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106.5 815 1324 7.34 134 340 550 90 Max
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33.98 100.34 92.73 2.68 36.90 14.13 59.11 23.71 Standard deviation
Tablel. Descriptive statistics of the used variables
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Fig. 1. Time series plots of the proposed scenarios
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Error measures

Inputs
R RMSE MAE
Scenario 1 091 6.364 7.762
Scenario 2 0.89 7.524 7.968
Scenario 3 0.82 10.174 11.324
Scenario 4 0.85 9.275 9.596

Table 3. Evaluation of proposed scenarios for selection of
the optimum input variables.
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Training Testing
stage Stage

R RMSE MAE R RMSE MAE
annl 0.680 15.59 16.62 0.601 15.59 16.62
ann 2 0.725 11.14 12.76 0.785 13.26 13.96
ann 3 0.934 5.26 5.89 0.921 7.54 8.26
ann 4 0.943 4.53 5.11 0.932 5.13 5.62
ann5 0.920 5.37 5.76 0.920 6.42 6.89
ann 6 0.925 5.76 6.75 0.918 6.86 7.46
ann7 0.930 4.86 5.34 0.898 7.10 7.86
ann 8 0.910 6.45 7.54 0.853 9.86 10.16
ann9 0.925 6.35 7.64 0.856 8.46 9.52
ann 10 0.854 9.75 10.86 0.826 1.86 11.46

Table.4 Statistical indicators of the ANN models for training and testing stages
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Parameters Setting
Function set +, -, %, [, exp,
power
Mutation rate 0.138
Inversion rate 0.546
One/two point 0.277
recombination rate
Gene recombination 0.277
rate
Gene transposition rate 0.277
Head size 6
Number of genes 3
Number of 30
chromosomes

Table 5. Optimum parameter settings for GEP model
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Fig. 2. Evaluation of the hidden neurons in ANN models
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G1C6 G2C9 G3C5

G3C8 G3C9 Numerical
constant

3.494

-7.26 680 -0.234 7.90 Value

Table 6. Numerical constant of the developed GEP model
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Models Training stage Testing stage

R RMSE MAE R RMSE MAE

MLR 0.91 6.36 7.76 0.89 8.21 9.47

ANN 0.94 453 511 0.92 5.13 5.6

GEP 0.97 3.87 4.50 0.94 4.30 4.91

Douma et al. (2016) 0.95 - - 0.94 - -

Kave et al. (2017) - a 0.95 5.23 4.11 0.94 6.84 5.50
Kave et al. (2017) - b 0.96 4.45 3.45 0.94 451 5.56
Alyhya (2016) 0.22 772.52 23.11 0.32 813.98  22.20
Siddique et al. (2011) - - - 0.91 4.43 557

Table 7. Comparison of the developed models to predict compressive strength of SCC
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Model F-value P-value
GEP 21.82 0.009
ANN 14.60 0.018
MLR 8.37 0.037

Table 8. Fisher test result of the proposed models

Cowlus Judoi —0-0
S 205 Sl e 6 d U addllae 4 Sl s
sl sl (s s Sobe 4 g e auS bl Jue
Olsle oo 4 bl Jbe S slagsans 53 s
5o b bane ol SUT Olsy oS ol (Solazagu)asly



Ql)&wjéﬂ\éﬁ& J\_y.-.lw

Ay g S gl rf\jbﬁ;;b_d)w Canglas o

o Sobd aslie 4 by pe la bl ol oS & d g

Input variables R RMSE MAE
CS=f(W, SP, F.A, C.A, AS, RHA) 0.72 10.36 11.25
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CS=f(C,W, F.A CA AS, RHA) 0.92 4.21 4.16
CS=f(C,W,SP, C.A, AS, RHA) 0.90 4.67 5.26
CS=f(C,W,SP, F.A, AS, RHA) 0.78 9.72 10.35
CS=f(C,W, SP,F.A CA, RHA) 0.93 4.16 421
CS=f(C,W,SP,F.A, C.A, AS) 0.81 7.72 7.75

Table 9. Sensitivity analysis of the independent variables to predict compressive strength
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Abstract

The construction and maintenance of structural pavement was a high-cost problem in last decade. The
mechanical properties of self-compacting concrete (SCC) required important factors .From its mechanical
properties, the compressive strength (CS) is necessary to investigate experimental and computational
intelligence analysis in construction materials. Developing models with accurate estimation for this key
property caused to saving costs and time and producing an optimal blend. Because of the many advantages,
using of SCC in structures is increasing. Construction of precast-prefabricated components, with the use of
concrete has also recently been considered. Concrete properties have significant role in precast-prefabricated
girders behavior. Exact prediction of these properties is the base of member’s analysis and design. The main
purpose of this study is presents new formulation to estimate the compressive strength of self-compacting
concrete containing rice husk ash (RHA) using robust variant of genetic programming, namely gene
expression programming (GEP) method. To evaluate the performance of the GEP-based proposed model,
prediction was also done using classical data driven methods named artificial neural network (ANN) and
multiple linear regression (MLR) models. A large and reliable experimental database containing the results
of 156 compressive strength of SCC incorporating RHA is collated through an extensive review of the
literature. The performance of proposed models of CS is then assessed using the database, and the results of
this evaluation are presented using selected performance measures. New expressions for the estimation of CS
of SCC are developed based on the database. To evaluate the modeling performances of the proposed GEP
models for CS, different statistical metrics were used. Correlation coefficient (R), root mean square error
(RMSE), mean absolute error (MAE) were used as the measure of precision. The results showed that the
models developed using the aforementioned methods have accuracy over 90 percent in prediction of CS of
SCC. The results of testing datasets are compared to experimental results and their comparisons demonstrate
that the GEP model (R=0/94, RMSE= 4/308 and MAE=4/916) outperforms ANN (R=0/92, RMSE= 5/136
and MAE=5/624) and MLR (R=0/89, RMSE= 8/212 and MAE=9/472). Proposed models have a strong
potential to predict compressive strength of SCC incorporating rice husk ash with great precision. The
importance of different input parameters is also given for predicting the compressive strengths at various
ages using gene expression programming. Performed sensitivity analysis to assign effective parameters on
compressive strength indicates that cementitious binder content is the most effective variable in the mixture.
The proposed design equation can readily be used for pre-design purposes or may be used as a fast check on
deterministic solutions.

Keywords: Self-Compacted Concrete, Gene Expression Programming, Artificial Neural Network, Multiple
Linear Regression, Compressive Strength, Prediction
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