
 

Member-level redundancy in riveted built-up steel girders 

Riveted steel built-up members were used in bridge construction as early as the 1870’s through 

the 1960’s when structural welding and high-strength bolting became the dominant fabrication 

methods.  An estimated 13,000 bridges having riveted built-up members remain in the United 

States inventory.  A large number of these bridges require mandatory hands-on inspection at a 

minimum of two years due to the presence of ‘fracture critical members’, members whose failure 

is expected to result in total or partial bridge collapse.  Two-girder bridges, tied-arch bridges and 

truss bridges all have primary members requiring this inspection rigor, which can be costly, and 

demanding on inspection resources.  However, engineers have long recognized that these members 

possess internal redundancy due to their composition of multiple plates and angles mechanically 

fastened together.  Member-level redundancy is achieved due to the lack of continuity between 

different components, eliminating a direct path for fatigue and/or fracture crack growth into 

adjacent components.  A lack of analytical and experimental evidence, however, has prevented 

internal redundancy from being accepted as a valid source for fatigue and fracture resistance.   

Researchers at Purdue University are studying the internal redundancy of built-up steel girders to 

quantify their ability to resist fracture propagation and subsequent fatigue life in a partially failed 

state.  Full-size riveted girders are being tested at the Robert L. and Terry L. Bowen Laboratory 

for Large-Scale Civil Engineering Research.  Girders are first subjected to a simulated load 

creating a fracture in a component at temperatures at or below -60°F, the AASHTO Zone III 

Lowest Anticipated Service Temperature.  Following the fracture resistance testing, the specimens 

are cyclically loaded to determine their remaining fatigue life.  Preliminary findings indicate that 

riveted built-up steel girders of typical sizes are resistant to complete failure due to a component 

fracture event and that substantial fatigue life remains when in their partially failed state.   

The overarching goal of this research is to demonstrate that built-up riveted girders possess a high 

level of redundancy and can potentially be reclassified as non-fracture critical members.  In so 

doing, rational inspection intervals can be set in an effort to better utilize inspection resources and 

funds.   


