Finite Element Analysis (FEA) of Fiber Reinforced Polymer Bridge Deck
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THE CHALLENGE:
The use of fiber reinforced polymer (FRP) composites bridge deck, which are made up of glass fibers with thermoset resins, is increasing due to the composites’ high strength, stiffness-to-weight ratio, and corrosion resistance.  However, a more powerful analytical technique such as finite element analysis (FEA) is often required to handle the design of composites due to their complex geometry and material behavior. FRP composite sandwich panels was indeed used on a recent deck replacement project in Susquehanna County of Pennsylvania. Although an FEA report on the deck had previously been completed by the bridge manufacturer, it was discovered that the longitudinal epoxy joint used to connect two of the deck panels was missing from the original FEA model.  Though failure of this joint would not cause immediate concern in regards to operational safety of the bridge, its function does have major impact in the live load distribution as well as deflection control on the bridge deck.

THE SERVICE:

The Quality Control Branch of the PennDOT Central office then contacted the Eastern Resource Center Structural Design Specialist, Waider Wong for his technical assistance. With a strong background in complex analysis and computational mechanics, he was charged to conduct independent evaluation of the structural integrity of the longitudinal epoxy joint which basically connected two halves of the bridge in the field. Waider created another FEA model representing the entire bridge geometry with inclusion of the epoxy longitudinal system.  Results of analysis concluded that the effectiveness of this joint system significantly impacts the structure’s load transfer mechanism, which in turn affects the deck panels’ response to different loading conditions. In an FRP deck with complete failure of such a joint system, shear stresses can come close to reaching the design shear strength of the composite material and total displacement is more than twice the desirable deflection limit. While the analysis showed that shear stresses were exceeding the design strength for the Pennsylvania bridge, they did not reach the failure strength of the joint. In the full FEA report, Waider recommended the Department to continue monitoring the joint’s performance and be on the lookout for any joint defects during future inspections 

THE PLANS:

FRP composites is considered as a high performance and innovative structural material which hold many promises because of the superior advantages as addressed above.  Due to its relatively short service history in bridge applications, a good design approach as well as successful installation are critical to warrant its long term performance and to further advance its use as a conventional bridge material. The technical assistance provided by Waider Wong directly supports FHWA’s Strategic Goal regarding productivity.  This specific activity also achieves an objective of the Eastern Resource Center’s Annual Performance Plan, to provide technical assistance on complex technical matters through the mastery of technical concepts, principles and practices in a specialty area.

THE FEEDBACK:
PennDOT bridge engineers were well impressed with the technical level of service provided and professional quality of the report prepared.  To implement Waider’s recommendations, the Department did request Lehigh Structural Testing Team to install strain gages near the longitudinal joint in the field to monitor its continued performance.  

