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Comparison of Methods for Flexural Strengthenning of Reinforced Concrete Beams
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ABSTRACT

The project aims to study flexural strengthening of reinforced concrete beams using 4
types of strengthening methods, namely steel plate strengthening, CFRP strengthening,
strengthening by ferrocement, and strengthening by longitudinal bars and to compare the flexural
behavior, failure pattern, stiffness and ductility, cost and difficulty for installation used in each
method. A total of 9 beam specimens, namely one non-strengthened control beam and two
strengthened beams for each strengthening method were produced with a beam size of
15x30x300 centimeters, reinforced with 3-DB12 bars. Then, beam samples were tested using the
4-point bending test. From the test results, it was found that each method was able to develop
the maximum strength as designed, namely CFRP strengthening method was able to develop
108% of the designed strength, followed by ferrocement strengthening, steel plate strengthening,
and strengthening by longitudinal bars with 107%, 103%, and 102% of the designed strength,
respectively. In terms of stiffness, it can be seen that the strengthened beams have higher stiffness
than the control beam whereas the steel plate strengthened beams had the highest stiffness and
CFRP strengthened beams had the lowest stiffness. In terms of ductility, it was found that the
strengthened beams with longitudinal bars have the greatest deflection and the CFRP
strengthened beams have the least deflection. Each beam tested was characterized by a failure
due to flexural moment and yielding of the reinforcement. The cracked characteristics of the
tested beams are similar. In other words, there are small cracks in the tensile area in the middle

of the beam. The largest cracks were the beams strengthened with steel plate. CFRP strengthened



beams had the smallest but most distributed cracks. Strengthening by longitudinal bars is the
least costly but the most difficult and time consuming method to install. While, the most costly

method is the CFRP strengthening, but it is easy and takes the least time to install.



