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ABSTRACT

MOHAMMAD, KHALED OMAR, Masters: January: [2018], Master of Science in Engineering
Management.

Title: Impacts of Change Orders on Construction Projects

Supervisor of project: Murat, Gunduz

The purpose of this project is to provide comprehensive analysis of the impacts of change
orders in construction projects to improve the understanding of their impacts. This understanding
would be helpful for the construction professionals to be able to take proactive measures to
reduce their impacts. Literature review was performed to study previous related researches and to
identify factors of change orders impacts.

Based on interviews with professionals in construction industry, these factors were
reduced to most prominent 16 factors. Questionnaire was conducted to collect information about
the perception of change order impacts by construction professionals. 102 complete responses
were analyzed by using Relative Important Index (RII) and Analytical Hierarchy Process (AHP).
Analysis results present the most significant impacts factors of change orders were: increased
project re-planning, increased in project management efforts, increased reworks/demolition
works, loss of efficiency due to work interruption and delay of payments.

The results of this project could lead professionals to better understanding of the impacts

of change orders and take proactive measures to control and reduce their impacts.
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CHAPTER 1: INTRODUCTION
1.1. Overview

Construction industry is one of the most complegt@s in the world as many
variables and factors are involved. Through th&giestage of any construction project,
assumptions have to be considered based on inctamitormation or uncertainty,
design errors commonly occur, change in origingunement also common issue in
construction project and many other issues whiald e adjustment on later stage of the
project. These adjustments lead to change ordetsthtanimpact of the change orders
increase as much as the project progresses. Thacimpthe same change order during
design stage is much less than if it happens dwangtruction or commissioning stage.

Construction projects are unique and have a lintiteé and budget assigned at the
early stage of the project. Changes are alwaysnejduring the execution phase due to
different reasons such as owner’s request, dedigmges and unforeseen conditions.
Change orders preparation, evaluation and detetimmanay represent a challenge to
any construction project. Common practice of delgyand ignoring the processing of
change order could lead to disputes between thiepamcrease the project cost and
time, Bolin (2017) . Change order is almost a mosany construction project. They
might add, omit or modify works in original scope.

Definition of change order in construction indusByan alteration or an amendment
to original requirement, information or conditionk. involves additional cost, time
extensions and other impacts. O’Brien (1998) & (@®95) Change order is a written
instruction of a change signed by the owner/cltenthe contractor, issued after signing

the contract, authorizing a change to the conagement.



When change orders occur during the project exacufiroject performance factors
are impacted. Any deviation from the original scaperesents a variation; a change
order instruction is required when the variatiors len impact on the project. This
includes deviation from the original plans, speefions or any other contract
documents. Change order is an official documentl usemodify the original contract
agreement and becomes a part of the contract datame

Whenever a change order is instructed, the cowirasitould adjust the planned
resources and durations. This affects the ongoioksvprogress and the planned work
sequence. Consequently, time delays and cost e eoocur as the main impacts and
many other impacts, which will be analyzed in detai

Many past studies were conducted about the imgattiamge orders. The aim of this
research is to study the impact of the change srithait affects the project performance.

The evaluation of total impact of multiple changeers is complicated due to the
interconnected nature of construction activitiesjolr usually results in disagreement on
the total impact between the owner and the comtradthe impacts of multi change
orders are cumulative in nature and usually carmtidentified until the project
completion.

Change orders resolution may become a source pfitgidbetween parties especially
when ineffectively managed. Owners usually aim tmtol the project’s allocated
budget. Contractors on the other hand, considargeharders as an opportunity to obtain
additional revenue. Different approaches towardsngk order cause disputes , Bolin

(2017) .



1.2. Statement of the Problem

Project management team should understand theingpalct of change orders to be
able to take the required proactive measures, tra@oand minimize these impacts.
Therefore, identifying the total impact of changeless is crucial. Relative Important
Index (RII) and Analytical Hierarchy Process (AHMgre used to identify factors most

impacting change orders. The data was collectea tvé help of an online questionnaire.

1.3. Objectives

The purpose of this study is to provide a comprsivenanalysis of the impacts of
change orders in construction projects. Changersitukeve different types represented as
additions, omissions and substitutions.

Interviews and questionnaire were conducted toecbltlata from professionals in
construction industry about the impacts of changkers based on their experience. Data
were analyzed using relative important index (RIRd Analytical Hierarchy Process
(AHP) to provide an overall ranking of the impaftisall types of change orders.

This project provides a detailed analysis of charayders total impact on
construction projects based on the different typéshange orders. This will help
professionals from construction industry to havévedter understanding of the total

impacts of change orders to take proactive measu@sler to control these impacts.



1.4. Methodology

Literature review of related studies was performedstudy previous research
outcomes and to list out the factors of changerdrdpacts on construction project.
Interviews with professionals from constructiomustry were conducted to reduce
the factors into 16 factors.

. Questionnaire was conducted to collect data fromfessionals in construction
industry to identify the impact level of each facio relation to the different types of
change orders and the impact level of each type.

Relative importance index, Spearman’s correlatioth Analytical Hierarchy Process
were used to analyze the data.

. Change order impacts of each type were ranked armVerall ranking was provided
for all types.

. Conclusions and recommendations were presentée and of this project

1.5. Project Organization

» Chapter 1: Introduction that includes an overviéve statement of the problem,
the objectives, the methodology and the projecamzation.

* Chapter 2: Comprehensive literature review.

» Chapter 3: Research methodology that includes sssons.

» Chapter 4: Data analysis and results.

» Chapter 5: Discussion, conclusion, recommendatiamng future works.



CHAPTER 2: LITERATURE REVIEW
2.1.Literature Review

A change is any deviation from the agreed scope saomeédule, Arain & Pheng
(2005). Change order is a formal written documsstied to modify the original contract
agreement and becomes a part of the project comtladocuments, O’Brien (1998) &
Cll (1995) . Change order is an instruction to ¢batractor signed by the owner, issued
after contract agreement execution and authoribesge to the contract agreement,
Moselhi et al. (2005) & O’Brien (1998).

The effects of change orders on the constructionjepts are complex and
influenced by many interrelated factors, the uraieties of the total impact of change
orders make the impact estimation a difficult tadlkaselhi et al. (2005) . Impact factors
of change orders are interrelated as some factersnked to other factors like, decrease
in quality and safety could impact the contraceputation, CIl (1995) . Reworks and
demolition works impact project planning and payisemhich require more management
efforts. New material and methods require addifidagistic, impact the efficiency of
works and safety and quality plans Cll (1995) .

Change orders are classified in three groups bassdte type of change of original
scope as follows: additional works, omission woaksl substitution works. As change
order could add new works to the original scopeit avorks from the original scope or
change the requirement from the original requiretm®taiti et al. (2016) .

Main causes of change orders are poor understaratiginterpretation of the
owner’s requirement, poor contractual process, wonkssions, designer changes, wrong

information, owner’s inconsistency and poor cooation, Moselhi et al. (2005) . The



most significant impacts of change orders are dosg overruns, disputes and project
failure. Effective project management can be addeby identifying change orders
impacts, reduce or eliminate them if possible, Oyevel al (2016). Change orders are
normally used to cover deviations in the scope ofks, design problems and material
requirement, Alnuaimi et al (2010). Cost and timesrouns are the two main known
impacts of change orders on construction proj€&ygwobi el al (2016).

Change orders may reduce the planned productivitych would delay the project
schedule. Measuring this impact is usually subjectjenerating disputes between owner
and contractor. Owner normally considers proditgtiseduction due to the contractor’s
poor management. On the other hand, the contraotwiders these loses are because of
the disruptions of works sequence, Hanna et alR00

Change orders normally have significant impact anmstruction project performance
as they disrupt ongoing works and effect their phsequence, which lead to affect the
productivity, schedule delays and cost overrungesret al. (2013).

Change order disagreement lead to disputes bettineeparties, which negatively
impact the project execution and may risk the ssea& project completion. Change
orders in one project may adversely affect othexjegts as it may require to keep
resources to perform the changes whom are requicgh®r projects, Alaryan (2014) .

Change orders impacts could be controlled by effeqgiroject management, good
relation between all parties and select an expeg@icontractor, Keane el al (2010).

The teams involved at construction project shodfdcéively analyze the change
order and study its impacts on the project in dettd take proactive measures to

minimize the impacts, CII (1994) .



Gunduza & Hanna (2004) Conducted analysis on ahamglers impacts on
productivity losses and defined the most imporfantors that affect productivity. This
paper split the projects into three groups: smmadidium and large.

For small projects: generally, cost and labor ao¢ properly planned, lack of
planning lead to conflicts. Change order projecthnagement is the most significant
factor impacting the labor productivity. For mediyrojects: more change orders and
duration extension observed and require more paladrl Relationship between owner
and contractor is important and when there is getation, the project is less impacted.
For large projects: normally have special teampiaductivity control which reduce the
impact of change orders, project manager experiandepresent play important factor to
reduce the productivity losses.

Change orders impacts increase on the projectsgedriay consultant. Conditions
and process followed by consultant need to be weadefor better management of change
orders to reduce their impacts, Sunday(2010) .

Change orders have major impact on every consbrugiroject. Hanna & Gunduz
(2004) Analyzed 34 projects to develop a modejuantify the impacts of change orders
on labor productivity and concluded that this wotlelp for better understanding of
change orders impacts on labor productivity for lfpra@jects.

16 impacts of change orders were identified by A&iPheng (2005) as follows:
progress impact, cost increase, hiring new probessi increase overhead expenses,
payments delays, decrease in quality, decreaseffitieecy, procurement of new
resources delays, reworks and demolition, logissaes, firm’s reputation, safety issues

and relations issues.



The study by Arain & Pheng (2005) concludes that most frequent impacts of
change orders for institutional projects are progast increase, additional payments to
the contractor, progress impacted, overhead expansesase, reworks and demolition
works. Analysis by Alnuaimi et al (2010) covereduff real case studies and
guestionnaire. This determined that additional waskid modifications to design were
the most significant factors causing change ordens. study summarized that the main
effects of change orders are disputes, scheduley @ad cost overruns for a study
conducted in Oman.

Evaluation of the total impacts of multi changeesddis very difficult task due to the
interconnected nature of construction activitieghis result to a disagreement between
the owner and the contractor on the total impaenr4 et al. (2004) . They studied the
impact of change orders on labor productivity andviges a quantitative analysis
method to define the amount of productivity losg felectrical and mechanical
construction projects only.

The top 5 impacts of change orders by Anees €2@1.3) in descending order are:

1. Project cost increase.

2. Project time overrun.

3. Disputes between parties.
4. Impact quality standards.

5. Complaints of one or more of the parties to thetremn.



Keane el al (2010) Grouped the impacts of changers under four groups as
follows:

» Cost related impacts: overhead expenses increakhtighal payments, increase

reworks and demolitions.

* Quality related impacts: decrease in quality steshda

* Time related impacts: schedule delays, paymenysdelad logistics delays.

» Organization related impacts: company reputati@grebse in safety standard,

impact relationships, disputes.

They conclude that the main impacts of change erdee cost, time, quality and
organization. Change orders impacts can be minohiderough strong contact
preparation, proactive project management and gedationships between involved
parties.

Change orders add values to the project. Howevestractive impacts are
consequence of change orders, Wayo & Haupt (200Bgy indicated that, time and cost
overruns and disputes are the major impacts omprbect performance, pour common
understanding of the contract is the source ofulespbetween the parties.

Change orders issued during the construction pbiaaeroject negatively affect the
cost and time of the project. Also, increase onrihmnber of change orders lead to have
more productivity losses and low quality of the igrChange orders require revisions of
the safety consideration, changes require additisafty information and resources to
execute these changes, this is due to changesmstriction methods, Wayo & Haupt

(2009) .



They listed the impacts of changes orders as faliow

1. Time and cost overrun

2. Disputes

3. Requirement of additional equipment and personal

4. Impact quality standards

5. Reputation of parties affected

6. Impact health and safety

The top five common impacts of change orders byyala (2014) are: increase in
the project cost, increase the activities duratsmiedule delays, additional payment to
the contractor and payments delays

An analysis was conducted by Osman et al (2008putathe potential effects of
change orders in construction projects in MalayBias analysis summarized that the top
five most impacts of change orders are: cost oweradditional payments to the
contractor, increase the overhead expenses, del#lyeocompletion schedule increase in
reworks. Change orders normally carry serious jerollto contractor and owner, which
direct to disputes and additional cost. This cdagdink to insufficient understanding of
impacts of change orders on project performance.

Teams involved on a project must totally understdmedimpacts of change orders to
be able to take the required proactive measuresmtrol and minimize the impacts of
change orders. Hence, identifying the impacts aihge orders is very important, Osman
et al (2009) .

Impacts of change orders on project cost and sdéhexda complex and influenced
by multi-linked factors. The uncertainties of changrders impact make it challenging

task to manage them, Gokulk. & Gowrish. (2015) .
10



They studied the impacts of change order throutdraiure review and survey,

below list of change orders impacts identified:
1.
2.
3.

4.

8.

9.

Productivity losses

Schedule delays

Disputes between parties
Quality issues

Cost overruns

Material and tools delays
Work interruption

Increase overhead expenses

Increase reworks and demolition

10. Payments delays

They conclude that the top five impacts of changgers in ascending order are

schedule delay, cost overrun, increase overheaghsrg and productivity losses.

The impacts of change orders on both private andig construction projects by

Sunday(2010) are: cost increase, payments delysg new professionals, overhead

increase, quality issues, logistic issues, efficyefosses, procurement delays, impact

company reputation and schedule delays. Changesormgacts increase on projects

managed by consultant.

11



2.2.Summary of Change Orders Impacts Factors

2.2.1. Delay of progress payments

Delay of progress payments result from change erderconstruction projects as
change orders interrupt ongoing progress and genpragress delays, this lead to delay
on the original scope of works which at the endastghe progress payments, Osman et
al (2009) & CII (1990) . Also, substitution work$iange orders require changes of
agreed ongoing works and after execution of thiske/dncluding the changes, the
progress payment of these works get delayed umilvialue of substitution works is
agreed between the parties.

The contractor and subcontractor highly dependhenprogress payment to execute
the works specially for material supplier paymeatsl the delay of progress payment
generate delays on the project overall progresdaoash flow problems.

2.2.2. Delay of retention payment

Retention money is an amount detected from ceattifieogress payments as a
percentage (normally 5%) and reserved by the owmensure that the contractor at the
end of the project completes the all works withadefiects, CIl (1990) .

Change orders generate disputes between the partgsee on project final account
value, which lead to delay the release of retenfiapment. Retention payment delays
cause cash flow problems for contractors.

2.2.3. Increased project financing
Contractor estimates a cost for project financiaguirement based on the project

original scope and duration. Change orders genaddéional scope of works, project

12



completion delays and progress payments delayshedle items increase the project
financing cost.
As well, additional financial resources paid outtba claims and legal disputes as a
result of change orders.
2.2.4. Increased reworks and demolition works
When change order occurs after starting the corctgdruworks, it may require work
demolition and changes on some completed worksiapeaevith substitution works
change orders, CII (1990) & Keane el al (2010) .
2.2.5. Decrease in contractor reputation
Change orders are one of the main causes of cladncanstruction disputes. The
contractor reputation may be affected severelyhange orders disputes specially that it
is very difficult to agree on the impacts of chamgders between all parties due to lack
of understanding of change orders impacts Cll (1989%eane el al (2010) .
2.2.6. Poor contractor relationship with the client
As mentioned above, change orders cause disputesdie parties. Contractors
always aim to claim the maximum to cover all th@enses of change orders and make
profits out of them. Client always aim to minimittee claims of change orders to protect
the owner and limit the project cost within thegamal budget. Conflicts between
contractor and client aims generate disputes arehteally affect the relationship
between them, Keane el al (2010) CII (1995) .
2.2.7. Loss of opportunity for new projects
Change orders at one project may impact other giof@r the contract as it may
require to keep resources which may be requiredttgr projects, Alaryan (2014) . Also

delays on the project final account commercial agrent due to change orders generate
13



cash flow problems to the contractor which may mu$tthe contractor to join new
projects.
2.2.8. Increased contractor overhead expenses
Change orders require many processing procedurgs ast evaluation, pricing,
engineering, implementation, commissioning and & db commercial negotiation
between the parties, Osman et al (2009) & Keanal ¢2010) . All of this generate
additional overhead expenses.
2.2.9. Increased site logistics requirements
Change orders require revise logistics plans ferrtew material and equipment CII
(1995) & Keane el al (2010) . Revised logisticand generate construction delays and
additional cost to the contractor.
2.2.10.Increased project re-planning
Change orders impact the project plan normally wlighays, time delays occur not
only because of the time require for change ordeesution but also due the cumulative
impacts of change orders on project performances f@sults in the update of the plan
and revision of the works sequence.
2.2.11 Loss of efficiency due to work interruption
Change orders normally associated with work infgram which have negative
impact on the labor efficiency, Thomas and Napali{1995) .
2.2.12.Loss of efficiency due to lack of equipment
New equipment may be required when change ordasraharing the construction
phase of the project, O’'Brien (1998) . Lack of guueént disruption and working out of
sequence result in loss of efficiency CIl (1995) K&ane el al (2010) . Increased in

project management efforts
14



Change orders require a lot of management effortevaluate the exact change,
estimate the additional resources requirement,geharork ongoing sequence to execute
the change, negotiate volume of change in relatdime and cost, control and minimize
the change orders impact on project through preaatieasures, Gokulk. & Gowrish.
(2015) .

2.2.13.Increased material unit prices

Adjustment on the contract budgeted material itegqmantity or types is a reason for
increase on material unit price ,Bolin (2017) , éxample, unit price increase if change
order requires to make new order with small quartiimpare to original order with main
guantity.

2.2.14.Decrease in project health and safety

Change orders may impact the project health aretysaé it may require new safety
plans and precautions. Moreover, acceleration oksvto avoid schedule delays would
cause reduced safety control and increased incdatdgs, O'Brien (1998) & Keane el al
(2010) .

2.2.15.Decrease in project quality

Frequent change orders impact the project quatityegative way, Osman et al
(2009) CII (1995), CIl (1994) & Keane el al (ZD1 Quality plans and procedures are
developed based on original scope. Deviations foaginal scope through change orders
may lead to decreases project quality controlscefaration due to change orders affect
the project quality CIl (1995) .

Table 1 lists the factors discussed above and tied@vant references from the

literature.
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Table 1 Factor List of Change Orders Impacts ons@antion Project Based on

Literature Review

ID Factors Reference

FO1 Delay of progress payments [2], [6], [8]. [9], [10], [18], [20], [21]

FO2 Delay of retention payment [6], [9], [10], [20]

FO3 Increased project financing [31, [5], [6]. [81, [9], [13], [15], [19], [20], [2Z], [24],

[26]

FO4 Increased reworks and demolition [1], [4], [5], [6], [9], [10], [13], [15], [18], [&], [27]
works

FO5 Decrease in contractor reputation [2], [4], [5], [81, [9], [10], [15], [18], [26]

FO6 Poor contractor relationship with the  [1], [2], [4], [5], [6], [8]. [9], [10], [12], [1], [18], [20],
client [21]

FO7 Loss of opportunity for new projects  [4], [8], [10], [12], [15], [19], [20], [24], [26]

FO8 Increased contractor overhead expensgs|, [6], [8], [9], [10], [12], [18], [20], [21] ,[26]

FO9 Increased site logistics requirements [2], [3], [9], [13], [15], [18], [24]

F10 Increased project re-planning [31, [4], [5], [8], [9], [10], [13], [15], [18], RO], [21] ,

[26]

F11 Loss of efficiency due to work [1], [3], [4], [6], [8], [10], [18], [20], [21] ,[24], [26]
interruption

F12 Loss of efficiency due to lack of [11, [4], 5], [9], [10], [15], [18], [20], [21] ,[26]
equipment

F13 Increased in project management effor{g], [4], [5], [6], [8], [10], [13], [15], [20], R1]

F14 Increased material unit prices [1], [10], [22], [13], [15], [20], [21], [26]

F15 Decrease in project health and safety [2], [4], [5], [9], [15], [18], [21]

F16 Decrease in project quality [1], [2], [4], [5], [6], [8], [9], [10], [12], [13], [15], [18],

[21]
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2.3. Analytical Hierarchy Process (AHP)

Construction management usually has many multipigera decision-making
problems such as project management, contract@cts®ml, procurement decisions,
facility locations, proposal evaluation, equipmeaelection, Doloi (2008) . Analytical
Hierarchy Process (AHP) method was used in mangarek studies in construction
industry as a multiple criteria decision-makingltd@oloi (2008) & Lin et al (2008) .

AHP uses pairwise comparisons between criteria¢asure the relative importance
of each of them. Inconsistency in pairwise commeuss may occur as outcome of
improper conceptualization of data-hierarchy. Cstesicy ratio must be less than 0.1 to
be at an acceptable level and if otherwise, pagw@mnparison matrix need to be revised,
Doloi (2008) .

The importance of AHP is that it arranges the fecto a systematic way and
provide simple solution to support project managetrtaking the correct decision of
multiple criteria problem.

2.4. Literature Review Summary

To summarize, many research studies were carri¢dooidentify change order
impacts on construction project. Some focused @hyamg their impact on productivity
and some focused on analyzing their impact on aast time. Change orders cause
negative impacts for all parties involved in coustion projects. These impacts vary

among projects and depend on the type, size amagtiof change orders.

Change orders are classified in three groups bassdte type of change of original

scope as follows: additional works, omissions antasstutions.
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All parties involved in the project must recognthe impacts of change orders to be
able to take the proactive measures in order tdraoand minimize their impacts.

Therefore, it is very important to understand theacts of change orders.
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CHAPTER 3: METHODOLOGY
3.1. Introduction

This section describes the methodology followedthis project to collect and
evaluate data starting by a comprehensive litezatewiew and ending with a discussion
about the methods used in data evaluation.

Preliminary list of factors of the impacts of changrders was identified through
conducting a comprehensive literature study asudsed in the previous chapter. After
that, this list was finalized through conductingenviews with professionals from the
construction industry. The list included 16 impgsaitors

A questionnaire was prepared and circulated reoueptofessionals to evaluate the
importance of each factor to identify the most ueficing factors affecting the
construction projects due to change orders.

The Relative Importance Index (RIl) technique ammk&@man’s Rank Correlation
Test were used to evaluate the questionnaire respand to check the accurateness and
precision of date.

3.2. Questionnaire Design

The questionnaire consists of two parts, the fiest covers the respondent’s general
information such as years of experience, job titlempany role and country, and the
second part covers the ranking of the three typeklange orders and the impact factors.

The questionnaire was developed using online wek@urvey Monkey) and a
website link was shared with the professionalsetdilked online.

The first part of the questionnaire helps in cliggsg the respondents into groups in

order to be used in developing comparisons betwesponses.
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The second part starts with the rating of the thiéferent types of change orders.
The respondents were asked to rate the impact fimaeih does each type of change order
impact the construction project performance) ohelgpe of change order, change orders
types are classified as additional works, omissiorks and substitution works.

The second part continues with the rating of thenigact factors. The respondents
were asked to evaluate these impact factors arid tream in relation to each type of

change orders (what is the impactagfiitional works change order on the factor laks

of efficiency due to work interruption).

A scale of 9 points was used in this questionn@irank the impact factors and the
different types of change orders. (1 representg Mav impact, 5 medium impact and 9
represents very high impact).

Construction industry professionals and acadenscigteived the questionnaire,
102 completed responses were received and useathfaranalysis. The questionnaire is
available in Appendix A.

3.4. Relative Importance Index (RII)

RII technique is used to provide a score for egpk bf change orders and for the 16

impact factors using the following formula.
RIT = (3P, X; ) /N
RIl = relative importance index
P; = weight given to each attribute by the respondént 9)
X; = number of respondents selects the same wRight
n = the highest scale weight (9 in this case)

N = total number of respondents (102)
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3.5. Correlation Test (Spearman’s Rank Correlafiest)

Spearman’s Rank Correlation Test is used to ealilt accuracy and the precision
of data by studying the monotonic relationship regth between different factors and

different parties using the following formula.

p= 1—6*Zd? /n(n?-1)

Where,

p = Spearman correlation coefficient.

d; = parties rank difference assigned to each factor.

n = the total number of impact factors used ongtusly which is 16.

Spearman’s correlation test was used to studydlaionship strength of the factor
ranks from different classification, these ranksrevealculated using RIl calculation.
Spearman’s coefficient value ranges from -1 to where +1 indicates positive

relationship and -1 indicates negative relationship
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CHAPTER 4: DATA COLLECTION AND ANALYSIS
4.1. Introduction

This chapter presents the collected data, respésigenfiles and data analysis using
Spearman’s Rank Correlation, Relative Importanei¢RIl) and Analytical Hierarchy
Process (AHP).

4.2. Respondents Profile

This part presents the details of the participamgresented in the years of
experience, job title, company role and country.

4.2.1. Respondents Years of Experience

The respondents are classified according to thesyaaexperience as follows:

0 24% of the participants have experience of 15 yaadsabove.

0 27% of the participants have experience betweeb5lgears.

o0 39% of the participants have experience betweehb fehrs.

0 10% of the participants have experience less thgeaks

More than 50% of the participants have an expeeesfclO years and above. The

following figure shows the classification of respents based on years of experience.
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Years of Experience

m Less than 5 years
u5-10 years

u10-15 years

=15 years and above

Figure 1 Respondents Years of Experience

4.2.2. Respondents Company Role

The respondents are classified according to thepaasrole as follows:

0 60% of the participants are working as contractor.

0 17% of the participants are working as consultant.

0 13% of the participants are owners.

0 8% of the participants are working as project managnt.

0 2% of the participants are working at higher edocat

The contractors represented more than 60% of thicipants in this study. The
following figure shows the classification of respents based on their role.
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Company Role

m Consultant
2% m Contractor

u Higher Education
= Owner

® Project Management

Figure 2 Respondents Company Role

4.2.3. Respondents Job Title

The respondents are classified according to théitjebas follows:

0 21% of the participants are working as project regr

0 18% of the participants are working as engineer.

0 17% of the participants are working as manager.

0 14% of the participants are construction manager.

0 12% of the participants are working as project ngana
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o Remaining of the participants are working as acadiem commercial manager,

contract manager and others.

The following figure shows the classification ofspendents based on their job

designations.

Job Title

m Project Engineer
u Academician
m Commercial Manager
204 = Construction Manager
2% m Contract Manager
m Engineer
= Manager

= other

= Project Manager

Figure 3 Respondents Job Title

25



4.2.4. Respondents Country

The participants in this study were located inafiht countries and classified as
follows:

0 72% of the participants are from Qatar.

0 19% of the participants are from Middle East.

0 4% of the participants are from Asia.

0 2% of the participants are from Europe.

0 1% of the participants are from America.

The following figure shows the distribution of resglents among different countries

around the world.

Country

= America
m Asia
m Europe
1% = MiddleEast
m Other
m Qatar

Figure 4 Respondents Country
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4.4. Relative Importance Index (RIl) Ranking

The questionnaire date analyzed using statisecdlrtique by calculating the relative
importance index for each factor of the impactslwinge orders studied in this project.
MS Excel software used to apply the RIl computation the participant score of each
factor.

The RII values calculated by multiplying the numbéresponses of each score by
the related score, then divide the result by tlghdst score (which is 9) and the total
number of participants (which is 102) for each dact

For example, the computation of the RIl value factbr F10 - Increased project re-
planning in relation to additional works type ofacige orders as follows:

RIl  (F10-additionalworks)=(1*1+1*2+8*3+10*4+12*5+&%14*7+17*8+30*9)/(
9*102)=0.746

The factors analyzed and ranked using RIl. Beldvwlet represent the outcome of
RII analysis and sort the factors starting withheigt RIl values for each type of change

orders.
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Table 2RIl Calculation for the Factors of Additional Works Change Orders

NUMBER OF RESPONDENTS OF EACH SCORE

ID FACTORS RII
1 2 3 4 5 6 7 8 9

F10 Increased project re-planning 1 1 8 10 12 9 147 30 0.746
F13 Increased in project management efforts 1 2 9 g4 15 26 15 11 0.685
FO3 Increased project financing 8 10 8 2 10 9 11 188 0.676
FO09 Increased site logistics requirements 7 4 8 61 19 24 18 15 0.674
FO7 Loss of opportunity for new projects 11 4 8 4 0113 23 13 16 0.649
FO8 Increased contractor overhead expenses 0 11 7# 7 10 14 19 20 0.647
FO02 Delay of retention payment 7 11 2 10 9 17 22 18 0.625
F11 Loss of efficiency due to work interruption 5 0113 11 15 4 17 13 14 0.606
F12 Loss of efficiency due to lack of equipment im1 112 12 16 13 13 11 4 0.531
FO4 Increased reworks and demolition works 12 13 110 15 10 12 15 4 0.529
FO1 Delay of progress payments 5 8 20 11 12 7 9 2 0.521
F16 Decrease in project quality 17 14 10 9 16 13 11 5 0.487
F15 Decrease in project health and safety 18 19 1M 10 5 11 7 9 0.467
FO6 Poor contractor relationship with the client 2513 13 9 10 8 9 10 5 0.449
F14 Increased material unit prices 18 17 23 7 14 o4 9 4 0.426
FO5 Decrease in contractor reputation 29 17 9 5 B 8 5 7 0.407
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Table 3 RII Calculation for the Factors of Omissidorks Change Orders

SCORES WITH NUMBER OF RESPONDENTS

ID FACTORS RII
2 3 4 5 6 7 8 9

F06 Poor contractor relationship with the client 15 9 9 10 7 16 13 20 0.626
F10 Increased project re-planning 7 8 13 7 13 10 1B 18 0.621
F08 Increased contractor overhead expenses 12 11 ® 12 27 11 9 4 0.544
FO5 Decrease in contractor reputation 16 10 8 9 m 17 10 3 0524
F13 Increased in project management efforts 5 13 1 17 8 13 7 6 0.524
FO1 Delay of progress payments 6 10 12 19 20 17 ®H 2 0.517
F11 Loss of efficiency due to work interruption 5 9115 20 12 6 8 8 0.505
FO4 Increased reworks and demolition works 15 16 120 16 10 9 8 6 0.484
F02 Delay of retention payment 15 24 10 11 13 18 2 0.455
F16 Decrease in project quality 27 11 8 9 17 14 6 28 0.444
F14 Increased material unit prices 25 18 12 15 @ 6 4 0417
FO7 Loss of opportunity for new projects 28 24 16 42 4 5 3 16 0.411
F12 Loss of efficiency due to lack of equipment 344 6 12 8 9 7 8 4 0.404
FO3 Increased project financing 28 21 18 8 7 4 4 48 0.378
F09 Increased site logistics requirements 40 15 18 12 4 0.33
F15 Decrease in project health and safety 38 17 18 4 7 2 0.326
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Table 4 RII Calculation for the Factors of Subsiita Works Change Orders

SCORES WITH NUMBER OF RESPONDENTS

ID FACTORS RII
1 2 3 4 5 6 7 8 9

F10 Increased project re-planning 3 0 3 2 11 14 223 26 0.781
FO4 Increased reworks and demolition works 2 3 4 59 15 19 21 24 0.754
F13 Increased in project management efforts 0 1 4 g3 12 19 17 20 0.734
F11 Loss of efficiency due to work interruption 3 13 5 15 20 22 18 15 0.721
FO1 Delay of progress payments 2 5 4 4 20 21 25 nmD 0.674
F02 Delay of retention payment 2 5 9 8 15 15 23 1B 0.659
F06 Poor contractor relationship with the client 72 4 8 15 18 26 13 9 0.659
F09 Increased site logistics requirements 8 9 7 mw 4 22 11 13 0.608
F08 Increased contractor overhead expenses 5 13 15 13 8 16 15 10 0.587
FO5 Decrease in contractor reputation 11 9 7 9 1¥ 18 10 8 0.578
FO7 Loss of opportunity for new projects 12 8 17 610 18 13 7 11 0.552
F16 Decrease in project quality 14 14 12 9 6 6 145 112 0.551
F12 Loss of efficiency due to lack of equipment 7 418 16 16 17 12 10 2 0541
FO3 Increased project financing 16 11 12 8 14 9 8 46 0.538
F14 Increased material unit prices 10 11 23 14 18 4 8 7 0.487
F15 Decrease in project health and safety 15 20 18 10 7 13 8 8 0.485

For additional works change orders as per RIl tsesuhe three most impacted
factors are increased project re-planning, Incraseproject management efforts and
increased project financing.

For omission works change orders as per RIl reshiésthree most impacted factors
are poor contractor relationship with the cliemcreased project re-planning and

increased contractor overhead expenses.
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For substitution (change) works change orders asRperesults, the three most
impacted factors are poor contractor relationshiih he client, increased project re-
planning and increased contractor overhead expenses

RII provides factors ranking for each type of charmgders individually and these
ranking used as the basis of the Analytical Hidrarerocess (AHP) to develop the AHP
pairwise comparisons.

In addition, the types of change orders analyzetiranked using RIl as described

above and the outcome represented on below table.

Table 5 RII Calculation for the Types of changeersd

ID Types of Change Orders SCORES WITH NUMBER OF RESPONDENTS Rl

1 2 3 4 5 6 7 8 9
TO3  Substitution (Change) works 1 5 1 5 10 16 29 169 0.743
TO1l  Additional Works 1 0 7 9 12 15 29 20 9 0.71
TO2  Omission Works 8 8 15 16 19 17 13 4 20.513

Substitution works has the highest RII value thaamit has the highest impact on

the construction projects among other types of gaanders.

31



4.5. Spearman’s Rank Correlation Test

Spearman’s Rank Correlation Test studies the monotonic relationship strength
between different factors and different parties. Spearman’s test is used to compare the
strength of different rankings by different participants using the rankings obtained from
RII results.

Spearman’s correlation coefficients were calculated to evaluate the correlation

between the respondents’ different groups as follows.

Qatar vs World

This part represents the ranking comparison of the participant responses between
Qatar and the rest of the world as shown in table below.

Spearman’s correlation factors are 0.974 for additional works, 0.871 for Omission
Works and 0.885 for Substitution (Change) works. These values reflect strong agreement

between the participants.
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Table 6 Spearman's Correlation Test - Qatar Versus Word - Additional Works

QATAR  WORLD
ID FACTORS RANK RANK
FO1 Delay of progress payments 10 11 1
FO02 Delay of retention payment 1
FO3 Increased project financing 3 0
FO4 Increased reworks and demolition works 11 4
FO5 Decrease in contractor reputation 16 16 0
FO6 Poor contractor relationship with the client 14 13 1
FO7 Loss of opportunity for new projects 5 7 4
FO8 Increased contractor overhead expenses 6 5 1
F09 Increased site logistics requirements 4 4 0
F10 Increased project re-planning 1 1 0
F11 Loss of efficiency due to work interruption 8 8 0
F12 Loss of efficiency due to lack of equipment 9 10 1
F13 Increased in project management efforts 2 2 0
F14 Increased material unit prices 15 15 0
F15 Decrease in project health and safety 12 14 4
F16 Decrease in project quality 13 12 1

Spearman's 0.973529

Correlation Factor
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Table 7 Spearman's Correlation Test - Qatar Vaisoisl - Omission Works

QATAR  WORLD

ID FACTORS RANK RANK

FO1 Delay of progress payments 4 9 25

FO2 Delay of retention payment 9 12 9

FO3 Increased project financing 14 14 0

FO4 Increased reworks and demolition works 4

FO5 Decrease in contractor reputation 5 4

FO6 Poor contractor relationship with the client 1 2

FO7 Loss of opportunity for new projects 13 10 9

FO8 Increased contractor overhead expenses 3 7 16

F09 Increased site logistics requirements 15 15 0

F10 Increased project re-planning 2 1 1

F11 Loss of efficiency due to work interruption 7 5

F12 Loss of efficiency due to lack of equipment 11 13 4

F13 Increased in project management efforts 6 3 9

F14 Increased material unit prices 12 11 1

F15 Decrease in project health and safety 16 16 0

F16 Decrease in project quality 10 8 4
Spearman's 0.870588

Correlation Factor
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Table 8 Spearman's Correlation Test - Qatar Versus Word - Substitution (Change) works

QATAR  WORLD

ID FACTORS RANK RANK 9z
FO1 Delay of progress payments 6 5 1
FO02 Delay of retention payment 7 6 1
FO3 Increased project financing 12 13 1
FO4 Increased reworks and demolition works 2 2 0
FO5 Decrease in contractor reputation 9 14 25
FO6 Poor contractor relationship with the client 5 9 16
FO7 Loss of opportunity for new projects 11 12 1
FO8 Increased contractor overhead expenses 10 9
F09 Increased site logistics requirements 8 8 0
F10 Increased project re-planning 0
F11 Loss of efficiency due to work interruption 4 3 1
F12 Loss of efficiency due to lack of equipment 14 10 16
F13 Increased in project management efforts 3 4 1
F14 Increased material unit prices 16 15 1
F15 Decrease in project health and safety 15 16 1
F16 Decrease in project quality 13 11 4
Spearman's 0.885294

Correlation Factor

Contractor vs Others

This part represents the ranking comparison of the participant responses between the
contractor and the others. Results are listed in Table 9,10 and 11.

Spearman’s correlation factors are 0.929 for additional works, 0.923 for Omission
Works and 0.779 for Substitution (Change) works. These reflect strong agreement

between the participants.
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Table 9 Spearman's Correlation Test - Contractor VERSUS Others - Additional works

QATAR  WORLD

ID FACTORS RANK RANK
FO1 Delay of progress payments 11 10 1
FO02 Delay of retention payment 4
FO3 Increased project financing 0
FO4 Increased reworks and demolition works 9 11 4
FO5 Decrease in contractor reputation 16 15 1
FO6 Poor contractor relationship with the client 15 13 4
FO7 Loss of opportunity for new projects 7 3 16
FO8 Increased contractor overhead expenses 5 6 1
F09 Increased site logistics requirements 2 5 9
F10 Increased project re-planning 1 1 0
F11 Loss of efficiency due to work interruption 8 7 1
F12 Loss of efficiency due to lack of equipment 10 9 1
F13 Increased in project management efforts 3 2 1
F14 Increased material unit prices 14 16 4
F15 Decrease in project health and safety 13 14 1
F16 Decrease in project quality 12 12 0
Spearman's 0.929412

Correlation Factor
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Table 10 Spearman's Correlation Test - ContracERSUS Others - Omission works

QATAR  WORLD

ID FACTORS RANK RANK

FO1 Delay of progress payments 8 5 9

FO2 Delay of retention payment 9 8 1

FO3 Increased project financing 14 12 4

FO4 Increased reworks and demolition works 9

FO5 Decrease in contractor reputation 3

FO6 Poor contractor relationship with the client 2 1

FO7 Loss of opportunity for new projects 13 11 4

FO8 Increased contractor overhead expenses 3 4

F09 Increased site logistics requirements 15 16

F10 Increased project re-planning 1 2 1

F11 Loss of efficiency due to work interruption 5 7

F12 Loss of efficiency due to lack of equipment 12 14 4

F13 Increased in project management efforts 4 6

F14 Increased material unit prices 11 13

F15 Decrease in project health and safety 16 15

F16 Decrease in project quality 10 10 0
Spearman's 0.923529

Correlation Factor
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Table 11 Spearman's Correlation Test - Contractor VERSUS Others - Substitution

(Change)works

QATAR  WORLD
ID FACTORS RANK RANK
FO1 Delay of progress payments 8 3 25
F02 Delay of retention payment 7 5 4
FO3 Increased project financing 15 9 36
FO4 Increased reworks and demolition works 2 2 0
FO5 Decrease in contractor reputation 11 8 9
FO6 Poor contractor relationship with the client 5 7 4
FO7 Loss of opportunity for new projects 13 11 4
FO8 Increased contractor overhead expenses 9 10 1
F09 Increased site logistics requirements 6 12 36
F10 Increased project re-planning 1 1 0
F11 Loss of efficiency due to work interruption 3 6 9
F12 Loss of efficiency due to lack of equipment 10 14 16
F13 Increased in project management efforts 4 4 0
F14 Increased material unit prices 16 15 1
F15 Decrease in project health and safety 14 16 4
F16 Decrease in project quality 12 13 1

Spearman's 0.779412

Correlation Factor

Contractor vs Owner
This part represents the ranking comparison of the participant responses between the

contractor and owner. The results are listed in Table 12,13 and 14.
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Spearman’s correlation factors are 0.85 for adudtiovorks, 0.944 for Omission
Works and 0.738 for Substitution (Change) workseskh reflect strong agreement

between the participants.

Table 12 Spearman's Correlation Test - ContracERSUS Owner - Additional works

QATAR  WORLD

ID FACTORS RANK RANK 9z

FO1 Delay of progress payments 11 8 9

FO02 Delay of retention payment 6 9 9

FO3 Increased project financing 4 6 4

FO4 Increased reworks and demolition works 9 11 4

FO5 Decrease in contractor reputation 16 15

FO6 Poor contractor relationship with the client 15 13 4

FO7 Loss of opportunity for new projects 7 2 25

FO8 Increased contractor overhead expenses 5 5 0

F09 Increased site logistics requirements 2 7 25

F10 Increased project re-planning 1 1 0

F11 Loss of efficiency due to work interruption 8 4 16

F12 Loss of efficiency due to lack of equipment 10 10 0

F13 Increased in project management efforts 3 3 0

F14 Increased material unit prices 14 16 4

F15 Decrease in project health and safety 13 14 1

F16 Decrease in project quality 12 12 0
Spearman's 0.85

Correlation Factor
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Table 13 Spearman's Correlation Test - ContracERSUS Owner - Omission works

QATAR  WORLD

ID FACTORS RANK RANK

FO1 Delay of progress payments 8 5

FO2 Delay of retention payment 9 10 1

FO3 Increased project financing 14 14 0

FO4 Increased reworks and demolition works 8

FO5 Decrease in contractor reputation 3

FO6 Poor contractor relationship with the client 2 1 1

FO7 Loss of opportunity for new projects 13 13

FO8 Increased contractor overhead expenses 3 4

F09 Increased site logistics requirements 15 16

F10 Increased project re-planning 1 2 1

F11 Loss of efficiency due to work interruption 5 6 1

F12 Loss of efficiency due to lack of equipment 12 11 1

F13 Increased in project management efforts 4 7

F14 Increased material unit prices 11 12

F15 Decrease in project health and safety 16 15

F16 Decrease in project quality 10 9 1
Spearman's 0.944

Correlation Factor
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Table 14 Spearman's Correlation Test - ContracERSUS Owner - Substitution

(Change)works
QATAR  WORLD
ID FACTORS RANK RANK
FO1 Delay of progress payments 8 6 4
FO2 Delay of retention payment 7 3 16
FO3 Increased project financing 15 9 36
FO4 Increased reworks and demolition works 2 2 0
FO5 Decrease in contractor reputation 11 10
FO6 Poor contractor relationship with the client 5 5 0
FO7 Loss of opportunity for new projects 13 8 25
FO8 Increased contractor overhead expenses 9 12 9
F09 Increased site logistics requirements 6 13 49
F10 Increased project re-planning 1 1 0
F11 Loss of efficiency due to work interruption 3 7 16
F12 Loss of efficiency due to lack of equipment 10 14 16
F13 Increased in project management efforts 4 4 0
F14 Increased material unit prices 16 15 1
F15 Decrease in project health and safety 14 16 4
F16 Decrease in project quality 12 11 1
Spearman's 0.738

Correlation Factor

Owner vs Others

This part represents the ranking comparison op#récipant responses between the

owner and others. The results are listed in Tabbe$6 and 17.
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Spearman’s correlation factors are 0.885 for additional works, 0.956 for Omission
Works and 0.829 for Substitution (Change) works. These reflect strong agreement

between the participants.

Table 15 Spearman's Correlation Test - Owner VERSUS Others - Additional works

QATAR  WORLD

ID FACTORS RANK RANK 9z
FO1 Delay of progress payments 8 11

F02 Delay of retention payment 9 7 4
FO3 Increased project financing 6 2 16
FO4 Increased reworks and demolition works 11 9 4
FO5 Decrease in contractor reputation 15 16

FO6 Poor contractor relationship with the client 13 14 1
FO7 Loss of opportunity for new projects 2 6 16
FO8 Increased contractor overhead expenses 5 5 0
F09 Increased site logistics requirements 7 4

F10 Increased project re-planning 1 1 0
F11 Loss of efficiency due to work interruption 4 8 16
F12 Loss of efficiency due to lack of equipment 10 10 0
F13 Increased in project management efforts 3 3 0
F14 Increased material unit prices 16 15 1
F15 Decrease in project health and safety 14 13 1
F16 Decrease in project quality 12 12 0

Spearman's 0.885

Correlation Factor
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Table 16 Spearman's Correlation Test - Owner VERSt&rs - Omission works

QATAR  WORLD

ID FACTORS RANK RANK

FO1 Delay of progress payments 5 5

FO2 Delay of retention payment 10 9

FO3 Increased project financing 14 14

FO4 Increased reworks and demolition works 8

FO5 Decrease in contractor reputation 3 6

FO6 Poor contractor relationship with the client 1 0

FO7 Loss of opportunity for new projects 13 12

FO8 Increased contractor overhead expenses 4 3

F09 Increased site logistics requirements 16 15

F10 Increased project re-planning 2 2

F11 Loss of efficiency due to work interruption 6 7 1

F12 Loss of efficiency due to lack of equipment 11 13 4

F13 Increased in project management efforts 7 4

F14 Increased material unit prices 12 11

F15 Decrease in project health and safety 15 16

F16 Decrease in project quality 9 10
Spearman's 0.956

Correlation Factor

43



Table 17 Spearman's Correlation Test - Owner VERSUrs - Substitution (Change)

works

QATAR  WORLD
ID FACTORS RANK RANK
FO1 Delay of progress payments 6 5 1
FO2 Delay of retention payment 3 7 16
FO3 Increased project financing 9 14 25
FO4 Increased reworks and demolition works 2 2
FO5 Decrease in contractor reputation 10 10
FO6 Poor contractor relationship with the client 5 6 1
FO7 Loss of opportunity for new projects 8 13 25
FO8 Increased contractor overhead expenses 12 9 9
F09 Increased site logistics requirements 13 8 25
F10 Increased project re-planning 1 1 0
F11 Loss of efficiency due to work interruption 7 4
F12 Loss of efficiency due to lack of equipment 14 12 4
F13 Increased in project management efforts 4 3 1
F14 Increased material unit prices 15 15 0
F15 Decrease in project health and safety 16 16 0
F16 Decrease in project quality 11 11 0

Spearman's 0.829

Correlation Factor

Experience Less than 10 years vs more than 10 years
This part represents the ranking comparison oféeponses of participants with less

than 10 years and more than 10 years. The resaltseed in Tables 18,19 and 20.
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Spearman’s correlation factors are 0.768 for amiati works, 0.732 for Omission
Works and 0.75 for Substitution (Change) works. Seheeflect agreement between the

participants.

Table 18 Spearman's Correlation Test — Less VER&OI® than 10 years’ experience -

Additional works

QATAR  WORLD

ID FACTORS RANK RANK 9z

FO1 Delay of progress payments 13 9 16

FO02 Delay of retention payment 7 5 4

FO3 Increased project financing 2 6 16

FO4 Increased reworks and demolition works 12 10 4

FO5 Decrease in contractor reputation 16 15

FO6 Poor contractor relationship with the client 14 12 4

FO7 Loss of opportunity for new projects 5 4 1

FO8 Increased contractor overhead expenses 3 8 25

F09 Increased site logistics requirements 4 3 1

F10 Increased project re-planning 1 1 0

F11 Loss of efficiency due to work interruption 8 7 1

F12 Loss of efficiency due to lack of equipment 11 11 0

F13 Increased in project management efforts 6 2 16

F14 Increased material unit prices 15 13 4

F15 Decrease in project health and safety 9 16 49

F16 Decrease in project quality 10 14 16
Spearman's 0.768

Correlation Factor
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Table 19 Spearman's Correlation Test — Less VER&OI® than 10 years’ experience -

Omission works

QATAR  WORLD
ID FACTORS RANK RANK
FO1 Delay of progress payments 7 4 9
FO2 Delay of retention payment 10 8 4
FO3 Increased project financing 13 14
FO4 Increased reworks and demolition works 6 9
FO5 Decrease in contractor reputation 10 49
FO6 Poor contractor relationship with the client 1 0
FO7 Loss of opportunity for new projects 11 12 1
FO8 Increased contractor overhead expenses 4 7
F09 Increased site logistics requirements 15 15 0
F10 Increased project re-planning 2 0
F11 Loss of efficiency due to work interruption 8 5 9
F12 Loss of efficiency due to lack of equipment 14 11 9
F13 Increased in project management efforts 6 3 9
F14 Increased material unit prices 12 9 9
F15 Decrease in project health and safety 16 16 0
F16 Decrease in project quality 5 13 64
Spearman's 0.732

Correlation Factor
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Table 20 Spearman's Correlation Test — Less VER&OI® than 10 years’ experience -

Substitution (Change) works

QATAR  WORLD

ID FACTORS RANK RANK
FO1 Delay of progress payments 8 5 9
FO2 Delay of retention payment 9 6 9
FO3 Increased project financing 12 15 9
FO4 Increased reworks and demolition works 2 2 0
FO5 Decrease in contractor reputation 7 13 36
FO6 Poor contractor relationship with the client 5 7 4
FO7 Loss of opportunity for new projects 13 10 9
FO8 Increased contractor overhead expenses 6 11 25
F09 Increased site logistics requirements 10 8 4
F10 Increased project re-planning 1 1 0
F11 Loss of efficiency due to work interruption 4 4 0
F12 Loss of efficiency due to lack of equipment 15 9 36
F13 Increased in project management efforts 3 3 0
F14 Increased material unit prices 16 12 16
F15 Decrease in project health and safety 14 16 4
F16 Decrease in project quality 11 14 9
Spearman's 0.75

Correlation Factor

4.6. Analytical Hierarchy Process (AHP)

This section represents data analysis using AmalytHierarchy Process (AHP)

decision technique. Relative importance index (Rllysed at the initial stage to rank the
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impact factors of each type of change orders individually, AHP was used to provide an
overall ranking of the impact factors for all types of change orders.

Analytical Hierarchy Process (AHP) was used as a method in different research
works in construction industry and showed successful results, as AHP is a useful method
for multi-criteria decision making in construction management.

AHP uses pairwise comparisons between criteria to measure the relative importance
of each of them. Inconsistency in pairwise comparisons may occur as outcome of
improper conceptualization of data-hierarchy. Consistency ratio must be less than 0.1 to
be acceptable and if not, pairwise comparison matrix needs to be revised.

The strength of AHP appears in arranging the factors in a systematic way and
provides a simple solution to support project management by taking the correct decision
of multiple criteria problem. This is why AHP method have been used in this research
project to provide overall ranking for the factors considering the different types of change
orders. Change orders types represent the multiple criteria of AHP method.

AHP results are subjective as they depend on the relative weight assigned to each
factor at pairwise comparisons.

AHP arrange the decision problem into multiple level hierarchical structures starting
at the top level with problem objectives, next level with multi criteria and last level with
alternatives.

The objective of using AHP in this study is to provide an overall ranking of the
impact factors, by considering the three types of change orders as criteria and the 16

impact factors as alternatives.
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AHP analysis is applied using the procedure shosovin

1. Define the problem objective.

2. Define the problem multiple criteria.

3. Define the problem alternatives.

4. Assign relative weights for each alternative antkoa.

5. Create the AHP multi-level hierarchical structure.

6. Generate pairwise comparison matrices for the redteres and the criteria in

relation to the assigned relative weights.

7. Check consistency ration, if less than 0.1, rewisis required for pairwise

comparison matrix.

8. Compute priority values to obtain the alternatigesrall ranking.

RII ranking was used to determine the relative Wwesg which are required to
develop the pairwise comparison matrices using AHbdint scale described in below
table. Pairwise comparison matrices were develdpedhe 16 impact factors for each
type of change orders and were also developedhéothiree types of change orders.

Pairwise comparison requires n*n matrix, where represents the alternatives
number, ‘n’ equals 16 while representing the factmd equals 3 while representing the
types of change orders.

A total of n(n-1)/2 comparisons were made betwéeneilements in the comparison
matrix, the diagonal values are always equal to 1.

Computer software (SuperDecision) was used to t&the consistency ratio (CR)
and the priority of each element. CR value shodddss than 0.1 to be considered as

acceptable, otherwise reassigning of the relatiggits is required to make a consistent
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matrix. The sum of the priorities should be eqodl &and higher priority value indicates a

higher ranking of the element.

AHP priority values were used to rank the elememd were used to obtain a

hierarchy of the impact factors for the three typéshange orders concurrently. The

AHP hierarchical structure is presented in the Wwdigure.

Table 21 AHP - Scale for Pairwise Comparisons

Intensity of o _
Definition Explanation
Importance
1 Equal Importance Both items contribute equallth® objective
2 Intermediate value Intermediate value betweendl3a
3 Moderate Importance One element has slightly nmopsrtance over another
4 Intermediate value Intermediate value betweend3ma
5 Strong Importance One element has strongly mopeitance over another
6 Intermediate value Intermediate value betweends7a
7 Very Strong Importance  One element has very gtyomore importance over another
8 Intermediate value Intermediate value betweendBa
9 Extreme Importance One element has extreme myrertance over another
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¢ FO1 Delay of progress payments

F02 Delay of retention payment

FO03 Increased project financing

FO04 Increased reworks and demolition works

N

Additional Works

FOS Decrease in contractor reputation

FO6 Poor contractor relationship with the client

A

XX KT
‘::E::s“i'f'e'l F07 Loss of opportunity ject
S ' ‘- oss of opportunity for new projects

<7/
L
WSy ‘
AT
222\ V’
A\‘&g‘e" A‘\ FO8 Increased contractor overhead expenses ‘

AHP OVERALL RANKING OF THE FACTORS OF CHANGE ORDERS
IMPSCTS ON CONSTRUCTION PROJECT PERFORMANCE

Substitution Works

|14 Increased material unit prices

% F15 Decrease in project health and safety

F16 Decrease in project quality

AHP GOAL ‘ ‘ CRITERIA ‘ ALTERNATIVES ‘

Figure 5 AHP Overall Ranking Model for Multi Criteria of the Factors of Change Orders
Impacts
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pairwise comparison.

Table 22 RII Factors Ranking of Additional Worksablge Orders

RII ranking values in the below tables are usedstign the relative weights of AHP

ID FACTORS RII FACTORS RANKING
F10 Increased project re-planning 0.746 1
F13 Increased in project management efforts 0.685 2
FO3 Increased project financing 0.676 3
FO9 Increased site logistics requirements 0.674 4
FO7  Loss of opportunity for new projects 0.649 5
FO8 Increased contractor overhead expenses 0.647 6
FO2  Delay of retention payment 0.625 7
F11  Loss of efficiency due to work interruption 066 8
F12  Loss of efficiency due to lack of equipment a5
FO4  Increased reworks and demolition works 0.529 10
FO1 Delay of progress payments 0.521 11
F16  Decrease in project quality 0.487 12
F15 Decrease in project health and safety 0.467 13
FO6  Poor contractor relationship with the client 4439 14
F14  Increased material unit prices 0.426 15
FO5 Decrease in contractor reputation 0.407 16
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Table 23 RII Factors Ranking of Omission Works Gje®rders

ID FACTORS RII FACTORS RANKING
FO6  Poor contractor relationship with the client 625 1
F10 Increased project re-planning 0.621 2
FO8 Increased contractor overhead expenses 0.544 3
FO5  Decrease in contractor reputation 0.524 4
F13 Increased in project management efforts 0.524 5
FO1 Delay of progress payments 0.517 6
F11  Loss of efficiency due to work interruption 0% 7
FO4  Increased reworks and demolition works 0.484 8
FO2  Delay of retention payment 0.455 9
F16  Decrease in project quality 0.444 10
F14  Increased material unit prices 0.417 11
FO7  Loss of opportunity for new projects 0.411 12
F12  Loss of efficiency due to lack of equipment 2.4 13
FO3 Increased project financing 0.378 14
FO9 Increased site logistics requirements 0.33 15
F15 Decrease in project health and safety 0.326 16
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Table 24 RII Factors Ranking of Substitution Works Change Orders

ID FACTORS RII FACTORS RANKING
F10 Increased project re-planning 0.781 1
FO04  Increased reworks and demolition works 0.754 2
F13 Increased in project management efforts 0.734 3
F11  Loss of efficiency due to work interruption 0.721 4
FO1 Delay of progress payments 0.674 5
FO2  Delay of retention payment 0.659 6
FO6  Poor contractor relationship with the client 0.659 7
FO9 Increased site logistics requirements 0.608 8
FO8 Increased contractor overhead expenses 0.587 9
FO5 Decrease in contractor reputation 0.578 10
FO7  Loss of opportunity for new projects 0.552 11
F16  Decrease in project quality 0.551 12
F12  Loss of efficiency due to lack of equipment 0.541 13
FO3  Increased project financing 0.538 14
F14  Increased material unit prices 0.487 15
F15 Decrease in project health and safety 0.485 16
Table 25 RII Ranking of the Types of Change Orders

ID Types of Change Orders RII TYPES RANKING
TO3  Substitution (Change) works 0.743 1
TO1  Additional Works 0.71
TO2  Omission Works 0.513 3




AHP Pairwise Comparison Matrix Development
Relative weights were assigned to each elemenhefcomparison matrix with
reference to the RIl values. These matrices wekeldped for each type of change
orders to compare the 16 impact factors using thi> Acale described earlier. Also,
pairwise comparison matrix was developed to comphee types of change orders.
Computer software (SuperDecisions) used to devidlepairwise comparison matrices.
Tables below show three matrices of the 16 factoils a size of 16*16 and 1 matrix of
the three types of change orders with a size of 3*3
Example of assigning relative weights and elemenbmparisons
» For the additional works change order, Factor numibg( F10) was assigned the
highest weight (9) as it has the highest RIl valuod factor FO1 was assigned the
weight of 3 as it has a much lower RIl value.
» After the assigning the weights, pairwise comparsswere developed between
each element, for example for additional works, R&8 value of 6 in comparison
to FO1 which means that F10 is strongly more inmgurthan FO1, where F10 was

assigned a weight of 9 and FO1 was assigned a tvafigh
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Table 26 Sample of pairwise comparison — Additional works (FO1 & F10 weights and

comparison)

FO1 FO2 FO3 FO4 FO5 FO6 FO7 FOB8 FO9 F10 F11 F12 F13 Fl14 F15 Fl16

WGT

F1 6 3 2 6 9 8 3 3 2 1 4 6 2 8 7 7
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Table 27 AHP Pairwise Comparisons Matrix - Additional Works Impact Factors

' FO1 FO2 FO3 FO4 FO5 FO6 FO7 FO8 FO9 F10 F11 F12 F13 Fl14 F15 F16
WG

- 3 6 7 3 1 6 6 7 9 5 3 7 2
FO1 3 1 113 14 1 2 1/3 3 14 16 12 1 14 3 1 1
F02 5 3 1 1 3 5 1 1 1 1/3 1 2 1/2 5 4 4
FO3 . 4 1 1 4 6 1 1 1 1/2 2 4 1 7 6 5
F0o4 3 1 13 14 1 2 1/3 3 14 16 12 1 14 3 2 1
FO5 1 /3 e 17 13 1 1/6 e 17 19 15 13 17 1 12 12
FO6 1 1/2 15 16 12 1 %5 15 1/6 18 14 12 1/6 11 1
FO7 5 3 1 1 3 5 1 1 1 1/3 1 3 1 6 5 4
FO8 5 3 1 1 3 5 1 1 1 1/3 1 3 1 6 5 4
F09 . 4 1 1 4 6 1 1 1 1/2 2 4 1 7 5 5
F10 9 6 3 2 6 8 3 3 2 1 4 6 2 8 7 7
F11 5 2 1 1/2 2 4 1 1 172 14 1 2 1/2 5 4 3
F12 3 1 172 14 1 2 1/3 3 14 16 12 1 14 3 2 1
F13 . 4 2 1 4 6 1 1 1 1/2 2 4 1 7 6 5
F14 1 /3 15 U7 13 1 1/6 e 17 18 15 13 17 1 1 1
F15 ) 1 1/4 16 172 1 5 15 15 17 U4 12 16 1 1 1
F16 ’ 1 1/4 1/5 1 1 14 14 15 17 13 1 155 1 1 1
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Table 28 AHP Pairwise Comparisons Matrix — Omission Works Impact Factors

' FO1 FO2 FO3 FO4 FO5 FO6 FO7 FO8 FO9 F10 F11 F12 F13 Fl14 F15 F16
WG

- 6 4 2 5 6 9 3 7 1 9 5 2 6 3 4
FO1 5 1 2 4 1 1 1/3 3 1 6 1/3 1 3 1 3 6 2
F02 4 1/2 1 2 1 1/2 1/5 1 1/3 4 1/5 1 2 1/2 1 4 1
FO3 ) 1/4 172 1 13 14 1 1 15 1 17 14 1 1/4 1 2 1/2
F0o4 5 1 1 3 1 1 1/4 2 1/2 5 1/4 1 2 1 2 5 1
FO5 5 1 2 4 1 1 1/3 3 1 6 1/3 1 5 1 3 6 2
FO6 9 3 5 7 4 3 1 6 2 9 1 4 7 3 6 9 5
FO7 3 1/3 1 1 1/2 13 1/6 1 1/4 2 1/6 173 1 1/3 1 1/3 1
FO8 . 1 3 5 2 1 1/2 4 1 6 1/2 1 4 1 4 7 3
F09 1 /6 14 1 /5 16 1/9 1/2 16 1 19 15 12 16 1733 1 13
F10 9 3 5 7 4 3 1 6 2 9 1 3 7 3 6 9 5
F11 5 1 1 4 1 1 1/4 3 1 5 1/3 1 3 1 3 5 2
F12 ) 113 172 1 12 15 117 1 1/4 2 17 133 1 1/4 1 2 1
F13 5 1 2 4 1 1 1/3 3 1 6 1/3 1 4 1 3 6 2
F14 3 1/3 1 1 1/2 13 1/6 1 1/4 3 1/6 173 1 1/3 1 3 1
F15 1 /6 14 12 15 16 1/9 3 17 1 /9 15 12 1/6 1/3 1 1/4
F16 4 1/2 1 2 1 1/2 1/5 1 1/3 3 1/5 12 1 1/2 1 4 1
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Table 29 AHP Pairwise Comparisons Matrix — Substitution Works Impact Factors

FO1 FO2 FO3 FO4 FO5 FO6 FO7 FO8 FO9 F10 F11 F12 F13 Fl14 F15 F16
WG

- 6 5 2 8 3 5 2 3 4 9 7 2 2
FO1 5 1 1 4 1/2 3 1 4 3 2 1/3 1 4 1/2 6 6 4
F02 5 1 1 4 1/3 2 1 3 2 2 14 172 4 1/2 5 5 3
FO3 ) 1/4 14 1 1/7 1 1/4 1 1 12 17 1/6 1 16 2 2 1
F0o4 8 2 3 7 1 5 3 6 5 4 1 1 6 1 8 8 6
FO5 3 113 172 1 1/5 1 1/2 1 1 1 /6 1/4 1 1/5 3 3 1
FO6 5 1 1 4 1/3 2 1 3 2 2 14 172 4 1/2 5 5 3
FO7 ) 1/4 173 1 1/6 1 1/3 1 1 12 17 1/5 1 16 2 2 1
FO8 3 113 172 1 1/5 1 1/2 1 1 1 /6 14 1 1/4 3 3 1
FO9 4 172 172 2 1/4 1 1/2 2 1 1 1/5 173 2 1/4 4 4 2
F10 9 3 4 7 1 6 4 7 6 5 1 2 7 1 9 9 7
F11 . 1 2 6 1 4 2 5 4 3 1/2 1 5 1 7 7 5
F12 ) 1/4 14 1 1/6 1 1/4 1 1 12 17 1/5 1 16 2 2 1
F13 8 2 2 6 1 5 2 6 4 4 1 1 6 1 8 8 6
F14 1 /%6 15 12 1/8 13 15 12 1/3 14 19 ur 12 1/8 11 1/2
F15 1 /6 15 12 18 13 15 12 13 14 19 7 12 18 11 1/2
F16 ) 1/4 173 1 1/6 1 1/3 1 1 172 17 1/5 1 1/6 2 2 1
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Table 30 AHP Pairwise Comparisons — Type of Change orders

ID TO1 TO2 TO3
WGT 7 1 9
TO1 Additional Works 7 1 7 1/2
TO2 Omission Works 1 1/7 1 1/9
TO3 Substitution works 9 2 9 1

Normalized pairwise comparison matrices, Consistency ratio and priority values

The summation of each column was computed and then all values within each
column were divided by the column’s summation. Then, the new summation of each
column becomes equal to one, which means that the matrices became normalized.

The priority value of each row equals the average of all values in the row and the
summation of all priority values equals one.

Computer software (SuperDecisions) was used to calculate the consistency ratio
(CR).

The normalized matrices with the priority values are provided below.
Example of normalizing matrices with the priority values

* For the additional works matrix, the sum of the first column equals to:

(14+3+4+1+1/3+1/2+3+3+4+6+2+1+4+1/3+1+1) = 35.17
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Table 31 Sample for Column Summation of Pairwisen@arison Matrix

° FO1 FO2 FO3 FO4 FO5 FO6 FO7 FO8 FO9 F10 F11 F12 F13 F14 F15 F16

w

oT 3 6 7 3 1 1 6 6 7 9 5 3 7 1 2 2
FO1 3 1 1/3 1/4 1 3 2 1/3 1/3 a4 16 172 1 1/4 3 1 1
F02 5 3 1 1 3 6 5 1 1 1 1/3 1 2 1/2 5 4 4
FO3 7 4 1 1 4 7 6 1 1 1 1/2 2 4 1 7 6 5
FO4 3 1 1/3 1/4 1 3 2 1/3 1/3 a4 16 172 1 1/4 3 2 1
FO5 1 1/3 1/6 1/7 1/3 1 1 1/6 1/6 ur 19 1/5 13 17 1/2 1/2
FO6 1 1/2 1/5 1/6 1/2 1 1 1/5 1/5 6 18 14 12 1/6 1 1
FO7 5 3 1 1 3 6 5 1 1 1 1/3 1 3 1 6 5 4
FO8 5 3 1 1 3 6 5 1 1 1 1/3 1 3 1 6 5 4
FO9 7 4 1 1 4 7 6 1 1 1 1/2 2 4 1 7 5 5
F10 9 6 3 2 6 9 8 3 3 2 1 4 6 2 8 7 7
F11 5 2 1 1/2 2 5 4 1 1 12 1/4 1 2 1/2 5 4 3
F12 3 1 1/2 1/4 1 3 2 1/3 1/3 a4 1/6 172 1 1/4 3 2 1
F13 7 4 2 1 4 7 6 1 1 1 1/2 2 4 1 7 6 5
F14 1 1/3 1/5 1/7 1/3 1 1 1/6 1/6 7 18 1/5 13 17 1 1
F15 ) 1 1/4 1/6 1/2 2 1 1/5 1/5 s U7 14 12 16 1 1
F16 ) 1 1/4 1/5 1 2 1 1/4 1/4 15 17 173 1 155 1 1 1

Summation 35. 13. 10. 34. 69. 56. 11. 11. 10. 49 16. 33. 95 65. 51 44,
17 23 07 67 00 00 98 98 10 0 73 67 7 00 50 50
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All the values within the first column were divided by 35.17 to normalize them, the

same were followed for all columns, after complete the normalization for all the values,

the average of each row gives the priority value (PV) of each factor. The average value of

the first row of the normalized matrix is equal to 0.030.

Table 32 Sample for Row Average Value of Pairwise Comparison Matrix

ID
FO1 F02 FO3

F14 F15 F16
PV

0.03 0.03 0.02
FO1 3

0.05 0.02
0.030
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Table 33 AHP Normalized Pairwise Comparisons — Additional Works with Priority

Values and Consistency Ratio

ID FO1 F02 FO3 FO4 FO5 F06 FO7 FO8 F09 F10 F11 F12 F13 Fl14 F15
WGT 3 6 7 3 1 1 7 1 2 2
3
FOl 003 003 002 003 004 004 003 003 002 003 003 003 003 005 002
F02 6 009 008 010 009 009 009 008 008 010 007 006 006 005 008 008
Fo3 7 011 008 010 012 010 011 008 008 010 010 012 012 010 011 012
Fo4 3 003 003 002 003 004 004 003 003 002 003 003 003 003 005 004
FO5 1 001 001 00l 001 00l 002 00l 00l 001 002 001 00l 00l 002 001
Fo6 1 001 002 002 001 00l 002 002 002 002 003 001 00l 002 002 002
Fo7 6 009 008 010 009 009 009 008 008 010 007 006 009 010 009 0.0
Fo8 6 009 008 010 009 009 009 008 008 010 007 006 009 010 009 0.0
F09 7 011 008 010 012 010 011 008 008 010 010 012 012 010 011 010
F10 9 017 023 020 017 013 014 025 025 020 020 024 018 021 012 014
F11 5 006 008 005 006 007 007 008 008 005 005 006 006 005 008 008
F12 3 003 004 002 003 004 004 003 003 002 003 003 003 003 005 004
F13 7 011 015 010 012 010 011 008 008 010 010 012 012 010 011 012
F14 1 001 002 001 001 00l 002 00l 00l 001 003 001 00l 00l 002 002
F15 003 002 002 001 003 002 002 002 002 003 001 00l 002 002 002
F16 2 003 002 002 003 003 002 002 002 002 003 002 003 002 002 002
Summation=  1.00 100 100 1.00 100 100 1.00 1.00 100 100 1.00 1.00 100 1.00  1.00
Consistency Ratio = 0.00917 < 0.1

F16
PV

0.030
0.02

0.08-080
0.19-104
0.09-031
0.0P-013
0.09.017
0.08-087
0.08-087
0.19-103
0.18-187
0.09-065
0.09-032
0.19-108
0.09-015
0.09-019

0.09-023
1.00.00
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Table 34 AHP Normalized Pairwise Comparisons — Omission Works with Priority

Values and Consistency Ratio

ID FO1 FO2 FO3 FO4 FO5 FO6 FO7 FO8 FO9 F10 F11 F12 F13 F14 Fi15
WGT 6 4 2 5 6 9 6 3 1 4

6 0.07 0.08 0.08 0.05 0.07 0.06 0.08 0.09 0.09 0.06 0.06 0.07 0.07 0.08 0.09

-F-:EZ 4 0.03 0.04 0.04 0.05 0.03 0.04 0.03 0.03 0.06 0.04 0.06 0.05 0.03 0.03 0.06
FO3 2 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.02 0.01 0.03 0.02 0.02 0.02 0.03 0.03
FO4 5 0.07 0.04 0.06 0.05 0.07 0.05 0.05 0.04 0.07 0.05 0.06 0.05 0.07 0.05 0.07
FO5 6 0.07 0.08 0.08 0.05 0.07 0.06 0.08 0.09 0.09 0.06 0.06 0.12 0.07 0.08 0.09
FO6 9 0.21 0.19 0.15 0.21 0.21 0.19 0.15 0.18 0.13 0.19 0.25 0.16 0.21 0.16 0.13
FO7 3 0.02 0.04 0.02 0.03 0.02 0.03 0.03 0.02 0.03 0.03 0.02 0.02 0.02 0.03 0.00
FO8 7 0.07 0.11 0.11 0.10 0.07 0.10 0.10 0.09 0.09 0.09 0.06 0.09 0.07 0.11 0.10
FO9 1 0.01 0.01 0.02 0.01 0.01 0.02 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01
F10 9 0.21 0.19 0.15 0.21 0.21 0.19 0.15 0.18 0.13 0.19 0.19 0.16 0.21 0.16 0.13
F11 5 0.07 0.04 0.08 0.05 0.07 0.05 0.08 0.09 0.07 0.06 0.06 0.07 0.07 0.08 0.07
F12 2 0.02 0.02 0.02 0.03 0.01 0.03 0.03 0.02 0.03 0.03 0.02 0.02 0.02 0.03 0.03
F13 6 0.07 0.08 0.08 0.05 0.07 0.06 0.08 0.09 0.09 0.06 0.06 0.09 0.07 0.08 0.09
F14 3 0.02 0.04 0.02 0.03 0.02 0.03 0.03 0.02 0.04 0.03 0.02 0.02 0.02 0.03 0.04
F15 1 0.01 0.01 0.01 0.01 0.01 0.02 0.08 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01
F16 4 0.03 0.04 0.04 0.05 0.03 0.04 0.03 0.03 0.04 0.04 0.03 0.02 0.03 0.03 0.06
Summation = 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Consistency Ratio =0.01908 < 0.1

F16
PV
0.07
0.04
0.02
0.04
0.07
0.18
0.04
0.11
0.01
0.18
0.07
0.04
0.07
0.04
0.01
0.04

1.do00

0.073

0.041

0.021

0.056

0.076

0.180

0.025

0.092

0.014

0.176

0.068

0.024

0.074

0.029

0.017

0.036



Table 35 AHP Normalized Pairwise Comparisons — Substitutional Works with Priority

Values and Consistency Ratio

ID FO1 F02 FO3 FO4 FO5 FO6 FO7 FO8 FO9 F10 F11 F12 F13 Fl14 F15 F16
PV

WGT 6 5 2 8 3 5 2 3 4 9 7 2 8 1 1 2

6 0.07 0.06 0.09 0.07 0.09 0.06 0.09 0.09 0.07 0.06 0.11 0.09 0.07 0.09 0.09 0.09.081
ECTZ 5 007 0.06 0.09 0.05 0.06 0.06 0.07 0.06 0.07 0.04 0.06 0.09 0.07 0.07 0.07 0.00.066
FO3 2 002 0.01 0.02 0.02 0.03 0.01 0.02 0.03 0.02 0.03 0.02 0.02 0.02 0.03 0.03 0.09.023
FO4 8 015 0.18 0.15 0.15 0.14 0.18 0.14 0.15 0.15 0.18 0.11 0.13 0.14 0.12 0.12 0.10.145
FO5 3 002 0.03 0.02 0.03 0.03 0.03 0.02 0.03 0.04 0.03 0.03 0.02 0.03 0.04 0.04 0.09.029
FO6 5 007 0.06 0.09 0.05 0.06 0.06 0.07 0.06 0.07 0.04 0.06 0.09 0.07 0.07 0.07 0.00.066
FO7 2 002 0.02 0.02 0.02 0.03 0.02 0.02 0.03 0.02 0.03 0.02 0.02 0.02 0.03 0.03 0.09.024
FO8 3 002 0.03 0.02 0.03 0.03 0.03 0.02 0.03 0.04 0.03 0.03 0.02 0.04 0.04 0.04 0.09.030
FO9 4  0.04 0.03 0.04 0.04 0.03 0.03 0.05 0.03 0.04 0.04 0.04 0.04 0.04 0.06 0.06 0.09.040
F10 9 022 0.23 0.15 0.15 0.17 0.23 0.16 0.18 0.18 0.18 0.23 0.16 0.14 0.13 0.13 0.16.176
F11 7 007 0.12 0.13 0.15 0.12 0.12 0.12 0.12 0.11 0.09 0.11 0.11 0.14 0.10 0.10 0.19.114
F12 2 002 0.01 0.02 0.02 0.03 0.01 0.02 0.03 0.02 0.03 0.02 0.02 0.02 0.03 0.03 0.09.023
F13 8 015 0.12 0.13 0.15 0.14 0.12 0.14 0.12 0.15 0.18 0.11 0.13 0.14 0.12 0.12 0.10.134
F14 1 o.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.02 0.01 0.01 0.00.013
F15 1 o.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.02 0.01 0.01 0.00.013
F16 2 002 0.02 0.02 0.02 0.03 0.02 0.02 0.03 0.02 0.03 0.02 0.02 0.02 0.03 0.03 0.09.024
Summation = 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00.00

Consistency Ratio = 0.00868 < 0.1

Table 36 AHP Normalized Pairwise Comparisons — Types of Change Orders with

Priority Values and Consistency Ratio

ID TO1 T02 TO3
Priority Value
WGT 7 1 9
TO1 Additional Works 7 0.32 0.41 0.31 0.347
T02 Omission Works 1 0.05 0.06 0.07 0.058
TO3 Substitution works 9 0.64 0.53 0.62 0.595
Summation = 1.00 1.00 1.00 1.00

Consistency Ratio = 0.02089 < 0.1
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AHP Overall Ranking

New matrix was generated for the factors priority values of all types of change
orders. Then, this new matrix was multiplied by the matrix of the change order types to
compute the factors overall ranking covering the three types of change orders. Priority

values matrices and the matrices multiplication details are shown below.

Table 37 Factors Priority values matrix

Priority Value
ID Factors Additional Substitution
Works Omission Works works
FO1 Delay of progress payments 0.030 0.073 0.081
F02 Delay of retention payment 0.080 0.041 0.066
F03 Increased project financing 0.104 0.021 0.023
F04 Increased reworks and demolition works 0.031 0.056 0.145
FO5 Decrease in contractor reputation 0.013 0.076 0.029
F06 Poor contractor relationship with the client 0.017 0.180 0.066
FO07 Loss of opportunity for new projects 0.087 0.025 0.024
F08 Increased contractor overhead expenses 0.087 0.092 0.030
F09 Increased site logistics requirements 0.103 0.014 0.040
F10 Increased project re-planning 0.187 0.176 0.176
F11 Loss of efficiency due to work interruption 0.065 0.068 0.114
F12 Loss of efficiency due to lack of equipment 0.032 0.024 0.023
F13 Increased in project management efforts 0.108 0.074 0.134
F14 Increased material unit prices 0.015 0.029 0.013
F15 Decrease in project health and safety 0.019 0.017 0.013
F16 Decrease in project quality 0.023 0.036 0.024
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Table 38 Change order types priority values matrix

ID Type of Change Orders Priority Value

TO1 Additional Works 0.347

T02 Omission Works 0.058

TO3 Substitution works 0.595

TO1 TO2 TO3 OVERALL

FO1 0.030 0.073 0.081 FO1 0.063
F02 0.080 0.041 0.066 F02 0.069
FO3 0.104 0.021 0.023 FO3 0.051
FO4 0.031 0.056 0.145 FO4 0.100
FO5 0.013 0.076 0.029 FO5 0.027
FO6 0.017 0.180 0.066 FO6 0.056
FO7 0.087 0.025 0.024 TO1 0.347 FO7 0.046
FO8 0.087 0.092 0.030 X TO2 0.058 j— FO8 0.053
F09 0.103 0.014 0.040 TO3 0.595 FO9 0.060
F10 0.187 0.176 0.176 F10 0.180
F11 0.065 0.068 0.114 F11 0.094
F12 0.032 0.024 0.023 F12 0.026
F13 0.108 0.074 0.134 F13 0.122
F14 0.015 0.029 0.013 F14 0.015
F15 0.019 0.017 0.013 [FilS 0.016
F16 0.023 0.036 0.024 F16 0.024

Figure 6 Priority Values Matrices Multiplication an d Result of Overall Ranking

The following tables show the factors ranking usitgP for each change order type

and the overall ranking and presents the factoesabwranking using AHP method.
67



Table 39 Factors Ranking using AHP for Each Change Order Type and Overall ranking

Additional Omission Substitution

ID Factors Works Works works Overal

Priority ~ Rank  Priority Rank  Priority  Rank Priority  Rank
FO1 Delay of progress payments 0.030 11 0.073 6 0.081 5 0.063 6
F02 Delay of retention payment 0.080 7 0.041 9 0.066 7 0.069 5
FO3 Increased project financing 0.104 3 0.021 14 0.023 14 0.051 10
F04 Increased reworks and demolition works 0.031 10 0.056 8 0.145 2 0.100 3
FO5 Decrease in contractor reputation 0.013 16 0.076 4 0.029 10 0.027 12
F06 Poor contractor relationship with the client 0.017 14 0.180 1 0.066 6 0.056 8
FO7 Loss of opportunity for new projects 0.087 5 0.025 12 0.024 11 0.046 11
FO8 Increased contractor overhead expenses 0.087 6 0.092 3 0.030 9 0.053 9
F09 Increased site logistics requirements 0.103 4 0.014 16 0.040 8 0.060 7
F10 Increased project re-planning 0.187 1 0.176 2 0.176 1 0.180 1
F11 Loss of efficiency due to work interruption 0.065 8 0.068 7 0.114 4 0.094 4
F12 Loss of efficiency due to lack of equipment0.032 9 0.024 13 0.023 13 0.026 13
F13 Increased in project management efforts 0.108 2 0.074 5 0.134 3 0.122 2
F14 Increased material unit prices 0.015 15 0.029 11 0.013 15 0.015 16
F15 Decrease in project health and safety 0.019 13 0.017 15 0.013 16 0.016 15
F16 Decrease in project quality 0.023 12 0.036 10 0.024 12 0.024 14
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Table 40 Factors Overall Ranking using AHP

ID FACTORS Priority RANK
F10 Increased project re-planning 0.181 1
F13 Increased in project management efforts 0.122 2
FO4 Increased reworks and demolition works 0.101 3
F11 Loss of efficiency due to work interruption 0.094 4
F02 Delay of retention payment 0.069 5
FO1 Delay of progress payments 0.062 6
F09 Increased site logistics requirements 0.060 7
F06 Poor contractor relationship with the client 0.056 8
F08 Increased contractor overhead expenses 0.053 9
FO3 Increased project financing 0.050 10
FO7 Loss of opportunity for new projects 0.045 11
FO5 Decrease in contractor reputation 0.026 12
F12 Loss of efficiency due to lack of equipment 0.026 13
F16 Decrease in project quality 0.024 14
F15 Decrease in project health and safety 0.015 15
F14 Increased material unit prices 0.015 16

AHP analysis provides an overall ranking of change order’s impact factors covering
all types of change orders concurrently. The study resulted in the following five most
significant factors impacting construction projects:

1. Increased project re-planning.
2. Increased in project management efforts.
3. Increased reworks and demolition works.

4. Loss of efficiency due to work interruption.

o

Delay of payments.
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CHAPTER 5: DISCUSSION AND RECOMMENDATIONS
5.1. Discussion and Conclusion

The purpose of this project is to provide a comprehensive analysis of the impacts of
change orders on construction projects to improve the understanding of change orders
total impacts. This is helpful for the professionals in construction industry to be able to
take proactive measures to reduce and control the impacts of change orders.

Based on literature review and interviews with professionals in construction industry,
factors of the change order impacts were identified. Impact levels of the factors of each
type of change orders were identified based on professional’'s evaluation through
guestionnaire. 102 Completed responses were analyzed using Relative Important Index
(RI) and Analytical Hierarchy Process (AHP).

The impacts of change orders were analyzed for each type of change orders
(additional, omission or substitutional) individually as change orders impact levels
depend on their types and factors ranking was provided for each type of change orders. In
addition, the impacts of change orders were analyzed considering all types of change
orders together using AHP method and overall factors ranking was provided.

For additional works change orders, “increase project re-planning” is the most
significant factor impacting construction project. This is because when additional works
change order occurs, project planning needs to be revised to include the additional works
with the ongoing works to be performed at same time, which could change the works
sequence and may interrupt part of the ongoing works. The second most significant factor
impacting construction project is “increased in project management efforts”. The third,

fourth and fifth most significant factors impacting construction project are increased
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project financing, increased site logistics requirements and poor contractor relationship

with the client.

B F10 Increased project re-
planning

M F13 Increased in project
management efforts

1 FO3 Increased project
financing

FO9 Increased site
logistics requirements

M FO7 Loss of opportunity
for new projects

Figure 7 Top Five Factors — Additional Works Ranking

For omission works change orders, “Poor contractor relationship with the client” is
the most significant factor impacting construction project. This could be linked to the fact
that when omission works change order occurs, the client requires deduction of the full

amount allocated to the omitted works, where contractor may already have executed
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some related works such as planning, engineering, and procurement. The second most
significant factor impacting construction project is “increased project re-planning”. The
third, fourth and fifth most significant factors impacting construction project are
increased contractor overhead expenses, decrease in contractor reputation and increased

in project management efforts.

M FO6 Poor contractor
relationship with the
client

M F10 Increased project re-
planning

I FO8 Increased contractor
overhead expenses

FO5 Decrease in
contractor reputation

Figure 8 Top Five Factors — Omission Works Ranking
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For substitutional works change orders, “increased project re-planning” is the most
significant factor impacting construction project. This is because when substitutional
works change order occurs, project planning needs to be revised to change the work
details which could change the works sequence and may interrupt some ongoing works.
The second most significant factor impacting construction project is “increased reworks
and demolition works”. The third, fourth and fifth most significant factors impacting
construction project are increased in project management efforts, loss of efficiency due to

work interruption and delay of progress payments.

B F10 Increased project re-
planning

M FO4 Increased reworks
and demolition works

M F13 Increased in project
management efforts

F11 Loss of efficiency due
to work interruption

M FO1 Delay of progress
payments

Figure 9 Top Five Factors — Substitutional Works Ranking
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The main purpose of this research project is tdysthe change order impacts on
construction project in reference to each typehainge orders and after that to analyze
the impacts considering all types of change ordersurrently using AHP analysis. For
all types of change orders, increased project aerphg is the most significant factor
impacting construction project. This factor is aldte most significant factor for
additional and substitutional change orders andhé second significant factor for
omission works change orders. As discussed abdange orders impact significantly
the project planning and every time a change dasdeeing issued, it is required to revise
the plan and update the work sequence to includevainiations and this is a common
impact of all types of change orders.

The second most significant factor impacting cargton project including all types
of change orders is “increased in project managéeeféorts”. Change orders require lots
of management efforts to evaluate the exact amafucihange, to estimate the additional
resources requirement, to change ongoing work segué¢o negotiate the change impact
amount in relation to time and cost, and to cordrad minimize the change order impact
on project through proactive measures.

The third most significant factor is “increased ogls and demolition works”. This
factor is ranked as the ®Gactor for additional works, as thd” 8actor for omission
works and as the"2factor for substitutional works. As substitutionabrks has the
highest relative weight compared to the other tyggeshown earlier, this factor becomes
the 3° factor using AHP for overall ranking. Reworks af@molition works impact the
project significantly when they occur as they maga time to demolish the completed

works, which could require new methods and res@urce
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The forth most significant factor is “loss of efficiency due to work interruption”.
Change orders results in work interruptions, which usually have an adverse impact the
labor efficiency.

The fifth most significant factor is “delay of payments”. Delay of payments results
from change orders in construction projects as change orders interrupt ongoing progress
and generate progress delays, which consequently impacts the progress payments. The
contractor and subcontractor depend on the progress payment to execute the works
especially for material supplier's payments; the delay of progress payment generates

delays in the project’s overall progress due to cash flow problems.

B F10 Increased project re-
planning

M F13 Increased in project
management efforts

1 FO4 Increased reworks
and demolition works

F11 Loss of efficiency due
to work interruption

M FO2 Delay of retention
payment

Figure 10 Over All Ranking — Top Five Ranking
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This project provides factor ranking of each type of change orders and an overall
ranking, which could assist the professionals who are working in construction projects to
gain deep understanding of change order impacts and to be efficient in analyzing and

controlling change orders by taking proactive measures of the identified impacts.
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5.2. Recommendations

Professionals from construction industry need to understand the impacts of change
orders and ensure taking proactive measures in order to reduce and control these impacts.
Improved communication between project team members could reduce the negative

impacts of change orders and reduce the disputes.

Increased project management efforts for change orders management to control and
minimize their impacts.

Early involvement of contractor at project design stage could reduce the amount of
change orders and help to clarify the project requirements.

- Recommendations for Contractors:

Contractors need to assign a special team from the project start to evaluate each
change order and to keep the owner aware of the overall impact of each change order.
They need to consider all other identified impacts to be able to negotiate with the owner
each change order’s impact on the project. This is very important to reduce the disputes
between the parties.

Each change order’s impact needs to be analyzed separately and to link all of them at
the end to understand the cumulative impacts of all change orders together.

Understanding the change orders overall impacts will help the project team to take
proactive measures to reduce and control these impacts.

- Recommendations for Owners:
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Owners need to keep in mind that construction project activities are interconnected
and changing part of them may impact other activities. The total impact of multi change
orders is higher than the summation of the individual impacts of each change order.

Change work sequence, work interruption, work delays, payment delays, plans
revisions and new requirement impact the overall project performance. Prior issuing a
new change order, owner needs to understand how this change order could impact the
works which are already completed, how it could impact the ongoing works, and how it
could impact the planning of the coming work.

5.3. Future Work

This study identified the impacts of change orders through conducting a
guestionnaire and interviews with professionals from construction industry. These
impacts need to be also analyzed using real case study of a construction project.

More studies need to be conducted in order to quantify the overall impact of change
orders in construction projects. This is vital to solve the disputes between involved parties
during change orders negotiation stage.

Data validation can be done by collecting more data from real case studies.
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APPENDIX

Appendix A- Questionnaire
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Questionnaire

Impacts of the Change Orders on Construction Projects Performance

1. Introduction

The survey conducted to collect data for research project for Master Degree at Qatar
University.

The aim of this research project is to provide analysis of the impacts of change
orders on construction project performance

The survey would take about 10 minutes of your time.

Your responses will be confidential.

We highly appreciate your time to complete the following survey.

You may contact the sender at (km1404455@qu.edu.ga)



Questionnaire (Continued)

2. Personal Background

Years of Experience

E
£
£
e

Less than 5 years
5-10 years

10-15 years

15 years and above

Job Title

k2

Ol

ooonoonoonon

Engineer

Project Engineer
Construction Manager
Project Manager
Contract Manager
Commercial Manager
Manager
Academician

other

Your Company Role

O
e
e
£
£

Contractor
Consultant

Owner

Project Management

Higher Education

- O
E=EO
c
S
S

oonoon

Qatar
MiddleEast
Europe
Asia
America
Other
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Questionnaire (Continued)
Impacts of the Change Orders on Construction Projets

Performance

3. Rating the Types of Change Order

Change orders have been classified into three typdditional works, Omission
works or Substitution works (change of the requeath

Please indicate the level of impact of each typel@nge orders on construction
project's performance.
* Change orders generated during construction phaseof the project

(1 — lowest impact 9 — highest impact)

Additional Works

Omission Works

Substitution
(Change) works
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Questionnaire(Continued)
Impacts of the Change Orders on Construction Projets

Performance

4. Factors of the Impacts of Change Order

Change Orders have impacts on the constructioegrajue to changes on the
original plans or methods, disagreement betweeegaSudden instructions.

This section list various factors of these impautd it is require to rate the impact
level of each factor

* Please evaluate the following factors based on huuch is the impact of change

orders on each factor.

* Change orders generated during construction phade the project

* on a rating scale of 1 - 9 (1: Very Low impactndedium impact, 9: Very High impact)

Example

Q- What is the impact of "Additional works" changelers on the “Delay of progress
payments " in construction projects?

Q- What is the impact of "Omission works" changdess on the “Delay of progress
payments " in construction projects?

Q- What is the impact of "Substitution works" changrders on the “Delay of

progress payments " in construction projects?
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Questionnaire (Continued)

Impacts of the Change Orders on Construction Projets

Performance

4. Factors of the Impacts of Change Order (Continue

Delay of progress payments
Delay of retention payment

Increased project financing

Increased reworks and demolit
works

Decrease in contractor reputation

Poor contractor relationship w
the client

Loss of opportunity for ne
projects

Increased contractor overhe
expenses

Increased site logisti
requirements

Increased project re-planning

Loss of efficiency due to wo
interruption

Loss of efficiency due to lack
equipment

Increased in project managerr
efforts

Increased material unit prices

Decrease in project health
safety

Decrease in project quality

Additional
Works

A

4

JdddJdd

JJJJS SIS DS SIS
ol ddd J

(o¢]

Substitution
(Change) works



