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ABSTRACT

Excavation of Inclined Tunnel
by Tunnel Boring Machine and Design of Steel Lining

by Masayuki Hori, Yukio Kawashima

~ Electric Power Development Company, Ltd. -

In the project of Shimogo pumped storage hydro power station of
1,000 MW, a tunnel boring machine was employed to excavate the inclined
tunnel as the penstock. The tunnel has been completed with 5.8 m dia-
meter and 37° inclination angle. This performance was the first success
in Japan in the excavation of an inclined tunnel by TBM.

The use of the machine has brought not only a good performance of
excavation even in bad geological condition, but also several advantages
in the design of the steel lining in the penstock.

It is found out throughout the investigation of the tunnelling per-
formances that there exists a linear relationship between the ratio of
thrust force to torque acting on the boring head and the ratio of uni-
axial compressive strength to tensile strength of the rock excavated.

The surrounding rock is not almost loosened by the excavation if TBM is
employed. The thickness of the loosening zone generated in the circum-
ferential area of the tunnel was measured by a seismic prospecting in

the field. From the results, the thickness was found to be 0.3 m at most,
which was relatively small in comparison with those caused by the conven-
tional blasting method. Consequently, for the sake of the reduction of
the loosening zone by the use of TBM, a design of the steel lining in the
penstock becomes economical. The cost of the steel lining saved by about
17% compared with a cost required for a case when the conventional blast-
ing method would be employed.
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