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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 quarries 
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 
excavated using room and pillar method except some, which are long wall type. In 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 and micro tremor of the quarry. Through the seismic response analysis, this 
study tried to clear underground quarries. A numerical model was then developed using a FDM to assess the 
dynamic stability of the quarry. 

1 INTRODUCTION 

There are over 200 abandoned underground quarries 
located in Oya town, Utsunomiya city and Tochigi 
prefecture, Japan. Those underground quarries have 
been excavated by mining Oya tuff as a building stone 
for retaining walls and decoration plate for interior 
walls of houses. In the past there has been sinkholes 
caused by the underground mines of Oya tuff and in 
1989 there was a huge land subsidence which resulted 
in some property such as houses being damaged 
(Oyagi and Hungr, 1989). Recently, another collapse 
occurred in Oya town during the 2011 Great East 
Japan Earthquake; however, this time, it was col
lapse of a semi underground mine pillar in Oya town 
(Aydan, 2015). With occurrence of this events, under
ground quarries are considered as unstable, therefore, 
several study was conducted to evaluate the stability 
(Katayose et. al, 2008, Seiki et. al, 2007 and 2016). 

Previous study tried to understand the pillar 
movement in seismic wave and micro tremor. And 
it shows the movement of a part of the underground 
quarry (Seiki et. al, 2018). 

This study tried progress the characteristics of seis
mic response of Oya tuff underground quarry through 
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field monitoring and numerical analysis. At first the 
author carried out selecting seismic record and cal
culating amplitude ratio via FFT technique to clarify 
site effect of seismic response in Oya tuff under
ground. Secondly, we also measured micro tremor in/ 
above the active underground quarries and calculated 
H/V spectrum (Nakamura, Y.,2008) to understand 
the relation of seismic response in/above the quarries 
deeply instead of the seismic record. Finally, we car
ried out the numerical analysis of Finite Differential 
Method to simulate the seismic response to under
stand the dominant frequency of the underground 
quarries and the ground in Oya. 

2 SEISMIC RESPONSE OF UNDERGROUND 
QUAERRY 

2.1 Introduction to seismic analysis 

In this study, the authors carried out field seismic 
measurement at underground quarry and above 
ground. We also considered the dynamic stability 
of seismic response of the underground quarry with 
Fourier spectrum and natural frequency. We refer
eed the data measured by Observation center for 
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