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ABSTRACT 

 

FMEA -BASED METHODOLOGY FOR DELAY ANALYSIS OF 

CONSTRUCTION PROJECTS 

 

 

Dumlu, Aycan 

Master of Science, Civil Engineering 

Supervisor: Prof. Dr. Ķrem Dikmen Toker 

Co-Supervisor: Prof. Dr. Mustafa Talat Birgºn¿l 

 

 

September 2020, 129 Pages 

 

Delay is prevalent in construction projects. Projects can hardly be completed on 

estimated targets due to emergent risk factors. Decision-makers need a delay analysis 

method to estimate construction duration accurately, considering the occurrence of 

several risk events. Due to the non-existence of historical databases about previous 

projects and the one-off nature of construction projects; the expertise of project 

managers is a valuable source of knowledge for delay analysis. In this study, the 

objective is to develop a delay analysis method that depends on the utilization of 

subjective judgment to estimate the main causes of delay and assess their impacts on 

project duration using failure mode and effects analysis (FMEA). Twenty ï nine 

(29) different delay risk factors were determined through the literature survey, and 

they were classified into ten (10) distinctive levels. The risk priority number of 

schedule delay factors was quantified by the FMEA method and the ranking of the 

factors was demonstrated considering their importance on schedule delay. Three 

alternative methods were proposed to estimate corresponding durations of delay risk 

factors and to cross-check the effects of the proposed methodology. Then, the 

proposed methodology was applied to a demonstrative case study by using 
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Primavera P6 Software. The estimated duration of schedule delay was calculated 

after the specified inputs were inserted into 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 different alternative methods in methodology, 

and it was observed that results were approximate to each other. Although the 

proposed methodology was developed based on subjective judgment, the outputs 

were found to be conceivably satisfactory for the aim of the thesis. 

Keywords: Construction Projects, Delay Analysis, Delay Risks, Failure Mode and 

Effect Analysis, FMEA, Risk Factors
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¥Z 

 

ĶNķAAT PROJELERĶNDE GECĶKME ANALĶZĶ Ķ¢ĶN HTEA -TABANLI 

BĶR Y¥NTEM 

 

 

 

Dumlu, Aycan 

Y¿ksek Lisans, Ķnĸaat M¿hendisliĵi 

Tez Yºneticisi: Prof. Dr. Ķrem Dikmen Toker 

Ortak Tez Yºneticisi: Prof. Dr. Mustafa Talat Birgºn¿l 

 

Eyl¿l 2020, 129 Sayfa 

 

Gecikme, inĸaat projelerinde ­ok yaygēn karĸēlaĸēlan bir durumdur. Projeler, ortaya 

­ēkan risk faktºrleri nedeniyle tahmini hedeflerinde nadiren ger­ekleĸtirilebilir. 

Karar vericiler, ­eĸitli risk faktºrlerinin ger­ekleĸmesini gºz ºn¿nde bulundurarak 

inĸaat s¿resini doĵru bir ĸekilde tahmin etmek i­in bir gecikme analizi yºntemine 

ihtiya­ duyarlar. ¥nceki projeler hakkēnda tarihi verinin bulunmamasē ve inĸaat 

projelerinin kendine ºzg¿ ºzelliklerinin olmasē nedeniyle, proje yºneticilerinin 

deneyimi gecikme analizi i­in deĵerli bir bilgi kaynaĵēdēr. Bu ­alēĸmada ama­, hata 

t¿r¿ ve etkileri analizini (HTEA) kullanarak, gecikme kaynaklarēnē tahmin etmek ve 

ºznel yargē kullanēmēna dayalē bir gecikme analizi yºntemi geliĸtirmektir. Literat¿r 

taramasēnda belirlenen yirmi dokuz (29) gecikme risk faktºr¿, on (10) farklē seviyede 

sēnēflandērēlmēĸtēr. Gecikme faktºrlerinin risk ºncelik sayēsē, HTEA yºntemi ile 

hesaplanmēĸ ve bu faktºrler gºreceli ºnem d¿zeyleri dikkate alēnarak sēralanmēĸtēr. 

Gecikme risk faktºrlerine karĸēlēk gelen s¿releri tahmin etmek ve ºnerilen 

metodolojinin etkilerini ­apraz kontrol etmek i­in ¿­ alternatif senaryo ºnerilmiĸtir. 

Daha sonra, ºnerilen metot, Primavera P6 programē kullanēlarak ºrnek vaka 

­alēĸmasēnda uygulanmēĸtēr. Girdiler programa entegre edilerek projenin tahmini 
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gecikme s¿resi hesaplanmēĸtēr. ¥rnek vaka incelemesi sonu­larēna gºre, s¿resel 

gecikmelere neden olan en kritik faktºrler tartēĸēlmēĸtēr. Metodolojide yer alan ¿­ 

farklē senaryonun, ¿­ farklē sonucu bulunmakta olup; sonu­larēn birbirine yakēn 

olduĵu gºzlemlenmiĸtir. ¥nerilen metodoloji ºznel yargēlara dayanarak geliĸtirilmiĸ 

olmasēna raĵmen, sonu­lar tezin amacēna gºre makul seviyede yeterli bulunmuĸtur. 

Anahtar Kelimeler: Ķnĸaat Projeleri, Gecikme Analizi, Gecikme Riskleri, Hata T¿r¿ 

ve Etkileri Analizi, HTEA, Risk Faktºrleri
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CHAPTER 1  

 INTRODUCTION  

This chapter is related to the general idea about delays in construction projects and 

the definition of the problem statement, aim and objective, scope of the thesis subject 

including methodology, and organization of the thesis. 

 Introduction to Delays in Construction Projects 

Delay in construction projects is seen as one of the most common problems that have 

adverse effects on construction projects and different parties of projects. Bramble 

and Callahan (1987) have defined delay as "the time during which some part of the 

construction project has been extended or not performed due to an unanticipated 

circumstance." 

 

Assaf and Al-Hejji (2006) stated that delays in construction projects have effects on 

different parties. For the owner, it means loss of revenue due to a lack of facilities. 

Also, it means high overhead costs for the contractor due to an increase in labor and 

material costs and a longer working period. 

 

Completion of projects within the specified time is an indicator of efficiency. 

However, as Assaf and.Al -Hejji (2006) stated that there are unpredictable factors 

such as the performance of different parties, availability of resources, contract-

related factors, environmental factors, the inclusion of different parties, and others. 

Due to these factors, construction projects are seldom completed within the specified 

time. 
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Alnuaimi and Al Mohsin (2013) stated that the effect of delay as a phenomenon 

could be a negative factor for all construction plans if it is not appropriately tackled. 

Thus, there should be additional thoughts to develop solutions to minimize/ remove 

possible problems.  

 

As stated above, delay analysis becomes one of the important milestones not to rush 

up problems in construction projects. Therefore, the analysis of delays is the most 

proper way to minimize/solve related issues in construction projects. 

 Problem Statement 

A construction project is usually accepted as successful if it is completed on time, 

within budget, and in compliance with the specifications (Frimpong et al.. 2003). 

Nevertheless, the construction industry does not fully succeed at overcoming delays. 

Delays generally are ignored or thought of as a contingency by simple calculations. 

As a result, most of the projects fail due to significant delays in deadlines.  

The delay means that projects cannot be completed within a specified time agreed 

upon in project contracts. Projects have different stakeholders, and delays have 

knock-on-effect on different parties. Because of the challenging structure of the 

construction sector, proper delay analysis is one of the essential issues for projects. 

Once the stability of the ongoing project is destroyed, the delay becomes hardly 

controllable.  

Therefore, there must be a comprehensive approach to analyze delays to meet all 

needs and problems resulting from the delay. The identification, quantification, and 

analysis of delays are essential for executing projects properly. Moreover, if there is 

enough knowledge to cope with delays in projects, it provides users to prevent such 

cases before they happen.  
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As a result, there is a requirement to develop a method to analyze delays as a support 

point for decision-makers. FMEA method is preferred because it is a simple method 

that identifies risk factors, and it is applicable to construction projects in practice. 

 Aim and Scope of the Study 

This research's main objective is to develop an effective delay analysis method that 

can be used to predict delays and mitigate risk factors to prevent the delay. For this 

purpose, the following steps are taken: 

¶ Identify the critical delay risk factors in the construction sector  

¶ Form a taxonomy of risk factors on different levels 

¶ Quantify the risk priority numbers (RPN) of each delay factors and levels 

¶ Select critical delay factors to analyze the effects on the project schedule 

¶ Propose a delay analysis method to insert risk factors into the project 

schedule 

¶ Insert risk factors into the schedule by using the related software 

¶ Apply the proposed methodology in a demonstrative case study 

¶ Make recommendations to minimize the possibility of delay risk factors in 

projects 

No approach reflects the direct impacts of risk factors at the exact point on the project 

schedule in the existing literature. This study focuses on implementing one of the 

hazard risk assessment methods, FMEA, to a new area, which is delay analysis. It is 

hypothesized that FMEA can provide a useful and practical method to understand, 

analyze, and manage delays.  

 Organization of the Thesis 

This thesis comprises six (6) chapters. 
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- A literature review will be presented in Chapter 2, considering the general 

idea of risk management, history, and detailed explanation of FMEA and the 

causes of delay risk factors in construction projects. 

- The proposed methodology will be presented in Chapter 3. 

- The proposed methodology will be applied to a demonstrative case study in 

Chapter 4. 

- The findings 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 future studies will be mentioned in Chapter 6.
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CHAPTER 2  

 LITERATURE REVIEW  

The literature review process is carried out in three stages. The first stage is a 

literature review on risk, risk management, and construction risk management to 

describe the concept of "risk." The second stage is a construction delay analysis to 

examine delays that are more critical and frequent in construction projects. The third 

stage is a literature review on failure mode and effect analysis (FMEA), which is one 

of the risk identification methods. 

 A General View on Risk and Its Management 

 Risk Definition 

There are several definitions in the literature. Jaafari (2001) stated that the term "risk" 

equals "the exposure to loss/gain." Also, Kartam and Kartam (2001) defined the risk 

as "the construction process whose variation culminates in the uncertainty of 

duration, cost, and quality in the project." 

Risk is complex as much as the complexity of the project itself. The majority of the 

construction projects involve risk, which makes the projects worth pursuing 

(Chapman, C. and Ward, S. 2003). Darnall and Preston (2010) stated that risk means 

the possibility of losses in projects. However, the risk may become treat/ opportunity 

according to situations in projects. Webb (2003) also specified that risk could affect 

the projects either positively or negatively. The risk could be managed effectively if 

the organization has enough knowledge about its actual risk.  

Winch (2002) defined the risk as a stage where there is not enough information. 

However, if knowledge from past experiences is used, the "risk" becomes more 
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predictable. Cooper et al. (2005) pointed out that risk is one of the outcomes of 

uncertainty. Also, Smith et al. (2006) stated that this situation equals the risk if there 

is some information. Otherwise, a lack of information means uncertainty. Similarly, 

Cleden (2009) remarked that the risk as a state in which problems may arise due to 

a lack of knowledge.  

 Risk Management 

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

useful to clarify what "risk management" is in terminology.  

If there are risks, it is expected to be managed adequately with taking necessary 

actions systematically, or intuitionallyðrisk derives from uncertainty, which is the 

situation that limits knowledge about the 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 who are 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 started 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. 

The risk resembles daily life. It is directly related to personal conditions, society, and 

business. As Hillson (2006) stated, the concept of "risk management" is used to 

identify, understand, and control risk in all attempts almost in every segment of the 

business. Therefore, humanity abidingly tries to find a way to cope with risk and 

manage appropriately. It means that not only is the risk encountered everywhere is 

significant, but also the risk management concept is.  

Kenett and Raanan (2010) stated that risk is always available, and since the 

civilizations began, it has been thought and controlled. Baker et al. (1999) explained 
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that with proper risk management, the estimated project cost would be minimized, 

and profit would be maximized.  

In the flow of this chapter, the suggested risk management practices will be 

investigated in detail to clarify the steps of risk management processes.  

Risk management processes are planning, identification, analysis, responses, 

monitoring, and controlling. There will be more chances to increase the probability 

of positive events on projects applying proper risk management to projects, rather 

than negative ones.  

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

¶ 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 their characteristics.  

¶ Qualitative Risk Analysis: It is prioritizing risks to see effects on projects.  

¶ Quantitative Risk Analysis: It is analyzing the probability of risk and 

consequences, also predicting implementations for projects. 

¶ Risk Response Planning: It 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 plans, and evaluating the 

effectiveness of plans throughout the project cycle. 

There are project management knowledge areas in Project Management Body of 

Knowledge (PMBOK). As stated in Table 2.1, according to the 6th Edition of the 

PMBOK (2017), ten project management areas (scope, integration, cost, quality, 

human resource, communications, risk, time, procurement, and stakeholders) are 

identified, and risk management is one of them. 
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Table 2.1 Knowledge Areas of Project Management Process (6th Edition of the 

PMBOK, 2017) 
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Similarly, Asadi (2015) worked on risk management processes and elaborated 

on the risk management process flow, as in Figure 2.1. 

 

Figure 2.1 Example Risk Management Process (Asadi 2015) 
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 Risk Identification  

The prementioned steps of the risk management process are detailed in the following 

parts. 

The methodology, roles, and responsibilities shall be established and agreed on at 

the start of the project. Steyn (2018) described the initiation output as the desired 

outcome of the risk management planning, which should, as a minimum, include 

management commitment, defined roles., clear risk statements, pre-determined risk 

categories, a custom risk matrix, and a risk register. 

Once the risks have been identified, the focus shall move to their associated causes 

and effects. Potential sources of risk related to the project shall be identified by using 

various recommended techniques, the inclusion of brainstorming, expert 

consultation, assumptions analysis, and review of lessons learned from other 

previous projects. Ahmed et al. (2007) listed non-specific techniques for risk 

identification, such as: 

¶ A checklist is a trivial risk identification technique based on experience, 

¶ An influence diagram is a graphical flowchart of decisions and their 

consequences, and examples are cause-and-effect diagram (also known as 

fishbone diagram), fault trees and event trees, and 

¶ Failure Mode and Effect Analysis (FMEA) is a procedure that enables the 

determination of causes, effects, and relationships through exploration of 

the failure mode. 

 

Steyn (2018) indicated that the identification and documentation of project risks 

should take place throughout the project cycle. Once identified the risks, the author 

recommends documenting risks in a risk register, containing the preliminary lists of 

opportunities and risks. They should be improved in the risk assessment processð

additionally, the risk owners and the risk responses must be added at later risk 

management stages. 



 

 

11 

 Risk Analysis 

According to PMI's PMBOK (2017), risk assessment through qualitatively and 

quantitatively risk analysis shall be conducted to assess the probability, impact, and 

severity of the relevant risks. The demonstration of the risk assessment matrix is 

presented in Table 2.2. It enables users to 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 Analysis is the process that is a numerical analysis of the combined 

effect of both individual project risks and other sources of risks on overall project 

objectives. 

Table 2.2 Risk Assessment Matrix (taken from 

http://www.advanceddivingsystems.com/RiskAssessment.aspx) 

 

There are several techniques to assess risk factors. Ahmed et al. (2007) proposed the 

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

¶ Probability and impact grids represent risks on a grid that comprises the 

probability and impact axis to show the relative importance of risk events. 
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¶ Estimation of system reliability is the technique employed to assess the 

cumulative effects of combined risks. 

¶ Fault tree analysis is used for a lower-level assessment of risks. 

¶ Sensitivity analysis is a what-if type of analysis that enables the 

assessment of different scenarios. 

Ahmed (2014) suggested the following risk assessment techniques: decision tree 

analysis, portfolio management, and multiple criteria decision-making (MCDM) 

methods. Ahmed et al. (2007) also stated that in risk evaluation, different aspects of 

the project, comprising strategy, budget, and schedule, may be considered in light of 

a risk event to determine the most suitable risk mitigation plan. 

 Risk Response 

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

the threats while ensuring a transparent and tailored communication of the responses, 

roles, and responsibilities of the implementation team. Asadi (2015) determined 

which risks need responses and their respective priorities, and secondly, ensure the 

stakeholders are aware and committed to their responsibilities on the risk response. 

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

plan with actionable responses to the priority risks, and assess the residual risks. 

The risk responses, usually based on the risk being either a threat or an opportunity, 

are detailed below: 

According to 5th Edition of PMBOK (2013), harmful risks/ threats can be managed 

by either: 

¶ Avoid ï is a risk response strategy that eliminates the impacts of the adverse 

risks from the project. This strategy usually contains changes in the project 

management plan to sift threats thoroughly. Also, risk impact can be 

eliminated by a project manager with an extending project schedule or 

changing the response strategy. The most extreme avoidance strategy is to 
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close down the project. On the other hand, some threats can be easily coped 

within the early stages of the project by clarifying deficiencies in the project, 

acquiring necessary information, obtaining expertise, and having good 

communication. 

¶ Transfer ï is a risk response strategy where the impact of threats is mitigated 

by shifting to a third party with ownership of the response. In this strategy, 

there is another party responsible for the management of threats. There is no 

elimination of adverse risks/ threats. Transferring does not stand for denying 

the risk by shifting it to other parties or next projects without any agreement. 

Risk transference usually contains payment of premium to another party. 

This strategy equals to transferring liabilities for adverse risks/ threats 

considering the exposure amount of risk. Tools for transferring can be varied 

and include insurance and guarantees. Sometimes, in contracts, transfer 

liabilities are assigned to designated risks. Generally, risks are transferred to 

the buyer in cost-plus contracts. On the other hand, risks are transferred to 

the seller in fixed-price contracts. 

¶ Mitigate - is a response strategy where project teams take action to decrease 

occurrence probability or effects of risks. It is crucial to hold this probability/ 

effect of risk within the desirable threshold limits. Taking early actions to 

mitigate the probability of occurrence/ impacts of risk is usually more 

effective than repairing the available damages by decreasing the complexity 

of projects and conducting comprehensive tests.  

¶ Accept - is a risk response strategy that risk is accepted, and if the risk does 

not occur, there is no action to prevent before the occurrence of the risk. In 

this strategy, a change in the project management plan is not preferred by 

project teams. 

According to 5th Edition of the PMBOK (2013), positive risks/ opportunities can be 

managed by either: 
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¶ Exploit ï If the company wants to ensure that positive risk is realized, this 

strategy could be selected. This strategy aims to discard the uncertainty of 

upside risk by assuring the positive risk happens.  

¶ Enhance ï This strategy is used to enhance the probability and effects of a 

positive risk/opportunity. By determining and maximizing key factors of 

positive risks, such as adding more resources to the projects, the probability 

of occurrence may be increased. 

¶ Share ï This strategy contains allocating parts/all of the ownership of the 

positive risk to share the benefit of the project with third parties. Examples 

of share strategy are or joint ventures or special-purpose companies. 

¶ Accept ï This is being eager to use the opportunity if it occurs, but not follow 

up actively. 

 Risk Review 

Risk review contains implementing the risk responses, monitoring the residual risks, 

the correct execution of the contingency plan, updating the risk, and contingency 

plan as the project or circumstances change. 

Asaid (2015) pointed out that one of the most critical problems projects face is a lack 

of communication, which is vital in risk management. An active and effective 

communication strategy should be implemented to ensure communication among 

project team members and stakeholders. 

As mentioned throughout the Risk Management sections, the correct definition of 

risks, assessment, monitoring, and controlling the risk is vital for projects. The main 

objective of this study is to develop a methodology for delay risk assessment of 

construction projects through a detailed taxonomy and an analysis/ implementation 

of the proposed method. Spelling out of risk management is considered as an 

essential step for this study to clear understanding. Thus, in the next step, the history 

of risk management and its applications in the construction sectors will  be explained. 
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 Risk Management in 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 or near the top in the 

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

As Nigel et al. (2009) said that change is connatural for the construction sector. For 

many years, the sector has a poor reputation for overcoming adverse results of 

change. In many projects, these results lead to failure in meeting completion time, 

cost, and quality goals of projects. It is not an unexpected situation because there is 

no perfection in projects for design, workers, or any other things that inhere in 

construction projects. Due to changes that cannot be entirely shifted, additional 

implementations must be implemented to decrease the effects of changes. By 

applying the principle of proper risk management, the flow of construction projects 

(pre-construction phases, design, engineers, and other works) can be advanced to 

mitigate the adverse effects of changes. 

Ropel (2011) stated that risk management becomes more critical due to the character 

of the construction sector. If a high level of uncertainty is available in projects, the 

risk management concept is widely used. The pre-mentioned steps of the risk 

management process characterize risks in these projects. The simplest way to 

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

If  there is a proper risk management process for projects, it improves the productivity 

of projects. According to Chapman (1997) and Jayasudha BVidivelli  and Gokul 

Surjith (2014), some of the advantages of risk management process in projects are: 

- Economic efficiency 

- Minimizing capital cost  

- Gaining successful contracts rather than harmful contracts 

- Ability to detect and mitigate risks/ uncertainties in projects 

- Increasing profit of projects 
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- Improving design documentation and process 

- Successful completion of the project, although there are risks 

- The accomplishment of project objectives  

As stated above, risk management is essential for construction projects. However, 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 projects. There 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 generally seen as the most 

practical risk management step in construction projects. 

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

for construction projects.  

Del Ca¶o and De La Cruz (2002) recommended comprehensive project risk 

management 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 projects and organizations.  

Wang et al. (2004) studied at Alien Eyes' Risk Model, and it categorizes risks in the 

project, their relationships, and proposed a risk mitigation framework qualitatively. 

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 improve the performance of projects considering all uncertainties that 

gradually increase in the construction sector.  

Schieg (2006) applied a risk management process considering personal area risks in 

construction projects.  
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Ling and Hoi (2006) studied the risks faced by construction companies in Singapore 

during working in India and analyzed the risk response systems applied by these 

companies.  

De Brito and Branco (2006) carried out the study, which makes the efficient 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) determined risk management steps in construction project 

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

Tang et al. (2007) carried out an empirical survey on the construction project risks, 

risk management applications, 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) proposed a learning-based approach to risk 

management. Risk-related information was stored in memory, and based on data of 

previous projects, decision-makers could make more confident decisions about risk 

events that may happen coming projects.  

Zavadskas et al. (2010) proposed a risk assessment method by applying COPRAS ï 

G and TOPSIS grey, which are types of MCDM methods.  

Wen (2010) combined artificial neural networks and rough sets to apply FMEA 

during the risk evaluation process of construction projects.  

Fouladgar et al. (2012) presented a risk evaluation method based on Fuzzy ï TOPSIS 

methodology for construction projects throughout the tunneling processes.  

Mohammadi and Tavakolan (2013) used two methods that are Fuzzy Logic, and 

AHP combined with traditional Failure Mode Effect Analysis (FMEA) at the risk 

assessment process of construction projects.  
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Taylan et al. (2014) presented a hybrid methodology based on Fuzzy TOPSIS and 

Fuzzy AHP according to the relative importance index (RII) method to rank project 

risks using historical data.   

Serpella et al. (2014) carried out a knowledge-based approach, considering the 

function of risk management and the three-fold method to evaluate and address 

project risks in the construction sector adequately.  

Ebrat and Ghodsi (2014) determined risks in construction projects considering the 

stepwise regression model and neuro-fuzzy inference system for a construction 

project's risk evaluation process.  

Iqbal et al. (2015) studied two methods that are curative (after the risk occurs) and 

inhibitor techniques (before the risk happens) during the execution of risk 

management processes in construction projects.  

Otobo et al. (2016) remarked that there are various quantitative risk analysis 

techniques, such as influence diagrams, probabilistic analysis, decision trees, 

sensitivity analysis, and Monte Carlo simulation. Also, Otobo et al. (2016) stated 

that they became more important in the implementation step of construction projects 

after identifying and analyzing project risks. As a result of the analysis, liabilities of 

the project's parties were determined, then plans and effective mitigation methods 

were applied to the projects before or during the occurrence of risks.  

Vafadarnikjoo et al. (2016) proposed an intuitive Fuzzy DEMATEL to prioritize 

risks faced in construction projects.  

Yousefi et al. (2016) suggested a method that anticipates emerging time and cost 

issues of construction projects in Iran by applying a neural network.  

Santos and Jungles (2016) examined the completion time of construction projects 

considering the schedule performance index and delay correlation associated with 

any time overrun.  
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Shin et al. (2016) carried out a comparative analysis to evaluate risk factors of a 

nuclear power plant at a construction site by using AHP and Fuzzy AHP methods.  

Kao et al. (2016) proposed a balanced scorecard system based on Fuzzy ANP to 

evaluate mutual risk factors of construction projects in Taiwan.  

Ahmadi et al. (2017) studied at potential risk events to prioritize and quantify risks 

using Fuzzy FMEA and AHP methods.  

As understood from the literature survey, several studies are into the risk 

management process in the construction industry. Although there are different 

approaches, there is no approach reflecting the direct impacts of risk factors on the 

project schedule during the risk management process. Existing studies were mainly 

focused on ranking the root causes of construction schedule delays. Therefore, this 

situation supports the source of the thesis study to develop a new approach during 

the estimation of the direct impacts of the schedule delay risks on construction 

projectsô schedules. 

According to Smith et al. (2006), cost, time, and quality are the three main targets of 

construction projects. Furthermore, these project parameters are supposed to be 

subject to risk/ uncertainty. In such a case, realistic estimation becomes important 

with enough knowledge and foresight. Project managers take action 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 can be determined 

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 project. In Figure 2.2, a risk 

management strategy for the construction project is represented.  
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Figure 2.2 Risk Management Strategy for Construction Projects (Smith et al., 

2006) 

Smith et al. (2006) also stated that the client/ owner has a strategy and policy for the 

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

the projects are risk ownership, financing of all risk, budget allowance, and 

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

liabilities, and reporting. 

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

construction projects process. In Figure 2.3, risk management processes are 

illustrated.  

 

Figure 2.3 Risk Management Process (Jia et al., 2013) 
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Considering the RM cycle of construction projects, Sodhi and Tang (2012) clarified 

possible conclusions of using proper methods/ models during risk management in 

the construction sector: 

¶ Comprehend the nature of adverse risks/threats to face with them better 

¶ Promote measure of risks by informing different parties of projects 

(contractor, client, and consultant) 

¶ Support management system on specific issues 

¶ Allocate enough effort/budget to mitigate risks and to answer which party 

should invest in related risk 

In the next section, delay analysis in the construction sector will be held.  

 Delays in the Construction Projects 

In the construction sector, some milestones have to be 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. (1997) explained that the success of construction projects 

depends on four primary time-dependent dimensions. The first one is the time 

throughout the project, which contains the time after the project completion. The 

second one is the time when the project is delivered to the client. The third dimension 

could be measured according to sales in 1 ï 2 years. The final dimension could be 

evaluated after 3 ï 5 years from the completion of projects. Lim and Mohamed 

(1999) mentioned that the success of projects should be discussed considering 

different perspectives of projects' owners, contractors, and customers both in the 

macro and micro views. Also, Chan and Chan (2004) proposed a framework for 

testing the success of construction projects, as stated in Figure 2.4. 
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Figure 2.4 Framework for Evaluating Project Success (Chan and Chan 2004) 

Also, Majid (2006) explained that a construction project is accepted as successful if  

it is completed within the specified time and budget, considering the satisfaction of 

stakeholders and compatibility of specifications. 

In the concept of this study, the aim is minimizing risk factors that result from delays 

in a project to improve the success of construction projects. 

 Classification of the Construction Delays 

Delays are originated from various factors. There are several studies to classify 

delays in construction projects. 

Ahmed et al. (2003) classified the causes of delays as internal and external. Internal 

causes of delays result from contract parties such as contractors, consultants, and 

clients. Besides, external causes of delays occur because of the events that are beyond 

the control of construction parties, like the act of God.  

Similarly, Tumi et al. (2009) reported two groups of delays used to detailed delay 

results, as shown in Figure 2.5. 
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Figure 2.5 Classification of Delays (Tumi et al., 2009) 

 Excusable Delays 

This type of delay consists of compensable delays and non-compensable delays. 

¶ Compensable delays: Generally, owner/ owner related parties lead to these 

delays under different circumstances. Tumi et al. (2009) cited that the late 

release of design drawings is an example of compensable delays. In such 

cases, the contractor is exposed to additional indirect costs. 

¶ Non-compensable delays: Beyond the owner's/contractor's control, this type 

of delay might happen by third parties because of unusual conditions. In these 

circumstances, the contractor is entitled to an extension of time (EOT) 

without any compensation. 
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 Inexcusable (Non-Excusable) Delays 

This type of delay occurs due to the actions/inactions of contractors. Underestimation 

of project complexity, improper planning/ scheduling of the project, poor 

management at the site, and improper construction methods are the main reasons. As 

a result, there is no entitlement to EOT for the contractor if there is no proof to show 

delay impact. 

Considering these classifications, as illustrated in Figure 2.6, Ogunlana et al. (1996) 

stated that there are three leading causes of delays during the handling of construction 

projects from the contractor's point of view.  

 

Figure 2.6 Causes of Delays (Ogunlana et al., 1996) 

 Causes of Construction Delays 

First, the general framework of risks in construction projects according to the risk 

breakdown structure of the Fourth Edition of the PMBOK Guide is demonstrated in 

Figure 2.7. 
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Figure 2.7 Risk Breakdown Structure (RBS) 

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

projects are classified and adapted according to general categories in Figure 2.7.  

 Client ï Owner Related Delay Factors 

Several studies identified delay factors result from a client - owner actions in 

construction projects. 

Ogunlana et al. (1996) identified the factors slow decision-making and changed 

orders by owner affected delays 41.7 % and 33.7 % of the total. 

Long et al. (2004) and Shaikh et al. (2011) stated delay factors as lack of strategic 

management, confusing requirements, improper project feasibility study, lack of 

transparent bidding process, excessive change orders, unclear responsibility, lack of 

capable representatives, owner's financial difficulties, owner's poor contract 

management, slow decision making throughout the projects. 

Koushki et al. (2005) studied at a sample project for analyzing delay factors in 

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. 
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Faridi and El-Sayegh (2006) and Alaghbari et al. (2007) clarified owner related delay 

factors as changes by the owner, inadequate project preparation and planning, slow 

decision-making process, lack of communication between the stakeholders of 

construction projects. 

As a result, five (5) factors of client/ owner-related delay factors were selected as 

more critical using subjective judgment. 

 Contractor Related Delay Factors 

Several studies identified delay factors result from contractor actions.  

Chan and Kumaraswamy (1997) stated that lack of contractor experience in the 

projects, contractor's deficiencies in planning and scheduling phases of a project, 

lack of communication b/w contractor and other stakeholders, and delays in 

subcontractor's works results from contractor's actions. 

Odeh and Battaineh (2002) identified the delay factors that are an inadequate 

experience of contractors/ subcontractors, improper planning/ techniques during the 

construction, improper construction methods, and site management strategies.  

Long et al. (2004) identified the delay factors as improper planning/ scheduling, lack 

of experience, inaccurate time/cost estimation, poor project management, improper 

construction methods, underestimating the project complexity, financial difficulties 

of contractors, and inadequate experience of subcontractors or suppliers.  

Assaf and Al-Hejji (2006) and Faridi and El-Sayegh (2006) classified delay risk 

factors as lots of reworks, financial difficulties of contractor in a project, 

disagreements between a contractor and other parties (sub-contractor, 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 sub-contractors work and site mobilization. 
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Also, Alaghbari et al. (2007) determined the delay factors related to contractors as 

lack of contractor experience, using inappropriate methods, improper planning/ 

scheduling of the project, unreliable/ inadequate subcontractor, and low quality of 

the material.  

As a result, nine (9) factors of contractor-related delay factors were selected as more 

critical using subjective judgment. 

 Consultant Related Delay Factors 

Several studies have carried out consultant related factors to cause schedule delays. 

Odeh and Battaineh (2002) stated that consultant related delays ranked higher than 

contractor related factors contrary to anticipated. One of these delay factors is poor 

contract management and quality controls. The other one is ineffective preparation 

and approval of design documents. 

Long et al. (2004) determined that inadequate experience of the consultant, lack of 

standardization in design, abstract design drawings, lack of liabilities of consultants, 

improper and inadequate project management, slow response are consultant-related.  

Similarly, Faridi and El-Sayegh (2006) explained that inadequate inspection, late 

approval of significant changes in the process, consultant's rigidity, and lack of 

experience stemmed from the consultant's actions. 

Aziz (2013) classified the delays factors of poor management during the design 

process, slow response to problems and poor control/ inspection, and incomplete 

design drawings. 

As a result, two (2) factors of consultant-related delay factors were selected as more 

critical using subjective judgment. 
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 Government Related Delay Factors 

Faridi and El-Sayegh (2006) identified that government-related delay factor is a 

delay in obtaining permits from the municipality. 

 Labor Related Delay Factors 

Some studies designated delay factors result from labor actions in construction 

projects.  

Odeh and Battaineh (2002) stated that as expected, labor productivity is one of the 

critical causes leading to projects' failure. 

Faridi and El-Sayegh (2006) studied factors that lead to a delay in the construction 

sector. According to their study, skill, and the productivity of laborers affect every 

stage of construction projects.  

According to Assaf and Al-Hejji (2006), personal conflicts among laborers, shortage 

of laborers, unskilled workforce, low productivity of laborers, and their nationalities 

impact the project schedule. 

Furthermore, Sweis et al. (2008) specified that a shortage of workforce and the 

presence of unskilled labor are the main labor-related delay factors.  

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

productivity are causes of delay.  

As a result, three (3) factors of labor-related delay factors were selected as more 

critical using subjective judgment. 

 Material Related Delay Factors 

These causes of delays are crucial for construction projects. Several studies identified 

these delay factors in construction projects.  
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Abd. Majid and McCaffer (1998) and Assaf and Al-Hejji (2006) determined that the 

late delivery of material, insufficient planning/ controlling and communication, 

damages of materials, untrusty suppliers, and poor quality of materials. In addition 

to this, Assaf and Al-Hejji (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 materials in the market are critical for 

directing the flow of projects. 

In a like manner, Aziz (2013) stated that a shortage and late delivery of construction 

materials at a construction site, price escalation of materials, ineffective/ low quality 

of materials have a significant impact on the construction projects schedule. 

As a result, one (1) factor of material-related delay factors was selected as more 

critical using subjective judgment. 

 Equipment Related Delay Factors 

Equipment related factor is also one of the most important causes of delays in the 

construction project schedule. Several studies identified such delay factors in 

construction projects.  

Chan and Kumaraswamy (1997) expressed that incapable of equipment affects the 

delay in project scheduling.  

Additionally, Long et al. (2004) also stated that using obsolete equipment during the 

project's life cycle contributes to schedule delays in projects.  

Aziz (2013) designated equipment-related factors as shortages of equipment, low 

efficiency of equipment, inappropriate selection/ breakdown of equipment that 

impact schedule delays.  

As a result, one (1) factor of equipment-related delay factors was selected as more 

critical using subjective judgment. 
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 Design Related Delay Factors 

There are several studies on identifying design - related delay factors. Chan and 

Kumaraswamy (1997) grouped delay risk factors in the Hong Kong construction 

industry. According to them, a lack of experience of design team experience, the 

complexity of design documents, errors, and late preparation/ approval of documents 

are the main reasons for the delay. 

Aziz (2013) studied the causes of delays in large building projects. According to the 

study, stakeholders of projects agreed on the importance of delay factors that arise 

from the design process. As a result, design errors and design changes were seen as 

the most crucial delay factors. 

As a result, two (2) factors of design-related delay factors were selected as more 

critical using subjective judgment. 

 Contract Related Delay Factors 

There are several studies on contract-related delay factors. Assaf and Al-Hejji (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 type, like in turnkey contracts. 

Also, Bu-Qammaz et al. (2009) determined that the vagueness of contract clauses 

has a remarkable effect on the project schedule.  

As a result, two (2) factors of contract-related delay factors were selected as more 

critical using subjective judgment. 

 External Related Delay Factors 

There are several studies on identifying delay factors that are beyond the control of 

project participants. 



 

 

31 

Odeh and Battaineh (2002) studied a survey on the determination of the causes of 

delays. External factors are classified as unforeseen weather conditions, regulatory 

changes, and adverse ground conditions like other studies. As a result of this survey, 

they remarked that external factors had the lowest ranking by stakeholders of projects 

than other delay factors. 

Besides, Long et al. (2004) stated that unexpected ground conditions, cold weather 

conditions, and price fluctuations arise from external conditions. 

Finally, Aziz (2013) specified the delay risk factors are unpredictable subsurface/ 

ground conditions, hot/cold/ rainy weather conditions, delay in obtaining permits 

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 result, three (3) factors of external-related delay factors were selected as more 

critical using subjective judgment. 

 Summary  

After a literature review on construction delay analysis, delay factors are summarized 

according to subjective judgments. Delay risk factors and their references are in 

Table 2.3. 
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Table 2.3 Final Risk Factors with their References 

 

A total of twenty - nine (29) factors in ten (10) sub-levels and three (3) primary levels 

of schedule delay factors in construction projects were categorized. Considering final 

classification, taxonomy was formed to analyze delays using the FMEA method, as 

shown in Table 2.4. 

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]

Contractorôs poor site management and supervision skills[12], [31]

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 site[56], [65]

Price inflation/ fluctuations [56]

Other risks (conflict, war, country risks, force majeure vb.) [13]
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Table 2.4 Delay Risk Taxonomy for Construction Projects (adapted from 

(Derakhshanfar et al. 2019) 

 

After the delay concept in construction projects is clarified and taxonomy is formed, 

failure mode and effect analysis (FMEA) and its utilization in projects will be 

presented in the following section.  


































































































































































































