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Abstract

Transportation infrastructure projects face persistent challenges, including cost overruns, safety risks, and design inaccuracies.
This study examines the integration of automated detection systems (e.g., LIDAR, drones) and pre-construction optimization
tools (e.g., BIM, GIS) to address these issues. Using a mixed-methods approach, the research analyzed 12 projects and simulated
a bridge rehabilitation case to compare conventional, detection-only, and integrated approaches. Findings indicate that the
integrated approach reduced cost overruns by 66.7%, safety incidents by 71.4%, and design change orders by 70% compared to
conventional methods. Qualitative insights highlighted the importance of training and stakeholder coordination, though barriers
like high costs and interoperability issues remain. A framework was developed to guide implementation, emphasizing
standardized protocols and financial incentives. While limited to highways and bridges, the study underscores the potential of
integrated technologies to enhance project outcomes. Recommendations include subsidies for technology adoption, standardized
data formats, and comprehensive training to ensure scalability across diverse infrastructure projects.

Keywords: Building Information Modeling (BIM), Cost Efficiency, Construction Management, Design Accuracy, Drones,

LiDAR.

Introduction

Transportation infrastructure projects, such as highways,
bridges, and rail systems, form the backbone of economic
and social connectivity in modern societies. These projects
facilitate the movement of goods, services, and people,
directly influencing productivity and quality of life (Litman,
2021). However, the planning, design, and construction
phases of such projects are often fraught with inefficiencies,
including cost overruns, delays, and safety concerns. Recent
advancements in technology have introduced opportunities
to address these challenges through innovative approaches,
notably automated detection systems and pre-construction
optimization strategies.

Automated detection systems encompass technologies like
LiDAR (Light Detection and Ranging), drones, and
machine vision, which enable real-time monitoring and data
collection during various project phases. These systems
have been increasingly adopted to identify structural
defects, monitor construction progress, and ensure
compliance with safety standards (Wang et al., 2019). For
instance, drones equipped with high-resolution cameras can
survey large areas quickly, providing data that enhances
decision-making. Similarly, pre-construction optimization
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involves the use of advanced computational tools—such as
Building Information Modeling (BIM), geographic
information systems (GIS), and simulation software—to
refine project designs and schedules before construction
begins (Li et al., 2018). These tools allow engineers to
anticipate challenges, optimize resource allocation, and
minimize environmental impacts.

The integration of these two approaches—automated
detection and pre-construction optimization—has the
potential to transform transportation infrastructure projects.
Studies have shown that combining real-time data from
automated systems with predictive modeling in the pre-
construction phase can improve project outcomes
significantly (Chen et al., 2020). For example, integrating
LiDAR data with BIM models can help identify design
flaws early, reducing the likelihood of costly revisions
during construction. Despite these advancements, the
adoption of integrated systems remains limited, particularly
in large-scale transportation projects, due to technical,
organizational, and financial barriers (Ammar et al., 2022).

Over the past decade, global investments in transportation
infrastructure have surged, driven by urbanization and the
need to replace aging systems. According to the World
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Bank (2023), annual spending on transportation
infrastructure exceeds $2 trillion globally, with a significant
portion allocated to roads and bridges. However,
inefficiencies persist, with up to 30% of projects
experiencing delays or budget overruns (Flyvbjerg, 2017).
These challenges underscore the need for innovative
solutions that enhance efficiency and sustainability.
Automated detection systems and pre-construction
optimization offer promising avenues to address these
issues, but their combined application requires further
exploration to maximize their benefits.

Problem Statement

Despite the potential of automated detection systems and
pre-construction  optimization, their integration in
transportation infrastructure projects is not yet widespread.
Many projects still rely on traditional methods, such as
manual inspections and fragmented planning processes,
which are time-consuming and prone to errors (Zhang et al.,
2021). For instance, manual surveys often fail to detect
subsurface issues, leading to unexpected complications
during construction. Similarly, the lack of coordination
between pre-construction planning and real-time
monitoring can result in misaligned designs, wasted
resources, and increased safety risks (Kim et al., 2019).

The absence of integrated frameworks that combine
automated detection with pre-construction optimization
creates several challenges. First, there is a gap in real-time
data utilization, where information collected during
construction is not effectively fed back into planning
models to refine future phases (Liu et al., 2023). Second,
organizational resistance and a lack of technical expertise
hinder the adoption of these technologies, particularly in
developing regions (Rahimian et al., 2020). Third, the high
initial costs of implementing advanced systems deter
stakeholders, despite evidence of long-term savings
(Ammar et al., 2022). These issues contribute to persistent
inefficiencies, with studies estimating that up to 20% of
project costs could be saved through better integration of
technology (McKinsey Global Institute, 2016).

Furthermore, transportation infrastructure projects often
operate under stringent timelines and budgets, making it
critical to minimize delays and errors. The failure to
integrate  automated detection systems with pre-
construction optimization limits the ability to proactively
address risks, such as design inaccuracies or unforeseen site
conditions (Chen et al., 2020). As governments and private
entities increasingly prioritize sustainable and resilient
infrastructure, there is an urgent need to develop approaches
that leverage both technologies to improve project
outcomes. This study seeks to address these gaps by
examining how integrated systems can enhance efficiency,
reduce costs, and improve safety in transportation
infrastructure projects.
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Research Objectives

The primary aim of this study is to investigate the
integration of automated detection systems and pre-
construction optimization in transportation infrastructure
projects to improve efficiency and project outcomes. The
specific objectives are as follows:

1. To evaluate the effectiveness of automated
detection systems in identifying and monitoring
critical project parameters during transportation
infrastructure projects.

2. Toassess the role of pre-construction optimization
tools in improving design accuracy and resource
allocation.

3. To analyze the synergies between automated
detection  systems and  pre-construction
optimization in reducing project timelines, costs,
and safety risks.

4. To propose a framework for integrating these
technologies into transportation infrastructure
projects, considering technical, organizational, and
financial factors.

By addressing these objectives, this study aims to contribute
to the growing body of knowledge on technology-driven
infrastructure development. The findings are expected to
provide practical insights for engineers, project managers,
and policymakers seeking to enhance the efficiency and
sustainability of transportation projects.

Literature Review

The integration of advanced technologies in transportation
infrastructure projects has garnered significant attention in
recent years, driven by the need to address inefficiencies,
safety concerns, and environmental impacts. This literature
review examines four key areas: automated detection
systems, pre-construction optimization, transportation
infrastructure projects, and the integration of these
technologies to enhance project outcomes.

Automated Detection Systems

Automated detection systems refer to technologies that
collect, process, and analyze data in real time to monitor
construction processes and infrastructure conditions. These
systems include LiDAR, drones, machine vision, and
ground-penetrating radar, among others. According to
Wang et al. (2019), drones equipped with high-resolution
cameras have become widely adopted for site surveys,
enabling rapid data collection over large areas. Their ability
to capture detailed imagery supports progress tracking and
defect identification, reducing reliance on manual
inspections. Similarly, LiDAR technology has proven
effective in generating precise 3D models of construction
sites, facilitating accurate measurements and early detection
of structural issues (Han et al., 2018).
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Machine vision, another key component, uses algorithms to
analyze images and videos for quality control and safety
monitoring. Kim et al. (2020) demonstrated that machine
vision systems can identify cracks in concrete structures
with over 90% accuracy, significantly improving inspection
efficiency. However, challenges remain, including high
setup costs and the need for skilled operators (Rahimian et
al., 2020). Additionally, data processing demands can strain
computational resources, particularly for large-scale
projects (Zhang et al., 2021). Recent studies suggest that
integrating automated detection systems with cloud-based
platforms can address these limitations by enabling real-
time data sharing and analysis (Liu et al., 2023).

Despite these advancements, the adoption of automated
detection systems in transportation infrastructure projects
varies widely. Developing regions often face barriers such
as limited funding and technical expertise, while even
advanced economies struggle with standardizing protocols
across projects (Ammar et al., 2022). These challenges
highlight the need for scalable solutions that balance cost
and performance.

Pre-Construction Optimization

Pre-construction optimization involves the wuse of
computational tools to refine project designs, schedules, and
resource allocation before construction begins. Key
technologies include Building Information Modeling
(BIM), geographic information systems (GIS), and
simulation software. BIM, in particular, has transformed
pre-construction planning by enabling collaborative 3D
modeling that integrates architectural, structural, and
environmental data (Li et al., 2018). Chen et al. (2020)
found that BIM implementation in highway projects
reduced design errors by 15%, leading to fewer revisions
during construction.

GIS complements BIM by providing spatial analysis
capabilities, such as identifying optimal routes or assessing
environmental impacts. For example, Wang and Zhang
(2019) used GIS to optimize the alignment of a railway
project, minimizing land acquisition costs by 12%.
Simulation tools further enhance pre-construction planning
by modeling construction sequences and predicting
potential delays. According to Eastman et al. (2018),
simulations can reduce project timelines by up to 10% by
identifying bottlenecks early.

However, pre-construction optimization faces several
hurdles. Interoperability issues between BIM, GIS, and
other platforms often complicate data integration (Jin et al.,
2021). Additionally, the upfront investment in software and
training can deter smaller firms (Rahimian et al., 2020).
Recent research emphasizes the importance of standardized
workflows to overcome these barriers, with some proposing
open-source platforms to democratize access to
optimization tools (Liu et al., 2023). Despite these
challenges, pre-construction optimization remains a
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cornerstone of efficient project delivery, particularly for
complex transportation infrastructure.

Transportation Infrastructure Projects

Transportation  infrastructure  projects—encompassing
roads, bridges, railways, and tunnels—are critical to
economic development and social connectivity. These
projects are characterized by their scale, complexity, and
long-term impacts. According to the World Bank (2023),
global spending on transportation infrastructure exceeds $2
trillion annually, with significant investments in urban
transit and intercity networks. However, inefficiencies
persist, with Flyvbjerg (2017) estimating that 30% of
megaprojects experience cost overruns or delays.

Safety and sustainability are also pressing concerns. Poorly
executed projects can lead to structural failures, as
evidenced by high-profile bridge collapses in recent years
(Biezma et al., 2020). Environmental impacts, such as
habitat disruption and carbon emissions, further complicate
project delivery (Litman, 2021). Technologies like
automated detection systems and pre-construction
optimization have been proposed to address these issues,
but their application remains inconsistent. For instance,
Zhang et al. (2021) noted that only 25% of transportation
projects in developing nations incorporate advanced
monitoring technologies, compared to 60% in developed
economies.

Stakeholder coordination is another critical factor.
Transportation projects often involve multiple parties,
including government agencies, contractors, and local
communities, leading to potential misalignments
(McKinsey Global Institute, 2016). Recent studies advocate
for integrated project delivery models that leverage
technology to improve communication and transparency
(Ammar et al., 2022). These findings underscore the need
for holistic approaches that combine technological and
organizational innovations to enhance project outcomes.

Integrating Automated Detection Systems and Pre-
Construction  Optimization in  Transportation
Infrastructure Projects

The integration of automated detection systems and pre-
construction optimization offers a promising strategy to
address the challenges of transportation infrastructure
projects. By combining real-time data from detection
systems with predictive models from optimization tools,
projects can achieve greater accuracy, efficiency, and
safety. For example, Chen et al. (2020) demonstrated that
integrating LIiDAR data with BIM models during the pre-
construction phase of a highway project reduced design
conflicts by 20%. Similarly, Kim et al. (2019) found that
drone-based monitoring, when linked to simulation
software, improved schedule adherence by 15% in a bridge
construction project.
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Several studies have explored the technical aspects of
integration. Liu et al. (2023) proposed a digital twin
framework that combines automated detection and
optimization tools to create real-time, data-driven project
models. Their findings suggest that digital twins can reduce
project costs by up to 10% by enabling proactive decision-
making. However, technical challenges, such as data
compatibility and system latency, remain significant
barriers (Jin et al., 2021). For instance, LIiDAR and BIM
platforms often use different data formats, requiring manual
conversions that increase processing time (Zhang et al.,
2021).

Organizational and financial barriers also hinder
integration. Rahimian et al. (2020) noted that resistance to
change among project teams, coupled with high initial
costs, limits the adoption of integrated systems. Smaller
firms, in particular, struggle to justify investments in
technologies with long payback periods (Ammar et al.,
2022). To address these issues, some researchers advocate
for public-private partnerships to subsidize technology
adoption, particularly in developing regions (World Bank,
2023).

Recent case studies provide evidence of successful
integration. For example, a railway project in China
integrated drone surveys with GIS-based optimization to
reduce land use conflicts by 18% (Wang & Zhang, 2019).
Similarly, a bridge project in the United States used
machine vision and BIM to detect and resolve design errors,
saving $2 million in rework costs (Kim et al., 2020). These
examples highlight the potential of integrated systems but
also reveal a lack of standardized frameworks to guide
implementation across diverse project types.

The literature suggests several research gaps. First, there is
limited empirical data on the long-term impacts of
integration, particularly regarding maintenance and
lifecycle costs (Liu et al., 2023). Second, most studies focus
on technical feasibility rather than organizational or cultural
factors, which are equally critical (Rahimian et al., 2020).
Third, there is a need for frameworks that address
scalability, ensuring that integrated systems are viable for
both large and small projects (Ammar et al., 2022). This
study aims to address these gaps by examining the practical
and theoretical implications of integrating automated
detection systems and pre-construction optimization in
transportation infrastructure projects.

Methodology

To explore the integration of automated detection systems
and pre-construction optimization in transportation
infrastructure projects, this study employed a mixed-
methods approach, combining quantitative analysis with
qualitative insights. This methodology was designed to
assess the effectiveness of these technologies, evaluate their
combined impact, and develop a framework for practical
implementation. The research unfolded in three phases: data
collection, experimental simulation, and framework
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formulation. Each phase is described below, building on
established methods from recent studies (Chen et al., 2020;
Liu et al., 2023).

Phase 1: Data Collection

The initial phase focused on gathering data from real-world
transportation infrastructure projects to establish a
foundation for analysis. The study targeted two project
types—highway construction and bridge rehabilitation—
due to their prevalence and complexity (World Bank, 2023).
A purposive sampling strategy was used to select 12
projects completed between 2017 and 2023 across North
America, Europe, and Asia, ensuring variation in project
size, budget, and technology use (Flyvbjerg, 2017). Six
projects employed integrated systems (e.g., LIDAR, drones,
BIM, and GIS), while the remaining six used conventional
methods (e.g., manual inspections and 2D plans).

Data were sourced from project records, including budgets,
safety logs, design change orders, and completion reports.
For projects using automated detection, data included
LiDAR point clouds, drone imagery, and machine vision
outputs. Pre-construction optimization data comprised BIM
models, GIS analyses, and simulation logs. To capture
experiential insights, 24 semi-structured interviews were
conducted with project managers, engineers, and site
supervisors (two per project). Interview questions explored
technology implementation, challenges, and perceived
benefits, following protocols outlined by Rahimian et al.
(2020). Transcripts were analyzed using thematic coding to
identify common themes, such as interoperability issues and
cost concerns.

Phase 2: Experimental Simulation

The second phase involved simulating the integration of
automated detection systems and pre-construction
optimization to quantify their effects on project outcomes.
A bridge rehabilitation project (a 200-meter span completed
in 2020) was selected as the basis for the simulation, using
anonymized data from one of the sampled projects. The
simulation was conducted with industry-standard tools:
Autodesk Revit for BIM modeling, ArcGIS for geospatial
analysis, and Synchro 4D for construction sequencing (Li et
al., 2018).

Three scenarios were modeled:

1. Conventional Approach: Manual inspections and
traditional design processes without real-time data.

2. Automated Detection Only: Use of LIDAR and
drones during construction, but no pre-
construction optimization.

3. Integrated Approach: Combined use of LiDAR,
drones, BIM, and GIS, with data exchange
between construction and planning phases.

The scenarios were evaluated based on three metrics: cost
(percentage of budget adherence), safety (number of
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incidents), and design accuracy (number of change orders).
Realistic constraints, such as equipment downtime and site
access limitations, were incorporated based on project data
(Kim et al., 2019). Each scenario was simulated 12 times to
account for variability, and average values were computed.
Statistical tests, specifically t-tests, were applied to compare
outcomes between scenarios, with a significance level of p
< 0.05 (Zhang et al., 2021).

Phase 3: Framework Formulation

The final phase synthesized quantitative and qualitative
findings to develop a framework for integrating automated
detection systems and pre-construction optimization. The
framework was constructed using a design science
approach, ensuring applicability and rigor (Hevner et al.,
2019). It incorporated steps for technology selection, data
integration, and stakeholder alignment, addressing barriers
identified in interviews (e.g., training needs, software
compatibility). The draft framework was reviewed by six
industry professionals (three engineers and three project
managers) during a virtual focus group in February 2023.
Their feedback refined the framework’s structure,
emphasizing scalability and cost-effectiveness.

Ethical considerations were prioritized. Interview
participants provided informed consent, and all project data
were anonymized to ensure confidentiality. The
methodology triangulated data from simulations,
documents, and interviews to enhance validity and reduce
bias.

Results and Discussion
Results

The study’s findings highlight the advantages of integrating
automated detection systems and pre-construction
optimization in transportation infrastructure projects. The
results focus on cost, safety, and design accuracy, providing
a holistic view of project performance across the simulated
scenarios.

Cost Performance

The integrated approach yielded the lowest average cost
overrun at 6%, compared to 18% for the conventional
approach and 12% for the automated detection-only
scenario. This represents a 66.7% reduction in overruns
compared to conventional methods. The sampled projects
corroborated these findings, with integrated systems saving
an average of $1.5 million per project through fewer rework
cycles and optimized material use. T-test results confirmed
significant differences between the integrated and
conventional scenarios (t(22) = 3.45, p < 0.01).
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Table 1: Cost Performance Across Scenarios

Average
Cost Savings VS.
Overrun Conventional
Scenario (%) (%)
Conventional 18 -
Automated Detection
Only 12 33.3
Integrated Approach | 6 66.7

Cost Performance
Across Scenarios

20
e
0

M Average Cost

QOQ"' v\’»‘"" \6@‘" Overrun (%)
Scenario

Cost Overrun (%)

Figure 1: Cost Performance across Scenarios

Safety Outcomes

The integrated approach reported the fewest safety
incidents, averaging 2 per project, compared to 7 for the
conventional approach and 4 for automated detection only.
This represents a 71.4% reduction in incidents compared to
conventional methods. Real-world data from the sampled
projects showed similar trends, with integrated systems
linked to zero major accidents in four of six cases.

Design Accuracy

Design accuracy, measured by the number of change orders,
was highest in the integrated approach, with an average of
3 change orders per project, compared to 10 for the
conventional approach and 6 for automated detection only.
This 70% reduction reflects the ability of BIM and GIS to
refine designs using real-time LiDAR and drone data,
minimizing errors before construction.

Discussion

The results confirm that integrating automated detection
systems and pre-construction optimization enhances
transportation infrastructure projects across multiple
dimensions. The 66.7% reduction in cost overruns in the
integrated scenario stems from streamlined workflows. For
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example, BIM models updated with LiDAR data allowed
engineers to identify design conflicts early, reducing rework
costs (Chen et al., 2020). GIS further optimized site layouts,
cutting material waste by an estimated 10% (Wang &
Zhang, 2019). However, the upfront costs of these
technologies remain a challenge, particularly for smaller
contractors (Rahimian et al.,, 2020). Public-private
partnerships could mitigate this barrier by subsidizing initial
investments.

The safety improvements are equally significant.
Automated detection systems, such as machine vision,
identified hazards like unstable scaffolding in real time,
preventing accidents (Kim et al., 2020). Yet, effective
implementation requires robust training programs, as
misconfigured systems can generate false alerts,
undermining trust (Zhang et al., 2021). The integrated
approach’s success in reducing safety incidents suggests
that combining proactive planning (via BIM/GIS) with real-
time monitoring creates a comprehensive safety net.

Design accuracy benefits highlight the synergy between
technologies. Real-time data from drones and LiDAR
enabled BIM models to reflect actual site conditions,
reducing discrepancies that typically trigger change orders
(Liu et al., 2023). This contrasts with the conventional
approach, where manual surveys often missed subsurface
issues, leading to costly revisions (Flyvbjerg, 2017). Still,
interoperability challenges—such as incompatible data
formats between LIDAR and BIM—persisted in some
simulated cases, echoing findings by Jin et al. (2021).

Interview insights revealed additional nuances. Project
managers valued the transparency of integrated systems,
which improved coordination among stakeholders.
However, they noted resistance to adopting new tools,
particularly among older workers, suggesting a need for
change management strategies (Ammar et al., 2022). The
sampled projects also indicated regional disparities, with
North American projects adopting integration more readily
than those in Asia, likely due to funding differences (World
Bank, 2023).

Compared to the automated detection-only scenario, the
integrated approach’s superior performance underscores the
importance of pre-construction planning. Detection systems
alone improved monitoring but lacked the predictive power
of BIM and GIS to prevent issues proactively (Liu et al.,
2023). These findings align with case studies, such as a
highway project in Europe that saved €1.2 million through
integrated technologies (Chen et al., 2020).

Limitations include the study’s focus on highways and
bridges, which may not generalize to other infrastructure,
such as tunnels. The simulation also assumed consistent
technology access, which may not hold in resource-
constrained settings (Ammar et al., 2022). Future research
should investigate scalability and long-term maintenance
impacts to build on these findings.
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Conclusion and Recommendations

This study investigated the integration of automated
detection systems and pre-construction optimization in
transportation infrastructure projects, focusing on their
potential to enhance cost efficiency, safety, and design
accuracy. The findings confirm that combining
technologies such as LIDAR, drones, Building Information
Modeling (BIM), and geographic information systems
(GIS) significantly improves project outcomes compared to
conventional methods. These improvements stem from the
synergy between real-time data collection and predictive
planning, which enables proactive decision-making and
minimizes errors.

The qualitative insights from interviews underscored the
importance of stakeholder coordination and training to
maximize these benefits. The proposed framework,
developed through iterative industry feedback, offers a
practical roadmap for integrating these technologies,
addressing technical, organizational, and financial
considerations.

Several recommendations emerge from this study. First,
project managers should prioritize early investment in
integrated systems, as the long-term savings in cost and
safety outweigh upfront expenses. Public-private
partnerships or government subsidies could alleviate
financial burdens, especially for smaller contractors.

Second, standardized protocols for data exchange between
platforms like LiDAR and BIM are essential to overcome
interoperability challenges. Industry associations could lead
efforts to develop open-source tools or guidelines to ensure
compatibility.

Third, comprehensive training programs are necessary to
build technical capacity and reduce resistance among
project teams. These programs should emphasize hands-on
experience with tools like drones and GIS to foster
confidence.

The study’s limitations provide direction for future
research. The focus on highways and bridges may not fully
capture the dynamics of other infrastructure types, such as
railways or tunnels. Additionally, the simulation assumed
optimal conditions for technology access, which may not
reflect realities in resource-constrained settings. Further
studies should explore the scalability of integrated systems
across diverse project types and regions, as well as their
long-term impacts on maintenance and lifecycle costs.
Investigating the role of emerging technologies, such as
artificial intelligence in data analysis, could also enhance
the proposed framework.

Integrating automated detection systems and pre-
construction optimization offers a transformative approach
to transportation infrastructure projects. By addressing
current barriers and implementing the recommended
strategies, stakeholders can achieve more efficient, safer,
and accurate project delivery. This study contributes to the
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growing body of knowledge on technology-driven
infrastructure development, providing actionable insights
for engineers, policymakers, and contractors aiming to
modernize the industry.

10.

11.

12.

13.

References

Ammar, A., Nassereddine, H., & AbdulBaky, A.
(2022). Construction 4.0: The impact of digital
technologies on project delivery. Journal of
Construction Engineering and Management, 148(3),
04021194. https://doi.org/10.1061/(ASCE)CO.1943-
7862.0002233

Biezma, M. V., Schanack, F., & Arredondo, J. (2020).
Structural failures in bridges: Causes and lessons
learned. Engineering Failure Analysis, 114, 104592.
https://doi.org/10.1016/j.engfailanal.2020.104592
Chen, J., Zhang, G., & Li, J. (2020). Integration of
BIM and GIS for sustainable infrastructure
development.  Sustainability,  12(18),  7654.
https://doi.org/10.3390/su12187654

Eastman, C., Teicholz, P., Sacks, R., & Liston, K.
(2018). BIM handbook: A guide to building
information modeling for owners, designers,
engineers, and contractors (3rd ed.). Wiley.
Flyvbjerg, B. (2017). The Oxford handbook of
megaproject management. Oxford University Press.
Han, K. K., Cline, D., & Golparvar-Fard, M. (2018).
LiDAR-based point cloud processing for construction

monitoring. Journal of Computing in Civil
Engineering, 32(5), 040180309.
https://doi.org/10.1061/(ASCE)CP.1943-
5487.0000783

Hevner, A. R., March, S. T., Park, J., & Ram, S.
(2019). Design science in information systems
research. MIS Quarterly, 43(1), 75-106.

Jin, R, Zou, P. X. W., & Piroozfar, P. (2021).
Interoperability in construction: A review of BIM and
GIS integration. Automation in Construction, 124,
103557. https://doi.org/10.1016/j.autcon.2021.103557
Kim, J, Kim, S.,, & Lee, J. (2019). Automated
construction ~ monitoring  using  drone-based
photogrammetry. Automation in Construction, 105,
102834. https://doi.org/10.1016/j.autcon.2019.102834
Kim, S., Park, J., & Lee, J. (2020). Machine vision for
structural health monitoring in construction. Sensors,
20(21), 6225. https://doi.org/10.3390/s20216225

Li, X., Wu, P., & Shen, G. Q. (2018). Enhancing pre-
construction planning through Building Information
Modeling. Journal of Cleaner Production, 172, 2337—
2347. https://doi.org/10.1016/j.jclepro.2017.11.187
Litman, T. (2021). Evaluating transportation
economic development impacts. Victoria Transport
Policy Institute.

Liu, Z., Zhang, M., & Osmani, M. (2023). Digital twin
applications in construction: A systematic review.
Buildings, 13(4), 945.
https://doi.org/10.3390/buildings13040945

IJRITCC | December 2023, Available @ http://www.ijritcc.org

14.

15.

16.

17.

18.

19.

McKinsey Global Institute. (2016). Bridging global
infrastructure gaps. McKinsey & Company.
Rahimian, F. P., Seyedzadeh, S., & Glesk, 1. (2020).
Trends and challenges in the adoption of digital
technologies  in  construction. Construction
Innovation, 20(4), 627-645.
https://doi.org/10.1108/CI-02-2020-0025

Wang, M., Wang, C. C., & Sepasgozar, S. (2019). A
systematic review of drone applications in
construction. Drones, 3(4), 81.
https://doi.org/10.3390/drones3040081

Wang, X., & Zhang, Y. (2019). GIS-based
optimization ~ for  transportation infrastructure
planning. Journal of Transport Geography, 74, 142—
152. https://doi.org/10.1016/j.jtrange0.2018.11.008
World Bank. (2023). Global infrastructure outlook:
Transport sector investment trends. World Bank
Publications.

Zhang, L., Liu, X., & Xu, J. (2021). Challenges in
adopting smart construction technologies: A case
study of transportation projects. Journal of Civil
Engineering and Management, 27(6), 412-423.
https://doi.org/10.3846/jcem.2021.15234

1854


http://www.ijritcc.org/
https://doi.org/10.1061/(ASCE)CO.1943-7862.0002233
https://doi.org/10.1061/(ASCE)CO.1943-7862.0002233
https://doi.org/10.1016/j.engfailanal.2020.104592
https://doi.org/10.3390/su12187654
https://doi.org/10.1061/(ASCE)CP.1943-5487.0000783
https://doi.org/10.1061/(ASCE)CP.1943-5487.0000783
https://doi.org/10.1016/j.autcon.2021.103557
https://doi.org/10.1016/j.autcon.2019.102834
https://doi.org/10.3390/s20216225
https://doi.org/10.1016/j.jclepro.2017.11.187
https://doi.org/10.3390/buildings13040945
https://doi.org/10.1108/CI-02-2020-0025
https://doi.org/10.3390/drones3040081
https://doi.org/10.1016/j.jtrangeo.2018.11.008
https://doi.org/10.3846/jcem.2021.15234

