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ABSTRACT

Building information modeling (BIM) has emerged as a cornerstone
of modern construction, revolutionizing the Architecture,
Engineering, and Construction (AEC) industries. It represents a
holistic, digital approach to the entire lifecycle of a building or
infrastructure project. By creating a comprehensive digital
representation that integrates multi-disciplinary data, BIM connects
teams, workflows, and data across the project lifecycle, resulting in
enhanced efficiency, reduced costs, and improved sustainability.
From preventing design clashes and optimizing construction
schedules to driving sustainability and enabling smart building
operations through digital twins, BIM's applications are vast and
transformative. This paper considers the various applications of BIM.
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INTRODUCTION

Building information modeling (BIM) is a
revolutionary approach to the design, construction,
and management of buildings and infrastructure. It is
a digital representation of the physical and functional
characteristics of a facility, serving as a shared
knowledge resource for information about it during
its lifecycle. It encompasses the entire lifecycle of a
construction project, from initial design and planning
to construction and operation. It is transforming the
way construction and infrastructure projects are
planned, designed, constructed, and managed. Today,
BIM is an essential tool for the Architectural,
Engineering, and Construction (AEC) industry,
having significant impact throughout different project
phases, including design, construction, and operation.
It is used on a wide range of projects, from small
residential buildings to large commercial and
infrastructure projects [1].

BIM is an approach involving the generation and
management of digital representations of the physical
and functional characteristics of buildings or other
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physical assets and facilities. It is a smart 3D model-
based process that provides AEC experts with
assistance in planning, designing, construction, and
management of buildings through the provision of all
necessary details. It spans the entire lifecycle of built
assets, from initial planning and design to
construction, utilization, and maintenance. BIM has
emerged as a transformative technology in diverse
domains such as construction management, structural
engineering, etc. Civil, mechanical, electrical, and
plumbing (MEP) engineering are a few of the
numerous fields that might benefit from BIM. BIM
software is used by individuals, businesses and
government agencies who plan, design, construct,
operate and maintain buildings and diverse physical
infrastructures, such as water, refuse, electricity, gas,
communication utilities, roads, railways, bridges,
ports and tunnels. Many governments around the
world have started to mandate the use of BIM on
public projects. This has further accelerated the
adoption of BIM [2].
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BACKGROUND ON
INFORMATION MODELING
Building information modeling (BIM) is a digital
representation of  physical and functional
characteristics of a facility. Itis the holistic process of
creating and managing information for a built asset.
BIM is a digital representation of the physical and
functional characteristics of a building or facility. The
representation can be used to simulate the
construction and operation of the facility, and to
provide information for decision-making throughout
the project lifecycle.

BUILDING

Building information models (BIMs) are computer
files (often but not always in proprietary formats and
containing proprietary data) which can be extracted,
exchanged or networked to support decision-making
regarding a built asset. The main objective of creating
the models is to provide builders with all relevant
information about the project in a digital format. BIM
software (such as Revit, Microstation, Vectorworks,
Infraworks, ArchiCAD, BIM 360, Formit, Civil 3D,
GBS Tekla, etc.) allows the design team on a project
to construct a 3D model that represents the one we
intend to build. Two typical examples of 3D models
used in BIM are presented in Figure 1 [3] and Figure
2 [4]. The BIM software is used by individuals,
businesses and government agencies who plan,
design, construct, operate and maintain buildings and
diverse physical infrastructures, such as water, refuse,
electricity, gas, communication utilities, roads,
railways, bridges, ports and tunnels. The BIM concept
envisages virtual construction of a facility prior to its
actual physical construction, in order to reduce
uncertainty, improve safety, work out problems, and
simulate and analyze potential impacts. However, the
use of BIM goes beyond the planning and design
phase of a project, extending throughout the life cycle
of the asset [5]. Figure 3 shows various components
of BIM [6].

Though the ‘B’ in BIM stands for building, it covers
all constructions in the AEC industry, from residential
and industrial buildings to bridges and roads. The ‘I’
in BIM stands for information, referring to the
integrated information within BIM models. This is its
core concept - information, parameters, attributes,
whatever we call it. The ‘M’ in BIM stands for
modelling. BIM models are known to be condensed
with data. Thus, BIM is not a type of software, but a
holistic process for managing the building
information. We use software and tools that aid the
BIM process. BIM covers the entire cycle of the
building, from design development to post-
construction maintenance. It includes planning,
designing, construction, and even operations [7].

AEC professionals relied on manual drawings for
decades until CAD came into existence. Traditional
building design was largely reliant upon two-
dimensional technical drawings (plans, elevations,
sections, etc.). Building information modeling
extends the three primary spatial dimensions (width,
height and depth). The model can contain all the
physical and functional characteristics of a project,
including structure, geometry, aesthetics, materials,
systems, and dynamic performance. A 3D model
becomes 4D if a time component is added, and 5D
when cost-related information is included. BIM
enables a virtual information model to be shared by
the design team (architects, landscape architects,
surveyors, civil, structural and building services
engineers, etc.), the main contractor and
subcontractors, and the owner/operator. It enables all
the stakeholders to use the same shared 3D model,
from architects to surveyors, engineers, contractors,
to building owners. This allows everyone to have
access to the relevant information at the right moment
during the design and construction of a project.

The concept of BIM has existed since the 1970s,
when architects and engineers began to explore the
use of computer-aided design (CAD) software to
create 3D models of buildings. The terms “Building
Information Model” or “Building Information
Management,” and “Building Information Modeling”
did not become popularly used until some 10 years
later. BIM only became an agreed term in the early
2000s. BIM has evolved over the past few decades
from simple 2D drafting to sophisticated 3D
modeling with rich data integration. Figure 4 shows
early developments of BIM [8]. Today, BIM is an
essential tool for the AEC industry. It is used
throughout the entire project lifecycle, from design
and construction to operation and maintenance.

A comprehensive BIM modeling solution combines
the major elements of building information modeling
software, data repository, collaboration, analysis,
visualization, and project management tools [4].
Different levels of BIM can be achieved for various
types of projects. Below are brief descriptions of the
levels [9]:

Level 0 BIM: Paper-based drawings + zero
collaboration

Level 1 BIM: 2D construction drawings + some 3D
modeling

Level 2 BIM: Teams work in their own 3D models
Level 3 BIM: Teams work with a shared 3D model

Level 4 BIM: Incorporating time-related data into the
BIM model
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Level 5 BIM: Integrating cost estimation and
management within the BIM model

Level 6 BIM: Including sustainability data

Level 7 BIM: Used to manage and maintain facilities

APPLICATIONS OF BIM

BIM's versatility allows it to be tailored to the
specific needs of various sectors within the built
environment, ranging from horizontal infrastructure
to complex healthcare facilities. Applications of BIM
across various domains include design, construction,

facility

management, infrastructure, and

sustainability. Figure 5 shows different uses of BIM
[10]. Common applications of BIM include the
following [11,12]:

1.

Design Coordination: In the design phase, BIM
allows architects, structural engineers, and
mechanical, electrical, and plumbing (MEP)
professionals to collaborate within a single
federated model. This shared environment
facilitates automated clash detection. For
instance, if a structural beam intersects with an
HVAC duct, the software highlights the conflict
before any physical construction begins. This
capability significantly reduces costly rework,
minimizes material waste, and ensures that the
design intent is seamlessly translated into
constructible plans.

Construction: The construction industry is
historically characterized by its reliance on
traditional, manual processes, and a reluctance to
embrace rapid technological innovation. This
inertia has contributed to chronic issues such as
project delays, cost overruns, and productivity
deficits. Building information modeling (BIM)
represents a paradigm shift, offering an intelligent
3D model-based process that gives architecture,
engineering, and construction professionals the
insight and tools to more efficiently plan, design,
construct and manage buildings and
infrastructure. BIM is serving as the foundational
platform for integrating advanced construction
technologies. The integration of project schedules
(4D) and cost data (5D) into the BIM model
revolutionizes construction management. 4D BIM
enables project managers to visualize the
construction sequence over time, allowing for the
identification of potential delays and the
optimization of site logistics. It ensures that
specialty contractors do not perform work
prematurely, thereby preventing sequencing
errors. BIM is undeniably the future of the
construction industry, offering a pathway to
Construction 4.0 and sustainable development.
Figure 6 shows a construction site [13].

3.

6.

Architecture: In the architectural field, BIM
improves  methodology and  influences
information flow among design members
(architects) and structural engineers. BIM has
proved to reduce errors during design by
enhancing the unification of information. The
maturity level in architectural engineering can be
considered to be at an advanced stage since
architects globally use BIM for design
visualization.

Civil engineering: BIM helps civil engineers
digitally explore alternative design decisions,
capture more detail, and enhance coordination.
Using BIM increases accuracy, predictability, and
understanding throughout project life cycles,
driving compelling results and providing data-
driven assurance for stakeholders that projects
will be delivered on schedule and on budget.

Facility Management: The value of BIM extends
far beyond the construction phase, offering
immense benefits for long-term facility
management and operations. The “as-built” BIM
model serves as a comprehensive digital twin of
the physical asset, containing detailed information
on every component, from dimensions and
materials to maintenance schedules and
manufacturer details. Facility managers can use
the digital twin for space planning, predictive
maintenance, and energy optimization. Applying
BIM throughout the operational stage can deliver
massive financial savings and operational
efficiencies.

Infrastructure: While initially popularized in
vertical building construction, BIM is now a
cornerstone  of  horizontal  infrastructure
development. For roads and highways, BIM
utilizes geospatial data and terrain modeling to
optimize route alignment, avoiding environmental
disturbances and minimizing land acquisition
conflicts. Traffic simulations integrated with BIM
help planners predict congestion and design better
intersections. In bridge construction, BIM is
critical for structural modeling and stress analysis.
Engineers can simulate various loads, including
traffic weight, wind pressure, and seismic forces,
ensuring structural integrity. Furthermore, for
complex projects like tunnels and railways, BIM
merges geological survey data with design
information to reduce excavation risks and
enhance contractor coordination.

Sustainability: Sustainability has become a
paramount concern in the AEC industry, and 6D
BIM is instrumental in achieving eco-friendly
construction goals. By attaching sustainability-
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focused data—such as a material’s carbon
footprint or a system’s energy usage—to the
model, stakeholders can evaluate the
environmental impact of a project throughout its
lifecycle. BIM facilitates the design of more
efficient buildings by optimizing building
orientation to maximize natural daylight and
minimize unwanted solar heat gain. It allows for
energy consumption simulations to determine the
most sustainable HVAC solutions. Furthermore,
BIM streamlines the process of achieving green
building certifications, such as LEED or
BREEAM, by organizing and tagging the
required documentation directly within the model.

8. Smart Cities: The future of BIM extends beyond
individual buildings to the scale of entire cities.
The convergence of BIM with geographic
information systems (GIS) is crucial for smart
city development. While BIM provides detailed
asset-level data, GIS provides the macro-level
geospatial context. This integration allows urban
planners to overlay detailed building models onto
real-world topographies, facilitating accurate site
feasibility = studies, environmental impact
assessments, and infrastructure planning. At a city
scale, combined BIM-GIS digital twins can
simulate energy demand, traffic patterns, and
disaster response scenarios, ultimately enhancing
urban resilience and quality of life.

9. Digital Twin: A digital twin is a live,
continuously updated replica of a physical
building that connects BIM data with real-time
information from Internet of things (IoT) sensors
and facility management systems. While BIM
provides the static data and structural framework,
digital twins bring the model to life. A digital
twin is a dynamic, virtual replica of a physical
asset that uses real-time data from Internet of
things (IoT) sensors. These living models will
monitor energy consumption, predict maintenance
needs, and optimize space utilization throughout
the building's lifecycle.

BENEFITS

BIM is a highly collaborative process that allows
architects, engineers, real estate developers,
contractors, manufacturers, and other construction
professionals to plan, design, and construct a structure
or building within a single 3D model. Other benefits
of BIM include the following [11]:

» Cost Reduction: The financial and temporal
benefits of BIM implementation are substantial.
BIM can be used by civil engineers for model-
based cost estimation or 5D BIM. BIM has tools
to automate the cost estimation process early in

>

>

the planning stage, helping save both time and
expenses. This helps civil engineers calculate
future expenses with much greater accuracy.
Moreover, BIM's clash detection capabilities
significantly reduce costly rework and project
delays. By identifying interferences between
different building systems (e.g., electrical cables
and HVAC ducts) in the digital model before
physical construction starts, BIM prevents
expensive on-site modifications.

Enhanced Collaboration: One of the most
significant benefits of BIM is its ability to foster
seamless collaboration among diverse project
stakeholders. In fact, BIM is defined as a
collaborative approach for storing, sharing, and
managing multidisciplinary information
throughout the entire lifecycle of a building
project, including planning, design, construction,
operation, maintenance, and demolition. BIM
facilitates collaboration among all project
stakeholders by providing a centralized platform
for information sharing and real-time updates.
Traditional construction methods often suffer
from fragmented communication and siloed data,
leading to misunderstandings and errors. In
contrast, BIM provides a Common Data
Environment (CDE), a single source of truth
accessible to architects, engineers, contractors,
and facility managers. This centralized platform
ensures that all team members are working from
the most current, accurate project information,
regardless of their location.

Improved Quality: BIM significantly elevates the
overall quality of construction work. The detailed
digital models ensure that design intent is
consistently  executed,  providing  clear
specifications and reducing ambiguities for on-
site workers.

Safety: Safety, a paramount concern in
construction, is also enhanced through BIM. The
technology enables detailed safety planning via
3D simulations, allowing teams to plan safe
equipment routes, analyze workspace layouts, and
identify potential hazards before workers
encounter them on-site. This proactive approach
to occupational health and safety significantly
reduces the likelihood of accidents.

Sustainability: As the global focus on climate
change intensifies, BIM has become an
indispensable tool for achieving sustainability and
Net Zero building design. As the construction
industry increasingly prioritizes environmental
responsibility, BIM has proven to be an
invaluable tool for sustainable design and green
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building practices. BIM facilitates the evaluation
of various design alternatives, allowing
stakeholders to assess the environmental impact
of different building materials, systems, and
configurations. BIM software enables architects
and engineers to conduct detailed energy
simulations, optimizing heating, cooling, lighting,
and ventilation systems to reduce overall energy
consumption. It supports Lifecycle Assessment
(LCA) by integrating data on material properties,
embodied carbon, and recyclability. This allows
for the selection of sustainable materials and
promotes efficient resource management,
minimizing waste during construction. Research
indicates that BIM integration can help green
buildings cut energy consumption by up to 50%
and carbon emissions by 35% compared to
conventional structures.

» Global Mandates: Recognizing the profound
benefits of BIM, governments worldwide are
increasingly mandating its use for public
infrastructure and large-scale projects. The UK
led the charge by mandating BIM Level 2 for
centrally procured public projects in 2016, and
countries across the European Union, Asia, and
the Middle East are following suit with stringent
BIM compliance requirements. These mandates
aim to improve planning accuracy, reduce public
spending waste, and lay the foundation for smart
city development. As global mandates increase
and technology continues to evolve, the adoption
of BIM will remain a critical differentiator for
success, efficiency, and sustainability in the
modern construction landscape. While early
adopters in regions like the United Kingdom,
Scandinavia, and North America have
demonstrated the value of BIM in improving
clash detection, streamlining communication, and
optimizing resource efficiency, the global
transition is uneven.

Some benefits of BIM are displayed in Figure 7 [1].

CHALLENGES

Despite its recognized benefits, the widespread
adoption of BIM remains fraught with challenges.
Challenges such as initial implementation costs,
interoperability, skills gap, transparency, and
cybersecurity remain. Other challenges of BIM
include the following [11]:

» High Initial Cost: Implementing BIM requires
substantial upfront capital for software licenses,
high-performance hardware, and extensive staff
training. During economic downturns or in highly
competitive markets with slim profit margins,
companies are reluctant to allocate resources to

technology that does not yield immediate
financial returns.

Interoperability: The push for interoperability is
stronger than ever. Improving interoperability
between different BIM software and data formats
is a significant challenge that the industry will
continue to address. Open standards and
collaborative efforts will be crucial in achieving
better data exchange and integration. To combat
interoperability issues, the industry has pushed for
Open BIM standards, most notably the Industry
Foundation Classes (IFC) format. The
advancement to IFC 5.0 promises better cross-
platform fidelity and broader domain support,
including infrastructure. While IFC facilitates
vendor-neutral data exchange, converting
complex, proprietary models into open formats
can still result in the misinterpretation of detail.

» Incompatibility: BIM requires the integration of

diverse software platforms used by architects,
structural  engineers, MEP (Mechanical,
Electrical, and Plumbing) contractors, and facility
managers. Often, these proprietary software
solutions do not communicate seamlessly. When
data is transferred between incompatible
platforms, there is a high risk of parametric loss,
geometry  misconceptions, and metadata
degradation. As a result, data must frequently be
re-entered manually, which not only introduces
errors but also negates the efficiency gains that
BIM is supposed to deliver.

Transparency: There is an on-going debate that
BIM might be the best way to fight corruption.
BIM allows for greater transparency during the
development stages, thus effectively reducing the
likelihood of intentional design errors, false
progress reports, and project estimation
manipulations occurring.

» Resistance to Change: The AEC industry is

deeply entrenched in conventional, paper-based,
and siloed methodologies. Resistance to BIM
often stems from a cultural aversion to disrupting
established processes. Experienced professionals
may view the steep learning curve associated with
BIM software as daunting and a threat to their job
security This resistance is compounded when top
management fails to champion the transition,
viewing BIM as an unnecessary disruption rather
than a strategic investment. BIM-based education
is the key to promote this revolution in AEC
industry.

Skills Gap: A critical barrier universally cited in
literature is the lack of trained BIM professionals.
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The industry faces a significant skills gap, where
the demand for experts proficient in digital
modeling, data management, and collaborative
workflows far outstrips supply. For traditional
companies, upskilling an older workforce is
challenging, and attracting tech-savvy younger
talent requires a shift in company culture. Without
a competent workforce to execute BIM processes,
implementation efforts frequently stall.

» Intellectual Property: In a traditional project, the
architect owns the 2D drawings. In a BIM
environment, where multiple disciplines
contribute to a federated 3D model, determining
intellectual property (IP) rights becomes highly
complex. Disputes frequently arise over who
owns the final model and who has the right to
reuse the data for future projects or facility
management. Clear contractual frameworks, such
as the BIM Contract Conditions introduced by
various industry bodies, are necessary to establish
non-exclusive licenses and allocate IP rights
appropriately, but widespread adoption of these
legal frameworks is still pending.

» Cybersecurity: As BIM models move to cloud-
based Common Data Environments, cybersecurity
becomes a paramount concern. BIM models
contain highly sensitive data, including critical
infrastructure details, financial information, and
proprietary designs. Vulnerabilities such as weak
access controls, phishing attacks, and unsecured
cloud storage expose projects to data theft and
ransomware attacks. Ensuring compliance with
data security standards like ISO/IEC 27001 is
essential but adds another layer of complexity to
BIM adoption.

FUTURE OF BIM

The future of BIM is heavily intertwined with the
concept of digital twins and the integration of
artificial intelligence (AI). This integration is moving
the industry toward smarter building processes. It
creates a closed feedback loop where design data
informs real-world performance, and operational data
refines future design strategies. Digital twins enable
predictive maintenance by analyzing live building
data to forecast equipment failures before they occur,
thereby minimizing downtime and extending asset
life. The integration of Al with BIM is poised to
further enhance productivity. Al-powered tools can
suggest design alternatives, optimize spatial layouts,
and automate the generation of construction
documentation, pushing the boundaries of what is
possible in building design and management.
Generative Al is revolutionizing the design phase by
allowing architects to input constraints and

parameters, enabling the software to generate
thousands of optimized design options. The
integration of BIM with emerging technologies like
IoT and AI will only deepen its impact, ensuring that
the built environments of the future are more
efficient, sustainable, and intelligent [11].

CONCLUSION
Building information modeling (BIM) has
fundamentally transformed the Architecture,

Engineering, and Construction (AEC) industry by
shifting the paradigm from 2D drafting to intelligent,
3D digital representations. It has transcended its
origins as a 3D design tool to become a
comprehensive, multidimensional framework that
underpins modern construction and facility
management. It is no longer just a technological
upgrade; it is a paradigm shift in how built
environments are planned, designed, constructed, and
managed throughout their entire lifecycle. While
initially popularized in vertical building construction,
BIM is now a cornerstone of horizontal infrastructure
development. The future of building information
modeling is characterized by its evolution from a
static design tool into a dynamic, integrated data
ecosystem. For the AEC industry, embracing this
digital integration is no longer optional; it is the
foundation for future resilience, efficiency, and
innovation. More information on BIM is available
from the books in [14-19] and in the following related
journals:

Construction Magazine

Buildings

Journal of Building Engineering

Journal of Construction Engineering and
Management

» WIT Transactions on The Built Environment
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Figure 3 Various components of BIM [6].
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BIM concepts have been
around since the 1950s!!
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Figure 6 A construction site [13].
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Figure 7 Some benefits of BIM [1].
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