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Fig. 3. Comparison of actual and predicted values of compressive strength of lightweight concrete on the entire dataset
using the following machine learning models: (a) linear regression; (b) ARD; (c¢) decision tree
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Fig. 4. Comparison of actual and predicted values of compressive strength of lightweight concrete on the entire dataset

using the following machine learning models: (a) bagging regressor; (b) random forest; (c) gradient boosting
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Fig. 5. Comparison of actual and predicted values of compressive strength of lightweight concrete on the entire dataset
using the machine learning model “Gradient boosting with the search for optimal hyperparameters”

Table 2
Quality metrics of the developed machine learning models (values of determination coefficient and regression errors)
Quality metrics of models
Machine learning models
R MAE MSE RMSE MAPE (%)

Linear regression 0.7374 6.0752 75.6671 8.6987 31.5038
ARD 0.7361 6.0861 76.0399 8.7201 31.6589
Decision tree 0.8953 3.4091 30.1583 5.4917 15.5677
Bagging regressor 0.9411 2.7292 16.9749 4.1201 13.3829
Random forest 0.9401 2.7790 17.2584 4.1543 14.0700
Gradient boosting 0.9557 2.4847 12.7704 3.5736 11.1813
Gradient boosting with the search for | 9,45 2.4917 15.4094 3.9255 11.6773
optimal hyperparameters

increase in compressive strength of lightweight concretes
up to the level of 70—73 MPa can be achieved at the dos-
ages of hollow microspheres, pozzolanic and expanding
modifiers 13%; 2—7% and 2—10% of binder weight (PC +
MA), respectively.

CONCLUSIONS
The conducted scientific studies allowed to develop

machine learning algorithms that can effectively establish
quantitative dependences for the compressive strength

of modified lightweight concretes on their composition.
Based on the results of the analysis of the obtained multi-
factor models, the optimal variation ranges of dosages of
the pozzolanic and expanding modifiers were identified,
which ensured the achievement of the required level of
controlled mechanical characteristic at reduced material
density.

The study results showed the prospects of using ma-
chine learning methods for design compositions and
predicting properties of multicomponent lightweight
concretes.
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Fig. 6. Efficiency of the linear regression (a, b), ARD (c, d), and decision tree (e, f) algorithms on the training (a, c, e)
and test (b, d, f) parts of the experimental data (the red line indicates the model line)
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Fig. 7. Efficiency of the gradient boosting algorithm on the training (a) and test (b) parts of the experimental data
(the red line indicates the model line)
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Fig. 8. Isolines of changes in the compressive strength of lightweight concretes at the age of 28 days depending on the
content of hollow glass microspheres, dosages of pozzolanic (a) and expanding (b) additives
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