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This research is executed to explore the substantial impacts of delay problems in
construction projects and highlight some novel practices and solutions that could
mitigate this issue. The research implemented two study methods, including
quantitative and qualitative approaches. A third research approach, representing a case
study of a building in Iraq, is analyzed via REVIT quantity take-off to compare the
accuracy and delay problem between hand calculations and the REVIT method. The
results revealed that the delay problem caused cost overrunning, losses in resources,
rework, and customer dissatisfaction. Also, the findings indicated that active
communication, effective teamwork, efficient support from top management, and
robust project planning are important to resolve the delay issue. Further, the use of
modern delay management techniques is vital to avoid financial and resource losses.
The results also indicated that the projects’ activities should be tracked in accordance
with their executions to help detect delays. Moreover, the results confirmed that
utilizing the REVIT software for quantity take-off of steel, excavation, and concrete is

greatly helpful, accurate, effortless, and could reduce significant human errors.

1. INTRODUCTION

The construction sector stands as a cornerstone in the
economic framework of every nation, bringing forth
substantial benefits and serving as a powerful engine for
economic growth. It is, therefore, paramount to ensure the
robust operation of the construction industry, as any downturn
or inefficiency within this sphere could precipitate serious
economic drawbacks—characterized by a dip in GDP,
compromised financial liquidity, and a scarcity of employment
opportunities, impacting everyone from engineers to the
broader workforce [1-3].

The adoption and enforcement of project management
principles within construction firms and engineering
consultancies are critical in circumventing these challenges.
These principles are instrumental in addressing common
industry problems that might otherwise lead to reduced client
satisfaction. Additionally, they play a significant role in risk
mitigation at construction sites and throughout project phases
[4-7]. Nevertheless, the issue of delays is a recurring challenge
that continues to confront project managers. Such delays can
inflict a multitude of adverse consequences on construction
projects, ranging from mandatory additional expenditures to
not meeting the expectations of clients and owners [8-16]. In
severe cases, these delays can prompt owners and clients to
initiate legal action against project managers, potentially
causing substantial disruption to their business operations
[17].
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In response to these persistent hurdles, researchers and
project management specialists have put forward various
solutions and methodologies. These include, but are not
limited to, the Critical Path Method (CPM), Scrum, SAFe, and
the utilization of Gantt charts within software packages like
Primavera [18-20]. Despite the availability of these tools and
methods, the affliction of delays in the submission of
construction projects—be they minor or grand in scale—
remains a reality.

Thus, it is widely acknowledged that consulting with
experienced project management professionals and
construction experts is of great importance. Gleaning insights
from their experiences with such predicaments can offer
tangible strategies and solutions that have proven effective in
real-world scenarios.

This study aims to delve into the issue of construction
project delays, seeking the wisdom and guidance of various
experts in project management and construction to contribute
their critical opinions and advice. This input is essential for
devising strategies to tackle and overcome the challenges of
project tardiness, with the ultimate goal of enhancing client
satisfaction and preventing fiscal losses. Tariq and Gardezi
[21] provided a thorough examination of the delay
phenomenon in construction projects, assessing its
ramifications across different regions. Their extensive
literature review of 172 scholarly articles illuminated the
primary causes and repercussions of project delays. Moreover,
it was revealed that this is a global issue, not confined to any
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single geographic location. Figure 1 depicts the prevalence of
delays across various global regions.
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Figure 1. Geographical distribution of studies reviewed for
delays [21]

Similarly, Rauzana and Dharma [22] conducted a study
utilizing a cross-sectional survey among 68 construction
professionals to pinpoint significant risk factors contributing
to project delays.

In light of the extensive literature and peer-reviewed
research summarized above, it becomes evident that the quest
for practical and effective strategies to address construction
delays is ongoing. Recent studies have underscored the
advantages of modern technology and BIM software tools,
which can significantly reduce the efforts, costs, and time
involved in managing construction projects, enabling precise
material estimations based on accurate quantity take-off
methods [23-25].

2. MATERIALS AND METHODS

This study follows three substantial research methods. The
first research approach is a quantitative study. The second one
is qualitative research. The third research technique is the
analysis problem using Building Information Modeling (BIM)
technology. Those three research approaches are remarkably
essential to provide vital information and classify factors from
chief engineers and construction experts, who faced the delay
problem several times and found effective solutions to treat
and handle it to submit their projects on time. The three
sections in the following paragraphs describe in more detail
each research method.

2.1 Quantitative research

The quantitative research method (or quantitative cross-
sectional descriptive study) is practical to achieve the goals of
this study. This research approach can help the author collect
the necessary knowledge and data regarding significant causes
and reasons for the delay problem taking place in different
construction projects. It is also beneficial to locate intelligent
techniques and strategies adopted by project managers and
construction engineers to resolve this issue and avoid any cost
overruns in case the delay issue occurs. A survey questionnaire
is prepared and developed to accomplish this research
approach. The survey questionnaire will collect these
mentioned data from engineers and project managers and help
offer restorative practices to mitigate the delay issue repetition
in projects. Figure 2 represents the research phase followed to
prepare and develop the survey questionnaire.
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Figure 2. The steps employed to design the questionnaire

At the same time, it is vital to adopt practical data analysis
tactics of this cross-sectional quantitative research approach
through which the most influential factors, critical elements,
and considerable aspects that play a significant role in causing
the delay issue in the project submission process could be
identified. Furthermore, those data analysis methods are
remarkably substantial to understanding some active practices
and functional procedures that are recently implemented and
adopted by high-experienced project managers to help
alleviate the frequent challenging obstacle occurring in most
construction projects in Iraq and globally, reflected in the
delay that causes various negative consequences for all
construction stakeholders. In this context, (A) SPSS, (B)
Analysis of Variance (ANOVA), and (C) Regression tests are
adopted to help classify all those aspects mentioned.

2.2 Qualitative research

Through the qualitative cross-sectional study approach
adopted in this work, the author will prepare a list of some
critical questions (with open-answer) to facilitate data
collection from rich-knowledge people who have high
experience in construction, challenged with the same problem
of delay in their projects, and determined smart techniques to
adopt and apply to alleviate this problem with a meager
amount of financial losses and resources waste. This study
method is executed with the help of interviews with top
managers and key construction project specialists to identify
some active solutions and substantial mechanisms to
implement in case engineers face a delay issue in their projects.

2.3 Numerical delay analysis and modeling

This research will also rely on a numerical approach
through which the delay problem can be numerically
investigated and analyzed using a BIM software package
called REVIT. The REVIT program can be used to do quantity
surveys, resolving the delay issue in a construction project
with a higher degree of effectiveness. Therefore, a case study
of a construction project is chosen to investigate. The REVIT
will shed light on improvement ratios attained from modern
BIM technologies instead of depending on hand calculations
that may contribute to errors, rework, delay, and other
problems. Thus, a comparative approach is adopted to make a
comparison between the numerical estimation of construction
materials and hand computations. The case study of this work
comprises a project located in Iraq, specifically in the city of
Baghdad. It is a multi-story commercial building, which
contains three basement floors that will be used for parking
and several shops. Furthermore, the building contains a ground



floor, a mezzanine floor, a first floor, and a roof. Figure 3
displays a front view of the case study.
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Figure 3. A front view of the building analyzed in this
research
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Figure 4. A second front view of the building’s sections
explored in this research

Also, Figure 4 represents a second front view of the
building’s sections.

3. RESULTS

This section displays the research outputs obtained after
executing the three research approaches to make data
collection and analysis. These sections illustrate the
questionnaire results, interview outputs, and BIM analysis of
the case study.

3.1 Quantitative cross-sectional research findings

The research findings linked to the quantitative study
approach are explained in this section. Moreover, this section
represents some demographic databases associated with the
respondents who take a role in this research, including male

and female construction engineers from different disciplines.
Considering the classification of those experts, engineers, and
professionals would help understand their points of view and
could provide an indication regarding their attitude, adoption,
and practice of several beneficial techniques and approaches
that may manage the submission and minimize delay in
various construction projects. Table 1 illustrates the
demographic data analysis of the study population surveyed
according to gender.

Table 1 shows the percentage and frequency of gender for
all participants. It can be indicated from Table 1 that male
experts and engineers had a greatly significant ratio,
corresponding to a portion of roughly 79.4%. At the same time,
female engineers had a share of about 18.6%, as illustrated in
Figure 5.

Gender

Eiale
BFemale

Figure 5. A graphical representation of the demographic data
analysis for the study population related to gender
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Figure 6. A graphical representation of the demographic data
analysis for the study population related to qualification

Table 2 represents the demographic data analysis of the
study sample related to qualification, and it also presents the
percentage and frequency of qualification for overall
participants who responded to this study. It can be noted from
this table that the most considerable portion of participants
depending on qualification, is engineers with a civil
engineering degree, contributing to roughly 65.7%. This ratio
is followed by the engineers with an architectural engineering
degree, having a portion of about 19.6%. Furthermore, details
on the qualification results are illustrated in Figure 6.

Table 1. The results of the demographic data for the study sample related to gender

Gender Frequency %  Valid % Cumulative %
Male 81 79.4 81.0 81.0
Valid  Female 19 18.6 19.0 100.0
Total 100 98.0 100.0
Missing  System 2 2.0
Total 102 102 100.0
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Table 2. The results of the demographic data for the study sample related to qualification

Qualification Frequency %  Valid % Cumulative %
Civil Engineering 67 65.7 67.0 67.0
Architectural Engineering 20 19.6 20.0 87.0
Valid Electrical Engineering 9 8.8 9.0 96.0
Mechanical Engineering 4 3.9 4.0 100.0
Total 100 98.0 100.0
Missing System 2 2.0
Total 102 100.0

Table 3. The results of the demographic data for the study sample related to experience years.

Experience Years Frequency %  Valid % Cumulative %
0-5 years 9 8.8 9.0 9.0
6-10 years 13 12.7 13.0 22.0
. 11-15 years 68 66.7 68.0 90.0
Valid 16-20 years 7 69 70 97.0
More than 20 years 3 2.9 3.0 100.0
Total 100 98.0 100.0
Missing System 2 2.0
Total 102 100.0

Table 4. The results of the demographic data for the study sample related to the type of engineering sector.

Type of Engineering Sector Frequency %  Valid % Cumulative %
Public 31 304 31.0 31.0
Valid Private 69 67.6 69.0 100.0
Total 100 98.0 100
Missing System 2.0
Total 102 100

Table 3 displays the demographic data analysis related to
the study sample according to experience years, and it also
shows the percentage and frequency linked to experience years
for all participants. It can be inferred that the most significant
portion of participants related to experience years is for
engineers with an experience of (11 to 15 years), contributing
to a ratio of 66.7%. This percentage is followed by engineers
with an experience of (6 to 10 years) with a portion of roughly
12.7%. More details are described in Figure 7.

Experience in Construction Industry

Frequency

N

0-5years

15-20 years

20 andabove

5-10 years 10-15 years

Experience in Construction Industry

Figure 7. A graphical representation of the demographic data
analysis for the study population related to experience

Table 4 displays the demographic data analysis related to
the study population according to the type of engineering
sector they work in.

It can be inferred, from Table 4, which represents the
frequency and percentages of engineers working in the private
and public (governmental) engineering sectors, that the ratio
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of engineers who are working in the private sector is larger
than the percentage of those who are working in the public one,
corresponding to approximately 67.6% compared to 30.4%.
These ratios are represented in Figure 8.

Category
EPublic
HPrivate

Figure 8. Demographic data analysis related to the type of
engineering sector

Table 5 represents the demographic data analysis for the
study population related to the type of job for all participants.

It can be inferred, from Table 5, which represents the
frequency and percentages of participants working in different
disciplines, that the ratio of participants who are working as
engineers equals 56.9%. At the same time, the percentage of
participants who work as subcontractors is 23.5%. The rest of
the percentages of job types can be illustrated in Figure 9.

It can be inferred from Table 6, which illustrates the
frequency and ratios of participants working at different
management positions, that the portion of participants who are
working in top management equals 8.8%. At the same time,
the percentage of participants who work in middle
management is about 77.5%. The rest of the percentages of
management positions can be illustrated in Figure 10.
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Figure 9. A graphical representation of the demographic data
analysis for the study population related to the type of job
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Frequency

Specialist
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Figure 10. Analysis data related to administrative functions

Table 5. The results of the demographic data for the study sample related to the type of job

The Type of Job Frequency %  Valid % Cumulative %
Investor 2 2.0 2.0 2.0
Contractor 6 5.9 6.0 8.0
Valid Engineer (consultant, site, supervisor, etc.) 58 56.9 58.0 66.0
Subcontractor 24 23.5 24.0 90.0
Designer 10 9.8 10.0 100.0
Total 100 98.0 100.0
Missing System 2 2.0
Total 102 100

Table 6. The results of the demographic data for the study sample related to the position of management

Position of Management Frequency %  Valid % Cumulative %
Top Management 9 8.8 9.0 9.0
Valid Middle Management 79 77.5 79.0 88.0
Specialist 12 11.8 12.0 100
Total 100 98.0 100
Missing System 2 2.0
Total 102 100

Table 7. The results of the demographic data for the study sample related to the types of construction projects with which
employees, engineers, and experts worked

Types of Construction Projects Achieved Frequency %  Valid % Cumulative %
Domestic 79 77.5 79.0 79.0
Valid Ipternational . 14 13.7 14.0 93.0
Domestic and International 7 6.9 7.0 100.0
Total 100 98.0 100
Missing System 2 2.0
Total 102 100

Where did you work on construction projects

Frequency

Domestic and
International

Domestic International

Where did you work on construction projects

Figure 11. Analysis related to engineers who worked on
construction projects

Table 7 indicates the demographic data analysis related to
the types of construction projects with which employees,

engineers, and experts worked.

Have you worked with risk management plan
[ves
Mo

Figure 12. Analyzing data working in Iraq with international
construction organizations regarding delays and risk
management
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It can be inferred from Table 7, which shows the frequency
and ratios of engineers and experts who worked in different
construction project types, that the portion of those people who
worked in domestic projects equals 77.5%. Additionally, the
percentage of those participants who worked on international
projects is about 13.7%. The rest of the percentages of

management positions can be illustrated in Figure 11.

Table 8 expresses the demographic data analysis related to
the number of engineers and experts who worked in Iraq with
international construction organizations that addressed delay

and risk management.

Table 8. The number of engineers who worked in Iraq
with international organizations that addressed delays and
risk management

A* Frequency %  Valid % Cumulative %
Yes 19 18.6 19.0 19.0
Valid No 81 79.4 81.0 100
Total 100 98.0 100
Missing System 2 2.0
Total 102 100

A*: Number of engineers and experts who worked in Iraq with
international construction organizations that addressed delay and
risk management.

It can be inferred from Table 8, which shows the frequency
and ratios of engineers and experts who worked in Iraq with
international construction organizations that addressed delay
and risk management, that the proportion of those individuals
who worked with these organizations contributes to 18.6%. In
comparison, 79.4% of them did not work with these
organizations in Iraq. A graphical representation of this

information is illustrated in Figure 12.

Table 9 illustrates the regression test results and ANOVA

related to some demographic data.

Table 9. The results of the regression test and ANOVA
related to gender and job title

ANOVA?®?

Model Sumof 40 Mean o
Squares Square
Regression 1.370 1 1.370 9.575 0.003°
1 Residual 14.020 98 0.143

Total 15.390 99

a. Dependent Variable: Gender
b. Predictors: (Constant), The Job in the Project

Regression Analysis of Gender

and Job Title
14.020
15
8
310
z
[}
°
5
g 1.370
a -
0
Regression Residual
Model

Figure 13. Sum of squares in the regression analysis results
obtained from performing the SPSS test
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Figure 14. Regression analysis by performing SPSS test

Regression analysis is a statistical method that forecasts the
value of a dependent variable based on the value(s) of one or
more independent variables. This analysis delineates the
dynamics of the relationship between the variables in question,
both graphically through a regression plot and numerically via
a regression equation. The regression line generated from the
analysis provides a visual and algebraic representation of this
relationship. Results presented in Table 9, following the
application of regression analysis, reveal a regression
coefficient associated with gender and job title to be 0.003,
which falls below the significance threshold of 0.05. Therefore,
these outcomes suggest that there is a statistically significant
difference, as evidenced by the computed F-value exceeding
the critical F-value at the specified degrees of freedom.
Consequently, this leads to the dismissal of the null hypothesis
in favor of the alternate hypothesis. Figure 13 illustrates the
distribution of the explained variance in the dependent
variable, as depicted by the sum of squares derived from the
regression via the SPSS software. Besides, Figure 14 indicates
another graphical illustration regarding the mean square in the
regression analysis attained via the SPSS testing procedure.

Furthermore, in the last section of the online form required
to fill by various participants, some experts and construction
specialists wrote some critical points and substantial
information regarding why delays would take place in their
construction projects. They reported that a delay might happen
because of:

i. Lack of effective communication and understanding of
different construction procedures that would lead to client
dissatisfaction.

ii. The rework because of incomplete awareness of the
accurate requirements and needed tasks to be executed by
engineers and workers.

iii. Claims and complaints of projects owners who may report
some issues with which they are not satisfied.

iv. Change of orders and significant modifications in the
design and architecture of the project, resulting in
additional work and further tasks and causing a
considerable delay in the submission.

v. Employing poor project management techniques in the
construction project, which may contribute to errors, cost
overrun, delay, and faults.

vi. Lack of expert engineers, skilled laborers, and knowledge
regarding innovative and modern practices associated with
new schedules and cost approaches of project
management.



Some of the important strategies and pivotal procedures
reported by those people include the following vital aspects:

a) Increasing the amount of training, educational sessions,
and courses for junior engineers and laborers regarding
modern project management principles and concepts,
Allocating special value of budget to provide sufficient
technologies, digitalization, hardware and software
requirements and tools that can ensure active and
adequate  implementation of modern  project
management techniques,

Employing new individuals in each construction company
who are responsible for conducting continuous research and
development on practical methods and procedures to
overcome any challenges that may appear before, during, and
after the execution of projects to help manage the schedule and
prevent delay troubles in submission.

b)

3.2 Qualitative research outputs

The results of the qualitative study method are attained after
collecting data from chief engineers and experts via open-
answer interviews through which several data and rich
knowledge were obtained depending on their construction
experience. Based on the open-answer interview findings, the
following aspects can be concluded from this study approach:

® The delay issue in submission is greatly problematic in

every construction project, and it may correspond to
various negative consequences and harmful impacts for
all stakeholders, including project cost overrunning,
losses in resources, issues of rework, and customer
dissatisfaction.

® There are plenty of modern and critical methods that
can be employed and advised for project managers to
adopt and follow during the execution of their projects
to prevent delay issues in the submission, including the
provision of active communication, effective teamwork,
efficient support from top management, and robust
project planning. The reason is poor communication
between top management and engineers and workers
could lead to rework issues, lack of understanding of
the required activities and correct tasks.

® The use of modern delay management and reduction
techniques is exceptionally beneficial and functional
for project managers to avoid financial and resource
losses, such as BIM technology.

® The projects’ activities should be tracked in terms of

their executions to help detect delays.
3.3 The numerical delay analysis results

The results obtained from the numerical delay analysis
provided a comparative analysis between the hand calculations
accuracy and the REVIT software for effortless and accurate
quantity survey. The results of the comparative analysis of
these two methods are described in Table 10.

Also, Table 11 represents the comparative analysis results
of reinforcement concrete’s quantity calculations between
hand and numerical (REVIT) methods.

In addition, Table 12 shows the comparative analysis results
of reinforcement steel’s quantity calculations between hand
and numerical (REVIT) methods.

B

Table 10. The comparative analysis of the hand and numerical REVIT for the take-off of the excavation, blinding, and ground
slab components

Comparison Manual (m*) REVIT (m®) Improvement Ratio in Accuracy
Excavation 16,776.58 16,643.83 99.21%
Blinding 126.40 125.54 99.32%
Insulation Material 11.56 11.56 100%
Ground Slab Component Plain Concrete 57.82 57.80 99.97%
Crushed Stones 173.46 173.39 99.96%

Table 11. The comparative analysis findings of the hand and numerical REVIT method for the take-off of reinforcement
concrete’s quantity

Comparison Manual (m®) REVIT (m®) Improvement Ratio in Accuracy
Footing 349.11 346.74 99.32%
Ground slab 115.64 115.59 99.96%
Walls and Columns 727.10 721.18 99.19%
Slabs and Beams 1099.39 1085.32 98.72%

Table 12. The comparative analysis findings of the hand calculation method and numerical REVIT method for the take-off of
reinforcement steel’s quantity

Comparison Manual (ton) REVIT (ton) Improvement Ratio in Accuracy
Footing 27.191 26.494 97.44%
Columns 69.804 67.921 97.30%
Walls 56.533 55.214 97.67%
Beams 162.958 156.544 96.06%
Slabs 63.640 59.561 93.59%
Stair Case 4.551 4.258 93.56%

It can be observed from the results explained in Tables 10,
11, and 12 that the REVIT software employment as a BIM
technology to resolve the delay issue contributed to significant
benefits for project managers and chief engineers in the
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construction sector. For instance, higher levels of accuracy and
performance were obtained. Furthermore, a very low number
of human errors in estimating the quantity of excavation,
concrete, and steel is also noted via the REVIT software. All



in all, using the REVIT program can save much budget, cost
of rework, and longer time required to make these take-off
calculations depending on engineers. The reason is related to
the fact that modern BIM tools, like REVIT, could help
manage the estimation process of quantity take-off, helping
avoid and alleviate to a considerable extent the repetitive
errors and human faults that could lead to an overall repetition
of the construction materials evaluation and assessment,
besides that fact that the time required to make the quantity
take-off is massive even it is done by professionals, especially
when those materials are assessed and estimated for large-
scale projects, like commercial skyscrapers or urban
infrastructure projects. Thus, using REVIT and modern
schedule management mechanisms is considerably
recommended to address all those issues.

4. DISCUSSIONS AND CONCLUSIONS

The results of the three research approaches, including
quantitative, qualitative, and numerical analysis, revealed that
the delay problem in construction projects could cause project
cost overrunning, losses in resources, issues of rework, and
customer dissatisfaction. Also, the research findings indicated
that there are some innovative practices that could be
implemented by project managers to solve this issue translated
by providing active communication, effective teamwork,
efficient support from top management, and robust project
planning. Further, it was found that the use of modern delay
management and reduction techniques is greatly vital for
project managers to avoid financial and resource losses, such
as BIM technology. The results also indicated that the
projects’ activities should be tracked in accordance with their
executions to help detect delays. Moreover, the results
confirmed that utilizing the REVIT software for quantity take-
off of steel, excavation, and concrete is greatly helpful,
accurate, effortless, and could reduce significant human errors.
These results are consistent with the results of [8-17], who
carried out several investigations analyzing the delay issue in
construction projects and found that the delay in submission
could cause tremendous losses in terms of financial, time, and
material resources. Additionally, the results of this work are
consistent with the research findings of Shaqour [4], who
found that implementing BIM technology in the construction
sector is substantially useful, effective, and practical for
project managers and plays a critical role in minimizing delay
and reducing the rework problems.

All in all, to summarize the whole discussion, the research
findings can be classified into the following points:

i.  Significant consequences and negative impacts of the
delay problem in construction projects include project
cost overrunning, losses in resources, issues of rework,
and customer dissatisfaction.

Innovative methods that can be employed and advised
for project managers to adopt and follow during the
execution of their projects to prevent delay issues in the
submission include the provision of active
communication, effective teamwork, efficient support
from top management, and robust project planning.

The employment of modern delay management and
reduction techniques is exceptionally vital for project
managers to avoid financial and resource losses, such as
BIM technology.

il.

iii.
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iv.  The projects’ activities should be tracked regarding their
executions to help detect delays.

Utilizing the REVIT software for quantity take-off of steel,

excavation, and concrete is beneficial, accurate, and effortless

and could reduce significant human errors and rework that

cause delays in submission.
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