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In construction projects, cost-related risks are challenges that need to be coped with. ,ese cost-related risks interact with
each other along with the project progress and involve different stakeholders, forming a stakeholder-cost risk network.
Previous studies have discussed the stakeholder-cost risk network; however, few studies have considered its dynamic
characteristics. Different from traditional methods, this study employed the social network analysis (SNA) to explore the key
indicators of cost-related risks within the supply chain and identify the key risks and stakeholders across four project stages:
the planning start-up stage, design preparation stage, construction period, and operations and maintenance period. From a
horizontal point of view (i.e., network development process), the complexity of the stakeholder-cost risk network dem-
onstrates a U-shaped development process during the project life cycle, ranging from simple to complex to simple. From a
vertical point of view (i.e., network hierarchical characteristics), the important cost-based risks are diversified within each
stage. ,e current study contributes to forming a better understanding of the stakeholder-cost risk network from a dynamic
perspective as well as the crucial cost-based risks within each stage of the project. ,e findings provide implications for
managers to better align cost-based risk intervention strategies, thereby facilitating the achievement of construction
project success.

1. Introduction

Serious cost-related problems have been identified in large-
scale projects over many years, including projects to con-
struct large-scale structures such as highways, bridges, and
airports [1, 2]. ,ese projects include many project stake-
holders, with coordination difficulties from beginning to
end, making it difficult for managers to take effective action
to control cost-based risks. For example, Salling and Leleur
[1] conducted a study of large transport projects and found
that improper cost risk management by owners led to cost
overruns in the design phase. Flyvbjerg et al. [3] conducted a
survey of 258 highway and railway projects and found that
90 percent of cost overruns were caused by improper cost
risk management.

,e life cycle of engineering construction projects, es-
pecially large-scale projects, is becoming increasingly
complex, and the cost-related challenges and risks are also
increasing daily. Because of the increasingly large-scale and
complex construction projects, the supply chains have
changed from a simple linear chain structure to a complex
network structure. As a result, cost-based risks have evolved
from single-organization management to multiorganization
management, based on collaborative work [4, 5]. Complex
stakeholder-related problems are often faced in construction
projects [6, 7].

Applying stakeholder theory based on a meta-analysis in
the project context shows that stakeholder management is
very important for successfully implementing many kinds of
projects, especially engineering construction projects [8, 9].
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Different stakeholders may have different goals during
project development. When there is a diversity of stake-
holders, their goals may conflict [10] and if expectations and
interests are not met, it may hinder project success [11, 12].
,erefore, in a construction project, more theoretical and
practical efforts are needed to effectively manage the two key
issues of cost-related risk management and stakeholder
management.

In engineering construction projects, cost-related risks
usually reflect conflicts of interest among different stake-
holders at different project stages, such as price increases in
raw materials, project delays at all levels, and changes in
interest rates of financial institutions [2, 13]. At different
stages of project development, the stakeholders in the supply
chain network of construction projects change dynamically,
and the risk network has different characteristics at different
stages. In past research on the supply chain risk management
of construction projects, many studies have applied a social
network analysis (SNA) to evaluate stakeholders and risk
networks based on network methods. For example, Mok
et al. [14] applied SNA to study the major risk challenges in
major projects, and Yu et al. [15] applied SNA to assess the
social risks in the process of urban demolition.

However, most previous studies have taken a static
consideration of the overall risk but do not address the
dynamic characteristics of the risk network. In real projects,
the risk network is a dynamic one that is fully integrated with
stakeholders; as the project develops, new nodes are added
and existing nodes disappear. In the course of dynamic
development, the topological characteristics of the network
change; as such, discussing the cost-related risks of the
project supply chain requires dynamically analyzing the risk
network in different stages.

Traditional network analysis uses aggregated static
networks within a time interval. However, when the topo-
logical structure of the network changes sharply, the static
aggregation network analysis becomes less accurate. Con-
verged networks underestimate the importance of some
nodes because important nodes in a certain period of time
may seem less important in the converged network. For
example, when considering the cost-related risks of the
project, the people around them are more important during
the land expropriation stage compared to the construction
stage. In the increasingly complex supply chain system of
construction projects, these knowledge gaps may lead to
ineffective risk management [15].,erefore, the objectives of
this research were as follows:

(i) ,rough literature analysis and expert interviews,
the study constructed a stakeholder-cost risk net-
work for each project stage

(ii) Based on the multistage social network analysis, this
study explored cost-related risks and their inter-
relationship in construction project supply chains
from a stakeholder perspective

(iii) Based on the results of stage-by-stage social network
analysis, this study proposed a strategy for

managing supply chain stakeholders and cost-re-
lated risks

,e study identified 29 cost-related risks by linking cost
risk management and stakeholder management in different
stages of the construction project. ,e research found that
the most significant cost-related risks in the design prepa-
ration stage include difficulties in land acquisition, em-
bezzlement and bribery, and inaccurate cost estimations of
the owner’s project. ,e most important cost-related risks
during the construction period include inaccurate con-
tractor cost estimates, changes in material prices, and
contractor delays in the construction period. Finally, during
the operation and maintenance period, legal disputes and
the adverse impact of the construction project on the en-
vironment become more important.

2. Literature Review

2.1. Stakeholders in a Construction Project Supply Chain.
A construction project supply chain is an organic combi-
nation of all businesses and organizations in the entire
process, from conceptual design to building abandonment
[16, 17]. Smoothly completing construction projects usually
requires the cooperation of multiple organizations or de-
partments. During project start-up and implementation,
different stakeholders are involved in project construction.
,e collaborative relationships related to the project bring
the parties together, expanding the project’s scale and cre-
ating the project supply chain [18]. A stakeholder refers to
“any group or individual whomay affect or be affected by the
achievement of organizational goals” [19]. Oppong et al. [20]
and Xia et al. [21] noted that construction project stake-
holders have a wide range of economic and social impacts.
Different definitions of project stakeholders by different
scholars (Table 1) indicate that stakeholders can be divided
into major stakeholders that are directly related to the
project and secondary stakeholders that are not directly
involved in the project.

Based on these scholarly definitions, this study included
stakeholders referenced by two or more scholars (Figure 1).
Clients, owners, contractors, designers, suppliers, and
governments are directly linked to megaconstruction
projects. ,ey often significantly influence sustainable
construction and are considered to be primary stakeholders.
Secondary stakeholders mainly refer to assessment organi-
zations, scientific research institutions, and surrounding
people who do not directly participate in the project con-
struction process.

2.2. Cost Risk in Construction Project Supply Chain. ,e
supply chain of engineering construction project is a free
system composed of many enterprises, and there are many
risks in the structure of this system [26, 27]. ,e Project
Management Institute defines “project risk” as uncertain
events or conditions that may occur during the project or
factors that may have an uncertain impact on the
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achievement of project objectives [28, 29]. In terms of cost-
related risks, researchers usually focus on activities or
conditions that may negatively impact project costs [1, 30].
,erefore, compared with other types of project risk, fo-
cusing on the risk of cost overruns reorients risk manage-
ment from the traditional project objectives (duration,
quality, and cost) to project cost [3, 31]. Different project
organizations may take significantly different approaches
when focusing on cost-based risk management. For ex-
ample, when owners focus on cost-based risk management,
they emphasize controlling land prices and accurately
budgeting costs [32]. For contractors, the emphasis of cost-
based risk management is to identify reasonable suppliers
during the construction period to establish partnerships that
stabilize material supply prices [33]. Across the supply chain,
the costs and risks of different stakeholders are closely re-
lated [34–36]. In this respect, cost-based risk management is
closely linked to most stakeholders in the supply chain of
construction projects, as most risks are caused by stake-
holder-related conflicts [37, 38].

,e conflicts in interests among different stakeholders
lead to many risks of cost overruns, which often hinder
project success. To prevent cost overruns and to ensure
successful project implementation, it is important to

comprehensively assess cost-related risks [39, 40]. In con-
struction projects, there has been extensive research on
methods for managing cost-related risks. When studying
cost-related risks in the Chinese construction market, Fang
[41] divided cost-based risks into internal risk and external
risk. ,e important internal risks include payment delays;
insufficient technical or personnel reserves; and inadequate
equipment, safety, and environmental management. Ex-
ternal risks include factor price changes and financial policy
and economic environment changes [42].

When evaluating cost-related risks, El-Sayegh [43] listed
examples of important cost-related risks in construction
projects as including economic environment changes,
project delays, insufficient technical personnel reserves,
improper interventions, and material supply changes. Tang
et al. [33] divided cost-based risks into internal risk and
external risks when studying the management of con-
struction projects. Internal risks include design defects,
payment delays, inaccuracies in orders or data, labor dis-
putes, and third-party delays. External risks include infla-
tion, adverse climatic conditions, and unpredictable physical
conditions. Desai [44] found that different types of delays by
different stakeholders in the supply chain are also sources of
cost-based risk during the project process. Different scholars

Table 1: Definition of stakeholders in construction projects by different scholars.
Author/time Definition

Johansson [22] Clients, owners, contractors, designers, suppliers, financial organizations, government, researchers, and surrounding
people

Zhou and Yang
[23]

Clients, consultants, contractors, subcontractors/suppliers, end-users, financial organizations, government,
environmental protection organizations, professional associations, media, the public, trade unions, evaluators/

certifiers, and researchers/educators

Davis [24] Government, financiers, developers, consultants, suppliers, designers, owners, supervisors, contractors,
subcontractors, and end-users

Yang and Shen
[25]

Clients, contractors, consultants, suppliers, end-users, governments, financiers/sponsors, communities, district
councils, the general public, competitors, utilities, special interest groups, and the media

Mok et al. [14] Clients, consultants, the main contractor, engineers, subcontractors, end-users, and others

Special interest groups
Environmental protection organizations

Professional associations
Consultants

Evaluators
Trade unions

Engineers
Media

The public
Researchers

Suppliers
Financiers
Designers

Contractors
Governments

Clients
Owners

1
1
1
1
1
1
1
1

2
2

2

2

2

3
4

5

5

Figure 1: Frequency statistics of project stakeholders in the literature.
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[3, 35, 44, 45] have organized different types of cost-based
risks using a risk decomposition structure (RDS).

To improve the risk identification process, this study
summarized cost-related risk categories in the literature to
form a risk category network (Figure 2). An analysis of the
risk category network concluded that the most widely ac-
cepted project cost-based risks can be divided into nine
categories: accidental claim (D1), financial policy and eco-
nomic environment changes (D2), engineering corruption
(D3), insufficient environmental, equipment, and security
management (D4), factor price changes (D5), insufficient
technical reserves (D6), plan deviations (D7), project delays
(D8), and an overly large upfront investment (D9).

With respect to the research methodology, previous
studies have usually assessed the importance of cost-based
risks based on the possibility of occurrence and the impact of
different risks (examples include El-Sayegh [43] and Tang
et al. [33]). Social network analysis (SNA) is a commonly
used method to rank risks in construction projects [15, 46].
,is method usually uses the network characteristics of
points and links in an aggregation network to measure the
importance of risk but does not consistently consider the
dynamic characteristics of each risk in the risk network.

Many scholars have outlined the shortcomings of static
aggregation network; however, the impact of network
characteristics in different project stages on risk assessment
has not been fully quantified. ,e main purpose of a cost-
based risk assessment is to alleviate the cost-related prob-
lems in the construction project supply chain. A dynamic
risk network assessment is an effective method for identi-
fying the main risks at each project stage. Most of these risks
involve stakeholders in the supply chain that enter and exit
the risk network at different stages. ,erefore, key needs for
construction projects are to address the cost-related risks of
supply chain stakeholders, to transform the aggregated static
cost risk network into a stage-by-stage dynamic cost risk
network, and to determine the key cost risks of different
project stages and quantify their impact. According to the
standard of the Project Management Institute (PMI) [29],
this paper divides the project into four stages: starting the
project, organizing and preparing, carrying out the work,
and ending the project.

3. Method

SNA is presented by Moreno [47]. It is an analytical method
combining graph theory sociology and anthropology theory.
Traditional network analysis uses static networks or models
that aggregate nodes interactions within time intervals.
However, this analysis is limited because real systems evolve
over time, and interactions between individuals typically
exhibit intermittent and paroxysmal interactions [48]. To
compensate for the defects of static networks and construct

dynamic network models, Kempe [49] uses time informa-
tion to construct temporal network model by adding time
information into static graph so as to study connectivity and
reasoning problem of dynamic network diagram. Ferreira
[50] extends static sequential networks using a series of
sequential network snapshots (static graphs within a period)
to demonstrate evolution processes of events. ,is study
assumed that the observation time of the network is limited,
from the beginning of Tstar to the end of Tover. ,is creates a
dynamic networkGX

0,T�(V, E0,T), containing the finite point
set V and finite time set E0,T in the time set [0, T] when the
time set is set toTstar � 0 and Tover � T0. In an aggregation
network, the set of vertices V is always the same. In contrast,
in a dynamic network, the set of vertices can change over
time. ,e network characteristics in the dynamic network
are realized by converting the time into multiple network
snapshots. In other words, the dynamic network can be
expressed as a series of static network graphs (Figure 3).

A network with n node is denoted by G� (V, E), where
V� {Vi|i� 1, 2, . . ., n} is the node set; E� {(Vi, Vj); Vi is the
star node;Vj is the end node; and i, j� 1, 2, . . ., n} is the edge
set. ,e expression A� (aij)n×n is the adjacency matrix of G,
with the following elements:

aij �
1, Vi, Vj  ∈ E,

0, Vi, Vj  ∉ E,

⎧⎪⎨

⎪⎩
(1)

where i, j� 1,2, . . ., n.
Recognizing the importance of nodes in the dynamic

network is largely determined by the structure of the nodes
on the network. Designing the ranking index of nodes
according to the network topology is an important method
for identifying key nodes in dynamic networks. Most current
methods are based on static topology index; this study
considered the network density and node centrality. ,e
network density was used to measure the compactness of
nodes. ,e multidegree method was used to calculate the
network density. ,e formula is as follows:

density �
L

N
(N − 1), (2)

whereN and L refer to the number of stakeholders and links,
respectively.

Centrality is an attribute used to measure the degree of
individual relevance. ,e position of a node in the network
can be used to determine the degree of its power and the
influence and limitation of the stakeholders. Centrality in-
cludes the degree centrality, betweenness centrality, and
closeness centrality:

degree of centrality: CD ni(  �
di ni( 

N − 1
, (3)

where di(ni) refers to degree of node i. Also,
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betweeness centrality:

CB ni(  �


gjk ni( /gjk

(N − 1)(N − 2)
,

gjk ni(  �

gji × gik d(j, i) + d(i, k) � d(s, t),

0, other.

⎧⎪⎪⎨

⎪⎪⎩

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(4)

In this expression, gjk indicates the number of shortcuts
between point j and point k; gjk(ni) refers to the number of
shortcuts between two correlators, including the correlator
ni:

closeness centrality : Cc ni(  �
N − 1


N
j�1 d ni, nj 

. (5)

In this expression, d(ni, nj) refers to the geodesic dis-
tance between node ni and node nj.

3.1. Research Process. First, the cost-based risks and the
period of their occurrence in the project supply chain were
determined using a literature analysis and semistructured
interviews. Background information and research content
were sent to interviewees by email before the interview, so
they could review their previous experience in construction

projects and be prepared to discuss the issues. ,e interview
questions mainly focused on the cost-related risks and re-
lated stakeholders in the construction project supply chain
and the stages at which the risks occur.

In the second step, the interactions between the iden-
tified cost-related risks were analyzed based on the empirical
knowledge of key stakeholders. To this end, face-to-face
interviews were conducted to review respondent perspec-
tives from nine identified stakeholder groups. Researchers
verbally explained questions for participants when they did
not clearly understand them to minimize ambiguity. In-
terviews required appropriate stakeholders to assess the
direction and effectiveness of potential linkages.

In the third step, the data collected from steps 1 and 2
were imported into NetMiner 4 for risk network visuali-
zation and analysis. Previous studies have applied six in-
dicators to reflect the main characteristics of the risk
network and to identify key risks, linkages, and

Figure 2: Risk category network.

PhasesG3G2G1GS
1–3

Figure 3: Comparison between aggregation graph representation and dynamic sequence representation.
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corresponding stakeholders. ,ese indicators include net-
work density, network cohesion, node degree, intermediate
degree, state centrality, and intermediation.,ese are widely
used in SNA research and effectively describe the key
characteristics of networks, nodes, and links. Finally, we
formulate the research framework of this study (Figure 4).

3.2. Data Collection. ,e literature analysis identified nine
types of construction project stakeholders. By applying
stakeholder sampling principles, 11 experts were selected
for a pilot study (Table 2); an additional list of nine
stakeholders in the construction project supply chain were
invited to make further comments to ensure that the data
were representative. Based on expert interviews, contacts
were made with representatives from nine stakeholder
groups and snowball sampling techniques were used to
encourage more potential respondents to participate in the
study [15]. A total of 120 potential respondents were in-
vited throughout the data collection process; of these, 36
agreed to participate in the interview, with a response rate
of 30%. ,e interviewees had 5–20 years of work experi-
ence, mainly in government departments, scientific re-
search institutions, planning and design enterprises, and
construction companies. ,ese respondents formed a
discussion group that reduced ambiguity through public
discussion and improved the reliability of the data by
sharing information among different participants [23].

At the workshop, participants were asked to answer
questions about the types of cost-related risk indicators and
their links with stakeholders, focusing on “whether” and “how
much” the risk indicators are linked to different stakeholders.
Workshop participants in the workshop contributed to de-
veloping a matrix of indicators related to stakeholders. ,e
matrix identified the possibilities and consequences of the
impact between risks at five points. Some questions also used
a Likert scale (1 for complete disagreement and 5 for complete
agreement). ,is method is similar to the study conducted by
Li and An [51]. Unclear questions were explained verbally to
the interviewees to reduce ambiguity.

To visualize the data, a series of structural matrices were
established to determine the relationship between stake-
holders and indicators (Table 3).,is stepmainly defined the
interaction between indicators. After data conversion, the
matrix data were entered into NetMiner 4 software. ,is
generated a network diagram showing the cost-based risk
evaluation index and the status center map. In SNA, the first
step is to identify the node. For this study, the symbol Si
(i� 1, 2–9) represented 9 stakeholders; the symbol Rj rep-
resented 29 evaluation indicators. For example, if S1R2
extends to S3R4, it means that S1R2 affects S3R4.,e links in
the risk network represent the impact between the two
points. By analyzing the characteristics of the stakeholder-
driven cost-based risk network, this study mainly analyzed
the network density, network cohesion, node degree, in-
termediary, and position centrality. ,ese indicators can
reflect key nodes and key linkages in the network, resulting
in key stakeholders and key evaluation indicators in the
sustainable project network.

4. Results and Analysis

4.1. Network Analysis. In the cost-based risk network, the
index related to each stakeholder is a network node. ,e
importance of a node depends on the degree of centrality,
which determines the ability of a node to interact with other
nodes. Figure 5 presents the network nodes using nine
shapes (e.g., circles, squares, and diamonds), representing
nine different stakeholder groups. ,e nine colors at the
node represent the nine dimensions of the indicator. ,e
more external connections there are from the node, the
greater the impact of the node. Some nodes have a very high
density in the center. ,is means that these nodes play a
central role in the full network. Figure 4 shows that nodes
have more triangles, circles, and diamonds compared to the
other shapes in the three-stage network. ,is indicates that
most indicators are related to these three stakeholders: the
owner, the government, and the contractor. ,e evaluation
indicators related to these stakeholders’ cover most of the
network, which also reflects their importance. With respect
to network complexity, the stakeholder-cost risk network
develops from simple to complex and then to simple through
the project life cycle.

,is study also calculated the network density and co-
hesion and quantitatively examined the configuration of the
cost risk network. ,e network density reflects overall
network connectivity, and cohesion analyzes the complexity
of the network by considering the accessibility of different
nodes. Higher density or cohesion usually indicates that
practitioners must address more challenges in risk man-
agement [15, 38]. ,e network density in the preparation
phase of the design is 0.3091, and the average distance
between the two nodes is 1.431 steps. ,e network density in
the construction phase is 0.056, and the average distance
between the two nodes is 3.418 steps; network density in the
operation and maintenance phase is 0.35, and the average
distance between the two nodes is 1.75 steps.,is shows that
the networks are dense, with nodes that are close to each
other. However, the network appears denser in the design
preparation stage and operation and maintenance stage
compared to the construction phase.

4.2. Node and Link Level Analysis. Four other indicators
were calculated for the node-level analysis: self-network size,
external centrality, degree, and degree of difference (Table 4).
,ese indicators reflect the characteristics and influence of
risk nodes from different perspectives. If a risk has a large
self-network scale, then many risks are closely related to this
risk. External centrality reflects the range of influence: the
higher the degree is, the greater the range of influence is. ,e
difference is the difference between the degree and the
degree. ,e larger the difference is, the greater the impact of
this node is, compared with the impact of other nodes on the
node. ,e risks in the top five of these four indicators are
shown below (Table 4).

Finally, the centrality between different nodes and links
was analyzed, as well as the extent to which the risk or
interaction can control the impact, that is, the ability to
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control influence. Table 5 shows the nodes and links arranged
in the middle. Eliminating these risks or interactions can
significantly reduce the complexity of the risk network.

,e most important cost-related risk categories in the
design preparation stage include excessive early investment
and project corruption. ,e related stakeholders are owners
and government departments. ,e specific risks include
difficulties in obtaining land, embezzlement and bribery, and
inaccurate cost estimations for the owner’s project. ,is
highlights the importance of reducing, preventing, and
controlling the occurrence and development of engineering
corruption in these two stakeholder groups.

During the construction period, with a large number of
stakeholders entering the project supply system, the stake-
holder-cost risk network becomes more complex.,e owner
and contractor have the greatest impact on the risk of project
cost overruns. ,e most important cost-related risks include
the inaccurate estimation of the contractor’s cost, delays of
the contractor’s deadlines, and changes in material price.
When the construction phase is completed, the project
enters the operational phase. A large number of stakeholders

are separated from the project supply chain network, and the
surrounding people and owners have a greater impact at this
stage. ,e adverse impact of construction projects on the
environment and legal disputes become important cost-
related risks in this phase.

5. Discussion

Using a dynamic perspective, this study developed a
stakeholder-cost risk network in different project stages and
applied a social network analysis to analyze the stakeholder-
cost risk network structure in different stages. ,e cost-
related risks were evaluated according to the topological
structure changes and network characteristics in each stage.
From a horizontal point of view (i.e., network development
process), the complexity of stakeholder-cost risk network
exhibits a U-shaped development, evolving from simple to
complex and then back to simple as the project cycle pro-
ceeds. From the vertical point of view, considering the
network characteristics of each period, the prominent
stakeholders and cost risks of each stage differ compared to

Risk management
processes

Risk
identification

Risk
evaluation

Analysis on
critical risks and

stakeholders

Risk
response

Methods Key steps

Identify potential risks

Quantify the
interrelationships among

different risk

Identify critical risk,
interrelationships and

corresponding
stakeholders

Develop risk
mitigation strategies

A risk list

A risk
network

Critical factor
for cost risk

management

Strategies for
risk mitigation

Literature
analysis and

interview

Interview

Social network
analysis

Results
analysis

Outcomes

Figure 4: Main research framework.

Table 2: ,e roles of experts participating in the interview.
Organization Role of interviewee Ages Experience in construction Number of projects involved
Construction company Senior engineer 36 10 3
Construction company Project manager 38 12 4
Government Head of department 56 24 14
Research institutions Professor A 55 25 9
Research institutions Professor B 54 24 8
House builder Consultant A 38 14 4
House builder Developer 45 15 7
Suppliers Sales supervisor 45 25 20
Design company Consultant B 41 17 14
Design company Designer 38 14 12
Financial organizations Manager 40 15 25
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Table 3: Cost-related risks and their linked stakeholders.

Risk
number Types of risks Stakeholder Index

ID References Category

R1 Inability to obtain land and access rights S2 S2R1 Hilber and Robert-Nicoud [52]
D9S1 S1R1 Turner and Henryks [53]

R2
Compensation costs higher than

expected
S2 S2R2 Hilber and Robert-Nicoud [52]

D9S1 S1R2 Turner and Henryks [53]
R3 Legal dispute S2 S2R3 Funderburg et al. [54] D1

R4 ,reats to personal or asset security S2 S2R4 Alinaitwe et al. [55]
D4S9 S9R4 Gross [56]

R5 ,ird-party claims S2 S2R5 Alinaitwe et al. [55]; Gross [56]
D1S4 S4R5 Al-Momani [57]

R6 Costs due to disputes and community S1 S1R6 Söderholm [58] D4

R7 Ambiguity of project scope S4 S4R7 Ghosh and Jintanapakanont [59]
D7S3 S3R7 Kaliba et al. [60]

R8 Ground condition change S4 S4R8
Ghosh and Jintanapakanont [59]

D4Lo et al. [61]

R9 Inadequate project complexity analysis S3 S3R9 Arain et al. [62]; Brockmann [63]
D7S4 S4R9 Nielsen and Randall [64]

R10 Unforeseen modification to project S2 S2R10 Ghosh and Jintanapakanont [59] D7S4 S4R10

R11 Inaccurate project cost estimate
S2 S2R11

Nielsen and Randall [64] D7S4 S4R11
S4 S4R12

R12 Failure to meet specified standards
S5 S5R12

Arain et al. [62]; Arditi et al. [65] D6S3 S3R12
S7 S7R12

R13 Engineering and design change S3 S3R13 Ghosh and Jintanapakanont [59] D7

R14 Project delays of all forms S4 S4R14 Yang and Wei [66]; Fugar and Agyakwah [45];
Nielsen and Randall [64] D8S5 S5R14

R15 Equipment damage
S4 S4R15

Alarcon et al. [67] D4S5 S5R15
S2 S2R16

R16 Change in government funding policy

S8 S8R16

Curtis [36]; Haynes [68]; Hodge [69] D2

S4 S4R16
S5 S5R16
S6 S6R16
S2 S2R17

R17 Taxation changes

S8 S8R17

Curtis [36]; Haynes [68] D2

S4 S4R17
S5 S5R17
S6 S6R17
S4 S4R18

R18 Wage inflation
S5 S5R18

Fugar and Agyakwah [45]; Frimpong et al. [70] D5S2 S2R18
S6 S6R18

R19 Local inflation change S1 S1R19 Fugar and Agyakwah [45] D2
S6 S6R20 Frimpong et al. [70]
R20 Foreign exchange rate S5 S5R20 Ghosh and Jintanapakanont [59] D2
S4 S4R20
R21 Material price changes S4 S4R21 Frimpong et al. [70] D5
S5 S5R21
R22 Energy price change/interest rate S6 S6R22 Frimpong et al. [70] D2
R23 Catastrophic environmental effects S4 S4R23 Chang and Wilmot [71]; Flyvbjerg et al. [3]

D4S5 S5R23

R24
Adverse environmental impacts due to

construction work S9 S9R24 Lo et al. [61]; Flyvbjerg et al. [3] D4

R25 Unfavourable climate conditions
S4 S4R25 Flyvbjerg et al. [3]; Ghosh and Jintanapakanont

[59] D4S5 S5R25
S1 S1R26
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the static aggregation network. ,is, is turn, differs from the
overall aggregation network risk analysis [15, 32, 73].

Conducting a social network analysis in different project
cycle stages allows the exploration of the changing rules of
the stakeholder-cost risk network across the project process,
revealing the deeper interactions between stakeholders and
cost-based risks. ,is is not considered in a static aggre-
gation network analysis. From a perspective of network
development, this study identified the network as a stake-
holder-cost risk network, with structural characteristics that
were similar to those of the stakeholder network. Cost-re-
lated risks are attached to the risks associated with specific
stakeholders and are generated and carried out by stake-
holders. ,erefore, the complexity of the stakeholder-cost
risk network also exhibits a U-shaped shape with respect to
horizontal development. However, precisely because the
cost-related risks are linked across stakeholders, when the
project develops into the construction stage, many marginal
stakeholders enter the network. ,e cost-related risks of
these marginal stakeholders do not significantly impact the
full project supply chain network, making the network more
sparse during the construction phase compared to the design
preparation stage and at the end of the operation stage.

From a vertical point of view (i.e., network hierarchical
characteristics), the most important cost risk category in the
design preparation stage is excessive investment and project
corruption. ,e key stakeholders are the owners and gov-
ernment departments. At the beginning of the project, the
owner team must consider political and legal factors, and

owners will pay a higher cost of capital for not bribing
government personnel. [72] ,is finding is consistent with
Le and Zhang et al.’s research in [74]; however, in contrast to
research in China, they posited that, in the early stage of
construction, land transfers, bidding, and funds manage-
ment are the most significant links affected by corruption.

In studying the risk of project cost overruns, Doloi [32]
noted that the important stakeholders are the government
and the owners; however, that study focused on identifying
the risk and did not assess the important cost-based risks.
During the construction period, the owner and the contractor
have the greatest impact on the risk of cost overruns of the
project, and most important cost-related risks are inaccurate
estimates of contractor costs, delays in contractor deadlines,
and changes in material price. A stakeholder analysis found
that, during the construction period, when a project enters the
construction phase, the owner team will no longer participate
in the cost estimation. In contrast, the contractor team will
become a participant in this process [32]. ,is finding sup-
ports the view that effective communication among stake-
holders plays an important role in accurately estimating costs
[75]. Time overruns may mean additional fines for con-
tractors and suppliers. Progress assurance plans, designed to
prevent project delays among these two stakeholder groups,
must be carefully designed and implemented [45, 64, 66].

When the project enters the operation stage, the sur-
rounding people and owners will have a greater impact. ,e
adverse impact of construction projects on the environment
and legal disputes become important cost risks. ,is result

Table 3: Continued.

Risk
number Types of risks Stakeholder Index

ID References Category

R26 Embezzlement and bribery
S4 S4R26

Cirilovic et al. [72] D3S5 S5R26
S3 S3R26

R27 Political opposition/interferences S2 S2R27 Arrowsmith [35] D3

R28 Social instability S2 S2R28
Curtis and Sturup [36]

D2Haynes [68]
R29 Delay in obtaining approval S2 S2R29 Kaliba et al. [60] D3

Table 4: Ranking of key risks based on state centrality, self-network, and node degree analysis.

Project phases Index ID Out-status centrality Index ID Ego size Index ID Out-degree Index ID Degree difference

Organizing and preparing

S2R1 0.67 S2R2 9 S2R1 5 S2R11 7
S1R26 0.66 S2R1 8 S1R26 5 S2R2 5
S2R11 0.55 S1R26 8 S2R11 4 S2R28 4
S2R28 0.55 S2R11 7 S2R28 4 S2R27 4
S1R6 0.43 S1R1 5 S2R27 4 S2R29 4

Carrying out the work

S2R11 2.41 S4R11 16 S4R11 15 S4R11 10
S4R11 2.22 S4R14 15 S2R11 14 S2R11 10
S4R14 1.39 S4R14 14 S2R10 9 S2R10 6
S2R10 1.27 S2R10 12 S4R14 9 S3R13 6
S2R4 1.14 S1R19 12 S4R15 7 S4R15 7

Ending the project

S2R25 0.83 S2R25 4 S2R25 3 S2R15 2
S2R23 0.61 S2R23 2 S2R23 2 S2R25 1
S2R3 0.39 S2R3 2 S2R3 1 S2R23 1
S9R24 0.29 S9R24 2 S9R24 1

S2R15 2
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supports Flyvbjerg’s [3] research on the cost-related risks of
large-scale transport infrastructure projects. Cost and time
overruns may be caused by subsequent changes in the en-
vironment; contractors and owners need to invest effort to
control the situation. However, most studies, such as those by
Fugar and Agyakwah-Baah [45] and Desai [44], have not fully
considered these factors when ranking the relative importance
of different cost risks. ,is previous research gap may have
adversely affected the efficiency of risk management [15].

6. Conclusion

Based on social network theory and classical risk manage-
ment methods, this study divided the project construct into
four different stages and applied SNA to study the potential

network of cost-related overrun risks related to stakeholders
in the project construction supply chain. ,rough a liter-
ature analysis and interviews with key stakeholders, the cost-
related risks in a project’s supply chain system of the project
were compiled to generate a risk list containing individual
factors. A network analysis identified the key risks and
interactions having a significant direct or indirect impact on
other risks at different stages.

,is study found that, in the predesign preparation stage
of the project, the government and the owner are the most
important stakeholders. During the construction phase, the
most important stakeholders are the contractor and the
owner. At the end of the operation phase, the surrounding
population becomes more important compared to other
stakeholders. For cost-related risk management, there are

Table 5: Ranking of the key risks and interactions based on centrality.

Project phases Link ID Link betweenness centrality Index ID Node betweenness centrality

Organizing and preparing

S2R1⟶ S1R6 8 S2R1 0.1222
S1R26⟶ S1R2 5.5 S1R26 0.0722
S2R2⟶ S1R26 4.5 S2R2 0.0555
S1R1⟶ S2R1 4 S1R1 0.0277
S1R2⟶ S2R2 4 S1R29 0.0111

Carrying out the work

S4R10⟶ S2R11 197.7 S4R10 0.1638
S4R10⟶ S4R11 164.8 S5R21 0.1550
S4R14⟶ S4R10 156.2 S4R21 0.1532
S4R16⟶ S4R11 145.2 S4R11 0.1254
S4R10⟶ S4R21 123.8 S2R11 0.1154

Ending the project

S2R3⟶ S2R25 7 S2R25 0.5833
S9R24⟶ S2R3 6 S2R3 0.2500
S2R25⟶ S9R24 5 S9R24 0.1667
S2R23⟶ S2R25 3
S2R25⟶ S2R15 3

Starting
the project

Organizing and preparing Carrying out the work Ending the project

S4
S5
S6

S1
S2
S3

S7
S8
S9

D1
D2
D3

D4
D5
D6

D8
D9

D7

Figure 5: Phased cost risk network related to stakeholders.
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different management priorities in different stages, includ-
ing owner cost estimates and government corruption in the
design preparation stage, contractor cost estimates and
delays in the construction stage, and the adverse impact of
the project on the environment at the end of the operation
phase. Managers should consider these challenges in the
process of project cost management.

6.1.7eoretical Implications. From a theoretical perspective,
this study contributes to the knowledge system of project
cost risk management. It highlights the importance of
stakeholder analysis in cost-based risk management and
quantifies the relationship between risks and corresponding
stakeholders by dividing the project into four different
development stages. Compared with other types of risks in
construction projects, cost-related risks can be significantly
affected by project stakeholders and mitigated through
appropriate stakeholder coordination. To rank the relative
importance of cost-based risk, the whole-project aggregation
network was divided into four different stages to develop a
stakeholder-cost risk network. ,is enabled the exploration
of the complex structure and interaction between risks using
the SNA method and the assessment of the most important
and most impactful cost-related risks in different project
stages.

6.2. Practical Implications. In terms of practical impact, this
study can assist practitioners across the engineering con-
struction supply chain to manage and reduce cost-related
risks. First, in the design preparation stage, the problem of
government engineering corruption is extremely important.
Corruption harms the government; as such, owners and
contractors also need to control corruption and must work
together to formulate relevant policies and mechanisms to
prevent it. Reasonable reporting, oversight, and inspection
mechanisms are effective methods. Owners need a sound
cost assessment team and experienced project managers to
make cost estimations as accurate as possible. During the
construction phase, the contractor should establish an early
warning mechanism for delays and an exemption memo-
randum to address delays caused by natural disasters such as
extreme weather. To estimate contractor cost estimates, we
need experienced managers and a more stable partnership
with respect to prices to obtain a stable supply of elements, as
well as strict contracts to avoid losses. Good environmental
protection measures are essential at the end of the operation
phase. Finally, to train corresponding talent, a large talent
reserve can alleviate the cost-driven risks across a full
project’s supply chain. Supply chain stakeholders should
increase their investment in education to ensure a sufficient
overall talent reserve at each link of the supply chain.

6.3. Limitations and FutureWork. ,e study used interviews
and a literature review to identify key cost-related risks in
engineering construction supply chains, applied a social
network analysis method to rank these cost-related risks and
generate important risks, and discussed the methods to

avoid cost risks. Like all studies, this research had some
limitations, which highlight needs for future research. First,
because of the complexity and uniqueness of the project, this
survey may not cover all the potential situations and cost
risks in construction project supply chains. Future research
could explore a wider range of cost-related risks. Second, this
study used a small sample survey, which may affect the
robustness of study results. A larger survey sample size
should be considered in future research. Finally, the uni-
versality of the final results may be limited, because the data
in this study were limited to specific regions of China. Future
studies should explore whether this study’s findings can be
reused in other countries’ environments. Despite these
limitations, this work has significance and impact for both
academia and practice because of its dynamic social network
perspective.
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