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Abstract

The construction industry in the United States faces ongoing challenges related to cost overruns, project delays, and
inefficiencies in project management. Building Information Modeling (BIM) has emerged as a transformative technology
with the potential to address these issues by enhancing the precision, collaboration, and decision-making processes in
construction management. This paper provides a comprehensive review of the application of BIM in the U.S.
construction sector, with a focus on its impact on improving construction management practices. The review explores
the specific ways in which BIM contributes to project success, including its ability to streamline workflows, reduce
errors, and facilitate real-time collaboration among stakeholders.

Through an in-depth analysis of current literature, this paper highlights the specialized functions of BIM that are
particularly beneficial for construction management in the U.S, such as clash detection, 4D scheduling, and cost
estimation. The paper also examines case studies that demonstrate the successful integration of BIM in large-scale
projects across the country, showcasing tangible improvements in project outcomes, including reduced project
timelines and enhanced cost efficiency.

Additionally, the paper delves into the challenges associated with BIM adoption in the U.S., including the need for skilled
personnel, the integration of BIM with existing project management systems, and the legal and contractual implications
of BIM-based collaboration. These challenges are discussed alongside strategies for overcoming them, emphasizing the
importance of training, standardization, and cross-disciplinary collaboration.

The findings of this review suggest that the widespread adoption of BIM in the U.S. construction industry holds
significant promise for enhancing project management efficiency, improving stakeholder communication, and
ultimately contributing to more successful project outcomes. The paper concludes by proposing best practices for BIM
implementation in construction management, aiming to guide industry professionals in leveraging this technology to
its fullest potential.
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1. Introduction

1.1. Background on Construction Industry Challenges in the USA

The U.S. construction industry is fraught with persistent challenges, including cost overruns, project delays, and
inefficiencies in project management, which have long plagued the sector. These issues are often attributed to the
fragmented nature of the industry, where various stakeholders operate in silos, leading to miscommunication and
errors (Azhar et al,, 2012). Additionally, traditional construction practices are often limited in their ability to predict
and prevent issues before they escalate, contributing to increased project timelines and costs (Eastman et al., 2011).
The complexity of modern construction projects further exacerbates these challenges, demanding more integrated and
efficient management practices (Igba, E., et al.,, 2024). Consequently, there is a pressing need for innovative solutions
like BIM to address these inefficiencies and improve overall project outcomes (Idoko P. 1., etal., 2024). BIM has emerged
as a transformative technology capable of streamlining workflows, enhancing collaboration, and reducing the likelihood
of costly errors, thereby offering a potential remedy for the longstanding challenges facing the U.S. construction industry
(Eastman et al., 2011; Azhar etal, 2012).

1.2. Introduction to Building Information Modeling (BIM)

BIM represents a paradigm shift in the architecture, engineering, and construction (AEC) industries, offering a digital
approach to the design, construction, and management of buildings. BIM is defined as a comprehensive process that
involves the generation and management of digital representations of physical and functional characteristics of places
(Volk et al., 2014) as represented in figure 1. Unlike traditional methods, BIM facilitates an integrated workflow,
allowing stakeholders to collaborate in real-time, thereby enhancing decision-making and reducing the likelihood of
errors (Bryde et al,, 2013). The adoption of BIM has been driven by its ability to provide a more accurate and detailed
visualization of projects, enabling better cost estimation, scheduling, and resource allocation (Linderoth, 2010). As BIM
continues to evolve, it is increasingly seen as essential for improving the efficiency and effectiveness of construction
management, especially in complex projects where coordination among multiple parties is crucial (Volk et al., 2014;
Bryde et al,, 2013).

WHAT IS BIM?

BUILDING INFORMATION MODELING
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Figure 1 Complete Guide to Building Information Modeling (Matt Sharon, 2023)
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Figure 1 effectively illustrates the concept of Building Information Modeling (BIM) and its transformative impact on the
architecture, engineering, and construction (AEC) industries. BIM represents a paradigm shift from traditional building
methods by offering a comprehensive digital approach to the design, construction, and management of structures. The
image highlights the integration of various building components into a cohesive digital model, which provides a more
accurate and detailed visualization of projects. This enhanced visualization capability drives better cost estimation,
precise scheduling, and efficient resource allocation, ultimately leading to more successful project outcomes. The
adoption of BIM is driven by its ability to streamline these processes, making it an invaluable tool in modern
construction management.

1.3. Purpose and Scope of the Review

The purpose of this review is to critically examine the role of BIM in addressing the prevalent challenges within the U.S.
construction industry, particularly those related to project management inefficiencies. By focusing on BIM's application,
this paper aims to elucidate how the technology enhances project outcomes through improved collaboration, accurate
cost estimation, and streamlined workflows (Azhar, 2011) as presented in table 1. The scope of this review encompasses
an analysis of existing literature on BIM's implementation, with particular attention to its benefits, such as clash
detection, 4D scheduling, and cost management, as well as the challenges associated with its adoption (Eadie et al,,
2013). Through the exploration of case studies and empirical data, this review seeks to provide a comprehensive
understanding of BIM’s impact on the U.S. construction sector, offering insights into best practices and strategies for
overcoming adoption barriers (Azhar, 2011). This analysis will serve as a resource for industry professionals seeking
to optimize project management through the integration of BIM technologies (Idoko, L. P., et al., 2024).

Table 1 Summary of the Purpose and Scope of the Review

Column 1

Column 2

Column 3

Column 4

Objective of the Review

Comprehensive evaluation
of BIM's impact on
construction management
in the U.S.

Identification of BIM's key
contributions to project
success

Examination of challenges
and strategies for BIM
adoption

Focus Areas Streamlining  workflows | Enhancing real-time | Addressing challenges in
and reducing errors collaboration and decision- | BIM integration and legal
making implications

Methodology

In-depth analysis of
current literature

Case study evaluation of
large-scale projects using
BIM

Discussion of strategies for
overcoming BIM adoption
challenges

Expected Outcomes

Insights into BIM’s role in
improving  construction
efficiency

Best practices for
implementing BIM in
project management

Recommendations for
industry professionals and
future research directions

2. The Role of BIM in Enhancing Construction Management

2.1. Streamlining Workflows

BIM plays a pivotal role in streamlining workflows within the construction industry by facilitating an integrated
approach to project management. Traditional construction practices often suffer from fragmented workflows, leading
to inefficiencies and miscommunication among project stakeholders (Khosrowshahi & Arayici, 2012) as represented in
figure 2. BIM addresses these challenges by providing a centralized platform where all project data is stored, shared,
and updated in real-time, ensuring that all parties have access to the most current information (Gao & Pishdad-Bozorgi,
2019). This integration not only reduces the likelihood of errors and rework but also enhances collaboration across
different disciplines, leading to more coordinated and efficient project execution (Khosrowshahi & Arayici, 2012).
Additionally, BIM’s ability to simulate various construction scenarios before actual implementation allows for better
planning and resource allocation, further optimizing workflows and contributing to more predictable project outcomes
(Gao & Pishdad-Bozorgi, 2019).
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Figure 2 Unleashing the Power of BIM Coordination in Construction: A Paradigm Shift (Abacus AEC. 2024)

Figure 2 underscores the power of BIM coordination in streamlining workflows within the construction industry. BIM
plays a pivotal role by facilitating an integrated approach to project management, bringing together various
stakeholders—such as architects, engineers, and construction managers—into a unified, collaborative environment. By
enabling real-time access to detailed, accurate models, BIM ensures that everyone involved is working from the same
set of information, reducing miscommunication and enhancing efficiency. In the image, a group of professionals, likely
architects, engineers, and construction managers, are gathered around a table, closely examining a digital 3D model of
a building. This setting highlights the collaborative nature of BIM in streamlining workflows within construction
management. By using a shared digital model, the team can simultaneously review, analyze, and make decisions in real-
time, ensuring that everyone is aligned with the project's goals and timelines. This collaborative process, enabled by
BIM, eliminates the silos often found in traditional project management, thereby enhancing communication, reducing
errors, and expediting decision-making, which leads to more efficient and effective construction management. This
integrated approach leads to smoother workflows, minimizing delays, and optimizing resource allocation, ultimately
driving more successful project outcomes.

2.2. Reducing Errors and Rework

BIM significantly reduces errors and rework in construction projects by enabling a more precise and coordinated
approach to project planning and execution. Traditional construction methods are often prone to discrepancies between
design and implementation, leading to costly rework and delays (Love et al, 2014). BIM mitigates these risks by
providing a detailed, 3D visualization of the project, allowing for the identification and resolution of potential conflicts
before construction begins (Zou et al,, 2017). This proactive approach to error detection, known as clash detection,
ensures that design inconsistencies are addressed in the virtual environment rather than on-site, reducing the need for
modifications during construction (Love et al.,, 2014). Furthermore, BIM enhances communication and collaboration
among project stakeholders, ensuring that all parties are aligned with the project’s goals and reducing the likelihood of
errors due to miscommunication (Zou et al., 2017). This results in more efficient project delivery and significant cost
savings (Owolabi, F. R. A, et al,, 2024).

2.3. Facilitating Real-Time Collaboration

BIM plays a crucial role in facilitating real-time collaboration among stakeholders in construction projects, significantly
enhancing project coordination and decision-making as presented in table 2. Traditional construction management
often suffers from fragmented communication, leading to delays and misunderstandings. BIM overcomes these barriers
by providing a centralized platform where all stakeholders can access and update project data in real-time, ensuring
that everyone is working with the most current information (Ma et al.,, 2018). This real-time collaboration enables
project teams to quickly address issues as they arise, reducing the risk of delays and rework (Sacks et al., 2018).
Furthermore, BIM supports integrated project delivery methods, allowing for more seamless collaboration between
designers, contractors, and clients throughout the project lifecycle (Wang & Leite, 2016). The ability to visualize and
simulate project scenarios collectively enhances decision-making and ensures that all parties are aligned, leading to
more efficient and successful project outcomes (Ma et al., 2018; Sacks et al., 2018).

1802



World Journal of Advanced Research and Reviews, 2024, 23(03), 1799-1813

3. Specialized Functions of BIM in Construction Management

3.1. Clash Detection

Clash detection is a fundamental benefit of BIM that significantly enhances project accuracy and efficiency. By
integrating various building systems into a single, cohesive model, BIM allows for the early identification of conflicts
between architectural, structural, and MEP (mechanical, electrical, and plumbing) components before construction
begins (Bynum, Issa, & Olbina, 2013). This proactive approach helps to prevent costly on-site modifications and rework,
which are often required when clashes are discovered during construction (Khemlani, 2011). BIM’s clash detection
capabilities facilitate the resolution of these conflicts in the digital environment, ensuring that all design elements fit
together seamlessly in the final construction Enyejo, J. O., et al., 2024). This capability not only reduces the risk of delays
and additional costs but also enhances overall project quality by ensuring that potential issues are addressed early in
the design phase (Bynum et al., 2013; Khemlani, 2011).

3.2. 4D Scheduling

4D scheduling, which integrates the fourth dimension of time with three-dimensional BIM models, significantly
enhances construction project management by providing a dynamic visualization of the construction process (Enyejo,
J. 0. etal, 2024). This integration allows project managers to visualize the sequence of construction activities over time,
facilitating better planning and coordination (Chen & Li, 2017) as represented in figure 3. By using 4D scheduling,
stakeholders can anticipate potential conflicts, adjust timelines, and optimize resource allocation before physical
construction begins, thereby reducing delays and improving overall project efficiency (Bynum & Isikdag, 2015). The
capability to simulate construction processes in a virtual environment helps in identifying scheduling issues early,
enabling proactive adjustments to the project timeline and resource management (Chen & Li, 2017). This forward-
looking approach not only enhances project delivery but also contributes to cost savings and improved project
outcomes through more effective schedule management and visualization (Bynum & Isikdag, 2015).

Table 2 Summary of Facilitating Real-Time Collaboration

Aspect Key Features Benefits Challenges
Definition Use of BIM to enable instant | Facilitates seamless | Requires robust IT
communication and data | coordination among | infrastructure and system
sharing stakeholders compatibility
Technological Cloud-based BIM platforms, | Real-time access to updated | Ensuring data security and
Tools mobile applications project data maintaining up-to-date
software
Impact on Project | Accelerates decision- | Improves overall project | Potential resistance from
Management making and reduces delays efficiency and outcome teams unfamiliar with digital
collaboration
Case Study | Accelerates decision- | Demonstrates tangible | Highlighting the need for
Insights making and reduces delays | benefits in collaboration | consistent  training  and
and project success adaptation to new tools

Figure 3 showcases the concept of 4D BIM scheduling, where time (the fourth dimension) is integrated with three-
dimensional models to provide a dynamic visualization of the construction process. This technique enhances
construction project management by allowing stakeholders to see how a project evolves over time. The visual
representation of different scheduling methods, such as bar charts, the critical path method, the line of balance
technique, and Q scheduling, illustrates how 4D BIM can optimize planning and execution. By simulating the
construction sequence, project managers can identify potential delays, optimize resource allocation, and ensure that the
project progresses efficiently and on schedule.
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Figure 3 4D BIM Construction Scheduling Techniques (Gaurang, T. 2018)

3.3. Cost Estimation and Control

BIM enhances cost estimation and control through its detailed and accurate representation of project data. By
integrating cost data with BIM models, project managers can perform precise cost estimations based on up-to-date and
comprehensive information (Lee & Lee, 2015) as presented in table 3. This integration allows for real-time updates to
cost estimates as design changes occur, reducing discrepancies between estimated and actual costs (Ijiga, 0. M., et al,,
2024). BIM also facilitates the generation of detailed quantity takeoffs, which improves the accuracy of cost predictions
and budgeting (Azhar, Hein, & Sketo, 2008). Additionally, the use of BIM for cost control extends beyond initial estimates
by providing ongoing financial tracking throughout the project lifecycle. This proactive approach helps in identifying
cost overruns early, enabling timely adjustments to maintain budgetary constraints and enhance financial management
(Lee & Lee, 2015). Thus, BIM significantly contributes to more effective and accurate cost estimation and control in
construction projects (ljiga, A. C., et al,, 2024).

4. Case Studies of Successful BIM Integration in the USA

4.1. Large-Scale Project Implementation

Table 3 Summary of Cost Estimation and Control

BIM

Aspect Key Features Benefits Challenges
Definition Utilization of BIM for | Enhances accuracy in | Integrating BIM data with existing
precise cost estimation budgeting and financial | financial systems
planning
Key BIM | Quantity take-offs, cost | Reduces the risk of budget | Ensuring real-time updates and
Functions modeling, and financial | overruns and unexpected | synchronization with project
forecasting expenses changes
Impact on Project | Improved cost control | Facilitates more informed | Managing discrepancies between
Management throughout project | decision-making and | BIM models and on-site realities
lifecycle resource allocation
Case Study | Examples of successful | Demonstrates substantial | Addressing the need for skilled
Insights cost management using | savings and  improved | personnel to manage BIM-driven

financial outcomes

cost processes
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The implementation of BIM in large-scale projects offers substantial benefits by improving project coordination,
efficiency, and outcomes (ljiga, A. C., et al, 2024). Large-scale projects often involve complex interactions between
numerous stakeholders and various project components, making effective management crucial (Kassem & Paolini,
2014). BIM facilitates this by providing a centralized, detailed model that integrates all project data, thus enhancing
communication and reducing the risk of errors (Nawari, 2012). For example, BIM allows for comprehensive clash
detection and real-time updates, which are vital for managing the intricate dependencies typical of large-scale projects
(Idoko, L. P., et al,, 2024). Additionally, BIM supports detailed simulation and analysis, enabling better decision-making
and more accurate project planning (Kassem & Paolini, 2014). By leveraging these capabilities, large-scale projects can
achieve improved coordination, reduced delays, and more efficient resource utilization, demonstrating the significant
advantages of BIM in managing complex construction endeavors (Nawari, 2012).

4.2. Improvements in Project Outcomes

BIM significantly enhances project outcomes by optimizing various aspects of construction management, leading to
more successful and efficient projects. BIM’s comprehensive modeling capabilities allow for detailed analysis and
simulation of building systems, which helps in refining designs and improving overall project quality (Jung & Joo,
2011)as represented in figure 4. By integrating project data and providing real-time updates, BIM enhances decision-
making, reduces errors, and facilitates better coordination among stakeholders (Wong & Fan, 2013). This improved
coordination leads to more accurate scheduling and cost control, contributing to timely project completion and
adherence to budgetary constraints (Ijiga, A. C., et al., 2024). Furthermore, BIM’s capacity for detailed visualization and
analysis supports sustainable design practices, resulting in more efficient use of resources and reduced environmental
impact (Wong & Fan, 2013). Overall, the implementation of BIM results in substantial improvements in project
outcomes through enhanced efficiency, quality, and sustainability (Jung & Joo, 2011).

T ——

) PROJECT MANAGEMENT

B MR o &
o8 &°

Figure 4 Using BIM Effectively for Efficient Project Management (Sukanya, B. 2024)

Figure 4 depicts a person analyzing a project management chart, which outlines the different phases and tasks within a
project timeline. This visualization reflects the enhanced project outcomes that BIM can achieve. By integrating BIM into
construction management, teams can better plan, schedule, and execute projects with increased precision. BIM allows
for real-time updates and coordination across all stakeholders, reducing delays, cost overruns, and errors. As a result,
project outcomes are significantly improved, with more efficient use of resources, better adherence to timelines, and
higher overall project success rates.

4.3. Lessons Learned from Case Studies

Case studies of BIM implementation provide valuable insights into both its benefits and challenges. One key lesson is
the importance of early and thorough integration of BIM across all project phases to maximize its effectiveness
(Kymaéldinen & Kiviniemi, 2011) as presented in table 4. Successful case studies often highlight the need for
comprehensive training and stakeholder engagement to overcome initial resistance and ensure effective utilization of
BIM tools (Miettinen & Paavola, 2014). Additionally, these studies reveal that while BIM can significantly improve
project outcomes, including cost efficiency and time management, its full potential is realized only when there is strong
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collaboration and clear communication among all project participants (Kymaldinen & Kiviniemi, 2011). Addressing
these factors can lead to more successful BIM implementations and better overall project performance (Miettinen &
Paavola, 2014).

Table 4 Summary of Lessons Learned from Case Studies

Aspect Key Insights Benefits Realized Challenges Encountered

Implementation Strategies | Effective integration of | Improved project | Initial resistance to change
BIM into large-scale | efficiency and | and learning curve
projects collaboration

Technological Adoption Importance of selecting the | Enhanced real-time | Compatibility issues with

cross-disciplinary
teamwork

coordination
project teams

among

right BIM tools and | decision-making and error | existing systems
platforms reduction
Stakeholder Collaboration | Necessity of fostering | Better communication and | Overcoming siloed work

practices and
data consistency

ensuring

Project Outcomes

Clear evidence of time and

Significant improvements

Managing the complexity

cost savings in project timelines and | of large-scale BIM

cost control implementation

5. Challenges in BIM Adoption in the U.S. Construction Sector

5.1. Need for Skilled Personnel

The successful adoption of BIM in construction projects is heavily dependent on the availability of skilled personnel.
Effective BIM implementation requires expertise in both the technological aspects of BIM software and the integration
of BIM processes within project workflows (Barlish & Sullivan, 2012). The complexity of BIM tools necessitates
comprehensive training and specialized knowledge to fully leverage their capabilities for optimizing project outcomes
( Ibokette, A. L., et al., 2024). Additionally, the need for skilled personnel extends beyond initial training to include
ongoing professional development to keep pace with evolving BIM technologies and practices (Nadim & Goulding,
2011). Without a skilled workforce, the benefits of BIM, such as improved accuracy, efficiency, and collaboration, may
not be fully realized (Ijiga, A. C, et al., 2024). Therefore, addressing the skills gap through targeted education and
training programs is crucial for the effective use of BIM in construction projects (Barlish & Sullivan, 2012; Nadim &
Goulding, 2011).

5.2. Integration with Existing Project Management Systems

Integrating BIM with existing project management systems presents both opportunities and challenges. Effective
integration can significantly enhance project management by providing a cohesive platform for data sharing and
coordination across various project phases (Eastman et al,, 2011) as represented in figure 5. However, the integration
process often involves overcoming technical and procedural hurdles, such as aligning BIM data formats with legacy
systems and ensuring interoperability (Arayici, Egbu, & Kagioglou, 2012). Successful integration requires careful
planning and collaboration between BIM specialists and IT professionals to adapt existing systems to accommodate BIM
data and workflows (ljiga, A. C,, etal., 2024). Additionally, it involves updating project management practices to leverage
BIM’s capabilities for improved project tracking and control (Eastman et al., 2011). Addressing these challenges
effectively can lead to a more streamlined and efficient project management process, maximizing the benefits of BIM in
construction projects (Arayici et al.,, 2012).
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Figure 5 Integration of BIM with Existing Project Management Systems

Figure 5 titled "Integration of BIM with Existing Project Management Systems" illustrates how Building Information
Modeling (BIM) interfaces with traditional project management tools to create a more efficient and cohesive
construction management process. It shows the central BIM system connected to various established tools used for
scheduling, cost management, document management, and facility management. The connections, labeled as "Data
Synchronization,” "Cost Data Integration,” "Document Linkage," and "Lifecycle Management," represent how BIM
harmonizes with these systems to streamline workflows, enhance data accuracy, and ensure seamless project execution
from planning to post-construction operations. This integration is crucial for achieving the full potential of BIM in
improving project outcomes and overcoming the challenges of managing complex construction projects.

6. Legal and Contractual Implications

The adoption of BIM introduces significant legal and contractual considerations in construction projects. One major
implication is the need for clear contractual agreements regarding BIM data ownership and management
responsibilities (Sacks & Pikas, 2013) as presented in table 5. BIM's collaborative nature requires precise definitions of
intellectual property rights and data sharing protocols to avoid disputes among stakeholders (Dainty, Bryde, & Price,
2007). Additionally, traditional contract structures may need to be adapted to accommodate BIM’s dynamic and
integrated approach, ensuring that all parties understand their roles and obligations in the BIM process. Addressing
these legal and contractual issues proactively can help mitigate risks and foster smoother implementation of BIM
technologies in construction projects (Sacks & Pikas, 2013). Consequently, developing robust legal frameworks and
contractual arrangements is essential for effectively leveraging BIM while managing potential legal challenges (Dainty
etal, 2007).

6.1. Training and Skill Development

Effective implementation of BIM requires a focus on comprehensive training and skill development. As BIM technologies
evolve, construction professionals must acquire new competencies to fully leverage these tools (0’Connor & Roth, 2017)
as presented in table 6. Training programs should address both the technical aspects of BIM software and the integration
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of BIM practices into existing workflows (Khosrowshahi & Arayici, 2012). Additionally, ongoing professional
development is essential to keep pace with advancements in BIM technology and to address the growing complexity of
BIM processes (Mouzakitis & Dounis, 2014). Organizations that invest in training and skill development are better
positioned to achieve the benefits of BIM, including improved project coordination and efficiency (ljiga, A. C., et al,,
2024). Therefore, a strategic approach to education and training is crucial for maximizing the potential of BIM in
construction projects (O’Connor & Roth, 2017).

6.2. Standardization of BIM Practices

Standardization of BIM practices is crucial for enhancing interoperability and consistency across construction projects.
Implementing standardized BIM protocols can streamline project workflows and facilitate more effective collaboration
among stakeholders (El Asmar, Hanna, & Loh, 2013). Current efforts in BIM standardization focus on developing
uniform guidelines and procedures to ensure that BIM data and processes are compatible across different platforms
and organizations (Bryde, Broquetas, & Volm, 2013). These standards help mitigate discrepancies and improve the
reliability of BIM outputs, which is essential for effective project management and delivery (Sackey & Akinwumi, 2014).
By promoting a standardized approach, the construction industry can achieve greater efficiency, reduce errors, and
foster better integration of BIM technologies into project workflows, ultimately leading to improved project outcomes
(El1 Asmar etal., 2013).

Table 5 Summary of Legal and Contractual Implications

Aspect Key Considerations Benefits Challenges

Contractual Defining BIM roles and | Reduces disputes by clearly | Complexity in drafting

Clarity responsibilities in contracts outlining expectations comprehensive  BIM-inclusive

contracts

Intellectual Addressing ownership of BIM | Protects the interests of all | Navigating the legal frameworks

Property models and data rights stakeholders for data ownership and usage

Risk Allocating risks associated | Enhances project security and | Determining liability in case of

Management with BIM usage accountability BIM-related errors

Regulatory Ensuring BIM  practices | Promotes  adherence to | Staying updated with evolving

Compliance adhere to legal standards industry  regulations and | legal requirements for BIM
standards

6.3. Cross-Disciplinary Collaboration

BIM significantly enhances cross-disciplinary collaboration within construction projects. BIM's integrated platform
facilitates seamless communication and data sharing among various stakeholders, including architects, engineers, and
contractors (Gledson & Greenwood, 2017) as represented in figure 6. This collaborative approach helps in resolving
conflicts early in the design phase and aligning diverse professional inputs towards a common project goal (Liu & Zhang,
2017). Challenges in cross-disciplinary collaboration often arise from differing disciplinary perspectives and software
interoperability, which can be mitigated through standardized BIM practices and effective team coordination (Jiang &
Zhang, 2016). By fostering a collaborative environment, BIM enables more cohesive project execution, improves
decision-making, and enhances overall project efficiency (Gledson & Greenwood, 2017). Thus, cross-disciplinary
collaboration facilitated by BIM is crucial for optimizing project outcomes and addressing the complexities inherent in
modern construction projects (Liu & Zhang, 2017).

Figure 6 titled "Cross-Disciplinary Collaboration Enabled by BIM" illustrates how Building Information Modeling (BIM)
acts as a central hub for collaboration across different disciplines involved in a construction project. The central node
represents the BIM model, which integrates contributions from key disciplines: architecture, structural engineering,
MEP engineering, construction management, and facility management. Each discipline interacts with the BIM model,
contributing specific inputs and extracting relevant information to optimize their respective roles. The connections
between these disciplines emphasize the importance of ongoing communication and feedback loops, facilitated by the
BIM platform, ensuring that all stakeholders are aligned and can work together seamlessly. This cross-disciplinary
collaboration is crucial for minimizing errors, reducing rework, and enhancing overall project efficiency and success.
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Table 6 Summary of Training and Skill Development

Training

construction disciplines

and understanding

Aspect Key Focus Areas Benefits Challenges
Curriculum Designing specialized | Equips professionals with | Keeping  training content
Development BIM training programs necessary BIM skills updated with evolving
technologies
Skill Enhancement Continuous learning and | Ensures proficiency in BIM | Encouraging ongoing
certification programs tools and methodologies participation in training
programs
Cross-Disciplinary Training across various | Fosters better collaboration | Integrating diverse learning

needs across disciplines

Industry-Academia
Collaboration

Partnerships with
educational institutions

Access to  cutting-edge
research and innovation in
BIM

Aligning academic training with
practical industry requirements

Connected via

Structural
Engineering,
Connected via

Architecture,

BIM Cenlralized
Model

MEP
Engineering,
Connected via

Construction
Management
Connected via

Facility
Management
Connected via

Design Inputs & Structural Systems 4D Scheduling & 0 AR~ 4
Visualization Analvsis & Coordination & Resource Lifecycie Data
yos R 4 353 Management
Integrity Clash Managemen!
Deleclion

Communication
& Collaboration
Lines

Figure 6 Cross-Disciplinary Collaboration Enabled by BIM

7. Conclusion and Best Practices for BIM Implementation

7.1. Summary of Key Findings

The review highlights several key findings regarding the use of BIM in construction management. Firstly, BIM
significantly streamlines workflows by improving data accuracy and facilitating better project coordination among
stakeholders. Its ability to detect clashes early in the design phase reduces costly errors and rework. Additionally, BIM
enhances real-time collaboration, enabling teams to address issues promptly and maintain alignment throughout the
project lifecycle. The integration of BIM with existing project management systems presents challenges but also offers
substantial benefits in terms of project efficiency and control. Large-scale projects have demonstrated notable
improvements in project outcomes, including reduced timelines and cost savings, attributed to BIM's advanced
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scheduling and cost estimation capabilities. However, successful BIM implementation requires addressing the need for
skilled personnel, establishing standardized practices, and promoting cross-disciplinary collaboration. These findings
underscore BIM's transformative potential in enhancing construction management practices.

7.2. Recommendations for Industry Professionals

To leverage the full potential of BIM, industry professionals should prioritize several key strategies. Firstly, invest in
comprehensive training and skill development programs to ensure that all team members are proficient in BIM
technologies and practices. Establishing standardized BIM protocols across projects will enhance interoperability and
consistency, thereby reducing potential conflicts and improving project outcomes. Promoting cross-disciplinary
collaboration is crucial; professionals should foster open communication and coordination among architects, engineers,
and contractors to maximize the benefits of BIM. Additionally, addressing the integration of BIM with existing project
management systems can streamline processes and improve overall efficiency. Professionals should also stay abreast
of evolving BIM standards and best practices to adapt to technological advancements and industry shifts. By
implementing these recommendations, industry professionals can enhance project management practices, achieve
better project outcomes, and maintain a competitive edge in the construction sector.

7.3. Future Outlook for BIM in the U.S. Construction Industry

The future outlook for BIM in the U.S. construction industry appears highly promising, marked by continued
advancements and widespread adoption. As technology evolves, BIM is expected to integrate more seamlessly with
emerging digital tools, such as artificial intelligence and machine learning, enhancing its capabilities in predictive
analytics and automated decision-making. The expansion of cloud-based BIM platforms will further facilitate real-time
collaboration and data sharing, overcoming current limitations in interoperability and access. Additionally, there will
likely be increased emphasis on standardization and regulatory frameworks to ensure consistency and reliability across
projects. The growing focus on sustainability will drive innovations in BIM, enabling more effective environmental
impact assessments and resource management. Overall, as BIM technology becomes more sophisticated and accessible,
its role in optimizing project efficiency, improving accuracy, and fostering innovation in the U.S. construction industry
will become even more central to achieving successful project outcomes.

Compliance with ethical standards

Disclosure of conflict of interest

No conflict of interest to be disclosed.

References

[1] Abacus AEC. (2024). Unleashing the Power of BIM Coordination in Construction: A Paradigm Shift
https://www.linkedin.com/pulse/unleashing-power-bim-coordination-construction-
uiwOc?trk=organization_guest_main-feed-card_feed-article-content

[2]  Alshorafa, R, & Ergen, E. (2021). Determining the level of development for BIM implementation in large-scale
projects: a multi-case study. Engineering, Construction and Architectural Management, 28(1), 397-423.

[3] Arayici, Y., Egbu, C, & Kagioglou, M. (2012). Building Information Modeling (BIM) implementation and
integration for construction industry. Journal of Information Technology in Construction, 17, 233-251.
https://www.itcon.org/2012/16

[4] Azhar, S. (2011). Building Information Modeling (BIM): Trends, benefits, risks, and challenges for the AEC
industry. Leadership and Management in Engineering, 11(3), 241-252. https://doi.org/10.1061/(ASCE)L.M.1943-
5630.0000127

[5]  Azhar, S, Hein, M., & Sketo, B. (2008). Building information modeling (BIM): Benefits, risks, and challenges. In
Proceedings of the 2008 ASCE International Conference on Computing in Civil Engineering (pp. 1-10). American
Society of Civil Engineers. https://doi.org/10.1061/41013(319)57

[6] Azhar, S, Khalfan, M., & Magsood, T.(2012). Building Information Modeling (BIM): Now and Beyond. Australasian
Journal of Construction Economics and Building, 12(4), 15-28. https://doi.org/10.5130/ajceb.v12i4.3032

[7]  Barlish, K., & Sullivan, K. (2012). How to measure the benefits of BIM - A case study approach. Automation in
Construction, 24, 149-159. https://doi.org/10.1016/j.autcon.2012.02.008

1810


https://doi.org/10.1061/(ASCE)LM.1943-5630.0000127
https://doi.org/10.1061/(ASCE)LM.1943-5630.0000127
https://doi.org/10.1061/41013(319)57
https://doi.org/10.5130/ajceb.v12i4.3032
https://doi.org/10.1016/j.autcon.2012.02.008

[15]

[16]

World Journal of Advanced Research and Reviews, 2024, 23(03), 1799-1813

Barlish, K., & Sullivan, K. (2012). How to measure the benefits of BIM—A case study approach. Automation in
construction, 24, 149-159.

Bryde, D., Broquetas, M., & Volm, ]. M. (2013). The project benefits of building information modelling (BIM).
International journal of project management, 31(7), 971-980.

Bryde, D., Broquetas, M., & Volm, ]. M. (2013). The project benefits of Building Information Modeling (BIM).
International Journal of Project Management, 31(7), 971-980. https://doi.org/10.1016/j.ijproman.2012.12.001

Bynum, P., & Isikdag, U. (2015). Enhancing construction project scheduling with 4D modeling and simulation:
The case of a high-rise building project. Advanced Engineering Informatics, 29(4), 1324-1336.
https://doi.org/10.1016/j.2ei.2015.08.005

Bynum, P, Issa, R. R, & Olbina, S. (2013). Building information modeling in support of sustainable design and
construction. Journal of construction engineering and management, 139(1), 24-34.

Chahrour, R., Hafeez, M. A,, Ahmad, A. M., Sulieman, H. I., Dawood, H., Rodriguez-Trejo, S., ... & Dawood, N. (2021).
Cost-benefit analysis of BIM-enabled design clash detection and resolution. Construction Management and
Economics, 39(1), 55-72.

Chen, Y., & Lij, H. (2017). An integrated approach to 4D scheduling for construction project management. Journal
of Construction Engineering and Management, 143(1), 04016083. https://doi.org/10.1061/(ASCE)C0.1943-
7862.0001187

Eadie, R, Browne, M., Odeyinka, H., McKeown, C., & McNiff, S. (2013). BIM implementation throughout the UK
construction  project lifecycle: An  analysis. Automation in  Construction, 36, 145-151.
https://doi.org/10.1016/j.autcon.2013.09.001

Eastman, C., Teicholz, P., Sacks, R., & Liston, K. (2011). BIM handbook: A guide to building information modeling
for owners, designers, engineers, contractors, and facility managers (2nd ed.). John Wiley & Sons.
https: //www.wiley.com/en-

us/BIM+Handbook%3A+A+Guide+to+Building+Information+Modeling+for+Owners%2C+Designers%2C+Engi

neers%?2C+Contractors%2C+and+Facility+Managers%2C+2nd+Edition-p-9781118745038
Eastman, C., Teicholz, P., Sacks, R., & Liston, K. (2011). BIM handbook: A guide to building information modeling

for owners, designers, engineers, contractors, and facility managers (2nd ed.). John Wiley & Sons.
https://www.wiley.com/en-

us/BIM+Handbook%3A+A+Guide+to+Building+Information+Modeling+for+Owners%2C+Designers%2C+Engi
neers%?2C+Contractors%2C+and+Facility+Managers%2C+2nd+Edition-p-9781118745038

Eastman, C., Teicholz, P., Sacks, R., & Liston, K. (2011). BIM handbook: A guide to building information modeling
for owners, managers, designers, engineers, and contractors. John Wiley & Sons.

El Asmar, M., Hanna, A. S., & Loh, W. (2013). Standardizing BIM for construction management: An analysis of
current practices and future directions. Journal of Construction Engineering and Management, 139(6), 690-698.
https://doi.org/10.1061/(ASCE)C0.1943-7862.0000625

Enyejo, J. 0., Obani, O. Q, Afolabi, 0., Igba, E. & Ibokette, A. 1., (2024). Effect of Augmented Reality (AR) and Virtual
Reality (VR) experiences on customer engagement and purchase behavior in retail stores. Magna Scientia
Advanced Research and Reviews, 2024, 11(02), 132-150.
https://magnascientiapub.com/journals/msarr/sites/default/files/MSARR-2024-0116.pdf

Enyejo, J. 0., Adeyemi, A. F., Olola, T. M., Igba, E & Obani, 0. Q. (2024). Resilience in supply chains: How technology
is helping USA companies navigate disruptions. Magna Scientia Advanced Research and Reviews, 2024, 11(02),
261-277. https://doi.org/10.30574 /msarr.2024.11.2.0129

Gao, J., & Pishdad-Bozorgi, P. (2019). BIM-enabled facilities operation and maintenance: A review. Advanced
Engineering Informatics, 39, 227-247. https://doi.org/10.1016/j.2ei.2019.01.005

Gaurang, T. (2018). Types of 4D BIM Construction Scheduling Techniques.
https://www.revit.news/2018/10/types-of-4d-bim-construction-scheduling-techniques/

Ibokette, A. I, Aboi, E. ], [jiga, A. C,, Ugbane, S. 1., Odeyemi, M. 0., & Umama, E. E. (2024). The impacts of curbside
feedback mechanisms on recycling performance of households in the United States. *World Journal of Biology
Pharmacy and Health Sciences*, 17(2), 366-386.

1811


https://doi.org/10.1016/j.aei.2015.08.005
https://www.wiley.com/en-us/BIM+Handbook%3A+A+Guide+to+Building+Information+Modeling+for+Owners%2C+Designers%2C+Engineers%2C+Contractors%2C+and+Facility+Managers%2C+2nd+Edition-p-9781118745038
https://www.wiley.com/en-us/BIM+Handbook%3A+A+Guide+to+Building+Information+Modeling+for+Owners%2C+Designers%2C+Engineers%2C+Contractors%2C+and+Facility+Managers%2C+2nd+Edition-p-9781118745038
https://www.wiley.com/en-us/BIM+Handbook%3A+A+Guide+to+Building+Information+Modeling+for+Owners%2C+Designers%2C+Engineers%2C+Contractors%2C+and+Facility+Managers%2C+2nd+Edition-p-9781118745038
https://www.wiley.com/en-us/BIM+Handbook%3A+A+Guide+to+Building+Information+Modeling+for+Owners%2C+Designers%2C+Engineers%2C+Contractors%2C+and+Facility+Managers%2C+2nd+Edition-p-9781118745038
https://www.wiley.com/en-us/BIM+Handbook%3A+A+Guide+to+Building+Information+Modeling+for+Owners%2C+Designers%2C+Engineers%2C+Contractors%2C+and+Facility+Managers%2C+2nd+Edition-p-9781118745038
https://www.wiley.com/en-us/BIM+Handbook%3A+A+Guide+to+Building+Information+Modeling+for+Owners%2C+Designers%2C+Engineers%2C+Contractors%2C+and+Facility+Managers%2C+2nd+Edition-p-9781118745038
https://magnascientiapub.com/journals/msarr/sites/default/files/MSARR-2024-0116.pdf
https://doi.org/10.30574/msarr.2024.11.2.0129

[30]

[31]

[32]

[33]

World Journal of Advanced Research and Reviews, 2024, 23(03), 1799-1813

Idoko P. L, Igbede, M. A, Manuel, H. N. N,, Ijiga, A. C., Akpa, F. A, & Ukaegbu, C. (2024). Assessing the impact of
wheat varieties and processing methods on diabetes risk: A systematic review. World Journal of Biology Pharmacy
and Health Sciences, 2024, 18(02), 260-277. https://wjbphs.com/sites /default/files/W]BPHS-2024-0286.pdf

Idoko, 1. P, Ijiga, O. M., Enyejo, L. A., Akoh, O., & Ileanaju, S. (2024). Harmonizing the voices of Al: Exploring
generative music models, voice cloning, and voice transfer for creative expression.

Idoko, L. P, Jjiga, O. M., Harry, K. D., Ezebuka, C. C,, Ukatu, I. E., & Peace, A. E. (2024). Renewable energy policies: A
comparative analysis of Nigeria and the USA.

Igba, E., Adeyemi, A. F., Enyejo, ]. 0., ljiga, A. C., Amidu, G., & Addo, G. (2024). Optimizing Business loan and Credit
Experiences through Al powered ChatBot Integration in financial services. DOI:10.51594 /farj.v6i8.1406

ljiga, A. C,, Aboi, E. ], Idoko, P. I, Enyejo, L. A., & Odeyemi, M. 0. (2024). Collaborative innovations in Artificial
Intelligence (Al): Partnering with leading U.S. tech firms to combat human trafficking. Global Journal of
Engineering and Technology Advances, 2024,18(03), 106-123. https://gjeta.com/sites/default/files/GJETA-2024-
0046.pdf

ljiga, A. C,, Abutu E. P, Idoko, P. I, Ezebuka, C. I, Harry, K. D., Ukatu, L. E,, & Agbo, D. 0. (2024). Technological

innovations in mitigating winter health challenges in New York City, USA. International Journal of Science and
Research Archive, 2024, 11(01), 535-551. https://ijsra.net/sites /default/files /I[SRA-2024-0078.pdf

ljiga, A. C,, Abuty, E. P, Idoko, P. I, Agbo, D. 0., Harry, K. D., Ezebuka, C. I, & Umama, E. E. (2024). Ethical
considerations in implementing generative Al for healthcare supply chain optimization: A cross-country analysis
across India, the United Kingdom, and the United States of America. International Journal of Biological and
Pharmaceutical Sciences Archive, 2024, 07(01), 048-063. _https://ijbpsa.com/sites/default/files /[]BPSA-2024-
0015.pdf

ljiga, A. C,, Enyejo, L. A, Odeyemi, M. O., Olatunde, T. I, Olajide, F. I & Daniel, D. 0. (2024). Integrating community-
based partnerships for enhanced health outcomes: A collaborative model with healthcare providers, clinics, and
pharmacies across the USA. Open Access Research journal of Biology and Pharmacy, 2024, 10(02), 081-104.
https://oarjbp.com/content/integrating-community-based-partnerships-enhanced-health-outcomes-

collaborative-model

ljiga, A. C,, Olola, T. M,, Enyejo, L. A,, Akpa, F. A,, Olatunde, T. I, & Olajide, F. I. (2024). Advanced surveillance and
detection systems using deep learning to combat human trafficking. Magna Scientia Advanced Research and

Reviews, 2024, 11(01), 267-286. https://magnascientiapub.com/journals/msarr/sites/default/files/MSARR-
2024-0091.pdf.

ljiga, A. C., Olola, T. M., Enyejo, L. A., Akpa, F. A,, Olatunde, T. ., & Olajide, F. I. (2024). Advanced surveillance and
detection systems using deep learning to combat human trafficking. Magna Scientia Advanced Research and

Reviews, 2024, 11(01), 267-286. https://magnascientiapub.com/journals/msarr/sites/default/files/MSARR-
2024-0091.pdf.

ljiga, 0. M,, Idoko, I. P., Ebiega, G. I, Olajide, F. 1., Olatunde, T. I., & Ukaegbu, C. (2024). Harnessing adversarial
machine learning for advanced threat detection: Al-driven strategies in cybersecurity risk assessment and fraud
prevention.

Jin, R, Yang, T, Piroozfar, P., Kang, B. G.,, Wanatowski, D., Hancock, C. M., & Tang, L. (2018). Project-based
pedagogy in interdisciplinary building design adopting BIM. Engineering, Construction and Architectural
Management, 25(10), 1376-1397.

Jung, Y., & Joo, M. (2011). Building information modeling (BIM) framework for practical implementation.
Automation in Construction, 20(2), 126-133. https://doi.org/10.1016/j.autcon.2010.08.016

Kassem, M., & Paolini, R. (2014). The effectiveness of BIM in the construction of large-scale projects: A case study
analysis. Automation in Construction, 45, 181-192. https://doi.org/10.1016/j.autcon.2014.05.013

Khosrowshabhi, F., & Arayici, Y. (2012). Roadmap for implementation of BIM in the UK construction industry.
Engineering, Construction and Architectural Management, 19(6), 610-635.
https://doi.org/10.1108/09699981211277695

Kymalainen, ., & Kiviniemi, A. (2011). Benefits and challenges of BIM for construction project management: Case
studies and analysis. Journal of Construction Engineering and Management, 137(12), 1160-1168.
https://doi.org/10.1061/(ASCE)C0.1943-7862.0000411

1812


https://wjbphs.com/content/assessing-impact-wheat-varieties-and-processi...%20%20https:/wjbphs.com/sites/default/files/WJBPHS-2024-0286.pdf
https://gjeta.com/sites/default/files/GJETA-2024-0046.pdf
https://gjeta.com/sites/default/files/GJETA-2024-0046.pdf
https://ijsra.net/sites/default/files/IJSRA-2024-0078.pdf
https://ijbpsa.com/sites/default/files/IJBPSA-2024-0015.pdf
https://ijbpsa.com/sites/default/files/IJBPSA-2024-0015.pdf
https://oarjbp.com/content/integrating-community-based-partnerships-enhanced-health-outcomes-collaborative-model
https://oarjbp.com/content/integrating-community-based-partnerships-enhanced-health-outcomes-collaborative-model
https://magnascientiapub.com/journals/msarr/sites/default/files/MSARR-2024-0091.pdf
https://magnascientiapub.com/journals/msarr/sites/default/files/MSARR-2024-0091.pdf
https://magnascientiapub.com/journals/msarr/sites/default/files/MSARR-2024-0091.pdf
https://magnascientiapub.com/journals/msarr/sites/default/files/MSARR-2024-0091.pdf
https://doi.org/10.1016/j.autcon.2014.05.013
https://doi.org/10.1108/09699981211277695

World Journal of Advanced Research and Reviews, 2024, 23(03), 1799-1813

Lee, ], & Lee, J. (2015). Cost estimation and control using Building Information Modeling (BIM): The state of
practice.  Journal of  Construction Engineering and Management, 141(8), 04015021.
https://doi.org/10.1061/(ASCE)C0.1943-7862.0000988

Linderoth, H. C. ]. (2010). Understanding adoption and use of BIM as the creation of actor networks. Automation
in Construction, 19(1), 66-72. https://doi.org/10.1016 /j.autcon.2009.09.003

Liu, Y., & Zhang, ]J. (2017). Effective collaboration in BIM-enabled projects: Insights from industry practices.
Journal of Construction Engineering and Management, 143(8), 04017047.
https://doi.org/10.1061/(ASCE)C0.1943-7862.0001351

Love, P. E. D., Matthews, J., Simpson, 1., Hill, A., & Olatunji, O. A. (2014). A benefits realization management building
information modeling framework for asset owners. Automation in Construction, 37, 1-10.
https://doi.org/10.1016/j.autcon.2013.09.007

Ma, L., Wei, H. H., & Fang, D. (2018). Real-time collaboration and BIM-enabled work packaging for construction
project management. Automation in Construction, 93, 373-387. https://doi.org/10.1016/j.autcon.2018.05.027.

Matt S. (2023). Complete Guide to Building Information Modeling (BIM) https://medium.com/@matt-
sharon/complete-guide-to-building-information-modeling-bim-ea0dd2cf922eS

Miettinen, R., & Paavola, S. (2014). Beyond the BIM utopia: The role of BIM in achieving improved project
outcomes. Construction Management and Economics, 32(5), 529-542.
https://doi.org/10.1080/01446193.2014.890286

Owolabi, F. R. A,, Enyejo, ]. 0., Babalola, I. N. 0., & Olola, T. M. (2024). Overcoming engagement shortfalls and
financial constraints in Small and Medium Enterprises (SMES) social media advertising through cost-effective
Instagram strategies in Lagos and New York City DOI: 10.51594 /ijmer.v6i8.1462

Pan, W, Dainty, A. R. ]., & Gibb, A. G. F. (2004, September). Managing innovation: a focus on off-site production
(osp) in the UK housebuilding industry. In 20th Annual ARCOM Conference, Heriot Watt University, Edinburgh,
Scotland (pp. 823-830).

Pihlak, M., Deamer, P., Holland, R., Poerschke, U., Messner, |., & Parfitt, K. (2011). Building Information Modelling
(BIM) and the impact on design quality. ] Architec Engg Technol, 1(101)

Ragab, M. A, & Marzouk, M. (2021). BIM adoption in construction contracts: Content analysis approach. Journal
of construction engineering and management, 147(8), 04021094.

Rogers, ], Chong, H. Y., Preece, C., Lim, C. C,, & Jayasena, H. S. (2015). BIM Development and Trends in Developing
Countries: Case Studies.

Sacks, R., & Pikas, E. (2013). Legal and contractual challenges in BIM implementation. Journal of Legal Affairs and
Dispute Resolution in Engineering and Construction, 5(4), 248-256. https://doi.org/10.1061/(ASCE)LA.1943-
4170.0000147

Sacks, R, Eastman, C. M,, Lee, G., & Teicholz, P. (2018). BIM handbook: A guide to building information modeling
for owners, designers, engineers, contractors, and facility managers (3rd ed.). John Wiley & Sons.

Sotelino, E. D., Natividade, V., & Travassos do Carmo, C. S. (2020). Teaching BIM and its impact on young
professionals. Journal of Civil Engineering Education, 146(4), 05020005.

Sukanya, B. (2024). Using BIM Effectively for Efficient Project Management in Civil Engineering
https://www.novatr.com/blog/bim-for-project-management

Volk, R., Stengel, ]J., & Schultmann, F. (2014). Building Information Modeling (BIM) for existing buildings—
Literature review and future needs. Automation in Construction, 38, 109-127.
https://doi.org/10.1016/j.autcon.2013.10.023

Wang, G., & Leite, F. (2016). Process-oriented approach of teaching Building Information Modeling in
construction management. Journal of Professional Issues in Engineering Education and Practice, 142(2),
040150009. https://doi.org/10.1061/(ASCE)E1.1943-5541.0000268

Wong, K. D., & Fan, Q. (2013). Building information modeling (BIM) for sustainable building design. International
Journal of Environmental Science and Development, 4(5), 453-458. https://doi.org/10.7763/1JESD.2013.V4.396

Zou, Z., Kiviniemi, A, & Jones, S. W. (2017). A review of risk management through BIM and BIM-related
technologies. Safety Science, 97, 88-98. https://doi.org/10.1016/j.ssci.2015.12.027

1813


https://doi.org/10.1061/(ASCE)CO.1943-7862.0000988
https://doi.org/10.1016/j.autcon.2009.09.003
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001351
https://doi.org/10.1016/j.autcon.2018.05.027
https://doi.org/10.1061/(ASCE)LA.1943-4170.0000147
https://doi.org/10.1061/(ASCE)LA.1943-4170.0000147
https://www.novatr.com/blog/bim-for-project-management
https://doi.org/10.1061/(ASCE)EI.1943-5541.0000268

