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Abstract: The structural engineering industry is at a pivotal
juncture, driven by the integration of cutting-edge digital tools
that are transforming traditional design, analysis, and
construction practices. This review provides a comprehensive
examination of three major technological advancements—Digital
Twins, Building Information Modeling (BIM), and Atrtificial
Intelligence (Al)—that are reshaping the landscape of structural
engineering. By synthesizing recent research and case studies, we
assess the current applications, benefits, and challenges
associated with these technologies, along with their synergistic
effects when used in tandem. Digital Twins enable real-time data
monitoring and predictive analysis, allowing for enhanced
lifecycle management and operational efficiency of infrastructure
systems. BIM improves design coordination and collaboration,
reducing errors and optimizing resource allocation throughout
the project lifecycle. Al, meanwhile, introduces powerful data
processing capabilities, enabling predictive maintenance, design
optimization, and automated decision-making processes that
enhance both safety and performance. Our findings indicate that
while these technologies offer immense potential, there are
significant implementation barriers, including data privacy
concerns, high initial costs, and the need for skilled labor capable
of managing complex digital tools. Future directions emphasize
the need for standardized data integration protocols,
advancements in digital twin modeling for structural health
monitoring, and a push toward Al-driven automation in structural
analysis and safety inspections. This review provides insights for
engineers, researchers, and industry stakeholders aiming to
leverage these technologies to achieve more sustainable, efficient,
and resilient structural systems, ultimately guiding the field of
structural engineering into a more digital, data-centric future.

Keywords: Digital Twins, Building Information Modeling
(BIM), Artificial Intelligence (Al), Structural Engineering,
Review, Applications.

I. INTRODUCTION

Structural engineering is a vital branch of the broad scope

of work referred to as civil engineering. Primarily, this
branch involves the designing, building, and maintenance of
structures, which are meant to support loads safely and resist
various environmental impacts. Technological innovations
over the last several decades have significantly manifested in
different engineering fields, and structural engineering has
not been left behind. The revolution brought by Digital Twin,
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Building Information Modelling, smart infrastructure, and
Artificial intelligence is considered critical.

A. Background and Motivation

The classical way of doing structural engineering would
have its limitations, a very few based on communication,
design accuracy, and anticipation and subsequent preclusion
of problems. The growing demand for sustainable and
resilient infrastructure is propelling modern structures toward
increased complexity, increasing further the demand for
innovative solutions. Digital Twins, BIM, and Al are a
junction of digital technologies to address these challenges
with enhanced capabilities in design, analysis, construction,
and maintenance.

1. DIGITAL TWINS IN STRUCTURAL
ENGINEERING

Digital Twins (DT) are virtual representations of physical
assets that enable real-time data analysis and simulations. By
connecting physical and digital environments, DTs provide
engineers with insights into the performance of structures
under varying conditions, offering new possibilities for
predictive maintenance and real-time optimization.

A. Applications of Digital Twins

In structural engineering, DTs are widely used in
large-scale infrastructure projects such as bridges, tunnels,
and high-rise buildings. For instance, the Hong
Kong-Zhuhai-Macao Bridge employs a DT for real-time
monitoring, is enabling the detection of structural anomalies
before they lead to failures (Rasheed & San, 2020) [1].
Digital Twins have also been instrumental in simulating the
impact of natural disasters, allowing engineers to optimize
designs for seismic and wind resilience (Jones et al., 2020)

[2].

Case Study 1: St. Paul's Cathedral in London, England

St. Paul's Cathedral is a prime example of structural
engineering using digital twins. The cathedral built in the
17th century has faced substantial wear and tear over
centuries. In 2016, the conservation team employed a digital
twin model of the building in collaboration with structural
engineers from Arup. This provided a 3D computer-aided
design and simulation model, allowing structural engineers to
monitor and understand the behavior of the dome under
various loads. The digital twin was helpful in determining the
load path, the areas where repair was necessary, and devising
maintenance strategies, consequently extending the
cathedral's lifespan.
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Case Study 2: Yuhuatai Station Redevelopment in
Guangzhou, China

Yuhuatai Station in China is another notable case that
demonstrates the power of digital twins in the field of
structural engineering.

The project aimed at converting an existing train depot into
a state-of-the-art metro station while conserving the original
structures as much as possible. Geo5, a widely used digital
twin tool developed by the Norwegian Public Roads
Administration (Statens vegvesen), was used in creating a
digital twin model to analyze the geotechnical properties of
the local soil and subsoil. This model assisted in
understanding the stability issues and guided the engineering
strategies for constructing a reinforced soil wall around the
station, thus making this redevelopment project unique and
efficient.

B. Benefits and Challenges

The key advantage of DTs is their ability to provide
real-time feedback on structural performance, enabling
proactive maintenance that reduces the risk of catastrophic
failures. However, challenges such as high computational
requirements, data integration complexity, and cybersecurity
concerns remain (Gonzalez & Lucas, 2021) [8] [16].

C. Future Prospects

The future of digital twins in structural engineering looks
promising, with ongoing advancements in sensor technology,
data analytics, and machine learning. Future research is likely
to focus on improving data integration techniques, reducing
setup costs, and enhancing the user-friendliness of digital
twin platforms (G. M. Azanaw,(2024)).

11l. BUILDING INFORMATION MODELING (BIM)

Building Information Modeling (BIM) integrates 3D
modeling with comprehensive project data, providing a
detailed digital representation of a structure’s geometry,
spatial relationships, and performance metrics. BIM plays a
crucial role in streamlining project workflows and improving
communication among architects, engineers, and contractors.

A. Benefits of BIM

BIM has been shown to reduce errors in the construction
phase by enabling better coordination among project
stakeholders. A notable case is the Crossrail project in the
UK, where BIM facilitated seamless integration of design,
construction, and operation phases, resulting in substantial
cost and time savings (Succar, 2019) [4] [11] [12]. BIM also
enables improved lifecycle management, allowing engineers
to optimize building operations post-construction (Eastman
etal., 2018) [3] [23].

B. BIM in Practice

Adoption of BIM is increasingly becoming a standard
practice in many countries. In Singapore, the government has
mandated the use of BIM for all public sector projects,
illustrating its widespread adoption and effectiveness in
modern construction (Love et al., 2019) [5][13] [14] [15].

3.2.1.1 Case Study 1: The Burj Khalifa in Dubai, United
Arab Emirates

The Burj Khalifa, the world's tallest building, was an
ambitious project that involved cutting-edge structural
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engineering and the use of Building Information Modeling
(BIM). The project began in 2004 and was completed in
2010. The design team, comprising Skidmore, Owings &
Merrill (SOM) and Hyder Consulting, used BIM for the
structural design of the tower. The use of BIM allowed the
engineers to simulate various structural scenarios, test wind
loadings, and visualize the building's complex geometry.
This led to the development of innovative engineering
solutions, such as the buttressed core design, which increased
the structural efficiency and safety of the building.
3.2.2.2 Case Study 2: The California High-Speed Rail
(HSR) Project

The California High-Speed Rail (HSR) project is an
ambitious transportation initiative that aims to connect the
cities of San Francisco and a high-speed train system. The
project is using BIM extensively for its design, planning, and
construction management. The use of BIM allows the
engineering team to visualize the complex layout of the rail
system, plan the construction sequence, and manage the
project's resources effectively. This has led to improved
project coordination, cost management, and risk mitigation.

C. Future Prospects

The future of BIM in structural engineering looks bright,
with ongoing developments aimed at enhancing its
capabilities. Future research and development are likely to
focus on improving interoperability, integrating more
advanced analytics and simulation tools, and expanding the
use of BIM for lifecycle management and sustainability
assessments [17] [18] [19].

IV. ARTIFICIAL INTELLIGENCE IN STRUCTURAL
ENGINEERING

Acrtificial Intelligence (Al) has been a game-changer in
structural engineering, particularly in areas such as design
optimization, predictive maintenance, and structural health
monitoring. Machine learning algorithms can process vast
amounts of data to predict structural performance, reducing
risks and improving design efficiency.

A. Al for Design Optimization

Generative design, a subset of Al, uses algorithms to
generate multiple design solutions based on set parameters
like load distribution and material efficiency. This approach
enables engineers to explore a wider range of design options,
optimizing for cost, performance, and sustainability (Smith &
Tiwari, 2021) [6].

B. Al in Predictive Maintenance

Al also plays a critical role in predictive maintenance. By
analyzing data from embedded sensors, Al can predict when
components are likely to fail and recommend maintenance
before issues arise. This approach has been successfully
applied in monitoring bridges and skyscrapers, significantly
extending their service life (Zhang & Qin, 2022) [7] [24] [27]
[31] [32] [33].
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C. Case Studies

4.3.1 Case Study 1: Predictive Maintenance at the EDF
Nuclear Power Plant in France

Electricit¢ de France (EDF) is the largest electricity
producer in Europe, and it operates numerous nuclear power
plants. EDF has been using artificial intelligence (Al) to
improve the predictive maintenance of its power plants. By
analyzing the data collected from various sensors installed
throughout the plants, Al algorithms can predict potential
equipment failures and suggest maintenance actions before
they occur. This has led to increased safety, reduced
downtime, and lower maintenance costs.
4.3.2 Case Study 2: Earthquake Risk Assessment in
Japan

Japan is located in a seismically active region, and
earthquakes pose a significant risk to the country's
infrastructure. The National Research Institute for Earth
Science and Disaster Resilience (NIED) in Japan has been
using Al to analyze satellite images and predict the potential
damage to buildings and infrastructure following an
earthquake. By inputting the earthquake's location,
magnitude, and other relevant factors, the Al model can
generate a damage map, which helps emergency responders
and infrastructure managers prioritize their efforts and
resources effectively.

D. Future Prospects

The future of Al in structural engineering is promising,
with ongoing advancements in machine learning, data
analytics, and sensor technologies. Future research is likely
to focus on enhancing the accuracy and reliability of Al
models, improving data integration techniques, and
addressing ethical and regulatory challenges. Al's potential to
revolutionize structural engineering will continue to grow as
technology evolves, leading to smarter, safer, and more
efficient structures.

INTEGRATION OF DIGITAL TWINS, BIM, AND Al

The integration of DT, BIM, and Al holds the key to the
future of structural engineering. For example, integrating Al
algorithms into BIM can optimize the design process, while
Digital Twins provide real-time monitoring throughout the
lifecycle of the structure (Kassem & Akintoye, 2020) [9] [20]
[21] [22]. This convergence creates a continuous feedback
loop, enabling engineers to adapt designs based on real-time
data, thus improving both performance and safety.

A. Comparative Analysis

The Comparative Analysis makes a contrast between the
unique strengths and synergies that digital twins, BIM, and
Artificial Intelligence offer in the field of structural
engineering. Such comparative analysis is aimed at
underlining how these technologies complement each other,
their individual benefits, and the challenges they face in
revolutionizing the field.

B. Integration and Synergy

i. Digital Twins and BIM

Basically, a digital twin and BIM go hand in glove. BIM is
a detailed digital representation of the building's physical and
functional characteristics and forms the basic background
from which the digital twin can be created. Integrated, BIM
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will increase the accuracy and comprehensiveness of the
digital twin, allowing simulations to happen in a very
granular and exact way, as well as in real-time updates.
Digital twins will use real-time data from sensors through
BIM models to be able to support continual monitoring and
predictive maintenance.

ii. BIM and Al

The integration of Al algorithms along with BIM models
allows a lot of automation in several processes, better
decision making, etc. For example, Al is used to study data
contained in BIM models for process optimization in design,
clash detection, and construction planning. Integrating these
two technologies gives sophisticated simulations, risk
profiling, and predictive analytics which significantly
enhances the efficiency and outcome of the project (Miller,
B., & Lavery, D. (2019) [28][29].

iii. Digital Twins and Al

Enhanced with Al, a digital twin can extend into even more
powerful predictive maintenance, real-time monitoring, and
optimization. The Al algorithms analyze the huge volumes of
data that digital twins generate in order to detect anomalies,
predict failures, and recommend corrective actions. This
allows for far greater proactivity in managing the structural
health and performance of infrastructure.

C. Individual Advantages

i. Digital Twins

= Real-Time Monitoring: Provides continued, real-time
data regarding structural performance.

= Predictive Maintenance: Enables proactive maintenance
strategies to be put in place to lessen downtime and costs.

= Better Decision-Making: enables better decisions through
real-time insight and simulations.

ii. BIM

= Collaborative Design: Offers enhanced collaboration
between stakeholders using a single digital model.

= Construction Simulation: Develops detailed simulations
and visualizations for increased planning and execution.

= Lifecycle Management: Facility management and
operations with all data incorporated along the building
lifecycle.

iii. Al

= Predictive Analytics:
predictive  capabilities
maintenance.

= Automation: Automation of complex design and analysis
tasks enhances effectiveness.

= Innovative Solutions: Allows innovation in design and
construction  through  data-driven  insight  and
optimization.

It makes available advanced
for risk assessment and

D. Issues and Limitations
i. Digital Twins

= Data Integration: Digital twin requires the integration of
data from diverse sources. Data accuracy is a challenge.
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= High Setup Costs: Inherent high initial investment in
sensors, data acquisition systems, and software.

= Technical Expertise: Requirements of specialized skills
for managing and interpreting data from the digital twin.

ii. BIM

= Interoperability: Issues of maintaining compatibility with
various software platforms

= Learning Curve: Long learning curve associated with the
implementation of BIM software

= Legal and Contractual: New legal and contractual issues
introduced by BIM

iii. Al

= Data Quality: Good quality and comprehensive data
required for practical implementation of Al

= Integration: Integration with existing systems and
workflows may be a challenge.

= Ethical Considerations: This shall factor in concerns
regarding data privacy, security, and algorithm bias.

E. Synergistic Benefits

When integrated, digital twins, BIM, and Al offer
synergistic benefits that significantly enhance structural
engineering practices:
= Enhanced Predictive Maintenance: Digital twins
combined with Al provide advanced predictive
maintenance capabilities, leveraging real-time data and
predictive analytics to foresee and mitigate potential
issues.

= Improved Design and Construction: BIM models
enriched with Al can automate design optimizations and
clash detection, while digital twins offer real-time
insights during construction, improving efficiency and
accuracy.

= Comprehensive  Lifecycle  Management:  The
integration of these technologies supports comprehensive
lifecycle management, from design and construction to
maintenance and operations, ensuring that structures are
safe, efficient, and sustainable (Stark, J., & Chew, Y. H.
(2018) [25] [30].

F. Future Directions

The future integration of digital twins, BIM, and Al holds
immense potential for further revolutionizing structural
engineering. Key areas for future research and development
include:
= Standardization: Developing standardized protocols for
data integration and interoperability to ensure seamless
integration of these technologies.

= Advanced Analytics: Enhancing Al algorithms to
provide more accurate and reliable predictive analytics
and decision support.

= User-Friendly Platforms: Creating more intuitive and
user-friendly platforms to reduce the learning curve and
make these technologies accessible to a broader range of
users.

= Ethical Frameworks: Establishing ethical frameworks
to address concerns related to data privacy, security, and
algorithmic fairness.

VI. CHALLENGES

Despite their enormous potential, the widespread adoption
of DT, BIM, and Al faces several challenges. One significant
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barrier is the lack of interoperability between different
software platforms, making data sharing between these tools
difficult (Ayaz & Arslan, 2021) [10] [26]. Additionally, the
high costs of implementation and the need for skilled
professionals limit broader adoption. As technology
advances, solutions such as standardized data formats and
open-source platforms are expected to address these issues.

VII. FUTURE DIRECTIONS

The integration of digital twins, Building Information
Modeling (BIM), and Artificial Intelligence (Al) in structural
engineering has already begun to revolutionize the field.
However, to fully realize their potential and address current
limitations, further research and development are necessary.

As the field of structural engineering continues to evolve,
there are several promising research directions that warrant
further investigation. These include:

1. Development of more advanced and sophisticated digital
twin models, capable of accurately simulating the behavior
and performance of complex civil structures under various
environmental and loading conditions.

2. Integration of machine learning and deep learning
techniques with BIM and digital twins to enable more
accurate and reliable predictions of structural performance
and maintenance requirements.

3. Exploration of new Al-based optimization algorithms for
the design and construction of civil structures, with the aim of
minimizing material usage, construction time, and
environmental impact.

4. Investigation of the potential benefits and challenges
associated with the implementation of digital twins, BIM,
and Al in the management and maintenance of existing civil
structures, such as bridges, tunnels, and buildings.

A. Enhancing Data Integration and Interoperability

i. Standardized Data Protocols

Developing standardized data protocols is crucial for
ensuring seamless data integration across different platforms
and systems. This involves establishing common data
formats and communication standards to facilitate the
exchange of information between digital twins, BIM models,
and Al systems.

ii. Advanced Data Fusion Techniques

Future research should focus on advanced data fusion
techniques to combine data from diverse sources, including
sensors, simulations, and historical records. These techniques
will enhance the accuracy and comprehensiveness of digital
twins, leading to more reliable predictions and insights.

B. Improving Al Algorithms and Models

i. Machine Learning and Deep Learning

Continued advancements in machine learning and deep
learning are essential for improving the predictive
capabilities of Al in structural engineering. Research should
aim to develop more sophisticated algorithms that can handle
complex datasets and provide more accurate and reliable
predictions.
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Explainable Al

To increase trust and transparency, future Al models should
incorporate explainable Al techniques.

These techniques enable users to understand the
decision-making processes of Al systems, making it easier to
identify and address potential biases and errors.

C. Expanding Applications of Digital Twins

Real-Time Performance Optimization

Future digital twins should focus on real-time performance
optimization, enabling continuous adjustment of structural
systems based on real-time data. This includes adaptive
control systems that can respond to changing conditions and
optimize performance dynamically.

Integration with loT

The integration of digital twins with the Internet of Things
(IoT) can provide more comprehensive monitoring and
control capabilities. 10T devices can collect real-time data on
environmental conditions, usage patterns, and structural
performance, feeding this data into digital twins for enhanced
analysis and optimization.

D. Enhancing BIM Capabilities

BIM for Lifecycle Management

Expanding the use of BIM for comprehensive lifecycle
management is a key area for future development. This
involves integrating BIM with asset management systems to
provide a continuous flow of information from design and
construction to operation and maintenance.

Sustainable Design and Construction

Future BIM developments should focus on promoting
sustainable design and construction practices. This includes
incorporating environmental impact assessments, energy
efficiency analysis, and lifecycle costing into BIM models to
support sustainable decision-making.

E. Addressing Ethical and Regulatory Challenges

Data Privacy and Security

Ensuring data privacy and security is paramount as the use
of digital twins, BIM, and Al expands. Future research
should develop robust security protocols to protect sensitive
data and prevent unauthorized access.

Ethical Al Frameworks

Establishing ethical Al frameworks is essential to address
concerns related to algorithmic bias, transparency, and
accountability. These frameworks should provide guidelines
for the responsible development and use of Al in structural
engineering.

F. Developing User-Friendly Platforms

Intuitive Interfaces

Creating more intuitive and user-friendly interfaces is
crucial for increasing the accessibility and adoption of these
technologies. Future platforms should focus on ease of use,
reducing the learning curve for engineers and other
stakeholders.

Retrieval Number: 100.1/ijse.B132104021124
DOI: 10.54105/ijse.B1321.04021124
Journal Website: www.ijse.latticescipub.com

Indian Journal of Structure Engineering (1JSE)

ISSN: 2582-922X (Online), Volume-4 Issue-2, November 2024

ii. Training and Education

To fully leverage the potential of digital twins, BIM, and
Al, it is important to invest in training and education.
Developing comprehensive training programs and
educational resources will help professionals acquire the
necessary skills and knowledge to utilize these technologies
effectively.

G. Future Research and Innovation

i. Cross-Disciplinary Collaboration

Future advancements will benefit from cross-disciplinary
collaboration, bringing together experts from structural
engineering, computer science, data analytics, and other
fields. This collaborative approach will foster innovative
solutions and accelerate the development of integrated
technologies.

ii. Pilot Projects and Case Studies

Implementing pilot projects and conducting detailed case
studies will provide valuable insights into the practical
applications and benefits of digital twins, BIM, and Al. These
real-world examples will help identify best practices,
potential challenges, and areas for improvement.

So in general looking to the future, further advancements in
Al and DT technologies, along with the growing acceptance
of BIM, are likely to revolutionize the industry. The
development of more sophisticated Al-driven generative
design tools, coupled with improved real-time data
integration via Digital Twins, will push the boundaries of
structural engineering. Moreover, the ongoing focus on
sustainability in construction will encourage the use of these
technologies to optimize material use and energy
consumption (Rasheed & San, 2020) [11] [12].

VIII. CONCLUSION

The integration of Digital Twin, Building Information
Modelling (BIM), and Artificial Intelligence (Al) promises to
revolutionize structural engineering. While each technology
brings unique strengths, their combined use can lead to
significant advancements in design, construction, and
maintenance.

A. Summary of Key Findings

= Digital Twins: These real-time, interactive digital
counterparts of physical structures allow for continuous
monitoring, predictive maintenance, and enhanced
decision-making. By integrating real-time data and
simulating various scenarios, they play a crucial role in
ensuring structural safety and longevity.

= BIM: This technology boosts collaboration, accuracy,
and efficiency during the design and construction stages.
BIM models enhance lifecycle management by
minimizing errors and reducing project costs.

= Al With its advanced predictive capabilities, Al
automates complex tasks and enables the development of
innovative design solutions. Its ability to process vast
amounts of data and derive meaningful insights will be
pivotal in optimizing structural performance while
minimizing risks.
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B. Synergistic Advantages

Digital twins, BIM, and Al, when used together, create a
powerful combination.

BIM provides foundational digital models, digital twins
enable real-time monitoring and simulation, and Al enhances
predictive analysis and automation. Together, they pave the
way for a more integrated, efficient, and proactive approach
to structural engineering.

C. Addressing Challenges

While promising, these technologies also pose challenges,
including issues with data integration, high setup costs,
interoperability, and the need for specialized skills. These
challenges can be addressed through ongoing research,
development of standardized protocols, and investments in
education and training.

D. Future Prospects

The future of structural engineering lies in the further
development and integration of these technologies. Key areas
for future research include:

= Advancing data integration and interoperability for
seamless inter-system collaboration.

= Enhancing Al algorithms for improved predictive
analytics, accuracy, and reliability.

= Expanding the use of digital twins for real-time
performance optimization, including integration with
loT.

= Progressing BIM capabilities for green design and

comprehensive lifecycle management.

= Tackling societal and regulatory issues like data

privacy, security, and Al fairness.

=  Creating easier-to-use platforms and training programs

to encourage broader adoption.

E. Final Thoughts

The combined potential of digital twins, BIM, and Al can
significantly enhance the efficiency, safety, and sustainability
of structural engineering projects. By embracing and further
developing these technologies, the field can reach new
heights in performance and resilience, leading to smarter,
safer, and more sustainable built environments.
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Appendix
1. Adoption of Digital Twins, BIM, and Al in Structural
Engineering

This section can provide a comparative analysis showing
the rate of adoption across various regions or industries. You
can collect data from market reports or surveys.

Table 1: Adoption Rates of Technologies in Structural
Engineering (2020-2024)

- . Industry

Year Tvlailr?sltgl/o) BIM (%) AI((');:) )S E Adoption
(Global, %)

2020 25 65 10 33
2021 32 72 15 41
2022 40 80 20 50
2023 52 85 28 58
2024* 65 90 35 70*
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*Projections based on current trends.
2. Productivity Gains with BIM and Digital Twins

Show the increase in productivity, efficiency, and cost
savings in projects that implemented BIM and Digital Twins.

Table 2: Productivity Gains with BIM and Digital Twins
(Project Metrics)

. . Without With
Metric I\BAI/ll\jlhg’Zt) W't(E/S'M Digital Digital
Twins (%) | Twins (%)

Design 25 5 20 3

Errors

Construction

Time 20 8 15 4
Overrun
Material

Waste 12 5 10 2

Cost 18 7 14 3
Overrun

3. Al Applications in Structural Engineering

This section can cover the specific use cases of Al (such as
generative design, predictive maintenance, optimization) and
their effectiveness in projects.

Table 3: Al Use Cases and Efficiency Gains in Structural

Engineering
Improvement in Reduction in Cost Savings
Al Use Case Efficiency (%) Errors (%) (%)
Generative
Design 50 40 15
Pr_edlctlve 60 55 20
Maintenance
Structural
Health 70 65 25
Monitoring
Constru_ctlon 40 30 10
Planning

4. Cost-Benefit Analysis of Digital Twins, BIM, and Al
Implementation

This section can analyze the return on investment (ROI) for
companies adopting these technologies in structural
engineering projects.

Table 4: Cost-Benefit Analysis of Implementing Digital
Twins, BIM, and Al

. Annual Annual
Technology Imt'?;;)COSt Maintenance Savings %%I
Cost ($) %)
Digital Twins 1,500,000 100,000 300,000 20
BIM 800,000 50,000 200,000 25
Al
Applications 700,000 70,000 150,000 15

1) 5. Challenges and Limitations of Adoption

This section can analyze SWOT (Strengths, Weaknesses,
Opportunities, Threats) analysis for Digital Twins, BIM, and
Al in structural engineering
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Revolutionizing Structural Engineering: A Review of Digital Twins, BIM, and Al Applications

Table 5: SWOT Analysis for Digital Twins, BIM, and Al
in Structural Engineering

Aspect Digital Twins BIM Al in SE
rﬁ;f:ailtg'rﬁe Accurate Optimization,
Strengths oring, modeling, data-driven
predictive - e
v collaboration decisions
capabilities
High cost, . !Data
Initial cost, requirements,
Weaknesses complex . S
. - learning curve algorithmic
integration
accuracy
Smart cities, . Automation,
- More sustainable -
Opportunities autonomous I predictive
- buildings -
construction analytics
Cy_b ersecurity Fragmentation, . Job
Threats risks, data interoperability displacement,
privacy P lack of trust
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