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Background and Objectives: Accurately predicting the long-term compressive strength of concrete has long been a major challenge in civil engineering, especially due to the limited availability and high cost of experimental data at advanced ages. To address these limitations and support cost-effective, resource-efficient modelling, this study presents an innovative approach that combines Tabular Generative Adversarial Networks (TGAN) with K-means clustering to generate high-quality synthetic datasets.
Methods: These datasets span a wide range of curing periods from 3 days to 3 years and were used to train and evaluate machine learning models such as NARX, RF, RBF, and DT. The modelling process involved comprehensive data preprocessing, dataset partitioning, and performance evaluation using key metrics including R², NRMSE, and NMAE. The results demonstrated that increasing the synthetic data volume up to 5,000 samples significantly enhanced the predictive accuracy of the models.
Results: While TGAN exhibited superior precision, it also required greater computational resources and training time. In contrast, the K-means method offered a simpler and faster alternative, proving to be more practical and cost-efficient for engineering applications. The synthetic datasets closely matched the statistical distribution of real experimental data, and in several cases, even led to improved predictive performance over real data, particularly for certain concrete mix designs.
Conclusions: These findings underscore the potential of synthetic data as a reliable substitute for physical testing, especially when dealing with novel mixtures containing complex chemical admixtures. Furthermore, the generated data helped reduce the need for extensive laboratory testing, promoting sustainability in concrete design and development. By replicating realistic data distributions and improving both the generalisation and accuracy of machine learning models, this dual-method approach paves the way for advanced, intelligent concrete modelling frameworks. Ultimately, this research provides a robust foundation for enhancing long-term performance prediction in concrete structures through the strategic integration of data science and civil engineering practices.

