Managing Structural Health Monitoring Data Using Building
Information Modelling
Mojtaba Valinejadshoubi1, Ashutosh Bagchi2, and Osama Moselhi3
1, 2, 3

Department of Building, Civil and Environmental Engineering, Montreal, Canada

ABSTRACT: One of the issues in Structural Health Monitoring (SHM) have to deal with huge
amount of original raw data as well as all post processed data which can add up to hundreds of
Gigabytes or even more. Therefore, effective data management is a significant task which cannot
be implemented properly except by using appropriate tools. Building Information Modelling
(BIM) has emerged as a powerful data management tool by obtaining, sorting, storing, sharing
and recalling data and provide a digital environment of them. Using BIM in monitoring systems
such as SHM will be an effective way to solve their data management issues. Making BIM
dynamic by recording the SHM data will be effective for engineers, facility managers and owners
by providing updated information about the ongoing health and state of various parts of the
building. The main objective of this study is to focus on using BIM in managing the data of
monitoring systems in particular in SHM system. For this purpose, a four story office building is
modelled in Revit architecture and Revit structure in this study to demonstrate the feasibility of
creating and visualizing the information about the sensors installed in the structure for the purpose
of structural health monitoring. Also, the BIM model is made dynamic by linking relevant
external resources related to the sensors such that the sensor data can be managed in real time and
the information related to the sensors is up to date. This research lays the foundation for further
implementation of using BIM in SHM purpose.
Keywords: Structural Health Monitoring, Building Information Modelling, Sensory system, data
management, monitoring systems.

1

INTORDUCTION

Buildings are considered as one of the main sections of the construction industry that need to be
maintained against various factors such as deterioration, excessive loads, environment,
temperature, etc. Choosing an appropriate monitoring system is important for determining any
critical damage to a building and address that to avoid any adverse consequence.
In the past decade, SHM has emerged as an effective technique to monitor the health of the
structures. SHM refers to an ongoing structural performance assessment using different kinds of
sensors to evaluate the integrity and safety of the structures to help engineers decide on
rehabilitation measures when a structure experiences unexpected changes such as excessive
deformation, deflection, strains etc. Sensors embedded or attached to structures are also used for
applications other than SHM, such as indoor air quality monitoring, smoke detection, energy
efficiency, quality assessment of the precast elements, etc. They are used to control the ongoing
situation and performance of the buildings. Appropriate tools for data management, data storage,

damage detection and data retrieval are needed for effective monitoring. One of the main issues
of monitoring is dealing with huge amount of data that may depend on different factors such as
purpose and size of the project, type of the structure, etc.
Appropriate data management is significant, since it provides better exchange of data, allowing
the establishment of an interoperable building model and specifications of the building
components during its life-cycle. The management of all original raw data, as well as of all postprocessed data, during the entire life- cycle of the infrastructure that can add up to hundreds of
Gigabytes of data can constitute a problem, in particular if all the original data are kept for future
processing (Rio et al, 2012).
BIM is an effective tool used as a powerful data management tool by obtaining, sorting, storing,
sharing and recalling data and make them intelligent. It can be used as a repository of all data
captured or made during the building’s lifecycle. BIM is usually used as a static data source.
Extending BIM model from static to dynamic by recording the real time building information will
be effective for owners and facility managers by providing the accurate and updated information
about the state of various parts of the building (Chen et al, 2014). Life cycle data management
can be an issue when there is a lack of data storage mechanism and BIM as a static information
source solves this issue. But on the other hand, static data source is comprised of limited design
and as-built data. Dynamic BIM model can work in capturing real time building information such
as data obtained from different types of sensors attached or embedded in the building to reflect
its existing condition (Chen et al, 2014). By emerging BIM, many data management-related issues
have been solved. BIM is considered as an n-dimensional simulation tool to provide a digital
environment for the project’s data. By using BIM, all structural elements are simulated for
visualisation. The ability of BIM in visualizing the whole building, its individual elements and
parts of building helps in better and more effective decision-making. BIM can be used to simulate
the whole building life cycle (Bazjanac, 2006). One of the key advantages of BIM is its accurate
representation of various parts of a building in an integrated data environment. The construction
specifications, details and processes can be easily connected using BIM (Khemlani et al, 2006).
The objective of this study is to show how to use BIM in data management of building monitoring
systems such as Structural Health Monitoring system and how to model sensory systems in BIM
and link them with the external data captured by the real sensors.
2

BUILDING INFORMATION MODELING

Architecture, Engineering and Construction (AEC) industry has been seeking an effective tool for
reducing cost and completion time of the projects and increasing their productivity and quality
(Azhat et al, 2008). Typically, there are hundreds to thousands of documents for each project and
human interpretations are required to tie them together. Effective coordination between design
disciplines and communication of the design to the field are a constant challenge. Building
Information Modeling (BIM) has significantly altered the way the building information is
managed by the Construction industry. BIM involves digital modeling software to more
efficiently design and manage a project (Nassar, 2010). It provides powerful new value to the
construction firms. BIM breaks down the barriers between disciplines by encouraging and sharing
of knowledge through the project life-cycle. BIM improves constructability, shortens the
completion time of the building project. In a BIM project, multiple documents are not used like
the traditional ways (Australian Construction Industry, 2014). Instead, it is built digitally as a
database in BIM software. Instead of having to look at separate drawings, schedule and
specifications for the information on a particular element, all information is built into an
intelligent object in the BIM model.

BIM is an organised collectible building data. When it comes to BIM, everything begins
with a 3D digital building model. This model however is more than just a simple geometry added
to it for visualization. A true BIM model consists of the virtual equivalence of the actual building
sections used to create a building (Graphisoft, 2015). These intelligent elements are the digital
prototype of the physical elements such as walls, columns, windows, doors, stairs etc. It will allow
us to simulate the building and understand its behaviour before the actual construction begins. Of
course, the most basic used of the BIM model is for creating the realistic visualisation of the
planned building. The BIM model helps the design decisions by comparing various design
configurations. BIM models contain more than architectural data. Information about different
engineering fields, sustainability information and other characteristics can be easily simulated
well in advance in actual construction. As mentioned earlier, the data put in a BIM model is not
only used during the design and construction phase of the building project but also can be used
throughout the building life cycle. The building-related data can be easily archived in the BIM
for future usage, analysis, retrieval, maintenance, etc.

2.1

Advantages of Using BIM in SHM

It is obvious that effective handling of the SHM data is a demanding task. Therefore, integrating
the collected data in an effective information management tool such as BIM can resolve this issue
by creating a single digital model that can be effectively used whenever needed. As mentioned
earlier, IFC-based model must be used for information exchange between sensors and BIM.
Figure 1 indicates how using BIM can be advantageous in SHM process
Sorting & scheduling of sensors data

Visualizing simulated sensors with their data
Building a single digital model

Benefits of using BIM in SHM

On time emergency reaction

process
More effective monitoring planning

Sorting & scheduling of sensors data

Better SHM data control & management
Provides useful database for future projects
Linking real time monitoring data to simulated
sensors in BIM model for better interpretation

Fig. 1: Benefits of using BIM in SHM process
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RESEARCH METHODOLOGY

Figure 2 describes the methodology used in the study. As can be seen, after reviewing of SHM,
BIM and their integration, a simple case study building was simulated in Revit and it was
examined how sensors could be created and visualized in the building components and how some
of their relevant information can be sorted and managed. It could help the engineers to visualize
the sensors location and manage the sensors’ data easier. At the end, a method for linking the real
external data to created sensors in BIM model has been presented.

Building architectural and structural simulation
using Revit Architecture and Structure

Using family creating

Creating different types of sensors for

& sub-category

structural & environmental purposes

SHM purpose
Accelerometers

definition
Placing and visualizing simulated sensors in
some components of the building

sReview
Strain Gauges
Thermocouples
Review

Sorting and managing of some initial information of
created sensors

Linking some external files as data captured by real sensors to the
created sensors in the model to make our model dynamic
Fig. 2: Hierarchy of steps in this study
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CASE-STUDY BUILDING

A four story concrete office building has been simulated in both Revit Structure and Revit
Architecture 2015. The building has one underground basement, having a retaining wall system
with a thickness of 300 mm. Columns and beams are in rectangular shape with the dimensions of
450×450mm and 400×350mm, respectively. Three different types of sensors for structural health
monitoring purpose including strain gauge, accelerometer and thermocouple were created in Revit
Structure. Sensors created in Revit and managing their data will be explained in the next sections.
Figure 3 shows the architectural and structural 3D view of the case study building modelled in
Revit Architecture and Revit Structure respectively.

Fig.3: Architectural and structural 3D model of the building
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CREATING AND PLACING VIRTUAL SENSORS FOR SHM IN REVIT MODEL

There are many different objects in both Revit Structure and Architecture such as floors, roofs,
ramps, stairs, columns etc. One of these categories of objects is specialty equipment. In Revit,
each type of sensors must be defined as a subcategory of specialty equipment category to enable
the manipulation of their data. The reason for defining the sensors under the category of specialty
equipment is that in Revit import IFC options, IfcSensor and IfcSensorType IFC class names are
categorized under specialty equipment category.
On the other hand, since a key consideration in creating a sensor family is to make sure that sensor
is actually recognized as a sensor when exported through international file standards such as IFC,
in IFC export classes file, each type of sensor used in the model should be defined under specialty
equipment category as mentioned earlier for their effective usage in the future. For defining each
type of sensors for export purpose, we have to save the information as IFC export classes file in
the text format and define them manually and then load it again in IFC export classes file to show
them in Revit environment. Figure 3 indicates how each type of sensor can be manually defined
in IFC export class text file.
As can be seen in Figures 4, in Revit Structure, three types of SHM sensors including
accelerometer, strain gauge and thermocouple were defined. After defining each type of sensors
under the specialty equipment category, now it is the time to model them. Each sensor could be
modelled as a new family component in Revit. Each family creates a set of components to be used
in the project. Therefore, each type of sensors including accelerometer, thermocouple and strain
gauge must be modelled as a separate family component. Figure 5 illustrates how accelerometer,
strain gauge and thermocouple can be defined under the specialty equipment category as the new
family component. As can be seen, accelerometers, strain gauge and thermocouples are shown by
red, blue and green colours. After defining all type of sensors and showing them by different
colours, each type of sensor must be drawn and modelled as a separate family.

Fig. 4: Defining each type of sensors manually in IFC export class text file in Revit Structure

Fig. 5: Sensors definition as the new family component

After modelling the sensors, their identity such as type image, model, manufacturer, URL,
description, cost, assembly code etc. must be inserted in the model, such that they appear in
sensors schedule. Some additional parameters for each type of simulated sensors can also be
added. There are two types of parameters, shared parameter which can appear in schedules and
family parameter which cannot appear in schedules. Choosing any of them depends on whether
the defined additional parameters are needed to appear in the project schedule or not. When the
parameters are needed to be in the schedule table, a parameter group must be defined in the next
step after choosing shared parameter type and then all parameters relevant to this group must be
added to this group. There are various types of disciplines associated with a BIM model for
different purposes such as structural, Heating, Ventilation, and Air Conditioning (HVAC), piping
etc. Each of them has its own types of parameters. For instance, for structural discipline, there are

different types of parameters such as force, moment, frequency, acceleration, stress etc. which
can be added to the defined group. In this project, - additional parameters are not defined.
Regarding sensors’ identity data, it should be mentioned that some of them such as image, model,
manufacturer, URL, description and cost must be provided from the market and some of them,
such as assembly code and assembly description must be selected from the Revit database. For
assembly code, there is a classification. In this project, assembly code F1050900 used for other
special control and instrumentation, was selected for each type of sensor. After providing and
inserting all necessary information for each type of sensor, they have to be loaded into project for
attaching to the specified points of the building model.
After modelling sensors and loading them into the project, they can be placed in the right
locations in the building model. In fact, prior to placing sensors in the model, their precise
locations must be specified by the SHM design team. The SHM design team members should
investigate all factors such as the critical parts of the building, mid-span of a beam; the building’s
mode shape; aesthetics factor; installation; etc., to choose the strategic positions for
instrumentation. After determining the right placement of the sensors in the building, the created
sensors must be placed in the BIM model. SHM sensors were placed inside the structure at the
top and bottom of reinforcement bars in foundation, columns and beam. After placing sensors in
the BIM model, they can be shown in both plan and elevation views as well as in images taken
by Revit software. Figure 6 indicates the sensors’ placement in the plan, elevation views of the
building BIM model.

Fig. 6: A sample of SHM sensors placement in the foundation plan and elevation view (sensors
embedded in concrete)
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SHCEDULING AND SORTING OF SOME INITIAL INFORMATION OF
CREATED SENSORS

After placing all the sensors in their specified identified locations, their initial information
provided by the BIM modeller can be sorted and managed. Revit can provide the sensor schedule
table including all sensors as well as some of their information. We can consider as many
parameters as needed in the schedule table. As mentioned earlier, additional parameters can be
added into the project to be used in the sensors’ schedule table. In this study, the schedule table
of sensors include some parameters such as type of sensors, their description, model,
manufacturer, assembly code and description, keynote, image, their count, cost and placement
level as shown in Figure 7. As can be seen, here the sensors can be sorted according to the type

of sensors and the level where they were placed. For each level, the total cost of sensors is also
shown.
One of the interesting and positive features of the table (Figure 7) is that when you select a specific
sensor in the table, the selected sensor will be automatically highlighted in both plan and elevation
views. This feature is effective, in particular in change management process as well as updating
SHM system design. Thus, the model can be helpful for managing some initial information of
sensors. In schedule table, using URL section, the official website which shows all information
and features related to each sensor can be attached. It means that when you click on it, it will
automatically connect to website and then we can get all related information from it. In the image
section, real image of each sensor can be uploaded to show what the shape of real sensors is.

Fig. 7: SHM sensors initial data schedule table
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LINKING THE SENSORS DATA TO THE VIRTUAL SENSORS

It is obvious that the most important process after modelling and placing sensors in the model is
how to link the real time data captured by the sensory system in the real structure to the simulated
sensors in the building BIM model to provide owners, engineers and facility managers updated
information on the ongoing state of the building to give them signals whenever something
unexpected happens before it becomes critical. But how the external data can be linked to the
modelled sensors in BIM? For the first step, Revit add-ins shall be used. By Revit add-ins, some
complementary tools can be added to Revit for additional purposes. In this study, keynote
manager tool was used. By this tool the keynote classification of Revit tool can be automatically
shown. Revit’s keynote system is a powerful way to integrate data into Revit families, reduce
errors, and streamline documentation. Keynote Manager was created to provide a simple, efficient
interface to edit keynote files (Revolution Design, 2014). It has many abilities such as editing
keynotes in a tree view, locating keynotes quickly, renumbering keynotes, defining key keynotes,
adding external links to keynotes etc. For linking external files to the modelled sensors, a keynote
must be defined for each sensors under a category. For example, in this project, just for
illustration, two new keynotes including accelerometer 1 and accelerometer 2 with 13401 and
13402 codes respectively were defined by keynote manager under the measurement and control

instrumentation category. After defining these two new keynotes, they will be automatically
added into the main keynote list of Revit. And then, they can be used in each components of the
model. Two accelerometers were placed in the middle of two different beams and then the
corresponding keynotes were used for them.
After defining new keynotes and using them for the accelerometers, as many links can be added
to each of accelerometer 1 and accelerometer 2 as desired with different formats such as JPEG
(image), pdf, XLSX (excel), fig (MATLAB) etc. Data captured from the accelerometer by Data
Acquisition System (DAS) in the site in any format such as excel can be transformed from time
domain to frequency domain by FFT analysis which can be done by some other tools such as
MATLAB. In this project, two different dynamic tests data file in excel format and their natural
frequency diagram file (obtained by FFT analysis in MATLAB) in JPEG format were linked to
each of accelerometer 1 and accelerometer 2 as example. Figure 8 indicates how these external
files can be linked to accelerometer 1 and 2.

Fig. 8: Linking some external files to the Accelerometer 1 and Accelerometer 2 keynote
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FUTURE ADVANCEMENT

All stages in the structure’s life cycle including planning, design and modelling, analysis,
construction planning, fabrication, construction, operations and maintenance, and rehabilitation,
we need the structure’s data. Therefore, by having a comprehensive model of a structure including
all data will be not only useful for its design and build stages, but also will be invaluable for its
operation and maintenance steps by integrating with structural performance assessment methods
such as SHM to ensure the longevity and safety of structures, as well as to optimize

their management. It is possible to link the BIM with the sensor information to a structural
analysis software to analyse the structure to interpret the sensor data. It can also involve
integration of BIM with SHM for damage detection and structural condition assessment using
real time data captured by sensors as well as managing and storing the data.
9

CONCLUSION

The study investigated the capability of BIM in management of the monitoring systems using a
case study building. The research has highlighted the applicability of BIM in efficient data
management in SHM system. In order to achieve the objectives of the study, a sample building
was modelled in Revit Structure and Revit Architecture and a few types of structural health
monitoring sensors including thermocouple, accelerometer, and strain gauge were created and
placed in structural model. After placing them in the building models, their initial information
were sorted and scheduled and then at the end they were linked to appropriate external files
corresponding to some sensors. Simulating a sensor-based monitoring system in buildings using
BIM will lead to visualizing all components of the sensory system such as different types of
sensors which can make the data interpretation and the change detection easier and this ability of
BIM could help in better and more effective decision making and change management. As
mentioned earlier, BIM is usually used as a static data source that means it is used as a repository
of buildings as-built plan data. Therefore, extending BIM model from static to a dynamic model
by linking the real sensory data to simulated sensors will be effective for engineers and facility
managers to interpret and assess ongoing performance of the building by providing and managing
updated monitoring data.
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