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Abstract
A study on earthquake-resistant reinforcement of pile foundation and underground|
Title structures regarding tension softening characteristics of ground improvement body

(800 words)

The 2011 off the Pacific coast of Tohoku Earthquake took a heavy toll of human lives, and
caused serious damages to many types of structures. Immediate anti-earthquake measures
including reinforcement of ground improvement are required for the existing structures that
were designed and constructed according to old design codes, because the level 2 class
earthquakes, such as the Tokai, Tonankai, and Nankai Earthquakes, are predicted to occur in
the near future.

Through the past big earthquakes, the occurrences of severe damages to pile foundations have
been frequently reported by many researchers. The Author’s research laboratory had studied
the mechanism of the damages to pile foundations, and originally developed a method for
directly improving ground surrounding existing pile foundations, by means of soil-cement

‘|mixing method. The method is considered to be effective to existing underground structures as

well as pile foundations. As a typical damage to underground structure, Daikai Subway Station,
which was severely damaged in the 1995 Hyogo-ken Nambu Earthquake, was thoroughly
investigated by many researchers. And the damage to underground electric power facilities
induced by the 2007 Niigata Chuetsu-oki Earthquake was investigated actively after the
earthquake. As a result, the method for improving ground is considered one of the most|
promising measures for reinforcing existing underground structures.

The reexamination and upgrading of the design concept is necessary to apply the method for
improving ground to the variety of understructures efficiently. In the current design method the
improved soil-cement mass is assumed to be elastic and non-fracturing material, and the
soil-cement mass, however, behaves in non-elastic manner with tension softening in damaging
and cracking process during strong shakings in level 2 earthquakes. The importance of the
tension softening in the design method has not been fully clarified yet.

This study focuses on the following points.

1. Understanding the non-elastic behavior of soil-cement material regarding tension softening|
under cyclic loading.

2. Reviewing the fracturing interactive behavior of ground improvement body and pile
foundation.

3. Observing the fracturing behavior of ground improvement body surrounding underground
structures in a series of model loading tests.

4. Evaluating the effect of the ground improvement on full-scale pile foundations and
underground structures by means of numerical simulations.

A series of cyclic loading tests of tensile force and bending moment were carried out on
cement-mixed cohesive soil specimens, and the characteristic tension softening behavior was
observed. The parameters for elasto-plastic damage model, which is combined into FEM were
identified by analyzing the observed behavior in the tests.

Earthquake-resistant performance of the reinforced pile foundation was observed in an model
loading tests and a series of elasto-plastic FEM simulations on the model. Performance of the
reinforced underground structures was observed in model loading tests in a soil container]
regarding the interaction between ground improvement body and underground structure. The

elasto-plastic FEM simulations was also carried out on the model underground structures, and




the applicability of the elasto-plastic FEM was verified.

Effect of the reinforcement with ground improvement body on pile foundations and underground
structures in full-scaled condition was evaluated by means of the elasto-plastic FEM which was
calibrated through the model loading tests.

In this study the characteristic fracturing behavior of ground improvement body in the process
of damaging and cracking during shaking was clarified, and the effect of reinforcement of
existing pile foundation and underground structure with ground improvement body was
verified. The rational and economical design method for reinforcing existing pile foundation and

underground structure and upgrading their earthquake resistant performance was proposed.
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