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Abstract. In order to visually express the safety monitoring information of foundation pits and
underground engineering, realize the efficient management of massive dynamic safety monitoring
information during the construction of foundation pits and underground engineering, as well as assist
safety analysis, a building information model (BIM)-based Foundation pit and underground
engineering dynamic safety monitoring information integration and network visualization method is
proposed in the article. Firstly, the research builds a three-dimensional BIM model of foundation pit
engineering based on the analysis of the element composition of the three-dimensional virtual scene
of the foundation pit and underground engineering. Then, apply the method of key field mapping to
establish the dynamic coupling between the BIM model and the safety monitoring information. Finally,
the research realizes the virtual display of the construction process based on the three-dimensional
visualization function of BIM technology. Furthermore, combined with the actual situation, the
corresponding system is developed and applied in a certain project, which realized the visual
integration of dynamic information of engineering safety monitoring and BIM under the network
environment, and provided a support platform for the safety analysis of foundation pits and
underground engineering.

Keywords: Foundation pit and underground engineering; BIM; Dynamic coupling; Safety monitoring;
information visualization.

1. Introduction

With the development of China’s economy, foundation pits and underground projects tend to be
large-scale, and the scale of construction safety monitoring also tends to become more complicated.
The amount of monitoring information generated is huge and the types are complex, which brings
about difficulties for the understanding, analysis and management of monitoring information. With
the continuous development of information technology, how to use information technology to realize
the visualization, efficient analysis and management of safety monitoring data of foundation pits and
underground engineering, so as to improve the understanding, application and efficiency management
of monitoring data, has gradually become a demand and Trend [1-2].

In China, experts and scholars have done some research on the development of the monitoring
visualization system of the Internet of Things, such as the visual remote structural safety monitoring
system [3], through the secondary development of Auto CAD, the model display interface is
embedded in the user interface of the monitoring system, so as to realize the visualization of model-
based monitoring data. Another example is the three-dimensional visual bridge health monitoring
system [4-6], it introduces three-dimensional image technology, which can realize the three-
dimensional dynamic display of the bridge, and obviously improves the human-computer interaction,
but the modeling process is too complicated to be suitable for large-scale structures. Another one is
plug-in-based three-dimensional visualization system for structural safety monitoring [7-8], it
provides structural models and scenes with a strong sense of reality, as well as data query and analysis
functions, but the system lacks the interaction between models and data, and the modeling process is
complex.

Looking at the current research results, the current research on the visualization of monitoring
information has improved the legibility of the data by providing a structural model, and has reduced
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the difficulty of understanding and analyzing the data. However, the existing structural model cannot
be used, and repeated modeling is required. The problems of complex modeling or model
visualization and poor interactivity cannot fully meet the requirements of monitoring information
visualization. Therefore, looking for existing visualization modeling technology and establishing its
data association with other Internet of Thing monitoring requires further research.

BIM technology is a research hotspot in the construction industry in recent years, and it is also the
direct application of information technology in the construction industry. Applying BIM technology
to the field of safety monitoring of foundation pits and underground engineering can effectively
improve the level of monitoring information, realize the scientific organization and management of
monitoring information, and improve the performance and efficiency of the safety monitoring system.
Since BIM is able to provide a highly visualized model, make it can provide an ideal data graphic
expression environment for safety monitoring. Through the association of monitoring data and
models, the visualization of monitoring data in the BIM environment is realized, which reduces the
difficulty of data understanding and improves the efficiency of safety analysis, evaluation and
decision-making [9-11]. At the same time, BIM has strong information integration management
capabilities, which can be used as a platform for monitoring information management and sharing,
further to improve the management level of monitoring information [12-13].

The BIM core modeling software Revit has powerful model visualization capabilities and provides
an open APIL Therefore, using Revit as a development and application platform for monitoring
information visualization and management has practical advantages.

2. Revit API interface

Revit provides API interface, and functions related to this interface include creating plug-ins,
modifying model elements, automating operations on this basis, and developing third-party software
to meet data analysis requirements. Revit provides the Revit SDK, which contains a lot of tools and
class libraries. The relevant situation is shown in Figure 5.1 below. The Revit API is of great
significance for improving the development speed.

RevitAPI needs to run normally under Revit operating conditions. Based on this tool, user-
developed plug-ins can be added efficiently, and certain extension operations can be performed.
RevitAPI also sets related specifications to extend Revit. RevitAPLdll contains many methods for
accessing applications, files, parameters in Revit. In addition, it also provides some application
interfaces and other types of interfaces [14]. There are many kinds of interfaces of RevitAPIUIL.dII
assembly, mainly such as: Command-related interfaces, Selection, and TaskDialogs. It can be used
to facilitate interactive operations in the application. Therefore, in the application, Revit can be
accessed and extended based on RevitAPI, which requires special interfaces, such as
IExternalcommand, extended interfaces, etc. [15].
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Figure 1. Revit API
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The secondary development of Revit includes the following steps: 1. Create a new project; 2. Add
necessary references; 3. Write source code; 4. Debug; 5. Plug-in registration; 6. Write panel code; 7.
Panel registration.

3. BIM model of foundation pit

3.1 Modeling of foundation pit components

The BIM modeling of foundation pit engineering can be divided into 3 steps: The first step is to
improve the component library of the engineering project family. When create building (structures)
and various sensor models, we should give full play to the primitive characteristics based on the
"family" in the Revit modeling process. However, the system family that comes with the Revit
software does not cover all component models of the foundation pit project. For the family types
already contained in the system family, they can be loaded and used directly in the project. For the
family types not included in the system family, we need to use the family editor in Revit to
independently create a family file (.rfa), create basic building component and define the
corresponding attribute parameters of different types of components, such as geometric dimensions,
material properties, etc., After the created family types loaded into the model project, a parameterized
family component library is constituted. Figure 3 lists the family component models of some
buildings (structures) in foundation pit engineering.

(a) rock bolt (b) Underground diaphragm wall (c) Waist rail

(d) Pile (e) Retaining wall (f) Support family member
Figure 2. The group component model of foundation pit construction

The second step is to create a grid system for foundation pit engineering. Revit adopts the modeling
method of placing components in the project, so it is necessary to establish a grid system according
to the actual situation of the project to determine the starting and ending positions of component
placement, describe the basic situation of the model size, and form a structural frame. The various
elements of this project are integrated according to the actual space coordinates to ensure the
consistency of the coordinates.

The third step is to place and adjust the component model. Modify the component parameters of
the created family component according to the actual project and place it in the elevation grid system.
Figure 2 is the component model established based on the grid. Add the basic information, structural
attributes, size information, installation status of the component to the corresponding model, and set
a specific ID for each component model. The BIM model automatically integrates attribute
information and establishes a BIM model with integrated information to facilitate later Dynamic
coupling of safety monitoring information and model.
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3.2 topography and surrounding environment modeling

The topography in Revit belongs to site modeling, and the modeling method is different from the
above-mentioned component model modeling steps. Determine the origin of coordinates and contour
lines in Revit, use the "Topographic Surface" tool in the "Volume and Site" tab, and select the contour
lines to create a topographic surface. Figure 3 shows the topography of the project and the surrounding
environment.

(d) Surrounding environment map (e) Foundation pit support plan
Figure 3. Terrain and surrounding environment modeling

3.3 Modeling of safety monitor

For all kinds of safety monitoring instruments, their appearance characteristics are not the focus
of safety monitoring in foundation pit engineering, models of different shapes are used to distinguish
the types of instruments, and the detection instruments are not rendered too much, as shown in Figure

SN

(a) Gradiograph (b) Settlement meter (c) Reinforcement meter

(d) Water level indicator ~ (e) Earth pressure cell () Strainometer

Figure 4. Monitoring instrument modeling
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4. BIM model and dynamic safety monitoring information integration and
visualization method

4.1 Collection and integration of monitoring data

The safety monitoring data collection of foundation pit engineering is divided into monitoring
instrument collection and manual monitoring. Monitoring data such as pile settlement, deformation,
and earth pressure are automatically collected and transmitted remotely by monitoring instruments.
For some unexpected conditions on the construction site, when the monitoring data cannot be
uploaded in real time, the engineers will monitor the settlement through leveling during inspections,
supplementary collection of monitoring data is carried out through manual entry, which provides
auxiliary support for the realization of data analysis, photo query and visual management of safety
monitoring.

4.2 Dynamic coupling of BIM model and safety monitoring information

The safety monitoring information of foundation pit engineering is multi-source data. It is
necessary to design the database reasonably, store these data and associate it with the BIM model.
SQL Server is used as the database platform to centrally manage safety monitoring information data,
store safety monitoring information data and three-dimensional models in the form of files, and store
only the file path in the database. The organization structure of the dynamic coupling of the three-
dimensional model and safety monitoring information is shown in Figure 5. Each safety monitoring
instrument has a unique instrument tag number. The key field mapping method is used to establish a
one-to-one correspondence between the safety monitoring instrument tag number and the BIM model
ID of the monitoring instrument. The original monitoring data and instrument information can be
linked to the BIM model through field of the monitoring instrument tag number, thereby realizing the
dynamic coupling of the BIM model and safety monitoring information.
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Figure 5. Add a monitoring value attribute to sensor attributes

4.3 Network visualization of BIM model for foundation pit engineering

By setting up the RevitAPI secondary development environment, the monitoring information
visualization management system is developed, it divides the functions into four parts: data storage
and analysis, monitoring information management, program reports, and real-time roaming. Based
on C# programming, database development and other computer technologies, the interface and
functions of each module is designed and implemented. Among them, the data conversion module
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will realize the seamless connection between the Internet of Things monitoring and the BIM data
platform, and collect engineering safety data information in real time. The intelligent analysis module
processes and analyzes the original data, evaluates the safety of the project based on the stability of
the foundation pit, the theory of multiplication analysis and related specifications, so as to predicts
unsafe factors and generates a real-time correction plan. The real-time roaming module generates 3D
roaming effects according to the user's selected time range, visually observes the monitoring results
from different angles and colors, enhances the visibility of the monitoring results, and reduces the
difficulty for understanding and analyzing monitoring data.

4.4 Visual analysis of dynamic safety monitoring

According to the BIM technology and network visualization platform, a 3D model is established
to display information such as engineering structure and virtual scenes, and the operation and control
of the BIM model and 3D virtual scenes of the engineering are controlled through browser controls
to realize basic view operations such as zooming in, zooming out, translation, and rotation. Click on
the monitoring instrument model or query the monitoring instrument through conditional filtering.
The position of the monitoring instrument can be focused in the 3D virtual scene, and the input model
attribute information when the BIM model is established is displayed at the same time, so as to realize
visual expression of the basic information, structural attributes, design number, and installation status
of the component. According to the dynamic coupling of the BIM model and safety monitoring
information, the monitoring data can be consulted in real time to help managers make quick decisions.
Related design documents (safety monitoring layout drawings, equipment installation drawings, etc.)
can provide download interfaces to facilitate further analysis of safety monitoring of water delivery
projects. At the same time, further statistical analysis, report output, and timing diagram drawing of
safety monitoring data can be performed to achieve three-dimensional visualized management of
safety monitoring information.

5. Engineering Applications
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Figure 6. Visual management of safety monitoring

Based on the above research content, taking a foundation pit project in Guangzhou as an example,
a safety monitoring information integration platform is developed. By using the methods described
above, the project 3D BIM model is established, and the 3D BIM model is integrated on the platform
according to actual coordinates, which can visually show the actual topography of the project area
and realize the visual analysis of the safe operation of foundation pit projects. Figure6 shows the
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safety monitoring information query process. We can focus on the model in the 3D virtual scene by
directly clicking the monitoring instrument model or clicking the model name of the model browser
on the left, also we can view the monitoring time of the monitoring instrument, the physical quantity
of the current monitoring data and Timing chart in the near future.

6. Conclusion

The types and quantities of buildings and monitoring equipment surrounding the foundation pit
project is complicated, therefore the safety monitoring of foundation pit project will generate a large
amount of monitoring information. The existing safety monitoring management data expression is
not intuitive enough, the visualization integration effect is poor, and the dynamic visualization
management of the foundation pit engineering monitoring data is not realized. In response to the
above problems, BIM technology is used to establish a three-dimensional BIM model of water
delivery engineering project, it explains the modeling methods and expression forms of different
types of components, and completes the integration of component information through the adjustment
of component attributes in the modeling; combined with database technology to realize safety
monitoring information Integration, using model ID and component number one-to-one mapping
method to realize the dynamic coupling of BIM model and safety monitoring information, further to
realize the visual analysis of dynamic safety monitoring information. The management platform is
developed based on the specific conditions of Guangzhou foundation pit engineering. In summary,
the system worked well, realizing dynamic, intuitive and efficient management and analysis of the
dynamic safety monitoring of foundation pit engineering, which providing a decision-making
platform for the safety monitoring and analysis of foundation pit and underground engineering.
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