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In recent major earthquakes exceeding intensity 6 on the Japanese seismic scale, such as the 2016 Kumamoto
earthquake, the collapse of retaining walls on sloping land and the resulting damage to houses located behind the
retaining walls have become apparent. In terms of the structural types of retaining walls on affected housing sites,|
the damage rate is higher for existing non-conforming retaining walls that have been modified after construction
without structural calculations, such as masonry retaining walls, double-storey retaining walls and
additional-storey retaining walls. These retaining walls themselves are not sufficiently strong, and the retaining
walls collapse during earthquakes, causing damage to houses due to the associated ground deformation. There is
therefore an urgent need to reinforce such existing retaining walls to ensure the safety of residential areas and
houses.

In view of the above, the aim of this study is to propose a new method of reinforcing the ground behind existing
retaining walls and to clarify the effectiveness of the reinforcement. First, the current status of the foundations and
ground of the houses was ascertained by means of a questionnaire survey. Next, the effects of the existing
methods used to reinforce the ground of houses on the retaining walls were identified. A new method of
reinforcing the ground behind existing retaining walls was then proposed, and the effectiveness of this method
was confirmed by static loading tests and shaking table tests.

The outline and research results of this thesis are summarised in the following chapters.

Chapter 1 describes the background and objectives of the study, outlines examples of earthquake damage to
retaining walls and deformations in columnar improvement works in the vicinity of retaining walls, and clarifies

the position of the study. Finally, the structure of the paper and the chapters are outlined.

Chapter 2 analyses the current state of small-scale building foundation design based on the results of a
questionnaire survey of practitioners involved in small-scale building foundations, and describes each issue for
reference in the revision of the technical guidelines for the next ten years.
(1) Many respondents to the questionnaire were involved in geotechnical work. Conversely, there were few
responses from housing providers, and one reason for this is that many of them may rely on geotechnical
specialists for the design of foundations.
(2) 'Columnar improvement' was the most frequently adopted ground reinforcement method, followed by
'small-diameter steel pipes'. Although 'surface improvement' has been adopted, the adoption rate is low.

(3) For existing retaining walls, it is often difficult to obtain data at the time of design, and no method has been
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established to assess the soundness of existing retaining walls.

In Chapter 3, a construction experiment of a columnar improvement using a full-scale retaining wall was carried
out to measure the earth pressure acting on the retaining wall, displacement of the retaining wall, etc., and to
elucidate the mechanism of the occurrence of deformation of the retaining wall.

1) When the agitator blades pass near the retaining wall base plate during rod raising, a large earth pressure of
about 100 kN/m? at the heel of the retaining wall base plate is presumed to be the cause of the retaining wall
deformation.

2) The displacement of the retaining wall due to the construction earth pressure and construction machine load
was determined by 2D elastic FEM analysis, and it was found that the displacement could be reduced to 1.5 mm if

the separation distance was 4 m.

Chapter 4 summarises the results of the reinforcement effect on the ground behind the retaining wall for each of
the three reinforcement specifications with small diameter steel pipes placed behind the retaining wall.

(1) Static loading tests

The horizontal displacement contour maps at maximum load for each reinforcement placement pattern show that,
without reinforcement, a failure zone appears from the back of the loading plate to the bottom of the retaining wall,
which appears to be a straight line slip. On the other hand, with reinforcement, the failure zone stops at the
position of the reinforcement. It was also observed that between the reinforcement and the retaining wall, a
non-destructive zone was formed, which was in the order of size of Type I reinforcement, Type Il reinforcement
and Type A reinforcement, indicating that the reinforcement integrates the surrounding soil mass, forming a larger|
slip surface instead of linear slip.

(2) Shaking table experiments

Under the conditions of this experiment, (a) in the case of no reinforcement, the retaining wall collapsed and the
loading plate settled significantly at an amplitude of 30 mm. On the other hand, when reinforcement was placed,
the retaining wall did not collapse at an amplitude of 30 mm, indicating that the reinforcement had a reinforcing
effect on the soil behind the retaining wall. (d) In the case of A-type reinforcement, the effect was remarkable: the
displacement of the retaining wall and the settlement of the loading plate were smaller even at an amplitude of 60

mm.

Chapter 5: In the conclusion, the characteristics and results of the research described in Chapters 1-4 above are
described, and the remaining issues for the future are also discussed.
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