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ABSTRACT: In Japan, many underground structures have been constructed and are in service in spite 
of complex and poor geological conditions. On the other hand, Japan is famous for big earthquakes result­
ing a huge national loss, thus the seismic design is very important for every kind of structures. However, 
the seismic design of underground structures, especially mountain tunnel, has not been well discussed 
up to now, while mountain tunnels were also severely damaged in the recent earthquakes. Therefore, the 
seismic design for the underground structures should be discussed as an important and urgent problem. 

Here the present situation of the seismic design for underground structures ranging from the cut-and­
cover tunnels in the shallow underground to the rock tunnels in deep rock mass is briefly reviewed. Then, 
typical earthquake damages of rock tunnels are presented and problems to establish a proper method of 
seismic design for the underground structures are discussed. 

1 CURRENT STATUS OF SEISMIC 
DESIGN OF UNDERGROUND 
STRUCTURES 

Underground structures are utilized for various 
purposes and play an important role as a social 
infrastructure. They are classified into the fol­
lowing three types according to the construction 
method, namely cut and cover tunnel, shield tun­
nel and drill and blast (rock) tunnel (including cav­
ems). Typical shape and scale of these structures 
are shown in Figure 1. 
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Figure I. Various kinds of underground structures. 

According to the Japanese standard for tun­
neling of Japanese Society of Civil Engineering, 
the historical change in the seismic design of 
underground structures can be summarized as 
follows. 

The first description on the earthquake resist­
ance of underground structures can be found in 
the standard of 1996 year edition. It says"Based 
on experience of the damage of the underground 
structures by the 1995 Hyogo-ken Nanbu (or 
Great Hanshin-Awaji) Earthquake, it is necessary 
to clarify the importance of seismic design and fur­
ther investigation should be done." 

Photo 1 shows a typical damage of subway sta­
tion, which was constructed by cut and cover tun­
neling method in Kobe city. Center pillars were 
buckled and ceiling subsided. This subsidence was 
reached to the ground surface. 

In 1998 "Seismic Design of Cut and Cover 
Tunnel" was published, and specific concept and 
method of examination were presented. Next, 
in the standard for shield tunneling published in 
2006, the seismic design of shield tunnels in soils 
was discussed in detail. 

For seismic design for shallow depth under­
ground structures such as cut and cover tunnel 
and shield tunnel, seismic deformation method, 
seismic intensity method and dynamic analy­
sis are established and seismic design of these 
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