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Abstract

Fiber-reinforced polymer (FRP) systems (externally bonded
(EB)) are widely utilized to reinforce the reinforced concrete (RC)
beams due to their unique features, which include their light weight,
great strength, and resistance to corrosion. In these applications, the
primary goal is to boost the flexural and shear capabilities of RC
beams. For flexural or shear reinforcement, the carbon fibers
reinforced polymers (CFRP) can be applied to an RC beam using an
externally bonded reinforcement (EBR) technique, in which the CFRP
(wet layup sheets or laminates) is bonded to the element's external
tension face for flexure; and for shear reinforcement, strips fully
wrapping the beam's cross section, disposed in a U shape, or applied
to the beam's lateral faces can be used. In this research, an
optimization strategy based on a pattern search (PS) algorithm is
utilized to identify the least expensive and optimal design parameters

for CFRP-reinforced beams.

Where a number of examples were solved for the purpose of
proving the effectiveness of the PS technology in finding the optimal
solution for the beam reinforced with FRP materials at the lowest
possible cost. The first example was a FRP-reinforced beam, external
reinforcement, and in the case of bending, the constraints for this case
were entered, as found in the ACI 440-2R-17 code, where the optimal

dimensions of the beam represented by ( , , , , )and the

cost were obtained. The cost of this case was compared with the real

cost, and the optimal cost was less than the real cost.

Another case that was solved was to strengthen the reinforced
concrete beam in the case of shear, in two separate cases. First, the

beam was strengthened on the three sides (U-shape) then the optimal



dimensions of the beam after reinforcement were ( , ) and the
cost, which was also compared with the real cost and was less than it.
Another case of shearing was also solved, which the reinforcement on
both sides only, and the PS method also obtained the optimal
dimensions as in the case of the three sides at the lowest cost. After
that, it was done a comparison was made between the results of the
reinforcement for shearing from the three sides and from the two
sides. The results showed that the cost of the reinforcement on both
sides was less by 12% than the reinforcement from the three sides, but
the fiber sheet thickness when the reinforcement on both sides was

thicker.

Another case was solved, which 1s the case of shear-flexure
merging, as well as two cases in shear, 2-sides and U-warping, where
the shear and flexural constraints in the ACI 440-2R-17 code were
combined. The outcomes demonstrated the PS technique's

effectiveness in achieving the beam's lowest cost.

It should be noted that the results of each of the cases that were
solved were compared with the other beams designed according to the
ACI 318-19 code and under the same loading conditions through these
comparisons, It was established that a PS technique was used to

acquire each strengthening case's lowest achievable cost.

A parametric study was done on a set of beams collected from
the literature, and the results revealed the possibility of the pattern
search technique to reduce the costs of these beams under the same
loading conditions, by changing the dimensions (changing the width
of the fiber or thickness in relation to the flexure, as for the shear, by

changing the thickness or distances between the FRP strips).
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