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ABSTRACT

An investigation of the behavior of the strengthened RC elements under
cyclic loading is presented. To get better understanding of the behavior of
strengthened elements under cyclic loading, their behavior under static
loading is investigated first. Two models are developed to simulate the
performance of the strengthened elements under static and cyclic loading.

An analytical model is produced to help understanding the behavior of
strengthened RC beams under flexure due to static loading. The model takes
into account the materials properties of concrete, reinforcing steel, FRP.
Results of the analytical model are compared to results of static experimental
tests available in the literature in order to verify the analytical model. Results
show a good agreement between experimental and analytical model results.

A finite element model is produced to simulate the behavior of the
strengthened RC beams under either static or cyclic loading. The produced
model takes into consideration properties of the used materials. To verify this
model, results obtained by the model are compared to experimental static and
cyclic tests results available in the literature. Results show good agreement
with the experimental results for both static and cyclic loadings.

Based on the verified analytical model, design charts are developed to
simplify the design process of any strengthened RC beam with rectangular
cross section subjected to flexure. The charts are developed for some
commonly used FRP products in Egypt, and for various grades of reinforcing
steel.

Using the finite element model, the relation between the FRP laminate
thickness and the deflection of the strengthened beam under cyclic loading is
investigated. It is noted that increasing the used FRP laminate thickness
decreases the mid-span deflection but the relation between them is not linear.
Another investigation is carried out forpp the relation between the used FRP
thickness and the natural frequency of the strengthened element. It is noted
that, strengthening of RC elements increases the natural frequency of the



element. The relation between FRP thickness and the natural frequency is
found to be almost linear.



