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Exper imental Study on Excavation Characteristics of Donut-type
TBM for Mountain Tunnels

Kokichi Kabuki

Ful |-face type tunnel boring machines (hereinafter, “TBM(s)”) was first experimented at
the end of the 19th century but needed much time until final commercialization in the 1960s.
In Japan, TBMs have been used for constructing some typical tunnels including the Seikan
Tunnel but most of the tunnels constructed with TBMs are those with small diameters. Since
the 2000s, TBMs have been re-evaluated and used for constructing some large-scale tunnels.
However, TBMs still have not been widely adopted

Generally, TBMs enable tunnels to be constructed at high drilling rates, thereby
contributing to reducing construction periods and costs. Requiring nodirect face operation,
TBMs can also enhance safe tunnel construction. Therefore, TBMs have been widely used in
countries outside Japan that have stretches of homogeneous geology and become the main trend
in the excavation method.

TBMs have not been popular in Japan mainly due to the geological complexity. In some
occasions, weak ground interrupts tunneling and prevents TBMs from leveraging their high
drilling rates. In other occasions, hard bedrock causes cutting bits to undergo severe
abrasion. Then, the need to frequently replace cutting bits interrupts drilling work
thereby causing TBMs to be disadvantageous in terms of reducing average drilling rates and
increasing construction costs

To popularize TBMs in Japan, the authors developed donut-type TBMs with a central opening
onadrilling face (hereinafter, “donut-type”) for tailoring TBMs to al| types of ground.
But with no precedence, the excavation characteristics of TBMs with donut-shaped drilling
face must be evaluated.

Therefore, such evaluation was made with a mechanism researched and developed so as to be
suitable for commercializing donut-type TBMs. Also, the superiority of the excavation
characteristics was clarified with test equipment to demonstrate the capability of
excavating al | areas with which cutter heads come into contact. In addition, the comparative

study with the NATM method clarified the practicability of donut-type TBMs.
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