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ARTICLE INFO ABSTRACT

Received: 18 Nov 2024 The construction project delays can be defined as an extension of time beyond the contractual

time agreed during the tender stage, in past decade almost 70% of mega construction projects

experienced time overruns. The construction professionals have specified that they have been

Accepted: 18 Jan 2025 facing average time delay of 10 to 30% from the original duration of the project. In modern
building projects delays during MEP (Mechanical, Electrical and Plumbing) system installation
phase are exceeding due to complexity and mechanized application of services in building
projects. This study investigates the key challenges affecting the timely completion of
construction projects and causing delays. As a case study chosen two mega ongoing construction
projects in Riyadh, Saudi Arabia to investigate delays and their impact on project performance
and sustainable development in construction. The challenges were discovered from the literature
and investigated to analyze their significance towards project performance improvement and
sustainable construction development. Data collection was administered through structured
questionnaire survey performed among 291 construction professionals according to the sample
size to find the objectives using 5-point Likert-scale. The impacts were grouped into main Kep
Performance Indicator (KPI’s) of project i.e. quality, cost and time. The outcome reported
various critical challenges contributed to project delays; poor communication, non-compliance
with specifications, design approvals and monthly payments related factors being the most
important challenge in the construction industry. The top strategies such as smooth
coordination, approved design before execution, mock-ups, prototypes and timely payments of
claims could significantly control project delays and enhance performance with sustainability.
Finally, the study findings will contribute to the body of knowledge to mitigate delays and will
help the construction professionals to enhance performance with sustainability for upcoming
construction projects in Saudi Arabia.
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1. INTRODUCTION

Construction is the oldest and one of the largest industries in the world with its market size of about ten trillion US
dollars per annum [1]. The global construction market reached USD 15.46 trillion in 2023 and if increased with the
same compound annual growth the market is expected to reach USD 19.52 trillion in 2027 [2]. The construction
industry plays a vital role in any nations economics growth and enhancement hence the significance of construction
projects to any nation or society cannot be over emphasized [3]. The modern buildings are becoming increasingly
complex and the complexities continue to increase year after year more than ever before in the history of man. A
building can now be built to a height more than one thousand meters with floors exceeding two hundred [4]. New
technologies implemented in buildings projects which have mechanized building services in shape of MEP
(Mechanical, Electrical and Plumbing) systems. The MEP systems is a huge challenge for many construction projects
such as high raised buildings, towers, metro stations and other technical projects [5].
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Construction industry is a dynamic industry which occupies internal and external factors as a result the performance
management has become demanding due to dynamic nature and unpredicted circumstances and uniqueness of
services and applications. Majority of projects could not achieve as plans and such delays have an adverse impact on
project's reputation [6]. Completing projects on time is an indicator of efficiency and success ranking of a
construction project is determined by how quickly it is completed, how much it costs, how well it is completed, and
whether there are major deviations. Therefore, time and cost are increasingly being used as key metrics for defining
project success [7].

The era of free market that has grown so vast and rapidly that further encourages the process of sustainability and
global economy [8]. The technological advancement has made the construction management more complex;
sophisticated approach is necessary to deal with initiating, planning, financing, designing, approving, implementing,
and completing a project on time. Accurate construction planning is also key determinant to ensure the delivery of a
project on schedule and within the budget [9]. Globally the construction projects are rarely completed as scheduled
and the mega infrastructure projects are no exception despite the use of developed project management tools and
resources [10].

Construction project is commonly acknowledged as successful when it has been completed on time, within the
budget, according to the specifications and meets the sponsors satisfaction [11]. Consequently, time and cost are used
as key metrics for determining project performance and success. A construction project is commonly admitted as
successful when it complete on time, within budget, according the specifications, and client satisfaction [11].
Therefore, completing projects on time is an indicator of efficiency, but the construction process is subject to many
variables and unpredictable factors, which result from many sources [12].

Unfortunately, the construction industry is facing many significant problems on project delivery, poor financial
performance and inability to adding value on time as per client satisfaction. As a result the industry has been criticised
for poor performance and delays in accomplishment [13]. A research conducted by the Construction Industry
Institute (CII 2005) discovered the direct cost escalation as a result of delays and rework on an average of 5% of the
total construction cost [15]. Saudi Arabian construction industry is experiencing a rapid growth in all infrastructure
fields, including both urban and rural areas. The government is progressively allocating large amounts of resources
to develop advance infrastructure in capital city of Riyadh to support the vision 2030 and to conduct FIFA world cup
in the Kingdom in 2034 [14]. Therefore, meeting deadlines for construction projects is a fundamental constraint to
achieve the vision of Kingdom also to support the sustainable development.

2. LITERATURE REVIEW

Construction industry accounts for a large proportion of global resource consumption and environmental pollution.
In line with statistics construction industry consumes 40% of the total energy generation and responsible for 30% of
the global greenhouse gas emissions. Collectively, the building sector is responsible for one-third of resource
consumption, including 12% of all fresh-water use, and produce up to 40% of our solid waste [16]. Mechanical,
electrical, plumbing and related systems (MEP systems) have become one of the bigger contributors to the building
construction delays and cost overruns [17]. In production of MEP system material, the annual use of pipes, cables
and ducts are limitless in construction projects. The coordination of building services systems is a main challenge for
complex building if pre action are not taken delays will immerse in projects [18].

Delays are serious epidemic that have been impacting the construction sector all over the world. The primary cause
is the lack of information on its occurrence, which makes it extremely challenging to develop a business case against
it. The requirement to reduce delays can have significant sustainable benefits to the construction industry [19].
Sustainable development is one of the leading civilization idea and this term means a development that satisfies the
present needs without a limitation of the possibility of satisfying the needs in the future [21]. In spite of the
significance of the construction industry, it faced problems of poor financial performance, high cost of project
delivery, poor quality and material waste and failures [22]. It has been observed that this industry is suffering
worldwide from sustainable solutions during project design and execution stage [23].

Sustainable construction projects provides several key points i.e., cost-efficient design, using minimum energy in
construction and producing least pollution, preserving the nature and enhancing the biodiversity, preserving water
resources, providing comfort to people by respecting the climate [20]. The Figure 1.1 the United Nations (UN)
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sustainable development goals where the Sustainable Development Goal 9 (SDG-9) is directing the “industry,
innovation and infrastructure” related to construction industry.
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Figure 2.1: UN sustainable development goals (Goal 9 industry innovation)
2.1 Construction Project Classification

Construction has been basically considered as a common traditional industry in past century while in present era it
become technological advanced, mechanized and complex industry [1]. The unique aspects of construction project it
is especially challenging to classify the wide range of possible projects [24]. Construction projects play an important
role for the future economic productivity. A construction project is a unique development on a particular site under
circumstances that will never be repeated. It is a complex endeavor that requires the coordination of people and the
availability of material, and it usually begins despite there being many unknown factors such as design issues,
uncertain site conditions or unreliable threats and opportunities [25]. The common five divisions of construction
projects are:

i. Residential Construction Projects

ii. Commercial Construction Projects

iii. Institutional Construction Projects

iv. Infrastructure and Mega Construction Projects
v. Industrial Construction Projects

2.2 Delay factors in construction projects

The construction delay is time consumption that is beyond completion date stated in a contract which the parties had
agreed upon to deliver the project [27]. So, in construction, the word “delay” refers to something happening later
than planned, or which is not expected [26]. Delays and cost overruns can occur during both preconstruction and
construction phases. The advancement of auxiliary businesses (engineering, procurement, industrial and
information technology) has led to a great demand for the shortening of the construction project duration. But this
demand ultimately increases project complexity, leading to an increase in the number of challenges for stakeholders
during the execution phase [28].

Efficiently managing construction projects is crucial for project success and to prevent failure and delays. A common
perception that construction, in contrast to other industry sectors, has not improved its use of strategies and advance
techniques and its overall productivity as much as other sectors in recent decades hence as a consequence its outputs
are becoming relatively more expensive [29]. There are many factors that contribute to causes of delays in
construction projects. Delays occur in every construction project and the magnitude of these delays varies
considerably from project to project [30]. When a defined time period overrun, then the stipulated completion time
is pushed forward, the project is said to have experienced schedule overrun [31]. The conceptual framework related
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to delay factors associated with construction projects is highlighted in Figure 2.6 with input process and output for
mitigation in early stages.

Design errors during construction can be incredibly expensive and disruptive. Every project is carefully planned to
ensure smooth execution and timely completion. However, unexpected issues can mess up even the best-laid plans.
Picture a busy construction site where progress is stopped abruptly due to a design error discovered halfway through
the building process. Workers stand idle, machines are unused, and costs skyrocket as the project is put on hold.
Common delay factors highlighted by the literature impacting on project from design, delivery, installation, testing
stage of MEP system and architectural applications [32].

MEP systems often have complex designs that need to be coordinated with the building's structure and architectural
elements. If there are any errors or discrepancies in the design, it can cause delays while revisions are made. Further,
researchers identified coordination problems in construction and miscommunication between contractors,
designers, and the project site team can lead to scheduling conflicts causing delays [23]. Procurement delays as the
materials and equipment required for MEP systems, such as HVAC units, piping, wiring, electrical panels, or
Architecture ceilings may be delayed due to supply chain issues or long lead times, causing overall project delays.
Unexpected issues, like hidden structural elements or underground obstacles, may require modifications to the MEP
design or installation plan, leading to additional time and costs. Lack of skilled labor for MEP installation can also
contribute to delays, especially if the workforce isn’t large enough to meet the demands of the schedule [33]. Changes
to the MEP systems (such as upgrades or adjustments) after work has begun can cause delays as they require re-
designing, reordering materials, and rescheduling tasks. Some common delay factors highlighted by the literature
impacting on project during the delivery and application stage of Architecture in construction project execution [34]
are high cost of machinery and its maintenance, financial difficulties faced by contractors, the delays in contractor's
payments to subcontractors and not approved design application at construction sites etc.

2.3 Investigation of delays in construction projects of Saudi Arabia

The construction industry in Saudi Arabia had been developing rapidly [32]. The construction industry contributed
30% to 40% toward Saudi Arabia economy and government is investing more in this industry [3]. Delay is frequently
caused by an occurrence that must be controlled by effective strategy to reduce its effects. Systematic delay
management ensures that the source of the delay is recognized and documented as soon as feasible throughout
building projects. Delays in building projects can occur for a variety of reasons. The components rely on innovation
and its management, as well as those from the physical, social, and financial environments [14]. The Kingdom of
Saudi Arabia (KSA) is suffering major delays in construction projects. Because the construction business in Saudi
Arabia has changed dramatically over the last three decades, it is crucial to conduct a thorough study into the reasons
for delays and to get industry experts on the same page [25].

Since, the construction industry ranks as the second largest industry in Saudi Arabia, the challenges and problem
associated with it are enormous [35]. To respond to the increased complexity, it is essential to provide a
comprehensive understanding of it and the factors that are affecting its levels [6]. Over the course of the last decade,
the Kingdom of Saudi Arabia (KSA) has conveyed its commitment to the United Nations (UN) 2030 Agenda for
Sustainable Development (2030 Agenda) and its 17 Sustainable Development Goals (SDGs) by bolstering national
capacities to institutionalize the SDGs. In terms of both targets and goals, the KSA’s Saudi Vision 2030 aligns with
the 2030 Agenda and the KSA has been making significant progress towards their joint realization [36].

The influence of sustainability, efficiency, and innovation for social transformation is at the core of practically all
smart city programs and Saudi Arabia is developing Riyadh, according to the vision 2030 and upcoming mega events.
The Kingdom of Saudi Arabia (KSA) is suffering major delays in construction projects and the construction business
in Saudi Arabia has changed dramatically over the last three decades due to advance implementation of MEP systems
and central building management systems [14].

2.3.1 Case Study 1 RMP (Riyadh Metro Project)

The Metro Project is the backbone of the public transport network in Riyadh, capable of transporting 3.6 million
passengers per day in initial phase the project is open for public partially. With six lines at a total length of 176 km
and 85 metro stations, the metro network will cover most of the densely populated areas, public facilities, and the
educational, commercial, and medical institutions [37]. The network will be connected to King Khalid International
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Airport and King Abdullah Financial District, the main universities, downtown Riyadh, and the public transport
center[38]. The brief of project cost and start times and delays duration are as:

Project Started: March 2014
Completion plan: 2014-2019
Completed (partly) 2025- Delay 5 years
Plan Cost: 23 billion USD
Actual Cost: 27 billion USD

KAFD Station | STC Station
Figure 2.2: Riyadh metro project main stations

2.3.2 Case Study 2 KAFD (King Abdullah Financial District)

The project consists of 95 buildings, including 61 towers, and combines residential solutions, work and entertainment
over a space of more than 1.6 million square meters. It will provide more than 3 million square meters of space for
various uses, 62,000 parking spaces and accommodation for 12,000 residents. In 2011, it was the largest project in
the world seeking green building accreditation [39]. The detail of KAFD project according to official sites is listed as:

Project Started: March 2007

Completion plan: 2014-2019

Completed (partly) 2025- Delay 6 years

Plan Cost: 7.8 billion USD

Revised Cost: 28 billion USD (on completion)
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Figure 2.3: Under construction of KAFD project in Riyadh

2.4 Impact of delays on project performance

Over the past few decades, the gradually complicated and global business environment and rising competitiveness
have emphasized the significance of construction project performance. Before taking steps to improve project
performance, it is essential to accurately and integrally measure the performance requirements. Through critically
reviewing literature regarding performance the impact of delays on project are globally accepted [40]. Project
performance had an inverse and significant correlation with the schedule delays of project. The most common delays
that influencing project performance parameters are impact on time, quality and cost of the project [25].

2.4.1 Impact of delays on quality

Poor quality issues occurs in more than 80% of building projects [41]. Project quality significantly increases project
performance and helps in project completion on time and within budget, which is inversely related to rework on the
job site. The quality of construction is a key component of perceived value to the project client. As reported by the
International Federation of Consulting Engineers (IFCE), a lack of quality in construction is presented due to poor
or non-sustainable workmanship, which creates delays and reworks in the project. Researchers asserted that to
improve quality, there is a need to understand the root causes of delays, the basic reason for their existence, or the
set of conditions that stimulate their occurrence in a process [42].

2.4.2 Impact of delays on cost

A study revealed that delays costs are a major contributor to the cost of building construction projects. In construction
the cost reduction mostly involved from design stage prior to construction execution. There is significant relationship
between the cost of rework and the project cost and there are also substantial relationships between the costs of
delays and project completion time [45]. According to the Construction Industry Institute (CII) project delay costs
reached up to 20% of project contract costs. A study revealed that the cost of delays in industrial, residential, and
commercial buildings ranges from 2-6% of the contract value [43]. A study about the impact of delays on cost explored
that cost overruns are regular events associated with every construction project, so the major factors contributing in
project cost overruns is delays [44].

2.4.3 Impact of delays on time

Delay in construction is an old issue that downfall the image of whole industry [46]. An extension of time is an event
where extra time is requested to complete the project. It has been realized that one of the main factors in cost and
time overruns is rework. Research revealed that in construction delay can also directly or indirectly affect project
performance. Delays leads to a significant delay in project time. Considering the projects executed in the last 20 years,
most of them were delivered late, which means schedule delays occurred commonly in all construction projects [47].
Moreover, delays has been identified as the primary factor contributing to project cost overruns [47]. According to
research published in the International Journal of Sustainable Construction Engineering and Technology (IJSCET)
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Malaysia, the time and cost overruns are intimately linked with delays causing cost overrun in most circumstances
[48]. Time delays directly impact the project’s success in terms of cost and quality and indirectly results in client
discontent and loss of profit.

2.4.4 Impact of delays on sustainability

Construction enterprises will contribute to the achievement of sustainable development goals by completing
associated small and big projects. Successful execution of these initiatives will result in strong organizations and
economies, which will help cities and communities’ growth. The success of Vision 2030 projects to meet the SDGs as
outlined in Figure 2.1 will depend in large part on construction enterprises [36].

Four years after the adoption of the 2030 Agenda the world of construction is off-track to achieve Sustainable
Development Goals (SDGs). Most organizations have failed to turn the transformational vision of the 2030 Agenda
into real transformational policies to achieve the SDG-9 related to construction industry [49]. and the world begins
to count down the final six years of the United Nations’ Agenda 2030, our shared vision of decisive progress towards
sustainable development everywhere stands at a precipice. Construction industry required new practices, policies
and development of new material respectively that will reduce our planetary footprint, while improving quality of life
for all humans [50].

Each project is unique in nature and has some fundamental issues for completing it within the project budget and
time. One of the obstacles to success is delays which is an endemic problem in construction projects, although it has
been given little attention in terms of research. Identifying the root cause of delays is the first step in delay
management, followed by a mitigation approach or reducing and preventing strategy [51]. According to study delay
is primary cause of project time and cost overruns [47]. The relationship between delays and sustainability is
highlighted in below Figure 2.4.

Reduce
Design Phase

— Procurement
Phase

Protect nature

Eliminate toxics

Construction
Phase

Quality

Figure 2.4:Relationship between sustainability and construction phases [52]

Therefore, a comprehensive appreciation of the mechanisms that cause delays will only enable project performance
improvements to be made [53] and to achieve the sustainability goals. The entire problematic situation requires a
thorough investigation to find the linked causes of project delays and implement appropriate remedial measures.
This research conducted as quantitative study of construction projects in Riyadh, Saudi Arabia to investigate the
potential causes of delays during construction stage of CSA (Civil, Structure & Architecture) and MEP (Mechanical,
Electrical and Plumbing) system installations to elaborate mitigation measures for improving overall performance
and enhance sustainable development in future projects. The Figure 2.5 the percentage of gross delays in construction
projects in Saudi Arabia.
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Construction Projects in KSA

Completion on Time u Delay

Figure 2.5: Delays in construction project of KSA [35]

Henceforth, five years left to achieve SDG 9 to build resilient infrastructure, promote sustainable industrialization
and foster innovation. Studying the correlation between both the critical success and the critical delay factors,
examining the effect of the identified critical success factors on each of the critical delay factors directly would shed
some light on which factors are most influential upon one another, and aid contract parties and investors in deciding
which factors deserve the most attention. Based on research gap and to address the problem statement and to achieve
the aim of this research the objectives are set for this study as “To investigate delay factors challenged by construction
projects in Riyadh, Saudi Arabia”, “To evaluate impact of MEP (Mechanical, Electrical & Plumbing) related delay
factors on project performance and sustainability” and “To mitigate delays and improve project performance with
sustainability for future endeavors of construction industry.

3. METHODOLOGY

Research without a design plan is like an ocean voyage without Mariner’s compass, hence a research design is the
conceptual blueprint within which study is conducted [54]. The quantitative research approach is applied in this
study, that is comprised of several stages to explore the research objective. The RMD is outlined in Figure 3.1, and
the entire flow chart is divided into six main consecutive stages. In this study, a self-created questionnaire-based field
survey was conducted to investigate and evaluate common causes of delays and their impact on project performance
using the opinions of construction experts involved in the RMP and KAFD projects. The details of each step are
explained in step 1 to 6 as per design of research.

In the first stage, in-depth literature review conducted to identify the research gap by reviewing the delay factors in
construction projects. Furthermore, the important causes of delay during the installation of MEP system installation
in building projects focused from delivery of material to testing of related systems and their impact on project
performance and sustainability. In the second stage, the research methodology design furnished by declaring the
quantitative approach and questionnaires were developed as per objectives of the research to achieve the research
objectives. In the third stage, a pilot test carried out to check the feasibility and clarity of the questionnaire by offering
open suggestions from experts in field of construction management prior to the final field survey. The questionnaire
corrected through the process unless it will be succeeded value of Cronbach Alpha in SPSS for continue with further
survey.

In the fourth stage, a field survey conducted for data collection using final questionnaires. Besides, in the fourth stage,
delays categorized into three sub-groups, the impact of delays on project performance (Quality, Schedule, Cost), the
strategies for improving the sustainability development were ranked out. The final data analyzed in SPSS v-26
(Statistical Product and Service Solution). In the fifth stage, research objectives were revealed as results and findings
from this study. The outcome emphasized the causes of delays and their impact on project performance and
recommended mitigation measures for potential causes involved during the execution of project in terms of major
disciplines involved. Finally, in the sixth stage, research findings conclude, and directed to construction
professionals, researchers and engineers involved in building projects to enhance performance of upcoming projects
by mitigating the delays and improve sustainable development in construction.
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3.1 Pilot testing

The pilot testing ensured the questionnaires develop are valid, reliable, effective, and free from problems or errors
[55]. In this research the pilot testing aims to improve questionnaire and simplify it, omit redundant factors and
eliminate ambiguity in research surveys. In other words, a pilot survey is an early feasibility check to determine the
practicality of the questionnaire and to ensure that the applied method can achieve the desired objective of research.
The test improved the quality of questionnaire and omitted the redundant factors [56]. In this study a pilot testing
submitted to fifteen (20) highly experts and qualified professionals involved in construction management at RMP
and KAFD Project. The respondents were requested to review the design and structure of the pilot survey critically
as per the research objective. The response rate percentage received more than 65% an acceptable percentage to
proceeding the questionnaires for further research [57].

3.2 Questionnaire design for data collection

The questionnaire survey is the most efficient data collection tool which help in testing the hypotheses and answer
the research objectives [58]. The most important tool in this section was the questionnaire designed to collect
information as per research objective. The feedback provided by the field experts in the pilot study helped in
designing a realistic questionnaire to achieve the research objective. The final design of questionnaire prepared in
accordance with the main objectives of the research. The questionnaire design composed of four main parts as:

Part I: Demographics of the respondents
Part II: Impact of delays on project performance and sustainability
Part III: Development of mitigation strategies

Part-I intended to collect general information about the respondents, including their qualification level, field of
specialization, the nature of their company, project subsection, and work experience. The Part IT includes causes of
delays during construction in projects chosen as case study for this research. The closed-ended questions used and
the respondents were asked to choose answer from any of the multiple-choice based on the five-point Likert scale as
shown in Table 3.1. Part-III included the strategies for delay mitigation during the construction execution by using a
similar five-point scale (1 — very low rate; 2 — low rate; 3 — medium rate; 4 — high rate; and 5 — very high rate). The
purpose of the fourth part of the questionnaire provided a solid and practical recommendation to construction
professional.

Table 3.1: Five Point Likert scale [45]

Likert Scale Response Category (Scale)

Very Low Impact
Low Impact
Medium Impact
High Impact
Very High Impact

O~ WN =

3.3 Reliability test of questionnaire

Before submission of data survey, an internal reliability test was performed on Likert-scaled type questions using
Cronbach’s alpha. The alpha coefficient ranges in value from o to 1, where higher alpha values are more desirable, as
shown in Table 3.2. The questionnaires were rectified unless desired value of alpha (a) was not achieved. The value
of a achieved greater than 0.70 hence, research considered a reliable measure prior to real survey [59].

Table 3.2: Cronbach’s alpha (a) scale

Cronbach’s alpha (a) Value Level of Reliability
>0.9 Excellent
>0.8 Good
>0.7 Acceptable
>0.6 Questionable
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>0.5 Poor
<0.5 Unacceptable
Note: Cronbach’s alpha (a) scale > 0.7 is generally acceptable.

3.4 Population and sampling

The selected number of cases in a population is referred to as sample [60]. The sampling is the process of choosing a
trial from a population and this technique is mostly appropriate for quantitative research approach. In research
sampling is a experimental way of obtaining information about the whole population by observing some part of it
which represent the whole population [61]. The population size in this research will be the overall or total population
of construction professionals in both projects from the case study of KAFD & RMP project. The population considered
from the list of bodies, i.e., clients, consultants, contractors and subcontractors. As per the company’s organization
chart the official population of construction professionals in execution stage at KAFD are 500 and in RMP in existing
stage are 700 in average and gross population in both is 1200 respondents. By implementing probability sampling
and a random sample approach the sample size for this study is calculated as 291 (sample size) which has been derived
by using area population and taking 95% of the confidence level verified from Margon’s table of sample size
considering 95% confidence level and margin of error 5% for population [62] the values of sample are reflected in
Table 3.3.

Table 3.3: Morgan table for sample size [63]

N S N S N S

10 10 130 97 1000 278
30 28 150 108 1100 285
40 36 170 118 1200 201
50 44 190 123 1300 297
60 52 200 132 1400 302

N is population size and S is sample size
4. DATA ANALYSIS AND RESULTS
4.1 Demographic of respondents

The data was collected from construction professionals working as organization from client, contractors, consulting
and sub-contractors in RMP and KAFD project sequentially. The participants in this study having work experience
from 5 to 35 years and above, the demographic details of respondents analysed as indicated in Figures below.

QUALIFICATION OF THE DISCIPLINE OF THE RESPONDENTS
RESPONDENTS

Diploma
27%

Architectural
14%
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NATURE OF ORGANIZATION OF THE
RESPONDENTS

Sub-
Contractor
32%

PROJECT SECTION OF THE
RESPONDENTS

and
Procu

5%

Site
Supervision

34%
Contractor

43%

Construction
Management
48%

4.2 Delay impact on project quality

This section is composed of 13 delay factors investigation that influence cost performance during the construction
observed by the respondents in RMP and KAFD project. Delays had several effects to construction projects
performance but the respondents rank these effects by using 5-point scale. The results of delay impact on project
quality are revealed in Table 4.1.

Table 4.1: Identification of delay factors impact on Project Quality

Sr. Investigation of Delays in RMP and KAFD Index Star.lda.lrd Impact Level
No Deviation
. Non—c?mpllance with specifications and standards in 4.10 762 High
execution
Poor coordination between the design and construction .
2. 4.04 .810 High
teams
3. |Lack of knowledge and experience of project staff 4.02 .592 High
4. | Disregarding the sequence of construction 3.94 .830 Medium
5. | Poor communication among different project stakeholders 3.01 .860 Medium
6. | Lack of collaboration between manufacturer and design 3.79 .655 Medium
7. | Work resume prior to the approved drawings 3.78 .023 Medium
8. | Fast-tracking and crushing of activities due to limited time 3.71 .617 Medium
9. Neghger}ce in clearance from Civil/ Arch prior MEP 3.68 102 Medium
installation
0. Delays in submission of inspection requests for work 3.04 830 Medium
approval
11. | Improper project feasibility study 3.58 .927 Medium
12. |Insufficient details in contract documents 3.51 .954 Medium
13. | Over-designing results in quality issues 3.48 .857 Medium

Results revealed that delay identifications impacting on quality such as non-compliance with specifications, poor
coordination between the design and construction, lack of knowledge and experience and delays in submission of
inspections etc. Similar delay identifications were proposed in research by [56], [64], [65] and [59] about
construction projects.

4.3 Delay impact on projects cost

This section is composed of delay factors those influence cost performance during the construction in RMP and KAFD
project. The results of delay impact on project cost are demonstrated in Table 4.2.
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Table 4.2: Identification of delay factors impact on Project Cost
IS\TI;; Investigation of Delays in RMP and KAFD Index ]S):::;lt?zi Impact Level
1. Lack of clear understanding of contract documents 4.09 .346 High
2. | Change in design on client request after work completion 4.03 1.03 High
3. | Incomplete design during installation works at the site 4.01 744 High
4. 'Change . in design due to clashing with MEP services 3.80 086 Medium
installation
5. | Reworks; concrete demolishing for equipment adjustment 3.60 .610 Medium
6. | Material costs escalated in the market 3.52 762 Medium
7. | Repair of damage caused by another subcontractor 3.50 1.01 Medium
8. | Unfeasible site condition for installation of MEP system 3.46 1.02 Medium
0. (?osF V.ariation requested by the contractor due to Site 3.45 730 Medium
limitation
10. |Changes asked by the Engineer for quality control 3.43 730 Medium
11. | Overdesign due to lack of construction experience 3.15 1.04 Medium
12. | Weather conditions, such as rains and summer work bans 3.11 .958 Medium
13. | Fast-tracking of activities for schedule compression 2.65 .965 Low

Results revealed that delay identifications impacting on cost such as lack of clear understanding of contract
documents, Change in design, Incomplete design at site, reworks, concrete demolishing etc. Similar delay
identifications were identified in research by [7], [59], [56], [64], and [65] in construction projects in various areas.

4-4

Delay impact on project time

The results revealed 13 delay factors that influence time performance of construction in RMP and KAFD project. The
results of delay impact on project are demonstrated in Table 4.3. Based on the field experience of construction
professionals the delay factors impacted on project time are demonstrated by index value, standard deviation and
impact level of each factor.

Table 4.3: Identification of delay factors impact on Project Time

Sr. Investigation of Delays in RMP and KAFD Index Star.lda.lrd Impact Level
No Deviation

1. |Issues in monthly progress claims by contractor 4.08 .968 High
2. | Delay in submission of construction drawings for approval 4.01 .977 High
3. |Delay in delivery of the materials by supplier 3.95 .572 Medium
4. | Effect of uncontrolled causes such as pandemic conditions 3.82 .585 Medium
5. | Inefficient selection of contractor and subcontractors 3.78 723 Medium
6. | Prolong procedure for change requests and approvals 3.77 .961 Medium
7. Poor site conditions, such as water, electricity and food 3.64 .688 Medium
8. | Lack of using updated technologies during installation 3.59 .914 Medium
9. | Shortage of skilled labor required to complete tasks 3.55 731 Medium
10. |Logical dependencies in phase of construction 3.44 .856 Medium
11. | Area not released by Civil/ Arch for MEP installation 3.39 1.27 Medium
12. |Policy and commitment of government and local regulatory 3.11 .887 Medium
13. | Ineffective project planning and scheduling Improper 2.92 .683 Low




368 J INFORM SYSTEMS ENG, 10(125)

The respondents agreed on two top causes of delays impact on time due to payment issues or delays in monthly
invoices, delivery of the materials by supplier, contractor and subcontractors experience and change requests length
has highest impact value on project time. As per research by [5], [56], [64], and [85] about construction projects
similar delay identifications were proposed with higher impact on project time.

4.5 Mitigation measures for enhancing performance with sustainability

This section comprises mitigation strategies to avoid delay in construction. The respondents were asked to rate the
factor according to their experience in KAFD and RMP during the construction stage. The construction professionals
rated the top ten strategies as of high importance to avoid delays in building construction. The resulting averages
were ranked in descending order according to the highest average in the group response and the topmost ranks are
presented in Table 4.4.

Table 4.4: Top 10 strategies for delay mitigation in building construction

Sr. Mitigation Measures to enh.ance. [?I'OJ ect performance and N* |Mean | Ranking
No sustainability
L Implement smooth coordination among disciplines to avoid delays in| 291 | 4.55 18t
) construction
5 Engage engineers from early stage of project to improve collaboration to avoid | 291 | 4.42 ond
) delays which will lead to enhance sustainable development
Submit on-time inspection requests to quality control section to avoid| 291 | 4.41 grd
3 additional comments and reworks which lead to delay during execution
Pay monthly claims on time to the contractor, because it debilitates the| 291 4.16 4th
4 contractor capability to finance the work
Verify manufacturer recommendations before installation of equipment of | 291 | 4.00 5th
5 MEP system in building construction
6 Provide mock-ups and prototypes for consultant engineers approval prior to| 291 | 3.97 6th
) installation of critical system
Submit shop drawings and change request for review/approval of design| 291 | 3.75 7th
7 engineer prior to installation
3 Introduce monthly or quarterly basis rewards and recognition at construction | 291 3.71 8th
) site for team motivation
Provide approved and updated combined services drawings for early clashes | 291 | 3.64 gth
9 identification by construction team
" Use of modern information technology tools such as BIM, Revit, Aconex etc.in| 291 | 3.60 10th
" | project to enhance team visualization

*N is final number of respondents considered in SPSS for data analysis (that was N= 291 respondents from
population)

The analysis of the survey revealed the high degree of agreement among the respondents shows that there is a
significant difference in impact of delay in construction process. As a result, the topmost important causes of delay
in the construction project identified from overall to mitigate the delays are sequentially ranked as coordination
among disciplines, on-time inspection requests to quality control, monthly claims on time, follow manufacturer
recommendations before installation of equipment in technical rooms and application modern information
technology tools such as BIM could help to avoid delays in upcoming projects.

5. CONCLUSION

Numerous challenges and obstacles have hampered the construction industry worldwide. The construction industry
has been struggling with the problem of persistent delay. The focus of this paper is to give a general understanding
of the construction sector and then provide basic information about the issue of delays faced by construction projects
in Riyadh, Saudi Arabia as a confluence for sustainability and enhancement of projects performance. To meet these
new demands, construction firms working on the cities of the future are currently undergoing a metamorphosis. The
current change in the building industry is dominated by smart architectural, infrastructure and MEP systems to
facilitate the building occupants. However, cities like Riyadh are fundamentally altering into newly envisaged high-
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tech connected urban places, so the need is to build projects in time by avoiding delays to meet the client expactations.
Consequently, the effective operation of the construction sector is critical for the development of sustainable smart
cities. The analysis conducted indicates that time overruns and delays are the most prevalent issues affecting
construction projects in Riyadh, Saudi Arabia.

Additionally, several strategies can mitigate construction delays by establishing clear communication channels and
regulations among all parties is crucial. Construction professionals must prioritize improved team communication,
ensuring contracts are clear, well-defined, and signed by all stakeholders to avoid issues stemming from poor contact
management. Effective resource management, including hiring experienced and qualified construction managers and
professional engineers, skilled workers is also essential factor to address delys. This research, focused on identifying
the causes and effects of construction project delays in Riyadh, can be expanded in the future to other cities or
countries using different research methodologies.
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