to the current monitay period, to prevent or to remediate respectively the root
causes and consequences of the risk. The second is actual percentage of completion of a risk.
Thus, the monitoring process outputs include information about the actual efficiency factor
(AEF) of selected strategy in mitigating the risk being considered as showigure5.9. It also
indicates whether the initiation of control process is required or not; utilizing the risk acceptance

factor that represémthe accepted tolerance between planned and actual efficiency factors.
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o Monitoring - =

1- Actmi0) =0 1- “ofcompletion{0) =0 AEF
ACTMC
AEF/PEF

Risk Acceptance

Cortrol Inttiation

Risk Residual

Actual Data oK Cancel

Figure5.9 Monitoring Process Information

Prior to initiation, the control process calculates the risk residual (RR) that reprékent
difference between the actual mitigation contingency (ACTMC) at completion and the periodic
actual mitigation contingency of the risk being considered, as shofigune5.9. The control
process identifiesevaluates, and selects the most effective control action. It also provides
information about the effect of this control action on RR, as showhigare 5.10. It also
provides the post control risk value (PRQG)dathus the updated value for actual mitigation
contingency at completion is calculated, as showrignire5.10. It also provides early warning

about possible failure of risk item that is similar to the risk dpemnsidered.
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a5 Control = K

Control Actions Ranked Caortral Actions Effective Control Action (s)
Select the most
Hfective control
Action
QK
Cancel
CEF CAC ACTMC
PCF FRC AEF

Figure5.10 Control Process Information Form

5.3.1 MRBS Generation Module

Several interactive screens are included in the developed software, which allow user to generate
a nonrerroneous microisk breakdown structure. The generation procedure include two sets of
interactive screens: Adding forms and guide forms. The adding forms allow users to add project

componentsnd their respective stdmmponents

The generation of MRBS starts by addingeav project to the hierarchy and then subsequently
adds categories, packages, activities, tasks, and risks. However, the adding procedure can be

performed only when users provide all information required, as shokigune5.11.
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of Add Project - o

1D Description
Name )
e Add Project - o
ID Description | High-Rise Building in Montreal south shore with
SrssEEEEEEEEEEn 1 the following crtiteria:
Cancel : . Total Area : 3000,000 St
Sasssssnammnns® Name number of floors: 70
Number of Units: 385 units
Aguana Tower Height : 200 m

Type : Residential and Commercial
OK

o

.
Cancel H
%

Figure5.11 Adding a Project

Once an error in selection is committed by a user, the software identifies this error and notifies
the user about this error; using guiding forms, as shiowkigure 5.12. The guiding forms are
represented by a message that indicates and highlights the type of error. Once the user is notified,
the previous erroneous selection is cancelled, and the software retutasptevious state;

awaiting for a new and neerroneous command.

FuzzyRM

There selection is not a project, Please select a project prior to add a category

aK

Figure5.12 Error in Adding a Category
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Generations of micro risk breakdown structure provides a list of tasks associated with the project
being considered, as shownFkigure5.13. Risk identification process is performed on each of

these tasks to generate the risks associated.

MRBS

=I- 1 - Agquana Tawer
=i Eronceng
—I- 1 - Concrete Design
- 1 - Foundation Design
+1 - Formwaork Design
2 - Concrete Mix Design
.. 3 - Reinforcement Design
- 2 - Retaining Wall Design
- 3 - Column Design
- 4 - Beam Design
- B - Slab Design
- - Shear Wall Design
- 2 - Steel Design
- 3 - Wood Structure Design
- 2 - Procurement
- 3 - Construction
- 4 - Management

Figure5.13 Exampleof Micro Risk Breakdown Structure f@onstructiorproject

5.3.2 Identification Module

Once generation of micro risk breakdown structure is completed, the risk identification process is
initiated. Each risk receives a deep analysis using the developed methadk fdentification,

using PRCER proceduré&igure 3.9. The output of risk identification method provides
information about each risk, such as: Name, consequences, preventive actions, remedial actions,
start date, finish date, and risk owner, as showrFigure 5.14. Provided information is

integrated within the developed software as input.
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Add Risk FormThis form includes the information input of risk, such as: ID, name, Description,

start date, finish date, and risk owner, as showkignre5.14. Start date and finish date of a task

represents start and finish dates of all risk items associated with it.

™ Add Risk -
v Start Date ——— - El-
teme Finish Date | . . _ __ _ @
Description Risk Crwner

Select Risk Chwner

Cancel
Figure5.14 Add Risk Form
Select risk owner formThe selection of risk ownerprodeu r € i s accessible thr
owner o button. It allows users to select, a mo

owner for the risk being considered. The selection is based on three criteria: Ability, Efficiency,
and Capacity. Fuzztheory is adopted to evaluate the three criteria as shéigime5.15. The

fuzzy calculation is used to integrate the fuzzy evaluations of criteria into risk ownership score
(ROS). Each candidate receives an ROS, and that with the highest ROS is selected as the risk

owner, as shown iRigure5.15.
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a5/ Risk Ownership Determination o[BS
List of Candidates Ability Evaluations Hfficiency Evaluations Capacity Evaluations
A. Salah [02.03.04, 05 [04,05,05, 0.6 [04.05,06,07]
Ahmad Salah [03.05,05, 0.6] [03.04.05, 0.6 [06.06,08, 048]
Ahmad 5. [04.05.06.07] [05.05,07,07] [06.07.08,05]
[02.04,04, 08] [04,05,06, 07 [04,.05,05, 06]
Add Candidate Add Evaluation | ROs 067 Select Risk Owner | Ahmad Salah

Figure5.15 Risk Ownership Determination Form

After adding the basic information and selection of the owner, the identified consequences

shown inFigure5.16 and the actions shown Kigure5.17are added to the risk being considered.

Add Consequence Forniihis form includes the information about the consequence such as: 1D,

Name, and Descriptiot allows user to evaluate cost of the consequence. The evaluation form

is initiated by clHRgarghiltig oniAi>>0, as shown i
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o2 AddConsequence S

ConsequencelD

ConseguenceName m X
\ K

agl Add Consequence Evaluations == -
Cancel
1D | | Type |Consequence Cost
Fuzzy Number Evaluator w
Cancel

Figure5.16 Add Consequenceofm

Add Action form:This form allows the user to input basic information for preventive, remedial,

and control actions. It also allows the user to initiate the evaluation process for efficiency factor

and cost of each act i o>n0 urseisnpge ctthievebluyt.t ons <<

Once the risk being considered receives all the required input, such as basic information,
consequences, and actions, the assessment process can be initiated to evaluate the risk being

considered.
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ol AddAction - O

Efficeincy Factor Evaluations Cost Evaluations

o
o

W
W

Cancel

Figure5.17 Add Action Form

The identification process has two main functions: Add component and edit component. The

following two examples show the functions for adding and editing the project details.

Add Project:

Public Sub adgroject(ByVal MRBS As TreeView)
Dim projectForm As New AddComponent
projectForm.Text = "Add Project”
If (projectForm.ShowDialog() = Windows.Forms.DialogResult.OK) Then
Dim project As New Project(CInt(projectForm. TxtID.Text)pmctForm.TxtName. Text,
projectForm.TxtDescription. Text)

MRBS.Nodes.Add(project.DisplayMember)
MRBS.Nodes(0).Tag = project
End If
End Sub

Edit Project

Public Function editProject(ByVal MRBS As Object, ByVal node As Tre@)éd Object

Dim project As Project = node.Tag

Dim projectForm As New AddComponent

projectForm.Text = "Edit Project"

projectForm.TxtID.Text = CStr(project.ID)

projectForm.TxtName.Text = project. &

projectForm.TxtDescription. Text = project.Description

If (projectForm.ShowDialog() = Windows.Forms.DialogResult.OK) Then
project.ID = Cint(projectForm.TxtID.Text)
project.Name = projectForm.TxtNariext
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project.Description = projectForm.TxtDescription. Text
MRBS.nodes(node.Index).text = project.DisplayMember
MRBS.nodes(node.Index).tag = project
End If
End If
Return MRBS
End Runction

5.3.3 Assessment Module

The assessment procedure consists of six components: Probability (P), impact (C), Consequences
(k), preventive actions (PA), remedial actions (RA), and control actions (ca). The evaluation

procedure utilizes fuzzy set theory andzy probability theory.

Add Evaluation Formthis form allows experts to express their knowledge and to evaluate the
risk components, consequences, and actions using fuzzy set theory. Each evaluation includes an
ID, fuzzy representation, evaluator nama@d evaluation type. Probability (P) and impact (C)
receive one type of evaluation, as showFigure 5.18. Each consequence receives one set of

evaluations, which represent its cost, as showigare5.16.

o Probability Evaluation - ©
D Tyre | Probabilty w
Fuzzy humber Evaluator v
a5 Impact Evaluation = B
1D Type Impact W
Fuzzy Number Evaluator W

Cancel

Figure5.18 Probability and Impact Evaluation Forms
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Each preventive, remedial, and control actions receive two sets of evaluations: The first is for

efficiency factor, and the second is for the cost of the action being evaluated, as shown in

Figure5.19.
s  EvaluatePreventiveAction Effficiency - ©
D 1 Type |pa Hficiency Factor w

Fuzzy Number {[0.1,0.3,0.5,0.6] Evaluator |Ahmad Salah w

oK Cancel
L AddAction - o

\I'D\ \Eﬂjgeincv Faetor Evaluations Cost Evaluations

Name \: . L

W
e

o EvaluatePreventiveAction cost = =
Cancel
ID 1 Type |PACost -
Fuzzy Number |[10.20,30.35] Evaluator v
QK Cancel

Figure5.19 Action Evaluation Form

The micro risk breakdown structure shown Higure 5.20 illustrates the evaluation of
probability, impact, consequences, and actioinsroor in concrete columns formwork design

using fuzzy set theory.
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MRES

- 1 - Formwork Deign Emor
=8 Probability Evaluations
-[1.2.3. 4]
-[1.2.3. 4]
~[2.3.4 5]
~[3.4.4, 6]
3,45, 6]
= Impact Evaluations
~13.5.5.7]
~14.5.6.7]
~I5.6.7.8]
~I5.6.6.7]
~[3.4.5,8]
[=- Consequences
- 1 - Rework

~[5.6.7.10]
~[9.11,13,15)
- [4.6.7.11]
~[6.7.10,14]
“-[8.9.10.11]
[#- 2 - Waste of Material
[+~ 3 - Idle of Resources
[=J- Preventive Actions
=-1- Recheck Design

=8 Hficiency Evaluations
~[0.1,0.15,0.2 . 0.25]
~[0.1,02.02,0.3]
-[0.2.025,03,04]
~[0.1.02.03.05
f[0.1.0.3,035.04]
[+- Cost Evaluations
=~ 1-'Waste Management

EI Efficiency Evaluations

: i~[03.04.05,07)
“[0.2.04.04.08]

- Cost Evaluations
e Crtrnl Artinne

Figure5.20 Design Error in Concrete Column Formwork (DECCF)

The assessment process calculates the probability, consequence, expedtdynvalue, risk
value, and pranitigation contingency of DECCF using fuzzy calculation, as shown in
Figure5.21. The risk level of DECCF is medium, as showrrigure5.21, based on the mapping

scale represented frable3.4.
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Evaluation Results
Fuzzy Probahility
1.2.5.6]

Fuzzy Consequence
[3.4,7.8]

Fuzzy Risk Value
[0.03.0.08.035, 048]

Fuzzy BExpected Monetany Value
[10, 15,33, 39]

Fuzzy Pre-Mitigation Cortingency
[03.12,1155,18.77]
Pre-Mitigation Cantingency
7.BBBRTRZITIIN G

Evaluate

Figure5.21 Evaluation Results of DECCF

The assessment module includesir main group of functions: Qualitative assessment, risk
mapping, quantitative assessment, and generation of PREMC curve. These functions are coded

as follows:

Qualitativeassessmerftinctions

Private Function P() As fuzzynumber
Dim fn As New fuzzynumber
With Me
If .PEvaluations IsNot Nothing Then
For i = 0 To .PEvaluations.Count
Ifi=0 Then
fn = .PEvaluations(i).FNEvaluation
Else
fn = add(fn, .PEaluations(i).FNEvaluation)
End If
Next
End If
End With
Return fn
End Function
Private Function C() As fuzzynumber
Dim fn As New fuzzynumber
With Me
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If .CEvaluations IsNot Nothing Then
For i = 0 To .CEvaluations.Counfl.
Ifi=0 Then
fn = .CEvaluations(i).FNEvaluation
Else
fn = add(fn, .CEvaluatius(i).FNEvaluation)
End If
Next
End If
End With
Return fn
End Function
Private Function R() As fuzzynumber
Dim fn As New fuzzynumber
fn = (Me.P() * Me.C()) & (1 / (Sc&P * ScaleC))
Return fn
End Function

Riskmappingfunction

Public Function MappingScale(ByVal dbl As Double) As System.Drawing.Color

If dbl <= 0.05 Then

Return System.Drawing.Color.Blue
Elself dbl <= 0.2 Then

Return System.Drawing.Color.Green
Elself dbl <= 0.5 Then

Return System.Drawing.Color.Yellow
Elself dbl <= 0.8 Then

Return System.Drawing.Color.Orange
Elself dbl <= 1.0 Then

Return System.wing.Color.Red
Else : Return System.Drawing.Color.Black
End If

End Function

Quantitativeassessmeritinctions

Private Function ExpectedMonetaryValue() As fuzzynumber
Dim fn1, fn2 As New fuzzynumber
With Me
For i =0 To .Consequences.Couiit
For j = 0 To .Consequences(i).ConsequenceEvaluations.Cbunt
Ifj >0 Then
fnl = add(fn1, .Consequences(i).ConsequenceEvaluations(j). FNEvaluation)
Else
fnl = .Consequences(i).ConsequenceEvaluations(j). FNEvaluation
End If
Next
Ifi=0 Then
fn2 =fnl
Else
fn2 +=fnl
End If
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Next
End With
Return fn2
End Function
Private Function FuzzyPreMitigationContingency() As fuzzynumber
With Me
Dim fn As New fuzzynumber
fn = .EMV() *.R()
Return fn
End With
End Function
Private Function PreMitigationContingency() As Double
With Me
Dim m As Double = Defuzzification(.FuzzyPreMitigationContingency())
Return m
End With
End Function

Generation of PREMGurvefunction:

Public Function preMCserie(ByVal risk As Risk) As List(Of Point)
Dim pts As New List(Of Point)
For i = 0 To numberofmonitoringperiods
pts.Add(New Point(i, risk.PreMC()))
Next
Return pts
End Function

After evaluation of all risks associated with the project, the risk mitigation process is initiated to

select the most effective mitigation strategy toward the risk being considered.

5.3.4 Mitigation Module

Risk mitigation process calculates the post mitigation contingency that represents the
contingency required to mitigate a risk in a case where a mitigation strategy is implemented. A
list of possible mitigation strategies are generated using the ligtsewéntiveand renedial

actions of the risk being considered, as showrignire5.22.
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= mitigate risk = B

Preventive Actions Remedial Actions Mitigation Strategies
1-  Re<check Design 1-  Waste Management MS1 - (PAT MEF  |0.328354444841116

2- Resource Re-Allocation MS2 - (PAZ)
MS53 - (RAT)
MS4 - (MS2 & MS3) PEF |D.0792372850280214
M55 - (M51 & M53)
MSE - (M51 & M52)

os | [MS7-(MS14MS4) MSC |2 1400809400165
OK
Cancel

Figure5.22 Generation of Possible Mitigation Strategy

Pre-Mitigation Caontingency
7.55657623723915
Evaluate
Mitigation
MEF 0.5
MSC 1

PEF 0.212647753452009

POSTMC |2.74002467705257

Selected Mitigation Strateqgy:
M54

Mitigation

Figure5.23Example of Mitigation Process Results

The mitigation efficiency factor (MEF)nitigation strategy cost (MSC), and planned efficiency
factor (PEF) for each mitigation strategy are calculated using fuzzy set theory, as shown in
Figure 5.23. The mitigation strategy with the highest PEF isesild as the most effective

mitigation strategy, as shown Figure 5.23. Post mitigation contingency is calculated using
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planned efficiency factor of selected mitigation strategy andnptigation of the risk beg
considered, as expressed in Bgs3. The risk mitigation module has three main functions:
Generation of possible mitigation strategies, select the most effective mitigation strategy,

calculation of postitigation contingency and generation of POSTMGve.

Generation of possible mitigation strategfasction

'//ICombination of two list of actions into one list of strategies
Public Function GenerateListOfPossibleStrategies(ByVal preventiveactions As List(Of Action), ByVal remedialactions
As List(Of Action)) As List(Of Strategy)
Dim result As New List(Of Strategy)
For i = 0 To preventiveactions.Count + remedialactions.Colint
If i < preventiveactions.Count Then
result. Add(New Strategy("MS" & CStr(i + 1preventiveactions(i), "PA" & CStr(preventiveactions(i).ID)))
Else
result. Add(New Strategy("MS" & CStr(i + 1), remedialactiong{ieventiveactions.Count), "RA" &
CStr(remedialactionsfipreventiveactions.Count).ID)))
End If
Next
Return result
End Function

'end of combinations of two list of actions into one list of strategies

Selection of the most effective mitigation stratiepetion

Public Function SelectedMS() As Strategy
Dim SMS As New Strategy
SMS = MitigationStrategies(0)
For i = 1 To Me.MitigationStrategies(). Count
If PEF(Me.MitigationStrategies(i), Me) > PEF(SMS, Me) Then
SMS = Me.MitigationStrategies(i)
End If
Next
Return SMS
End Function

Calculation of Post Mitigation Contingen&ynction

Private Function PostMitigationContingency() As Double
Return Me.PreMitigationContingency() * (lPEF(Me.SelectedMS, Me))
End Function

Public Functbon PEF(ByVal strategy As Strategy, ByVal risk As Risk) As Double

Return strategy.MEF Defuzzification(strategy.Cost) / risk.PreMC()
End Function
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Generation of POSTMC Cun¥enction:

Public Function postMCserie(ByVal risk As Risk) As List(Ofritp
Dim pts As New List(Of Point)
Dim p As New Paint
With risk
For i = 0 To numberofmonitoringperiods
Ifi=0 Then
pts.Add(New Point(0, .SelectedMS.MScost))
Else
pts.Add(New Point(i, pts@1).Y + (.PostMGC- .SelectedMS.MScost) / numberofmonitoringperiods))
End If
Next
End With
Return pts
End Function

5.3.5 Monitoring Module

Risk monitoring module evaluates therformance of the selected mitigation strategy at the end
of each monitoring period. The number of monitoring periods depends on the project duration,
and it is calculated based on preset monitoring frequency (e.g., one month). The monitoring
module requies two types of inputs: Actual cumulative mitigation contingency (ACTMC) and
the percentage of completion, as showrkigure 5.24. However, these inputs can be acquired

from an automatic data acquisition system.
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Actual Mitigation Contingecy

Percentage of Completion

Figure5.24 Data Entry for Monitoring Period

Membership

10

ChartForm = K

Maonitoring Contingency

— PREMC
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d
1.00 3.00 500 700 S00

Value

Figure5.25 Risk Monitoring of Contingency Depletion
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The premitigation contingency of a risk represents the upper limit of contingency depletion
which denotes, in case of exceeding it, the failure of a risk management plan. Depletion curve of
post mitigation contingerycover the life cycle of the risk being considered is assumed equally
distributed over the monitoring periods. The cumulative post mitigation contingency is
represented using a straight line, as showrFigure 5.25. Exceeding the post mitigation
contingency at any monitoring period denotes the possible failure of mitigation strategy and
indicates the risk being considered as critical, and it should be monitored closely. Once actual
contingency curve exceedsetlpost mitigation limit, the monitoring module notifies the risk
owner that control process needs to be initiated, as shofigune5.26. However, the decision
whether to initiate or not, the control process aem the risk owner responsibility propped by

support and approval members.

FuzzyREM

Risk Control Should ke initiated. you want to initiate now?

Yes Mo

Figure5.26 Notification for Control Process Initiation

Generation of actual mitigation contingency (ACTMC) curve, compargdorisk acceptance
factor represents the main function of monitoring module. However, once the initiation of
control process is required, the monitoring module calculates the risk residual using the residual
function. Generation ACTMC curve and calculatioh risk residual function are coded as

follows:
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Generation of Actual Mitigation Contingency Curve

Public Function ActMCserie(ByVal risk As Risk) As List(Of Point)
Dim pts As New List(Of Point)
pts.Add(New Point(0, 0))
With risk
For i = 1 To numberofmonitoringperiods
If .PeriodicactMC(i) <> 0 Then
pts.Add(New Point(i, .PeriodicactMC(i)))
End If
Next
End With
Return pts
End Function

Calcuation of Risk Residual

Public Function residual(ByVal risk As Risk) As Double
Dim j As Integer
For i = 1 To numberofmonitoringperiods
If risk.PeriodicactMC(i) = 0 Then
j=i-1
Exit For
End If
Next
Return risk.ActMC- risk.PeriodicactMC(j)
End Function

5.3.6 Control Module

The control module consists of three main phases: rank control actions, select the most effective
control action or combination of actions, aevhluate the effect of control actions on residual of

the risk being considered. Subsequently, the post control factor and projected risk cost are
evaluated. Also, the post control actual mitigation contingency and update value of its respective

actual effciency factor, as shown irigure5.27.
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Control

Control Actions Rarked Cortrol Actions Hfective Control Action (s)
Re-Allocate Resources 1 - Increase Manpower Increase Manpower
Increase Manpower 2 - Re-fllocate Resources Control
Fast Tracking 3 - Fast Tracking
OK

Cancel
CEF |[03.04 06, 07 CAC |[D5,1,2,25] ACTMC' |4.88012300485
FCF |D.55 FRC |2 408780962001 AEF 012033567248

Figure5.27 Risk Control Module

The control module consists of three functions, ranking of control actions, calcul&tR@F

and updating actual mitigation contingency and actual efficiency factor as follows:

Ranking of Control Actions

Public Function ranking(ByVal Ist As List(Of Action)) As List(Of Action)
Dim rankedlist As New List(Of Action)

Dim aAs New Action

Fori=0 Tolst.Count 1

Forj=i+1Tolst.Count1
If Defuzzification(Ist(i).Efactor) >= Defuzzification(lst(j).Efactor)

Then
a = Ist(i)
Else
a = Ist(j)
End If
Next
alD=i+1
rankedlist.Add(a)
Next
Return rankedlist
End Function

Calculation of Post Control Factor
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Public Function PCF(ByVal action As Action, ByVal residual As Double) As Double
Return Detfizzification(action.Efactor) Defuzzification(action.Cost) / residual
End Function

Updating the Actual Mitigation Contingency

Public Function UpdatedACTMC(ByVal risk As Risk, ByVal action As Action, ByVal residual As Double) As Double
Dim j As Integer
For i = 1 To numberofmonitoringperiods
If risk.PeriodicactMC(i) = 0 Then
j=i-1
End If
Next
Return risk.PeriodicactMC(j) + PCF(action, residual)
End Function

5.4 Summary

This chapter presents the developed software that automates the application of developed model.
The modules and main functions of each module are presented to illustrate the essential feature
of the developed software. Uskeiendly graphical interface is ded to minimize the level of

user experience and to facilitate the use of developed software. However, complete code of the

developed software is provided in Appendix B.

168



CHAPTER 6: ANALYSIS AND DISCUSSON

6.1 Overview

This chapter presents analysis of the reqfltsase studies and numerical exampilesented in

chapter 4 It also highlights and discusses the findings to highlights the essential features of
developed method as compared to others. The discussion of results elaborates on the potential of
developed methibbeyond the existing methods. At the end a summary that sumstagzeain

findings of analysis and discussion. The overview of chapter 6 is presenkaguie 6.1 as

follows:

Chapter 6

v v \ 4 v
6.2 Results 6.3 Results
Anaysis Discussion

6.1 Overview 6.4 Summary

Figure 6.1 Overview of Chapter 6

6.2 Discussion and Analysis Case Studies

The case studies and numerical example presenteldaioter4 illustrates the applicability and
validates the results of developewdel Each case study is analysed separately to illustrate the

features of developed model correspond to that case study.

The Sydney Opera House (SOH) case study was used to validate the developed identification

method. The results show thatnsideringthe facs associated witBOH projectat that time 20
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riskswere identified using the developed metlasdshown irFigure6.2 (Please refer to Chapter

4 section 4.2.3)BurtonshawGunn(2013)identified 12 risks that represents 60% identification
rate as compared to the developed method. Out of the 20 identified risks 19 (rate of itdentifica
95%) of them were occurredThe developed identification method proves its efficiency in
identifying the risks associated with SOH project considering the facts only. However a deep

root-cause analysis is largely depends on availability of data eaalytb identify more risks.

25

20

W Developed Identification
Method

15
12
m Burtonshaw-Gunn (2013)

10 1 = Actual Situation

Mumber of Risks Identified

Figure6.2 ComparisorBetweenNumbersof Risks IdentifiedUsingthe Developedviethodand
BurtonshawGunn(2013)

As result the developed method is considered efficient and its efficiency may écreas
considerably in case data is available. Identification of these 20 risks at earlier stage of SOH

project may save lot of money (1300% overrun) and lot of time (10 years delay).

The SOH case study was also used to validatedéwelopedqualitative assesment methadhe

results of the developed methadas compared tdhose ofrisk matrix method usel by
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BurtonshawGunn(2013)to evaluate qualitatively the risks associated with SOH prdi@letase

refer to Chapter 4 seot 4.2.3) The both methods evalgathe risks using sameade (Refer to
Tablke 4.7 and Table 4.8). However, the developed method use the linguistic value for
assessmenthe linguistic was converted and using FLNCS. The fuzzy calculation was used to
calculate the fuzzy risvalue of each risk using Eqg. 3.1bhe defuzzifiedvalue was calculated

using Eg. 3.22and scaled using the mapping scale present&ebie4.9.

B Developed Method

B Burtonshaw-Gunn (2013)

Figure6.3 Qualitative Risk Assessment

Figure 6.3 shows that 2 out of 8 receive different values of qualitative assessment from

developed method and theethod used by Burtonsha&unn(2013)

This case studyrepresents aehabilitation project for one of theUniversity of Cartagena
buildings (Nieto-Morote & RuzVila, 2011) It wasused tovalidatethe rankingcapabilityof the
developed metho@Please refer to Chapter 4 section 4.213)e method shows 75% accuracy
rate for ranking 4 risks as presented by Nigkorote and Vila(2011) The only risk that was
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ranked differently waso Al ac & u-bafote MmdeMilag2Gli)i on at
assumed the interdepende.Howees theadevelopgd netkqga did t s 0
not consider the interdependencies agone x per t sdé6 evaluations assum

unique experience and it is independent from the experience of others.

The third case studyocused orroad construction project. Wasused to validate the developed
risk mapping methodPlease refeto Chapter 4 section 4.2.3Jhe developed risk mapping
provides 82% (35 out af3) accuracy as compared to the risk matrix method used by Mahamid
(2011) It should also be noted thisiahamid(2011)uses aisk matrix that hagwo shared points

among green, red, and yellow risk levatsshown irFigure6.4.

VH
2
= M
T M
o
o L
=X
VL L M H VH
Impact

Figure6.4 Risk Matrix Used by Mahamid (2011)

The three case studies demonstrate the accuracy of the developed method for qualitative risk
assessment as compared to one of the most commonly uskeddnie qualitative assessment

(i.e. risk matrix). However, unlike the risk matrix, the developed method can represent the risk

level associated with each project component as showigure 4.16. This method prades a

decision making support that highlights the risky components and allows user to take a proactive
action. In addition, the uncertainty associatedt h t he expertsé iIinput are

theory that allows the combination of linguisticdamumeric evaluations.
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Figure6.5 ComparisorBetweenDeveloped Method and Other Methods for Risk Ownership Determination
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The port complex project was used as a case study for validating the developed method for risk
ownership determination. The applica of the developed method on the case study shows
higher efficiency as compared to the methods introduced bgdslegh and Mansour (2015),
Khazaeni et al(2012) and EiSayegh (2008) (please refer to Chapter 4 secti?.2) . The

results were also compared to the actual allocation in port complex project that demonstrates the
efficiency of developed method. The introduced-osk oneowner eliminates the possibility for
shared or unallocated risks which may genecateflicts. Figure 6.5 shows the comparison
between the developed method, actual selection, and the methods propose&dyefh and
Mansour (2015), Khazaeni et al. (2012), andSkR{egh (2008). The results shdhat the
developed method has a considerable accuracy in selection of risk owner. However, it should be
noted that investigation of other criteria may elevates the accuracy of developed method for risk

owner determination.

A case studyfocused a highwagonstruction projectsvascollected from literaturéPaek, Lee,
& Ock, 1993) This case studyvas used to validate thdeveloped method for quantitative
assessmer(Please refer to Chapter 4 section 4.214e method applietty Paeket al. (1993)
has a complicated procedure and it prevent its applicationreBudts of the developed method
for UHCOC arecompared to the methedeveloped by Salaf2012) Moselhi(1997) and Paek
et al. (1993) The relative error analysis of these four methods is present&dbie 6.1 as

follows:

Table6.1 Relative Error Analysis for UHCOC Project

UHCOC Developed Salah(2012) Moselhi (1997) - | Paek efal. (1993)
Method PERT
Developed 0
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UHCOC Developed Salah(2012) Moselhi (1997) - | Paek egl. (1993)
Method PERT

Method

Salah(2012) 0.1% 0

Moselhi (1997)- | 1.5% 1.45% 0

PERT

Paek et al. (1993 0.4% 0.32% 1.1% 0

The relative error demonstrates the capability of proposed method to quantify tassaoskated

with construction projects with high level of accuracy. However this method can also be applied

on cost range estimating as presented in the following case study.

Anothercase study waalso collected from literaturéShaheen, Robinson, & AbouRizk, 2007)

to evaluate the cost range estimating of North Edmonton Sanitary Trunk (NE8a3e refer to

Chapter 4 section 4.2.4The results of developed method we@mparableto the methods

developed by Salah and MoselRD(5), Shaheen et 4d2007) and Monte Carlo Simulation as

shown inTable 4.25. The relative error analysis of these methods is present€dbie 6.2 as

follows:

Table6.2 Relative Error Analysis for NEST Project

NEST Project Developed Salah angd Shaheen e Monte carlo
Method($) Moselhi(2015) | al.(2007)($) Simulation($)

Developed 0

Method

%)

Salah and 3.22% 0

Moselhi(2015)
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NEST Project Developed Salah and Shaheen e Monte carlo
Method($) Moselhi(2015) | al.(2007)($) Simulation($)

Shaheen e 7.38% 1.7% 0

al.(2007)

$)

Monte carlo| 7.4% 11% 9.2% 0

Simulation

$)

The relative error analysis shows tha developed method provides a result similar tdiuthey

based methods estimated the NEST project widnge of relative error that varies frdnv%-

7.38 %.Theresults argalso, close to thosgenerated byVICS (~7.4%). It should be noted the
difference between the results obtained using fuzzy set theory based on the developed method
andthosebased on the metheodf Salah and Moselhi (2015) and Shaheenl.e2@07)can be
attributedto the use of algebraic sum and product in the fuzzy membecakiplatiors. The
developed method does not use trapezoidal and triangular membership functions like the other
two methods but generate general mathematical fotimalaf these functions as described in
Section3.2 The application ofthe developedjuantitativemethod on NEST project highlights

the challenge associated withe integration of crispnumbes. Because, themembership
functionof a crisp number (agquds to Oand at the same time equals to 1 at. xf#as makes it

difficult to represent the membership functiafsrisp numbers for additiowith other types of
membership functiong hus, it is recommended to investig#te integration of crisp numkseim

the developed model

The Case study of HDD project was collected from literature to investigate the developed risk
mitigation method. The application of thdeveloped methodn HDD case studyeads to

comparable results as compared to the method of 4adeld and Fayek (20127lease refer to
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Chapter 4 section 4.2 S)lowever, the selection of mitigation strategy could differ if the cost of
strategies and pmitigation contingency of risk were available. In all case, the case study
demonstrates the apgdibility and the efficiency of developed mitigation method. In addition,
the developed method allows the selection of the most effective mitigation strategy and allows
generation of post mitigation contingency baselifgyre 3.22) baseline of contingency that

allows at later stage monitoring and evaluate the performance of selected mitigation strategy.

6.3 Discussion and Analysis§ Numerical Example

The numericalexampleis presented to demonstrate the application of CRMB¥hg a small
structured project as presented figure 4.14. The generation of MRBShat helps in
identification all risk itemsassociated with project at the task le(ied. micro level) It also

allows identification of consequences, preventive actions, and remedial actions associated with
the projectas presented ifable 4.31. The developedjualitativeassessment method provides
information about criticality of each projpcomponentirom task(Table 4.34) up to category
(Table 4.36) level. Based on criticality, owners are able to identify thghrisk project

componentind accordingly tee a proactive actiore(g Sub-contract).

The numerical example provides a detailed application of the develmpei@l including
monitoring, and contrainethods It also illustrates the interactiobstweernuses and CRMMin

respect to inputputput feedbacks and alerts. The CRM&howspotentialsto be a core solution

for therisk management in construction projed#®wever,it is recommendetb investiga¢ the
capabilities of CRMM in a real projetd identify the potential for improvements. It sholle

noted also that building a risk database with such amount of data represents a challenge for

practitioners.
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The CRMM is developed in a way that integrates thé processesn one comprehensive
framework.The interconnections among the various procease the flow of information from
one to another facilitatéhe investigation of results deemecdhecessary. The automated tool also
supports the applicability of the proposed model and keeps the user upithtedl necessary

informationabout performaceof the risk management plan

6.4 Summary

This chaper presents discussions of results ofd¢ase studies and numerical exampmlesented

in chapter 4 It highlights the essential feature of developed CRMM to manage the risk
effectively in a systematic maar. Ths chapter also illustrates the potential of the developed
modes to effectively manage the risk. However, the limitations and potentials for future

improvement of the developed model are present&hapter?.
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CHAPTER 7: SUMMARY AND CONCLUSIONS

7.1 Overview

This chapter summarizes the research developments, findings, and contributions; focusing on the
developed risk management model. The developed model represents a comprehensive risk
management framework that helps users to manage risks associated withctiongbrojects

more effectively. The developed model provides advancements to the risk management practice
through the development of new methods for identification, assessment, mitigation, monitoring,
and control. Despite its many features, the develapedel has some limitations which are
outlined in this chapter. Recommendations for potential improvements and extension of the
developed model are also provided in this chapter. Conclusions are drawn to highlight the major

findings of this research and itaicate the application domains of the developed model.

7.2 Summary

The developed CRMMmodel wasfirstly introducesto manage risks associated with a
construction projest(i.e. EPCM). However, it can easily be adapted to other types of projects.

The developgé model includes new methods for identification, assessment, mitigation,
monitoring, and control. It utilized a micigystem approach to generate a midsé breakdown

structure that allows for risk management at the micro level. It also provides avngkship
procedure that allocates each risk to one owr
that describes the ability, effectiveness and capacity of the owner to manage the risk being
considered. The developed model includes a risk resplitysibatrix (RRM) that combines the

responsibility matrix with the microisk breakdown structure. The RRM assigns project team
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members as support and approves members assigned to help each risk owner in the management
of the assigned risk. The developewdel utilizes fuzzy set theory to model uncertainties
associated with the nature of risk as well as
model provides a systematic qualitative and quantitative risk assessment by integrating fuzzy set
theoly and fuzzy probability theory. The qualitative assessment indicates the criticality of risk
items. A new methodology for risk mapping is introduced, which not only identifies critical risks

but all the risky project components as well. A new method &k mitigation is developed to
generate a list of possible strategies and to select from them the most effective one. Making use
of the selected mitigation strategy performance, the monitoring system indicates the potential
failures and alerts risk ownerdaut the necessity for risk control initiation. The developed
control method provides a systematic identification, evaluation, and selection procedure that
provide a comprehensive analysis for the effectiveness of each selected control action. Based on
the analysis results, the control method notifies users whether it is beneficial to process with a

risk control measure or if it represents a waste of time and resources.

A new computational platform is developed and coded using VB.net programming. This
platform provides a usedriendly software tool that facilitates the application of the developed
model and highlights its essential features. Several case studies were used to validate the
developed identification and assessment methods. The model was alsonémted using
hypothetical numerical example to demonstrate the complete application process and to illustrate
its essential features. The results of the developed model were compared to the results of existing
methods, where possible, and that comparistows its consistency. These results were
analysed to highlight the essential features of the developed model and to investigate the

potential for prospective future development.
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7.3 Main Contributions

The output of this research represents an integratedyaramic risk management methodology
for construction projects. However, the developed md@esl agenericfeatureand it can be
easily adapted to apply warious industries rather than only in the construction industry. The

main contributions of this rearch can be described as follows:

1. DevelopmentMicro risk identification and fuzzy allocation procedure that encompasses
generation of a micro risk breakdown structure that facilitates the identification of the known
and the majority of the unknown riskk. also includes development of an identification
procedure using root cause analysis and cause effect diagram along with brainstorming to
identify the rootcauses and consequences of each risk item along with their respective
preventive and remedial actis. Also, it includes development of a systematic procedure
for the determination of risk ownership using fuzzy set theory risk responsibility matrix that
defines the responsibilities of team members toward each risk;

2. DevelopmentMicro-Fuzzy risk assessent procedurehat facilitates the use of linguistic
terms and provides a development procedure for converting linguistic term into numeric.
This procedur@ncompassesqualitative assessmemtethod thattilizesfuzzy set and fuzzy
probability theory, ad a risk mapping methodology that highlights the risk level associated
with each project component. It also encompassggantitative assessmetitat evaluates
the premitigation contingency requirethefore selecting a mitigation strategy, for each risk
item

3. DevelopmentMicro-Fuzzy risk mitigation procedure that encompaggaeration ofhe list
of possible mitigation strategies using the identified lists of preventive and remedial ,actions

selectionof the most effective mitigation strategy usingeaviy-introduced set of qualitative
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and quantitative factorsand evaluatiorof postmitigation contingency (POSTMC) required
for each risk item.

4. DevelopmentMicro-Fuzzy risk monitoring procedure that encompasses a dynamic and
systematic monitoring proceduthat monitors the risk items at midswvel making use of the
performance of the selected mitigation strate®Jgo, It includes an evaluation procedure for
risk acceptance (RA) tolerance for each risk item using fuzzy set th€bis.procedure
introduesthe mitigation performance index (MPI), which evaluates the performance of the
risk management plan, at a strategic level, of each project

5. DevelopmentMicro-Fuzzy risk control procedure that includes a systematic procedure for
the identification, evalation and selection of the most effective control action using a newly
introduced set of qualitative factors.also provides a systematic procedure to update the risk
management plan based on actually collected data.

6. Development of automated standalor@dtvgare that integrates all these procedures in a
comprehensive and systematic model for risk management. The software provides a user

friendly graphical interface to facilitate its application.

7.4 Conclusions

The developed model provides a new method fenprehensive risk management. The model
encompasses a number of methods and algorithms to perform risk identification, qualitative and
guantitative risk assessment, mitigation, monitoring, and control procedures. These methods can
be used independently faiisk identification, the assessment of a cost range, ownership
determination, selection of a mitigation strategy, and for selection of a control action, as
presented in the various case studies presented in Chapter 4. They can also be used collectively

aspresented in the hypothetical numerical example. . The introducedanp@sition and pre
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mitigation contingencies provide an indication about the criticality of the risk being considered.
The post and prenitigation values represent the contingency basslfor the project. These
baselines in turn represent an evaluation system that indicates the performance of the selected
mitigation strategy. The developed risk mapping method provides a decision support tool that
identifies highrisk project componest It also can be implemented as a-fisised selection
procedure that allows the identification and ranking of-pskne projects. The monitoring
system indicates the exact time for optimal risk control initiation and it allows for the evaluation

of eachsituation separately, which may avoid the unnecessary depletion of resources. Despite all
these features and capabilities, the developed method remains imperfect, and it has limitations
which are highlighted in the next section. The developed model m®\ddstefby-step risk
management framework that supports decisions to be made at different project stages:
conceptual, design, bidding, and construction, as wellq@mspletion. The developed model is
dynamic and allows for prediction of possible faiki@ nonoccurred risk items based on the
collected data. This can help users to make proactive decisions. These predictions make it
possible to continuously update the risk management plan to avoid surprises and better manage

projects.

7.5 Limitations and Future work

The developed risk management model has several limitations which should be considered for

future work. These limitations are:

1. Alimited number oMRBS level isused in this research. Additional levels can be used.
However, it is recommended fia the number of levels in each organization to avoid the

generation of different UIDNs for each risk.
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. The application of the model is time consuming, as a large number of inputs are required,
especially at the first application. However, a centralizeld database can reduce the
time required for input data.

. Three criteria have been considered in the developed procedure for risk ownership
determination. This criteria can be revised, if deemed necessary, to suit each project
environment.

. The developed maing procedure considers five mapping scdles. Blue, green,
yellow, orange,and red. An investigation into the use of different mapping scales is
recommended to identify the most effective mapping scale that represents the risk level in
construction pojects and their respective components.

. The integration of crisp numbers within the developed quantitative assessment method
needs more investigation with respect to their membership functions.

. The expert opinions are considered equally important howexgregating the
evaluations oéxpers usingdifferentimportance factors can be considered.

. The application of developed CRMM model was demonstrated using several case studies
and a hypotheticalexample. However, the application of CRMM in a real projeaty

further validate the model and indicate the potentials for improvements.

The developednodel utilizesthe algebraic operations for adding and multiplying fuzzy
numberg(Zadeh 1965). However, other types of fuzeglculations such add-cut canbe
integrated with the developed CRMM model.

. The developed modehn be extended to account directly dmportunities
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APPENDIX A: NUMERIC EXAMPLE FORGENERATIONOF

FLNCS

This appendixntroducesa methodology to customize the fuzzy linguistic numeric conversion
schemebased on organiganal requirements This methodology can be summarized by
collecting the datan respect to fuzzy probability and fuzzy consequerices) the organization
experts.This can decrease the subjectivitput and increase the reliability afutput because

each experthas to expresdimself separatelyand confidentially. After completion of data
collection the fuzzy linguistic numeric conversion scheme can be generated by following these

steps:

4. A uniform fuzzy number can be generated for each category uerigwer and upper
boundariess shown in
5. Table A.2 based on experts inputhe lower boundary represent the minimum entry and
the upper boundary represent the maximum entry among all the expert§Tiaplat A.
1).
6. A fuzzy systenusesthe uniform fuzzy numbeiconfined by lower and upper boundaries
of each categorycan be drawn as shownhigure A.1
7. The intersection betweentegoriesshows a fuzzy area located between two consecutive
categories. This fuzzy area has a lower and upper boundary which can be linked using a
straight line.
The output of this procedure represents the customized fuzzy linguistic numeric conversion
scleme based on organization ng€ijure A.2). The same procedure can be used to generate

the FLNCS of fuzzy probability and fuzzy consequence of risk.
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Table A.1 shows arexample of inpufrom expertsvhich has been use developa customized

FLNCS as shown ifigure A.2.

Customization procedure started by collecting the input from exdede A.1 shows the input

from 4 experts nominated by their organization. They evaluate each fuzzy category based on
their experience using to boundaries lower and upper. After that, the lower and upper boundaries
are identified and the uniform fuzzyumber which represents each fuzzy category has been

generated as shownTrable A.2.

Table A.1 Experts Input for Lower and Upper Boundaries

Fuzzy System

VL Low Medium High Very High
Experts

Less than Between Between Between Higher than
El 1 1 4 3 6 6 9 8
E2 2 2 5 3 7 7 10 9
E3 2 2 4 4 8 7 9 10
E4 3 2 5 3 7 7 10 10

Table A.2 Uniform Fuzzy Numbers Representation

LowerBound UpperBound Uniform Fuzzy Number
VeryLow 0 3 [0,3]
Low 1 5 [1,5]
Medium 3 8 [3,8]
High 6 10 [6,10]
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VeryHigh 8 10 [8,10]

The uniform fuzzy numbers, generated in the previous step, are used to generate the preliminary
fuzzy linguistic numeric conversion scheme (FLNCS). Thiseste shows a fuzzy area which
belongs to two consecutive fuzzy categories as showigure A. 1.

A E Fuzzy Area between VL and L % Fuzzy Area between M and H

Qg Fuzzy Area between L and M E Fuzzy Area between H and VH

Very Low Low Medium High Very High

1.0 7
%

Figure A.1 Fuzzy Areas Between Consecutive Categories

The lower and upper boundasief each are should be linked by two straight lines. The first line
belong topredecessofuzzy categories started tvia membership equals to 1 at the lower
boundary and it is ended at the upper boundary with a membership equals to 0. In contrast,
succesor fuzzy category is linked to the lower and upper boundaries of the fuzzy area with a line

started with memberships equal to 0 and 1 respectgeshown irFigure A.2.

A

Very Low Low  Medium High Very High

+0 RS

1 2 3 4 5 6 7 8 9 10

Figure A.2 Customized Fuzzy Linguistic Numeric Conversion Scheme
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APPENDIX B: RISK OWNERSHIP SELETION CALCULATIONS

Risk #1 Capacity Effectiveness Ability ROS ROS
Contractor 0.2 0.4 0.5 0.6 0.2 0.2 0.4 0.4 0.1 0.1 02| 02| 05| 0.7 1.1 1.2 0.86
Owner 0.8 0.8 0.9 0.9 0.7 0.8 0.9 0.9 0.8 0.9 1.0 10| 23 | 25 | 28 | 2.8 2.57
Contractor 0.500 0.700 1.100 1.200 Owner 2.300 2.500 2.800 2.800 Contractor
X dy Y A XA X dy Y A XA A 0.624
0.500 0.000 0.000 0.000 0.000 2.300 0.000 0.000 0.000 0.000 XA 0.538
0.520 0.100 0.271 0.003 0.001 2.320 0.100 0.271 0.003 0.006 ROS 0.862
0.540 0.200 0.488 0.008 0.004 2.340 0.200 0.488 0.008 0.018 Owner
0.560 0.300 0.657 0.011 0.006 2.360 0.300 0.657 0.011 0.027 EA 0.449
0.580 0.400 0.784 0.014 0.008 2.380 0.400 0.784 0.014 0.034 EXA 1.157
0.600 0.500 0.875 0.017 0.010 2.400 0.500 0.875 0.017 0.040 ROS 2.573
0.620 0.600 0.936 0.018 0.011 2.420 0.600 0.936 0.018 0.044

0.640 0.700 0.973 0.019 0.012 2.440 0.700 0.973 0.019 0.046

0.660 0.800 0.992 0.020 0.013 2.460 0.800 0.992 0.020 0.048

0.680 0.900 0.999 0.020 0.013 2.480 0.900 0.999 0.020 0.049

0.700 1.000 1.000 0.020 0.014 2.500 1.000 1.000 0.020 0.050

0.740 1.000 1.000 0.040 0.029 2.530 1.000 1.000 0.030 0.075

0.780 1.000 1.000 0.040 0.030 2.560 1.000 1.000 0.030 0.076

0.820 1.000 1.000 0.040 0.032 2.590 1.000 1.000 0.030 0.077

0.860 1.000 1.000 0.040 0.034 2.620 1.000 1.000 0.030 0.078

0.900 1.000 1.000 0.040 0.035 2.650 1.000 1.000 0.030 0.079

0.940 1.000 1.000 0.040 0.037 2.680 1.000 1.000 0.030 0.080

0.980 1.000 1.000 0.040 0.038 2.710 1.000 1.000 0.030 0.081

1.020 1.000 1.000 0.040 0.040 2.740 1.000 1.000 0.030 0.082

1.060 1.000 1.000 0.040 0.042 2.770 1.000 1.000 0.030 0.083

1.100 1.000 1.000 0.040 0.043 2.800 1.000 1.000 0.030 0.084

1.110 0.900 0.999 0.010 0.011 2.800 0.900 0.999 0.000 0.000

1.120 0.800 0.992 0.010 0.011 2.800 0.800 0.992 0.000 0.000

1.130 0.700 0.973 0.010 0.011 2.800 0.700 0.973 0.000 0.000

1.140 0.600 0.936 0.010 0.011 2.800 0.600 0.936 0.000 0.000

1.150 0.500 0.875 0.009 0.010 2.800 0.500 0.875 0.000 0.000

1.160 0.400 0.784 0.008 0.010 2.800 0.400 0.784 0.000 0.000

1.170 0.300 0.657 0.007 0.008 2.800 0.300 0.657 0.000 0.000

1.180 0.200 0.488 0.006 0.007 2.800 0.200 0.488 0.000 0.000

1.190 0.100 0.271 0.004 0.004 2.800 0.100 0.271 0.000 0.000

1.200 0.000 0.000 0.001 0.002 2.800 0.000 0.000 0.000 0.000

199




Risk #2 Capacity Effectiveness Ability ROS ROS
Contractor 0.4 0.4 0.5 0.5 0.5 0.5 0.6 0.6 0.2 0.2 04 | 04| 1.1 1.1 15 15 1.30
Owner 0.8 0.8 1.0 1.0 0.8 0.8 0.9 0.9 0.8 0.8 09| 09| 24| 24 | 2.8 2.8 2.60
Contractor 1.100 1.100 1.500 1.500 Owner 2.400 2.400 2.800 2.800 Contractor
X dy Y A XA X dy Y A XA A 0.400
1.100 0.000 0.000 0.000 0.000 2.400 0.000 0.000 0.000 0.000 XA 0.520
1.100 0.100 0.271 0.000 0.000 2.400 0.100 0.271 0.000 0.000 ROS 1.300
1.100 0.200 0.488 0.000 0.000 2.400 0.200 0.488 0.000 0.000 Owner
1.100 0.300 0.657 0.000 0.000 2.400 0.300 0.657 0.000 0.000 EA 0.400
1.100 0.400 0.784 0.000 0.000 2.400 0.400 0.784 0.000 0.000 EXA 1.040
1.100 0.500 0.875 0.000 0.000 2.400 0.500 0.875 0.000 0.000 ROS 2.600
1.100 0.600 0.936 0.000 0.000 2.400 0.600 0.936 0.000 0.000

1.100 0.700 0.973 0.000 0.000 2.400 0.700 0.973 0.000 0.000

1.100 0.800 0.992 0.000 0.000 2.400 0.800 0.992 0.000 0.000

1.100 0.900 0.999 0.000 0.000 2.400 0.900 0.999 0.000 0.000

1.100 1.000 1.000 0.000 0.000 2.400 1.000 1.000 0.000 0.000

1.140 1.000 1.000 0.040 0.045 2.440 1.000 1.000 0.040 0.097

1.180 1.000 1.000 0.040 0.046 2.480 1.000 1.000 0.040 0.098

1.220 1.000 1.000 0.040 0.048 2.520 1.000 1.000 0.040 0.100

1.260 1.000 1.000 0.040 0.050 2.560 1.000 1.000 0.040 0.102

1.300 1.000 1.000 0.040 0.051 2.600 1.000 1.000 0.040 0.103

1.340 1.000 1.000 0.040 0.053 2.640 1.000 1.000 0.040 0.105

1.380 1.000 1.000 0.040 0.054 2.680 1.000 1.000 0.040 0.106

1.420 1.000 1.000 0.040 0.056 2.720 1.000 1.000 0.040 0.108

1.460 1.000 1.000 0.040 0.058 2.760 1.000 1.000 0.040 0.110

1.500 1.000 1.000 0.040 0.059 2.800 1.000 1.000 0.040 0.111

1.500 0.900 0.999 0.000 0.000 2.800 0.900 0.999 0.000 0.000

1.500 0.800 0.992 0.000 0.000 2.800 0.800 0.992 0.000 0.000

1.500 0.700 0.973 0.000 0.000 2.800 0.700 0.973 0.000 0.000

1.500 0.600 0.936 0.000 0.000 2.800 0.600 0.936 0.000 0.000

1.500 0.500 0.875 0.000 0.000 2.800 0.500 0.875 0.000 0.000

1.50 0.400 0.784 0.000 0.000 2.800 0.400 0.784 0.000 0.000

1.500 0.300 0.657 0.000 0.000 2.800 0.300 0.657 0.000 0.000

1.500 0.200 0.488 0.000 0.000 2.800 0.200 0.488 0.000 0.000

1.500 0.100 0.271 0.000 0.000 2.800 0.100 0.271 0.000 0.000

1.500 0.000 0.000 0.000 0.000 2.800 0.000 0.000 0.000 0.000
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Risk #3 Capacity Effectiveness Ability ROS ROS
Contractor 0.7 0.7 0.9 0.9 0.3 0.3 0.4 0.4 0.4 0.5 05| 06 | 14 | 15 | 1.8 1.9 1.65
Owner 0.5 0.6 0.6 0.7 0.7 0.8 0.8 0.9 0.7 0.8 09 09| 19| 22 | 23 | 25 2.21
Contractor 1.400 1.500 1.800 1.900 Owner 1.900 2.200 2.300 2.500 Contractor
X dy Y A XA X dy Y A XA A 0.450
1.400 0.000 0.000 0.000 0.000 1.900 0.000 0.000 0.000 0.000 XA 0.742
1.410 0.100 0.271 0.001 0.002 1.930 0.1 0.271 0.004 0.008 ROS 1.650
1.420 0.200 0.488 0.004 0.005 1.960 0.200 0.488 0.011 0.022 Owner
1.430 0.300 0.657 0.006 0.008 1.990 0.300 0.657 0.017 0.034 E A 0.474
1.440 0.400 0.784 0.007 0.010 2.020 0.400 0.784 0.022 0.043 E XA 1.047
1.450 0.500 0.875 0.008 0.012 2.050 0.500 0.875 0.025 0.051 ROS 2.211
1.460 0.600 0.936 0.009 0.013 2.080 0.600 0.936 0.027 0.056

1.470 0.700 0.973 0.010 0.014 2.110 0.700 0.973 0.029 0.060

1.480 0.800 0.992 0.010 0.014 2.140 0.800 0.992 0.029 0.063

1.490 0.900 0.999 0.010 0.015 2.170 0.900 0.999 0.030 0.064

1.500 1.000 1.000 0.010 0.015 2.200 1.000 1.000 0.030 0.066

1.530 1.000 1.000 0.030 0.045 2.210 1.000 1.000 0.010 0.022

1.560 1.000 1.000 0.030 0.046 2.220 1.000 1.000 0.010 0.022

1.590 1.000 1.000 0.030 0.047 2.230 1.000 1.000 0.010 0.022

1.620 1.000 1.000 0.030 0.048 2.240 1.000 1.000 0.010 0.022

1.650 1.000 1.000 0.030 0.049 2.250 1.000 1.000 0.010 0.022

1.680 1.000 1.000 0.030 0.050 2.260 1.000 1.000 0.010 0.023

1.710 1.000 1.000 0.030 0.051 2.270 1.000 1.000 0.010 0.023

1.740 1.000 1.000 0.030 0.052 2.280 1.000 1.000 0.010 0.023

1.770 1.000 1.000 0.030 0.053 2.290 1.000 1.000 0.010 0.023

1.8 1.000 1.000 0.030 0.054 2.300 1.000 1.000 0.010 0.023

1.810 0.900 0.999 0.010 0.018 2.320 0.900 0.999 0.020 0.046

1.820 0.800 0.992 0.010 0.018 2.340 0.800 0.992 0.020 0.046

1.830 0.700 0.973 0.010 0.018 2.360 0.700 0.973 0.020 0.046

1.840 0.600 0.936 0.010 0.018 2.380 0.600 0.936 0.019 0.045

1.850 0.500 0.875 0.009 0.017 2.400 0.500 0.875 0.018 0.043

1.860 0.400 0.784 0.008 0.015 2.420 0.400 0.784 0.017 0.040

1.870 0.300 0.657 0.007 0.013 2.440 0.300 0.657 0.014 0.035

1.880 0.200 0.488 0.006 0.011 2.460 0.200 0.488 0.011 0.028

1.890 0.100 0.271 0.004 0.007 2.480 0.100 0.271 0.008 0.019

1.900 0.000 0.000 0.001 0.003 2.500 0.000 0.000 0.003 0.007
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Risk #4 Capacity Effectiveness Ability ROS ROS
Contractor 0.2 0.2 0.3 0.3 0.5 0.5 0.6 0.6 0.4 0.4 0.5 0.5 1.1 1.1 1.4 1.4 1.25
Owner 0.7 0.7 0.8 0.9 0.6 0.7 0.9 1.0 0.6 0.7 0.7 0.8 1.9 2.1 2.4 2.7 2.21
Contractor 1.100 1.100 1.400 1.400 Owner 1.900 2.100 2.400 2.700 Contractor
X dy Y A XA X dy Y A XA A 0.300
1.100 0.000 0.000 0.000 0.000 1.900 0.000 0.000 0.000 0.000 XA 0.375
1.100 0.100 0.271 0.000 0.000 1.930 0.100 0.271 0.004 0.008 ROS 1.250
1.100 0.200 0.488 0.000 0.000 1.960 0.200 0.488 0.011 0.022 Owner
1.100 0.300 0.657 0.000 0.000 1.990 0.300 0.657 0.017 0.034 EA 0.474
1.100 0.400 0.784 0.000 0.000 2.020 0.400 0.784 0.022 0.043 EXA 1.047
1.100 0.500 0.875 0.000 0.000 2.050 0.500 0.875 0.025 0.051 ROS 2.211
1.100 0.600 0.936 0.000 0.000 2.080 0.600 0.936 0.027 0.056

1.100 0.700 0.973 0.000 0.000 2.110 0.700 0.973 0.029 0.060

1.100 0.800 0.992 0.000 0.000 2.140 0.800 0.992 0.029 0.063

1.100 0.900 0.999 0.000 0.000 2.170 0.900 0.999 0.030 0.064

1.100 1.000 1.000 0.000 0.000 2.200 1.000 1.000 0.030 0.066

1.130 1.000 1.000 0.030 0.033 2.210 1.000 1.000 0.010 0.022

1.160 1.000 1.000 0.030 0.034 2.220 1.000 1.000 0.010 0.022

1.190 1.000 1.000 0.030 0.035 2.230 1.000 1.000 0.010 0.022

1.220 1.000 1.000 0.030 0.036 2.240 1.000 1.000 0.010 0.022

1.250 1.000 1.000 0.030 0.037 2.250 1.000 1.000 0.010 0.022

1.280 1.000 1.000 0.030 0.038 2.260 1.000 1.000 0.010 0.023

1.310 1.000 1.000 0.030 0.039 2.270 1.000 1.000 0.010 0.023

1.340 1.000 1.000 0.030 0.040 2.280 1.000 1.000 0.010 0.023

1.370 1.000 1.000 0.030 0.041 2.290 1.000 1.000 0.010 0.023

1.400 1.000 1.000 0.030 0.042 2.300 1.000 1.000 0.010 0.023

1.400 0.900 0.999 0.000 0.000 2.320 0.900 0.999 0.020 0.046

1.400 0.800 0.992 0.000 0.000 2.340 0.800 0.992 0.020 0.046

1.400 0.700 0.973 0.000 0.000 2.360 0.700 0.973 0.020 0.046

1.400 0.600 0.936 0.000 0.000 2.380 0.600 0.936 0.019 0.045

1.400 0.500 0.875 0.000 0.000 2.400 0.500 0.875 0.018 0.043

1.4 0.400 0.784 0.000 0.000 2.420 0.400 0.784 0.017 0.040

1.400 0.300 0.657 0.000 0.000 2.440 0.300 0.657 0.014 0.035

1.400 0.200 0.488 0.000 0.000 2.460 0.200 0.488 0.011 0.028

1.400 0.100 0.271 0.000 0.000 2.480 0.100 0.271 0.008 0.019

1.400 0.000 0.000 0.000 0.000 2.500 0.000 0.000 0.003 0.007
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Risk #5 Capacity Effectiveness Ability ROS ROS
Contractor 0.5 0.5 0.6 0.6 0.5 0.6 0.6 0.7 0.5 0.5 0.6 0.6 1.5 1.6 1.8 1.9 1.70
Owner 0.6 0.7 0.7 0.8 0.6 0.6 0.7 0.7 05 0.5 0.6 0.6 1.7 1.8 2.0 2.1 1.90
Contractor 1.500 1.600 1.800 1.900 Owner 1.700 1.800 2.000 2.100 Contractor
X dy Y A XA X dy Y A XA A 0.350
1.500 0.000 0.000 0.000 0.000 1.700 0.000 0.000 0.000 0.000 XA 0.594
1.510 0.100 0.271 0.001 0.002 1.710 0.1® 0.271 0.001 0.002 ROS 1.700
1.520 0.200 0.488 0.004 0.006 1.720 0.200 0.488 0.004 0.007 Owner
1.530 0.300 0.657 0.006 0.009 1.730 0.300 0.657 0.006 0.010 EA 0.349
1.540 0.400 0.784 0.007 0.011 1.740 0.400 0.784 0.007 0.013 E XA 0.664
1.550 0.500 0.875 0.008 0.013 1.750 0.500 0.875 0.008 0.014 ROS 1.900
1.560 0.600 0.936 0.009 0.014 1.760 0.600 0.936 0.009 0.016

1.570 0.700 0.973 0.010 0.015 1.770 0.700 0.973 0.010 0.017

1.580 0.800 0.992 0.010 0.015 1.780 0.800 0.992 0.010 0.017

1.590 0.900 0.999 0.010 0.016 1.790 0.900 0.999 0.010 0.018

1.600 1.000 1.000 0.010 0.016 1.800 1.000 1.000 0.010 0.018

1.620 1.000 1.000 0.020 0.032 1.820 1.000 1.000 0.020 0.036

1.640 1.000 1.000 0.020 0.033 1.840 1.000 1.000 0.020 0.037

1.660 1.000 1.000 0.020 0.033 1.860 1.000 1.000 0.020 0.037

1.680 1.000 1.000 0.020 0.033 1.880 1.000 1.000 0.020 0.037

1.700 1.000 1.000 0.020 0.034 1.900 1.000 1.000 0.020 0.038

1.720 1.000 1.000 0.020 0.034 1.920 1.000 1.000 0.020 0.038

1.740 1.000 1.000 0.020 0.035 1.940 1.000 1.000 0.020 0.039

1.760 1.000 1.000 0.020 0.035 1.960 1.000 1.000 0.020 0.039

1.780 1.000 1.000 0.020 0.035 1.980 1.000 1.000 0.020 0.039

1.8 1.000 1.000 0.020 0.036 2.000 1.000 1.000 0.020 0.040

1.810 0.900 0.999 0.010 0.018 2.010 0.900 0.999 0.010 0.020

1.820 0.800 0.992 0.010 0.018 2.020 0.800 0.992 0.010 0.020

1.830 0.700 0.973 0.010 0.018 2.030 0.700 0.973 0.010 0.020

1.840 0.600 0.936 0.010 0.018 2.040 0.600 0.936 0.010 0.019

1.850 0.500 0.875 0.009 0.017 2.050 0.500 0.875 0.009 0.019

1.860 0.400 0.784 0.008 0.015 2.060 0.400 0.784 0.008 0.017

1.870 0.300 0.657 0.007 0.013 2.070 0.300 0.657 0.007 0.015

1.880 0.200 0.488 0.006 0.011 2.080 0.200 0.488 0.006 0.012

1.890 0.100 0.271 0.004 0.007 2.090 0.100 0.271 0.004 0.008

1.900 0.000 0.000 0.001 0.003 2.100 0.000 0.000 0.001 0.003
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Risk #6 Capacity Effectiveness Ability ROS ROS
Contractor 0.5 0.6 0.6 0.7 0.7 0.8 0.8 0.9 0.8 0.9 1.0 1.0 | 20| 23 | 24 | 2.6 2.31
Owner 0.5 0.5 0.6 0.7 0.3 0.4 0.5 0.6 0.5 0.5 0.6 | 0.6 1.3 1.4 | 1.7 1.9 1.50
Contractor 2.000 2.300 2.400 2.600 Owner 1.300 1.400 1.700 1.870 Contractor
X dy Y A XA X dy Y A XA A 0.474
2.000 0.000 0.000 0.000 0.000 1.300 0.000 0.000 0.000 0.000 XA 1.095
2.030 0.100 0.271 0.004 0.008 1.310 0.100 0.271 0.001 0.002 ROS 2.311
2.060 0.200 0.488 0.011 0.023 1.320 0.200 0.488 0.004 0.005 Owner
2.090 0.300 0.657 0.017 0.036 1.330 0.300 0.657 0.006 0.008 EA 0.350
2.120 0.400 0.784 0.022 0.045 1.340 0.400 0.784 0.007 0.010 EXA 0.524
2.150 0.500 0.875 0.025 0.053 1.350 0.500 0.875 0.008 0.011 ROS 1.500
2.180 0.600 0.936 0.027 0.059 1.360 0.600 0.936 0.009 0.012

2.210 0.700 0.973 0.029 0.063 1.370 0.700 0.973 0.010 0.013

2.240 0.800 0.992 0.029 0.066 1.380 0.800 0.992 0.010 0.014

2.270 0.900 0.999 0.030 0.067 1.390 0.900 0.999 0.010 0.014

2.300 1.000 1.000 0.030 0.069 1.400 1.000 1.000 0.010 0.014

2.310 1.000 1.000 0.010 0.023 1.420 1.000 1.000 0.020 0.028

2.320 1.000 1.000 0.010 0.023 1.440 1.000 1.000 0.020 0.029

2.330 1.000 1.000 0.010 0.023 1.460 1.000 1.000 0.020 0.029

2.340 1.000 1.000 0.010 0.023 1.480 1.000 1.000 0.020 0.029

2.350 1.000 1.000 0.010 0.023 1.500 1.000 1.000 0.020 0.030

2.360 1.000 1.000 0.010 0.024 1.520 1.000 1.000 0.020 0.030

2.370 1.000 1.000 0.010 0.024 1.540 1.000 1.000 0.020 0.031

2.380 1.000 1.000 0.010 0.024 1.560 1.000 1.000 0.020 0.031

2.390 1.000 1.000 0.010 0.024 1.580 1.000 1.000 0.020 0.031

2.400 1.000 1.000 0.010 0.024 1.600 1.000 1.000 0.020 0.032

2.420 0.900 0.999 0.020 0.048 1.610 0.900 0.999 0.010 0.016

2.440 0.800 0.992 0.020 0.048 1.620 0.800 0.992 0.010 0.016

2.460 0.700 0.973 0.020 0.048 1.630 0.700 0.973 0.010 0.016

2.480 0.600 0.936 0.019 0.047 1.640 0.600 0.936 0.010 0.016

2.500 0.500 0.875 0.018 0.045 1.650 0.500 0.875 0.009 0.015

2.520 0.400 0.784 0.017 0.042 1.660 0.400 0.784 0.008 0.014

2.540 0.300 0.657 0.014 0.036 1.670 0.300 0.657 0.007 0.012

2.560 0.200 0.488 0.011 0.029 1.680 0.200 0.488 0.006 0.010

2.580 0.100 0.271 0.008 0.020 1.690 0.100 0.271 0.004 0.006

2.600 0.000 0.000 0.003 0.007 1.700 0.000 0.000 0.001 0.002
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Risk #7 Capacity Effectiveness Ability ROS ROS
Contractor 0.8 0.9 0.9 1.0 0.8 0.8 0.9 0.9 0.7 0.8 0.8 1.0 | 2.3 2.5 2.6 2.9 2.59
Owner 0.6 0.6 0.7 0.7 0.6 0.6 0.7 0.7 0.7 0.8 0.8 0.9 1.9 20 | 2.2 2.3 2.10
Contractor 2.300 2.500 2.600 2.900 Owner 1.900 2.000 2.200 2.300 Contractor
X dy Y A XA X dy Y A XA A 0.474
2.300 0.000 0.000 0.000 0.000 1.900 0.000 0.000 0.000 0.000 XA 1.227
2.320 0.100 0.271 0.003 0.006 1.910 0.100 0.271 0.001 0.003 ROS 2.589
2.340 0.200 0.488 0.008 0.018 1.920 0.200 0.488 0.004 0.007 Owner
2.360 0.300 0.657 0.011 0.027 1.930 0.300 0.657 0.006 0.011 EA 0.349
2.380 0.400 0.784 0.014 0.034 1.940 0.400 0.784 0.007 0.014 E XA 0.734
2.400 0.500 0.875 0.017 0.040 1.950 0.500 0.875 0.008 0.016 ROS 2.100
2.420 0.600 0.936 0.018 0.044 1.960 0.600 0.936 0.009 0.018

2.440 0.700 0.973 0.019 0.046 1.970 0.700 0.973 0.010 0.019

2.460 0.800 0.992 0.020 0.048 1.980 0.800 0.992 0.010 0.019

2.480 0.900 0.999 0.020 0.049 1.990 0.900 0.999 0.010 0.020

2.500 1.000 1.000 0.020 0.050 2.000 1.000 1.000 0.010 0.020

2.510 1.000 1.000 0.010 0.025 2.020 1.000 1.000 0.020 0.040

2.520 1.000 1.000 0.010 0.025 2.040 1.000 1.000 0.020 0.041

2.530 1.000 1.000 0.010 0.025 2.060 1.000 1.000 0.020 0.041

2.540 1.000 1.000 0.010 0.025 2.080 1.000 1.000 0.020 0.041

2.550 1.000 1.000 0.010 0.025 2.100 1.000 1.000 0.020 0.042

2.560 1.000 1.000 0.010 0.026 2.120 1.000 1.000 0.020 0.042

2.570 1.000 1.000 0.010 0.026 2.140 1.000 1.000 0.020 0.043

2.580 1.000 1.000 0.010 0.026 2.160 1.000 1.000 0.020 0.043

2.590 1.000 1.000 0.010 0.026 2.180 1.000 1.000 0.020 0.043

2.600 1.000 1.000 0.010 0.026 2.200 1.000 1.000 0.020 0.044

2.630 0.900 0.999 0.030 0.078 2.210 0.900 0.999 0.010 0.022

2.660 0.800 0.992 0.030 0.079 2.220 0.800 0.992 0.010 0.022

2.690 0.700 0.973 0.029 0.079 2.230 0.700 0.973 0.010 0.022

2.720 0.600 0.936 0.029 0.077 2.240 0.600 0.936 0.010 0.021

2.750 0.500 0.875 0.027 0.074 2.250 0.500 0.875 0.009 0.020

2.780 0.400 0.784 0.025 0.069 2.260 0.400 0.784 0.008 0.019

2.810 0.300 0.657 0.022 0.060 2.20 0.300 0.657 0.007 0.016

2.840 0.200 0.488 0.017 0.049 2.280 0.200 0.488 0.006 0.013

2.870 0.100 0.271 0.011 0.033 2.290 0.100 0.271 0.004 0.009

2.900 0.000 0.000 0.004 0.012 2.300 0.000 0.000 0.001 0.003
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Risk #8 Capmacity Effectiveness Ability ROS ROS
Contractor 0.7 0.8 0.8 0.9 0.7 0.8 0.9 1.0 0.8 0.9 0.9 1.0 | 2.2 2.5 2.6 2.9 2.55
Owner 0.4 0.5 0.6 0.7 0.5 0.6 0.6 0.7 0.6 0.7 0.7 0.9 1.5 1.8 1.9 2.3 1.89
Contractor 2.200 2.500 2.600 2.900 Owner 1.500 1.800 1.900 2.300 Contractor
X dy Y A XA X dy Y A XA A 0.548
2.200 0.000 0.000 0.000 0.000 1.500 0.000 0.000 0.000 0.000 XA 1.399
2.230 0.100 0.271 0.004 0.009 1.530 0.100 0.271 0.004 0.006 ROS 2.550
2.260 0.200 0.488 0.011 0.026 1.560 0.200 0.488 0.011 0.018 Owner
2.290 0.300 0.657 0.017 0.039 1.590 0.300 0.657 0.017 0.027 EA 0.623
2.320 0.400 0.784 0.022 0.050 1.620 0.400 0.784 0.022 0.035 EXA 1.178
2.350 0.500 0.875 0.025 0.058 1.650 0.500 0.875 0.025 0.041 ROS 1.890
2.380 0.600 0.936 0.027 0.064 1.680 0.600 0.936 0.027 0.045

2.410 0.700 0.973 0.029 0.069 1.710 0.700 0.973 0.029 0.049

2.440 0.800 0.992 0.029 0.071 1.740 0.800 0.992 0.029 0.051

2.470 0.900 0.999 0.030 0.073 1.770 0.900 0.999 0.030 0.052

2.500 1.000 1.000 0.030 0.075 1.800 1.000 1.000 0.030 0.054

2.510 1.000 1.000 0.010 0.025 1.810 1.000 1.000 0.010 0.018

2.520 1.000 1.000 0.010 0.025 1.820 1.000 1.000 0.010 0.018

2.530 1.000 1.000 0.010 0.025 1.830 1.000 1.000 0.010 0.018

2.540 1.000 1.000 0.010 0.025 1.840 1.000 1.000 0.010 0.018

2.550 1.000 1.000 0.010 0.025 1.850 1.000 1.000 0.010 0.018

2.560 1.000 1.000 0.010 0.026 1.860 1.000 1.000 0.010 0.019

2.570 1.000 1.000 0.010 0.026 1.870 1.000 1.000 0.010 0.019

2.580 1.000 1.000 0.010 0.026 1.880 1.000 1.000 0.010 0.019

2.590 1.000 1.000 0.010 0.026 1.890 1.000 1.000 0.010 0.019

2.600 1.000 1.000 0.010 0.026 1.900 1.000 1.000 0.010 0.019

2.630 0.900 0.999 0.030 0.078 1.940 0.900 0.999 0.040 0.077

2.660 0.800 0.992 0.030 0.079 1.980 0.800 0.992 0.040 0.078

2.690 0.700 0.973 0.029 0.079 2.020 0.700 0.973 0.039 0.079

2.720 0.600 0.936 0.029 0.077 2.060 0.600 0.936 0.038 0.078

2.750 0.500 0.875 0.027 0.074 2.100 0.500 0.875 0.036 0.075

2.780 0.400 0.784 0.025 0.069 2.140 0.400 0.784 0.033 0.070

2.810 0.300 0.657 0.022 0.060 2.180 0.300 0.657 0.029 0.062

2.840 0.200 0.488 0.017 0.049 2.220 0.200 0.488 0.023 0.050

2.870 0.100 0.271 0.011 0.033 2.260 0.100 0.271 0.015 0.034

2.900 0.000 0.000 0.004 0.012 2.300 0.000 0.000 0.005 0.012
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Risk #9 Capacity Effectiveness Ability ROS ROS
Contractor 0.3 0.3 0.5 0.5 0.4 0.4 0.5 0.5 0.4 0.5 0.6 | 0.7 1.1 1.2 1.6 1.7 1.40
Owner 0.8 0.8 0.9 0.9 0.7 0.8 0.9 1.0 0.7 0.7 09 | 09 | 2.2 23 | 2.7 2.8 2.50
Contractor 1.100 1.200 1.600 1.700 Owner 2.200 2.300 2.700 2.800 Contractor
X dy Y A XA X dy Y A XA A 0.550
1.100 0.000 0.000 0.000 0.000 2.200 0.000 0.000 0.000 0.000 XA 0.769
1.110 0.100 0.271 0.001 0.001 2.210 0.100 0.271 0.001 0.003 ROS 1.400
1.120 0.200 0.488 0.004 0.004 2.220 0.200 0.488 0.004 0.008 Owner
1.130 0.300 0.657 0.006 0.006 2.230 0.300 0.657 0.006 0.013 EA 0.549
1.140 0.400 0.784 0.007 0.008 2.240 0.400 0.784 0.007 0.016 E XA 1.374
1.150 0.500 0.8H 0.008 0.009 2.250 0.500 0.875 0.008 0.019 ROS 2.500
1.160 0.600 0.936 0.009 0.010 2.260 0.600 0.936 0.009 0.020

1.170 0.700 0.973 0.010 0.011 2.270 0.700 0.973 0.010 0.022

1.180 0.800 0.992 0.010 0.012 2.280 0.800 0.992 0.010 0.022

1.190 0.900 0.999 0.010 0.012 2.290 0.900 0.999 0.010 0.023

1.200 1.000 1.000 0.010 0.012 2.300 1.000 1.000 0.010 0.023

1.240 1.000 1.000 0.040 0.049 2.340 1.000 1.000 0.040 0.093

1.280 1.000 1.000 0.040 0.050 2.380 1.000 1.000 0.040 0.094

1.320 1.000 1.000 0.040 0.052 2.420 1.000 1.000 0.040 0.096

1.360 1.000 1.000 0.040 0.054 2.460 1.000 1.000 0.040 0.098

1.400 1.000 1.000 0.040 0.055 2.500 1.000 1.000 0.040 0.099

1.440 1.000 1.000 0.040 0.057 2.540 1.000 1.000 0.040 0.101

1.480 1.000 1.000 0.040 0.058 2.580 1.000 1.000 0.040 0.102

1.520 1.000 1.000 0.040 0.060 2.620 1.000 1.000 0.040 0.104

1.560 1.000 1.000 0.040 0.062 2.660 1.000 1.000 0.040 0.106

1.600 1.000 1.000 0.040 0.063 2.700 1.000 1.000 0.040 0.107

1.610 0.900 0.999 0.010 0.016 2.710 0.900 0.999 0.010 0.027

1.620 0.800 0.992 0.010 0.016 2.720 0.800 0.992 0.010 0.027

1.630 0.700 0.973 0.010 0.016 2.730 0.700 0.973 0.010 0.027

1.640 0.600 0.936 0.010 0.016 2.740 0.600 0.936 0.010 0.026

1.650 0.500 0.875 0.009 0.015 2.750 0.500 0.875 0.009 0.025

1.660 0.400 0.784 0.008 0.014 2.760 0.400 0.784 0.008 0.023

1.670 0.300 0.657 0.007 0.012 2.770 0.300 0.657 0.007 0.020

1.680 0.200 0.488 0.006 0.010 2.780 0.200 0.488 0.006 0.016

1.690 0.100 0.271 0.004 0.006 2.790 0.100 0.271 0.004 0.011

1.700 0.000 0.000 0.001 0.002 2.800 0.000 0.000 0.001 0.004
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Risk #10 Capacity Effectiveness Ability ROS ROS
Contractor 0.7 0.8 0.8 0.9 0.6 0.7 0.8 0.9 0.8 0.9 0.9 1.0 | 21 24 | 25 2.8 2.45
Owner 0.7 0.8 0.8 0.9 0.7 0.8 0.9 1.0 0.5 0.6 0.6 | 0.7 1.9 22 | 2.3 2.6 2.20
Contractor 2.100 2.400 2.500 2.800 Owner 1.900 2.200 2.300 2.600 Contractor
X dy Y A XA X dy Y A XA A 0.548
2.100 0.000 0.000 0.000 0.000 1.900 0.000 0.000 0.000 0.000 XA 1.344
2.130 0.100 0.271 0.004 0.009 1.910 0.100 0.271 0.001 0.003 ROS 2.450
2.160 0.200 0.488 0.011 0.024 1.920 0.200 0.488 0.004 0.007 Owng
2.190 0.300 0.657 0.017 0.037 1.930 0.300 0.657 0.006 0.011 EA 0.549
2.220 0.400 0.784 0.022 0.048 1.940 0.400 0.784 0.007 0.014 EXA 1.209
2.250 0.500 0.875 0.025 0.056 1.950 0.500 0.875 0.008 0.016 ROS 2.200
2.280 0.600 0.936 0.027 0.062 1.960 0.600 0.936 0.009 0.018

2.310 0.700 0.973 0.029 0.066 1.970 0.700 0.973 0.010 0.019

2.340 0.800 0.992 0.029 0.069 1.980 0.800 0.992 0.010 0.019

2.370 0.900 0.999 0.030 0.070 1.990 0.900 0.999 0.010 0.020

2.400 1.000 1.000 0.030 0.072 2.000 1.000 1.000 0.010 0.020

2.410 1.000 1.000 0.010 0.024 2.040 1.000 1.000 0.040 0.081

2.420 1.000 1.000 0.010 0.024 2.080 1.000 1.000 0.040 0.082

2.430 1.000 1.000 0.010 0.024 2.120 1.000 1.000 0.040 0.084

2.440 1.000 1.000 0.010 0.024 2.160 1.000 1.000 0.040 0.086

2.450 1.000 1.000 0.010 0.024 2.200 1.000 1.000 0.040 0.087

2.460 1.000 1.000 0.010 0.025 2.240 1.000 1.000 0.040 0.089

2.470 1.000 1.000 0.010 0.025 2.280 1.000 1.000 0.040 0.090

2.480 1.000 1.000 0.010 0.025 2.320 1.000 1.000 0.040 0.092

2.490 1.000 1.000 0.010 0.025 2.360 1.000 1.000 0.040 0.094

2.500 1.000 1.000 0.010 0.025 2.400 1.000 1.000 0.040 0.095

2.530 0.900 0.999 0.030 0.075 2.410 0.900 0.999 0.010 0.024

2.560 0.800 0.992 0.030 0.076 2.420 0.800 0.992 0.010 0.024

2.590 0.700 0.973 0.029 0.076 2.430 0.700 0.973 0.010 0.024

2.620 0.600 0.936 0.029 0.075 2.440 0.600 0.936 0.010 0.023

2.650 0.500 0.875 0.027 0.072 2.450 0.500 0.875 0.009 0.022

2.68 0.400 0.784 0.025 0.066 2.460 0.400 0.784 0.008 0.020

2.710 0.300 0.657 0.022 0.058 2.470 0.300 0.657 0.007 0.018

2.740 0.200 0.488 0.017 0.047 2.480 0.200 0.488 0.006 0.014

2.770 0.100 0.271 0.011 0.031 2.490 0.100 0.271 0.004 0.009

2.800 0.000 0.000 0.004 0.011 2.500 0.000 0.000 0.001 0.003
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Risk #11 Capacity Effectiveness Ability ROS ROS
Contractor 0.7 0.7 0.8 0.8 0.8 0.8 0.9 0.9 0.7 0.8 0.9 1.0 | 2.2 2.3 2.6 2.7 2.45
Owner 0.3 0.3 0.4 0.4 0.2 0.3 0.3 0.4 0.4 0.5 0.6 0.7 | 0.9 1.1 1.3 1.5 1.20
Contractor 2.200 2.300 2.600 2.700 Owner 0.900 1.100 1.300 1.500 Contractor
X dy Y A XA X dy Y A XA A 0.449
2.200 0.000 0.000 0.000 0.000 0.900 0.000 0.000 0.000 0.000 XA 1.101
2.210 0.100 0.271 0.001 0.003 0.920 0.1® 0.271 0.003 0.002 ROS 2.450
2.220 0.200 0.488 0.004 0.008 0.940 0.200 0.488 0.008 0.007 Owner
2.230 0.300 0.657 0.006 0.013 0.960 0.300 0.657 0.011 0.011 EA 0.499
2.240 0.400 0.784 0.007 0.016 0.980 0.400 0.784 0.014 0.014 E XA 0.599
2.250 0.500 0.875 0.008 0.019 1.000 0.500 0.875 0.017 0.016 ROS 1.200
2.260 0.600 0.936 0.009 0.020 1.020 0.600 0.936 0.018 0.018

2.270 0.700 0.973 0.010 0.022 1.040 0.700 0.973 0.019 0.020

2.280 0.800 0.992 0.010 0.022 1.060 0.800 0.992 0.020 0.021

2.290 0.900 0.999 0.010 0.023 1.080 0.900 0.999 0.020 0.021

2.300 1.000 1.000 0.010 0.023 1.100 1.000 1.000 0.020 0.022

2.330 1.000 1.000 0.030 0.069 1.120 1.000 1.000 0.020 0.022

2.360 1.000 1.000 0.030 0.070 1.140 1.000 1.000 0.020 0.023

2.390 1.000 1.000 0.030 0.071 1.160 1.000 1.000 0.020 0.023

2.420 1.000 1.000 0.030 0.072 1.180 1.000 1.000 0.020 0.023

2.450 1.000 1.000 0.030 0.073 1.200 1.000 1.000 0.020 0.024

2.480 1.000 1.000 0.0 0.074 1.220 1.000 1.000 0.020 0.024

2.510 1.000 1.000 0.030 0.075 1.240 1.000 1.000 0.020 0.025

2.540 1.000 1.000 0.030 0.076 1.260 1.000 1.000 0.020 0.025

2.570 1.000 1.000 0.030 0.077 1.280 1.000 1.000 0.020 0.025

2.600 1.000 1.000 0.030 0.078 1.300 1.000 1.000 0.020 0.026

2.610 0.900 0.999 0.010 0.026 1.320 0.900 0.999 0.020 0.026

2.620 0.800 0.992 0.010 0.026 1.340 0.800 0.992 0.020 0.026

2.630 0.700 0.973 0.010 0.026 1.360 0.700 0.973 0.020 0.027

2.640 0.600 0.936 0.010 0.025 1.380 0.600 0.936 0.019 0.026

2.650 0.500 0.875 0.009 0.024 1.400 0.500 0.875 0.018 0.025

2.660 0.400 0.784 0.008 0.022 1.420 0.400 0.784 0.017 0.023

2.670 0.300 0.657 0.007 0.019 1.440 0.300 0.657 0.014 0.021

2.680 0.200 0.488 0.006 0.015 1.460 0.200 0.488 0.011 0.017

2.690 0.100 0.271 0.004 0.010 1.480 0.100 0.271 0.008 0.011

2.700 0.000 0.000 0.001 0.004 1.500 0.000 0.000 0.003 0.004
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Risk #12 Capacity Effectiveness Ability ROS ROS
Contractor 0.5 0.5 0.6 0.6 0.7 0.7 0.8 0.8 0.4 0.5 0.6 0.7 1.6 1.7 2.0 2.1 1.85
Owner 0.7 0.7 0.9 0.9 0.8 0.9 0.9 1.0 0.6 0.7 0.7 0.8 2.1 2.3 2.5 2.7 2.40
Contractor 1.600 1.700 2.000 2.100 Owner 2.100 2.300 2.500 2.700 Contractor
X dy Y A XA X dy Y A XA A 0.449
1.600 0.000 0.000 0.000 0.000 2.100 0.000 0.000 0.000 0.000 XA 0.832
1.610 0.100 0.271 0.001 0.002 2.120 0.100 0.271 0.003 0.006 ROS 1.850
1.620 0.200 0.488 0.004 0.006 2.140 0.200 0.488 0.008 0.016 Owner
1.630 0.300 0.657 0.006 0.009 2.160 0.300 0.657 0.011 0.025 EA 0.499
1.640 0.400 0.784 0.007 0.012 2.180 0.400 0.784 0.014 0.031 EXA 1.198
1.650 0.500 0.875 0.008 0.014 2.200 0.500 0.875 0.017 0.036 ROS 2.400
1.660 0.600 0.936 0.009 0.015 2.220 0.600 0.936 0.018 0.040

1.670 0.700 0.973 0.010 0.016 2.240 0.700 0.973 0.019 0.043

1.680 0.800 0.992 0.010 0.016 2.260 0.800 0.992 0.020 0.044

1.690 0.900 0.999 0.010 0.017 2.280 0.900 0.999 0.020 0.045

1.700 1.000 1.000 0.010 0.017 2.300 1.000 1.000 0.020 0.046

1.730 1.000 1.000 0.030 0.051 2.320 1.000 1.000 0.020 0.046

1.760 1.000 1.000 0.030 0.052 2.340 1.000 1.000 0.020 0.047

1.790 1.000 1.000 0.030 0.053 2.360 1.000 1.000 0.020 0.047

1.820 1.000 1.000 0.030 0.054 2.380 1.000 1.000 0.020 0.047

1.850 1.000 1.000 0.030 0.055 2.400 1.000 1.000 0.020 0.048

1.880 1.000 1.000 0.030 0.056 2.420 1.000 1.000 0.020 0.048

1.910 1.000 1.000 0.030 0.057 2.440 1.000 1.000 0.020 0.049

1.940 1.000 1.000 0.030 0.058 2.460 1.000 1.000 0.020 0.049

1.970 1.000 1.000 0.030 0.059 2.480 1.000 1.000 0.020 0.049

2.000 1.000 1.000 0.030 0.060 2.500 1.000 1.000 0.020 0.050

2.010 0.900 0.999 0.010 0.020 2.520 0.900 0.999 0.020 0.050

2.020 0.800 0.992 0.010 0.020 2.540 0.800 0.992 0.020 0.050

2.030 0.700 0.973 0.010 0.020 2.560 0.700 0.973 0.020 0.050

2.040 0.600 0.936 0.010 0.019 2.580 0.600 0.936 0.019 0.049

2.050 0.500 0.875 0.009 0.019 2.600 0.500 0.875 0.018 0.047

2.0 0.400 0.784 0.008 0.017 2.620 0.400 0.784 0.017 0.043

2.070 0.300 0.657 0.007 0.015 2.640 0.300 0.657 0.014 0.038

2.080 0.200 0.488 0.006 0.012 2.660 0.200 0.488 0.011 0.030

2.090 0.100 0.271 0.004 0.008 2.680 0.100 0.271 0.008 0.020

2.100 0.000 0.000 0.001 0.003 2.700 0.000 0.000 0.003 0.007
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Risk #13 Capacity Effectiveness Ability ROS ROS
Contractor 0.6 0.6 0.7 0.7 0.6 0.7 0.7 0.8 0.5 0.5 0.6 0.7 1.7 1.8 2.0 2.2 1.94
Owner 0.7 0.7 0.8 0.8 0.5 0.5 0.6 0.6 0.8 0.8 0.9 0.9 2.0 20 | 2.3 2.3 2.15
Contractor 1.700 1.800 2.000 2.200 Owner 2.000 2.000 2.300 2.300 Contractor
X dy Y A XA X dy Y A XA A 0.424
1.700 0.000 0.000 0.000 0.000 2.000 0.000 0.000 0.000 0.000 XA 0.823
1.710 0.100 0.271 0.001 0.002 2.000 0.100 0.271 0.000 0.000 ROS 1.939
1.720 0.200 0.488 0.004 0.007 2.000 0.200 0.488 0.000 0.000 Owner
1.730 0.300 0.657 0.006 0.010 2.000 0.300 0.657 0.000 0.000 E A 0.300
1.740 0.400 0.784 0.007 0.013 2.000 0.400 0.784 0.000 0.000 E XA 0.645
1.750 0.500 0.8H 0.008 0.014 2.000 0.500 0.875 0.000 0.000 ROS 2.150
1.760 0.600 0.936 0.009 0.016 2.000 0.600 0.936 0.000 0.000

1.770 0.700 0.973 0.010 0.017 2.000 0.700 0.973 0.000 0.000

1.780 0.800 0.992 0.010 0.017 2.000 0.800 0.992 0.000 0.000

1.790 0.900 0.999 0.010 0.018 2.000 0.900 0.999 0.000 0.000

1.800 1.000 1.000 0.010 0.018 2.000 1.000 1.000 0.000 0.000

1.820 1.000 1.000 0.020 0.036 2.030 1.000 1.000 0.030 0.060

1.840 1.000 1.000 0.020 0.037 2.060 1.000 1.000 0.030 0.061

1.860 1.000 1.000 0.020 0.037 2.090 1.000 1.000 0.030 0.062

1.880 1.000 1.000 0.020 0.037 2.120 1.000 1.000 0.030 0.063

1.900 1.000 1.000 0.020 0.038 2.150 1.000 1.000 0.030 0.064

1.920 1.000 1.000 0.020 0.038 2.180 1.000 1.000 0.030 0.065

1.940 1.000 1.000 0.020 0.039 2.210 1.000 1.000 0.030 0.066

1.960 1.000 1.000 0.020 0.039 2.240 1.000 1.000 0.030 0.067

1.980 1.000 1.000 0.020 0.039 2.270 1.000 1.000 0.030 0.068

2.000 1.000 1.000 0.020 0.040 2.300 1.000 1.000 0.030 0.069

2.020 0.900 0.999 0.020 0.040 2.300 0.900 0.999 0.000 0.000

2.040 0.800 0.992 0.020 0.040 2.300 0.800 0.992 0.000 0.000

2.060 0.700 0.973 0.020 0.040 2.300 0.700 0.973 0.00 0.000

2.080 0.600 0.936 0.019 0.040 2.300 0.600 0.936 0.000 0.000

2.100 0.500 0.875 0.018 0.038 2.300 0.500 0.875 0.000 0.000

2.120 0.400 0.784 0.017 0.035 2.300 0.400 0.784 0.000 0.000

2.140 0.300 0.657 0.014 0.031 2.300 0.300 0.657 0.000 0.000

2.160 0.200 0.488 0.011 0.025 2.300 0.200 0.488 0.000 0.000

2.180 0.100 0.271 0.008 0.016 2.300 0.100 0.271 0.000 0.000

2.200 0.000 0.000 0.003 0.006 2.300 0.000 0.000 0.000 0.000
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APPENDIX C: REHABILITATION FOR UNIVERSITY OF CATAGENA (CASE STDY)

Lack of Adequate Process
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Lack of Resources

XC 0.00q 0.000q 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.05q 0.100 0.150 0.200 0.250 0.30q 0.350 0.400 0.450 0.50d 0.520 0.54q0 0.56Q 0.580 0.600 0.620 0.64Q0 0.66q 0.680 0.70q
1.000 1.00¢ 1.00q 1.00q 1.00q 1.00q 1.00q 1.00 1.000 1.000 1.000 1.000 1.000 0.50d 0.000q 0.00q 0.00q 0.000 0.000 0.000 0.000 0.000 0.00q 0.000d 0.00d 0.00q 0.000q 0.000 0.000 0.00d 0.00d
0.000 0.000 0.000 0.000 0.00 0.00q 0.000 0.000 0.00q 0.000q 0.000 0.000 0.000 0.000q 0.000 0.000 0.000 0.250 0.500 0.750 1.00q 0.900 0.800 0.700 0.600 0.500 0.400 0.300 0.200 0.100 0.00(
0.00q 0.000q 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00q 0.000 0.000 0.000 0.000 0.000 0.25q 0.50¢q 0.75d 1.00q 0.900 0.80q 0.700 0.600 0.500 0.400 0.300 0.20q 0.10¢q 0.00q
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XA 0.000 0.00 0.000 0.00q 0.00 0.000 0.000 0.000 0.00 0.00q 0.000 0.000 0.000 0.000 0.001] 0.004 0.007 0.004 0.004 0.020 0.020 0.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00q 0.00(

A 0.272

XA 0.066

R 0.244

E1| 0.00d 0.000 0.100 0.20d 1.200 1.2
E2 | 0.300 0.500 0.500 0.70d 1.000 1.0
E3 | 0.300d 0.500 0.500 0.70d
2 0.800 2 0.8
E4 | 0.10d 0.250 0.250 0.404| =
@ === Consequence| &£
C 0.00d 0.00d 0.500 0.70d| & 0.600 06
IS - e
E1| 0.200 0.500 0.500 0.80(d| 2 = Probability ()
21 0.000 0.000 0.10Q9 0.20d = 0400 =04
E . . A .
E3| 0.704 0.90d 1.00d 1.00q| ©0-200 0.2
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P 0.00d 0.000 1.00d 1.00d 0.000 0.500 1.000 1.500 0.000 0.500 1.000
R OOOC OOOC 050C 070C PrObabl'lty / Consequence Risk Value
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@

perienced Team Member

XC| 0300 0320 0.340 0.360 0.380 0.400 0.420 0.44Q 0460 0.480 0504 0.5254 0.550 0.574 0.60Q 0.624 0.650 0.674 0.704 0.724 0.75¢ 0.764 0.780 0.799 0.810 0.824 0.840 0.859 0.870 0.889 0.900
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XP | 0.000 0.00q 0.00q 0.004 0.00q 0.00d 0.00d 0.00q 0.000 0.000 0.000 0.05d 0.100 0.150 0.200 0.250 0.300 0.350 0.400 0.45Q0 0.50q 0.53q 0.56Q0 0.59q 0.62q 0.65d 0.684q 0.71q 0.74¢ 0.77d 0.80(
0.00q 0.00q 0.00q 0.00q 0.00q 0.00dq 0.00d 0.00q 0.000 0.000 0.000 0.000 0.000 0.00q 0.00q 0.164 0.333 0.50q 0.664 0.833 1.000 0.904 0.80q 0.70 0.600 0504 0.404 0.30d 0.200 0.100 0.00d
0.000 0.000 0.000 0.00d 0.000 0.000 0.000 0.00q 0.000 0.000 0.00q 0.00q 0.00q 0.00q 0.00q 0.167 0.333 050 0.664 0.833 1.00¢d 0.90¢ 0.804 0.70q 0.600 0500 0.40d 0.300 0.200 0.100 0.00q
1.000 1.000 1.00q 1.00q 1.00q 1.00q 1.004q 1.004 1.00q 1004 1004 1004 1.00d 0500 0.00q 0.00d 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00q 0.00q 0.00q 0.00q 0.009 0.00q

YP| 0.00q 0.00q 0.00q 0.00q 0.00q 0.004 0.00q 0.00q 0.00q 0.00q 0.00q 0.00d 0.00d 0.00d 0.000 0.167 0.333 0500 0.667 0.833 1.000 0.900 0.80d 0.70q 0.60q 0.50q 0.40q 0.304 0.20q 0.104 0.00(

XR | 0.00q 0.00q 0.00d 0.00dq 0.00d 0.00¢ 0.00¢ 0.00¢ 0.00¢ 0.00g 0.00g 0.2 0.5 0.08q 0.120 0.154 0.19§ 0.23§ 0.280 0.324 0.374 0.40§ 0437 0.469 0504 0534 0571 0.604 0.644 0.68] 0.72(

YC | 0.00q 0.190 0.36d 0514 0.64q 0.750 0.84¢ 0910 0960 0.990 1.000 0984 0.939 0.859 0.750 0.729 0.750 0.809 0.889 0.974 1.000Q 0.990 0.960 0.91q 0.840 0.75q 0.64q 0.51q 0.36¢ 0.19d 0.00q

YP | 1000 1.00d 1004 1004 1.00d 1.004 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.500 0.000 0.421 0.704 0.874 0.963 0.99§ 1.000q 0.999 0.992 0.973 0.93q 0.874 0.784 0.654 0.484 0.271 0.00q

YR | 0.000 0.190 0.360 0.51q 0.640 0.750 0.840 0.910 0.960 0.990 1.00q 0.984 0.93§ 0.43Q 0.000 0.307 0524 0.704 0.85 0.969 1.000 0.989 0.954 0.88 0.78q 0.654 0.504 0.334 0.174 0.05] 0.00(

A 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00q 0.000 0.00q 0.00q 0.024 0.024 0.021 0.007 0.004 0.014 0.024 0.034 0.044 0.044 0.03¢ 0.03q 0.030 0.024 0.029 0.02d0 0.01§ 0.009 0.004 0.001

XA | 0.000 0.000 0.00q 0.000 0.000 0.00q 0.00q 0.00q 0.00q 0.00q 0.00q 0.00q 0.001 0.00F 0.001 0.003 0.003 0.00§ 0.009 0.013 0.017 0.014 0.013 0.013 0.014 0.014 0.011 0.009 0.004 0.003 0.001
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= 0.400 ] \ = 04
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Lack of Motivation Attitudes
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APPENDIX D: ROAD CONSTRUCTIONPROJECT (CASE STUDY)

Logic and Environment

XL&E
Y1
Y2
Y3
Y4
Y5
Y6
Y7
Ytotal
Area
X*Area

0.10z 0.110:0.117 0.125 0.132 0.140 0.14€ 0.155 0.16% 0.170 0.17€ 0.187 0.197 0.207 0.21€ 0.226 0.23% 0.24% 0.254 0.264 0.274 0.28% 0.297 0.30€ 0.320 0.331 0.34 0.35E5 0.366 0.37€ 0.384
0.000 0.100'0.20C 0.30C 0.40C 0.50C 0.600 0.70C 0.80C 0.900 1.00C 1.00C 1.00C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 1.000 1.00C 0.90C 0.800 0.70C'0.60C 0.50C 0.40C 0.30C 0.200 0.10C 0.00(
0.000 0.100'0.20C 0.30C 0.400 0.50C 0.600 0.70C 0.80C 0.900 1.00C 1.00C 1.00C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 1.000 1.00C 0.90C 0.800 0.70C'0.60C 0.50C 0.40C 0.30C 0.200 0.10C 0.00(
0.000 0.100'0.20C 0.30C 0.400 0.50C 0.600 0.70C 0.80C 0.900 1.00C 1.00C 1.00C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 1.000 1.00C 0.90C 0.80C 0.70C'0.60C 0.50C 0.40C 0.30C 0.200 0.10C 0.00(
0.000 0.10010.200 0.30C 0.400 0.50C 0.600 0.70C 0.80C 0.900 1.00C 1.00C 1.00C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 1.000 1.00C 0.90C 0.80C 0.70010.60C 0.50C 0.40C 0.30C 0.200 0.10C 0.00(
0.00C 0.100'0.200 0.30C 0.400 0.50C 0.600 0.70C 0.80C 0.900 1.00C 1.00C 1.00C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 1.00C 1.00C 0.90C 0.80C 0.7010.60C 0.50C 0.40C 0.30C 0.200 0.10C 0.00(
0.00C 0.10010.200 0.30C 0.400 0.50C 0.600 0.70C 0.80C 0.900 1.00C 1.00C 1.00C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 1.00C 1.00C 0.90C 0.80C 0.70C'0.60C 0.50C 0.40C 0.30C 0.200 0.10C 0.00(
0.00C 0.10010.200 0.30C 0.400 0.50C 0.600 0.70C 0.80C 0.900 1.00C 1.00C 1.00C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 1.00C 1.00C 0.90C 0.80C 0.70C'0.60C 0.50C 0.40C 0.30C 0.200 0.10C 0.00(
0.000 0.522.0.7900.91€ 0.972 0.992 0.99€ 1.00C 1.00C 1.000 1.000 1.00C 1.00C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.000 1.00010.99€ 0.992 0.972 0.91& 0.790 0.522 0.00(
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Consultant Risks
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X*Area
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0.00C 0.100 0.20C 0.300 0.40C 0.50C 0.60C 0.70C 0.80C 0.90C 1.00C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 0.90C 0.80C 0.700 0.60C 0.50C 0.40C 0.30C 0.20C 0.10C 0.00d
0.00C 0.1000.200 0.300 0.40C 0.50C 0.60C 0.70C 0.80C 0.90C 1.00C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 0.90C 0.80C 0.700 0.60C 0.50C 0.40C 0.30C 0.20C 0.10C 0.00d
0.00C 0.100 0.20C 0.300 0.40C 0.50C 0.60C 0.70C 0.80C 0.90C 1.00C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 0.90C 0.80C 0.700 0.60C 0.50C 0.40C 0.30C 0.20C 0.10C 0.00d
0.00C 0.100 0.20C 0.300 0.40C 0.50C 0.60C 0.70C 0.80C 0.90C 1.00C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 0.90C 0.80C 0.700 0.60C 0.50C 0.40C 0.30C 0.20C 0.10C 0.00d
0.00C 0.100 0.20C 0.300 0.40C 0.50C 0.60C 0.70C 0.80C 0.90C 1.00C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 0.90C 0.80C 0.70C 0.60C 0.50C 0.40C 0.30C 0.20C 0.10C 0.00d
0.000 0.6510.892 0.972 0.994. 0.99¢ 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 0.999 0.994 0.972 0.892 0.651 0.00d
0.00C 0.00z 0.00€ 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.00€ 0.00< 0.00¢ 0.00¢ 0.00¢ 0.00€ 0.00¢ 0.00¢ 0.00¢ 0.00€ 0.011 0.011 0.011 0.011.0.011 0.011 0.011 0.011 0.00¢ 0.004
0.00C 0.00C 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.002 0.00z 0.00z 0.00z 0.002 0.00z 0.00z 0.00z 0.00z 0.00z 0.00% 0.00% 0.00Z 0.00% 0.004 0.004 0.004 0.004 0.00% 0.001
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Managerial Risks

XL&E
Y1
Y2
Y3
Y4
Y5
Y6
Y7
Y8
Y9
Y10
Y11
Y12
Y13
Y14
Y15
Ytotal
Area
X*Area

0.094.0.09€ 0.10% 0.111 0.117 0.122 0.12€ 0.134 0.140 0.14€ 0.151 0.15€ 0.16€ 0.17Z 0.18C 0.187 0.194.0.201 0.20¢ 0.21€ 0.22% 0.231 0.240 0.24€ 0.257 0.26€ 0.274 0.28% 0.291 0.30C 0.304
0.00C'0.100 0.20C 0.30C 0.400 0.500 0.600 0.70C 0.80C 0.90C 1.00C 1.000 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.000 1.00C 0.900 0.80C 0.70C 0.600 0.500 0.40C 0.300 0.20C 0.10C 0.00(
0.00C'0.100 0.20C 0.30C 0.400 0.500 0.600 0.70C 0.80C 0.90C 1.00C 1.000 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 0.900 0.80C 0.70C 0.60C 0.500 0.40C 0.300 0.20C 0.10C 0.00(
0.00C'0.100 0.20C 0.300 0.400 0.500 0.600 0.70C 0.80C 0.90C 1.00C 1.000 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 0.900 0.80C 0.70C 0.60C 0.500 0.40C 0.300C 0.20C 0.10C 0.00(
0.00C 0.100 0.200 0.300C 0.400 0.500 0.600 0.70C 0.80C 0.90C 1.00C 1.000 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 0.900 0.80C 0.70C 0.600 0.500 0.40C 0.300 0.20C 0.10C 0.00(
0.00C 0.100 0.200 0.300C 0.400 0.500 0.600 0.70C 0.80C 0.90C 1.00C 1.000 1.00C 1.00C 1.000C 1.00C 1.00C 1.00C 1.00C 1.00C 1.000 0.900 0.80C 0.70C 0.600 0.500 0.40C 0.300 0.20C 0.10C 0.00(
0.00C'0.100 0.200 0.30C 0.400 0.500 0.600 0.70C 0.80C 0.90C 1.00C 1.000 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 1.00C 1.00C 1.000 0.900 0.80C 0.70C 0.600 0.50C 0.40C 0.300C 0.20C 0.10C 0.00(
0.00C'0.100 0.20C 0.300 0.400 0.500 0.600 0.700 0.80C 0.90C 1.00C 1.000 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 0.900 0.80C 0.70C 0.600 0.500 0.40C 0.300 0.20C 0.10C 0.004
0.00C'0.100 0.20C 0.300C 0.400 0.500 0.600 0.70C 0.80C 0.90C 1.00C 1.000 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 0.900 0.80C 0.70C 0.600 0.500 0.40C 0.300 0.20C 0.10C 0.004
0.00C'0.100 0.20C 0.300 0.400 0.500 0.600 0.70C 0.80C 0.90C 1.00C 1.000 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 0.900 0.80C 0.70C 0.600 0.500 0.40C 0.300 0.20C 0.10C 0.00(
0.00C'0.100 0.20C 0.300 0.400 0.500 0.600 0.70C 0.80C 0.90C 1.00C 1.000 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 0.900 0.80C 0.70C 0.60C 0.500 0.40C 0.300C 0.20C 0.10C 0.00(
0.00C'0.100 0.20C 0.300 0.400 0.500 0.600 0.70C 0.80C 0.90C 1.00C 1.000 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 0.900 0.80C 0.70C 0.60C 0.500 0.40C 0.300C 0.20C 0.10C 0.00(
0.00C'0.100 0.20C 0.300C 0.400 0.500 0.600 0.70C 0.80C 0.90C 1.00C 1.000C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 0.900 0.80C 0.70C 0.600 0.500 0.40C 0.300 0.20C 0.10C 0.00(
0.00C 0.100 0.200 0.300C 0.400 0.500 0.600 0.70C 0.80C 0.90C 1.00C 1.000 1.00C 1.00C 1.000C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 0.900 0.80C 0.70C 0.600 0.500 0.40C 0.300 0.20C 0.10C 0.00(
0.00C 0.10C 0.200 0.30C 0.400 0.500 0.600 0.70C 0.80C 0.90C 1.00C 1.000 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 1.00C 1.00C 1.000 0.900 0.80C 0.70C 0.600C 0.500 0.40C 0.300C 0.20C 0.10C 0.00(
0.00C10.100 0.20C 0.300C 0.400 0.500 0.600 0.70C 0.80C 0.90C 1.00C 1.000 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 0.900 0.80C 0.70C 0.600 0.500 0.40C 0.300 0.20C 0.10C 0.004
0.00010.794 0.96% 0.995 1.000 1.000 1.00C 1.00C 1.00C 1.000 1.00C 1.000 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.000 1.00C 1.00C 1.000 1.00C 1.00C 0.995 0.965 0.794 0.00(
0.00C'0.00z 0.00% 0.00€ 0.00€ 0.00€ 0.00€ 0.00€ 0.00€ 0.00€ 0.00€ 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.00¢ 0.00¢ 0.00¢ 0.00¢ 0.00¢ 0.00¢ 0.00¢ 0.00€& 0.00€ 0.003
0.00C'0.00C 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.00Z 0.00z 0.002 0.00z 0.002 0.00z 0.002 0.00z 0.002 0.002 0.00Z 0.001

Financial Risks

XL&E
Y1

Y2

Y3

Y4

Y5

Y6
Ytotal
Area
X*Area

0.082 0.08¢ 0.095 0.10z 0.10€ 0.115 0.122 0.12€ 0.13% 0.142 0.14€ 0.154.0.15€ 0.164 0.16© 0.174 0.179 0.184 0.18¢ 0.194 0.19€ 0.214 0.22€ 0.242 0.257 0.271 0.28% 0.299 0.314 0.32¢ 0.342
0.0000.100'0.20C 0.30C 0.400 0.50C 0.60C 0.70C 0.80C 0.90C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 1.00C 0.90C 0.80C 0.70C 0.60C 0.50C 0.40C 0.300 0.20C 0.10C 0.00d
0.0000.100 0.20C 0.30C 0.400 0.50C 0.60C 0.70C 0.80C 0.90C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 1.00C 0.90C 0.80C 0.70C 0.60C 0.50C 0.40C 0.300 0.20C 0.10C 0.004
0.0000.100 0.20C 0.30C 0.400 0.50C 0.60C 0.70C 0.80C 0.90C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 1.00C 0.90C 0.80C 0.70C 0.60C 0.50C 0.40C 0.300 0.20C 0.10C 0.004
0.00C 0.100'0.20C 0.30C 0.40C 0.50C 0.600 0.70C 0.80C 0.900 1.000 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.000 1.00C 0.90C 0.80C 0.70C 0.60C 0.50C 0.40C 0.30010.20C 0.100C 0.00(
0.00C 0.10C'0.200 0.30C 0.40C 0.50C 0.600 0.70C 0.80C 0.900 1.000 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.000 1.00C 0.90C 0.80C 0.70C 0.60C 0.50C 0.40C 0.3000.20C 0.100C 0.00(
0.00C 0.10C'0.200 0.30C 0.40C 0.50C 0.600 0.70C 0.80C 0.900 1.000 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.000 1.00C 0.90C 0.80C 0.70C 0.60C 0.50C 0.40C 0.3000.20C 0.100C 0.00(
0.000 0.46< 0.73€ 0.882 0.95% 0.984 0.996€ 0.99¢ 1.00C 1.000 1.000 1.00C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 0.99€ 0.99€ 0.984 0.952 0.882 0.73€ 0.46¢ 0.00(
0.00C 0.00z 0.004 0.00% 0.00€ 0.00€ 0.007 0.007 0.007 0.007 0.007 0.00% 0.00% 0.00< 0.00% 0.00% 0.00% 0.00€ 0.00= 0.00% 0.00 0.014 0.014 0.014.0.014 0.014 0.014 0.01 0.012 0.00¢ 0.003
0.00C 0.00C'0.0000.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.00 0.002 0.002 0.004 0.004 0.004 0.004 0.004 0.00% 0.001
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External Risks

XL&E 0.1320.1400.14€ 0.15€ 0.164 0.172.0.181 0.18¢ 0.197 0.20 0.21% 0.235 0.25€ 0.280 0.30Z 0.325 0.347 0.36¢ 0.39Z 0.414 0.43€ 0.44€ 0.45¢ 0.471 0.48% 0.494 0.50€ 0.51€ 0.52¢ 0.541 0.553

Y1
Y2
Y3
Y4
Y5

0.00C 0.100:0.200 0.300 0.40C 0.50C 0.60C 0.70C 0.800 0.90C 1.00C 1.00C 1.000C 1.00C 1.00C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 0.90C 0.80C 0.700 0.60C 0.50C 0.40C 0.300:0.20C 0.10C 0.004
0.00C 0.100'0.200 0.300 0.40C 0.50C 0.60C 0.70C 0.800 0.90C 1.000 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 0.90C 0.80C 0.700 0.600 0.50C 0.40C 0.300:0.20C 0.10C 0.004
0.00C 0.100'0.200 0.300 0.40C 0.50C 0.60C 0.70C 0.8000.90C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 0.90C 0.80C 0.700 0.60C 0.50C 0.40C 0.300:0.20C 0.10C 0.004
0.00C 0.100'0.200 0.300 0.40C 0.50C 0.60C 0.70C 0.800 0.90C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 0.90C 0.80C 0.700 0.600 0.50C 0.40C 0.300:0.20C 0.10C 0.004
0.00C 0.100'0.200 0.300 0.40C 0.50C 0.60C 0.70C 0.8000.90C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.000 1.00C 1.00C 1.00C 0.90C 0.80C 0.700 0.60C 0.50C 0.40C 0.300:0.20C 0.10C 0.004

0.555/0.0000.4100.672 0.83z 0.922 0.96¢ 0.99C 0.99¢ 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.00C 1.000 1.000 1.00C 1.000 1.000 1.00C 0.99€ 0.990 0.96< 0.922 0.83z 0.672 0.41( 0.004
Area  0.00C 0.00z 0.004 0.00€ 0.007 0.00€ 0.00€ 0.00€ 0.00€ 0.00€ 0.00€ 0.02z 0.02Z 0.02z 0.02z 0.02Z 0.02Z 0.02z 0.022 0.022 0.02z 0.012 0.01z 0.01Z 0.01Z 0.011 0.011 0.01C 0.00¢ 0.00€ 0.002
x*Area 0.00C 0.000 0.001 0.001 0.001 0.001 0.001 0.001 0.00z 0.002 0.002 0.00% 0.00% 0.00€ 0.00€ 0.007 0.007 0.00& 0.00& 0.00¢ 0.00¢ 0.00% 0.00% 0.00= 0.00€ 0.00€ 0.00€ 0.00% 0.00 0.002 0.001
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APPENDIX E: UHCOC PROJECT (CASBETUDY)

Type | Group Risks a b c d
Top soil quatity overrun 255 285 315 345
Additional retaining walls and Pilings under retaining wallg{ 3500 | 4500 | 5250 | 5500
< Additional wick drain pipe 120 142 150 150
Dcf Additional remedial excavation in lieu of wick drain pipe | 1400 1800 | 2000 | 2400
2 Rock gquatity overrun- drill and shoot by 25% 2550 | 3230 | 3570 | 4250
g Additional 1 mi hauling distance of drill and shoot rock | 2000 | 2375 | 2625 | 3000
‘mu:) Disposal fee $1.0/cu. Yd for drill and shoot rock 4165 | 4752 | 5047 | 5625
» Increase in all storm drainage pipe@®in 1040 | 1170 | 1430 | 1560
) Increase in reinforced concrete pipe by 15% 1360 1615 1700 1700
% Fuzzy Risk Value for Positive Estimation Risks 16390 | 19869 | 22087 | 24530
;% % Risks a b c d
g x Schedule acceleration 5250 | 6750 | 7500 | 8625
IS DBE by 20% 800 900 1000 | 1150
E Design Growth 3000 | 5100 | 6600 | 7500
= Design/approval delays 2800 | 3600 | 4400 | 5200
Q Regulatory agencies 3750 | 4750 | 5250 | 6000
" S Disposal of excess materials 4250 | 4750 | 5000 | 5500
& Fuzzy Risk Value for Positive Nelstimaton Risks 19850 | 25850 | 29750 | 33975
% a b c d
'% Fuzzy Risk Value for Positive Risks 36240 | 45719 | 51837 | 58505
T Risks a b c d
~ Less remedial excavation inli@f wick-drain pipe 285 297 300 300
-a’—:’ less retaining walls ahpilings under retaining walls 3200 | 3800 | 4200 | 4600
s Fatten slopes on site waste from driltlamoot rock 2400 2700 | 3000 | 3000
= Less tire/ track / repair cost 935 1067 | 1133 | 1265
% £ Less equipment maintenance cost 996 1140 | 1260 | 1404
Iod Nt Piling reducion by 6ft per pile under bridge 720 873 900 900
o Replace 78Rvalue rock with 50R/alue rock 1725 | 2185 | 2300 | 2415
T Fuzzy Risk Value for Negative Estimation Risks 10261 | 12062 | 13093 | 13884
ik 5 Risks a b c d
z S © % Schedule deceleration 3750 4750 | 5000 | 5750
z % x Less Design/approval delays 1400 | 1800 | 2200 | 2600
o Fuzzy Risk Value for Negative Ndbstimation Risks 5150 | 6550 | 7200 | 8350
a b c d
Fuzzy Risk Value for Negative Risks 15411 | 18612 | 20293 | 22234
a b c d
Total Project Risks 20829 | 27107 | 31544 | 36271
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Positive Estimation Risks
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Positive Non Estimation Risks
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Negative Estimation Risks
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APPENDIX F: NEST PROJECT (CASETUDY)

Activity Name A($) B ($) C (9) D ($)
Mobilization 40000 70000 70000 100000
Power Installation 89000 89000 89000 89000
Power- 156 Str. 15000 15000 50000 50000
Excavate Work Shaft 97600 122000 122000 146400
Excavate under cut 200000 269000 269000 350000
excavate tail tunnel to east 100000 123000 123000 150000
form and pour undercut 80000 80000 80000 80000
form and pour tail undercut 39000 39000 39000 39000
form and pour shaft 100000 120000 120000 150000
excavate access shaft 16000 16000 16000 16000
backfill shaft and install segments 44000 44000 44000 44000
tunnel install segments (866m) 1951964 2142484 2142484 2909760
patch and rub tunnel crown 80 134 134 140
patch and rulbunnel final cleanup 161 188 188 215
spoil removal 5.4 8.1 8.1 9.7
access manhole shaft 61000 61000 61000 61000
tunnel and install segments (756m) 1704024 1870344 1870344 2540160
patch and rub tunnel crown 80 134 134 140
patch and rub tunnel final cleanup 161 188 188 215
spoil removal 5.4 8.1 8.1 9.7
removal shaft 101000 101000 101000 101000
NEST 4639080.8 5162488.2 5197488.2 6827049.4
Area 2001213.96
X.Area 11283042219888.10
Defuzzified Value 5638098.90
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40000. 43000. 46000. 49000. 52000. 55000. 58000. 61000. 64000. 67000. 7/0000. /0000. 70000. 70000. 70000. '70000.
0.0 0.1 0.2 0.3 0.4 0.5 0.9 0. 0. 0.9 1.0 1.0 1.0 1.0 1.0 1.0
89000. 89000. 89000. 89000. 89000. 89000. 89000. 89000. 89000. 89000. 89000. 89000. 89000. 89000. 89000. 89000.
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0
15000. 15000. 15000. 15000. 15000. 15000. 15000. 15000. 15000. 15000. 15000. 18500. 22000. 25500. 29000. 32500.
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0 1.0
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0. 0.1 0.2 0.3 0.4 0.5 0.9 0. O.Ea 0 % 1.0 1.0 1.0 1.0 1.0 1.0
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0.0 0.1 0.2 0.3 0.4 0.5 0.9 0. 0. 0.9 1.0 1.0 1.0 1.0 1.0 1.0
80000. 80000. 80000. 80000. 80000. 80000. 80000. 80000. 80000. 80000. 80000. 80000. 80000. 80000. 80000. 80000.
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0
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70000. 70000. /0000. /0000. 70000. 70000. 73000. 76000. 79000. 82000. 85000. 88000. 91000. 94000. 97000.(0 100000.
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1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
32500. 36000. 39500. 43000. 46500. 50000. 50000. 50000. 50000. 50000. 50000. 50000. 50000. 50000. 50000. 50000.
1.0 1.0 1.0 1.0 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
122000.0 122000.0 122000.0 122000.0 122000.0 122000.Q 124440.0 126880.0 129320.0 131760.0Q 134200.0 136640.0 139080.0 141520.]Q 143960.0 146400.
1.0 1.0 1. 1.0 1.0 1.0 0.9 0.8 0. 0. 0. 0.4 0.3 0. 0.1 0.0
269000.0 269000.0 269000.0 269000.0 269000.0 269000.0 277100.0 285200.0 293300.) 301400.0 309500.0 317600.0 325700.0 333800.0 341900.0 350000.
1.0 1.0 1. 1.0 1.0 1.0 0. 0.8 0. 0. 0. 0.4 0. 0. 0.1 0.0
123000.0 123000.0 123000.0 123000.Q 123000.0 123000.0 125700.0 128400.0 131100.Q 133800.0 136500.0 139200.0 141900.0 144600.Q0 147300.0 150000.
1.0 1.0 1.0 1.0 1.0 1.0 0.9 0.8 0. 0.9 0. 0.4 0.3 0.2 0.1 0.0
80000. 80000. 80000. 80000. 80000. 80000. 80000. 80000. 80000. 80000. 80000. 80000. 80000. 80000. 80000. 80000.
1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
39000. 39000. 39000. 39000. 39000. 39000. 39000. 39000. 39000. 39000. 39000. 39000. 39000. 39000. 39000. 39000.
1.0 0.0 0. 0.0 0.0 0.0 0. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.0
120000.0 120000.( 120000.0 120000.( 120000.(Q 120000.( 123000.)Q 126000.0 129000.¢ 132000.(0 135000.( 138000.0 141000.() 144000.0Q 147000.0 150000.
1.0 1.0 1. 1.0 1.0 1.0 0. 0.0 0.0 0.0 0. 0.0 0.0 0.0 0. 0.0
16000. 16000. 16000. 16000. 16000. 16000. 16000. 16000. 16000. 16000. 16000. 16000. 16000. 16000. 16000. 16000.
1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
44000. 44000. 44000. 44000. 44000. 44000. 44000. 44000. 44000. 44000. 44000. 44000. 44000. 44000. 44000. 44000.
1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2142484.02142484.(02142484.02142484.02142484.(02142484.(02219211.6$2295939.22372666.82449394.42526122.02602849.626 7957 7.22756304.82833032.42909760.
1.0 1.0 1.0 1.0 1.0 1.0 0.9 0.8 0. 0. 0. 0.4 0.3 0. 0.1 0.0
134. 134.Q 134, 134. 134. 134. 134. 135. 135. 136. 137. 137. 138. 138. 139. 140.
1.0 1.0 1. 1.0 1.0 1.0 0.9 0.8 0. 0. 0. 0.4 0.3 0. 0.1 0.0
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1.0 1.0 1. 1.0 1.0 1. 0. 0.8 0. 0. 0. 0.4 0. 0. 0.1 0.0

8.1 8.1 8.1 8.1 8.1] 8.1 8.3 8.4 8.6 8. 8.9 9.1 9.2 9.4 9. 9.

1.0 1.0 1.0 1.0 1.0 1.0 0.9 0.8 0. 0.9 0. 0.4 0.3 0.2 0.1 0.0
61000. 61000. 61000. 61000. 61000. 61000. 61000. 61000. 61000. 61000. 61000. 61000. 61000. 61000. 61000. 61000.
1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1870344.(01870344.(01870344.01870344.(01870344.(01870344.01937325.62004307.22071288.82138270.42205252.02272233.$2339215.22406196.82473178.4 2540160.
1.0 1.0 1. 1.0 1.0 1.0 0.9 0.8 0. 0. 0. 0.4 0.3 0. 0.1 0.0
134. 134. 134. 134. 134. 134. 134. 135. 135. 136. 137. 137. 138. 138. 139. 140.
1.0 1.0 1. 1.0 1.0 1.0 0. 0.8 0. 0. 0. 0.4 0. 0. 0.1 0.0
188.0 188.0 188.0 188.0 188.0 188.0 190.7 193.4 196.1 198.9 201.5 204.7 206.9 209.6 212.3 215.(
1.0 1.0 1.0 1.0 1.0 1.0 0.9 0.8 0. 0.9 0. 0.4 0.3 0.2 0.1 0.0

8.1] 8.1 8.1 8.1 8.1 8.1 8.3 8.4 8.6 8. 8.9 9.1 9.2 9.4 9. 9.

1.0 1.0 1.0 1.0 1.0 1.0 0.9 0.8 0. 0. 0. 0.4 0.3 0. 0.1 0.0
101000.0 101000.¢ 101000.0 101000.( 101000.0 101000.¢ 101000.¢ 101000.(¢) 101000.¢ 101000.0 101000.( 101000.(0 101000.() 101000.Q 101000.0 101000.
1.0 0.0 0. 0.0 0.0 0.0 0. 0.0 0.0 0.0 0. 0.0 0.0 0.0 0. 0.0
5179988.25183488.25186988.25190488.25193988.25197488.25360444.35523400.45686356.65849312.76012268.8617/5224.96338181.06501137.26664093.36827049.4
1.0 1.0 1. 1.0 1.0 1.0 1. 1.0 1.0 1.0 1. 1.0 1.0 0.9 0. 0.0
3500. 3500. 3500. 3500. 3500. 3500.0 162956.1 162956.1 162956.1 162954.7 162934.9 1627/58.9 161651.) 156229.2 134345.2 58466.7
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APPENDIX G: HDD FAILURE (CASE STUDY)

MS PA1/MS1 0.30/0.32{0.34]0.36/0.38/0.40[{0.420.44]0.46/0.480.50{ 0.50/0.50/0.50/0.50{ 0.50{0.50/0.50{0.50] 0.500.50/0.52/0.54{0.56| 0.58/0.60|0.62(0.64]0.66/0.68/0.70
Eeryentatio 0.3 |05| 0.5 ]0.7/0.000.10[0.20{0.30{0.40/0.50{0.60/0.70{0.80/0.90[1.00| 1.00/1.00/1.00[1.00{ 1.00{1.00/1.00{1.00| 1.00] 1.00{0.90/0.80/{0.700.60/0.50/0.40{0.300.20/0.10/0.00
A 0.2 0.00/0.00{0.00{0.01/0.01/0.01{0.01/0.01]0.02/0.020.02{0.00]0.00/0.00{0.00{ 0.00{0.00/0.00{0.00{0.000.00/0.02(0.02{0.02|0.01/0.01{0.01{0.01/0.01]0.00/0.00
XA 0.1 0.00/0.00{0.00{0.00]0.00/0.00{0.00]0.01]0.01]0.01{0.01{0.00]0.00/0.00{0.00{0.00{0.00/0.00{0.00{0.00]0.00/0.01{0.01{0.01{0.01]0.01{0.01{0.00]0.00{0.00/0.00
Deffuzified 05

Value '

MS PA2 /| MS2 0.10/0.11{0.12/0.13/0.14]0.15{0.16/0.17/0.18/0.19/0.20{0.21/0.22/0.23|0.24{0.25/0.26/0.27|0.28]0.29/0.30/0.32(0.34{0.36] 0.38/0.40|0.42{0.44]0.46/0.48/0.50
Elrjeziyentatio 0.1 [0.2| 0.3 ]0.5/0.000.10[0.20{0.30{0.40/0.50{0.60/0.70{0.80/0.90/1.001.00/1.00/1.00({1.00{1.00{1.00/1.00{1.00| 1.00]1.00{0.90/0.80{0.700.60/0.50/0.40{0.300.20/0.10/0.00
A 0.25 0.00/0.00{0.00{0.00]0.00/0.00{0.01/0.01/0.01]0.01{0.01{0.01/0.01]0.01{0.01{0.01]0.01]0.01{0.01{0.01]0.01]0.02(0.02{0.02/0.01]0.01{0.01{0.01/0.01]0.00/0.00
XA 0.070025 0.00/0.00{0.000.00]0.00/0.00{0.00]0.00{0.00/0.00{0.00]0.00]0.00/0.00{0.00{0.00]0.00/0.00{0.00{0.00]0.00/0.01{0.01{0.01{0.00/0.00|0.00{ 0.000.00{0.00/0.00
Defzied 0.2801

Value

MS RA1/MS3 0.30/0.32(0.34{0.36/0.38/0.40[{0.420.44{0.46/0.480.50 0.50]0.50/0.50|0.50{ 0.500.50/0.50|0.50] 0.500.50/0.52/0.54{ 0.56| 0.58/0.60|0.62{ 0.64| 0.66/0.68/0.70
ELrZZntatio 0.3 [05| 0.5 ]0.7/0.000.10[0.20{0.30{0.40/0.50{0.60/0.70/0.80/0.90[1.00 1.00/1.00/1.00/1.00{1.00{1.00/1.00{1.00| 1.00] 1.00{0.90/0.80/0.700.60/0.50/0.40{0.300.20/0.10/0.00
A 0.2 0.00/0.00{0.00{0.01]0.01/0.01{0.01/0.01]0.02/0.02(0.02]0.00]0.00/0.00{0.00{ 0.00{0.00/0.00{0.00{ 0.000.00/0.02(0.02{0.02,0.01]0.01{0.01{0.01/0.01]0.00/0.00
XA 0.1 0.00/0.00{0.000.00]0.00/0.00{0.00]0.01]0.01]0.01{0.01{0.00]0.00/0.00{0.00{0.00{0.00/0.00{0.00{0.000.00/0.01{0.01{0.01{0.01]0.01{0.01{0.00]0.00{0.00/0.00
Deffuzified 05

Value '
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APPENDIX H: NUMERICAL EXAMPLE

111111 X(1) 3.00 3.10 3.20 3.30 340 350 3.60 3.70 380 3.90 4.00 430 460 490 520 550 580 6.10 640 670 7.00 7.10 720 730 740 750 7.60 770 7.80 7.90 8.0¢

cl 6] 7 7 8|v1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 010 040 070 100 0.90 0.80 0.70 0.60 050 040 030 020 0.10 0.0
c2 3 5 5 7|2 0.00 0.05 0.10 0.15 0.20 0.25 0.30 035 040 045 050 065 080 095 090 075 0.60 045 030 0.15 000 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.09
c3 3 4 4 6]Y3 0.00 0.10 0.20 0.30 0.40 050 0.60 0.70 0.80 090 1.00 0.85 0.70 055 0.40 025 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09
C 34 7| 8{x(P) 100 1.10 1.20 130 140 150 160 170 180 190 200 240 280 320 360 4.00 440 480 520 560 6.00 6.10 620 6.30 640 650 6.60 6.70 6.80 6.90 7.0¢
pl 1 2 4 5|v1 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 090 1.00 1.00 100 1.00 100 100 0.60 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
p2 3 5 6 7|2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 010 030 050 0.70 090 1.00 100 100 0.90 0.80 070 0.60 050 040 030 020 0.10 0.09
p3 2 4 4 71Y3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.40 0.60 0.80 100 0.87 0.73 0.60 047 033 030 0.27 023 0.20 0.17 0.13 0.10 0.07 0.03 0.09
P 1] 2 6| 7IXR) 0.03 0.03 0.04 0.04 0.05 0.05 0.06 006 0.07 0.07 008 010 0.13 016 0.19 022 026 029 033 038 042 043 045 046 047 049 050 052 053 055 0.5
R 0.030.08 0.42 0.54vq) 0.00 0.15 0.28 0.41 0.52 0.63 0.72 081 0.88 095 1.00 095 094 098 094 081 064 051 058 075 100 090 080 0.70 0.60 050 040 030 020 0.10 0.0
EMV1 100 200 30 5QvpP) 0.00 0.10 0.20 0.30 0.40 050 0.60 0.70 0.80 090 1.00 1.00 100 1.00 100 100 098 098 100 1.00 100 093 085 0.77 0.68 058 048 037 025 0.13 0.04
EMV2 30] 40 40 6QY(R) 0.00 0.01 0.06 0.12 0.21 031 043 056 0.70 085 1.00 095 094 098 094 081 063 049 058 075 100 0.84 068 054 041 029 019 011 0.05 0.01 0.04
EMV3 15 25 25 50QArea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 002 003 0.03 003 0.03 002 002 003 004 001 001 001 0.01 0.00 000 0.00 000 0.00 0.09
EMV(C1 10| 20| 40 60Qxarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 001 001 0.01 001 001 0.01 002 001 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.09
EMV1 150 250 30| 35xeEmv(c1)]10.0011.0012.0013.0014.0015.00 16.00 17.00 18.00 19.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00 42.00 44.00 46.00 48.00 50.00 52.00 54.00 56.00 58.00 60.0
EMV2 100 200 20| 25vEMv1 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 090 1.00 1.00 100 1.00 1.00 100 0.90 080 070 060 050 040 030 020 0.10 0.00 0.00 0.00 0.00 0.00 0.04
EMV3 30] 40, 50 60 YEMV2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.20 040 060 080 100 090 0.80 070 0.60 050 040 030 020 0.10 0.0
EMV(CZ 10| 20| 50 60Yemva 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.20 0.30 040 050 0.70 090 096 088 080 0.72 064 056 048 040 032 024 016 0.08 0.00 0.00 0.00 0.00 0.00 0.09
EMV1 100 15 20| 2Yvemv(cy| 0.00 0.10 0.20 0.30 0.40 0.50 0.64 0.76 0.86 094 1.00 1.00 100 1.00 100 100 098 096 0.95 096 100 096 0.89 0.80 0.67 050 040 0.30 0.20 0.10 0.09
EMV2 150 30 30| 3HArea 0.00 0.05 0.15 0.25 0.35 045 057 0.70 0.81 090 0.97 200 200 200 200 200 198 193 190 191 196 196 185 169 147 117 090 0.70 050 0.30 0.19
EMV3 20] 25 25 4Qxarea 0.00 0.53 1.73 3.13 4.73 6.53 8.84 11.55 14.18 16.65 18.92 42.00 46.00 50.00 54.00 58.00 61.31 63.84 66.64 70.51 76.38 80.33 79.67 76.14 68.96 57.27 45.90 37.10 27.50 17.10 5.9
EMV(C3 10| 15 30| 40xEmMv(C2|10.0011.0012.0013.0014.0015.00 16.00 17.00 18.00 19.00 20.00 23.00 26.00 29.00 32.00 35.00 38.00 41.00 44.00 47.00 50.00 51.00 52.00 53.00 54.00 55.00 56.00 57.00 58.00 59.00 60.0f
EMV 30 55| 120 16(Qvyemvi 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.20 0.30 040 050 0.70 090 1.00 100 100 0.60 0.20 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04
PREMC] 0.90 4.40 50.4Q 89.6( YEMV2 0.00 0.10 0.20 0.30 0.40 050 0.60 0.70 0.80 090 1.00 0.60 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.09
Area 49.2383 YEMV3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.20 040 060 080 100 1.00 100 100 1.00 100 0.80 0.60 0.40 0.20 0.09
Xarea 1680.4865 YEMV(C2)| 0.00 0.10 0.20 0.30 0.40 050 0.64 0.76 0.86 094 100 088 092 1.00 100 100 0.68 052 060 080 100 1.00 1.00 100 1.00 1.00 0.80 0.60 0.40 0.20 0.0g
Defuzzified Area 0.00 0.05 0.15 0.25 0.35 045 057 070 081 090 097 282 270 288 3.00 300 252 180 168 210 270 1.00 1.00 100 1.00 1.00 090 0.70 050 0.30 0.1
PREMC 34.1297 Xarea 0.00 0.53 1.73 3.13 4.73 6.53 8.84 11.55 14.18 16.65 18.92 60.63 66.15 79.20 91.50100.50 91.98 71.10 71.40 95.55130.95 50.50 51.50 52.50 53.50 54.50 49.95 39.55 28.75 17.55 5.9
XEMV(C3)| 10.0010.5011.0011.5012.0012.50 13.00 13.50 14.00 14.50 15.00 16.50 18.00 19.50 21.00 22.50 24.00 25.50 27.00 28.50 30.00 31.00 32.00 33.00 34.00 35.00 36.00 37.00 38.00 39.00 40.0f

YEMVL 0.00 0.20 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 0.60 020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.09

YEMV2 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.13 0.20 027 033 047 060 073 087 100 0.60 020 0.00 0.00 000 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.09

YEMV3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.40 080 093 080 067 053 040 027 013 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09

YEMV(C3)| 0.00 0.20 0.40 0.60 0.80 1.00 1.00 100 1.00 100 100 0.87 094 098 097 100 0.81 052 027 013 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09

Area 0.00 0.05 0.15 0.25 0.35 045 050 050 050 050 050 140 136 144 147 148 136 100 059 030 010 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.09

Xarea 0.00 051 161 2.81 4.11 551 6.38 6.63 6.88 7.13 7.38 22.11 23.39 26.98 29.70 32.19 31.62 24.75 1549 8.33 293 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09

X(EMV) 130.0032.5035.0037.5040.0042.50 45.00 47.50 50.00 52.50 55.00 61.50 68.00 74.50 81.00 87.50 94.00100.50107.00113.50120.00124.00128.00132.00136.00140.00144.00148.00152.00156.00160.0

YEMV) 0.00 0.35 0.62 0.80 0.93 1.00 1.00 100 1.00 100 1.00 1.00 100 1.00 1.00 100 1.00 099 098 099 100 1.00 1.00 100 1.00 1.00 0.88 0.72 0.52 0.28 0.04

Area 0.00 044 121 178 217 241 250 250 250 250 250 6.50 650 650 650 650 6.50 6.46 642 643 648 4.00 4.00 400 4.00 400 376 320 248 1.60 0.59

Xarea 0.00 13.7540.84 64.34 83.89 99.41 109.38115.63121.88128.13134.38 378.63420.88463.13 505.38 547.63 589.48 628.56 665.80 708.49 756.14 488.00 504.00 520.00 536.00 552.00 533.92 467.20 372.00 246.40 88.44

XPREMC| 0.90 1.11 1.34 1.61 190 223 259 299 342 389 440 6.35 876 11.68 15.16 19.25 23.99 29.43 35.61 42.59 50.40 53.70 57.14 60.71 64.41 68.25 72.23 76.35 80.62 85.04 89.6(

YPREMC | 0.00 0.01 0.03 0.10 0.19 031 043 056 0.70 0.85 1.00 095 094 098 094 081 0.63 049 057 074 100 0.84 068 054 041 0.29 0.17 0.08 0.03 0.00 0.04

Area 0.00 0.00 0.00 0.02 0.04 0.08 0.13 020 0.27 037 047 190 228 280 334 358 342 304 328 457 680 304 261 218 175 134 092 051 023 0.07 0.0

Xarea 0.00 0.00 0.01 0.03 0.08 0.17 0.32 0.55 0.88 134 1.96 10.19 17.19 28.64 44.80 61.62 73.84 81.20106.60178.72316.03157.98144.64128.41109.68 89.11 64.39 38.11 17.80 5.48 0.7
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111112 X(1) 1.00 110 1.20 1.30 140 150 160 170 1.80 190 200 230 260 290 320 350 380 410 440 470 500 520 540 560 580 6.00 620 6.40 6.60 6.80 7.04

cl 1 3 5| 6[Y1 0.00 0.05 0.10 0.15 020 025 030 0.35 040 045 050 0.65 0.80 095 100 100 100 100 100 100 100 080 060 040 020 0.00 0.00 0.00 0.00 0.00 0.09
c2 2| 4 4 71vy2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.15 030 045 0.60 0.75 090 097 087 077 067 060 053 047 040 033 027 020 013 0.07 0.0
c3 1 2 2 3Y3 0.00 0.10 0.20 0.30 0.40 050 0.60 0.70 0.80 0.90 1.00 070 040 0.10 0.00 0.00 0.00 0.00 000 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.0 0.9
C 1 2 5| 7IX(P) 1.00 120 1.40 1.60 1.80 2.00 220 240 260 280 3.00 330 360 390 420 450 480 510 540 570 6.00 6.10 6.20 6.30 6.40 6.50 6.60 6.70 6.80 6.90 7.04
pl 1 3 5| 6[Y1 0.00 0.10 0.20 0.30 0.40 050 060 070 0.80 0.90 1.00 1.00 1.00 100 100 100 100 090 060 030 000 000 000 000 000 0.00 0.00 0.00 0.00 0.00 0.09
p2 2| 4 6| 71vy2 0.00 0.00 0.00 0.00 0.00 0.00 010 020 030 040 050 0.65 0.80 095 100 100 100 100 100 100 100 090 080 070 060 050 040 030 020 0.10 0.09
p3 2l 3 3| 6[Y3 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.40 0.60 0.80 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
P 1 3 6 7IXR) 0.01 0.01 0.02 0.02 0.03 003 004 0.04 0.05 0.05 006 008 009 011 013 016 018 021 024 027 030 032 033 035 037 039 041 043 045 047 049
R 0.0110.06 0.30 0.49Y(l) 0.00 0.15 0.28 041 052 063 072 081 088 095 1.00 091 092 098 100 100 100 100 100 100 100 092 081 068 052 033 027 020 013 0.07 0.09
EMV1 10] 20 30| 4QY(P) 0.00 0.10 0.20 0.30 0.40 050 071 086 094 099 1.00 1.00 1.00 100 100 100 100 100 100 100 100 090 080 070 060 050 040 030 020 0.10 0.09
EMV2 300 500 500 6QY(R) 0.00 0.01 006 012 021 031 051 069 0.83 093 1.00 091 092 098 100 100 100 100 100 100 100 083 065 048 031 017 011 0.06 0.03 0.01 0.0
EMV3 10] 20| 40 60Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.010 0.00 0.02 0.02 0.02 002 002 002 003 003 003 003 002 001 001 001 0.00 0.00 0.00 0.00 0.00 0.09
EMV(C1)| 10 20 50| 6QXarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 001 001 001 001 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
EMV1 100 15 25 3QXEMV(C1)]10.0011.0012.0013.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 23.00 26.00 29.00 32.00 35.00 38.00 41.00 44.00 47.00 50.00 51.00 52.00 53.00 54.00 55.00 56.00 57.00 58.00 59.00 60.0(
EMV2 20] 30| 30 4QYEMV1 0.00 0.10 0.20 0.30 0.40 050 060 070 0.80 0.90 1.00 1.00 1.00 1.00 0.80 050 020 0.00 000 000 000 000 000 000 000 000 0.00 0.00 0.00 0.00 0.09
EMV3 30 40 40 6QYEMV2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 025 040 055 070 085 100 090 080 070 060 050 040 030 0.20 0.10 0.09
EMV(C2)| 10| 15 40| 6QYEMV3 0.00 0.10 0.20 0.30 0.40 050 060 070 0.80 0.90 1.00 1.00 1.00 100 100 100 100 095 080 065 050 045 040 035 030 025 020 015 0.10 0.05 0.09
EMV1 100 300 30| 4QYEMV(C1)] 0.00 0.19 0.36 051 0.64 075 0.84 091 096 099 100 1.00 1.00 1.00 1.00 100 100 098 094 095 100 095 088 081 072 0.63 052 041 028 0.15 0.09
EMV2 30 40| 40 50Area 0.00 0.10 0.28 0.44 058 070 0.80 0.88 0.94 098 1.00 3.00 3.00 3.00 3.00 300 300 297 28 283 292 097 091 084 076 067 057 046 034 0.21 0.07
EMV3 15 25 25 3(Xarea 0.00 1.00 3.16 544 7.76 10.08 12.32 14.44 16.36 18.04 19.40 64.50 73.50 82.50 91.50100.50109.50117.17122.24128.82141.68 49.11 46.99 44.23 40.79 36.65 31.77 26.13 19.69 12.43 4.3]
EMV(C3)| 10| 25 40 50 XEMV(C2)[10.0010.5011.0011.50 12.00 12.50 13.00 13.50 14.00 14.50 15.00 17.50 20.00 22.50 25.00 27.50 30.00 32.50 35.00 37.50 40.00 42.00 44.00 46.00 48.00 50.00 52.00 54.00 56.00 58.00 60.0¢
EMV 30| 60 139 17¢YEMV1 0.00 0.20 0.40 060 080 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.80 0.20 0.00 0.00 0.00 0.00 000 000 000 000 000 000 000 0.00 0.00 0.00 0.00 0.00 0.09
PREMC [0.303.6039.00 83.3QYEMV2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.30 0.60 0.90 0.80 0.50 0.20 0.00 0.00 0.00 000 000 000 000 000 0.00 0.00 0.00 0.00 0.00 0.09
Area 47.4407 YEMV3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 020 050 080 095 080 065 050 045 040 035 030 025 020 015 0.10 0.05 0.0
Xarea 1258.1742 YEMV(C2)| 0.00 0.20 0.40 0.60 0.80 1.00 1.00 1.00 100 1.00 1.00 1.00 092 092 084 075 0.84 095 0.80 065 050 045 040 035 030 0.25 0.20 0.15 0.10 0.05 0.04
Defuzzified Area 0.00 0.05 0.15 025 035 045 050 050 050 050 050 250 240 230 220 199 199 224 219 181 144 095 085 075 065 055 045 035 025 0.15 0.0§
PREMC 26.5210  [Xarea 0.00 051 161 281 411 551 6.38 6.63 6.88 7.13 7.38 40.63 45.00 48.88 52.25 52.17 57.14 69.92 73.83 65.70 55.70 38.95 36.55 33.75 30.55 26.95 22.95 18.55 13.75 8.55 2.9
XEMV(C3)|10.0011.5013.0014.50 16.00 17.50 19.00 20.50 22.00 23.50 25.00 26.50 28.00 29.50 31.00 32.50 34.00 35.50 37.00 38.50 40.00 41.00 42.00 43.00 44.00 45.00 46.00 47.00 48.00 49.00 50.04

YEMV1 0.00 0.05 0.10 0.15 020 025 030 035 040 045 050 0.65 0.80 095 0.80 050 020 000 000 000 000 000 000 000 000 0.00 0.00 0.00 0.00 0.00 0.09

YEMV2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.50 0.80 090 060 030 000 000 000 000 000 0.00 0.00 0.00 0.00 0.00 0.09

YEMV3 0.00 0.00 0.00 0.00 0.00 0.00 010 0.20 0.30 0.40 0.50 0.80 0.80 0.20 0.00 0.00 0.00 0.00 000 000 000 000 000 000 000 0.00 0.00 0.00 0.00 0.00 0.09

YEMV(C3)| 0.00 0.05 0.10 015 020 0.25 0.37 048 058 067 075 0.93 096 096 084 075 0.84 0.90 0.60 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09

Area 0.00 0.04 0.11 019 026 034 047 064 080 094 1.07 126 142 144 135 119 119 131 113 068 023 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09

Xarea 0.00 0.40 1.38 2.58 4.00 5.65 8.49 12.59 16.89 21.33 25.83 32.45 38.63 41.40 40.84 37.86 39.65 45.35 40.78 2548 8.83 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

X(EMV)  [30.0033.0036.0039.00 42.00 45.00 48.00 51.00 54.00 57.00 60.00 67.00 74.00 81.00 88.00 95.00102.00109.00116.00123.00130.00134.00138.00142.00146.00150.00154.00158.00162.00166.00170.0!

Y(EMV) 0.00 0.38 0.65 0.83 094 100 1.00 1.00 1.00 1.00 1.00 1.00 1.00 100 100 100 100 100 100 099 100 097 093 087 080 0.72 0.62 049 0.35 0.19 0.0

Area 0.00 058 156 223 266 291 300 3.00 3.00 3.00 3.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 698 694 695 394 380 360 335 3.05 267 222 169 1.08 0.39

Xarea 0.0018.1653.76 83.69 107.88 126.74 139.50 148.50 157.50 166.50 175.50444.50 493.50 542.50 591.50 640.50 689.50 738.46 785.57 829.11 879.81520.01 516.19 504.35 483.05450.73 405.76 346.40270.80 177.04 63.09

XPREMC| 0.30 0.44 060 081 1.06 1.35 169 208 253 303 3.60 509 693 916 11.83 14.96 18.60 22.79 27.56 32.95 39.00 42.50 46.20 50.10 54.20 58.50 63.02 67.75 72.71 77.89 83.3

YPREMC | 0.00 0.01 0.04 0.10 020 031 051 0.69 0.83 093 1.00 0.91 0.92 098 100 100 100 100 100 099 100 080 060 042 025 012 0.07 0.03 0.01 0.00 0.09

Area 0.00 0.00 0.00 0.01 0.04 0.07 014 024 034 045 055 142 168 211 263 314 364 419 476 534 601 316 260 199 137 080 042 023 010 0.03 0.0

Xarea 0.00 0.00 0.00 0.01 0.03 0.09 021 044 0.78 124 1.82 6.16 10.10 17.00 27.63 42.00 61.13 86.66119.79161.65216.19128.76115.36 95.60 71.21 44.95 25.45 14.76 6.79 2.08 0.27

228



1.1.1.1.21 X() 3.00 3.20 3.40 3.60 3.80 4.00 4.20 4.40 4.60 4.80 5.00 5.30 5.60 5.90 6.20 6.50 6.80 7.10 7.40 7.70 8.00 8.20 8.40 8.60 8.80 9.00 9.20 9.40 9.60 9.80 10.0(
cl 6] 7 8 1Qvi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.50 0.80 1.00 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0Q
c2 3] 5 5 7|v2 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 0.85 0.70 0.55 0.40 0.25 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0G
c3 3] 5 7 8|3 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.90 0.60 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0Q
C 3] 5 8| 10x(P) 1.00 1.10 1.20 1.30 1.40 1.50 1.60 1.70 1.80 1.90 2.00 2.40 2.80 3.20 3.60 4.00 4.40 4.80 5.20 5.60 6.00 6.10 6.20 6.30 6.40 6.50 6.60 6.70 6.80 6.90 7.0(
pl 1 2 4 5|1 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.00 1.00 1.00 1.00 1.00 0.60 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0G
p2 3] 5 6) 7|v2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.30 0.50 0.70 0.90 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0Q
p3 3 4 5 5|3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.60 1.00 1.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0Q
P 1 2 6) 7IXR) 0.03 0.04 0.04 0.05 0.05 0.06 0.07 0.07 0.08 0.09 0.10 0.13 0.16 0.19 0.22 0.26 0.30 0.34 0.38 0.43 0.48 0.50 0.52 0.54 0.56 0.59 0.61 0.63 0.65 0.68 0.7(
R 0.030.10 0.48 0.7qQvm 0.00 0.19 0.36 0.51 0.64 0.75 0.84 0.91 0.96 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0Q
EMV1 200 30 40| 5QvpP) 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0Q
EMV2 300 30| 40 4QYR) 0.00 0.02 0.07 0.15 0.26 0.38 0.50 0.64 0.77 0.89 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.81 0.64 0.49 0.36 0.25 0.16 0.09 0.04 0.01 0.0Q
EMV3 15 25 30 50Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.03 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.05 0.05 0.02 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.0Q
EMV(C1)| 15 25 40 50xarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.0Q
EMV1 XEMV(C1)]15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 26.50 28.00 29.50 31.00 32.50 34.00 35.50 37.00 38.50 40.00 41.00 42.00 43.00 44.00 45.00 46.00 47.00 48.00 49.00 50.0(
EMV2 YEMVL 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.20 0.30 0.40 0.50 0.65 0.80 0.95 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0Q
EMV3 YEMV2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0Q
EMV(C2)| ©Of 0 0 O] YEMV3 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.00 1.00 1.00 0.95 0.88 0.80 0.73 0.65 0.58 0.50 0.45 0.40 0.35 0.30 0.25 0.20 0.15 0.10 0.05 0.0Q
EMV1 YEMV(C1)| 0.00 0.10 0.20 0.30 0.40 0.50 0.64 0.76 0.86 0.94 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.95 0.88 0.81 0.72 0.63 0.52 0.41 0.28 0.15 0.0
EMV2 Area 0.00 0.05 0.15 0.25 0.35 0.45 0.57 0.70 0.81 0.90 0.97 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 0.97 0.91 0.84 0.76 0.67 0.57 0.46 0.34 0.21 0.07
EMV3 Xarea 0.00 0.78 2.48 4.38 6.48 8.7811.6915.0518.2321.1523.77 38.6340.88 43.1345.38 47.63 49.88 52.13 54.38 56.63 58.88 39.39 37.87 35.81 33.17 29.93 26.05 21.51 16.27 10.31 3.59
EMV(C3)] 0[ 0 0) O]XEmv(c2)| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0¢
EMV 15 25 40 50 YEMVL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0G
PREMC |0.452.50 19.2( 35.0QYEMV2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0Q
Area 21.4364 YEMV3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0G
Xarea 269.9837 YEMV(C2)| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

Defuzzified Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0Q
PREMC 12.5946  |Xarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0Q
XEMV(c3)| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
YEMVL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0G
YEMV2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0G
YEMV3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0Q
YEMV(C3)| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0G
Xarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0Q
X(EMV) [15.0016.0017.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 26.50 28.00 29.50 31.00 32.50 34.00 35.50 37.00 38.50 40.00 41.00 42.00 43.00 44.00 45.00 46.00 47.00 48.00 49.00 50.0(
Y(EMV) 0.00 0.10 0.20 0.30 0.40 0.50 0.64 0.76 0.86 0.94 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.95 0.88 0.81 0.72 0.63 0.52 0.41 0.28 0.15 0.0Q
Area 0.00 0.05 0.15 0.25 0.35 0.45 0.57 0.70 0.81 0.90 0.97 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 0.97 0.91 0.84 0.76 0.67 0.57 0.46 0.34 0.21 0.07%
Xarea 0.00 0.78 2.48 4.38 6.48 8.7811.6915.0518.2321.1523.77 38.6340.8843.13 45.38 47.63 49.88 52.13 54.38 56.63 58.88 39.39 37.87 35.81 33.17 29.93 26.0521.51 16.27 10.31 3.59
XPREMC| 0.45 0.56 0.69 0.84 1.01 1.20 1.41 1.65 1.90 2.19 2.50 3.37 4.39 5.57 6.92 8.4510.1712.1014.2416.6019.20 20.51 21.87 23.30 24.78 26.33 27.93 29.60 31.33 33.13 35.0(
YPREMC | 0.00 0.00 0.01 0.05 0.10 0.19 0.32 0.48 0.66 0.84 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.77 0.56 0.39 0.26 0.16 0.08 0.04 0.01 0.00 0.0
Area 0.00 0.00 0.00 0.00 0.01 0.03 0.05 0.09 0.15 0.21 0.29 0.87 1.02 1.18 1.35 1.53 1.72 1.93 2.14 2.36 2.60 1.15 0.91 0.68 0.48 0.32 0.19 0.10 0.04 0.01 0.0Q
Xarea 0.00 0.00 0.00 0.00 0.01 0.03 0.07 0.14 0.26 0.44 0.67 2.56 3.96 5.87 8.4311.7616.0421.4428.17 36.4546.5222.9319.2215.4011.65 8.20 5.22 2.87 1.26 0.37 0.0§

229



111122 X() 2.00 2.10 2.20 2.30 2.40 250 2.60 2.70 280 2.90 3.00 320 340 360 3.80 4.00 420 440 460 480 500 530 560 590 6.20 650 6.80 7.10 7.40 7.70 8.0Q

cl 3 5 5 8wn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 010 020 0.30 040 050 060 0.70 080 0.90 1.00 090 080 070 0.60 050 0.40 0.30 0.20 0.10 0.0
c2 2l 3 3 6w 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 093 087 0.80 0.73 0.67 060 053 047 040 033 023 0.13 0.03 0.00 000 0.00 0.00 0.00 0.00 0.04
c3 2l 4 4 7w 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 040 045 0.50 060 0.70 0.80 0.90 1.00 093 087 0.80 0.73 0.67 057 047 037 027 017 0.07 0.00 0.00 0.00 0.04
C 2l 3 5 8xm 1.00 1.10 1.20 1.30 1.40 1.50 1.60 1.70 1.80 190 2.00 230 260 290 320 350 3.80 410 440 470 500 520 540 560 580 6.00 6.20 6.40 6.60 6.80 7.04
pl 1 3 5 6w 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 045 0.50 065 080 095 1.00 1.00 1.00 100 100 1.00 1.00 080 0.60 040 020 0.00 0.0 0.00 0.00 0.00 0.0
p2 2l 4 4 v 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 015 030 045 0.60 0.75 090 097 087 077 067 060 053 047 040 033 027 020 0.13 0.07 0.04
p3 1 2| 2 3w 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 0.70 0.40 0.10 0.00 0.00 0.00 0.0 0.0 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.0 0.00 0.00 0.04
P 1 2l 5 7XR) 0.02 0.02 0.03 0.03 0.03 0.04 0.04 0.05 005 0.06 0.06 007 009 010 012 014 016 0.18 020 023 025 028 030 033 036 039 042 045 049 0.52 0.54
R 0.020.04 0.25 0.54v() 0.00 0.15 0.28 0.41 0.52 0.63 0.72 0.81 0.88 0.95 1.00 098 097 097 098 1.00 099 098 098 098 1.00 097 091 082 071 058 044 030 020 0.10 0.04
EMV1 30 40 40 60vP 0.00 0.15 0.28 0.41 0.52 0.63 0.72 0.81 0.88 0.95 1.00 091 092 098 1.00 1.00 1.00 100 1.00 1.00 1.00 092 081 068 052 033 027 020 0.13 0.07 0.04
EMV2 200 300 40 50YR) 0.00 0.02 0.08 0.16 0.27 0.39 0.52 0.65 0.77 0.89 1.00 0.89 089 095 0.98 1.00 099 098 098 098 1.00 089 074 056 037 019 0.12 0.06 0.03 0.01 0.04
EMV3 300 30| 40 4QArea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 001 001 001 0.2 0.02 002 002 002 002 002 002 002 002 001 001 000 000 0.00 0.0 0.04
EMV(C1)| 20| 30 40| 60Qxarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 000 000 000 0.0 001 001 001 001 0.00 0.00 0.00 0.00 0.00 0.00 0.04
EMV1 15 25 25 30[xemv(c1)]20.0021.0022.00 23.00 24.00 25.00 26.00 27.00 28.00 29.00 30.00 31.00 32.00 33.00 34.00 35.00 36.00 37.00 38.00 39.00 40.00 42.00 44.00 46.00 48.00 50.00 52.00 54.00 56.00 58.00 60.0(
EMV2 200 30| 40 50veEmvi | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.0 020 030 040 050 0.60 070 080 090 1.00 090 080 070 0.60 050 040 030 020 0.10 0.04
EMV3 300 30| 40 4QvEmv2 | 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 100 1.00 1.00 1.00 100 100 1.00 1.00 100 100 100 0.80 060 040 020 0.00 0.00 0.00 0.0 0.0 0.09
EMV(C2)| 15 25 40 5Qvemv3 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 100 1.00 1.00 1.00 100 100 1.00 1.00 1.00 0.00 0.0 0.00 0.00 000 000 0.0 0.00 000 000 0.0¢
EMV1 YEMV(CL)] 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.00 1.00 100 1.00 1.00 1.00 1.00 100 1.00 1.00 098 092 082 0.68 050 040 030 020 0.10 0.04
EMV2 Area 0.00 0.05 0.15 0.25 0.35 0.45 0.55 0.65 0.75 0.85 0.95 1.00 100 1.00 1.00 1.00 1.00 100 1.00 1.00 1.00 198 190 174 150 118 090 0.70 0.50 0.30 0.1
EMV3 Xarea 0.00 1.03 3.23 5.63 8.2311.0314.0317.2320.63 24.23 28.03 30.50 31.50 32.50 33.50 34.50 35.50 36.50 37.50 38.50 39.50 81.18 81.70 78.30 70.50 57.82 45.90 37.10 27.50 17.10 5.9Q
EMV(C3)| 0 O 0 Oxemv(c2){15.0016.0017.0018.0019.0020.0021.0022.0023.00 24.00 25.00 26.50 28.00 29.50 31.00 32.50 34.00 35.50 37.00 38.50 40.00 41.00 42.00 43.00 44.00 45.00 46.00 47.00 48.00 49.00 50.04
EMV 35 55 80 11(vemvi | 0.50 0.60 0.70 0.80 0.90 1.00 0.80 0.60 0.40 0.20 0.00 0.00 0.00 0.0 000 0.00 0.00 0.00 000 000 000 0.0 000 000 000 0.00 0.00 000 000 0.00 0.09
PREMC [0.703.3020.0461.6vemv2 | 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 100 1.00 1.00 1.00 100 100 1.00 1.00 100 100 0.80 0.60 040 020 0.00 0.00 0.00 0.0 0.00 0.0¢
Area 27.4816 YEMV3 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 1.00 1.00 100 1.00 1.00 1.00 100 1.00 0.00 0.00 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.04
Xarea 462.3465 YEMV(C2)| 0.50 0.64 0.76 0.86 0.94 1.00 0.92 0.88 0.88 0.92 1.00 1.00 1.00 100 100 1.00 1.00 1.00 100 100 1.00 0.80 060 040 0.20 0.00 0.00 0.00 0.00 0.00 0.04
Defuzzified Area 0.00 0.57 0.70 0.81 0.90 0.97 0.96 0.90 0.88 0.90 0.96 150 150 150 150 1.50 150 150 150 150 150 090 0.70 050 0.30 0.10 0.0 0.00 0.00 0.00 0.0
PREMC 16.8239  |Xarea 0.00 8.8411.5514.1816.6518.9219.6819.3519.80 21.15 23.52 38.63 40.88 43.13 45.38 47.63 49.88 52.13 54.38 56.63 58.88 36.45 29.05 21.25 13.05 4.45 0.00 0.00 0.00 0.00 0.0Q
XEMV(C3)] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.04

Yemvi | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 000 000 0.00 0.00 0.00 000 000 0.0 0.00 0.00 000 0.0 0.00 0.04

YEMv2 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 000 0.00 0.00 000 000 000 0.00 0.0 000 000 000 0.0 0.00 000 000 000 0.09

YEMV3 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.0 000 000 0.00 0.00 0.0 000 000 0.00 0.0 0.00 000 0.00 0.00 0.04

YEMV(C3)| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.0 0.00 0.09

Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 000 0.00 0.00 0.0 000 000 000 0.0 000 000 000 000 0.00 000 000 000 0.00 0.0 0.0

Xarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 000 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.04

XEMV) |35.0037.0039.0041.0043.0045.0047.0049.0051.00 53.00 55.00 57.50 60.00 62.50 65.00 67.50 70.00 72.50 75.00 77.50 80.00 83.00 86.00 89.00 92.00 95.00 98.00101.00104.00107.00110.0

YEMY) | 0.50 0.68 0.81 0.90 0.96 1.00 0.97 0.96 0.98 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 100 1.00 1.00 1.00 097 089 0.74 050 040 030 0.20 0.10 0.04

Area 0.00 1.18 1.48 1.71 1.87 1.96 1.97 193 194 197 1.99 250 250 250 250 250 250 250 250 250 250 299 295 279 245 187 135 105 0.75 045 0.1

Xarea 0.00 42.3456.39 68.40 78.37 86.42 90.53 92.74 97.00 102.34 107.57 140.63 146.88 153.13159.38 165.63171.88 178.13184.38 190.63 196.88 244.01 248.94 244.13222.09174.47130.28 104.48 76.88 47.48 16.29

XPREMC| 0.70 0.85 1.03 1.23 1.44 1.69 196 225 257 292 330 423 530 653 790 945 11.17 13.08 15.18 17.48 20.00 22.87 26.01 29.41 33.08 37.05 41.32 45.89 50.79 56.03 61.6

YPREMC | 0.00 0.01 0.06 0.15 0.26 0.39 0.50 0.62 0.76 0.89 1.00 0.89 0.89 095 098 1.00 099 098 098 098 1.00 0.89 071 050 027 010 0.05 002 0.01 0.00 0.04

Area 0.00 0.00 0.01 0.02 0.04 0.08 0.12 0.17 022 0.29 0.36 088 095 112 133 153 171 188 206 226 250 271 251 206 141 074 031 0.15 0.06 0.02 0.04

Xarea 0.00 0.00 0.01 0.02 0.06 0.12 0.22 0.35 053 0.79 1.11 331 454 6.62 9.61 1331 17.66 22.78 29.09 36.93 46.78 58.11 61.25 56.96 44.15 25.78 12.05 648 2.76 0.84 0.1]

230



112111 X(1) 2.00 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 4.00 4.30 4.60 4.90 520 550 5.80 6.10 6.40 6.70 7.00 7.10 7.20 7.30 7.40 7.50 7.60 7.70 7.80 7.90 8.0(

cl 3 5 7 8fy1 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.20 0.30 0.40 0.50 0.65 0.80 0.95 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
c2 2 4 4 7fy2 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
c3 3 4 4 6[Y3 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.40 0.60 0.80 1.00 0.85 0.70 0.55 0.40 0.25 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0¢
C 2| 4 7 8[x(P) 2.00 2.10 2.20 2.30 2.40 2.50 2.60 2.70 2.80 2.90 3.00 3.30 3.60 3.90 4.20 4.50 4.80 5.10 5.40 5.70 6.00 6.10 6.20 6.30 6.40 6.50 6.60 6.70 6.80 6.90 7.0
pl 3 4 5 5[yt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.30 0.60 0.90 1.00 1.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0q
p2 3 5 6 7fy2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.15 0.30 0.45 0.60 0.75 0.90 1.00 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
p3 2l 3 3 6[y3 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
P 2l 3 6 7IXR) 0.04 0.05 0.05 0.06 0.07 0.08 0.08 0.09 0.10 0.11 0.12 0.14 0.17 0.19 0.22 0.25 0.28 0.31 0.35 0.38 0.42 0.43 0.45 0.46 0.47 0.49 0.50 0.52 0.53 0.55 0.5
R 0.040.12 0.4 0.5¢v() 0.00 0.10 0.20 0.30 0.40 0.50 0.71 0.86 0.94 0.99 1.00 0.99 0.99 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
EMV1 100 300 30 4QvpP) 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 0.94 0.94 0.98 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
EMV2 300 40] 40 5QYR) 0.00 0.01 0.04 0.09 0.16 0.25 0.43 0.60 0.76 0.89 1.00 0.94 0.93 0.98 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.81 0.64 0.49 0.36 0.25 0.16 0.09 0.04 0.01 0.0
EMV3 15 25 25 30Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.04 0.04 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.0
EMV(C1)| 10[ 25| 40| 50(xarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
EMV1 XEMV(C1)[10.00 11.50 13.00 14.50 16.00 17.50 19.00 20.50 22.00 23.50 25.00 26.50 28.00 29.50 31.00 32.50 34.00 35.50 37.00 38.50 40.00 41.00 42.00 43.00 44.00 45.00 46.00 47.00 48.00 49.00 50.0(
EMV2 YEMVL 0.00 0.08 0.15 0.23 0.30 0.38 0.45 0.53 0.60 0.68 0.75 0.83 0.90 0.98 0.90 0.75 0.60 0.45 0.30 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
EMV3 YEMV2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.25 0.40 0.55 0.70 0.85 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0Q
EMV(C2)| 0[ 0 0 0 yEmMV3 0.00 0.00 0.00 0.00 0.10 0.25 0.40 0.55 0.70 0.85 1.00 0.70 0.40 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
EMV1 YEMV(C1){ 0.00 0.08 0.15 0.23 0.37 0.53 0.67 0.79 0.88 0.95 1.00 0.95 0.94 0.98 0.91 0.81 0.76 0.75 0.79 0.87 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
EMV2 Area 0.00 0.06 0.17 0.28 0.45 0.68 0.90 1.09 1.25 1.37 1.46 1.46 142 144 142 129 1.18 1.13 1.16 1.25 1.40 0.95 0.85 0.75 0.65 0.55 0.45 0.35 0.25 0.15 0.0
EMV3 Xarea 0.00 0.60 2.07 3.87 6.8111.3216.4421.5726.5631.2535.49 37.6138.5841.3542.8241.0239.21 39.4241.94 47.07 55.12 38.48 35.28 31.88 28.28 24.48 20.48 16.28 11.88 7.28 2.44
EMV(C3)] 0] 0 0 O[xemv(c2)[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0¢
EMV 100 25 40 50 yemvi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
PREMC |0.403.00 16.80 28.0(YEMV2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
Area 15.3801 YEMV3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
Xarea 166.7511 YEMV(C2)| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
Defuzzified Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
PREMC 10.8420  [xarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0Q
XEMV(C3)[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

YEMVL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0q

YEMV2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

YEMV3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

YEMV(C3)| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

Xarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0¢

XEMV) [10.0011.5013.00 14.50 16.00 17.50 19.00 20.50 22.00 23.50 25.00 26.50 28.00 29.50 31.00 32.50 34.00 35.50 37.00 38.50 40.00 41.00 42.00 43.00 44.00 45.00 46.00 47.00 48.00 49.00 50.0(

YEMV) [ 0.00 0.08 0.15 0.23 0.37 0.53 0.67 0.79 0.88 0.95 1.00 0.95 0.94 0.98 0.91 0.81 0.76 0.75 0.79 0.87 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0

Area 0.00 0.06 0.17 0.28 0.45 0.68 0.90 1.09 1.25 1.37 146 146 142 144 142 129 1.18 1.13 1.16 1.25 1.40 0.95 0.85 0.75 0.65 0.55 0.45 0.35 0.25 0.15 0.0

Xarea 0.00 0.60 2.07 3.87 6.8111.3216.4421.5726.5631.2535.4937.6138.5841.3542.8241.0239.2139.4241.9447.07 55.12 38.48 35.28 31.88 28.28 24.48 20.48 16.28 11.88 7.28 2.44

XPREMC| 0.40 0.53 0.69 0.87 1.08 1.31 1.58 1.88 2.22 259 3.00 3.76 4.64 5.64 6.77 8.04 9.4711.0412.7914.7016.8017.76 18.7519.78 20.84 21.94 23.07 24.25 25.46 26.71 28.0(

YPREMC [ 0.00 0.00 0.01 0.02 0.06 0.13 0.29 0.47 0.66 0.85 1.00 0.89 0.88 0.95 0.91 0.81 0.76 0.75 0.79 0.87 1.00 0.73 0.51 0.34 0.22 0.13 0.06 0.03 0.01 0.00 0.0

Area 0.00 0.00 0.00 0.00 0.01 0.02 0.06 0.11 0.19 0.28 0.38 0.72 0.77 0.92 1.06 1.10 1.12 1.19 1.34 159 1.96 0.83 0.62 0.44 0.30 0.19 0.11 0.05 0.02 0.01 0.0

Xarea 0.00 0.00 0.00 0.00 0.01 0.03 0.08 0.20 0.39 0.68 1.06 2.42 3.24 4.71 6.55 8.12 9.7912.2416.0221.8930.9214.3011.23 8.46 6.03 4.01 242 1.26 0.53 0.15 0.0]

231



112112 X() 1.00 1.10 1.20 1.30 1.40 1.50 1.60 1.70 1.80 1.90 2.00 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 4.00 4.20 4.40 4.60 4.80 5.00 5.20 5.40 5.60 5.80 6.0¢

cl 1 2 2 3(v1 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 0.80 0.60 0.40 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
c2 2 3 3 6|2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.40 0.60 0.80 1.00 0.93 0.87 0.80 0.73 0.67 0.60 0.53 0.47 0.40 0.33 0.27 0.20 0.13 0.07 0.0
c3 3] 4 4 6w 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.40 0.60 0.80 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
C 1 2] 4 6P 1.00 1.20 1.40 1.60 1.80 2.00 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 4.00 420 4.40 460 480 500 520 540 560 580 6.00 6.20 6.40 6.60 6.80 7.00
pl 3 4 5 5[v1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
p2 1 3 5 6[v2 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.80 0.60 0.40 0.20 0.00 0.00 0.00 0.00 0.00 0.0
p3 2l 4 4 Ty 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 0.93 0.87 0.80 0.73 0.67 0.60 0.53 0.47 0.40 0.33 0.27 0.20 0.13 0.07 0.0
P 1 3 5 7IXR) 0.01 0.01 0.02 0.02 0.03 0.03 0.04 0.04 0.05 0.05 0.06 0.07 0.08 0.09 0.11 0.12 0.13 0.15 0.17 0.8 0.20 0.22 0.24 0.26 0.28 0.30 0.32 0.35 0.37 0.39 0.47
R 0.070.06 0.2 0.47vn) 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 0.84 0.76 0.76 0.84 1.00 0.95 0.92 0.92 0.95 1.00 096 0.91 0.84 0.76 0.67 0.56 0.44 0.31 0.16 0.0
EMV1 100 200 200 29v(P) 0.00 0.10 0.20 0.30 0.40 0.50 0.64 0.76 0.86 0.94 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.92 0.81 0.68 0.52 0.33 0.27 0.20 0.13 0.07 0.0
EMV2 300 400 50 6QYR) 0.00 0.01 0.04 0.09 0.16 0.25 0.38 0.53 0.69 0.85 1.00 0.84 0.76 0.76 0.84 1.00 0.95 0.92 0.92 0.95 1.00 0.88 0.74 0.57 0.40 0.22 0.15 0.09 0.04 0.01 0.0
EMV3 10| 15 25 30)Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.0
EMV(C1)| 10| 15 50| 60QXarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
EMV1 XEMV(C1){10.0010.5011.0011.5012.00 12.50 13.00 13.50 14.00 14.50 15.00 18.50 22.00 25.50 29.00 32.50 36.00 39.50 43.00 46.50 50.0051.0052.0053.0054.00 55.0056.00 57.00 58.00 59.00 60.0(
EMV2 YEMVL 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.85 0.60 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
EMV3 YEMV2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.60 0.95 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
EMV(C2)| 0 0 0 O YEMV3 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.00 1.00 0.90 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
EMV1 YEMV(C)| 0.00 0.15 0.28 0.41 0.52 0.63 0.72 0.81 0.88 0.95 1.00 1.00 1.00 0.90 0.20 0.25 0.60 0.95 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
EMV2 Area 0.00 0.04 0.11 0.17 0.23 0.29 0.34 0.38 0.42 0.46 0.49 350 350 3.33 1.93 0.79 1.49 271 341 350 350 095 0.85 0.75 0.65 0.55 0.45 0.35 0.25 0.15 0.0
EMV3 Xarea 0.00 0.37 1.14 1.93 2.72 351 4.29 5.05 5.79 6.50 7.1758.6370.8878.9752.4624.2250.95102.40140.77156.63168.8847.98 43.78 39.38 34.78 29.98 24.98 19.78 14.38 8.78 2.9
EMV(C3)| 0 O 0 O[xemvc2)[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0¢
EMV 100 15 50 60 YEmMvL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
PREMC |0.1010.90 10.09 25.2¢ YEMV2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
Area 10.4108 YEMV3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
Xarea 83.8500 YEMV(C2)| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
Defuzzified Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
PREMC 8.0541 Xarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
XEMV(C3)| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0¢

YEMVL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

YEMV2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

YEMV3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

YEMV(C3)| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

Xarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

XEMv) |10.0010.5011.0011.5012.0012.50 13.00 13.50 14.00 14.50 15.00 18.50 22.00 25.50 29.00 32.50 36.00 39.50 43.00 46.50 50.0051.0052.0053.00 54.00 55.0056.00 57.00 58.00 59.00 60.0(}

YEMY) | 0.00 0.15 0.28 0.41 0.52 0.63 0.72 0.81 0.88 0.95 1.00 1.00 1.00 0.90 0.20 0.25 0.60 0.95 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0

Area 0.00 0.04 0.11 0.17 0.23 0.29 0.34 0.38 0.42 0.46 0.49 350 3.50 3.33 1.93 0.79 1.49 271 341 350 350 095 0.85 0.75 0.65 0.55 0.45 0.35 0.25 0.15 0.0

Xarea 0.00 0.37 1.14 1.93 2.72 351 4.29 5.05 579 6.50 7.1758.6370.8878.9752.4624.2250.95102.40140.77156.63168.8847.98 43.78 39.38 34.78 29.98 24.98 19.78 14.38 8.78 2.9

XPREMC| 0.10 0.14 0.18 0.24 0.30 0.38 0.46 0.55 0.66 0.77 0.90 1.30 1.80 2.39 3.09 3.90 484 591 7.12 848 10.0011.1412.3613.6515.0316.5018.0519.7021.44 23.27 25.2(}

YPREMC | 0.00 0.00 0.01 0.04 0.08 0.16 0.28 0.43 0.61 0.80 1.00 0.84 0.76 0.68 0.17 0.25 0.57 0.87 0.92 095 1.00 0.79 0.59 0.40 0.24 0.11 0.06 0.03 0.01 0.00 0.0g

Area 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.03 0.05 0.08 0.12 0.37 0.39 0.43 0.30 0.17 0.38 0.77 1.09 1.27 148 102 0.84 0.64 0.44 0.26 0.13 0.07 0.03 0.01 0.0

Xarea 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.03 0.06 0.10 0.41 0.61 0.89 0.81 0.59 1.68 4.15 7.08 9.91 13.6610.80 9.90 8.35 6.31 4.03 2.29 1.34 0.62 0.19 0.0]
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112121 X(1) 2.00 210 220 230 240 250 260 2.70 2.80 290 300 320 340 360 380 4.00 420 440 460 4.80 5.00 520 540 560 580 6.00 6.20 6.40 6.60 6.80 7.0Q

cl 2| 3 3] 6|1 0.00 0.10 020 0.30 040 050 060 0.70 0.80 090 100 093 0.87 080 073 0.67 0.60 053 047 040 033 0.27 020 0.3 007 0.00 0.00 0.00 0.00 0.00 0.00
c2 2| 4 4 7|2 0.00 005 010 015 020 025 030 035 040 045 050 060 070 080 090 100 093 087 080 073 067 0.60 053 047 040 033 027 020 0.13 0.07 0.09
c3 3| 5 5] 7|v3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 010 0.20 0.30 040 0.50 0.60 0.70 0.80 0.90 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
C 2| 3 5| 7IXP) 100 110 120 130 140 150 1.60 170 180 190 2.00 240 280 320 3.60 4.00 440 480 520 5.60 6.00 6.10 6.20 630 640 6.50 6.60 6.70 6.80 6.90 7.00
pl 1 2 4 5[v1 0.00 0.10 020 0.30 040 050 060 0.70 0.80 090 100 1.00 1.00 100 100 1.00 0.60 0.20 0.0 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.0 0.00 0.0d
p2 2| 4 [§ 7|2 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 000 000 020 040 060 080 1.00 1.00 1.00 100 1.00 1.00 0.90 0.80 0.70 060 050 0.40 030 020 0.10 0.0
p3 3 5 6 7|v3 0.00 0.00 0.00 0.00 000 000 000 000 000 000 000 000 000 010 030 050 070 090 100 100 1.00 090 0.80 0.70 0.60 0.50 040 0.30 0.20 0.10 0.09
P 1 2 6| 7IXR) 0.02 002 003 0.03 0.03 004 004 0.05 0.05 006 006 008 010 012 014 016 018 021 024 0.27 0.30 032 033 035 037 039 041 043 045 047 0.4
R 0.020.04 0.30 0.49v() 0.00 0.15 028 041 052 063 072 081 088 095 100 098 0.97 097 098 1.00 0.99 098 098 0098 1.00 097 093 086 078 067 056 044 031 0.16 0.00
EMV1 15 25 30| 5Qv(P) 0.00 0.10 020 0.30 040 050 060 070 0.80 090 100 1.00 1.00 100 100 1.00 1.00 1.00 100 1.00 1.00 099 096 091 084 075 0.64 051 036 0.19 0.00
EMV2 300 500 50] 6QY(R) 0.00 001 006 012 021 031 043 056 070 085 100 098 0.97 097 098 1.00 0.99 098 098 0.98 1.00 096 0.89 0.78 065 050 0.36 022 0.11 0.03 0.00
EMV3 30] 40 40| 60Q)Area 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 000 000 002 0.2 002 002 002 0.2 003 003 003 0.03 0.02 0.02 002 001 001 0.01 001 000 0.0 0.0
EMV(C1)| 15 25 50 60|xarea 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 000 0.00 0.00 0.00 000 0.00 0.00 001 001 0.01 0.01 0.01 0.01 0.01 000 0.00 0.00 0.00 0.00 0.00 0.00
EMV1 30] 30 40| 40xemv(c1)]15.0016.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 27.50 30.00 32.50 35.00 37.50 40.00 42.50 45.00 47.50 50.00 51.00 52.00 53.00 54.00 55.00 56.00 57.00 58.00 59.00 60.0
EMV2 200 30 30| 4QvEmvi 0.00 0.10 020 0.30 040 050 060 070 0.80 090 100 1.00 1.00 088 075 063 050 038 025 0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.09
EMV3 100 20 20| 2HYEmMw2 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 000 000 000 0.00 013 025 038 050 063 075 0.88 1.00 090 0.80 0.70 060 050 040 030 020 0.10 0.0
EMV(C2)| 10| 20| 40 40[vemvs 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 000 000 000 0.00 025 050 0.75 1.00 0.88 075 0.63 0.50 0.45 040 035 030 025 020 015 0.10 0.05 0.0
EMV1 30| 400 40 6Qvemvcy) 0.00 0.10 0.20 0.30 040 050 060 0.70 0.80 090 1.00 1.00 1.00 092 091 094 1.00 097 095 0.96 1.00 095 0.88 081 072 063 052 041 028 0.15 0.00
EMV2 30] 40 40 50QArea 0.00 005 015 025 035 045 055 065 075 085 095 250 250 240 228 231 243 246 240 239 245 097 091 084 076 067 057 046 034 021 0.07
EMV3 15 300 30| 35xarea 0.00 0.78 248 4.38 6.48 8.78 11.28 13.98 16.88 19.98 23.28 65.63 71.88 74.92 76.96 83.72 94.04101.61105.21110.54119.38 49.11 46.99 44.23 40.79 36.65 31.77 26.13 19.69 12.43 4.3]
EMV(C3)| 15 30| 40 60[xemv(c2)[10.0011.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00 0.00 1.00 200 3.00 4.00 500 6.00 7.00 800 9.00
EMV 40| 75 130 16(vyEmvi 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 000 000 000 1.00 100 100 1.00 0.00 0.0 000 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.0d
PREMC 0.804.50 39.04 78.44 YEMV2 0.00 000 000 000 000 000 010 020 030 040 050 075 100 075 050 025 000 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.0¢
Area 37.1088 YEMV3 0.50 060 070 0.80 0.90 100 080 0.60 040 020 000 0.00 0.00 000 000 0.00 0.00 000 000 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.0d
Xarea 831.0096 YEMV(C2)[ 0.50 0.60 0.70 0.80 0.90 1.00 0.82 068 058 0.52 050 075 1.00 1.00 1.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Defuzzified Area 0.00 055 065 075 0.85 095 091 075 063 055 051 125 1.75 200 200 200 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.0 0.00 0.00 0.0¢
PREMC 22.3939 _[xarea 0.00 578 7.48 9.38 11.48 13.78 14.11 12.38 11.03 10.18 9.95 26.25 40.25 50.00 54.00 58.00 31.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
XEMV(C3)[15.0016.50 18.00 19.50 21.00 22.50 24.00 25.50 27.00 28.50 30.00 31.00 32.00 33.00 34.00 35.00 36.00 37.00 38.00 39.00 40.00 42.00 44.00 46.00 48.00 50.00 52.00 54.00 56.00 58.00 60.0

YEMVL 0.00 0.00 0.00 0.00 0.00 000 000 0.00 0.00 000 000 0.00 0.00 025 050 0.75 1.00 0.88 075 0.63 0.50 045 040 035 030 025 020 015 0.10 0.05 0.0

YEMV2 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 000 000 000 0.00 025 050 0.75 1.00 0.75 050 0.25 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00

YEMV3 0.00 0.07 013 020 0.27 033 040 047 053 060 067 083 1.00 050 000 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.0¢

YEMV(C3)| 0.00 0.07 0.13 020 027 033 040 047 053 060 0.67 083 100 072 0.75 0.94 100 097 0.88 0.72 0.50 045 040 035 030 025 020 0.15 0.0 0.05 0.00

Area 0.00 005 015 025 035 045 055 065 075 085 095 075 092 08 073 084 097 098 092 080 0.61 095 0.85 075 065 055 045 035 025 0.15 0.09

Xarea 0.00 0.79 259 4.69 7.09 9.79 12.79 16.09 19.69 23.59 27.79 22.88 28.88 27.93 24.60 29.11 34.39 35.93 34.57 30.68 24.07 38.95 36.55 33.75 30.55 26.95 22.95 18.55 13.75 855 2.9

X(EMV) |40.0043.50 47.00 50.50 54.00 57.50 61.00 64.50 68.00 71.50 75.00 80.50 86.00 91.50 97.00102.50108.00113.50119.00124.50130.00 93.00 97.00101.00105.00109.00113.00117.00121.00125.00129.0

Y(EMV) 0.50 066 079 0.89 0.96 100 096 095 0.96 098 100 1.00 1.00 100 100 1.00 1.00 1.00 099 0.99 1.00 0.97 0.93 087 080 072 0.62 049 035 0.19 0.0

Area 000 204 255 294 323 342 342 333 334 340 347 550 550 550 550 550 550 550 548 545 547 -3644 380 360 335 3.05 267 222 169 1.08 0.39

Xarea 0.0085.04 115.30143.33168.61190.83202.90 209.26 221.39237.00253.91427.63457.88 488.13518.38 548.63578.88 608.85637.21 663.80 695.84 -4063.10360.57 356.65 345.51 325.87 296.31 255.36 201.41 132.78 47.69

XPREMC| 0.80 1.00 124 151 181 216 254 296 343 3.94 450 6.18 819 1054 13.27 16.40 19.96 23.97 28.46 33.47 39.00 29.50 32.48 35.63 38.98 42.51 46.24 50.17 54.30 58.65 63.2]

YPREMC [ 0.00 0.01 004 011 020 031 041 053 0.68 0.83 1.00 098 097 0.97 098 100 099 0.98 0.97 097 1.00 093 0.82 068 052 036 022 0.11 0.04 0.01 0.00

Area 0.00 000 001 0.02 0.05 009 014 020 028 039 051 166 195 228 267 311 354 395 439 486 546 -918 261 238 202 156 1.08 0.65 031 0.10 0.01

Xarea 0.00 0.00 001 0.03 0.08 0.17 032 055 0.90 143 217 888 14.00 21.38 31.77 46.07 64.34 86.81115.07150.64197.78 -314.31 80.98 81.11 75.36 63.60 48.01 31.42 16.18 5.47 0.79
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112122 X() 1.00 1.10 1.20 1.30 1.40 1.50 1.60 1.70 1.80 1.90 2.00 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 4.00 4.20 4.40 4.60 4.80 5.00 5.20 5.40 5.60 5.80 6.0

cl 2[ 3 3 6[y1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.40 0.60 0.80 1.00 0.93 0.87 0.80 0.73 0.67 0.60 0.53 0.47 0.40 0.33 0.27 0.20 0.13 0.07 0.09
c2 1 2 2 3[v2 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 0.80 0.60 0.40 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09
c3 3 4 4 6|3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.40 0.60 0.80 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
C 1 2 4 6[x(P) 1.00 1.20 1.40 1.60 1.80 2.00 2.20 2.40 2.60 2.80 3.00 3.40 3.80 4.20 4.60 5.00 5.40 5.80 6.20 6.60 7.00 7.10 7.20 7.30 7.40 7.50 7.60 7.70 7.80 7.90 8.0
pl 1 3 5 6fy1 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.00 1.00 1.00 1.00 1.00 0.60 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09
p2 2 3 5 6[y2 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 0.60 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09
p3 3 5 7 8[y3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0¢
P 1 3 7 8[XR) 0.01 0.01 0.02 0.02 0.03 0.03 0.04 0.04 0.05 0.05 0.06 0.07 0.09 0.11 0.13 0.15 0.17 0.20 0.22 0.25 0.28 0.30 0.32 0.34 0.36 0.38 0.40 0.42 0.44 0.46 0.4
R 0.01]0.060.2§ 0.49v() 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 0.84 0.76 0.76 0.84 1.00 0.95 0.92 0.92 0.95 1.00 0.96 0.91 0.84 0.76 0.67 0.56 0.44 0.31 0.16 0.0
EMV1 15/ 25 30| 40vP 0.00 0.10 0.20 0.30 0.40 0.50 0.68 0.82 0.92 0.98 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
EMV2 200 30] 30] 50Y(R) 0.00 0.01 0.04 0.09 0.16 0.25 0.41 0.57 0.74 0.88 1.00 0.84 0.76 0.76 0.84 1.00 0.95 0.92 0.92 0.95 1.00 0.86 0.73 0.59 0.46 0.33 0.22 0.13 0.06 0.02 0.0
EMV3 20| 25 35 A40Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.02 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.09
EMV(C1)| 15| 25 35 50QXarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09
EMV1 XEMV(C1){15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 26.00 27.00 28.00 29.00 30.00 31.00 32.00 33.00 34.00 35.00 36.50 38.00 39.50 41.00 42.50 44.00 45.50 47.00 48.50 50.0(
EMV2 YEMVL 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.00 1.00 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.35 0.20 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.09
EMV3 YEMV2 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 0.95 0.90 0.85 0.80 0.75 0.68 0.60 0.53 0.45 0.38 0.30 0.23 0.15 0.08 0.0
EMV(C2)| 0 0 O 0f YEMV3 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.70 0.40 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.09
EMV1 YEMV(C1){ 0.00 0.10 0.20 0.30 0.40 0.50 0.71 0.86 0.94 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.94 0.81 0.59 0.45 0.38 0.30 0.23 0.15 0.08 0.0
EMV2 Area 0.00 0.05 0.15 0.25 0.35 0.45 0.61 0.78 0.90 0.97 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.45 1.31 1.05 0.78 0.62 0.51 0.39 0.28 0.17 0.04
EMV3 Xarea 0.00 0.78 2.48 4.38 6.48 8.7812.4216.86 20.2522.70 24.35 25.50 26.50 27.50 28.50 29.50 30.50 31.50 32.50 33.50 34.50 51.93 48.74 40.74 31.51 25.8321.90 17.62 13.01 8.06 2.71
EMV(C3)| 0 0 O Ofxemv(c2)| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
EMV 15 25 35 50 yemvi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09
PREMC |0.151.509.80 24.0QYEMV2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09
Area 11.3209 YEMV3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09
Xarea 83.7656 YEMV(C2){ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
Defuzzified Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
PREMC 7.3992  |Xarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09
XEMV(c3)[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

YEMVL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09

YEMV2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09

YEMV3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09

YEMV(C3)[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

Xarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09

XEMV) [15.0016.0017.0018.0019.0020.00 21.00 22.00 23.00 24.00 25.00 26.00 27.00 28.00 29.00 30.00 31.00 32.00 33.00 34.00 35.00 36.50 38.00 39.50 41.00 42.50 44.00 45.50 47.00 48.50 50.0(

Y(EMV) 0.00 0.10 0.20 0.30 0.40 0.50 0.71 0.86 0.94 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.94 0.81 0.59 0.45 0.38 0.30 0.23 0.15 0.08 0.09

Area 0.00 0.05 0.15 0.25 0.35 0.45 0.61 0.78 0.90 0.97 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.45 1.31 1.05 0.78 0.62 0.51 0.39 0.28 0.17 0.04

Xarea 0.00 0.78 2.48 4.38 6.48 8.7812.4216.86 20.2522.70 24.35 25.50 26.50 27.50 28.50 29.50 30.50 31.50 32.50 33.50 34.50 51.93 48.74 40.74 31.51 25.8321.90 17.62 13.01 8.06 2.71

XPREMC| 0.15 0.21 0.29 0.37 0.48 0.60 0.74 0.90 1.08 1.28 150 1.94 2.46 3.06 3.74 4.50 5.36 6.31 7.37 8.53 9.8010.8812.0413.26 14.56 15.94 17.39 18.92 20.53 22.22 24.0(

YPREMC [ 0.00 0.00 0.01 0.03 0.06 0.13 0.29 0.49 0.69 0.87 1.00 0.84 0.76 0.76 0.84 1.00 0.95 0.92 0.92 0.95 1.00 0.81 0.59 0.35 0.21 0.12 0.07 0.03 0.01 0.00 0.0

Area 0.00 0.00 0.00 0.00 0.00 0.01 0.03 0.06 0.11 0.16 0.21 0.41 0.41 0.45 0.54 0.70 0.83 0.89 0.97 1.08 1.24 0.98 0.81 0.57 0.36 0.23 0.14 0.07 0.03 0.01 0.09

Xarea 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.05 0.10 0.18 0.29 0.70 0.91 1.25 1.84 2.90 4.11 519 6.64 8.6211.3510.14 9.23 7.25 5.01 3.46 2.32 1.35 0.62 0.19 0.07

234



121111 X() 1.00 1.20 1.40 1.60 1.80 2.00 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 4.00 420 440 460 480 500 510 520 530 540 5.50 560 570 5.80 5.90 6.0¢

cl 2| 3 5 6[v1 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
c2 1 3 3 5[v2 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
c3 3] 4 4 6§ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.40 0.60 0.80 1.00 0.90 0.80 0.70 0.60 0.50 0.45 0.40 0.35 0.30 0.25 0.20 0.15 0.10 0.05 0.0
C 1 3 5 6lx(P) 1.00 1.20 1.40 1.60 1.80 2.00 2.20 2.40 2.60 2.80 3.00 3.40 3.80 4.20 4.60 5.00 540 5.80 6.20 6.60 7.00 7.10 7.20 7.30 7.40 7.50 7.60 7.70 7.80 7.90 8.0¢
pl 1 3 5 6[v1 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.00 1.00 1.00 1.00 1.00 0.60 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
p2 2l 3 5 6[v2 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 0.60 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
p3 3 5 7 8|v3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
P 1 3 7 8IXR) 0.01 0.01 0.02 0.03 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.11 0.13 0.15 0.17 0.20 0.23 0.26 0.29 0.32 0.35 0.36 0.37 0.39 0.40 0.41 0.43 0.44 0.45 0.47 0.44
R 0.070.09 0.39 0.49v0) 0.00 0.10 0.20 0.30 0.40 0.50 0.68 0.82 0.92 0.98 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.94 0.88 0.80 0.72 0.63 0.52 0.41 0.28 0.15 0.0
EMV1 30| 40 50 6Qv(r) 0.00 0.10 0.20 0.30 0.40 0.50 0.68 0.82 0.92 0.98 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
EMV2 20 300 30| 50Y(R) 0.00 0.01 0.04 0.09 0.16 0.25 0.46 0.67 0.85 0.96 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.85 0.70 0.56 0.43 0.31 0.21 0.12 0.06 0.01 0.0
EMV3 200 25 35 40Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.0
EMV(C1)| 20| 25| 50| 60QXarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
EMV1 XEMV(C1){20.00 20.50 21.00 21.50 22.00 22.50 23.00 23.50 24.00 24.50 25.00 27.50 30.00 32.50 35.00 37.50 40.00 42.50 45.00 47.50 50.0051.0052.0053.00 54.0055.0056.00 57.00 58.00 59.00 60.0(
EMV2 YEMVL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.50 0.75 1.00 1.00 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
EMV3 YEMV2 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.75 1.00 0.88 0.75 0.63 0.50 0.38 0.25 0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
EMV(C2)| 0 O 0 O YEMV3 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.00 1.00 1.00 1.00 0.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
EMV1 YEMV(C)| 0.00 0.15 0.28 0.41 0.52 0.63 0.72 0.81 0.88 0.95 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 100 100 100 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
EMV2 Area 0.00 0.04 0.11 0.17 0.23 0.29 0.34 0.38 042 0.46 0.49 250 2.50 2.50 2.50 2.44 2.44 250 250 250 250 0.95 0.85 0.75 0.65 0.55 0.45 0.35 0.25 0.15 0.0
EMV3 Xarea 0.00 0.73 2.20 3.64 5.03 6.37 7.65 8.8610.0011.0612.0365.6371.8878.1384.38 88.50 94.60 103.13109.38115.63121.8847.9843.78 39.38 34.78 29.98 24.98 19.78 14.38 8.78 2.9
EMV(C3)| 0 0 0 O[xemvc2)[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0¢
EMV 20 25 50 60yEmMVL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
PREMC |0.202.2517.5( 28.8( YEMV2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
Area 18.9503 YEMV3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
Xarea 207.9074 YEMV(C2)| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
Defuzziied Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
PREMC 10.9712  [xarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
XEMV(C3)| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

YEMVL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

YEMV2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

YEMV3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

YEMV(C3)| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

Xarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

XEMV) |20.0020.5021.0021.50 22.00 22.50 23.00 23.50 24.00 24.50 25.00 27.50 30.00 32.50 35.00 37.50 40.00 42.50 45.00 47.50 50.0051.0052.0053.0054.00 55.0056.00 57.00 58.00 59.00 60.0(

YEMY) | 0.00 0.15 0.28 0.41 0.52 0.63 0.72 0.81 0.88 0.95 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0

Area 0.00 0.04 0.11 0.17 0.23 0.29 0.34 0.38 0.42 0.46 0.49 250 2.50 2.50 2.50 2.44 2.44 250 250 250 250 095 0.85 0.75 0.65 0.55 0.45 0.35 0.25 0.15 0.0

Xarea 0.00 0.73 2.20 3.64 5.03 6.37 7.65 8.8610.0011.0612.0365.6371.8878.1384.3888.5094.60103.13109.38115.63121.8847.9843.78 39.3834.78 29.98 24.98 19.78 14.38 8.78 2.99

XPREMC| 0.20 0.30 0.41 0.55 0.71 0.90 1.11 1.35 1.62 1.92 225 2.99 3.88 491 6.12 7.50 9.07 10.85 12.83 15.05 17.5018.47 19.4720.5121.58 22.69 23.83 25.02 26.24 27.50 28.8(

YPREMC | 0.00 0.00 0.01 0.04 0.08 0.16 0.33 0.54 0.74 0.91 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 1.00 1.00 1.00 0.77 0.56 0.39 0.26 0.16 0.08 0.04 0.01 0.00 0.0q

Area 0.00 0.00 0.00 0.00 0.01 0.02 0.05 0.11 0.17 0.25 0.31 0.74 0.88 1.04 1.20 1.35 1.54 177 1.99 221 245 085 0.67 0.50 0.35 0.23 0.14 0.07 0.03 0.01 0.0

Xarea 0.00 0.00 0.00 0.00 0.01 0.02 0.05 0.13 0.26 0.44 0.65 1.94 3.04 4.56 6.64 9.1912.72 17.67 23.54 30.87 39.9015.3512.62 9.92 7.38 5.10 3.19 1.73 0.75 0.21 0.03
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1.2.1.1.1.2 X() 3.00 3.10 3.20 3.30 3.40 3.50 3.60 3.70 3.80 3.90 4.00 4.40 4.80 5.20 5.60 6.00 6.40 6.80 7.20 7.60 8.00 8.10 8.20 8.30 8.40 8.50 8.60 8.70 8.80 8.90 9.0

cl 3 5 7 8lv1 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.70 0.90 1.00 1.00 1.00 1.00 1.00 0.80 0.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09
c2 6 8 8 9[y2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.40 0.60 0.80 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
c3 3 4 4 6§ 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 0.80 0.60 0.40 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09
C 31 4 8 9[X(P) 2.00 2.10 2.20 2.30 2.40 2.50 2.60 2.70 2.80 2.90 3.00 3.30 3.60 3.90 4.20 450 4.80 5.10 540 570 6.00 6.10 6.20 6.30 6.40 6.50 6.60 6.70 6.80 6.90 7.0
pl 3 4 5 6[v1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.30 0.60 0.90 1.00 1.00 1.00 0.90 0.60 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09
p2 2l 3 3 5[y2 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 0.85 0.70 0.55 0.40 0.25 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
p3 5[ 6 6 7|v3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.40 0.70 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
P 2l 3 6 7IXR) 0.06 0.07 0.07 0.08 0.08 0.09 0.09 0.10 0.11 0.11 0.12 0.15 0.17 0.20 0.24 0.27 031 035 0.39 043 0.48 0.49 0.51 0.52 0.54 0.55 0.57 0.58 0.60 0.61 0.63
R 0.060.12 0.4 0.63v0) 0.00 0.15 0.28 0.41 0.52 0.63 0.72 0.81 0.88 0.95 1.00 0.94 0.96 1.00 1.00 1.00 1.00 1.00 0.92 0.88 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
EMV1 20| 30| 40 50v() 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 0.90 0.88 0.96 1.00 1.00 1.00 091 0.76 0.79 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
EMV2 150 25 300 4QYR) 0.00 0.01 0.06 0.12 0.21 0.31 0.43 0.56 0.70 0.85 1.00 0.84 0.84 0.96 1.00 1.00 1.00 091 0.70 0.70 1.00 0.81 0.64 0.49 0.36 0.25 0.16 0.09 0.04 0.01 0.09
EMV3 30] 40| 50 60Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.02 0.02 0.03 0.03 0.03 0.04 0.04 0.03 0.03 0.04 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.0
EMV(C1)[ 15[ 25 50| 60QXarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09
EMV1 XEMV(C1){ 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 27.50 30.00 32.50 35.00 37.50 40.00 42.50 45.00 47.50 50.0051.0052.0053.00 54.00 55.00 56.00 57.00 58.00 59.00 60.0(
EMV2 YEMVL 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.20 0.30 0.40 0.50 0.75 1.00 1.00 1.00 1.00 1.00 0.75 0.50 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09
EMV3 YEMV2 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.00 1.00 0.75 0.50 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
EMV(C2) Of © 0 O[YEMV3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.50 0.75 1.00 1.00 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
EMV1 YEMV(C1)| 0.00 0.10 0.20 0.30 0.40 0.50 0.64 0.76 0.86 0.94 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
EMV2 Area 0.00 0.05 0.15 0.25 0.35 0.45 0.57 0.70 0.81 0.90 0.97 250 250 2.50 2.50 2,50 2.50 250 250 250 250 0.95 0.85 0.75 0.65 0.55 0.45 0.35 0.25 0.15 0.09
EMV3 Xarea 0.00 0.78 2.48 4.38 6.48 8.7811.6915.0518.2321.1523.7765.63 71.88 78.13 84.38 90.63 96.88 103.13109.38 115.63121.8847.98 43.78 39.38 34.78 29.98 24.98 19.78 14.38 8.78 2.9
EMV(C3)[ 0] 0 0 O[xemv(c2)| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
EMV 15 25 50 60 YEmMvL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09
PREMC [0.90/3.00 24.0q 37.8QYEmM\2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
Area 22.3761 YEMV3 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
Xarea 328.3542 YEMV(C2)| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
Defuzzified Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09
PREMC 14.6743  [xarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09
XEMV(C3)| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

YEMVL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

YEMV2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09

YEMv3 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

YEMV(C3)| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

Xarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09

XEMV) |15.0016.0017.0018.00 19.0020.0021.00 22.00 23.00 24.00 25.00 27.50 30.00 32.50 35.00 37.50 40.00 42.50 45.00 47.50 50.0051.0052.0053.00 54.0055.00 56.00 57.00 58.00 59.00 60.0(

YEMV) | 0.00 0.10 0.20 0.30 0.40 0.50 0.64 0.76 0.86 0.94 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0

Area 0.00 0.05 0.15 0.25 0.35 0.45 0.57 0.70 0.81 0.90 0.97 2.50 2.50 2.50 2.50 2.50 250 250 250 250 250 0.95 0.85 0.75 0.65 0.55 0.45 0.35 0.25 0.15 0.0

Xarea 0.00 0.78 2.48 4.38 6.48 8.7811.6915.0518.2321.1523.7765.63 71.88 78.13 84.38 90.63 96.88 103.13109.38 115.63121.8847.98 43.78 39.38 34.78 29.98 24.98 19.78 14.38 8.78 2.9

XPREMC| 0.90 1.04 1.20 1.37 155 1.75 1.97 2.20 2.45 2.71 3.00 3.99 5.18 6.59 8.2310.1312.29 14.74 17.50 20.58 24.0025.2026.4427.7129.03 30.39 31.79 33.23 34.71 36.23 37.8(

YPREMC | 0.00 0.00 0.01 0.04 0.08 0.16 0.28 0.43 0.61 0.80 1.00 0.84 0.84 0.96 1.00 1.00 1.00 0.91 0.70 0.70 1.00 0.73 0.51 0.34 0.22 0.13 0.06 0.03 0.01 0.00 0.0

Area 0.00 0.00 0.00 0.00 0.01 0.02 0.05 0.08 0.13 0.19 0.26 0.91 1.00 1.27 1.60 1.89 216 234 222 215 290 1.04 0.77 0.55 0.37 0.23 0.13 0.07 0.03 0.01 0.09

Xarea 0.00 0.00 0.00 0.01 0.02 0.04 0.09 0.17 0.30 0.48 0.73 3.20 4.61 7.4511.8917.3724.24 31.63 35.75 40.89 64.6725.5019.8314.7810.44 6.87 4.11 2.13 0.88 0.24 0.03
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121121 X(1) 2.00 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 4.00 4.40 4.80 5.20 5.60 6.00 6.40 6.80 7.20 7.60 8.00 8.10 8.20 8.30 8.40 8.50 8.60 8.70 8.80 8.90 9.0

cl 2 4 4 6w 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 0.80 0.60 0.40 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04
c2 3 6 6 8 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.13 0.20 0.27 0.33 0.47 0.60 0.73 0.87 1.00 0.80 0.60 0.40 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
c3 6 71 8 9w 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.40 0.80 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
C 2l 4 8 9xp@ 1.00 1.20 1.40 1.60 1.80 2.00 2.20 2.40 2.60 2.80 3.00 3.40 3.80 4.20 4.60 5.00 5.40 5.80 6.20 6.60 7.00 7.10 7.20 7.30 7.40 7.50 7.60 7.70 7.80 7.90 8.0Q
pl 3 4 7 §mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.40 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
p2 3 4 5 6w 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.40 0.80 1.00 1.00 1.00 0.60 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
p3 1 3 3 5 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 0.80 0.60 0.40 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
P 1 3 7 8xR) 0.02 0.03 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.11 0.12 0.15 0.18 0.22 0.26 0.30 0.35 0.39 0.45 0.50 0.56 0.58 0.59 0.61 0.62 0.64 0.65 0.67 0.69 0.70 0.77
R 0.020.12 0.5 0.74v() 0.00 0.10 0.20 0.30 0.40 0.50 0.63 0.74 0.84 0.93 1.00 0.89 0.84 0.84 0.89 1.00 0.88 0.92 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
EMV1 200 25 35 40vpP) 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 0.93 0.98 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
EMV2 200 30 40| 5QY(R) 0.00 0.01 0.04 0.09 0.16 0.25 0.38 0.52 0.67 0.83 1.00 0.83 0.83 0.84 0.89 1.00 0.88 0.92 1.00 1.00 1.00 0.81 0.64 0.49 0.36 0.25 0.16 0.09 0.04 0.01 0.0
EMV3 15| 25 30| 40Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.03 0.03 0.03 0.03 0.04 0.04 0.04 0.05 0.06 0.06 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.04
EMV(C1)| 15 25 40 50{Xarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.02 0.02 0.03 0.03 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.0
EMV1 XEMV(C1){ 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 26.50 28.00 29.50 31.00 32.50 34.00 35.50 37.00 38.50 40.00 41.00 42.00 43.00 44.00 45.00 46.00 47.00 48.00 49.00 50.04
EMV2 YEmvi [ 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.90 0.60 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04
EMV3 YEMV2 [ 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.20 0.30 0.40 0.50 0.65 0.80 0.95 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
EMV(C2)| 0 0 0 Oyemvs | 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.00 1.00 1.00 0.90 0.75 0.60 0.45 0.30 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0G
EMV1 YEMV(C1)| 0.00 0.10 0.20 0.30 0.40 0.50 0.71 0.86 0.94 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0Q
EMV2 Area 0.00 0.05 0.15 0.25 0.35 0.45 0.61 0.78 0.90 0.97 0.99 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 0.95 0.85 0.75 0.65 0.55 0.45 0.35 0.25 0.15 0.0
EMV3 Xarea 0.00 0.78 2.48 4.38 6.48 8.7812.4216.8620.2522.70 24.35 38.6340.88 43.13 45.38 47.63 49.88 52.13 54.38 56.63 58.88 38.48 35.28 31.88 28.28 24.48 20.48 16.28 11.88 7.28 2.4
EMV(C3)] 0 0 Of Ojxemvc2| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04
EMV 15| 25 40 50vemvi | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04
PREMC 0.303.0022.4436.0qvemv2 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
Area 22.3788 YEMv3 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
Xarea 316.6936 YEMV(C2) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0Q
Defuzzified Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04
PREMC 14.1515  |Xarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
XEmv(c3)[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09

YEmvi [ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04

YEMV2 [ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0Q

YEMV3 [ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04

YEMV(C3)[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0Q

Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04

Xarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

X(EMV) [15.0016.0017.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 26.50 28.00 29.50 31.00 32.50 34.00 35.50 37.00 38.50 40.00 41.00 42.00 43.00 44.00 45.00 46.00 47.00 48.00 49.00 50.0(

YEmMY) [ 0.00 0.10 0.20 0.30 0.40 0.50 0.71 0.86 0.94 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0Q

Area 0.00 0.05 0.15 0.25 0.35 0.45 0.61 0.78 0.90 0.97 0.99 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 0.95 0.85 0.75 0.65 0.55 0.45 0.35 0.25 0.15 0.0

Xarea 0.00 0.78 2.48 4.38 6.48 8.7812.4216.8620.2522.70 24.35 38.6340.88 43.13 45.38 47.63 49.88 52.13 54.38 56.63 58.88 38.48 35.28 31.88 28.28 24.48 20.48 16.28 11.88 7.28 2.4

XPREMC| 0.30 0.42 0.57 0.75 0.96 1.20 1.48 1.80 2.15 2.55 3.00 3.96 5.11 6.44 7.99 9.7511.7514.0016.52 19.3122.40 23.58 24.80 26.05 27.35 28.69 30.07 31.49 32.95 34.45 36.0(}

YPREMC | 0.00 0.00 0.01 0.03 0.06 0.13 0.27 0.44 0.63 0.82 1.00 0.83 0.83 0.84 0.89 1.00 0.88 0.92 1.00 1.00 1.00 0.73 0.51 0.34 0.22 0.12 0.06 0.03 0.01 0.00 0.0¢

Area 0.00 0.00 0.00 0.00 0.01 0.02 0.05 0.11 0.19 0.29 0.41 0.88 0.95 1.11 1.34 1.67 1.88 2.03 2.41 2.79 3.09 1.02 0.76 0.54 0.36 0.23 0.13 0.06 0.03 0.01 0.0

Xarea 0.00 0.00 0.00 0.00 0.01 0.02 0.07 0.18 0.38 0.69 1.13 3.07 4.29 6.43 9.6514.8120.2126.08 36.8550.0764.4123.4318.2813.66 9.68 6.39 3.83 1.99 0.82 0.23 0.03

237



121122 X() 2.00 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 4.00 4.30 4.60 4.90 5.20 5.50 5.80 6.10 6.40 6.70 7.00 7.10 7.20 7.30 7.40 7.50 7.60 7.70 7.80 7.90 8.04

cl 3l 6 7 8w 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.13 0.20 0.27 0.33 0.43 0.53 0.63 0.73 0.83 0.93 1.00 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
c2 2l 4 4 6w 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 0.85 0.70 0.55 0.40 0.25 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04
c3 3 5 5 7y 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.20 0.30 0.40 0.50 0.65 0.80 0.95 0.90 0.75 0.60 0.45 0.30 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
C 2l 4 7 8xpP 2.00 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 4.00 4.20 4.40 4.60 4.80 5.00 5.20 5.40 5.60 5.80 6.00 6.10 6.20 6.30 6.40 6.50 6.60 6.70 6.80 6.90 7.0Q
pl 3] 4 5 6w 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 0.80 0.60 0.40 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04
p2 21 4 4 Ty 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 0.93 0.87 0.80 0.73 0.67 0.60 0.53 0.47 0.40 0.33 0.30 0.27 0.23 0.20 0.17 0.13 0.10 0.07 0.03 0.0
p3 3 5 6 7y 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.00 1.00 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
P 2l 4 6] T7XR) 0.04 0.05 0.06 0.07 0.08 0.09 0.10 0.12 0.13 0.14 0.16 0.18 0.20 0.23 0.25 0.28 0.30 0.33 0.36 0.39 0.42 0.43 0.45 0.46 0.47 0.49 0.50 0.52 0.53 0.55 0.59
R 0.040.16 0.42 0.5qv() 0.00 0.10 0.20 0.30 0.40 0.50 0.66 0.79 0.89 0.96 1.00 0.97 0.97 0.99 0.98 0.97 0.98 1.00 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
EMV1 200 30 400 50v) 0.00 0.10 0.20 0.30 0.40 0.50 0.71 0.86 0.94 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.93 0.85 0.77 0.68 0.58 0.48 0.37 0.25 0.13 0.0
EMV2 100 15 25 30Y(R) 0.00 0.01 0.04 0.09 0.16 0.25 0.47 0.68 0.84 0.94 1.00 0.97 0.97 0.99 0.98 0.97 0.98 1.00 1.00 1.00 1.00 0.84 0.68 0.54 0.41 0.29 0.19 0.11 0.05 0.01 0.0
EMV3 30] 40 40 60)Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.0
EMV(C1)| 10| 15 40| 60{xarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
EMV1 XEMV(C1){10.0010.50 11.00 11.50 12.00 12.50 13.00 13.50 14.00 14.50 15.00 17.50 20.00 22.50 25.00 27.50 30.00 32.50 35.00 37.50 40.00 42.00 44.00 46.00 48.00 50.00 52.00 54.00 56.00 58.00 60.0(
EMV2 YEmvi | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.50 0.75 1.00 1.00 1.00 1.00 1.00 0.80 0.60 0.40 0.20 0.00 0.00 0.00 0.00 0.00 0.0
EMV3 YEMV2 [ 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.00 1.00 1.00 1.00 0.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04
EMV(C2)| 0 0 0 Oyemvs | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.50 0.75 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
EMV1 YEMV(CD)| 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.00 1.00 1.00 1.00 0.88 1.00 1.00 1.00 1.00 1.00 0.98 0.92 0.82 0.68 0.50 0.40 0.30 0.20 0.10 0.04
EMV2 Area 0.00 0.03 0.08 0.13 0.18 0.23 0.28 0.33 0.38 0.43 0.48 2.50 2.50 2.50 2.50 2.34 2.34 250 2.50 2.50 2.50 1.98 1.90 1.74 150 1.18 0.90 0.70 0.50 0.30 0.1
EMV3 Xarea 0.00 0.26 0.81 1.41 2.06 2.76 3.51 4.31 5.16 6.06 7.0140.6346.8853.1359.3861.5267.3878.13 84.38 90.63 96.8881.18 81.70 78.30 70.5057.8245.9037.1027.5017.10 5.9
EMV(C3)] O 0 Of Ojxemvcc2| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0¢
EMV 10| 15 40 60vemvi | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04
PREMC 0.402.4016.8¢33.6Qvemv2 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
Area 19.2476 YEMV3 [ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0Q
Xarea 225.5385 YEMV(C2)| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09
Defuzzified Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04
PREMC 11.7178  |Xarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
XEMV(C3)| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0¢

YEmvi | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

YEMV2 [ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0Q

YEMV3 [ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0Q

YEMV(C3)| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0¢

Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

Xarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

X(EMV) (10.0010.5011.0011.5012.00 12.50 13.00 13.50 14.00 14.50 15.00 17.50 20.00 22.50 25.00 27.50 30.00 32.50 35.00 37.50 40.00 42.00 44.00 46.00 48.00 50.00 52.00 54.00 56.00 58.00 60.0

YEmMY) [ 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.00 1.00 1.00 1.00 0.88 1.00 1.00 1.00 1.00 1.00 0.98 0.92 0.82 0.68 0.50 0.40 0.30 0.20 0.10 0.0Q

Area 0.00 0.03 0.08 0.13 0.18 0.23 0.28 0.33 0.38 0.43 0.48 2.50 2.50 2.50 2.50 2.34 2.34 250 2.50 2.50 2.50 1.98 1.90 1.74 150 1.18 0.90 0.70 0.50 0.30 0.1

Xarea 0.00 0.26 0.81 1.41 2.06 2.76 3.51 4.31 5.16 6.06 7.0140.6346.8853.1359.3861.5267.3878.1384.3890.63 96.8881.1881.70 78.3070.5057.8245.9037.1027.5017.10 5.9

XPREMC| 0.40 0.51 0.63 0.78 0.94 1.13 1.33 1.56 1.81 2.09 2.40 3.16 4.05 5.07 6.24 7.56 9.0510.7112.5414.5716.8018.1919.64 21.16 22.73 24.38 26.08 27.86 29.70 31.62 33.6(

YPREMC | 0.00 0.00 0.01 0.03 0.06 0.13 0.28 0.47 0.67 0.85 1.00 0.97 0.97 0.99 0.98 0.85 0.98 1.00 1.00 1.00 1.00 0.82 0.63 0.44 0.28 0.15 0.08 0.03 0.01 0.00 0.0¢

Area 0.00 0.00 0.00 0.00 0.01 0.02 0.04 0.09 0.15 0.21 0.28 0.75 0.86 1.00 1.15 1.21 1.35 1.64 1.84 2.03 2.23 1.27 1.05 0.81 0.57 0.35 0.19 0.10 0.04 0.01 0.0

Xarea 0.00 0.00 0.00 0.00 0.01 0.02 0.05 0.13 0.25 0.42 0.64 2.08 3.11 4.58 6.53 8.3611.2516.1721.3727.5034.9422.1419.8816.5212.45 8.19 4.80 2.64 1.15 0.34 0.04
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122111 X() 400 4.10 420 4.30 4.40 450 4.60 4.70 4.80 4.90 5.00 530 5.60 590 620 650 6.80 7.10 7.40 7.70 8.00 830 850 8.70 8.90 9.10 9.30 9.50 9.70 9.9010.1(

cl 6l 7 7 10v1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.20 050 080 097 087 077 067 057 050 043 037 030 0.23 0.17 0.10 0.03 0.0
c2 4 5 5 g 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 0.70 0.40 0.10 0.0 0.0 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.0
c3 5 71 8 9w 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.15 030 045 060 0.75 090 1.00 1.00 100 1.00 0.70 0.0 0.30 0.10 0.00 0.00 0.00 0.00 0.00 0.04
C 4 50 8 10xP 1.00 1.10 1.20 1.30 1.40 1.50 1.60 1.70 1.80 1.90 2.00 2.40 280 3.20 3.60 4.00 440 4.80 520 560 6.00 6.10 6.20 6.30 6.40 6.50 6.60 6.70 6.80 6.90 7.0
pl 1 2| 4 5w 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.00 1.00 1.00 1.00 1.00 0.60 020 0.0 0.00 0.00 0.00 0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.04
p2 3 5 6 7w 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 030 050 0.70 0.90 1.00 100 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
p3 3 4 5 9§ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.60 1.00 1.00 1.00 0.00 0.0 0.0 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.0
P 1 2| 6 7XR) 0.04 0.05 0.05 0.06 0.06 0.07 0.07 0.08 0.09 0.09 0.10 0.13 0.6 0.9 022 026 030 034 038 043 048 051 0.53 055 0.57 0.59 0.61 0.64 0.66 0.68 0.7]]
R 0.040.10 0.48 0.7qv() 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 0.75 0.58 0.51 068 087 098 1.00 1.00 1.00 1.00 0.87 0.75 0.60 0.43 0.30 0.23 0.17 0.10 0.03 0.0
EMV1 40 70p 70 8QvP) 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.00 1.00 1.00 1.00 100 1.00 1.00 1.00 100 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
EMV2 500 600 60 90YR) 0.00 0.01 0.04 0.09 0.16 0.25 0.36 0.49 0.64 0.81 1.00 0.75 0.58 0.51 068 087 098 1.00 1.00 100 1.00 0.78 0.60 0.42 0.26 0.15 0.09 0.05 0.02 0.00 0.0
EMV3 300 500 50 70QArea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.02 0.02 002 003 004 004 004 005 005 0.02 001 001 0.01 0.00 0.00 0.00 0.00 0.00 0.0
EMV(C1)| 300 500 70 9Qxarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 001 001 0.1 0.02 002 002 0.01 0.01 001 0.00 0.00 0.00 0.00 0.00 0.00 0.09
EMV1 XEMV(C1)| 30.00 32.00 34.00 36.00 38.00 40.00 42.00 44.00 46.00 48.00 50.0052.00 54.00 56.00 58.00 60.00 62.00 64.00 66.00 68.00 70.00 72.00 74.00 76.00 78.0080.00 82.0084.0086.0088.00 90.0(
EMV2 YEmvi | 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.13 0.20 0.27 0.33 040 047 053 060 067 073 080 087 093 1.00 0.80 0.60 0.40 0.20 0.00 0.00 0.00 0.00 0.00 0.0
EMV3 YEMv2 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.40 060 080 1.00 093 087 080 0.73 0.67 0.60 053 0.47 040 033 0.27 0.20 0.13 0.07 0.0
EMV(C2)| 0 0 0 Oyemv [ 0.0 0.0 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 0.90 0.80 0.70 0.60 050 0.40 030 020 0.10 0.0 0.00 0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.04
EMV1 YEMV(C1)| 0.00 0.10 0.20 0.30 0.40 0.50 0.63 0.74 0.84 0.93 1.00 0.95 0.94 094 097 100 099 098 098 0.98 1.00 092 081 0.68 0.52 0.33 0.27 0.20 0.13 0.07 0.0
EMV2 Area 0.00 0.10 0.30 0.50 0.70 0.90 1.13 1.37 158 1.77 193 195 189 1.88 191 197 199 197 19 19 198 192 173 149 1.20 0.85 0.60 0.47 0.33 0.20 0.07
EMV3 Xarea 0.00 3.10 9.9017.5025.9035.1046.1958.77 71.10 83.03 94.41 99.55 100.06103.40108.98116.11121.35124.15127.40131.50 136.90 136.32 126.53 112.0092.40 67.41 48.60 38.73 28.33 17.40 5.93
EMV(C3)] 0 0 0 Oxemvcaf 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.0 0.0 0.00 0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.0
EMV 300 50| 70[ 90yEmvi | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 000 0.00 0.00 000 000 000 0.0 000 000 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.0
PREMC |1.205.0033.6063.0Qvemv2 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.0 000 000 0.00 0.00 000 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04
Area 31.8105 YEMV3 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 000 000 0.0 000 000 000 0.0 0.00 000 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.0
Xarea 742.0724 YEMV(C2)| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.0 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
Defuzzified Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 000 000 0.00 0.00 000 000 0.0 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.04
PREMC 23.3279  [Xarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.0 0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
XEmv(c3)| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

YEmvi | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 000 0.0 000 000 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

YEMV2 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 000 0.0 000 000 000 0.0 0.00 000 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.0

YEMV3 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.0 000 0.0 000 000 0.00 0.0 000 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.04

YEMV(C3)| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.0 0.00 000 000 0.0 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

Xarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.09

X(EMV) |30.0032.0034.00 36.00 38.00 40.00 42.00 44.00 46.00 48.00 50.0052.00 54.00 56.00 58.00 60.00 62.00 64.00 66.00 68.00 70.00 72.00 74.00 76.00 78.0080.0082.0084.0086.0088.0090.0(

YEMV) | 0.00 0.10 0.20 0.30 0.40 0.50 0.63 0.74 0.84 0.93 1.00 0.95 0.94 094 097 100 099 098 098 098 1.00 092 081 0.68 0.52 0.33 0.27 0.20 0.13 0.07 0.0

Area 0.00 0.10 0.30 050 0.70 0.90 1.13 1.37 1.58 1.77 1.93 195 189 1.88 191 197 199 197 196 196 198 1.92 173 149 1.20 0.85 0.60 0.47 0.33 0.20 0.07

Xarea 0.00 3.10 9.9017.5025.9035.1046.1958.7771.10 83.03 94.41 99.55 100.06 103.40108.98116.11121.35124.15127.40131.50136.90 136.32126.53112.0092.40 67.41 48.60 38.73 28.33 17.40 5.93

XPREMC| 1.20 1.44 1.71 2.01 2.34 2.70 3.09 3.52 3.97 447 500 6.61 8.47 10.57 12.95 15.60 18.55 21.81 25.40 29.32 33.60 36.45 39.00 41.6644.4347.3250.3353.4756.7360.11 63.63

YPREMC | 0.00 0.00 0.01 0.03 0.06 0.13 0.23 0.36 0.54 0.75 1.00 071 054 048 066 087 097 098 098 098 1.00 0.72 049 0.29 0.13 0.05 0.02 0.01 0.00 0.00 0.0

Area 0.00 0.00 0.00 0.01 0.01 0.03 0.07 0.12 0.21 0.32 0.46 138 116 1.07 135 203 272 318 351 385 424 245 154 103 058 0.27 0.11 0.05 0.02 0.00 0.0

Xarea 0.00 0.00 0.00 0.01 0.03 0.09 0.20 0.41 0.77 1.34 2.20 8.01 8.75 10.22 15.83 29.04 46.46 64.19 82.94105.37133.53 85.98 57.99 41.5425.1512.21 5.51 2.84 1.14 0.29 0.0]
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122112 X(1) 5.00 510 5.20 5.30 540 550 560 570 580 590 6.00 620 6.40 6.60 680 700 720 740 760 7.80 800 810 820 830 840 850 860 870 880 8.90 9.04

cl 5 77 8w 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 040 045 050 0.60 070 0.80 090 1.00 080 0.60 040 0.20 000 0.00 000 0.00 000 0.00 000 0.00 0.00 0.00 0.09
c2 5 6] 6 7w 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 090 1.00 0.80 0.60 040 020 000 0.00 000 0.00 0.00 0.00 000 000 000 000 000 0.0 0.0 000 000 0.09
c3 6 I\ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.40 0.60 080 1.00 100 1.00 100 1.00 100 0.0 080 070 060 0.50 040 0.30 020 0.10 0.09
C 5 6l 8  9xm 5.00 510 5.20 5.30 540 550 560 570 580 590 6.00 640 6.80 720 760 800 840 880 920 9.60 10.00 0.00 0.10 020 030 0.40 050 0.60 0.70 0.80 0.99
pl 8 9| 10 10v1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.0 000 000 000 000 040 0.80 100 1.00 000 0.00 000 0.00 000 0.00 000 0.00 000 0.00 0.04
p2 5 6] 7 8w 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 090 1.00 1.00 100 080 0.40 000 000 000 0.00 0.00 000 000 000 000 000 000 0.00 0.00 000 000 0.09
p3 5 78 93 0.00 0.05 0.10 0.15 0.20 025 0.30 035 0.40 045 050 0.70 090 1.00 100 1.00 060 0.20 0.00 0.00 000 0.00 000 0.00 000 0.00 0.00 0.00 0.00 0.00 0.9
P 5 6 100 10xR) 0.25 0.26 0.27 0.28 0.29 030 031 032 034 035 036 040 044 048 052 056 060 0.65 070 0.75 080 0.00 001 0.02 003 0.03 004 0.05 006 0.07 0.09
R 0.25 0.39 0.8 0.9qvn 0.00 0.15 0.28 0.40 052 0.62 0.72 0.80 088 0.94 100 094 093 095 098 100 100 1.00 100 1.00 100 0.90 080 070 060 050 040 030 020 0.10 0.09
EMV1 30] 40 40 60v(P) 0.00 0.15 0.28 0.40 052 0.62 072 0.80 088 094 100 100 100 100 100 100 076 0.84 100 1.00 000 0.00 000 0.00 000 0.00 000 0.00 000 0.00 0.0g

EMV2 300 40 40 50YR) 0.00 0.02 0.08 0.16 027 0.39 052 0.65 0.77 089 1.00 0.94 093 095 098 1.00 076 084 1.00 1.00 0.0 000 0.00 0.00 0.0 0.0 0.00 0.00 0.0 0.0 0.09

EMV3 15| 30 30| 35Area 0.00 0.00 0.00 0.00 0.00 0.00 0.01 001 001 001 0.01 004 004 004 004 004 004 004 0.04 005 003 000 000 000 000 000 0.0 0.00 000 000 0.09

EMV(C1)| 15/ 30 40 6Qxarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 001 002 002 002 002 0.02 003 0.04 002 0.00 000 0.00 000 0.00 0.00 0.00 0.00 0.00 0.09

EMV1 200 30 40 50xemv(c1))15.0016.5018.0019.5021.0022.50 24.00 25.50 27.00 28.50 30.00 31.00 32.00 33.00 34.00 35.00 36.00 37.00 38.00 39.00 40.00 42.00 44.00 46.00 48.00 50.00 52.00 54.00 56.00 58.00 60.0(

EMV2 300 30 40 40 Yemvi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.0 020 030 040 050 060 070 080 0.90 100 0.90 080 070 060 050 040 030 020 0.10 0.04

EMV3 15| 25 30 5Qvemv2 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.0 000 010 020 030 040 050 060 070 0.80 090 1.00 0.80 060 040 020 0.00 0.00 0.0 0.00 0.00 0.04

EMV(C2)| 15 25 40 50vemv3 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 0.80 060 040 020 0.00 000 0.00 000 0.00 000 0.00 000 0.00 000 0.00 000 0.00 000 0.00 0.4

EMV1 YEMV(C1) 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 080 0.90 100 0.84 074 071 071 0.75 084 091 096 099 100 098 092 082 0.68 050 040 030 0.20 0.10 0.09
EMV2 Area 0.00 0.08 0.23 0.38 0.53 0.68 083 098 113 128 143 092 079 073 071 073 080 0.88 094 098 100 1.98 19 174 150 118 090 0.70 050 0.30 0.14
EMV3 Xarea 0.00 1.18 3.88 7.0310.6314.68 19.18 24.13 29.53 35.38 41.68 28.03 24.92 23.56 23.75 25.22 28.22 31.94 35.06 37.54 39.30 81.18 81.70 78.30 70.50 57.82 45.90 37.10 27.50 17.10 5.9¢

EMV(C3)] O 0 0 O]xemvc2)|15.0016.0017.0018.0019.0020.00 21.00 22.00 23.00 24.00 25.00 26.50 28.00 29.50 31.00 32.50 34.00 35.50 37.00 38.50 40.00 41.00 42.00 43.00 44.00 45.00 46.00 47.00 48.00 49.00 50.0f

EMV 30, 55 80 11(vEmvi 0.00 0.00 0.00 0.00 0.10 0.25 0.40 055 070 085 1.00 1.00 100 100 1.00 100 100 100 1.00 1.00 100 080 060 040 020 000 0.00 0.00 0.0 0.0 0.09

PREMC |7.50 19.80 64.0q 99.0QYEMV2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 000 100 100 100 100 100 100 100 1.00 100 1.00 000 0.00 000 0.0 000 0.00 000 0.00 000 0.00 0.4

Area 44.1381 Yemvd | 0.00 0.15 0.30 0.45 0.60 0.75 090 1.00 100 1.00 100 095 090 0.85 080 075 070 0.65 060 055 050 040 030 020 0.0 0.00 0.00 0.00 0.00 0.0 0.04
Xarea 1655.1396 YEMV(C2)| 0.00 0.15 0.30 045 0.64 0.81 094 1.00 100 100 1.00 1.00 100 100 1.00 1.00 100 100 1.00 1.00 100 088 072 052 0.28 0.00 0.00 0.00 0.00 0.0 0.09
Defuzzified Area 0.00 0.08 0.23 0.38 055 0.73 0.88 097 100 100 1.00 150 150 150 150 150 150 150 1.50 150 150 094 080 062 040 014 0.00 0.00 0.0 0.0 0.09
PREMC 37.4991 Xarea 0.00 1.16 3.71 6.5610.0814.16 17.96 20.86 22.50 23.50 24.50 38.63 40.88 43.13 45.38 47.63 49.88 52.13 54.38 56.63 58.88 38.07 33.20 26.35 17.40 6.23 0.00 0.00 0.00 0.00 0.09

XEMV(C3)[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.0 0.00 0.00 000 0.00 0.0 0.09
YEMVL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 000 000 000 000 000 0.0 000 0.00 000 0.00 000 0.0 000 0.0 000 0.0 000 0.00 0.4
YEMV2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.0 0.00 000 000 000 0.00 000 000 000 0.0 0.00 000 000 000 000 000 000 0.00 0.00 000 000 0.09
Yemvd [ 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 000 0.00 000 0.00 000 0.0 000 0.0 000 0.0 000 0.00 000 000 000 000 000 000 0.00 000 0.0 000 0.04
YEMV(C3)[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04
Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 000 000 000 000 000 0.0 000 0.00 000 0.00 000 0.0 000 0.0 000 0.00 000 0.00 0.0g
Xarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 000 0.00 000 0.00 000 0.00 000 0.00 000 0.00 000 0.00 0.00 0.00 0.00 0.00 0.9
XEMV) [30.0032.5035.0037.5040.0042.50 45.00 47.50 50.00 52.50 55.00 57.50 60.00 62.50 65.00 67.50 70.00 72.50 75.00 77.50 80.00 83.00 86.00 89.00 92.00 95.00 98.00101.00104.00107.00110.04
YEMV) [ 0.00 0.24 044 0.62 0.78 091 098 1.00 100 1.00 100 1.00 100 1.00 100 1.00 100 1.00 100 1.00 100 1.00 098 091 0.77 050 040 030 0.20 0.10 0.09
Area 0.00 0.29 0.84 1.32 1.75 211 235 247 250 250 250 250 250 250 250 250 250 250 250 250 250 3.00 296 284 252 190 135 1.05 075 045 0.1§
Xarea 0.00 9.1828.4847.8067.7687.15102.94114.24121.88128.13134.38140.63146.88 153.13159.38 165.63171.88178.13184.38 190.63 196.88 244.21 250.36 248.22 228.49178.06 130.28 104.48 76.88 47.48 16.24
XPREMC| 7.50 8.45 9.4610.5311.6612.86 14.11 15.43 16.82 18.28 19.80 22.82 26.11 29.70 33.59 37.80 42.34 47.21 52.44 58.03 64.00 0.00 0.71 148 232 323 421 527 641 762 8.9]
YPREMC [ 0.00 0.00 0.03 0.10 0.21 0.35 0.51 0.65 0.77 0.89 1.00 0.94 093 095 098 1.00 076 0.84 1.00 1.00 0.0 0.00 0.00 0.00 0.0 0.0 0.00 0.00 0.0 0.0 0.09
Area 0.00 0.00 0.02 0.07 0.18 0.34 054 076 099 121 144 292 307 337 377 417 399 390 481 559 298 000 000 000 000 000 0.0 0.00 000 000 0.09
Xarea 0.00 0.02 0.18 0.72 1.96 4.14 7.28 11.26 15.91 21.29 27.48 62.21 75.15 94.12119.22149.01159.94174.65239.65308.88182.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04
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122121 X() 2.00 2.10 2.20 2.30 2.40 2.50 2.60 2.70 2.80 2.90 3.00 3.30 3.60 3.90 4.20 450 480 5.10 540 570 6.00 6.20 640 6.60 6.80 7.00 7.20 7.40 7.60 7.80 8.0

cl 2| 3 4 6|1 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.00 1.00 1.00 0.90 0.75 0.60 0.45 0.30 0.15 0.00 0.00 0.00 0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.04
c2 2l 4 4 7|2 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.65 0.80 0.95 0.93 0.83 0.73 0.63 0.53 043 033 0.27 020 013 0.07 0.00 0.00 0.00 0.00 0.00 0.09
c3 4] 6 6| 8[y3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.25 0.40 0.55 0.70 0.85 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.09
C 2l 3 6 8[xmP 1.00 1.20 1.40 1.60 1.80 2.00 2.20 2.40 2.60 2.80 3.00 3.30 3.60 3.90 4.20 4.50 4.80 510 540 570 6.00 6.10 620 6.30 6.40 6.50 6.60 6.70 6.80 6.90 7.0
pl 1 3 4 5[v1 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.00 1.00 1.00 0.80 0.50 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09
p2 3 5 6 [\ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.15 0.30 0.45 0.60 0.75 0.90 1.00 1.00 1.00 100 0.90 080 0.70 0.60 050 0.40 0.30 0.20 0.10 0.04
p3 4] 5 6| 7|v3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.50 0.80 1.00 1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
P 1 3 6| 7IXR) 0.02 0.03 0.03 0.04 0.04 0.05 0.06 0.06 0.07 0.08 0.09 0.11 0.13 0.15 0.18 0.20 0.23 0.26 0.29 032 036 0.38 040 042 044 046 0.48 0.50 0.52 0.54 0.59
R 0.020.09 0.3 0.54v0) 0.00 0.15 0.28 0.41 0.52 0.63 0.72 0.81 0.88 0.95 1.00 1.00 1.00 1.00 0.99 0.97 0.94 091 0.90 093 100 093 084 074 063 050 0.40 0.30 0.20 0.10 0.09
EMV1 15 25 30 5QvpP) 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.00 1.00 1.00 0.94 0.94 098 1.00 1.00 100 1.00 0.99 096 091 084 0.75 0.64 0.51 0.36 0.19 0.09
EMV2 300 400 400 7QYR) 0.00 0.01 0.06 0.12 0.21 0.31 0.43 0.56 0.70 0.85 1.00 1.00 1.00 1.00 0.93 091 0.92 0.91 0.90 0.93 100 092 081 067 053 038 0.26 0.15 0.07 0.02 0.0Q
EMV3 30 50 50 80Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.03 003 0.2 002 001 0.01 0.01 0.01 0.00 0.00 0.00 0.09
EMV(C1)| 15 25 50 80|Xarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 001 001 0.1 001 001 0.00 0.00 0.00 0.00 0.00 0.00 0.09
EMV1 XEMV(C1)|15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 27.50 30.00 32.50 35.00 37.5040.00 42.50 45.00 47.50 50.00 53.00 56.00 59.00 62.00 65.00 68.0071.0074.0077.0080.04
EMV2 YEMVL 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.00 1.00 0.88 0.75 0.63 0.50 0.38 0.25 0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09
EMV3 YEMV2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.50 0.75 1.00 0.92 0.83 0.75 0.67 057 047 037 027 0.17 0.07 0.00 0.00 0.00 0.04
EMV(C2)| 0 O 0| 0] YEMV3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.25 0.38 0.50 0.63 0.75 0.88 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.0
EMV1 YEMV(C1)| 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.00 1.00 0.92 0.91 0.94 1.00 0.98 0.97 097 1.00 0.96 0.89 081 0.71 0.58 0.44 0.30 0.20 0.10 0.09
EMV2 Area 0.00 0.05 0.15 0.25 0.35 0.45 0.55 0.65 0.75 0.85 0.95 2.50 2.50 2.40 2.28 2.31 2.43 248 244 243 247 294 278 256 228 194 154 1.11 0.75 0.45 0.15
EMV3 Xarea 0.00 0.78 2.48 4.38 6.48 8.7811.2813.9816.8819.98 23.2865.63 71.88 74.9276.96 83.72 94.04 102.12106.60112.24120.21151.15151.24146.91 137.64 122.87 102.08 77.15 54.38 33.98 11.7§
EMV(C3)| 0 O 0 O[xEmv(c2)| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
EMV 15 25 50 80 YEMV1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09
PREMC |0.3(12.2518.00 44.8( YEMV2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04
Area 22.8971 YEMV3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09
Xarea 330.6135 YEMV(C2)| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09
Defuzzified Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.04
PREMC 14.4391  |Xarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04
XEMV(c3)| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09

YEMVL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09

YEMV2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09

YEMV3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09

YEMV(C3)| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04

Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09

Xarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09

XEMV) |15.0016.0017.0018.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 27.50 30.00 32.50 35.00 37.5040.00 42.50 45.00 47.50 50.00 53.00 56.00 59.00 62.00 65.00 68.0071.0074.0077.0080.0(

YEMV) | 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.00 1.00 0.92 0.91 0.94 1.00 0.98 0.97 097 1.00 0.96 089 081 0.71 0.58 0.44 0.30 0.20 0.10 0.09

Area 0.00 0.05 0.15 0.25 0.35 0.45 0.55 0.65 0.75 0.85 0.95 2.50 2.50 2.40 2.28 2.31 2.43 248 244 243 247 294 278 256 228 194 154 1.11 0.75 0.45 0.15

Xarea 0.00 0.78 2.48 4.38 6.48 8.7811.2813.9816.8819.98 23.2865.63 71.88 74.92 76.96 83.72 94.04 102.12106.60112.24120.21151.15151.24146.91 137.64 122.87 102.08 77.15 54.38 33.98 11.7§

XPREMC| 0.30 0.40 0.52 0.66 0.82 1.00 1.20 1.43 1.67 1.95 2.25 2.99 3.89 4.94 6.17 7.59 9.22 11.05 13.12 15.43 18.00 20.04 22.22 24.53 26.98 29.58 32.3135.2038.2441.4444.8(

YPREMC | 0.00 0.00 0.01 0.04 0.08 0.16 0.26 0.39 0.56 0.77 1.00 1.00 1.00 0.92 0.84 0.85 0.92 0.89 0.87 0.90 1.00 0.88 0.72 055 0.37 0.22 0.11 0.05 0.01 0.00 0.09

Area 0.00 0.00 0.00 0.00 0.01 0.02 0.04 0.07 0.12 0.18 0.27 0.74 0.89 1.01 1.08 121 1.44 167 183 205 244 192 174 146 112 077 0.45 0.23 0.09 0.03 0.04

Xarea 0.00 0.00 0.00 0.00 0.01 0.02 0.05 0.10 0.18 0.33 0.56 1.95 3.07 4.47 6.02 8.3012.11 16.88 22.06 29.30 40.82 36.51 36.75 34.20 28.95 21.66 14.04 7.73 3.37 1.04 0.14
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122122 X(1) 5.00 5.10 520 530 540 550 5.60 5.70 580 5.90 6.00 6.20 640 6.60 6.80 7.00 7.20 740 7.60 7.80 800 820 840 860 880 9.00 9.20 9.40 9.60 9.8010.04

cl 6 7 8 1w 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.40 060 0.80 100 1.00 1.00 1.00 1.00 100 0.90 080 0.70 0.60 050 0.40 0.30 0.20 0.10 0.04
c2 5 6 6 9w 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 0.93 0.87 0.80 0.73 067 060 053 047 040 033 027 020 0.13 0.07 0.00 0.0 0.00 0.00 0.00 0.04
c3 5 7 7 8w 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.60 0.70 0.80 0.90 1.00 0.80 0.60 0.40 0.20 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.0
[ 5 6 8 10x@ 400 4.10 420 4.30 4.40 450 4.60 4.70 4.80 4.90 5.00 530 560 590 620 650 6.80 710 7.40 770 800 830 850 870 890 9.10 9.30 9.50 9.70 9.9010.1
pl 4 5 5 €fm 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 0.70 0.40 0.10 0.00 0.0 0.0 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04
p2 6 7 8 9w 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 020 050 080 100 1.00 1.00 1.00 0.70 050 0.30 0.10 0.0 0.0 0.00 0.00 0.00 0.04
p3 5 8 8 10w 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.20 0.30 040 050 0.60 0.70 0.80 0.90 100 0.85 0.75 0.65 0.55 045 0.35 0.25 0.15 0.05 0.0
P 4 5 8 10xRr) 0.20 0.21 0.22 0.23 0.24 0.25 0.26 0.27 0.28 0.29 0.30 0.33 036 039 042 046 049 053 056 0.60 0.64 0.68 071 0.75 0.78 0.82 0.86 0.89 0.93 0.97 1.0
R 0.20 0.30 0.64 1.0Qv() 0.00 0.15 0.28 0.40 0.52 0.62 0.72 0.80 0.88 0.94 1.00 0.98 0.98 098 099 100 1.00 100 1.00 1.00 100 093 084 074 063 050 040 030 0.20 0.10 0.04
EMV1 500 60 60 9QvpP) 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 0.73 0.52 037 052 0.75 092 100 1.00 1.00 1.00 096 088 0.76 0.60 045 035 0.25 0.15 0.05 0.04
EMV2 300 40 500 T7QYR) 0.00 0.01 0.06 0.12 0.21 0.31 0.43 0.56 0.70 0.85 1.00 0.71 051 0.36 0.52 0.75 092 100 1.00 1.00 100 0.88 0.74 0.56 0.37 023 0.14 0.08 0.03 0.01 0.0
EMV3 300 35 45 60Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.02 0.02 0.1 001 002 0.3 003 004 004 004 004 003 002 002 001 0.1 0.00 0.00 0.00 0.04
EMV(C1)[ 30[ 35 60 90|xarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 001 0.01 001 001 0.01 002 002 002 002 0.03 002 002 001 001 0.01 0.00 0.00 0.00 0.0
EMV1 XEMV(C) | 30.00 30.50 31.00 31.50 32.00 32.50 33.00 33.50 34.00 34.50 35.00 37.5040.00 42.50 45.00 47.50 50.00 52.50 55.00 57.50 60.00 63.00 66.00 69.00 72.00 75.00 78.0081.0084.0087.0090.0(
EMV2 YEMvL | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 025 050 075 1.00 090 080 0.70 060 0.50 0.40 0.30 0.20 0.10 0.0
EMV3 YEmMv2 | 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.75 1.00 1.00 1.00 1.00 1.00 0.88 0.75 063 050 035 020 005 000 0.00 0.00 0.00 0.00 0.00 0.04
EMV(C2)| O 0 0 Ovemv [ 0.0 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.00 1.00 1.00 1.00 0.83 067 050 033 0.17 0.00 000 000 0.00 0.0 000 0.0 0.00 0.00 0.00 0.04
EMV1 YEMV(C1)] 0.00 0.15 0.28 0.41 0.52 0.63 0.72 0.81 0.88 0.95 1.00 1.00 1.00 1.00 100 1.00 100 095 092 092 1.00 094 084 0.72 060 0.50 0.40 0.30 0.20 0.10 0.0¢
EMV2 Area 0.00 0.04 0.11 0.17 0.23 0.29 0.34 0.38 0.42 0.46 0.49 250 250 250 250 250 250 244 234 230 240 290 266 233 197 165 135 105 0.75 0.45 0.1
EMV3 Xarea 0.00 1.10 3.27 535 7.34 9.2311.0112.6814.2215.6316.9090.63 96.88 103.13109.38115.63121.88125.12125.63129.27141.14178.50171.73157.44139.06121.28 103.28 83.48 61.88 38.48 13.24
EMV(C3)[ 0O 0 0 0Ofxemvcz| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 000 000 000 0.00 0.00 0.00 0.00 0.00 0.0¢
EMV 300 35 60 90vemvi | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.0 000 000 0.00 0.0 0.00 000 0.00 000 000 0.00 0.00 0.00 0.00 0.00 0.0
PREMC [6.0010.50 38.4090.0qvEmv2 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 000 000 0.0 000 0.0 000 000 000 000 0.00 0.0 0.00 0.00 0.00 0.04
Area 36.0209 YEMV3 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 000 000 000 000 000 000 000 000 0.0 0.00 0.00 0.00 0.04
Xarea 1181.9682 YEMV(C2)| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.0 0.00 000 000 0.00 0.0 0.00 0.00 0.00 0.00 0.0¢
Defuzziied Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 000 000 0.0 000 0.00 000 000 0.00 000 0.00 0.00 0.04
PREMC 32.8134  |Xarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.0 0.0 0.0 0.00 0.00 0.00 0.0 0.0 0.0 0.00 0.00 0.00 0.00 0.0
XEMV(C3)| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 000 0.00 0.0 0.00 0.00 0.00 0.00 0.0¢

YEMvL | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 000 000 0.00 000 0.0 000 000 000 000 0.00 0.0 0.00 0.00 0.00 0.0q

YEmv2 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 000 000 000 000 000 000 0.0 0.00 0.00 0.00 0.04

YEMv3 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 000 000 000 000 000 0.0 0.0 0.00 0.00 0.04

YEMV(C3)| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.0 0.0 000 0.00 000 0.0 0.00 000 0.00 0.0 0.00 0.00 0.00 0.04

Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 000 000 000 0.00 0.0 000 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.04

Xarea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.0 0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.0 0.00 0.00 0.00 0.0

XEMV) 130.0030.5031.0031.50 32.00 32.50 33.00 33.50 34.00 34.50 35.00 37.50 40.00 42.50 45.00 47.50 50.00 52.50 55.00 57.50 60.00 63.00 66.00 69.00 72.00 75.00 78.0081.0084.0087.0090.0(

YEMV) | 0.00 0.15 0.28 0.41 0.52 0.63 0.72 0.81 0.88 0.95 1.00 1.00 1.00 1.00 1.00 1.00 1.00 095 092 092 1.00 094 0.84 0.72 0.60 0.50 0.40 0.30 0.20 0.10 0.04

Area 0.00 0.04 0.11 0.17 0.23 0.29 0.34 0.38 0.42 046 0.49 250 250 250 250 250 250 244 234 230 240 290 266 233 197 165 1.35 1.05 0.75 0.45 0.1

Xarea 0.00 1.10 3.27 535 7.34 9.2311.0112.6814.2215.6316.9090.6396.88 103.13109.38115.63121.88125.12125.63129.27141.14178.50171.73157.44139.06 121.28 103.28 83.48 61.88 38.48 13.24

XPREMC| 6.00 6.38 6.77 7.18 7.60 8.04 8.50 8.97 9.47 9.9710.5012.3214.34 16.55 18.97 21.61 24.48 27.58 30.93 34.53 38.40 42.88 47.12 51.63 56.39 61.42 66.7472.3378.2284.4190.9(

YPREMC | 0.00 0.00 0.02 0.05 0.11 0.20 0.31 0.45 0.62 0.80 1.00 0.71 0.51 036 052 0.75 092 095 092 092 1.00 083 062 040 022 0.11 0.06 0.02 0.01 0.00 0.04

Area 0.00 0.00 0.00 0.01 0.03 0.07 0.12 0.18 0.26 0.36 0.47 156 1.23 096 107 167 239 291 313 331 371 409 307 229 148 085 045 022 0.08 0.02 0.04

Xarea 0.00 0.00 0.02 0.09 0.25 0.52 0.96 1.58 2.43 3.52 4.8617.8316.40 14.90 18.96 33.95 55.18 75.66 91.59108.40135.46166.27138.04113.01 80.18 49.86 28.6815.27 6.32 1.63 0.14
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