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Prediction of Concrete Compressive Strength Based on Coupled BAS-MLP
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Abstract: 1 030 sets of concrete compressive strength test data were used to train the multilayer perceptron (MLP)
through beetle antennae search algorithm (BAS) and combined with shuffled complex evolution(SCE) , multi-verse
optimizer(MVO) and the results of two MLP coupling algorithms were compared and analyzed, and an algorithm
model that can be used to predict the compressive strength was obtained. The results show that BAS can significantly
improve the training accuracy and prediction accuracy of MLP, and this model is faster, more accurate and stable
than the other two coupled model algorithms. Compared with artifical neural network( ANN) and support vector
machine(SVM ) individual learning algorithms, the prediction of concrete compressive strength shows the superiority
of meta-heuristic algorithm. The factors related to the number of training data sets and the number of input variables
in the BAS-MLP model are discussed, and it is found that using 80% of the 1 030 sets of data can obtain good
prediction results.
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Tablel Descriptive statistics data of concrete compressive strength and key factors

Descriptive index

Parameter Mean value Standard error
Sample variance Skewness coefficient Minimum Maximum
me/(kg-m ) 281. 17 3.26 10 921. 74 0.51 102. 00 540. 00
s/ (kgem ) 73.90 2.69 7 444.08 0.80 0 359. 40
mpy,/(kgem ) 54.19 1.99 4095.55 0.54 0 200. 10
my/(kg-m ) 181.57 0.67 456. 06 0.07 121.75 247.00
mg,/(kg=m™?) 6.20 0.19 35. 68 0.91 0 32.20
me/(kg+m™*) 972. 92 2.42 6 045. 66 —0.04 801. 00 1 145.00
My p,/(kgem ) 773.58 2.50 6428.10 —0.25 594. 00 992. 60
t.,/d 45.66 1.97 3990. 44 3.27 1.00 365. 00
f./MPa 35.82 0.52 279.08 0.42 2.33 82. 60
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Fig. 8 Comparison of BAS-MLP algorithm compared with ANN and SVM individual learning algorithms
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Table 2 Evaluation index results for different training dataset amounts
Evaluation index
Dataset
RZ ERMSH EM.'\I’E/% EM.'\H
9-1 training 0.997 1.52 5.54 1.25
9-1 testing 0.982 2.20 6.78 1.64
8.5—1. 5 training 0.997 1.53 5.54 1.26
8.5—1.5 testing 0.981 2.25 7.89 1.66
8—2 training 0.996 1.55 5.74 1.26
8—2 testing 0.979 2.26 7.78 1.66

Note: E\;,pp—Mean absolute percentage error.
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Table 3 Evaluation index results of different of input variable combinations

Evaluation index

Combination No. Input variable

R’ E st Eyars/ % Evae
1 X, X0, X, X, X0, X XL X 0.982 2.20 6.78 1.64
2 X, X, X,, X, X5, X, X, 0.398 12.81 40. 36 10.05
3 X, X0, X, X0, X XL X, 0.865 6.07 16. 42 4.39
4 X, X,, X, X, X, X, 0.907 5.02 11.81 3.46
5 X,, X, X, X, , X; 0.753 8.20 21.89 5.90
6 X,.X,.X,.X, 0.377 13.04 41.30 4.65

Note: X\ —mq; Xo—my s Xo—mep s Xy—mpp 3 Xs—mgp s Xo—mpps s Xo—mp 03 Xg— 1,

cur*
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Fig. 9 Influence of number of input variables on evaluation index
concrete strength simulations: Multi-nation data analytics [J].
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