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Abstract

Introduction. The construction industry has a major role to play in the global economy due to its multiplier effect, high
volatility and complexity of production relations, however, existing risk management techniques, particularly those at the
stage of investment justification, are still insufficiently developed. The aim of the study is to systematize modern ap-
proaches to risk-based lifecycle management of construction facilities, identifying gaps and promising areas of develop-
ment, including the use of digital technologies. The main tasks include an analysis of the regulatory framework, a review
of risk assessment methods and development of strategies for minimizing them for different types of real estate.
Materials and Methods. A comprehensive bibliometric study of modern approaches to construction risk management
using VOSviewer software has been performed. The most authoritative publications from the international Scopus and
Web of Science databases, as well as prominent Russian scientific papers, have been selected to be analyzed. The study
covered peer-reviewed articles, monographs, and dissertations from the last decade for a representative sample. Special
attention is paid to a critical analysis of methodological approaches to risk assessment at the pre-project stage, where
traditional methods show the greatest limitations. The study makes use of a systematic approach combining a quantitative
analysis of publication activity with a qualitative assessment of the research content. On top of that, successful cases of
the introduction of modern risk-oriented practices in real construction projects are explored.

Research Results. The analysis has enabled the key trends in the field of construction risk management over the past
decade to be identified. The results of the analysis are indicative of a stable relationship between the quality of the risk
management system and success of construction projects, which comes to the fore while investigating modern digital
technologies, including artificial intelligence and machine learning methods that are increasingly used for processing
large amounts of data in the construction industry. The greatest methodological difficulties are faced with at the stage of
investment justification, where traditional expert approaches require mandatory addition of digital analysis tools as con-
firmed by the practical cases of implementation of risk-oriented approaches explored in the study. The development of
adaptive techniques is particularly relevant that takes into account both traditional types of construction risks and new
challenges associated with the digital transformation of the industry and taking into account ESG factors, while bridging
the existing gap between scientific developments and their practical implementation is becoming a major condition for
successful modernization of risk management, which calls for taking coordinated actions by all involved in the construc-
tion industry and improving the regulatory framework in compliance with modern technological capacities.

Discussion and Conclusion. The bibliometric analysis has displayed the transition from traditional risk management
methods to digital solutions, while indicating the continuing gap between theory and practice, particularly at the stage of
investment justification. Modern approaches are actively integrating BIM, decision support systems and Al, but there is
a problem of the lack of qualified employees. Hybrid methods combining expert assessments with machine learning and
considering new risk factors such as sanctions and environmental requirements are becoming particularly relevant, which
calls for modernization of the regulatory framework and professional standards.
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AHHOTAUUA

Beeoenue. CtpoutenbHas OTPacib UrPACT KIFOYCBYIO POJIb B MHPOBOI SKOHOMHUKE Onarojapsi MyJIbTHUILIMKATHBHOMY
3¢ deKTy, BBICOKOM BOTATHILHOCTH U CII0KHOCTH MPOM3BOJCTBEHHBIX B3aUMOCBS3€H, OJTHAKO CYIIECCTBYIOIINE METOTUKH
yIIpaBJIeHUsI PUCKaMH, 0OCOOCHHO Ha dTalle MHBECTHLIMOHHOTO 00OCHOBAHUSI, OCTAIOTCS HEAOCTaTOYHO pa3padoTaHHBIMU.
Lenb nccnenoBaHusI — CHCTEMATU3UPOBATh COBPEMEHHBIC TIOJXOIBI K PHCK-OPHEHTHPOBAHHOMY YIIPABICHHUIO KIU3HCH-
HBIM [IUKJIOM CTPOUTEIBHBIX OOBEKTOB, BEISIBUB MPOOEITHI U MEPCHCKTHBHBIC HANIPABIICHHUS Pa3BUTHS, BKIFOYAs IIpHMe-
HEHHe MUPPOBHIX TeXHOIOTHH. OCHOBHBIE 331a4H BKIIIOYAIOT aHAIN3 HOPMATHBHOM 0a3bl, 0030p METOIUK OIICHKH PHC-
KOB H pa3pabOTKy CTpaTeTHil HX MUHUMH3ALUH IS PA3JINYHBIX THIIOB HEABIDKUMOCTH.

Mamepuanvt u memoowst. [IpoBeneHO KOMIDIEKCHOE OMOIMOMETPHYECKOE HCCICIOBAaHUE COBPEMEHHBIX ITOAXOJO0B K
YIIPaBJICHUIO CTPOUTEIBHBIMH PUCKAMU C MCIIOJIb30BaHUEM MporpaMMHoro ooecneuenust VOSviewer. J{ns ananusa oro-
OpaHbl HanOoJiee aBTOPUTETHBIE MyOIMKAIMU U3 MEKIYHapoaHbIX 06a3 Scopus u Web of Science, a Takke 3HaunMbIe
poccuiickre Hay4uHble paboThl. MccinenoBanue 0XBaTuilo pelieH3upyeMble CTaTbi, MOHOTpahHH 1 AUCCEPTALMH TTOCIIE]-
HETo JIECATHIIETHUS, YTO 00ECTICUNIIO PEIIPE3EHTATUBHOCT BEIOOPKH. Oc000€ BHUMaHHE Y/IeIeHO KPUTHUECKOMY aHAIHU3Y
METOAOJOTHYCCKUX MMOAXOA0B K OILICHKE PUCKOB Ha HpeHHpOCKTHOﬁ CTaanu, rac TpaauluOHHbIE METO/JbI IMTOKA3bIBAIOT
HanOOIBIIKE OTpaHIYeHHA. B paboTe MpUMEHEH CHCTEMHBIH MOIXO0/I, COYETAIOIINH KOTNICCTBEHHBIN aHAIN3 ITyOInKa-
MUOHHOW aKTHBHOCTH C KAYeCTBEHHON OICHKON COEPKaHUS UCCICAOBAHIN. JJOTIOTHUTETFHO PACCMOTPEHBI YCIICTITHRIE
KeWCBI BHEIPCHUSI COBPEMEHHBIX PHCK-OPUEHTHPOBAHHBIX MTPAKTUK B PEATBHBIX CTPOUTEIBHBIX MPOCKTAX.
Pe3ynomamut uccnedosanusn. [IpoBeieHHBIN aHAM3 TTO3BOJIMIT BEISIBUT KIIFOUEBEIC TCHACHIINH B 00IaCTH YIIPaBICHUSA
CTPOUTENBHBIMU PUCKAMHU 32 TIOCIIECAHEE NeCATIIIeTHE. Pe3ynbTaThl aHAIN3a IEMOHCTPUPYIOT YCTOHUNBYIO B3aHMOCBSI3b
MEXKIY Ka4C€CTBOM CUCTEMBI YIIPABJICHUA PUCKAMU U YCIICITHOCTBIO pe€ajin3alilu CTPOUTEIIbHBIX ITPOCKTOB, YTO 0Cc00EHHO
3aMETHO MPHU paCCMOTPCHUN COBPEMEHHBIX IlI/I(i)pOBbIX TeXHOHOFHﬁ, BKJIIO4asgd METObl UCKYCCTBECHHOI'O MHTEJJIEKTA U
MAIIMHHOTO 00y4eHUs, KOTOpbIe HaXOAT Bce Oojiee MUPOKoe IpUMEHEHHE ITPpHU 00paboTKe OOIBIINX MACCHBOB JaHHBIX
B CTPOUTENBbHOM oTpaciy. Hanbopiue MeTo10JI0rHYeCKHe CII0MKHOCTH COXPAHSIOTCS Ha dTare HHBECTHLHOHHOTO 000C-
HOBaHWUs, I'’/IC TPAAUITUOHHBIC SKCTIEPTHBIC MMOAXOABI Tpe6y}0T 00s13aTETLHOTO JOIIOJTHCHHUA HI/I(I)pOBI)IMI/I HHCTPYMEHTaMU
aHaIN3a, YTO IMOATBEPIKAACTCS PACCMOTPEHHBIMHU B HCCIICAOBAHIH MPAKTHIECKUMH KelicaMi BHEAPEHUS PUCK-OPUCHTH-
pOBaHHBIX TIOAX010B. OCcOOYIO aKTyaahbHOCTh MPHUOOpPETaeT pa3paboTKa aJanTHBHBIX METOANK, CIIOCOOHBIX YUHUTHIBATH
KaK TPaJUIIUOHHBIC BUIBI CTPOUTEIHHBIX PHCKOB, TAK M HOBHIC BHI30BHI, CBA3aHHBIC C ITU(PPOBON TpaHChopManueit oT-
pacmu 1 yaetrom ESG-hakTopoB, Ipr 3TOM KITFOUEBBIM YCIOBHEM YCIICITHOW MOJCPHU3AINH PUCK-MEHEPKMEHTA CTaHO-
BHTCS MPEOIOJICHUE CYIIECCTBYIOIIETO Pa3phiBa MEXy HAYYHBIMH Pa3pa0d0TKaMH U UX MPAKTUICCKAM BHEIPEHUEM, YTO
TpeOyeT COrIacoBaHHBIX JICHCTBHIA BCEX YUaCTHUKOB CTPOUTENLHOM OTPACIIH M COBEPILICHCTBOBAHUS HOPMATUBHOM 0a3bl
B COOTBETCTBUU C COBPEMECHHBIMU TCXHOJIOTUYECKUMH BO3MOKHOCTAMMU.

Oécyacoenue u 3axniouenue. buOIMoOMeTpUYECKUil aHATN3 TIOKa3all IePEX0J] OT TPAJUIUOHHBIX METOJIOB YIIPaBICHHS
pHUCKaMH K II(POBBIM PEIICHHUSIM, BBISIBUB IIPH 3TOM COXPAHSIOIIUICS pa3phiB MEXTy TEOPHEH U MPAKTHKOM, 0COOEHHO
Ha 3Tale HHBECTUIIMOHHOTO 000cHOBaHM. COBpeMEHHBIE TIOXO0/IbI aKTUBHO HHTErpupyIoT BIM, cucteMsr moanepxku
pemrennii u UM, HO cTamKUBaIOTCS ¢ MPOOIIEMON HEXBATKU KBATH(PHUIMPOBAHHEIX KaapoB. OcoOyI0 aKTyalbHOCTh MPH-
oOpeTaroT THOpHUIIHBIE METO/IbI, COUETAIONINE IKCIIEPTHBIE OLICHKH ¢ MAIIMHHBIM O0y4YEeHHEM, U y4eT HOBBIX (haKTOpOB
pPHUCKa, TAKUX KaK CAHKIUM M SKOJIOTHYECKUE TPeOOBaHUs, IS 4ero TpeOyeTcss MOJCpHHU3AIMsI HOPMATUBHOW 0a3bl U
po¢eCCHOHATIBHBIX CTAHIAPTOB.
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BaaronapHocTu. ABTOps! OarofapsT aHOHUMHBIX PELIEH3CHTOB, a TAK)XKE BBIPAKAIOT IPH3HATEIBHOCTh PYKOBOJICTBY
3a TIOMOIIb, OKa3aHHYIO B IIPOIIECCE MOATOTOBKH ITPOEKTA.

s uurupoBanus. Ans-3ryms WU.X., lllenna C.I'., Mopo3zosa H.E. IIpo6ieMbl 1 IepCIeKTUBH PUCK-OPUEHTHPOBAH-
HOT'O YIpaBJICHUS] 0OBEKTOM CTPOUTENBCTBA: 0030p COBPEMEHHBIX HccienoBanuit. Cogpemerntble meHOCHYUU 6 Cmpou-
menbcmee, gpadocmpoumensemee u nianuposke meppumopuii. 2025;4(3):65-76. https://doi.org/10.23947/2949-1835-
2025-4-3-65-76

Introduction. The construction industry has a strategically important position in the global economy due to its three
major characteristics. Firstly, it has a distinct multiplier effect, stimulating the development of related sectors from pro-
duction of building materials to financial services. Secondly, the industry is characterized by high volatility of market
conditions due to cyclical demand, dependence on the investment climate and regulatory changes. Thirdly, the construc-
tion complex is a n intricate system of industrial relations that unites numerous participants at all stages of the life cycle
of objects - from design to operation. These characteristics are corroborated by modern economic studies [1] that accen-
tuate the system-forming role it plays in the global economy.

The aim of the study in the framework of the research specialty 2.1.14 "Life Cycle Management of Construction
Objects™ is to develop and improve methods of risk-based management of real estate at all stages of their life cycle —
from design and construction to operation, reconstruction and decommissioning [2].

The following research tasks can be addressed:

1. Analysis and systematization of risks typical for different stages of the life cycle of construction facilities with a
focus on gaps in assessment methods at the investment justification stage.

2. Development of methods for assessing and ranking risks considering their impact on the economic efficiency and
sustainability of construction projects.

3. Design of risk management algorithms, including methods for minimizing, transmitting, and monitoring risks.

4. Exploring the capacities of using digital technologies (BIM, Big data, Al) for forecasting and risk management,
including the development of investment risk analysis tools.

5. Development of differentiated risk management strategies for different types of real estate (residential, commer-
cial, industrial) considering their specific vulnerabilities and life cycle features.

The aim of the study is to review modern methods of risk-based lifecycle management of capital construction objects
(CCO) with a focus on analyzing gaps in risk assessment methods at the stage of investment justification.

The key question is how risk management methods are to be developed in order for them to effectively cover all stages
of the life cycle, particularly at the stage of pre-design solutions.

Materials and Methods. In an increasingly intricate business environment, risk management is becoming a major
element of strategic management. It is to be noted that different international standards offer their own interpretations
of the basic concept of risk. Based on the methodology of bibliometric analysis, this study is thus aimed at systemati-
cally identifying key trends in developing a risk-based approach to managing construction objects at all of their life
cycle stages.

The analysis of international standards displays considerable differences in conceptual approaches to defining the
basic concept of risk. E.g., ISO 31000:2018 Risk Management — Guidelines (1SO 31000) defines risk as "the impact of
uncertainty on achieving goals, where impact is seen as any deviation from expected outcomes, both positive and negative
ones." This definition accentuates the dual nature of risks that can not only jeopardize, but also create new opportunities
for an enterprise.

In contrast, the Enterprise Risk Management — Integrated Framework (COSO ERM) focuses on negative aspects
seeing risks as "events that might hinder value creation or cause its reduction." This approach reflects the traditional
orientation of the American model towards protecting shareholder value and business sustainability.
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The European standard of the Federation of European Risk Management Association (FERMA) actually offers a more
neutral definition, "the combination of the probability of an event and the scale of its consequences.” Unlike COSO ERM,
this does not divide risks into "good" and "bad" ones, but focuses on the mechanisms of their quantification instead.

The practical importance of these differences becomes obvious while analyzing specific cases. E.g., while implement-
ing ESG strategies (environmental, social and management factors), ISO 31000 allows companies to take into consider-
ation environmental initiatives not only as costs, but also as an opportunity to create a new value. At the same time, COSO
ERM is still preferred for financial institutions where minimizing losses is a key objective.

It should be noted that modern organizations are increasingly combining the above approaches. Hence 67% of Fortune
500 companies are employing COSO ERM in order to assess traditional risks, while simultaneously applying ISO 31000
to manage innovative projects, where "positive" risks might become a source of competitive advantages.

Hence the choice of risk definition depends not only on regulatory requirements, but also on the strategic priorities of
the organization, which is a testimony of the need for a flexible approach to building risk management systems.

The current Russian regulatory and methodological framework for risk management in the construction industry is a
multi-level system based on the principles of consistent detail and specialization.

The system relies on three key regulatory documents forming the methodological foundation for effective risk man-
agement. The first and fundamental is GOST R 1SO 31000-2019 "Risk Management. Principles and Guidelines" that
establishes the conceptual framework and principles for risk management. This standard defines fundamental approaches
to identying, analyzing and assessing potential threats, sets forth a methodology for developing and implementing pre-
ventive measures and formulates requirements for integrating risk management into the overall management system of
an organization. Special attention is paid to forming a risk-oriented corporate culture, which is of particular importance
for construction companies operating in high-risk environments.

The second critical element of the system is GOST R 51897-2021 "Risk Management. Terms and Definitions" is an
adapted international standard 1ISO Guide 73:2009. Its major function is to ensure the terminological unity and clarity of
the conceptual framework. The document contains rigid definitions of key terms helping to avoid discrepancies and ensure
consistency in interpreting the fundamental concepts of risk management at all levels of management of a construction
organization. On top of that, the standard assists harmonization of Russian practice with international approaches, which
is of particular importance for companies engaged in international projects.

The third component of the methodological triad is GOST R 58771-2019 "Risk Management. Risk Assessment Tech-
nologies”, which is a practical toolkit for risk assessment. Unlike the first two documents, which are conceptual in nature,
this standard contains specific technologies and methods for risk analysis, algorithms for choosing optimal assessment
methods depending on the type and nature of the risk, as well as criteria for the efficiently of the approaches being used.
Practical mechanisms for both quantitative and qualitative assessment are particular significant allowing construction
companies to obtain reliable data for management decision-making.

The interaction of the three standards creates a comprehensive regulatory platform where each document performs its
own unique function: GOST R 1SO 31000 sets strategic guidelines and general principles, GOST R 51897 provides ter-
minological clarity and unity of the concepts, and GOST R 58771 offers specific tools for practical work. Such a system
enables construction organizations to build effective risk management, starting from forming a common strategy and
ending with implementing specific assessment procedures, while ensuring terminological consistency at all stages of the
life cycle of construction objects and compliance with the international standards.

For the practical implementation of a risk-based approach, a set of methodological documents has been developed,
including GOST R 51901.7-2017 "Risk Management. Guide to Implementing ISO 31000" (adaptation of
ISO/TR 31004:2013) and a series of recommendations R 50.1.068-2009, P 50.1.069 2009 and R 50.1.070-2019. These
standards contain detailed guidelines for implementing a risk management system considering the specifics of construc-
tion activities, providing methodological support at the stage of practical application.

In the system of regulatory regulation of risk management processes, a group of standards regulating formation and
maintenance of risk registers is particularly significant which includes: GOST R 51901.21-2012 "Risk Management. Risk
Register. General Provisions" establishing the basic requirements for the structure and content of the registry;
GOST R 51901.22-2012 "Risk Management. Risk Register. Design Rules" defining the procedures for updating data;
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GOST R 51901.23-2012 "Risk Management. Risk Register. Guidelines for Assessing the Risk of Dangerous Events for
Inclusion in the Risk Register" establishing the methods of ranking and prioritization; GOST R 50.1.084-2012 "Risk
Management. Risk Register. Guidelines for Creating the Risk Registry of an Organization" taking into consideration the
industry-specific features of building registers. At the same time, private risk assessment methods such as GOST R are
of great methodological importance. IEC 62502-2014 "Risk Management. Event Tree Analysis" describing the method-
ology of event tree analysis, GOST R 51901.12-2007 "Risk Management. A method for Analyzing the Types and Con-
sequences of Failure" containing principles for assessing the reliability of technical systems, and GOST R 54141-2010
"Risk Management. Guidelines for Applying Organizational Security Measures and Risk Assessment" offering compre-
hensive risk analysis techniques.

The GOST R series standards are an integral component of the system. ISO 9000 "Quality Management Systems.
Basic Provisions and Glossary" ensuring harmonization of a risk-based approach with the requirements of quality man-
agement. Among them are GOST R I1SO 9000-2015 laying the terminological foundations; GOST R ISO 9001-2015
"Quality Management Systems. Requirements" formulating mandatory requirements; GOST R 57189-2016/ISO/TS
9002-2016 "Quality Management Systems. Guide to Applying ISO 9001:2015" containing practical recommendations
for implementation; GOST R ISO 9004-2019 "Quality Management. Quality of an Organization. Guide to Achieving
Sustainable Success of an Organization™ describing methods for achieving sustainable results.

The presented regulatory documents form an integrated system where risk registers serve as an information founda-
tion, assessment methods provide an analytical component, and ISO 9000 standards create an organizational and meth-
odological context for efficient implementation of the principles of a risk-based approach. Such a comprehensive regula-
tory framework allows for the consistent implementation of modern risk management methods at all levels of the organ-
izational structure of a construction company, while ensuring the necessary consistency with the international standards
and industry requirements.

In industrial and construction risk management, industry standards that take into account the specifics of production
activities are of particular importance. GOST R 14.09-2005 "Environmental Management. Environmental Management
Risk Assessment Guide" regulates risk management processes in construction in detail, covering all stages — from design
to commissioning of objects. This document contains methodological recommendations for identifying and minimizing
typical construction risks, including technological, organizational and environmental aspects. Along with it, there is
GOST R 12.0.010-2009 "Occupational Safety Standards System. Occupational Health and Safety Management Systems.
Hazard ldentification and Risk Assessment" that establishes requirements for occupational health and safety management
systems, which is of particular importance for the construction industry with its high level of occupational risks.

As the construction industry is experiencing active digitalization, the role of GOST R ISO/IEC 27005-2010 "Infor-
mation Technology. Methods and Tools of Ensuring Safety. Information Security Risk Management" providing a meth-
odological framework for information security risk management. This standard is particularly significant in implementing
BIM technologies and digital platforms for construction project management. GOST R IEC 62198-2015 "Project Man-
agement. Guidelines for Applying Risk Management in Design" complements the regulatory framework and offers an
integrated approach to project risk management throughout the entire life cycle of a construction object.

The final and integrating element of the entire system is GOST R ISO 19011-2021 "Compliance Assessment. Guide-
lines for Management System Audit" that serves the crucial function of monitoring and improving risk management. The
standard does not only establish uniform audit requirements, but also creates an efficient mechanism for:

— objective assessment of efficiency of the applied risk management methods;

— identifying weaknesses and potential growth opportunities;

— development and implementation of corrective measures;

— ensuring transparency and accountability of all the processes.

This integrated approach enables construction companies not only to comply with the current safety and quality re-
quirements, but also to continuously improve their risk management systems adapting to changing conditions and new
challenges facing the industry. The above systematization demonstrates a holistic methodological platform combining
the universal principles of risk management with industry-specific construction activities. The multi-level structure of the
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regulatory framework enables a risk-based approach to be consistently implemented from strategic planning to operational
management at the level of specific construction projects.

Hence while aligning with the international practices, Russian risk management standards offer tools for working in
turbulent conditions. Their rational combination allows organizations not only to minimize threats, but also to transform
risks into growth opportunities ensuring long-term sustainability in a multi-crisis environment.

Risk management in construction covers a wide range of factors, including economic, technical, technological, organ-
izational, environmental, social and legal aspects, which calls for an integrated interdisciplinary approach combining
economic analysis, technical expertise, legal regulation and environmental monitoring by means of modern digital tech-
nologies and machine learning methods. Analysis of the works by leading foreign and domestic scientists, including
P. Grabovoy [2], Ye. Altman [3, 4], L. Bernstein [5], F. Knight [6], Brigham [7], A. Lapidus [8], etc. demonstrate three
main vectors of scientific research: study of the genesis of risk factors, development of their classification systems and
search for efficient management methods. At the same time, in the field of construction projects, special attention is being
paid to the issues of permanently clarifying risk classification [9], predicting potential damage, optimizing control systems
and developing risk mitigation mechanisms at different stages of the life cycle of an object. However, the existing con-
cepts are considerably different both in terms of the terminology, where there are discrepancies in the definition of the
fundamental concepts of "risk™ and "uncertainty”, and in terms of the methodological tools ranging from traditional quan-
titative methods to modern neural network technologies.

In modern studies of assessment of risks of construction projects, special attention is being paid to the issue of the
lack of reliable statistical data for quantitative analysis. Expert assessments are commonly used in analyzing complex
technical problems, but they call for formalization and rigorous methodology in order to ensure reliable outcomes.

As noted in [10], as there are no representative samples for assessing new, unique construction technologies, expert
assessments are becoming an essential tool for risk management. Expert methods are of particular significance in analyz-
ing rare events, complex risks with lots of interrelated factors, as well as in the early stages of the life cycle of an object
when statistical data have not been accumulated yet.

A major aspect while using expert assessments is meticulous selection of specialists. According to research, the opti-
mal criteria are professional recognition in the industry (confirmed by a membership in specialized associations, scientific
publications or participation in significant projects), practical work experience of no less than 5-10 years in a specific
field of construction, as well as reputation among colleagues. According to common practice, the most reliable sources
for seeking for experts are databases of professional associations, top construction consulting companies and academic
institutions focusing on research in the field of construction technologies.

In order to minimize the subjectivity of expert assessments, modern research is making use of special techniques,
including anonymous Delphi surveys allowing reaching consensus with no pressure from authorities, a system of
weighting factors that takes into consideration each expert’s level of competence, as well as validation procedures by
comparing against the known cases and historical data. An interesting example from [21] shows that while analyzing
high-rise construction risks, expert assessments indicated 37% of potential threats that were not reflected in the available
statistics, but were subsequently confirmed in actual incidents. This case clearly indicates how well-organized expert
analysis can compensate for the lack of statistical data, especially while working with new or unigue construction tech-
nologies and objects.

According to R. Keeney et al. [11], despite the wide use of expert assessments in technical analyses, existing methods
for obtaining them frequently prove to be methodologically flawed. Following a comparative analysis of two stages of a
large-scale nuclear safety study — using internal experts and involving 40 external specialists from universities, consult-
ing firms and national laboratories — the authors have been able to develop a comprehensive structured approach, in-
cluding special expert training, decomposition of assessments and formalized data collection procedures, which allowed
them to obtain more than 1,000 reliable probability distributions and was positively evaluated during an expert review.

According to [12], unlike traditional risk assessment tasks, expert judgments have a special role to play in designing
complex systems, from identifying potential failures to developing preventive measures, and justify the need for a holistic
approach integrating expert assessments at all stages of the life cycle of a system and minimizes subjective distortions.
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The well-known Russian scientist A.A. Lapidus and et al. deal with the problems of a risk-based approach in [13-16]
that examines the issues of effective selection of the experts and methodology of a risk-based approach in organizational
and technological solutions and construction stages.

In conditions of high dynamics of construction, the technical customer cannot be in continuous control, which calls
for a risk-based approach to be introduced in order to prioritize inspections. The aim of the study is to develop a method-
ology for identifying, analyzing and ranking construction control risks in order to optimize supervisory activities [17].

The authors of [18] developed a practical tool for selecting methods of risk analysis in construction based on the
characteristics of a project confirming its efficiency during testing on actual objects by means of data visualization.

A. Chan and et al. [19] presented a systematic review of using fuzzy methods in construction management, analyzing
the literature published in the top research journals over the past decade in order to identify the major areas and prospects
for further research. During the review, two major areas were identified — fuzzy sets/fuzzy logic and hybrid fuzzy meth-
ods, which, in turn, are classified into four key categories: decision making, performance, evaluation/analysis, and mod-
eling. Analyzing the current trends, the authors noted an increasing interest in integrating fuzzy methods with other com-
putational approaches, such as neural fuzzy systems which overcome the limitations of traditional methods. On top of
that, there is a tendency to expand the scope of application of fuzzy methods beyond construction management, including
environmental disciplines, which emphasizes their relevance and significance in solving complex problems amidst un-
certainty.

P.K. Dey in 2001 [20] developed a Decision Support System (DSS) that integrates the Analytical Hierarchy Process
(AHP) method and decision trees for risk management at the initial stages of construction projects making it possible to
systematize assessment of qualitative and quantitative risk factors. This approach offers a structured representation of the
relations between different risks and their possible development scenarios, which is particularly significant for strategic
decision-making at the early stages of a project.

In a systematic review by A. Taroun [21] in 2013 there was a comprehensive analysis of the evolution of risk man-
agement approaches in the construction industry over a fifty-year period. The study showed that despite the steady prev-
alence of the traditional P—I (probability—impact) risk assessment model, in recent decades there has been a clear trend
towards a shift to more comprehensive and advanced methodologies. The current approaches are increasingly take into
consideration the complex interdependencies between different risk categories, as well as their interaction with the pa-
rameters of a project environment. Analytical methods such as fuzzy set theory (FST) and hierarchy analysis (AHP), as
well as various decision support systems (DSS), have become particularly common. However, the author emphasizes the
ongoing major gap between the theoretical developments in the field of risk management and their practical application
in actual construction projects. As the major areas of development A. Taroun offers modernization of the traditional P—I
model by means of including additional parameters, active implementation of unified assessment metrics (particularly,
the concept of "risk-value"), a more complete use of practitioners’ professional experience as well as the development of
new integrated solutions capable of integrating advanced theoretical developments with the actual needs of construction
practice. The key takeway of the study is the need for fundamental rethinking of the existing approaches towards risk
management in order to bridge the accumulated gap between theory and practice. A. Taroun's study remains a critical
methodological guideline for modern research in the field of construction risk management setting pace for further devel-
opment of this relevant theoretical and practical discipline.

According to recent studies, emerging risks in construction are increasingly important characterized by nonlinear
relations and deviations from classical probabilistic models calling for development of new analysis methods integrated
into digital platforms in order to support decision-making amidst uncertainty. It is of particular significance to study the
relation of such risks with events such as "a black swan" — rare and disastrous events that are almost impossible to predict
by means of classical probabilistic methods [22].

In [23], a digital platform was developed integrating BIM and automatic object monitoring (RFID) technology using
radio waves. The solution indicates efficiency in managing construction processes, but it calls for additional adaptation
to overcome barriers in terms of the employees’ digital skills.

Implementing BIM methodologies entails significant risks that minimize their potential benefits. In [24], the major
barriers to digital transformation of construction processes are systematized.
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In the context of the mounting pressure of the sanctions, being mindful of political risks is becoming a crucial factor
in sustainable development of the Russian construction industry. According to X. Deng and et. al [25], competent man-
agement of such risks can prove to be a competitive advantage. An analysis of international experience [26] has revealed
the major sources of political risks and effective strategies for mitigating them.

An analysis of research publications on risk management in construction has displayed the following specialized areas:
time and budget management [27], integration of knowledge in the field of occupational safety and information and
communication technologies [28], environmental aspects of construction [29] and protection from natural disasters [30],
which is indicative of the multidisciplinary nature of the latest approaches to construction risk management.

Research Results. A systematic manual bibliometric analysis complemented by an analysis using VOSviewer soft-
ware [31] (Fig. 1) has indicated a complex structure of relations between the major risk management concepts in the
construction industry.
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Fig. 1. Analysis of the thematic structure of research in the field of risk management of construction projects based
on cluster visualization

Using the text mining feature in VOSviewer, keywords were extracted from titles, annotations, and citation
contexts [32]. The central element of the network is the concept of "risk management" indicating the highest fre-
quency of research publications and forms the semantic core of studies. Stable links diverge from this term to four
main thematic clusters: "construction industry™ (construction industry — the brown cluster), "construction projects”
(construction projects — the blue cluster), "critical success factors" (critical success factors — the red cluster) and
"risk" (risk — the orange cluster).

The blue cluster is of the greatest methodological importance combining the terms "fuzzy logic", "case-based reason-
ing" and "BIM-based risk management", which indicates the growing use of mathematical methods and digital technolo-
gies for analyzing uncertainties in construction projects. Special attention should be paid to the identified relation between
the concepts of "project success" and "risk factors" with a connecting line thickness of 0.78, confirming the significant
impact of the quality of risk management on the final results of construction activities.
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The red cluster including the terms "governance™, "safety" and "cost" reflects the importance of organizational aspects
of risk management. It is to be noted that the concept of "decision support systems" forms a bridge between the technical
(blue) and the managerial (red) clusters emphasizing the interdisciplinary nature of the recent research.

The analysis enables us to make the following conclusions:

1. The latest research on risk management in construction is characterized by a distinct multidisciplinary approach
combining technical, managerial and mathematical ones.

2. There is a steady trend of risk management digitalization, which means active introduction of BIM technologies
and decision support systems.

3. Fuzzy logic and case-based reasoning are becoming standard tools for assessing construction risks.

4. The efficiency of risk management directly correlates with the success of construction projects as confirmed by the
strength of the identified semantic links.

The results are critical for further development of risk management methodology in construction indicating the need
for integrated consideration of technological, organizational and information aspects in developing new management
solutions.

Discussion and Conclusion. The bibliometric analysis has displayed the evolution of risk management in construc-
tion from traditional methods to digital solutions identifying the relationship between the standards, methods and areas
of the recent research.

According to the analysis, despite a considerable progress attained in methodological support, including the inter-
national and national standards, there is still a major gap between the theoretical developments and their practical ap-
plication, which is particularly osberved at the stage of investment justification of projects. The latest approaches to risk
management are integrating digital technologies to a growing extent, including BIM, decision support systems, and
artificial intelligence methods, which might greatly improve prediction accuracy. However, the process of digital trans-
formation is faced with some major organizational and personnel barriers in terms of the lack of the employees’ relevant
competencies [24, 25].

The current situation has profound methodological roots. The expert assessment methods being widely used in the
industry and absolutely practically valuable are displaying systemic limitations associated with the inevitable subjec-
tivity of expert judgments. This is crucial in the context of the uniqueness of construction projects and the lack of
relevant statistical data at the pre-project stage.

In this context, the development of hybrid approaches combining the advantages of expert assessments with the
capabilities of machine learning is of particular importance. Such integrated approaches are in great demand while
assessing complexly formalized risks characteristic to the initial stages of construction projects, where traditional meth-
ods often prove to be insufficiently efficient.

The current geopolitical realities, including restrictions imposed by the sanctions [26] as well as the tightening en-
vironmental regulations [30] are acting as additional uncertainty factors that are hardly taken into consideration in the
traditional risk management models. These changes call for a major revision of the existing approaches to risk assess-
ment and management in construction.

At the same time, risk management in construction calls for a balance between innovation (digitalization, artificial
intelligence) and reliability (standards, expertise). Bridging the gap between theory and practice will be a major condi-
tion for sustainable development of the industry amidst turbulence.
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