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Seismic response and stability of rock tunnels—its history and 

problems today 

K.Kamemura
Fukada Geological Institute, Tokyo Japan

ABSTRACT: In Japan, a lot of underground structures has been constructed and they are in service in spite 
of complex and poor geological conditions. On the other hand, Japan is famous for the big earthquakes result
ing a huge national loss, thus the aseismic design to prevent the severe damage of structures is very important. 
Though many buildings and structures are designed considering earthquakes, the aseismic design of struc
tures constructed in deep underground has not been well discussed up to now. In this paper, the historical 
background of aseismic design is reviewed and typical seismic damages of rock tunnels are presented. And 
the present situation of static and dynamic design for underground structures ranging from the cut and cover 
tunnels in the shallow underground to the rock tunnels in deep rock formation is presented. Then problems to 
establish a practical method of aseismic design for the rock tunnels is discussed. 

1 HISTORY OF ASEISMIC DESIGN OF UNDER-
GROUND STRUCTURES 

Underground structures are utilized for various 
purpose and playing an important role as a social 
infrastructure. They are classified into the following 
three types according to the construction method, 
namely cut and cover tunnel, shield tunnel and drill 
and blast (rock) tunnel (including caverns). Typical 
shape and scale of these structures are shown in 
Figure 1. 

As Japan is famous for big earthquakes result
ing a huge national loss, thus the aseismic design is 
very important for every kind of structures. Today 
we have a strict regulation concerning to the aseis
mic design of buildings and a various kind of civil 
structures. It has to have a long way to result in this 
situation and even now we are repeating "Lesson 
and Learn". 

According to the Japanese standard for tunneling 
of Japanese Society of Civil Engineering (JSCE), 
and other aseismic design related documents, the 
history of aseismic design for buildings and under
ground structures can be summarized as follows. 

Aseismic design in Japan started in 1923 taking 
the opportunity of the Great Kanto Earthquake. It 
was the very first huge earthquake that had hit the 
modernized metropolitan area with magnitude of 
7.9. Up to 100,000 people died and about 300,000 
houses were collapsed or burnt out. The enormous 
damage occurred in the lifeline and the life of the 
citizens was seriously. 

As a result of serious damages by Kanto 
Earthquake, aseismic design regulation for build
ings with a horizontal seismic intensity of 0.1 was 
set in 1924. This is the world's first aseismic design 
standard. Table 1 shows the major earthquakes fol-
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Figure I. Various kinds of underground structures 

lowing to the Kanto Earthquake and corresponding 
situation in the area of design for buildings and 
tunnels. As shown in Table 1, aseismic design of 
buildings have been improved in each time of the 
serious seismic damage occurred. However, nothing 
had been done on the tunnels until 1995 Hyogo-ken 
Nanbu Earthquake, in spite of the serious damages 
on the tunnels. 

l.l Kanta Earthquake And Damage Of Tunnels

In the Kanto Earthquake, 93 tunnels out of the 149 
tunnels (including under construction) of national rail
way were damaged and repaired. Those tunnels were 
within the range of about 120 km from the epicenter. 

The most severe damage can be seen in seven 
tunnels out of 11 tunnels located between Odawara 
and Manazuru of Atami line (present Tokaido Line). 
They were locating near to epicenter with the dis
tance of 20-25km. 
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