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Developing robust predictive models for geopolymer paste presents several
challenges, primarily due to the complexity of material behaviors and the inherent
variability of experimental data. This study enhances the robustness of bagging by
integrating it with advanced design of experiments (DOE) methodologies, including
Taguchi, Central Composite Design (CCD), and a novel hybrid Taguchi-CCD (HTC)
approach, to model the compressive strength of metakaolin-based geopolymer paste.
These structured designs eliminate the reliance on arbitrary 3x3 sampling and ensure
even coverage of experimental space. By training ensemble models on these well-
distributed data subsets, prediction accuracy is significantly improved. Well-distributed
experimental points replace random.sampling, thereby enhancing data coverage and
reducing the risk of overfitting. Comparative evaluations using Bagging Regression,
Gradient Boosting, and Random Forest algorithms demonstrate that the HTC design, in
combination with bagging, achieves the lowest Root Mean Square Error (RMSE) and the
highest coefficient of determination (R?). Specifically, the model yielded RMSE values
of 3.01, 3.47, and 3.06, and corresponding R? values of 0.91, 0.88, and 0.91 for the
Taguchi, CE€D, and HTC approaches, respectively, on the test dataset. The newly
developed bagging.model was trained on structured subsets«generated via the HTC
design. It achieved ithe highest prediction @ccuraey, @maeng all tested configurations,
with an R? value of 0.93. The integration of structured experimental designs with
bagging confirms its effectiveness for scalable predictions, offering a promising

approach for the modeling of material properties in complex systems.
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