
Smart Bridge Continues to Generate Data 
After a Decade of Service

In 2008, MnDOT opened 

the St. Anthony Falls 

smart bridge on I-35W in 

Minneapolis. The structure 

has over 500 working 

sensors that collect valuable 

data for research and 

design. After 10 years of 

service, 90% of the bridge’s 

sensors and gauges were 

still operational. 
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Vibrating wire strain gauges like 
this one were attached to 
reinforcement bars before 

concrete was poured.

What Was the Need?
Minnesota bridges serve in an environment with one of 
the largest temperature ranges experienced in the U.S., a 
challenge both to bridge performance and to monitoring 
and inspection. In spring, cool mornings are often fol-
lowed by sunny afternoons that heat the tops of concrete 
decks to warm temperatures while the undersides of the 
bridge spans remain cool. This difference, or gradient, 
leads to thermal stresses when the warm concrete ex-
pands while the cool concrete does not.

MnDOT opened the Interstate 35W (I-35W) St.    Anthony 
Falls Bridge in 2008 as a smart structure fitted with over 
500 instruments—including strain sensors, thermistors 
and corrosion sensors. This sophisticated bridge has pro-
vided excellent service to drivers and generated extensive 
bridge performance data since the public began crossing 
the bridge’s two parallel concrete box-girder spans. 

The St.   Anthony Falls Bridge performance study reported in 2012 on bridge perfor-
mance and design modeling. An analysis of vibration wave data and design expectations 
was issued in 2017, and in 2019 a study of the bridge presented a new method for mea-
suring vertical displacement in bridges with accelerometer data.  

In 2018, the bridge reached its 10th year of service, offering MnDOT another opportu-
nity to leverage this facility’s rare trove of sensor data to improve bridge reliability and 
safety on the first of many important anniversaries expected for the St. Anthony Falls 
Bridge’s service life.

What Was Our Goal?
In this study, researchers sought to evaluate the performance of the sensor systems after 
10 years. Key objectives were to evaluate the thermal effects on the bridge structure; 
update findings related to past research on creep, shrinkage and displacement; and eval-
uate the performance of sensor systems over time. 

What Did We Do?
Researchers gathered and evaluated bridge data from the past 10 years to examine the 
performance of four instrumentation systems: corrosion measurement, static systems 
focusing largely on temperature and strain distribution in the structure, dynamic sys-
tems measuring displacement and acceleration, and fiber optics systems focused on 
strain detection. 

The team developed recommendations for instrumentation system deployment on 
future smart bridge installations. Investigators developed design recommendations for 
future projects, identifying in particular the models and standards that best suit design 
considerations for Minnesota environments. 

What Did We Learn?
Of the sensors and instruments that were in service after the bridge opened, 90% were 
still operating 10 years later. While the corrosion detection system had not delivered 
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usable data since opening, systems for measuring temperatures (static system), displace-
ments (dynamic system) and strain (vibrating wire and fiber optic sensors) continued to 
gather and report data after a decade of service. 

Thermal gradients showed that the Minnesota bridge experiences extensive tempera-
ture-related strains that exceed those from nationally recommended design temperature 
loads, although its conservative design ensures these strains do not exceed limit states 
or threaten the structure. Together with temperature sensors, displacement instruments 
have provided the most valuable information for researchers on expected and time- 
dependent behavior. Strain data errors were higher with fiber optic sensors than vi-
brating wire gauges, in part because thermistors were not installed with fiber optics to 
allow investigators to correct fiber optic readings for thermal expansion of the concrete.

Researchers recommended that thermistors be more broadly distributed throughout 
instrumented bridges. At the St. Anthony Falls Bridge, temperature gauges were concen-
trated at midspan cross sections, providing little data for thermal profiles at piers, a key 
location of interest in thermal gradient analyses. 

Vibrating wire gauges appear to be more cost-effective than fiber optic units, which are 
expensive to install. However, where fiber optic strain sensors are to be used, tempera-
ture gauges should be embedded just below the concrete surface at the center of each 
fiber optic gauge. Future smart bridges should include improved electrical grounding to 
resist electrical storm-related outages, and researchers should be on-site for installation 
and initial measurements. 

Although the St. Anthony Falls Bridge was designed conservatively, thermal strains must 
be carefully considered with other bridge designs for cracking and serviceability. 
Researchers recommended specific design gradients scaled to the American Association 
of State Highway and Transportation Officials (AASHTO) Zone 2 temperature region. 

Investigators determined that longitudinal deflections showed no cause for long-term 
concern. Based on collected data, researchers identified the most effective internation-
al modeling standards designers should use for creep and shrinkage considerations in 
Minnesota environments. 

What’s Next?
MnDOT has no immediate research plans for the St. Anthony Falls Bridge, although con-
tinued data collection remains a key interest. A 20-year evaluation much like this project 
will likely be sought at the appropriate time.

The St. Anthony Falls Bridge, a smart structure on I-35W in Minneapolis-St. Paul, 
opened to traffic in 2008.

“We had really good 
survival rates with our 
instrumentation. Of the 
sensors that survived 
installation, 90% of them 
are still performing.”

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

“Displacement instrument 
systems provide a lot 
of insight into concrete 
bridge behavior, so that 
is one system we will 
definitely use again in the 
future.”

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

This Technical Summary pertains to Report 2020-19, “Ten-Year Review of Monitoring System 
on I-35W Saint Anthony Falls Bridge,” published June 2020. The full report can be accessed at 
mndot.gov/research/reports/2020/202019.pdf. 
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