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Abstract

This dissertation focuses on the implementation of lean management principles within the construction industry,
with a specific emphasis on minimizing waste generated during construction activities and improving the
efficiency of resource utilization. The construction sector is widely recognized as one of the most unorganized
and complex industries, heavily reliant on material resources and labor, which contributes to its high operational
costs and inefficiencies. By critically analyzing the existing challenges and inefficiencies within the industry,
this research introduces and applies lean construction techniques as a strategic approach to enhance project
efficiency, optimize resource use, and reduce time and cost overruns. The study aims to demonstrate how lean
principles can transform traditional construction practices into more streamlined, value-driven processes. To
implement lean principles in construction, the methodology of Value Stream Mapping (VSM) was adopted.
During the course of this research, it became evident that VSM, unlike other methods, offers essential features
aligned with the core principles of lean construction, such as establishing a clear set of objectives at the project
level. Lean construction enabled us to practically visualize the current state of the project and identify various
forms of waste. This made it significantly easier to develop a future state map based on the evaluated results.
Overall, lean construction projects tend to be easier to manage, safer, quicker to complete, more cost-effective,
and deliver higher quality outcomes. Consequently, we concluded that it is indeed feasible to implement lean

management principles in the construction industry.

Key Words:- Lean management, Lean construction techniques, Value Stream Mapping, Cost-effective, Value-

driven processes

Introduction

The integration of Lean Construction principles in large-scale infrastructure projects represents a transformative
approach aimed at enhancing project efficiency, reducing waste, and delivering greater value to stakeholders.
Lean Construction, rooted in the principles of the Toyota Production System, emphasizes continuous
improvement, just-in-time delivery, value stream mapping, and collaborative project planning. In the context of
large-scale infrastructure—such as highways, bridges, metros, and airports—where complexity, scale, and
stakeholder involvement are high, the application of Lean methodologies can significantly optimize resource
utilization, streamline workflows, and minimize delays and cost overruns. By focusing on value generation and

eliminating non-value-adding activities, Lean Construction helps improve productivity, safety, and quality while
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fostering a culture of collaboration and transparency among project teams. This integration is becoming
increasingly critical as infrastructure demands rise and clients seek more sustainable, cost-effective, and timely
project outcomes.

In the modern construction industry, large-scale infrastructure projects—such as highways, airports, bridges,
and rail systems—face increasing pressure to deliver high-quality outcomes within tight timelines and budgets.
These projects often involve complex coordination among multiple stakeholders, vast resource mobilization,
and management of uncertainties. Traditional construction approaches frequently result in inefficiencies such as
delays, cost overruns, material wastage, and rework. In response to these challenges, the integration of Lean
Construction principles has emerged as a transformative approach aimed at maximizing value and minimizing
waste throughout the project lifecycle.

Lean Construction, derived from Lean Manufacturing (especially the Toyota Production System), focuses on
improving efficiency, productivity, and stakeholder collaboration. The core principles of Lean—such as value
generation from the customer's perspective, waste elimination, continuous improvement, and respect for
people—are being increasingly adapted to suit the dynamic environment of construction. By implementing tools
and techniques like the Last Planner System, Value Stream Mapping, Just-In-Time delivery, Pull Planning, and
Integrated Project Delivery (IPD), Lean Construction promotes better workflow reliability, transparency, and
communication across project teams. When applied to large-scale infrastructure projects, Lean principles not
only streamline construction activities but also foster early problem-solving, improved safety, and enhanced
decision-making. These benefits are particularly critical in infrastructure development, where small
inefficiencies can have magnified consequences due to project size, cost, and duration. Additionally, the
integration of Lean with technologies like Building Information Modeling (BIM), prefabrication, and
automation further enhances process optimization and predictive planning. Therefore, the successful integration
of Lean Construction into large-scale infrastructure projects represents a strategic move toward a more
sustainable, productive, and client-focused construction environment. It calls for a cultural shift within
organizations, emphasizing collaboration, long-term thinking, and a commitment to continuous improvement to

drive project excellence from design to execution.

Literature Review

Abdelazim Ibrahim et al (2025) despite the rapid global expansion of the construction industry, the
management of megaprojects continues to face extraordinary challenges, necessitating the development of
innovative theories and methodologies. Lean Construction (LC), known for its effectiveness in eliminating non-
value-adding activities and enhancing value delivery across construction processes, has attracted considerable
attention in the context of megaprojects due to its potential to optimize resource utilization. This paper aims to
provide a comprehensive overview of the characteristics and current practices of LC in megaprojects, while also
identifying existing research gaps and emerging trends. A mixed-method review methodology was adopted,
combining bibliometric analysis with qualitative content analysis, focusing on the application of LC in
megaproject environments. The study identified two primary thematic clusters within the literature: (1)

Incorporating Lean Principles for Effective Megaproject Delivery and (2) Lean Practices and Their Integration
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with Other Tools. The review also highlights previously overlooked topics and underscores critical gaps in the
research. Notably, it calls for further exploration into the integration of LC and Just-in-Time (JIT) strategies
within supply chain management and logistics, particularly through advanced tracking systems designed for
megaproject settings. Future research should focus on assessing the impact of LC on performance indicators
such as cost, time, quality, and sustainability; developing customized LC frameworks tailored for megaprojects;
creating specific performance measurement tools; and examining the role of Industry 4.0 technologies in
enhancing production planning and control. These research directions offer valuable opportunities to boost
efficiency, reduce waste, and improve overall outcomes in construction megaprojects. To facilitate future
inquiry, the paper proposes a conceptual framework that aligns current research domains with prospective

avenues of investigation.

Gonzalo Garcés et al (2025) the construction sector, as a fundamental pillar of the economy, should take the
lead in implementing effective management systems. Lean Construction (LC) is a philosophy that views
production as a combination of transformation, flow, and value processes, with the primary goal of establishing
efficient systems that minimize project delivery times. Previous studies suggest that integrating LC into
construction project management can effectively address common issues such as cost overruns, high labor
expenses, and material waste. Despite its growing adoption, LC still lacks a comprehensive understanding of its
full range of benefits, limitations, and potential synergies with sustainability. This paper presents a systematic
literature review and bibliometric analysis to assess the potential of Lean Construction. Based on the review of
36 selected documents, it identifies publication trends and the current state of the art in LC. The study is
structured in two stages: the first involves analyzing the interaction between Lean Construction and project
management through a systematic literature review, while the second focuses on identifying key connections
and emerging trends through a qualitative analysis. Findings indicate that Lean Construction enhances and
sustains construction projects by leveraging Building Information Modeling (BIM) and intelligent project
management practices. The introduction of new tools and technologies provides a promising outlook for the

integration of Lean principles in future construction project management.

Methodology

Lean Construction ensures that the final product closely matches user expectations and project goals by
collaborating to design the facility and its delivery method to better identify and satisfy client needs. While
minimizing negative iterations like rework and delays, which waste time and resources, the process places a

strong emphasis on fostering positive iterations, such as innovations and improvements that add value.

¢ The building and its delivery system are made to better recognize and meet the needs of customers. The
procedure ensures ongoing improvement and client satisfaction by promoting positive iterations and

minimizing negative ones.

¢ Throughout the project delivery method, work processes are organized to optimize value and reduce

waste at each stage of project execution.
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Efforts are created to boost total project performance” refers to the intentional measures and tactics
used to increase a project's overall effectiveness and success. in relation to project management or lean

construction.

The definition of "control" is changed from merely keeping an eye on outcomes to actively bringing

about change. To improve project outcomes, the effectiveness of planning and management systems is

continuously assessed and enhanced.

The major reasons for cost and time overrun in construction projects typically revolve around inefficiencies and

mismanagement of resources

Material Waste

Material waste refers to the unnecessary loss of construction materials during procurement, handling, storage,

and application. Some common causes include:

Poor Storage Practices: Improper stacking, exposure to moisture, and inadequate protection cause

materials like cement, aggregates, and steel to deteriorate.

Incorrect Quantities: Over-ordering or under-ordering materials due to poor planning and estimation.

Breakage and Off-Cuts: Waste generated from cutting materials such as tiles, pipes, or steel beyond

the required measurements.
Poor Handling and Transportation: Materials damaged during transit or handling on-site.

Changes in Design: Rework due to last-minute design changes causes wastage of already procured or

installed materials.

Lack of Standardization: Custom components may result in higher off-cuts compared to standardized

sizes.

Impact:

o

» Increases material procurement costs.

D3

» Causes delays due to reordering materials.

D3

» Affects sustainability and environmental performance.
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Labor Productivity

Labor productivity refers to the efficiency of workers in completing tasks within the planned time and quality

standards. Low productivity can result from:

¢ Lack of Skilled Labor: Workers may lack the necessary skills, requiring more time to complete tasks.

¢ Poor Supervision: Inadequate monitoring and coordination of laborers reduce output.

+¢ Unclear Instructions: If workers are not given clear work scopes or plans, productivity drops.

+ Poor Work Environment: Unsafe or uncomfortable working conditions (e.g., extreme weather,
insufficient lighting) demotivate workers.

¢ Idle Time: Delays in the arrival of materials, equipment, or clearances keep workers idle.

+ Rework: Poor workmanship leads to defects and rework, wasting labor time.

Impact:

% Extended project timelines.
% Higher labor costs.

+» Reduced morale and motivation on-site

Result and Discussion

After professional responses are gathered via questionnaires, the next stage of the research process involves
systematically analyzing the data to derive significant findings. Since the study focuses on Lean, a relatively
new idea in the construction industry, it is crucial to approach the analysis thoroughly and accurately to
guarantee the validity and dependability of the findings. Depending on the type of responses, this phase entails
organizing the data, coding the responses as needed, and using both qualitative and quantitative analysis
methods, including thematic analysis, inferential testing, and descriptive statistics. Finding patterns, trends, and
correlations between the variables associated with Lean practices is the aim of this analysis, which also aims to
comprehend how they are perceived and applied. Obstacles that professionals encounter, as well as assess how
well Lean approaches work to cut waste and enhance project performance. A thorough analysis of the data
guarantees that the conclusions are both practically and statistically significant, which eventually advances our
knowledge of Lean implementation in the construction sector and directs future advancements in project
management techniques. A carefully crafted set of questions was created to gather information from both
seasoned professionals and those who, despite lacking practical industry experience, possess theoretical
knowledge of lean principles, as the research methodology is based on a questionnaire intended to identify the

primary factors contributing to waste generation and low labor productivity in the construction industry.

Participants were grouped into different experience levels
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Based on the respondents' years of experience in the construction industry, the gathered responses were grouped
into different categories. The participants were divided into various experience levels for analytical purposes,

including

Experience

‘m = ) year
\_ﬁ = (-3 yedls
® 3-8 years
= > 8§ years

Figure 1 Respondents' years of experience

Wastage of Formwork:

Formwork, like steel, cement, and concrete, is a critical material in construction projects, serving as a temporary
mold into which concrete is poured and shaped. Its reusability across multiple cycles makes it a cost-effective
resource when managed properly. However, because it is used in large quantities, improper handling or
excessive wastage can lead to significant cost overruns. Likewise, the non-availability of formwork at critical
stages can cause project delays and time overruns. Therefore, efficient planning, maintenance, and reuse of

formwork are essential for ensuring both economic and timely completion of construction activities.

V.ilow 8 129%
V Low Lew 20 32.3%
Medium 25 403%

High 9 145%
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Figure 2 Formwork Wastage in Construction Project
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Formwork wastage has a low to medium impact on both cost overrun and time overrun in construction projects.
This conclusion is based on the Relative Importance Index (RII) value of 51.29%. An RII of 51.29% suggests
that formwork wastage is recognized as a contributor to project delays and cost increases, but not a dominant
one. The factor lies in the lower half of the impact scale, indicating that while it's not negligible, it doesn't pose

as serious a risk as more critical factors like design changes, poor planning, or material shortages.
Conclusion

The categorization based on years of experience revealed notable variations in opinions and insights.
Respondents with more experience generally demonstrated a deeper understanding of industry challenges and
leaned more towards traditional practices, whereas less experienced professionals showed a greater openness to
innovation and modern techniques. This distinction underscores the importance of balancing seasoned expertise
with fresh perspectives to drive growth and improvement in the construction sector. The analysis reveals that
formwork wastage has a low to medium impact on construction project cost and time overruns, as indicated by
its Relative Importance Index (RII) value of 51.29%. This suggests that while formwork wastage does
contribute to inefficiencies, it is not among the most critical risk factors affecting project performance.
Compared to more severe contributors such as design changes, poor planning, and material shortages, its
influence is relatively moderate. However, it should not be entirely overlooked, as minimizing even moderate

wastage can lead to incremental improvements in project efficiency and resource management.
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