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Abstract

This paper presents results from an experimental study including
testing five reinforced concrete beams in order to investigate the
efficiency of external strengthening of such beams when provided
with large openings within their shear zones. Firstly tow beams
were considered. One of these beams was solid without any
openings and was considered as a control beam. The second beam
was provided with one opening within the shear zone but without
any strengthening and was also considered as a control beam.
Secondly, three beams provided with openings at the same location
and having the same dimensions like the second. Such three beams
were externally strengthened with steel plates along the opening
edges.

It was found that the steel plates used for strengthening and its
configuration scheme significantly affects the efficiency of
strengthening in terms of beam deflection, steel strain, cracking,
ultimate capacity and failure mode because using steel plates
restored the beam shear strength .Finally, theoretical analysis was
performed for all tested beams with openings in order to calculate
the ultimate shear force carried by such beams. Equations presented
by empirical formulas found in the literature were used to perform
the theoretical analysis. Good agreement was observed between the
theoretical results and the experimental ones.

Key words: reinforced concrete beams, web opening, steel
plates, strengthening
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