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Masonry bridges are vulnerable structural systems to the ground motion excitation that their survival in case of
such incidents has to be studied in detail. In this work, a simplified model for dynamic analysis of masonry arch
bridges based on rocking motion of rigid blocks is proposed. Using this model, nonlinear time integration analyses on
these bridges can be done with ease and in a short time. Later, acceptance criteria for three cases of un-cracked, fully-
operational and collapse-prevention pier sections are developed for such bridges. The accuracy of proposed model in
representing the behavior of a rocking system has been verified using the results of experimental studies on rocking
motion of a masonry-concrete block reported elsewhere. The results show the suitability of the proposed model in
representing rocking motion of rigid blocks. In a case study, the proposed model for masonry arch bridges was used
in evaluation of seismic performances of a monumental masonry bridge subjected to both horizontal and vertical
seismic actions. The study shows the importance of vertical component of ground motion in determination of internal
forces and shear-sliding deformation at the bottom of the bridge’s pier. The proposed model has also shown its ability
in defining the effectiveness of a seismic retrofit approach for the same bridge system in a comparative study.
According to this investigation, seismic performances of the bridge can be significantly improved in case of adding
ductility to its deck assembly. To understand the capacity of bridge system in dealing with earthquake demands, a
series of Incremental Dynamic Analyses (IDA) have been carried out on the rocking-pier model of the bridge system
using earthquake records. Considering the simplicity of rocking pier model, all the analyses on above-mentioned
bridge system have been carried out with ease and in a very short time. According to results, a bridge system subjected
to bidirectional seismic actions (vertical and horizontal) has, unexpectedly, more capacity in dealing with seismic
demands if it is compared with the same bridge system with unidirectional horizontal seismic excitation. Conversely,
the sliding breakdown of the pier in case of bidirectional seismic actions is much higher than that in the case of
unidirectional one. Moreover, significant reductions in the level of rotational pitch and shear sliding at rocking joint
of the pier is expected in case of adding ductility to the deck of the bridge assembly. As it was expected, ductility in
the bridge system also decreases the discrepancy of bridge responses with respect to different earthquake actions,
which is attributed to the systems with higher energy dissipation potential.

Keywords: Masonry Bridges, Rocking Pier Model, Seismic Retrofit, Vertical Component of Earthquake, Macro
Block Model.





