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Introduction

Rehabilitation and strengthening of
structural elements to extend their service life
is one of the key objectives in civil
engineering.  Fiber-reinforced  composite
systems play a significant role in achieving
this goal. These systems, with their favorable
mechanical properties, ease of installation, and
high strength-to-weight ratio, require minimal
curing time and can effectively meet structural
performance requirements. Fiber-reinforced
polymers (FRP) are the most common type of
composite  system used for structural
strengthening and retrofitting. However,
certain limitations in the mechanical properties
of FRPs and their inadequate performance
under various environmental conditions have
attracted researchers’ attention toward fiber
reinforced inorganic  matrix  (FRIM)
composites.

Despite previous studies, compared to
columns confined with conventional FRP
composites, significant gaps remain in
understanding the behavior of elements
confined with FRIM composites. In this study,
the compressive behavior of circular concrete
columns confined with FRIM composites was
investigated. To this end, a database of 92
experimental specimens was compiled, and the
predicted strength enhancements from several
empirical models were compared with the
experimental  results.  Subsequently, an
artificial neural network model was developed
to improve prediction accuracy, and the
performance of the proposed ANN-based
model was evaluated against the empirical
methods. Finally, through sensitivity analysis,
the most influential input parameters affecting
the compressive strength enhancement of
columns confined with FRIM composites were
identified.

Methodology

In this study, after compiling a database
of 92 experimental confined concrete columns,
including column diameter, number of
confinement layers, elastic modulus, fiber
thickness and ultimate strain, and unconfined
compressive strength as input parameters,

some existing empirical equations were
selected to estimate the compressive strength
of confined concrete columns. Moreover, an
artificial neural network (ANN) with single
hidden layer was considered to predict the
compressive strength of confined concrete
columns. the number of neurons in the hidden
layer was varied between 3 and 25. To select
the optimal configuration,  well-known
statistical criteria, including the mean squared
error (MSE), the linear correlation coefficient
(R), and the mean absolute percentage error
(MAPE), were employed. At the end, the
sensitivity analysis was conducted to find the
most influential input parameters which affect
the compressive strength of confined concrete
columns.

Results

The ANN with nine hidden neurons,
achieving R values of 0.995-0.999, MSE
values of 0.0000069-0.000187, and MAPE
values of 0.68-1.69% in training and testing,
was identified as the optimal model for
predicting the compressive strength of
confined concrete columns.

Evaluation of the results indicates that the
compressive strength of confined concrete
columns predicted by the ANN provides a
much better fit compared to existing empirical
models and codes. Among the previous
models and standards, the methods rank from
most to least accurate based on linear
regression coefficients (R) as follows:
Triantafillou et al. (R = 0.7372), Ombres and
Mazzuca (R = 0.7160), Ortlepp (R = 0.7011),
De Caso et al. (R =0.5999), ACI (R =0.5218),
and Ombres (R = 0.3369).

The use of artificial neural networks
requires that the network weights and biases in
different layers be specified. Unlike most
previous studies, which typically only present
the network structure, this research provides
the network weights and biases for each layer
of the ANN used to predict the compressive
strength of confined concrete columns.

A sensitivity analysis was conducted to
evaluate the influence of each input parameter
on the compressive strength of confined
columns. The unconfined compressive



strength was found to have the greatest impact,
accounting for 20.92% of the variation in
confined  compressive  strength.  Other
influential parameters included the equivalent
fiber thickness (19.67%), the ultimate fiber
strain in the composite (19.30%), the fiber
modulus of elasticity (17.31%), and the
column diameter (16.97%). The number of
confinement layers had the least -effect,
contributing only 5.81%—indicating it plays a
relatively minor role in influencing the
confined compressive strength.

Conclusion

Authors are advised to avoid unnecessary
discussions and to focus on presenting their
research contributions clearly and efficiently.
The ultimate goal is to enhance the scientific
value of submitted manuscripts and facilitate a
streamlined peer-review process.

- The ANN with nine hidden neurons, was
the optimal model for predicting the
compressive  strength  of confined
columns.

- The ANN predictions outperformed all
existing empirical models and codes,
with Triantafillou et al. model being the
most accurate among conventional
approaches.

- The sensitivity analysis showed that the
unconfined compressive strength has
the most effective input paramaetr,
while the number of confinement layers
had minimal influence.
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