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In the process of building construction, traditional architectural design and construction methods take a long time. The built
buildings perform poorly in terms of energy usage and energy conservation. The study expects to explore the potential safety
hazards of prefabricated buildings during the construction process. On this basis, a modelling study of the construction process
is carried out. The study uses Digital Twins (DTs) technology and prefabricated Building Information Modelling (BIM) to
conduct in-depth modelling research on the building construction process. The prefabricated building construction system
oriented to DTs technology can well solve the problems of structural damage and deformation in the production, trans-
portation, and assembly process of building components. Especially in prefabricated buildings, it can monitor and accurately
predict the damage of building components that may occur in the entire system due to structural problems and material
problems in real time. Regarding the building information model, the study uses third-party software to transfer the assembly
information to the network cloud to further realize the display of the BIM. The study shows that the maximum value of the
effective risk cases selected is 130, and its effective rate is 100%; after processing the data, it is found that the initial value is
always stable, and its value is 1; the extracted value is always changing, the maximum value is 0.86, and the minimum is 0.75. By
this result, the conclusion is that DTs technology and BIM can effectively monitor the indicators of risk problems during the
construction of prefabricated buildings and can further reduce potential safety hazards. Through building information
modelling, the development of intelligent industrialization of building construction design and the in-depth study of con-
struction modelling has practical application value.

1. Introduction

With the vigorous development of science and technology,
society is advancing rapidly, and the country’s economic
development is getting faster and faster. These changes and
developments are inseparable from the contributions made
by the construction industry [1-3]. The construction field
has gradually changed from the traditional building of
houses to the mode of intelligent and scientific construction.
With the acceleration of the process of urbanization in
China, the construction of prefabricated buildings [4-6] has
gradually become a new trend of the times. Under this new
trend, the system design and modelling of prefabricated
buildings [7-9] have become the focus of attention by related
researchers in the architectural field.

The in-depth analysis is conducted from a broader per-
spective. By the traditional architectural system, prefabricated
buildings [10-12] optimize the allocation and combination of
resources for the structure, system, and management of tradi-
tional buildings according to the needs of customers. Pre-
fabricated buildings enable customers to further experience
more efficient, comfortable, and acceptable humanized building
clusters. The biggest difference between prefabricated buildings
and traditional buildings is that prefabricated buildings are
essentially industrialized manufacturing. It can customize all the
construction of the building according to the customer’s pre-
determined order and transport the new construction to the job
site for reasonable assembly. The advantage of prefabricated
buildings is that they can save a lot of time and complete tasks
with high quality. The disadvantage of prefabricated buildings is
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that the cost is too high and the height of the building is limited.
Relevant researchers have conducted a lot of research on the
construction of prefabricated buildings. Studies have shown that
the rapid development of prefabricated buildings in Denmark is
very prominent. Meanwhile, researchers put forward the le-
galization of modulus and successfully used it as a standard
blueprint for modulus coordination. For the building assembly
system, this overcomes the original assembly monotonous ar-
chitectural style and realizes the diversification of the building
construction process. The development of prefabricated build-
ings in China is to gain experience from Soviet architecture and
develop in-depth. In recent years, Digital Twins (DTs) tech-
nology [13-15], as a concept beyond reality, has been widely
used in product design, product manufacturing, medical anal-
ysis, and engineering construction. The DTs technology can map
the building entities in the real physical space to the virtual space,
which has a certain impact on the construction of prefabricated
buildings. DTs technology [16-18] is applied to prefabricated
buildings, enabling the entire system to realize intelligent en-
gineering from a single building component, a single device to a
large-scale building. On the construction and safety issues in the
building process, Li et al. [19] used solar-driven photo-
electrochemical technology to study building materials. The
results show that low-viscosity dopants can increase the con-
struction strength of buildings. Shams et al. [20] studied the
safety construction restoration planning in building renovation
projects. They have combined the cost and duration of the
project to evaluate alternative construction schedules. The results
show that the construction of fire safety facilities can have an
impact on the final construction schedule. Kochovski et al. [21]
used the fog computing method to construct smart and safe
building applications. The privacy protection data management
through the smart contract of Ethereum shows that the use of
fog computing helps to improve the response rate, privacy, and
security.

According to the existing research and the problems, to
make the prefabricated building more efficient in the con-
struction process, the study adopts the DTs technology and
the Building Information Modelling (BIM) to discuss the
process modelling of prefabricated building. The innovation
here is that the construction process in the real physical
environment is easily affected by factors such as weather
conditions and air pollution. The DTs technology is intro-
duced to map the actual situation of the prefabricated
building to the virtual space and to conduct further mod-
elling research. Combining BIM and DTs technology, pre-
fabricated building construction has been studied. The
prefabricated building is provided with theoretical support,
which is of great significance.

2. Materials and Methods

2.1. DTs Technology. The prefabricated building construc-
tion system of DTs technology [22-24] can solve the
problems of structural damage and deformation in the
production, transportation, and assembly process of
building components. It should be noted that the DTs
technology in prefabricated buildings can monitor and
accurately predict the damage of building components in the
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entire system, which may occur due to structural problems
and material problems. The realization of this process can
effectively improve the safety and reliability of the pre-
fabricated building in the entire construction process. In
addition, DTs technology [25-27] can also effectively im-
prove the construction process of prefabricated buildings.
Figure 1 is a framework diagram of the DTs application.

DTs technology is the digital representation of physical
processes, people, places, systems, or equipment. DTs tech-
nology can promote the development of industry towards
intelligent development, and it is an important guarantee for
the development and construction of modern cities. Many
scientific research scholars have conducted research on the
digitalization process of intelligent industry. In response to
the challenges faced by traditional manufacturing, some
scholars have proposed a DTs-driven sustainability evaluation
information system structure for intelligent manufacturing
and dynamic evolution throughout the life cycle. In the end,
the effectiveness of the proposed DTs information architec-
ture and sustainability evaluation method is verified. Related
researchers have constructed a virtual intelligent network
space architecture Intelligent DTs-Software Defined Virtual
Networks (IDT-SDVNs). Simulation and performance
analysis of IDT-SDVNs have verified its effectiveness. Others
have used machine learning and DTs technology to build an
ECG heart rhythm classifier to diagnose and detect heart
diseases. Experts in related fields have found that the com-
bination of accurate BIM and big data generated by Internet
of Things (IoT) sensors makes the data in modern cities more
accurate and transparent. The public and open DTs model
makes smart city industrialization planning more precise. The
meaning of DTs technology is to simulate the real objects in
real life through digital models in the real world, to construct
virtual models of different dimensions and different disci-
plines. The characteristics of this virtual model are the
combination of virtual and real, iterative operation, and real-
time interaction. Prefabricated buildings can fully apply this
technology. Figure 2 is a framework of the interaction be-
tween the virtual space and the real space of DTs.

DTs technology is widely used. Due to its technical
characteristics, the difficulty of integrating intelligent
manufacturing and physical space, and the key character-
istics in practice, it is used by various industries. The
management and control system for DTs technology in-
cludes three parts: the prefabricated building application
layer, the prefabricated building model layer, and the pre-
fabricated building. Each part is divided into different
subsystems. The subsystems of the application layer are
collaborative process planning, optimization of production
parameters, and management and control of the production
environment. The subsystems of the model layer are the
design and manufacturing collaboration model, the pro-
duction management optimization model, and the quality
control management model. The subsystems of the data
layer are environmental data, material data, and machine
data. Figure 3 presents the operation and maintenance of the
prefabricated building system oriented to DTs.

Prefabricated buildings are complicated in the process of
component transportation and assembly, and knowledge of
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FiGure 1: DTs application framework.

many disciplines has been applied. The management control
system is designed and constructed, and the construction of
this system has brought great benefits. The management and
control system oriented to DTs can carry out good sched-
uling control in all aspects of building structure and ma-
terials. Figure 4 is a frame structure diagram of DTs and the
production process.

The measurement and control of prefabricated building
entities is an important communication method between
DTs technology and building entities. The data collection of
the prefabricated building is completed through monitoring
sensors, which further drives DTs. In this process, the dis-
placement and rotation torque of the building components
during the assembly process will be effectively monitored.
The data are transmitted and processed, and each element of

the assembly process is effectively controlled. Figure 5 is the
solid frame of the survey and assembly building.

In the model algorithm, the collected prefabricated
building image data are expressed as the following objective
function. The principle of the objective function can be
expressed as follows:

n

min lew + uii(l —(wa‘ + b)yi). (1)

w,b,s,y, P
In Equation (1), w represents the weight matrix, w’
represents the transposition of the weight matrix, x’ repre-
sents the input, y; represents the output, b represents the
deviation, A, represents the eigenvalue of the matrix, and u;;
represents the element value of the i-th row and the i-column.
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In Equation (2), s is the similarity matrix between
samples. Equation (2) is a supplement to Equation (1).

T
s +s
L,=D,~ : (3)
2
In Equation (3), D, € R refers to a diagonal element, s
represents the coefficient matrix and s’ represents the
transposition of the coefficient matrix.

Z@Hﬁ”t =t+1. (4)

When further training the constructed model algorithm,
the learning rate update strategy and the polynomial decay
learning rate adjustment method are adopted, specifically
expressed as follows:

power
) : (5)

The initial learning rate is 0.0004, and the power is set to
0.8. In the training process, weighted cross entropy (WCE) is
used as a cost function to optimize model training. z (x, 6)
refers to the unnormalized log probability value of the pixel x
of the k-th category under the given network parameters. The
definition of softmax function p; (x, ) is shown as follows:

o epoch
initr x (1 - ————
max_epoch

exp{z; (x,0)} .
ZkK exp{zk, (x, 9)}

Pk (x> 9) = (6)

In Equation (6), K represents the total number of image
data categories. In the prediction phase, when Equation (6)
takes the maximum, pixel x is marked as the k-th category;
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k * = arg max{P, (x, 0)}. For ease of description, note N as
the total number of pixels contained in the training batch
image data. y; means the true semantic annotation of pixel
x;. pr(x;, 0) represents the prediction probability that pixel
x; belongs to the k-th semantic category. In other words, the
probability value after logarithmic normalization is simply
marked as p;;. The training process aims to find the optimal
network parameter 0% by minimizing the WCE loss
function £(x,0); that is, 0% is 6% = min€(x,0). In the
process of assembly building constructiofi, the unbalanced
training samples in the extracted image data usually make
the network focus on some easily separable categories. In
order to solve the problem of poor sample identification,
Online Hard Example Mining (OHEM) strategy is used in
the experiment to optimize the network training process.
The improved loss function is shown as follows:

£(x,0) =

1 N K
8(yi =k, pu <n)log py.
Zf\:’l Zf:l 8(yi =k pu<n) ;k; ¢ ¢
(7)

n € (0,1] means a predefined threshold, and §(-) means a
symbolic function. When the condition satisfies, it is equal to
1; otherwise, it is 0. The definition of loss function of as-
sembly building construction fusion weighting is shown as
follows:

N K
£(x,0) = - Z Z wikqilog P (8)
i=1 k=1

=1

Qi = q(y; = klx;) refers to the true label distribution of pixel
x; in the k-th category. wy is the weighted coefficient. In the
training process, the calculation strategy in Equation (9) is
adopted:

1
Y% " n (c+ puc)

In Equation (9), ¢ refers to the extra super parameter,
which is set to 1.0 during the experiment.

(9)

2.2. Prefabricated BIM. In the prefabricated building system, if
the building is compared with a physical system, then the
intelligent building is the effective integration of people,
building entities, and building information virtual entities. The
life cycle (LC) of prefabricated buildings is to use artificial
intelligence, big data, and IoT to predict. When some scholars
evaluated the LC of prefabricated buildings, they proposed a
link prediction method by similarity, which only relies on
limited known data to estimate the missing unit process data.
This calculation method shows the potential of LC prediction
and estimation in prefabricated buildings. Some foreign experts
proposed an energy management system model of fabricated
building microgrid by battery energy storage. The simulation
suggests that the framework can estimate the construction
operation cost more accurately and improve the overall per-
formance of the battery as a flexible resource in the con-
struction microgrid. In addition, some people have proposed a
two-stage optimization model framework for the integrated
optimization planning of renewable energy resources (RERSs)
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FIGURE 3: Operation and maintenance of the prefabricated building system for DTs.

and batteries in prefabricated buildings by prosumer energy
management. Finally, the effectiveness is verified by perfor-
mance evaluation. In the field of prefabricated buildings, some
scholars have predicted the LC of power transformers. It is
found that the mean absolute percentage error (MAPE) of the
model on the test set is only 5.20%, and the accuracy is sig-
nificantly higher. Although there are many data analysis studies
on prefabricated buildings in the urban process, there are few
studies on the analysis of prefabricated buildings in smart cities

by using DTs technology, and there are few studies on the
digital development of prefabricated buildings. A risk pre-
diction model by DTs technology is proposed for the feature
extraction of multisource data of prefabricated buildings, which
is of great significance to the digital development and safety
maintenance of prefabricated buildings in modern cities.
BIM [28-30] can be displayed in the form of web pages.
By its complexity, the study uses third-party software to
transmit assembly information to the network cloud to
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further realize the BIM model presentation. In the BIM
platform, the study can zoom in and zoom out the BIM
model. Figure 6 shows the BIM model of assembly building
rotating cloud.

The assembly BIM can conduct in-depth and effective
modelling research on the construction process. In addition,
the prefabricated construction system for DTs technology
can well solve the structural damage and deformation of
construction components in the production, transportation,
and assembly process. It can real-time monitor and accu-
rately predict the damage of building components due to
structural and material problems in the whole system. The
practical application of the BIM model in China can be
reflected in the four stages of design, assembly, maintenance,
and operation management. Figure 7 is the process diagram
of BIM technology application.

The monitoring data of the assembly construction
process are simulated and analysed, and the whole con-
struction process is effectively monitored by feedback

control. The construction monitoring process of the
building is shown in Figure 8. First, the drawings are
designed, and the specific construction scheme is formu-
lated into equations. Second, the design compliance cal-
culation and presimulation calculation are carried out.
Third, the monitoring instruction file is issued for the next
stage of construction, and further construction monitoring
is carried out. Finally, data are analysed. Figure 8 is the
schematic diagram of the assembly building construction
monitoring process.

3. Results

3.1. Analysis of Construction Results of Prefabricated Buildings
Oriented to DTs Technology. The study models according to
the DTs technology prefabricated building. Regarding the
risk in construction, data processing of specific indicators is
carried out, and the specific results are shown in Figure 9.
Cronbach’s alpha is used to measure the reliability of the
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FIGURE 6: BIM model of assembly building turning cloud.
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data. Cronbach’s alpha value is between 0 and 1, and the
value in the 0.8-0.9 interval is considered to be very reliable.
For valid risk cases, when the maximum value is 130, the
effective rate is 100%. For invalid cases, its value is 0, which
means that the collected data are all valid. Figure 9 is a data
diagram of the risk index situation of the prefabricated
building construction.

Figure 9 shows the common factor variance data of the
risk indicators during the construction of the prefabricated
building, so the Kaiser-Meyer-Olkin (KMO) factor needs to
be verified. In general, the value of KMO is greater than 0
and less than 1. The closer the KMO value to 1, the stronger
the correlation between the factors. If the value of KMO is
closer to 0, the correlation between the factors is poor. If the



Advances in Civil Engineering

On-site construction
inspection

Data analysis

Feedback control
measures

Monitoring whether
the work is completed

FIGURE 8: Schematic diagram of the monitoring process of prefabricated building construction.

140

120

80

Parameter value

40

20

T
Efficient

Excluded a Total

Different factors

—s— Number of cases
—e— Percentage

FIGURE 9: Data diagram of risk indicators for prefabricated building construction.

value of KMO is less than 0.5, the selected index is not
suitable for factor analysis. After processing the data, it is
found here that the initial value has been very stable, and its
value is 1. The extracted value is always changing, the
maximum is 0.86, and the minimum is 0.75. The experi-
mental results show that the correlation between the factors
is better. Figure 10 is a data diagram of the variance of the
common factor of the risk indicators of the prefabricated
building during the construction process.

3.2. Analysis of BIM Results. The research analyses the data
through BIM, combined with the specific conditions of

the risk indicators, and the results shown in Figure 11 are
obtained. In Figure 11(a), the maximum value of vari-
ance is 52.12% and the maximum cumulative value of
each indicator is 65.02%. In Figure 11(b), the maximum
value of variance is 52.12% and the maximum cumulative
value of each indicator is 58.97%. In Figure 11(c), the
maximum value of variance is 18.45%, and the maximum
cumulative value of each indicator is 45.02%. The in-
fluence of the indicators on the total variance is analysed
and extracted, and the cumulative explanatory rate of
these three indicators is 65.02%. Figure 11 shows the total
variance data of the risk indicators during the con-
struction process.
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4. Conclusions

With the acceleration of China’s urbanization process,
prefabricated building construction has gradually become
a new trend of the times. Under the trend of this new era,
the system design and modelling of prefabricated build-
ings have become the focus. DTs technology and pre-
fabricated BIM are used to conduct in-depth modelling
research on the building construction process. The
method of building an information model is adopted, and
third-party software is used to transmit the assembly
information to the network cloud. Through the in-depth
modelling research of the building construction process,
the BIM display is further realized. The prefabricated
building construction system oriented to DTs technology
can well solve the problems of structural damage and
deformation that occur during the production, trans-
portation, and assembly of building components. Pre-
fabricated buildings can monitor and accurately predict
the damage of building components that may occur in the
entire system in real time. This study uses third-party
software to transfer the assembly BIM to the network
cloud to further realize the BIM model display. The
conclusion is as follows: DTs technology and BIM eftec-
tively monitor the indicators of risk problems in the
construction process of prefabricated buildings. Moni-
toring can effectively guide the designer on the potential
safety hazards that may arise when building components
are assembled. The disadvantage here is that the index
selection in the construction process is not comprehensive
enough, and the data collection area is narrow. These
deficiencies have a certain impact on the universality of
research. In the future, multilevel data will be selected,
research data will be supplemented, and the deviation of
research results will be reduced.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.
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