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ABSTRACT: Oya tuff, which is categorized as soft rock, has been excavated in Oya area of Utsunomiya 
City, Tochigi Prefecture, Japan, for building stone and retaining walls for several decades. It is one of the 
most commonly used rock materials in Japan. As a result, there are many abandoned underground quar­
ries existing in this area. After the 2011 East Japan Great Earthquake, the consideration of the seismic 
responses of underground quarries has become very important. Almost all of Oya underground quarries 
have been �xc�vated_ usi�g r?om an凸pillar meth?d.�xcept some: ��ich are long wall !YP�- !1: the study, the 
quarry under investigation is an active room and pillar type and this paper presents the field measurement 
techniques used to study the seismic response of the quarry. Using the field data, underground dominant 
frequencies were obtained through analytical solutions. A numerical model was then developed using a 
Finite Difference method (FDM) program FLAC3D to assess the dynamic stability of the quarry. 

1 INTRODUCTION 

Oya tuff is pumice volcanic gravel tuff and one of 
the most popular building soft rock. Many aban­
doned underground quarries exist in this area. 
After the 2011 East Japan Great Earthquake, the 
consideration of the seismic responses of quar­
ries has become very important (Aydan 2014, 
Inoue et al. 2012). Almost all of the abandoned 
underground quarries in Oya were excavated using 
room and pillar technique while some of them are 
of long wall type. The authors consider the seis­
mic response of a pillar in room and pillar type 
quarry through the numerical analyses and field 
measurement. Three seismometers were installed 
on a pillar along its vertical direction. The authors 
also carry out dynamic stability analyses for the 
underground space using an FDM software, 
FLAC3D. In this study, the authors discuss the 
dynamic characteristics of an Oya underground 
quarry through the results of field measurements 
and numerical analyses. Those results yielded the 
seismic characteristics and the natural period of 
the underground quarry. The authors also dis­
cuss the difference of the seismic response char­
acteristics of a pillar in the underground quarry. 
Finally, the authors consider the structure stability 
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of underground quarry with the instrumental and 
computational results. 

2 FIELD MEASUREMENT OF 
DYNAMIC MOTION OF A PILLAR 
IN UNDERGROUND QUARRY 

Based on surveys after huge collapse of under­
ground quarry around 1990 and previous researches 
(Seiki et al. (2007, 2016), it became clear that the 
subsidence of underground quarries was caused 
by illegal excavation without regarding structural 
safety (Oyagi & Hungr 1989, Katayose & Seiki 
2008). It is expected that the safety of undergrounds 
are checked continuously during exploitation. 

There are several ways to get the dominant fre­
quency of the rock mass and ground such as micro 
tremor observations, seismic observation and 
vibration test. The previous researchers surveyed 
dynamic characteristics at a certain underground 
quarry. However, there are only few researches 
which focuses on both field measurement and 
its structural safety. Thus, this study focuses on 
measurement of micro-tremors and seismic waves 
of pillars in the quarry. Based on the results, this 
study evaluates the dynamic characteristics of the 
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