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Abstract

Effective risk management and strategic planning are critical determinants of success in construction projects. To explore
the academic landscape surrounding construction risk management, a total of 284 scholarly sources were systematically
reviewed. These included 222 journal articles, 36 conference proceedings, 21 books, one doctoral dissertation, two master's
theses, and two patents, all published between 2000 and 2024. The literature was identified through rigorous searches of
academic databases, digital libraries, and scientific search engines. The analysis reveals that while conventional
approaches—such as Work Breakdown Structure (WBS), regional strategies, and equilibrium-based frameworks—remain
in use, increasing scholarly attention has been directed toward mathematical modeling techniques grounded in optimization
theory. These models are favored for their enhanced efficiency and efficacy in selecting risk response strategies within
construction environments. The advanced model identified in the literature integrates multi-objective optimization,
accounting not only for traditional parameters such as time, cost, and quality, but also for project resilience and resource
fluctuation control. Notably, the incorporation of plan resilience and resource fluctuation control into an optimization-based
risk management framework marks a significant innovation in the field. Furthermore, this model supports the concurrent
identification and evaluation of both influential and affected risks, enabling the development of synchronized response
strategies that foster synergistic risk mitigation. Application of this model in large-scale and high-rise construction projects
demonstrates its potential to improve overall project outcomes by systematically balancing key performance objectives.
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1. Introduction

The construction industry is a fundamental driver of
economic development, playing a crucial role in shaping
infrastructure and enhancing quality of life on a global scale
[1]. Employers and contractors in this sector are responsible
not only for constructing roads, buildings, and workplaces
but also for managing and modernizing the global physical
infrastructure [2]. Given the complexity of construction
activities, the importance of improving safety standards to
ensure secure working conditions has been increasingly
emphasized. This focus on occupational health and safety is
critical, as it directly influences economic growth and has
wide-ranging impacts on social development, including
income distribution and standards of living. The industry
supports national objectives such as education, healthcare,
and housing through the provision of essential infrastructure
and investment opportunities [3-6].

Non-compliance with safety regulations in the
construction sector often results in cost overruns, project
delays, compromised quality, reduced resilience, and
disrupted resource control. Workplace accidents lead to
additional expenses and prolonged timelines, ultimately
affecting project quality. Moreover, sudden changes in
planning, coupled with workforce and equipment losses,
pose challenges to effective resource management.
Therefore, safety is not only a matter of physical well-being
but also a strategic element essential to project success [7].
Notably, large construction projects tend to exceed initial
timelines by approximately 20% and surpass projected
budgets by an average of 80%, underscoring the urgent need
for robust risk assessment mechanisms to improve safety,
cost efficiency, and project quality [5].

Risk encompasses both threats and opportunities, and
thus demands an integrated approach through dynamic
systems thinking [8]. As a multidisciplinary construct, risk
is studied across various domains—statistics, psychology,
and economics offer foundational insights, while fields such
as biology and engineering focus on specific categories, such
as environmental or technological risks. The discipline of
risk analysis synthesizes these diverse perspectives,
emphasizing the need to understand uncertainty and
individual perceptions of risk within decision-making
contexts. The absence of a universally accepted definition—
given risk's overlap with concepts like hazard, safety, and
uncertainty—further illustrates its conceptual complexity
[9]. Risk has been aptly defined as "uncertainty that matters"
[9], and its materialization can yield either positive or

negative consequences across multiple project objectives
[10]. When considered purely from a negative perspective,
risk is synonymous with hazard.

Effective risk management in construction projects is
instrumental in mitigating delays, reducing costs, and
minimizing inefficiencies. Comprehensive identification,
documentation, and planning of risk management indicators
significantly enhance resource productivity and overall
project performance. Moreover, beyond averting project
failure or bankruptcy, successful risk management improves
competitive advantage by minimizing losses, strengthening
organizational reputation, and enhancing financial liquidity.
An effective risk management framework must account for
stakeholder-specific risk preferences and cognitive biases
while simultaneously addressing tangible and intangible
outcomes [4, 11-13].

The necessity of developing innovative and holistic risk
management approaches has been further reinforced in light
of global disruptions, such as epidemics, pandemics,
geopolitical conflicts, energy crises, currency volatility, and
international sanctions. The COVID-19 pandemic, in
particular, exposed the limitations of traditional risk
management practices and accentuated the demand for
modern methodologies, including enhanced risk monitoring
and adaptive control mechanisms. These crises have had a
profound effect on the construction workforce, project costs,
timelines, and quality—necessitating strategic responses
that improve operational performance, safety standards, and
health protocols. The need for further research aimed at
cultivating resilience and adaptability in the face of future
challenges has become increasingly evident, as these factors
significantly affect project success and stakeholder
satisfaction during periods of global instability [4].

Bibliometric analysis offers a systematic, quantitative
methodology for evaluating scholarly literature to uncover
structural patterns and emerging trends. This process
typically involves the extraction of publication data from
reputable databases such as Scopus or Web of Science,
followed by data refinement and the application of advanced
bibliometric techniques to derive actionable insights [14].
Bibliometric analysis is especially valuable for mapping the
intellectual structure of a field, identifying frequently
occurring terms, influential scholars, and emerging areas of
inquiry. Its utility extends to analyzing co-word patterns,
research frontiers, and institutional contributions [15].

This analytical approach has proven particularly
insightful in tracing the evolution of research on risk
management within the construction sector. It has
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illuminated key focus areas such as analytical risk modeling,
stakeholder engagement, and the deployment of knowledge-
based decision-support systems [16, 17]. Recent
bibliometric trends underscore the growing relevance of risk
management as a specialized domain within the broader field
of project management. The literature reveals increased
attention to the adoption of Industry 4.0 technologies in
high-rise building projects, with innovations such as virtual
reality training and automated workflows enhancing
execution efficiency and workplace safety [18].

In light of these developments, this paper conducts a
comprehensive systematic literature review to assess the
current state of academic research on risk management
modeling in the construction industry. The aim is to identify
optimal methodologies for risk response selection that can
enhance decision-making processes and project outcomes in
this critical sector.

2. Methodology

This study employed a comprehensive literature review
followed by a bibliometric analysis to identify key patterns
and trends in the field of construction risk management. The
literature was sourced from four main databases: Scopus,
Web of Science, Google Scholar, and Iranpaper. Scopus is a
widely used abstract and citation database, often compared
with Web of Science, and both are considered vital tools for
researchers, academic institutions, and governmental
agencies due to their extensive coverage of peer-reviewed
scholarly content. Google Scholar was also utilized as a
valuable open-access tool for locating full-text academic
publications. Its utility lies in its ability to provide free links
to downloadable content, which is particularly beneficial for
researchers in regions with limited access to paid databases.
Iranpaper, a regional academic platform, offers access to
scientific articles, books, theses, and standard documents,
catering to students, researchers, and faculty members in
Persian-speaking academic communities.

The primary objectives of this study are as follows: (i) to
map the current body of knowledge by identifying key
articles related to risk assessment and classification in the
construction industry; (ii) to summarize the methodologies,
tools, and techniques utilized in the field; (iii) to model risk
management processes and optimize risk response selection
based on the objectives of project managers, through
classification of current research; and (iv) to highlight future
research opportunities. This review-oriented method enables
a structured understanding of core concepts and analysis of

significant findings, forming a foundation for the
development of new theoretical and practical insights. This
study employs a three-stage approach: formulation of
research questions, evaluation of existing evidence, and
identification of research gaps.

2.1. Research Questions

To address these objectives, a set of research questions is
provided. Due to the broad nature of Question 1, it is divided
into three sub-questions—1.1, 1.2, and 1.3—for more
targeted investigation. These questions guide the entire
analysis and align with the study’s overarching aim to
explore methodologies, tools, and applications of artificial
intelligence in construction-related risk management while
also identifying emerging research needs.

1. What is the current status of optimization models
applied to risk management in the construction
industry between 2000 and 2024?

1.1 What trends have existed in research
publications on risk management modeling in the
construction sector from 2000 to 2024?

1.2 Which are the most influential and active
journals in the field of risk management modeling
research, and what is their significant contribution?
1.3 What is the global spread of research activity in
risk management modeling based on country
studies?

2. What is the evolution of the conceptualization of
risk management modeling stages and risk
classification in construction sector research
between 2000 and 2024?

3. What traditional and commonly used tools and
techniques have been adopted to address risks in the
construction industry from 2000 to 2024?

4. What is the impact of artificial intelligence on the
identification and response to risks in the
construction industry?

Each of these questions is addressed in subsequent
sections of the study, contributing to the achievement of the
stated research objectives. A specific set of keywords was
used to guide the search process.

2.2.  Keywords used for the search process:

“Risk management” OR “Modeling” OR “Multi-
objective optimal model” OR “Interdependencies of risks”
OR “Construction” OR “Multi-objective modeling” OR
“Risk assessment” OR “Risk analysis” OR “Risk
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optimization” OR “Construction risks” OR “Risk
management in construction projects” OR “Common
construction risks” OR “Artificial intelligence” OR “Neural

networks in risk management”

2.3. Inclusion and Exclusion Criteria

The search strategy was designed to identify academic
literature focusing on risk management in the construction
industry, particularly on optimization-based response
strategies and model development. Inclusion criteria were
defined to ensure the relevance and quality of the selected
studies. Eligible studies were required to focus on
construction-related  risk management and present
approaches for selecting risk responses. Additionally,
studies employing artificial intelligence techniques in
construction risk management were evaluated separately.
Only peer-reviewed journal articles written in English and
published in final, accessible formats were included to
ensure rigor and reproducibility. The studies needed to
present substantial content that could be referenced by
researchers, practitioners, and stakeholders.

The exclusion criteria eliminated non-journal literature
such as conference proceedings, book chapters, news
articles, and posters. Furthermore, studies that were not
directly related to risk management in the construction
industry or were written in languages other than English
were excluded. This ensured a focused and consistent

Table 1. Publication Activity from 2000 to 2024

analysis that would be accessible to a global academic and
professional audience.

2.4.  Selection Process of Sources

The source selection process followed a multi-stage
filtering approach. In the first stage, duplicate entries were
removed. In the second stage, titles and abstracts were
screened, and non-relevant studies were excluded. In the
third stage, the full texts of the remaining articles were
reviewed, and those not meeting the inclusion criteria were
eliminated. Data were then extracted from the final pool of
selected studies.

This process began with a total of 800 retrieved articles.
After the application of all inclusion and exclusion criteria,
284 references remained. These comprised 222 journal
articles, 36 conference papers, 21 books, one doctoral
dissertation, two master’s theses, and two patents. All
sources were published between 2000 and 2024, with the
analysis focusing primarily on the 222 journal articles that
met all quality and content requirements.

3. Findings and Results

3.1. Publication Activity Over Time

The bibliometric analysis revealed that research on risk
management in the construction sector has significantly
increased from 2000 to 2024. Table 1 displays the annual
number of publications, and Figure 1 visualizes the trend.

Year Number of Records Percentage Year Number of Records Percentage
2000 2 1.35% 2013 7 4.74%
2001 1 0.68% 2014 7 4.73%
2002 2 1.35% 2015 7 4.73%
2003 3 2.03% 2016 8 5.41%
2004 2 1.35% 2017 9 6.08%
2005 3 2.03% 2018 10 6.76%
2006 4 2.70% 2019 5 3.38%
2007 4 2.70% 2020 7 4.73%
2008 5 3.38% 2021 8 5.41%
2009 5 3.38% 2022 9 6.08%
2010 6 4.05% 2023 10 6.76%
2011 6 4.05% 2024 15 10.14%
2012 6 4.05%
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Figure 1. Annual publication activity in construction risk management from 2000 to 2024.

This table presents the annual distribution of publications
on risk management modeling in construction from 2000 to
2024. 1t shows a gradual increase in publication activity over
the years, with a significant peak in 2024 (15 records,
10.14%). The data indicate a growing research interest in
this topic, particularly in the last decade.

Table 2. Most Common Research Areas in the Web of Science Database

3.2.  Research Areas of Risk Management in Construction

This table identifies the primary research areas related to
risk management modeling in construction. Civil
Engineering accounts for the majority of publications
(51.01%), followed by Industrial Engineering (35.98%). The
data reflect the interdisciplinary nature of construction risk
research, with contributions from various engineering
subfields.

Research Area Number of Records Percentage
Civil Engineering 909 51.01%
Industrial Engineering 641 35.98%
Manufacturing Engineering 155 8.70%
Building Technology 45 2.53%
Multidisciplinary Engineering 16 0.90%
Engineering Manufacturing 15 0.88%

3.3.  Most Relevant Journals

This table ranks the top 10 journals contributing to
research on optimization in construction risk management.

“Automation in Construction” leads with the highest number
of articles and citations. High h-index and g-index values
across journals suggest the presence of influential and highly
cited research in the field.

Table 3. Journals with the Highest Number of Publications and Citation Metrics (2000-2024)

Journal Source No. of Articles h-index g-index Total Citations
Automation in Construction 66 16 30 1476

Annals of Operations Research 49 13 23 1100

IEEE Transactions on Engineering Management 46 10 21 1017

Journal of Construction Engineering and Mgmt. 40 12 35 933
Sustainability 53 14 26 1280
Reliability Engineering & System Safety 59 15 28 1361
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Buildings 36 10 20 902
Journal of Portfolio Management 26 9 18 722
Environmental Eng. and Management Journal 23 8 15 574
International Journal of Civil Engineering 33 9 16 820

3.4.

Geographic Distribution of Publications

The following figure illustrates the global distribution of
publication activity. China leads in total contributions,
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Figure 2. Top 10 countries by number of publications on risk management and modeling in the construction sector (2000—2024).

3.5.

Comparative Analysis of Risk Response Approaches

The table compares the relative prevalence of four main

risk response

approaches—optimization,

WBS-based,

balance, and charting tools—across three key years: 2000,
2010, and 2024. The optimization approach shows
consistent growth over time, indicating a shift in research
and practice toward data-driven and analytical models.

Table 4. Distribution of Risk Response Approaches in 2000, 2010, and 2024

Year Optimization Approach (%) WBS Approach (%) Balance Approach (%) Charting Tools (%)
2000 25% (2 articles) 25% (2) 12.5% (1) 37.5% (3)
2010 42.8% (6) 21.4% (3) 7.1% (1) 28.5% (4)
2024 47% (15) 25% (8) 9.3% (3) 18.7% (6)




Management Strategies and Engineering Sciences: 2025; 7(6):1-10

50

Charfing Tools
I Balance Approach
WBS Approach

7 mmm Optimization Approach

30 e

Values (Units)

10 - H

Comparative Analysis of Approaches (2000-2024)

Figure 3. Application frequency of regional-based (chart), balance, WBS, and optimization approaches from 2000 to 2024.

4. Discussion and Conclusion

The findings of this bibliometric analysis demonstrate a
clear upward trend in scholarly interest in construction risk
management over the past two decades. The increase in
publication activity, particularly between 2020 and 2024,
signals a growing recognition of the critical role risk
management plays in project success. This is consistent with
global developments that have heightened awareness of risk,
such as the COVID-19 pandemic, geopolitical tensions, and
disruptions to global supply chains [19]. As noted in
previous studies, the effective management of risk in
construction has become central to project planning and
execution, and researchers have increasingly responded by
developing models and frameworks to address emerging
challenges [8].

The results confirm the growing adoption of
optimization-based models in risk response strategies,
particularly in recent years. Optimization techniques offer
significant advantages over traditional approaches by
enabling project managers to assess multiple conflicting
objectives simultaneously—such as cost, time, quality, and
safety—and select the most balanced solution [20, 21].
These models are particularly valuable in complex
construction environments characterized by uncertainty and
interdependent  risks. For instance, multi-objective
optimization frameworks have been used to manage budget

limitations while simultaneously addressing environmental
and secondary risks [22].

The analysis also revealed that the most prolific research
categories are Civil and Industrial Engineering,
underscoring the inherently technical and interdisciplinary
nature of risk management in the construction domain. This
finding supports earlier research that identified these fields
as central to risk analysis, especially in large-scale
infrastructure and industrial projects [16]. The prominence
of these disciplines also reflects the increasing application of
engineering-based methodologies such as the DEMATEL
method [23] and network-based uncertainty modeling [19].

Moreover, journals such as Automation in Construction,
Reliability Engineering & System Safety, and Sustainability
have emerged as key outlets for disseminating research on
risk optimization. These journals not only demonstrate high
productivity but also exhibit strong citation performance,
suggesting that their articles have significant influence on
shaping future research directions [23-25]. This supports the
notion that impactful, high-visibility publications often serve
as anchors for theoretical and applied advances in the field.

Geographically, China, the United States, and the United
Kingdom dominate publication output, indicating both
institutional capacity and strategic interest in managing risk
within construction projects. This distribution aligns with
broader global trends where leading economies invest in
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infrastructure development while concurrently emphasizing
risk mitigation frameworks to protect those investments [3].

One of the most significant shifts identified in this review
is the growing role of artificial intelligence (Al) in the
modeling of construction risk. Al technologies—particularly
machine learning, neural networks, and natural language
processing—are increasingly used to forecast potential risks,
identify correlations, and automate the selection of
mitigation strategies [26]. Studies have shown that Al-based
systems can outperform traditional statistical methods by
processing larger volumes of data in real time and adapting
to changing project conditions [27]. For instance, the
integration of Al-driven image recognition tools has allowed
project managers to detect safety issues through automated
surveillance analysis, thereby enhancing site monitoring and
preventive action planning [28].

Despite these advances, several research gaps remain.
First, many studies still rely on conceptual frameworks
without providing empirical validation through real-world
case studies. As highlighted by Safaeian et al. (2024), the
lack of data-driven testing limits the applicability of
theoretical models in practical settings. Second, the literature
tends to focus more on risk identification and assessment,
while less attention is paid to the systematic evaluation of
risk response alternatives and post-implementation
outcomes [29, 30]. Third, few models explicitly account for
stakeholder diversity in risk perception and decision-
making, which is critical in large infrastructure projects
involving multiple actors [31].

The integration of Al tools in risk assessment also faces
several challenges. While these tools offer increased
accuracy and speed, they often require high-quality,
structured data, which may not be readily available on all
construction sites. Moreover, the adoption of Al demands
significant upfront investment in technology and skilled
personnel, potentially creating barriers for smaller firms
[13]. The ethical implications of relying on algorithmic
decision-making in high-risk environments must also be
considered [32].

Looking at traditional methods, the Work Breakdown
Structure (WBS) and balance approaches continue to be
used, particularly in developing contexts where
computational resources may be limited [33, 34]. However,
their declining prevalence compared to optimization models
suggests a global transition toward data-centric strategies.
While charting tools still offer visual advantages for
communicating risk relationships, they lack the analytical
depth required for dynamic risk environments. Hence, their

use is expected to become increasingly complementary
rather than standalone [17].

Another point of interest is the alignment of the
PMBOK® framework with optimization modeling in risk
management. The structured approach advocated by
PMBOK®—which includes risk planning, identification,
qualitative and quantitative analysis, response planning, and
monitoring—provides a robust foundation that can be
enhanced through mathematical modeling and Al
integration [35]. Case studies have confirmed that applying
PMBOK® principles along with modern analytical tools
results in measurable improvements in project delivery
outcomes [36].

Multilayer network analysis represents a novel and
increasingly accepted approach for studying stakeholder
interactions and their influence on risk propagation. By
integrating  quantitative modeling with  qualitative
stakeholder assessments, this method provides a more
holistic view of risk scenarios. It also allows decision-
makers to evaluate the resilience of entire project networks,
rather than isolated components, which is particularly
valuable in megaprojects where cascading risks are common
[31].

A noteworthy observation in this review is the increase in
bibliometric and scientometric studies aimed at evaluating
the structure and evolution of risk management research
itself.  This  meta-analytical  perspective  enhances
transparency in the field and informs researchers of current
trends and underexplored areas [14, 15]. Such studies are
essential for shaping future research agendas, especially as
the construction industry grapples with new challenges such
as climate change, supply chain disruptions, and regulatory
shifts.

This bibliometric review provides a comprehensive
assessment of research developments in construction risk
management from 2000 to 2024, with a particular focus on
modeling strategies and optimization approaches. The
analysis of 222 journal articles reveals a pronounced growth
in scholarly output, a shift toward multi-objective
optimization frameworks, and the emergence of artificial
intelligence as a transformative tool in risk assessment and
response.

The study identifies Automation in Construction,
Reliability Engineering & System Safety, and Sustainability
as leading journals in the field, with high productivity and
impact. Geographically, research output is concentrated in
technologically advanced and industrialized nations,
particularly China, the United States, and the United
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Kingdom. The findings indicate that the optimization
approach has become the most frequently employed method
for risk response in construction, surpassing traditional
techniques such as WBS and visual charting tools.

Although the rise of Al presents new opportunities for
proactive and predictive risk management, its successful
integration requires overcoming technical, organizational,
and ethical challenges. In parallel, the use of network-based
stakeholder models and simulation techniques continues to
enrich our understanding of dynamic risk environments.

Future research should aim to close existing gaps by
increasing empirical validation of theoretical models,
exploring the socio-cognitive dimensions of risk, and
designing hybrid methodologies that combine Al with
conventional project management tools. Additionally,
expanding studies in underrepresented regions and low-
resource contexts will help ensure that the global
construction industry benefits from inclusive and scalable
risk management solutions.

As the construction sector continues to evolve in response
to digital transformation, climate imperatives, and economic
volatility, the integration of robust, data-driven risk
management practices will remain critical for sustainable
and resilient project execution.
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