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The seismic vulnerability of an existing two span
reinforced concrete slab bridge with round columns as piers
was studied for making decision about its retrofit design,
and after realizing that it is highly vulnerable, three different
techniques were proposed for its seismic retrofit, and were
compared with both technical and cost aspects. First, the
bridge design was checked by the seismic provisions of
American Association of State Highway and Transportation
Officials (AASHTO), showing that the bridge is seismically
weak in bending resistance and particularly shear resistance
of its piers’ columns. Next, a push over analysis (POA) was
performed, for which the target displacement was calculated
by shear-displacement relationship at the center of gravity of
the bridge deck. The rotations of plastic hinges in columns,
obtained by POA were compared with the FEMA 356
acceptance levels, which confirmed the high vulnerability of
the bridge. Finally, three various retrofit designs, including:
1) adding the strength and stiffness of pier columns by R/C
jackets, 2) adding some steel diagonal elements in both
lateral and longitudinal directions, and 3) fixing the deck to
abutments connections in lateral direction to make it possible
to use the abutment walls as shear walls, were considered
and checked by POA as well as Nonlinear Time History
Analyses (NLTHA), through applying the three-component
accelerograms of a set of selected appropriate earthquakes.

The bridge was modeled using the CSI Bridge software
assuming the average values for mechanical properties of
concrete as well as steel bars. The bridge specifications
for POA and NLTHA were defined according FEMA 356
regulations according to the AASHTO design spectra.
Several selected three-component accelerograms, with the
peak ground acceleration values compatible with the level
of seismic hazard in the site, and the frequency contents
compatible with the conditions of the bridge site soil, were
used for NLTHA. Seismic excitations were applied with
various incident angles to make sure that the maximum
seismic responses of the bridge are obtained. The response
values considered for comparison of the proposed retrofit
techniques included shear force and bending moment in the
bridge piers and abutments, resulting in maximum combined
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stress, and also the relative displacement of the bridge deck
in both longitudinal and lateral directions, in order to check
if collision occurs between deck and abutments of the bridge.

The analyses results obtained by both POA and NLTHA
on both original and retrofitted models of the bridge show
that:

e The existing bridge in its current condition is highly
vulnerable against the probable earthquakes in the
region;

e All three proposed retrofit methods are technically
acceptable, however, the third method, namely
fixing the deck to abutments connections in lateral
direction to make it possible to use the abutment
walls as shear walls, seems to be practically and
economically more feasible;

e Jtshould be noted that in this study the soil-structure-
interaction (SSI) was not taken into consideration,
and for more reliable results it is recommended to
consider SSI in seismic analysis as well;

e |t should also be notified that in this study the
effect of corrosion of the steel reinforcing bars was
not taken into consideration, and therefore, it is
recommended to repeat the corresponding analyses
with reduced values of the cross-sectional areas of
steel reinforcing bars for taking the corrosion effect
into account;

e Finally, it is notified that, since in this study there
were no sampling possibility of the bridge concrete
and steel materials for testing, and obtaining their
mechanical properties, only some average values
were used. However, it is highly recommended to
conduct the required test on the materials and use
more realistic values in the corresponding analysis.

Keywords: Reinforced concrete bridges, Flexural and shear
strengths, Pushover and nonlinear time history analyses,
Retrofitting techniques, Jacketing
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