
Maintaining Bridge Safety with 
Electronic Monitoring
What Was the Need?
To ensure public safety and determine when maintenance 
is necessary, engineers regularly inspect bridges. To 
complement these inspections, there is an increasing inter-
est in electronic bridge monitoring systems that provide 
data on the structural performance between inspections. 
Such systems may help detect problems early, before they 
require expensive repairs. 

Sensors record changes in the bridge due to normal load-
ing and environmental effects as well as time-dependent 
changes in material behavior, and these can make it dif-
ficult to identify abnormal changes in behavior.

Researchers developed detailed finite element models of 
the I-35W St. Anthony Falls Bridge to investigate expected 
responses to these normal conditions. Additional research 
was needed to use these models to inform a monitoring system for the bridge.

What Was Our Goal?
The goal of this project was to develop a monitoring system for the I-35W St. Anthony 
Falls Bridge that will help detect potential problems with the bridge bearings and may 
help identify potential changes in expected long-term behavior of the bridge. To accom-
plish this task, it was important to discern the expected time-dependent behavior of the 
bridge and develop tight bounds on the expected data to be able to identify abnormal 
changes in behavior. The time-dependent behavior of the I-35W St. Anthony Falls Bridge 
includes:

•  Creep, the long-term deformation of concrete over time due to sustained loads.

•  Shrinkage of the concrete over time due to loss of moisture.

By identifying the normal response of the bridge due to temperature effects and estab-
lishing predicted creep and shrinkage behavior of the bridge, researchers sought to 
establish a point of comparison for detecting anomalies in the data that might indicate a 
problem.

What Did We Do?
Researchers compared six models for predicting creep and shrinkage to the results of 
laboratory and field tests. In laboratory tests, they periodically measured the creep and 
shrinkage of concrete samples for nearly four years. 

In field tests, they compared models to measured data obtained over the first five years 
of bridge monitoring. This included longitudinal strains throughout the structure as 
well as longitudinal deflections at the expansion joints of the bridge. Deflections were 
measured by linear potentiometers (which translate movement into electrical signals) 
installed near the joints. 

In analyzing field data, researchers developed a method for factoring out temperature, 
since field data indicated that time-dependent behavior was heavily affected by the tem-
perature of the concrete. Creep and shrinkage slowed nearly to a stop during Minne- 
sota’s cold winters and accelerated during the summers. Researchers calculated what 
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field measurements would have occurred if the temperature had been a constant  
68 degrees Fahrenheit, yielding an adjusted age for measurements. 

What Did We Learn?
Researchers found that in comparison to laboratory results, two models overestimated 
shrinkage strains by 50 and 22 percent, respectively, while other models predicted 
strains within 20 percent of measured results. All but one model overestimated laborato-
ry creep strains for the entire testing duration. A model based on the AASHTO Load and 
Resistance Factor Design guide provided accurate estimates up to 100 days after loading 
but underestimated the strains at later times.

Compared to the behavior inferred from sensor data during the first five years after 
completion of the bridge, none of the time-dependent prediction models accurately cap-
tured the behavior of the bridge. The first 1.5 years after construction were closely ap-
proximated by two models, including the model based on the AASHTO LRFD, but these 
asymptotic models underestimated long-term deformations. Some models overestimated 
the bridge deformations by factors greater than two over the entire five-year period. 

Using these results, researchers developed a methodology for detecting anomalies in 
data from the linear potentiometers installed near the expansion joints on the I-35W St. 
Anthony Falls Bridge. This methodology is designed to detect short-term problems, such 
as bearing lockup, and slowly evolving long-term issues that would manifest as unex-
pected changes in rates of creep and shrinkage. It uses field measurements of time- 
dependent behavior, modified to remove temperature effects, as the baseline for detect-
ing anomalous data. Researchers successfully tested the system by using it to detect 
artificially induced anomalies. 

What’s Next?
MnDOT will use the monitoring system on the I-35W St. Anthony Falls Bridge to de-
tect short- and long-term changes in performance, which may eventually help MnDOT 
expand its use of monitoring systems to other bridges. Monitoring systems will provide 
new tools to aid bridge inspection and maintenance in timely and accurate identifica-
tion of structural problems as well as help engineers improve future designs for similar 
bridges. 
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The monitoring system on the I-35W St. Anthony Falls Bridge includes hundreds 
of sensors distributed throughout the structure, including linear potentiometers 
that provide data related to bridge expansion and contraction.

“Bridge monitoring 
systems could complement 
MnDOT’s maintenance 
and inspection activities, 
helping to detect 
structural problems before 
they affect safety or 
require expensive repairs.”

—Ben Jilk,
Principal Engineer, 
MnDOT Bridge Office

“Accounting for live 
loading and temperature 
changes as well as 
time-dependent changes 
due to creep and shrinkage 
effects is critical in 
developing meaningful 
monitoring systems that 
can be used to identify 
issues that may warrant 
attention as part of a 
long-term maintenance 
strategy.” 

—Catherine French,
CSE Distinguished 
Professor, University 
of Minnesota Department 
of Civil, Environmental 
and Geo-Engineering
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