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ABSTRACT: The breakage ofboulders/cobbles in conglomeratic曲ep�sits are ��p?rted to occur �long tee
tonic lines. The authors have been undertaking both in-situ investigations and laboratory experiments to 
understand the fundamental mechanism and causes of the breakage of the boulders/cobbles. Some sampling 
and observations are done in the close vicinity of Horai district, which is located along the famous Median 
Tectonic Line of Japan. In addition, some sampling of broken boulders/cobbles was done in Seno-umi in 
Suruga Bay, Shizuoka by Bousei-maru investigation ship of Tokai University. A drop-weight equipment was 
developed to carry out experiments on the boulders/cobbles sampled from Horai district, Kusanagi and Miho 
district of Shizuoka City, which constitute Nihon-daira formation. The authors report the outcomes of this 
experimental study in relation to mega earthquakes in the past. Furthermore, some numerical studies on ideal 
cases were carried out in order to see the stress state causing the breakage of the boulders. 

1 INTRODUCTION 

It is reported the breakage of boulders/cobbles in 
conglomeratic deposits occur along tectonic lines 
(e.g. Futamura 2016). The boulders/cobbles in 
such environments are found to be broken either 
in extension, sheared or both (Fig. 1). There is no 
doubt that these boulders/cobbles are broken due 
to shock waves induced during the large seismic 
events. The most important aspect is how to iden
tify the stress state and seismic shock waves caus
ing the breakage of boulders/cobbles. The authors 
have been undertaking both in-situ investigations 
and laboratory experiments to understand the fun
damental mechanism and causes of the breakage of 

Figure 1. Views ofbreakage of pebbles, cobbles and 
boulders. 
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the boulders/cobbles. Some sampling and observa
tions are done in the close vicinity ofHorai district, 
which is located along the famous Median Tectonic 
Line of Japan. In addition, some sampling ofbroken 
boulders/cobbles was done in Seno-umi in Suruga 
Bay, Shizuoka by Bousei-maru investigation ship of 
Tokai University. 

T he authors devised a special drop-weight equip
ment to carry out experiments on the boulders 
sampled from Horai district, Kusanagi and Miho 
district of Shizuoka City, which are constituted 
Nihon-daira formation, which is also related to 
the deposits in Seno-umi area in Suruga Bay. The 
behavior of samples under shock waves induced 
by the drop of cylindrical steel object from a cer
tain height is observed. During the experiments, 
shock forces and accelerations were both measured 
simultaneously. 

The maximum velocity during the impact were 
measured. The second author has developed some 
empirical relations with maximum ground velocity 
and earthquake magnitude (Aydan 2012). These 
relations may be used to infer the magnitude of the 
earthquakes as a function of the maximum velocity 
causing the breakage of the boulders/cobbles. This 
study may lead a new of way inference of magni
tude of mega-earthquakes in the past. In addition, 
some finite element studies have been carried out to 
investigate the stress state involved in the breakage 
of the boulders/cobbles under different boundary 
conditions. The outcomes of these experimental 
and numerical studies are presented and their 
implications on the past seismicity of regions 
are discussed. 
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