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Abstract: In order to overcome the low accuracy and assembly rate of the
traditional construction cost estimation methods for prefabricated building, an
accurate estimation method of prefabricated building construction cost based
on support vector machine regression is proposed. The cost estimation
indicators for prefabricated building construction are selected, and the
indicators are preprocessed. The input vector for accurate cost estimation
models for prefabricated building construction is determined, including
prefabrication cost, assembly cost, direct cost, and indirect cost. A cost
estimation model based on support vector machine regression is constructed,
and Lagrange transformation is introduced for model training. The trained
model is used to obtain accurate cost estimates for prefabricated building
construction. The test results show that the cost estimation accuracy of the
proposed method is basically maintained at around 99%, and the assembly rate
is above 95%, which can ensure the cost estimation accuracy and has strong
applicability.
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1 Introduction

With the continuous deepening of social urbanisation, the number of urban buildings has
increased on a large scale. The construction industry plays a crucial role in it. In recent
years, with the continuous development of construction technology, a large number of
buildings have been built quickly in a relatively short time and cost (Zhao et al., 2021).
Among them, the emergence of prefabricated building has become a more eye-catching
construction project in the construction industry. Prefabricated building is a common
building casting method in which building parts are transferred to the factory for direct
processing, manufactured according to the size and demand of building parts, and then
assembled according to a certain connection method (Zhao and Chen, 2022).
Prefabricated building adopts information technology and other technologies, which has
become a popular construction method in architecture. This building form has been
widely used due to its advantages of saving manpower, significantly shortening
construction period, and high-quality environmental protection (Li et al., 2021). Although
prefabricated buildings are relatively easy to realise the rapid construction of buildings,
the cost of prefabricated building continues to rise due to the limitations of raw materials,
geographical location, etc. And because the size of prefabricated building components is
easily limited by production equipment, it cannot fully meet consumer needs. From this
point of view, the development of prefabricated building also has certain limitations. If
prefabricated building want to develop stably, they need to pay more attention to their
construction costs (Vassiliades et al., 2022). For this reason, people in this field have
designed many estimation algorithms for the construction cost of prefabricated building,
and have made certain achievements.

Wang et al. (2022) proposed to study the use of deep neural networks to estimate
construction project costs. In this study, it was pointed out that many construction cost
estimation methods overlook external economic factors, resulting in inaccurate estimation
of construction project costs. In order to quantitatively study these impacts, this study
uses the deep neural network as the Estimator, and the Shapley additive expansion
planning as the model interpreter. This analysis is also verified by using the comparative
analysis of several popular machine learning models in building cost estimation. The
results indicate that economic factors play an important role in reducing engineering cost
estimation errors. The research results will help stakeholders in the construction and
management fields make appropriate decisions, and help researchers reveal the actual
impact of other influencing factors on construction cost estimation. This algorithm has
good theoretical performance, but the corresponding influencing factors in estimation are
not detailed, and further refinement and improvement are needed. (Wu and Huang, 2021)
designed a cost estimation method for construction projects based on artificial
intelligence technology. Based on the theory of artificial neural network, genetic
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algorithm and engineering cost, a radial basis function optimisation model based on
genetic algorithm is proposed. This search feature combines the width, centre, and hidden
layer weights of the RBF network with genetic algorithm for self correction, greatly
improving the accuracy of model calculation results. In this method, four test samples
were tested based on the model’s error (actual output expected output), reducing the
estimated error value and improving the estimation effect. However, this method has
limited parameter selection in the model input, weak persuasiveness, and certain
shortcomings. Jiang et al. (2022) proposed an engineering cost estimation method based
on time series data. This method points out that investments in building materials, labour,
and other miscellaneous items should consider their significant costs. Based on these
reasons, this study focuses on analysing the construction cost from the perspective of
using a multivariate cost prediction model to predict the construction cost index and other
independent variables, and predicts the selected variables using social science statistical
package software and R program design application. Pearson correlation is used to
compare these predicted values with CCI to evaluate influencing factors. The ARIMA
model has the highest model fitting correlation and is the best predictive model.

In order to improve the accurate estimation of the construction cost of prefabricated
building, this paper designs a new accurate estimation method of prefabricated building
construction cost based on support vector machine regression. The main research
contents of this paper are as follows:

1 Analyse the construction cost composition of prefabricated building and screen the
construction cost estimation indicators of prefabricated building, obtain multiple cost
estimation indicators such as prefabricated cost, assembly cost, direct cost and
indirect cost, and use these indicators as the input vector of the accurate estimation
model of the construction cost of prefabricated building.

2 Based on the cost estimation indicators obtained, the indicator data with less impact
are removed, and the indicator data are normalised and checked for consistency, so
as to achieve the pretreatment of prefabricated building construction cost estimation
indicators.

3 On the basis of pretreatment of cost estimation indicators, build a cost accurate
estimation model based on support vector machine regression, introduce Lagrange
transform to train the model, and use the trained model to obtain accurate
construction cost value of prefabricated building.

4 Design of experimental plans and analysis of experimental methods.

2 Screening and pretreatment of prefabricated building construction cost
estimation indexes

2.1 Selection of construction cost estimation indicators for prefabricated
building

In order to realise the construction cost estimation of prefabricated building, it is
necessary to clarify the construction cost composition of prefabricated building before
index screening. There are significant differences between prefabricated building and
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traditional buildings. It is necessary to understand the cost composition of the building
before estimating its cost (Akanbi and Zhang, 2021). Prefabricated building mainly refers
to the type of building that some or all of the prefabricated parts are processed in the
factory and connected through a certain degree. It can be seen from its production process
that the cost of prefabricated building includes labour costs, site costs and transportation
costs. In the prefabricated building project, the cost of the building components in the
early stage is consistent with that of the traditional building structure, which is mainly the
cost of materials. However, due to the change of construction methods, the proportion of
various costs has also changed significantly (Chen, 2022). In addition to traditional
building costs, this building model also increases the production cost, transportation cost,
and construction site prefabrication cost of prefabricated components. The specific
composition is shown in Figure 1.

Figure 1 Schematic diagram of construction cost composition of prefabricated building
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As shown in Figure 1, the construction cost of prefabricated building is complicated,
including many cost types of major and minor items. In order to effectively estimate the
construction cost of prefabricated building, on the basis of analysing the construction cost
composition of prefabricated building, it is also necessary to further analyse the
relationship between costs to reduce the difficulty of estimation.

Based on the analysis of the construction cost composition of prefabricated building,
the index system of this estimation is constructed, which is the key parameter of this
estimation. Most of the costs in the construction cost of prefabricated building are the
prefabrication costs and assembly costs (Daud and Malik, 2022). The prefabrication cost
of prefabricated building in this indicator is reflected by the prefabrication rate
(Bettinger, 2021), namely:

b3
=————x100% 1
Vi= Ay o Q)
In formula (1), y, represents the prefabrication rate, b’ represents the volume of

prefabricated materials, and ¢’ represents the volume of cast-in-place materials.
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The influence of the prefabrication rate of prefabricated building on the total cost is
shown in Figure 2.

Figure 2 Schematic diagram of the influence of prefabrication rate of prefabricated building on
total cost
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The assembly cost is composed of the proportion of prefabricated parts, commodity
quantity and other products. The assembly cost in the construction cost of prefabricated
building is reflected by the assembly rate (Bodendorf et al., 2021), namely:

+p, +
p=PiTP2T P 100% Q)
100 p,

In formula (2), p, represents the cost of the main assembly structure, p, represents the
cost of walls and interior walls, p, and p, represent the cost of decoration and
equipment installation, and P represents the total cost.

According to the different rated consumption, the construction cost of prefabricated
building can also be divided into direct cost and indirect cost, which are also key
estimation indicators. The rated consumption of prefabricated parts in prefabricated
building refers to the amount of materials needed to make prefabricated parts, and the
amount of this parameter is directly related to the construction cost (Aguirre et al., 2021).
There is a linear relationship between rated consumption and direct cost, as shown in
Figure 3.

As can be seen from Figure 3, the direct cost of prefabricated building construction
increases with the increase of rated consumption. At the beginning, the rated
consumption is less, but the construction cost is higher. This is because there are more
machinery, labour and materials invested in the initial construction, which is more stable
in the middle stage. Point B becomes an extreme point of rated consumption in this
stage (Gauch et al., 2023), and its rated consumption corresponds to point Q" , This value
can be regarded as a normal consumption, where C” is the critical cost among direct
costs; As the construction stages vary and the amount of materials invested increases, the
direct cost continues to rise.
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Figure 3 Schematic diagram of the linear relationship between rated consumption and direct cost
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The indirect cost in the construction cost of prefabricated building is included in the
project cost in the mode of apportionment, which has a positive proportion relationship
with the quota consumption. As the quota consumption increases, the more the indirect
cost apportioned, the greater the proportion relationship between them (Mahmoodzadeh
et al., 2022a). The positive proportion relationship between fixed consumption and
indirect costs is shown in Figure 4.

Figure 4 Positive proportional relationship between quota consumption and indirect costs
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As shown in Figure 4, point A in the figure represents the minimum fixed consumption,
denoted by Q°, and its indirect cost is C*, point B represents the corresponding
consumption of Q", and point C” represents the corresponding indirect cost. Assuming
that the indirect cost between point A and point B is an indirect rate, the relationship
between the two can be expressed as:

¢(x)

3 Cn _ CS
Qn _ Q.v

In formula (3), c(x) represents the indirect rate.

3

In the screening of prefabricated building construction cost estimation indicators,
analyse the construction cost composition of prefabricated building, and screen the
prefabricated building construction cost estimation indicators as prefabrication cost,
assembly cost, direct cost and indirect cost. Then analyse the proportional relationship
between cost indicators and between quota consumption and indicators, and complete the
screening of prefabricated building construction cost estimation indicators.

2.2 Pretreatment of prefabricated building construction cost estimation
indicators

Based on the cost estimation indicators for prefabricated building construction selected in
Section 2.1, some indicators are preprocessed to ensure the accuracy of subsequent
analysis. In the screening of prefabricated building construction cost estimation
indicators, there are many other branch indicators in the four key indicators of
prefabricated cost, assembly cost, direct cost and indirect cost, and there are also
indicators with less impact in these indicators. Such indicators are bound to affect the
accuracy of estimation (Ye, 2021). For this reason, this paper further preprocesses the
selected estimation indicators.

In this preprocessing study, a multi-level structural model was constructed to select
key indicators for decision-making. The target layer includes three types: target indicator
layer, intermediate indicator layer, and indicator layer (Zhang et al., 2021). Among them,
the first layer is the key indicator, and the intermediate indicator layer and target layer
need to determine the important indicators based on specific cost estimates. Set the
intermediate indicator layer set representation as:

D=(D,D,,..,D,) (4)
Set the indicator set of the target layer as:

F=(F,

11>

E,,...,F,) ®)

122" mn

At this point, it is necessary to construct a judgement matrix to distinguish the criticality
of indicators in the intermediate indicator layer and the target layer, namely:

H= (hij )mxn (©)

In formula (6), H represents the judgement matrix, and /%, represents the judgement
rules of the judgement matrix.
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According to the constructed judgement matrix (Dasovi and Klanek, 2021), the
importance of cost indicators in formulas (4) and (5) is determined. Among the results
obtained, the key indicators in the middle indicator layer are:

W(D,),h(D,),..h(D,,)
h(D,)h(D;),h (D)

H(D)=(h;) = )

WDy ) h(D,y) (D)

In formula (7), H(D) represents the judgement matrix for key indicators in the
intermediate indicator layer.
The key indicators in the target layer are:

h(F,),h(E,),h(F,,)

h(Fy),h(Ey ), h(Fy,)

H(F)= (hi/' )mxn - ®)

W(F) h(Fn).h(F,)
In formula (8), H (F) represents the key indicator judgement matrix of the target layer.
After processing the indicators in the intermediate indicator layer and the target layer,
it is necessary to further determine the criticality of the construction cost indicators in the
target indicator layer. This processing is completed by calculating weights (Jarndal et al.,
2021), and the results obtained are:

g -3k

i=1 I’lVl-

(€))

In formula (9), B, represents the maximum weight value of the construction cost
indicator in the target indicator layer, v, represents the indicator entropy value, and (r)
represents the initial indicator data sample value.

After determining the criticality of all the construction cost indicator data mentioned
above, in order to facilitate subsequent estimation research, it is necessary to normalise

and verify the consistency of all indicator data. The normalised result is represented as:

i

= (10)

n
Zi:lu"

In formula (10), g, (x) represents the normalisation model of construction cost indicator
data, and u, represents the number of all required normalisation indicators.

The verification result of the consistency of construction cost indicators is expressed
as:

& (x) =

Cr = o1 (1
n—1

In formula (11), J,, represents the maximum eigenvalue of the indicator, and CI

represents the consistency check result.
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The pre-processing realisation process of prefabricated building construction cost
estimation indicators is shown in Figure 5.

Figure 5 Pre-processing implementation process of prefabricated building construction cost
estimation indicators
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In the pretreatment of construction cost estimation indicators for prefabricated building,
the decision-making and selection of key indicators are carried out by building a multi-
level structure model, the key degree of indicators in different levels is calculated to
remove the indicator data with less impact, and the indicator data is normalised and
checked for consistency, so as to achieve the pretreatment of construction cost estimation
indicators for prefabricated building.

2.3 Accurate cost estimation based on support vector machine regression

Using the preprocessed results of the indicators in Section 2.2 as the input vector for the
precise cost estimation model of prefabricated building construction, which mainly
includes prefabricated costs, assembly costs, direct costs, and indirect costs, a cost
estimation model based on support vector machine regression is constructed. The
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Lagrangian transform is introduced to train the model, and the trained model is used to
obtain accurate cost values of prefabricated building construction. On the basis of the
above analysis, in order to achieve accurate cost estimation of prefabricated building, this
paper introduces support vector machine regression algorithm to design the final cost
estimation algorithm. Support vector machine regression algorithm is developed on the
basis of support vector machine. This algorithm can not only perform effective
classification, but also perform nonlinear regression fitting (Mahmoodzadeh et al.,
2022b). The principle of this algorithm is to map low dimensional nonlinear problems to
high-dimensional spaces for transformation, and then perform linear processing to obtain
the optimal solution. In the design of this algorithm, steps such as selecting input
variables, kernel functions, model training, and parameter optimisation are required. This
algorithm can reduce the estimation error and improve the estimation accuracy in the
construction cost estimation of prefabricated building. This algorithm can improve the
accuracy of cost estimation based on its own experience and machine learning. The basic
empirical structure diagram of this algorithm is shown in Figure 6.

Figure 6 Schematic diagram of support vector machine regression algorithm
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The design and implementation process of a cost accurate estimation algorithm based on
support vector machine regression is as follows:

Process I: Determine the input sample set of prefabricated building construction cost
estimation indicators, and map the indicators to a high-dimensional space by establishing
a regression function. The sample set of prefabricated building construction cost
estimation indicators is expressed as:

{(x,,x,),i =1,2,...,n} (12)

The results of establishing a regression function mapping to high-dimensional space are
represented as:

f(x)=wy(x)+b (13)
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In formula (13), f(x) represents the regression function model, y(x) represents the
nonlinear mapping function, b represents the offset value, and w' represents the
multidimensional space of the mapping.

Process 2: Selection of kernel functions. When using support vector machine regression,
the choice of kernel function has a greater impact on the estimation of the construction
cost of prefabricated building. There are many types of kernel functions, but the radial
basis function has better performance. The expression of this function is:

2
=

o (14)

K(xl.,xj)=exp -

In formula (14), K (x,.,xj) represents the radial basis kernel function model, and 0
represents the kernel parameter. If the function is too small, it will result in poor
generalisation ability of the estimation. Therefore, the selection of this value should be
more appropriate.

Process 3: Build a cost accurate estimation model based on support vector machine
regression. The cost index data of prefabricated building are screened through the input
of the model, and further optimised according to the output results, so as to improve the
accuracy of the algorithm. The topology structure of the cost accurate estimation model
based on support vector machine regression is shown in Figure 7.

Figure 7 Topological structure of cost accurate estimation model based on support vector

machine regression

It can be seen from the analysis of Figure 7 that the input vector of the cost accurate
estimation model based on support vector machine regression is the prefabrication cost,
assembly cost, direct cost and indirect cost, and the output vector is the construction cost
value of accurate prefabricated building.

The constructed model is represented as:

y:i(t(xn’x))J.K(xn’x)anyn (15)

In formula (15), K(x,,x) represents the nonlinear transformation function, ¢

no n

represents the weight, y, represents the expected output value, and ¢ represents the
threshold.
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Process 4: On the basis of the above initial output of prefabricated building construction
cost estimation output results, due to the constant changes of indicator variables, such as
the fluctuation of material costs, the cost estimation will have some errors. Therefore,
optimisation is still needed in this process. Lagrange transformation is introduced to
realise model training, namely:

nom m,n

y(x)=MAX —%ZZt(xi,x,.)—an > z(x) (16)

i=1 j=1 i=1,j=1

In formula (16), z(x) represents the estimation error function.

To sum up, this paper mainly determines the input sample set of prefabricated
building construction cost estimation indicators, maps the indicators to a high-
dimensional space by establishing a regression function, selects the radial basis function
kernel function to reduce the generalisation of the estimation, builds a precise cost
estimation model based on support vector machine regression, introduces Lagrange
transformation optimisation to train the model, and realises the research on prefabricated
building construction cost estimation.

3 Experimental analysis

3.1 Experimental plan

To verify the feasibility of the proposed estimation method, an experimental analysis was
conducted. In the experiment, a prefabricated building that is being installed in a certain
place is selected as the estimation object. In this study, the cost of prefabricated
components is fixed, and there are certain changes in their pre assembly costs and
assembly costs. The prefabricated building consists of prefabricated components such as
block building, plank building, skeleton plank building, exterior wall panels, stairs, etc.
Parameters such as component cost of prefabricated building in this experiment are
shown in Table 1.

Table 1 Experimental parameters

Parameter Content Content
Rebar/kg/yuan 5 135
Concrete (C30)/m’/yuan 450 1.0
Hardware accessories/items/yuan 100 1.0
Production labour/m*/yuan 750 1.0
Transportation of prefabricated parts/m’/yuan 300 1.0
PC components/m*/yuan 305 1.0
Rough assembly/m*/yuan 405 1.0
Iterations 100 -
Data processing software Spss10.0 -

Utilise multiple channels to obtain cost data for supporting buildings, and clean the data
collected at the location to ensure the reliability of experimental data. Not so, in order to
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ensure that the experimental data can be input into the simulation software, it is necessary
to normalise the experimental data to ensure that the data length is consistent and can be
smoothly input into the computer. The types of experimental data used in this experiment
are as follows:

1 Prefabrication cost: during the construction of prefabricated building, the
prefabrication cost refers to the cost related to the production and transportation of
prefabricated components, mainly including the production cost of prefabricated
components, transportation cost, loading and unloading cost, infrastructure cost,
equipment and facilities cost, etc.

2 Assembly cost: during the construction of prefabricated building, assembly cost
refers to the costs related to the assembly and installation of components, mainly
including labour costs, tools and equipment costs, construction site preparation costs,
safety measures costs, quality control costs, management costs, etc.

3 Direct costs: the direct costs during the construction of prefabricated building mainly
refer to those costs directly related to specific components and materials. Direct costs
are an important part of the construction of prefabricated building and are crucial to
the cost control and funding of the project, mainly including material costs,
infrastructure costs, auxiliary materials and small tools costs.

4 Indirect costs: Indirect costs in the construction process of a modular building refer
to costs that are not directly related to specific components and materials, but have
an impact on the entire construction project. They mainly include design costs,
engineering management costs, building permits and approval costs, project
insurance costs, quality control and testing costs, building site rental costs, office
equipment and personnel costs, legal and compliance costs Management software
and technical support costs, etc.

Based on the above designed experimental scheme, the experimental test indicators
selected in this test are the construction cost estimation accuracy of prefabricated building
and the assembly rate after cost estimation among them. The accuracy of construction
cost estimation is mainly based on the estimation of the prefabrication cost, assembly
cost, etc. of prefabricated building, and the accuracy after comparing the result with the
actual cost of the actual assembly cost; The assembly rate after cost estimation refers to
the ratio of prefabricated components to all components within the scope of single
building after cost estimation of prefabricated building. This indicator indirectly reflects
the reliability of cost estimation. The higher the assembly rate, the more realistic the
estimated cost is. In order to ensure the effectiveness of the experiment, multiple
experimental verifications were conducted on the data obtained in the experimental study,
ensuring that the obtained data meets the experimental requirements and can verify the
effectiveness of the proposed method.

3.2 Analysis of experimental results

The method adopted in this paper, method of Wang et al. (2022) and method of Wu and
Huang (2021) were compared. For the selected sample prefabricated building, 100 cost
estimates were made, mainly for prefabrication costs, assembly costs, etc. The estimated
accuracy results are shown in Figure 8.
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Figure 8 Accuracy results of prefabricated building construction cost estimation (see online
version for colours)
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From the analysis of the test results in Figure 8, it can be seen that there are significant
differences in the accuracy of the construction cost estimates for the selected sample
prefabricated building using the three methods. Among them, from the bar chart results,
the estimation accuracy of the method in this paper is basically maintained at about 99%,
and the estimation accuracy of his two methods is far lower than that of the method.
Compared with one of the three methods, the accuracy of the method in this paper is
better, which verifies the feasibility of the proposed method in the three methods.

After estimating the cost, the experiment further used three methods to analyse the
assembly rate of the sample prefabricated building after evaluation, and the results
obtained can indirectly reflect the rationality of the method. The assembly rate results of
the three methods are shown in Table 2.

Table 2 Results of assembly rate of prefabricated building with different method samples (%)

Method of Wang et al. Method of Wu and Huang

Iterations Method in this paper (2022) (2021)
20 96 87 85
40 96 85 83
60 96 85 82
80 95 83 80
100 95 82 80

Analysing the experimental data in Table 2, it can be seen that as the number of iterations
continues to change, method in this paper, method of Wang et al. (2022) and method of
Wu and Huang (2021) after estimation, the assembly rate of prefabricated building has a
certain change. Among them, the method with the highest assembly rate is method in this
paper, which remains above 95%, followed by method of Wang et al. (2022), and finally
method of Wu and Huang (2021). Comparing the results of assembly rate, it can be seen
that the method in this paper performs better.
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4 Conclusion

As a rapid, efficient and sustainable construction method, prefabricated building has
attracted more and more people’s attention. Accurately estimating the construction cost
of prefabricated building is of great significance for budget planning and project
decision-making. Therefore, this paper proposes to design an accurate estimation method
of prefabricated building construction cost based on support vector machine regression.
Select the prefabricated building construction cost estimation indicators as prefabrication
cost, assembly cost, direct cost and indirect cost, input the processed indicator data into
the trained accurate cost estimation model based on support vector machine regression,
and obtain the prefabricated building construction cost estimation results. The test results
show that the accuracy of the proposed method in estimating the construction cost of
prefabricated buildings is basically around 99%, and the assembly rate is above 95%.
Therefore, this method has the characteristics of high accuracy in estimating the
construction cost of prefabricated buildings and assembly rate, and has certain feasibility.
This paper accurately estimates the construction cost of prefabricated building, which can
provide important reference information for decision makers and promote the application
and development of prefabricated building. Future research will further improve the cost
estimation model and further explore the advantages of prefabricated building in terms of
sustainability and economy.
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