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In view of the poor performance of the original mathematical model of assembly construction project precost budget, a
mathematical model of assembly construction project precost budget based on improved neural network algorithm is proposed.
,is paper investigates the cost content of assembly construction project and analyzes its early cost. It finds that the early cost of
assembly construction project includes component production cost, transportation component cost, and installation component
cost. Based on the improved neural network algorithm to build an improved neural network model, the improved neural network
model to mine the cost data in the early stage of assembly construction project is used. In this paper, the earned value variable is
introduced to transform the project duration and project cost in the early stage of the prefabricated construction project into
quantifiable cost data, and the earned value analysis method is used to estimate the implementation cost of the prefabricated
construction project. According to the result of cost estimation, the mathematical model of precost budget of prefabricated
construction project is built based on the project parameters. In order to prove that the cost budget performance of the
mathematical model based on the improved neural network algorithm in the early stage of assembly construction project is better,
the original mathematical model is compared with the mathematical model, the experimental results show that the cost budget
performance of the model is better than the original model, and the cost budget performance is improved.

1. Introduction

In traditional construction projects, the pouring of concrete
mainly adopts manual scaffolding, formwork supporting,
and binding of steel bars at site. However, such kind of cast-
in-place can cause a variety of problems, including making
construction site in a mess, generating lots of construction
waste, and polluting the surrounding environment [1].
Meanwhile, with the progress of population aging and the
increase of labor costs in China, this extensive construction
model is no longer suitable for the green, energy-saving, and
environmentally friendly concepts. Under this circumstance,
the prefabricated construction project emerged at the right
moment and eased this dilemma. As a new building con-
struction technology, prefabricated construction project

means to process and produce the prefabricated components
in factory, move them to the construction site after main-
tenance, and then assemble the building components ac-
cordingly through machinery equipment to achieve the
building functional requirements [2]. Compared with the
cast-in-place construction method, the prefabricated con-
struction project can save about 20% of materials and 80% of
water resources in manufacturing and processing building
components. At the same time, in prefabricated construction
project, protective nets and scaffolding are not used during
construction, which reduced construction waste and low-
ered the pollution and harm to the environment [3].

Under the trend of urbanization, people have put for-
ward higher requirements for environmental protection and
energy-saving performance of buildings. ,erefore,
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prefabricated buildings are getting popular, have achieved
rapid development in China, and promoted the improve-
ment of the installation quality and component precision of
prefabricated components [4]. However, based on the
current construction market, the overall production scale of
prefabricated buildings is restricted so that it is unable to
reduce the construction cost budget through expanding the
scale, which limited the development of prefabricated
buildings in China and affected the industrialization process
of construction field. At its initial stage of development,
prefabricated buildings in China are still facing many
shortcomings in technology, experience, and cost control
[5]. In order to accelerate the development of prefabricated
buildings, an innovative research on the mathematical
model of cost budget in early stage of prefabricated con-
struction is carried out. On this basis, a mathematical model
of cost budget in the early stage of prefabricated construction
project based on improved neural network algorithm is
proposed [6].

2. Design of Mathematical Model of Cost
Budget in the Early Stage of Prefabricated
Construction Project Based on Improved
Neural Network Algorithm

2.1. Analysis of Cost in the Early Stage of Prefabricated
Construction Project. As found in the cost analysis in early
stage of the prefabricated construction project, the pre-
liminary cost of prefabricated construction project includes
component production cost, component transportation
cost, and component installation cost. Among them, sta-
tistics found that component production cost contains labor
cost, material cost, mold cost, amortization expense, cost of
setting the embedded parts and pipelines, management and
storage cost, and water and electricity charges. ,e specific
contents are shown in Table 1 [7].

Component transportation cost covers the cost of
transporting components from the factory to the con-
struction site, which is directly related to the size and weight
of the components, as well as the distance between the
factory and the construction site [8].

Component installation costs involves the cost of vertical
component transportation, labor cost of component in-
stallation, machinery cost of component installation, ma-
terial cost of component installation, cast-in-place cost, and
amortization cost, as shown in Table 2 [9].

2.2. Data Mining of Cost in the Early Stage of Prefabricated
Construction Project. As shown in the analysis of cost
budget in early stage of prefabricated construction project,
an improved neural network model is built based on the
improved neural network algorithm so as to conduct data
mining on the cost budget in early stage of prefabricated
construction project [10]. ,e specific steps are as follows:

(1) First, the improved neural network is initialized:
(X, Y) is adopted to represent the input and output
sequence of the improved neural network. Based on

this sequence, the specific number of nodes corre-
sponding to the output layer, hidden layer, and input
layer of the improved neural network is clarified,
which is m, l, and n nodes, respectively. Next, the
threshold and the connection weight are initialized.
,e neuron connection weight between the hidden
layer and the input layer is set to ωij; the neuron
connection weight between the output layer and the
hidden layer is set to ωjk; the thresholds of the output
layer and hidden layer is b and a, respectively. Fi-
nally, the learning rate of the improved neural
network is set to η, and the excitation neuron
function is set to f(x) [11].

(2) ,e specific output of the hidden layer is computed:
the specific output of the hidden layer is obtained
based on the specific input variable X of the im-
proved neural network, the threshold value a of the
hidden layer, and the neuron connection weight ωij

between the hidden layer and the input layer. ,e
details are as follows:

Hj � f 
n

i�1
ωijxi − aj

⎛⎝ ⎞⎠, j � 1, 2, 3, ..., l
⎧⎨

⎩ (1)

In formula 1, Hj represents the specific output of the
hidden layer, xi represents the ith input value, aj

represents the threshold of the jth hidden layer, and l

represents the specific number of nodes of the
hidden layer [12].

(3) ,e specific output of the input layer is computed:
the specific output of the input layer is obtained
according to the specific output Hj of the hidden
layer, the threshold value b of the output layer, and
the neuron connection weight ωjk between the
output layer and the hidden layer:

Ok � 
l

i�1
Hjωjk − bk, k � 1, 2, 3, ..., m

⎧⎨

⎩ (2)

In forrmula 2, Ok represents the specific output of
the input layer and bk represents the threshold of the
kth output layer [13].

(4) Error calculation: the specific error of the improved
neural network is predicted based on the specific
output of the input layer and the specific expected
output Y of the improved neural network.

(5) ,e neuron connection weight ωij between the
hidden layer and the input layer, and the neuron
connection weight ωjk between the output layer and
the hidden layer are updated according to the specific
predicted error of the improved neural network.

(6) ,reshold updating: the thresholds b and a of the
output layer and hidden layer are updated according
to the specific predicted error of the improved neural
network.

(7) ,e construction of improved neural network model
is realized and the data mining on the cost in early
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stage of prefabricated construction project is per-
formed on this basis [14].

2.3. Cost Budget in Early Stage of Prefabricated Construction
Project. Based on the data mining of cost in early stage of
prefabricated construction project, a variable called earned
value is introduced to convert the project duration and
project cost in early stage of prefabricated construction into
quantifiable cost data. Meanwhile, the cost in early stage of
prefabricated construction project is estimated through the
earned value analysis so as to carry out the cost budget of
prefabricated construction project [15]. ,e calculation
formula of earned value is as follows:

EV � A × B. (3)

In formula 3, EV represents earned value, A represents
the project actual workload and B represents the cost budget
of the completed project.

For the analysis by using the earned value, the difference
variables of two analyzes must be obtained at first, including
schedule deviation and cost deviation. ,eir calculation
formulas are separately as follows:

SV � B − BSWS. (4)

In formula 4, SV represents the schedule deviation and
BSWS represents the cost budget of planned project volume.

CV � B − ACWP. (5)

In formula 5, CV represents cost deviation and ACWP

represents the specific cost of the completed project volume
[16].

Along with two variable indexes, including performance
progress index and performance cost index, the calculation
formulas are as follows:

SPI �
B

BCWS
. (6)

In formula 6, SPI represents the performance progress
index:

CPI �
B

ACWP
. (7)

In formula 7, CPI represents the performance cost
index.

,e data of the cost budget of completed project volume,
the specific cost of completed project volume, and the cost
budget of planned project volume are added separately [17]
in analysis so that 3 corresponding cumulative series are
obtained. By inputting data of cost budget of completed
project volume, the specific cost of completed project vol-
ume and the cost budget of planned project volume into a
two-dimensional coordinate axis of time and cost, and 3
analysis curves are obtained and applied to analyze the
period and cost in early stage of prefabricated construction
project. Among them, when the cost deviation is greater
than 0, it indicates that the early stage of prefabricated
construction project is in a cost-saving state; when the cost
deviation is less than 0, it indicates that the early stage of
prefabricated construction project is in the over-cost state;
when the progress deviation is greater than 0, it indicates
that the early stage of prefabricated construction project is in
a state of advanced progress; when the progress deviation is
less than 0, it indicates that the early stage of prefabricated
construction project is in a state of delayed progress.,e cost

Table 1: Component production cost.

No. Name of cost Content of cost
1 Labor cost of component production Higher salaries shall be paid to professional workers
2 Material cost of component production Basically the same materials as required by the traditional construction method

3 Mold cost of component production Cost of table molding, binding steel bar mold, concrete pouring mold, maintenance mold,
and finished component mold

4 Amortization expense Amortization fee based on specific types of components and specific quantities of molds

5 Cost of setting the embedded parts and
pipelines

Costs incurred in arranging the embedded parts and pipelines in the installation
components, mainly the pipeline costs

6 Management and storage cost Additional management and storage costs after maintenance of component productions
7 Water and electricity charges Electricity and water charges incurred by factory component production

Table 2: Component installation cost.

No. Name of cost Content of cost

1 Cost of vertical component
transportation Cost of vertically hoisting components

2 Labor cost of component
installation

Higher labor salaries shall be paid because the vertical hoisting of components requires higher
professionalism and proficiency.

3 Machinery cost of component
installation ,e cost generated by using machinery equipment during component installation

4 Material cost of component
installation Costs incurred by filling materials and connectors

5 Cast-in-place cost Cast-in-place cost for assembly
6 Amortization cost Amortization cost of tools
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of prefabricated buildings can be estimated by inputting the
construction period and cost analysis results of early stage of
the prefabricated construction project as well as the actual
status of the early stage of project into the project man-
agement software.

2.4. Mathematical Model of Cost Budget in Early Stage of
Prefabricated Construction Project. According to the esti-
mated cost in the early stage of prefabricated construction
project, the mathematical model of cost budget in early stage
of prefabricated construction project is constructed based on
project parameters. ,e items of material budget in early
stage of prefabricated construction project are shown in
Table 3.

,e project parameters are described according to the
type of project, in which the parameter of production
progress in the early stage of prefabricated construction
project is set to rg, the parameter of production calculation
period is set to T, the parameter of periodic component

production batch is set to N, labor demand cost is set to
L(P), machinery demand cost is set to L(c), other expenses
such as management fee are set to K, demand machinery
value is set to FL, site cost is set to AC, equipment rental cost
is set to F(c), the upper limit of transportation cost is set to
P(c), and the assembly cost is set to Asum.

,e production process in early stage of prefabricated
construction project can be summarized as follows: the first
if component production, followed by component assembly
and transportation. In this way, the cost in early stage of
prefabricated construction project includes construction
production cost, component assembly, and transportation
fee [19]. ,erefore, by setting parameters of production
progress in early stage of prefabricated construction project
as independent variables and the minimum budget cost as
the model objective function, then the mathematical model
of cost budge in the early stage of prefabricated construction
projects is established as follows [20]:

rg �
T

N
,

MinCost � A(c) 
T

0
L(p)dt + L(c) 

T

0
Adt + F(L) 

T

0
F(c)dt + K · P(c) · Asum.

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(8)

In formula 8, MinCost represents the minimum cost
budget in the early stage.

3. Experimental Research and Result Analysis

3.1. Experiment Design. ,e experiment of cost budget in
early stage of prefabricated construction project is carried
out by using the mathematical model of cost budget in early
stage of prefabricated construction project designed based
on improved neural network algorithm. With a total area of
920 square meters, the prefabricated construction project in
this experiment contains 14 floors in prefabricated struc-
tures of assembled shear wall. ,e prefabricated component
nodes are manufactured by secondary cast-in-place. ,e
outer wall of the building is made of prefabricated thermal
insulation Sandwich panel; the floor is made of concrete
prestressed composite slab; the load-bearing wall is made of
shear prefabricated wall panel; the staircase is prefabricated;
the inner partition wall is made of lightweight wall panel.
,e prefabricated parts involved in this prefabricated con-
struction project are listed as follows: prefabricated parts for
stair, prefabricated parts for laminated panel, prefabricated
parts for partition wall, shear wall, etc. Considering that it is
a prefabricated construction project, all the prefabricated
parts are produced at the prefabricated production base and
then transported to the construction site after maintenance.
Meanwhile, the transportation and production of pre-
fabricated parts for different places and floors are arranged
separately according to the specific project progress.

,e specific building parameters of this prefabricated
building project are shown in Table 6.

In this prefabricated construction project, all the floors
are standard, and the early stage is set to a six-day con-
struction period per floor. According to the building
structure and engineering quantity, the construction se-
quence is arranged reasonably and the whole project is
divided into three phases. ,e specific arrangements for the
construction of each floor are as follows: hoisting 60 pieces of
wall in the first construction phase, hoisting 60 pieces of wall
in the second construction phase, grouting sleeve in the first
construction phase, grouting sleeve in the second con-
struction phase, hoisting 30 pieces of wall in the third
construction phase, grouting sleeves in the third construc-
tion phase, binging steel bars with postcasting belts, rein-
forcing formwork with postcasting belts, erecting supportive
frames, hoisting composite beams, hoisting stairs, hoisting
of 60 pieces of composite slabs, hoisting 57 pieces of
composite slabs, preburying hydropower and other pipe-
lines, binding the upper stair reinforcement, supporting
formwork joints, and pouring concrete. ,e cost budget in
early stage of this prefabricated building construction is
estimated through the mathematical model. In order to
ensure the effectiveness and contrast of this experiment, the
original mathematical model of cost budget in the early stage
of prefabricated construction project is compared to the
mathematical model of cost budget in the early stage of
prefabricated construction project designed based on the
improved neural network algorithm in this paper. Among

4 Mathematical Problems in Engineering



Table 3: Items of material budget in early stage of prefabricated construction project.

No. Items of material budget Unit
1 Prefabricated PC wall components Cubic meter
2 Prefabricated PC floor (laminated) components Cubic meter
3 Prefabricated PC stair components Cubic meter
4 Prefabricated PC balcony components Cubic meter
5 Prefabricated PC air conditioning panel components Cubic meter
6 Prefabricated PC beam components Cubic meter
7 Rebar B300HR(D< 25) Ton
8 Screw-thread steel B225HR(D< 12) Ton
9 Concrete C30 (premixed) Cubic meter
10 Concrete C35 (premixed) Cubic meter
11 Fine stone concrete C20 (premixed) Cubic meter
12 Aerated light sand autoclaved block concrete Cubic meter
13 Specialized component grouting Ton
14 Remaining self-purchased materials (estimated value) —
,e items of labor cost budget in early stage of prefabricated construction project are shown in Table 4 [18].

Table 4: Items of labor cost budget in early stage of prefabricated construction project.

No. Items of labor cost Unit
1 Manual cleaning of foundation pit Cubic meter
2 Manual lashing of cast-in-place and steel bar making Ton
3 Manual assembly and wooden template making Cubic meter
4 Manual maintenance of cast-in-place and concrete pouring Cubic meter
5 Manual installation of prefabricated PC components Cubic meter
6 Tower crane driver, surveyor, and bell man Cubic meter
7 Manual masonry Cubic meter
8 Manual water resistance Cubic meter
9 Manual fitment Cubic meter
,e items of machinery budget in early stage of prefabricated construction project are shown in Table 5.

Table 5: Items of machinery budget in early stage of prefabricated construction project.

No. Name Unit Type
1 (Tower) crane Set ST50/20
2 Car crane Set 26T
3 Material hoist Set SES160

Table 6: Specific building parameters of this prefabricated building project.

No. Name of building parameters Specific parameters
1 Height 40m
2 Floors 14
3 Structure type Prefabricated structure of assembled shear wall

4 Specific floor height 3.6M at 1st floor
2.8M from 2nd to 14th floor

5 Covered area 920m2

6 Seismic grade 4.0 magnitude
7 Seismic intensity Scale 6
8 Specific flame resistance Level 2
9 Specific waterproof rating Level 2

11 Specific type of prefabricated part

Shear wall
Partition wall
Composite slab

Platforms, ladder beams, stairs
12 Building nature Residence
13 Plan view size 15× 40
14 Waterproof condition (roofing) Composite SBS waterproof
15 Production materials such as windows and doors High quality aluminum alloy
,e specific contracting situation of this prefabricated construction project is shown in Table 7.

Mathematical Problems in Engineering 5



them, the original mathematical model of cost budget in
early stage of prefabricated construction project includes the
mathematical model of cost budget in early stage of pre-
fabricated construction project based on cost control, ran-
dom function, and system dynamics. As learned from
comparing the performance of different mathematical
models of cost budget in early stage of prefabricated con-
struction project, that is, from analyzing the cost budget
accuracy of the experimental model, the higher the cost
budget accuracy, the more reasonable the cost budget result
of the prefabricated construction project and the better cost
budget performance [21].

3.2. Analysis Results. ,e result of comparative experiment
on cost budget performance between the original mathe-
matical model of cost budget in early stage of prefabricated
construction project and the mathematical model of cost
budget in early stage of prefabricated construction project
designed based on the improved neural network algorithm is
shown in Figure 1.

According to the result of comparative experiment on
cost budget performance between two different mathe-
matical models, the mathematical model of cost budget in

early stage of prefabricated construction project designed
based on the improved neural network algorithm is better in
cost budget accuracy. ,at means the cost budget perfor-
mance of the mathematical model of cost budget in early
stage of prefabricated construction project based on the
improved neural network algorithm is superior to that of the
original mathematical model of cost budget in early stage of
prefabricated construction project.

4. Conclusions

,e cost budget performance of the mathematical model of
cost budget in the early stage of prefabricated construction
project based on the improved neural network algorithm can
realize the improvement of cost budget performance in the
early stage of prefabricated construction project, which is of
great reference significance to accurate cost budget of the
overall prefabricated construction project.

Data Availability

Simulation data and our model and related hyperparameters
used are provided within the article.
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