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Levees are long and heterogeneous soil structures that have been constructed over a long period of time, and their maintenance
and management must rely on visual inspection of their condition. However, since there is no clear relationship between|
deformations discovered by inspection and damage at the time of flooding, it is necessary to identify deformations that may or mayj
not lead to levee failure. In addition, the current design in Japan evaluates the stability of piping and slope slides separately, and it|
is not possible to evaluate whether the occurrence of piping leads to a levee failure or not. Furthermore, recent climate change has
led to an increase in torrential rainfall, which has resulted in an increase in damage caused solely by rainfall. Therefore, in this studyj,
we conducted model experiments and reproduction analyses of past damage cases by using the particle method (SPH method), and|
examined the evaluation method for progressive failure of river levees. The SPH method was also used to evaluate the risk of
slippage considering the variation of rainfall and soil conditions.

As a result of the study, the analysis incorporating strain—induced softening and soil particle discharge was able to reproduce
progressive failure of the embankment to a considerable extent. It was also suggested that the SPH method could relatively well
reproduce the effects of rhizome density and rhizome depth. Furthermore, it was shown that the SPH method, which accounts for

heterogeneity, can be used to quantitatively assess the level of hazard associated with slope instability.

The following is a summary of the chapters of the dissertation

O Chapter 1: Introduction
This chapter summarizes the background and issues related to the current maintenance and management of river

levees. It also presents the structure of this study.

O Chapter 2: Analysis Methodology

This chapter presented issues related to the current maintenance of levees. Statistical analysis (logistig
regression analysis) suggested that it is difficult to predict damage from the occurrence of deformations. The
analysis also suggested that sections with large mean hydraulic gradients and sections with steep mean slope

gradients have a high |ikelihood of being damaged
Chapter 3: Analysis Methodology
This chapter describes the analysis method used in this study and the principle of the SPH method. Previous

studies on the particle method are also summarized

Chapter 4: Reproduction of the Experiment
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In this chapter, we attempted to reproduce and analyze the model experiment on the effect of vegetation on

slope slip caused by torrential rainfall using SPH. In the reproduction analysis, no slip occurred in the model
experiment size analysis, but the ful |-scale analysis confirmed the same trend as the model experiment results,
suggesting that the SPH method can reproduce the effects of rhizome density and rhizome depth relatively well.
However, it was suggested that the effects of scale effects on each parameter should be verified and corrected

in the future

Chapter 5: Site Replication Analysis

I n this chapter, reproduced analyses of the Chikugogawa River, the Koyoshigawa River, and the Kakehashigawa
River conducted. In the analysis of the Chikugogawa River, a reproduced case of slope slip caused by torrential
rainfall was analyzed. In the analysis of the Koyoshigawa River, a progressive process of simultaneous occurrence
of slip and sand eruption was observed as the strength of the foundation ground decreased, and the characteristics
of the ground structure observed in the open—cut survey were reproduced. In addition, it was confirmed that the
phenomenon of the sandy soil layer breaking through the covering soil layer and entering under the collapsed
soil occurred when the pore water pressure in the foundation ground was under pressure. In the analysis of the
kakehashiagawa River, it was possible to reproduce the process in which the embankment layer fell and progressed

to the slope slip due to the loosening and strength loss of the foundation soil caused by the sand eruption

Chapter 6: Risk Assessment

In this chapter, the SPH method was applied to a heterogeneous structure such as a river embankment to evaluate|
the risk of slip in consideration of variations inrainfall and soil conditions. The risk was evaluated by giving
variations inrainfall conditions, soil conditions, and the area of loosening of the surface layer. It is suggested
that a probabilistic approach to the uncertainty of ground properties and rainfall conditions can be used to
evaluate the risk of sediment runoff impact on structures and other objects. It was also shown that this approach
enables a reasonable quantitative assessment of the hazard level associated with slope instability, thereby
allowing scoping and prioritization of various countermeasure works considering the uncertainty of the current

criteria and the acceptable risk level.

O Chapter 7: Conclusion
This chapter summarizes the results obtained in this study and presents issues to be resolved and future

prospects for utilizing the SPH method in the maintenance and management of embankments
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