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Dissonance of Building Digitization
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Abstract — The article addresses the often-
overlooked challenges of construction preparation
within the context of digital building models. It
highlights the risks associated with hastily embracing
digitization, which may automate tasks traditionally
handled during preparation but cannot replace
thorough and thoughtful planning. While digital
models transform processes and enable advanced
control, the paper emphasizes the need to integrate
preparation seamlessly into these models to avoid
potential shortcomings. The study revisits traditional
construction preparation, where pre-production,
production, and operational stages logically followed
one another. It compares this with modern practices,
where companies leverage digital models to enhance
construction processes, moving digitization directly to
the construction site. In doing so, the article critically
examines broader visions of digitization, cautioning
against solutions developed solely by programmers
lacking practical insight, as such approaches may
overlook real-world challenges and practical
applications. As a practical demonstration, the paper
presents a case study on the Building Data Warehouse
(BDW) project, an advanced system for digital process
control in construction. This example showcases both
the benefits and obstacles encountered when
implementing innovative digital solutions, stressing the
importance of balancing technological advancement
with real-world usability and preparedness.
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1. Introduction

The purpose of this study, which is based on the
knowledge associated with the dynamically changing
offer of IT solutions for the digitization of
construction documentation, is to align the current
possibilities of designing buildings with the needs of
the real world. An examination of the software
solutions offered by construction documentation
digitization providers reveals a continuous expansion
of available functionalities, often independent of
their practical applicability. Contemporary tools
enable the modification of building elements such as
wall positions, window dimensions, and surface
finishes, while simultaneously providing immediate
feedback on the implications of these changes for
project costs as well as compliance with applicable
building standards and regulatory requirements [1].
Even the dimensioning of structures is becoming part
of the digital building model today. The period when
building design was based exclusively on manual
calculations and professional judgement provided by
structural engineers has largely passed. The
capabilities of digital building models continue to
expand, presenting both new opportunities and
challenges for designers. However, despite advanced
visualization tools and automated calculations of
costs, volumes, and areas, these digital outputs alone
do not result in the construction of a building [2], [3].
There is a direct parallel between the digitization of
construction design and the introduction of e-learning
into teaching. At that time, about twenty-five years
ago, the best of the best programmers also took up
the design of educational platforms and created
dozens and maybe hundreds of interesting
educational platforms all over the world, which
suffered from a single flaw in beauty. They were not
created by educators. As a result, the academic
community of educators found itself situated in an
intermediate digital environment that it neither fully
understood nor knew how to integrate effectively
into teaching practices, although it retained the
ability to supervise and regulate its use.

The effects were dramatic; the enthusiasm was
not enough. The results of education, both online and
offline, were not popular with students or teachers,
although there were dreamers who did not mind the
effort and enormous time consumption.
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For the institutions that decided to implement e-
learning, this also meant an increase in teaching
costs. E-learning was then considered for a long time
as only one of several educational forms, and
everything led to the invention of various “blended”
variants of how to organize and manage the
educational process. Little work has been done with
the fact that in face-to-face form the student is
visible, but the teaching process is invisible, while in
e-learning the teaching embedded in the learning
platform is clearly visible but the student is invisible.
The visibility of teaching offers a unique opportunity
to manage the quality of teaching at the entrance and
not at the exit by evaluating feedback and student
results. E-learning was rehabilitated only at the time
of the COVID-19 pandemic, when the advantages of
synchronous online learning and learning platforms
designed to manage it became apparent.

The digitization of buildings creates a comparable
illusion of completeness. While the final output is a
three-dimensional digital representation of the
building, the question remains whether such a model
can be directly realized in practice. Although
extensive information about the object is available
and digital models can be linked to robotic
construction systems, including additive
manufacturing technologies, the physical building
construction such as a family house remains a
complex process that cannot be fully automated or
guaranteed solely by digital means. However, for
such a realization, not only a building permit is
needed, but also the provision of all subsequent
needs, including finance and human resources. This
misconception stems from the belief that the human
factor is redundant, thereby overlooking the need for
spatial site planning and assuming that financial
resources are inherently secured. In addition,
Artificial Intelligence enters the game, which will
replace fallible designers relatively reliably.
Buildings constitute works that are created within the
public realm and are intended to serve societal and
human needs. The visions promoted by persistent
technological innovators often overlook the
possibility that such proposed smart-city solutions
may not align with actual societal needs or levels of
public interest. However, attention should now be
directed back to the process of building preparation
and its contemporary role [4], [5].

2. Dissonance of Building Digitization

Dissonance is mostly used in connection with
cognitive dissonance and represents a discrepancy in
the perception of one’s abilities compared to the
actual abilities (in a positive as well as in a negative
sense). The dissonance of digitization of buildings is
the difference between expectations and the current
state of influence on construction production.
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The expectation is due to the fact that it is
automatically and unrealistically expected that
digitization will solve all the problems of
construction production, whether at the level of
design work or with the implementation of buildings.
While at the level of design work, it is possible to
assume a reduction in the construction error rate with
the help of embedded data and algorithms with
corresponding meta-data and with the help of
Artificial Intelligence, the construction of buildings
is still on the periphery of programmers’ interest [6].

Designing buildings has always been a reflection
of the skill of architects and designers. Architects
have always waged a creative struggle to make their
mark on society, and designers have ensured
compliance with building technical standards and
regulations. The designer can thus be replaced by
Artificial Intelligence, but the architect cannot. Al
does not know emotions. However, something is
missing from the list of participants and parts of the
construction process. What is missing is the
construction and technological preparation of the
building. While the technical solution (digital model
of the building) determines what is to be built and
how it should look, the task of the construction
technology project is to solve how the building
should or can be realized in the given space and time
with all potential capacity limitations. Resource
availability changes over time. It is not and will
never be possible to count on the unlimited and
immediate availability of human resources, materials,
products, construction machinery or funding. Perhaps
with priority buildings, these restrictions can be
partially eliminated, but never completely [7], [8].

The prevailing emphasis on 3D visualization
often leads to the marginalization of construction
preparation. This phase is frequently treated as a
secondary concern. However, key stakeholders
including investors, contractors, and suppliers
recognize that successful execution requires rigorous
management of financial, material, and temporal
resources. Crucially, a distinction must be drawn
between the construction process and the digital
object depicted in 3D models. While the latter
provides geometric data and compliance with safety
or typological parameters, it does not inherently
address the logistical complexities required to realize
the structure. Design proposals may also incorporate
lifting or assembly mechanisms; however,
uncertainties remain regarding responsibility for
procurement, associated costs, real-time availability,
and the suitability of access routes required for their
deployment. In the same way as the 3D model, it
does not address the size of the work queue, the
sufficient size of the workplace, the connection to the
water or electricity sources needed during
construction and the traffic routes on the construction
site.
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This is something that a technological engineer is
supposed to deal with. The construction technology
design would deserve IT support more than the actual
design solution.

3. Preparation of Buildings in Various Contexts

Most of the buildings are made in order. Summer
houses and buildings for leisure are no longer built
today. Based on the nature of the contracting entity
or investor, buildings may be classified as either
private or public. The public ones are created on the
basis of social demand, and their causes and reasons
do not need to have any logic. Especially for
buildings created on the basis of some subsidies and
the priorities associated with them. The approval
process of public buildings suffers from a lot of rules
and regulations, and the entire approval agenda
naturally also belongs to the so-called pre-production
preparation of buildings. On the other hand, private
investments in construction always have a purposeful
nature. However, even this type of investment runs
into complex approval mechanisms, which the
digitization of building permit applications and new
legislation could speed up.

A feasibility study can be a good guide for
creating a mind map when preparing an investment.
This should draw attention to most of the pitfalls
associated with the implementation of construction,
starting with its financing in time and ending with
obstacles on the part of stakeholders, which can
include almost all non-profit organizations dealing
with environmental protection. At the same time, the
digitization of building objects does not improve the
feasibility, however, hopefully for the time being,
complicates it. Digitization generates new,
previously unnecessary jobs and associated costs [9].
Just operating and entering data into the builder’s
portal in the form it was presented in 2023, at the
repeated annual conference organized by the Czech
Agency for Standardization, raises the concerns of
smaller companies as to whether it is worthwhile for
them to hire another worker for this agenda, whose
importance falls according to [10] into the ““Bullshit
Jobs category. Healthy competition between
suppliers of digitization software in turn leads to the
permanent upgrade of existing IT programs (and in
the interest of business) incompatible with previous
versions. And here is another profession in the world.
An IT expert who can convert a digital model of a
building into a new IT environment. In the future, it
could be quite a sought-after profession also because
the promoters of digitization tout the usefulness of
the digital model throughout the life of the building.
But it is necessary to realize the digitization will
perhaps also undergo such a change thanks to
Artificial Intelligence that it would be possible to
compare at least to a change in the way data is stored.
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Diskettes have disappeared and cloud storage
seems essential for the digitization of buildings. At
present, attention is therefore redirected to the
preparation of buildings, beginning with the
definition and scope of its individual components.

3.1. Pre-Production Preparation of Buildings

The pre-production preparation of buildings is all
the construction processes that need to be planned
and ensured in advance so that the building can be
started and at the same time contractually or capably
ensures the progress of the construction up to the
moment of approval, handing over the condition to
the user (he may not necessarily be the investor or
the client) or permission to use buildings. If
technological equipment is also part of the
construction, the production preparation also includes
the planning of partial and comprehensive tests. For
the installation of the technology, it is necessary to
clearly determine in the construction technology
preparation project what the construction readiness
for its installation will look like before the
installation of the technology, including the
availability of connections to sources such as
electricity, gas or water.

The subject of pre-production preparation is
therefore the management of construction processes
up to the moment of building permission and the
creation of a construction time plan with the planning
of all resources and construction milestones. For the
actual implementation, it is therefore a question of
creating a framework that still needs to be filled with
data, because pre-production preparation mostly
works with volume indicators. Digitization of objects
in this phase of construction preparation brings
refinement of structural solutions, used technology
up to the level of detailed calculations of areas,
volumes and time requirements. This moves the
knowledge of the building parameters up to the level
that was previously the subject of the production
preparation of the building, as will be explained
below.

Construction processes include an important
agenda, which is the resolution of supplier-customer
relations (SCR). Often complex negotiations and
balancing of conditions for connecting all suppliers,
expressing their capacity availability and financial
demands, complicate the approval process. For this
discussion, the entities responsible for the execution
of construction processes are abstracted from
practical considerations. There are more variants and
their description is not the subject of this
contribution. Sharing the digital model of the
building can have a significant impact on speeding
up the SCR discussion. Individual construction
partners will receive more data with a high degree of
accuracy and certainty for their decision-making
[11].
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In addition, in the case of using digital twins, it
will be possible to work with a solution that has
already been agreed wupon. The speed and
visualization of the 3D model, which, in contrast to
the 2D display, gives a clear idea of the object,
together with the sharing of data, will create
conditions for speeding up decision-making
processes. In general, the larger and more
investment-intensive the building, the greater the
benefit of digitization.

3.2. Production Preparation of Buildings

The importance of production preparation, which,
unlike the pre-production preparation of buildings,
focuses on building objects, is decreasing. While
previously it was necessary to calculate volumes,
areas, products, to decide on the technologies used
and on the basis of a detailed budget and averaged
standard times or work productivity of specific
technological processes, nowadays these data are, or
will be in the foreseeable future, already included in
the digital model of the building. A decline in the
importance of production preparation of buildings
has already been noted in the last twenty years.
However, this decline was not related to digitization,
but to the competitive struggle and efforts to acquire
customers. Apart from strictly narrow-profile
professions and supplies, it was possible to decide on
the ordering of materials and products only a short
time before they were needed. Production
preparation thus lost its importance as a necessary
phase of construction technology design. Digitization
will probably make it possible to use the existing
detailed data about objects in advance for more
detailed planning of deliveries in advance, so that it
is possible for future suppliers to balance production
and supply capacities more easily [12].

A large part of the production preparation of
buildings will be shifted from construction to
operational preparation. Foreign experience shows
the use of terminals with a large-screen directly on
the construction site, where all information about the
construction and its objects are permanently available
digitally online, including all other data. A big
advantage of this solution is also the immediate
incorporation of all modifications and changes, and
the increase in credibility of the documentation of the
actual execution of the construction.

3.3. Operational Preparation of Buildings

The existence of a digital building model will
affect the operational preparation of buildings more
than is expected today. Construction management
will become more flexible and based on accurate
data.
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Any project changes caused by external
influences or construction site conditions will be
immediate and easily and quickly agreed upon thanks
to sharing. For a number of constructions, it will be
possible to use robotization and automation, always
in relation to specific conditions on the construction
site [13].

In the case of digitization, construction
management will move outside the construction site,
and the construction manager or the construction
manager or the chief engineer of the project will be
able to monitor the construction progress remotely
from anywhere. It will be possible to create and
refine short-term operational plans on an ongoing
basis. For large investment events, the construction
site will be directly connected to design capacities
located anywhere in the world, and designers will
again be digitally connected to manufacturers and
suppliers. This is how it already works today, thanks
to electronic data transfer, but digitization will bring
a higher degree of connection and data sharing to
these processes without human intervention.
Construction management will move to a different
gualitative level and the error rate caused by the
human factor will also decrease.

But it will still be a human factor that will require
supervision on the construction site. Digitization is
aimed at creating hard systems, with a smaller share
of the influence of the human factor on the design
and implementation of construction work. Its
feasibility will be assessed, given that the
development of a digital building model remains
largely influenced by the decisions and inputs of the
designers themselves.

The operational preparation of buildings also
includes the operation of the construction site after it
has been taken over. This area has not yet been
touched by digitization and it is worth mentioning.
Advanced sensing technology enables equipment to
detect operational parameters and preventive
maintenance requirements. This system subsequently
transmits automatic notifications to a centralized data
repository. Inventory and ordering management
allow, in the case of data sharing, to predict and
inform production managers about the state of
inventory and the need to order additional supplies of
material and products [14].

4. Digitization and Construction Sites

This section presents three approaches to
construction site equipment design: The conventional
method, parametric design, and generative design.
The conventional method, traditionally part of pre-
production preparation, involves creating a basic
concept without direct collaboration with the future
contractor, who becomes acquainted with it only
during the selection process or contract discussion.
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Digitization has recently influenced this stage
through digital technical maps and geographic
information systems (GIS), providing essential site
and transport data. Parametric construction site
design leverages variables to model engineering
problems and integrates with digital building models
to enhance automation. Generative design goes even
further, utilizing advanced algorithms and machine
learning to generate and evaluate humerous possible
solutions based on predefined parameters, offering a
revolutionary approach to construction site planning.

4.1. Conventional Method of Construction Site
Equipment Design

The basic concept is usually processed by the
designer as part of the pre-production preparation,
which is necessary for the application and subsequent
granting of a building permit. At this stage, the
designer usually does not cooperate with the future
supplier. The contractor only becomes familiar with
the concept during the selection process, or when
discussing the contract for the work. At this stage of
construction preparation, digitization is implemented
through existing digital technical maps, as
established in the Czech Republic, or through GIS,
which are operational in countries such as Germany
and Austria. These systems provide essential data on
site  conditions as well as information on
transportation and access routes relevant to
construction activities.

4.2. Parametric Construction Site Design

Parametric construction site design or parametric
modeling can be defined as the description of an
engineering problem using variables [15]. The first
commercial PRONTO software providing parametric
algorithms for translating data from computers to
manufacturing machines was created by Patrick J.
Hanratty in 1957. In 1963, Ivan Sutherland
developed the Sketchpad program and demonstrated
the first graphical representation of parametric design
[16]. These systems, in their updated form, can be
connected to the digital model of the building and
mean, especially for large constructions, a significant
shift in the automation and digitization of the design
of the construction site and its equipment.

4.3. Generative Construction Site Design

Generative design is a revolutionary 3D CAD
method equipped with advanced algorithms.
Generative tools are based on parametric
programming. Generative tools are not based on
established designs, drawings or CAD files, but work
with defined parameters. At the beginning of the
entire process, the user sets goals, restrictions and
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other quantities (e.g. distances of roads, warehouse
sizes, optimal crane position, etc.). The computer
then generates and then examines hundreds to tens of
thousands of solutions using computational methods,
which it then evaluates according to the requirements
selected by the user. The difference to a parametric
or computational model is that machine learning uses
“learning” data sets as its tool, where the computer
selects appropriate patterns instead of being
explicitly given in advance [17].

5. Digitization and Preparation of Buildings in
the Future

Digitized object models represent the current state
of digitization. For its effective application in the
future, it is necessary to move beyond the use of BIM
solely as a tool for creating digital building models
toward the development of comprehensive building
information models that incorporate digitized
processes across the building lifecycle (BIM-based
processes) [18].

The technical parameters of the 3D model are
specific for construction at a slow pace of
digitization. Next generation 5-D BIM is five-
dimensional. It assigns project costs and schedule in
addition to standard spatial design parameters in 3D.
This also includes such details as geometry,
specifications, aesthetics, thermal and acoustic
properties. The 5-D BIM platform enables owners
and contractors to identify, analyze and immediately
record the impact of changes on project costs and
construction schedule [19]. The visual and intuitive
nature of 5-D BIM gives contractors a better chance
to identify risks earlier, thereby supporting and
improving the decision-making process. One study
found that applying the 5-D model increased the rate
of return on 75 percent of investments. This is
because the internal deadlines of the project and its
implementation have been shortened. The benefits of
limiting the scope of “paper” documentation need not
to be stated. The use of 5-D BIM technology will
feature Augmented Reality technology through
mobile devices. A mobile device with a holographic
display and advanced sensors can map the physical
environment. In this “blended reality,” users can
attach holograms to physical objects and integrate
with data using gestures or voice commands. Owners
and contractors are starting to use digital mobility
sharing in the field [20]. Major global construction
firms have already agreed to jointly develop software
and the cloud to enable field supervision and
integration of project planning, engineering, physical
inspection, budgeting and document management
[7]. The condition for success is the digitization of
project management workflows.
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The availability of cheap mobile connection via
tablets and other mobile devices allows, also thanks
to new cloud applications, to increase the mobile
connection of construction workers (mobile first).
This method of management and communication is
therefore also applicable on remote construction sites
in real time. This solution works with existing
documents with a connection to cloud access.
Another function can be, for example, the automatic
tracking of construction work over time, along with
monitoring of costs and the geolocation and
deployment of workers.

Linking and sharing information about the
deployment of construction machinery, the use of
materials and products or, for example, the duration
of using of formwork systems with a central data
platform is also related to this. Sensors, near field
communication  (NFC)  devices, and other
technologies can help monitor the productivity and
reliability of both employees and assets.

Digitization of processes enables increased
construction speed and, consequently, faster return
on investment through the application of lean
methodology [20]. Lean-based planning aims to
continuously enhance the added value of construction
activities in terms of performance, cost, quality, and
time, thereby improving overall project profitability.
In the construction sector, several lean planning and
control techniques have been identified. Among
them, the Last Planner method [20] is one of the
most widely applied approaches, focusing primarily
on short-term planning during the construction phase.

6. Application of Digital Models in Construction
Preparation: The BDW Project Case Study

The digital transformation of construction
methodologies has led to the widespread adoption of
Building Information Modeling (BIM), automation,
and Artificial Intelligence in project planning and
execution. However, a major limitation of
contemporary digital workflows lies in their
overemphasis on architectural visualization and
underdeveloped  integration  into  real-world
construction processes [4]. The Building Data
Warehouse (BDW) project represents a pioneering
approach to bridging the gap between digital
modeling and on-site execution. Unlike conventional
BIM-based workflows, which often focus on design
optimization without practical execution support,
BDW integrates real-time construction monitoring,
automated compliance verification, and predictive
analytics for lifecycle management.
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This integration not only enhances pre-production
planning and execution accuracy but also minimizes
inefficiencies in construction logistics, material
distribution, and quality control. By employing Al-
driven workflow optimizations, geospatial data
integration, and loT-enabled construction
monitoring, BDW provides a comprehensive digital
ecosystem that aligns project expectations with real-
world constraints [21].

Testing and pilot verification were conducted on
the linear construction of the D4 highway in sections
03 — Milin - Lety and 05 — Cimelice — Mirotice
(Czechia). In section 05, both testing and pilot
verification of the technological process were carried
out. Section 03 was incorporated to expand the scope

of testing, ensuring a broader range of test objects
for a more comprehensive evaluation. The primary
focus of the testing was on bridge structures, which
represent the most structurally complex components
of linear infrastructure projects.

6.1. Pre-Production Planning and Digital Feasibility
Analysis

A major challenge in pre-production planning lies
in the early identification of potential spatial,
financial, and regulatory constraints. Traditional
methods relied on manual feasibility assessments,
site surveys, and time-consuming regulatory approval
processes, which often led to project delays due to
unexpected infrastructural, environmental, or
financial limitations. The BDW system addresses this
challenge through the automation of digital
feasibility  studies, utilizing  high-resolution
geospatial data, LiDAR scanning, and Al-assisted
land-use analysis.

For instance, UAV-based photogrammetry and
LiDAR-generated terrain models enable project
teams to assess topographical constraints, access
routes, and zoning compliance before physical site
mobilization (Figure 1). This automated site analysis
reduces pre-production time by up to 40%,
eliminating the risk of early-stage miscalculations.
Additionally, BDW integrates regulatory databases
and building permit requirements into its digital
framework, ensuring that compliance assessments are
performed in real time. This prevents costly
redesigns that may otherwise occur due to late-stage
regulatory conflicts.
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Figure 1. Scheme of the building data warehouse (BDW)

Furthermore, BDW enables parametric modeling
of site constraints, where engineers can simulate
alternative site layouts, resource distribution plans,
and environmental impact analyses before finalizing
construction strategies. This dynamic scenario
modeling ensures that the most efficient and legally
compliant construction plan is selected before
ground-breaking begins.

Figure 1 illustrates how BDW’s geospatial
analysis and Al-driven feasibility modeling enhance
pre-production planning. The technology includes a
set of surveying hardware, software, processes, and
procedures that are mutually integrated and
configured for the efficient processing of geospatial
data related to the progress of building construction.
It enables monitoring of construction development,
quality control, and accuracy assessment through the
integration of a wide range of input data. This
diagram illustrates the workflow of data acquisition,
processing, and output generation within a
construction monitoring system. The process begins
with field equipment, including notebooks and
tablets, used for data collection through various
methods such as aerial imaging with drones,
terrestrial laser scanning, handheld mobile laser
scanning, and geodetic measurements using total
stations. These primary data are stored in a cloud-
based repository. The next phase involves data

TEM Journal —Volume 15 / Number 2 / 2026.

preprocessing using specialized software (‘SW 1G’),
followed by migration into processing tools (‘SW
BDW?) through ETL processes. The processed data
is then refined, visualized, and streamed using
workstation setups with widescreen monitors.

Configured outputs, including raster/vector files,
documentation, and video streams, are generated and
stored in a cloud-hosted platform for publication.
This integrated system ensures accurate monitoring
of construction progress, quality control, and precise
validation of site conditions using a wide range of
geospatial data sources.

6.2. Production Planning and Real-Time Construction
Monitoring

Once the project transitions into the construction
phase, traditional project management methodologies
often suffer from poor synchronization between
digital plans and on-site realities. Issues such as
material delivery delays, workforce mismanagement,
and unforeseen site conditions often disrupt project
schedules and budgets. The BDW project mitigates
these challenges through real-time construction
oversight, digital twin integration, and georeferenced
material tracking.
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Figure 2. Preparation and 3D data acquisition in the field

For example, BDW employs loT-enabled sensors
and UAV-based progress tracking to ensure that as-
built conditions align  with digital design
specifications. By continuously scanning and
comparing real-world construction progress against
the digital model (Figure 2), BDW identifies
discrepancies in structural execution, deviations from
safety protocols, and inefficiencies in material
utilization. This approach allows project managers to
intervene proactively, reducing the likelihood of
rework, material waste, and scheduling overruns.

R R
by s

construction

enhances
sequencing and resource allocation by integrating

Additionally, BDW
automated inventory tracking and workforce
optimization models. This means that material
availability is dynamically updated in the digital
model, ensuring that procurement schedules align
perfectly with construction needs. As a result, the
risk of supply chain disruptions and construction
downtime is significantly reduced.

+H mERER

Figure 3. Pre-processing data

A practical example is BDW'’s application in
linear infrastructure projects, such as road and
railway construction, where synchronized geospatial
tracking and automated compliance checks prevent
alignment errors and costly corrective work.
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Figure 3 and Figure 4 demonstrate how BDW’s
digital twin integration facilitates construction
monitoring and site synchronization.
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Figure 4. Data cataloguing

6.3. Operational Planning and Predictive Maintenance

Beyond construction completion, the BDW
framework extends its digital utility into the
operational and maintenance phases. Traditional
infrastructure management often relies on reactive
maintenance strategies, where inspections and repairs
are conducted only after failures occur. This
approach increases operational costs and reduces
infrastructure lifespan. BDW introduces predictive
maintenance methodologies, utilizing sensor-driven
monitoring, Al-based failure forecasting, and real-
time structural integrity assessments.

For instance, in  high-traffic  transport
infrastructure, BDW continuously monitors load
distribution, material degradation, and environmental
stressors through embedded I0T sensors.

These sensors collect real-time data on structural
performance, allowing Al-driven analytics to predict
potential failures before they occur. By enabling
automated alerts and pre-emptive maintenance
scheduling, BDW significantly reduces maintenance
costs and enhances infrastructure longevity.

Another application of BDW?’s operational
framework is in facility management for large-scale
commercial buildings. By integrating digital twin
models with HVAC, lighting, and security systems,
BDW automates energy optimization and climate
control adjustments, reducing energy waste and
operational inefficiencies. Figure 5 showcases how
BDW’s predictive analytics enhance  post-
construction asset management [21].

Figure 5. Data analysis
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7. Conclusion

This study confirms that inadequate planning,
scheduling, and communication remain major factors
negatively affecting construction project
performance, often resulting in delays, cost overruns,
and disputes. These findings underline the need for
more integrated and transparent management
approaches in construction practice.

The results show that Building Information
Modeling, when applied as a process rather than
merely a modeling tool, enables the integration of
spatial, temporal, financial, and organizational data
within a unified digital environment. This integration
supports informed decision-making across the
building life cycle, improves coordination, and
enhances the predictability and efficiency of project
delivery.

However, the effectiveness of BIM-based
approaches remains dependent on data quality,
methodological  consistency, and stakeholder
competencies. Fragmented workflows, uneven digital
maturity, and the strong influence of individual
project teams continue to limit the full potential of
BIM in practice.

Overall, the future value of BIM lies in its
development toward comprehensive information
models incorporating digitized construction and
management processes. Further research should
therefore focus on standardization, interoperability,
and organizational frameworks to ensure that
digitalization delivers measurable benefits in real-
world construction projects.
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