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Abstract: In recent decades, the construction industry has developed rapidly. Delay was and
remains one of the most important challenges negatively affecting not only this industry but also
the economy and sustainable development. This study aims to conduct a comprehensive analysis
of the delay factors in reconstruction projects because of the vital importance of these types of
projects. This is the first attempt to conduct such an analysis for reconstruction projects in particular,
and it is a continuation of the previous case study, which was considered one of the most important
reconstruction projects in the Middle East region. The previous study focused on determining the
types of delay factors used in this project. It is necessary to carry out advance in-depth analysis
to sort the delay factors based on their effect on the project plan. In order to achieve the study
goal, 93 questionnaires were distributed by hand to experts working on the project: some of them
working the day shift, and the others working the night shift. The questionnaire results were analyzed
and delay factors were sorted in descending order according to the relative importance index (RII).
The three main factors affecting the overall reconstruction project duration were site restrictions and
conditions, electrical and mechanical rerouting works, and design buildability and adjustment.

Keywords: reconstruction projects; relative importance index; building rehabilitation; delay factors; ranking

1. Introduction

Delay is one of the most important challenges faced by the construction industry. Delay in a
construction project is the variance between the actual project finish date and the contractual milestone
finish date [1]. Another way to define delay in a project is as the variance between the real duration
and the planned one [2]. Several significant studies have been carried out in various countries
around the world to study the delay factors affecting construction projects. The main target of these
studies was to lessen the negative impact of these delay factors on the project plans or completely
prevent their effects. These impacts are not limited to the construction industry but also negatively
affect the economy [3]. Studies that shed light on delay factors of reconstruction projects are still
limited. For this reason, this study is concerned with this type of project, and is a continuation of a
previous study conducted by the same researchers on the Mataf Expansion project in Mecca, Saudi
Arabia. The delay factors have been identified in this project and classified into two groups in the
previous study. The first is associated with the demolition and dismantling stage and includes the
following: electrical and mechanical rerouting; the creation of safe passageways; site restrictions and
conditions; historical element dismantling; and supporting works. The second group is related to the
construction stage and includes the following: design buildability and adjustment; site restrictions and
conditions; the creation of safe passageways; overlap between temporary projects and construction
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works; historical elements test period; alternative materials for historical elements; overlap between
the historical and non-historical parts; workforce productivity rate; and delays in the building works
next to the demolition area [4].

The main target of this study is to carry out a further evaluation of the delay factors associated with
the reconstruction projects. An additional analysis is performed, including a more in-depth assessment
of the ranking of the delay factors, utilizing questionnaire processing. Finally, this study will focus
on accomplishing a wide-range analysis of the ranking of the delay factors for the reconstruction
projects, according to their effects on the project planned duration, utilizing the relative importance
index (RII) method.

Referring to previous studies, there is a set of delay factors that negatively affect construction
projects and cause a delay. One of the most important delay factors mentioned repeatedly in
previous studies is financial problems, whether of the contractor or the owner [5–8]. Another
one is a shortage of skilled workers. A lack of workers who can complete the work with high
accuracy and speed is often one reason for delay [9–12]. Another factor is improper planning, which
results from inadequate study of the contractual project documents, site conditions, and available
resources [13–22]. Among the delay factors mentioned in previous studies are the following: a change in
orders [22–27]; delay and shortages of materials [28–32]; poor site management and supervision [33–35];
poor communication and coordination between construction parties [36,37]; design changes [38,39],
lack of qualified and experienced personnel [40,41]; poor labor productivity [42]; subcontractors’
incompetency [42]; bid award for lowest price [34]; lack of contractor experience [43]; poor contract
management [43]; slow decision-making from the owner [27]; unrealistic project duration [44];
difficulties in obtaining work permits [33]; poor contractor management [45]; price escalation [46];
design errors [46]; construction mistakes [16]; design delays [20]; poor qualification of consultants [25];
shortage of equipment [31,36]; the type of contract [47]; unforeseen ground conditions [19,27]; weather
conditions [9]; and political insecurity and instability [35].

2. Research Methodology

The same researchers’ previous study was based on the case study methodology, which was
carried out on the Mataf Expansion project through interviews with experts working on a project.
This project consists of two main parts, nonhistorical and historical, as shown in Figure 1. It was
divided into three major phases due to its significance, sensitivity, and incomplete closure, as shown
in Figure 2. The work in each phase was divided into two main types, demolition and construction.
Two demolition mockups were built for this project in the workshop area, one for the nonhistorical
part and the other for the historical part, as shown in Figures 3 and 4. In addition, there were two
construction mockups, one for the nonhistorical part and the other for the historical part, as shown in
Figures 5 and 6. The aim of these four mockups was to determine the best demolition and construction
methods and equipment that could be used in the project before starting the actual work on the site.
In this project, it was the deviation between the project plans and the actual progress on the site that
caused the project delay. The previous study was successful in determining the delay factors in this
reconstruction project type, which were classified into two sections. The first was associated with five
factors affecting the demolition and dismantling work: electrical and mechanical rerouting; the creation
of safe passageways; site restrictions and conditions; historical element dismantling; and supporting
works. The second section was associated with nine construction delay factors: design buildability
and adjustment; site restrictions and conditions; the creation of safe passageways; overlap between
temporary projects and construction works; historical elements test period; alternative materials for
the historical elements; overlap between the historical and nonhistorical parts; workforce productivity
rate; and delays in the building works next to the demolition area. In this study, a questionnaire was
prepared based on the project delay factors resulting from the previous one. In fact, the questionnaire
was designed to collect experts’ opinions on the importance of delay factors affecting demolition
and construction work. Then, their opinions were gathered on how significantly these factors were
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affecting demolition and construction work. The goals were, first, to study the demolition delay
factors’ effect on the demolition’s planned duration. Second, to study the construction delay factors’
effect on the construction’s planned duration. Third, to study the demolition and construction factors’
combined effect on the overall planned reconstruction’s duration. In order to achieve this target, the
questionnaire was divided into three parts. The first part was related to factors affecting demolition
duration. The second part was related to factors affecting construction duration. The third and final
one was related to demolition and construction factors combined, and studied their impact on the
overall planned reconstruction’s duration. A four-point Likert scale was adopted in the questionnaire,
where 1 = strongly disagree, 2 = disagree, 3 = agree, 4 = strongly agree, in order to rank the delay
factors’ significance and effects on project duration.
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The site was visited many times, and appointments were set up with the experts working on the
project in order to fill out the questionnaire after informing them about this study’s goals. Some of
these appointments were in the morning, while the others were in the evening. All the appointments
were set up according to the experts’ working conditions and free time to fill in the questionnaire as
accurately as possible and in a way that reflects the reality of the project work. Before distributing the
questionnaire to the experts, we discussed it with two construction managers to check that the delay
factors were described clearly. In fact, these two interviews had an important role in the study as some
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points in the questionnaire were modified based on their recommendations. In addition, they advised
us to distribute the questionnaire to experts who had worked for more than a year and could evaluate
the delay factors’ significance according to their experience in this project. It should be mentioned
here that the experts who responded to the questionnaire were professional engineers with various
specialties and different levels in the project organizational chart. Table 1 shows the 93 respondents to
the questionnaire and their position in terms of their level, job title, number within the group, and the
percentage to the total number of respondents. The first group was the managers, with different job
titles, and the percentage of respondents at the manager level was 11.8%. The second group was the
senior level; the number of successful seniors was 22 (almost 23.7% of the total number of respondents),
while the last group was the junior engineers with the highest number of respondents equal to 60
(64.5% of the total respondents). In fact, about 35% of the respondents were from both managerial
and senior levels together. This large percentage positively reflects the high level of confidence in the
achieved delay factors and their evaluation. This is because of the differences in the experts’ experience,
in addition to their awareness of the project, and the real details of the delay factors which were
discussed in the weekly progress meetings.

The research methodology and study framework can be summarized as shown in Figure 7.Sustainability 2020, 12, x FOR PEER REVIEW 6 of 21 
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Table 1. Expert/Respondent’s information.

Expert/Respondent’s Level Job Title Total Number Total Percentage

Manager

Project manager, construction manager,
technical manager, project control
manager, logistics manager, planning
manager, quality manager, safety
manager, workshop manager

11 11.8%

Senior

Senior planning engineer, senior quality
engineer, Senior site engineer
(structural, electrical, mechanical and
architectural), senior technical engineer
(structural, electrical, mechanical and
architectural), senior safety engineer

22 23.7%

Junior Engineer

Planning engineer, quality engineer, site
engineer (structural, electrical,
mechanical and architectural), technical
engineer (structural, electrical,
mechanical and architectural)

60 64.5%

Overall respondents 93 100%

3. Data Analysis

This study agrees with the view that using the mean in addition to the standard deviation of
each single factor’s attribute is not a suitable way to evaluate the overall rankings as they do not
reflect any relationship between them. The suggested method for sorting the factors is using the
relative importance index (RII) [3,6,14,16,19,20,24,25,31,32,38]. As a result, this study used the relative
importance index (RII) to define the comparative ranking of the delay factors that can be calculated
based on the following formula:

Relative Importance Index (RII) =
∑

w
A ∗N

=
1n1 + 2n2 + 3n3 + 4n4

4 ∗N
; (0 ≤ RII ≤ 1) (1)

where the symbols indicate:

• W: weight was given to each delay factor by the respondent within the range {1, 2, 3, 4}, multiplied
by the number of respondents {n1,n2,n3,n4} for each factor;

• n1 = number of respondents who strongly disagree;
• n2 = number of respondents who disagree;
• n3 = number of respondents who agree;
• n4 = number of respondents who strongly agree;
• A: highest weight (in this study: 4);
• N: overall number of respondents (in this study: 93).

According to the relative importance index (RII) results, the delay factors were sorted in descending
order of rank. The highest RII value refers to the factor that causes the maximum delay, while the lowest
RII value refers to the factor that causes the least delay. By using the previous formula, the questionnaire
analysis results were organized into three tables. Table 2 presents the delay factors that negatively
affected the demolition phase duration. Table 3 presents the delay factors that negatively affected the
construction phase duration. Table 4 presents the delay factors that negatively affected the overall
project reconstruction duration.
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Table 2. Delay factor analysis results for the demolition phase.

No. Delay Factor
Percentage of Respondents Scoring

RII Rank
Strongly

Agree Agree Disagree Strongly
Disagree

1 Electrical and mechanical rerouting works 82.8% 17.2% 0.0% 0.0% 0.957 2

2 The creation of safe passageways 66.7% 33.3% 0.0% 0.0% 0.917 3

3 Site restrictions and conditions 84.9% 15.1% 0.0% 0.0% 0.962 1

4 Historical element dismantling 58.1% 34.4% 7.5% 0.0% 0.876 4

5 Supporting works 29.0% 36.6% 22.6% 11.8% 0.707 5

Table 3. Delay factor analysis results for the construction phase.

No. Delay Factor
Percentage of Respondents Scoring

RII Rank
Strongly

Agree Agree Disagree Strongly
Disagree

1 Design buildability and adjustment 76.3% 23.7% 0.0% 0.0% 0.941 2

2 The creation of safe passageways 53.8% 31.2% 12.9% 2.2% 0.841 6

3 Site restrictions and conditions 81.7% 18.3% 0.0% 0.0% 0.954 1

4 Overlap between temporary projects and construction works 65.6% 21.5% 8.6% 4.3% 0.871 4

5 Historical elements test period 74.2% 18.3% 5.4% 2.2% 0.911 3

6 Alternative materials for the historical elements 43.0% 30.1% 17.2% 9.7% 0.766 7

7 Overlap between the historical and nonhistorical parts 40.9% 30.1% 18.3% 10.8% 0.753 8

8 Workforce productivity rate 62.4% 21.5% 11.8% 4.3% 0.855 5

9 Delays in the building works next to the demolition area 22.6% 33.3% 24.7% 19.4% 0.648 9

Table 4. Delay factor analysis results for the overall reconstruction project.

No. Delay Factor
Percentage of Respondents Scoring

RII Rank
Strongly

Agree Agree Disagree Strongly
Disagree

1 Electrical and mechanical rerouting works 76.3% 23.7% 0.0% 0.0% 0.941 2

2 Historical element dismantling 54.8% 35.5% 9.7% 0.0% 0.863 5

3 Supporting works 28.0% 36.6% 22.6% 12.9% 0.699 11

4 Design buildability and adjustment 74.2% 25.8% 0.0% 0.0% 0.935 3

5 The creation of safe passageways 63.4% 22.6% 12.9% 1.1% 0.871 4

6 Site restrictions and conditions 80.6% 19.4% 0.0% 0.0% 0.952 1

7 Overlap between temporary projects and construction works 62.4% 21.5% 11.8% 4.3% 0.855 6

8 Historical elements test period 54.8% 32.3% 9.7% 3.2% 0.847 7

9 Alternative materials for the historical elements 37.6% 32.3% 20.4% 9.7% 0.745 10

10 Overlap between the historical and nonhistorical parts 39.8% 30.1% 19.4% 10.8% 0.747 9

11 Workforce productivity rate 54.8% 28.0% 12.9% 4.3% 0.833 8

12 Delays in the building works next to the demolition area 21.5% 32.3% 26.9% 19.4% 0.640 12

4. Discussion

These results show that there is agreement of the importance of the site restrictions and conditions.
This factor came first in terms of its impact on the overall project duration according to Table 4,
where RII = 0.952 and Rank = 1. It also came first with respect to the effect on the demolition phase
duration according to Table 2 (RII = 0.962, Rank = 1) and with respect to the impact on the construction
phase duration according to Table 3 (RII = 0.954, Rank = 1). There was a big difference between the
site conditions during demolition and construction mockups, which were built in special workshops,
and site conditions during work on the project. This difference resulted from a set of points. Firstly,
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the mockups could be easily accessed and worked on from all sides, whereas the project site is not
easily accessible, so work is restricted to specific aspects, as shown in Figures 8 and 9.
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Figure 9. The project site itself, showing it is not easily accessible.

Second, there are no restrictions on the size of equipment used for demolition and construction
within the workshop area where demolition and construction mockups were built due to the availability
of wide tracks and entrances, but this is not the case on the actual project site, where there are
restrictions on large equipment due to the narrow tracks. This means that equipment, demolition
debris, and building materials are often transported using tower cranes, as shown in Figures 10 and 11.
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Figure 11. Small machinery (shown in the red circles) at the project site.

Third, the mockup area is completely closed off to visitors, which allows work to continue
without interruptions or special safety requirements. Fourth, demolition work started immediately
on the mockup without the need for any mobilization or preliminary work, unlike the project, where
demolition work did not start until after historical documentation, dismantling and packaging holdings,
and building fences that mimic the project shape—For safety and to maintain the general view—As
shown in Figures 12 and 13.
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Figure 13. Temporary fences mimic the project shape.

Fifth, cutting the roof slabs for the mockup roof began directly; however, in the project, demolition
and cutting the slabs could not start until the marble and roofing system materials were removed from
the roof, as shown in Figure 14.

Sixth, the demolition and construction works in the mockups did not require work permits, unlike
work on the project. These previously mentioned points made the site conditions and constraints factor
the most important one affecting the demolition phase duration and the construction phase duration,
and thus the overall project duration.
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The electrical and mechanical rerouting works factor ranked second in terms of influence on the
overall project duration, according to Table 4, where RII = 0.941 and Rank = 2, and it came second in
relation to its impact on the demolition phase duration, according to Table 2, where RII = 0.957 and
Rank = 2. There was a consensus on this factor because all the electrical and mechanical services and
systems were operating in integrated systems and continuous loops. For these systems to continue
working properly and safely in the rest of the project phases without any disruption, these services had
to be transformed and alternative routes found. This ensures that the services work properly and with
the required efficiency. In fact, the transfer of electromechanical services is not limited to diverting the
routes of these utilities, but also includes rebuilding new service rooms outside the demolition areas
and equipping them with all the required equipment and control systems. These rooms are tested and
operated temporarily in order to ensure their effectiveness and performance, before handing them
over to the authorized entities to obtain permission for removing the old rooms, as shown in Figure 15.
Service transfer takes time and delays the demolition work and, as a result, the project as a whole.
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The design buildability and adjustment factor came third in terms of the impact on the overall
project duration, according to Table 4 (RII = 0.935, Rank = 3), and second in terms of the impact on
the construction phase duration, according to Table 3 (RII = 0.941, Rank = 2). The most important
criterion was large spaces between the columns in order to permit people to move easily among the
project zones. Second was the possibility of expanding the project vertically without the need for
any demolition work. These were major reasons behind the difficulty of the project design. The steel
reinforcement of the raft foundation made it particularly difficult to execute the necessary work as
shown in Figure 16. In fact, design difficulties and modifications during the building work delayed the
construction phase, and this delay negatively affected the overall project duration.

The creation of safe passageways factor came fourth in terms of its impact on the overall project
duration, according to Table 4 (RII = 0.871, Rank = 4), and ranked third in terms of impact on the
demolition phase duration according to Table 2 (RII = 0.917, Rank = 3) It ranked sixth in terms of
the effect on the construction phase duration, according to Table 3 (RII = 0.841, Rank = 6). In fact,
to ensure that visitors move safely between the different project areas, in addition to inside and
outside the project, it was necessary to leave passageways within the demolition and construction
areas that allowed for easy and safe movement. These safe passageways were an area where work
was not permitted. This is evident in Figures 17 and 18, where Figure 17 shows the completion of
the demolition work within the first phase area, except for the safe passageway part, which remains
suspended until an alternative safe passageway is secured within the construction area, and Figure 18
shows the demolition work in the safe passageway part that has been resumed. In addition, these
safe passageways have divided one work area into two completely separate areas, and this imposed
additional restrictions on the equipment and the laborers’ movement between the work areas, as shown
in Figures 17 and 18. The creation of safe passageways within the demolition and construction areas
delays the work and, as a result, negatively affects the overall project duration.
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The historical element dismantling factor came in fifth place in terms of the impact on the overall
project duration, according to Table 4 (RII = 0.863, Rank = 5), and was ranked fourth in terms of
impact on the demolition phase duration, according to Table 2 (RII = 0.876, Rank = 4). The negative
impact of this factor on the project duration resulted from two main matters. The first is related to
the historical building itself, while the second is due to the relationship between the historical and
nonhistorical buildings in terms of the overlap between them. In fact, the first negative impact related
to the historical building is the result of the procedures that must be taken into account before starting
to remove any historical element. These procedures can be summarized first with documentation
work that includes surveying, photography, and as-built drawings that accurately show the location of
each historical element within the building. Second, manual numbering is completed for all elements
on the project site by specialists. Third, protection, propping, and packaging work must be done
before dismantling the historical elements and transferring them to special workshops, as shown in
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Figure 19. These procedures are important to preserve the historical elements in order to use them
again during the reconstruction phase, but they take time, which negatively affects the project duration.
All demolition work in the nonhistorical section adjacent to the historical one had to be stopped until
the removal of all the historical elements in overlapping areas was complete, in order to ensure the
safety of the historical elements, as shown in Figure 20. This delay negatively affected the overall
project duration.Sustainability 2020, 12, x FOR PEER REVIEW 15 of 21 
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Figure 20. Overlap between the historical part and nonhistorical part.

The overlap between temporary projects and construction works factor came in sixth place in
terms of the impact on the overall project duration, according to Table 4 (RII = 0.855, Rank = 6),
while it came fourth in terms of its influence on the construction phase duration, according to Table 3
(RII = 0.871, Rank = 4). The project was divided into three main phases so that the site did not have to
be closed off entirely. With the start of work in the first phase, the space available to visitors decreased,
which required the execution of some temporary projects in order to reduce crowding and ensure safe
movement. An example is the temporary Mataf project shown in Figure 21. Despite the positive role
that this project played in serving visitors and facilitating their safe movement, some of the columns
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and passageways were located within the construction area, which led to work delays. This negatively
affects the construction work duration, as reflected in the overall project delay.Sustainability 2020, 12, x FOR PEER REVIEW 16 of 21 
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Figure 21. Temporary Mataf project.

The historical elements test period factor came in seventh place in terms of its impact on the overall
project duration, according to Table 4 (RII = 0.847, Rank = 7), while it came third in terms of its influence
on the construction phase duration, according to Table 3 (RII = 0.911, Rank = 3). After unpacking the
historical elements, they were transferred to special workshops where they were sorted into various
groups according to the type of element. After that, a team of experts conducted a set of tests on these
elements in order to assess their historical value, structural status, and durability. Based on the results,
the elements of great historical value and high structural capacity were chosen to be used during
the reconstruction of the historical building, to secure the building’s sustainability while preserving
its historical form (Figure 22). This delayed the historical building reconstruction, and negatively
impacted the overall project duration.
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Workforce productivity rate factor came in eighth place in terms of its impact on the overall project
duration, according to Table 4 (RII = 0.833, Rank = 8), while it came fifth in terms of its impact on the
construction phase duration, according to Table 3 (RII = 0.855, Rank = 5). The laborers’ productivity
rate decreased due to the difficulty of transporting materials and equipment maneuvering at the site.
In addition, the design difficulty, hot weather, and stopping work during prayer times caused delay,
which negatively affected the overall project duration.

The overlap between the historical and nonhistorical parts factor came in ninth place in terms
of its impact on the overall project duration, according to Table 4 (RII = 0.747, Rank = 9), while it
ranked eighth in terms of its effect on the construction phase duration, according to Table 3 (RII = 0.753,
Rank = 8). According to the Health, Safety, and Environmental (HSE) requirements of the project,
construction work stopped on the historical parts overlapping with the nonhistorical ones until the
end of the construction of the nonhistorical parts. This matter delayed the construction work in the
historical building and this delay reflected negatively on the overall project duration.

The alternative materials for the historical elements factor came in tenth place in terms of its impact
on the overall project duration, according to Table 4 (RII = 0.745, Rank = 10), while it came seventh
in terms of influencing the construction phase duration, according to Table 3 (RII = 0.766, Rank = 7).
One of the most important factors that delayed the construction work in the historical part was the
need to get new materials similar to the historical elements and obtain approval from the supervising
authorities. In fact, these materials were divided into two main types: materials used in the historical
elements’ restoration, and materials similar to the historical materials that were used to reconstruct
the historical part. Final approval of these materials was not limited to the project specifications, but
also subject to the building of multiple models for selecting the most appropriate one that simulates
the project’s historical form and ensures that the project is structurally and architecturally sustainable
(Figure 23). The work to choose the appropriate new materials delayed the start of construction work,
which negatively impacted the overall project duration.
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The supporting works factor came in eleventh place in terms of its impact on the overall time
project duration, which is the penultimate stage, according to Table 4 (RII = 0.699, Rank = 11), while it
came in fifth place in terms of its impact on the demolition phase duration, which is the last stage,
according to Table 2 (RII = 0.707, Rank = 5). Before starting demolition work in any area of the project,
necessary supporting work had to be completed based on the approved demolition plan. In fact, the
project required additional propping-up, due to the fact that construction was in operation and visitors’
safe access had to be ensured, in addition to the large floor height (Figure 24). The propping-up
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required additional time, which affected the demolition phase duration. As a result, it affected the
overall project duration.Sustainability 2020, 12, x FOR PEER REVIEW 18 of 21 
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Delays in the building works next to the demolition area factor came in twelfth in terms of the
impact on the overall project duration, according to Table 4 (RII = 0.640, Rank = 12), while it ranked
ninth in terms of the impact on the construction phase duration, which is also the last stage, according
to Table 3 (RII = 0.648, Rank = 9). In fact, according to the Health, Safety, and Environmental (HSE)
requirements, an interval zone between the demolition and construction work had to be left to avoid
any possible accidents. Construction work in this zone was not permitted until the demolition work
was totally completed in the vicinity. This delayed the start of construction work in the areas adjacent
to the demolition zones, which negatively affected the construction work duration and thus the overall
project duration.

5. Conclusions and Recommendations

Several studies have highlighted and discussed construction projects’ delay factors. These studies
are still limited to reconstruction projects that are classified into two main phases, namely, a demolition
phase and a construction phase.

This study aimed to conduct a comprehensive analysis of reconstruction projects’ delay factors,
in view of the importance of this type of project, which has recently become widespread. Some
buildings need to expand and develop their electromechanical systems in order to match the needs
of the times. Reconstruction also takes place in old buildings that are unsafe but of a historical and
cultural heritage. Furthermore, reconstruction takes place in buildings that have been affected by
natural disasters such as earthquakes or were damaged by conflicts.

This study is a continuation of the previous study conducted by the same researchers on the Mataf
Expansion project in Mecca, Saudi Arabia, one of the most important reconstruction projects in the
Middle East. This study is based on the delay factors list that resulted from the previous study. It is
divided into two parts. The first considers the five factors that negatively affected the demolition phase
duration. The second includes nine factors that negatively affected the construction phase duration.
It is worth mentioning that, among the previous factors, there are two factors in common between
these two parts. In order to achieve the study’s goals, a questionnaire was prepared, divided into
three parts. The first relates to the five factors affecting the demolition duration. The second relates
to the nine factors affecting the construction duration. The last one relates to the factors of the two
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parts combined. There are 12 factors in total after deleting the repeated ones. This was done in order
to study the impact on the overall project duration. Ninety-three questionnaires were distributed by
hand to experts working on the project. Afterwards, the questionnaire results were analyzed and the
delay factors were sorted in descending order according to the relative importance index (RII), as the
classification rank shows in Tables 1–3. Table 1 shows the delay factors that negatively affected the
demolition phase duration: (1) site restrictions and conditions; (2) electrical and mechanical rerouting
works; (3) the creation of safe passageways; (4) historical element dismantling; and (5) supporting
works. Table 2 shows the delay factors that negatively affected the construction phase duration: (1) site
restrictions and conditions; (2) design buildability and adjustment; (3) historical elements test period;
(4) overlap between temporary projects and construction works; (5) workforce productivity rate;
(6) the creation of safe passageways; (7) alternative materials for the historical elements; (8) overlap
between the historical and nonhistorical parts; (9) delays in the building works next to the demolition
area. Due to the overlap between the demolition phase and the construction phase, in addition to
the existence of some common factors between these two phases, the final list of delay factors that
negatively affected the overall project reconstruction duration (Table 3) is: (1) site restrictions and
conditions; (2) electrical and mechanical rerouting works; (3) design buildability and adjustment;
(4) the creation of safe passageways; (5) historical element dismantling; (6) overlap between temporary
projects and construction works; (7) historical elements test period; (8) workforce productivity rate;
(9) overlap between the historical and nonhistorical parts; (10) alternative materials for the historical
elements; (11) supporting works; and (12) delays in the building works next to the demolition area.

The study results were discussed with the project and construction managers, who showed a
great desire to be informed about the study results. All the comments and clarifications mentioned in
response to these results were recorded in detail and clarified in the discussion section.

The research results shed light on the delay factors in the reconstruction projects, and this was clear
by classifying these factors according to their negative impact on the project’s planned duration. It is
worth noting that there are a set of procedures taken by the parties involved in the project. They formed
the basis for managing the delay factors and mitigating its negative impacts as possible and avoiding
its repetition in later project phases. These procedures are as follows:

• Preparing daily reports which describe the accomplished work in the morning and evening shifts
in detail.

• Comparing the performed work on the site daily with the planned one and determining the
variance and execution problems.

• Updating the construction schedule and determining the variance according to the
baseline schedule.

• Periodical accurate delay analysis and determining the delay period caused by each factor.
• Work plans modification and increasing the equipment and workforce according to the

updated plans.
• Emphasizing the coordination between the various managements and the project sections.
• Accelerating the design completion and preparing the shop and coordination drawings.
• Using modern technology and equipment in the project, which allows the acceleration of work.

We strongly advise studying the site location and conditions for the reconstruction projects and
implementing an accurate and detailed system for planning, monitoring, and contorting before starting
the work on site. We also recommend more research on various kinds of reconstruction projects,
whether they are in operation during the reconstruction period or not, to identify all the delay factors
that might negatively affect the project duration. As a result, these factors would form a database for
experts to better plan a project before starting work on site. In fact, the relative importance index (RII)
analysis method, which was employed in this study, showed a strong potential to provide an accurate
ranking procedure. In addition, it can facilitate this type of study and form a platform for sorting delay
factors according to their effect on reconstruction project planning and duration.
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