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environmental benefits. However, the time-consuming and costly nature
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calculations and additional costs.

fad @ @ @ ©2024 the authors. Published by National University of Skills, E-ISSN: 2538-4430

Tehran, Iran. This article is an open-access article distributed ISSN: 2382-9796
under the terms and conditions of the Creative Commons

Attribution-Noncommercial 4.0 International (CCBY-NC License)
(https://creativecommons.org/licenses/by-nc/4.0/)



https://creativecommons.org/licenses/by-nc/4.0/
https://portal.issn.org/resource/ISSN/2538-4430
https://portal.issn.org/resource/ISSN/2382-9796
https://karafan.tvu.ac.ir/?lang=en
https://www.doi.org/10.48301/KSSA.2024.441580.2833
https://orcid.org/0000-0002-3763-1629
https://orcid.org/0000-0003-2112-2341
https://orcid.org/0000-0003-2850-967X

Yaser Moodi and et al. Intelligent Models for Predicting the Compressive...

EXTENDED ABSTRACT

Introduction

The production of pure copper leads to a large amount of copper slag waste. Using these
wastes as a substitute for aggregate can greatly contribute to environmental problems.
Gupta and Siddique believe that the glassy texture and low water absorption of copper slag
particles will improve the characteristics of fresh self-compacting concrete. Replacing all-
natural fine aggregate with copper slag will cause holes, small cracks, and the formation of
needle-shaped pieces of ettringite in the microstructure of concrete at the age of 28 days,
resulting in a decrease in strength. Sheikh et al. (2022) the use of 40% of copper slag fine
aggregate in the production of green roller concrete increases the compressive strength at
the ages of 7, 28 and 91 days by 11.84%, 17.01% and 23.58%, respectively.

It should be noted that the high costs of experimental work and the time-consuming
nature of scientific research in the experimental environment have led to the tendency to
use estimating methods. In this study, by collecting 458 specimens from past research, an
effort was made to predict the compressive strength of green concrete containing copper
slag fine and coarse grains using the two methods of genetic programming (GP) and fuzzy-
neural logic inference system (ANFIS).

Methodology

Initially, the database for this research was built using 458 experimental specimens of
green concrete containing copper slag fine and coarse grains from previous studies. 70% of
the total data of the database were randomly selected for training data and the rest were
used for test data. Using the training data, two ANFIS and GP methods were trained to
estimate the compressive strength of green concrete containing fine and coarse copper slag
waste. In addition, PSO was used for optimizing the ANFIS method.

The variables of ANFIS and GP methods were as follows: water to powder materials
ratio, the amount of powder materials consumed, the amount of fine grains, the amount of
coarse grains, the percentage of copper slag and the processing age as the input parameters,
and the compressive strength of green concrete as the output variable.

Results and discussion

In the results section, firstly, the relationship presented using the GP method to estimate
the compressive strength of concretes containing fine and coarse grains of copper slag is
discussed. The relationship presented using the GP method is in the form of relationship 1:

2.787B + 1.394FA x 1.394d
(w/B)
144.1(CA%) + > 0

+ e 001014 (cs? + /BN | 001942 (B3+ CA)
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To compare the GP and ANFIS models, the statistical indices for the training, testing, and
total samples were calculated separately and are presented in Table 1. To compare the
models, it is better to use the statistical indicators of the test samples. Generally, both ANFIS
and GP models are sufficiently accurate to estimate the compressive strength of concrete
containing fine and coarse copper slag grains. However, the ANFIS method has a higher
accuracy than the GP method for estimating this resistance. So the values of MSE, RMSE,
MAE, and SD of the GP model were approximately 2.60, 1.61, 1.57, and 1.67 times the values
of the ANFIS model in the test samples. It is worth mentioning that this ratio of statistical
indices of the GP model to the ANFIS model was greater in training samples.

Table 1. The statistical indices of ANFIS and GP models.
Training specimens Test specimens
R? RMSE MAE SD R? RMSE MAE SD
ANFIS 0.985 1.79 1.28 0.06 0939 3.13 240 012
GP 0903 439 391 016 0875 5.04 379  0.20
ANFIS-PSO 0986  1.79 112 006 0961 295 239  0.09

For further comparisons of the presented models, the compressive strength results
estimated by these models against the actual results for the test specimens and the
correlation coefficient of experimental and predicted data are presented in Figure 1. The
correlation coefficient (R%) between the actual results and the predicted results of the ANFIS
model was approximately 1.08 times the corresponding value of the GP model, which shows
that the performance of the ANFIS model for estimating the compressive strength of green
concrete produced with copper slag is better: Nevertheless, the combined ANFIS-PSO model
with the particle swarm optimization algorithm increased the correlation coefficient of the
model by 2.34% (for test samples).
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Figure 1. Experimental results against predicted results with GP and ANFIS models.

Conclusion

The ANFIS model predicted the concrete compressive strength parameter with a
correlation coefficient of 0.97 and an average squared error of 5.17. These results show the
high accuracy and power of the ANFIS model in estimating the compressive strength of
green concrete containing copper slag.

The results estimated by GP had a correlation coefficient of R2=0.87 with the
experimental results and the standard deviation of the results was equal to 0.17.

Although the GP model provides a user-friendly relationship for estimating the
compressive strength of concrete containing copper slag, its correlation coefficient is
approximately 8% lower than the ANFIS model. On the other hand, the mean square
parameter of the ANFIS model error is approximately 53% lower than that of the GP model.

Using the particle swarm algorithm to adjust the parameters and optimize the ANFIS
model improved the learnability (for training data) and generalization power (according
to the test data) of this model, and decreased the error values and standard deviation of
the response.
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