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Seismic Behavior of Steel 
Bridges with Fatigue-
Prone Details

Steel bridges are vulnerable to earthquake ground motions. On question that is unanswered is, what 
role does fatigue cracking play in the seismic performance of bridges? This is an important question 
because many steel bridges, particularly those built before 1970, have shown signs of excessive 
deterioration and fatigue cracking.

In this study, detailed finite elements models of a twin-tub girder bridge with fatigue-prone detail was 
developed. The bridge was assumed to be located in Denver, CO, and subjected to light daily traffic. 
The model was then utilized to evaluate the low-cycle fatigue behavior of the bridge when subjected to 
a suite of ground motions in the presence and absence of a fatigue crack. The Coffin-Manson approach 
was utilized to evaluate the low-cycle fatigue behavior and calculate the total number of cycles to 
reach failure. The calculated number of cycles to failure where then compared to the total number 
of cycles the bridge was subjected to during the a given earthquake, which was determined using 
rainflow counting analysis.
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the FINDINGS
The following conclusions can be drawn:     

Model without a crack 
•	 The global displacement in the bridge, from all earthquakes, 

ranged between 1 in and 17 in. 
•	 Normal stresses at piers from all earthquakes ranged 

between 40 ksi and 60 ksi. 
•	 EQ#5 and EQ#6 resulted in the maximum demand on the 

bridge as manifested by high stress ranges. 
•	 Seismic loadings caused low-cycle fatigue failure in the 

bridge. 

Model with crack 
•	 Local plastic strain around the crack tip was very minimal, 

suggesting relief in strain in the presence of a crack. 
•	 The presence of a crack resulted in more flexibility in the 

bridge model which caused minor reduction in global 
displacement of about 1%. 

•	 The model with crack showed small values of plastic strain 
and very high values of stress around the crack tips.

the IMPACT
These results highlight the importance of detailed assessment 
of the superstructures for bridges in moderate to high seismic 
regions.
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