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Experimental Study on Impact—Resistant Behavior of RC Beams
Strengthened in Flexure with Externally Bonded Aramid
Fiber—-Reinforced PolymerSheets
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ABSTRACT

Traditional methods of strengthening or retrofitting existing concrete structures, such
as steel plate bonding, section expansion, and external post-tensioning, have been used.
However, these techniques have the disadvantages of increasing the structure's weight,
being difficult to install, and having the reinforcing material corrode, resulting in higher
maintenance expenses. Fiber-reinforced polymer (FRP) materials have many
outstanding advantages, including corrosion resistance, a high strength-to-weight ratio,
and ease of installation. Due to these features, many studies and applications on FRP
materials containing carbon, glass, aramid, and basalt fibers have been carried out in
civil engineering. Most of the FRP materials were applied to strengthen RC beams in
flexure and/or shear under static loadings. Design recommendations for reinforcing
concrete structures with externally bonded FRP systems have been developed and are
being widely applied. However, worldwide terrorist activities and threats have recently
posed a significant challenge to civil infrastructure, necessitating the construction of
structures with blast and impact resistance. As a result, FRP materials can be used to
strengthen RC constructions against both static and blast and impact loads. However,
studies on FRP-strengthened RC beams against impact loading are relatively limited.
Design specifications for strengthening RC members under impact loading have not been
established yet.

From this point of view, this work focuses on RC beams with stirrups that approach
the ultimate state statically and demonstrate flexural failures. Low-velocity drop-weight
impact loading tests on RC beams strengthened in flexure with Aramid FRP sheets were

performed with varying drop heights of the weight (0.5, 1.0, 2.0, 2.5, 3.0, and 3.5m) and



sheet volume (415, 830, and 1660 g/m?2) to investigate the strengthening effect and the
failure mode of the RC beams. The experiments in the case of consecutive impact loading
with gradually increasing energy were also conducted to investigate the impact-resistant
characteristics of the RC beams. Here, the sheet volumes used were 415, 830, and 1660
g/m2. The drop height of the weight was increased in the order of 1, 2, 2.5, and 3 m up to
the corresponding ultimate state of the beam. Furthermore, to study the load-carrying
capacity, strain distribution, crack distribution, and failure behavior of the beams, static
loading experiments were also tested on the RC beams. The results were compared with
impact loading tests, calculated results by means of the multilayered method, and the
failure mode of the previous study. From the experimental results, the following are the
findings of this research: (1) In the case of the static loading, the failure mode of the
strengthened RC beams with AFRP sheets was classified into two types: flexural
compression failure and debonding failure, depending on the sheet volume. These results
are in good agreement with the previous study. (2) In the case of impact loading (with a
single loading method), the maximum and residual displacement of the strengthened
beams can be restrained by up to 35% and 85%, respectively, compared with unreinforced
beams. (3) The maximum/residual displacement of the RC beams with/without AFRP
sheets linearly increased with the input impact energy. (4) The failure mode of the
strengthened RC beams under impact loading was classified into two types depending
on the sheet volume: rupturing and debonding. The former corresponds to the flexural
compression failure mode, while the latter corresponds to the debonding failure mode
under static loading. (5) In the case of the consecutive drop-weight impact loading, the
absolute maximum/residual deflections of the strengthened beams were linearly
distributed corresponding to the accumulated input impact energy, and the failure mode
of RC beams in this case had the same tendency as in the case of the single impact

loading.
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