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Highway viaducts are extremely important components in modern transportation networks. Bridges
play the role of critical lifeline facilities due to their significance in the economic development of a
nation and their importance in supporting the daily functions and needs. Unfortunately, such essential
systems often become the victims of earthquakes. Society suffers a tremendous cost and inconvenience
due to the collapse of a bridge. Even non-collapsed, the temporary lost of post-earthquake serviceabil-
ity of important bridges may cause very costly disruption to vehicle traffic on major transportation
arteries and is simply unacceptable. Ideally, earthquake-resistant constructions should be designed to
have regular configurations so that their behavior is simple to conceptualize and analyze. This ideal is
often not achievable in bridge structures due to the irregularities imposed by site conditions and traffic
flow requirements. In practice, it is generally accepted the fact that bridges with irregular configura-
tions complicate and potentially magnify the seismic responses.

The widely recognized susceptibility to seismic damage of horizontally curved highway viaducts is
substantially amplified with the rupture of continuity of the superstructure at expansion joints. The in-
creasing need for safer bridges has stimulated the adoption of a common protection strategy consisting
in the replacement of the vulnerable steel bearing supports with seismic isolation devices. Moreover,
isolated viaducts can be seismically upgraded through the installation of cable restrainers that pro-
vide connection between adjacent spans. While the effects of cable restrainers are well understood for
straight bridges, it is not clear how effective this unseating prevention measure is for curved bridges,
and how much varies the possibility of structural damage on seismically isolated structures. This is
due to the considerable complexity associated with seismically induced joint movements, which may
occur in both tangential and radial directions. Even though the application of the mentioned earth-
quake protection techniques, the complexity associated with the analysis of curved viaducts requires a
realistic prediction of the structural response, especially under the extreme ground motions generated
by level II earthquakes.

Therefore, the purpose of this study is to analyze the overall performance of highway viaducts with
and without seismic isolation, as well as the effectiveness of the use of unseating prevention cable
restrainers. For this purpose, seismic responses are calculated on a three-dimensional bridge model

using a numerical method based on the elasto-plastic finite displacement dynamic response analysis,
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considering both geometric and material nonlinearities. Particular emphasis is focused on the expan-
sion joint behavior due to the extreme complexity associated with connection between isolated and
non-isolated sections in curved viaducts. The bridge seismic performénce has been evaluated for iso-
lated and non isolated models, considering several parameters, such as radius of curvature, type of
bearings, earthquake ground motion, and usé of unseating prevention cable restrainers.

The calculated results clearly demonstrate that curved viaducts are more vulnerable to deck unseating
damage. It has been observed that for more curved viaducts, this possibility increase significantly.
However, this type of seismic damage is reduced initially by the installation of LRBs and subsequently
by the installation of cable restrainers. Moreover, the use of cable restrainers provides to the bridge a
similar behavior in case of curved and straight tending bridges, despite of the curvature radii. In terms
of tangential joint residual damage, curved viaducts are found particularly vulnerable. This damage
was significantly reduced once LRBs were installed. In restrained viaducts, an important reduction of
the residual joint tangential displacement is appreciated and similar values of residual joint tangential
displacement are obtained.

Also curved viaducts are found vulnerable to pounding damage. Viaducts supported on steel bearings
represent the worst conditions in terms of seismic response, while seismically isolated cases prove to
be more effective. A significant reduction in the impact forces at the expansion joint is observed by the
installation of LRB supports. Furthermore, even though the differences on the radii of curvature among
the viaducts, the application of cable restrainers reduces the possibility of pounding damage. Finally,
in this analysis, the effectiveness of seismic isolation combined with the use of cable restrainers on
curved highway viaducts is demonstrated, not only by reducing in all cases the possible damage but

also by providing a similar behavior in the viaducts despite of curvature radius.
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