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It is the main stream of today’s design/construction method for the
hard rock tunneling in Japan to use the NATM supporting system
such as shotcrete, rock bolts, steel ribs and/or their combinations.
The process of changing to the NATM supporting era is evaluated as
the result of the technical innovation, with consideration to the
engineering significance of wooden supports and steel arch ribs
which were formerly used. The result of this innovation was firstly the
trigger of the mechanization of tunnel construction, which was
enabled by the increased supporting capacity using steel arch ribs, of
which the strength was excellently high. The result secondarily
"evolved the mechanization of hard rock tunneling significantly,
because the friction supporting mechanism of shotcrete rationalized
the tunnel excavation sequences, also the NATM supporting
structures had more supporting capacity. The shotcrete aims at
giving the supporting structure for the NATM, and the technical
innovation in the hard rock tunneling method. A new design method
is proposed, and a new material and construction method are also
researched and developed in this paper. In addition, a measurement
method of the strength of shotcrete at young ages, which is important
to shotcrete, is proposed. Then, some proposals for a new
construction method are described.
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