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Chapter Two

Review of Literature

Overview

Construction Quality Management has emerged as a vital and indispensable factor in
determining the success and overall performance of construction projects. CQM is a critical
component that significantly contributes to achieving project goals, meeting clients'
requirements, and satisfying their expectations. It encompasses a range of processes and
procedures that ensure construction projects are delivered to the specified standards and
quality levels, ultimately leading to enhanced customer satisfaction and the organization's
ability to differentiate itself from competitors in the highly competitive construction industry.

Mega construction projects, including infrastructures, have widely acknowledged CQM as a
crucial factor in enhancing project outcomes. However, the successful implementation of
quality management in construction projects is not without its challenges. Understanding the
relationship between Construction Quality Management and various project outcomes is
crucial (Bittharia, 2021). While construction quality management practices such as quality
assurance and control have been shown to significantly contribute to project success, their
application can also present unique challenges that require careful navigation, especially in the
absence of proper quality planning(ref). This chapter will explore the complexities of
effectively applying quality management principles within the construction industry and
examine how these practices can influence key project performance metrics, including budget,
schedule, quality, and customer satisfaction (Teshome & Gobana, 2018).

Understanding the challenges of implementing CQM practices in construction and
infrastructure projects, and how these practices impact project outcomes, lays the foundation
for incorporating emerging technologies like artificial intelligence to optimize and enhance
quality management effectiveness in the construction industry (Hamdan, 2024). Al tools and
techniques, such as automating quality processes, identifying and predicting quality issues,
can help address the complexities of implementing effective CQM practices. Al-driven
solutions can automate and streamline quality control, enable real-time monitoring and data

analysis, and provide predictive insights to proactively mitigate quality-related issues. By




leveraging Al, construction firms can improve the efficiency and effectiveness of their quality
management practices, leading to better project outcomes in cost, schedule, quality, and

customer satisfaction (Regona et al., 2023).

Theoretical Foundations of Construction Quality Management

It is crucial to understand the theoretical foundations and principles of Construction Quality
for developing a comprehensive approach to quality management in construction. CQM is
rooted in the theoretical principles and frameworks established by quality management
pioneers such as W. Edwards Deming, Joseph Juran, and Armand Feigenbaum. These
foundational concepts provide a strong theoretical basis for understanding the key elements
and best practices of quality management, which have been adapted and applied to the unique

context of the construction industry.

Recognizing the inherent complexities and challenges faced by construction projects, these
theoretical foundations provide a solid framework for effectively implementing CQM
practices and addressing the specific quality-related issues that arise in the construction
domain. By grounding CQM in well-established quality management theories, construction
firms can develop a more robust and systematic approach to ensuring the successful delivery
of construction projects that meet or exceed the specified standards, requirements, and

customer expectations.

Quality Management Frameworks
The 1SO 9000 series

The ISO 9000 series is a set of internationally recognized standards developed by the
International Organization for Standardization (ISO) to establish QMS across industries,
including construction. The most widely implemented standard in this series is ISO 9001,
which provides a framework for organizations to ensure consistent quality, process efficiency,
and customer satisfaction. These standards emphasize a process-driven approach to quality
management, focusing on continuous improvement, risk-based thinking, and compliance with
regulatory requirements. In construction projects, 1SO 9001 certification is often required by
clients and regulatory bodies to demonstrate an organization’s commitment to quality

assurance and compliance with industry best practices (Neyestani, 2016).
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ISO 9001 (2015) standard outlines seven key quality management principles that are critical in
the construction industry:

Customer Focus — Meeting and exceeding client expectations in project execution.
Leadership — Ensuring quality objectives align with the organization’s vision.
Engagement of People — Empowering employees at all levels to contribute to quality.

Process Approach — Managing construction activities through well-defined processes.

o r w0 N E

Continuous Improvement — Continually enhancing construction practices and
methodologies.

6. Evidence-Based Decision Making — Using data & audits to drive quality improvements.
7. Relationship Management — Strengthening collaboration with suppliers, subcontractors,

and stakeholders.

Implementing ISO 9001 in construction projects requires several important steps, including
establishing a documented quality management system, conducting internal and external
audits, implementing corrective actions, and continuously monitoring performance metrics.
Many construction firms adopt 1ISO 9001-certified quality systems to streamline document
control, material inspections, and compliance procedures, thereby reducing rework costs,
project delays, and contract disputes. For large-scale infrastructure projects, such as
stormwater networks or highway construction, 1SO 9001 provides a standardized framework
for managing quality across multiple contractors, subcontractors, and suppliers, ensuring

consistency and reliability (Hamdan, 2024).

In large-scale infrastructure projects like JSWP, ISO 9001 is critical, as it involves multiple
stakeholders, complex materials supply chains, and stringent regulations and client needs,
requiring a structured quality management system to ensure compliance, minimize defects,
and improve efficiency. Contractors are required to fully adopt 1SO 9001 and align their QMS
with JSSWP's standards, as it plays a vital role in ensuring quality consistency and enhancing
project efficiency. Integrating JSWP's quality requirements into a comprehensive Quality
Manul, contractors can standardize their Inspection and Test Plans and Method Statements,
fostering proactive defect prevention, better stakeholder coordination, and smoother project

execution.




Implementing 1SO 9001 Quality Management and ISO 14001 Environmental Management
have significantly contributed to the operational success of DB Construction, leading to a 34%
annual growth. According to BSI (2011), the integration of these management systems helped
the company enhance process efficiency, improve client satisfaction, and strengthen
compliance with regulatory requirements. Adopting structured quality management practices
by DB Construction helped the company to reducee inefficiencies, streamline documentation,
and improve overall project performance, demonstrating the value of internationally

recognized quality standards in the construction industry.

However, most contractors view ISO 9001 as a bureaucratic formality, focusing on passing
audits rather than improving quality on-site, which is the case for some contractors in JSWP.
In such cases, Quality Manuals are generic, developed only for certification purposes, leading
to inconsistent quality control, delays, and frequent revisions. A study from Jordan’s
construction industry revealed that many ISO-certified firms had employees unaware of the
standard’s actual significance, reflecting poor implementation and weak integration into daily
activities. This reactive approach results in higher defect rates, increased rework costs, and
misalignment with quality objectives, ultimately delaying project progress and increasing
contractual disputes. Such disparities in 1ISO 9001 adoption are evident within JSWP, which
highlights that the true value of a QMS lies in its meaningful implementation, not just its
certification (Hiyassat, 2000).

Total Quality Management (TQM)

Total Quality Management (TQM) is a comprehensive quality approach that focuses on
continuous improvement, customer satisfaction, and proactive defect prevention throughout a
project’s lifecycle. In the construction industry, TQM principles help ensure that quality is
embedded at every stage, from planning, design to execution and project handover. Which is
not like the traditional quality control methods, that focus on defect detection after occurrence.
TQM emphasizes preventive strategies, such as process optimization, employee engagement,

and data-driven decision-making.

Several major construction firms have successfully implemented TQM to enhance project
outcomes. For example, Bechtel Corporation, a globally recognized engineering and
construction company, adopted TQM methodologies and Six Sigma principles to improve




processes, reduce construction defects, and minimize the cost of defects and rework. By
integrating structured quality control procedures into daily site operations, Bechtel’s quality
improvement initiatives resulted in $200 million in savings, following an initial investment of
$30 million in a defect prevention and process optimization program (Oguz et al., 2012). This
case highlights how TQM-driven quality management strategies can lead to significant cost

reductions and improved project efficiency in large-scale construction projects.

However, the implementation of TQM in large-scale infrastructure projects in Saudi Arabia,
such as the Riyadh Metro, has faced challenges. While TQM provided strict quality planning,
assurance, and continuous monitoring that can minimize construction errors in some cases,
there have also been reports of quality-related issues and major delays. Contractors may have
struggled to fully integrate TQM principles into their daily operations, leading to inconsistent
quality control and a disconnect between the intended benefits and the actual project outcomes
(Abazid, 2017).

While TQM is widely recognized for its benefits in construction, it is not formally
implemented in the Jeddah Stormwater Program (JSWP), which follows ISO 9001 as its
quality management framework. However, the core principles of TQM-—continuous
improvement, defect prevention, and process optimization—are inherently embedded within
ISO 9001 requirements. Contractors working under JSWP are expected to apply I1SO 9001-
driven quality management processes, such as structured ITP, MOS, and Material Inspection
Requests (MIRs) to maintain compliance and ensure consistency across all projects. While
ISO 9001 provides a structured framework, its effectiveness still depends on how well
contractors integrate quality practices into their daily operations rather than treating

compliance as a procedural obligation.

To summarize, the construction industry's adoption of structured quality management systems,
such as ISO 9001 and TQM, has demonstrated significant benefits in enhancing project
outcomes, reducing defects, and improving overall efficiency. Within the Jeddah Stormwater
Program, ISO 9001 serves as the primary quality framework, but the meaningful
implementation of its principles is crucial for realizing its full potential in improving

construction quality, cost, and schedule performance.




The Quality Gurus
Juran’s Quality Trilogy in Construction

Juran's Quality Trilogy, developed by the pioneer quality management expert Dr. Joseph
Juran, is a foundational framework in the field of quality management. This model consists of
three interrelated processes: Quality Planning, Quality Control, and Quality Improvement. The
Quality Trilogy emphasizes a proactive approach to quality management, ensuring that defects
and inefficiencies are minimized through structured planning, continuous monitoring, and

data-driven improvement (Juran & Joseph, 2012).

In the context of construction projects, Juran's Quality Trilogy can serve as a comprehensive
quality management strategy. Juran’s principles are widely applied to enhance project
execution, cost efficiency, and long-term infrastructure reliability. By integrating these three
quality management processes, construction firms can systematically plan for quality, actively
control and monitor quality-related activities, and continuously improve their quality
management practices. This comprehensive approach helps construction organizations achieve
their desired project outcomes, meet or exceed customer expectations, and deliver high-quality
infrastructure that stands the test of time.

Juran's Quality Trilogy has been recognized for its effectiveness in reducing waste,
minimizing rework, and improving overall project performance in construction. Some argue
that its rigid framework may not always be well-suited for the dynamic, complex, and
changing nature of construction projects. The one-fit approach of the Quality Trilogy may fail
to accommodate the unique challenges and constraints faced at each project, leading to
suboptimal implementation and limited impact on project outcomes. Moreover, the extensive
planning and documentation required can be seen as bureaucratic, unnecessary and time-
consuming, as seen on JSWP contractors, potentially hindering the agility and responsiveness

needed to adapt to changing project conditions.

Although JSWP primarily adopts the 1SO 9001 quality management framework as a
contractual requirement, the core elements of Juran's Quality Trilogy are inherently aligned
with the structured approach of 1ISO 9001. Contractors working under JSWP must engage in
comprehensive quality planning through detailed manuals, quality control via Inspection and

Test Plans and rigorous inspections, and quality improvement through continuous audits and
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corrective actions. Effective integration of these complementary principles through ISO 9001,
JSWP contractors can foster a proactive quality management mindset, and rather than merely
reactive compliance when ISO is only a formality that needs to be done. This approach can
help reduce defects, optimize processes, and ultimately improve overall project outcomes.

Deming’s PDCA Cycle in Construction

Deming’s Plan-Do-Check-Act (PDCA) Cycle is a widely used continuous improvement
model that emphasizes an iterative approach to quality management. Initially developed by
Dr. W. Edwards Deming, the PDCA cycle ensures that quality is managed proactively rather
than reactively, making it particularly valuable in construction projects where deviations from
standards can lead to significant cost overruns, delays, safety risks, and reduced customer

satisfaction. The cycle consists of four key stages as shown in figure 2 below.

Act

Implement corrective
actions and
improvements based
on findings.

Plan

Identify objectives, set
Quality benchmarks,
and develop strategies

Check

Inspect work, conduct
audits, and assess
performance against

DJo]

Implement quality plan,
execute tasks, and
collect data

the plan

Figure 02: Deming Cycle PDCA

Applications of PDAC in Construction

The PDCA cycle is widely applied in construction to ensure proactive quality management,
prevent defects, and drive continuous improvement. In the Cross-rail Project (London’s
Elizabeth Line), the Plan phase was used extensively to define quality benchmarks, conduct

risk assessments, and develop quality control strategies, preventing material failures and




structural weaknesses before construction began (Project and Program Management, 2023).
Check phase played a crucial role in the Hong Kong-Zhuhai-Macao Bridge project, where
frequent inspections and real-time monitoring were used to detect early signs of structural
stress and ensure compliance with engineering standards, reducing post-construction defects
(Zhu et al., 2018). The act phase was used in the Riyadh Metro project, where lessons from
early construction phases led to better material selection, workflow efficiency, and safety
improvements, minimizing rework and enhancing overall project quality (Abazid, 2017).
These examples demonstrate how the PDCA cycle systematically integrates planning,
monitoring, and corrective actions to improve project outcomes, reduce defects, and optimize

construction processes.

The author sees the PDCA cycle as an important model in large infrastructure projects as it
creates a continuous feedback loop that enables consultants and contractors to identify and
address quality issues at every stage of the project lifecycle. Within the Jeddah Stormwater
Program, the application of Deming's PDCA cycle is evident in the structured quality
management system required by the ISO 9001 framework, this model can help in integrating
lessons learned from finished projects into new projects, especially during the planning stage,

to incorporate lessons learned into the packages before reaching the bidding stage.

Crosby’s ""Zero Defects' Philosophy in Construction

Philip Crosby’s "Zero Defects" philosophy is a quality management approach that emphasizes
doing things right the first time (DRIFT) to eliminate defects, reduce rework, and enhance
project efficiency. Unlike traditional quality models that focus on detecting and correcting
errors after they occur, Crosby’s methodology promotes a preventive mindset, as quality is
built into processes rather than inspected at execution stage (Crosby, 1980). This principle is
relevant in large-scale construction projects, where issues in materials, workmanship, or

execution can lead to significant cost overruns, delays, and safety issues.

Application in Construction

Crosby's "Zero Defects" philosophy has been successfully applied in various high-profile
infrastructure projects, presenting its effectiveness in enhancing quality control and reducing
rework. The implementation of strict quality planning, supplier compliance audits, and defect-

prevention strategies has helped minimize construction errors and material defects, ensuring




that the work meets stringent regulatory and safety standards (Salvi & Kerkar, 2020). This
approach, which focuses on doing things right the first time, has been instrumental in
improving the long-term performance of construction projects by eliminating material

inconsistencies and structural defects.

While the ISO 9001 framework is the primary quality management system in JSWP, Crosby’s
principles are already embedded in the program’s quality approach. Contractors are required
to establish comprehensive Quality Manuals, ITPs, and MOSs to ensure quality is controlled
at every stage of construction. The contractors who adhere to JSWP’s quality standards,
implement supplier audits, inspections, and defect-prevention strategies, are aligning with
Crosby’s "Zero Defects" philosophy. However, when no planning is in place, Crosbhy's zero-
defect approach may not be effective. This highlights the importance of integrating both the
PDCA cycle and Crosby's principles into the quality management system to drive continuous
improvement and eliminate defects throughout the construction lifecycle (Hwang & Yang,
2014) (Alinizzi et al., 2020).

Conclusion

Construction Quality Management is a crucial aspect of large infrastructure projects, as it
directly impacts project outcomes in terms of cost, schedule, quality, and customer
satisfaction. The PDCA cycle and Croshy's "Zero Defects" philosophy provide effective
frameworks for implementing a proactive and preventive quality management approach in the
construction projects. Integrating these principles into the construction process can help
construction project teams to identify and address quality issues, minimize defects. This will
drive continuous improvement and enhance the overall performance leading to success of the

project.

Elements of the discussed quality management theories and models are inherently
implemented within JSWP as the program officially adheres to ISO 9001 as its primary
quality management system, its implementation naturally integrates fundamental principles
from the quality theories. The success of JSWP’s quality efforts ultimately depends on how
contractors and stakeholders apply these principles in practice, quality must not seen as
commitment to improvement or a regulatory requirement and meet contractual obligations.

Therefore, quality management in JSWP is not defined by a single theory but rather by a
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hybrid approach that combines the best practices from various models, tailored to the

program’s specific needs and challenges.

Construction Quality Management

Construction Quality Management is a comprehensive approach incorporating a wide range of
practices and processes designed to ensure delivery of construction projects. The goal is to
meet or exceed the specified standards, requirements, and customer expectations by
implementing various quality control and assurance measures throughout the project lifecycle.

The aim is to optimize project outcomes and enhance customer satisfaction.

Quality in construction is about adherence to appropriately established standards and
specifications. It is a management approach that ensures the construction process is completed
within the specified quality requirements, on time, within budget, safely, and meeting
customer expectations. CQM involves systematically organizing and coordinating various
processes, including planning, implementing, and monitoring quality-related activities to

achieve the desired outcomes. (Teshome & Gobana, 2018).

According to the influential quality management scholars Juran and Godfrey, Construction
Quality Management involves the comprehensive coordination and integration of all quality
assurance and quality control activities throughout the entire project lifecycle. Juran and
Godfrey (Juran & Joseph, 2012) emphasize that CQM is not merely about inspections and
checkilists, but rather a proactive, end-to-end management system that aligns all quality-related
processes and procedures to ensure the successful delivery of the construction project.
Adopting this quality management approach is essential for achieving the project's objectives

and meeting the specified requirements and standards.

The author highlights that effective CQM requires a strategic, systematic, and collaborative
approach from all key project stakeholders, including owners, contractors, subcontractors, and
designers, to work towards achieving the desired project outcomes. This comprehensive and
integrated approach is crucial for ensuring that quality-related activities and processes are
aligned with the overall project objectives and coordinated throughout the project lifecycle.
By actively engaging all stakeholders and fostering a shared commitment to quality, CQM can

optimize project performance in terms of cost, schedule, quality, and customer satisfaction.
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On the other hand, if construction firms do not adopt this comprehensive approach, it can lead
to significant challenges and suboptimal project outcomes, such as the following examples
listed by Low & Ong (2014):

« Increased project costs due to the need for rework, waste, and inefficiencies

Delays in project schedules from quality-related issues and errors

Compromised quality of the final product or infrastructure

Reduced project life cycle and sustainability of the project

Dissatisfied customers and a damaged reputation for the construction firm

Therefore, the effective implementation of a robust CQM system is essential for construction
firms to achieve their desired project outcomes and meet the expectations of their clients and
stakeholders. To achieve that, the industry must address the key challenges associated with
CQM implementation and explore innovative solutions to optimize its effectiveness, such as

integrating emerging technologies, artificial intelligence.

Construction Quality Management Dimensions

Establishing and implementing an effective Construction Quality Management system
necessitates a comprehensive understanding of the key components and fundamental
principles that underpin successful construction quality management practices. Building into
Juran’s Trilogy Construction Quality Management will be divided into four critical
dimensions that ensure project success: Quality Planning, Quality Control, Quality Assurance,
and Quality Improvement. Each of these dimensions plays a vital role in maintaining
compliance with standards, minimizing defects, improving efficiency, and enhancing project
outcomes (cost, schedule, quality, and customer satisfaction). In large infrastructure projects,
these dimensions contribute to the effectiveness of the quality management system, ensuring

that construction activities adhere to regulatory, contractual, and performance requirements.

Quiality Planning

Quality Planning is the core of Construction Quality Management, it serves as a proactive
strategy by defining quality objectives, standards, and procedures before construction begins.
It help in establishing all project requirements, including materials, workmanship, safety, and

compliance with regulations, in advance. Effective Quality Planning helps to prevent defects,
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minimize rework, and align project execution with stakeholder expectations, ultimately
contributing to cost efficiency, schedule adherence, and improved overall project outcomes
(Juran & Joseph, 2012).

One component of Quality Planning is establishing clear quality objectives based on contract
specifications, engineering standards, and regulatory codes, such as the Saudi Building Code
and ISO 9001 guidelines. These objectives define the minimum acceptable standards for
construction activities, to ensure that materials, processes, and workmanship meet the
predefined requirements. For example, in metro rail projects, strict adherence to track
alignment, concrete strength, and vibration resistance is a core quality objective to maintain

long-term structural integrity.

Another component of Quality Planning is identifying potential risks and developing
mitigation strategies. This includes conducting risk assessments to detect quality failures,
material inconsistencies, and execution errors before they escalate. For instance, during the
Palm Jumeirah project in Dubai, early identification of soil settlement risks led to the use of
enhanced compaction techniques and real-time monitoring, ensuring the stability of the

artificial islands (Higgins, 2013).

Another vital part of Quality Planning is developing ITPs and MOSs to ensure that
construction activities are executed correctly. These documents outline inspection frequency,
acceptance criteria, and corrective measures, serving as essential tools for maintaining
compliance with quality standards. A good example is the Hong Kong-Zhuhai-Macao Bridge
project, where rigorous concrete durability and steel reinforcement testing protocols were
implemented, preventing premature material degradation (Zhu et al., 2018). Additionally,
proper documentation and compliance management are integral to Quality Planning.
Maintaining traceable records of quality inspections, material certifications, and work

approvals is crucial for regulatory compliance, particularly in ISO 9001-certified projects.

Quality Control

Quality Control (QC) in construction is the systematic process of monitoring, inspecting, and
verifying construction activities to ensure compliance with project specifications, regulatory
requirements, and contractual obligations. Unlike Quality Planning, which focuses on pre-

construction strategies, Quality Control is done during construction to detect defects,
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deviations, and non-conformities in real-time. Effective QC practices minimize rework,
reduce project delays, and enhance overall structural integrity, ultimately improving project

outcomes in terms of cost, schedule, quality, and customer satisfaction.

A fundamental aspect of Quality Control is conducting regular inspections and material
testing to verify compliance with project specifications. This includes pre-construction
material testing, in-process quality checks, and final inspections before project handover. For
example, in the Hong Kong-Zhuhai-Macao Bridge project, engineers implemented real-time
structural health monitoring and material testing to prevent premature degradation and ensure
durability (Zhu et al., 2018). On the other hand, during the construction of the Riyadh Metro,
comprehensive NDT protocols were applied to detect cracks, defects, and voids in concrete
and steel structures, enabling timely corrective measures (Abazid, 2017).

Another key component of Quality Control is the use of ITPs and NCRs to document
inspection procedures, acceptance criteria, and corrective actions for defects. ITPs ensure that
all critical construction activities—such as reinforcement, waterproofing, and placement of
concrete—undergo systematic quality verification before proceeding to the next stage. When
non-conformities arise, NCRs help track deviations, analyze root causes, and implement

corrective actions, ensuring that defects are addressed efficiently to prevent costly rework.

However, as highlighted in the stormwater network project case study (Hamdan, 2024), the
lack of strict adherence to quality control measures such as ITPs and NCRs led to delayed
defect identification and inefficient corrective actions. While QMS was in place, its
inconsistent enforcement among contractors resulted in quality violations, increased rework,
and project delays. The absence of proactive quality control procedures meant that defects in
material storage, trench excavation, and reinforcement installation were often detected too
late, causing costly rework and timeline disruptions. This case emphasizes the critical role of
early intervention and strict quality monitoring in ensuring compliance with project

specifications and minimizing inefficiencies (Hamdan, 2024).

Quality Control also includes the implementation of statistical process control techniques to
monitor and improve the processes. Analyzing data from material testing, inspection results,
and other quality metrics, can help construction firms to identify opportunities for process

improvement, adjust procedures, and ensure consistent quality across multiple project sites.
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This process can be even enhanced using artificial intelligence technologies, which can help

construction firms automate data analysis, predict quality issues, and optimize QC workflows.

In conclusion, Quality Control is an essential dimension of CQM that ensures compliance
with project specifications, reduces defects, and enhances overall project reliability. In JSWP
and other large-scale infrastructure projects, well-structured inspection and testing procedures,
combined with effective defect management strategies, contribute to cost reduction, schedule
efficiency, and long-term performance of constructed assets. However, the effectiveness of
Quality Control depends on how consistently contractors implement and adhere to these
processes, reinforcing the need for strict compliance with ISO 9001 and project-specific

quality requirements.

Quiality Assurance

Quality Assurance (QA) in construction is a proactive approach that focuses on preventing
quality issues before they occur, in contrast to the reactive nature of Quality Control. QA is a
preventive, process-oriented approach that ensures quality is built into every phase of the
project lifecycle. Unlike QC, which focuses on detecting and correcting defects, QA
emphasizes establishing standardized procedures, best practices, and compliance frameworks
to prevent defects from occurring in the first place. QA ensures that contractors adhere to
project specifications, industry regulations, and contractual requirements, ultimately
improving cost efficiency, schedule adherence, and long-term durability (Juran & Joseph,
2012).

A fundamental aspect of Quality Assurance is the establishment of a Quality Management
System (QMS) that provides a framework for managing quality on the project. This includes
developing Quality Manuals that document quality policies, procedures, and responsibilities to
ensure that all stakeholders—contractors, consultants, and suppliers—follow consistent
quality standards. Another key element of QA is the implementation of regular audits,
management and compliance reviews to verify adherence to established quality procedures.
These audits help identify gaps in quality processes, areas for improvement, and necessary

corrective actions.
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Quality Assurance (QA) includes the prequalification of suppliers and subcontractors to
ensure that only high-quality materials and certified vendors are used in the projects. The
process includes strict supplier evaluation and approval procedures, where all materials must
be procured from approved sources as per tender documents, any changes in suppliers must be
closely monitored. Patel et al. (2021) found that before implementing 1SO 17020, poor

supplier selection and inadequate material storage led to quality inconsistencies and defects.

However, with a structured quality assurance framework, projects saw significant
improvements in material handling, supplier compliance, and adherence to quality standards.
This proactive approach reduces the risk of structural defects, enhances construction

durability, and ensures that materials meet regulatory and project-specific requirements.

Quality Assurance is a preventive approach that establishes systematic procedures and quality
frameworks to maintain high construction standards throughout a project. In JSWP, the
project management office consultant (PMO) plays an important role in ensuring consistency,
supplier accountability, and minimizes defects and rework. Quality Control, led by the
Supervision Consultant, focuses on identifying and correcting defects, QA ensures that quality
failures are avoided from the start. However, the effectiveness of QA depends on how well
contractors implement and adhere to these processes, and their strict compliance with ISO
9001 standards and project-specific quality requirements.

Quality Improvement

Quality Improvement (QI) in construction goes beyond the traditional approaches of Quality
Control and Quality Assurance. QI in construction is a continuous process of analyzing
project performance, identifying areas for enhancement, and implementing corrective actions
to achieve higher efficiency, reduced defects, and better overall project outcomes. Unlike QA,
which establishes preventive processes, and QC, which detects and corrects defects, Quality
Improvement focuses on learning from past experiences and refining construction practices
over time. By systematically improving quality standards, construction firms can minimize

inefficiencies, lower rework costs, and optimize long-term project sustainability.

A key component of Quality Improvement is the use of lessons learned and post-project

evaluations to refine construction practices. Many successful infrastructure projects, such as
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the London Cross rail project, implemented structured post-construction reviews to identify
quality issues, assess material durability, and optimize design practices for future phases.
By analyzing previous project deficiencies, construction firms can implement corrective

actions and prevent recurring defects (Project and Program Management, 2023).

Another key component of Quality Improvement is the use of data analytics and performance
measurement. Construction companies can leverage data from project management systems,
quality control processes, and customer feedback to identify patterns, detect root causes of
quality issues, and develop improvement strategies. For example, by analyzing inspection
reports and defect logs, firms can pinpoint the most common types of quality failures, assess
their impact on project outcomes, and implement corrective training, process changes, or

technological solutions to address these recurrent problems (Abdullah et al., 2005).

Furthermore, Quality Improvement also emphasizes the importance of fostering a strong
quality culture within construction organizations. Combined with training skill development
programs, and continuous learning, this promotes a proactive mindset among project teams,
empowering them to identify and address quality problems as they emerge. Well-trained
workers and engineers are more likely to follow the best practices, identify quality risks early,

and contribute to continuous process optimization (Naor et al., 2008).

Quality Improvement is a long-term approach that aims to refine construction processes,
enhance defect prevention strategies, and adopt advanced quality techniques. In the JSWP
project, this area requires major attention from all stakeholders. Lessons learned,
technological advancements, and workforce training initiatives can play a crucial role in
continuously improving project quality. Quality Assurance and Quality Control focus on
maintaining predefined standards, Quality Improvement ensures that standards developed
based on real-world project experiences. The effectiveness of Quality Improvement depends
on an organization's commitment to innovation, proactive problem-solving, and adaptability to

changing construction challenges.

Construction Quality Management and Project Outcomes

Quality management in construction is a critical aspect that can significantly impact project

outcomes. The effectiveness of CQM is directly linked to the success of construction projects,
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which is commonly measured through four key project outcomes: cost, schedule, quality, and
customer satisfaction. These project outcomes define the overall efficiency, performance, and
success of a construction project. Also, it determines whether it meets its intended objectives
and stakeholder requirements. Effective Construction Quality Management practices can
contribute to optimizing these key project outcomes, leading to better financial performance,
timely project delivery, high-quality construction, and enhanced customer satisfaction
(Neyestani, 2016).

Cost - The financial aspects of project execution, including budgeting, controlling and
minimizing cost overruns, and optimizing the efficiency of resource utilization to ensure the
project is delivered within the planned budget constraints. Effective Construction Quality
Management practices can contribute to cost savings by reducing waste, rework, and material

defects, as well as improving productivity and resource allocation.

Schedule (Time) — The timely completion of construction activities according to milestones,
deadlines, and schedule requirements is a critical outcome of construction quality
management. It is critical to ensure that projects are delivered on time, meeting stakeholder
expectations, maintaining cash flow, and avoiding penalties or reputational damage (Sota,
2017). Effective quality management practices, such as thorough planning, resource
allocation, and progress monitoring, can contribute to the successful and timely delivery of

construction projects

Quality — The degree to which the construction project meets or exceeds the specified design
requirements, regulatory standards, and durability expectations for the built infrastructure.
This encompasses compliance with design drawings, construction codes and guidelines, as
well as the long-term performance and reliability of the completed facility. Effective CQM
practices aim to ensure that the final product achieves the desired level of quality,
functionality, and service life in accordance with stakeholder requirements while exceeding

their expectation (Teshome & Gobana, 2018).

Customer Satisfaction — The perception and level of fulfillment experienced by stakeholders,
including clients, end-users, and regulatory bodies, the project's overall performance,
functionality, and compliance with their expectations and requirements (Neyestani, 2016).

This includes factors such as the final product meeting requirements, achieving the desired

18




function and technical quality, and satisfying the needs and preferences of the end-users.
Effective CQM practices can contribute to enhancing customer satisfaction by ensuring the

constructed facility aligns with requirements and delivers the expected value and utility.

Incorporating these key project outcome measures can support construction organizations
evaluate the impact of their CQM practices and make informed decisions to optimize project
success. The following sections analyze the impact of CQM on each of these project
outcomes, demonstrating how effective quality management practices contribute to improved

project performance.

Impact of CQM on Project Cost

CQM plays a pivotal role in controlling and optimizing project costs. Proper planning,
implementation, and control of quality management processes can lead to significant cost
savings throughout the project lifecycle. Project costs in construction are affected by multiple
factors, including material selection, labor efficiency, rework, delays, and contract variations.
Poor quality management often leads to defective work, non-conformities, and cost overruns
due to rework and wasted materials. Effective CQM practices, such as detailed Quality
Planning, proactive Quality Control, and continuous Quality Improvement, help minimize

financial risks and optimize resource utilization.

Based on the study "Effectiveness of Quality Management System on Construction Projects"
by Neyestani (2016), a real-world example highlighting the impact of QMS implementation
on construction project performance is construction projects in Metro Manila, Philippines. The
study found that strict quality management practices, including inspections, material testing,
and supplier prequalification, significantly improved project outcomes. The data indicated that
contractors who adhered to ISO 9001-based QMS experienced fewer defects, reduced rework,
and lower project costs, reinforcing the necessity of a structured quality framework in

construction projects (Neyestani, 2016).

Implementing strong CQM practices, such as clear quality objectives, rigorous planning, and
strict quality assurance, aligns with Crosby’s Zero Defects philosophy, which emphasizes
preventing defects rather than fixing them. This approach is crucial for JSWP, thorough

material testing for stormwater pipes and structural inspections for pumping stations can
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reduce costly rework and delays. Contractors who adhere to ISO 9001-based quality
procedures experience fewer budget deviations, while those with poor quality management
face financial penalties, increased labor costs, and extended timelines. A Zero Defects mindset
ensures efficient project execution, cost control, and long-term infrastructure reliability.

Impact of CQM on Project Schedule

Schedule adherence is a critical factor in project success, as delays can lead to increased costs,
contract disputes, and reputational damage. Poor quality management often results in non-
conformities, defects, and rework, affecting the project timeline. Quality issues, such as design
defects, substandard workmanship, and material non-conformities, can lead to significant
project delays, rework, and extended construction timelines. The Big Dig project in Boston is
a notable example of how poor-quality planning and material failures can lead to significant
project delays and cost overruns. Initially estimated at $2.8 billion with a completion date set
for 1998, the project ultimately cost around $22 billion and was completed eight years later
than planned. Issues such as substandard materials and inadequate sealing of tunnels
contributed to these setbacks (RICS, 2023).

In JSWP, contractors following structured ITPs and well-defined Quality Assurance
procedures experience smoother project execution with fewer unexpected delays. Proactive
quality monitoring and timely resolution of issues ensure that construction activities are
completed as per the planned schedule, with minimizing the rework and enhancing overall
project efficiency. When quality issues, such as defected materials, are identified early
through systematic inspections and audits, corrective actions can be promptly implemented
before the material is used, to avoid significant schedule disruptions.

Impact of CQM on Project Quality

Construction Quality Management is the primary driver for ensuring the desired level of
quality in construction projects. Its goal is to ensure that construction projects meet predefined
quality standards, durability requirements, and compliance with engineering codes. Effective
Construction Quality Management practices, including quality planning, assurance, and
control, are crucial for achieving and upholding the necessary quality standards throughout the

project lifecycle. These practices can also mitigate the detrimental effects of poor-quality
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management, which may result in structural failures, safety risks, and long-term performance

problems.

The study by Alaloul et al. on construction projects in Saudi Arabia found that the
implementation of a robust quality management system, with a focus on quality control, had a
significant positive impact on the overall quality of construction projects. The authors
highlighted that the strict adherence to quality control measures, such as regular inspections,
material testing, and monitoring of construction processes, led to a reduction in defects,
improved workmanship, and enhanced customer satisfaction. Similarly, a case study on a
stormwater network project in the UAE conducted by Hamdan emphasized the critical role of
implementing Construction Quality Management practices to meet required standards and

customer needs.

These studies align with the needs of JSWP, as quality can be achieved through strict
compliance with 1SO 9001 standards. The implementation of CQM practices, such as
compliance with industry standards, product certifications, and regular third-party inspections,
helps ensure the quality and durability of critical infrastructure components, such as water
pipes, precast manholes, and marine outfalls. Contractors that prioritize quality management
ensure that their structures withstand environmental conditions, minimize maintenance costs,

and function efficiently for decades.

Impact of CQM on Customer Satisfaction

Customer satisfaction in construction is not limited to end-users and project owners but also
includes regulatory bodies, local authorities, and environmental agencies. Effective
Construction Quality Management is a crucial factor in enhancing customer satisfaction in
construction projects. A well-executed project that adheres to quality standards and meets
deadlines, within budget, contributes to higher stakeholder confidence and client satisfaction.

Expo 2020 demonstrates that effective CQM is not just about building infrastructure but also
ensuring that quality management enhances user satisfaction, safety, and sustainability. The
clear planning, strict assurance measures, and continuous improvement strategies used in
Expo 2020 reflect CQM principles, proving that well-managed construction quality leads to
higher customer satisfaction. A survey conducted at Expo 2020 revealed that 95% of visitors
to the Terra Pavilion pledged to adopt sustainable practices, demonstrating the impact of high-

quality infrastructure and engaging experiences on public behavior. Additionally, the event’s
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stringent health and safety protocols, including the “Dubai Assured” certification, ensured a
safe experience for over 24 million visitors, further reinforcing how proactive quality

management fosters trust, enhances user experience, and meets stakeholder expectations.

In the context of JSWP, the implementation of robust CQM practices—including regular site
inspections, material testing, and quality audits—has played a crucial role in ensuring that
infrastructure projects meet the expectations of local authorities, environmental agencies, and
the public. However, quality issues and rework can contribute to project delays, leading to
prolonged road closures and disruptions to daily life for citizens. Since the local community is
a key stakeholder in JSWP, extended construction timelines can result in traffic congestion,
accessibility challenges, and public dissatisfaction. While effective quality management
practices aim to minimize such disruptions, unforeseen defects or inefficiencies may still
delay project completion and impact residents. Therefore, contractors must carefully balance
rigorous quality control with efficient project execution to mitigate inconveniences and uphold

public confidence in large-scale infrastructure improvements.

Research Gaps and Conclusion of the Literature Review

The literature review has highlighted the significant impact of Construction Quality
Management on the various aspects of project performance, including cost, schedule, quality,
and customer satisfaction. Although the existing body of research provides valuable insights
into the importance of CQM, the effectiveness of CQM systems becomes insufficient as the
scale and complexity of projects increase. There is a need to further explore the potential of
emerging technologies, such as Atrtificial Intelligence, to enhance the effectiveness of CQM

practices and improve overall project outcomes.

The literature suggests that Al-powered technologies, such as automated inspections,
predictive analytics, and workflow optimization, can significantly improve the efficiency and
accuracy of quality management processes. Furthermore, Al-enabled real-time monitoring and
decision support systems can empower project teams to identify and mitigate quality issues
proactively, reducing the risk of rework, delays, and cost overruns. However, the existing
research often focuses on isolated applications of Al in quality management, without

addressing its holistic, systematic impact on overall CQM practices and project performance.
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Extensive research has been conducted on CQM and its impact on project outcomes. Several
gaps remain, particularly in the context of large-scale infrastructure projects like JSWP and
the adoption of advanced quality management technologies. The key research gaps identified

from literature include:

Limited Studies on CQM in Large-Scale Infrastructure Projects in Saudi Arabia: While the
existing literature provides a general understanding of CQM and its implications, there is a
lack of research specifically focused on the challenges and best practices of implementing
CQM in large-scale infrastructure projects within the Saudi Arabian context. The majority of
the existing studies on CQM have focused on residential, commercial, or small-scale
construction projects, with limited research specifically addressing the challenges and best
practices of CQM in large-scale infrastructure projects, particularly in the Saudi Arabian
context. There is a lack of empirical data on how ISO 9001-based QMS frameworks perform
in large infrastructure programs like JSWP and their effectiveness in mitigating quality risks,

cost overruns, and schedule delays.

The Need for a Deeper Understanding of CQM’s Direct Impact on Project Outcomes: While
studies confirm that quality management improves project performance, there is limited
quantitative research on the degree of impact each dimension of CQM (Quality Planning,
Quality Control, Quality Assurance, and Quality Improvement) has on cost, schedule, quality,
and customer satisfaction. However, as the complexity and scale of projects increase, such as
in JSWP, more in-depth analysis is needed to understand the relative importance and
interrelationships between various CQM practices and their direct impact on project

outcomes.

Challenges in Implementing 1SO 9001 in Multi-Contractor Infrastructure Projects: The
literature highlights the challenges faced by construction firms in effectively implementing
ISO 9001-based quality management systems, particularly in large, complex projects with
multiple contractors and subcontractors. The lack of a unified, collaborative approach to
quality management across the supply chain often leads to inefficiencies, inconsistencies, and
quality issues. Further research is needed to identify best practices and strategies for
implementing robust CQM frameworks in multi-stakeholder infrastructure projects, especially
in the context of the Saudi Arabian construction industry. Although project requirements at

JSWP strictly adopt 1ISO 9001, more investigation is needed to evaluate how 1SO 9001
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compliance is interpreted and applied differently by contractors and whether it is truly

integrated into their daily quality processes or treated as a procedural requirement.

The Role of Emerging Technologies in Enhancing CQM Practices: The existing literature
often emphasizes the general advantages of Al in construction, such as its impact on a specific
project outcome or its application to specific quality management issues. Studies acknowledge
the potential of individual technologies like Artificial Intelligence, Building Information
Modeling, and Internet of Things to address specific quality management issues such as
inspections, defect detection, and workflow optimization. There is a lack of empirical research
on the systematic integration and holistic impact of these technologies on overall Construction
Quality Management effectiveness and project performance. By exploring the moderating role
of Al-enabled CQM practices, this research aims to provide a more comprehensive
understanding of how emerging technologies can enhance the implementation and impact of

quality management systems in large-scale infrastructure projects.

Conclusion of the Literature Review

This chapter has provided an extensive review of CQM and its impact on key project
outcomes, focusing on Quality Planning, Quality Control, Quality Assurance, and Quality
Improvement as the four core dimensions of CQM. The literature has demonstrated that
effective quality management strategies lead to reduced cost overruns, fewer schedule delays,
improved project durability, and higher stakeholder satisfaction. On the other hand, the
literature highlighted several key barriers to the successful implementation of quality
management in the construction industry, including issues with inconsistent application of
quality practices, the inherent complexity and variability of construction work, and broader

challenges within the industry itself.

The analysis also revealed that while CQM principles are well-established, their
implementation varies significantly depending on contractor commitment, technological
integration, and project-specific challenges. In the JSWP, ISO 9001-based quality
management systems provide a structured approach to ensuring defect-free execution, but the
effectiveness of these systems depends on how well contractors integrate them into their daily

operations.
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Despite the well-documented benefits of CQM in construction, several research gaps remain,
particularly regarding its impact on infrastructure projects in Saudi Arabia, its role in reducing
project risks, and the integration of advanced digital quality management tools. Addressing
these gaps through empirical research will help refine the best practices, improve policy
recommendations, and enhance the long-term effectiveness of quality management in large-

scale infrastructure projects.
This literature review establishes the foundation for the next phase of the research, which will

focus on analyzing how CQM dimensions influence project outcomes in JSWP and exploring

ways to optimize quality management practices for improved performance.

25




References

1.

10.

11.

12.
13.

Abazid, M. (2017). The quality control implementation in the construction projects in
Saudi Arabia.

Abdullah, M. N., Misnan, S., & Mahmood, W. Y. W. (2005). A case study on quality
management system in construction project. In Penerbit UTM eBooks. Penerbit UTHM.
http://eprints.utm.my/id/eprint/3980/

Alinizzi, M., Haider, H., Almoshaogeh, M., Alharbi, F., Alogla, S. M., & Al-Saadi, G. A.
(2020). Sustainability Assessment of Construction Technologies for Large Pipelines on
Urban Highways: Scenario Analysis using Fuzzy QFD. In Sustainability (Vol. 12, Issue
7, p. 2648). Multidisciplinary Digital Publishing Institute.
https://doi.org/10.3390/su12072648

Arditi, D., & Giinaydin, H. M. (1997). Total quality management in the construction
process. In International Journal of Project Management (Vol. 15, Issue 4, p. 235).
Elsevier BV. https://doi.org/10.1016/50263-7863(96)00076-2

Bittharia, M. (2021). Quality Management Practices in Building Construction through
Questionnaire Survey. In International Journal for Research in Applied Science and
Engineering Technology (Vol. 9, p. 152). International Journal for Research in Applied
Science and Engineering Technology (IJRASET).
https://doi.org/10.22214/ijraset.2021.36281

BSI. (2011). DB Construction: 1SO 9001 Quality Management and 1SO 14001
Environmental Management. British Standards Institution. Retrieved from
https://www.bsigroup.com/en-VN/ISO-9001-Quality-Management/Case-studies-for-
1SO-9001/

Crosby, P. B. (1980). QUALITY IS FREE The Art of Making Quality Certain.
https://openlibrary.org/books/OL24381551M/Quality_is_free

Hamdan, M. M. F. (2024). Quality management at construction projects: Case study of a

stormwater network project.

Higgins, K. (2013). Engineering Challenges of Dubai’s Palm Jumeirah.

Hiyassat, M. (2000). Applying the 1SO standards to a construction company: A case
study (Vol. 18, Issue 4, p. 275). https://doi.org/10.1016/S0263-7863(99)00051-4
Hwang, B.-G., & Yang, S. (2014). Rework and schedule performance: A profile of
incidence, impact, causes and solutions.

ISO. (2015). Quality management systems — Requirements.

Juran, Joseph, J. (2012). Juran’s quality handbook.
http://lontar.ui.ac.id/file?file=pdf/abstrak-103677.pdf

26



https://www.bsigroup.com/en-VN/ISO-9001-Quality-Management/Case-studies-for-ISO-9001/
https://www.bsigroup.com/en-VN/ISO-9001-Quality-Management/Case-studies-for-ISO-9001/

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Low, S. P., & Ong, J. (2014). Project Quality Management. Springer.
https://doi.org/10.1007/978-981-287-074-2

Naor, M., Goldstein, S. B., Linderman, K., & Schroeder, R. G. (2008). The Role of
Culture as Driver of Quality Management and Performance: Infrastructure Versus Core
Quality Practices*. Sciences In Decision (Vol. 39, Issue 4, p. 671). Wiley.
https://doi.org/10.1111/j.1540-5915.2008.00208.x

Neyestani, B. (2016). Effectiveness of Quality Management System (QMS) on
Construction Projects. In Zenodo (CERN European Organization for Nuclear Research).
European Organization for Nuclear Research. https://doi.org/10.5281/zen0d0.290272
Oguz, C., Kim, Y., Hutchison, J. L., & Han, S.-H. (2012). Implementing Lean Six
Sigma: A Case Study in Concrete Panel Production.
https://iglcstorage.blob.core.windows.net/papers/attachment-28d001bd-e671-4a04-9da9-
f811d3e02083.pdf

Project and Programme Management. (2023).
https://learninglegacy.crossrail.co.uk/learning-legacy-themes/project-and-programme-
management/

Regona, M., Yigitcanlar, T., K.H. Hon, C., & Teo, M. (2023). Mapping Two Decades of
Al in Construction Research: A Scientometric Analysis from the Sustainability and
Construction Phases Lenses. In Buildings (Vol. 13, Issue 9, p. 2346). Multidisciplinary
Digital Publishing Institute. https://doi.org/10.3390/buildings13092346

Royal Institution of Chartered Surveyors (RICS). (2023). Boston’s Big Dig: When

concrete goes wrong. Retrieved from https://wwa3.rics.org/uk/en/modus/built-

environment/resilient-infrastructure/boston-s-big-dig--when-concrete-goes-wrong.html
Salvi, S., & Kerkar, S. S. (2020). Quality Assurance and Quality Control for Project

Effectiveness in Construction and Management. In International journal of engineering

research and technology (Issue 2). International Research Publication House.
https://doi.org/10.17577/ijertv9is020028

Sota, O. L. (2017). APPLICATION OF ARTIFICIAL INTELLIGENCE FOR
CONSTRUCTION PROJECT PLANNING.

Teshome, H. M., & Gobana, A. (2018). A review of the quality management system in
construction project.

Zhu, Y., Jin-wen, Z., & Gao, X. (2018). Construction management and technical
innovation of the main project of Hong Kong—Zhuhai—Macao Bridge. In Frontiers of
Engineering Management. Higher Education Press. https://doi.org/10.15302/j-fem-
2018201

27



https://ww3.rics.org/uk/en/modus/built-environment/resilient-infrastructure/boston-s-big-dig--when-concrete-goes-wrong.html
https://ww3.rics.org/uk/en/modus/built-environment/resilient-infrastructure/boston-s-big-dig--when-concrete-goes-wrong.html
https://doi.org/10.15302/j-fem-2018201
https://doi.org/10.15302/j-fem-2018201

