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Abstract; Using random forest algorithm in machine learning, the prediction model of shear
capacity of studs was proposed with seven factors affecting the shear capacity of studs as input
variables and the shear capacity of studs as output variables ;the reliability of the prediction model
was further verified by the existing results. The feature importance of input variables was analyzed
to determine the main factors affecting the shear capacity of studs. The compressive strength f,
and elastic modulus E_, of concrete with different replacement ratios of spontaneous-combustion
coal gangue aggregate( SCGA ) were collected to predict the influence of the SCGA replacement
ratio on the shear capacity of studs. Results showed that the established random forest prediction
model had high prediction accuracy, with R* of 0. 94, MAE of 10. 56, MSE of 180. 44 , RMSE of
13. 43 ;the stud diameter and the concrete compressive strength were the main factors affecting the
shear capacity of the studs;there was a coupling relationship between the diameter of the stud and
the compressive strength of concrete on the shear capacity of the stud;the shear capacity of studs
decreases with increasing SCGA replacement ratios, compared with the replacement ratio of 0% ,
the shear capacity of studs decreased by 2.49% ,4.46% ,6.35% and 7.31% , respectively, for
SCGA replacement ratio of 25% ,50% ,75% and 100% .

Key words: composite beam; spontaneous-combustion coal gangue concrete; shear stud; shear
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Table 1 Statistical information for input and output variables

EiRam s feom”/MPa E,/GPa fum/MPa d,,/mm h,,/mm d gor/ MM N/ MM P./kN
e/ IMA 16.61 15.10 426.00 12.70 69.92 17.00 3.00 61.83
FUNE] 115.83 46.50 675.00 31.75 200.00 44.45 8.55 318.90
S 59.90 34.93 518.78 21.01 107.62 26.97 5.78 1.03
brfE2E 31.00 6.27 49.48 2.80 29.27 4.12 1.03 55.88
0, 32.96 30.76 482.46 19.00 95.00 23.00 5.00 127.46
0, 45.35 34.60 519.00 22.00 100. 00 29.00 6.00 172.25
05 86.07 40.15 549.20 22.00 125.00 29.71 6.00 215.47
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Table 2 ML model and prediction performance

PR > fi A R* MAE MSE RMSE
Linear Regression! '] 0.91 12.91 241.92 15.55
Decision Tree! '’ 0.86 13.21 397.40 19.94

Bagged Ensemble Trees!'>) 0.88 11.60 328.20 18.12

Super Vector Machine!)  0.95 8.70 146.00 12.08

Gaussian Process Regression'”) 0.92
Artificial Neural Network'"®! 0.91

Random Forest Regression  0.94

231.24

253.89

180. 44

15.21

15.93

13.43
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