(fefk 1 )

R it (%) X4 | VARGAS TAPIA RUBEN RODRIGO

= ng Comprehensive Validation of Numerical Predictions for Liquefaction-Induced Lateral Spreading
s S rH . . N o ; — =

" GRIRALIT &2 % HitE o 0 )5 B K3 2 SAREARAT T 0D GG 0 7 5 2 3R

Soil liquefaction is a complex geotechnical phenomenon that occurs under cyclic loading,
causing the soil to experience a sudden loss of strength and stiffness, resulting in significant
damage to buildings, infrastructure, and other critical structures. Accurate modeling of this
phenomenon is essential for predicting soil behavior during seismic events and formulating
effective mitigation strategies. Although computational modeling of geomaterials has
experienced significant advancements over the last decades, rigorous verification and
validation (V&V) processes are essential to gain credibility, ensure the reliability, and
facilitate their integration into standard design practices. Past V&V efforts have ranged from
qualitative comparisons (between physical models and numerical models) to probabilistic
approaches based on limited non-crosschecked experimental data. However, it has been
observed that even when conducted under controlled laboratory conditions, "identical"
physical models performed in different facilities can yield significant differences in results.
This highlights the need to use cross-checked data to verify the accuracy of experimental data
and allow a proper uncertainty quantification for a comprehensive validation of numerical
models.

This study addresses the existing gaps by introducing a novel, fully probabilistic validation
methodology based on state-of-the-art validation procedures, for numerical models that
predict liquefaction. It uniquely incorporates cross-checked experimental data, enabling a
more accurate representation of physical model variability. The study presents the details of
the proposed methodology through an actual validation exercise to explore the capabilities of
the "Strain Space Multiple Mechanism Model," focusing on the simulation of lateral spreading
across various relative densities and peak ground acceleration values. Utilizing an extensive,
internationally cross-checked database of centrifuge experiments, the research enables

accurate characterization of mean trends and variability in physical models.

Chapter 1 introduces the study, outlining the background, challenges, and the need for a robust
fully probabilistic validation methodology in the field of soil liquefaction. It defines the
objectives, underscores the novelty of the study, and details the proposed methodology,

highlighting its significance in advancing current practices.

Chapter 2 presents a thorough literature review, examining various aspects including
liquefaction, lateral spreading, centrifuge modeling, effective stress models, state-of-the-art
in validation standards, and current validation efforts. The chapter critically analyzes existing

studies, pointing out their advancements and limitations.
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Chapter 3 describes in detail the physical models used in the validation exercise. Including
comprehensive descriptions of the specifications, testing processes, data processing
techniques, and uncertainty quantification. The chapter emphasizes the importance of the

development of high-quality physical models.

Chapter 4 elaborates on the element tests (Hollow Cylinder Cyclic Torsional Shear Tests)
conducted to study the mechanical properties of the target soil, required for calibrating the
numerical model. The chapter includes meticulous details about the testing specifications,

procedures, data processing, and uncertainty quantification.

Chapter 5 describes in detail the process of numerical modeling, covering the element
simulation process, model parameter estimations, uncertainty definition and propagation, and
simulations to replicate the physical models. The chapter illustrates the numerical modeling
process, describing the governing equations, constitutive models, and numerical techniques

employed.

Chapter 6 presents the final step of the validation exercise, including a probabilistic
assessment of the numerical model outcomes based on the physical model outcomes. The
importance and significance of the proper definition of validation metrics is discussed in
detail; in addition, an assessment through Type B Simulations is performed, demonstrating
that most of the important characteristics of the soil behavior (acceleration, excess pore water
pressure, and displacement) can be properly simulated for reliable and repeatable tests, even

in drastic condition changes.

The final chapter summarizes the key findings of the study, underscoring the successful
implementation of the proposed fully probabilistic validation methodology to validate
complex numerical models for liquefaction prediction. It also outlines future research

directions, suggesting ways to build upon this work for further advancements in the field.

Through the manuscript, it is shown that the proposed methodology allows a comprehensive
evaluation of numerical model’s capabilities to simulate the liquefaction-induced lateral
spreading phenomena; this enhances the model’s reliability and contributes to its integration
into common geotechnical engineering design practices/standards. Furthermore, the
methodology proposed on this study have important implications for the improvement of
numerical models for predicting soil liquefaction, and it can be used as a basis for future

research by applying the validation methodology to other models and datasets.
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