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[Abstract]

River levees are extremely important disaster prevention structures that protect the lives of
residents and their assets from flooding, but most of them are the product of a long history of flood
control, having been strengthened successively since ancient times. The structures have not been|
designed by quantitatively examining the fracture process of the structures. The maintenance of
levees has also been conducted by visually checking the presence or absence of deformations on the
surface of the levees, and there has been insufficient quantitative understanding and evaluation of]
the changes in microscopic deformations over time and their expansion due to water runoff, etc. In
this study, we investigated the effect of the failure process of levees in Japan.

This study summarizes the history of levees in Japan and the evolution of design and
maintenance techniques, and then examines the characteristics of levee failures based on past]
cases of levee failures. The importance of understanding the history of embankment construction
based on topographical changes and incorporating three-dimensional soil composition based on soil
investigations are also shown in the design. The paper also describes the possibility of using
measurement instruments for the inspection and management of levees, and shows that the]
continuous analysis and observation of the damaged areas will lead to the advancement of design|
and maintenance techniques. Finally, it is shown that continuous analysis and observation of

damaged areas will lead to the advancement of design and maintenance techniques.
The following is a summary of this study, with a description of each chapter.
Chapter 1: Introduction
Chapter 1 presents the structure and outline of the paper to clarify the background and flow of]

this study.

Chapter 2: History and Design of Levees in Japan

Since levees in Japan have long been designed by defining a safe shape against experienced floods,
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this paper summarizes the evolution of levees from the viewpoint of the shape of levees (slope,
top-width, and margin height) by dividing the period into pre-Meiji and post-Meiji, when modern|
technology from Europe and the United States was introduced. The characteristics of river
embankments, which have been constructed by defining the shape of the embankment, include the
complexity of the soil structure, the heterogeneity of the structure, and the linearity of the]
structure.

The design methods of such structures are summarized in terms of the technical standards issued
by the Japanese government, from the shape specifications in the "River Management Facilities
Structure Order (Government Ordinance No. 199, 1976)" to the performance specifications in the
"Design Edition".

Similarly, the transition of the maintenance and management standards for levees after they are
put into service is also summarized, covering the technical standards issued by the Japanese

government.

Chapter 3: Analysis of Damage to Levees

The causes of damage were classified into four categories: overtopping, seepage, erosion,
earthquake, and damage around sluice gates and sluice pipes.

The damage mechanisms were estimated using saturated and unsaturated seepage flow analysis
and arc-slip analysis based on the results of soil investigation in the damaged areas. The causes of

the damage were also analyzed.

Chapter 4: Maintenance and Monitoring of Levees

The observation of embankment deformations such as seepage and erosion, which are required
for the maintenance and management of embankments, are classified and organized temporally
and spatially, and the problems in the current embankment management are identified separately]
for normal and emergency situations.

The latest measurement and surveying technologies that are expected to be utilized in the
observation of such deformations are also presented. The possibility of using measurement

instruments for the inspection and management technology of levees in actual rivers is described.

Translated with DeepL.com (free version)
Chapter 5: Advanced Design and Maintenance of Levees Based on Analysis of Damage Cases

The analysis of the causes of the damage provides effective knowledge that should be utilized to
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improve the accuracy of the design in the future in the extraction of weak points and the modeling
of levees, and the trial observation of the damaged areas using measuring instruments provides
useful knowledge that should be utilized to improve the accuracy of the design. The results of the]
observation of the damaged areas with the instruments showed that there is a possibility to observe
the deformation of the embankment with the instruments and that the results can be used for
preventive maintenance of the embankment. The results of the analysis and observation of the

damaged areas will lead to the advancement of the design and maintenance techniques.

Chapter 6: Conclusion
The results of this study are summarized, and the importance of reflecting the results of damage|

analysis in the design and maintenance of levees and the prospects are presented.
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