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Confining reinforced concrete columns is one of the most
conventional methods of column retrofit. Many tests have been
conducted on fiber-reinforced polymer (FRP) confined concrete.
Additionally, numerous models for determining the compressive
strength of FRP-confined concrete cylindrical samples have been
proposed. However, in earlier research, fewer models have been
presented for determining the compressive strength of FRP-
confined concrete with square and rectangular sections. Previous
studies have offered models with a limited number of samples. As a
result, using these models to estimate the compressive strength of
various types of FRP-confined concrete might not be sufficiently
precise. Therefore, one of the fundamental requirements for
design engineers inretrofitting concrete structures is the
presentation of a model capable of reliably estimating the
compressive strength of these samples. Initially, the database for the
present research was built using 485 laboratory samples of concrete
confined with various types of FRP with square and rectangular
sections from prior studies. Forty-four outlier samples were deleted
from the database during the initial assessment. The constant
coefficients of previous research models were then adjusted so as to
minimize the discrepancy between laboratory compressive strength
and modelsusing 70% of the samples andthe whale
optimization algorithm. Therefore, these improved models might be
used to estimate the compressive strength of several types of FRP-
confined concrete. By comparing the statistical indices of samples that
were not engaged in the training process, the results demonstrated
that the total error decreased by 27 percent on average, and the
correlation coefficient (R?) increased by 3 percent.
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EXTENDED ABSTRACT

Introduction

Confining reinforced concrete columns is one of the most conventional methods of
column retrofit. Many tests have been conducted on fiber-reinforced polymer (FRP)
confined concrete. One of the first experimental studies on FRP-confined concrete columns
was presented by Nanni and Bradford in 1994. Their specimens included concrete with
ordinary strength, wrapped by three kinds of FRP under uniaxial compressive loading. By
investigating stress-strain curves, they indicated that compressive strength and ductility
were raised using FRP confinement.

Additionally, numerous models for determining the compressive strength of FRP-
confined concrete cylindrical samples have been proposed. However, in earlier research,
fewer models have been presented for determining the compressive strength of FRP-
confined concrete with square and rectangular sections. Some of these studies are as
follows: Moodi et al., Harajli et al,, Ilki and Kumbasar, Lam and Teng, Pham and Hadi, Wei
and Wu, Toutanji et al.

Previous studies offered models with a limited number of samples. As a result, using
these models to estimate the compressive strength of various types of FRP-confined
concrete might not be sufficiently precise. Therefore, one of the fundamental requirements
for design engineers in retrofitting concrete structures is the presentation of a model
capable of reliably estimating the compressive strength of these samples.

Methodology

Initially, the database for this research was built using 485 experimental samples of
concrete confined with various types of FRP with square and rectangular sections from
prior studies. Forty-four outlier samples were deleted from the database during the initial
assessment.

The aim of this study was to optimize the constant coefficients of the previous study
models for better estimation of the compressive strength of FRP-confined concrete. For this
purpose, the coefficients of the models of past studies were optimized using the training
data (70% of the total data that are randomly selected). The algorithm used in this part was
the whale algorithm. The optimization was carried out in such a way that the difference
between the experimental compressive strength and one of the model should be the
smallest value. Therefore, in the whale algorithm, the following relationship was considered
as the optimal function:

Z=1-R%*+ey, (1

YN |Expe; — Theo;| (2)
ZIiV:1|Expei |

eor = 100 X
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In Eq. (1), RZ is the correlation coefficient and in Eq. (2) exp and pre suffixes represent
the experimental results and those estimated through the model, respectively. 30% of the
remaining samples were used to evaluate the optimized models.

Results and discussion
The optimization carried out with the whale algorithm and the values of the optimal
function before and after optimization for each model are presented in Table 1.

Table 1. The value of the optimal function before and after optimization.

The value of the optimal function

Model Percentage
Befor.e a}nd ?fter Before and after optimization R
optimization
Moodi et al 0.25 0.22 15.47
Wei and Wu 0.28 0.22 22.48
Toutanji et al 0.37 0.22 40.24
Pham and Hadi 0.51 0.30 40.31
Harajli et al 0.43 0.34 22.72
I1ki and Kumbasar 0.40 0.31 24.03
Lam and Teng 0.33 0.30 24.03

The statistical indices of samples that were not engaged in the training process (test
samples) were calculated for each optimized model and presented in Table 2. By
comparing the statistical indices, the results demonstrate that the total error fell by 27
percent on average.

Table 2. Statistical indices of optimized models.

Model MSE AAE SD et
Moodi et al 235 1146 1395 12.18
Wei and Wu 2.76 1239 15.76 13.54

Toutanji et al 3.01 13.07 16.03 14.29
Pham and Hadi 3.55 1443 1843 15.26
Harajli et al 3.65 1448 18.51 16.18
Ilki and Kumbasar 3.43 14.15 18.04 15.46
Lam and Teng 3.25 1334 1740 14.61

test

Conclusion

Based on the statistical indices of the test samples, the statistical indices of the optimized
model of Moodi et al.'s study were on average 29% less than the other models and the
statistical indices of the optimized model of Wei and Wu were on average 29% less than the
other models. Therefore, the optimized models of Moodi et al. and Wei and Wu can be
selected as the best models.
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Initialize the whales population Xi (i=1, 2, ..., n)
Calculate the fitness of each search agent
X*=the best search agent
while (t < maximumnumber of iterations)
for each search agent
Update a, A, C, I, and p
if1(p<0.5)
if2(|Al< 1)
Update the position of the current search agent by the Eq. (4)
else if2(|A>1)
Select a random search agent (Xrang)
Update the position of the current search agent by the Eq. (11)
end if2
else ifl (p>0.5)
Update the position of the current searchby the Eq. (7)
end ifl
end for
Check if any search agent goes beyondthe search space and amend it
Calculate the fitness of each search agent
Update X* if there is a better solution
t=t+1
end while
return X*
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