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" Faculty of Engineering, Cairo In the architectural, engineering, and construction industry, poor visualization of con-
University, Giza, Egypt struction processes and lack of information exchange between different work teams

" Giza, Egyer can lead to poor performance. To address these challenges, lean construction methodol-

ogies aim to reduce and eliminate waste in construction processes, while BIM technol-
ogy aims to enhance collaboration between project team members. In general, these
technologies can be used together to improve project management and cost reduc-
tion. This can be achieved through improving workflow and coordination, enhancing
interaction among project members, and using available tools to analyze and improve
work. Many aspects of the integration between LC and BIM have been studied,

and researchers have come up with some findings and recommendations. Most stud-
ies previously demonstrated theoretically that cost reductions using BIM techniques
are significant compared to the traditional approach of project management. This is
what this study proved practically by applying BIM in the design of a building which

is quite successful in construction as it identifies the main causes of construction
waste such as reducing waiting time and reducing non-value-added work by using
Dynamo to develop these designs. So, the research problem comes, which is how to
keep up with development in the field of construction by applying different BIM
programs, which results in reducing the time and cost used in design. BIM is a technol-
ogy that aims to enhance project management and cut costs. A digital representation
of the project that contains all the data required for planning, managing, and carrying
out the project is created using BIM.

Keywords: BIM, Design phase, Lean construction, Lean construction and BIM
interaction, Construction waste

Introduction
The field of architecture, engineering, and construction (AEC) development has seen
significant advancements in recent years, although its progress may not be as notice-
able as in other sectors. The construction industry, globally, has been characterized by
low productivity, with value added per person growing at an average rate of only 1.0%
between 1995 and 2015, compared to the overall economic growth rate of 2.7%. In com-
parison, the manufacturing sector experienced a growth rate of approximately 3.6%
during the same period [1]. This productivity gap highlights the need for innovative
approaches to improve efficiency and performance in the AEC industry.

One such approach is BIM, which offers numerous benefits to project teams. BIM ena-
bles enhanced information sharing and communication among stakeholders, leading to
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improved coordination and reduced errors. Additionally, BIM provides a visual repre-
sentation of the construction process, facilitating better planning and communication
among team members [2]. However, the full potential of BIM can be realized by incor-
porating LC principles, which optimize workflows and minimize waste, thereby enhanc-
ing overall project performance [3]. Various studies have emphasized the importance of
implementing lean practices in the AEC industry [4—6]. These studies have explored the
benefits of lean construction and addressed the challenges associated with its implemen-
tation [3]. Furthermore, some studies have examined both the advantages and obstacles
and have provided recommendations for academics and professionals seeking to develop
and implement lean practices [7-9].

Despite these efforts, there is still a research gap in understanding the criteria for
effectively applying lean principles using BIM in the AEC industry. While previous stud-
ies have highlighted the benefits and challenges of implementing lean construction and
BIM separately, there is a need to explore the integration of these two approaches to
maximize their potential synergies. This study aims to fill this research gap by estab-
lishing criteria for the application of lean principles using BIM, addressing the research
problem comprehensively. The main objective of this paper is to establish criteria for the
application of BIM, as illustrated in Fig. 1, in order to address the research problem. In
addition to this, the paper aims to explain the benefits of implementing BIM, identify
the obstacles to its effective implementation, and propose solutions. By addressing these
objectives, this study seeks to contribute to the existing body of knowledge on the inte-
gration of lean principles and BIM in the AEC industry.

Theoretical studies

The integration of BIM and LC principles technology has been a topic of interest in the
AEC industry. Lean construction aims to improve project efficiency and reduce waste,
while BIM facilitates collaborative decision-making and information sharing among pro-
ject stakeholders. While individual studies have explored the benefits of lean construc-
tion and BIM separately, there is a research gap in understanding the potential synergies
and benefits that can be achieved by integrating these two approaches.

Several previous studies have contributed to the existing body of knowledge in this
field. Papers [1-4, 6, 9-13] provide valuable insights and lessons learned regarding the
integration of lean and BIM in the construction industry. These studies highlight the
positive impact of lean construction on project performance, such as workflow optimi-
zation and waste reduction, as well as the benefits of BIM in coordination, communi-
cation, clash detection, and construction efficiency. Challenges and benefits associated
with the application of lean construction in construction are discussed in papers [5, 7],
and [14]. These papers shed light on the obstacles that organizations may face when
implementing lean construction principles and identify the potential benefits that can be
realized through effective implementation.

The role of BIM in project planning and design is addressed in papers like [15], which
highlight the capabilities of BIM in enhancing design and planning processes. Additionally,
trust in BIM projects and a case study in Malaysia are explored in one paper [16], providing
insights into the importance of trust and collaboration in BIM-enabled projects. In the con-
text of software engineering challenges, a source [17] discusses the challenges associated
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Fig. 1 Proposed criteria for applying BIM (researcher’s work)

with the use of BIM software in the construction industry. This paper provides valuable
information on the software-related obstacles that practitioners may encounter when
implementing BIM. Finally, one paper [18] focuses on the design of semantic data models in
the construction industry, providing insights into the development of data models that can
enhance information sharing and interoperability in BIM-enabled projects.

Methods

The integration of BIM and LC principles in the construction industry, particu-
larly in the design phase, presents a promising approach to enhance project out-
comes and improve efficiency. However, there is a need to investigate how these two
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methodologies can effectively interact and address the challenges associated with
their integration. This study employed qualitative methods to explore the effective
integration of BIM and LC in the design phase, with a focus on developing a frame-
work for applying LC principles. To build a framework as shown in Fig. 2 for applying
lean construction, three questions need to be answered are as follows:

+ Q1I1: How can BIM and lean interact effectively in the design phase?

+ Q2: What techniques are used to achieve BIM/lean interactions in the design
phase?

+ Q3: What are the challenges to apply these?

To address these questions, the following methodology was followed:

The research began with an extensive literature review of relevant studies on BIM [15,
16, 19] and lean construction [5, 7, 14]. The review aimed to identify best practices for
implementing BIM and LC. The literature review provided a theoretical foundation and
insights into the potential benefits and challenges of integrating BIM and LC [11].

1. Data collection: Relevant data and information were collected from previous studies
and case studies that highlighted the potential benefits of integrating BIM and LC in
the design phase. Data sources included academic journals and websites [17]. The
timeframe for data collection spanned from February 2023 to September 2023. The
selected data sources were critically reviewed, and the most pertinent information
was extracted for further analysis.

2. Selection of the school project: The selected project for this study was a school
construction project. The choice of a school project was based on its size and the
potential benefits of applying BIM. Given the large scale of the project, it required
effective management of complexities and the utilization of BIM to enhance pro-
ject outcomes. The study aimed to demonstrate the effectiveness of BIM in manag-
ing architectural, structural, and technical complexities and achieving efficiency and
coordination across all aspects of the project.

3. Practical implementation: The findings from the literature review were applied to the
selected school construction project. BIM methodologies and lean principles were
integrated into the design phase to optimize the design process, reduce waste, and
enhance project outcomes. The aim was to leverage the advantages of BIM in man-
aging the complexities associated with the school project and improving design qual-
ity and coordination. The practical implementation involved utilizing BIM software
tools, such as Autodesk Revit, to create a digital representation of the project and
enable collaborative decision-making among project stakeholders.

4. Data analysis: The collected data, including literature review findings and project-
specific information, were analyzed using thematic analysis. Thematic analysis
involved identifying key themes, patterns, and insights related to the integration of
BIM and LC. The analysis focused on identifying commonalities, challenges, and
best practices in implementing BIM and LC in the construction industry. The find-
ings were synthesized and interpreted to draw conclusions and provide recommen-
dations.

Page 4 of 20
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By employing this qualitative methodology, the study aimed to provide insights into
the effective integration of BIM and lean construction in the design phase, highlight-
ing techniques, challenges, and potential benefits. The practical implementation on the
selected school project served as a practical demonstration of these concepts and their
applicability in real-world construction projects.

Interaction between BIM and lean

Adopting lean construction

The success of lean adopting in the automotive industry has inspired various sectors,
including construction, to adopt the concept. Lean construction aims to maximize pro-
duction value and minimize waste from construction to delivery. It involves changing
the organizational culture using specialized tools and strategies. Lean construction
enhances product value by eliminating waste and ensuring product perfection as shown
in Fig. 3. It also contributes to sustainable development and a greener environment. The
adoption of lean principles improves project efficiency, productivity, and compliance
with customer expectations in the construction industry [5].

Leveraging the synergy of BIM and lean principles in construction design

BIM (building information modeling) has proven to be a valuable tool during the design
phase of construction projects, particularly in its role as a lean tool. Integrating BIM and
lean principles during the design phase can improve project performance and efficiency.
BIM facilitates the visualization and coordination of design information, enabling better
communication and collaboration among project stakeholders. This in turn supports the
identification and elimination of waste, a key goal of lean construction. Using BIM dur-
ing the design phase can also improve information and processes and reduce errors and
rework. Several studies have highlighted the synergies between BIM and lean principles
and highlighted the benefits of integrating them into the design phase of construction
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Fig. 3 Synergies between BIM and lean (researcher’s work)
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projects [7, 10, 12]. For example, I will explain the difference between the design stage
using BIM and without using BIM as shown in Fig. 4, and thus, it has a role of achieving

lean

Design phase

The design phase is a crucial stage in the construction project life cycle where the initial
concepts and ideas are translated into detailed plans and drawings. It involves the devel-
opment of architectural, structural, mechanical, electrical, and other design elements
necessary for the construction process.

A. Design phase without BIM
+ Inthe traditional design phase without BIM, construction execution starts after the
completion of drawings by the designer [13]. This approach can result in delays,
errors, conflicts, compromised coordination, and communication among project
stakeholders as shown in Fig. 5. BIM is essential for early identification and resolu-
tion of issues, optimizing workflow sequencing, and preventing delays and issues in
construction projects.
B. Design phase with BIM
+ In the design phase with BIM, significant reduction in delay time [2] can be
achieved by enabling early issue identification and resolution; facilitating coordi-
nation, communication, and collaboration among project stakeholders; and opti-
mizing construction workflows through modularization and detailed construction
sequencing plans as shown in Fig. 6.

Clash detection

The Clash Detection Matrix is a critical tool in BIM that visually represents identified
clashes and conflicts between building systems, records actions taken to resolve them,
and facilitates communication and collaboration among project stakeholders. It helps
to ensure effective coordination, integration, and quality control of building systems,
reducing the risk of delays and errors during construction [1].

Applied studies

The research project will focus on studying a school project and applying BIM software
to ensure accurate findings. The aim is to demonstrate the significant importance of
implementing BIM in engineering designs to achieve time and cost-savings. By analyzing

lifecycle project phases

¥ ] v ¥ ¥

Planning stage Design stage Tendering stage Implementation Post-implementation
(pre-design) stage stage

v
Design Phase Design Phase with
without BIM BIM

Fig. 4 Lifecycle project phases (researcher’s work)
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the encountered problems and their solutions during the study, the project seeks to
maximize the benefits derived from utilizing BIM software.

In the research project focusing on the school project and the implementation of
BIM software, certain criteria of selection and limitations were considered to ensure a
focused and effective study. These criteria and limitations help in defining the scope of
the research and provide clarity on the areas to be analyzed.

1. Project selection criteria are as follows:

o Relevance: The school project was chosen as it represents a common and sig-
nificant type of construction project.
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o Complexity: The project should have a sufficient level of complexity to show-
case the potential benefits of BIM implementation.
o Availability of data: Sufficient project data and information should be acces-

sible for analysis and evaluation.
2. Limitations are as follows:

o Time limit: The research project operates within a specific time frame, limit-
ing the depth and breadth of the study.

o Resource constraints: The availability of resources such as personnel, software,
and hardware may impose limitations on the scope and scale of the research.

o Project phases: The research may focus on specific phases of the project, such
as design, rather than covering the entire project lifecycle.

o Cost considerations: The research may not extensively analyze the financial
aspects of implementing BIM, as it primarily focuses on time savings.

By acknowledging these criteria of selection and limitations, the research project can
effectively study the school project and demonstrate the benefits of implementing BIM
software. The focus will be on analyzing the encountered problems and their solutions,
maximizing the advantages derived from utilizing BIM technology, and showcasing the
time and cost savings achieved through its implementation.

Project information

KAITECK — School is a prestigious project located in the new capital of Egypt. It com-
prises six buildings with a total built-up area of 30,000 m? The project is divided into
two main zones: Zone_1, which includes landscape elements such as parks and gardens,
and Zone_2, featuring a football yard and a basement. The buildings are designed with a
basement, ground floor, four levels, and lower and upper roof floors. EIR for this project
outline KAITECK’s expectations and desired outcomes regarding information manage-
ment and the utilization of BIM technology. The EIR encompasses a range of delivera-
bles, from 3D models to 7D data integration and visualization.

+ Project name: KAITECK — school

+ Location: New capital — Egypt

+ Project zones: Zone_1 “A-C-D-F-Landscape” and Zone_2 “B-E-Football Yard -Base-
ment”

+ Project components: Consist of 6 buildings with area= 30,000 m? built-up and base-
ment, ground floor, 4 floor levels, and lower and upper roof floor.

Employer’s information requirements (EIR)
EIR is a document that outlines the client’s (KAITECK) needs, expectations, and
desired outcomes related to the project’s information management and the use of BIM
technology.

It was included in the following: 3D to 7D and visualization.
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Analysis process

The case study process is a systematic approach used to analyze and document real-
life projects or situations in order to gain insights, identify challenges, and propose
solutions. It involves conducting detailed research, collecting relevant data, and
applying analytical frameworks to understand the context, objectives, and outcomes
of the case. The purpose of a case study is to provide a deeper understanding of a
specific project, process, or problem by examining it in a holistic and comprehensive
manner. It allows practitioners, researchers, and decision-makers to learn from past
experiences, draw lessons, and apply them to future projects or similar contexts.

The case study process typically involves the following steps:

1. Identification of the case: Selecting a relevant and representative case that aligns with
the research objectives. This could be a completed project, an ongoing initiative, or a
specific problem or challenge within a project.

2. Research and data collection: Gathering relevant data and information about the
case. This step aims to gather comprehensive and reliable data to support the analy-
sis.

3. Analysis and framework application: Applying analytical tools, frameworks, and
theories to analyze the collected data and identify patterns, trends, and key insights.
This step involves organizing and structuring the data to draw meaningful conclu-
sions.

4. Identification of challenges and opportunities: Identifying the main challenges,
issues, or problems faced in the case, as well as potential opportunities for improve-
ment or innovation. This step helps in understanding the factors that contributed to
success or failure and provides a basis for proposing recommendations.

5. Development of recommendations: Based on the analysis, formulating practical and
actionable recommendations to address the identified challenges or leverage the
opportunities

6. Presentation and documentation: Presenting the findings, analysis, and recommen-
dations in a clear and concise manner to share the insights and recommendations
with relevant stakeholders

7. Evaluation and reflection: Assessing the effectiveness and impact of the case study
process and reflecting on the lessons learned. This step helps in improving future
case study processes and refining the understanding of the subject matter.

Overall, the case study process is a valuable tool for understanding complex pro-
jects or situations, identifying best practices, and generating knowledge that can
inform decision-making and improve project outcomes. It enables a deeper explora-
tion of real-world scenarios and provides a basis for evidence-based recommenda-
tions and actions.

BIM Execution Plan (BXP)
BXP is a comprehensive document that we use to respond to the EIR for KAITECK
requirements. For example, we explained which standards we will use at each stage.
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The purpose of each BIM uses and the degree of importance were also explained.
Finally, the software’s that will be used.

Common Data Environment (CDE)

CDE is a centralized digital platform or system where project stakeholders can store,
share, and collaborate on project-related data and documents. It serves as a single source
of truth for project information, ensuring that all stakeholders have access to the most
up-to-date and accurate data. A CDE facilitates efficient information exchange, version

control, and coordination among project team members.

BIM process map

A BIM process map as shown in Fig. 7 is a visual diagram that illustrates the sequence
and interactions of various BIM processes and workflows within a project. It provides
a graphical overview of how different tasks, activities, and information exchange occur
throughout the life cycle of a project. A BIM process map helps stakeholders understand
the flow of information, responsibilities, and dependencies between different BIM-
related activities, supporting effective project planning and coordination.

Template

A template as shown in Fig. 8 for Revit refers to a pre-configured file that contains pre-
defined settings, standards, and content for starting a new project in Autodesk Revit
software. A Revit template typically includes predefined views, sheets, annotation styles,
families, and project-specific settings. By using a template, our project teams can save
time by starting with a consistent setup and predefined standards, ensuring consistency
across multiple projects and improving productivity.

Clash detection

Clash detection is a process used in BIM to identify and resolve clashes or conflicts
between different building elements or systems within a 3D model. It involves analyz-
ing the spatial relationships between various components, such as structural elements,
architectural elements, mechanical, electrical, and plumbing (MEP) systems, to identify
instances where elements intersect or overlap in an undesirable way. Clash detection
software tools can automatically detect these clashes, allowing project teams to resolve
them before construction begins, thereby minimizing potential construction conflicts
and reducing rework.

Fig. 7 BIM process map (researcher — as a member of the architecture team)
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Fig. 8 Template (researcher — as a member of the architecture team)

Arch Shop Drawings:

Fig. 9 Shop drawing (researcher — as a member of the architecture team)

Shop drawing

Shop drawings as shown in Fig. 9 are detailed drawings created by contractors, sub-
contractors, or fabricators to illustrate how specific components or systems will be
manufactured, assembled, and installed on a construction project. Shop drawings
provide detailed information about dimensions, materials, fabrication methods, and
installation details that may not be fully represented in the architectural or engineer-
ing drawings. They serve as a guide for the fabrication and installation processes,
ensuring that the components or systems are accurately produced and installed as per
the project requirements and design intent.

4D

4D as shown in Fig. 10 refers to the integration of time or scheduling information
with a 3D model in a construction project. It involves linking the 3D model with the
project schedule to create a visual representation of the construction sequence over
time. By incorporating the fourth dimension (time), project teams can visualize and

Page 12 of 20
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Fig. 10 4D (researcher — as a member of the architecture team)
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Fig. 11 5D (researcher — as a member of the architecture team)

analyze the construction progress, identify potential scheduling conflicts, optimize
the construction sequence, and improve project planning and communication.

5D

5D refers as shown in Fig. 11 to the integration of cost or estimating information with
a 3D model in a construction project. It involves linking the 3D model with cost data
to enable real-time cost estimation, quantity take-offs, and cost tracking throughout
the project life cycle. By incorporating the fifth dimension (cost), project teams can
perform accurate cost analysis, evaluate design alternatives, track project costs, and
improve cost control and budget management.

Page 13 of 20
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AR

It is a technology that overlays digital information, such as 3D models, images, or data,
onto the real-world environment, providing an enhanced view of the physical space. In
the context of design and construction projects, AR can be used to visualize and interact
with BIM models, allowing stakeholders to see a virtual representation of the building or
infrastructure overlaid onto the physical site. AR can help in design review, construction
visualization, clash detection, and communication among project team members and
stakeholders as shown in Fig. 12.

VR

VR technology enhances visualization, collaboration, and decision-making processes
in design and construction by providing a realistic and immersive experience that goes
beyond traditional 2D drawings and models as shown in Fig. 13.

Results

The results of the study indicate that the modeling phase of construction projects using
BIM software is time-consuming, regardless of project size. This finding aligns with
previous research highlighting the importance of efficient modeling processes in BIM
implementation. To address this issue, the researcher proposed the use of Dynamo
scripts to expedite the modeling process, making BIM beneficial even for small-scale
projects.

BIM cost-saving clash detection and collaboration from case study
Use BIM to reduce costs and time during the design phase

o BIM enables better coordination and collaboration among project stakeholders,
including architects, engineers, and contractors. By using shared digital models, they
can identify and resolve design clashes and issues early in the process, reducing the
need to make costly changes during construction.

Fig. 12 School AR (researcher — as a member of the architecture team)
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Fig. 13 School VR (researcher — as a member of the architecture team)

® 035 - Windows & Doors _ STR Columns:

Fig. 14 Clash before and after resolution (researcher — as a member of the architecture team)

o Clash detection in BIM helps to detect clashes between different building ele-
ments, to identify them before construction begins. By identifying clashes in the
virtual model, project teams can proactively resolve these conflicts and avoid
rework and associated costs as shown in Fig. 14.

o BIM enables more accurate quantity estimates and cost estimates. With 3D
models that contain detailed information about materials, components, and their
quantities, estimators can create more accurate cost estimates, so reducing the

risk of cost overruns.



Aziz et al. Journal of Engineering and Applied Science (2024) 71:23

o BIM facilitates the reuse of design elements and standardized components, saving

time during the design process.

Clash detection to minimize construction clashes and reduce rework

o Clash detection in BIM helps identify clashes between different building elements
or systems, such as between structural and arch components. By identifying conflicts
early in the design phase, project teams can resolve them before to construction,
minimizing potential clashes and rework on the construction site.

o By resolving clashes in the virtual model, project teams can avoid costly and time-
consuming rework during construction. Clash detection allows for better coordina-
tion and integration of disparate building systems, reducing the potential of conflicts
and errors during construction.

o The number of clashes that occur and the specific disciplines involved depend on
the complexity of the project, the level of detail of the model, and the thoroughness
of the clash detection process. Conflict detection software can generate reports that
highlight clashes and provide insight into the specific disciplines affected, allowing
project teams to effectively prioritize and resolve clashes as shown in Fig. 15.

Enhancing BIM modeling efficiency with Dynamo scripts
The study results indicate that the modeling phase of construction projects using BIM
software is time-consuming, regardless of project size. This finding aligns with previous
research emphasizing the importance of efficient modeling processes in BIM implemen-
tation. To address this issue, the researcher proposed the use of 19 Dynamo scripts to
expedite the modeling process, making BIM beneficial even for small-scale projects.

By incorporating Dynamo scripts, construction professionals can automate repetitive
tasks and enhance the efficiency of the modeling process. This solution offers a valu-
able approach to overcome the time constraints associated with BIM modeling. With
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Fig. 15 Number of clashes (researcher — as a member of the architecture team)
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use of Dynamo, projects of various scales can benefit from streamlined and acceler-

ated modeling. The implementation of Dynamo scripts has the potential to save time

and resources, ultimately improving the overall productivity and effectiveness of BIM

utilization in construction projects.

Dynamo scripts

Using Dynamo offers several benefits, including the following:

S

Improved design efficiency
Enhanced parametric modeling
Better design analysis
Improved collaboration
Enhanced visualization

The researcher has created scripts for the following:

® N oo W

Manipulating element parameters

Report Revit data.

Create elements from Excel file.

Calculate backfilling.

Create drop panels.

Create walls finishes.

Create floors for all rooms.

Create columns finishes, as shown in Fig. 16.

Technologies obstacles

The application of BIM, LC, and Dynamo technologies can improve the productivity and

efficiency [9] of construction operations and project management. However, these tech-

nologies may face some obstacles in their implementation.

LC: Lack of adoption of the LEAN culture by all stakeholders involved in the pro-
ject, unclear goals and expectations of the technology’s use, and a lack of necessary
resources to effectively apply it [11]

BIM: Lack of experience in using the technology and a lack of the necessary human
and technical resources to effectively apply it. There may also be challenges in collab-
orating between all stakeholders to exchange data and information effectively [16].
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Fig. 16 Dynamo script example (researcher’s work)
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« Dynamo: Lack of experience in using engineering software and a lack of the neces-
sary human and technical resources to effectively apply it. There may also be chal-
lenges in collaborating between all stakeholders to effectively apply this technology
[17].

To overcome these obstacles, companies and organizations that use these technolo-
gies must provide training [11] and continuing education for professionals [2], as well
as provide the necessary resources [15] and support to effectively [18] apply these tech-
nologies. Communication and collaboration between all stakeholders must also be
strengthened [11], and data and information exchange must be ensured effectively [19].

Discussion

Interpreting the findings in the context of previous research, our results support the
established benefits of integrating BIM and lean construction principles in the design
phase of construction projects [11, 15]. By utilizing BIM and Dynamo tools, process effi-
ciency can be improved, leading to reduced material waste, errors, and costs [7]. This
finding is consistent with prior studies that have demonstrated the positive impact of
BIM on project performance [10]. Furthermore, the use of BIM facilitates clash detec-
tion during the design and construction process. Through data analysis, potential issues
can be identified in the early stages of design, allowing for timely resolutions and mini-
mizing costly rework. This finding aligns with existing literature emphasizing the clash
detection capabilities of BIM, contributing to improved coordination and collaboration
among project teams. Enhanced collaboration among project teams is another signifi-
cant benefit of utilizing advanced BIM tools. The efficient sharing of information and
early identification of potential issues can foster better collaboration and decision-mak-
ing during the design phase [4]. This finding supports previous studies that have empha-
sized the role of BIM in promoting effective communication and collaboration among
stakeholders. Cost reduction is another notable outcome of applying lean construction,
BIM, and Dynamo in construction projects. The integration of these methodologies ena-
bles streamlined processes, reduced waste, and improved project efficiency, ultimately
leading to cost savings and increased profitability [1, 6, 13]. This finding is in line with
previous research that has demonstrated the cost-saving potential of lean construction
and BIM implementation.

The theoretical implications of our research lie in the validation and reinforcement of
previous studies that have emphasized the benefits of integrating lean construction prin-
ciples and BIM technology. Our findings further contribute to the understanding of how
BIM and lean construction can be effectively implemented to enhance project manage-
ment, cost control, and collaboration in the construction industry.

From a practical perspective, our research provides valuable insights for construction
companies and practitioners. The findings highlight the importance of efficient mode-
ling processes in BIM implementation, regardless of project size. The proposed use of
Dynamo scripts offers a practical solution to expedite the modeling phase and make BIM
beneficial even for small-scale projects. Additionally, the identified benefits of improved
process efficiency, error reduction, collaboration, and cost reduction provide practical
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guidelines for industry professionals seeking to harness the potential of integrating lean
construction, BIM, and Dynamo in their projects.

Conclusions

The conclusion of this paper is that the integration of lean construction (LC) princi-
ples and building information modeling (BIM) technology can lead to improved project
management and cost reduction and enhanced collaboration in the architectural, engi-
neering, and construction (AEC) industry. The paper highlights the benefits of applying
BIM in the design phase, such as better coordination, communication, and visualiza-
tion, which result in early issue identification and resolution, optimized workflows, and
reduced delays in construction projects. The use of BIM tools, such as Dynamo scripts,
further enhances the efficiency and effectiveness of the design process. However, the
implementation of BIM and LC may face challenges, including change management,
collaboration and communication, technology and infrastructure, skill gaps, and legal
considerations. By addressing these obstacles and providing necessary resources and
training, construction companies can successfully apply BIM and LC methodologies
by following the criteria that was described, leading to improved project efficiency and
reduced costs. The paper emphasizes the importance of continuous research, knowledge
exchange, and industry-wide adoption of BIM and LC to drive innovation and produc-
tivity in the construction industry.

Recommendation
There are several areas that can be explored in future scientific research and studies regard-
ing the integration between LC, BIM, and Dynamo. These areas include the following:

1. Improving the use of Dynamo in performance analysis and enhancing the final results

2. Studying the impact of the integration between LC, BIM, and Dynamo on improving
environmental sustainability and reducing negative environmental impacts of con-
struction projects

3. Studying the impact of the integration between LC and BIM on reducing accidents
and injuries on construction sites

4. Studying the impact of the integration between LC, BIM, and Dynamo on improving
quality, flexibility, and adaptability of construction projects

5. Developing more advanced models for the integration between LC, BIM, and
Dynamo to improve results, reduce costs, and increase efficiency

These areas and others can be the subject of interest in future scientific studies and can
help improve the results of the integration between LC, BIM, and Dynamo.

Abbreviations
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BIM  Building information modelling

LC Lean construction
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