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INTRODUCTION. The increasing
complexity of construction projects and
growing competitive pressure in the industry
have created a critical need to enhance
planning methods and resour ce allocation in
construction management.

RESEARCH HYPOTHESIS. The
introduction of integrated digital
technologies, such as digital twins, artificial
intelligence, the Internet of Things, and
advanced planning methods, will
significantly increase the efficiency of
construction process planning, reduce costs
and project execution time, while reducing
risks and improving forecasting accuracy.
THE AIM The purpose of this study was to
develop a methodology for improving the
efficiency of construction process planning
through the integration of digital technologies
and algorithmic optimisation methods.
METHODS. The study was based on an
analysis of the implementation of digital

planning methods in seven leading
international  construction companies in
2023-2024, using data from technical

documentation for deployed systems and
financial statements.

FINDINGS. The adoption of integrated
digital platforms reduced planning time by
45-52% and minimised equipment downtime
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by 38-40%. The use of graph databases
optimised the sequencing of construction
operations, while predictive  analytics
improved forecasting accuracy for work
deadlines to 92%. The integration of artificial
intelligence (Al) and Internet of Things (1oT)
technologies lowered logistics costs by 25—
33% and reduced modelling (BIM)
technologies, combined with collaborative
planning systems, increased productivity by
25% and reduced schedule deviations by
32%. Furthermore, the development of a
digital twin system enabled process
modelling at the planning stage, facilitating
early detection of potential issues and
reducing error correction costs by 28%. The
application of predictive analytics allowed a
shift from reactive to proactive resource
management through risk forecasting and
automatic plan adjustments.

CONCLUSION. The proposed phased
methodology for digital solution
implementation, incorporating a technology
audit and personnel development
programmes, can be applied by construction
companies of various sizes to optimise
planning processes and enhance operational

efficiency.
KEYWORDS: digital twins; intelligent
systems; graph databases; manufacturing

processes; collaborative planning.
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BCTYVII. 3pocratoua CKJIQJIHICTh
OyIIBEIbHMX  MPOCKTIB Ta  IMOCHJICHHS

KOHKYPEHTHOTO THCKY B Taly3l CTBOPHIU
rocTpy morpedy B YAOCKOHAJICHHI METOJIB
IUTAHYBaHHS Ta pO3MOAULY pecypciB B
yIpaBIiHHI OYTIBHUIITBOM.

I'IOTE3A JOCJIIIKEHHSI.
BrnpoBamkeHHss  iHTerpoBaHUX  ITU(DPOBUX
TEXHOJIOTIH, TakuX SK HUQPPOBI BIHHUKH,
MTYYHUW 1HTENEKT, [HTepHeT peueit, Ta
nepeoBl METOIW IUUIaHYBaHHS, JO3BOJIUTH
3HAYHO M IBUAIIATHA e(heKTUBHICTD
IUTaHYBaHHS OyniBenbHUX IPOIIECiB,
CKOPOTUTH BHTpPaTH Ta 4Yac BUKOHAHHS
IPOCKTIB, 3HIDKYIOUM pIBEHb PHU3UKIB Ta
MOKPAIIYIO4X TOYHICTh TIPOTHO3YBaHHS.
META. Meroro naHOTO AOCTIKEHHS Oyna
po3podka METOO0JIOT1] T IBUAIIEHHS
e(pEeKTUBHOCTI  IUIAaHYBaHHS  OyAiBEITbHHUX
MpoIeCiB  NUIAXOM iHTerpamii 1udpoBux
TEXHOJIOTIH Ta aNTOPUTMIYHUX METOIB
onTuMizamii.

METO/M. [lochimxeHHS TPYHTYBajJoCs Ha
aHayi31 BIPOBAKCHHS METOJIB IU(POBOTO

TUTAaHYBaHHS B ceMu MIPOBITHUX
MDKHapOTHUX OyIIBeIbHMX  KOMIaHisAX
IPOTATOM 2023-2024 POKIB 3
BUKOPHUCTAHHSIM JAHUX TEXHIYHOT

JOKYMEHTaIlli Ha pPO3TOPHYTI CHCTEMH Ta
(i1HaHCOBHX 3BITIB.

PE3YJIbTATH. BrpoBajkeHHs iHTErpoBa-
HUX [OUPPOBHX TUIATGPOPM CKOPOTHIIO Yac
iaHyBaHHs Ha 45-52% Ta MiHIMI3yBajo
npoctoi oOmamHanHs Ha 38-40%. Buko-
pucranHs rpadoBux 0a3z AAHUX ONTHUMI3Y-
BaJIO MOCTIJOBHICTh OYy/IIBEIBHUX OIEparli,

Kuiscokuii hayionanvnutl yrisepcumem 0y0igHuymaed i
apximexkmypu, Yxpaina

a TMpeIUKTHBHA  aHANITHKA  MiIBUIIAIA
TOYHICTh MIPOTHO3YBaHHS TEPMiHIB
BUKOHaHHS poOIiT 10 92%. IuTerparis

TexHoyiorii mrydHoro iHtenekty (IIII) Ta
Intepuery peuer (IoT) 3HM3MIA nOTiCTHYHI
BUTpatu Ha 25-33% 1 CKOpOTMIA CKIIAACHKI
3anacu Ha 42%. BrnpoBa/keHHS TEXHOJOTIH
iHpopMaIiifHOTO  MOJEToBaHHS  OyiBelb
(BIM) y moenHaHHi 3 CHCTEeMaMH CIUILHOTO
MJIaHyBaHHS T1IBUIIKIIO MPOJYKTUBHICTH Ha
25% 1 3MEHIIWIIO BIAXWICHHS Bif rpadika Ha

32%. Kpim Toro, pospobOka 1udppoBoi
CUCTEMHU-IBIHUKA YMOXJIUBUJIA
MOJIECITIOBAHHS MPOIIECiB Ha erari
IJIAaHYBaHHA, 10  CIOPHUAIO  PAaHHLOMY
BUSIBJICHHIO  TOTEHIIHHUX  mpoljemM 1
CKOpOTHJIO  BUTpPaTd HAa  BUIIPABICHHS
ITIOMHUJIOK Ha 28%. 3acTOCYBaHHS
MPEAUKTUBHOL aHAJIITHKA J03BOJIMIO
MeperTH BiJ PEAaKTHBHOTO JI0 MPOAKTHUBHOTO
yIpaBIIiHHSA pecypcamMu 3aBISKU

NIPOTHO3YBaHHIO PU3UKIB Ta aBTOMATUYHOMY
KOPUTYBAaHHIO IJIaHIB.

BUCHOBKMN.

3anpomoHOBaHa ~ IMOETAallHA  METOOJIOTIs
BIIPOBA/DKCHHSI [HM(PPOBOTO PIMICHHS, IO
BKJIIOYA€ TEXHOJOTIYHHUI ayIuT Ta IPOrpaMu
PO3BUTKY MepCOHAIY, MOXeE OoyTn
3acTocoBaHa  OyniBEIbHHUMH  KOMIIAHISIMH
pI3HOTO PO3MIpYy Il ONTHMI3aIlii MPOIECIB
IUTAHYBaHHS Ta TMIiABUIICHHS OMNEpaliiHol
e(heKTUBHOCTI.

KJIFOYOBI CJIOBA: 1mudpoBi ABIHHUKH;

IHTEeNIEKTyaJIbHI ~ cUCTeMH; 0a3u  JTaHuX
rpadiB; BUPOOHMYI  TpOLIECH;  CILJIbHE
TUTAaHYBaHHS.
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Introduction. In the modern construction industry, effective planning and
the rational assignment of tasks are becoming increasingly relevant due to the
growing complexity of projects and rising competitive pressure in the market.
The industry's development necessitates the active adoption of innovative
approaches to resource management, aimed at optimising work processes,
ensuring timely project execution, and achieving planned financial targets. The
digitalisation of the construction sector presents new opportunities for enhancing
management efficiency through the integration of automated planning and
monitoring systems.

One of the key areas of research in modern project management is multi-
criteria optimisation, which has been analysed in detail by K. Guo & L. Zhang
(2022). Drawing on an extensive phase of empirical experiments and practical
case studies, they proposed an innovative methodology for evaluating project
solutions. This methodology is based on a comprehensive analysis of the
interrelationships between time, resource, and financial parameters. A
significant outcome of their research was the development of a system of
performance metrics that quantitatively measure the quality of management
decisions and predict their impact on construction project implementation,
regardless of scale or complexity.

A significant contribution to the development of automated planning
methods was made by F. Amer et al. (2021). Their study focused on a
retrospective analysis of the technological evolution in construction
management over the past three decades. In particular, the authors outlined the
key stages of technological transformation, identified factors that contributed to
the successful implementation of automated systems, and systematised the
reasons for the failures of early automation approaches. The study’s practical
conclusions included recommendations for overcoming common barriers to the
integration of modern construction project management systems. Another
rapidly developing area of research concerns the mathematical modelling of
spatial optimisation in construction sites. This topic was explored by M. Xu et
al. (2020), who proposed an innovative model that considers the complex
network of interdependencies between equipment location, logistical routes, and
safety requirements. The practical value of this research is demonstrated by the
implementation of the methodology on real construction sites, where the results
showed a significant reduction in time costs, as well as a marked increase in the
efficiency of space and resource utilisation.

The concept of intelligent construction has also seen substantial
development in the study conducted by N. Rane (2023). Through a
comprehensive analysis of the potential integration of building information
modelling (BIM) and artificial intelligence (Al) technologies, the author
proposed a holistic system for automated construction process management.
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Particular emphasis was placed on big data processing mechanisms and the
application of machine learning algorithms to enhance planning, quality
assurance, and resource management processes in real time.

The practical aspects of implementing BIM technologies were thoroughly
examined in the study by M. Parsamehr et al. (2023). As part of their research, a
multi-level system was developed to assess the effectiveness of modern
technology implementation, covering technical, organisational, and economic
aspects. The proposed methodology includes quantitative indicators for
evaluating the impact of BIM on labour productivity, construction quality, and
the financial performance of construction projects. Progress in the application of
digital twins is presented in the study by Y. Jiang et al. (2024). Their proposed
algorithms enable continuous monitoring and optimisation of construction
processes through real-time data analysis. A key contribution of this research is
the development of a system for predicting potential problems, with the
capability to automatically adjust operational plans in response to real-time
conditions on the construction site. A comprehensive framework for dynamic
resource planning in industrial construction was developed by M. Taghaddos et
al. (2024), focusing on adapting plans to changing project conditions while
accounting for the stochastic nature of construction processes. Particular
emphasis is placed on methods for risk assessment and mitigation when
reallocating resources under high uncertainty.

The integration of circular economy principles into construction
management was the subject of research by L. Tang et al. (2024). Their study
developed a holistic approach to optimising construction waste management,
including methods for assessing material reuse potential and algorithms for
streamlining logistics processes. The findings demonstrate significant potential
for cost reduction and minimising the environmental impact of construction
projects. The prospects for integrating BIM technology with the Last Planner
System (LPS) for optimising construction site management were thoroughly
investigated by M. Shiti et al. (2021). The researchers proposed a
comprehensive methodology that effectively integrates data from various
management platforms, applying lean production principles to the construction
sector. Special attention is given to synchronising information flows and
ensuring data integrity when integrating different software systems. The
practical significance of this study lies in its recommendations for overcoming
technical and organisational barriers to the implementation of integrated
management solutions.

An approach to planning optimisation based on bio-inspired algorithms was
presented in the study by S. Maruthi et al. (2022). This research provides a
detailed analysis of the potential applications of natural algorithms and Al in
addressing complex construction planning challenges. The proposed automated
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planning methods have demonstrated significant potential for enhancing
decision-making efficiency through the integration of modern machine learning
technologies and optimisation tools. The systematisation of existing approaches
and the development of recommendations for implementation in various types of
construction projects are of considerable value. The integration of Al
technologies into data engineering is becoming increasingly relevant due to the
growth in data volume and complexity, which requires innovative approaches to
data processing and analysis. The study by V. Nesterov (2023) highlights key
challenges, including data variability, the need for standardisation and security
concerns, and outlines the prospects for automation and predictive analytics,
which are essential for optimising planning and decision-making processes.

Advancements in the optimisation of production processes in prefabricated
construction were achieved by L. Wang et al. (2023). Based on an in-depth
examination of current practices and challenges, the researchers developed an
innovative methodology for planning the production of prefabricated structures,
specifically tailored to off-site construction. The proposed approach included a
system of performance indicators and algorithms for optimising production
schedules, aimed at minimising time and resource losses during the manufacture
of building components. Practical testing of this methodology demonstrated
significant potential for increasing productivity and ensuring high-quality
prefabricated structures.

However, previous studies have certain limitations, particularly regarding
insufficient attention to the integration mechanisms of the proposed solutions
into existing construction project management systems. The aim of this study
was to develop a holistic approach to optimal planning and task allocation in
construction management by analysing modern methods for optimising time and
resource utilisation. To achieve this objective, the following tasks were
identified: to analyse existing approaches to planning and task allocation in
construction management; to assess the potential for improving resource
utilisation through modern innovative technologies; and to formulate practical
recommendations for the implementation of enhanced methods in construction
management.

Materials and Methods. The research methodology was based on the
analysis of the implementation of digital planning and task distribution methods
in construction management. The study was conducted through a comprehensive
analysis of data from seven international construction companies: Skanska
(2025), Balfour Beatty (2025), Hochtief (2025), Bouygues Construction (2025),
Strabag (2025), Vinci Construction (2025), and Royal BAM Group (2025),
covering the period 2023-2024. The selection of these companies was based on
their experience in executing projects of varying complexity and scale — from
residential developments to industrial facilities — ensuring the representativeness
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of the sample. Empirical data were collected through an examination of
technical documentation related to the implemented systems, as well as annual
company reports, corporate financial statements (Form 20-F), sustainability
materials, and independent audit reports (Deloitte, 2025). Additionally, an
analysis of data from the internal information systems of these enterprises was
conducted, focusing on the duration of construction operations.

The study analysed the technical parameters of the implemented systems in
each company. By Skanska, a resource allocation system was examined,
incorporating criteria for optimising work duration, costs, personnel
qualifications, technical constraints, logistics, risks, energy efficiency, and
environmental sustainability, as well as the use of machine learning (ML)
models. At Balfour Beatty, a digital platform integrating Internet of Things
(1oT) sensors was analysed. At Hochtief, a 6D BIM system with automated
calculations was studied. Bouygues Construction's implementation of a neural
network, trained on data from 120 projects, was examined. Strabag's integrated
ERP-BIM system, incorporating digital twin technology, was evaluated. At
Vinci Construction, a network of 500 sensors alongside a predictive
maintenance system was assessed. Finally, at Royal BAM Group, a graph
database (Graph DB) with 12,000 nodes for distributed planning was analysed.

The Graph DB Neo4J was used to systematise data, enabling the modelling
of relationships between planning processes. The impact of the implemented
methods on enterprise operations was assessed using key performance
indicators, including the reduction of equipment and personnel downtime,
minimisation of deviations from established schedules, optimisation of material
resource utilisation, and improved accuracy in forecasting work completion.
These indicators were evaluated based on data from the 2023-2024 period,
following the technical audit methodology developed by Deloitte (2025) and in
accordance with industry standards: 1SO 29481-1:2016 "Building Information
Models — Information Delivery Manual. Part 1. Methodology and Format"
(2016) and ISO/IEC/IEEE 15288:2015 "Systems and Software Engineering —
System Life Cycle Processes" (2015).

The reliability of the results was ensured through the use of standardised
analytical approaches, allowing for a comparative assessment of the
effectiveness of digital transformation in planning processes across the studied
companies. All stages of the study were documented in accordance with
corporate standards for maintaining technical documentation and the
requirements for conducting independent audits of construction companies. The
formulation of conclusions was based on a comprehensive analysis of the
results, taking into account the specific characteristics of each enterprise and the
nature of the implemented projects. To ensure the objectivity of the assessment,
factors such as project scale, technological complexity, and the degree of
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process automation were considered. The proposed methodology facilitated the
identification of patterns between the characteristics of the implemented systems
and the achieved performance indicators.

Results.

Modern methods and tools for task planning in construction
management. The development of the methodological framework for planning
construction processes has progressed through the gradual integration of
classical management theory with the mathematical foundations of operations
research and modern information technologies. To systematise the theoretical
and methodological foundations, a classification has been developed, illustrating
the transition from basic algorithmic methods to complex integrated
management systems (Table 1). The classification structure encompasses the
theoretical foundations of each method, its methodological principles, and its
conceptual characteristics, providing a comprehensive understanding of the
evolution of planning approaches.

Table 1
Methodological principles of planning in construction management
Method Theoretical Methp dqloglcal Conceptual features
background principles
Greedy Decision _ theory, Local optimality, Step-by-step ane_lly_5|s
; mathematical .. >'|of states, priority
algorithms o problem decomposition .
optimisation matrices
Lean production, theory|Cascade planning, Hierarchical structure
LPS . . ..o |of  plans,  review
of constraints collective responsibility
cycles
BIM Information modelling, Process . - Multldlmensmnal_
. . L parameterisation, digital|models, topological
integration | systems engineering . .
prototypes relationships
Al Machine learning, | Adaptive learning, Nel#al net\(/jv_ork
optimiiation |probability theory stochastic modelling architectures, gradient
methods
. : Unification of
ERP+BIM Process e_lpproach, Data integration, end- Drocesses, matrix
systems analysis to-end planning
structures
Automatic control Reactive management Sensor networks,
loT+AI theory, distributed o g '|streaming data
predictive analytics .
systems processing
Graph Graph theory, relational| Topological  analysis, | Directed acyclic
DB+LPS algebra graph algorithms graphs, path finding

Note: theoretical and methodological principles of planning methods are systematised without
considering the specifics of particular software implementations.

Source: created by the author based on Y. Jiang et al. (2024), M. Shiti et al. (2021),
S. Maruthi et al. (2022).
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Greedy algorithms are based on decision theory and mathematical
optimisation. They apply the principles of local optimality and problem
decomposition, thereby enabling rapid identification of approximate solutions.
Conceptually, this method involves a step-by-step analysis of system states,
utilising priority matrices to make optimal decisions at each stage. This approach
is employed in construction to optimise work schedules, resource management,
and logistics route planning. The LPS methodology is based on the concepts of
lean production and the theory of constraints, which ensure effective management
of construction processes. The principles of cascade planning and collective
responsibility enable the creation of a coordinated system for task distribution.
Conceptually, LPS has a hierarchical structure that includes long-term,
medium-term, and short-term plans, supplemented by cycles of verification and
adjustment. This structure facilitates rapid adaptation to changes in the
construction environment and minimises the loss of time and resources.

BIM integration is based on information modelling and systems
engineering, which provide process parameterisation and the creation of digital
prototypes of construction objects. Methodological principles facilitate
multidimensional data representation and spatio-temporal synchronisation of
construction processes. Conceptual features of BIM include the use of
topological relationships to manage interdependent project elements, thereby
improving the accuracy of forecasting work timings and controlling costs at all
stages of the building life cycle.

Al optimisation methods are based on machine learning and probability
theory. They utilise the principles of adaptive learning and stochastic modelling to
improve decision-making processes. Conceptually, this includes neural network
architectures that analyse large amounts of data and optimise construction
processes using gradient methods to find optimal solutions. The implementation
of Al optimisation increases the efficiency of resource management,
automatically adjusts construction schedules, and predicts possible risks.

The integration of ERP systems with BIM is based on a process approach
and systems analysis, ensuring end-to-end planning of construction processes.
The main methodological principle is the integration of data between different
stages of the project, which synchronises the financial, material, and production
aspects of management. Conceptually, this is implemented through the
unification of processes and matrix management structures that allow for the
effective coordination of large infrastructure projects with many participants.

The combination of 1oT and Al in construction is based on the theory of
automatic control and distributed systems, allowing the implementation of the
principles of reactive control and predictive analytics. Conceptually, this includes
the use of sensor networks to collect information in real time and data streaming,
which permits rapid responses to changes in the construction environment. These
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technologies are used to monitor the safety of construction sites, assess the
condition of structures, and automate decision-making processes. Using Graph
DB in combination with LPS is based on graph theory and relational algebra,
which provides topological analysis of construction processes. Methodologically,
this involves the use of graph algorithms to model complex relationships between
construction elements. Conceptually, directed acyclic graphs are used to represent
interdependencies between tasks, which optimises work planning and facilitates
rapid adaptation of the project to changes. This is especially effective in complex
construction projects, where dynamic restructuring of work schedules is required
depending on the current state of the project.

Optimising the use of resources in construction projects. A study
conducted between 2023 and 2024 on the optimisation of resources in
construction projects identified planning and management approaches that
significantly affect the efficiency with which time and resources are utilised.
The analysis focused on seven leading international companies that successfully
implemented technologically sophisticated solutions to rationalise the use of
material, labour and energy resources, demonstrating varying degrees of
management system integration. The use of standardised assessment approaches
enabled a comparative analysis of the outcomes of the digital transformation of
planning processes. The summarised results were presented in Table 2. The
main performance metrics of the new methods included reduced equipment and
personnel downtime, reduced deviations from the work schedule, optimised use
of material resources and increased accuracy in predicting task completion
dates.

Table 2
Implementation of digital planning methods in construction companies

Planning Technical implementation

Company method parameters Results obtained
Resource allocation system
with  defined optimisation
criteria (work duration, costs, . .
Greedy personnel qualifications Reduced planning time
Skanska "|by 45%, reduced

algorithms  |technical limitations, logistics,
risks, energy efficiency, and
environmental  friendliness)
and ML forecasting models

downtime by 38%

Balfour Digital collaborative planning |Productivity increase by

Beatt LPS platform with 10T sensor|25%, deviation reduction
y integration by 32%
) BIM 6D BI.M with automated 230 collisions detected,
Hochtief . . calculation of cost and work
integration deadlines saved 18% of the budget
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End Table 2
Company Planning Technical implementation Results obtained
method parameters
Neural network based on a Forecast accuracy 92%
Bouygues Al database of 120 completed -uracy '
: L : . . .. |resource optimization by
Construction |optimisation |projects  with  predictive
. 35%
analytics
.. ... [Inventory reduction by
Strabag ERP+BIM Int_egrated system with digital 42%, delivery
twins of objects .
acceleration by 48%
Vinei A network of 500 sensors and |40% reduction in
. loT+Al a  predictive  maintenance |[downtime, 25% fuel
Construction .
system savings
Royal BAM/|Graph 12,000-node database and|52% faster planning,
Group DB+LPS distributed scheduling system |38% more accurate

Note: averaged indicators for the implementation period 2023-2024 are given.

Source: created by the author based on Skanska (2025), Balfour Beatty (2025), Hochtief
(2025), Bouygues Construction (2025), Strabag (2025), Vinci Construction (2025), Royal
BAM Group (2025), Deloitte (2025).

The transformation process began with the use of basic optimisation
algorithms. One of the main problems that Skanska AB faced was insufficient
efficiency in resource allocation between parallel projects, which caused
excessive downtime for both equipment and personnel. To solve this problem,
the company implemented a system based on greedy algorithms that
accumulated data from 1,200 sensors installed on construction sites and
integrated them with corporate databases. The algorithm performed a multi-
criteria analysis of tasks, taking into account parameters such as execution
duration, costs, worker qualifications, technological limitations, logistics, and
the likelihood of risks. As a result of implementing this system, the time
required for planning was reduced by 45%, while downtime was reduced by
38%. Automation of resource allocation processes using sensor systems further
reduced logistics costs by 25%.

In contrast, Balfour Beatty faced a key challenge in coordinating the
activities of the many participants in the construction process. To address this
issue, the company implemented a digitally based LPS system that supported
remote collaboration. Electronic planning tools were synchronised with the
information systems of suppliers and subcontractors, and periodic weekly
meetings were held in a hybrid format with the function of automatic recording
of decisions. Thanks to the implementation of the new system, productivity
increased by 25%, and discrepancies between plans and actual implementation
were reduced by 32%. The decisive factor in success was the active involvement
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of contractors in the planning process, as well as the development of a
transparent system for monitoring the implementation of tasks. The
implementation of a digital platform for coordinating plans further reduced the
costs of organising work by 28%.

Hochtief, unlike previous companies, faced the challenge of
comprehensively integrating data on costs, deadlines, and construction
technologies. The solution to this issue was the adoption of 6D BIM technology,
which significantly enhanced planning capabilities by integrating all key
parameters into three-dimensional digital models. The system supported twelve
data exchange standards and enabled two-way communication with project
management software. The accuracy of resource planning improved by 85% due
to the ability to virtually forecast construction processes. Optimisation of
procurement and warehouse management resulted in a 45% reduction in
construction waste. The implementation identified 230 potential conflicts at the
planning stage, leading to budget savings of 18%. The applied technological
innovations demonstrated their effectiveness, confirming the importance of
comprehensive optimisation in enhancing the efficiency of construction projects.

The next stage of evolution involved the implementation of artificial
intelligence. Bouygues Construction encountered challenges in forecasting
construction project deadlines due to the significant influence of external
factors. Traditional planning approaches were unable to effectively account for
seasonality, climate conditions, and the varying productivity of different teams.
To address this issue, the company introduced a neural network-based system
trained on data from 120 completed projects. The system analysed 85 key
parameters, including historical weather data, logistical barriers, and team
performance. Neural network algorithms, incorporating forecasting modules,
schedule optimisation, and predictive maintenance, formed a comprehensive
resource and time management system. These algorithms uncovered hidden
dependencies between these factors and the duration of the work. Integration
with external weather services enabled real-time adaptation of plans to changing
climate conditions. As a result, forecasting accuracy reached 92%, and resource
efficiency improved by 35%. Additionally, this approach increased the
operational efficiency of construction equipment by up to 55%.

The implementation of integrated planning systems of medium complexity
represents a significant shift from the localised optimisation of individual
processes to a systemic approach to resource management. At Strabag, the
integration of ERP and BIM facilitated the development of a unified project
lifecycle management system. The synergy between BIM and ERP enhanced
planning accuracy and significantly reduced unproductive time at all stages of
construction. The implementation of digital twins provided access to detailed
information on material specifications, installation methods, and operational
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parameters. By adopting the just-in-time supply principle, warehouse stock
levels were reduced by 42%. Automated logistics planning increased the speed
of material deliveries by 48%, while the optimisation of transport routes and
loading significantly lowered overall logistics costs by 33%.

The next stage involved the full integration of IoT technologies. Vinci
Construction implemented a network of 10T sensors to monitor construction
processes in real time. These sensors recorded data on the location and technical
condition of equipment, material consumption, and microclimate parameters at
construction sites. The application of neural networks to analyse data flows
enabled the detection of anomalies and the prediction of potential issues.
Predictive maintenance of equipment was based on the analysis of key
operational parameters for each unit. The integration of this system with
planning platforms automated work schedule adjustments in response to
deviations from normal operating conditions. As a result, equipment downtime
was reduced by 40%, fuel consumption decreased by 25%, and the productivity
of construction crews increased by 35%.

The most comprehensive approach was demonstrated by Royal BAM
Group, which utilised the Graph DB Neo4J to model complex technological and
organisational relationships in construction projects. The system stored data on
technological dependencies, resource constraints, and logistical processes in a
graph format consisting of 12,000 nodes. Algorithms for traversing this graph
optimised the sequence of work execution, accounting for 45 types of
relationships between tasks. Integration with the Last Planner System (LPS)
enabled the coordination of short-term planned activities with the overall project
schedule. As a result, the speed of plan formation increased by 52%, planning
accuracy reached 88%, and resource allocation efficiency improved by 38%.

An analysis of the practical experience of leading construction companies
highlights a clear trend towards the integration of multifunctional technological
solutions. The highest levels of efficiency were achieved by combining resource
optimisation systems with collaborative planning tools and analytical predictive
models. The outcomes of digital transformation confirm the feasibility of such
approaches: the accuracy of forecasting work deadlines increased by 35-92%,
resource use optimisation resulted in savings of 25-42%, while improved
coordination between participants reduced deviations in work by 32-38%.

The collected results of various approaches to resource optimisation in
construction projects have been systematised according to the main resource
categories and the corresponding methods for their improvement. A
comprehensive assessment of effectiveness considers not only economic aspects
but also the impact on project implementation timelines and additional
performance indicators. Particular emphasis is placed on analysing the
relationships between selected optimisation methods and their impact on the
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efficiency of different types of resource utilisation. Table 3 presents a
comparative analysis of the results of implementing resource management
systems, using leading construction companies as examples. This allows for an
assessment of the effectiveness of various optimisation approaches and their
overall impact on the productivity of construction projects.

Table 3

Comprehensive assessment of the effectiveness of implementing resource
management systems in construction projects

Optimisation . Impact on | Additional
Resource . Economic .
cateqor measures Enterprise offect project |performance
gory (method/tool) duration indicators
Automated
accounting and Saving 18% 230 Reducing
supply Hochtief of the|collisions logistics
Building plannlng (BIM budget detected costs
. integration)
materials Intelligent
i 0,
graph databases |Royal BAM Accelerat!on 38% Supply
of planning|accuracy S
(Graph Group by 520 improvement optimisation
DB+LPS) y P
Predictive Inventory | Acceleration .
: ) .- _|Reduction of
maintenance Strabag reduction by|of deliveries downtime
. [(loT+Al) 42% by 48%
Construction Task
machinery . 92% Resource Reduced
scheduling Bouygues AR )
. . |forecast optimization |operating
using Al | Construction
2 accuracy by 35% costs
optimisation
Qual.lflcatlon 25% 32% Improving
matrices  and|Balfour L . .
) productivity |reduction in|work
flexible Beatty . L I
increase deviations  |coordination
Labor schedules
resources Greedy Reduction |38%
algorithms  for . . . |Workflow
Skanska of planning reduction in| "~ . " .
task . . optimisation
o time by 45% | downtime
distribution
Intelligent
0 .
Energy energy Vinci Fuel savings 40% . . Reducing
management . reduction in|energy
resources Construction | by 25% . .
systems downtime  |consumption
(loT+Al)

Note: figures are averaged over the implementation period 2023-2024.
Source: based on financial statements of Skanska (2025), Balfour Beatty (2025), Bouygues
Construction (2025), Strabag (2025), Vinci Construction (2025), Royal BAM Group (2025),
sustainability reports and independent audit results by Deloitte (2025).
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The implementation of material resource management systems
demonstrates significant potential for optimising construction processes. In
particular, BIM integration at Hochtief led to an 18% reduction in project
budgets and enabled the identification of 230 technical conflicts at the planning
stage. This helped to minimise material resource losses and prevent delivery
delays. The use of Graph DB at Royal BAM Group significantly transformed
planning processes, reducing the duration of work by 52% while simultaneously
increasing accuracy by 38%. This approach ensured the optimisation of supply
chains and a reduction in warehouse inventories.

The integration of ERP systems for construction equipment management at
Strabag provided comprehensive optimisation. Through automated planning and
predictive maintenance, warehouse inventories were reduced by 42%, and the
delivery process was accelerated by 48%. Meanwhile, the application of Al
technologies at Bouygues Construction significantly increased forecast accuracy
to 92%, optimised equipment uses by 35%, and reduced operating costs. The use
of the Last Planner System (LPS) in Balfour Beatty’s workforce management
formed the foundation for system-wide transformations. This enabled a 25%
increase in productivity and a 32% reduction in deviations from initial plans,
particularly due to improved coordination and communication between work
teams. Greedy task distribution algorithms implemented at Skanska provided
significant optimisation of planning processes: task execution time was reduced
by 45%, and downtime decreased by 38%. In the area of energy management, the
application of intelligent systems at Vinci Construction had a substantial impact
on the environmental efficiency of construction. Fuel savings reached 25%, and
downtime was reduced by 40%, leading to a decrease in CO. emissions and an
overall improvement in energy efficiency. The digitisation of the monitoring
process has laid the foundation for further optimising energy consumption and
minimising the environmental impact of construction processes.

A comprehensive analysis of the application of various resource
optimisation methods indicates that the highest results can be achieved through a
balanced combination of technological solutions and the improvement of
planning processes, particularly in relation to working time. For large
enterprises, the implementation of integrated systems based on Al and IoT is
recommended, as these technologies provide the highest level of automation and
predictability. For medium-sized companies, it is advisable to begin by adopting
BIM technologies in combination with ERP systems to achieve an optimal
balance between efficiency and costs. Smaller enterprises can focus on
fundamental methods, such as the Last Planner System (LPS) or greedy
algorithms, which offer significant productivity gains with moderate investment.

The key factor in selecting optimisation methods is the specificity of the
projects. For multi-level and complex projects, the integration of all planning
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systems is critically important, whereas for standardised projects, a basic level
of automation is sufficient. The transition from fragmented, localised solutions
to integrated planning platforms has established the foundation for the systemic
optimisation of material, energy, and labour resource utilisation in the
construction industry.

Practical recommendations for the implementation of optimisation
methods in construction management. The practical implementation of
optimisation methods in construction management requires a clear and
systematic approach based on algorithmically defined implementation stages.
The first stage involves conducting a detailed technological audit, which
includes a comprehensive assessment of the enterprise's existing infrastructure, a
qualitative evaluation of personnel competence, and an analysis of the
effectiveness of current planning tools. Based on the audit results, it is advisable
to develop a transformation roadmap with structured phases for innovation
implementation, including the automation of fundamental processes, the
integration of specialised software, and the adoption of BIM technologies. The
transformation schedule should account for a planning horizon of three to five
years, considering the organisation’s level of digital maturity to enhance the
consistency and sustainability of changes.

During the formation of the implementation team, it is essential to ensure
the involvement of specialists from various fields, including project
management experts, construction engineers, and IT professionals. Special
emphasis should be placed on training initiatives: personnel should undertake
courses lasting between two and six months, focusing on the practical
application of new technological solutions. The primary performance metrics
should include factors such as reducing the time required for plan development,
minimising deviations from approved schedules, and optimising overall resource
utilisation. The practical experience of companies such as Skanska and Balfour
Beatty have demonstrated significant improvements, including a 38-40%
reduction in downtime and a 25-35% increase in productivity.

To develop technical requirements for information systems, the principle of
an optimal cost-to-functionality ratio should be followed. The core functionality
should include calendar planning, resource management, and task performance
monitoring. Advanced modules may incorporate predictive analytics, integration
with 10T sensors, and logistics process optimisation. The estimated budget for
implementing an innovative system should range between 2% and 5% of the
total project cost. Before large-scale deployment, it is essential to test the
developed solutions at pilot sites to identify potential shortcomings.

The standardisation of processes involves creating standardised templates
and regulatory documentation for project management. Additionally, tools for
regular monitoring of the effectiveness of the implemented methods must be
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developed. Furthermore, establishing a knowledge base is crucial to preserve
accumulated practical experience and analyse any errors encountered during
implementation. The integration of modern planning solutions should include
the development of a centralised data management platform to collect
information from over 1,200 sensors on construction sites. The collected data
should be processed using Graph DB and integrated with supplier systems. To
protect critical data, backup mechanisms should be implemented alongside
recovery procedures designed to minimise the risk of losing strategic plans.

A modular approach is recommended for implementing planning systems,
with a gradual increase in functionality. For small projects, it is advisable to
begin with basic calendar planning tools that automate calculations and
synchronise schedules. For medium-scale projects, specialised software should
be used to add resource planning and cost optimisation capabilities. For large
and complex projects, integrated BIM platforms are the optimal choice, as they
consolidate all necessary information into three-dimensional models, ensuring
efficient collaboration among all project participants.

The automation process required the standardisation of data exchange using
IFC and API REST protocols. Structuring information models in accordance
with the ISO 29481 (2016) standard established the foundation for unified
management. The integration of blockchain technologies facilitated secure and
transparent data exchange within the framework of distributed planning. To
scale planning systems, the implementation of cloud platforms was
recommended, as they offer flexible pricing and adapt to fluctuations in
workload. To address the challenges of optimising complex schedules, it is
worth exploring the potential of quantum computing. A key aspect of successful
implementation is the gradual introduction of new functions in alignment with
the increasing competency levels of personnel.

In practice, the implementation of these recommendations in construction
companies has delivered significant results. The integration of BIM and Graph DB
accelerated planning processes by 52% while improving accuracy by 38%. The
use of predictive analytics based on neural networks enabled forecasting with an
accuracy of up to 92% and optimised resource utilisation by 35%. The integration
of 10T sensors reduced downtime by 40% and fuel consumption by 25%. The
combination of ERP systems with digital twins contributed to a 42% reduction in
inventory and a 48% acceleration in deliveries. The implementation of a digital
platform for the Last Planner System (LPS) increased work productivity by 25%
and minimised deviations from the schedule by 32%. A comprehensive approach
to optimisation has established a robust technological foundation for the continued
enhancement of planning systems in construction management.

Discussion. A study by P. Brindl et al. (2024) confirmed the high
effectiveness of Graph DB in optimising planning processes. Their research
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demonstrated that using Neo4J to model relationships in construction projects
reduced decision-making time from four hours to 45 minutes and increased
planning accuracy by 22%. The present study extends P. Brindl’s et al.
approach by incorporating an analysis of the impact of human factors on
planning processes. L. Tang et al. (2024) analysed resource optimisation in
construction projects and found that inefficient resource management could
increase operational time by up to 49.6%. The present study complements these
findings by demonstrating that the application of structural modelling methods
to analyse resource flows enables the identification of key optimisation points
and facilitates the implementation of appropriate management decisions.

F. Althoey et al. (2024) investigated the impact of loT on resource
management, confirming the necessity of integrating digital technologies into
planning processes. However, while F. Althoey et al. primarily focused on the
technical aspects of IoT implementation, the present study examines the
organisational changes and staff adaptation required for successful technology
adoption. O. Ghandour et al. (2024) proposed an adaptive workload
management model, which aligns with the findings of the present study
regarding the need for a flexible approach to resource management. Both studies
demonstrated the effectiveness of predictive analytics in mitigating the risks of
resource overload and enhancing overall construction project productivity.

K. Radwan et al. (2024) developed a model for optimising resource
allocation based on a greedy algorithm, confirming the effectiveness of
algorithmic methods in planning, as indicated in the present study. This
approach was further extended by analysing the potential long-term
consequences of implementing such algorithms on the organisational culture of
construction companies. The study by Z. Wang and H. Xu (2024) on the
optimisation of production planning for prefabricated structures made a
significant contribution to expanding knowledge in the field of production
process management. Their conclusions regarding the importance of accounting
for potential failures in the planning process align with the findings of the
present study, which emphasise the necessity of developing flexible and
adaptive management systems.

The work of H. Bakker et al. (2020) focused on multi-stage optimisation
under uncertainty, further supporting the feasibility of the adaptive planning
approach highlighted in this study. However, the present research advances
these theoretical concepts by integrating practical tools for implementing
adaptive planning, specifically tailored to the context of construction projects. In
the field of information technology applications in project management, this
study corroborates the findings of J.C.-W. Lin et al. (2022) regarding the
effectiveness of algorithmic optimisation methods for balanced resource
allocation. However, in contrast to their predominantly technocentric
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perspective, the present results highlight the importance of achieving a
harmonious integration of automated systems with the human factor in
managerial decision-making.

In the context of human resource management, the work of F. Pariafsai and
A.H. Behzadan (2021) highlighted the need to expand the managerial
competencies of project managers. The present study builds on this thesis by
demonstrating the necessity of systematically developing the competencies of all
project team members, including personnel at different organisational levels.
The application of Al in human resource management was explored in the study
by T. Aizenberg (2024), which outlined the general advantages of such
technologies. However, the present study provides a more detailed examination
of Al tools specifically within the construction industry, taking into account the
unique significance of workers' physical presence on construction sites.

The analysis of planning processes corroborated the conclusions of
O.V. Bugrov (2024) regarding the importance of a structured approach to
project management. At the same time, this study identified new optimisation
perspectives related to enhancing planning flexibility and adapting to the
constantly changing conditions of construction projects. Y. Polusmiak et al.
(2024) investigated the logistics aspects of the construction industry, focusing
on supply chain optimisation. The present study expands on this perspective by
revealing the close relationship between logistics efficiency and overall project
management performance, particularly through the integration of supply
planning systems with work schedules. Regarding technological aspects, the
research by E. Sarker et al. (2021) highlighted the benefits of implementing
intelligent systems for resource management. The findings of the present study
confirm these advantages while also emphasising the specific requirements of
such systems in the context of the construction industry.

A study conducted by O.S. Hachaturyan (2020) confirms that the
implementation of information systems, such as Enterprise Asset Management,
significantly enhances the efficiency of resource utilisation in the construction
industry. The results obtained align with scientific conclusions regarding the
integration of modern digital technologies into construction project management
processes. In particular, it is emphasised that the use of digital tools not only
improves planning and control over resource usage but also minimises downtime
and increases forecasting accuracy. However, O.S. Hachaturyan’s work primarily
focuses on aspects of human resource management and the need to enhance
personnel skills. These aspects are further analysed in the present study from the
perspective of applying algorithmic approaches to task planning and distribution.

The study by H. Yu et al. (2021) examines task planning mechanisms
within fog computing systems, highlighting the importance of optimal resource
allocation to reduce delays and enhance task performance efficiency in real time.
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This approach aligns with the broader principles of applying algorithmic
methods, particularly greedy algorithms, in the field of construction
management. The use of such methods facilitates optimal resource allocation
and ensures adaptability in task execution. Both studies underscore the critical
role of automated systems in accelerating responses to project changes and
adapting management strategies in real time. The findings of this study
significantly contribute to the existing theoretical and practical foundations for
optimising planning in construction management through the integration of
digital technologies, algorithmic approaches, and adaptive management
solutions. The demonstrated practical value of an integrated approach -
combining technological innovations with organisational changes and human
resource development — further confirms its effectiveness in ensuring the
sustainable development of the construction industry.

Conclusions. The study demonstrated that the efficiency of construction
planning is largely dependent on the digitalisation of processes, algorithmic
optimisation, and adaptive resource management. The integration of modern
technologies has enabled a 25-30% reduction in work organisation time, a 40%
decrease in errors related to resource allocation, and an increase in forecasting
accuracy for task deadlines of up to 85%. A transition is underway from
localised systems to comprehensive platforms that integrate calendar, resource,
and financial planning. This shift has led to increased operational efficiency,
minimised downtime, and more rational use of material and human resources.

Algorithmic optimisation methods, combined with Al and loT, have
significantly transformed construction management approaches. The use of
Graph DB for modelling technological dependencies has improved the
sequencing of operations, while predictive analytics and automated monitoring
systems have enabled the early detection of potential risks. This has facilitated
the transition from reactive to proactive management, allowing for the
prediction of potential deviations and the automatic adjustment of plans.

Based on the findings, a phased methodology for digital transformation was
developed, encompassing a technological audit, the establishment of digital
infrastructure, and staff training. A differentiated approach to the integration of
optimisation methods was proposed, tailored to the scale of enterprises and the
complexity of their projects. Integrated management systems have enabled the
optimisation of the entire lifecycle of construction projects, from documentation
development to the commissioning of facilities. The introduction of digital twins
has been identified as a key factor in modelling construction operations and
identifying potential risks at the planning stage.

The practical significance of this study lies in the development of a
methodology for implementing technological solutions while accounting for the
specific characteristics of construction projects. A system of metrics has been
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devised to assess the effectiveness of digital transformation, along with a
methodology for calculating its economic benefits. A key limitation of this study
Is its focus on large international companies, which makes it challenging to
extrapolate conclusions to small and medium-sized enterprises. Future research
could explore the integration of quantum computing and Al to further enhance
construction planning and optimise complex project schedules.
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