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A large-scale engineering procurement and construction (EPC) project is often conducted by a joint venture. Many factors affect
the success of cooperation among participating enterprises, such as trust and the degree of effort of both parties. .e most
important one is a rational profit sharing mechanism. Reasonable profit sharing mechanism concerns whether the advantages of
the EPCmodel can be fully utilized. In this study, the proposed EPC project is undertaken by a joint venture integrating design and
construction enterprises. Moreover, the profit sharing problem arises from the project optimization implemented by both parties.
.e fairness concern behavior of both parties is considered, and the profit sharing model for the EPC project is established on the
basis of game theory. .e effect of the fairness concern behavior of both parties on the EPC project optimization and its profit
sharing is further analyzed by simulation analysis. .e research findings show that the project optimization profit and its sharing
are related to not only the efforts and cost coefficient but also the fairness concern behavior of both parties..e research results are
conducive to the application of the EPC model in the field of construction engineering.

1. Introduction

Engineering procurement and construction (EPC) refer to a
method used by a project owner when contracting the
project design, construction, and procurement as a whole to
a single contractor [1]. .e most significant advantage of the
EPC model is the integration of engineering design and
construction, and the subject of contract responsibility is
single, which has the advantages of reducing the engineering
cost, improving the design constructability, and shortening
the construction period [2–4]. Due to the many advantages
mentioned above, the EPC model has developed rapidly in
the engineering construction field in recent years and has
become one of the most popular project delivery methods
[5]. Especially with the development and application of BIM
(building informationmodelling), the advantages of the EPC
model will be significantly improved [6]. However, there are
some problems with the implementation of the EPC model.

Effective management and system guarantee are the pre-
requisites for the advantages of the EPCmodel to be exerted.
In engineering practice, a large-scale construction project is
difficult to be undertaken by a single enterprise. A large-scale
construction project is usually delivered by general con-
tracting or joint venture, which is combined with several
enterprises [7]. .ese enterprises cooperate to share risks
and opportunities [8]. .e reasonable sharing of the project
profit is the foundation and critical issue for the friendly
cooperation and maximum performance of participating
parties, and it is related to whether the advantages of the EPC
model can be fully utilized [2, 9]. .erefore, the establish-
ment of a reasonable revenue sharing mechanism will
contribute to the implementation and sustainable devel-
opment of the EPC model.

.e research findings of some scholars show that co-
operation and effective resource integration is the key to the
success of the EPC project [10], and the lack of effective
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cooperation often leads to its failure [11, 12]. On the issue of
profit distribution, some scholars have carried out some
research. Parrod et al. [13] found that a reasonable profit
sharing mechanism is the foundation and key to the co-
operation of all subcontractors. Guan and Hu [14] studied
the profit sharing problem of the joint venture project on the
basis of contract and game theories. Zhang et al. [15]
established a supply chain profit sharing model between
general contractors and subcontractors based on an im-
proved Shapley value method. Lv et al. [16] proposed the
profit sharing method between the general contractor and
subcontractor of a project based on profit sharing theory and
Stackelberg game model. Wang and Zhang [17] considered
the risks borne by the participants and introduced the profit
sharing model of the EPC project by using the Shapley value
method. Niu [7] considered three factors, namely, contri-
bution, investment, and risk, and established the profit
sharing method of the EPC project by integrating Shapley,
fairness, and fuzzy analytic hierarchy process methods. An
et al. [18] introduced the negotiation mechanism into the
optimal profit sharing problem of the joint venture general
contracting project and constructed the negotiation model
to solve this problem. .ese studies can provide a reference
for the EPC project profit sharing. However, none of them
have considered the effect of the fairness concern behavior of
subjects on project optimization and profit sharing. In the
profit sharing process, the subjects will not only consider the
distribution of their profit but also pay attention to the
fairness of profit sharing [19].

In practice, all stakeholders in an EPC project pay great
attention to their interests. .ey even set special conditions
in the contracts to avoid damage to their interests..erefore,
all participants of the EPC project have fairness concern
behavior. Fairness concern behavior refers to the fact that
stakeholders not only pay attention to their interests in the
process of profit distribution but also pay attention to
whether the profit distribution among members is fair [19].
Various groups of researchers have worked with fairness
concern behavior. Kahneman et al. [20] introduced fairness
concern into economic management activities to analyze its
effect on these activities. Fehr and Schmidt’s research [21]
found that when one party believes that the transaction is
unfair or that their interests are not met, the transaction
scheme or benefit distribution scheme is easily destroyed.
Loch and Wu [22] found that the subjects’ fairness concern
behavior will reduce the overall system efficiency. Demirag
et al. [23] and Katok and Pavlov [24] studied the effect of the
subjects’ fairness concern behavior on the supply chain
profit sharing. Górecki and Bizon-Górecka [25] argued that
a phenomenon of participants’ fairness exists in the risk
management of construction project and indicated that
fairness can be treated as an essential factor in predicting the
success of such projects [26]. An et al. [27] considered the
subjects’ fairness concern behavior and analyzed its influ-
ence on engineering design optimization and its profit
sharing negotiation..erefore, the subjects’ fairness concern
behavior has a direct influence on their decision making and
should be considered in optimizing the profit sharing of the
EPC project.

In the EPC project, the design and construction enter-
prises have different goals or interests. In order to achieve
their goals and interests, all parties must consider the op-
ponent’s every possible action or plan, and try to choose the
action or plan that is most beneficial or reasonable for them.
Furthermore, the game theory is to study what actions the
two parties will take during the game. In this study, the
proposed EPC project is awarded to joint venture integrating
design and construction enterprises. .eir input, contri-
bution, and fairness concern behavior are considered in the
project optimization process. Furthermore, the profit
sharing model is established on the basis of game theory. In
this study, the optimal distribution proportion is deter-
mined; thus, the profit sharing mechanism of the EPC
project is established. In addition, the effect of the fairness
concern behavior of both parties on the EPC project opti-
mization and profit sharing is further analyzed. Research
results can provide support for the establishment of the EPC
project revenue sharing mechanism and contribute to the
application and sustainable development of the EPC model
in the field of construction engineering.

2. Problem Analysis

Large-scale projects are challenging to be undertaken by a
single enterprise..erefore, this paper supposes that an EPC
project is awarded to joint venture integrating design and
construction enterprises, and adopts a lump sum contract.
During the implementation process, the design and con-
struction enterprises can optimize the project (design and
construction plan optimization) to reduce the engineering
cost and save on the construction cost to obtain considerable
profit. For the EPC project contractor, profit can be com-
posed of two parts: the fixed profit, which is the reasonable
profit of the project under normal circumstances, and the
project optimization profit, which is the cost saved by op-
timizing the project [14]. .e fixed profit can be distributed
following the contract, which is relatively simple. .is study
does not focus on the fixed profit but mainly analyzes the
distribution of profit obtained through project optimization.

.e rationality of the optimal profit sharing of the
project is directly related to the enthusiasm of participants. If
the optimal profit sharing of the project is reasonable, then
the participating parties will have a high initiative to opti-
mize the project to acquire additional benefits, and the
cooperation among all parties can continue. Moreover, the
advantages of the EPC model can be fully utilized. If the
project optimization profit sharing is not reasonable, then
the cooperation among the participants will be affected, and
they will not have the initiative to optimize the project. .e
advantage of the EPC model is difficult to utilize. Figure 1
shows the profit sharing motivation model of the EPC
project.

3. Model Development

3.1. Basic Assumptions

(1) .is paper mainly studies the optimal profit sharing
of a large-scale EPC project. .erefore, it is assumed
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that there is a particular optimization space for the
project, and a certain profit can be obtained by
optimizing the project.

(2) A large-scale EPC project is often undertaken by
multiple participants, and the optimization of an
engineering project is often completed by design and
construction enterprises. .erefore, this paper only
considers the profit sharing problem of the project
optimization completed by the cooperation of the
design and construction enterprises. .e profit of
project optimization is wholly shared between the
two parties.

3.2. Profit Model. .e EPC project often adopts the lump
sum contract, and its contract price is set as CP..e contract
price CP can be divided into three parts: project construction
cost CC, fixed profit FP, and project optimization profit OP:

CP � CC + FP + OP. (1)

.e project optimization profit OP is part of the contract
price CP, which can be set as follows:

OP � ηφCP. (2)

In equation (2), φ is the maximum yield factor that can
be achieved by optimizing the project, φ ∈ (0, 1). φ is related
to factors such as engineering complexity, geological con-
ditions, and design depth. η denotes the degree of engi-
neering optimization implementation, η ∈ [0, 1], that is, the
degree of project optimization that can be achieved through
the efforts of both parties. .e realization degree of project
optimization η is related to the effort level and effectiveness
of the design and construction enterprises:

η � f χ1, β1, χ2, β2( . (3)

In equation (3), χ1 and χ2 indicate the effort levels of the
design and construction enterprises to implement the
project optimization matters, respectively. For simplicity, χ1

and χ2 can be set as one-dimensional continuous variables,
expressed as real numbers between 0 and 1; i.e., χ1 ∈ [0, 1]

and χ2 ∈ [0, 1]. .e larger χ1 and χ2, the more efforts the two
parties made to optimize the project; β1 and β2 represent the
utility coefficients of the efforts of the design and con-
struction enterprises, respectively. Similarly, set β1 ∈ [0, 1]

and β2 ∈ [0, 1]. .e larger β1 and β2, the higher the efficiency
of the two’s efforts to optimize the project.

η is positively related to the efforts of both parties..erefore,
f(χ1, β1, χ2, β2) should be a strictly monotone increasing
function of χi, namely, (zf/zχi)> 0, where i � 1, 2, and should
satisfy η ∈ [0, 1]; then, the following can be assumed:

η �
1
2

β1χ1 + β2χ2 + ξ( . (4)

In equation (4), ξ is a random disturbance variable,
which is assumed to be normally distributed; namely,
ξ ∼ N(0, σ2). .erefore, the project optimization profit OP
can be expressed as

OP �
1
2
φCP β1χ1 + β2χ2 + ξ( . (5)

Project optimization can create profit, whereas the
project optimization process requires both parties to input
certain costs. .e project optimization cost is set as OC:

OC � OC1 + OC2. (6)

In equation (6), OC1 and OC2 represent the costs of the
design and construction enterprises, respectively.

By subtracting the project optimization cost from the
project optimization profit, the project optimization net
profit NP can be obtained as

NP � OP − OC. (7)

By substituting OP and OC into equation (6), the fol-
lowing can be obtained:

NP �
1
2
φCP β1χ1 + β2χ2 + ξ(  − OC1 − OC2. (8)

3.3. Optimal Profit Sharing Model. .e profit obtained
through project optimization is shared between the design and
construction enterprises. It is supposed that the design enterprise
can acquire part λ (λ is the profit sharing coefficient, and
0<λ<1) of the total profit. .e construction enterprise can
obtain part 1 − λ of the total profit. .e cost is subtracted from
the profits earned by both parties; then, the net profits obtained
by both parties due to project optimization are as follows:

NP1 � λOP − OC1, (9)

NP2 � (1 − λ)OP − OC2. (10)

In equation (9), NP1 is the net project optimization profit
of the design enterprise; in equation (10), NP2 denotes the
net project optimization profit of the construction
enterprise.

EPC project 

Is revenue distribution 
reasonable? 

Low enthusiasm 

No optimized revenue

�e advantages of EPC 
mode are difficult to exert

High enthusiasm 

Optimized revenue 

�e advantages of EPC 
mode are fully exploited 

No Yes 

Figure 1: Profit sharing motivation model of the EPC project (self-
drawn).
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.e cost of both parties in the project optimization
process mainly consists of two parts: the tangible cost of
project optimization (e.g., the input of capital or equip-
ment and the resource distribution cost paid by the
construction enterprise for implementing the optimiza-
tion plan) and the knowledge cost. Project optimization is
a highly technical task that requires the input of expertise
from both parties. .e acquisition and accumulation of
professional knowledge also require costs, which can be
considered as the knowledge cost of both parties. Let OC01
and OC02 represent the tangible costs of the design and
construction enterprises to optimize the project, respec-
tively. KC1 and KC2 denote the knowledge cost invested
by both parties in the optimization project, respectively:

OC1 � OC01 + KC1, (11)

OC2 � OC02 + KC2. (12)

In the project optimization process, the tangible cost of
both parties can be directly observed and measured. In
contrast, the knowledge input cannot be directly measured,
but the knowledge cost can be measured by the cost coef-
ficient and effort level of each party’s knowledge input
[14, 18]. .erefore,

KCi � f αi, χi( , i � 1, 2. (13)

In equation (13), αi is the knowledge cost coefficient,
αi > 0 (i �1, 2), which can be obtained by assessment or
experience.

.e knowledge cost is proportional to the effort of all
parties; that is, f(αi, χi) is the increasing function of effort
level χi, so (zKCi/zχi)> 0; at the same time, the marginal
cost of knowledge is increasing; that is, (z2KCi/z

2χi)> 0.
.erefore, the following is assumed [27]:

KCi �
1
2
αiχ

2
i , i � 1, 2. (14)

.en,

OC1 �
1
2
α1χ

2
1 + OC01,

OC2 �
1
2
α2χ

2
2 + OC02.

(15)

By substituting CP, OC1, and OC2 into equations
(8)–(10), respectively, the following can be obtained:

NP1 �
1
2
λφCP β1χ1 + β2χ2 + ξ(  −

1
2
α1χ

2
1 − OC01, (16)

NP2 �
1
2

(1 − λ)φCP β1χ1 + β2χ2 + ξ(  −
1
2
α2χ

2
2 − OC02,

(17)

NP �
1
2
φCP β1χ1 + β2χ2 + ξ(  −

1
2
α1χ

2
1 − OC01 −

1
2
α2χ

2
2

− OC02.

(18)

3.4. Fairness Concern Function. Given the subject’s fair
preference, the effectiveness of the participant can be from
absolute profit utility, pride preference utility, and jealousy
preference utility. .e absolute profit utility is pure profit, the
pride preference utility is positive utility, and the jealousy
preference utility is negative utility [28]. .erefore, considering
the fairness concern of both parties, the utilities of the design and
construction enterprises can be, respectively, expressed as [29]

S NP1(  � NP1 + k1′ max NP1 − NP2( , 0 

− k1″max NP2 − NP1( , 0 ,
(19)

S NP2(  �NP2 + k2′ max NP2 − NP1( , 0 

− k2″max NP1 − NP2( , 0 , (20)

In equations (19) and (20), k1′ and k1″ are the pride and
jealousy preference coefficients of the design enterprise, re-
spectively, and k1′ ≥ 0, k1″ ≥ 0. k2′ and k2″ represent the pride and
jealousy preference coefficients of the construction enterprise,
respectively, and k2′ ≥ 0, k2″ ≥ 0. For the convenience of cal-
culation, let k1 � k1′� k1″ and k2 � k2′� k2″; these can be used to
uniformly express the fairness concern coefficients of the de-
sign and construction enterprises, respectively, and k1 ≥ 0,
k2 ≥ 0 [28]. .e higher the fairness concern coefficient is, the
higher the fairness concern degree is, which indicates that
further attention should be paid to the fairness of their profit
sharing. When the fairness concern behavior of both parties is
considered, their utility can be expressed as

S NP1(  � NP1 − k1 NP2 − NP1( , (21)

S NP2(  � NP2 − k2 NP1 − NP2( . (22)

By substituting NP1 and NP2 into equations (21) and
(22), respectively,

S NP1(  �
1
2
λφCP β1χ1 + β2χ2 + ξ(  −

1
2
α1χ

2
1 − OC01

− k1
1
2

(1 − 2λ)φCP β1χ1 + β2χ2 + ξ(  −
1
2
α2χ

2
2

− OC02 +
1
2
α1χ

2
1 + OC01,

(23)

S NP2(  �
1
2

(1 − λ)φCP β1χ1 + β2χ2 + ξ(  −
1
2
α2χ

2
2 − OC02

+ k2
1
2

(1 − 2λ)φCP β1χ1 + β2χ2 + ξ(  −
1
2
α2χ

2
2

− OC02 +
1
2
α1χ

2
1 + OC01.

(24)

.e subject fairness preference is only the fairness
perception of its own. .e fairness preference will affect the
effort level, profit sharing, and expected utility of both
parties. But, it will not affect the actual project optimization
profit and actual profit obtained by both parties.
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3.5. Model Solving. Equations (23) and (24) show that the
profit of both parties is related to their respective efforts.
Striving for the partial derivative of equation (23) with re-
spect to χ1 and of equation (24) with respect to χ2, and letting
(zNP1/zχ1) � 0, (zNP2/zχ2) � 0, the following can be
obtained:

χ ∗1 �
λ +(2λ − 1)k1 φCPβ1

2 1 + k1( α1
, (25)

χ ∗2 �
(1 − λ) +(1 − 2λ)k2 φCPβ2

2 1 + k2( α2
. (26)

.en, χ ∗1 indicates the optimal effort degree of the design
enterprise. χ ∗2 refers to the optimal effort degree of the
construction enterprise.

Equation (25) indicates that the optimal effort degree of
the design enterprise χ ∗1 is directly proportional to its effort
utility coefficient β1, the profit sharing coefficient λ, and the
maximum profit φCP that can be realized by project opti-
mization. Moreover, χ ∗1 is inversely proportional to its own
effort cost coefficient α1 and related to its fairness preference
k1. Similarly, equation (26) presents that the optimal effort
degree of the construction enterprise χ ∗2 is directly pro-
portional to its effort utility coefficient β2 and the maximum
profit that the project optimization can achieve φCP. And χ ∗2
is inversely proportional to its effort cost coefficient α2 and
the proportion of profit sharing λ that the design enterprise
can obtain and related to its fairness preference k2.

By substituting the values of χ ∗1 and χ ∗2 into equation
(18),

NP �
1
2
φCP

λ +(2λ − 1)k1 φCPβ21
2 1 + k1( α1



+
(1 − λ) − (2λ − 1)k2 φCPβ22

2 1 + k2( α2
+ ξ

−
λ +(2λ − 1)k1 

2φ2CP2β21
8 1 + k1( 

2α1
− OC01

−
(1 − λ) − (2λ − 1)k2 

2φ2CP2β22
8 1 + k2( 

2α2
− OC02.

(27)

.eproject optimization profit NP has amaximum value
of λ. .erefore, the partial derivative of both sides of
equation (27) with respect to λ can be written:

zNP
zλ

�
1 + 2k1( φ2CP2β21
4 1 + k1( α1

−
2k2 + 1( φ2CP2β22
4 1 + k2( α2

−
1 + 2k1(  λ +(2λ − 1)k1 φ2CP2β21

4 1 + k1( 
2α1

+
2k2 + 1(  (1 − λ) +(2λ − 1)k2 φ2CP2β22

4 1 + k2( 
2α2

.

(28)

Let (zNP/zλ) � 0; when the project profit is maximized,
the optimal profit sharing coefficient λ∗ can be obtained:

λ∗ �
1 + 2k1( 

2 1 + k2( 
2α2β

2
1 − 2k2 1 + k1( 

2 1 + 2k2( α1β
2
2

1 + k2( 
2 1 + 2k1( 

2α2β
2
1 − 1 + k1( 

2 4k
2
2 − 1 α1β

2
2

.

(29)

Equation (29) shows that the optimal profit sharing
coefficient λ∗ is related to the knowledge cost utility coef-
ficient, cost coefficient, and fairness preference degree of
both parties. .us, the design enterprise can obtain λ∗ of the
total project optimization profit, whereas the construction
enterprise can acquire 1 − λ∗ of the total project optimi-
zation profit.

4. Simulation Analysis

4.1. Basic Parameters. .e construction project is delivered
by the model of EPC and is awarded to a joint venture with
the lump sum contract. .e contract value is CP� 1.337
billion yuan. .e maximum cost reduction amount that can
be achieved through project optimization is assumed to
account for φ� 2% of the contract value. .e tangible cost
required by the design enterprise is OC01 � 921,800 yuan,
whereas the tangible cost required by the construction en-
terprise is OC02 � 1,599,600 yuan..e cost coefficients of the
knowledge input of design and construction firms are α1 � 7
million yuan and α2 � 3.5 million yuan, respectively. .e
efforts utility coefficients of design and construction firms
are β1 � 0.85 and β2 � 0.65, respectively.

4.2. Result Analysis. On the basis of the profit sharing
mechanism established previously and the fairness prefer-
ence of both parties, their optimal effort level, profit sharing
coefficient, and project optimization profit can be obtained
under different fairness concerns through calculation, as
shown in Table 1.

Table 1 shows that the fairness concern degree of both
parties influences their efforts χ ∗1 and χ ∗2 , profit sharing
coefficient λ∗, total project optimization profit NP, and net
profits NP1 and NP2.

4.2.1. Effect of the Fairness Concern Behavior of Both Parties
on @eir Efforts. By using MATLAB, the data in Table 1 can
be used to draw the fairness concern behavior and efforts of
both parties χ ∗1 , χ

∗
2 , as shown in Figures 2 and 3. In Figures 2

and 3, the vertical axis k1 and horizontal axis k2 are the
fairness concern degrees of the design and construction
enterprises, respectively, and the vertical axes χ ∗1 and χ ∗2 are
the efforts of both parties.

Figure 2 shows that when the fairness concern degree of
the construction enterprise is constant, as the design en-
terprise’s fairness concern degree increases, the design en-
terprise’s effort degree will gradually increase. .at is, the
higher the degree of fairness is concerned by the design
enterprise, the higher its effort degree is. However, when the
design enterprise’s fairness concern degree is certain, its
effort degree will gradually decrease with the increasing of
the construction enterprise’s fairness concern degree. .at
is, the higher the degree of fairness is concerned by the
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construction enterprise, the lower the effort degree of the
design enterprise is.

Figure 3 shows that when the construction enterprise is
concerned about fairness to a certain extent, its effort degree
will gradually decrease with the increasing of the design
enterprise’s fairness concern degree. .at is, the higher the
degree of fairness is concerned by the design enterprise, the
lower the effort degree of the construction enterprise is. .e
design enterprise is less concerned about fairness than the
construction enterprise (such as k1 � 0.25). To a certain
extent, the construction enterprise’s effort degree first de-
creases and then increases with the increase of its fairness

concern degree. However, the design enterprise is more
concerned about fairness than the construction enterprise
(such as k1 � 0.75). .e construction enterprise’s effort
gradually decreases with the increase of its fairness concern.

4.2.2. Effect of the Fairness Concern Behavior of Both Parties
on the Profit Sharing Coefficient and the Total Profit from
Project Optimization. .e data in Table 1 can be used by
MATLAB to illustrate the relationship between the profit
sharing coefficient λ∗ and project optimization total profit
NP and the fairness concern behavior of both parties, as
shown in Figures 4 and 5. In Figures 4 and 5, the vertical axis
k1 and horizontal axis k2 are the fairness concern degrees of
the design and construction enterprises, respectively, and
the vertical axis λ∗ represents the profit sharing coefficient.
.e vertical axis NP denotes the total project optimization
profit.

Figure 4 illustrates that when the construction enterprise
is concerned about fairness to a certain extent, the profit
sharing coefficient will gradually increase with the increasing
of the design enterprise’s fairness concern degree..at is, the
higher the degree of fairness is concerned by the design
enterprise, the higher the profit sharing coefficient is. As the
design enterprise can obtain part λ∗ of the total profit, the
larger the value of the profit sharing coefficient is, the more
profit the design enterprise will get. When the design en-
terprise has a certain level of fairness concern, the profit
sharing coefficient will gradually decrease with the in-
creasing of the construction enterprise’s fairness concern
degree. .at is, the higher the degree of fairness concerned
by construction enterprises is, the smaller the profit sharing
coefficient is, the smaller the profit sharing coefficient is. As
the construction enterprise obtains part 1 − λ∗ of the total
profit, the smaller the value of the profit sharing coefficient
λ∗ is, the more profit the construction enterprise will get.
.erefore, when the other party has a certain level of fairness
concern, a high level of fairness concern of both parties will
be beneficial to them.

Figure 5 illustrates that when the design enterprise’s
fairness concern degree is at a certain level, the total project

Table 1: Numerical simulation under different fairness preference.

k1 k2 χ ∗1 χ ∗2 λ∗ NP NP1 NP2

0

0 0.954 1.000 0.588 1207.6 737.1 470.5
0.25 0.805 1.000 0.496 1130.2 566.0 564.2
0.5 0.611 1.000 0.376 1005.5 365.4 640.1
0.75 0.320 1.000 0.197 769.9 115.1 654.8
1.0 − 0.180 1.000 − 0.111 225.7 − 177.3 403.0

0.25

0 0.985 0.814 0.672 1119.0 796.3 322.7
0.25 0.885 0.633 0.621 959.5 599.7 359.8
0.5 0.780 0.606 0.567 883.8 496.0 387.7
0.75 0.656 0.697 0.503 863.7 437.6 426.1
1.0 0.501 0.904 0.424 872.1 394.5 477.7

0.5

0 1.000 0.703 0.717 1058.6 810.5 248.1
0.25 0.934 0.453 0.681 861.4 593.8 267.6
0.5 0.864 0.334 0.649 739.2 472.3 266.9
0.75 0.792 0.298 0.616 672.1 402.3 269.8
1.0 0.713 0.325 0.580 644.1 363.0 281.1

0.75

0 1.000 0.635 0.744 1015.8 814.3 201.5
0.25 0.966 0.348 0.717 800.2 584.5 215.7
0.5 0.915 0.184 0.694 648.7 447.9 200.7
0.75 0.866 0.094 0.674 549.8 363.2 186.6
1.0 0.818 0.053 0.653 488.4 310.0 178.4

1.0

0 1.000 0.590 0.762 986.3 815.1 171.2
0.25 0.989 0.279 0.740 758.7 576.3 182.4
0.5 0.948 0.090 0.723 587.8 428.6 159.1
0.75 0.913 − 0.029 0.708 468.1 332.9 135.2
1.0 0.880 − 0.104 0.695 384.3 268.5 115.8

Note. .e units of NP, NP1, and NP2 in the table are 10 thousand yuan.
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Figure 2: Relationship between the effort degree of the design
enterprise χ ∗1 and the fairness concern behavior of both parties.
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Figure 3: Relationship between the effort degree of the con-
struction enterprise χ ∗2 and the fairness concern behavior of both
parties.
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optimization profit will gradually decrease with the increase
of the construction enterprise’s fairness concern degree..at
is, the higher the degree of fairness is concerned by the
construction enterprise, the smaller the total profit of project
optimization is. Under the low fairness concern degree of the
construction enterprise (such as k2 � 0.25), the total project
optimization profit will decrease continuously with the
increase of the fairness concern of the design enterprise..at
is, the higher the degree of fairness is concerned by the
design enterprise, the smaller the total profit of project
optimization is. However, under the high fairness concern
degree of the construction enterprise (such as k1 � 1), the
total project optimization profit increases first. It then de-
creases gradually with the increase of the fairness concern of
the design enterprise..erefore, in general, with the increase
of fairness concerns of design and construction enterprises,
the total profit of optimization will decrease.

4.2.3. Effect of Fairness Concern on the Net Profit of Both
Parties. .e data in Table 1 can be used by MATLAB to
draw the relationship between the net profits NP1, NP2 and
fairness concern behavior of both parties, as shown in
Figures 6 and 7. In Figures 6 and 7, the vertical axis k1 and
horizontal axis k2 are the fairness concern degrees of the

design and construction enterprises, respectively, and NP1
and NP2 in the vertical axis represent the net project op-
timization profits of both parties, respectively.

Figure 6 shows that when the construction enterprise is
concerned about fairness to a certain extent, the net profit
obtained by the design enterprise will gradually increase
with the increasing of the design enterprise’s fairness con-
cern degree. However, when the fairness concern degree of
the design enterprise is at a certain level, the net profit that
the design enterprise can obtain will gradually decrease with
the increase of the fairness concern degree of the con-
struction enterprise. .erefore, from the perspective of
maximizing their profit, the more the design enterprise
concerns about fairness, the more beneficial the design
enterprise can get. Furthermore, the more construction
enterprise concerns fairness, and the less profit design en-
terprise would get.

Figure 7 shows that when the construction enterprise has
a certain fairness concern degree, the net profit that the
construction enterprise can obtain will decrease with the
increase of the design enterprise’s fairness concern degree.
Under a low fairness concern degree of the design enterprise
(such as k1 � 0.25), the net profit that the construction
enterprise can obtain will increase with the increase of its
fairness concern degree. However, under a relatively high
level of fairness concern of the design enterprise (such as
k1 � 1), the net profit that the construction enterprise can
obtain will decrease with the increase of its fairness concern
degree. .erefore, in general, from the perspective of
maximizing their interests, the fairness concern degree of
construction enterprises should not be too high.

In addition, the calculation results in Table 1 show that,
with the increasing concern for the fairness of both parties,
negative values (italicized in the table) will appear, which is
unreasonable. .is situation indicates that one party is
unwilling to participate in the project optimization, and the
optimization cannot be implemented. .erefore, in general,
when the other party has a certain fairness concern degree,
its profit will increase with the increase of its fairness
concern degree. However, at the same time, another party’s
profit will decrease, and the total project optimization profit
will also decrease. When both parties have excessively high
concerns about fairness, the profit sharing of project opti-
mization is difficult to achieve, thereby hindering its
implementation. .erefore, from the perspective of the
implementation of the project optimization, the fairness
concern degree of the design and construction enterprises
should not be too high. Otherwise, it will affect the
implementation of project optimization, and the advantages
of the EPC model will also be challenging to realize.

5. Conclusions

.e EPC model has been developing rapidly in the field of
construction engineering in recent years. Several enterprises
often complete a large-scale EPC project through general
contracting or joint venture. .erefore, a reasonable profit
sharing mechanism is the foundation of the cooperation
among all parties involved. .is case is related to the full

0 0.2 0.4 0.6 0.8 1

0

0.5

1
0

0.2

0.4

0.6

0.8

λ∗

k2
k1

Figure 4: Relationship between the profit sharing coefficient λ∗

and fairness concern behavior of both parties.
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Figure 5: Relationship between the total project optimization
profit NP and fairness concern behavior of both parties.
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utilization of the advantages of the EPC project. .is study
considers input, contribution, and fairness concern behav-
iors of both parties in the project optimization process, to
build the profit sharing model of the EPC project optimi-
zation on the basis of game theory. From the perspective of
maximizing the project optimization profit, the optimal
profit sharing coefficient is determined; thus, the profit
sharing mechanism of the EPC project is established.
Moreover, the effect of the fairness concern behavior of both
parties on the EPC project optimization and its profit
sharing is further analyzed by simulation analysis.

.is research makes three contributions. Firstly, the
fairness concern of design and construction parties has a
certain effect on their efforts, the profit sharing coefficient,
the total project optimization profit, and the net profit that
they can obtain. Secondly, when the other party has a certain
fairness concern degree, its profit will increase with the
increase of its own fairness concern degree. However, at the
same time, the total project optimization profit will also
decrease. .irdly, when both parties have excessively high
concerns about fairness, the profit sharing of project opti-
mization is difficult to achieve. .erefore, the fairness
concern degree of the design and construction companies

should not be too high. .e research results can provide
support for the establishment of the EPC project revenue
sharing mechanism and contribute to the application and
sustainable development of the EPC model in the field of
construction.

.e profit distribution will be affected by the risk attitude
of both parties. .is study fails to consider the impact of the
risk attitude of both parties on the profit distribution of EPC
projects, which will be a future research direction of the
authors. In addition, the values of some parameters in the
model established in this paper need further evaluation. .e
methods of parameters evaluation have not been studied in
this paper, which is also a direction for the future research.
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