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ABSTRACT 
 
BIM technologies was adopt to Shanghai Tower structural health monitoring (SHM) project, and an IFC-based 
visualized platform for SHM was implemented. This paper presented the development of the prototype software, 
which the main functions include 3D observation of sensors location, accessing SHM data by whether graphic 
interface or criteria query, and browsing structural BIMs information. In order to combine SHM data with 
building information models, the information integrated solution based on Industry Foundation Classes (IFC) 
was applied. The key technology of development was discussed, including extraction of information from IFC 
models, transformation of geometries from IFC to Object-Oriented Graphics Rendering Engine (OGRE) and 
hybrid query between graphic interface, IFC file and SHM Database. Finally, the platform was applied on 
Shanghai Tower SHM project as the following steps: Firstly, a BIM software, Autodesk Revit Structure, was 
used to establish the sensor model added on the structural model of Shanghai Tower. After that the whole model 
was exported from Revit to the visualized platform using IFC format file. Finally, the sensor can be viewed 
through 3D graphic interface, the SHM data can be accessed either by directly selecting sensor on the graphic 
interface, or by criteria query. Besides, the project properties of both the sensor and the building element sensor 
installed may be retrieved from the IFC file. This prototype software provide an information integration and 
visualization environment of SHM data of Shanghai Tower. 
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INTRODUCTION 
 
A complete structural health monitoring(SHM) system is commonly composed of several subsystems, including 
sensory system, data acquisition and transmission system, data management system, data visualization and 
accessing system, and data processing system (Kijewski-Correa et al. 2012). Among these parts，data 
visualization system plays a main role of display monitoring data, senor’s location and other relevant 
information. For high-rise building, the SHM system has the following characteristics: (1) monitoring items is 
fully covered from load environment，such as wind, temperature and earthquake, to load response，such as strain, 
displacement, and vibration; (2) there are hundreds of sensors and the data volume is huge; (3) the structural 
assessment relies on a series of complex and synthetical data processing and analysis(Ni et al. 2009) . Thus the 
common way of revealing sensors information using 2D abbreviated drawing can hardly display the sensors’ 
distribution clearly and make the barrier to understand the physical meaning of data and how it contribute to the 
safety state of parts of or the whole building. 
 
In this paper, Building Information Modeling (BIM) technology is employed to establish a visualization 
platform of SHM data. The Building Information Models (BIMs) added with sensors’ information, can be 
imported to the platform via the Industry Foundation Classes (IFC) format file. After that the structure model 
can be viewed in 3D graphic interface, meanwhile the relevant engineering information can be retrieved from 
IFC file, and the SHM data can be accessed from database. This new solution for data visualization has been 
researched, developed and applied on Shanghai Tower. 
 
METHOD OF SOLUTION 
 

Information Integration Based on IFC 
 
IFC is an open data model standard for BIM data exchanging, which is developed by buildingSMART 
International since 1994(Liebich 2009). The IFC data schema comprises information covering many disciplines 
that contribute to a building throughout its lifecycle. The IFC format is registered as an ISO standard (ISO 



 

16739 2013). The IFC format file makes it possible to hold and exchange data between different proprietary 
software applications.  
 
There are two kinds of IFC format file, STEP physical file and XML document. Recently, most of the popular 
BIM platforms support the import and export of STEP physical file. Thus our research use STEP physical file as 
the basic medium of building models and information, and the following IFC file means STEP physical file.  
 
The information involved in SHM can be summarized to the following categories: (1) models and information 
of building structure, (2) models and information of sensors, (3) and monitoring data. Here we assume the first 
part of BIMs can be obtained directly. The second part of information should be established on the basic of the 
original structural BIMs via the same modeling application. After that, the entire information models including 
geometries and engineering properties of structural elements and sensors can be export to an IFC file and import 
to the SHM visualization platform. For the third part, the real-time monitoring data is accessible directly from 
the database of SHM system.  This database manages the original data of various kinds of sensors, which 
includes wind speed and direction, temperature, stress, displacement, inclination, elevation, settlement and 
acceleration，during construction state. 
 
Development Toolkits 
 
To keep the focus on the function of integrated query of monitoring data and IFC model, two reliable toolkits 
was used to reduce the complexity of implementation. 
One is the IFC Engine DLL (TNO 2009).  It is an IFC toolbox, which can able to load, edit and create IFC files. 
The component not only can manipulate IFC model via the Standard Data Access Interface (SDAI), but also 
provide series of functions to generate 3D geometry for several popular versions of the IFC schema. In our 
research, IFC Engine DLL is used to extract properties and generate 3D geometries of building elements from 
IFC file.  
The other toolkit is the Object-Oriented Graphics Rendering Engine (OGRE 2013). OGRE is an open source 3D 
rendering engine, whose class library abstracts the details of using the underlying system libraries like Direct3D 
and OpenGL and provides an interface based on world objects and other high level classes. The 3D graphic 
interface is developed base on OGRE.  
 
Software Framework 
 
The software is devised to integrate the building information and monitoring data, and provide a hybrid 
information query environment. The software framework is shown in Figure 1. 
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Figure 1. The software framework of IFC-based visualization platform of SHM 



 

The software has three main application functions that are 3D model observation of building elements and 
sensors, browsing engineering properties of building elements and sensors, SHM data accessing via both 
graphic interface and criteria query. To support such functions, the hybrid information query mechanism plays a 
significant role of information interaction. It accepts the query or browsing request from either OGRE graphic 
interface, or MFC UI widgets, drives the appropriate underlying component to execute the query, and feeds back 
the query result to the corresponding part of the interface. 
 
To response the hybrid query, four basic function components were developed, each of which undertake the task 
of one type of interaction: the OGRE-based 3D graphic interface displays the 3D building models, and provides 
view browsing of spin, zoom and pan; the IFC models operating interface is in charge of information query 
referred to IFC, including generate the model tree of the project objects and extract engineering properties of 
building elements by request; the main interface framework is a Windows-style single-document application 
based on MFC. It is responsible for receiving and dispatching all kinds of message, whether from 3D graphic 
interface or windows controls, such as tree view, list view, diagram, etc.; the database interface accesses the 
relational database of monitoring data through ADO component. It processes criteria query through SQL 
statement, and get back the record set from database.  
 
THE KEY TECHNOLOGY ON SOFTWARE DEVELOPMENT 
 

Dealing with IFC Models 
 
To deal with the IFC models, the information description and organization principle of IFC schema (Liebich 
2009) should be followed: 

1. In each IFC model, there should be only one IFCPROJECT object which is the top container of a building 
project. This object holds the global definitions for the presentation context and the units within the global 
context.  

2. Under the IFCPROJECT object, a series of space containers, like IFCSITE, IFCBUILDING, 
IFCBUILDINGSTOREY, etc., should be defined by topological relationship. Each of them represents a 
spatial concept in logically without specific special definition. Each instance of these objects is connected to 
other instance of upper spatial container by an instance of IFCRELAGGEGATES.  

3. All the building products with specific shape inherit from the IFCBUILDINGELEMENT entity, such as 
IFCBEAM, IFCSLAB, IFCWALL, etc. Each of these objects should be connected to a spatial container 
object by an instance of IFCRELCONTAINEDINSPATIALSTRUCTURE. 

4. The geometrical shape of a product object should be defined under the inner property Representation. Other 
information of a product may be defined by extended properties, represented by IFCPROPERTYSET 
objects, and connected to the product object by an instance of IFCRELDEFINESBYPROPERTIES. 

 
In this research, two parts of IFC models are interested, the organization relationship of the project model and 
the detail information of building products. 
To extract the project model, all instances of IFCRELAGGEGATES and 
IFCRELCONTAINEDINSPATIALSTRUCTURE should be found out firstly, and the related and relating 
objects should be stored in a tree structure. Then assemble these sub trees to a whole model tree. Take the 
instance of IFCPROJECT as the root node of model tree, look up the sub trees to find out objects relating to 
IFCPROJECT, and add them as child nodes of it. For each of the child nodes, find out it relating objects and add 
them under it. Repeat this step recursion until all the sub trees were added to the model tree.  
 
To extract the detail information of building products, the inner and extended properties should be obtained. The 
extraction and transformation of geometrical shape of products will be discussed in next session. To find out the 
extended properties relating to one particular product, the instance of IFCRELDEFINESBYPROPERTIES 
should be looked up, and the related property set will be contained in the inner property 
RelatingPropertyDefinition of IFCRELDEFINESBYPROPERTIES.  
 
Geometries Transformation 
In IFC, the shapes of building elements are most commonly presented with swept solid. But this kind of 
geometric representation cannot be accepted directly by OGRE. In this case, geometries converting are 
preprocessed to transform swept solid to triangular mesh-based surface model on the help of IFC Engine DLL. 
Using the program functions provided by IFC Engine DLL, the meshes data, including the coordinates of 
vertexes, the indexes of vertexes, and the normal of meshes, can be accessed. After reforming such data to the 
format OGRE required, an IFC objects can be recognized and displayed by OGRE. Figure 2 shows an H-section 
beam processed to triangular meshes by IFC Engine and displayed in OGRE. 



 

 

 
Figure 2. An H-section beam: triangular mesh grids and surface model displayed in OGRE 

 
Hybrid Information Query Mechanism 
 
The main role of hybrid information query mechanism (HIQM) is to handle the interactive query between the 
graphic interface, the IFC file and SHM database. As mentioned before, there are three different kinds of 
interfaces, each of which in charge of a specific type data. The connection keyword between graphic interface 
and IFC objects is the ‘GlobalId’, the globally unique identifier of each IFC object, defined compulsively by 
IFC Format. The ‘GlobalId’ is stored as the geometries are drawn out from IFC objects, and be send as the 
keyword to retrieve the IFC object instance, when an object is selected on the graphic interface. Specially, if 
selected object is a sensor, the query process has a few more steps than usual. Firstly, the ‘GlobalId’ should be 
send to HIQM, and the properties of sensors should be retrieved and feed back to HIQM. Then among these 
properties, the sensor ID can be obtained, and be taken as the keyword of retrieving SHM data. Through such 
query mechanism, the hybrid query request can be received and dispatched to the appropriate components. 
 
APPLICATION ON SHANGHAI TOWER 
 

Data Preparation 
 
The research uses the BIMs and SHM data of Shanghai Tower as test bed. To adopt such data into the platform 
environment, the following steps were carried out： 
 
1. Build up the sensors’ information models. As the original BIMs of Shanghai Tower were built in the 

Autodesk Revit software, the same software was used to build up the sensors information models. First of 
all, we built a set of families of sensors. In Revit, family (Revit 2010), like a template, is the basic element 
of any object, which holds the information presenting the shape and properties of typical class of objects by 
a set of custom parameters. The geometric models of different kinds of sensors are shown in Figure 3 and 
the extend information, defined by properties, are list in the Tab.1. Based on these families, sensors were 
placed on the corresponding building elements, according to the actual sensor placement plan. 

 
Figure 3. All kinds of Sensors built in Revit Structure Software 

 
2. Export the models to IFC format file. Output the necessary elements, include the core structural frame, 

external curtain wall and sensors, in a IFC 2x3 vision format file, using the IFC export function of Revit. 
Sensor is mapped to the IFC entity IFCBUILDINGELEMENTPROXY, and the custom properties are 



 

exported as IFCPROPERTYSET, linking with the sensor instances by the relationship objects defined as 
IFCRELDEFINESBYPROPERTIES. 
 

Table 1. The custom properties of sensors defined by family in Revit 

Property Name Data Type Property Type 
Name String Family property 
Type String Family property 
Producer String Family property 
Technical data String Family property 
Senor ID String Instance property 
Installation Time Date time Instance property 
 

3. Import IFC file and transform geometries. The geometric transformation was executed only once and the 
triangular meshes generated from solid object of IFC were preserved as files, so that can be loaded to visual 
platform directly at next time. 
 

4. Connect to the SHM database, so that the real-time SHM data can be accessed.  
 
Application Effect 
 
The main program interface consists of three sub-windows. The left window is the model information window, 
contained a model tree view and a properties list, in the middle is the 3D graphic display window, and right is 
the SHM data query panel. Figure 4 is a screen shot of the application. 
 
1. Project model observation 
Through the display window, the 3-D building model may be dynamically viewed. The view toolbar may help 
the display control. Meanwhile, tree view show the project elements organized by spatial relationships, as 
shown in Figure 4, the elements may be controlled to show or hide by setting tree node to be selected or 
unselected. 
 

 
Figure 4. The screenshot of the visualization platform in SHM of Shanghai Tower 

 
2. Element properties browse 
Besides the location and shape, the project information is a significant part of building element. The element 
properties may be accessed by right click an element on the graphic window. All properties associated with the 



 

element will be retrieved and displayed in list view. Using this function, the necessary information, either 
referred to the sensor’s type and state, or the physical and mechanical properties of the building elements that 
the sensor installed on, can be gotten. The Figure 5 shows respectively the properties when a sensor and 
elements the sensor installed on is selected. The properties of senor contains the sensor’s name, senor ID, type, 
producer and installation time, whereas the properties of element contains element type, section type, material, 
volume, etc. 

 
a.  selecting a strain sensor b. query the sensor 

properties 
 c. query the monitoring data 

  
d. selecting the element sensor 
installed on 

e. query the element properties 

Figure 5. The hybrid information query by application 
 
3. SHM data query 
Sensors of interest can be selected by either graphic interface or filtered index. Application provides several of 
filter conditions to on the right panel. Take the stress query for example; As shown in Figure 4, the sensors can 
be filtered by floor and by installed element type, such as on core-tube wall, core-tube embedded column, 
out-trigger truss, and mega column. The sensors matched the filter conditions will be displayed in the left list as 
ID, so that the interest sensors ID can be added from left to right list. When click query button, the data of 
sensors listed in the right list will be queried. The SHM data will be shown in diagram and table. Click the ‘Full 
size view’ button, the magnifying diagram and data can be shown in a pop up window to show the details.  

 
CONCLUSIONS 
 
This paper has presented an overall view of an IFC-base visualization platform in SHM of Shanghai Tower, 
which adopted BIM technology to the visualization of SHM data. The main function of the software includes 
3D model observation of sensors installation location, browsing engineering properties of building elements and 
sensors, and SHM data accessing through both graphic interface and criteria query. The solution of such a 
software platform can be concluding as follows: 
 
1. The information integration is based on IFC. The BIMs of building structure and sensors can be established 

on a BIM modeling platform with an IFC export interface. So that the necessary information model can be 
imported through IFC file. 

2. The display of 3D model is based on OGRE. The geometries of building elements and sensors can be 
obtained from IFC file, but a transformation must be executed to convert the solid Representation of IFC to 
the triangular meshes of OGRE. 

3. The hybrid information query is relied on the centralized query processing mechanism that receives 
messages from interface, generates a query and passes to the corresponding data processing interface. 

 
Such a visualization platform was developed and applied in SHM of Shanghai tower. The research provides a 
new solution of the visualization of SHM system through integration of information based on BIM.  
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