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Abstract. Environmental uncertainty, social public events and increasing challenges has raised the urgency for the need
to improve organisational resilience of construction projects, which is of great significance to the success and governance
of construction projects. This study explores the organisational resilience factors that affect the success of construction
projects based on a literature review and the actual situation and abstracts them into four explanatory variables: situation
monitoring, organisational structure, organisational culture and participants. Through the crisp-set Qualitative Compara-
tive Analysis (csQCA) method, 15 Chinese cases that meet the research conditions are compared and analysed, and two
effective conditional configurations obtained. The results show that in the absence of timely monitoring of the changes in
the situation, flexible organisational structure, cohesive organisational culture and participation of multiple subjects can
promote the success of the construction project. The synergy of multiple participants can make up for the lack of organisa-
tional culture to a certain extent. Moreover, public participation and big data applications should be given full attention in
the improvement of organisational resilience. This study can provide a basis for construction projects to reasonably match
organisational resilience conditions to cope with crisis and challenges.

Keywords: organisational resilience, construction project, situation monitoring, organisational structure, organisational

culture, participation, project management.

Introduction

In early 2020, the “COVID-19 Pandemic” spread indis-
criminately in Wuhan, China. In the face of epidemic cri-
sis, the rapid construction of Leishenshan (Thunder God
Mountain) Hospital and Huoshenshan (Fire God Moun-
tain) Hospital was a phenomenon that attracted close at-
tention from the society and the construction industry.
Faced with stringent time limit and strict standards, the
two “safety island” hospitals, which could provide strong
support to win the battle against the epidemic, rose at an
amazing speed. The construction of these hospitals also
reflects the organisational resilience of the construction
project in a complex environment.

Due to natural disasters, social public events, etc., we
are facing more and more uncertainties, so resilience has
become a hot concept in recent years, such as infrastruc-
ture resilience (Brown et al., 2017; Cook, 2014; Patriarca
et al., 2018), urban resilience (Masnavi et al., 2019), com-
munity resilience (Rapaport et al., 2018) and organisation-
al resilience (Abdullah et al., 2013; Hillmann, 2020). The

abovementioned hospitals generally referred to the “fish-
bone” layout used in constructing emergency field hos-
pitals to reduce the risk of cross-infection, 5G and cloud
platform technology to achieve smart medical care, un-
interruptible power system (UPS) to provide emergency
power supply and negative pressure systems to “navigate”
airflow. From the construction process of the two hospital,
it can be determined that the resilience of construction
organisations in the new era does not depend on a single
subject, nor does it depend on a single discipline (Jin &
Mostafavi, 2014).

The research on increasing the organisational resil-
ience of construction projects has certain flaws. Past re-
search has isolated mainly infrastructure and built envi-
ronment from society (de Kloet et al., 2019). However,
studying the infrastructure resilience construction within
the social framework requires the connection of these
two parties is crucial for improving the contribution of
the built environment to community resilience (Haigh
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& Amaratunga, 2010). Under the social framework, the
public is the largest actor. The public is the largest actor
under the social framework. Public participation is widely
used in developed countries as an effective approach to
improve decision-making outcomes, public project execu-
tion and collaborative governance (Enserink & Koppen-
jan, 2007). Public participation should also be considered
in construction projects. For example, aafter the official
opening of 5G, the first live broadcast signal on the con-
struction site of Leishenshan Hospital was launched on
January 26. As of January 29, the cumulative page views
have exceeded 200 million. Tens of millions of people act
as “cloud supervisors” of the network, fully reflecting the
characteristics of “new stakeholders” The public has be-
come the “new stakeholders” of project management in
the Internet era (Gu, 2015). Therefore, public participation
should also be considered as an important indicator to
measure construction organisational resilience.

Organisational resilience often means that the organi-
sation has the ability to withstand frequent interference
and cope with new risks. Hamel and Vilikangas (2003)
defined organisational resilience as the ability to dynami-
cally re-establish strategies and business models to cope
with inevitable changes, so as to help the organisation
overcome the adverse consequences of potential destruc-
tive impact. Woods and Wreathall (2008) thought that
organisational resilience is not only an adaptive ability.
From this point of view, they specifically distinguished
two types of organisational adaptability: the first is that
the organisation uses existing plans and capabilities to
rebound; the second is that the organisation develops
new capabilities to respond to the sudden dynamic
environment. From the existing concept of organisational
resilience, there are two tendencies. The first view regards
organisational resilience as the ability to recover from
adversity and recover from failure; the second view
regards organisational resilience as the ability to transcend
recovery, including the ability to keep up with or even
create new development opportunities and expansion
capabilities. Combining theory and practice, there are
two understandings of the organizational resilience of
construction projects: (1) The ability of the construction
project itself to withstand, absorb, respond to and recover
to the original state of emergencies (such as earthquake,
fire, terrorist attack) stems from the original concept of
resilience (Comfort, 1994). (2) The construction project
organisation should not only have the ability to withstand
emergencies, but also the adaptability to unexpected chal-
lenges, flexibility to restore normal state and the ability
to prepare and learn from experience to deal with future
challenges. The concept is broader in the face of higher
requirements.

This study aims to explore the critical conditions of
organisational resilience to improve construction pro-
ject success and extract the corresponding key indicators
through literature review combined with an analysis of the
actual situation. Then, based on the understanding of or-

ganisational resilience in the context of construction pro-
jects, 15 eligible and representative Chinese projects are
selected to expound on the relationship between critical
conditions of organisational resilience and project success
with crisp-set Qualitative Comparative Analysis (csQCA)
method. The findings of this work will not only enrich
theoretical research of organisational resilience but also
promote the development of engineering management in-
dustry in the complex and rapid development era.

1. Literature review

1.1. The organisational resilience promotes
the success of construction project

Resilient organisation (Hatton et al., 2012) defined organi-
sational resilience as the ability of an organisation to sur-
vive and thrive in a changing and uncertain environment.
The construction sector is not only a key component of
the nation’s economy but also a primary factor in the qual-
ity of communities’ lives and the ability of the government
to achieve their policies (Bosher et al., 2007). With the
outbreak of the epidemic, we also realize the importance
of construction organisation for post-disaster recovery
and reconstruction programs. Construction organisa-
tions must first have the resilience to deal with and rover
from disasters to improve the resilience of communities
(Wilkinson et al., 2016). Sapeciay et al. (2017) indicated
construction organisations must be resilient to ensure the
successful implementation of the post-disaster recovery
and reconstruction plan, and organisational resilience
promotes the success of construction project.

In the current research, the organisational resilience
of the construction industry is embodied in resilience
engineering, thus promoting the impact of organisational
resilience on construction project success is gradually
recognised. The current research incorporated the concept
of safety and reliability into the understanding of resil-
ience engineering and regarded safety as a positive thing
(Dekker & Hollnagel, 2007). Resilience engineering is a
new method of thinking about problems and opportuni-
ties (Pellissier, 2010), as well as new concepts, tools and
methods of evaluating flexibility and thinking about safety
(Hollnagel et al., 2006). It pertains to how the capacity of
organisations at all levels can be improved to build strong
and flexible processes (Omidvar et al., 2017). Pellissier
(2010) proposed organisational innovation can be pro-
moted if the idea of resilience engineering is incorporated
into the business foundation.

However, organisational resilience requires further im-
provement in the construction industry, and the specific
impact of organisational resilience on construction project
success needs to be further confirmed. The concept of
resilience, which originates from complex system theo-
ries, has the potential to address the gaps in the body of
knowledge of the construction project management field
(Fraccascia et al., 2018). In the face of uncertainty and
emergencies, hospitals and related buildings are often ar-
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eas that challenge the coping ability (Hugelius et al., 2020).
Sapeciay’s investigation found that the current construc-
tion industry, especially small and medium-sized enter-
prises in the construction industry, has not achieved good
resilience practices (Sapeciay et al., 2017). The study also
found that construction resilience requires better practi-
tioner knowledge, standard practices and investment in
industry capacity building. At the same time, relatively
little research has been conducted on the organisational
resilience that affect the success of construction project.
Some researchers have also criticized resilience research
for its lack of the concepts of empirical measurability and
effectiveness (Aleksic et al., 2013; Linnenluecke, 2017).

1.2. Measuring organizational resilience

Although the concept of resilience is slightly different, the
more consistent dimensions of resilience are adaptive ca-
pacity and vulnerability (Bhamra et al., 2011). Awareness
(Huber et al., 2012; @ien, 2013) and efficiency (Bhamra
et al, 2011; Huber et al., 2012) are also important dimen-
sions. Through a case study, McManus et al. (2008) found
that organisational resilience has three principal attributes:
situation monitoring, management of keystone vulnerabil-
ity and adaptive capacity. Stephenson (2010) proposed 13
index factors from the two dimensions of planning and
adaptive capacity and constructed an evaluation model of
organisational resilience. Whitman et al. (2013) proposed
a short-form version of the Benchmark Resilience Tool
based on the index factors proposed. Research scholars
have laid the foundation of the development of organi-
sational resilience indicators, but none of their studies
have been specific to a particular industry or focused on
the different characteristics of the construction industry.
Moreover, the construction organisation itself consists of
various organisations, such as construction clients, plan-
ners, architects, constructors, suppliers, consultants and
sub-consultants, all of which are unique, different and
complex in their organisational environment. Hence, to
make the construction organisation benefit from the prac-
tice of improving organisational resilience, developing an
evaluation tool for construction organisational resilience
is necessary (Seville et al., 2006). According to the differ-
ent characteristics of specific construction industry, Sape-
ciay et al. (2017) compared and analysed two different
strategies for the resilience of New Zealand management
organisations: Resilient Organisations (ResOrgs) and the
Ministry of Civil Defence and Emergency Management
(MCDEM) strategy. The purpose is to determine the im-
portance of the indicators used in the assessment tools
and evaluate the resilience of construction organisations.
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Organisations need to balance external influences with
internal resilience capabilities (Erol et al., 2010). With the
transformation of the construction industry and the ar-
rival of the big data era, the preconditions for the success
of construction project have changed accordingly. There-
fore, exploring the assessment index factors of construc-
tion project organisation resilience in the new era has be-
come imperative. The current research on organisational
resilience focuses on the field of emergency management
in the discipline of public administration. Concerning
the outbreak of the epidemic, we realize that the ability
to respond to emergency events should be learned and
used for reference in the field of engineering management.
Building organisational resilience should encourage strong
leadership, partnership and collaboration within the sec-
tor, across the sector and government boundaries (Wilkin-
son et al., 2016).

2. Research method: Crisp-Set Qualitative
Comparative Analysis

2.1. Introduction to ¢sQCA

As a research method, Qualitative Comparative Analysis
(QCA) considers “configuration comparison” and “set the-
ory”. It is a new method that goes beyond qualitative and
quantitative (Ragin et al., 2006). The method is based on
cases and combined with computer algorithms to achieve
comparative analysis between different cases and aids in
the discovery of similarities and differences in cross-case
systems. In terms of its principle, QCA is “results-driven”
The method of evaluating “multiple concurrent causal re-
lationships” is realized by identifying the causal path of
different situational factors that lead to the same result.
Compared with mainstream statistical methods, QCA in-
fers causality by means of set relation. Moreover, Biernacki
(1989) believed that set relation can provide important and
clear information for social phenomena. Therefore, QCA
is more suitable for this study to analyze multi case issues
in combination with sociology. QCA technology includes
crisp-set Qualitative Comparative Analysis (csQCA),
fuzzy-set Qualitative Comparative Analysis (fsQCA) and
multi-value Qualitative Comparative Analysis (mvQCA).
Among these technologies, the csQCA is the most widely
used QCA technology (Huarng & Roig-Tierno, 2016).
The current study uses this technology to analyse and ex-
plore the linkage effect. The csQCA is based on computer
Boolean algebra to build complex operation set and uses
Boolean Minimization Technology to simplify. The main
operation steps are shown in Figure 1.

Boolean minimization

Set variables and
research model

Select
typical cases

truth table

Constructing

seeking the
combination of

\

Result analysis

minimal conditions

Figure 1. ¢sQCA method flow chart
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2.2. Selection of typical cases

QCA does not require a high sample size. It can use 15-
80 sample sizes and has a greater advantage in the study
of small and medium-sized samples whose variables are
composed mainly of binary forms (Ragin, 1987). Accord-
ing to Marx et al. (2013), 5% was set as the threshold.
With four conditions set in this study, 15 cases are suit-
able as acceptable benchmarks. The typical case selection
steps are as follows: first, 103 cases are collected from the
provinces and cities across the country as the first-level
alternative case database; second, the typical case database
is selected and determined according to the principles set
by this study; and finally, the supporting materials for the
case are searched, expanded and sorted, and then com-
pared repeatedly and confirmed through the triangle test
method to form the final case library required for this
study.
The selection of typical cases follows the succeeding
principles:
(1) Based on the above understandings of organisa-
tional resilience of construction projects, select
cases that meet the standards.
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(2) The selected case is representative, that is, it has
great social influence and is a concern for the aca-
demia, media and society.

(3) The case supporting materials are comprehensive,
and include internal publications, annual reports,
academic databases, media reports, academic pa-
pers, forum posts, blogs, microblogs, open letters,
symbolic slogans, press conferences, related vid-
eos and other types of materials, which are cross-
checked by triangle verification method repeatedly
to obtain high reliability.

Finally, 15 cases that meet the requirements (shown in

Table 1) are selected as the case base for this study.

2.3. Variables and research models

Organisational resilience is not only a multi-level concept,
but also a multi-dimensional concept. It is the result of
the interaction between the organisation and the external
environment (Andersson et al., 2019). Due to the ambigu-
ity and uncertainty of the concept definition, scholars had
relatively large differences in the division and measure-
ment of organisational resilience dimensions.

Table 1. The base of 15 typical case

Nllleril- Date Project Brief information
2020.1 | Novel Coronavirus — In the face of social and public health events, both hospitals adopt container type
Leishenshan and mobile houses, which reduces the construction period of traditional houses by
1 Huoshenshan Hospital |40-60%. The construction period of Huoshenshan hospital is 6 days, the installation
period is 3 days, and the delivery period of Leishenshan hospital is 10 days, which has
aroused social repercussions.
2018.10 | Hong Kong-Zhuhai- The Hong Kong Zhuhai Macao Bridge has ultra-high standards in road design,
Macao Bridge service life, anti-collision and earthquake prevention, flood and wind resistance. It has
) overcome more than ten world-class technical problems, driven the construction of
20 bases and production lines, formed the core technology with China’s independent
intellectual property rights and established China’s Cross Sea channel construction
industrial technology system.
2016.11 | Construction Platform | After receiving the police situational report, Jiangxi provincial public security fire
Collapse of Cooling brigade immediately launched the cross-regional emergency rescue and reinforcement
Tower in Jiangxi plan and mobilized four fire brigades and the full-service headquarters of the brigade
3 Fengcheng Power Plant |at one time. Four measures have implemented to carry out rescue operations:
reconnaissance and understanding to grasp the disaster situation; determination of the
key points and full efforts to search and rescue; safety monitoring to prevent secondary
disasters; and division of areas and work in groups.
4 2008.5 | Reconstruction after the | The post-disaster reconstruction took four years, with an investment of more than 800
Wenchuan Earthquake | billion yuan, and the earthquake-stricken area was reborn.
2008.4 | Beijing-Shanghai High- |High speed, high density and high reliability are the core of high-speed railway
5 speed Railway technology. China has completed more than 400 scientific research studies have
overcome a series of technical problems for the successful construction of the Beijing-
Shanghai high-speed railway.
2008.3 | Bird’s Nest The “Bird’s Nest” has dozens of innovative technologies and is one of the most difficult
steel structure projects in the world. Using reliable, mature and advanced high-tech
6 achievements, the National Stadium has been built into an advanced venue with
people-oriented information services and convenient and reliable communication
methods, realizing huge challenges in a limited time.
2006.7 | Qinghai-Tibet Railway | Most of the lines of the Qinghai Tibet railway are in the high-altitude area and “life-
7 forbidden zone”. The construction of the Qinghai Tibet railway faced three major
railway construction problems: the geological structure of permafrost for thousands of
miles, the environment of high cold and anoxic and the fragile ecology.
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End of Table 1

Num-

ber Date Project

Brief information

2003.6 |Hangzhou Bay Bridge

In the process of construction, GPS all-weather operation survey control technology,
the durability of concrete structure in the marine environment and the influence

8 of disastrous weather on the safety of bridge driving were introduced. The project
successfully met the challenges of large quantities of bridge spacing, complex
construction conditions, high technology content and difficult management.

2002.11 | SARS-Beijing
9 Xiaotangshan Hospital

At the time of severe SARS, a special infectious disease hospital with a construction
area of 25000 square meters and 1000 beds was built in seven days and seven nights,
with a total of 168 hours, which is unprecedented in the world’s architectural history.

1985.4 | Bank of China Tower

Hong Kong is visited by many tropical storms and the wind is often twice as strong
10 as that of New York; thus, having sufficient and reliable technical guarantee for the
stability of tall buildings is necessary.

2005.12 | Juxing bridge, Heping
County, Heyuan City,
11 Guangdong Province

The bridge built with nearly 370,000 yuan of disaster relief funds was destroyed

by flooding before it was completed and accepted for inspection. The destruction

of Juxing bridge was not only due to the flood but also because the design and
construction and insufficient technical strength of the construction unit, improper site
selection, lax site management and quality problems of piers and beams.

2004.10 | CCTV Headquarters

To meet the needs of modelling, the CCTV Headquarters Building challenged the
mechanics’ principle and the bottom line of fire safety, which brought serious hidden
12 dangers to the safety of the structure and fire evacuation, as well as ultra-high
project cost. On February 9, 2009, a fire broke out in the TV Cultural Centre under
construction, which was extinguished nearly six hours later.

1999.3 | Taiwan Longmen

Nuclear Power Plant

indefinitely.

During the construction of the power station, it was shut down many times due to
policy changes and the alternation of political parties. Later, due to the effects of

13 the Fukushima nuclear accident in Japan, residents and anti-nuclear groups blocked
constructions through protests, and the commercial operation date was postponed

1994 | Wonderland
Amusement Park

In 1998, affected by the economic crisis in Southeast Asia, as well as developers, local
governments and villagers™ differences in land value assessment and compensation, the

14 whole project was put on hold. In addition, the flood disaster in South China has led
to a debate on the protection of forest land.
1957 | Three Gorges The Three Gorges hydropower station has played an important role in flood control,
Hydroelectric Power power generation and shipping, but from the environmental point of view, it failed
15 Station to make a full plan for ecological protection, resulting in the deterioration of water

quality, thereby causing infectious diseases. At the same time, the reservoir flooded the
cultural relics, and the cultural relics department began to rescue and excavate in 1992.

From the perspective of organisation theory, organ-
isational culture and organisational structure, as the two
basic components that support the operation of the organ-
isation, play a vital role in the survival and development of
the organisation. Organisational structure indicates how
work tasks are formally divided, categorized, and collabo-
rated (Child, 1985). Organisational culture is regarded as
a set of norms, attitudes, values and organisational models
that constitute an organisation (Denison, 1984). Based on
the literature review and the actual situation, this study
extracts 10 organisational resilience factors that affect the
success of construction projects, among which innovation
and creativity, resource redundancy and planning strate-
gies reflect the flexibility of organisational structure. Ef-
fective partnerships, information disclosure and organisa-
tional cohesion reflect the values of the organisation and
highlight the organisational culture. On the basis of full
consideration and analysis of previous studies, this study
seeks the organisational resilience conditions that promote
the success of construction project, and constructs a re-
search model with situation monitoring, organisational

structure, organisational culture and participants as four
conditional variables and one outcome variable, as shown
in Figure 2.

2.3.1. Situation monitoring

Scenario monitoring is the creation, management and
monitoring of human and mechanical sensors that contin-
uously identify and characterize the internal and external
environments of an organisation to find weak signals of a
crisis or emergency (Stephenson, 2010). Situation moni-
toring is divided into two indicators: situation awareness
and digital application.

(1) Situation awareness, which was first applied to
the military, is defined as understanding of what
is going on around you and what that informa-
tion means to you now and in the future (Endsley,
2003). Situation awareness should be regarded as
the basic requirement for competence in a dynamic
environment, which usually leads to dangerous and
life-threatening consequences under inaccurate
and incomplete situation awareness (Masys, 2005).
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Situation Monitoring
I1: situation awareness

12: digital application

Organisational Structure
I1: innovation and creativity

12: resource redundancy

I3: planning strategies
The result of large-scale

\ 4

construction in China

Organisational Culture

I1: effective partnerships
12: information disclosure

I3: organizational cohesion

Participants

I1: multiple subjects —

12: public participation

Figure 2. Research model of organisational resilience
factors of construction project

The construction project itself is complex, and in
a complex social environment, situation awareness
is also the key to promote the success of construc-
tion project.

(2) Digital application in situation monitoring is the
general development direction in the future (Ediris-
inghe, 2019). The construction site is a place where
people gather. In addition, the risk of infection in
this epidemic is high. Through “face recognition +
temperature measurement module + solution”,
it can realize the need for automatic monitoring,
early warning and control of people with abnormal
temperature, eliminate the risk of infection in time
and reduce the management difficulty of managers.
The digital application in construction project un-
doubtedly provides a feasible solution to solve the
problems such as data barriers, poor information
and slow emergency response, so as to promote the
success of construction project.

2.3.2. Organisational structure

Organisational structure refers to the formal design of
roles and management mechanisms in an organisation to
control and integrate work activities and resource flows
(Olson et al., 1995). The organisational structure is di-
vided into three indicators in this study: innovation and
creativity, resource redundancy and planning strategies.
(1) Traditional organisational theory (Raub, 2008)
holds that organisations with higher formalisa-
tion levels may promote organisational rigidity
and hinder organisational flexibility, thereby re-
ducing innovation motivation and organisational
innovation. However, the modern organisation
theory believes that formalisation does not mean

rigidity because it has both rigidity and flexibility
(Levinthal & Rerup, 2006). Flexible and innovative
organisational structures are essential in emergen-
cies. For example, functional decentralization, that
is, bureaucracy and decentralization carried out at
the same time, helps organisations become decen-
tralized when certain events require rapid deci-
sion-making (Clarke, 1993). Hamel and Vilikangas
(2003) believed that in the context of resilience, the
survival of an organisation depends on its mastery
of three types of innovation: revolution, renewal
and resilience. In the transformation and upgrad-
ing of the construction industry, continuous in-
novation and reform of management methods and
decision-making procedures are the hard truth of
development.

(2) Redundancy refers to the ability to perform tasks
when the main unit fails (LaPorte & Consolini,
1991). The organisational structure needs to man-
age and mobilise the organisation’s material, hu-
man and process resources to ensure that they
can respond effectively to the changes in the or-
ganisation’s operating environment before and af-
ter a crisis or emergency. Under the complex social
background, construction projects are affected by
natural disasters and social public events. Resource
redundancy is a powerful guarantee for the success
of construction project.

(3) The organisation should also have a planning strat-
egy to face the emergency in advance, seize the
opportunity in the difficulties and turn the results
from adversity to prosperity (Penrose, 2000). For
example, voluntary resources add value to disas-
ter relief organisations if they are ready to manage
those efforts. However, without preparation, these
efforts will bring more problems to the already
stretched organisations (Zhang et al., 2018). Also,
in construction projects, crises cannot be avoided,
and a good planning strategy can reduce the dam-
age and loss caused by crises to a certain extent.

2.3.3. Organisational culture

Organisational culture is the sum of group consciousness,
such as basic beliefs, ways of thinking, ways of behaviour
and values shared by organisational members and re-
garded as effective when organisations solve the problems
of external adaptation and internal integration (Schein,
1989). The organisation has resilience only when organi-
sational resilience is rooted in the organisational culture
(Elwood, 2009). Organisational culture is divided into
three indicators in this study: effective partnerships, in-
formation disclosure and organisational cohesion.
(1) In a crisis, organisations are often unaware of the
full potential effects of bad relationships (Mcmanus,
2008). An effective partnership helps participants
to become the common strength of the organisa-
tion. The construction project itself is composed
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of many stakeholders. The success of the construc-
tion project is bound to require the joint efforts
of all stakeholders. Effective partnerships help to
promote the unity of objectives and win-win co-
operation.

(2) Manage and share information and knowledge
between organisations to ensure that people who
make decisions in a crisis or emergency have as
much useful information as possible. The organi-
sational practice of information disclosure enables
more subjects to understand the progress and truth
of events, participate in the organisation and make
the organisations accountability and governance
mechanism more transparent. Information disclo-
sure can accelerate decision-making and reduce the
opportunistic behavior of stakeholders in construc-
tion projects caused by information asymmetry, so
as to promote the success of construction project.

(3) Silo mentality is intertwined with organisational
culture and creates an environment in which the
personal and departmental interests of managers
may take priority over organisational well-being
(Stone, 2010). Hence, employees should be encour-
aged to move between different departments or try
different roles to gain experience, thereby break-
ing the silo mentality and increasing organisational
cohesion (Brown et al., 2017). In the construction
project, the flow of professional and technical per-
sonnel and professional exchange are strengthened,
which enhances the organisational cohesion, and
also helps the success of the project.

2.3.4. Participants

In the construction of major infrastructure, reconstruc-
tion after major disasters and challenging construction,
the participants involved are limited to one construction
project, but also need the joint participation of multiple
central subjects and establish a good interaction mecha-
nism and platform to enable the government, market and
society can play their respective roles well. At the same
time, they can also through consultation, negotiation, co-
operation and other ways to complement and cooperate
to achieve rapid recovery or complete challenging tasks.

Public participation is emphasized in the multi-subject
participation of construction project (Li et al., 2013). The
organisational resilience of construction project should
give play to the strength and advantages of interdisci-
plinarity, take the public needs and participation as the
starting point, and fully integrate studies on the alloca-
tion of social resources and network connections to create
construction project with overall organisational resilience.
The rapid development of civil society and the vigorous
rise of information technology enable the public to play
an important role in public events. Similarly, multiple sub-
jects and public participation will also be the key factors
to promote the success of construction project. Therefore,
this study divides participants into two indicators: multi-
ple subjects and public participation.

2.3.5. The result of large-scale construction in China

In this study, the result of large-scale construction proj-
ect in China is taken as outcome variable. The success of
the project is not limited to the common achievement
of the three goals of schedule, quality and cost, which is
the result of the effective and efficient realization of the
project. From the perspective of result dimension, project
success also includes the realization of corresponding
benefits brought by the project and the satisfaction of
stakeholders with the products delivered by the project;
from the perspective of process dimension, the project
needs to ensure the success of project function, economy,
society, safety and environmental protection. For example,
CCTV Headquarters, even if the final deliverables were
successful, but from the perspective of organisational
resilience of the whole life cycle, the risks brought by
the unique design of the project in the construction
process and the public opinion after the deliverables were
not successful. However, like the collapse of the Jiangxi
Fengcheng cooling platform, which was a failed project
for the incident itself, but from the perspective of the
resilience of the construction project, the rapid response
to the emergencies and the positive response measures
were successful. It can be seen from the case that the status
of the four independent variables of situation monitoring,
organisational structure, organisational culture and
participants is inevitable related to the success of the
construction project.

2.4. Data collection

This study not only determines whether each case contains
the above organisational resilience indicators through rig-
orous data collection, such as statistical yearbooks, news
reports, etc. but also considers the more authentic direct
feedback of each construction project. Project managers,
experts from consultancy and other stakeholders con-
ducted in-depth interviews and questionnaires, and their
basic information is shown in Table 2. For 15 cases, each

Table 2. Respondent characteristics information

Item Type Frequency | Percentage
High school and below 5 9.43
Education | College 15 28.30
level Undergraduate 23 43.40
Master degree or above 10 18.87
< 3 years 8 15.09
Work 3-5 years 15 28.30
experience |6-10 years 21 39.62
>10 years 9 16.98
consalianey 18| 396
Participant Project manager 15 28.30
role Department manager 11 20.75
it |9 | o
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case involved 2-5 respondents, and ultimately a total of 53
respondents. There are two main sources of information
from the interviewees: (1) Organisational resilience factors
of the construction project involved in the case project,
(2) Judging the success and failure of the project from the
perspective of organisational resilience.

Based on the research of Ahuja et al. (2017), this study
used a five-point Likert scale from 1 (strongly disagree)
to 5 (strongly agree), which improved the accuracy and
objectivity of the original data. The stakeholders involved
in each case rated the organisational resilience indicators
involved in the case (see Table 3). First, the indicators un-
der each variable are assigned a binary value of 1,0. The
indicator with score greater than or equal to 4 is assigned
to 1, and the indicator with score less than or equal to 3
is assigned to 0 (Mastrangelo et al., 2017) (see Table 4).
Second, in this study, if the case contains one or more
indicators under the variable, binary value 1 is assigned
to the variable. Instead, if none of the cases contain
any indicators under the variable, the binary value 0 is
assigned to the variable.

Moreover, according to the outcome variables of 15
cases, the project managers, stakeholders and experts
involved in the cases were discussed from the perspective
of organisational resilience for many times to determine
the success and failure of the project. On the basis of
objective and real data, through many expert interviews
and on-the-spot investigation, the subjective reality
was taken into account, and finally a more practical
result judgment was made. Among them, 10 cases were
identified as success cases and 5 cases as failure cases. In
order to analyse the result data more clearly in the future,
the 10 successful cases are cases 1-10, and the failed cases
are cases 11-15.

2.5. Constructing truth table

The analysis unit of QCA operation is a conditional com-
bination rather than a case. Hence, all combinations of
a condition variable and result variable will be obtained
after specific assignment of each variable that is, truth ta-
ble (Schneider et al., 2019). This study has 10 factors in
four dimensions. If one or more indicator factors appear
in each condition, a binary value of 1 is specified for a
case. If no metric factor is shown for each condition, the
binary value 0 is assigned to the case. For the outcome
variable, 10 success cases are assigned as 1 and 5 failure
cases are assigned as 0. Finally, the truth tables of 15 cases
are calculated using the software Tosmanal.61, as shown
in Table 5. The truth table can be represented more intui-
tively by a Venn diagram, as shown in Figure 3.

3. Research results and analysis
3.1. Necessity analysis of single variable

In csQCA, the consistency index is generally used to
analyse the necessity and sufficiency of a single vari-
able (Ragin, 2006). Consistency can explain the extent

to which the analysed cases have the conditions or con-
ditional configurations for the results at the same time.
After the judgment of sufficient or necessary conditions is
completed, the strength of the interpretation of the condi-
tion variables to the result variable can be judged further
by the coverage. Through calculation, the consistency and
coverage of the four single variables are listed in Table 6.
If a single condition or combination of conditions is a
sufficient condition for the result, the corresponding con-
sistency index should be greater than 0.8. Similarly, if the
consistency index is greater than 0.9, a certain condition
or combination of conditions can be judged as a necessary
condition for the result.

The results show that the variable score of “partici-
pants” is higher than 0.8 but less than 0.9, which can be
regarded as a sufficient condition, that is to say, the mul-
tiple subjects and public participation can promote the
success of the construction project to some extent, but
the sufficient condition alone cannot be regarded as the
necessary condition. Although the consistency and cover-
age of other condition variables are not low, it can only
explain that they have certain explanatory power to the
occurrence of results and cannot be taken as a sufficient
or necessary condition for the occurrence of results. Giv-
en that the results of construction projects are “multiple
complex concurrent cause and effect’, further analysis of
the combination of condition variables is needed to obtain
more information.

3.2. Conditional combination analysis

Based on the necessity analysis of single variable, the study
further analyses the conditional configurations of organi-
sational resilience that promote the success of construc-
tion projects, and finally obtains the following conditional
configurations, as shown in Figure 4. The qualitative anal-
ysis results of condition combination are shown in Table 6.

Table 7 shows that although the raw coverage between
the two combinations is different, the consistency of each
combination is 100%, which indicates that OS*OC*P and
SM*OS*P are fully sufficient for the success of the con-
struction project. In this regard, the two paths are ana-
lysed concretely.

Path 1: Construction project success = Organisational
Structure* Organisational Culture* Participants. The raw
coverage of this path is 0.80, which indicates that 80%
of the successful construction project cases can be ex-
plained by this path. The condition configuration refers
to the flexible organisational structure, cohesive organi-
sational culture and multi-subject participation, which
can promote the success of construction projects in the
face of crisis events, natural risks, environmental uncer-
tainties and increasing challenges. Detecting a crisis and
predicting the uncertainty of future events in time can be
limited and difficult. Therefore, timely and effective re-
sponse measures and multi-agent joint response can also
promote the success of construction projects. For example,
the construction platform collapse of a cooling tower in
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Table 3. Organisational resilience indicator results of each case
Situation Monitoring Organisational Structure Organisational Culture Participants
Numbers (SM) (0S) (00) (P)
11 12 11 12 13 11 12 13 Il 12
Case 1 4.50 4.50 3.00 3.50 4.00 3.50 4.00 4.50 4.50 4.00
Case 2 4.00 4.50 4.00 2.50 4.00 3.50 3.50 3.50 4.00 2.00
Case 3 2.00 2.33 1.67 1.67 3.67 4.33 2.67 3.67 4.00 2.00
Case 4 2.50 2.00 2.50 4.00 3.50 3.50 3.50 4.50 4.00 4.00
Case 5 3.50 4.00 4.00 3.50 3.50 3.00 2.00 3.00 3.50 1.50
Case 6 3.67 4.00 4.00 4.00 4.33 3.00 3.00 3.00 4.00 2.33
Case 7 4.50 4.00 3.50 3.50 4.50 3.50 3.50 4.00 4.00 2.00
Case 8 3.50 4.00 4.00 3.50 4.00 3.50 2.50 3.50 3.50 1.50
Case 9 3.00 2.33 1.67 433 4.67 4.00 433 4.67 433 3.67
Case 10 3.50 4.00 4.00 3.50 3.50 3.50 2.50 3.50 3.50 2.00
Case 11 1.50 1.50 1.00 3.50 3.50 3.50 2.00 2.50 2.00 1.00
Case 12 2.00 3.50 4.00 3.50 3.50 3.00 3.50 3.50 2.00 1.00
Case 13 1.50 2.00 2.00 3.50 2.00 2.00 1.50 1.50 3.50 1.00
Case 14 2.00 2.00 1.50 3.00 2.00 2.00 2.00 3.50 3.50 1.00
Case 15 3.50 4.00 3.50 3.50 3.00 2.50 3.00 2.50 2.00 1.00
Table 4. Organisational resilience indicator results of each case
Situation Monitoring Organisational Structure Organisational Culture Participants Outcome
Numbers (SM) (0S) (0C) (P)
I 12 nn 12 13 I 12 I3 nn 12
Case 1 1 1 0 1 1 1 1 1 1 1 1
Case 2 1 1 1 0 1 1 1 1 1 0 1
Case 3 0 0 0 0 1 1 0 1 1 0 1
Case 4 0 0 0 1 1 1 1 1 1 1 1
Case 5 1 1 1 1 1 0 0 0 1 0 1
Case 6 1 1 1 1 1 0 0 0 1 0 1
Case 7 1 1 1 1 1 1 1 1 1 0 1
Case 8 1 1 1 1 1 1 0 1 1 0 1
Case 9 0 0 0 1 1 1 1 1 1 1 1
Case 10 1 1 1 1 1 1 0 1 1 0 1
Case 11 0 0 0 1 1 1 0 0 0 0 0
Case 12 0 1 1 1 1 0 1 1 0 0 0
Case 13 0 0 0 1 0 0 0 0 1 0 0
Case 14 0 0 0 0 0 0 0 1 1 0 0
Case 15 1 1 1 1 0 0 0 0 0 0 0
Table 5. Truth table Table 6. Necessity analysis result of single condition variable
Case Numbers | SM | OS | OC P Outcome Single variable Consistency Coverage
1,2,7,8,10 1 1 1 1 1 SM 0.7778 0.70
3,4,9 0 1 1 1 1 (ON) 0.7143 1.00
56 1 1 0 1 1 oC 0.7273 0.80
11 0 1 1 0 0 P 0.8333 1.00
12 1 1 1 0 0
13 0 1 0 1 0
14 0 0 1 1 0
15 1 1 0 0 0
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Jiangxi Fengcheng power plant, the reconstruction after
the Wenchuan earthquake and the Beijing Xiaotangshan
Hospital in this study are all in line with such conditional
configurations that can respond actively to emergencies,
realize the rapid reconstruction of construction projects
and promote the resolution of incidents.

Path 2: Construction project success = Situation
Monitoring*Organisational Structure* Participants. The
raw coverage of this path is 0.70, indicating that 70% of
the successful construction project cases can be explained
by this path. The conditional configuration refers to the
flexible organisational structure, perfect planning strategy,
sufficient resource supply and the cooperation of multiple
subjects, which can also promote the success of the con-
struction project under the premise of realizing that the
construction project has greater risks and challenges. Even
if the construction project itself does not have an organi-
sational culture of information openness, transparency,
coordination of organisational relationships and strong
cohesion, the participation and attention of various sub-
jects and the public from all walks of life results in the
breaking of the communication barriers between various
stakeholders of the project thereby enabling all stakehold-
ers to have goal consistency. For example, the Beijing-
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Shanghai high-speed railway and Bird’s Nest in this study
meet this kind of conditional configuration; such projects
had ultra-high challenges and complexity, involved many
stakeholders and could not be integrated only by the im-
plicit role of organisational culture. Currently, the atten-
tion of the public and society and the multi-disciplinary
cooperation cause construction projects to have strong
objectives.

4, Discussion

By using the crisp-set Qualitative Comparative Analysis
method to analyse the research results of 15 cases, differ-
ent conditional configurations have yielded the following
points.

First, the role of multi-subject participation and public
participation in complex construction projects has become
increasingly prominent. The construction project itself is a
complex system that pursues the maximization of collec-
tive efficiency, multi-subject coordination and the balance
of the whole process to promote the success of the con-
struction project effectively. Construction projects are in
an open social background and different actors will have
different values and interests, making it difficult to adapt

0000 10040
logot 1 AParticipanis [Lo01 |
0010 Qo1 1011 1010
* Case 14
* Case 11 12
* Case 1,Case 2,Case|7,Case 8,Case|l0 =
* Case 3,Case 4,Case|? DE
= Case 12 E
= 30reanizatipnal Culiure &
0110 | 0111 | [1317 [1110 g
* Case 13 =
B
* Case 5,Case 6 =
0101 1101 "
* Case 15
0100 1700
11,

Situation Awareness

Figure 3. Venn diagram of 15 cases

Path 1: OS*OC*P

Outcome =1

Path 2: SM*OS*P

Figure 4. Conditional combination path

Table 7. Qualitative comparative analysis of conditional

configuration
Conditional Raw Unique .
. Consistency

configuration coverage coverage
OS*OC*P 0.80 0.30 1.00
SM*OS*P 0.70 0.20 1.00
Solution coverage: 1.00
Solution consistency: 1.00
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to the extreme challenges of construction project resourc-
es and technology by a single subject. Public participation
is emphasized in multi-subject participation. On the one
hand, the public’s right to know, participate, express and
supervise should be fully respected to promote transpar-
ency of information disclosure and decision-making. At
the same time, public feedback should be understood to
strengthen quality and progress management. As far as
the emergency response to the new coronary pneumonia
epidemic is concerned, public opinion and social mental-
ity monitoring are crucial. On the other hand, the public
plays an important coordination role in resource schedul-
ing to compensate for the shortage of resources.

Second, the overall resilience of the organisation can
be improved by the reasonable allocation of the resilience
factors. Driven by strong real needs, regardless of the sub-
ject knowledge, if it is helpful to meet the real needs, it
can be “used for me”. It is in this sense that the organisa-
tional resilience of construction projects should empha-
size multidisciplinary intersection and interdisciplinary
integration. In this study, organisational resilience factors
are divided into four dimensions: situation monitoring,
organisational structure, organisational culture and par-
ticipants. Situation monitoring emphasizes monitoring,
and the latter three emphasize response mechanism. The
transformation and upgrading of the construction indus-
try have given rise to the necessity to explore new resil-
ience factors. For example, monitoring remains relatively
weak in general, but the extensive application of big data
and face recognition technology has resulted in significant
improvement in the monitoring ability of security events,
which forms a supplement to the existing investigation
methods. With the popularization of big data technology
and the normalization of monitoring, it has become one
of the main mechanisms for the organisation and imple-
mentation of construction projects. However, after the
emergency response is started, the monitoring needs to
continue, which is also a response mechanism.

Enhancing the organisational resilience of construc-
tion projects has also become an urgent necessity given
the increasing challenges, environmental uncertainties
and crises that have occurred. The construction project
is also a complex adaptive system. The resilience of this
system is the overall ability to determine whether a city,
region or even a country can respond effectively to the
crisis, challenge and recovery. A resilient construction
project organisation should have important characteris-
tics, such as autonomy, diversity, distribution, self-reg-
ulation, integration and adaptability. It also includes a
comprehensive resource reserve system that combines the
government and the market, a strong production, supply
and logistics system, a clear and transparent responsibility
system and regulatory system, and intelligent processing
of information and data. A basic yet long-term task is in-
creasing the organisational resilience of construction pro-
jects. The emphasis of the government and the public on
the organisational resilience of construction projects has

a “diminishing marginal return” effect. Facing the failure
of construction projects, increasing organisational resil-
ience is a means to easily obtain the consensus of the gov-
ernment and the public in the short term. However, with
time, both the government’s attention to the construction
industry and the public’s attention to construction project
accidents have inevitably decreased, resulting in a lack of
consensus and the inability to carry out post-crisis learn-
ing and pre-risk risk prevention. This constraint must be
perceived and adapted in management practice.

Among the only literature conclusions on the organi-
sational resilience of construction project, they mainly
make theoretical contributions to the preliminary un-
derstanding and measurement indicators of the organisa-
tional resilience of construction project. Compared with
previous literature conclusions, this study combines ac-
tual cases and considers from a sociological perspective
to analyze the organisational resilience factors and differ-
ent combinations of conditions that promote the success
of construction project in a more targeted and real-time
manner. And through the interdisciplinary, this study
puts forward the public participation in the construction
project implementation process, and puts forward the ap-
plication of big data to the construction project in com-
bination with the current era. The research results make
up for the theoretical defects of increasing organisational
resilience in construction project, and point out the direc-
tion for the future development of construction project.

Conclusions

Based on the literature review and the reality of the con-
struction industry, this study abstracts four explanatory
variables: situation monitoring, organisational structure,
organisational culture and participants, including 10 or-
ganisational resilience factors. A crisp-set Qualitative
Comparative Analysis is then used to analyse the selected
15 typical construction project cases that highlight organi-
sational resilience. The intention is to identify the organi-
sational resilience conditions and configuration conditions
that affect the success of construction projects and provide
a basis for effective guidance and control of construction
projects in challenging and complex environments.

The results of csQCA not only illustrate the sufficiency
and necessity of a single organisational resilience condi-
tion for the success of construction projects but also ex-
plore the combination of organisational resilience condi-
tions that promote the success of construction projects.
The research findings of this study are summarized as
follows: (1) From a single conditional variable, it can be
found that the “participants” variable is a single sufficient
condition and not a necessary condition for the success
of a construction project. The public’s ability to resource
scheduling and public opinion attitude monitoring should
be introduced in future construction projects. (2) The con-
figuration of OS* OC * P is completely sufficient for the
success of a construction project. When the risks, chal-
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lenges and environmental uncertainties of construction
projects are not monitored in time and effectively, the re-
sponse mechanism has a flexible organisational structure,
cohesive organisational culture and multi-subject partici-
pation, which can also promote the success of construc-
tion projects actively and effectively. (3) The configura-
tion of SM* OS * P is also sufficient for the success of the
construction project. With situation monitoring, flexible
organisational structure and multi-subject participation
due to the cooperation of all sectors of the society and
the close attention of the public, the cohesion and pur-
pose of the construction project can be strengthened to
a certain extent, making up for the lack of organisational
culture. (4) Although situation monitoring, organisational
structure and organisational culture are incompletely suf-
ficient for the success of construction projects, they still
have some explanatory power, which should be considered
to increase the organisational resilience of construction
projects in the future.

The innovation of this study lies in interdisciplinary
research. From the perspective of sociology, this study
applies the concepts of emergency management and pub-
lic crisis in the field of public management to the field
of engineering project management, thereby broadening
the governance scenarios of construction projects and fo-
cusing on increasing the organisational resilience of con-
struction projects. The theoretical description of resilience
appears more in business management and organisation
management, and the concept is more abstract. This study
takes the temporary organisation of construction project
as the research background, and combines abstract con-
cepts with specific situations to make the resilience theory
more practical and applicable. While exploring the path
analysis of strengthening the organisational resilience of
construction projects, this study emphasizes the modern
information application technology represented by big
data applications, so as to realize comprehensive govern-
ance (Tan & Narayan, 2019), and advocates the interactive
and organic cooperation mode of multiple subjects, so as
to form a multi-center governance structure in which each
subject can play its main role. It has made a scientific con-
tribution to the future development direction and follow-
up research of the construction project.

This study also has certain limitations for the study of
organisational resilience conditions that affect construc-
tion projects. For example, the number of cases that meet
the requirements of this study is relatively limited, with
some subjective and visual biases. In addition, csQCA has
limitations in quantitative analysis, and other methods
should be used to explore more details of each condition
affecting the organisational resilience of construction pro-
jects. In the future, it will help to conduct a more in-depth
analysis to find more valuable cases and key conditions to
promote the transformation and upgrading of construc-
tion projects.
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