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Abstract: Despite the growing importance of resilience in the construction sector, the existing litera-
ture often focuses on specific systems or functions without integrating a holistic view of resilience.
Hence, there is a pressing need for comprehensive research that synthesizes these dimensions to
provide a clearer framework for resilience in the construction industry. To find the inherent patterns
and trends of resilience, we carried out research from the perspective of three elements defining
resilience (the subject of resilience, the influencing factors, and the subject’s ability). In this systematic
review, 70 articles were rigorously handpicked from Web of Science, Scopus, and authoritative jour-
nals and divided into 6 major categories and 24 subcategories for quantitative and temporal analyses.
The evolution of resilience in the construction industry is investigated in this review, shifting from
specific systems facing defined impacts to addressing the complexities of diverse and unpredictable
disruptions within VUCA (volatile, uncertain, complex, and ambiguous) environments. As Industry
4.0 and digital transformation progress, the significance of functional resilience across various system
levels becomes apparent, necessitating a reconstitution into structural, operational, and supply chain
resilience. This study encourages the use of advanced methodologies like big data, AI, and high-level
architecture (HLA) federated simulations to predict disruptions and optimize resilience strategies,
thus providing a robust foundation for handling future uncertainties.

Keywords: resilience strategies; construction industry; uncertainty; safety management; risk management;
resilience evolution

1. Introduction

The landscape of the construction industry has changed dramatically in these early
years of the post-COVID-19 era, characterized by increasing volatility, uncertainty, complex-
ity, and ambiguity (VUCA) [1]. As a result of this shift, those involved in the construction
industry need to acquire a broader and more adaptive understanding of resilience [2]. The
diversity of environments and unpredictable disruptions have made resilience research in
the construction industry more complex and challenging. However, at the same time, the
significance of resilience research is growing as this industry seeks effective strategies for
coping with these challenges.

Previous studies have explored resilience in the construction industry from various
angles. For instance, the authors of some articles have tried to sort out the knowledge
framework involved from the perspective of the safety and resilience of workers participat-
ing in construction projects [3]. Some articles have examined the factors contributing to
resilience in safety management [4]. Additionally, studies have investigated the causes and
influences of safety resilience in construction projects or construction teams [5]. Although
each article has a different perspective on resilience in the construction industry, there is a
general consensus on the definition of resilience across all studies: resilience is the ability
to help a system anticipate, defend against, and recover from abnormal injuries to allow it
to continue to achieve its objectives [6]. However, the existing reviews often concentrate
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on specific systems or functions without addressing the overarching concept of resilience.
Given the pressing need to develop the concept of resilience in response to the VUCA
environment, a review focusing on the concept of resilience itself and an exploration of its
development and future trends is necessary.

The concept of resilience was first introduced in the 1970s [7]. Resilience is a measure
of a system’s ability to continue to perform despite impacts [8]. This definition can be
divided into three different dimensions depending on the term: the subject of the resilience,
the capacity of the subject, and the impact. Therefore, to reveal how resilience has de-
veloped and evolved, the development and evolution of these three dimensions should
be studied. Resilience refers to any subject in a study that can show resilience after an
impact. The scope of the subject considered varies according to the scope of the study. The
subjects of resilience in previous reviews were defined in a wide range of ways, including
organizations [9], supply chains [10], companies [11], transportation systems [12], urban
infrastructure networks [13], and mental health [14]. The impact of uncertainty refers to
a change that the subject of resilience passively suffers. This change might stem from a
physical natural disaster [15] or an abstract shock [14]. The capacity of the subject is then
reflected in the nature of the subject itself. This aspect specifically refers to the subject’s
ability to maintain or recover its shock-type capacity in order to act on other things. No
review article has examined all three perspectives, although previous studies have included
all three dimensions. In addition, theoretically, the resilience of all systems should be
interconnected, but the definitions in existing articles leave the connection of different types
of resilience unclear. Hence, analyzing the evolution of the concept of resilience from these
three perspectives is necessary for clear and rational resilience development.

Given the above research gaps, this paper will start by posing the following research
questions: How has the concept of resilience evolved in the construction industry in re-
sponse to the VUCA environment? What emerging trends and strategies can be identified
to enhance resilience in the construction sector amidst increasing uncertainty and complex-
ity? In addition, two hypotheses are developed to address these two questions: H0— There
has been no significant change in the three dimensions of the resilience concept within the
construction industry over the past decade, and H1—There has been a significant change
in the three dimensions of the resilience concept within the construction industry over the
past decade.

Based on three perspectives on the definition of resilience mentioned above, namely,
the subject of resilience, the impact of uncertainty, and the service that the subject recovers
from, this systematic review aims to find out the evolution of resilience within the construc-
tion industry, tracing its journey from a static concept focused on isolated incidents to a
dynamic, holistic approach. By examining the emerging trends, challenges, and strategies,
in this paper, we seek to provide a comprehensive understanding of how the construction
sector can enhance its resilience in today’s VUCA world. Through this exploration, this
study will shed light on the key factors that contribute to a resilient construction industry
capable of thriving amidst uncertainty and complexity. In addition, through a comprehen-
sive assessment of resilient subjects, uncertain impacts, and the roles created by the subjects,
we aim to provide the construction industry with valuable references and guidance in the
face of increasingly complex and unpredictable environments, building strong bases for its
sustainable performance.

In the next part of this paper, the following will be presented (in order): the Section 2
will present the detailed and specific literature search process carried out and the screening
results obtained; the Section 3 will present the quantitative and temporal analyses con-
ducted according to the three dimensions of the concept of resilience; the Section 4 will
present the results of the analyses based on the research questions and indicate the trends
of future research; and the Section 5 will summarize this work and point out the possible
research limitations.
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2. Methodology

To provide the rigorous and standardized analysis of the research areas covered in this
study, this review follows the PRISMA principles [16] for systematic review studies. The
PRISMA guidelines enhance the consistency, transparency, and credibility of systematic
reviews by providing a standardized framework that ensures thorough literature coverage
and facilitates the reproducibility and updating of reviews. We used a research frame-
work similar to the frameworks used in other studies [17]. The three dimensions of the
definition of resilience were searched, and information was extracted from the literature
and categorized in detail, providing an intrinsic understanding of the current state of
development and trends. Hence, the review methodology framework consists of a search
strategy, selection, extraction, and assessment, as described below.

2.1. Search Strategy

The databases searched were Scopus and Web of Science, which offer extensive and
interdisciplinary coverage of the scholarly literature, ensuring a comprehensive retrieval
of high-quality, peer-reviewed materials across various fields. These databases provide
sophisticated search tools, citation tracking, and access to a wide range of materials, includ-
ing grey literature, which enhances the thoroughness and reliability of the literature review
process. Also, Scopus and Web of Science are designed to facilitate broad, deep searches,
making them indispensable tools in many academic and scientific fields [18].

Spanning from the earliest research published in 2004, this review sample covers
20 years: 2004 to 2024. To maintain the diversity of a sample, the type of articles selected
should include both conference papers and journal articles. In this case, review articles
were excluded because they might not have contained information on the three dimensions
under examination.

Since this review examines the overall situation regarding “resilience” in the “construc-
tion industry”, it was critical to ensure that there were not too many search terms around
the two keywords that would influence the scope and results of this study. Therefore,
the original search terms summarized from other journals [19] were “construction indus-
try” or “civil engineering” or “construction engineering” or “architecture engineering” or
“construction sector” or “building industry” or “construction project” and “resilience” OR
“adaptive capacity” OR “robustness” OR “recoverability” OR “durability”. Table 1 shows
the advanced search syntax corresponding to the different database applications. Only
English articles were included, while those written in other languages and other types of
papers were excluded during primary screening.

Table 1. Search strategy used for different databases.

Database Search Strings Number

Scopus

(TITLE-ABS-KEY(“construction industry” OR
“civil engineering” OR “construction engineering”
OR “architecture engineering” OR “construction
sector” OR “building industry” OR “construction
project”) AND TITLE-ABS-KEY(“resilience” OR

“adaptive capacity” OR “robustness” OR
“recoverability” OR “durability”) AND TITLE

(“resilience” OR “resilient”))

451

Web of Science

(TS = (“construction industry” OR “civil
engineering” OR “construction engineering” OR

“architecture engineering” OR “construction
sector” OR “building industry” OR “construction

project”) AND TS = (“resilience” OR “adaptive
capacity” OR “robustness” OR “recoverability” OR

“durability”) AND TI = (“resilience” OR
“resilient”) )

763

In total, 451 relevant articles were retrieved from Web of Science, and 763 were taken
from Scopus. A total of 792 articles remained after eliminating duplicates.
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2.2. Selection

The selection process was divided into three parts: the creation of the selection criteria,
initial screening, and eligibility assessment.

Selection criteria are established based on how the analyzed studies are evaluated
and then selected for inclusion in the corresponding review. Based on this principle, the
research topics of the reviewed articles should be in line with resilience and the construction
industry. The research in this article was conducted from the perspective of the definition
of resilience. Therefore, the studies in the selected articles should include the four elements
that this review focuses on: the subject of resilience, the cause of resilience, the purpose
of the subject’s role, and the role played by the subject. The type of resilience discussed
in this systematic review belongs to the category of management, and all information on
physical resilience referring to mechanical structures was excluded. In addition, all the
articles examined needed to contain an exact research design. Studies with ambiguous
findings and no positive results were discarded.

In the initial phase of screening in Figure 1, we skimmed the titles and abstracts of
the articles to quickly identify whether they met the inclusion criteria. In this process,
332 articles were initially included, and 460 were excluded. The selected articles were then
subjected to an eligibility assessment, and each article was read in detail in its entirety. Se-
lection principles other than fitness for purpose were applied to select experimental articles
that aligned with the purpose of this systematic study. In total, 68 high-quality articles
were selected. In addition, two articles were added from the excellent journals Automation
in Construction and Buildings. Both are excellent articles that were retrieved from these
journals’ websites by entering keywords related to resilience and the construction industry
that were not included in the database search. Finally, a total of 70 research articles that fit
the purpose of this study were found.
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2.3. Extraction

The processing software used for information collection was Excel 2024 (Microsoft,
Redmond, WA, USA). As a common tool for processing complex data, Python was em-
ployed to illustrate the degree of relationship between nodes.

The data that met the aims of this experiment were extracted, including the following
variables: title, time, subject of resilience, cause of resilience, subject of object, and the effect
of the subject’s resilience on the object.

2.4. Assessment

Since there is potential for oversight and errors in subjective human reviews, an inter-
assessment procedure should be conducted after the information has been collected. In this
session, each dimension of data is re-examined in detail by a different team member until
the results are the same on both sides of the review. Data that are not the same during the
checking process are submitted to the remaining staff for judgment. Data that do not meet
the requirements are deleted. All data in this assessment met the requirements.

3. Results

To examine the questions and hypotheses claimed above, in this section, we analyze
the data obtained and present the results objectively from the perspective of the three
components of the definition of resilience: the subject of resilience, the impact factors,
and the role of the subject. We found that H1 (there have been great changes in the three
perspectives of the resilience concept in the construction industry) is correct. The following
sections will introduce the changes and trends over time.

3.1. The Subject of Resilience

As the subject of resilience is also an agent of uncertainty, its research composition
is complex and varied. After their selection, 70 articles were divided into two categories,
namely, a specific class and a general class, after aggregation based on whether they
involve definite entities, locations, or detailed projects. The main differences between the
specific and general classes are specificity versus abstraction, the object of study versus
the focus, and volume versus trend. The specific category emphasizes specific projects
and implementation details, while the general category focuses on broader theoretical and
societal implications.

As shown in Table 2, the number corresponding to each subcategory represents the
number of articles with which it is associated. In the “Specific Class”, there are 18 entries
that focus on tangible, concrete elements such as specific construction projects, definite
facilities and systems, explicit geographic locations, and particular infrastructure systems.
The “General Class” consists of 52 entries that encompass broader concepts or abstract
themes not directly referring to specific entities or detailed locales.

Table 2. A categorized summary table of resilient subjects.

Main Categories Subcategories Number of Samples Total

Specific Class

Specific Construction Projects 3
Concrete Facilities and Systems 4 18
Definite Geographic Locations 4
Specific Infrastructure Systems 7

General Class

Industries and Fields 18
Concepts and Methods 4 52

Extensive Networks and Systems 19
Social and Community Impact 11

3.1.1. Specific Class

The specific construction projects examined include clearly defined projects like inno-
vative building projects [20], construction sector SMEs and their supply chains [21], and
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construction refurbishment projects [22]. The requirement for inclusion in this entry is that the
subject of the study involves a specific building project rather than a generalized entire project.
Furthermore, this class encapsulates certain infrastructure elements such as highway bridges
and bridge networks [23–26] and seaport and infrastructure systems [27–29]. These topics are
typically concerned with precise implementation details and physical locations, representing
the more quantifiable and definitive aspects of research.

Some subjects of study, however, are not abstract engineering projects or engineer-
ing systems but rather concrete facilities or urban building bodies. The distinct facilities
include petrochemical plants [30], buildings [31,32], and acute care facilities [33]. Geo-
graphic specifics are also covered, featuring locales like Khartoum [34], Shenyang City [35],
Spain [36], and San Francisco [37].

3.1.2. General Class

This class includes categories like industries and fields, with examples including the
construction industry [38], construction projects [39–48], construction organizations [49–54],
and the AEC industry [55]. It also covers concepts and methods such as safety climate [56],
the psychology of expatriates [57], construction safety management [58], and construction
workers’ safety attitudes [59]. Additionally, extensive networks and systems like trans-
portation networks and bridge systems [7,60–66], construction supply chain and supply
chain systems [67–71], safety networks and safety systems [72,73], and infrastructure and
infrastructure systems [74–77] are covered. Social and community impacts are also signifi-
cant, with entries such as communities [78–80] and high-density cities [81]. It should be
noted that teams [82], workers [83–86], and suppliers [87,88] are included in social and
community impacts as part of the community composition structure. These topics generally
focus on broader, more theoretical concerns or systemic issues involving theoretical or
methodological discussions.

3.1.3. Temporal Distribution of Resilience Subjects

Figure 2 shows the trend of the subject categorization of resilience from the perspective
of temporal distribution. The x-axis indicates the publication year, while the y-axis stands
for the total number of related samples each year. This figure reveals that the specific class is
predominantly distributed from 2017 to 2020, with a decreasing trend after 2020. However,
for the general class, there is a noticeable increase in entries starting around 2014, peaking
in 2023, and then showing a slight decline in 2024. Given that the data were collected in the
first half of 2024, the statistical sample size for 2024 is predicted to be more than 12 articles,
matching the overall upward trend of the general class.
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3.2. The Impact Factors

Impact factors are challenges and uncertainties that cause the subject of resilience
to change or try to maintain its state [6]. Unlike the subject of resilience, the study of
impact factors may constitute a situation where one sample contains multiple impact
factors. As shown in Table 3, these factors can be broadly categorized into natural and
environmental factors and human and social factors. The quantity of each subcategory
represents the number of related samples. Natural and environmental factors encompass
geological, climatic, and biological events that can significantly disrupt ecosystems and
human societies. Human and social factors, on the other hand, involve occupational
stress, systemic risks, health crises, and societal disruptions, all of which stem from human
activities and social dynamics. Human and external factors were involved in 70% of the
studies, while natural and environmental factors were involved in less than 40%. Of these,
uncertainties contributed the largest share, accounting for more than a quarter of the total.

Table 3. Categorized summary table of impact factors.

Main Categories Subcategories Number of Samples Total

Natural and environmental
factors

Geological events 16
Climate and weather events 8 27

Biological events 3

Human and external factors

Economic and supply chain risks 3
Job and workplace-related risks 6 49

Security and safety risks 10
System and infrastructure risks 11

Uncertainties 19

3.2.1. Natural and Environmental Factors

Natural and environmental factors encompass a wide range of events and conditions
that can impact both the natural world and human societies. These factors include geo-
logical events such as earthquakes, seismic hazards, and tsunamis, which can result in
serious destruction of infrastructure and endangerment of human life [89]. Climatic and
weather events, including climate alterations and extreme weather events like hurricanes
and floods, are increasingly linked to global climate change and have far-reaching impacts
on ecosystems and communities. Additionally, biological events such as pandemics, exem-
plified by the COVID-19 emergency, highlight the vulnerability of human populations to
infectious diseases that can rapidly spread and disrupt social and economic systems [90].
Environmental hazards, including natural disasters and multi-hazard scenarios, underscore
the complexity and unpredictability of these risks, necessitating comprehensive disaster
preparedness and resilience strategies [91].

3.2.2. Human and External Factors

Human and social factors involve a myriad of challenges and uncertainties that stem
from societal dynamics and human activities. Economic and supply chain risks involve
market and logistical vulnerabilities that can lead to economic shocks, affecting global trade
and stability. Job- and workplace-related risks, such as job insecurity, psychological stress,
and construction hazards, directly affect worker well-being and productivity [92]. Security
and safety risks arise from human actions, including negligence and deliberate threats,
necessitating robust security measures and safety standards to protect individuals and
communities. System and infrastructure risks, including unforeseen safety risks, supply
chain vulnerabilities, and system complexity, highlight the fragility of interconnected
systems and the potential for cascading failures in the face of disruptions. Uncertainties
refer to all unknowable and uncontrollable unknowns in addition to the listed potential
risks. Samples are counted in this subcategory only if the study corresponding to the sample
explicitly suggests that the influencing factors are uncertainties. Effective management
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of these risks requires a comprehensive approach involving prevention, mitigation, and
preparedness to ensure the resilience and stability of societal and economic systems.

3.2.3. Temporal Distribution of Impact Factors

As shown in Figure 3, the trend analysis conducted between natural and environmen-
tal factors versus human and external factors from 2007 to 2024 reveals distinct patterns.
Natural and environmental factors fluctuate without a consistent trend, indicating their
unpredictable nature, with notable peaks, as in 2016, and periods of no occurrences, as in
2024. In contrast, human and external factors show a clear and steady increase over the
years, especially after 2015, culminating in high frequencies in 2022 and 2023. This result
indicates a rising influence of human activities and external disruptions, suggesting that
these factors are becoming more predominant in shaping risk landscapes and necessitating
enhanced strategies for management and adaptation.
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3.3. Capabilities of the Subject

The capabilities listed can be organized into two primary classifications: Management
and Operations and Performance and Development, each with several sub-classifications.
These categories help one focus on specific areas of organizational and operational activities
critical for both immediate functionality and long-term strategic growth. As shown in
Table 4, Management and Operations account for 60 samples, constituting almost 80% of
the total. A trend toward greater popularity of Management and Operations can be seen in
the numbers of samples.

Table 4. Categorized summary table of capabilities of the subjects.

Main Categories Subcategories Number of Samples Total

Management and Operations

Safety and Risk Management 32 60
Operational Management 21
Human and Community

Management 5

Resource and Inventory Management 2

Performance and Development

Structural and System Performance 7
Network Performance 2 17

Sustainability and Environmental
Management 6

Quality and Improvement
Management 2
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3.3.1. Management and Operations

Management and Operations covers aspects critical to ensuring efficient and safe daily
operations, managing risks, and handling functional requirements within organizations or sys-
tems. This classification includes subcategories such as Safety and Risk Management, which
focuses on establishing protocols and strategies to manage safety concerns and risks effec-
tively, and Operational Management, which ensures that daily operations, services, and project
management run smoothly and efficiently. Additionally, Functional Management ensures
the operability of systems and processes, Human and Community Management addresses
workforce dynamics and community relations, and Resource and Inventory Management
handles physical and human resources, ensuring adequate resource allocation.

3.3.2. Performance and Development

Performance and Development is geared toward improving and developing structural
integrity, network systems, and sustainability for long-term improvement and stability.
This classification includes Structural and System Performance, targeting the physical and
systemic integrity of operations, and Network Performance, which focuses on the efficiency
and robustness of interconnected systems and networks. Furthermore, Sustainability
and Environmental Management enhances sustainability and environmental stewardship,
aligning daily operations with broader Sustainable Development Goals, while Quality and
Improvement Management maintains high standards of quality and allows continuous
improvements in processes and outcomes.

Finally, Comfort and Well-being is a sub-classification that focuses on the environ-
mental conditions and well-being aspects of spaces, such as thermal comfort, essential
for the health and efficiency of individuals within the environment. These detailed sub-
classifications allow for a more nuanced understanding and targeted management of
various aspects of organizational functioning, each addressing specific needs and goals
that contribute to overall operational excellence and strategic development.

3.3.3. Temporal Distribution of Subject Capabilities

The data in Figure 4 from 2007 to 2024 reveal a fluctuating but generally upward trend for
Management and Operations, with a notable surge in 2016 and another peak in 2023. Initially,
there was a steady state, with one instance every few years, suggesting a stable period. However,
the significant increase in 2016 indicates a potential expansion or a shift in focus within the
organization. The subsequent years show variability, with the highest number of instances
occurring in 2023, which could imply a period of increased activity or growth. The drop in 2024
might signal a strategic reassessment or a response to changing circumstances.
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On the other hand, the Performance and Development category has no instances until
2014, after which it shows a gradual increase, peaking in 2022, suggesting that an organi-
zation began to prioritize performance and development later in the timeline, possibly in
response to evolving needs or market conditions. The sharp decline to zero instances in
2024 is quite dramatic and could indicate a strategic decision to halt or restructure these
activities. This could be due to resource allocation, a change in organizational goals, or
external factors influencing the focus areas of an organization.

4. Discussion

As with other systematic reviews [93,94], this section addresses the research questions
from the introduction: How has the definition of resilience evolved within the construction
industry in response to the VUCA environment? What emerging trends and strategies can
be identified to enhance resilience in the construction sector amidst increasing uncertainty
and complexity?

By analyzing the above three aspects of resilience quantitatively and temporally, we
found that resilience has evolved from focusing on specific defined shocks to addressing
the complexities introduced by diverse and unpredictable disruptions, particularly within
VUCA environments [95]. This shift necessitates a refined understanding of functional
resilience across various system levels, especially in the context of digital transformation
and Industry 4.0. This paper explores this evolution and proposes new research directions
to enhance resilience strategies, incorporating advanced methodologies like data-driven
modeling [96] and federated simulations [97].

Although there are articles referring to complex resilient systems [98] and redefining
construction with resilience [99], the results identify ambiguities in all three perspectives of
these definitions due to their broad concepts. Each sample analyzed reveals a flaw in the
research design: at least one perspective of the fuzzy resilience concept is present in each
sample. This issue may contribute to the gradual blurring of resilience’s evolution in the
construction industry.

It is proposed that resilience research in this field should be redefined, particularly with
respect to these three dimensions. Future studies should consider a research framework
based on these aspects.

For instance, when focusing on resilience in the construction industry, the first step is
to clarify the subject of resilience. Table 2 can serve as a thematic reference. Once the first
dimension is defined, the next question is the nature of the impact factors, which can be
found in Table 3. Finally, researchers should consider the specific functions of the subject,
with Table 4 offering useful ideas. By addressing these three questions, researchers will
gain a clearer understanding of their study’s focus, providing a solid theoretical framework
for systematically investigating specific issues. This approach enables a more in-depth and
comprehensive examination of the subject matter.

In the next four subsections, an analysis of the results, conclusions, and future trends
will be elaborated. In Section 4.1, it is expressed that the concept of the subject of resilience
and resilience itself becomes gradually more ambiguous over time. Moreover, this ambigu-
ity tends to be complex and diverse. Section 4.2 analyzes resilience from the perspective of
impact factors and subject functions, and the results show that the uncertainty of impact
factors leads to a lack of clarity of the subject’s function and that research tends to focus
more on functional resilience. Section 4.3 stresses the necessity of redefining the resilience
concept to adapt to VUCA based on the discussion in Sections 4.1 and 4.2. Section 4.4
proposes the direction of future developments and suggestions.

4.1. The Evolution and Ambiguity of the Early Concept of Resilience

In examining the evolution of the concept of resilience, early research concentrated
on a particular system’s resilience when subjected to a particular shock, such as an earth-
quake [33,65,79]. At this time, the functional failure of the system under shock was readily
apparent, and the concept of resilience was relatively straightforward to grasp. Neverthe-
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less, over time, the ambiguity surrounding the concept of resilience gradually developed,
and it persists to this day [100–102]. This ambiguity primarily arises from the diversity of
shock types and the uncertainty of their resulting functional failures.

The general class, which makes up most of the subjects of resilience, has a wide range
of meanings in resilience research. The subject of research on resilience may be generalized
in terms of concepts, scope, or the subject itself despite the specificity of the name. In
addition, there is some ambiguity about the types of research on impacts and the types
of capabilities of the subject, possibly because the rapid development of the engineering
field has led to many different directions in the study of resilience. These new directions
and the gradually changing environment have made the types of impacts and the subject’s
capabilities more complex and diverse.

4.2. Complexity of Impact Types and Functional Failures

The current lack of clarity regarding the types of shocks experienced leads to functional
failures that are similarly unclear. For instance, disparate shocks, including epidemics,
earthquakes, and political upheavals, can precipitate disparate functional failures in each
system, necessitating disparate resilience strategies. What is more, the resilience of the
healthcare system in the event of an epidemic outbreak is principally contingent upon its
capacity to cope with the influx of patients, whereas the resilience of infrastructure in the
event of an earthquake is predicated upon its ability to withstand and recover from such
an event. Political unrest has the potential to result in disruptions to supply chains, thereby
necessitating the demonstration of resilience by logistics and management systems in a
variety of forms.

Furthermore, there is a growing tendency in research to focus more on functional
resilience than systemic resilience. For instance, within safety management, functions cut
across a multitude of system levels (e.g., industry, project, and organizational levels). Con-
sequently, it is apparent that different subsystems necessitate varying levels of resilience
for the same function. At the project level, safety management may necessitate the capacity
to respond expeditiously to incidents. At the industry level, it requires the formulation of
comprehensive safety standards and the establishment of regulatory mechanisms. Func-
tional resilience is, therefore, a more complex concept than simple system resilience and
requires more detailed analysis and research.

4.3. Redefining the Concept of Resilience in a VUCA Environment

In the context of the current trend of Industry 4.0 and digital transformation [103],
the evolution of user functional requirements presents a challenge regarding the ability
to meet both theoretical and practical resilience needs by selecting the initial function of
the system itself as the resilience object. Furthermore, the prevalence of volatile, uncertain,
complex, and ambiguous (VUCA) environments serves to compound this challenge. In
such environments, traditional management and decision-making models are often unable
to cope with the challenges presented, necessitating a redefinition of the resilience concept.

From a safety management perspective, the traditional definition of resilience is no
longer applicable. The advent of Industry 4.0 has brought with it a great deal of automation
and data-driven decision-making. In the context of digital transformation, it is, therefore,
imperative for systems to be highly resilient in the face of unpredictable change [104].
The safety management resilience concept has evolved to encompass not only the ability
to respond to a single incident but also the capacity to synthesize multiple risks in a
continuously changing environment.

Consequently, a precise resilience concept will facilitate the development of related
theories and the construction of related systems. We propose a redefinition of resilience
from multiple perspectives, including system resilience and functional resilience, tailored to
specific application scenarios and environments. For instance, resilience can be categorized
into distinct types, including structural resilience, operational resilience, and supply chain
resilience, each of which can be analyzed in the context of specific challenges and requirements.
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A holistic study can be conducted based on these definitions to achieve a more thor-
ough insight into system resilience and enhance it in a more effective manner. This can be
achieved by studying the association between subsystems and the distribution of functions
among different subsystems. Furthermore, a comprehensive system resilience analysis can
be achieved by utilizing techniques such as high-level architecture (HLA) federated simula-
tion [105]. This approach allows researchers to simulate and evaluate different resilience
strategies in a virtual environment, thus providing reliable theoretical and data support
for practical applications. It does not conflict with other research methods, but it does
require researchers to fully consider the internal manifestations of resilience from these
three perspectives when selecting a research framework. However, this method also has
the problem of being time-sensitive. As the environment changes, the three angles of the
construction industry’s resilience content are also constantly changing. When researchers
conduct research, they need to determine the latest factors of the three angles in advance.

In conclusion, the redefinition of the concept of resilience in the VUCA environment is
not only a requirement for academic research but also an urgent need in practice. Through
systematic, functional, and multidimensional resilience research, a more solid foundation
can be provided to cope with future uncertainties.

4.4. Future Directions and Suggestions

More and more resilience studies are geared toward using data-driven methods [106]
to improve and develop resilience research. To advance the field of future resilience research,
it is essential to adopt a multi-perspective approach, focusing on the resilience of structures,
operations, and supply chains while emphasizing functional resilience in complex systems.
Researchers might conduct case studies across different industries to identify unique
resilience requirements or use systems thinking to map interdependencies and identify
critical leverage points. To develop adaptive strategies tailored to VUCA environments,
researchers could leverage big data, machine learning, and network analysis to predict
disruptions and optimize resilience. Implementing machine learning algorithms and BIM
and AI [107] to analyze historical data and predict potential disruptions in construction
management is recommended. HLA federated simulations can provide a robust platform
for testing resilience strategies under a variety of scenarios. To address deviations, it
is necessary to standardize methodologies, understand context-specific variability, and
integrate evolving resilience concepts to ensure consistent and applicable findings are
obtained. Establishing a dedicated think tank with which to monitor and evaluate emerging
resilience research and trends might be a good research idea. Organizing regular workshops
and symposia with experts from academia, industry, and governmental bodies to exchange
ideas and update resilience strategies could be another good research direction. This
comprehensive strategy will facilitate the practical implementation of resilience in diverse
and dynamic settings.

5. Conclusions

This systematic review aims to evaluate resilience in the construction industry from three
definitional perspectives: the subject of resilience, the influencing factors of uncertainty, and
the roles of the resilient subject. To ensure the comprehensiveness of this review, 70 research
articles from the Scopus and Web of Science databases were selected as samples according
to the PRISMA principles. This review categorizes the subjects of resilience into specific and
general classes, revealing a diverse array of research focusing on both tangible projects and
broader, systemic themes. The analysis of influencing factors underscores the dichotomy
between natural and environmental and human and social factors, while the discussion on
subject functions highlights the critical abilities to maintain or recover from challenges.

We found that the resilience concept in the construction industry is becoming ambigu-
ous. The subject of resilience is gradually becoming general. The concept of the subject
tends to become more abstract, and the scope of research is becoming broader. The types
of impacts are also changing from a single natural disaster to more vague uncertainties
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and unknown challenges. The study of systemic functioning is complicated by uncertainty
about the form of impact. In addition, more studies tend to correspond to the functional
toughness of multiple systems rather than the systemic toughness of a single system. This
tendency also complicates the research dimension of resilience becoming complex. As In-
dustry 4.0 and digital transformation advance, the importance of functional resilience across
various system levels has become increasingly evident, surpassing traditional management
and decision-making models.

Based on these findings, we advocate the need to redefine the resilience concept in a
VUCA environment from multiple perspectives. In light of environmental uncertainty and
the complexity of resilience research, redefining resilience from specific perspectives has
been defined as a target to help make resilience research more systematized, functionalized,
and comprehensive and provide theoretical support for future research.

To enhance resilience strategies, we propose leveraging advanced methodologies such
as big data, machine learning, and HLA federated simulations. These approaches can be
used to predict disruptions and optimize resilience strategies, providing a robust theoretical
and practical foundation with which to cope with future uncertainties. This comprehensive
strategy is designed to facilitate the practical implementation of resilience in diverse and
dynamic settings.

Although this review systematically analyzes the evolution and future direction of re-
silience in the construction industry, the following problem may still have an influence. The
environment of the construction industry is constantly changing, which creates chronologi-
cal uncertainty in the study of resilience. Therefore, this research may not be authoritative
for newly derived concepts in the construction industry.
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