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DIGITAL TECHNOLOGIES IN CONSTRUCTION PROJECT MANAGEMENT

The construction industry represents one of the most complex and risk-intensive sectors of the global economy, significantly contributing to national
Gross Domestic Product (GDP) while simultaneously facing persistent challenges such as budget overruns, schedule delays, low productivity, and
fragmented decision-making processes. Large-scale and megaprojects, in particular, frequently exceed their initial budgets and timelines due to
inaccurate cost estimation, insufficient planning, unclear project scopes, and the predominance of experience-based rather than data-driven managerial
decisions. In this context, digital transformation has emerged not merely as an innovation trend but as a strategic necessity for improving efficiency,
transparency, and risk management in construction project management. This study investigates the role and impact of four major digital
technologies—Building Information Modeling (BIM), the Internet of Things (loT), Artificial Intelligence (Al), and Digital Twin systems—within the
lifecycle of construction projects. The research adopts a comprehensive analytical and literature-based approach, examining recent academic studies,
industry reports, and global case examples to evaluate the effectiveness, implementation levels, and strategic contributions of these technologies. The
findings indicate that BIM significantly enhances interdisciplinary coordination, conflict detection, visualization, sustainability analysis, and cost-time
management, with the highest impact observed during early project phases where cost influence potential is greatest. 10T technologies contribute to
real-time monitoring of safety conditions, environmental parameters, equipment performance, and resource utilization, thereby improving operational
control and reducing on-site risks. Artificial Intelligence enables advanced data analytics, predictive modeling, and decision-support mechanisms,
particularly when integrated with BIM and loT platforms, although its adoption in construction remains comparatively limited due to data
standardization and organizational barriers. Digital Twin systems extend beyond static modeling by establishing real-time synchronization between
physical assets and digital replicas, allowing continuous lifecycle optimization and performance monitoring. The study concludes that the integrated
application of BIM, loT, Al, and Digital Twin technologies forms a synergistic digital ecosystem capable of transforming construction project
management into a data-driven, predictive, and strategically optimized discipline. Despite existing challenges such as traditional management culture,
fragmented data structures, and resistance to change, the adoption of digital technologies is essential for reducing project risks, improving productivity,
and enhancing global competitiveness in the construction industry.
Keywords: Construction, Technology, BIM, IoT, Al, Digital Twin.

A. ATI3ANA, I'. 'YPEAHOBA, A. AOAH/]IEBA

[UPPOBI TEXHOJIOT'TI B YIIPABJIIHHI BY IIBEJIbHUMM ITPOEKTAMMA

ByniBenpHa rany3p € OAHIEIO 3 HANCKIAIHIIIKX | HAHOUTBLI PH3UKOEMHUX C(Ep CBITOBOI €KOHOMIKH, POOJSIYM 3HAYHUI BHECOK y HAIiOHAJbHUM
BaJIoBHH BHYTpilHiN npoaykt (BBII) Ta BOAHOYAC CTHKAIOYUCH i3 MOCTIHHUMH NMpoOJieMaMH, TAKUMH SIK TEPEBHUILICHHS OMKETY, 3aTPUMKH Y
BUKOHaHHI rpa¢ikiB, HH3bKa MNPOAYKTHBHICTH i (parMEHTOBaHICTh MPOLECIB MPHHAHATTA pilleHb. BennkomacmtaOHI MPOEKTH Ta METANMPOEKTH
0COOIHMBO YaCTO MEPEBHILYIOTh MOYATKOBI OIOHKETH i TepMiHU peaii3amii uepe3 HETOYHE OLIHIOBAHHS BAaPTOCTi, HEJAOCTATHE IUIAHYBAHHS, HEUITKE
BU3HAUCHHS 00CATYy pOOIT 1 IepeBakaHHs YNpPaBIiHCHKUX pIlleHb, 3aCHOBAHMX Ha JOCBiJl, a He Ha JaHHX. Y [bOMY KOHTEKCTI IH(ppoBa
TpaHchopMaIlis OCTAE HE MPOCTO SIK IHHOBAI[IHA TEHACHIIIS, & K CTpaTerivHa HeOOXiMHICTh IS MMiIBUIICHHS e(EeKTHBHOCTI, MPO30POCTIi Ta SIKOCTI
YIpPaBIiHHS PU3UKAMHU B OyJiBEIbHUX MPOEKTaX. Y IbOMY AOCIIJDKEHHI PO3IISIIA€THCS POJIb i BIUIMB YOTHPHOX KIFOYOBUX LU(POBUX TEXHONOTIH —
indopmaniitHoro mozmemoBanns Oyxisens (BIM), Inteprery peueit (IoT), mryunoro intenekty (Al) Ta cucteM mHpOBHX NBIHHUKIB — IPOTATOM
YCbOTO JKUTTEBOTO LUKy OyAiBEJBHOTO MPOEKTY. JlocmimKeHHs 0a3yeThesi HA KOMIUIEKCHOMY aHATITHYHOMY Ta OTJISIZIOBOMY HiZIXOJ, IO BKITIOYAE
aHaJ3 CyYaCHMX HAyKOBHX HyONiKalliid, Tajy3eBUX 3BITIB 1 MDKHapOAHMX NPAKTUYHUX TMPHUKIAJIIB 3 METOI OLIHKH e(EeKTUBHOCTI, pIBHA
BIIPOBA/DKCHHS Ta CTPATETidHOrO BHECKY LHUX TexXHoJorid. OTpuMaHi pe3ynbTaTd cBimguath, mo BIM cyTreBo mHoOkpairye MDKANCIMIUTIHAPHY
KOOp/MHAIIF0, BHABIEHHS KOJI3ii, Bi3yami3alifo, aHali3 CTanocTi Ta YNPaBIiHHA BapTICTIO i TepMiHaMM, TpPUYOMy HAWOUTBIINK BILIMB
CIIOCTEPIraeThCsl Ha PaHHIX eTanax MpPOEKTY, KOJM MOTEHIa] BIUIMBY Ha BUTpaTH € HaWBummM. TexHousorii IoT 3a0e3neuyyroTb MOHITOPHHI Yy
peansHOMY 4aci yMOB Oe3leku, IapaMeTpiB JOBKULIL, poOOTH OOJamgHAHHS Ta BHKOPHCTAHHS PECypPCiB, IO CIPHSE ITiJBHIIEHHIO OIEpamiifHOro
KOHTPOJIIO Ta 3HIDKECHHIO PH3WKIB Ha OymiBenbHOMy MaimaHdmky. LIITydHuMI iHTENeKT MO3BOJSE 3IIHCHIOBATH PO3IINPEHY aHANITHKY NaHUX,
MPOTHO3HE MOJIETIOBAHHA Ta MiATPUMKY NPUHHATTS pillleHb, 0cOONMBO 3a yMOBH iHTerpauii 3 mardpopmamu BIM i [oT, xoua #oro BnpoBaJkeHHS Y
Oy IIBHMIITBI 3aJIMIIAETHCS BiTHOCHO OOMEKEHNM depe3 mpoblieMn CTaHJapTH3allii JaHuX Ta oprai3amiitai 6ap’epyu. Cuctemu 1upoBUX JIBiiHHUKIB
BUXOMATB 32 MEXI CTATHIHOTO MOJIETIOBAHHS, 3a0€3eTyI0uN CHHXPOHI3AIi0 (i3nIHNX 00’ €KTiB i3 IXHIMU IU(POBIMHU KOMISIMU B PEXKHUMI PEaTbHOTO
4acy, IO JO3BOJISIE 3IHCHIOBATH Ge3lepepBHY ONTHUMI3allif0 KUTTEBOTO LHKIY Ta MOHITOPUHI €(QEKTUBHOCTI. Y MiJCYMKY BCTaHOBJICHO, IO
iHTerpoBaHe 3actocyBaHHs TexHouoriit BIM, IoT, Al Ta nndpoBux ABiHHUKIB GopMye cHHEpreTHYHY HU(POBY €KOCHCTEMY, 3TaTHY TpaHC(HOPMYBATH
YIOpaBiIiHHA OyAiBEIbHHMH NPOEKTAMH y KEpOBaHY MJAaHUMH, HPOTHO3HY Ta CTPATeridyHO ONTHMI30BaHy cHCTeMy. He3Bakarounm Ha HasBHI
BUKIJIMKH, 30KpEeMa TPAJHIIHHY YIPaBIiHCEKY KyJIbTYpY, GDparMeHTOBaHI CTPYKTYpH JaHHX 1 OMp 3MiHaM, BIPOBA/KEHHs [U(MPOBHX TEXHOIOTIH €
HEOOXiTHOI0 YMOBOIO IJIs 3HI)KCHHS IPOEKTHUX PH3UKIB, IMiJBHIICHHS NPOMYKTHBHOCTI Ta 3MIIHEHHS IJI00AJBHOI KOHKYPEHTOCIIPOMOXKHOCTI
OyniBenbHOT ramys3i.
Kurouosi ciioBa: OyniBHuNTBO, TexHOoril, BIM, IoT, mryyHnii inTenext, iudpoBuii IBIiHUK.

1. Introduction. The construction industry is a
sector characterized by dynamic and complex procedures,
the involvement of diverse resources and supply chains,
the influence of external factors such as weather
conditions, and the execution of unique, time-constrained
projects [1]. Due to the participation of multiple
engineering disciplines in the planning, design,
construction, and management of projects, the
construction sector can account for approximately 3-30%

of a country’s Gross Domestic Product (GDP), depending
on the scale of activities [2]. As buildings represent the
primary output of this large-scale sector, the total global
building floor area exceeded 260 billion square meters
during 2023-2024 [3]. Considering that the majority of
this share belongs to developed countries, the significant
influence of the construction industry on the global
economy becomes evident.
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Fig.1. Building floor area vs Year [3]

On the other hand, projects executed within such a
large-scale sector involve substantial risks. While a
successful construction project is defined as one
completed within the allocated budget, specified
timeframe, and required quality standards, particularly
large-scale projects often face high levels of risk
throughout their lifecycle due to the complexity of
management procedures. In many cases, these risks
directly contribute to project failure. According to
McKinsey analyses, cost overruns in megaprojects
frequently reach up to 80% of the initial budget [4],
meaning that a project planned with a budget of USD 1
billion may ultimately cost USD 1.8 billion. Additionally,
such megaprojects are completed on average 20 months
later than planned [4], which directly contributes to
unsuccessful project outcomes.

Several key factors can be identified as the
primary causes of construction project failure. Research
indicates that inaccurate cost estimates, improper
planning, unclear project scopes, and the lack of skilled
labor are among the main reasons for unsuccessful project
completion [5]. These factors may affect projects at
different stages and with varying degrees of severity.
Regardless of the specific cause, the common underlying
reason for failure is the adoption of incorrect decisions by
project managers. Decisions made without data-driven
analysis and instead based solely on personal or corporate
experience play a critical role in construction projects, and
the execution of incorrect decisions directly impacts
project success.

To minimize risks arising from human-related
decision-making processes, the application of digital
technologies has become a necessity in the construction
sector. Although construction is traditionally considered a
conservative industry, studies show that data-driven

decision-making can reduce project budgets by 5-10%
and improve planning efficiency by 10-20% [6]. Given
the direct influence of cost and planning factors on project
success, the adoption of modern trends such as data
analytics has become inevitable. Moreover, digital
technologies contribute positively to improving work
quality, enabling tasks to be completed in shorter periods
with lower energy and resource consumption [7].
Considering these factors, the application of digital
technologies—particularly artificial intelligence, big data,
and related modern tools—plays an indispensable role in
reducing risks and increasing success rates in construction
projects.

2. Digital Technologies in Construction Project
Management

2.1. Building Information Modeling (BIM)

Building Information Modeling (BIM) is defined as
a collaborative, interdisciplinary management approach
that enables the systematic collection, coordination, and
management of information throughout the entire lifecycle
of a construction project, including planning, design,
construction, operation, maintenance, and demolition [8].
Initially emerging as a concept in the 1970s and 1980s,
BIM systems were first practically implemented in
Hungary in 1982 through the ArchiCAD software. With
the advancement of computer technologies in the 1990s,
BIM adoption in real projects increased, reaching a
significant milestone in 2000 with the introduction of
Revit. BIM technology ensures transparent and efficient
communication among architectural, structural, and MEP
disciplines, allowing conflicts and inconsistencies to be
identified and resolved before the construction phase
begins [8].

Bicnux Hayionanvnozo mexniunozo ynieepcumemy «XI1I».

4 Cepis: Cmpameziune ynpagninms, ynpaeiinus nopmeenamu, npoepavamu ma npoexmamu. 2026. Ne 1(12)



ISSN 2311-4738 (print), ISSN 2413-3000 (online)
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- . Supports analysis of building energy efficiency o

Sustainability analysis and sustainability factors 84.57%

Continuous updates/records Constantly updated throughout the lifecycle to 83.21%
provide data for future management

Cost and time management Allows more accurate prgdlctlon of costs and 78.36%

timelines, optimizing resources
Facility management Helps maintenance gnd operations teams 75.03%
manage buildings efficiently
Collaborative work Promotes colla_bor_atlon a_nt_i improves 72.98%
communication efficiency

Fig.2. The effect of BIM in the construction project management [9]

The results indicate that the highest efficiency
improvement is observed in conflict detection (89.14%),
enabling early identification of design clashes and
reducing rework during construction. Visualization and
3D modeling (87.02%) and sustainability analysis
(84.57%) support more intuitive and data-driven decision-
making processes. Continuous data updates and records

(83.21%) facilitate effective lifecycle management, while
cost and time management (78.36%), facility management
(75.03%), and enhanced collaboration (72.98%) highlight
BIM’s strategic value in optimizing resources and
improving team coordination. Overall, these findings
confirm that BIM systems serve as highly effective tools
in construction project management.
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Fig.3. Effect of BIM in different construction stages [10]
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Fig.4. Ability to influence cost in project life-cycle [10]
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The presented graphs reveal a direct relationship
between BIM utilization across project stages and the
ability to influence costs [10]. Figure 4 shows that BIM
application reaches its peak during the design phase
(79.7%) and declines to its minimum during the operation
phase (12.2%), which strategically aligns with the cost
influence curve shown in Figure 3. While cost-saving
opportunities are highest during early project stages such
as conceptual planning and design, they decrease
significantly as construction progresses. Consequently, the
high BIM adoption rate during design and engineering
phases plays a critical role in protecting the overall project
budget, whereas its limited use during operation indicates
untapped potential for long-term cost optimization.

2.2. 10T

The Internet of Things (loT) is a global network
system that enables physical and digital objects to
communicate through shared standards [11]. 10T systems,

implemented through sensors, applications, and various
tools, offer unique approaches to construction project
management [12]. In one study, loT sensors were
deployed on an active construction site to monitor
workers’ use of Personal Protective Equipment (PPE).
Workers entering hazardous zones without PPE were
alerted through sensors, preventing potential accidents
[13]. In another study, sensors installed in underground
construction sites detected oxygen deficiency and toxic
gas levels, triggering warning sirens to prevent accidents
[14]. When integrated with BIM, loT tools enable
continuous site monitoring, real-time progress tracking,
and data-driven decision-making. Given the critical nature
of lifecycle decisions, 10T technologies hold vital
importance in construction management. l1oT technologies
are now widely applied on a global scale, contributing
significantly to project management efficiency. Figure 5
presents commonly used 0T systems in international
construction projects.

. Country / - . L
Project / Case Study Company Applied 10T Technology Brief Description
10T sensors (HVAC, Used to monitor energy efficiency and structural
Hudson Yards USA (New York) elevators, lighting) integrity of infrastructure components.
FIFA 2022 Stadiums Qatar Smart helmets and sensors Real-time montoring Ofworl?eirs health and
environmental conditions.
. Autonomous loT sensor- Monitoring equipment performance, fuel
Volvo Electric Site Sweden equipped machinery consumption, and maintenance requirements.
DPR Construction — USA (San 10T sensors (lighting, Optimizes energy consumption and indoor comfort
Office Francisco) temperature, humidity) levels within the office environment.
Crossrail (Elizabeth United Kingdom 10T sensor-based tunnel Enables predictive maintenance by monitoring
Line) (London) devices equipment conditions.
Procore loT Platform USA (New York) Procore (loT platform) Monitoring equmgnt utlllzatlon_, ma terial logistics,
and project communication.

Trimble Connect — Trimble Connect loT . - . .
Bridge Project USA (Boston) platform Real-time monitoring of structural integrity.
Autodesk_BIM 360 USA (Chicago) BIM—loT integration Combined use of 10T and BIM for subcontractor

Project workflow and document management.
Fieldwire — Re_5|dent|al USA (Miami) Fieldwire (IoT platform) Monitoring work schedules, w_orker performance,
Construction and safety compliance.
Skanska UK — Drones United Kingdom loT-enabled drones Site monitoring, safety management, and resource
+ 10T optimization.
Kier %Z;ZEQASSH United Kingdom loT-based tracking system Real-time tracking of equipment and materials.

Fig 5. 10T systems used in construction projects [15]

2.3. Artificial Intelligence

Artificial Intelligence (Al) refers to a set of advanced
algorithms and systems that simulate human intelligence
to analyze data, identify patterns, and automate decision-
making processes [16]. First formalized as a scientific
discipline at the Dartmouth Conference in 1956, Al
demonstrated strategic reasoning capabilities in the late
1990s through IBM’s Deep Blue chess computer. Since
the 2010s, the rise of big data and neural networks has
marked a renaissance in Al development [17]. The
emergence of generative Al models, particularly those
based on transformer architectures, has transformed Al

from a purely analytical tool into an active participant in
creative processes.

Despite the growing adoption of Al, the construction
sector significantly lags behind other industries in
implementing Al technologies within entrepreneurial
systems. As illustrated in Figure 6, while information and
communication sectors exhibit the highest Al adoption
rates in 2025, construction ranks lowest [18]. This
highlights the sector’s reliance on traditional methods and
suggests that Al integration could lead to transformative
improvements.
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Fig 6. Al application statistics in entrepreneurship industries [18]

Al applications in construction have been explored
across multiple disciplines, demonstrating benefits in
project planning, cost estimation, site monitoring, and
related areas [19]. Particularly when integrated with BIM,
Al becomes a powerful tool; however, limitations arise
due to non-standardized data, incomplete construction
information, shortages of skilled personnel, and
organizational resistance. In the future, overcoming these
barriers through the combined application of BIM, IoT,
and Al may enable Al systems to become reliable partners

discovers

Data i

for managing

@ e vinual partof the DT

across nearly all phases of construction projects,
especially as effective tools for project managers.

2.4. Digital Twin

Digital Twin technology represents a living,
continuously evolving digital replica of a physical
construction project, moving beyond static BIM models
and synchronizing with real-world conditions in real time
[20]. A digital twin consists of three core components: the
physical object, its digital counterpart, and the data
streams connecting them.

TN

for processing

Data i

collects

The Physical part of the DT __} The Data connection

Fig 7. Digital twin procedure [20]

Although digital twin systems share conceptual
similarities with BIM, the key distinction lies in real-time
synchronization. While BIM provides a static visual
representation, digital twins reflect continuously changing
project conditions. Through the integration of Al, loT, and
other digital tools, digital twin technology enables real-

time analysis of construction progress, actual costs,
delays, and other critical parameters, leading to
transformative improvements in project management.
Despite these advantages, widespread adoption remains
limited due to challenges similar to those faced by other
digital technologies.
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Crossrail / Elizabeth Line (UK) (= £18.8 billion)

Project Name Eg&n{;gzid Completion / Status Purpose of Using Digital Twin
City-scale digital twin for design
. . . simulations, construction logistics,
NEOM/The I__|ne (Saudi ~USD 500 billion Ongqmg (phased environmental analysis, infrastructure
Arabia) completion, post-2030) -
performance, and long-term smart city
operations with Al and 0T integration.
BIM integration with real-time data for
~USD 24 billion progress tracking, clash detection,

2022 construction coordination, and operational

transition in a complex transport system.

New Istanbul Airport (Turkey) | ~USD 22 billion

2018 (operational phases

Simulate construction sequencing, manage
large-scale logistics, optimize spatial
planning, and support operational readiness

ongoing) by connecting design models with
performance data.
Structural monitoring using digital twins for
Hong Kong-Zhuhai-Macao ~USD 18.8 2018 stress, vibration, and maintenance planning
Bridge (China) billion across one of the world’s longest sea-
crossing bridges.
Heathrow Airport Expansion / ~USD 24-49 2008 (Terminal 5) Digital twin for simulating passenger flow,
Termi i - = operational logistics, construction phasing,
erminal 5 (UK) billion expansion ongoing

and long-term airport management.

Fig 8. Construction projects which used digital twin systems [21]

3. Conclusion. The conducted analyses indicate that
the application of digital technologies in construction
project management is no longer an alternative approach
but a strategic necessity. In an industry characterized by
cost overruns, schedule delays, and high risk levels,
technologies such as BIM, 10T, Artificial Intelligence, and
Digital Twins enable data-driven decision-making across
planning, execution, and operation phases, thereby
minimizing risks. BIM’s early-stage application
maximizes cost influence, while 10T and Al systems
provide real-time monitoring and predictive analytics for
project optimization.

However, the construction sector’s lag in adopting
these technologies reflects its dependence on traditional
management  approaches,  non-standardized  data
structures, and organizational resistance. In the future, the

integration of BIM, 10T, Al, and Digital Twin
technologies is expected to form a foundational
framework for construction project management.
Ultimately, digital transformation will enable the

execution of larger-scale projects with reduced risk,
enhancing the sector’s global competitiveness.
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