
SEISMIC BEHAVIOR AND RETROFIT OF BRIDGE KNEE JOINT SYSTEMS
Introduction   This technical summary describes the key findings of a WSDOT (FHWA) project that is documented more fully in the final report titled "Seismic Behavior and Retrofit of Bridge Knee Joint Systems."  The 1989 Loma Prieta, California earthquake and the 2001 Nisqually, Washington earthquake demonstrated the seismic vulnerability of outrigger knee joint systems, particularly in older, poorly detailed joints, but even in relatively recent construction.  As a consequence, there is concern about the performance of knee joints in existing bridges, putting these bridges at risk of partial or even total collapse in a seismic event.  

Research Approach   This In this study, seven knee joint specimens were tested under simulated seismic loading.  These specimens were one-third scale models of selected outrigger bents in the Spokane Street Overcrossing and represented the entire length of the prototype outrigger beam, the knee joint, half the length of the column, and an anchor block simulating the monolithic connection of the beam to the superstructure.  The primary objectives of the study were to define the vulnerabilities of outrigger bents under seismic in-plane and out-of-plane loading and to develop appropriate retrofit measures for outrigger knee joints that address the identified deficiencies.

Conclusions and Recommendations   The experimental test results of this study indicate that outrigger bents with reinforcement details typical of those present in the Spokane Street Overcrossing will likely perform poorly in a significant earthquake event.  Tests carried out on as-built specimens under in-plane loading showed that shear cracks will form in the joint region at low displacement levels.  Failure will happen as a result of bond splitting of the column reinforcement hook extensions within the joint.  The existing outrigger knee joint systems can be expected to achieve ductility levels in the range of 2.0 to 2.8.  In the case of out-of-plane motion, the outrigger beams will experience cracking at low displacement levels.  Bond splitting failure of beam reinforcement in the joint with the low torsional strength of the beam will result in the potential for failure of the system.  

The retrofit measures developed in this study consisted of an elbow-shaped steel jacket around the beam and the joint region.  The retrofitted specimens formed a plastic hinge in a gap introduced at the top of the column with improved ductility, torsional strength, and energy dissipation capacities when compared to the behavior of the similar as-built specimens.  The retrofitted outrigger knee joint systems can be expected to achieve ductility levels of at least 5 as well as drift capacities exceeding 6%.
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