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Research on Strength Damage Prediction Model of Freeze-Thaw Sandstone Based on Machine Learning
ZHANG Kaihui''*, ZHANG Yihai"*, JIANG Xutong'*
(1.Cathay Safety Technology (Beijing) Co.. Ltd.. Beijing 102299, China;
2.China Academy of Safety Science and Technology. Beijing 100012, China)

Abstract: Aiming at the problems of significant strength damage of sandstone in cold regions under freeze-thaw action and the
complex research process of traditional test methods, a machine learning-based prediction model for the strength damage of
freeze-thawed sandstone was proposed. By means of literature research, 117 sets of experimental data on strength damage of
sandstone after freeze-thaw cycels were selected as the data set. The longitudinal wave velocity, dry density, saturated density,
number of cycles and {reeze-thaw period were selected as the input characteristics of the model, and the strength loss rate was
used as the output characteristics. Six machine learning models such as decision tree. random forest. support vector machine.,
XGBoost, extreme random tree and CatBoost were used to predict the strength damage of sandstone after freeze-thaw cycles.
and R*, MAE, MSE and RMSE were used to evaluate the performance of the model. The results show that the CatBoost
model has the best performance in all evaluation indicators. Its R® on the test set exceeds 0.93, and the MAE value, MSE value
and RMSE value are 0.028, 0.002 and 0.039, respectively, showing strong generalization ability and good prediction effect.
Further, the Bayesian optimization algorithm was used to optimize the hyperparameters of the CatBoost model, and the number
of iterations, the maximum depth of the tree and L2 regularization were determined as the key parameters affecting the
prediction performance of the model. Eigenvalue weight analysis shows that the order of importance of each variable to the
model contribution is : number of cycles™{freeze-thaw period™>dry density>saturated density>longitudinal wave velocity. The
research results can provide effective prediction tools and method references for rock mechanics engineering practice in cold regions.
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Fig.2 Scatter plots of eigenvalue coherence matrix
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Fig.4 Prediction results and evaluation of each model
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Table 2 Statistics of performance evaluation indicators for each model
- R? MAE MSE RMSE
- Il iR pERS M 4R Ve S HIRFNE S PIEES RN S
R 0.991 0.607 0.007 0.055 0.000 0.010 0.015 0.099
it 1L R A 0.964 0.804 0.020 0.048 0.001 0.005 0.031 0.070
SRR AL 0.757 0.239 0.075 0.106 0.006 0.019 0.081 0.137
XGBoost 0.991 0.873 0.007 0.036 0.000 0.003 0.015 0.055
. ity B AL AR 0.961 0.902 0.021 0.038 0.001 0.002 0.032 0.049
CatBoost 0.991 0.939 0.008 0.028 0.000 0.002 0.015 0.039
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Table 4 The optimized model parameters
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Fig.5 Analysis results of eigenvalue weights
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