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Application of machine learning methods to geotechnical designs based on data-driven
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This dissertation develops a comprehensive machine learning-enhanced framework transforming geotechnical design
from deterministic analysis toward probabilistic evaluation supporting risk-informed decision-making. Traditional
geotechnical investigations sample only a tiny fraction of investigation domains, creating substantial knowledge gaps
that limit design reliability across foundation systems, retaining structures, tunnels, and slope stability applications.
Research Methodology and Innovations

The framework integrates four interconnected innovations. Tucker decomposition-Bayesian compressive sensing
(TD-BCS) revolutionizes three-dimensional spatial reconstruction through tensor-based sparse representation
preserving anisotropic geological patterns while providing uncertainty quantification. Multivariate Gaussian process
trend Kkriging enhances spatial characterization by integrating heterogeneous measurement types through cross-
correlations between geotechnical and geophysical data. The data-fusion framework transforms enhanced spatial
predictions into reliable design parameters through laboratory-calibrated transformation relationships and Monte Carlo-
based analysis. PCLA-Net, a hybrid deep learning architecture, processes spatial material variability and temporal
environmental loading for real-time probabilistic hazard assessment.

Key Research Findings

Extensive validation demonstrates superior performance compared to conventional approaches. TD-BCS achieves
significant accuracy improvements with substantially reduced computational costs. Multivariate data fusion provides
notable uncertainty reduction compared to individual parameter methods. The probabilistic framework delivers
enhanced reliability with improved factor of safety distributions compared to conventional approaches. PCLA-Net
enables real-time assessment with reduced training data requirements while maintaining accuracy comparable to
computationally expensive Monte Carlo simulation.

Academic Contributions and Practical Significance

The research establishes theoretical foundations for probabilistic geotechnical analysis, advancing tensor-based spatial
reconstruction and multivariate modeling frameworks. The comprehensive uncertainty propagation methodology
provides systematic reliability assessment acknowledging all uncertainty sources. The practical significance lies in
transforming geotechnical assessment toward objective, risk-informed evaluation optimizing safety and economic
considerations while enabling dynamic risk management adaptable to changing environmental conditions. This work
bridges theoretical developments with practical applications, establishing foundations for probabilistic geotechnical

analysis and digital twins for geotechnical systems.
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