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The prefabricated building as a major initiative has been put forward by China in recent years to promote the transformation and
upgrading of the construction industry, but its rapid development also faces high cost constraints. Therefore, it is necessary and
urgent to study the key cost drivers and cost control paths of prefabricated buildings. Most of the current research focuses on the
construction cost of prefabricated building as a static object. This article, on the other hand, regards the construction cost of
prefabricated building as a dynamic formation process and conducts systematic research from product systems, technical systems,
construction processes, and management modes. The influence factors of prefabricated building cost are defined and screened
with the help of HSM and previous research results. A cause-and-effect model and cost control model of prefabricated building
cost driver are established. Based on the model test of the actual project, the cost generation of prefabricated buildings is simulated.
Through sensitivity analysis, key cost drivers of prefabricated building are identified and ranked as degree of design stan-
dardization, unit price, prefabrication rate, information technology level, transportation mode, labor level, machinery level,
transportation distance, etc. Accordingly, corresponding strategies are proposed for the cost control of prefabricated buildings.

1. Introduction

In recent years, the prefabricated buildings have become the
main direction for the transformation and upgrading of
China's construction industry and the innovation of con-
struction methods. The Guidance on Vigorously Developing
Prefabricated Buildings issued by the general office of the
state council in 2016 and the 13th five-year plan of the
Ministry of Housing and Urban-Rural Development both
regarded the development of prefabricated buildings as an
important direction for the future development of the
construction industry. The State Council of China even
proposed to make prefabricated buildings account for 30%
of new buildings within about 10 years [1]. Hence, pre-
fabricated buildings in China face unprecedented oppor-
tunities and challenges.

However, at the same time, the high construction cost
has been a major factor restricting the development of
prefabricated buildings [2]. In general, when the

prefabrication rate is more than 60%, the unit cost can be
increased by 25%~30% [3]. People often attribute the high
prefabricated building cost to high component price, large
component transportation loss, and high hoisting ma-
chinery requirements [4]. However, the factors influencing
prefabricated building cost are more diverse and the cost
relationship is more complex. Therefore, it is necessary to
study the complex relationship in the formation of pre-
fabricated building construction cost. Poorly planned and
constructed projects are more likely to incur higher oper-
ating costs, leading to negative impacts [5]. In addition, high
cost is mainly due to stakeholder goals, conflicts of interest
[6, 7], and the problem of path planning caused by the
conflict of goals [8, 9]. Moreover, it is necessary to sys-
tematically analyze the influence of various factors on the
construction cost of prefabricated buildings and explore the
prime path of cost control.

At present, the study of prefabricated construction costs
mainly focuses on the cost comparative study with
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traditional cast-in-situ buildings [10, 11], the relationship
between prefabricated rates and prefabricated construction
cost [12, 13], the cost control methods of prefabricated
buildings, etc. [14-16]. The above study has laid a certain
foundation for the later research of the cost composition and
control direction of prefabricated buildings. However, the
present research mainly regards the cost of prefabricated
buildings as a static research object and seldom considers the
causes of the complicated relationship among cost drivers,
the multiple feedback mechanism, and the influence of the
external environmental changes. High cost is a common
problem worldwide, with cost overruns occurring in about
90 percent of projects and 50 percent of construction
projects in Asia [17], and cost overruns on prefabricated
buildings remain unresolved [18]. Among them, poor
planning tends to result in excessive cost [8]. Prefabricated
construction is a construction method combining industrial
production with on-site construction. It depends more on
the maturity of the component processing industry, the
standardization of design, and the efficient connection
among component processing, transportation, storage, and
installation. Therefore, it is necessary to carry out systematic
research on product systems, technical systems, construc-
tion processes, management modes, and so on to com-
prehensively control the cost of fabricated buildings [19].

In view of the rational man hypothesis, prospect theory
holds that subjective factors make judgment and reasoning
different from person to person. The more complex the
problem is, the less subjective decisions can be taken, and more
standardized decisions are needed. Therefore, this paper uses
system dynamics to carry out cost control and decision-making
in a standardized way. System dynamics is a tool for the analysis
of complex dynamic feedback systems. This method combines
qualitative and quantitative methods and is very effective for the
study of nonlinear and high-order complex time-varying sys-
tems. This study uses system dynamics to study the cost factors
and cost control of prefabricated buildings. Although the
maintenance cost is essential, the prefabricated buildings in
China are in the promotion period, and it is difficult to measure
the dynamic feedback relationship among various cost factors
during the operation and maintenance period. Moreover,
construction cost is the cost that builders pay most attention to
[20, 21]. Performance feedback in the construction process can
have a positive impact on the optimization of the construction
process [22]. Therefore, this paper takes the construction cost as
the research object by analyzing and screening the influence
factors of prefabricated building construction cost. It establishes
system dynamics model of cost control, simulates the formation
process of prefab building construction cost, and then analyzes
the sensitivity factors of construction cost, so as to put forward
the corresponding strategies for the cost control of prefabricated
building.

2. Literature Review

At present, the research on prefabricated building cost is
mostly based on the cost composition. Li et al. [11], through
a comparative analysis of the cost composition of pre-
fabricated buildings and traditional cast-in-place buildings,

Advances in Civil Engineering

concluded that the high cost of civil construction of pre-
fabricated buildings, especially the high cost of materials,
was the main reason for the high cost of prefabricated
buildings. Hong et al. [23] further discussed the driving
factors leading to the increase of prefabrication cost and
found that the prefabrication rate was almost linearly cor-
related with the prefabricated construction cost. In terms of
cost influencing factors, Liu and Chen [12] established the
cost structure of prefabricated building, and Jin et al. [4]
obtained six key cost-influencing factors such as construc-
tion level, construction maturity, standard, production level,
capability, and management level of prefabricated compo-
nents through questionnaire survey and factor analysis. In
the above studies, the cost composition and main influ-
encing factors of prefabricated buildings were well sorted
out, but cost drivers and their influence on the cost for-
mation process were not considered. In other words, the
relationship between cost drivers and costs was not estab-
lished to quantify the impact.

In terms of cost control, Anvari et al. [14] applied GA to
optimize the process of production, transportation, and
assembly of components to control costs. Chen et al. [24]
optimized the production technology of prefabricated
components through the process reengineering of pre-
fabricated components. Wang and Wang [25] proposed the
strategy of taking BIM as the center, promoting stakeholder
communication, mitigating key schedule risks, and the in-
teraction behind the risk network to reduce costs. Hammad
et al. [16] applied BIM to establish a framework to analyze
social, environmental, and economic factors of prefabricated
buildings. Ham et al. [26] studied the performance potential
of BIM-assisted identification of single design errors and
proposed a proposal to reduce costs by controlling design
errors based on BIM [27]. Li et al. [28] combined BIM and
RFID technologies to achieve the goal of refined pre-
fabricated building construction management. The above
studies on cost control mainly put forward corresponding
improvement strategies from different aspects such as de-
sign, production, transportation, installation, and applica-
tion of information technology, but failed to systematically
analyze or identify the most critical control path. Feedback
path is an important aspect of cost analysis [22].

To sum up, the existing research is limited to the static
cost analysis and cost control in the link of a certain research.
However, the cost of prefabricated building is different from
that of traditional manufacturing industry and construction
industry. The cost influence factors are more diverse, and the
cost relationship is more complex. The cost increase may be
caused by different reasons, or a single reason may induce
multiple cost increases. In short, the cost increment is the
result of the dynamic interaction of cost drivers, and it is
necessary to analyze the impact of a factor on the whole from
a systematic perspective. System dynamics is a method to
study the overall behavior of the whole system by analyzing
the feedback structural relationship between variables in the
social and economic system [29]. In the field of engineering
construction, engineering cost analysis has been applied. For
example, Lyneis et al. [30], Ning and Wang [31], and He and
Cheng [32] all used system dynamics tools to analyze cost
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factors in engineering projects. Based on the system dy-
namics, this paper focuses on the relationship among the
stages of prefabricated building design, production, trans-
portation, and assembly and simulates the dynamics of
prefabricated building cost system under time changes by
combining the influence of policies and standards and other
external links so as to find a more realistic cost control path.

3. Establishment of Cause-and-Effect Model of
Prefabricated Buildings Cost

3.1. Analysis of Cost Influencing Factors

3.1.1. Definition of Cost Influencing Factors. Different from
traditional buildings, prefabricated buildings maintain not
only the characteristics of traditional site construction, but
also have the characteristics of industrial production. Be-
sides, the cost factors are more diversified. This paper only
considers the incremental cost of prefabricated buildings,
which is different from traditional cast-in-place buildings.
Hall's three-dimensional structure model is a coordination
tool consisting of logical, time, and knowledge dimensions
and an analysis tool for the relationship between managers
and programs [33]. In order to avoid the deviation of cost
factor selection due to individual subjective decision,
standardized means are adopted. Based on the three-di-
mensional model, a prefabricated building cost analysis
model can be established as shown in Figure 1. Through the
cross-exploration of the time dimension, the logic dimen-
sion, and the knowledge dimension, the corresponding cost
influencing factors are defined.

From the perspective of time dimension, the construc-
tion of prefabricated buildings is mainly divided into design
and construction stages. Among them, the construction
stage includes component production, transportation, and
assembly stages. In terms of logic dimension, the process of
prefabricated building construction includes target deter-
mination, analysis, feedback optimization, decision-making,
and implementation. From the perspective of knowledge
dimension, it is necessary to include professional knowledge
such as management and operation and information tech-
nology and emphasize the control of quality, schedule, and
cost. According to the three-dimensional model, the cost
influencing factors of prefabricated buildings are analyzed
with time dimension as the main stage direction:

(1) Research, Development, and Design Stage. In the
R&D and design stage of prefabricated buildings,
technical planning, design, optimization, and deci-
sion-making should be carried out on the basis of
design standards and specifications. Compared with
traditional cast-in-place buildings, prefabricated
buildings add technical planning, research and de-
velopment of new components, standardized design,
component separation design, mold design, assem-
bly and construction design, etc. In addition, the
design should be fully communicated with profes-
sional design teams and component manufacturers
to ensure professional collaboration and component

production quality. In order to achieve the effect of
design-processing-assembly integration, the special
requirements of production, transportation, and
field installation should be taken into account. At the
same time, it is also necessary to use information
technology to further improve the standardization,
accuracy, and management efficiency of the design.
All of the above stages will affect the cost of pre-
fabricated buildings to some extent.

(2) Construction Stage. In the process of component
production, component production technology
level, component standardization degree, compo-
nent factory scale, component order quantity, and
other factors will affect component production cost.
In the transportation link, different transportation
schemes bring different transportation costs, and
there are inevitable losses in the transportation
process. In the construction and assembly process, it
will also involve the management of the site, the level
of artificial machinery, the formulation and imple-
mentation of the construction plan, and other fac-
tors. In addition, in the whole construction stage, it is
necessary to use information technology means to
strengthen the component procurement, distribu-
tion, storage, and installation of fine, standardized
management, to improve the construction quality.

3.1.2. Cost Influencing Factors Screening. There are many
studies on the cost composition of prefabricated buildings in
relevant literature. Through the analysis of the previous
research results, the cost influencing factors of prefabricated
buildings can be further studied/investigated. For example,
decision-making cost and design cost will be generated in
the design stage of prefabricated building, and prefabricated
component cost, transportation cost, component pre-
fabricated cost, and site construction cost will be generated
in the construction stage [12]. In terms of cost composition,
studies have shown that the cost of prefabricated compo-
nents accounts for 26% to 60% of the total cost, followed by
labor cost (17%-30%) and transportation cost (10%) [23]. In
the design stage, the designer’s experience level, design
standardization, and the integrity of relevant design speci-
fications will affect the design level, and the occurrence of
design errors will lead to the rework and delay of the project
[26]. The scale and location of the component plant are
closely related to the cost of component production and
transportation. Secondly, the influence of manual technol-
ogy and specification [27] must be studied. In the final
construction and assembly stage, the standardization and
unified design of components in the early stage will facilitate
the site management. The site work also needs to consider
unloading, protection, and storage, supplemented by the
assistance of construction technology and machinery [23].
In addition, the prefabrication rate, type of prefabricated
components, and market maturity are the key factors
influencing the cost-effectiveness of China’s prefabricated
construction market [23]. Building information modeling
(BIM) is a technology that can be effectively applied to
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Figure 1: HSM of life cycle cost for prefabricated buildings.

different parts of the construction project [26]. Based on the
above analysis, combined with the scope defined above and
Jin et al. [4]’s research on cost-influencing factors, factors
influencing the construction cost of prefabricated buildings
are screened out in Table 1.

3.2. Establishing the Basic Model of Causality. The causal
relationship between each selected factor is further ana-
lyzed and established, as shown in Figure 2. First of all,
from design level, prefabrication rate to component pro-
duction and manufacturing, transportation, storage, and
assembly, every link will affect the construction cost, and
policy orientation will also indirectly affect the construc-
tion cost by affecting the construction environment of
prefabricated buildings. Secondly, the design and con-
struction quality of the project are an indirect variable that
affects the cost, and the management level, information
technology application level, and so on will also affect the
design and construction quality. Based on the analysis of
cost influencing factors and impact paths, a causal diagram
of prefabricated building cost factors can be established, as
shown in Figure 2.

Around the center of construction cost, Vensim is ap-
plied to conduct modeling, and it is concluded that there are
multiple feedback paths in causality, and multiple feedback
paths reveal the complexity of the system. The main feedback
loops in causality are as follows:

Construction cost — The quality of the project-
— Engineering change — Component order quan-
tity — Component manufacturing — Construction
cost

Construction cost — The quality of the project-
— Engineering  change — Component order
quantity — Transportation loss — Component
transportation — Construction cost

Construction cost— The quality of the project-
— Engineering change — Component order quan-
tity — Component manufacturing — Component
quality — Component  assembly — Construction
cost

Component order quantity — Component manu-
facturing — Component quality — Engineering
quality — Engineering change — Component order
quantity

Among the loops, the construction cost will affect the
project quality, and the reduction of project quality will lead
to more engineering changes, which will bring about
changes in the order quantity of engineering components,
thus affecting the production cost of components and finally
the construction cost. The number of components corre-
sponds to the cost of component manufacturing and other
factors and then to the engineering quality. The poor en-
gineering quality leads to engineering changes, which ulti-
mately affects the number of components.

4. Cost Control Model and Simulation
Analysis of Prefabricated Building

4.1. Establishing the Basic Control Model

4.1.1. Stock Flow Diagram. In order to further clarify the
feedback form and control law of the system, the variable
properties are further distinguished on the basis of causal
loop diagram, after which is drawn the system stock flow
diagram. In order to simplify the analysis, the design level in
Figure 2 can be replaced with design cost, equipment
mechanization level with unit price of machinery, artificial
technology level with artificial unit price, policy subsidies
with subsidies, and component market maturity with
component market unit price. Take transportation, pro-
duction, and assembly process as the flow, take component
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TaBLE 1: Factors influencing the construction cost of prefabricated
buildings.

Stage and link Construction cost impact factor

Designer experience
Precast housing design specifications and
standards
Standardization of component design
Prefabrication rate
Component order quantity
The size and capacity of the state of the system
Technical level of production workers
Production specifications and standards for
components
Member type
Market maturity
Distance
Methods
Transport losses
Storage time
Managerial and worker experience
Degree of construction mechanization
Information technology level
The management level
Policy norm

Design

Production

Transportation

Storage

Assembly

Other

inventory, component production, transportation and in-
stallation costs, and planned costs as the inventory, and take
construction cost as the sum of the inventory. Based on the
causal relationship, the stock flow diagram is established as
shown in Figure 3.

4.1.2. Cost Control Model Establishment. By using Vensim,
the cost control model is established, the relationship be-
tween factors in the model is defined, and the system op-
eration results are simulated. In order to quantify the
influence of factors, score and assign some variables, such as
design level, standardization level, information level,
transportation mode, and other factors. Here, the prefab-
rication rate and construction cost are treated in a linear
relationship (see [23]), where the linear proportional coef-
ficient is 0.56 [23]. According to the current prefabricated
building incentive policy, when the prefabricated rate is
more than 50%, the subsidy will be added. The assembly
construction cost model finally established is as follows:

f(i)ch—a, i>0.5,
f@xYe  i<05 (1)
f)=exi+f,

where Cis construction costs, ) c is design stage cost, cost of
production, transportation, and installation of components
such as aggregation, f(i) is the corresponding linear
function related to the rate of prefabricated, i is precast rate,
e and f are constant, a is the corresponding amount of
subsidies.

(1) Main Models in the Design Stage. The design cost of cast-
in-place buildings is generally 30 yuan/m? and the cost of
prefabricated buildings is about 30% more than that of cast-
in-place buildings [15]. According to the empirical data, the
design defect rate is within 5%. The standardization degree,
prefabrication rate, and information technology level of
components will have a positive impact on the design level.
According to the value method of Jia [34], the value range of
standardization degree is [0, 1], and the value range of
information technology level is [0, 1]. Then, the main models
in the design stage are as follows:

D(x)= AX +b,
w= f(D)xa, (2)
f(D)=¢exD,

where D (x) is the level of deepening design, A is the co-
efficient matrix, x is {x;,x,,...,x,}, including variables
such as standardization degree and information level, and b
is a constant. « is the maximum value of the design defect
rate, f (D) is the linear relation function related to the design
level, w is the design defect rate, and ¢ is the correlation
coefficient that can be 1/3 and convert the deepened design
into the radio.

(2) Main Models in the Component Production Stage. The
main models of component production stage are as follows:

CP:QXP,
Q= Y gxh
i=1,2,...,n (3)
4 =Qxw,
g, =Q x4,

where C,, is the accumulation of component production
cost, Q is the number of components, P is the unit price of
components, g; is the corresponding number of compo-
nents, including component order quantity, transportation
loss, and engineering change, A is the capacity coefficient of
the prefabricated component factory, g, is the engineering
change, w is the design defect rate, g, is the transportation
loss, and ¢ is the transportation loss rate.

(3) Main Models in the Installation Stage. Installation costs
include labor cost and machinery cost, in which the number
of mechanical shifts and labors is related to the number of
components installed, and the relationship coefficient is
taken from the prefabricated building quota. The main
models in the installation stage are as follows:

Cpre = Z % pre’
Ppe =P'0 (4)
q=Qxp,
where C,,,. is installation costs of cumulants, } p,,.. is the

sum of the components of cost, including labor, and ma-
chinery use fee, Q is the number of units of each item, p' is
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the unit price of each item, g is the number of components,
and B is the relationship coefficient of the corresponding
quota.

(4) Main Model of Transportation and Storage Cost.
Transportation and storage costs include storage costs and
transportation costs. According to the research results, the
proportion of storage costs is 0.4 [15], and the transportation
costs are calculated according to the national standard of
vehicle transportation costs. The main models are estab-
lished as follows:

Cy = Zptr’
ptrl = pt’rl>< 9tr1 X V1> (5)
P =QXL><)/2,

where C,, is transportation storage costs of cumulants, ) p,,
is the sum of each item cost including transportation cost
and storage cost, py, is price, q,,; is storage quantity, A, y,,
and y, are the corresponding cost coefficients of transport
and storage, respectively, Q is the number of components,
and L is transportation distance.

(5) Other Models. According to Taguchi quality theory and
related studies [35], the relationship between quality and
cost is parabolic, and quality is related to management level
and information technology level. The relationship model
obtained is as follows:

6=gQi+hQu+k,
Qu = f(MsI)’

where 6 is the relation ratio between quality and cost, Q,, is
the engineering quality level, g, h, and k are the coeflicients
of the quality equation, and f(M,I) is the function of
quality and management level (M) and information tech-
nology level (I).

Some parameters in the model are set as shown in
Table 2.

(6)

4.2. Cost Control Model Test. Five practical assembly project
cases have been selected to simulate the model. Among the
five cases, case 1 is located in Jinan, Shandong; cases 2, 3, and
4 are located in Haidian, Tongzhou, and Changping, Beijing,
and case 5 is located in Nanjing, Jiangsu. The basic data of
the five cases are shown in Table 3.

The data of five cases have been substituted into the
model. Then the model fitting results have been obtained
through Vensim model simulation operation, and the fitting
results have been compared with the actual engineering
construction costs, as shown in Table 4. The data show that
the fitting deviation is less than 10%, so the above control
model is available.

4.3. Simulation and Analysis of Important Influencing Factors

4.3.1. Cost Control Simulation. Using this model and the
data of a prefabricated building project in Beijing, we set the

first month as the time for construction decision and design
and the next 28 months as the construction period. After
relevant data are input into the model, the curve of the whole
project construction period is obtained as shown in Figure 4.

As can be seen from the graph, the project has a period of
rising cost in the early stage of the construction phase, and
the cost also keeps rising rapidly for a long time after the
construction period. However, due to the combined effect of
quality, transportation, and other factors, the increase is in a
state of fluctuation.

4.3.2. Analysis of Simulation Results. Using Vensim com-
posite simulation, we can find the uncertainties input into
the system and measure the impact of uncertainties on the
construction cost by changing the values of the uncertainties
and observing the changes in the construction cost curve.
The change rates were taken as £5% and +10%, respectively,
and the final construction cost being the index to calculate
the corresponding sensitivity coefficient. The calculation
formula is as follows:

Ci-Cy .

E: -
e

/3\, )

where E is the sensitivity coeflicient, C; is the corresponding
project construction cost, C, is the original project con-
struction cost, and f3 is the change rate.

In comprehensive comparison of sensitivity coefficients,
the results are given in Table 5.

The simulation results finally confirm eight related
factors, which correspond to the influencing factors. The
unit price of labor and the unit price of machinery corre-
spond to the level of labor and machinery and the corre-
sponding policies and regulations of subsidy. The final
results of influencing factors are as shown in Table 6.

According to the results, the degree of standardization
has the most significant impact on the construction cost,
with a wide range of impact, including market maturity,
design, management, and other aspects. The research results
of Hong et al. [23] and Jin et al. [4] show the great impact of
market maturity, which proves the important role of large-
scale and standardized construction in prefabricated
building market from the side. Therefore, it is necessary to
perfect the whole industrial chain, increase the number of
component factories, improve production capacity, and
form scale effect from a macro perspective.

Secondly, component unit price and prefabrication rate
have a great impact on building cost. This paper calculates
the incremental cost of prefabricated buildings compared
with ordinary cast-in-place buildings. Since the component
itself has the most direct impact on the construction cost, the
unit price and prefabrication rate of the component reflect
the incremental cost brought by the component itself. In the
calculation of the prefabrication rate, when the prefabri-
cation rate is too high, over 80%, its cost will suddenly rise.
This might lead us to wonder, “Do we need to go for too high
a prefabrication rate?.” In order to control the cost in this
aspect, it is necessary to reduce the loss from the perspective
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TABLE 2: Basic equation parameters.
Parameter Values or ranges of values
Linear correlation coefficient between prefabrication rate and construction cost 0.56
Subsidies 180 yuan/m’
Design defect maximum 5%
Transportation loss rate 1%
Artificial rate 1.084
Mechanical rate 0.0439
Component storage cost coefficient 0.4
Component transportation cost coefficient 0.21 yuan/piece-km
Mass equation coeflicients g, h, and k 0.4, 0.8, 1
Engineering quality level [0, 1]
Degree of design standardization [0, 1]
Capacity coefficient of the prefabricated component factory [0, 1]
Information technology level [0, 2]
Deepen design level [0, 3]
TaBLE 3: Basic information of prefabricated projects cases.
. Number of UI;ut Mechanical unit price Artificial unit price The total cost Construction ~ Construction  Prefabricated
Project  components  price (yuan/machine-team) (yuan/man-days) (ten thousand eriod (month)  area (m?) rate (%)
(m?) (yuan) yu yu Y yuan) p °
Case 1 18181 2988 2000 100 5794.82 28 156806 15
Case 2 1628 2996 1800 93 759.28 28 11180 58
Case 3 2697 2991 2200 95 1209.12 38 16401 45
Case 4 1940 3427 1121 97 800.88 15 8383 40
Case 5 1377 3722 51 100 742.71 25 3584 15
TaBLE 4: Construction cost fitting results.
Case 1 Case 2 Case 3 Case 4 Case 5
Fitting cost (ten thousand yuan) 5923.18 781.48 1125.35 730.20 789.21
Actual cost (ten thousand yuan) 5794.75 759.28 1209.11 800.88 740.11
Difference (ten thousand yuan) 128.42 22.20 83.76 70.68 49.10
Deviation (%) 2.22 2.92 6.93 8.83 6.63
800
575
350
125
-100
0 7.3 14.5 21.8 29

Time (month)

F1GURE 4: Project construction cost curve.

of components and reduce the unit price of components
through scale effect.

Thirdly, the improvement of information technology
level will bring significant impact on the reduction of costs.
With BIM and the Internet of Things being the represen-
tative of the emerging information technologies and are

widely used in the field of construction, they can greatly
improve the precision and efficiency of design and con-
struction. The semi-industrial production and construction
method of prefabricated buildings is more conducive to the
deep integration of industrialization and informatization, so
that all parties involved in the project work together to



Advances in Civil Engineering 9
TABLE 5: Sensitivity analysis table.
Influencing factors Rate of change (%) Construction costs Sensitivity coeflicient The sorting
Current 0 652.78
-10 601.26 0.79
. . -5 627.23 0.78
Unit price 5 677.93 0.7 2
10 702.71 0.76
-10 623.34 0.45
. -5 638.24 0.45
Prefabricated rate 5 66708 0.44 3
10 681.33 0.44
-10 661.19 0.13
. -5 656.87 0.13
Information technology level 5 648.95 012 4
10 645.44 0.11
-10 649.02 0.06
. L -5 650.90 0.06
Degree of design standardization 5 654 66 0.06 1
10 656.55 0.06
-10 655.76 0.05
-5 654.27 0.05
Mode of transport 5 651.29 0.05 5
10 649.79 0.05
-10 650.61 0.03
p . . -5 651.69 0.03
Artificial unit price 5 653 86 0.03 6
10 654.94 0.03
-10 651.08 0.03
. . . -5 651.93 0.03
Unit price of machinery 5 653.63 0.03 7
10 654.48 0.03
-10 652.31 0.01
. -5 652.54 0.01
Transport distance 5 653.01 0.01 8
10 653.25 0.01
TaBLE 6: Results of influencing factors.
The sorting 1 2 3 4 5 6 7 8
Influencing Degree of design Unit  Prefabricated Information Mode of  Artificial Mechanical  Transport
factors standardization price rate technology level  transport level level distance

improve the efficiency and quality of construction and re-
duce costs.

In addition, transportation mode and transportation
distance are the main factors affecting the cost of assembly
construction. Due to the large volume of components and
other reasons, logistics transportation will face great chal-
lenges, and it is necessary to make an appropriate plan for
timely delivery and to carry out additional protection for
loading and fixation of components during transportation
[23], which will increase the construction cost. Trans-
portation management mode needs to be further improved.

Finally, improvements in artificial machinery will con-
tribute to cost savings in prefabricated buildings. Therefore,

it is necessary to maintain the management control in the
construction process to ensure the efficient operation of
manual and mechanical work.

5. Conclusions and Recommendations

Prefabricated building construction cost is a dynamic
complex system under the comprehensive influence of
multiple factors. Based on the systematic analysis of the
impact of prefabricated building cost, this paper establishes a
model to simulate the impact of various factors on con-
struction cost and draws the following conclusions:



(1) The cost influencing factors of prefabricated build-

ings can be roughly divided into design, production,
transportation, storage, construction, and installa-
tion, as well as other factors including information
technology and management level. There are many
correlations in the complex system composed of the
above factors, thus forming the following important
influence paths on cost: the design level will affect the
design cost, the application of information tech-
nology will affect the design and management level,
the level of labor and machinery will affect the in-
stallation costs, the transportation distance and
mode will affect the transportation cost, and the
component quality will affect the production cost.
These ultimately affect construction costs.

(2) The cost control model can be established by using

Vensim system dynamics software, and the running
result of the system can be simulated by defining the
relationship between the factors in the model. The
deviation between the fitting result of the model and
the actual project construction cost is within a
reasonable range, which proves that the system
dynamics model can be used as a cost control model
for prediction and analysis.

(3) Through the simulation of the cost control model,

the construction cost of the prefabricated building
has been rising dynamically, the cost rises rapidly
during the early stage (especially the design stage)
and increases slowly during the construction period,
and it is affected by quality, transportation, and other
factors; the cost growth is volatile and unstable.

(4) According to the results of system simulation, the

main cost influencing factors of prefabricated
building include eight factors: unit price of com-
ponents, prefabrication rate, information technology
level, degree of design standardization, trans-
portation mode, labor level, mechanical level, and
transportation distance. Among them, the degree of
design standardization is the most influential factor,
followed by the unit price of components, the pre-
fabrication rate, information technology level,
transportation mode, labor level, mechanical level,
and transportation distance.

(5) Based on the main influencing factors, prefabricated

construction cost control should start from the
macro perspective, improve the industrial chain, and
increase the degree of market standardization.
Further strengthen the application of BIM and other
information technology, and improve the level of
construction management, improve transportation
process, and speed up the efficiency of artificial and
mechanical application.

Therefore, the cost of prefabricated buildings in China
can be further controlled from the following aspects:

Advances in Civil Engineering

(1) Improve the industrial chain and stimulate the

market mechanism based on competition with
strong policy support. The macro policy has always
been a strong favorable factor. Under the guidance of
the policy, more component factories have been
established to form a favorable situation of scale,
further promote the improvement of the upstream
and downstream industry chain, give full play to the
synergies of the whole industry chain, and carry out
industrialization thoroughly. Prefabricated buildings
have been an important achievement of the indus-
trialization of buildings. Improving the industrial
chain of prefabricated buildings and dividing the
construction market more directly simply play a
leading role in encouraging the market-oriented
development of buildings. Further stimulate the
market mechanism based on competition and pro-
mote the process of construction marketization.
Therefore, under the background of industrializa-
tion, prefabricated building construction path is
clearer, construction efficiency is further improved,
and prefabricated building market is more
prosperous.

(2) Combine BIM technology to improve the level of

information technology. BIM technology has always
been a focus of attention and development in the
construction industry. The application of BIM
technology will bring the improvement of design
level, management level, and other aspects. Inte-
grated delivery mode and intelligent technology
application are two major trends of the future in-
formation development of prefab building. The de-
velopment of prefab building driven by information
will drive the industrial transformation of the future
construction industry. The great value of informa-
tion technology in prefab building, which vigorously
promotes the development of prefab building
through deep integration of building industrializa-
tion and information, will certainly inject new vi-
tality into the transformation of the construction
industry. It enables all parties involved in the con-
struction of the project to work together better,
realize the integration of green, industrialization and
informatization in the construction industry, and
make a big push towards the direction of intelligence,
modernization and standardization. Through the use
of information means to strengthen the component
procurement, distribution, storage, and installation
of fine, standardized management, the construction
quality, cost, and progress of dynamic management
can improve the assembly efficiency, and the con-
struction quality.

(3) Adopt fine management strategy to fully control the

production, transportation, and construction pro-
cess. Based on the technical means of information
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technology, the process is effectively refined and
decomposed by using the fine management concept.
In view of the important influencing factors, such as
unit price of components, transportation distance
and mode of transportation, and the level of artificial
machinery, strict control and continuous improve-
ment measures are adopted to make cost control
more detailed and standard. Under the background
of the industrialization of prefabricated buildings,
refined management will further bring the innova-
tion of technical means, and the management effi-
ciency is significantly improved.

There are still some deficiencies in this study. For ex-
ample, the difficulty of cost control is not considered, and the
cost control is not extended to the full life cycle. As the
operation and maintenance period of China's prefabricated
buildings continue, this will serve as the direction of in-
depth study. Since prefabricated buildings are always been
the focus of national promotion, corresponding proposals
on the development of prefabricated buildings have been put
forward on the national two sessions. Therefore, we should
continue to pay attention to the problems of prefabricated
buildings.
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