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Abstract:

Shear keys are critical bridge components designed to limit transverse unseating, rotation, and
collapse of the superstructure during strong earthquakes, as well as to absorb braking forces and
other self-equilibrating loads. However, during the 2010 Maule earthquake in Chile, widespread
shear key failures highlighted their limitations, leading to partial or complete bridge collapses. Even
where shear keys appeared effective, significant superstructure offsets required costly repairs, and
retrofits of undamaged bridges were necessary to address the inadequate seismic performance of
the infrastructure. This study examines the shortcomings of conventional shear key designs and
introduces an innovative self-centering shear key concept aimed at eliminating residual
displacements in the superstructure. The proposed design leverages the bridge’s self-weight as a
restoring force and utilizes its inherent kinematics to ensure self-centering after seismic events.
This concept was validated through nonlinear time history analyses for a representative Chilean
bridge. Results demonstrate that the self-centering shear key minimizes residual displacements
while maintaining the substructure’s elastic response, with a manageable increase in seismic
demand.
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