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ABSTRACT: With the continuous expansion of the scale of urban rail transit construction projects, it is diffi-
cult to improve the coordination in construction and the relevance of construction data. In order to solve the
problem of data association in construction, an urban rail transit construction data association management
system oriented to (Building Information Modeling) BIM Technology is proposed. BIM is used to build a dy-
namic workflow collaboration architecture to manage the data in urban rail transit construction, so as to real-
ize construction collaborative scheduling. In the test and analysis of the system, the comprehensive ability test
of the system shows that the minimum response time of the system can be reduced to 1.2 ms. At the same
time, the system has ideal visualization effect and obvious practical value in practical application. Therefore,
the urban rail transit construction data association management system based on BIM can show ideal results
in complex construction environment, which is of great significance to the optimization of construction man-

agement in urban development.
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1 INTRODUCTION

In urban construction, rail transit is the main object
to judge the process and current situation of urban
construction. In urban rail transit construction, the
construction party needs to start with economy, en-
vironmental protection, punctuality and efficiency.
In the construction, there are many kinds of rail
transit projects. In the construction management, the
number of different kinds of construction data is
huge, and with the acceleration of urban construc-
tion rhythm, the construction difficulty is also in-
creasing. How to carry out collaborative manage-
ment of construction data and establish an associated
management system to improve construction effi-
ciency is an urgent problem to be solved (Zhang et
al. 2021; Feng et al. 2020). Construction data is an
important content in the construction process. The
correlation management of construction data can
further improve the construction efficiency. Du B et
al. Proposed a new data service system, which uses
data management technology to establish the associ-
ation relationship between data, and verified the ef-
fectiveness of the system through experiments (Du
et al. 2018). Based on the personnel safety data in
construction, Shin D P and other scholars put for-
ward relevant strategies on construction safety man-
agement to improve the construction progress (Shin
et al. 2018). Dajin and Guo developed a comprehen-
sive control and evaluation system for asphalt pave-
ment construction quality, which cooperatively
manages all construction data (Guo et al. 2009). In

order to improve the efficiency of data management
in construction projects, Hasan A and others ana-
lyzed the application of mobile communication
technology in construction management, providing
theoretical support for the work planning of con-
struction projects (Hasan et al. 2019). Ding Z et al.
put forward the dynamic model of environmental
benefit evaluation based on the data information of
construction waste (Ding et al. 2018). Yang j et al.
proposed to use 3D visualization technology for col-
laborative management of data in engineering con-
struction projects, which effectively improved the
project communication level (Yang et al. 2019).
With the continuous improvement of scientific
and technological level, information technology
shows a trend of rapid development. The application
of information technology to urban construction has
become the main measure in current construction
projects (Maliha et al. 2020). In information tech-
nology, in order to deal with the cumbersome nature
of construction projects, BIM Technology is pro-
posed. BIM is a three-dimensional modeling tech-
nology that integrates data for dynamic simulation
and visualization. For the research and development
of BIM Technology, akinade O and other scholars
first determined the key factors of the application of
Bim in construction waste management tools
through qualitative data analysis, and the benefits of
architectural design have been improved with the
support of BIM Technology (Akinade et al. 2018).
Wang t applied BIM Technology to railway engi-
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neering construction management to improve the
synergy of construction data (Wang 2019). Abed H
R and team members created a computer model in
2019 by using BIM Technology to accurately deter-
mine the risk of falling from the edge and the risk of
being hit by falling objects (Abed et al. 2019). In or-
der to improve the stability of Bim and GIS technol-
ogy integration, Zhu j et al. Realized the geometric
transformation from BIM to GIS through automatic
polyhedron generation algorithm (Zhu et al. 2019).
Meisaroh m and others analyzed the influencing fac-
tors affecting the implementation of BIM from the
hospital construction and optimized the BIM archi-
tectural planning (Meisaroh et al. 2021). D hei-
germoser and other scholars proposed a construction
management tool under BIM Technology, which di-
vides the construction project into multiple work ar-
eas, improves the production efficiency and reduces
the construction waste (Heigermoser et al. 2019).

Some studies have pointed out that BIM Tech-
nology has significant synergy in construction man-
agement. The reason is that the digital processing
ability of BIM can improve the efficiency of data
transmission and help the construction management
find and deal with construction problems in time.
Therefore, based on BIM Technology, the research
will put forward the collaborative management
scheme between construction data in urban rail
transit construction, and mine the correlation be-
tween data, in order to ensure the process of rail
transit construction and improve the efficiency of
urban construction in China.

There are three innovations in the research. The
first point is to propose a data association analysis
strategy for the data in rail transit construction. The
second point is to introduce BIM Technology to re-
alize visualization of construction data in data asso-
ciation management. The third point is to use the
visualization ability of BIM to build a dynamic con-
struction data management model to achieve real-
time monitoring of rail transit.

2 DESIGN OF CONSTRUCTION DATA
ASSOCIATION SYSTEM BASED ON BIM
TECHNOLOGY

2.1 BIM dynamic workflow model construction

In order to build the association management system
of urban rail transit construction data, the primary
task is to realize the information monitoring of con-
struction progress. In the process of project devel-
opment, the variability and uncertainty of the plan
have gradually become the main characteristics of
construction (Rodrigues et al. 2019; Dey and Kundu
2019). Therefore, in order to deal with the uncertain-
ty of construction data, BIM Technology is used to
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process the data. However, in the construction, the
construction data manually established cannot be
closely combined with the BIM model, so it cannot
normally reflect the work progress (Heaton et al.
2019; Vitiello et al. 2019). Therefore, in the re-
search, a dynamic workflow model is proposed
based on BIM Technology to realize the automatic
operation of business process in engineering con-
struction. In the research, Petri nets is selected as the
workflow model because the Petri nets model has
certain dynamics and can reflect the work dynamics
in time and modification object (Hsieh et al. 2019).
In the construction of urban rail transit, the construc-
tion data management process based on BIM in-
cludes the management of planning data, construc-
tion process data and construction progress data. On
this basis, Petri nets is used to build an appropriate
BIM dynamic workflow model, as shown in Figure
1.
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Figure 1. BIM dynamic workflow model

As shown in Figure 1, BIM dynamic workflow
model includes data layer, logic layer and presenta-
tion layer. In the data layer, the received data infor-
mation is processed into files. In the file processing,
the business files in the construction process are di-
vided into nodes and connection lists, and each node
represents business steps. In addition, in the data
layer, the received construction data is preprocessed
and exported to the logic layer as the output of the
data layer. The logic layer includes basic data pro-
cessing, workflow logic processing and dynamic
workflow editing. The basic processing is to analyze
the data exported from the data layer, convert it into
workflow logic in the system and run it in practice.
Workflow operation is a dynamic workflow editing
process, which will be activated or suspended ac-
cording to the change of process parameters. When
the rectification process is completed, it will enter
the termination state. In the presentation layer of the
model, the application model of the workflow model
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and the external interface are displayed. The presen-
tation layer closely couples the system model design
with itself.

In order to ensure the process order in construc-
tion and eliminate the sense of confusion caused by
manual operation, the workflow is dynamically de-
signed. There are mainly two kinds of dynamic de-
sign: one is the dynamic modification of process
definition, and the other is the dynamic modification
of process instance. In the dynamic modification of
process definition, it is aimed at the dynamic chang-
es in operation; Dynamic modification of process in-
stance refers to the process modification of operation
according to the change of actual state during opera-
tion. In the process modification, in order to further
support user operations, it is proposed to use micro
services as the core of workflow for model optimiza-
tion, as shown in Figure 2.
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Figure 2. Micro service module in workflow model

As shown in Figure 2, the micro service module
includes workflow main thread, runtime service,
runtime engine, process state machine and activity
library. In the main thread of workflow, all current
data will be stored and run in the thread, which is a
thread to ensure the independent background opera-
tion of workflow. The function of runtime service is
to track the running state during the loading process
of the main thread of workflow, and to mirror and
save the current running state. The function of
runtime engine is to execute each workflow in-
stance, and each engine can execute multiple in-
stances at the same time. The process state machine
is the key part to ensure the normal execution. In the
execution operation, the process state machine can
promote the workflow to jump to execution. Com-
pared with the traditional sequential execution, it can
jump in a certain number of running states and then
end at an end point. Activity library is a set of stand-
ard brick actions. Its function is to create workflow
and ensure that workflow can constantly modify its
own activities.
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2.2 Urban rail transit construction data association
management design

Based on the workflow of construction data man-
agement, in order to facilitate the multi-faceted co-
operation between construction data, a construction
data collaborative scheduling management based on
BIM is proposed. Looking for data relevance in con-
struction refers to the cooperation of construction
data. During construction, with the deepening of
progress, the amount of urban rail construction data
information begins to increase, and the types are di-
verse. In the construction of urban rail transit, the
construction period is long, and uncertain construc-
tion change factors will also occur. In order to real-
ize the cooperation between construction data, BIM
Technology is used to realize the cooperation of
construction progress, which can help manage the
efficient utilization of construction information.
BIM Technology is used to manage construction da-
ta in the study, and its associated management
framework is shown in Figure 3.
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Figure 3. BIM based association management framework

As shown in Figure 3, the collaborative associa-
tion management of construction data includes four
parts: participants, collaborative Association plat-
form, collaborative object and collaborative process.
Participants refer to the designer, the builder, the su-
pervisor and the owner in the construction of urban
rail transit. Participants are the participants in the de-
sign stage in the whole construction process, includ-
ing the design BIM model, construction scheme, etc.
The main application period of the collaborative
platform is the construction stage. In the construc-
tion stage, the construction data is used as the basis
and input of the platform, and the BIM Technology
is used to build the construction data association
management platform. Collaboration object is the
application object in data management. In data col-
laboration, construction workers will collaborate on
the construction process according to different data
association relationships, that is, analyze the associa-
tion of construction projects, and adopt collaborative
management to improve work efficiency. The im-
portant content of collaborative management is the
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process of collaborative association management. In
the process, participants in different stages are re-
quired to discuss the construction progress, conduct
comprehensive association analysis on the construc-
tion data, and judge the feasibility of association
management.

After the collaborative management framework is
determined, a professional coordination process for
urban rail transit project construction needs to be es-
tablished based on BIM Technology. BIM platform
has powerful information collection ability, can ac-
curately process a large amount of data, and can help
the construction realize data simulation. In rail trans-
it construction, BIM Technology is used to realize
the association management of construction data.
The main purpose is to monitor the construction
progress and manage the feasibility of construction
progress. The progress management under BIM plat-
form can be designed as shown in Figure 4.

Collab_ora}tive Design |—p{ Implementation |—p{ Relation
association
process = % S XS
Information | Schedule | | Complete data |
acquisition | Deviation data | | Completion effect |
Data | Progress simulation |
simulation —— -
| Construction simulation |
Data Data Relevance
processing adjustment evaluation

Figure 4. Progress management under BIM platform

Figure 4 shows that a relatively perfect construc-
tion data collaboration process can be formulated
through collaborative scheduling management. Dur-
ing construction, the real-time data of construction
will be collected in real time through BIM Technol-
ogy. In the information collection stage, for the rele-
vance of construction data, the BIM platform is used
to obtain real-time construction data, including con-
struction schedule data, current completion data,
construction progress deviation data and construc-
tion completion effect data. In the BIM platform, the
data simulation technology of the platform is used to
simulate the collected construction data, evaluate the
correlation between data through simulation, and use
simulation to realize the correlation management be-
tween construction data. After the data simulation,
the data in the simulation is processed. The main
purpose is to adjust the data with deviation, ensure
the normal development of construction progress,
evaluate the correlation degree between the data, and
formulate a more reasonable design scheme for sub-
sequent construction.
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3 TEST AND ANALYSIS OF DATA
ASSOCIATION MANAGEMENT SYSTEM

3.1 System basic performance evaluation

After the design of collaborative association man-
agement system, its basic performance is evaluated
to analyze the feasibility of the system. The simula-
tion analysis of urban rail transit construction data
association management is carried out. Firstly, the
BIM model of rail transit data management is estab-
lished, and the BIM model is imported into the
simulation software to build a simulation environ-
ment based on the construction of a city's rail transit.
Firstly, the collaborative processing capability is an-
alyzed in detail. The processing capability of the
system is the response capability of the system in da-
ta processing. The response time can be analyzed by
analyzing the processing time of the model, includ-
ing calculating the time from input to output and the
time from output to feedback of the model in pro-
cessing traffic data. In the research, the response ca-
pability is evaluated by analyzing the response time
of the system, as shown in Figure 5.
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Figure 5. Response time analysis of data association manage-
ment system

As can be seen from Figure 5, in the construction
simulation, the data processing starts at 9 a.m. and
ends at 11 p.m. during this period, the response time
of the system continues to change. As shown in Fig-
ure 5, the response time of the system is only 1.2ms
at 9 a.m. because there is less data at this time point
and the system needs to process less data, so the sys-
tem can achieve faster response. The longest re-
sponse time of the system occurs at 6 pm, and the
response time at this time is 6.1ms. The reason is
that the system needs to process the construction da-
ta of a whole day and carry out association manage-
ment. However, it can also be seen that at the time
point with more data, the response time of the sys-
tem is only 6.1ms, indicating that the system as a
whole has a fast response speed. Secondly, the abil-
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ity of association management system in data acqui-
sition is analyzed, as shown in Figure 6.

700
— 600

g
= 500 f

2 400}

=
S 300}
g 200t
o

100}

0

9:00 11:00 13:00 15:00 17:00 19:00 21:00 23:00
Time

Figure 6. Analysis of data collection ability of data association
management system

As can be seen from Figure 6, the data associa-
tion management system based on BIM Technology
can maintain the all-weather data collection state.
From the data acquisition effect of the system, the
amount of data acquisition of the system in the simu-
lated environment gradually increases from 9 a.m. to
11 am. From 11 a.m., in the simulation environ-
ment, the data acquisition of the system continues to
maintain a high amount of data, and after 20 a.m.,
the data acquisition amount gradually decreases. The
above results show that in the face of the construc-
tion simulation environment, the data association
management system can be in the state of high data
collection for a long time. At the same time, com-
bined with the response time of the system, it can be
known that the file analysis ability of the data asso-
ciation system is good, and the huge amount of data
can be analyzed quickly, which is convenient for the
management of data association. Secondly, analyze
the sensitivity and specificity of the system in the
application process to evaluate the system's ability to
process data, as shown in Figure 7.
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Figure 7. Sensitivity and specificity test
It can be seen from Fig. 7 that the system pro-

posed in the study has a larger area under the curve
than the traditional management system, and the sys-
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tem proposed in the surface study has higher sensi-
tivity and specificity than the traditional data man-
agement system.

3.2 System visualization

The visualization of data association management
system mainly includes construction data visualiza-
tion and construction process visualization. Similar-
ly, the performance test is carried out in the simulat-
ed construction environment set in the simulation
environment. Taking the first day of simulation as an
example, the construction data visualization of the
system is shown in Figure 7.
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Figure 7. Visualization effect display of construction data

As can be seen from Figure 7, in the visualization
after construction data collection, the associated sys-
tem can fully display the four main construction data
in the rail transit construction data: safety manage-
ment data, power supply data and communication
data. For safety management data, the association
management system analyzes the potential safety
hazards in construction by collecting the data chang-
es of monitoring points during construction, and can
analyze the data association relationship between
monitoring points with the help of the correlation
between data. The associated management system
can analyze the safety of safety management data in
real time, with 1 representing safety and O represent-
ing danger, and can give early warning when the da-
ta tends to O to remind construction managers to pay
attention to the safety status of monitoring points. In
the visualization of association management, the
power supply status of different areas is displayed,
which can clearly show the normal or abnormal
power supply status of different areas. In the visual
display of communication data, the display system
can clearly display the signal quality of different
construction areas. 1 indicates that the signal is poor
and 3 indicates that the signal is good. The signal
quality in different areas can be visualized in the
system. Secondly, the visualization effect of con-
struction process is analyzed, as shown in Figure 8.
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Figure 8. Visualization effect display of construction process
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It can be seen from figure 8 that in the visual dis-
play of the construction process of the system, the
construction completion percentage, the current pro-
ject completion percentage and the number of un-
completed projects are mainly displayed. As can be
seen from the visualization results of the construc-
tion process, when the completion rate of the current
project reaches 100%, the system will start to dis-
play the completion percentage of the next project,
and will calculate from 0, and the number of un-
completed projects will be reduced by 1 accordingly.
The above results show that the data association sys-
tem can carry out collaborative management of data
between different regions and different monitoring
points, analyze the relevance of data, and carry out
more effective association management for construc-
tion process data.

3.3 System application effect

After the performance test of the construction data
association management system, it is confirmed that
the system has relatively high response ability, can
carry out data collection and association analysis for
a long time, and can carry out association manage-
ment on multiple data in the visual display of the
system, and display the data in a visual way to help
the construction managers improve the management
efficiency. On this basis, the system is applied to the
rail transit under construction in a city. The test time
is 3 months to analyze the effectiveness of the sys-
tem in construction management. First, analyze the
data collection capability of the data association
management system in use, as shown in Figure 9.
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Figure 9. Comparison results of data acquisition capability

As can be seen from Figure 9, the data acquisition
capability of the system is analyzed by comparing
and analyzing the data acquisition rate and efficien-
cy. Figure 9 (a) shows the comparative analysis re-
sults of the data acquisition rate of the association
management system based on BIM Technology and
the data acquisition rate of the traditional system.
The results show that the data acquisition rate of the
association management system based on BIM
Technology has better effect at different time stages,
and is significantly higher than the data acquisition
rate of the traditional system. Figure 9 (b) shows the
efficiency comparison of the construction data col-
lected by the system during construction. It can be
seen that in the three-month construction process,
the efficiency of the construction data collected by
the associated management system based on BIM
Technology can reach 99.7% at the highest and
97.4% at the lowest point, which is significantly
higher than the traditional data management system.
Finally, evaluate the data relevance and the change
of construction cost in the construction data associa-
tion management, and analyze the correlation be-
tween them, as shown in Figure 10.
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Figure 10. Data association and cost change

As can be seen from Figure 10, in the association
management analysis, with the development of con-
struction, the correlation analysis between data is
deepened, showing that the stronger the data correla-
tion is. It can be seen that with the progress of con-
struction, the difference between the cost and ex-
pected cost in the construction project presents a
negative value, indicating that the cost is reduced
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with the support of the associated management sys-
tem based on BIM Technology. At the same time,
from the changes of data association management
and construction cost, it can be found that the deeper
the data association analysis, the stronger the data
association, and the more obvious the reduction of
construction cost.

4 CONCLUSION

With the accelerated pace of urban construction, ur-
ban ground transportation problems become more
and more obvious. Therefore, accelerating the con-
struction of urban rail transit is of great significance
to resolve the pressure of urban traffic. Based on
BIM Technology, the research carries out construc-
tion management by analyzing the data correlation
in rail transit construction. In order to improve the
execution ability of data acquisition and processing,
the workflow model is introduced to process the
construction process. Finally, the scientificity of the
system is analyzed through simulation experiment
and the feasibility of the system is analyzed through
application demonstration. The results show that the
system can process a large amount of data, and the
response time is short, with strong file parsing abil-
ity. In addition, in the visual display of the system,
the display effect of construction data and construc-
tion process data is good, which can intuitively dis-
play all data in the construction clearly and improve
the work efficiency of managers. In the application,
the efficiency of data collection in the construction
of the data association management system is signif-
icantly higher than that of the traditional data collec-
tion system, with the highest efficiency of 99.7%,
and the construction cost under the association man-
agement has been reduced to a certain extent. The
above results show that the association management
system based on BIM Technology can realize con-
struction data management and show the correlation
between data. In urban rail transit construction, it
can improve the synergy between construction pro-
jects and improve construction efficiency.
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