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The Memorial Bridge in Portsmouth, NH closed to all vehicular traffic in 
2011 due to structural deficiencies. In August 2013, a new bridge opened, but 
with one small, yet, noteworthy change. The Memorial Bridge became the 
first vehicular truss bridge in the US to implement gusset-less connections. 
Limited information is known about the fatigue life of these types of 
connections. According to the designer, the bridge will last for 75 years. 
Researchers at UNH expected the weakest point in the bridge to be the actual 
weld in the connections, therefore the overall goal of this summer project 
was to analyze data being collected from fatigue testing of a scale model 
connection, and weld samples which were created in accordance with the 
bridge specifications.

Project Background

• Exsosometer and strain gauges attached to sample of steel, to measure the 
amount of strain. 

• Image Analysis in MATLAB
– Comparison of black pixels to total pixels (black and white) to get a 

percentage in order to determine amount of damage. 
• Excel data to calculate average stress ranges.

Methods

• From limited in-service data and laboratory research, gusset-less 
connections exceed performance prediction. 

• Given the reduced cost in erection and increased sustainability in terms of 
materials use and ease of inspection, it would seem like the gusset-less 
connection is a smart and practical design option for engineers considering 
long-term performance.

• To date, no damage is noted on the connection at the Memorial Bridge and 
after 1.6 million fatigue cycles there is no damage on the scale specimen.

• On the defective weld samples, very minimal damage is visible.
• Although this is good, because it means the connections are strong, it 

makes it hard to know the capacity limits of the connection.
• Many more cycles of testing need to be done to inflict more damage on the 

weld samples.  
• A large component of the collected data contains noise. A frequency of 2 

Hz has appeared on a regular basis as shown by the graphs, and needs to 
continue to be filtered out for effective post-processing.

Discussion

• Ongoing testing needed to determine the fatigue limit of the gusset-less 
connections.

• Continue analyzing data from the sensors and working to filter out noisy 
data.

• Use MATLAB results to create a way to rate the amount of damage present 
in the weld sample as a result of fatigue testing. 

• Continued collaboration with the bridge designers, managers and owners 
to establish inspection protocols for this bridge and any others that 
employs innovative welded connections.
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Guesset-less connection

Results

As these graphs indicate, a frequency of 2 Hz is being detected in the data. The data that is of most interest is that occurring at the 1 Hz frequency.

The graphs above show that while the stress range in the weld area varies, the stress range at the specimen boundaries is not picking up on any 
significant changes in stress.

Typical gusset plate 
connection: Tobin 
Bridge, Boston, MA:

Memorial Bridge Portsmouth, NH

Percent Defect from Image Analysis

The first graph above shows force for one of the strain gauges (S1) over time. The second graph shows a zoomed version of this over a 30 second 
time interval. The graphs should follow a sine wave.

Test setup of gusset-less specimen in the lab at UNH in Durham, NH
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