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ABSTRACT: Historical structures are mainly masonry structures, and they are composed of blocks made 
of natural stones, bricks or both, and they are built in different patterns with or without mortar. As Japan is a 
seismically active country, an emphasis was given on the seismic response and stability of restored masonry 
structures such as arches and walls during earthquakes and natural rock structures. Furthermore, The deteri­
oration by atmospheric agents, bombing and seismic shaking damaged some of these structures. The authors 
describes the outcomes of experimental, limiting equilibrium and numerical studies on the stability ofhistor­
ical masonry structures under dynamic loads such as those induced by earthquakes and their implications are 
discussed. 

1 INTRODUCTION 2 RETAINING WALL COLLAPSE OF 
KATSUREN CASTLE 

Historical structures are mainly masonry type, and 
they are composed ofblocks made of natural stones, 
bricks or both, and they are built in different pat­
terns with or without mortar. The authors have been 
recently involved with the restoration of the famous 
historical structure in Okinawa Island such as 
Shuri Castle, Nakagusuku Castle, Katsuren Castle, 
Gushikawa Castle, an arch bridge in Iedonchi royal 
garden and Yodore royal mausoleum of the Ryukyu 
Imperial period, as well as the assessment of static 
and dynamic stability of some natural rock struc­
tures such as Wakariji. 

An earthquake with a magnitude of 7.2 on Japan 
Meteorological Agency Scale occurred near 
Okinawa Island of Japan (Fig. 1). The focal depth 
of the quake, which occurred at 5:31 a.m. local time 
(2031 GMT Friday), was about 40 km under the sea 
107 km east offNaha, capital of Okinawa. 

The 2010 earthquake caused the collapse of some 
parts of castle walls at Katsuren Castle, which is 
designated as a world heritage site. The castle is 
located over a hill in Uruma City and the nearest 

As Japan is a seismically active country, an . 
emphasis was given on the seismic response and 
stability of restored masonry structures such as 
arches and walls during earthquakes and natural 
rock structures. Furthermore, The deterioration by 
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atmospheric agents, bombing and seismic shaking か

damaged some of these structures. 
Different arch configurations used in Shuri Castle 

in Okinawa Island were tested. The stability of the 
dynamic arch bridge of Iedonchi Royal Garden and 
Wakariji natural rock structure were investigated 
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using the physical models (Tokashiki et al. 2007). 
Furthermore, dynamic limiting equilibrium meth- 25• 
ods (D-LEM) as well as numerical methods (i.e. 
conventional finite element method (FEM), discrete 
finite element method (Aydan 1998; Aydan et al. 
1996; Mamaghani et al. 1989). 

The authors describes the outcomes of exper­
imental, limiting equilibrium and numerical 
studies on the stability of historical masonry 
structures under dynamic loads such as those 
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induced by earthquakes and their implications are Figure I. Location and focal mechanism of the 2010 
discussed. earthquake 
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