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ABSTRACT: Recent earthquakes caused severe damage to the retaining walls of various castles in Japan. 
In this study, the authors describe this instrumentation, some numerical analyses and the results obtained 
so far. The site investigations clearly showed that river gravels were used as backfilling materials at the col
lapsed castle retaining walls. In this study, the authors have investigated the effect of the type of backfilling 
material on the seismic response and stability of the model castle retaining walls using a shaking table in the 
laboratory. In addition, a dynamic limiting equilibrium approach was used to investigate the responses and 
stability of the test results on the model castle retaining walls. The experiments and theoretical studies clearly 
showed that the type of backfilling material has a great effect on the dynamic response and seismic stability 
of the walls and the results clearly showed that the castle walls utilizing rounded river gravels as backfilling 
material are quite vulnerable to fail during great earthquakes. The authors would present the outcomes of the 
this unique experimental and analytical study and discuss their implications in practice. 

1 INTRODUCTION 

The 2016 Kumamoto earthquake caused huge 
damage to Kumamoto Castle. Particularly the 
retaining-walls of the Kumamoto castle was heav
ily damaged (Aydan et al. 2018). Similar events were 
also observed on the retaining walls of Sunpu Castle 
in Shizuoka due to the 2009 Suruga Bay earthquake, 
Katsuren Castle due to the 2011 Off-Okinawa earth
quake, Shirakawa Castle due to 2011 Great East 
Japan earthquake. The site investigations at the dam
aged sites clearly indicated that river gravels were 
used as backfilling materials at the collapsed castle 
retaining walls (Fig. 1). 

The effect of the type of backfilling material 
on the seismic response and stability of the model 
castle retaining walls were investigated using a 
shaking table in the laboratory in the University of 
the Ryukyus. Three different back-filling materi
als were used. Furthermore, laboratory shear tests 
on the backfilling material and friction coefficient 
between the backfilling material and the retain
ing wall material were performed. In addition, a 
dynamic limiting equilibrium approach was used 
to investigate the responses and stability of the test 
results on the model castle retaining walls. The 
shaking table experiments clearly showed that the 
type of backfilling material has a great effect on 
the dynamic response and seismic stability of the 
walls and the results clearly showed that the castle 
walls utilizing rounded river gravels as backfilling 
material are quite vulnerable to fail during great 
earthquakes. The dynamic limiting equilibrium 
method was able to confirm the experimental results 
theoretically. The outcomes of the this unique 
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experimental and analytical study are presented and 
discussed with an emphasis on their implications in 
practice. 

2 SHAKINGTABLEAND MODELS 

2.1 Shaking table and instrumentation 

The shaking table used for model tests was pro 
duced by  AKASHI. Its operation system was 
recently updated by IMV together with the possi
bility of applying actual acceleration wave forms 
from earthquakes. Table l gives the specifications 
of the shaking table and monitoring devices. The 
size of the shaking table is 1000 x 1000 mm2. The 
maximum acceleration is 600 gals for a model 
with a weight of 100 kgf. The displacement 
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Figure 1. Some examples of castle-wall damage in recent 
earthquakes. 
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