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""Contribution to the Development of an Analytical Relationship
for Calculating Shear Strength in Steel Fiber-Reinforced
Concrete Beams Using an Artificial Neural Network (ANN)"

ABSTRACT
This research aims to develop a reference analytical relationship for calculating
the shear strength of steel fiber-reinforced concrete (SFRC) beams using
artificial intelligence techniques. A database of 88 experimental tests was
compiled from previous references, encompassing 11 key geometric and
mechanical variables (beam dimensions, longitudinal reinforcement ratio,
shear span-to-effective depth ratio, concrete strength, and fiber properties). To
evaluate the performance of common analytical relationships, the performance
factor (ratio of experimental to calculated resistance) was calculated for each
relationship. The results showed that the Darwish and Ashour2 relationships
were the closest to the experimental values within the used database. An
artificial neural network (ANN) with an (11-18-1) architecture was then
designed using the Levenberg-Marquardt algorithm, trained on 73 cases, and
tested on 15 cases that were pre-reserved from the same database and not used
in network training, achieving a correlation coefficient (R) of 0.960 in the
testing phase with relative errors remaining within 5% for the tested cases.
After validating the network’s performance, its outputs were used to generate
5000 data points numerically generated from the network outputs within the
range of the studied data. Nonlinear multiple regression analysis was then
applied to calibrate four constants within the Darwish formula, yielding
(A=0.52, B=10, C=0.7, D=1.23), which enabled the derivation of an analytical
relationship. This developed relationship showed notable improvement
compared to the original equation, with the average performance factor
improving by 17.4%, the coefficient of variation (COV) decreasing by 17.9%,
and the coefficient of determination (R?) increasing by 6.9% relative to the
original Darwish relationship. Sensitivity analysis using Total-Order Sobol
Indices revealed that the shear span-to-effective depth ratio (a/d) was the most
influential factor at 23.4%, followed by the steel fiber volume fraction (V) at
19.8%, concrete compressive strength (f'c) at 15.2%, and longitudinal
reinforcement ratio (p) at 12.7%. Interaction analysis also revealed a
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significant combined effect between a/d and Vf, confirming the importance of
interaction effects between variables in predicting shear strength. The
proposed relationship is considered a preliminary research step, and its validity
is limited to rectangular beams without transverse shear reinforcement
(stirrups), within the experimental ranges covered by the database. It is not
recommended to apply it outside these limits or to beams with transverse
reinforcement or T-beams without independent experimental verification.

Keywords: Artificial Neural Networks, Shear Strength, Reinforced Concrete
Beams, Steel Fibers, Enhanced Analytical Relationship.
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