
Leveraging MnDOT’s Smart Bridge 
Sensors to Measure Vertical Displacement
What Was the Need?
Since September 2008, the I-35W St. Anthony Falls Bridge 
has carried traffic over the Mississippi River in Minneapo-
lis and funneled sensor data to researchers and MnDOT 
bridge engineers. This smart bridge features over 500 
sensors that monitor strain, load distribution, temperature, 
bridge movement, and other forces and functions. 

Sensors help designers and bridge managers learn more 
about how bridges shift and flex over time. Concrete 
expands and contracts, and bearings shift; sensor systems 
continuously gather data about these minute changes, 
offering an alternative to time-consuming inspection. 

Researchers continue to identify potential uses for sen-
sor data and new ways to use such information to ana-
lyze bridge properties and performance. In a 2017 study 
about monitoring bridge health, researchers learned to 
distinguish and associate specific vibration frequencies 
with structural damage, weather conditions and other factors. These frequencies were 
gathered by accelerometers, which measure structural vibrations triggered by traffic and 
environmental conditions. 

Decks, piers and other structural elements displace vertically under loads and environ-
mental conditions. Researchers and bridge managers wanted to know if accelerometers 
could be used to measure vertical displacements and help monitor bridge health.

What Was Our Goal?
MnDOT needed a procedure for measuring and monitoring vertical displacement on 
bridges under traffic and environmental forces. Investigators would use the sensor sys-
tems on the I-35W St. Anthony Falls Bridge to design and analyze this procedure. 

What Did We Do?
Indirect analysis and measurement of vertical displacements rely on estimations ob-
tained through modeling. Investigators evaluated the most well-developed approach for 
measuring vibration frequencies like those tracked by accelerometers and refined the 
method. The team developed a dual-model approach: One model estimates loads and 
the other estimates displacements. 

In a laboratory, investigators evaluated the impact of loading on displacement and vibra-
tion frequencies on a girder with contact sensors and accelerometers under moving and 
stationary loads. Researchers applied the dual-model analysis to laboratory displacement 
readings to compare the effectiveness of the model with contact sensor responses to 
loading. 

Using laboratory data, investigators tuned the dual-model approach to accelerometer 
data available from the I-35W St. Anthony Falls Bridge. The research team then applied 
its identified tuning approach to the data from the bridge’s 26 accelerometers to deter-
mine the procedure’s suitability for estimating vertical displacement from vibration re-
sponse on this bridge and its potential for other structures in the MnDOT bridge system. 
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Researchers tested vibrations 
with sensors on a steel test beam 

in the laboratory.

Researchers developed 

a new method for 

estimating vertical 

displacements on bridges 

using sensors installed on a 

MnDOT smart bridge. The 

procedure expands industry 

knowledge of how to use 

smart sensors and shows 

potential for use on certain 

kinds of bridges.   
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What Did We Learn?
This research developed an effective new method for using accelerometers to measure 
vertical displacement on bridges, but the approach is not effective for this particular 
bridge. On very stiff bridges like the I-35W St. Anthony Falls Bridge, the dual-model 
approach does not identify the low displacements at the traffic speeds experienced on 
this bridge and so is not recommended for further use with this structure. Higher speeds 
generate higher frequency vibrations, but on a bridge this stiff, the speeds would have to 
be impractically high to generate detectable vibrations.

Investigators developed an effective procedure for tuning this approach to a specific 
bridge and its sensors. The dual-model approach shows promise for analyzing vertical 
displacements on certain structures without the time-consuming effort of surveying and 
erecting scaffolding (which is impractical for many bridges that span bodies of water) 
for contact sensors and careful displacement measuring. 

Vertical displacement caused by temperature changes and other environmental forces 
may be too subtle and slow for this approach to identify. Displacements generated by 
high-speed loading and other dynamic forces, however, can be measured by this method 
on less stiff bridge structures like steel bridges. 

What’s Next?
This study expands the knowledge on the use of smart bridge technology and MnDOT’s 
efforts at developing new ways to leverage the advanced technology it has installed. 
Using accelerometers in this way for identifying vertical displacement will not work 
on the I-35W St. Anthony Falls Bridge, but MnDOT may look for other methods for 
determining vertical displacement and for other uses of accelerometer data. Engineers 
may also explore the use of accelerometers on steel bridges or cable-stayed bridges for 
displacement measurement.

As smart bridge technology and its uses develop, investigators will consult the methods 
and findings in this study and may adopt some of its procedures. The results of this study 
will also be used in a 10-year evaluation of the smart bridge technology used on the 
I-35W St. Anthony Falls Bridge to identify lessons learned and future research.

This Technical Summary pertains to Report 2019-05, “Displacement Monitoring of I-35W 
Saint Anthony Falls Bridge with Current Vibration-Based System,” published January 2019. 
The full report can be accessed at mndot.gov/research/reports/2019/201905.pdf.

The I-35W St. Anthony Falls Bridge features over 500 sensors that track bridge health 
and environmental forces, including vibrations through the structure.

“We need to learn more 
about sensors because we 
don’t have a lot of 
experience with them. 
This study gave us valuable 
information about 
accelerometers and the 
information they provide.”

—Benjamin Jilk,
Complex Analysis and 
Modeling Design Leader, 
MnDOT Bridge Office

“This technique is pretty 
innovative. The procedure 
development was 
successful, but the 
application to this 
structure was less 
successful. Some of the 
metrics identified in this 
technique could be useful 
in other monitoring 
approaches.”

—Lauren Linderman,
Assistant Professor, 
University of Minnesota 
Department of Civil, 
Environmental and 
Geo-Engineering
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