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A STATE-OF-THE-ART REVIEW IN THE ARTIFICIAL INTELLIGENCE ERA

Abstract: Building Information Modelling (BIM) has become an essential digital approach in modern
engineering, helping professionals create integrated, data-rich representations of the built environment. In
recent years, rapid advances in artificial intelligence (Al) have further expanded BIM’s capabilities,
turning it from a modelling tool into a valuable decision-support system. Al-enhanced BIM can assist with
design optimization, predictive analysis, clash detection, maintenance assurance, and connections to
digital twin technologies. These developments influence engineering design, construction management, and
structure/building services lifecycle planning. This paper reviews current research on BIM—AI integration
in practice and education, highlighting key technological trends and analysing its implications for

engineering curricula.

Key words: BIM; artificial intelligence; generative design; digital twin; smart construction; engineering

education.

1. INTRODUCTION

Building Information Modelling (BIM) has become
one of the most influential technological developments in
engineering design and construction management over
the past two decades [1], [2]. Unlike traditional CAD
systems focused mainly on geometric representation,
BIM integrates geometry with information such as
materials, structural parameters, cost data, scheduling
details, and environmental performance indicators [1],
[2]. This multidimensional approach allows engineers,
architects, and construction professionals to collaborate
more effectively within a shared digital environment that
supports the full lifecycle of a built asset [1].

As infrastructure projects increase in scale and
complexity, the need for advanced digital tools capable
of managing large datasets and supporting informed
decision-making has become more evident and necessary
[1], [2]. Present projects must address multiple demands
simultaneously, including structural safety, fire security,
economic efficiency, sustainability goals, and regulatory
compliance.

THE INTEGRATION OF BIM anp Al

DESIGN CONSTRUCTION QUALITY DIGITAL LIFECYCLE
OPTIMISATION MONITORING TWIN MANAGEMENT

Figure 1 The integration of BIM and Al.

In the present, artificial intelligence (Al) has played
an increasingly transformative role in the architecture,

engineering, and construction (AEC) sector [3], [4].
Technologies such as machine learning, generative
algorithms, and predictive analytics enable efficient
processing of complex datasets and identification of
patterns not easily detected through conventional
methods [3], [4]. When integrated with BIM platforms,
these  technologies  support intelligent  design
environments capable of automating repetitive tasks,
optimizing alternatives, and enabling data-driven
decision-making [4].

The integration of BIM and Al, therefore, represents
a major shift in engineering practice (Figure 1),
transforming BIM into an intelligent ecosystem that
supports design exploration, performance evaluation, and
lifecycle management [4].

This paper reviews the current state of Al-enhanced
BIM systems and explores how artificial intelligence is
reshaping engineering design processes in practice. It
also outlines key directions for future research and
emphasizes the importance of integrating intelligent
digital tools into established workflows to support better
decision-making, improve efficiency, and promote
sustainable engineering outcomes.

2. EVOLUTION BIM TO INTELLIGENT SYSTEMS

2.1 From CAD to BIM-Based Digital Engineering

The transition from traditional CAD environments to
BIM platforms marks a fundamental shift in how
engineering information is created, managed, and
communicated [1], [2]. While CAD systems mainly
emphasize two- or three-dimensional geometric
representation, BIM introduces a parametric modelling
approach in which digital objects include both geometric
and semantic attributes (Figure 2).

Within a BIM environment, each building
component-such as a wall, beam, column, or connecting
element-is treated as an intelligent object containing
information about its physical properties, structural
behaviour, and functional relationships with other
elements. This object-based modelling approach allows
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automatic updates across the model when design changes
occur, improving interdisciplinary coordination and
reducing the risk of inconsistencies [1].

Figure 2 Evolution from traditional CAD modelling to BIM-
based digital engineering environments.

Over time, BIM has expanded to include multiple
dimensions of project information. 4D BIM links
scheduling data with geometric models to simulate
construction sequences, while 5D BIM integrates cost
estimation for dynamic budget analysis. More recent
developments include 6D BIM, focused on sustainability
and energy performance, and 7D BIM, supporting
facility management and lifecycle maintenance [5].

Despite these advances, conventional BIM systems
still depend heavily on manual input and expert judgment
[1]. Engineers must evaluate design alternatives, interpret
simulation results, and detect conflicts. As project
complexity increases, these tasks become time-
consuming and cognitively demanding, emphasizing the
need for intelligent computational tools to support
efficient data analysis and decision-making [4].

2.2 Emergence of Al in BIM Workflows

Acrtificial intelligence technologies create new
opportunities to enhance BIM workflows by introducing
automated analytical capabilities [4], [6]. Machine
learning algorithms can examine large datasets from
previous construction projects and identify patterns
related to structural performance, construction efficiency,
or cost variability [6].

Generative Al systems also support early-stage
design exploration by producing numerous design
alternatives based on predefined constraints [4], [6].
Engineers must impose materials, loads, spatial
requirements, environmental targets, or budget
limitations, while Al algorithms rapidly evaluate multiple
potential solutions.

This capability significantly expands the analytical
capacity of engineering teams. Instead of manually
testing a limited number of configurations, Al-enhanced
BIM platforms allow engineers to explore thousands of
design variations and identify optimal solutions based on
defined performance criteria [4], [7].

Another emerging development is the integration of
natural language processing and conversational interfaces
within BIM environments, enabling users to query model
data, generate documentation, and retrieve project

information through more intuitive human—computer
interaction [6].

3. STATE-OF-THE-ART Al APPLICATIONS IN BIM

3.1 Generative Design and Optimization

Generative design represents one of the most
prominent applications of artificial intelligence within
BIM environments. In this approach, algorithms
automatically produce multiple design alternatives based
on defined constraints and optimization goals. These
systems simultaneously evaluate structural efficiency,
material use, energy performance, and spatial
configuration [4]. As a result, engineers can explore a
broader range of design possibilities and identify
solutions that achieve improved performance and

sustainability outcomes [4], [6].

Figure 3 Al-assisted generative design workflow for structural
efficiency and sustainable building performance.

For example, Al algorithms can generate optimized
structural layouts that reduce material while maintaining
required safety margins [4]. Similarly, generative design
tools can refine building orientation and fagade
configurations to improve daylighting conditions and
reduce energy consumption (Figure 3).

This automated exploration of design alternatives
significantly accelerates the conceptual design phase,
allowing engineers to evaluate a wider range of solutions
and select those that best meet project objectives [4].

3.2 Intelligent Clash Detection and Compliance
Verification

Clash detection is a core component of BIM
workflows, helping engineers identify geometric
conflicts between structural, building services, and
architectural systems [1], [5]. Traditional clash detection
tools primarily focus on geometric overlaps, whereas Al-
enhanced systems extend this capability by detecting
semantic conflicts and regulatory inconsistencies.

Machine learning algorithms can analyse historical
project data to recognize recurring coordination issues
and anticipate potential conflicts in early design stages.
These systems can also support compliance verification
against building normative and engineering standards,
reducing the likelihood of design errors and construction
delays [5].
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3.3 Digital Twins and Lifecycle Intelligence

One of the transformative developments in BIM
research is the integration of digital twin technology.
Digital twins are dynamic virtual representations of
physical infrastructure systems continuously updated
using real-time sensor data. Artificial intelligence
algorithms analyse this information to monitor structural
performance, detect anomalies, and anticipate
maintenance needs [8]. By interpreting signals such as
deformation, temperature variations, or vibration
patterns, Al systems can identify potential structural risks
before they become critical [8], [9].

This integration between BIM, sensor networks, and
artificial intelligence enables proactive infrastructure
management,  improving safety and  reducing
maintenance costs throughout the lifecycle of built assets
(Figure 4).

Figure 4 Al-driven digital twin ecosystem integrating BIM
models, sensor networks, and real-time infrastructure
monitoring.

3.4 Al-Driven Construction Monitoring

Artificial intelligence is increasingly used to monitor
construction progress and site safety. Computer vision
algorithms analyse images from drones, fixed cameras,
and mobile devices to track activities and verify
correlation with project schedules. By processing visual
data in real time, these systems compare on-site
conditions with planned BIM models, helping engineers
quickly identify deviations or delays [10], [11].

Figure 5 Al-based computer vision system for construction site
safety monitoring and equipment tracking.

Al-based monitoring tools can also detect safety
violations, monitor equipment positioning, and assess

construction quality. For example, they can identify the
wrong use of protective equipment, hazardous situations,
and machinery movement (Figure 5). When integrated
with BIM, these systems support accurate decision-
making and improve coordination throughout the
construction lifecycle [10], [12].

4, EDUCATIONAL
ENGINEERING

IMPLICATIONS IN

The rapid integration of artificial intelligence into
BIM workflows is reshaping expectations for
engineering education. Future professionals are
increasingly required to develop competencies that
extend beyond conventional design skills to include data
interpretation, algorithmic reasoning, computational
thinking, and interdisciplinary collaboration. As digital
design environments become more intelligent and
interconnected, engineering curricula must evolve to
prepare students for complex, data-driven professional
contexts.

Al-enhanced BIM platforms create valuable
opportunities for pedagogical innovation. Within these
environments, students can engage with generative
design tools, simulate structural behaviour, and evaluate
performance metrics in interactive and visually rich
settings. Such learning experiences promote deeper
conceptual understanding by allowing students to explore
cause—and—effect relationships between design decisions
and engineering outcomes. They also encourage
experiments, iterative thinking, and critical evaluation of
alternative solutions.

At the same time, educators must carefully balance
technological integration with foundational knowledge
development. Al tools should support, rather than
replace, core competencies in structural design, materials
science, and engineering mathematics. Emphasis should
remain on developing analytical reasoning and
professional judgment, ensuring that graduates can
interpret computational outputs critically.

Looking ahead, engineering education may
increasingly adopt hybrid pedagogical models that
combine traditional instruction with Al-assisted learning
environments. Studio-based teaching, project-based
learning, and collaborative digital workflows are to play
a central role in preparing students for contemporary
engineering practice.

5. CHALLENGES AND RESEARCH DIRECTIONS

Although the integration of BIM and artificial
intelligence offers substantial benefits, several challenges
continue to shape its development. One of the most
pressing issues concerns transparency in algorithmic
decision-making. Engineers must understand how Al
systems generate recommendations to evaluate their
validity and maintain professional accountability. As a
result, the development of interpretable and explainable
computational models remains a key research priority.

Another key challenge concerns data interoperability
and standardisation. Effective digital collaboration
requires seamless information exchange across BIM
platforms, simulation tools, and sensor-based monitoring
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systems. Yet, differences in data formats, modelling
standards, and software environments often limit
workflow efficiency. Addressing these barriers demands
coordinated efforts across industry, academia, and
software developers.

Data quality and governance also require further
attention. Al-driven systems depend on large, reliable
datasets, but inconsistent collection practices and
fragmented project records can reduce analytical
accuracy. Future research should therefore focus on
robust data management frameworks that ensure
reliability, security, and long-term accessibility.

The continued expansion of digital twin ecosystems
presents both opportunities and challenges. While real-
time infrastructure monitoring can improve safety,
efficiency, and sustainability, it also raises concerns
about system complexity, computational demands, and
ethical data use.

6. CONCLUSIONS

The integration of artificial intelligence with Building
Information Modelling represents a major transformation
in building design and construction management. By
extending traditional modelling capabilities with
automated analysis, predictive insights, and adaptive
decision-support tools, Al-enhanced BIM environments
enable well-informed and efficient engineering
workflows across all project phases.

These  technologies  facilitate  comprehensive
evaluation of design alternatives, improve coordination
among project stakeholders, and support lifecycle-
oriented quality management. At the same time, their
successful implementation depends on maintaining a
balanced relationship between technological capability
and human expertise. Engineers must actively remain
engaged in interpreting computational outputs, applying
professional judgment, and ensuring that design
decisions reflect broader technical and well-being
considerations.

As digital technologies continue to evolve, the
integration of BIM and artificial intelligence is expected
to play a central role in shaping the future of engineering
practice. Continued collaboration between researchers,
educators, and industry professionals will be essential to
ensure that these systems contribute to safer, sustainable,
and resilient built environments.
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