
Acoustic Emission Monitoring of 
Fracture-Critical Steel Bridges
What Was the Need?
As bridges in Minnesota age, they are more likely to suffer 
from structural damage caused by such factors as traffic 
loading, the weather and winter deicing chemicals. Engi-
neers have long been interested in using electronic sensors 
to actively monitor the health of bridges so that they can 
discover and repair minor damage—including fractures 
in the beams supporting the bridge—before it develops 
into something more costly or undermines the safety of 
the bridge. This technology is especially important for 
fracture-critical steel bridges, which while not inherently 
unsafe, can become seriously distressed or even collapse 
if there is a failure of just one of their primary structural 
components. 

For several years, MnDOT has been investigating a bridge 
monitoring system that makes use of acoustic emission technology to monitor bridges 
for sound waves generated by cracking in the steel components of a bridge. In the 
first phase of this project, completed in 2010, researchers proposed an approach for 
AE-based bridge health monitoring systems in which the sensors are spaced as far as 
possible. In a second phase of the project, from 2011 to 2014, researchers deployed and 
tested this system on a portion of a tie beam on the Cedar Avenue Bridge, a fracture- 
critical steel bridge in Burnsville, Minnesota. The goal of that phase was to begin to cali-
brate the system by conducting laboratory tests that would help distinguish AE signals 
caused by actual cracking from those caused by other factors, including traffic, rain and 
friction at bolted connections. 

A third phase of this project was needed to deploy the remaining sensors needed to 
monitor the entire tie beam, continue to collect data from the bridge to calibrate the 
system, and develop a data processing protocol to identify true fracture signals. 

What Was Our Goal?
The objective of this project was to test and optimize an AE monitoring system to detect 
cracking in steel bridge components by calibrating the system to distinguish AE waves 
associated with fractures from waves caused by other factors. Other objectives included 
continuing to monitor bridge data and developing procedures for analyzing the data. 

What Did We Do?
In the first two phases of this project, researchers tested a system on the bridge consist-
ing of a Sensor Highway II Smart Remote Monitoring system manufactured and sold by 
MISTRAS Group, Inc., including 16 AE sensors placed on the bridge using solar panels 
with battery backup to provide energy for the system. Where normally the sensors 
would be clustered around an area where a fracture is likely to occur, this project tested 
their effectiveness when placed sparsely—at regular intervals of 10 feet along bridge 
girders—to globally monitor large portions of the bridge. 

In the current phase of the project, researchers added a second set of 16 AE sensors, 
roughly identical to the first one, for a total of 32 sensors. With the addition of the new 
set of sensors, they were able to monitor the whole section of one of the northbound 
tie girders. Researchers collected data from these systems from November 2013 to 
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October 2014. They also performed tests to further help distinguish signals indicating 
cracking from other noise. In these tests—performed both in the laboratory and the 
field—researchers applied loads to specially fabricated notched steel beams until they 
fractured, and then recorded AE data. Field tests involved bonding these test beams to 
the Cedar Avenue Bridge structure using epoxy and a heavy-duty clamp before loading 
them to fracture. Field tests were necessary because the bridge has not experienced any 
cracking since it was brought into service in 1979 and was not expected to experience 
cracking during the project. 

Researchers analyzed the resulting data to develop criteria for distinguishing AE signals 
indicating fracture from those caused by other factors. 

What Did We Learn?
Results showed that although processing AE data is a complex task, AE systems hold 
promise for identifying fractures in steel bridges, including small cracks. 

For complicated bridge geometries such as the Cedar Avenue Bridge, AE waves caused 
by fractures are likely to become distorted and scattered before reaching a sensor. 
Consequently, distinguishing these waves from those caused by other factors requires 
multiple criteria, with no single trademark indicating a fracture. Researchers developed 
three sets of criteria for making this distinction. The third and most effective set of crite-
ria was able to distinguish fractures from other noise in all of the recorded cases.  

What’s Next?
Researchers recommend further investigation into methods for detecting less sudden 
fractures, caused by fatigue, both in the laboratory and on an in-service bridge. They also 
recommend that solar panels not be used as an energy source for AE systems since they 
are not reliable enough to meet the significant power demands of the system.
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To develop a method for interpreting bridge data that distinguishes real cracking events from false 
alarms, researchers conducted pilot tests in which they attached test beams to the Cedar Avenue 
Bridge, loaded these beams until they fractured and then measured the resulting AE data. 

“This system may allow 
MnDOT to detect the 
presence and location of 
cracks in bridges before 
they lead to more serious 
problems or costly repairs.” 

—Moises Dimaculangan,
MnDOT Bridge Rating 
Engineer

“The traditional way of 
using AE is to cluster 
sensors where fractures 
occur. But bridges are 
complex structures with 
many areas of potential 
fracture, requiring us to 
develop a system for 
monitoring an entire 
girder with just a few 
sensors.”

—Arturo Schultz,
Professor, University of 
Minnesota Department of 
Civil, Environmental and 
Geo-Engineering
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