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Limited by traditional construction project management ideas and systems, the implementation of the PMC model in China still
has serious problems such as opposition and frequent conflicts. How to reveal the causes of organizational conflicts and explore
the key mechanism of the implementation of the PMCmodel from the system perspective are urgent problems to be solved. Based
on the idea of engineering system view, this paper abstracts the PMC project participants with self-organizing characteristics of the
organizational management system, in which the internal structure is closely related, and defines the connotation of synergy and
synergistic evolution of the PMC project organizational management system. Using the Cucker–Smale model to describe the
group movement, the hierarchical system and the acceleration efficiency function of the project legal person’s free will are
constructed, and the structure, movement, and development law of the system itself are emphasized to simulate the ordered
evolution trend of PMC project organizational management system and reveal the intrinsic causes of conflicts in PMC project and
the key mechanisms of the PMC model application. ,e results show that first, the intensity of information communication
between PMC subjects has a significant positive contribution to the orderliness of the organizational management system; second,
too much acceleration of the project legal person’s free will causes group chaos in the system, while too little slows down the group
stabilization time, which has a negative impact on cost and schedule; third, the more the organizational structure of PMC
contractors tends to the whole-process integrated control, the more it can drive the group to gather in an orderly manner and form
a synergistic control mode combining self-organization and other organizations; and fourth, the implementation of the PMC
model should focus on eliminating the traditional institutional and conceptual barriers, forming a project management model
with integrated control of the whole process of the PMC project contractor and effective macro supervision of the project legal
person. ,e research results of this paper revealed the intrinsic causes of conflicts in PMC projects and the key mechanisms of
PMC model application; it can help solve the confrontational situation of PMC project participants, promote the development of
the PMC model, and give full play to the investment benefits.

1. Introduction

China’s construction industry is a pillar industry of the
national economy and has driven a large number of related
industries, making important contributions to economic

and social development, urban and rural construction, and
improvement of people’s livelihood. About 3,424.7 billion
yuan of investment in fixed assets for transportation and 770
billion yuan of investment in water conservancy were
completed in 2020, and the large-scale, modern
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infrastructure, industrial, and civil building construction
have demonstrated the advanced and reliable nature of
China’s engineering technology, technical standards, and
work methods. ,e “One Belt and One Road” initiative has
been proposed for more than seven years and has won wide
recognition from the international community. By the end
of January 2021, China has signed 205 cooperation docu-
ments with 140 countries and 31 international organizations
for the co-construction of “One Belt and One Road.” China’s
construction industry has made remarkable achievements in
the field of international engineering construction, but there
is still a big gap compared with the construction industry of
advanced industrialized countries; the construction labor
productivity is only about two-thirds of that of developed
countries; the construction industry is still big but not
strong; the organization of engineering construction is
backward; the level of architectural design needs to be
improved; there are more market violations; the core
competitiveness of enterprises is not strong; and other
problems are more prominent. Under the influence of
Chinese traditional thinking and traditional system, the
organization and management of construction projects are
still limited to the scope of project contracting business and
split organization model [1]. In the traditional management
model, the participants who are responsible for decision-
making, construction, and operation services [2] provide
services on behalf of the interests of the project legal person
in the corresponding phase. Medium and large construction
projects span civil, electrical, planning, environmental, and
other functional departments to work together, and the
connection between the participants is extensive and close
and affects each other. As the project progresses, the rela-
tionship between participants changes dynamically, result-
ing in greater complexity of project organization and
management. In addition, the different expertise and ex-
perience of each participant also increase the complexity of
project coordination, which is more likely to cause problems
such as confrontation and conflict among project partici-
pants. ,e high-quality development of the construction
industry urgently needs to establish real good cooperation
between all participants and improve the efficiency of or-
ganizational implementation [3]. Obviously, the traditional
project management system, management style, and phi-
losophy in China cannot meet to the needs of modern
medium and large-scale project management.

Engineering practice cases showed that the PMC model
(project management contracting model) has the advantages
of design optimization, integrated management, risk re-
distribution, and cost-saving compared with traditional DB
and DBBmodels [4]. PMCmodel is an organizational model
to meet the market demand and implement the whole
process of engineering consulting in the project decision-
making and construction implementation stages [5], mainly
to provide high-quality intellectual and technical services for
construction activities. PMCmodel refers to the engineering
project management enterprise (PMC contractor), in ac-
cordance with the contract, preparing a feasibility study,
feasibility analysis, and project planning for the owner at the
decision-making stage; providing bidding agent, design

management, procurement management, construction
management, and commissioning (completion and accep-
tance) services for the owner at the implementation stage;
and carrying out quality, safety, progress, cost, contract, and
information management and control of the project on
behalf of the owner.,e PMC contractor shall generally bear
certain management risks and economic responsibilities in
accordance with the contract. Its essence is to provide high-
quality whole-process intellectual and technical services for
the project legal person. PMC project refers to the con-
struction project that adopts the PMC model for the whole
process integrated and professional organization and
management. In February 2017, theMinistry of Housing and
Construction issued document 19, the first time mentioned
“whole process engineering consulting” concept, and in
2019, the National Development and Reform Commission
and the Ministry of Housing and Urban-Rural Development
jointly issued “Guidance on Promoting the Development of
Full-Process Engineering Consulting Services” (Develop-
ment and Reform Investment Regulations (2019) No. 515),
which pointed out the urgent need to innovate the orga-
nization and implementation of consulting services and
vigorously develop full-process engineering consulting
service model oriented by market demand and meeting the
diversified needs of commissioners. A series of construction
project management-related regulations and practical ap-
plications have accumulated rich experience in promoting
professional management of large-scale engineering project
management [6]. PMC model is widely used in large-scale
international project construction, for example, the South
China Sea ethylene project undertaken by SINOPEC En-
gineering and Construction Corporation, the Bangladeshi
Chittagong-Dhaka refined oil Pipeline Project undertaken
by Langfang CNPC Langwei Engineering Project Manage-
ment, the China-Myanmar Oil and Gas Pipeline Project
undertaken by CNPC Pipeline Engineering Co., and so on
[7]. ,e PMC model has become one of the important
project management models in oil, transportation, water
conservancy, and other industries [8].

,e current research on the PMC model focuses on the
theoretical definition and scope of the PMC model, risk
study of the PMCmodel [9], schedule and cost control study
[10], application practice study, and comparison study with
other models [11]. Both domestic and foreign scholars have
focused on the operational aspects of the PMC model,
discussing how the PMC contractor conducts planning,
design, and management scope of the PMC contractor, the
risk of lump-sum contracts under unclear conditions, and
institutional barriers to the promotion of the model. ,e
research results of the PMC model have provided reference
ideas for the professional management of construction
projects [12], as an extension of the owner; the PMC con-
tractor manages the whole process of project construction to
achieve safe, high quality, low cost, and on-schedule com-
pletion of the project in accordance with the predetermined
objectives and to optimize the technical and economic in-
dicators over the life of the project. In the traditional project
management model, the decision-making, implementation,
and operation phases are independent, and the professional
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engineers who undertake the tasks of different phases
provide consulting services for the owner in the corre-
sponding phases, and the antagonism between the owner
and the contractor is deep-rooted. Field research on PMC
projects is implemented in China, due to the lack of sys-
tematic operation norms and references, and the influence of
traditional construction project management ideas and
systems; conflicts between PMC contractor and owner,
supervisor, designer, and constructors are frequent in the
project implementation Owners and PMC contractors do
not trust each other; supervisor and designer and PMC
contractor constrain each other in the implementation; and
constructors do not recognize PMC contractor’s manage-
ment. ,e PMC contractor is in an awkward position, and it
is difficult to coordinate the relationship between all parties,
and the confrontation and contradiction between the parties
is intensifying as the project progresses. ,is is extremely
mismatched with the current development demand of the
construction industry; it is difficult to meet the needs of a
high-quality development strategy [13]. It is urgent to in-
troduce the system thought to explore the overall and in-
tegrated way of organization and coordination [14]. In view
of this, the paper abstracts the PMC participants into an
organizational management system with self-organizational
characteristics from the perspective of system theory, using
the Cucker–Smale groupmovement model, emphasizing the
structure, movement, and development law of the system
itself, highlighting the integrity and dynamics of the system
operation, simulating the PMC participants of exchanging
information and interacting with each other within the
system, and identifying the underlying causes of organiza-
tional conflict among PMC project participants in the
Chinese context, to facilitate in-depth study of the man-
agement mechanism of PMC projects. ,e paper explores
the evolutionary mechanism and evolutionary dynamics of
synergy formation in PMC project organizational man-
agement systems so that the PMC model can get rid of
management dilemmas such as antagonistic participants,
frequent conflicts, and low organizational efficiency; realize
efficient collaboration among the participants, in order to
promote the development of the PMC model in the field of
Chinese construction project; and provide theoretical ref-
erences for the revolution of the project management model.

2. Literature Review

,e existing collaborative studies of construction projects
were mainly based on the relationship between the partic-
ipants to construct the relationship network [15]. Dogan
et al. used SNA to construct an e-mail communication
network between the participants of a large airport con-
struction project and calculated closeness centrality to
evaluate project coordination performance [16]. Zhao et al.
constructed an organizational network between participants
based on e-mail log data from a $20 million AEC project to
identify inconsistencies between organizational and col-
laborative networks, with the aim of analyzing the patterns
of collaboration achieved by the project [17]. Conflict within
the organization is one of the main factors affecting project

synergy due to the diversity of interests and goals among
project participants [18]. Conflict in the project construction
process is dominated by interorganizational conflict, which
refers to the interactive process in which actors show dif-
ferent interests, views, and preferences [19]. With the de-
velopment of the economy, the increasing scale and
technical complexity of engineering projects, the emergence
of various new transaction models and project management
models, the organizational conflicts of construction projects
have increased dramatically. In addition to multi-cultural,
multi-disciplinary, and different objectives that lead to or-
ganizational conflicts, the technical capacity or coordination
ability, experience, and economic capacity of the profes-
sional team also lead to organizational conflicts [20]. In
owner management, untimely owner decisions, excessive
supervision, poor coordination, lack of management ability,
failure to provide information or sites in a timely manner,
and failure to follow procedures for handling unreasonable
contractor claims can lead to conflicts [21]. ,is requires the
project manager to have the ability to coordinate conflicts
between the participants and make the project organization
synergistic [22]. Most conflicts originate early in the project
lifecycle, and it is important to take measures to mitigate
them early on [23]. Jin et al. proposed conflict resolution
strategies for the planning, construction, and handover
phases by building a dynamic social network model among
project participants [18]. Wang et al. discussed the causes
and solutions of conflict in the construction project through
multiple case studies and proposed the following six reso-
lution strategies: (1) prevention, (2) compromising, (3)
mediation, (4) resolving, (5) avoidance, and (6) smoothing
[24]. Postevaluation of conflict management is also an
important part, assessing the quality of conflict management
in five dimensions: satisfactory resolution outcome, com-
prehensive resolution process, conflict prevention, percep-
tion of fairness, and postconflict effects [25]. ,e
construction field has conducted relatively in-depth research
from both the analysis of the root factors of conflict and
conflict management strategies, with a focus on the study of
the conflict between owners and contractors.

Construction projects are open organizational systems
involving many important stakeholders, while medium and
large construction projects have more complex social, cul-
tural, and legal contexts so more complex conflict factors
within the organization [26]. Most of the existing studies on
conflict management are based on the local perspective of
some participants or in phases, the studies on project or-
ganization issues and organizational behavior are still
scattered, and there is a lack of systematic studies on conflict
management in medium- and large-scale projects [27].
Systems theory stems from the investigation of natural
phenomena; in 1978, Qian et al. published the article
“Technology of Organizational Management-Systems En-
gineering,” which opened a new era of systems engineering
research in China [28]. In this article, a system is defined as
an organic whole with specific functions, which consists of
several components that interact and depend on each other,
and any engineering project is a social system with con-
tinuous dynamic evolution composed of subsystems that
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interact and work together. Yin et al. from the perspective of
engineering ontology and engineering system view proposed
to look at engineering from the perspective of human
survival and development, not only recognize various ele-
ments of engineering composition but also see engineering
as a system, and recognize, analyze and grasp engineering
from the system viewpoint [29]. ,e study of construction
project organizational behavior requires a broader system-
atic perspective. As temporary organizations, construction
project organizations can be viewed as complex adaptive
organizations, where the behaviors of participants at all
levels interact and change dynamically [30]. Principled
negotiation and joint cooperative action among participants
within the project organizational system can play an im-
portant role in mediating conflicts, and interorganizational
trust has direct and indirect positive impacts on improving
cost performance [31].

Based on the engineering system theory, the project
organizational management system is a group composed of
many independent participants who depend on each other
[32], which belongs to an open organizational system, and
the relationship between the participants constitutes the
organizational structure. In this paper, the definition of
synergistic project organizational management system is as
follows: under the disturbance of the external environment,
the internal participants of the system have a stable con-
nection, forming an orderly structure of internal and ex-
ternal energy, material and information exchange, and
continuously maintaining the dynamic stability of the sys-
tem structure. Definition of PMC project organizational
management system synergy evolution is an organizational
process in which the interactions between project partici-
pants move toward orderly and dynamic stability, forming a
life-like group that combines self-organization and other
organizations, in which the participants under the leadership
of the commander adapt to other participants in the system
by changing their rules, with the ability of self-development,
self-improvement, and spontaneous synergy so that the
overall system exhibits dynamic synergy. ,e research re-
sults help PMC projects mitigate organizational conflicts
and synergize the strengths of all parties involved, provide
theoretical references for innovative project management
models and the implementation of specialized PMC models,
open up paths for achieving integrated and specialized
management of the whole process in the field of con-
struction, and significantly improve management effec-
tiveness and construction management levels.

3. Methodology

It is observed that self-driven particles such as flocks of birds,
fish, and sheep have self-organized group behavior and can
transition from disorder to orderly motion using local in-
formation and simple rules. Group behavior is characterized
by certain macroscopically ordered behaviors of individuals
in a group through interactions, with “order” usually re-
ferring to the same movement patterns [33]. In 1995, Vicsek
et al. proposed the first numerical model to describe animal
group behavior, and Jadbabaie et al. proved the correctness

of the above numerical model from the mathematical point
of view [34, 35]. Based on the above research, Cucker and
Smale studied the formation mechanism of orderliness and
proposed the Cucker–Smale model to describe interactions
between particles [36, 37]. ,e Cucker–Smale model ana-
lyzes the formation mechanism of group coherence by
describing the position and velocity of individuals and in-
terindividual interactions during group motion and estab-
lishing a mathematical model; the authors also demonstrate
the validity of the model by using the formation of a
common language in primitive societies and the emergence
of the vowel system as examples.

Each individual in the Cucker–Smale model adjusts its
velocity by summing the weighted average of the difference
between its own velocity and that of other individuals. Given
k particles in d−dimensional Euclidean space,
(xi, vi)denotes the position and velocity of the i-th particle
(i � 1, 2, · · · , k), and the velocity and position updates of
these k particles obey following the system of the below
equation:

xi(t + Δt) � xi(t) + Δtvi(t),

vi(t + Δt) � vi(t) + Δt 
k

j�1
aij(x(t)) vj(t) − vi(t) ,

(1)

where xi(t) and vi(t) ∈∈R3 denote the position and velocity
of individual i at time t, respectively, and Δtis the time step.

aij(x(t)) quantifies the strength of interactions between
individuals, and the strength of interactions between indi-
viduals is a smooth decreasing function of relative distance,
as shown in equation (2). As can be seen from aij(x(t)), the
model is a symmetric interaction model, that is, the infor-
mation transfer is bidirectional, and the interactions be-
tween subjects diminish as the relative distance increases,
but the interactions are always strong or weak.

aij(x(t)) �
H

σ2 + xi(t) − xj(t)
�����

�����
2

 
β,

(2)

where H> 0, α> 0, and β≥ 0are the system parameters and β
is the decay rate.

Definition 1.1. ,e solution (x, v) of system (1) with as-
ymptotic group effect means that

(1) Relative velocity tends to be 0, that is,
limt⟶+∞ � |vi − vj| � 0, 1≤ i, j≤ k

(2) Relative displacement aggregation, that is,
sup0≤t<∞|xi(t) − xj(t)|< +∞, 1≤ i, j≤ k

Shen proved the correctness of the Cucker–Smale model
using induction and obtained convergence results similar to
the original model [38]. Cucker and Dong further explored
the Cucker–Smale model with a hierarchical structure using
a subsystem induction approach and using a flock of birds
perched on a branch and suddenly disturbed by a predator as
an empirical case [39]. Subsequent researchers have pro-
posed various improvements to the Cucker–Smale model to
suit different application scenarios and have also validated
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the validity of the model from different perspectives. Cucker
et al. and Dong et al. studied improved models affected by
noise and time delay, giving threshold conditions for the
occurrence of group behavior [40–42]. Cucker andMarkou I
et al. improved the model for collision avoidance by adding
repulsive forces [43–45]. Cucker and Dong studied the
Cucker–Smale model with the introduction of hierarchy and
topologically acting neighborhoods, giving conditions for
the occurrence of cluster clustering [46, 47].

Cluster dynamics models were originally used to
simulate the group motion of animal groups in nature,
and in recent years, such models have also been mostly
used to study the control mechanisms of the asymptotic
behavior in multi-intelligent body systems [48]. Examples
including aircraft formations [49], robotic mass move-
ments, and engineering science research [50] provide
basic coordination and consistency algorithms for mobile
autonomous individual systems. ,e famous Chinese
economist Cheng pointed out that the most essential
characteristic of a complex system is that its components
have some degree of intelligence, that is, the ability to
understand their environment, anticipate its changes, and
act on predetermined goals, which is intrinsically re-
sponsible for biological evolution, technological innova-
tion, economic development, and social progress [51]. ,e
current research on the coordination of construction
project participants is mostly based on SNA. SNA portrays
the intersubject relationship through the network struc-
ture model and conducts a static quantitative evaluation
of the density, centrality, and other indicators, but the
organizational network structure changes dynamically as
the project advances, and the static evaluation of SNA can
hardly reflect the dynamic nature. ,e PMC project or-
ganizational management system is composed of several
participants, who have independent interest goals and act
according to the predetermined goals. As the project
progresses, the interaction between the participants will
prompt them to continuously receive information [52],
summarize the experience, adjust action rules, improve
their own adaptability, and make the system evolution
more and more complex. In summary, this research in-
troduces the Cucker–Smale cluster dynamics model,
considers the characteristics of PMC project organiza-
tional structure, constructs the effectiveness function of
the interaction between participants in the PMC project
organizational management system, simulates the evo-
lution process of the interaction of participants, identifies
the causes of conflicts in PMC project organizational
management systems, and explores the mechanisms and
paths to achieve synergy and consistency. ,e research
framework is shown in Figure 1.

4. Collaborative Evolutionary Model of PMC
Project Organizational Management System

Referring to the research results of the Cucker–Smale model,
a hierarchical PMC project organizational management
subsystem with k+ 1 project participants is considered, as
shown in Figure 2, containing the project legal person, the

PMC contractor, the design unit, the supervision unit, and
the subcontractors. Project legal person refers to the highest
authority group or organization that has civil rights and civil
capacity, enjoys civil rights, undertakes civil obligations
independently according to law, and is engaged in project
management for the purpose of construction projects, and
the project legal person is in a central position during the
implementation stage of construction projects and is re-
sponsible for the whole process of project implementation.
,erefore, in the project organizational management sys-
tem, the project legal person is the general leader of the
group and has the acceleration of free will. In the process of
project implementation, the acceleration of free will reflects
the willingness of the project legal person to lead and drive
the group. ,e model sets the project legal person corpo-
ration code to 0 and the PMC contractor code to 1.

In Figure 2, if the adjacency matrix A � (aij) satisfies:

(1) aij ≠ 0, then it means j< i

(2) Define ζ(i) � j: aij ≠ 0  as the set of leaders of
behavioral agent i, for any i> 0, ζ(i)≠∅

,e rules of movement for the 2nd, 3rd up to the k-th
behavioral agent are shown in the system of the following
equation:

xi(t + 1) � xi(t) + Δtvi(t),

vi(t + 1) � vi(t) + 
j∈ς(i)

aij(t) vj(t) − vi(t) , (3)

where i � 2, . . . , k; xi(t), vi(t) ∈ R3 denote the position
and velocity of behavioral agent i at time t, respectively; and
Δtis the time step. ,e velocity update rule of the behavioral
agent is to adjust its own acceleration by receiving the ve-
locity difference information with individuals in the leader
set to achieve velocity matching.

aij is a function of the intensity of the interaction between
the participants, as in the set of equations (4), which is the
weight function of the individual in adjusting its own speed,
indicating the strength of the information received by the
individual to change its speed; it also reflects the efficiency of
information delivery and communication. Unlike the original
Cucker–Smale model, aij(t) is a one-way asymmetric de-
creasing function where behavioral agent i is influenced only
by the individuals within its leadership setζ(i).

aij(t) �
1

1 + xi(t) − xj(t)
�����

�����
2

 
β,

(4)

where β≥ 0 is a system parameter indicating the decay
rate.

Each participant updates their position and speed
according to the difference in action with other individuals
within the leadership set, and the action update rule for the
total leadership project corporation 0 is as in the following
equation:

x0(t + 1) � x0(t) + Δtv0(t),

v0(t + 1) � v0(t) + Δtf(t).
(5)
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,e action update rule of PMC contractor 1 is shown in
the system of the following equations:

x1(t + 1) � x1(t) + Δtv1(t),

v1(t + 1) � v1(t) + 
j∈ς(1)

a1j(t) vj(t) − v1(t) , (6)

where f(t) is the free will acceleration of the project legal
person, considering the actual change of the project legal
person’s mentality; the project legal person is more anxious
to achieve the goal when the project is first started; and the
anxious mentality of the project legal person decreases as the
project progresses and project goals are gradually achieved.
,erefore, it is assumed that the free will acceleration of the
project legal person is a decaying process, reflecting the
degree of control and intervention they have over the
project. ,e greater the acceleration of free will, the greater
the tendency toward a command leadership style, that is, the
greater the control of the project owner over the execution of
the project and the demand for immediate compliance by
the other participants. ,e decaying process of the free will
acceleration satisfies the following process:

‖f(t)‖ � Ο (1 + t)
− δ

 , δ > k, (7)

Ο((1 + t)− δ) is an infinitesimal function of the same order
as(1 + t)− δ, that is, there exists a nonzero constant such that
limt⟶∞Ο((1 + t)− δ)/(1 + t)−δ � c.

Unlike the EPC model [53], the PMC contractor, as an
extension of the project legal person in project management, is
designed tomake up for the lack ofmanagement capacity of the
project legal person, fully reflecting the interests of the project
legal person, whose profit comes from the management fee,
and can eliminate the shortcomings of the project legal person’s
inexperience and inappropriate management in the coordi-
nation of management. ,erefore, PMC contractor is more
influenced by the free will acceleration of the project legal
person than the same level of participants, and the intensity of
the free will acceleration of the project legal person on PMC
contractor is set twice as much as that of the same level of
agents after interviews and research with PMC project man-
agers and experts in the field of project management.

Groups have group effect, that is, they form synergies
and satisfy the following conditions:

(1) ,e relative speed of all participants is consistent,
limt⟶∞|vi − vj| � 0, 0≤ i, j≤ k

(2) All participants are bounded by their relative posi-
tions of aggregation,sup0≤t<+∞|xi(t) − xj(t)|< +∞,

0≤ i, j≤ k

5. Case Study

5.1. Project Brief. PMC project of Guangxi Baise reservoir
irrigation area was selected for simulation analysis (here-
inafter referred to as M Project). M Project reservoir irri-
gation district project is located in the valley of the Right
River in Baise City, involving a total of 12 towns in Baise
City, which is one of the “172” major water conservation and
water supply water conservancy projects determined by the
State Council; the project is a large (2) type II irrigation
district in general, with an investment of 414.471 million
yuan and total construction period of 48months.,e project
consists of two parts: reservoir diversion project and right
river water lifting project, with irrigation and water supply as
the main tasks, irrigating an area of 592,000 mu; the water
transmission mains are divided into five pipes, including the
main pipe, south main pipe, north main pipe, Lin Feng main
pipe, and Baoqun main pipe.

,e M Project involves many participants, a wide geo-
graphical distribution, an organizational management sys-
tem across a variety of technical specialties, and cultural
differences; it is difficult for the traditional project organi-
zation fragmented management approach to meet the
project construction, project contracting using the PMC
model. ,is is the first time that the PMC model is adopted
for a large water conservancy irrigation project in China and
the first water conservancy project in Guangxi Zhuang
Autonomous Region to adopt the PMC model. ,e orga-
nizational structure of the organizational management
system is shown in Figure 3, where the project legal person is
contracted in parallel for supervision, design, tunnel con-
struction, and PMC contracting. ,e PMC contractor
manages the whole process of construction preparation:

Concept 
Definition Model Simulation

Status Survey Literature 
Analysis

Research Scope 
Limitation

Definition of 
Key Concepts

Cucker-Smale
Model

Hierarchy
Function

Free Will Acceleration 
Function

PMC Project Organizational
Management System Evolution Model

Case Data 
Collection

Case 
Simulation

Analysis of 
Simulation Results

Stage

Process

Figure 1: Research framework and process.
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procurement of project materials and equipment, con-
struction of main works, temporary works, soil and water
conservation works, environmental protection works, ac-
ceptance of project completion, monitoring (all safety, en-
vironmental and soil and water conservation monitoring),
project insurance, commissioning, and project handover in
accordance with the scale, function, and technical standards
defined in the approved Preliminary Design Report of M
Project. During the construction period, the contractor
controls and manages the project schedule, quality, safety,
cost, contracts, information, and files and prepares the
completion information. contractor is also responsible for
coordinating supervision and design, playing the role of
“control, guidance, coordination, and service.” As shown in
Figure 4, the PMC contractor is fully responsible for the
construction management and implementation of the main
project and bears the corresponding management risks and
economic responsibilities according to the contract.

,e conflicts between the participants in the imple-
mentation of this project are mainly manifested in the
following aspects: (1) conflicts between PMC contractor and
project legal person. ,e project legal person belongs to the
command leadership style and has less experience in large-
scale project management, the comprehensive strength of
the PMC contractor is much higher than the project legal
person, which leads to the project legal person’s concern of
not being able to control the moral risk of the PMC con-
tractor. So the project legal person does not trust the PMC
contractor and has greater actual control over the project,
regularly bypassing the PMC contractor to organize the
work of other participating entities and carry out engi-
neering inspection independently, which makes the PMC
contractor’s position awkward. (2) Conflicts between the
PMC contractor and the design and supervision parties.
According to the contract, the PMC contractor is respon-
sible for coordinating and managing the supervision side
and the design side, but in the actual implementation of the
organizational structure (Figure 3), the supervision and
design are awarded by the project legal person in parallel, the
supervision side is responsible for supervising andmanaging
the PMC contractor, and it is difficult for the PMC con-
tractor to coordinate the work of the supervision side and

the design side, so the positioning and management scope
between the three is blurred. (3) Conflicts between PMC
contractor and construction parties. Because the project
legal person does not support the work of the PMC con-
tractor so that the PMC contractor is in an awkward position
between the project legal person and other construction
sides, resulting in the construction sides do not recognize the
management of the PMC contractor and autonomy and do
not listen to its views, resulting in poor management of
subcontracting teams; the project has more quality problems
and rework.

5.2. Case Simulation Analysis. Based on Figures 3 and 4, the
management level diagram of the participants in the M
project organizational management system is summarized
as shown in Figure 5. PMC contractor is entrusted by the
project legal person to undertake the project construction
management; implement the whole process management of
project quality, project schedule, capital management, and
production safety; and accept the supervision of higher
authorities and project authorities. ,e project legal person
is the supervision and inspection layer; the general project
management contractor is the management layer; the design
and supervision unit are the control layer; the construction
unit and suppliers are the construction guarantee layer; and
the participants are numbered.

,e initial conditions of the simulation are set as follows:
the number of participants is 23; the initial velocity of each
individual is in the range of 0–10m/s; the simulation du-
ration is 100; the time step is 0.1; β � 0.4; and in order to
avoid the effect of random initial distribution on the results,
each simulation is repeated 100 times with random values to
take the average value.

In the hierarchical diagram of individual interactions in
the M Project organizational management system, each
behavioral agent is influenced by the higher level of lead-
ership, and the subcontractors and suppliers at the con-
struction assurance level all influence each other considering
the characteristics of the process crossover in engineering
construction. ,e velocity and position trajectory evolution
of the participants is shown in Figure 6, and the simulation

Project Legal
Person 0

Supervision
Unit

PMC
Contractor 1

Design Unit

Construction
Subcontractors

Procurement
Contractors

Figure 2: Hierarchy diagram of PMC project organizational management system.
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results show that there is a lack of synergy between the
participants, and they cannot reach a consistent state. ,e
position curve is more divergent; the speed matching curve
in the process of movement appears obvious fluctuations;
and the oscillation amplitude is larger because at the be-
ginning of the group movement, the individuals are influ-
enced by each other to decelerate first, making the speed gap
increase, and then decrease due to the role of speed
matching, and the development tends to be stable, but it
cannot reach the group effect, that is, it is difficult for the
participants of the project organizational management
system to cooperate. ,e simulation results are consistent
with the actual project implementation status.

,e individual position trajectory curve in Figure 7
shows that the group is severely divided within the group,
the organizational goals of each agent are severely divergent,
and the personnel of different professions and organizations
cannot coalesce in one organization to work together. In-
dividuals only focus on their own interests, ignoring the
sustainable development needs of the project, resulting in a
discrete organizational management system, and the in-
consistency of organizational goals will cause agents to form
a situation of mutual constraints, low efficiency, and con-
suming a lot of costs, time, and energy to deal with work
interface conflicts [54]. ,e individual velocity trajectory
curve in Figure 6 cannot converge; there are complex
connections within the organizational management system;
and the velocity update of the agents depends on

information interaction to a great extent. Most parts of the
M Project are managed by manual engineering information,
and information communication is mostly based on paper
media, lacking effective information exchange rules and
information integration platforms [55]. ,ere are infor-
mation silos and information fault, which leads to incon-
sistent individual behavior [56], such as the lack of in-depth
understanding of the requirements of the project legal
person and the failure to accurately grasp the imple-
mentation plan, which increases the conflicts within the
organizational management system, resulting in the project
participants pursued by each subject differ greatly. Gradually
reducing the decay rate β (β � 0.3; 0.2; 0.1) of the mutual
influence strength function aij between agents and
strengthening the strength of communication between in-
dividuals helps the group converge, but the result still cannot
reach synergy, as shown in Figure 6.

,e overall leader project legal person 0 has free will
accelerationf(t). In M Project, the project organization is
complex, and the investment scale is large. ,e project legal
person still wants to strengthen its own management and
control power over the project under the PMCmodel due to
the traditional construction ideology, so bypassing the PMC
contractor to undertake many complicated and detailed
management work and responsibilities, it did not reduce its
ownmanagement pressure by adopting PMCmodel. But the
project legal person does not have the management ability
and experience that is compatible with this project; the free

PMC ContractorDesign Contractor

HeNan Ming Zhu 
Supervisor

GuiYu Consulting
Supervisor

Project Legal Person

Piping, Civil and Installation 
Construction I

Piping, Civil and Installation 
Construction II

Water Transmission 
Engineering and Installation 
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Valve Purchase I Valve Purchase II Valve Purchase III

Electrical Primary 
Equipment Procurement

Gold Knot and Hoisting 
Equipment Procurement

Water Pump 
Purchasing

PCCP Pipe 
Procurement

DIP Tube 
Purchasing

Yintun - Fanping Tunnel 
Construction Label

Power Transmission and Transformation Project 
I (Tianyang County, Tiandong County Area)

Power Transmission and Transformation 
Project II (Youjiang Area)

GuangZhou Xin Zhu 
Supervisor

Transmission and 
Transformation Project II 

Transmission and 
Transformation Project I

Insurance 

Safety Monitoring

Supervisory management relationship
Contractual Relationship

Figure 3: M project organization chart.
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will affects the construction process too much, which makes
themanagement interface blurred and increases the conflicts
of the organizational management system [57]. And the
project legal person belongs to the command leadership; free
will acceleration is larger; coordination of problem-solving is
more difficult. Adjusting the size of r in the free will ac-
celeration of the project legal person, the simulation results
are shown in Figure 8, and δ increases in (a), (b), and (c) in
order. It can be seen that the larger the value of f(t) taken,
that is, the larger the free will acceleration of the total leader,
the weaker the attraction between individuals within the
group, and the more chaotic the group order of the orga-
nizational management subsystem, the more obvious the
phenomenon of subgrouping appears in Figure 8(a), and it is
more difficult to realize the group effect.

,e existing organizational structure of the M Project is
fragmented, and the PMC contractor is contracted to coor-
dinate the supervision and design and take the overall re-
sponsibility, but in the actual organizational structure, the
supervision and design are awarded by the project legal
person in parallel, direct management of supervision and
design by the project legal person.,e PMC contractor has no
management authority over the designer and the supervisor,
so the designer and the supervisor restrict the professional
management of the PMC contractor, which causes many
obstacles to the design optimization of the PMC contractor
and the control of construction sides. In addition, the project
legal person has greater control over the project imple-
mentation, and the traditional engineering construction
management model of the project under the PMC model is
still serious; there are problems of fragmentation and dis-
connection between all-round management subjects, and the
project implementation cannot get rid of the defects of the
traditional management model of fragmentation. To adjust
the hierarchical structure of the M Project organizational
management system, incorporate supervision, design party,
and tunnel construction into PMCmanagement, as shown in

Figure 8, we increase the PMC contractor’s control over
project management and give full play to its management
advantages to fully manage the project construction; the
project legal person mainly assumes the responsibility of
macro supervision. ,e simulation results shown in Figure 9
can make the group synergy consistent.

,e initial conditions remain unchanged, and the simula-
tion results of the hierarchical structure of Figure 10 are shown
in Figures 9(a) and 9(b), where the group velocity tends to be
consistent and the individual position curves are consistently
bounded, forming a group effect, that is, reaching synergy
within the system, but the curve oscillation is still large. De-
creasing the decay rate r and strengthening the strength of the
interaction between the agents, the amplitude of the oscillation
is significantly reduced, and the time for the group to converge
is shortened, as shown in Figures 9(c) and 9(d). Continuing to
reduce the free will acceleration of the project legal person, as
the free will acceleration tends to be 0, the oscillation gradually
decreases, and the group velocity curve smoothly tends to be
synergistic.,e smaller the fluctuation amplitude of the velocity
trajectory curve is, the more easily the velocity among indi-
viduals within the group achieves consistent, the more smooth
the position trajectory change is, and the position trajectory
change becomes consistent with a boundary, as shown in
Figures 9(e) and 9(f). However, compared to Figures 9(c) and
9(d), the continuous reduction of the project legal person’s free
will acceleration in Figure 9(c) helps the group converge more
gently toward synergy, but beyond a certain small range, it
makes the group stabilization time slow down, and the group
stabilization time in the project process has an important impact
on the cost and schedule of the project [58].

6. Discussion

Participants adjust their own speed according to the speed
difference information received from other individuals, re-
duce the decay rate of the interaction weight function between

Project Legal 
Person

Design Contractor PMC 
Contractor Supervisor

Third-Party Detection 
Institution

Construction Supplier

Government Supervision 
Department

Management Main Agents

Contract Agents

Supervise

Figure 4: Project management model.
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individuals in the organizational management system, and
strengthen the interconnection, that is, increasing the effi-
ciency of effective communication and information sharing
between individuals and making the group tend to evolve in
the direction of synergy. Regarding project construction from
survey, design, construction, completion, and acceptance to
operation, as the project progress information accumulates
and is passed to the next stage, the participants involve many
professions and departments, consuming a long time cycle
and spanning a wide geographical area. Due to the limitations
of the traditional information management and communi-
cation methods, the information transmission process may
result in distortion, delay, and failure, which seriously reduces
the level of group decision-making. ,erefore, it is crucial for
the project to achieve information sharing and effective
communication in all phases of construction, and the key lies
in the development and use of modern information tech-
nologies and resources such as building information model
(BIM), big data, internet of things, and so on to build a whole

life cycle information management system and improve the
level of information management and application [59]. It
provides a guarantee for participants to make full use of
information communication and sharing so as to accurately
grasp the construction process; scientifically formulate plans;
fundamentally solve the information fault between the stages
of project planning, design, construction, and maintenance
management; and realize the exchange, sharing and man-
agement of project information throughout the life cycle.

,e simulation results affirm the importance of project
legal person control behavior in the PMC project organi-
zational management system. When the acceleration of
project legal person free will is high, the degree of disorder
within the group increases significantly, and the fragmen-
tation phenomenon occurs; while when the acceleration of
project legal person free will is reduced, the orderliness
within the group increases. But too little acceleration of the
project legal person’s free will causes prolonged group
stabilization time, which negatively affects project cost and

Supervisory
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Design Contractor 2GuangZhou Xin
Zhu Supervisor 4 PMC Contractor 1

HeNan Ming Zhu
SUpervisor 5

GuiYu Consulting
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Figure 5: M project organizational management system hierarchy.
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Figure 6: Velocity evolution curve: (a) β � 0.3, (b) β � 0.2, and (c) β � 0.1.
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schedule. Organizational behavior theory defines leadership
as the ability to influence a group to achieve a vision or goal,
in order to achieve the goal most effectively; organizations
need strong leadership and effective management [60]. ,e
traditional project construction mostly adopts the control
model of “project legal person + supervision,” in the face of
large and complex projects; the project legal person mostly
lacks professional knowledge and construction experience;
and the supervision unit mainly provides consulting services
for the project legal person, but in fact, the supervision unit
in the current market does not have the ability to control and
manage the whole project, and it is difficult to provide
holistic and systematic advice to the project legal person.,e

PMC contractor is large engineering management consul-
ting enterprise with strong strength and rich engineering
construction experience and professional staff, which can
provide high-quality project management services for the
project legal person in this project. ,erefore, the project
legal person should change the traditional concept, give up
the specialized control work beyond the capacity, focus on
strategic and macroscopic planning and control for the
purpose of project goal achievement and sustainable de-
velopment, and support PMC contractors in their work,
which not only can enhance the control power of project
progress but also can give full play to the management
advantages of PMC contractor to organize and coordinate

0 200 400 600 800 1000
time

0
1
2
3
4
5

6
7
8
9
10
11

12
13
14
15
16
17

18
19
20
21
22

8000

6000

4000

2000

0

m
ol

d_
of

_x
mold_of_x in time 0-100

(a)

0 2 4 6 8
time

0
1
2
3
4
5

6
7
8
9
10
11

12
13
14
15
16
17

18
19
20
21
22

25

20

15

10

5

m
ol

d_
of

_v

mold_of_v in time 0-1

(b)

Figure 7: Evolution curve of location and velocity of M Project participants: (a) position evolution curve and (b) velocity evolution curve.
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Figure 8: Velocity trajectory (δ increases in turn).
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Figure 9: Evolution curve of position and velocity.
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the specialized technical and construction forces in the
market to cooperate with each other.

In summary, the main reasons for conflicts in the
implementation of PMC projects in the Chinese context are
the following three: (1) the lack of an intelligent information
management platform, resulting in inefficient information
communication; (2) the project legal person has too much
control and tends to have a commanding leadership style,
which hinders the development of the PMC contractor’s
management advantages; (3) the PMC project management
system is too decentralized, resulting in inaccurate posi-
tioning and confusion in the scope of work of the project
legal person, PMC contractor, designer and supervisor, and
other major participants. In order to achieve synergy, the
PMC project organizational management systemmust focus
on breaking the institutional and conceptual barriers,
strengthen the application of intelligent information tech-
nology, and construct a project management model with
integrated control of the whole process by PMC contractors
and effective macro supervision by the project legal person.
With the gradual improvement of the construction level of
fixed asset investment projects in China, when the project
legal person does not have the ability to manage the project,
the demand for comprehensive, cross-stage, and integrated
consulting services is increasing in order to better achieve
the investment purpose, and the contradiction between the
real demand and the project management supply model
caused by the current system is prominent.,emanagement
concept and method of the PMC model emphasizes inte-
grated management, using systematic thinking to guide and
manage practical activities, focusing on integrated man-
agement of the whole process, optimizing both design ob-
jectives and overall project benefits.

,e simulation results show that to achieve synergy in
the PMC model, first, to increase the PMC contractor’s
control over the project, the design side and supervision side

into the PMC contractor’s management scope so that it
becomes the overall coordinator of the project, in order to
facilitate the PMC contractor to carry out design optimi-
zation and control of each construction party, and second,
the project legal person should reject the traditional project
management concept, break the prejudice and distrust of
PMC contractors, reduce the control of the project, and give
full play to the professional and integrated management
advantages of PMC contractors, while the project legal
person is mainly responsible for efficient macro supervision
and guiding the system to evolve in the direction favorable to
the project objectives.

7. Conclusion

In order to overcome the management dilemma of antag-
onistic and conflict-ridden relationships between the par-
ticipants within the organizational management system
during the implementation of PMC projects in China, based
on the idea of cluster dynamics, this paper used the
Cucker–Smale mathematical model, introduced a hierarchy
function in the model, and made the movement rules of the
total leader have a free-will acceleration.

,e results show that: (1) the role of mutual exchange of
motor information among PMC project participants sig-
nificantly influences the consistency of group motion and
the matching of intragroup individual speed. When the
weight of the role of mutual exchange of movement in-
formation between individuals increases, it contributes to
the convergence of group movement while significantly
contributing to the matching of intragroup individual speed.
(2) ,e free will acceleration of the legal person can have an
impact on the degree of intragroup disorder. Too large free
will acceleration of the overall leader project legal person
may increase the degree of intragroup disorder, which in
turn leads to a larger speed matching difference and the
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Figure 10: M Project management model after adjustment.
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emergence of subgroup aggregation, while too small may
increase the group stability time, which has a negative
impact on cost and schedule. (3) ,e implementation of
PMC model needs to break the barriers of Chinese tradi-
tional project management concept and system; the project
legal person should give up the management power beyond
the capacity, include supervision and design into the
management scope of PMC contractor, increase the actual
control of PMC contractor to the project, and build the
management system of integrated management of PMC
contractor and macro supervision of project legal person,
which can make the group move at the same speed and keep
the cohesion; the organizational management system realize
the orderly synergy; and the system forms a combined self-
organized and other-organized control model.

In terms of the limitations of this study, first, the impact
of the external environment on the project organizational
management system is not considered, and second, the
depth and scope of project management by the project legal
person is not analyzed in detail. ,is kind of problem is
worth further studying, and the subsequent study will in-
troduce the effectiveness functions such as individual’s
perception ability of external environment and environ-
mental noise impact, study the mechanism of the free will
acceleration of project legal person on the system synergy in
PMC model, and define its management depth and man-
agement scope quantitatively.
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