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ABSTRACT: Old-time stone walls are important cultural assets in Japan. There are many cases of large 
deformation or collapse of stone walls caused by earthquakes in the past. In order to maintain the seismic 
stability of stone wall, good repair of large deformed wall is an essential project. In the repair, it is a big issue 
whether the reinforcement of wall is employed or not. If reinforcement is not applied, a risk remains that 
the stone wall deforms largely again when encountering a big earthquake. If reinforcement is applied, it is 
required how to enhance the seismic resistance by the reinforcement. To examine these issues, we carry out 
a numerical analysis of stone wall by the discontinuous deformation analysis (DDA). In the analysis, a large 
deformed stone wall is reproduced, and the material parameters for analysis are determined. Based on the 
results, the seismic stability of the stone wall is examined for the case of employing reinforcement by soil 
improvement. 

1 INTRODUCTION 

In Japan, there are many classical stone walls that 
experienced hundreds of years after construction. In 
order to maintain and manage these traditional struc
tures in the future, it is important to properly evaluate 
the stability of structure. Furthermore, in Japan where 
earthquakes occur frequently, there are many stone 
walls that cause large deformation and lead to collapse 
due to earthquake. In order to maintain the long-term 
stability of traditional structures, a method to accu
rately evaluate the stability on earthquake is required. 

In recent years, many studies on the method for 
evaluating the stability of stone wall have been car
ried out. A s  the example of past research, an exit 
index which is an empirical index(Nishida, 1998), 
a method based on earth pressure theory (Ichioka, 
1996) and a numerical analysis (Noma, 2013), have 
been reported. However, at the present stage it is 
difficult to establish a method for quantitatively 
evaluating the stability of stone wall based on the 
deformation of wall during earthquake which con
siders the waveform of seismic motion. 

In this paper, we investigate the necessity of rein
forcement when repairing or rebuilding a stone wall 
where collapse occurs due to past earthquakes and 
large deformation exudes due to soil pressure, and we 
examine the method for reinforcement for stone wall. 
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2 STRUCTURE OF STONE WALL 

2.1 Current status 

Figure 1 shows the current deformation of the stone 
wall. Point A in Fig. 1 (b) is sinking, and point B is 
staring. From this fact, it can be easily inferred that 
the ground between point A and B is loose, and a 
slip surface may exist between point A and B, the 
shape of which is unknown. For the stone wall shown 
in Figure 1, the rebuilt repair work was planned. It 
became an issue whether reinforcement should be 
carried out or not, when rebuilding. We perform a 
numerical analysis with consideration for this stone 
wall. 

2.2 Collapse due to earthquake 

On June 28, 1948, an earthquake of magnitude 
7.1 with epicenter of Fukui Plain occurred. The 
earthquake ground motion was intense, and in the 
vicinity of the epicenter almost 90% of houses 
were destroyed. Due to this earthquake, collapse 
occurred in several stone walls adjacent to the stone 
wall shown in Fig. 1. Figure 2 shows an example 
of the collapse. By reproducing this collapse, we 
confirm the applicability of our numerical analysis 
later. 
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