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Abstract: For construction projects, resilience is the process of resisting and recovering from adversity.
With the global economic and social environment constantly changing, improving the resilience
of construction projects has become a research hotspot in the field of project management. On the
basis of social capital theory, this study constructs a construction project organization resilience
evaluation system from two dimensions of bonding and bridging social capitals. Then, a new
theoretical framework is proposed: the network dynamic evaluation model of project resilience
based on the resource conservation strategy. Using survey data of 247 construction engineering
practitioners, this study considers the emergence of organization resilience in the three phases of
adversity. The results reveal that when the construction project is hit by adversity, the investment
capital will increase but decrease in the recovery phase. Protective capital demonstrates the opposite.
However, both types of capital finally reach a higher level than before the adversity, thus forming
an emergence curve of project resilience. This study helps to understand the emergence process of
the construction project resilience, provides a feasible method to calculate the resilience and social
capital of construction projects in different phases of disasters, and improves the risk response ability
of construction projects.

Keywords: project resilience; construction project; social capital; organization behavior; social
network

1. Introduction

Affected by adverse events that are difficult to predict or prepare for in advance, such
as the outbreak of COVID-19 and the consequent global political and economic turbulence,
organizations often suffer disruptive shocks such as business process disruption and loss
of performance [1,2]. These outcomes have quickly led to efforts to understand the trend
that organizations are more effective at responding to and recovering from adversity,
that is, showing resilience [3,4]. At a time of increasing uncertainty, understanding the
resilience of project-based organizations in complex and changing internal and external
environments has become a core issue in project management [5]. The present study focuses
on the organization resilience of temporary projects represented by construction projects,
which are highly likely to be affected by external events and are of great importance to
socio-economic development [6-8].

In the field of management, research on resilience is generally divided into three
levels: individual resilience, team resilience, and organizational resilience [9-11]. In more
regular and stable environments, resilience at different levels has been observed to help
improve one’s own performance, promote collaboration, enhance cohesion, and achieve
performance recovery and maintenance [12]. However, we know little about how it operates
in a project-based environment and what mechanisms might contribute to such a valuable
project state. This is because the construction project could not be simply regarded as a work
team or organization; it often involves the collaboration of multiple participants, and is a
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temporary system composed of multiple teams or organizations for specific construction
tasks, with the characteristics of heterogeneity and loose coupling [13,14]. Despite this, the
study of resilience in construction projects needs to be further expanded. To fully consider
the characteristics of the project system itself, it is necessary to consider both the integrity
of the project system and the coordination of all participating units within the project.
Therefore, one of the tasks of this study is to explore how resilience changes when project
systems encounter a crisis within a comprehensive theoretical framework.

Social capital theory makes it possible to study resilience in the context of construction
projects [15]. Social capital refers to the value of an individual’s or social unit’s position in an
organizational structure [16]. It refers to the accumulation of behaviors and norms that make
members of a group support each other. In projects, social capital exists in the interpersonal
structure of the project life cycle [17]. It brings additional benefits to the project through
constant, positive interaction between members [18]. Therefore, understanding project
system social capital helps us to better define and discuss resilience. Of course, social capital
such as cohesion and trust are not exactly the same as resilience, but they are certainly
some manifestations of resilience. As described in the study of [19], resilience is largely a
social process that is fundamentally shaped by the relationships between the components
of an organization. Therefore, according to the social capital theory, we propose that the
resilience of construction projects is based on the process of resisting adverse impact and
realizing recovery reflected by the accumulation of project social capital, which can be
described through the measurement of social capital. Under this concept, project resilience
is broken down into the different effects of social capital. Therefore, in this study, we hope
to explain the mechanism of project resilience by investigating several key social capitals
and establish a project resilience measurement system under the theoretical framework of
social capital.

To solve the above problems, we use social network analysis (SNA), because SNA
provides a tool for measuring social capital that results from connections between subjects
embedded in social networks [20,21]. In this model, we refer to the research of Cui [22]
and take the network topology index as a reflection of the social capital of construction
projects. We establish a network model of construction project participants at different
phases of a disaster’s impact to investigate the changes in social capital at different phases.
Finally, through the normalization of social capital, the resilience process of the project
is summarized.

Our paper contributes to the project management literature in at least three respects.
First, we provide a definition of project resilience based on social capital theory, in which
resilience can arise in project-based social capital. Secondly, our paper focuses on the
evolution of project networks before and after disasters, providing a methodological basis
for understanding the evolutionary process of project resilience, and complements the
process perspective that has dominated research on resilience in the project management
literature [23]. Third, we explore a social capital indicator system that can be used to
describe project resilience quantitatively, reducing the difficult-to-measure resilience to an
observable social capital framework. On the basis of these theoretical insights, we discuss
how to improve project management practices.

In the next section, we provide a literature review, followed by the research design
and methods. Then, on the basis of the construction projects that were in progress during
COVID-19, the data are analyzed from two levels of bonding and bridging social capital in
three phases: preparation, coping, and post-disaster recovery. The emergence of project
resilience is identified, and the theoretical and practical significance of the development
of resilience in construction project governance is discussed. Finally, the conclusions and
limitations are given.
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2. Literature Review
2.1. Construction Project Resilience

As COVID-19 brings about the sustained development of global economic, political,
and social instability, studies on the resilience of various social systems are gaining popu-
larity and attention [24]. Existing conceptualization studies suggest that resilience can be
defined by adopting a process or capacity perspective [25,26], focusing on resilience-related
coordination activities or states and resources that resilient organizations can develop,
respectively. Similarly, scholars have distinguished different manifestations of resilience,
including predicting adverse events, reducing the perturbation of adverse events, or recov-
ering from failure [27,28]. Therefore, a comprehensive understanding of resilience should
include the processes and capacity that enable organizations to anticipate and manage
adversity, which can be combined into four complementary dimensions: crisis prediction,
crisis management, rebound recovery, and reverse improvement [29].

At present, a systematic research system on resilience has been formed, which can
be divided into individual resilience, team resilience, and organizational resilience at the
research level. The research objects include the antecedents, processes, and results of
resilience [30]. However, project resilience is still a relatively new concept, and although
publications on it are increasing, there is still conceptual debate as to whether project
resilience should be considered as a capacity or a process [31].

From the perspective of capacity, Turner and Kutsch [32] proposed an interpretation
of project resilience, defining it as the art of detecting changes in the project environment,
understanding these changes, planning answers, minimizing damage when changes occur,
and adapting to new realities. Giezen [33] put forward the concepts of prevention, response,
and adaptation in their definition of project resilience, and also mentioned two types of
project resilience: Passive resilience and active resilience. In all of these studies, project
resilience takes a capacity perspective.

The process perspective sees project resilience as a long-term strategy to deal with
complexity and risk. Williams et al. [26] believed that resilience is a process in which
individuals or groups avoid the tendency to react negatively to challenging situations and
maintain positive adjustment or coping. Similarly, Crosby [34] points out that resilience is
the process of managing risk, crisis, or contingencies. Another group of studies, starting
with project teams, views resilience as a collective construct, including “an interactive,
coordinated, and collaborative team interaction process that describes the actual behavior
of teams in coping with adversity” [35,36].

Due to different research objects and focuses, and different research methods [37],
empirical studies rarely integrate the process perspective and capacity perspective into
the same research. Researchers select one of the perspectives according to the research
purpose and the theoretical contribution they are trying to make [38]. In this study, we
use a process perspective (i.e., project resilience as the whole process of recovery from
disaster) to construct meaningful theories and conduct reasonable in-depth research. As
Kahn’s research shows, resilience stems from the relationships between the components of
a system and is a social process. Therefore, we define project resilience as the whole process
in which the positive interaction between component units enables the project collective to
withstand shocks, cope with challenges, and recover.

2.2. Social Capital: A Theoretical Framework

Consistent with previous studies based on organizational relationships and struc-
ture [39], we propose the use of social capital theory to study the resilience of building
projects. Social capital has been studied in different areas of social, economic, and political
science, creating a wealth of definitions and characterizations of its characteristics [40].
Different researchers distinguish social capital by the context, form, possible use, and group
of interactions. Bourdieu [41] proposed the most widely accepted and applied concept
of social capital, believing that social capital is the total amount of actual or potential
resources obtained through the relationship network, that is, social network is social cap-
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ital. Coleman [42] defined social capital as a kind of social structural resource from a
macroperspective, which is the relationship of responsibility, expectation, trust, and power
between individuals or groups. He believed that various exchanges based on the interests
of different actors in the social network form a continuous social relationship, which is
social resource and social capital. Portes [43] also proposed that social capital is a special
connection attached to social relations and an expression of ability. Burt [44] believes that
structural hole is social capital and the ultimate competitive advantage of enterprises and
other economic activity subjects. Finally, Lin’s [45] discussion on social capital represents
the general consensus of theoretical research on social capital. In his view, social capital is
the investment of rewarding resources embedded in social networks.

In addition, there are many research angles on social capital theory. In sociology,
Carrillo et al. [46] argue that social capital is the most important indicator of family health.
In terms of enterprise management, Harris et al. [47] tested the effect of coordination
between human capital and social capital on enterprise performance. In the field of policy
research, Muringani et al. [48] found that different types of social capital have different
incentive effects on European economic development, thus adjusting economic policies.

Of course, there are contradictions between different schools of study on social capital
theory. One of the principal contradictions is that between the individual and the collective.
Burt and Lin regard social capital as individual capital, which is acquired based on people’s
action network. However, in Bourdieu and Coleman’s study, social capital can be acquired
in groups. The two views are not completely opposite fundamentally. The individual is
embedded in the collective, and the collective is embedded in the larger social network.
Therefore, this study is based on Bourdieu’s view to identify collective social capital at the
project level but also combines Burt’s network-based analysis method. Based on the view
that resilience emerges due to the interaction of each unit of the system, we believe that the
process of project resilience can be represented by the change in social capital, and try to
summarize the process of project resilience by measuring the change in social capital in
each phase of the project network under adversity.

2.3. Social Network Analysis: A Computing System

Social network analysis (SNA) is a quantitative analysis method based on graph theory
and mathematical symbols [49]. In SNA, a social network is a collection of social actors as
nodes and relationships between nodes as edges [50]. Its essence provides a mathematical
method to evaluate the impact of the embeddedness of nodes and related actors in the
social network on their behavior and decision-making results [51,52].

The social capital available to actors of a group is integrated into their social net-
works [53]. In other words, social capital lies in actors’ social relationships and network
positions. Therefore, using SNA to research social capital is a feasible method. One domi-
nant view is that the connections made between network actors form the basis of social
capital [54]. This view is strongly influenced by network theory.

Some progress has been made in the measurement of social capital based on SNA [53].
On the one hand, some researchers have constructed social network capital measurement
scales and considered the measurement results as social capital [55]. These scales have been
used in a large number of surveys, using surveys or questionnaires as data collection tools.
On the other hand, some researchers use SNA to measure social capital, which is measured
by the description of network genus [22]. These studies provide us with the possibility to
review the resilience capital of construction projects.

For a long time, construction projects have been considered as temporary organizations
involving multiple participants [56]. One theoretical bridge to using SNA in construction
is to view a construction project as a set of networks [57]. By taking the key actors in the
construction project as nodes and the relationship between actors as connections, we can
quantitatively analyze the cooperation ability of the project organization and implement
effective project network management [58-60].
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3. Method

To construct a social capital system to assess the resilience of construction projects
and measure the resilience process within a system framework, this study designed a
construction project resilience measurement method based on SNA and social capital theory,
including the following four steps: (1) Establish a social network model for construction
projects; (2) through a systematic literature review (SLR) and keyword frequency statistics,
identify the key social capital of construction projects, and establish the project resilience
evaluation framework based on social capital theory; (3) use the SNA method to calculate
the different types of social capital of construction projects to establish the evaluation model
of project resilience; and (4) use the data from the construction industry in China, which
had experienced the impact of COVID-19, to analyze the changes in construction projects’
resilience in the preparation, coping, and post-disaster recovery stages (hereinafter, the
three stages are represented by 1, 2, and 3, respectively), which provides a benchmark for
engineering projects to withstand impact.

3.1. Establishing a Network of Construction Projects

The identification of network nodes was the first step of SNA. In the research on
construction projects from the perspective of the network, the network construction method
regards all stakeholders of construction projects as network nodes. This method can be used
to analyze the impact of the relationship structure between participants in the project from
a macroperspective, but it cannot accurately and in detail describe the specific structure of
the project. Another method is to focus on a specific construction project case and regard
each project actor as a node to build a complete network of the project [61]. This method can
accurately and in detail describe the structural characteristics and relationship composition
of the project. However, it is also limited to only conclusions within. In addition, the
method is difficult to extend for applications to a larger field. Therefore, in this study,
we abstracted the actors with the same function in the project into one node, so that the
construction project network not only fully describes the project relationship structure but
also has higher universality and is not limited to a single project. The network constructed
in this way allows the conclusions of this study to characterize the commonness of different
construction projects to a certain extent.

Through reading and combing of the relevant literature, including papers, laws, and
regulations from China, combined with the actual situation of most construction projects
in China, we determined the main composition of construction projects in China [62].
In-depth interviews were conducted with 18 project practitioners, experts, and scholars
in the construction field. The respondents were asked to prepare a list of the main project
participation roles in their own unit as the basis for constructing network nodes. We also
asked respondents to briefly describe the functions and main contacts of the participating
roles they provided, and to identify the final node list through mutual screening. As shown
in Table 1, although not all construction projects had the same personnel composition,
the participating roles provided in the list cover almost all the functions required for the
operation of construction projects and could represent the network structure of construction
projects to a certain extent.

The second step was to establish connections between nodes. All respondents were
asked to rate their own relationships with others. The 5-point scoring system was adopted,
that is, {very high, high, medium, low, very low} = {5, 4, 3, 2, 1}. On the basis of the
assignment undirected network model, the relationship matrix was transformed into a 0-1
binary matrix. The edge with score {0, 1, 2} was set to 0, and the edge with score {3, 4, 5}
was set to 1. More detailed questionnaires are described in the data collection section.
Thirdly, UCINET software was used to draw the social network diagram and calculate the
social network indicators of the social capital of construction projects.
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Table 1. List of relationship network nodes.

Project Actors Agents (Network Nodes) Node Codes
Project construction management personnel S1
Owner unit Business operation management personnel 52
Quality inspection and safety management personnel S3
Design unit Unit leader S4
Construction director S5
Constructi it Business director S6
onstruction unt Safety director S7
Material director S8
Chief supervisory engineer S9
Construction control unit Professional supervisory engineer S10
Safety supervisory engineer S11
Sub Professional subcontracting director S12
ubcontractor Labor subcontracting director S13
Material supplier Supply manager S14
G t sect Personnel of urban and rural construction department S15
overnment sector Audit department personnel S16
Consulting unit Consulting engineer 517
Financial institution Accounting personnel S18

3.2. Selecting the Key Social Capitals Using SLR

In this study, a systematic literature review (SLR) was used to select the most ap-
propriate social capital indicators for project resilience. The SLR was used to conduct a
quantitative analysis of the literature and reduce subjective factors and errors in literature
selection and evaluation [63]. Two electronic databases were selected to collect the literature,
including Science Direct and Web of Science. In the subject category covering the title,
abstract, and keywords, two keywords, including resilience and social capital, were set as
search protocols. In addition, the article type was set as review papers, and the publication
time was set between 2000 and 2021. Then, the obtained results were filtered to remove
irrelevant articles, including the following steps: duplication, attribute filtering, title and
summary filtering, and full-text relevance filtering [64]. Finally, 110 articles on the project
resilience or the social capital of construction projects were determined. Instead of filtering
articles based on the field of construction project, we selected keywords from all articles on
social capital research to avoid artificial disciplinary boundaries.

The most concerned social capital index in the study of resilience was screened by
antconc3.5.9 software. Referring to the screening characterization proposed by Zhang et al. [65],
only the indicators that appeared in more than three pieces of literature and whose rele-
vance was in the forefront were selected. Then, the author discussed and analyzed these
indicators from the theoretical perspective of the type of social network connection. In
this process, seven kinds of social capital (Ci,i=1, 2,3, ..., 7) were selected, including
cohesion (C1), trust and reciprocity (C2), information sharing (C3), information superiority
(C4), social identity (C5), social influence (C6), and interpersonal relationship (C7) [66,67].

Finally, we referred to Putnam’s classification of social capital and divided social capi-
tal into two types: bonding and bridging social capital. Bonding social capital originates
from the interactions of actors within the system and emphasizes cohesiveness. On the
other hand, bridging social capital originates from external network relationships, empha-
sizing the role of brokerage. A construction project is a unified whole, which needs the
maintenance of bonding social capital. However, there are many heterogeneous actors
from different teams inside the project, which needs the development of bridging social
capital. Therefore, on the basis of the types of social capital, we discussed the identified
social capital and built an evaluation system for the emergence process of project resilience,
as shown in Table 2.
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Table 2. Calculation system of Resilience Social Capital for construction projects based on SNA.

Level Social Capital SNA Indicators Parameter
Cohesion Density
Bonding Trust and reciprocity Cohesion Subgroup
Information sharing Average distance
Information superiority Structural hole Efficiency
Sy Social identity Cohesion Clustering
Bridging

Social influence
Interpersonal relationship

Degree centrality

Centralit i
entrality Betweenness centrality

3.3. Calculating the Social Capitals Using SNA

In terms of the calculation of social capital, this study used [68]’s calculation system
for reference and established a resilience social capital calculation system for construction
projects based on network indicators, as shown in Table 2.

3.3.1. Bonding Social Capital Computing

Cohesion refers to the ability to keep actors of a social network together by sharing
common standards, values, ideas, and beliefs. According to Sanchez’s research [69], the
concept of group cohesion can be measured by the network density. In SNA, network den-
sity refers to the ratio of actual connections to potential connections. The more connections
between each group actor and other group actors, the greater the density of the network.
At the project level, the project network density corresponds to the average number of
contacts per actor. From the perspective of social network analysis, network density is
equivalent to group cohesion, which as a tightly connected network is considered to be
more cohesive.

Trust and reciprocity represent one of the first indicators of social capital research.
According to Sun et al. [70], trust and reciprocity are informal norms that promote coop-
eration between multiple individuals. The SNA subgroup refers to the closeness of the
association among actors of a social network, who have a reciprocal relationship with each
other and combine to form a substantial subgroup. Therefore, we used subgroup analysis
in the social networks to measure the levels of trust and reciprocity.

Information sharing is defined as revealing the existence of relevant information
and knowledge without the need for overall dissemination. If the construction project is
regarded as a network, the information sharing ability of the project is closely related to
the communication distance between network actors [71]. Therefore, we used the average
network distance of SNA to measure the information sharing level of projects.

3.3.2. Bridging Social Capital Computing

Information superiority refers to the ability of actors to obtain non-redundant informa-
tion, which is of high quality and conducive to decision making. In SNA, structural holes
are used to analyze non-redundant links between any two nodes. From this point of view,
we used the structural hole efficiency to measure actors’ information superiority ability,
that is, to what extent they possessed and used the structural hole superiority ability.

Social identity is the definition of one’s own attributes and those shared with others
when identifying oneself and comparing oneself with the group to which one belongs.
Therefore, we used cluster analysis to measure the level of social identity. A higher
clustering coefficient means that the node had a more united relationship with its neighbors,
that is, a high sense of identity to its network membership.

Social influence is used to measure the ability of actors to directly or indirectly influence
the emotions and actions of others. High social influence means that actors are able to
interact with more other actors or with a higher frequency. Therefore, we used degree
centrality to describe social influence, measuring the degree to which one node in a network
is related to other nodes.
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Interpersonal relationships represent the process by which actors connect indirectly
or directly, establish connections, and allow the access and exchange of resources. Strong
interpersonal skills mean that they are at the hub of network communication and could
contact other actors directly or indirectly through this actor. Thus, betweenness centrality
was used to measure interpersonal competence.

3.4. Establishing the Construction Project Resilience Evaluation Model

After the establishment of the social capital measurement system, social capital needs
to be normalized to form a measure of project resilience. This study established an eval-
uation model of project resilience. The model referred to the RL model in the resilience
evaluation of large-scale systems and estimated the resilience as the ratio of recovery to loss
(Shen et al. 2020). The model is shown in Formula (1), where f = 1, 2, and 3 represent differ-
ent phases of disaster impact, including pre-disaster, during the disaster, and post-disaster.
R(t) represents community resilience in phase t;i=1, 2, ... , 9 represent different types of
social capital in the construction project organization; and Ci is the value of social capital
in phase t. The specific value was obtained in the case study according to the method
described in the method section:

¢ Ci(t) — Ci(tmin)
= Ci(tmax) — Ci(tmin)

R(t) = @

3.5. Data Collection

To clearly express the changes in the construction project network before and after the
disaster, this study selected the organization leaders, managers, and experienced employees
and scholars of each participating subject of 9 construction projects in Hubei Province of
China as the main sample sources. Because Hubei province was the first province in China
to be affected by COVID-19, respondents from Hubei province clearly felt the impact of
the disaster. The principles for selecting these respondents adhered to the following rules:
(1) The selected respondents covered all 18 categories of construction project actors men-
tioned in the network node identification section; and (2) the working years of the respon-
dents had to be greater than 5 years (to ensure that the respondents not only have a certain
understanding of their work but also have experienced the impact of epidemic disasters).
In other words, the selected respondents can include all participating organizations of
construction projects in terms of categories and have a rich theoretical basis and practical
experience in terms of individuals.

The researchers conducted a questionnaire survey based on the network actors identi-
fied above to measure their relationship network. Before the questionnaire, respondents
were asked to review the impact of the epidemic on the project before answering. Thereafter,
respondents were asked to evaluate how their relationship with others changed during
different stages of a disaster from three dimensions: trust, communication frequency, and
communication quality, as shown in Table 3. This table was adapted from the SNA ques-
tionnaire proposed by Wang et al. [72] to infer structural changes in the construction project
relationship network.

The following measures were taken to ensure the return rate and validity of the
questionnaire. First, during the questionnaire distribution process, we assured respondents
that their information would be kept strictly confidential and that the results would be
used for scientific purposes only. Second, we used a dual incentive mechanism in which
respondents were not only rewarded for their participation but also for recruiting a reliable
new respondent. A total of 391 questionnaires were distributed through online surveys,
and construction site interviews. Then, 247 valid questionnaires were recovered, with an
effective response rate of 63.2%, as shown in Table 4. After that, we interviewed 18 project
managers with 5 years of project management experience, who were asked to validate
the authenticity and validity of the networks constructed in different phases of our study
and supplemented the data with specific interviews with specific project actors. Finally,
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the valid scores of the respondents were averaged as the result of the final relationship
strength matrix.

Table 3. Data Collection Form.

1. Please briefly describe your position and work in the project.
2. Please list the other members of the project with whom you work or exchange information frequently.
3. The position of the member in the project and the main work content.

Please provide your evaluation on the following questions about the quality of your relationship (The
evaluation is based on a 5-point scale, 1 = very low, 2 = low, 3 = medium, 4 = very high, 5 = high).

4. Please evaluate your level of trust in the pre-disaster phase.
5. Please evaluate your level of trust during the disaster phase.
6. Please evaluate your level of trust in the post-disaster phase.

7. Please evaluate the frequency of your communication in the pre-disaster phase.
8. Please evaluate the frequency of your communication during the disaster phase.
9. Please evaluate the frequency of your communication in the post-disaster phase.

10. Please evaluate the quality of your communication in the pre-disaster phase.
11. Please evaluate the quality of your communication during the disaster phase.
12. Please evaluate the quality of your communication in the post-disaster phase.

13. Would you like to help us contact the member to receive the questionnaire?

Table 4. Descriptive statistical analysis of the respondents.

Classifications Actors Percentage
Male 139 56
Sex Female 108 44
5-10 145 59
Working years 11-15 65 26
>15 37 15
Project construction management personnel 22 9
Business operation management personnel 17 7
Quality inspection and safety management personnel 23 9
Unit leader 19 8
Construction director 20 8
Business director 19 8
Safety director 15 6
Material engineer 13 5
Stakeholder party Chie':f supervisiqn ‘enginee.r 11 4
Professional supervision engineer 8 3
Safety supervision engineer 14 6
Professional subcontractor 11 4
Labor subcontractor 12 5
Supply manager 10 4
Personnel of urban and rural construction department 9 4
Audit department personnel 8 3
Consulting engineer 9 4
Accounting personnel 7 3

4. Result and Analysis
4.1. Social Network Description

UCINET 6.0 software was used to draw a social network diagram showing the stake-
holder relations in three different phases, as shown in Figure 1. Obviously, S1 and S9
were the most connected nodes in the whole social network in phase 1 (the pre-disaster
period). Intuitively, at the beginning of the disaster, the number of edges between the
network nodes of the project organization, especially S1, decreased significantly, which
meant that the relationship and interconnection among project actors loosened due to the
impact of the disaster. After the disaster, the social network became type 3, which was
closer than when the disaster occurred, and even stronger than before the disaster to a
certain extent. Some possible reasons might have included the following: First, in phase 2,
the connection between the project actors was weakened by the impact of the disaster.
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However, the connections that enabled the project to exhibit resilience were retained, so the
project system could resist or even survive the impact of a disaster. Second, by drawing
lessons from disasters, the project organization accumulated more experience in dealing
with disasters. An organizational network with more redundant connections was formed
to enhance the resilience of the project.

Phase | Phase 2 st Phase 3
s12 b 87 s2 §17 512 @ S
Sl‘:" $ % 8143 85 38 it = SB 814 817
. L S $ “gs Wz @ “ S10 i\ $16
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S4 83 m 515 @

Figure 1. Social network graphs of the construction project before, during, and after the disaster.

4.2. Bonding Social Capital of the Whole Project

The bonding social capital of the project in the three phases of the epidemic is shown
in Figure 2. In general, compared with phase 1, the social capital index basically showed
a downward trend first and then an upward trend (the rise in the distance indicators
represents a decline of the level of information sharing).

— =— |nformation sharing
—=— Cohesion
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-43.0

2.9
9/ —428

—426

104 10

81 24

/=

6 \\ 422
420

4 \ 18
118

24 | | 414
1.2/—‘ /\\*% 1.2

T 1.0

T T T T T
Phase 1 Phase 2 Phase 3

Figure 2. Bonding social capital during different phases of the disaster.

Based on the changes in the network indicators, when the disaster occurred, the
project network became sparse and loose. Project actors were uncertain whether the project
could successfully deal with the crisis, and the cohesion of the project was weakened.
The communication bridge between project actors that could be directly contacted in the
past was broken, and the communication distance between different nodes to achieve
cooperation was lengthened, which compromised the ability to share information within
the project. However, the number of small groups increased from 6 to 10, and the trust and
reciprocity between the actors of the common group were improved, thereby increasing the
level of trust throughout the project. When the project successfully overcame difficulties,
the cohesion of the project was restored to a higher level than phase 1. The number of
factions decreased from 10 to 9. Part of the temporary small groups that formed to deal with
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the impact of disasters was retained, the resources of reciprocity and trust were developed,
and a higher level of information sharing was formed.

Table 5 describes the major subgroups and their major actors that existed at each
phase of the disaster impact. As the social network diagram shows, actors of a small group
were connected to each other without structural holes. As a result, information could be
transferred directly between them, point-to-point, without mediation. This meant that
the trust levels within these four subgroups were high, were less affected by the impact
of the disaster, and played an important role in maintaining the normal function of the
project. It is worth noting that node 513 did not appear in any subgroup at any phase,
which meant that its relationship with other nodes should be improved. Other subgroups
were flexibly combined based on the different needs of the disaster response. For example,
the subgroups with S1, 54, and S9 as actors appeared in stage 2 but disappeared in stage 3,
indicating that the project management personnel of the construction unit, the leader of the
design unit, and the chief supervisory engineer played the role of a temporary emergency
response team in the case of the impact on the project.

Table 5. Construction project subgroup analysis.

Subgroup T1 T2 T3 T4
S1 S7 S11 S15
52 S8 S12 S16
S3 S9 S14 S17
Actor S4 510
S5
S6

4.3. Bridging Social Capital of Actors

In the previous section, the project was regarded as a cohesive whole, and the bonding
social capital of the project was calculated through the network’s overall indicator. However,
the normal operation of a construction project involves the cooperation of multiple actors,
and bridging social capital also plays an important role for each actor. Therefore, this section
calculated the node indicators of the network to obtain the changes in the four bridging
social capitals: information superiority, social identity, social influence, and interpersonal
relationship, of the actors in the three periods, as shown in Figure 3. It is part of the project
resilience assessment framework.

In Figure 3, in the bridging social capital of the project actors, information superiority
and interpersonal ability showed a similar trend: rising in phase 2 and then declining
in phase 3 but higher than phase 1. This suggests that information superiority and in-
terpersonal relationships were even more important to keeping projects running during
a disaster impact. However, the interpersonal relationship of S4, S11, and S15 declined
in phase 2, indicating that the quality of their relationship with other actors needs to be
further improved.

The social capital of project actors, social identity and social influence, showed a
downward trend in phase 2 but recovered to a higher level in phase 3. This meant that for
construction projects, actors’ social identity and social influence were the bridging social
capital that was most vulnerable to damage when experiencing the disaster’s impact. To
ensure the project survives the crisis, it is necessary to take measures to protect actors’
social identity and social influence ability.
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Figure 3. Bridging social capitals during different phases of the disaster.

4.4. Resilience of Construction Project

The above research demonstrates that in the social capital system, to evaluate the
resilience of construction projects, the trust and reciprocity in bonding social capital and
the information superiority and interpersonal relationships in bridging social capital were
required, which was manifested when encountering adversity, as the project needed to
protect the existing capital constantly from loss through resource investment, and ensure
faster recovery from lost resources. Meanwhile, the cohesion and information sharing in
bonding social capital, the social identity and social influence in bridging social capital,
showed the characteristics of protective capital. In case of adversity, the project would take
a series of protective measures to reduce the loss of protective capital and wait for rescue
and turnaround to over difficulties. Therefore, project resilience evaluation system could
be characterized from two dimensions: social capital attribute and resource conservation
strategy, as shown in Table 6.

Table 6. Project resilience measurement system.

Bonding Social Capital Bridging Social Capital
Investment Trust and reciprocity Information sup grlorlty
Interpersonal relationships
Cohesion Social identity
Protect . . 1
Information sharing Social influence

According to Formula (1), nine social capital indicators of the construction project in
three phases of adversity were normalized and summarized by type to reflect the emergence
of the project resilience, as shown in Figure 4. From the perspective of investment resources,
the project resilience scores before, during and after the disaster were 0.89, 1.99, and 1.25
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respectively. From the perspective of protective resources, project resilience was 2.79, 0.98
and 3.4 respectively. As can be seen from Figure 4, the project resilience as the result
of the interaction between the construction project system and the environment had the
characteristics of dynamic and repeated iteration: (1) the construction project had a certain
level of investment and protective social capital in phase 1, and paid attention to the
preparation and readiness capability, i.e., early warning capability, at the level of strategy,
structure and resources. (2) The project paid attention to the ability of adjustment and
skillful creation in phase 2, and increased the investment in investment capital when the
protective capital was seriously damaged, so that the construction project could survive the
emergency. (3) In phase 3, the project paid attention to recovery, learning and improvement
transcendence. Although the investment capital decreased, it was still higher than the level
before the adversity. The protective capital recovered after a major blow and surpassed the
original level, so that the project would have more sufficient social capital when the next
adversity came, thus completing the emergence of project resilience.
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Figure 4. Construction project resilience in the three phases of the disaster.

5. Discussion

This research is based on the investigation and study of China’s construction projects,
which were hit by COVID-19 in 2020. Moreover, this study analyzed the relationship
network and the evolution of social capital among project actors. The data demonstrates
how the macrostructure of the network changes in the different phases of impact, thus
allowing the present research to discuss the evolution of network social capital further, and
establish a dynamic measurement system of project resilience based on the categories of
social capital. The findings of this study provide insights into how construction project
actors can improve the resilience and performance of complex cross-organization project
teams through a structural review and intervention of relationship networks in adversity.

Previous studies have shown that complex organizational systems can actively adapt
to environmental changes, dynamically coordinate different subjects, and promote project
organizations to overcome adversity and achieve success, that is, show resilience; however,
a detailed description of the emergence process of project resilience in the field of construc-
tion project management involving multi-department participation is lacking [73,74]. To fill
this gap, this study developed a dynamic research method based on the data of three time
points. The results reveal that construction projects in the three phases (e.g., before, during,
and after the adversity) will adjust the network structure and the development and transfer
of social capital to make the project resilient and rebound during adversity. From the
changes in the network indicators, when a disaster occurs, given the uncertainty of whether
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the project can successfully deal with the crisis, the psychological security level within
the project is reduced and the cohesion of the project is weakened. The communication
bridge between project actors that can be directly contacted in the past is broken, and the
communication distance to achieve cooperation between different nodes is lengthened, and
the information sharing within the project becomes more difficult.

However, the number of subgroups increased from 6 to 10. The project actors of the
same subgroups have the same goals and strive to reduce the impact of the disaster on the
operation of construction projects. As a result, their trust and mutual benefit are improved.
When the organization successfully overcomes the adversity, the broken communication
bridge can be restored. At the same time, given the impact of the disaster, the organization
may pay extra attention to the investment in the early warning, recovery, and reconstruction
of disasters, thus resulting in a new communication bridge, shortening the communication
distance, and restoring the cohesion and information sharing of the project to a higher
level than before the disaster. The number of factions was reduced from 10 to 9, and the
clustering coefficient increased to a higher level than before the disaster. Given that the
project as a whole has overcome the difficulties together, the temporary subgroups formed
to deal with the impact of the disaster have been retained, and the resources of reciprocity
and trust have been developed, with a higher level of psychological security. Therefore,
managers should fully consider the relationship dynamics among multiple subjects. On the
one hand, they should pay attention to the network areas that are hardest hit by adversity,
and to the organizations, teams, or individuals with the most serious decline in social
capital indicators, which are often the focus of post-disaster recovery and prevention. On
the other hand, they should pay attention to the new relationship connections established
in adversity. These connections show a tighter network structure and higher network
efficiency, which means that the growth of project investment social capital is closely
related to the emergency response ability and resistance ability of the construction project.

Considering the increasing complexity of construction projects, to further identify
the resilience development process of a construction project, this study established an
evaluation system of seven social capital resilience factors of construction projects from the
perspective of bridging and bonding social capital, and explored the emergence process of
organizational resilience based on two resource strategies: investment and protection.

Based on bonding social capital, we note that the observed values of the network
density and clustering coefficient dropped sharply in phase 2 and then continued to
increase in phase 3. This trend means that when the construction project rebounds from
adversity, it needs to develop into a more compact (less structural holes) network (phase 3),
increase the concentration, reduce the dependence on external nodes, and develop more
endogenous connections. In terms of initiating collective action and promoting the rapid
dissemination of information/materials/services, the project’s cohesion and information
sharing are restored and highlighted. Meanwhile, they ensure that the project can complete
this transformation depending on the investment in trust and mutual capital in adversity,
that is, adopting protective strategies, which is reflected in the increase in the number
of subgroups.

Based on bridging social capital, the central idea of social capital is that individuals
invest, acquire, and use heterogeneous resources in social networks to achieve the desired
results [75]. In this study, the effectiveness of most individuals in adversity shows a
downward trend. However, those who always maintain a high level of effectiveness or
show an upward trend provide help to others to the greatest extent. The impact of adversity
breaks some network bridges and increases the distance for actors to obtain resources,
which makes it very important to invest in the ability to maintain existing connections
and establish new connections to communicate networks and integrate resources. The
engineering and technical personnel, comprehensive business management personnel of
the construction unit, construction management personnel, and chief supervision engineer
of the construction unit are often in the central position in the network at different phases.
They either have authority or occupy the information center. The combination of authority
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and the central position in the network may produce a better decision-making ability
and positive results. In other words, more investment in information superiority and
interpersonal relationships, and a decreased loss of social identity and social influence can
improve a project’s resilience performance.

Among the previous literature conclusions on the resilience of construction projects,
they have mainly made theoretical contributions to the preliminary understanding of the
positive effect of resilience on construction projects. However, most of the conclusions
are still based on the use of a single performance index to characterize resilience, and
this form of post feedback lacks real-time information and effectiveness. Compared with
the previous literature conclusions, this study combined the actual data of China and
analyzed the influence factors of project resilience and different resource changes from the
perspective of sociology to promote the success of construction projects in a more targeted
and real-time way. Through social capital theory and the evolution view of resource
conservation, an evaluation model of the resilience of construction projects was proposed
from the two dimensions of protection and investment. The research results make up for
the theoretical defects in the identification of resilience in construction projects and point
out the direction for the future development of construction projects.

6. Conclusions
6.1. Theoretical Significance

Based on social network theory and social capital theory, this study revealed the
emergence mechanism of project resilience. The innovation of this study is that it performed
a cross-level analysis of project resilience from a dynamic perspective, and makes some
theoretical contributions to the project management literature. First, social capital theory is
extended to the research of project management in this study. Then, this study constructs an
evaluation system for project resilience, which includes seven social capital indicators based
on the two types of social capital. These research results help to deepen the understanding of
the emergence mechanism of project resilience, enrich the literature on construction project
management, and establish the relationship between the project and sociological research.
Secondly, given the structural complexity and resource diversity of construction projects,
this study proposes that project resilience should be considered at both the overall and
local structural levels. Bonding and bridging social capital are inherent in the overall and
local relationship of the project, which provides a new understanding for the identification
and measurement of project resilience. Third, this study discusses the capital integration
process of the project from a dynamic perspective. This research shows that the construction
project will strengthen the trust and reciprocity and information superiority, allow the
development of the interpersonal relationship ability of employees, and maintain the
cohesion, information sharing, social identity, and social influence at no less than a certain
level, which will provide new insights into the understanding of project resilience.

6.2. Management Significance

Our results provide some practical guidelines on the resilience of construction projects
to maximize organizational and project performance. First, consideration of the evolution
of the relationship network will help to shift the management of the construction indus-
try to informal institutional arrangements, including but not limited to trust, cohesion,
information sharing, and social identity, etc., to enhance the sustainability of social project
governance. Secondly, this study will help practitioners fully grasp the emergence process
and phase of project resilience to deal with risks and adversity pertinently and strategically,
especially sudden public health events. In addition, we suggest that the project should pay
attention to the development of investment capital and protect the conservation of capital.
In times of adversity, the project should strengthen the trust among actors, improve the
quality of the relationship, develop collective efficiency, and ensure the psychological safety
and sense of belonging to a certain level, which will help loose construction projects to
have better resilience and achieve their objectives.
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7. Limitations

This study can be regarded as the starting point for further testing of the develop-
ment of resilience in the construction industry through SNA. One of the limitations is the
methodological challenge of the SNA method. Drawing social network diagrams, espe-
cially vertical continuous drawing, is a costly and time-consuming process, which requires
an ingenious and thorough research design and system design. Future work is encouraged
to clarify the bridge between project resilience standards and network measures, and the
theoretical development of resilience measures and network evolution. In addition, this
study did not consider the types of relationships (such as friend relationship, task rela-
tionship, interest alliance, etc.), and it encourages further detailed research to explore the
relationship between the network dynamics and project resilience of construction projects
under the background of more complex relationships.
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