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ABSTRACT

FMEA -BASED METHODOLOGY FOR DELAY ANALYSIS OF
CONSTRUCTION PROJECTS

Dumlu, Aycan
Master of ScienceCivil Engineering
Supervisor: Prof . Dr . Krem Di kme
CoSupervisor: Prof . Dr . Mustafa Ta

September 202029 Pages

Delay is prevalentin construction projects?rojects can hardly be completed on
estimated targets due to emergent risk factors. Deermsalers need a delay analysis
method to estimate construction duration accurately, considering the occurrence of
several risk events. Due to the pexistence of hEtorical databases about previous
projects and the oraff nature of construction projectthe expertise of project
managers is a valuable source of knowledge for delay analysis. In this study, the
objectiveis to develop a delay analysis methbdt depads onthe utilization of
subjective judgment to estimédtee main caused delay and assess their impacts on
project duration using failure mode and effects analysis (FMEAENty i nine

(29) different delayrisk factorsweredeterminedthrough thditeraturesurvey, and

they were classified into ten (10stinctivelevels. The risk priority number of
schedule delay factors was quantified by the FMEA method and the ranking of the
factors was demonstratensideringtheir importance on schedule delayarée
alternativemethodsvere proposed to estimate corresponding durations of delay risk
factors and tocrosscheckthe effects of the proposed methodology. Then, the

proposed methodology waapplied to ademonstrative case study by using



Primavera P6 Softare. The estimated duration of schedule delags calculated
after the specified inputs weli@sertedinto the software In the light of the
demonstrative case study results, the critical delay risk factors were discussed. There
were three different results from three differaliérnativemethodsn methodology,
and it was observed thaesultswere approximateto each otherAlthough the
proposed methodology was developed based on subjective judgmeotitplés

werefound to be conceivably satisfactdor the aim of the thesis.

Keywords: ConstructionProjects Delay Analysis,Delay Risks Failure Mode and
Effect Analysis,FMEA, Risk Factors
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Geci kme, i nkaat pkraorjked bealuranidieerrojeterk ortagya y g € n
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CHAPTER 1

INTRODUCTION

This chapter is relatetd the general idea aboutelays in construction projectsd
thedefinition of the problem statement, aim and objective, scope of the thesis subject

including methodologyand organization ahethesis.

1.1 Introduction to Delays in Construction Projects

Delay in construction projects is seen as one afitbs&tcommon problemthathave
adverse effects on construction projects and different parties of prdjeatsble

and Callahan (1987) have defingelayas "the time during which some part of the
construction project has been extended or not performed due to an unanticipated

circumstanceé.

Assaf and AlHejji (2006 stated that delayn construction projects have effects on
different parties. For the owner, it means loss of revenue daibk of facilities.
Also, it means high overhead costs for the contragter toanincrease in labor and

material costs andlongerworking perod.

Completion of projects within the specified time ds indicator of efficiency.
However as Assaf andAl-Hejji (2006) stated thathere areunpredictable factors
such asthe performance of different parties, availability of resources, contract
related factorsenvironmentafactors, the inclusionof different partiesand others.
Due to these factors, construction projectssatdomcompletel within the specified

time.



Alnuaimi and Al Mohsin(2013) stated thathte effect of delay as a phenomenon
could be anegtive factor for all construction plans if it is nappropriately tackled.
Thus, there should be additional thoughts to develop solutions to minimize/ remove

possible problems.

As stated abovelelay analysis becomes one of the important milestonds nagh
up problems in construction projecthereforethe analysis of delayss the most

proper wayto minimize/solveaelated issues construction projects.

1.2 Problem Statement

A construction project isisuallyacceptedas successfuf it is completed on time,
within budget, and ircompliancewith the specifications(Frimpong et al2003)
Neverthelesgthe constructiomdustrydoes not fully succeed at overcoming delays.
Delays generally are ignored or thoughtisa contingency by simple calculations.
As a result, most of the projects fail duesignificantdelays in deadlines.

The celay means that projectannotbe completed withira specified time agreed
upon in project contractsProjects have different stakeholders, and delays have
knockoneffect on different partiesBecause of the challgmg structure othe
construction sector, proper delay analysis is one oéskentialssues for projects.
Once the stability ofhe ongoing project is destroyethe delay becomes hardly

controllable.

Therefore, there must teecomprehensive approath analyze delagto meet all
needs and problems resulting froine delay.The identification, quantification, and
analysis of delays are essential for executing projects propohgover, if there is
enough knowledge toope withdelays in projects, itprovides users to prevent such

cases befortheyhappen.



As aresultthere is aequiremento develop a method to analyze delagasupport
point fordecisionmakers FMEA methodis preferred because it é&ssimple method

thatidentifiesrisk factors and itis applicablgo construction projects in practice.

1.3  Aim and Scopeof the Study

This research's main objectii®to develop an effective delay analysis method that
can be used to predict delays and mitigate risk factors to prevent the delthys For

purpose, the following steps are taken:

Identify the critical dday risk factors inthe constructiorsector
Form a taxonomy of risk factors on different levels
Quantify therisk priority numbers (RPN)f eachdelayfactorsand levels

Select criticabelay factors t@nalyzethe effects orthe project schedule

= =/ 4 4 -

Propose a delay analysisethod to insert risk factorsito the project

schedule

]

Insert risk factorgnto the schedulby usingthe relatedsoftware
1 Apply the proposed methodologyatdemonstrative case study

Make recommendationi® minimizethe possibility ofdelay risk factorsn

projects
No approacheflects the direct impacts of risk factatshe exact poirdn the project
schedulen the existing literatureThis studyfocuses orimplementingone of the
hazard risk assessment methods, FMEA, to a new area, which is delay ahadysis.
hypothesized that FMEA can providaiseful and practicahethodto understand,

analyze, and manage delays.

1.4  Organization of the Thesis

This thesiomprisessix (6) chapters.



A literature review will be presented Chapter 2considering the general
idea of risk management, history, and detailed explanation of FMEA and the
causes of delay risk factors in construction projects.

The proposed methodmy will be presentech Chapter 3.

The proposed methodology will be appliedatdemonstrative case stuity
Chapter 4.

The indings of the demonstrative case study and overview of the thesis will
be presented in Chapter 5.

Conclusions of the study, limitations of the method, and recommendations
for futurestudieswill be mentioredin Chaptel6.



CHAPTER 2

LITERATURE REVIEW

The lterature review proas is carried out inhiree stages.The first stage isa
literature review orrisk, risk managementnd construction risk management to
describethe concept of'risk." The £cond stage ia construction delay analysis to
examine delaythatare more critical and frequent in construction projeie hird
stage isliterature review omfiailure mode and effect analysis (FMEAyhich isone

of the risk identification methods.

2.1 A General View on Risk and Its Management

2.1.1 Risk Definition

There areseveradefinitions intheliterature Jaafar(2001)stated that the tertmisk”
equals'the exposure to loss/gairAl so,Kartam and Kartani2001)defined the risk
as "the constructiorprocesswhose variationculminates in the uncertainty of

duration, cost, and quality in tipeoject”

Risk is complex as much as the complexity of the project itself. The majority of the
construction projects involve riskwhich makes the projects worth uwing
(Chapman, C. and Ward, S. 200Barnall and Preston (2010) stated that risk means
the possibility of losses in projectdowever, the risk may become treat/ opportunity
according to situations in projeci&/ebb (2003) also specified that risk could affect
the projects either positively or negativelne tisk could be manageeffectively if

the organization has enough knowledge altswdctual risk

Winch (2002) defined the risk as a stage where thereti€mough information.

However, if knowledge from past experiences is used, the "risk" becomes more



predictable.Cooper et al. (2005) pointed out that risk is one ef dlntcomes of
uncertainty Also, Smith et al. (2006) stated thhis situation equal$e risk if there
is some informationOtherwise alack of information means unceirigy. Similarly,
Cleden (2009jemarked thathe riskasa statan which problems may arise due to

a lack of knowledge.

2.1.2 Risk Management

Before covering the proposed metihalogy and its implementation process, it is

useful to clarify whatrisk managemeifitis in terminology.

If there are risks, it is expected b® managd adequately with taking necessary
actions systematicallyr intuitionallyd risk derives from uncertaity, which is the

situation that limits knowledge abathie future.

At the earliest time of the companies, risk management is not considered worthy.
Baker et al. (1999) stated that the first place that the risk management explored was
related to people whare called Asipu that lived in the Tigris River and Euphrates
River throughout 3200 BC. These people were known as consultants. They applied
a procedure that is highly parallel to the ones proposed in recent risk management
guidelines. This procedure gk with identifying critical points of problems,
advising alternative actions, and collecting data that reflects the possible results.
Then, the most suitable actions were chosen to report to the client.

Therisk resembleslaily life. It is directly relaédto personatonditions, society, and
businessAs Hillson (2006) stated, the concept of "risk management” is used to
identify, understand, and control risk in all attemgdtaost in every segment of the
businessTherefore humanityabidingly tries to find a way to cope with risk and
manageappropriatgy. It means thahot onlyis therisk encountered everywhere

significant but alsothe risk management conceigt

Kenett and Raanaf2010) stated that risk is always availaplend since the

civilizations began, it has been thought and controBadter et al(1999)explained



that with properrisk managementhe estimated pra@ct costwould be minimized

and profit would be maximized.

In the flow of this chapterthe suggested risk management practices Wwel
investigated in detatb clarify the steps of risk management processes.

Risk management processes are plannidgntification, analysis, responses,

monitoring and controlling.There will be more chansé¢o increasehe probability
of positive events on projecépplying proper risk management to projecésher

than negative ones.

In PMI's the PMBOK (2000), presses of risk management in projects defined as:

T

Risk Management Planning: It is deciding how to approach and plan the risk
management activities for a project.

Risk Identification: It is determining which risks might affect the project and
documenting thir characteristics.

Qualitative Risk Analysis: It is prioritizing risks to see effects on projects.
Quantitative Risk Analysis: It is analyzing the probability of risk and
conseqguences, also predicting implementations for projects.

Risk Response Planmnlt is developing methods to create opportunities and
mitigate possible threats available in projects.

Risk Monitoring and Control It is monitoring existing risks, identifying
possible new risks, and applying risk mitigation pjaarsd evaluatinghe

effectiveness of plathroughout the project cycle.

There are project managemenknowledgeareasin ProjectManagemenBody of
Knowledge(PMBOK). As statedin Table 2.1, accordingto the 6 Edition of the
PMBOK (2017), ten project managemenareas(scope,integration,cost, quality,
humanresource,communicationsyisk, time, procurementand stakeholderspare

identified,andrisk managemens oneof them.



PMBOK, 2017

Table2.1 Knowledge Areas of Project Managem®nbcess (8 Edition of the

Project Management Process Groups

Knowledge Initiating Planning Executing Monitoring Closing
Areas Process Process Process and Controlling Process
Group Group Group Process Group Group
4. Project 4.1 Develop 4.2 Develop Project | 4.3 Direct and 4.5 Monitor and 4.7 Close Project
Integration Project Charter Management Plan Manage Project Control Project or Phase
Management Work Work
4.4 Manage Project | 4.6 Perform
Knowledge Integrated Change
Control
5. Project Scope 5.1 Pian Scope 5.5 Validate Scope
Management Management 5.6 Control Scope
5.2 Coliect
Requirements
5.3 Define Scope
5.4 Create WBS
6. Project Schedule 6.1 Pian Schedule 6.6 Control
Management Management Schedule
6.2 Define
Activities
6.3 Sequence
Activities
6.4 Estimate
Activity Durations
6.5 Develop
Schedule
7. Project Cost 7.1 Plan Cost 7.4 Control Costs
Management Management
7.2 Estimate Costs
7.3 Determine
Budget
8. Project 8.1 Plan Quality 8.2 Manage Quality | 8.3 Control Quality
Quality Management
Management
9. Project 9.1 Plan Resource | 9.3 Acquire 9.6 Control
Resource Management Resources Resources
Management 9.2 Estimate 9.4 Develop Team
Activity Resources 9.5 Manage Team
10. Project 10.1 Plan 10.2 Manage 10.3 Monitor
Communications Communications Communications Communications
Management Management
11. Project Risk 11.1 Plan Risk 11.6 Implement 11.7 Monitor Risks
Management Management Risk Responses
11.2 Identify Risks
11.3 Perform
Qualitative Risk
Analysis
11.4 Perform
Quantitative Risk
Analysis
11.5 Plan Risk
Responses
12. Project 12.1 Plan 12.2 Conduct 12.3 Control
Procurement Procurement Procurements Procurements
Management Management
13, Project 13.1 Identify 13.2 Plan 13,3 Manage 13.4 Monitor
Stakeholder Stakeholders Stakeholder Stakeholder Stakeholder
Management Engagement Engagement Engagement




Similarly, Asadi (2015)worked on risk management processes eatlorated

on therisk management process flpasin Figure 21.

Project Definition
* The Environment
»  Scope, Objectives
* Methodology, Architects

1

Interviews and Workshops of Risk Identification

. Identifying Risks of Time, Cost, Resource
. Identifying other Potential Risks
+  Estimating Environmental, Safety and Cnitical Risks

L 1

Modeling of Failed Sample Result Analysis of Failed Sample
Frequency

Risk Register

A Summary of Time/ Cost/ Resource Risk
Distribution, Frequency and Results of Risk

!

Project Risk Model

*  Developing Project Risk Model

+  Using Monte Carlo Model

*  Reporting the Results in order to Update the Project schedule

Updating Risk Register l

(According to the Project Results)

Risk Responses Planning

* Reviewing Designs, Procedures and
Schedules

¢ Developing Vital Measures Designs
for Cnitical Activities

Are the cost and
project schedule
acceptable?

* Providing Expertise Training

Finahzing Risk Report
¢ Distnbuting the Time and Cost of Project
¢ Planning Precautionary Measures for

Cnitical Activities

Implementing the Project

Evaluating the Risks Derived from Implementing the Project

Figure2.1 Example RiskMlanagement Proces8gadi 2015)



2.1.21 Risk Identification

The prementionesiteps of theisk management process are detailed in the following

parts.

The methodology, rolesnd responsibilities shall be established and agreed on at
the start of the project. SteyA018)describé the initiation output as the desired
outcome of the risk management planning, which should, as a minimum, include
management commitment, deftheles clearrisk statements, préetermined risk

categories, a custom risk matrand a risk register.

Oncethe risks have been identified, the focus shall move to their associated causes
and effectsPotential sources of risk related to the project shall be identjiesing
various recommended techniqueghe inclusion of brainstorming, expert
consultation,assumptions analysiand review oflessonslearred from other
previous projectsAhmed et al.(2007) listed nonspecific techniques for risk

identification such as:

1 A checklistis atrivial risk identificationtechniquebased on experience,

1 An influence diagrams a graphical flowchart of decisions and their
consequences, and exangdee causandeffect diagram (also known as
fishbone diagram), fault trees and event trees, and

1 Failure Mode and Effect Analysis (FMEAg aprocedure that enablése
determination bcausesgffects and relationships through exploration of

the failure mode

Steyn (2018) indicatal that the identification and documentation of project risks
should take place throughout the project cydnce identified the riskshe author
recommendslocumentingisksin a risk register, containing the preliminary lists of
opportunitiesand risks.They should be improveid therisk assessmergroces8
additionally, the risk owners and the risk responsegst be added at later risk

managemerstages.
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2.1.2.2  Risk Analysis

According to PM's PMBOK (2017) risk assessmerthrough qualitatively and
guantitatively risk analysis shall be conducted to assegsdbability, impact and
severity of the relevant risk§he cemonstration othe risk assessment matrix is
presented iTable 2.21t enablesisergo identify and focus on those risks that have
the highest severity. Qualitative Risk Analysis evaluates the impact and the
probabilities of the identified risks, assigning an index to the risk. On the other hand,
Quantitative Risk Analsisis the process that@snumericanalysisof the combined
effect ofbothindividual project risks and other sourcesrisks on overall project
objectives.

Table2.2 Risk Assessment Matrix (taken from

http://www.advanceddivingsystems.com/RiskAssessmenflaspx

RISK ASSESSMENT MATRIX
SEVERITY | catastrophic Critical Marginal Negligible
PROBABILITY (1) (2) (3) 4

Fre{q:’em - q Medium

P":;';:me g g Medium
Occa{aéi)onal Medium

R"{’[';;’“’ Medium Medium
'“‘p'(‘l’s‘;‘”'e Medium Medium Medium
Eliminated

(F)

There are several techniques to assess risk fagiomsed et al(2007)propose the

following techniques to determine the influence of risk factors on the project.

1 Probability and impact gridepresentisks on a gridhat comprises the
probability and impact axis to show the relative importance of risk events.

11



71 Estimation of system reliabilitis the technique employed to assess the
cumulative effects of combined risks.
Fault tree analysis usedfor alower-level assessment of risks.

1 Sensitivity analysisis a whatif type of analysis that enables the

assessment of different scenarios.

Ahmed (2014) suggestd the following risk assessment techniques: decision tree
analysis, portfolio management, and multiple criteria decisiaking (MCDM)
method. Ahmed et al(2007)alsostatel that in risk evaluation, different aspects of
the project, comprising strategy, budgetd schedulenay be considered in light of

a risk event to determirtee most suitableask mitigationplan.

2.1.2.3  Risk Response

The risk response plan shall focus on mazing the opportunities and minimizing

the threats while ensuringransparenand tailored communication of the responses
roles and responsibilities of the implementation teaksadi (2015)determine

which risks need responses and their respective priorities, and secondly, ensure the
stakeholders are aware and committed to thepamesibilities on the risk response.

The planning process shall determine the list of priority risks, establish a contingency

plan with actionable responses to the priority riskalassesshe residual risks.

The risk responsessuallybased on the risk being either a threat or an opporfunity
are detailed below:

According to5" Edition of PMBOK (2013), harmful risks/threas can be managed
by either:

1 Avoidi is arisk responsstrategythateliminates theimpacts oftheadvere
risks fromthe project. This strategy usually contains changeshiaproject
management plan to sift threatisoroughy. Also, risk impact can be
eliminated bya project manager withan extending project scheduler

changingthe response strategfthe mostextreme avoidance stegy is to

12



close down the projecOn the other hand, some threats can be easily coped
within theearly stages aheproject by clarifying deficiencies itlhe project,
acquiring necessary information, obtaining expertise, and having good
communication.

1 Transferi is arisk response strategyheretheimpact of threats is mitigated
by shifting to a third partywith ownership of the responde. this strategy,
there isamother party respondidfor the management of threats. There is no
eliminaton of advere risks/ threatslransferring does natand for denying
the risk by shifting it tather parties onextprojects without any agreement.
Risk transferenceisually contains paymemf premium to another party.
This strategy equals to transferring lialglg for adverg risks/ threats
consideringheexposure amount of risk. Tools for transferring can besdari
and include insurancand guaranteesSometimes, in contracts, transfer
liabilities areassigned taesignated risks. Generallysksare transfeed to
the buyerin costplus contractsOn the other handisks are transferred to
the sellerin fixed-price contracts

1 Mitigate - is a response strategshere project teams take actitmdecrease
occurrence probability or effects of risks. Itisicid to holdthis probability/
effect of risk within the desirable threshold limifaking early actions to
mitigate the probability of occurrence/ impacts of risk usually more
effective than repairing the available damages by decretmrgmplexity
of projectsandconducting comprehensive tests.

1 Accept- is a risk response stratethat risk isacceptedandif the risk does
not occur there is no action to prevebéfore the occurrence tierisk. In
this strategya change inthe project management plan is not preferred by

project teams.

According to5™ Edition ofthe PMBOK (2013), positive risks/opportunitescan be

managed by either:

13



1 Exploiti If the company wants to ensure that positive risk is realitad
strategy could be selectethis strategyaimsto discardthe uncertaintyof
upsiderisk by assuringhe positive riskhappens.

1 Enhance This strategyis used toenhancehe probability anceffects ofa
positive risk/opportunityBy determining and maximizing key factors of
positive risks, such as adding more resources to the projdasprobability
of occurrence may be increased

1 Sharei This strategy containallocatingparts/all of theownership of the
positive riskto sharethe benefitof the projectwith third parties Examples
of share strategy are or joint venturespecialpurpose companies

1 Accepfi Thisis beingeagerto usethe opportunity if itboccurs but notfollow

up actively

2.1.24 Risk Review

Risk review containgmplementing the risk responsesonitoringtheresidual risks,
the correct execution of the contingency plan, updating the arsk contingency

plan as the project or circumstances change.

Asaid(2015)pointedout that one of the most critical problems projects face is a lack
of communication, whichs vital in risk management. rAactive and effective
communication strategy should be implemented to ensure communication among

project team members and stakeholders.

As mentionedthroughoutthe Risk Managemensectionsthe correctdefinition of
risks,assessmentnonitoring,andcontrollingtherisk is vital for projects.Themain
objectiveof this studyis to developa methodologyfor delay risk assessmenif
constructiorprojectsthrougha detailedtaxonomyandan analysisimplementation
of the proposé method. Spelling out of risk managements consideredas an
essentiaktepfor this studyto clearunderstandingThus in the nextstep,the history

of risk managemerdndits applicationsn theconstructiorsectorswill beexplained
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2.1.3 Risk Management n the Construction Sector

Risk management in the construction industry has been characterized as weak,
insufficient, nebulous, backward, and slow to react to changing conditions. Clough
and Sears (1994) stated that the construction industry is at otheetop in the

annual rate of business failures and resulting liabilities in the overall picture.

As Nigel et al. (2009) sd that dange is connatural fdlne construction sector. For
many yearsthe sector hasa poor reputation for overcoming adverseutes of
change. In many projects, these results lead tor&ih meeting completion time,
cost,and quality goals of projecth.is notan unexpectedituation because there is
no perfection in projects for design, workeos any otherthings that inhee in
construction projects. Due to changésat cannot beentirdy shifted, additional
implementations must be implementénl decreasdhe effects of changes. By
applyingthe principle of proper risk managemettig flow of construction projects
(pre-condruction phases, design, engineasd other works) can be advanced to

mitigatetheadverg effects of changes

Ropel(201)) statal thatrisk management becomes more critical due to the character
of the construction sectolf a high level of uncertainty is available in projedtse

risk management concept is widely usékhe prementioned steps athe risk
management process characterize risks in these @oj€be simplest way to

identify risk isby analyzing and drawing outcomes of projects that failed in history.

If thereis aproperrisk managemergrocesgor projectsjt improvesthe productivity
of projects.Accordingto Chapman(1997) and JayasudhaVidivelli and Gokul

Surjith (2014) someof theadvantagesf risk managemerprocessn projectsare:

- Economic efficiency

- Minimizing capital cost

- Gaining successful contractstier than harmful contracts
- Ability to detectand mitigaterisks/ uncertainties in projects

- Increasing profibf projects

15



- Improving design documentation and process
- Successful@mpletion of the project, although there are risks

- The accomplishment of prajeobjectives

As stated above, risk management is essential for construction prd@etsver, as

is known, the construction sector continuously suffers from a weak project
management system because of an insufficient risk management system lacking a
sufficient understanding of risks in project&ere are lots of studies to propose a
suitable method/ technique for construction project risk management. Some of these

methods are summarized

Smith (1999) stated that qualitative risk analysis is generay s the most

practicalrisk management step construction projects

Tah and Car(2001) recommended a comprehensive risk management methodology

for construction projects.

Del Cafo and (2002 recanamen@ed wamprehensive project risk

manaement processes for the construction sector. These processes could be
arranged for the requirements of other project participants. Besides, they stated that
project risk management processes should be adapted to the specific circumstances

of the project@and organizations.

Wangetal. (2004)studiedat Alien Eyes'Risk Model, andit categorizesisksin the

project,their relationshipsandproposed risk mitigationframeworkqualitatively.

Kim et al. (2005) studied at risk management technique that quickly becomes one of
the useful methods based on a VaR (Value at Risk) concept to realize project
objectives and improvihe performance of projects considering all uncertainties that

graduallyincrease in the construction sector

Schieg(2006)appliedarisk managementrocessonsideringoersonahrearisksin

constructiorprojects.
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Ling and Hoi(2006)studied the riskfaced byconstruction companies in Singapore
during working in India ath analyzed the risk response systems applied by these

companies.

De Brito and Branco (200&arried out the study, which makéetefficient use of
resources to give the proper decisions for reworks and maintenance processes, which

leads to a loss in time, cost, and structural failures if processes fail.

Zou et al. (2007) determinedrisk management stepi& construction project

management as identifying, analyzing, and dealing with associated risks in projects.

Tang et al. (2007¢arried out an empirical survey on the construction project risks,
risk managemerdpplications, the status of available systems, and obstacles to risk
management systems in the Chinese industry. Results show that almost all project

risks are shared concerns of participants, and they are mitigated to reduce risks.

Moreover Dikmen et al. (2008) proposeda learningbased approachto risk
managemenRisk-relatedinformationwasstoredin memory,andbasedon dataof
previousprojects,decisioamakerscould makemore confidentdecisionsaboutrisk

eventsthatmayhappercomingprojects.

Zavadska®tal. (2010)proposedarisk assessmemhethodby applyingCOPRASI
G andTOPSISgrey,which aretypesof MCDM methods.

Wen (2010) combinedartificial neural networksand rough setsto apply FMEA

duringtherisk evaluationprocessf constructiorprojects.

Fouladgaetal. (2012)presentedrisk evaluatiormethodbasedn Fuzzyi TOPSIS

methodologyfor constructiormprojectsthroughoutthetunnelingprocesses.

Mohammadiand Tavakolan(2013) usedtwo methodsthat are Fuzzy Logic, and
AHP combinedwith traditional Failure Mode Effect Analysis (FMEA) at the risk

assessmermrocesf constructiorprojeds.
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Taylanet al. (2014) presentedh hybrid methodologybasedon Fuzzy TOPSISand
FuzzyAHP accordingto therelativeimportancandex (R1l) methodto rank project

risksusinghistoricaldata.

Serpellaet al. (2014) carried out a knowledgebasedapproach,consideringthe
function of risk managemenand the threefold methodto evaluateand address

projectrisksin the constuctionsectoradequately.

Ebratand Ghodsi(2014) determinedisksin constructionprojectsconsideringthe
stepwiseregressionmodel and neurcefuzzy inferencesystemfor a construction

project'srisk evaluationprocess

Igbal etal. (2015) studiedtwo methodshat are curative (after the risk occurs)and
inhibitor techniques (before the risk happens)during the execution of risk

managemerprocesse constructiorprojects.

Otobo et al. (2016yemarked that there are i@us quantitative risk analysis
techniqus, such as influence diagrams, probabilistic analysis, decision trees,
sensitivity analysisand Monte Carlo simulationAlso, Otoboet al. (2016)stated
thatthey became more important in the implementation step of construction projects
after identifying and analyzing project risskAs a result of the analysis, liabilities of
the project's parties were determined, then plans aedtie# mitigation methods

wereapplied to the projects before or during the occurrence of risks.

Vafadarnikjooet al. (2016) proposedan intuitive Fuzzy DEMATEL to prioritize

risksfacedin constructiorprojects.

Yousefi et al. (2016) suggested methodthat anticipatesemergingtime and cost

issuesof constructiorprojectsin Iran by applyinga neuralnetwork.

Santosand Jungles(2016) examinedthe completiontime of constructionprojects
consideringthe scheduleperformancandex and delay correlationassociatedvith

anytime overrun.
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Shin et al. (2016) carriedout a comparativeanalysisto evaluaterisk factorsof a

nuclearpowerplantata constructiorsite by usingAHP andFuzzyAHP methods.

Kao et al. (2016) proposeda balancedscorecardsystembasedon Fuzzy ANP to
evaluateamutualrisk factorsof constructiorprojectsin Taiwan.

Ahmad etal. (2017)studiedat potentialrisk eventsto prioritize andquantify risks
usingFuzzyFMEA andAHP methods.

As understoodfrom the literature survey, several studies are into the risk
managemenprocessin the constructionindustry. Although there are different
approacheghereis no approactreflectingthe directimpactsof risk factorson the
projectscheduleduringtherisk managemenprocessExisting studiesweremainly
focusedon rankingthe root causef constructionscheduledelays.Therefore this
situationsupportsthe sourceof the thesisstudyto developa hew approachduring
the estimationof the direct impactsof the scheduledelay risks on construction
pr o] Eedukrd

According to Smith et al. (2006), cost, tinaad qualityarethethree main targets of
construction projectskurthermore these project parameters are supposed to be
subject to risk/ uncertaintyn such a case, realistic estimation becomes important
with enough knowledge and foresight. Project managersataian on and propose
methods to mitigate risk/ uncertainties in projects before these cases occur. It is
essential to determine and examine the leading causes of risks because they do not
randomly happen. They can be mitigated if the leading causes aetdyenined
correctly. After that, problems can be solved and manageable during the life cycle of
the project. Project managers also make sure that the residuary risks are assigned to
the project parties to optimize the performance of the prajeéiigure 22, a risk
management strategy for the construcpoojectis represented.
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Management of

pru_icclrisk/

Figure2.2 Risk Management Strategy for Construction ProjeBtsith et al,

2006)

Smith et al. (20063lsostatal that the client/ owner hasstrategy and policy for the

risk management proceskthe project.Primary concerns of the owner's strategy in

the projectsare risk ownership, financing of all risk, budget allowance, and

contingency. The risk management ipgl of the owner contains procedures,

liabilities, and reporting.

Moreover, Jia et al. (2013) represented six processes of the risk management (RM)

construction projects proces In Figure 23, risk managemenprocesses are

illustrated.

=

RM planning

Deterministic part

Risk
identification

1] Uncertainty part »

Risk
analysis &
assessment

RM reporting

response

Stages of project development

Project inception Design Construction Project completion

Figure2.3 Risk Management Process (Jia et al., 2013)
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Considering the RM cycle of construction proje&sdhi and Tang (2012) clarified
possible conclusions afsing proper methods/ models durirmgk managemenin

theconstruction sector

1 Comprehendhe nature ohdvere risksthreatsto face with them better

1 Promote measure of riskby informing different parties of projects
(contractor, client, and consultant)

1 Support managment system on specific issues
Allocate enogh effort/budget to mitigate risks and to answer which party

shouldinvest inrelated risk

In thenext sectiongelay analysis ithe construction sectowill be held

2.2 Delaysin the Construction Projects

In theconstructiorsector some milestonelsave tabe achieved to complete projects
successfully.Navarre and Schaan (1990) stated that the success level of the
construction project is measured considering duration, cost, and performance of the
project. Shenhar et al. (199®8xplainedthat the succesf construction projects
depends orfour primary timedependentdimensions.The frst one is thetime
throughout the projeciwhich contains the timafter the projectcompletion The
second one is the time when the project is delivered to the client. Thdithigdsion

could bemeasured according to sales iii 2 years.The final dimensioncould be
evaluatedafter 37 5 years from the completion of projectdm and Mohamed
(1999) mertioned that the success of projectshould bediscussed considering
different perspectivef projects owners, contractos, and customerboth in the
macro and micro views. Als@&;han and Cha2004) proposed a framework for

testingthesuccess of construction projects statedh Figure 24.
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Cost: e.g. variation
cost, modification
cost, legal claims and
litigation

Quality: e.g.
technical
specification

Commercial
Profitable/
Value

Pl’ﬂj ect Health
Success & Safety

User
expectation/
satisfaction

Figure 2.4 Framework forEvaluatingProject Succes€han and Chan 2004)

Also, Majid (2006)explained thaa construction project sccepteds successfut
it is completedwithin the specifiedime andbudget,consideringhe satisfaction of

stakeholders and compatibility of specifications.

In the concept of this studiheaim is minimizing risk factors that result from dgda

in aproject to improvehe success of construction projects.

2.2.1 Classification ofthe Construction Delays

Delays are originated from various factoidiere are several studies to classify

delays in construction projects.

Ahmed et al(2003)classifiedthe causes oflelaysasinternal and extermalnternal
causesf delays resultrbm contract parties such as contrastaonsultard, and
clients. Besides, eternalcause®f delaysoccurbecause aheeventghat are beyond

the control of construction parties, likeeact of God.

Similarly, Tumi et al.(2009) reportedtwo groups ofdelays usedo detailed delay

results as show in Figure 2.
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DELAY

INEXCUSABLE EXCUSABLE

ENTITLE TO TIME

NONCOMPENSABLE EXTENTION

COMPENSABLE NONCOMPENSABLE

Figure2.5 Classification of Delays (Tumi et al., 2009)

2.2.1.1 Excusable Delays

This type of delay consists obmpensable delays and reompensable delays.

1 Compensable delay§&enerally, owner/ owner related parties lead to these
delays under different circumstanc@simi et al. (2009) cited that the late
release of design drawings is an example of compensable delayghin s
casesthe contractois exposed tadditional indirectosts.

1 Noncompensable delayBeyond the ownésg/contractoss control, this type
of delay might happen by third parties because of unusual conditions. In these
circumstances, the contractor is entitledato extensionof time (EOT)

withoutanycompensation.
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2.2.1.2 Inexcusable (NonExcusable) Delays

This type ofdelay occusdue totheactions/inactions of contractotdnderestimation
of project complexity, improper planning/ scheduling thfe project, poor
manageent athesite,andimproper construction methodse the main reasonas

a result, there is no entitlementBO®T for the contractoif there is ngroof to show

delay impact.

Considering these classificatioms, illustratedn Figure 26, Ogunlanaetal. (1996)
stated that there are thileadingcauses of delays during the handioaigonstruction

projects from the contractepoint of view.

3. Environment/Industry
problems

2. Contract/Client/
Consultants

1. Contractoig
own problel

Figure2.6 Causes of Delay@®gunlaneet al., 1996)

222 Causesof Construction Delays

First, the general framework of risks in construction projects accordindoisk
breakdown structure @he Fourth Edition othe PMBOK Guideis demonstrated in
Figure 27.
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Figure2.7 Risk BreakdowrStructure (RBS)

In this study, to form taxonomy, the causes for schedule delays in construction

projects arelassified and adapted according to general categories in Rigure

2.2.2.1 Client T Owner Related Delay Factors

Several studiesdentified delay factors result from a clientowner actions in

construction projects.

Ogunlana et al. (1996) identified the factors slow decisiaking and changed
orders by owner affected delays 41.7 % and 33.7 % of the total.

Long et al. (2004and Shaikh et al. (20113tateddelay factors as lack of strategic
management, confusing requirements, improper project feasibility study, lack of
transparenbidding process, excessive change orders, unclear responsibility, lack of
capable representatives, owaeffinancial difficulties, ownefs poor contract

management, slow decision making throughout the projects.

Koushki et al. (20055tudied at a sample project for analyzing delay factor
construction projects, the financial difficulties of owners were in second place

(22%). Also, the lack of an owner's experience has a significant effect on delays.

25



Faridi and EiSayegh (2006andAlaghbari et al. (2007)larified owner related delay
factors as changes by the owner, inadequate project preparation and planning, slow
decisionmaking process, lack of communication between the stakeholders of

constructiorprojects.

As a resultfive (5) factors ofclient/ ownerrelatal delay factorsvere selected as

more critical using subjective judgment.

2.2.2.2  Contractor Related Delay Factors

Several studieslentified delay factors result from contractor actions

Chan and Kumaraswaml997) stated that lack o€ontractor experience in the
projects,contractor's deficiencies in planning and scheduphgses of project,
lack of communication b/w contractor and other stakeholders, and delays in

subcontractor's works results from contrastactions.

Odeh and Battaineli2002) identified the delay factors that aem inadequate
experience of contractors/lsrontractors, improper planning/ techniques during the

construction, improper construction methods, and site management strategies.

Long et al(2004)identified the delay factors as improper planning/ doheg, lack
of experience, inaccurate time/cost estimation, poor project managemgrper
construction methods, underestimatthg project complexityfinancial difficulties

of contractorsand inadequatexperience of subcontractors or suppliers.

Assaf and AdHejji (2006) and Faridi and ElSayegh (2006¢lassified delay risk
factors as lots of reworks, financial difficulties of contractor in a project,
disagreements between a contractor and other partiexd@atiactor, consultant

and owner), poor site management, poor communication and coordination with other
parties, ineffective planning and scheduling of the project, implementation of

improper construction method, delays in-®amtractors work and site molztion.
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Also, Alaghbari et al. (2007gletermined the delay factorslatedto contractors as
lack of contractor experiengeusing inappropriate methods, improper planning/
scheduling othe project,unreliable/ inadequate subcontractand low quality of

the material

As a resultnine(9) factors of contracterelated delay factorsvere selected as more

critical using subjective judgment.

2.2.2.3  Consultant Related Delay Factors

Several studies hawarried outconsultant related factors to cause schedule delays.

Odeh and Battainef2002) statedthat consultant relatedelays ranked higher than
contractor related factors contrary to anticipated. One of these delay factors is poor
contract managemeand quality controlsThe other one is ineffective preparation

and approval of design documents.

Long et al.(2004)determinedhatinadequatexperienceof the consultantlack of
standardization in desigabstractesign drawingsakk ofliabilities of consultants,

improper and inadequate project management, slow respomsensultantelated

Similarly, Faridi and ElSayegh (2006¢xplained that inadegte inspection, late
approval of significant changes in the proceswsultant's rigidity, and lack of

experiene stemmed fronthe consultans actions.

Aziz (2013)classified the delays factors of poor management during the design
process, slow response to problems and poor control/ inspection, and incomplete

desigq drawings.

As a result, twd?2) factors of comultantrelated delay factorsvereselected as more

critical using subjective judgment
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2.2.24  Government Related Delay Factors

Faridi and E{Sayegh (2006)dentified that governmentelated delay factors a

delay in obtaining permits frotte municipality.

2.2.2.,5 Labor Related Delay Factors

Some studieslesignateddelay factors result from labor actions in construction

projects.

Odeh and Battaineh (2008bated that as expected, labor productivity is one of the

critical causes$eading to projects' failure

Faridi and EiSayegh (2006studied factorshatlead toa delay in the construction
sector. According to their studgkill, and the productivity of lalyers affect every

stage of construction projects.

According toAssaf and AlHegjji (2006) personal conflicts among latens, shortage
of labaers, unskilled workforce, low productivity of labas, and their nationalities

impactthe project schedule

Furthermore Sweis et al. (20083peified that a shortage of workforce and the

presence of unskilled labor are the main laledated delay factors.

Similarly, Aziz (2013) emphasized that the shortage of labor and lafor

productivityare causes of delay.

As a result three (3)factorsof laborrelated delay factora/ere selected as more

critical using subjective judgment

2.2.2.6 Material Related Delay Factors

These causes of delagiecrucialfor construction project§&everal studies identified

these delay factors in construction projects.
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Abd. Majid and McCaffef1998)andAssaf and AlHejji (2006)determined that the

late delivery of material, insufficient planning/ controlling and communication,
damages of materials, untrusty suppliers, poor quality of materials. In addition

to this, Assaf and AlHejji (2006) specified that the shortage of materials in the
market, damages of stored material, late procurement of materials, changes in
specifications, and availability of various nm@és in the market are critical for

directing the flow of projects

In a like mannerAziz (2013)statedthat ashortageandlate delivery ofconstruction
materials aticonstruction site, price escalation of materials, ineffective/ low quality

of materials hava significantimpacton the constructiorprojectsschedile.

As a resultone (1)factor of materialrelated delay factors ag selected as more

critical using subjective judgment

2.2.2.7 Equipment Related Delay Factors

Equipment related factos also one of the most important causes of delaylsein
constructionproject scheduleSeveral studies identified such delay factors in

construction projects.

Chan and Kumaraswan(¥997)expressed that incapaldé equipment affects the
delay in project scheduling.

Additionally, Long et al. (2004&lso stated that using obsolete equipment during the
project’s life cycleeontributeso schedul@lelays inprojects

Aziz (2013)designated equipmeng¢lated factors sashortagesfoequipment, low
efficiency of equipment, inappropriate selection/ breakdown of equipment that
impactschedule delays.

As a resultone () factor ofequipmentrelated delay factorwas selected as more

critical using subjective judgment.
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2.2.2.8 Design RelatedDelay Factors

There are several studies on identifying desigalated delay factor<Chan and
Kumaraswamy(1997) grouped delay risk factors ithe Hong Kong construction
industry. According to thema lack of experience oflesign team experiencthe

complexity ofdesigndocumentserrors,and late preparation/ approvald@cuments

are the main reasons for the delay

Aziz (2013)studied the causes of delays in large building projéctsording to the
study, stakeholders of projects agreed on the importance of delay factors that arise
from the design procesAs a result, design errors and design changes were seen as

the most crucial delay factors.

As a resulttwo (2) factors of designrelated delay factsrwereselected as more

critical using subjective judgment

2.2.2.9  Contract Related Delay Factors

There are several studies on contratated delay factoréssaf and AlHgjji (2006)
pointed out that the duration in the contract was not estimated correctly. Also, there
can be legal disputes and a lack of communication between parties to the contract,

and inadequate determination of the scope of contract typ likenkey contracts

Also, Bu-Qammaz et al(2009)determined thathe vagueness of contract clauses

hasaremarkablesffect an the projectschedule

As a resulttwo (2) factors of contractrelated delay factors weselected as more

critical using subjective judgment

2.2.2.10 External Related Delay Factors

There are several studies on identifying delay fadtatsare beyond the control of

project participants.
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Odeh and Battaineh (2002judied a survey on the determination of the causes of
delays.External factors arelassified as unforeseen weather conditions, regulatory
changes, and adverse ground conditions like other stulsea result of this survey,

they remarked that external factors had the lowest ranking by stakeholders of projects
than other delay factors.

Besideslong et al.(2004)stated that mexpectedground conditionscold weather

conditions, and price fluctuations arise from external conditions.

Finally, Aziz (2013)specifiedthe delay risk factors are unpredictable subsurface/
ground conditions, hot/cold/ rainy weather conditions, delay in obtaining germit
from a municipality, deficiencies of utilities at the construction site such as
electricity, accidents during the projects, changes in law/ regulations, social and

cultural events.

As a resultthree(3) factors of externatrelated delay factors wesglected as more

critical using subjective judgment

2.2.2.11  Summary

After a literature review on construction delay analysis, delay factors are summarized
according tosubjective judgmentisDelay risk factors and their references are in
Table 23.
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Table2.3 Final Risk Factors witltheir References

Risk Factors References
Changes by the owner [6], [31]
Owner/ client lack of experience in construction projects [52]

Slow decisions by the owner [56]

Lack of communication and coordination [6], [31]
Financial difficulties [56]
Construction mistakes [18], [65]
Improper construction methods [12], [31]
Contractords poor site manaiRe@Ent
Inadequate contractor experience [6], [56], [65]
Poor sub-contractor works [56], [65]
Inadequate planning and scheduling [12], [56]
Inaccurate cost estimation [56]

Low material quality [6]
Underestimation of project complexity [56]

Slow response and poor inspection [13], [56]
Deficient tender documentation [13], [65]
Obtaining permits from municipality [31]
Inadequate skills for manpower [12], [31]
Poor/low labour productivity [13], [65]
Shortage of skilled/unskilled labour [85]
Shortage of material at site [1], [12], [13]
Inavailability/ shortage of equipment at site [13], [13], [56]
Delay in preparation/ approving design documents [19]

Design changes during the project [13]
Vagueness of contract clauses [16]

Lack of communication between parties [12]
Unforeseen weather, ground, and environmental condition at| &, [65]
Price inflation/ fluctuations [56]

Other risks (conflict, war, country risks, force majeure vb.) |[13]

A total of twenty- nine (29) factors in ten (10) sdkvels and three (Primarylevels
of schedule delafactorsin construction projects were categoriz€drsidering final
classification, axonomy was formed to analyze delays usire-MEA method as

shown inTable2 4.
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Table2.4 Delay Risk Taxonomy for Construction Projeaslapted from
(Derakhshanfar et al. 2019)

Level 3 Level 4 (Failure)

Changes by the owner
Owner/ client lack of experience in construction projects

Owner Slow decisions by the owner

Lack of communication and coordination
Financial difficulties

Construction mistakes

Lmproper construction methods
Contractor’s poor site management and supervision skills.
Inadequate contractor experience
Contractor Poor sub-contractor works

Inadequate planning and scheduling
Inaccurate cost estimation

Low material quality

Underestimation of project complexity
Slow response and poor inspection

Consultant Deficient tender documentation (design, bills of quantities and
specification).

Government Obtaining permits from municipality
Inadequate skills for manpower

Labour Poor/low labour productivity
Shortage of skilled/unskilled labour

Material Shortage of material at site

Equipment Inavailability/ shortage of equipment at site

Design Delz?.y in preparatim_u’ appmvin_g design documents
Design changes during the project

Contract Related Vagueness of contract clauses

Lack of communication between parties

Unforeseen weather, ground, and environumental condition at site
External Price inflation/ fluctuations

Other risks (conflict, war, country risks, force majeure vb.)

After the delay concept in construction projects is clarified and taxonomy is formed,
failure mode and effect analysis (FMEA) and its utilization in projedgtk be

presented in the followingection
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23 FMEA

FMEA is a qualitatively bottomup risk analysis technique used in quality
managemenand risk managemento identify, prioritize, and eliminate potential

failured risksfrom the systemdesign,or processwith continuousmprovement.

Thereare different areasthat FMEA was used.Arnzen(1966) statedthat failure
modeandeffectanalysiswasusedat Grummanin the early 1950sby thereliability
sector SVRP (1997) had researchd the FMEA methodology which first was
improvedandimplementedn 1949by the United StatesArmy.

Ford Motor Company(1988)usedthis methodfor regulatoryandsafetyissuesOn
the otherhand,Ziegeland Tague(1995) mentionedthat FMEA was performedon
an ATM systemof a bankto prioritize risks "machingams’ and"heavycomputer

networktraffic," which havethe highestrisks.

Scipioni et al.(2002) conducteda study ofthe production ofa wafer in a food
companyusing FMEA methodslt was uilized as a tool to guarantéee quality of
theproduct Also, itwas used tamprovethe performance otheproduction process.
They studied at calculating the risk using the FMEA method, where risk has three
componentsThese components wenaultiplied to produce a risk priority number
(RPN), which i a way to prioritize failure modes.

Puenteetal. (2002)statedhatthe FMEA techniqueaimsto determineandprioritize

deficienciesn the productionprocess.

FurthermoreArvanitoyannisandVarzakaq2008)conducted-MEA technique®n
salmonprocessingisks suchasreceivingfish, cooling, distribution of fishes and
otherrisks.After thedeterminatiorof risksthathas high-risk priority number(RPN),

necessaractionsweretaken.

Zammori and Gabbrielli (2012)emonstrated a risk assment procedure usitige
integration of FMEA and ANP. According the study, parameters of FMEA (S, O,
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and D) were divided into sutriteria, andan adjusted hybrid decision systamas

usedto calculateherisk priority number (RPN).

According to Chean and Krishnamoorthi (2019), FMEA was developed as a military
methodin 1949, and it was entitled as Procedures for Performing a Failure Mode,
Effects and Criticality Analysis. Then, the technique has gained in complexity as

differentindustries adopteid in their planning.

As summarizedabove,different sectorshaveusedFMEA during the risk analysis

procesgor alongtime becausét is a simplemethodthatidentifiesrisk factors

2.3.1 Utilization of FMEA for Risk Management

In this sectionthe utilization of FMEA for the risk management process$l Wwe

elaborated.
According toKaraZaitri et al.(1991) FMEA answershefollowing questions:

1 What might go wrong?
1 What mightbe reasor

1 Whatimpactswould it hawe?

Wang(2011)explained failure modes and effects analysis (FMEA) as an approach

to determine, prioritize, and mitigate possible failuretheprocess systematically.

In this perspectiveCharan and Krishnamoorthi (2019nentioned FMEA and its
three parameters: severity (S), occurrence 40J detection (D).

1 Severity (S):This parameter measurdse intensity of the failuremode.
Severity isona 10point scale.
1 Occurrence (O)This parameter predicts thee§uency of the failurenode.

Occurrence i®na 106point scale.
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91 Detection (D): This parameter ansiders the likelihood of failure mode

Detection ison a 10point scale Moreover considering priority, 10 is tre

highest valudor each parameter

The equation of risk priority number is indicated belofs in stated research, RPN

can takehe minimum valuel, while the maximum value of RPN equaB00.

20. 32/ 2%

(eq. 23.1)

Ford Motor Company (1988) described the criteria and ranking system of these three

parametersTable 25, Table 26, and Table 27 show severity, occurrence, and

detection parametérscale respectively.

This procesds known as traditional FMEA, anduchpho et al. (2014tated that

this methods seen as one of the most important methods to prevent failure modes/

errors during theccurrence.

Table2.5 Ranking System for the Severity Parameters (Ford Motor Company, 1988)

Effect Criteria: severity of effect Rank

Hazardous Failure is hazardous, and occurs without warning. It 10
suspends operation of the system and/or involves
noncompliance with government regulations

Serious Failure involves hazardous outcomes and/or 9
noncompliance with government regulations or
standards

[Extreme Product is inoperable with loss of primary function. 8
The system is inoperable

Major Product performance is severely affected but functions. 7
The system may not operate

Significant Product performance is degraded. Comfort or convince 6
functions may not operate

Moderate Moderate effect on product performance. The product 5
requires repair

Low Small effect on product performance. The product does 4
not require repair

Minor Minor effect on product or system performance 3

Very minor Very minor effect on product or system performance 2

None No effect 1
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Table2.6 Ranking System for the Occurrence Parameters (Ford Matmpany,

1988)
Probability of failure Possible failure rates Rank
Extremely high: Failure almost inevitable >lin2 10
Very high lin3 9
Repeated failures ling 8
High 1in 20 7
Moderately high 1 in 80 6
Moderate 1 in 400 5
Relatively low 1 in 2,000 4
Low 1 in 15,000 3
Remote 1 in 150,000 2
Nearly impossible <1 in 1,500,000 1

Table2.7 Ranking System for the Detection Parameters (Ford Motor Company,

1988)
Detection Criteria: likelihood of detection by design control Rank
Absolute Design control does not detect a potential cause of 10
uncertainty failure or subsequent failure mode; or there is no

design control

Very remote Very remote chance the design control will detect a 9
potential cause of failure or subsequent failure mode

Remote Remote chance the design control will detect a 8
potential cause of failure or subsequent failure mode

Very low Very low chance the design control will detect a 7
potential cause of failure or subsequent failure mode

Low Low chance the design control will detect a potential 6
cause of failure or subsequent failure mode

Moderate Moderate chance the design control will detect a 5
potential cause of failure or subsequent failure mode

Moderately Moderately high chance the design control will detect 4

high a potential cause of failure or subsequent failure mode

High High chance the design control will detect a potential 3
cause of failure or subsequent failure mode

Very high Very high chance the design control will detect a 2
potential cause of failure or subsequent failure mode

Almost certain Design control will almost certainly detect a potential 1
cause of failure or subsequent failure mode

Moreover,Sankar and Prabh{2001)determined the essential steps of successful

FMEA process and its stages as follows:

V ldentifying potential failure modes
V Estimation of severity parameter

V Listing the potential causes of failure
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Estimation of occurrence parameter
Identifying failure detection method

Estimation of detection parameter

< < < <

Calculation ofthe RPNwhich indicates the importance between a given
failure mode and its cause

V Takingcorrective actiorto mitigate risks considerintpeir highRPN values

Similarly, Liu (2016)determinedhe general framework for conducting an FMEA

as shown irFigure2.8.

Determine the scope of FMEA analysis

,

Assemble the FMEA team

,

Brainstorm potential failure modes

.

Determine the effects of each failure

,

Determine the causes of each failure

.

Determine the current controls of each failure

' | '

Find Find severity Find
probability ranking ranking detectability ranking

!

Calculate the RPNSs for failure modes |+

Recommend action FMEA
report
Modification data l
Modification

Figure2.8 Main Steps of FMEAI(iu, 2016)
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In the following sectionsampleapplications of FMEA in the construction sector

will be summarized.

2.3.2 FMEA in the Construction Risk Management

Constructiorrisksaremorelikely to occurduringconstructiorandpostconstruction
stage,wherethereis a lack of properplanningin the pre-constructionand design
stagef the project. This situationmakesFMEA a potenttool asthe construction

industrycanapplyduring planningandconstructioraswell asanyotherstage.
Severabtudiesshowthedifferentusageof FMEA in constructiorprojects.

Mecca and Masera (1999) used FMEA to support quality managementwith
appropriatemeasuresand obtain high efficiency in the constructionmanagement
process.

Also, Songet al. (2007)proposech methodologythatappliesthe FMEA technique
to analyzeheerecton of structuralkteelworksandclarify thesafetyof eachactivity.
In the study, the quantitativeanalysisresultsof FMEA werecomparedo historical

dataof accidentgo verify theresultsof the proposednethods.

Camignani (2009)dentified the FMEA techniquewhich is a prioritycostbased.
Consideringthe results of RPN valueghe AHP method use@ new variable of

profitability to determingheweights of different risk factors.

Abdelgawadand Fayek (2010) applied a combinationof fuzzy logic and fuzzy
analyticalhierarchyprocesgAHP) to the FMEA techniqueto extendtheapplication
of FMEA in theconstructionindustry Theymapgedtherelationshipbetweernmpact
(), probabilityof occurrencé€P),anddetection/controlD) andthelevel of criticality
of risk events Theresultsobtainedconfirm thecapabilityof fuzzy FMEA andfuzzy
AHP to addresgshelimitations of traditionalFMEA.

Yu and Lee (2012) develomd FuzzyFailure Mode and Effect Analysis (Fuzzy
FMEA) to assessconflict-risk betweenstakeholderson highly complex urban
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regeneratiorprojectsadequatelyexaminingpossibleconflict risks more precisely
comparedwith previousrisk assessmennodels including the traditional FMEA

method.

Wehbe and Hamzeh (2013) researchededucing the workflow variability and
increasingthe FMEA's reliability in the constructionplanningstageby usingit in
conjunctionwith the LastPlanneiSystem(LPS).Theuseof FMEA in LPSprovided
anadditionalmeansof filtering critical activitiesandmanagingheirassociatedsks.

Hsu et al(2013)used the FMEA approach to develop a materiality analysis model
to identify materialrelated problemsgn sustainability reports, this processdisé&lP

to determine the riskveights of each factor and RPN during ranking problems
according to the needs of stakeholders.

Ahmed (20%) studied at conventional FMEA for the risk assessment process of
construction projects using the integration of Markov Chain and Pairwise
Comparison methods.

Also, Purwanggono and Margaret{@017) stated thatFMEA a selfdiagnostic
technique that enabled companies to analyzedmmdify the key factors contributing
to their problemsto minimize the risk of selecting an inappropriate course of
corrective action. Notwithstandintpey were one of the first to apply FMEA through
the construction of Ishikawa, also knownths fishbone diagram, to classify the

leadingcauses of noexcusable delays and identify contributing factors.

Ahmadi et al. (2017) presentd a comprehensivérameworkto control significant
risk factorsof highwayprojectsconsideringhreestagesdeterminationof possible
risk events,assessment/prioritizatioof determinng risks using Fuzzyi FMEA

approachthenadeterminatiorof properresponsdor theserisks.

Mete (2019)carriedout anintegratedMEA-basedAHP-MOORA approactunder
PythagoeanFuzzy setsto asses®ccupationalisks andreducethe adverg effects

of theserisksin anaturalgaspipelineconstructiorproject
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FMEA analysishasnot beencombinedwith delayanalysis so thatis the missing
part of the literature. During the thesisstudy, the traditional FMEA was usedto
enhancealelayrisk analysisin the constructionprojectsby determiningcritical risk
factorsin thetaxonomy.Theprocesf prioritizing failure modesn thenewmethod
Is more realistic, flexible, and practcal than the traditional RPN calculationand

differentmethod<of its kind in theliterature.

In this approachthe analysisis basedon S, O, andD, thefrequencyof occurrence,
occurrenceand detectionparameter®f RPN. In contrastto existingmethodsand

their applications,especiallyin this method,the detectionparametegives usersa
chanceto make a properrisk assessmenilTherefore,evenif someof theus er s 0
evaluation®f theseparameterarenot the samefailure modescanbedistinguished

ard rankedvery well from eachother.

2.3.3 Limitations and Benefitsof FMEA

Although FMEA isa widely used method. There are some limitatiofis. (2013)

stated thathese limitations

1 There can be different combinations of parameters (S, O, ananB)the
meaning of each risk factor is differehtit they can produdbe same value
of RPN

1 Risks are classified as high risk, low rigk medium risk according tan
interval of RPN valuesbut there can ba difference inRPN values athe
same inteval. In other wordsthe 8007 1000 RPN interval is stated as high
risk, but risk factors that one of them has 800 RPNthrdther one is 1000
RPN valus do not havehe same importance.

1 Three parameters of FMEA (6, and D areseerto be equallyes®ntial but
it may not behesame for users of this method during the evaluation of each

parameter.
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1 Due to thecalculation process oRPN, smallchangesin one of the
parameters can lead sagynificantdifferences in RPN results.
1 Each parameter slinguistic variable. Thus, it can be hard to determine and

quantify parameters precisely.
On the other hand, the benefits of FME#&n be summarizeakfollows:

1 Mohr (2002) stated that FMEAhelps to discover potential singbeint
failures

1 Mohr (2002)also remarked that assesses risk for potential failure modes
considering each identified tag

1 Additionally, Mohr (2002)expressed that is a guide fothe evaluation and
improvament of processes.

1 Besides,Teoh and Cas€004)stated thaFMEA helps tomonitor failure
modesof products their causes, and effecihey remarked that firovides
preciousknowledge for future product amaocess design.

1 Finally, Arunajadai et al(2004)stated thaFMEA providesthe designer with
an indication of the predominant failurmodes that should receive

considerable attention while the product is being designed

In the following chapterthe propsed methodology will be explained in detalil.
Within the scope of this studythe traditional FMEA is combined witlthe
construction project schedulingocess using Primavera software to analymee
impact of risk factorsas identified in the delay risk taxonomy
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CHAPTER 3

DEVELOPMENT OF THE PROPOSED METHODOLOGY

In the previous chaptegp comprehensive literatursurveyon FMEA and delay
analysis vas carried. Then,the framework of theproposedmethodolog was

determined.

During the development process of the proposed methodalegyain steps of risk
management were identified as risk identification, risk assessment, risk mitigation
and risk monitoring. The proposed methodology covers thettiirsestages othe
delay risk management procesdentification of delay risk factors, assessment of
risk impacts onthe duration and finally, development of delay risk mitigation

strategies. Brief information about the development steps are as follows:

Step L Delay risktaxonomy of risk factors generally encountered in construction
projects was determinexs a result of thiterature survey.

Step 2:Severity, occurrence, and detection parametérBPN wee rated with

subjective judgment tbhgure outRPNvalues of each risk factor.

Step3: Critical risk factors were selected according to RPN vahsésy subjective

judgment
Step4: The duration of these factorsagcalculated with three alternative methods.

Step 5: Critical risk factors were considemgdthe activity level to integrate these

factors into the project schedule.

If a decisioamaker wants to apply the proposed methodology, the following steps

that are indicated iRigure3.1should be carried out:
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Determine the potential
failure modes in constructio

Identify the delay risk
factors for the construction|

A
Determine the potential
Risk Assessment effects of failure mode

|

Determine causes of each
failure

:

List existing control proces1

| Assign a detection rating (D|

for eachfailure mode and
effect

)

Calculate the RPN vads for
risk factors

A4

Assignseverity (S) rating o
each effects

v

Assign occurence (O) ratin
of each failure

Select critical risk factors
according to RPN values

Calculate corresponding
duration values of these ris|
factors

Integrate critichrisk factors
to project as an activity

Compare the base schedul
with revised schedule

Figure3.1 Roadmap othe Methodology
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As indicated in Figure 3.lthe stepsduring the application of methodology by

decisionmakersaresummarized as

Step 1.Determination of potential failure modes construction projectasing the

taxonomy.

Step 2: Potential effects, causesd existing controls of risk factors should be
determined to integrate the taxonomy with FMEA. Then, for each risk fahtor,
risk priority number (RPN) should be calculatdal.this step, expert judgments,

interviews and other technique®uld be used to calculalRPN parameters

Step 3: The most critical risk factors should be selected, according¢alptgated

RPN values, to mitigate risk factors/activities.

Step 4: Effects of each critical risk factor shobédcalculated as a duration.

Step 4. Corresponding activities affecteg high risk (critical) factors should be
integrated intdhe project schedule.

Step 5: Results should be compared with the limesschedule to take necessary

actions.

The poposednethodology will be explained in detail in the forthcoming sections.
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3.1 Implementation of Proposed Methodology

The mplementation of the proposed methodology is demonstrated in the roadmap

given above irFigure 3.1
DelayRisk Identificatiorhas two steps:

- Determination of potential failure modes

- ldentification of the delay risk factors

Delay Risk Assessmertomprises of determination of effects and causes of failure

modes. Thernthe RPN calculation isppliedfor risk factors.

DelayRiskMitigation is relatedto results of RPN values, corresponding effects, and
reflections on the project. This processo containsa comparison of alternative

methods

3.1.1 Risk Identification

As a result othe literature reviewscheduledelay factoran construction projects
weredesignatednd listed inTable3.1. Risk factors are detailed in different levels

as stated iDerakhshanfar et a[2019) In the most outer levélevel 1) risk factors

are gathered under jec fislks &blevel 2 digkdactors aret | e
categorized to shape risk breakdown structure (RBSgvel 3, there aréenrisk
categoriexonsidering different components of construction projdotkevel 4, risk

factors that constitute failure modes in ERI methodology are listed in taxonomy.
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Table3.1 Hierarchical Representation of Project Delay Risks

ILevel 1 Level 2 Level 3 Level 4 (Failure)
Changes by the owner
Owner/ client lack of experience in construction projects
Owner Slow decisions by the owner

Lack of communication and coordination
Financial difficulties
Construction mistakes

Improper construction methods

Contractor’s poor site management and supervision skills.
Inadequate contractor experience

Contractor Poor sub-contractor works

Inadequate planning and scheduling

Inaccurate cost estimation

Low material quality

Underestimation of project complexity

Slow response and poor inspection

Stakeholder

Project risks

Consultant Deficient tender documentation (design, bills of quantities and
specification).

Government Obtaining permits from municipality
Inadequate skills for manpower

Labour Poor/low labour productivity

Resources Shortage of skilled/unskilled labour
Material Shortage of material at site
Equipment Inavailability/ shortage of equipment at site

Delay in preparation/ approving design documents

Design T - >
& Design changes during the project
Vagueness of contract clauses
Contract Related £u — -
Process Lack of communication between parties
Unforeseen weather, ground, and environmental condition at site
External Price inflation/ fluctuations

Other risks (conflict, war, country risks, force majeure vb.)

3.1.2 Risk Assessment

After the determination of risk factors according to failure mode in projects, risk
assessant is the step in whichrgbability and impact of each rislactor are
determined by using expert judgment and risk reposittiescontain riskelated
information about previous projedfsthe riskexists Dikmen et al. 2008)For this
reason, effective risk assessment ofisk factors gives the direction tothe

methodologyby using expert judgment and repositories
The pocess of risk assessnieontains the followingteps

V Determination of the potential failure which can take place because of risk
factorsto assigraseverity (S) rating

V Determination of the causes of each failwrassigranoccurrence (O) rating
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V Listing of existing control procsss in the projectd assigra detection (D)
rating
V The @lculation of risk priority number (RPNjased on S, Gand D

3.1.2.1 Determination of Occurrence Ratings

Occurrence is tadconsideringhe failure probability, which represents the relative
number ofanticipatedfailures According toSankar and PrabH2001) occurrence

(O) ratingscouldbe based on knowledge of the probability of the failure cause

The criteria whickareused to rate the occurrence of failure madeshownin Table
3.2

Table3.2 Rating System for the Occurrence Parameters

Occurrence Ratings Description Definition
10 | Dangerously high 011/ 2
9 | Extremely high 1/3
8 | Very high 1/8
7 | High 1/20
6 | Moderate 1/80
5 | Low 1/400
4| Very low 1/2000
3 | Minor 1/15000
2 | Very Minor 1/150,000
1| None 1/1,500,000

Here inTable 33, critical risk factors are represented in red coldrere might be

risk factors that areated in less/more critical interval than other parameters of RPN
in the table For example, underestimation of project complexity is rated as critical
for theseverity parameter, but for the occurrence, it may not be considered as critical.
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Table3.3 Representation of Occurrence Ratings

Level 4 (Failure)

Potential Effects of Failure

Occurrence (O)

Owner/ client lack of experience in construction projects Make wrong decisions or use improper methods in projects 1-10
Slow decisions by the owner Delays in activities and total projects 1-10
Lack of communication and coordination Poor completion of activities 1-10
Financial difficulties Delays and interruptions of activities 1-10
Construction mistakes Reworks, delays in project 1-10

Contractord6s poor site managemen!njuries;ldssdm@edmshnataialdamagekiIIs. 1-10

Inadequate contractor experience Poor project completion/delays and material wastage 1-10]
Poor sub-contractor works Poor project completion/delays and material wastage 1-10
Inadequate planning and scheduling Make wrong decisions and misconnection between actiities 1-10)
Inaccurate cost estimation Pricing problems & claims 1-10
Low material quality Weak structures/increased costs 1-10
Underestimation of project complexity Failure to meet deadlines 1-10
Slow response and poor inspection Wastage and delays 1-10
Poor/low labour productivity Delays in activity/ project completion 1-10
Shortage of skilled/unskilled labour Delays in activity/ project completion 1-10
Shortage of material at site Delays in activity/ project completion 1-10
Inavailability/ shortage of equipment at site Delays in activity/ project completion 1-10
Delay in preparation/ approving design documents Delays in project commencement 1-10
Design changes during the project Delays in completion of tasks 1-10)
Vagueness of contract clauses Poor project completion 1-10
Lack of communication between parties Major inconveniences 1-10)
Unforeseen weather, ground and environmental condition at site Project suspension 1-10
Price inflation/ fluctuations Major inconveniences 1-10
Other risks (conflict, war, country risks, force majeure vb.) Project suspension 1-10

3.1.2.2

Sankar and Prabhu (200%judied that he effect of failure mode is ranking
conformity with the severity(S) of failure mode. Severity rating should designate

the worst situations and scenandsich can be differed frortime occurrenceatings.

The criteria whichareused to rate the sevsriof failure effectsareshownin Table

34.

Determination of Potential Effects of Failure Mode
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Table3.4 Rating System for the Severity Parameters

Severity Ratings |Description Definition
10{Dangerously high Failure 90111(1 resulF in matena.l damage, project
suspension and serious financial loses
{Exiremely high Fgllure could result in errors and noncompliance
with government regulations
8{Very high Failure could seriously affect laid out timeframes
: Failure could result in major inconveniences with
THigh .
financial losses
6|Moderate Failure could result in stakeholder dissatisfaction
Failure leads to minor inconveniences without
S|Low o o
significant financial implications
4Very low Failure results in negligible inconveniences
3IMinor Faﬂure.does not have any significant impact on
the project
2Very Minor Faﬂure.does not have any significant impact on
the project
1|None Failure may not even be felt

According to risk factors used themethodology, parameters of FME#hich are

severity, occurrencggnd detection will be rated inthe demonstrative case study.

Then, factors that have high risk were selected.

As shown inTable 35, critical risk factors are rated as high ris&ing subjective

judgment according tdhe severity rating otherelated projet.
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Table3.5 Representation of Severity Ratings

Level 4 (Failure) Potential Effects of Failure Severity (S)

Owner/ client lack of experience in construction projects Make wrong decisions or use improper methods in projects 1-10
Slow decisions by the owner Delays in activities and total projects 1-10
Lack of communication and coordination Poor completion of activities 1-10
Financial difficulties Delays and interruptions of activities 1-10
Construction mistakes Reworks, delays in project 1-10

Inadequate contractor experience Poor project completion/delays and material wastage 1-10
Paor sub-contractor works Poor project completion/delays and material wastage 110
Inadequate planning and scheduling Make wrong decisions and misconnection between activjties 1-10
Inaccurate cost estimation Pricing problems & claims 1-10
Low material quality Weak structuresfincreased costs 1-10

Slow response and poor inspection Wastage and delays 110
Deficient tender documentation (design, bills of quantities and specmcatl Joject suspension 1-10
QObtaining permits from municipality Project suspension 1-10
Poor/low labour productivity Delays in activity/ project completion 1-10
Shortage of skilled/unskilled labour Delays in activity/ project completion 1-10
Shortage of material at site Delays in activity/ project completion 110
Inavailability/ shortage of equipment at site Delays in activity/ project completion 1-10
Delay in preparation/ approving design documents Delays in project commencement 1-10
Design changes during the project Delays in completion of tasks 1-10
Vagueness of contract clauses Poor project completion 110
Lack of communication between parties Major inconveniences 1-10
Unforeseen weather, ground and environmental condition at site Project suspension 1-10
Price inflation/ fluctuations Major inconveniences 1-10
Other risks (conflict, war, country risks, force majeure vb.) Project suspension 1-10

3.1.2.3  Listing Existing Control of Each Failure Mode

Sankar and Prabhu (200&markedhat detegbnis an evaluation of the competence
of a recommended design verification project to expose possible wseknes
prevent before the part/assembly is released to production.

Here,the aim isto controlthe failure mode to minimize elays in the project. For
differentrisk factorsthere must be different detection rasnghe criteria whiclare
used to rate thdetectionof failure modes areshownin Table 36.



Table3.6 Rating Systenfior Detection Parameter

Detection Ratings | Description Definition

10 | Absolutely impossible | There is no process control

Project controls will not/cannot detect a
potential cause or subsequent failure mode
Remote chance that the process controls will

8 | Remote detect a potential cause and subsequent failure
mode

Very low chance that the process controls will
7 | Very low detect a potential cause and subsequent failure
mode

Low chance that the process controls will

6 | Low detect a potential cause and subsequent failure
mode

Moderate chance that the process controls will
5 | Moderate detect a potential cause and subsequent failure
mode

Moderately high chance that the process

4 | Moderately high controls will detect a potential cause and
subsequent failure mode

High chance that the process controls will

3 | High detect a potential cause and subsequent failure
mode

Very high chance that the process controls will
Very high detect a potential cause and subsequent failure
mode

Almost certain chance that the process controls
1 | Almost certain will detect a potential cause and subsequent
failure mode

9 | Very remote

2

Risk factors are ratedonsideringthe definition of detection ratingg-actors are
shown in red coloin Table3.7 indicates higher ratingand it can differ from ratings

in other parameters (severity and occurrence).
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Table3.7 Representation dbetectionRatings

Level 4 (Failure)

Potential Effects of Failure

Detection (D)

Changes by the owner

Delays in project commencement and completion

1-10

Owner/ client lack of experience in construction projects

Financial difficulties

Make wrong decisions or use improper methods in proje

Delays and interruptions of activities

cts 1-10

Construction mistakes

Reworks, delays in project

Contractords poor site manage menfinuéesldss o medalsimaterial damags ki | | s . 1-10
Inadequate contractor experience Poor project completion/delays and material wastage 1-10
Poor sub-contractor works Poor project completion/delays and material wastage 1-10
Low material quality Weak structures/increased costs 1-10
Underestimation of project complexity Failure to meet deadlines 1-10
Slow response and poor inspection Wastage and delays 1-10
Inadequate skills for manpower Poor completion of tasks 1-10
Poor/low labour productivity Delays in activity/ project completion 1-10
Shortage of skilled/unskilled labour Delays in activity/ project completion 1-10
Shortage of material at site Delays in activity/ project completion 1-10
Inavailability/ shortage of equipment at site Delays in activity/ project completion 1-10
Delay in preparation/ approving design documents Delays in project commencement 1-10
Design changes during the project Delays in completion of tasks 1-10
\/lagueness of contract clauses Poor project completion 1-10
Lack of communication between parties Major inconveniences 1-10
Unforeseen weather, ground and environmental condition at site Project suspension 1-10
Price inflation/ fluctuations Major inconveniences 1-10
Other risks (conflict, war, country risks, force majeure vb.) Project suspension 1-10

Thenext step isntegratingall three parameters to calcul#terisk priority number

(RPN)for each risk factor thas failure modes of projects.

3.1.24

Calculate RPN Vales for Each Risk Factors

The RPN is calculated by multiplying three parametéysing RPN valuesit is

possible to rank risk factors from the risk that trashighest score tthe smallest

score.

The iisk assessment matrix usedyigen inTable 38.
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Table3.8 Risk Assessment Matrix

S RSKMARX
Detection (D)

1 3 4 5 6 7 8 9 10

1] 1 9 16| 25| 36| 49| 64| 81| 100

2| 2 18| 32| 50| 72| 98| 128| 162| 200

3 3| 12| 27 48 75| 108| 147| 192| 243| 300
@ 4| 4| 16| 36| 64| 100| 144
% 5| 5| 20| 45| 80| 125| 180
§ 6| 6| 24| 54| 96| 150| 216
8 7 7| 28| 63| 112| 175| 252
8| 8| 32| 72| 128| 200| 288
9 9| 36| 81| 144| 225| 324
10| 10| 40| 90| 160| 250| 360
1 2 3 4 5 6
Severity (S)

In the matrix, critical risk factors are showiith red color which haanRPN value
higher than 400. Determination of the threshold value can differ according to the
users.The threshold valueavas determined as 40Q0referring to thesubjective
judgment Other RPN values are also demonstrated indiffecolor scales (greén

low, orangeé moderate).

As shown in Tabl&.9, theRPNvalues of each risk factor are determined according
totheratings of three parameters. Then, accordirtethreshold value, criticalsk

factors are selected.
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Table3.9 Representation of RPN Values

Level 4 (Failure)

Risk Prioritization Number (RPN)

R2 S*O*D
R3 S*O*D
R6 S*O*D
R7 S*O*D
R8 S*O*D
R9 S*O*D
R10 S*O*D
R11 S*O*D
R12 S*O*D
R13 S*O*D
R14 S*O*D
R15 S*O*D
R16 S*O*D
RiZ. | SOD]
R18 S*O*D
R19 S*O*D
R20 S*O*D
R21 S*O*D
R22 S*O*D

R25 S*O*D
R26 S*O*D
R27 S*O*D
R28 S*O*D
R29 S*O*D

3.1.3

Risk Mitigation

After the calculatiorof the RPN value the risk mitigation steproceededWithin
the scope of the thesis, to mitigate risk, risk factors are assigned to activities to

practicestrategies.
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In previous stepgparameters of RPN values (S, @d D) are rated to determine
critical risk factors.After RPN valuesare calculatedusing different alternative
methods,corresponding durationsf critical risk factors are designated based on
subjective judgmentCritical Risk Factors and their RPN values in taxonomy are
presented in Table B0.

Table3.10 Critical Risk Factors and RPN Values

Critical Risk Factors |RPN Values
R1
Ra
Rs
Ri7
Ras

R24

3.1.3.1 Calculation of the Corresponding Duration of Activities for Critical

Risk Factors

As part of this study, tiee alternative methods apFoposedto calculatethe
corresponding duration of RPN values befonapping risk factors withactual

activities.
Here,threedifferentalternative methodare explained.

Alternative Metlod 1: Based on Severity Parameter

In this alternative the duration is estimated as a functiontloé severity parameter.
Here,the severity parameter ihe base point to convert risk factors to activity. As
shown in Table 311, using subjective judgmentgorresponding wratiors of

severity ratings are classified ininterval.
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Table3.11 Duration considering Severity Ratings

Severity Ratings Description Duration
10 Dangeroushhigh 26-30 days
9 Extremely high 21-25 days
8 Very high 18-20 days
7 High 16-18 days
6 Moderate 13-15 days
5 Low 11-13 days
4 Very low 8-10 days
3 Minor 6-8 days
2 Very Minor 3-5 days
1 None 0-2 days

Valuesin the midpoint of each interval are taken usifigble 311. Then,sample

critical risk factors and resulting durationdl be obtainedasin Table3.12.

Table3.12 Risk Factors and Durations in Alternatite

Critical Risk Factors | Duration (Days)

R1 D1
R4 D4
Rs Ds
Ri7 D17
Ras D23
R24 D24

Alternative Method?: Based on Total RPN Values of FMEA Taxonomy

For the secondalternative RPN values of critical risk factoegedividedinto total
RPN values of all risk factors available in taxonomy. After getinegatio for each

critical risk factorsthese rateare multipliedwith total project duration.
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The ptal duration othe project changes according to projedtsen corresponding
durations will be calculated im demonstrative case study considering project

duration.The epresentation of this process is shown in T38Hl8.

Table3.13 Risk Factors and Durations in Alternative 2

Critical Risk Factors | Duration (Days)

R1 Ratio*Total Project Duration
R4 Ratio*Total Project Duration
Rs Ratios*Total Project Duration
Ri7 Ratioi7*Total Project Duration
Ras Ratiops*Total Project Duration
R24 Ratio4*Total Project Duration

Alternative Method3: Based orT otal Project Duration

The final alternative methods alsoaccording tosubjective judgmentonsidering
different RPN intervalsin each intervalcorresponding durationare equals to
different ratios of total project duration. Impacts considering % of total project

duration is showin Table 3.4.
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Table3.14 RPN Values and Impacts

RPN Value Impact (% of project duration)
901- 1000

751- 900

601- 750

451- 600

301- 450 5.0%

151- 300 3.0%

0-150 Insignificant delay

For examplearisk factorwith 901- 1000 RPN values has%15 impact a the total
project duration. As ialternative method,2he finalalternativealso dependsnthe

total project durationDurations according to methotivo, arein Table 315.

Table3.15 Risk Factors and Durations in Alternative 3

Critical Risk Factors | Duration (Days)

R1 Ratio*Total Project Duration
Ra4 Ratios*Total Project Duration
Rs Ratios*Total Project Duration
Ri7 Ratioi7*Total Project Duration
Ras Ratiops*Total Project Duration
R24 Ratio4*Total Project Duration

According to theséhreealternativesdurations arassignedo newactivities Then
theschedule otheproject is revised after insertimgw activitiesinto the schedule.
Which are the projects:

1) Comparghebaselineschedule and revised schedule of the project to mitigate

delays that may occur ithe project.

2) See the effects of critical risk factors by adding new activities to schedule to
develop a risk response plan afhe project before considering failures
happen.
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In the next step, inputs and outputs of the proposed methodology will be clarified.

3.2  Overview of Proposed Methodology

In this step, an overview of the proposed methodology is provided for users. Figure
3.2 shows the interconnected componentthefproposedmethodology. Inputs of

the methodology were delay risk factors that were identified in taxonomy. Then,
three parameters of FMEA were rated by a subjective judgment to calculate RPN

values of each risk factor. According to RPN value, critical risk facters selected.

The primary process of this study was reflecting the corresponding effects of critical
risk factors to the existing project schedule. The impact of critical risk factors was
calculated as the duration using three alternative methods. ditegeative methods

were used to compare and validate the effect of risk factors to project schedule.

Another crucial process of the study was converting critical risk factors into the
activities. After the duration of the critical risk factors was alated, they were
considered as new activities to detect the risk factors at the exact point that they occur

and to relate to available activities properly.

In most of the projects, the completion time of the project is calculated by adding a
simple lag o the project life cycle, considering all project risks with a general
overview. However, the baseline schedule of projects generally does not actualize.

Therefore, in this study, using Primavera P6 software, new activities were inserted
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into the existingproject schedule. Then, a revised schedule of the project was

obtained, considering the most critical risk factors.
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Figure3.2 Components othe Proposed Methodology
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The revised schedule of the projest®ws the impact of critical risk factors, and it
is a warning for users to take corrective action before the suspension or failure of the

project. Schedule risk analysis of the project gives three critical results to the users:

- The completion time of therojects could deviate from the specified time
although decisioimakers take into account some general risk factors during
the projectin this study, it isupposedo get the completion time of the revised
project schedule must be later than expected.

- Critical delay risk factors could be detected and linked to the project's activities
more systematically.

- Corrective actions could be taken at the right place that risk occurs rather than

determine lag by chance.

Due to applying a demonstrative case stulig thesis was proceeded considering
only two different schedules of the project: the baseline schedule and the revised
schedule of the project. However, if a real case study is used to implement the
proposed methodology, the results could be more signif and efficient for

decisionmakersin that case, there will be three (3) different schedule:

- Expected baseline project schedule before the completion of the project
- Revised project schedule using the proposed methodology

- Avrealized project scheduldter the completion of the project

According to the results of the three different project scheduhe users could
validate the methodology arseée the impacts of significant delay risk factors.

Consequently, sing taxonomy with FMEA, delay risk anaiysof construction
projects could be improvedkirst, axonomy enables users to analyze delay risk
factors logically. Then, FMEA provides to prioritize these delay factors by the

knowledge of users.

In the following chapter, a deonstrative case study will be elaborated.
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CHAPTER 4

DEMONSTRATIVE CASE STUDY

In the demonstrative case study, the above process was applied to a hypothetical
project. The hypothetical project is a housing project whicls baly finished

construction works.

A case study is conductedmodifying the term project used ithe CE434
Construction Planning course the Civil Engineering Department of METU. In

addition totheproject af u | | l i st of the prApperaligh 6s det
In the case studyhere argwo different schedules of projects:

1. Baseline project
2. Baseline project with delays according to RPN values (for critical risk

factors)

4.1 Baseline Project without Risk Factors

In the case study, a housing complex will be constructed on a peitbetwo
different blocks (Block 1 & 2)s shown inTable 4.1.The gructural works of the
project have been finishedsome of the remaining worksglated activities,
durations, corresponding resources, and budgeted units are igivieable 4.2.
Accordingto these worksarevised schedule with the help of FMBes obtained
Thecase study aims to explaiow delays can be reflectetthe schedule of projects

as activitiesThen, results show thasks on the projects can be controllable.
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Table4.1 Blocks and Floors in House Compleco(itinued in Appendix A)

Block Number | # of thefloor in blocks
1 7 Floors
2 6 Floors

It is required to prepare the term project by solving the network on Primavera P6

software using the given informatian

Table4.2 Related Informatiombout Activities in Project (continued in Appendix

A)
Activity Name Duration (days) Resource Budgeted Units
Masonry Works 5 Bricks 662.25 m’*
Mechanical Installations Under Screed 7 -
Screed Works + Screed Concrete 471.13 m’
Installation of PVC Windows 2 -
Gypsum Plastering 10 Plaster 1348.49 m?
Installation of Electrical Conduits 5 -
Installation of Unit Doors 1 -
Ceramic Tiling + Ceramic Tiles 94.47 m’
First Coat Painting 5 Paint 958.67 m’
Landscaping 3 days per building -

There @ae some assumptions ftire scheduling othe project

1)
2)
3)
4)

5)

The poject start date wea01/06/2020.

There wee six working daysin a weekexcept forSundays.

Daily working hours wee assumed as 8 hours/day.

It was assumed that works at different blocks are sagueThe works at

block-2 bega only after the works dheblock-1 finish.

There are fiicial holidays in Turkey

T New Year 6s

Nati onal

1
1
1
1

Day

Sover ei

Labor and Solidarity Day
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1 Ramadan Feast
1 Sacrifice Feast
1 Victory Day
1 Republic Day
6) Per unit cost for each resource wag0 $.
7) For activitiesthathave delaysper unit cost for each resource wassumed
as0.00 $ becaustheaim of the project is not abbthe cost overun.
8) All activities hadFinish to Start (FS) relatiolhe fow of the activities is

shown inFigure 4.1.

Installation of
Immd PVC Windows )
\\FS

£ —
: Ceramic Tiling First Coat W33 .
P Plastering /‘ Paiting Landscaping
_’ /

Installations
Under Screed,

YA
= Installation of
—»

Figure4.1 Relationship between Activities

Until 2022, the holidaysvere arrangedccording to the given official holidayas
in Figure 42.

Global Calendar: Housing Complex

(« Total work hours/day (" Detailed work hoursiday

August 2020 > Work hours/day

ﬁ -
Tue Wed Thr Fri Sat 8.0 -

16 17 19 20 21 22

23 24 25 26 27 28 29

30 31

Standard [ | Nonwork [ | Excepon [ ]

Figure4.2 A Sampleof the CalendarShowing Working andNon-working Days

(Taken from the Primavera P6)
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Bricks, screed concrete, plaster, ceramic tiles, peeméadded manually. Also, the
square metersere again manually added from the units of measure menu. The
resources have ¢ir calendars as default. It wakanged manually with the edited
previouslymentioned calendar to every resource one by asmén Figure 4. and
Figure 4.4. Additionally, other details othe project and results of dwfare are
available in Appendix B

Resources

Activities Resources

*~ Display: Current Project's Resources

Resource D Resource Name Resource Type | Unit of Measure | Primary Role Default Units / Time
Material

@, Ceramic Tiles Ceramic Tiles Material meter square g/d

%l Plaster Plaster Material meter square 8/d

% Screed Concrete Screed Concrete Material meter square 8/d

Bricks Bricks Material meter square 8/d

Figure4.3 Resource Assignemt (taken from the Primavera P6)

General | Status | Resources | Predecessors ‘ Successors ‘ Relationships ‘ Expenses ‘

Acity [PIKIF 11000 IMasonry Works

lResource D Name Actual Cost| Budgeted Cost |aryResou|  Remaining Units / Time| Original Lag | Start Finigh Budgeted Unts|

0o sprn] B 1334] 0/0tdun20 | 05-lun20 664

Figure4.4 Resource Details (taken from the Primavera P6)

After activities, their durations and all other informatiovere insertedinto
Primavera P6, and total project duratieas found asl60 daysfor the baseline

project scheduleasindicated in Figure 4.5.

+ Layout: Classic Schedule Layout
Activity ID

Fitter: All Activities
Activity Name Criginal
Duration

=& Housing Complex-2 Case Study

-

Figure4.5 Duration ofthe Basdine Project (taken from the Primavera P6)
4.2  Baselne Project with Delays according to RPN Values

In this step othe study, transactions concluded based ondafined methodology

are as follows:
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V The <=verity, occurrence, and detection parameters of RPN were rated

according taheproject.

V RPN values oéach risk factor in taxonomy were calculatedfi@case study
project.

V Critical risk factors were selected.

<

alternatives that were defined in section 3.1.3.1.

Additional activties were determined according to critical risk factors.
The duration oftheactivities wascalculated.

Activities were inserted to the project schedule.

< < < <

4.2.1 Severity Rating

The mtential effects of failure mode for schedule dehagre estimatedby using
subjective judgmentansidering construction projectsor the process, assumptions

are as follows:

1) The user/decisiomaker has sufficient knowledge oflelay factors in
constructio projects.
2) There is ndime limitation.

For the severity parametéehe following tasks were done:

1) Control e linguistic scale of severity
2) Rate the severity dheparameter
3) ldentify the potential effectef failure modes on constructiomggects
4) Checkand make lcanges if any need is available
As a resultthe effects and ratirgjof each risk factowereconstructed irable 4.3
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Table4.3 Severity Ratingdased on Subjective Judgement

Level 4 (Failure) Potential effect of the failure

Owner/ client lack of experience in construction projects Make wrong decisions or use improper methods in projec

Severity (S)

Underestimation of project complexity Failure to meet deadlines

Poor/low labour productivity Delays in activity/ project completion
Shortage of skilled/unskilled labour Delays in activity/ project completion

Design changes during the project Delays in completion of tasks | 6 |
Lack of communication between parties

Price inflation/ fluctuations Major inconveniences
Other risks (conflict, war, country risks, force majeure vb.) Project suspension 2

Most of the risk faiors were rated as high riskNeverthelessthe effectson the
calculation of RPN can be differerit means that risk factors that haaenigh

severity rating can haweslight effect orRPN value because of other parameters.

4.2.2 Occurrence Rating

As mentioned above, themere someassumptions for rating parametefr the

occurrence parametehe same assumptions are valid.
For theoccurrencgparameterthefollowing tasks were done

1) Rate the occurrence parameter
2) Determine the potential causafsfailure modes on construction projects
3) Check and makehanges if any need is available

After subjective judgmentsesults are shown ihable 4.4
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Table4.4 Occurrence Ratingsased on Subjective Judgement

Level 4 (Failure) Potential cause of the failure Occurrence (O)
Changes by the owner Different preferences 7
Owner/ client lack of experience in construction projects First project

Lack of communication and coordination Hastened project completion ‘
Contractords poor site manage me niconpetentpasomer vi si on |skills.4
Inadequate contractor experience Poor selection process 6
Poor sub-contractor works Poor outsourcing 7

Low material quality Poor material selection
Slow response and poor inspection Negligence/ giving lack of importance

Obtaining permits from municipality Incompetent personnel

Inadequate skills for manpower Lack of training/poor recruitment

Delay in preparation/ approving design documents __________[Projectcomplexiy | 6
Vagueness of contract clauses Incompetent personnel 7
Lack of communication between parties Lack of communication channels 6
Unforeseen weather, ground and environmental condition at site Climate changes 5
Price inflation/ fluctuations Economic changes 5
Other risks (conflict, war, country risks, force majeure vb.) Epidemics efc. 3

Thereare risk factors that some of them have high risk as in severity rating, but some
of them are different. So, it does not have tothesame ratings for different

parameters.

4.2.3 Detection Rating

In this step, taskaeredone as follows:

1) Rate thedetection parameter
2) List existing control for each failarmode on construction projects

The esults are showm Table 4.5
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Table4.5 Detection Ratingbased on Subjective Judgement

Level 4 (Failure) Existing controls Detection (D)
Changes by the owner Change control plan 3
[Ouner clientlack of experience inconsrucionprojects —— Noe [ 9
Slow decisions by the owner Simplification of cases 3
Lack of communication and coordination Project management plan 3
Financial difficulties Project management plan 3
Construction mistakes Supervision 7
Improper construction methods Project management plan 7
Contractords poor site manage me nRrojeatmahagsmeptplanvi si on $kill s3
Inadequate contractor experience Project management plan 2
Poor sub-contractor works Project management plan 2
[adequete plamingandscheduing  [Projectmanagementpln [
Inaccurate cost estimation Project management plan 2
Low material quality Material specification 2
Slow response and poor inspection Project management plan 3
Deficient tender documentation (design, bills of quantities and specifica{iér()ject management plan 4
Obtaining permits from municipality Project management plan 3
Inadequate skills for manpower HR management 3
Poor/low labour productivity HR management 4
[Shortage of skiled/unskiledlabow — [HRmenageme [ 9
Shortage of material at site Material specification 4
Inavailability/ shortage of equipment at site Project management plan 1
Delay in preparation/ approving design documents Project management plan 1
[Desion changes durngtheproject  [Projectmanagementpln [ g
Vagueness of contract clauses Project management plan 2
Lack of communication between parties Project management plan 1
Unforeseen weather, ground and environmental condition at site Project management plan 3
Price inflation/ fluctuations Project management plan 3
Other risks (conflict, war, country risks, force majeure vb.) Project mitigation plan according to process 7

As indicated above, faars that have high detection values areed. Moreover
there arefewer failure modes that are designatetbre critical than inother

parameters.

4.2.4 Calculation of RPN Values

After previous steps for estimating S, @&nd D parameters, RPN valuesgere
calcuatedfor each risk factofEventually, there wergix critical risk factors. Results
with failure modes are shm in Table 4.6
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Table4.6 RPN of Each Failure Mode

Level 4 (Failure) Risk Prioritization Number (RPN)

Changes by the owner 168
Owner/ client lack of experience in construction projects 315
Slow decisions by the owner 240
Lack of communication and coordination 162
Financial difficulties 240

Inaccurate cost estimation

Contractor’s poor site management and supervision skills. 120
Inadequate contractor experience 120
Poor sub-contractor works 126

128

Low material qualit

126

Slow response and poor inspection 90
Deficient tender documentation (design, bills of quantities and specification) 288
Obtaining permits from municipality 210
Inadequate skills for manpower 144

Poor/low labour productivi

Shortage of material at site

252

256

Inavailability/ shortage of equipment at site

Delay in preparation/ approving design documents

Vagueness of contract clauses 112
Lack of communication between parties 42
Unforeseen weather, ground and environmental condition at site 150
Price inflation/ fluctuations 105
Other risks (conflict, war, country risks, force majeure vb.) 42

In Table 47, critical risk factors inthe project are available.

Table4.7 Critical Risk Factors

Critical Risk Factors

Construction mistakes

Improper construction methods

Inadequate planning and scheduling

Underestimatiorf project complexity

Shortage of skilled/unskilled labor

Design changes during the project
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425 Calculation of Duration of Critical Risk Factors

As mentioned in Chapter 3hree alternative methodsan be used to calculate

corresponding durations of risk factors.

Alternative Method 1: Results

As mentioned before (in detail of alternative method 1), durations were determined
according tdheseverityparameters of critical risk factorBheoutcome areshown
in Table 48.

Table4.8 Results of Alternative Method 1

Critical Risk Factors Severity Ratings | Duration (Days)

Construction mistakes 9 23.00
Improper construction methods 8 19.00
Inadequate planning and scheduling 10 28.00
Underestimation of project complexity 5 12.00
Shortage of skilled/unskilled labor 7 17.00
Design changes during tipeoject 6 14.00

Alternative Method: Results

There aréwo steps for estimating durations of risk factors.

{1 Calculation of ratipaccording tequation 3.1.3.1
RPN vales of critical risk factors werdivided to total RPN values in
taxonomy.

1 Calculation of duratiopaccording teequation3.1.3.2
The matio of each risk factowas multipliedwith the total baseline project

duration whichis 160 days.
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There were four different levels in taxononayd total RPN values were gathered

under Level las inTable4.9. Theduration for critical risk factors in Table 410.

Table4.9 Total RPN Values of Taxonomy

Level 1 Category RPN (for Level 1)
46872
ProjectRisks 1283
931
TOTAL RPN 6896

Table4.10 Results of Alternative Method 2

Critical Risk Factors RPN Values | RPN Ratio in Total | Duration (Days)
Construction mistakes 630 0.09 14.62
Improper construction methods 504 0.07 11.69
Inadequate planning and scheduling 810 0.12 18.79
Underestimation of project complexity 405 0.06 9.40
Shortage of skilled/unskilled labor 567 0.08 13.16
Design changes during the project 432 0.06 10.02

Alternative Method3: Results

Durations were calculated considering impacts that are % of total project duration
as indicated iTable 4.11.

Table4.11 Results of Alternative Method 3

Critical Risk Factors RPN Values  |Impacts Duration (Days)

Construction mistakes 10.0% 16.00
Improper construction methods 8.0% 12.80
Inadequate planning and scheduling 12.5% 20.00
Underestimation of project complexity 5.0% 8.00
Shortage of skilled/unskilled labour 8.0% 12.80
Design changes during the project 5.0% 8.00

73



4.2.6 Determination of Activities and Durations

Activitiesweredetermined in the project accordingdmtical risk factors.Based on
subjective judgmentjsk factorswere matched with activities. If critical risk factors
affect different activities/phases tfe project, the duration of each actiwtwas
calculatedoy takingtheaverage othe total duration of related riskd@rs according

to three alternative methods.
In Table 4.12risk factors andelatedactivitiesthatexistedin theproject are shown.

Table4.12 Critical Risk Factors and Activities

Most Critical Risk Factors Demonstrative Activities of Risk Factors
Breakdown of Mechanical Testing Procedure - First Floor of 1st Block
Construction mistakes Breakdown of Mechanical Testing Procedure - Third Floor of 1st Block
Breakdown of Mechanical Testing Procedure - Seventh Floor of 1st Block
Improper construction methods Missing Weep Screeds in 2nd Block

Misarrangement of Mechanical Installation Team Right After Masonary
Works in 1st Block - 1st Floor

Misarrangement of Mechanical Installation Team Right After Masonary
Works in 1st Block - Fourth Floor

Misarrangement of Mechanical Installation Team Right After Masonary
Works in 2nd Block - Second Floor

Misarrangement of Mechanical Installation Team Right After Masonary
Works in 2nd Block - Fifth Floor

Underestimation of project complexity [Miscalculation of Completion Time for 2nd Block

Shortage of Team Work on Electrical Installation - Third Floor of 1st Block
Shortage of skilled/unskilled labour  |Shortage of Team Work on Electrical Installation - Fifth Floor of 1st Block
Shortage of Team Work on Electrical Installation - First Floor of 2nd Block
Design changes during the project Changes in Landscaping Project of 1st & 2nd Block

Inadequate planning and scheduling

These activities were arranged into the project schedule baskckealternatives.

- For the first alternative method, durations of risk factors were calculated

previously. Correspondingalues for activities argivenin Table 4.13.
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Table4.13 Activity Durations intheFirst Alternative

Corresponding Values
Critical Risk Factors Delay (in Days) Demonstrative Activities of Risk Factors According to Place that
Delays Happen
Breakdown of Mechanical Testing Procedure - First Floor of 1st Block
Construction mistakes 23.00 |Breakdown of Mechanical Testing Procedure - Third Floor of 1st Block 767
Breakdown of Mechanical Testing Procedure - Seventh Floor of 1st Block
Improper construction methods 19.00| Missing Weep Screeds in 2nd Block 3.17

Misarrangement of Mechanical Installation Team Right After Masonary Works in
1st Block - 1st Floor

Misarrangement of Mechanical Installation Team Right After Masonary Works in
Tnadequate planning and scheduling 28.00 lsF Block - Fourth Floor - - - — 7.00
Misarrangement of Mechanical Installation Team Right After Masonary Works in
2nd Block - Second Floor

Misarrangement of Mechanical Installation Team Right After Masonary Works in
2nd Block - Fifth Floor

Underestimation of project complexity 12.00| Miscaleulation of Completion Time for 2nd Block 12.00

Shortage of Team Work o Electrical Installation - Third Floor of 15t Block

Shortage of skilled/unskilled labour 17.00/Shortage of Team Work on Electrical Installation - Fifth Floor of 1st Block 567

Shortage of Team Work on Electrical Installation - First Floor of 2nd Block

Design changes during the project 14.00| Changes in Landscaping Project of 1st & 2nd Block 7.00

- For the second alternativéhe duration of risk factors w@as calculated.

Corresponding values for activities areTiable 4.14

Table4.14 Activity Durations inthe Second Alternative

Corresponding Values
Critical Risk Factors Delay (in Days) Demonstrative Activities of Risk Factors According to Place that
Delays Happen
Breakdown of Mechanical Testing Procedure - First Floor of 1st Block
Construction mistakes 14,67 |Breakdown of Mechanical Testing Procedure - Third Floor of 1st Block 487
Breakdown of Mechanical Testing Procedure - Seventh Floor of 1st Block
Improper construction methods 11.69 | Missing Weep Screeds in 2nd Block 1.95

Misarrangement of Mechanical Installation Team Right After Masonary Works in
1st Block - st Floor

Misarrangement of Mechanical Installation Team Right After Masonary Works in
Inadequate planning and scheduling 18.79 ISFBIOCk - Fourth Floor - - - — 470
Misarrangement of Mechanical Installation Team Right After Masonary Works in
2nd Block - Second Floor

Misarrangement of Mechanical Installation Team Right After Masonary Works in
2nd Block - Fifth Floor

Miscalculation of Completion Time for 2nd Block 940

=

Underestimation of project complexity 94

Shortage of Team Work on Electrical Installation - Third Floor of 1st Block

Shortage of skilled/unskilled labour 13.16|Shortage of Team Work on Electrical Installation - Fifth Floor of 1st Block 439

Shortage of Team Work on Electrical Installation - First Floor of 2nd Block

Design changes during the project 10.02|Changes in Landscaping Project of 1st & 2nd Block 5.01

- For the third alternativethe duration of risk factors was calculated.The

corresponding values for activities areTiable 4.15.
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Table4.15 Activity Durations inthe Third Alternative

Corresponding Values
Critical Risk Factors Delay (in Days) Demonstrative Activities of Risk Factors According to Place that
Delays Happen

Breakdown of Mechanical Testing Procedure - First Floor of 1st Block
Construction mistakes 16.00 Breakdown of Mechanical Testing Procedure - Third Floor of st Block 5.33
Breakdown of Mechanical Testing Procedure - Seventh Floor of 1st Block

Improper construction methods 12.80|Missing Weep Screeds in 2nd Block 213

Misarrangement of Mechanical Installation Team Right After Masonary Works in
1st Block - 1st Floor

Misarrangement of Mechanical Installation Team Right After Masonary Works in
Inadequate planning and scheduling 20.00 1S,T Block - Fourth Floor - - - —— 5.00
Misarrangement of Mechanical Installation Team Right After Masonary Works in
2nd Block - Second Floor

Misarrangement of Mechanical Installation Team Right After Masonary Works in
2nd Block - Fifth Floor

Underestimation of project complexity 8.00 Miscalculation of Completion Time for 2nd Block 8.00
Shortage of Team Work on Electrical Installation - Third Floor of 1st Block

Shortage of skilled/unskilled labour 12.80|Shortage of Team Work on Electrical Installation - Fifth Floor of 1st Block 427
Shortage of Team Work on Electrical Installation - First Floor of 2nd Block

Design changes during the project 8.00|Changes in Landscaping Project of 1st & 2nd Block 4.00

After thedetermination ofheduration of activities, activities were insertietb the

project schedule. Critical points ofistprocess are:

- While adding new activities to the project, durati@ues were rounded to the
closest integer.

- New relations were constructed between activities.

Primavera Results dhe first alternative method is available in Appendix tGe
second alternative is given in Appendix D, ate last alternative method is

available in Appendix E.
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CHAPTER 5

DISCUSSION OF FINDINGS

5.1 Findings of Demonstrative Case Study

In this section, thesignificant consequencesf the demonstrative case study are
presentedbased on two steps

1 Evaluationof theresults of th&=MEA process
1 Evaluationof theresults of thescheduling process
1) First of all, kased on theating process of each risk factptise topfive (5) most
critical groups of risk factorsausing schedule delaysthe demonstrative case

studywere shown in Tablg.1:

Table5.1 List of Top Five (5) Most Important Factors Causing Schedule Delays

Level1 | Level 2 Level 3 (Construction Parties) | Level 4 (Failure) RPN (for Level 3
Changes by the owner

Owaner/ client lack of experience in construction projects

Slow decisions by the owner

Lack of ication and coordination

Financial difficulties

Stakeholder

1 cost estimation
Low material qualif

Project
risks Deficient tender documentation (design, bills of quantities and
specification)
Obaining permits from municipality
Inadequate skills for manpower
Poor/low labor productivis
Resources

Material Shortage of material at site

Equipment

Vagueness of contract clauses
Lack of communication between parties

Unforeseen weather, ground, and environmental condition at site
External Price inflation/ fluctuations 297

Other risks (conflict. war, country risks. force majeure vb.)

154

General | Contract Related
Process
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Initially, each group of delay factors is summarizéeen the most critical delay risk
factors in the case study will be evaluated to compareffiacts of Level 3 and Level
4.

1. Contractor related delay factorgss shown in Tablé.1, this groupwas the
most determinativeneto cause the schedule delay. It wiagstlydue tothe
delay risk f act or s Ai nadequate pl =8t0hi ng and
construction mistakes (RPN=630), improper construction methods
(RPN=504), and underestimation of project complexity (RPN=405).
2. Owner related delay factors: Ere types ofdelayrisk factors wereseen as
critical at Level 3. However, as seen in Tablg when each failure mode in
Level 3 was evaluated, they did not have critical RPN values (in yellow
color).
3. Laborrelated delay factors: This group of schedule delay factors was also
seen as critical. It wasskied/iumsklled due t o t |
|l abor (RPN=567).0
4. Designrelated delay factorsthis group of schedule delay fact@Bected
the project schedul e. It i s because of t
project (RPN= 432).0
5. Consultantrelated delay factorsthis group of scheduldelay factorsvas

seen as critical, yet there was no individual critical failure mode in this group.

Similarly, & indicatedn Figure5.1, the effects of each part ithe taxonomycould

be interpreted for Level 2 and Level 3
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TAXONOMY RPN VALUES

5000
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3000
2000

0

Stakeholder Resources Process
® RPN VALUES Client-owner = RPN VALUES Contractor
RPN VALUES Consultant RPN VALUES Government
® RPN VALUES Labour m RPN VALUES Material
® RPN VALUES Equipment ®mRPN VALUES Design
® RPN VALUES Contract ® RPN VALUES External

Figure5.1 Graphical Representation of RPN Values of Taxonomy

1. Stakeholdeii related delay factors: This level of delay factomsw
identified as the most critical. It includes owarelated, contracter
related, and consultantlated delay factors groups. However, the
contractorrelated delay factors had the main effect.

2. Resourcé related delay factors: This leuglevel 2)of delay factors
was not seen as critical, but laboelated delay factors had a
significant effect on the project schedule.

3. Process related delay factors: This level of delay factomsswot

critical, as each failure mode in this level.

Briefly, looking at therisk factors from the outer levels might gitree users clues
about the place wheritical risksarise However, as understood from the resuts,
group of delay risk factors (Lev2land Level 3could be seen as critical, bumay
not reflect the acal case. Thereforedelay risk factors should be evaluated

individually (Level 4) to proper risk assessment.

2) After determininggritical risk factors, the duration of these factors was calculated

using three alternative methods. Then, they were converti activities and
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inserted ito the project schedule. As a result, there was a revised scheth#e of

housing complex project.

Primavera's results for the three alternatives are summarized as the figures below.

Activity Name T Original|
Duration

=& Housing Complex-3 Case Study

- By Housing Complex-3.Blocks Blocks 154
- By Housing Complex-3,Blocks.1. - Floor Block 1 122
@ PIK11236 Changes in Landscaping Project of First Block 7

@ PIK11225 Landscaping

Housing Complex-3.Blocks.1. - Floor.1. (New WBS)
P1K1F11200 First Coat Painting 5

P1K1F11175 Installation of Unit Doors 1

P1KIF11150 Installation of PYC Windows 2
PIKIF11125 Ceramic Tiling 4
PTKIF11100 Gypsum Plastering 10
P1KIF11075 Secreed Works 4
P1KIF11050 Installation of Electrical Conduits 5
P1K1F11035 Breakdown of Mechanical Testing Procedure - First Floor 8
F1KIF11025 Mechanical Installations Under Screed 7
P1KIF11010 Misamangement of Mechanical Installation Team Right After Masonary Works i
Masoruy Works 5

Figure5.2 Result ofthe First Alternative

Activity Name

=& Housing Complex-1 Case Study

- By Housing Complex-1.Blocks Blocks

- iy Housing Complex-1.Blocks.1. - Floor Block 1 115
@ P1K11235 Changes in Landscaping Project of First Block 5

@ PIK11225 Landscaping

= Housing Complex-1.Blocks.1. - Floor.1. (New WBS) 47 I

@ PIKIF11200 First Coat Painting 3}
@ PIKIF11175 Installation of Unit Doors 1
&= PIKIF11150 Installation of PVC Windows 2
@ PIKIFIM25 Ceramic Tiling 4
@ PIKIF11100 Gypsum Plastering 10
@ PIKIF11075 Screed Works 4
& PIKIF11050 Installation of Electrical Conduits 5
@ PIKIF11035 Breakdown of Mechanical Testing Procedure - First Floor 5
@ PIKIF11025 Mechanical Installations Under Scieed 7
& PIKIF11010 Misarrangement of Mechanical Installation Team Right After Masonary Works 5
- Masonry Works 5

Figure5.3 Result ofthe SecondAlternative
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Activity Name [/ riginar,
Duration |
= |

=& Housing Complex-4 Case Study

- By Housing Complex-4.Blocks Blocks 162
-1 By Housing Complex-4.Blocks.1. - Floor Block 1 114
@ P1K11225 Landscaping 3
& PIK11235 Changes in Landscaping Project of First Block
B '@ Housing Complex-4.Blocks.1. - Floor.1. (New WBS) 7
@@ P1K1F11000 Masonry Works 5
& PIKIF11010 Mizarrangement of Mechanical Installation Team 5
@@ PIK1F11025 Mechanical Installations Linder Screed 7
& PIK1F11035 Breakdown of Mechanical Testing Procedure - F 5
@@ PIK1F11050 Installation of Electrical Conduits 5
& PIKIF11075 Screed Works 4
@ PIKIF11100 Gypsum Plastering 10
& PIKIF11125 Ceramic Tiling 4
@ PIKIF11150 Installation of PVYC Windows 2
W PIKIF11175 Installation of Unit Doors 1
& PIK1F11200 First Coat Painting 5

B = Housing Complex-4.Blocks.1. - Floor.2. (New WBS)-1

Pk F27000 [Masorsywiorks | 3|

|~

Figure5.4 Result ofthe Third Alternative

Results othree alternativenethods to Primavera P6 are:

1 The duration of the first alternative 194 days
1 The duration of the second alternativd &l days
9 The duration of the third alternativelis2 days

Here,the aim isto compareand validag the effects ofritical risk factorson the
projectdurations.The new results of the demonstrative case project have also been
compared with thbaselingoroject resultsThe aiginal project duration is 160 days,
andin each methodhere isa delay o207 30 days bsed on the additional activities

The three alternative methods were evaluated, and it olgervedthat the
application of each method and calculation of their effects on the project schedule
gavesimilar resultsaround 190 day€ne of thealternativemethods could be usged

or new methods could be developed to anatiieelurationof critical risk factors

As expected, the completion time of the revised project schedule is later than the
completion time of the baseline project schedtle point is thadelay risk factors
expand project schedukend they should be considered in construction projébts.
implementation of the proposed methodology in the construction projects examines
the anticipated delay risk factoend supports the decisionaking pocedures

during risk assessment practices.
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In summaryFMEA-based methodology for delay analysis of construction projects
wassatisfying and useful faherisk assessment process in construction projects. It
was emphasized that the methodology makes it possible to insert the delay risk factor
into the project schedule as an activity. It provides a practical way to use the FMEA
in construction projects andlps potential users iabtainingalternative methods to
mitigate the risk of delay. It should also be emphasized thatduration of risk
factors could be estimated using different methods. Moreover proposed methodology
could further be developed consiuey different risk factors, preferences of users,

and strategies of companies by following the process in this thesis.

5.2 General Overview of the Thesis

Delay is the most critical, complex, hazardous, and expensive problem met in the
construction industryAhmed et al. (2003) stated that it is required to determine the

causes of delay to mitigate/ prevent the delays in projects.

During the literature review, there were two main subjects. The first one was the
define delay risk factors in the construction pctgeAs stated, there are many causes

of delay risk factors. Therefore, lots of delay risks are available in projects. However,
because the construction projects are multidisciplinary, it is challenging to direct all
the risks properly. Several studies baveen conducted to assess the delay risk
factors in construction projects. Although there are different approaches, there is no

approactreflectingthe direct impaatof risk factors on the project schedule.

The second main subject was detailing the FMarAcess and its application.
Similarly, there were many studies on FME®enerally, the traditional FMEA
approach was used to analyze risk factors in projéds.example, FMEA was
simply appliedthe quantitativerisk analysisusing historical data of accidents in
construction projects. However, advanced methods were also combined with FMEA,
such as FuzzyFMEA. There is no application of FMEA in the literature to mitigate

delay risk factors in construction projects in the gracheme of thing
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In thisstudy, thetraditionalFMEA approach wasiodifiedand advancedsing delay

risk taxonomyto controlproject delay risk facter FMEA is a simple procedure that
enables analysis of potential failure modes, causes, and effed¢he @rojects.
Taxonomy was formed to have a more systematic process to assess risk factors in
projects. By this meang,wasaimed to applyhe FMEA method more successfully

and appropriatelyThen, the ppposed methodology and demonstrative case study

were presented.

The poposé methodologywas developetbr users to quantify and detect delay risk
factors in construction projects and to assign them into the project schedule by using
risk priority number (RPN) of failure mode and effect analysis (FMEAJ a

Primavera P6.
There are some challenges to the proposed methodology:

1 Construction projects have a dynamic character. Therefore, specified delay
risk factors could always change. Different delay risk factors may occur
depending on the type of constructiorojects. It means that taxonomy might
be changed, and users must control the changing circumstances of projects.

1 Second, because the FMEA methodology was straightforward, it has been
criticized. When carrying out the FMEA&yen if there are expert opams
rather than subjective judgmeifivs calculating RPN, precise values for RPN
parameters (S, O, and D) might not be possible.

1 The most critical challenge is, there is no sufficient time to take action about
the risk factors in the construction proje@gcisiormakers sometimes have
to make a decision immediately in case of urgent risk factors. Therefore, in
such cases, it may not be possible to apply the proposed methodology in the

flow of the project.

Although there are challenges related to the iegipbn of the proposed

methodology, its benefits averified in the following aspects:
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1 First, themethodologyemploysdelay risk taxonomyasedon risk factors
that are mostly encountered in projedise implementation of taxonomy and
FMEA takes many @ssible impacts that avable in construction projects
into consideration consideringa causeeffect relation of risk factors.
Thereforetheconsequenceas therisk assessment process arerecredible
andaccurate

1 Although subjective judgments wenesed to implement the proposed
methodology, RPN is not the only means of evaluating delay risk fantors
the proposed methodolog® PN is an important step to determine delay risk
factors in the project. Then, the software is used to insert the delégatisks
into a project schedule. This gives a chance for users to evahdteonitor
risk factors and their effects on projects. In this way, the subjectivity of the
methodology could be reduced.

1 Moreover, he proposed methodology smostihe way for tle decision
makersbecauseheappication ofthe proposed methodology to the software
is straightforward.

1 Especially for more critical projects regarding time and cost issues, it
becomes more important to apply such a methodology to manage risk factors
in projects by usergonsidering theractical use and benefit$ the FMEA
(simple, easy application, having widespread acceptance), this proposed
methodology can be eas#ylaptedo different types of construction projects
by different project stakeholdefowner, contractor, consultant etc.).

1 Consequently, using the proposed methodology in the construction projects,
usersmay take corrective actionabout the delay risk events, accurately
detect where the causes of delays occur in projants determine a
reasonable time contingenttymitigate risk rather than adding a simple lag

In the following section, this study will be concluded. Limitations of the proposed

method and future works will be covered.
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CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS

This chapter presents the summary aodclusionsof the study. First of alla
summary of the study is presented. Seconthg, contribution of the study is
explained. Thenthe limitations of the study are addressed. Finatlhys chapter

includes recommendations for future work.

6.1 Summary

As stated throughout the study, time equals money in construction projects.
Therefore, the prediction of delays and taking corrective actions are milestones of
completion of a project succégty.

This research aimed to propose a methodology for users to quantify and detect delay
risk factors in construction projects and to assign them into the project schedule by
using risk priority number (RPN) of failure mode and effect analysis (FMEA) a
Primavera P6.

There were eight main steps of this study

1. The first onewas to identify the delay factors in construction projects.
Schedule delay factors were groupenhsidering different categories (owner
related, contractor related gtc.

2. Whereby comprehensive literature review and subjective judgment,

taxonomy was obtaineavhich containswenty-nine (29)delay factors
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3. To apply FMEA, each parameter of method (severity, occurrence, and
detection) vas rated and RPN values were calculated throughjsctive
judgment.

4. Critical risk factors were selected according to RPN values to analyze their
effectsonthe project schedule.

5. The kaseline schedule dhe demonstrative case studyasvexecuted in
Primavera P6.

6. After determiningeritical risk factors,liree alternative methods were applied
to obtain corresponding effects as a duration.

7. Each delay factor as designated aan activity in the demonstrative case
study, and their durations were reflectexthe project schedule in Primavera
P6.

8. The esults ofthree alternative methods were obtainethaprogram.

In this research, delay risk taxonomy was utilized to demonstrate and categorize the

schedule delay factors to analyze delay both individually arnldeinorresponding

group.

6.2  Contributions of the Sudy

As stated in the literature review, there are several applications FMEA in the
construction sector to analyze risk$e findings from this research malseveral

contributions to the current literature. These contributions include the following:

1 In this study, critical risk factors were considered as an activity and inserted
into the project schedule to see their impacts and to deal with not being
completed on timeThe proposednethodologycan be usetb measure any
potential losses/ damages thatyne&cur due to the schedule impact at the

activity level.
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71 In this methodology, users could identify critical risk factors considering
three parameters: probability and impact. The strength of the FMEA is the
easiness of understanding the risk factors thighdetectability of FMEA.

1 Another contribution is that Primavera P6 could take into account change in
the critical path. Therefore, this proposed methodology could be used to
tackle change in the critical path.

1 The research has contributed to enhandhg delay analysis in the
construction sector by identifying critical risk factonsa taxonomyusing
FMEA that have not been addressgato now

As stated aboveyy taking account of probable outputs, useesy take corrective
actions odeterminea regonable time contingency for the projetctsnitigate delay
risks According to the risk response pjatecisioamakers ould also reexecute the
rating process of risk parameters to monik@impact of critical risk factors.

Considering the advantageioe FMEA (simple, easy application, having linguistic

but addressable parameters during the determination of critical risk factors, having
widespread acceptance), this proposed methodology can be easily applied to all kinds

of construction projects by¢h user s/ pr o jltean bedmore practical i ci par

and easily adapted to current projects through enough experience and knowledge

6.3  Limitations of the Study

The proposed methodologydsome constraints:

1 Although thetaxonomyframework was built b&sl on themost criticaldelay
factors the method is limited to theventy-ninedelayfactors.Different delay
risk factors may occur depending on the type of construction projects. It
means that taxonomy might be supposed to change.

1 During the schedule iPrimavera P6, unlimited resources were assumed.

However, in real construction projects, this is not the actual case. Therefore,
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6.4

there might be other factors that have an impact delay risk analysis of
construction projects.

The mostcritical limitation is that during the application of the FMEA
method demonstrative case study asuthjectivejudgmentavere used to rate
parameters of RPKather than real experand real case studyherefore,

the rating processmight not becompletelytrustworthy. Additionally, as
stated in Chapter &,the proposed methodology is tested on the real project,
there will also be @ occasionto compare results with the final project
schedule Subjectivity is a major problem, but it is not the most important
problem. There @& subjective judgments in the thesis, but if real experts want
to use it, they will also use their subjective judgments during the application
of the methodology.

Because of the real conditions, real project data is not present. Therefore,
there is no opiion/ advice from real experts about the hypothetical project.
It means thattere is no chance to validateemethodology usintherealized
results of the study. If there is apportunity to validate theeal case study
project there should be a compaon between the conventional schedule risk

assessment methods and the proposed methodology.

Recommendationdor Future Works

It is suggestedhat future studies are to undertake in the following areas:

1 The taxonomy framework could be updated in futangeks to reflect any

changes in construction projeg¢existing risk factors can be eliminated, or
new ones can be added).

In the concept of this study, Primavera P6 was usbith is sraightforward
software. For future studies, more powerful and-fisendly programs could

analyze delay factors more reliably andkeproblematicassumptions
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1 As stated inthe literature reviewtime and cost aréhe essentiaitems of
construction projects. Therefore, this proposed metlogy could be
improved to analyze cost overruns in construction projects.

1 Finally, and most importantly, the methodology should be tested with a real
expert view in a real case studiythis study, a demonstrative case study was
applied as a house complex building proje&bove all, the proposed
methodology should be implemented in real construction projEatsire
studies could alsbe appliedto specific types of construction prajs like
dam constructiomndbridge projects
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APPENDICES

A. Original Case Study Project in METU - CE434 Lecture

CE 434
CONSTRUCTION PLANNING
TERM PROJECT
SPRING 2019

A housing complex will be constructed two different parcelsThe gructural works
of the project have been finish&tudentsare awarded for some of the architectural
works. Related activities, their durations, corresponding resources, and budgeted

units are givernthe following pages.

Using he given informationit wasrequired to prepare the term project by solving

the network on Primavera P6 software.
Project Data:
1. Each groupdés project data wil!/ be bas:

2. Block Types will be the initial of either name or same of the member.

Please make sure that there will be no duplicate in Block Types.

3. # of floors per block will be equal to the last charact®) {i@ the student ID
of the relevant group member thfe 7" character is 0, assume it as 4.

4. # of blocks in Rrcel 1 and Parcel 2 will be equal ttee 2" and the 3

characters of the student ID, respectively.
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Project Data Sample:

Assumptions:
1.

2.

Table A.1 Project Data Sample

Block # of floor in #ofblocksin | # of blocks in
Student ID Surname Name
Type blocks Parcel 1 Parcel 2
1492859 ALTAN EMRE A 9 Floors 4 9—0
1384403 BILGIN GOZDE B 3 Floors 3 8
1635490 EROL ERDEM E 0—4 Floors 6 3
1514819 AKCAY CANER C 9 Floors 5 1

Total # of Floors = 9x4 + 3x3 + 3x8 + 4x6 + 4x3 + 9x5 + 9x1 = 159

Project start date is 01/06/2019.

There are sixvorking daysin a weekexcept for Sundays.

Per unit thecost for each resource is 9.00%.

There are fiicial holidays in Turkey

=4 =/ A 4 A4 A4 A4 -5

New Year 6s
Nat i

Day

Sovereignty and

Democracyand National Solidarity Day

onal

Labor and Solidarity Day

Comme mor at i eYwmutheahd Sportsaliay, r k
Ramadan Feast

Sacrifice Feast

Victory Day

Republic Day
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Activity & Resource Data:

Table A.2 Activity and Resources of LectuRroject

Activity ID Activity Name Duration (days) Resource Budgeted Units
PPB#F#1000 Masonry Works 5 Bricks 662.25 m?
PPB#F#1025 | Mechanical Installations Under Screed 7 - -
PPB#F#1050 Screed Works 4 Screed Concrete 471.13 m?
PPB#F#1075 Installation of PVC Windows 2 - -
PPB#F#1100 Gypsum Plastering 10 Plaster 1348.49 m?
PPB#F#1125 Installation of Electrical Conduits 5 - -
PPB#F#1150 Installation of Unit Doors 1 - -
PPB#F#1175 Ceramic Tiling 4 Ceramic Tiles 94.47 m?
PPB#F#1200 First Coat Painting 5 Paint 958.67 m?

PPB#1225 Landscaping 3 days per building - -
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B. Primavera P6 Results othe Baseline Schedule
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Figure B.2 Activity Tables of the Baseline Schedule (cont'd)
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Figure B.6 Gannt Chart othe Baseline Schedule
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C. Primavera P6 Results According tahe First Alternative Method

Figure C.1 Activity Tables oftheFirst Alternative
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