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Excavation of Highly Weathered Granite Under a 70 m Overburden Using a Two-Stage
Enlargement of a Bottom Drift
—The Chuo Shinkansen, the Daiichi Chukyo-Ken Tunnel, the Saio Lot—

By Daiki Kawashima, Central Japan Railway Company

The Daiichi Chukyo-Ken Tunnel (Saio Lot) of the Chuo Shinkansen is a construction project with a total
length of approximately 4.5 km. On the Shinagawa side, the tunnel passes through the Mino Belt, which
consists mainly of sandstone and slate. On the Nagoya side, excavation proceeds through fresh to
weathered granite (Ryoke Belt granite) using the NATM method. The tunnel is excavated using the
NATM method. In particular, the area directly above the Nagoya section is used for national highways,
industrial facilities, and residential areas, requiring particularly careful construction. Excavation on the
Nagoya side was initially performed through hard granite using an all-cross-section excavation. However,
when a zone of highly weathered granite was encountered beneath approximately 70 m of overburden, all
cross-section excavation became difficult. The method was therefore changed to a top drift excavation.
Soon after, significant deformation developed in the support system of the top drift, making further
excavation impossible. To address this issue, intensive geological investigations were conducted ahead of
the tunnel face to determine the physical properties of the highly weathered granite. Based on these
findings, a revised plan was adopted to use a two-stage enlargement for a bottom drift in combination with
various auxiliary methods. This paper reports the challenges encountered during the excavation of highly
weathered granite that appeared under a 70 m overburden and presents the countermeasures
implemented, including the two-stage enlargement of the bottom drift.
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Construction of the Phase Il Section in Crystalline Schist Ground Where Severe
Deformation Occurred During Excavation of the Phase | Section

—The Higashi-Kyushu Expressway, the Kurokui Tunnel—

By Kazuhiko Iwamoto, West Nippon Expressway Company Limited

This project involves the construction of the Phase II section of the Kurokui Tunnel (length 2,338 m),
located between the Oita-Miyakawauchi Interchange and the Usuki Interchange on the Higashi-Kyushu
Expressway, as part of the project to expand the expressway to four lanes. The Kurokui Tunnel is the only
tunnel on the Higashi-Kyushu Expressway situated within the Sanbagawa Metamorphic Belt. The tunnel
passes through fractured crystalline schist that is highly susceptible to loosening. During construction of
the Phase I section, which is currently in service, several instances of face collapse and support
deformation occurred. Because the Phase II section is being excavated in close proximity to the operating
line and under geological conditions nearly identical to those encountered during the Phase I construction,
similar deformation phenomena were anticipated. Consequently, the project required particularly careful
construction to minimize displacement caused by excavation and ensure that the existing line is not
affected. For Phase II construction, sections where deformation occurred during Phase I construction
were broadly classified into four categories starting from the starting point: (1) early-stage deformation
section, (2) severe deformation section, (3) late-stage deformation section, and (4) hydrostatic pressure
section. Construction methods were developed individually for each zone. This paper reports the
deformation phenomena observed during excavation of the early-stage deformation zone (1) which has
been completed to date, and presents the implemented countermeasures.
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Application of Grouting-Type Forepoling and Face Reinforcement Adapted to
Geological Conditions
—The National Route 158, the Tanukidaira Tunnel—

By Yuri Yamaguchi, Nagano Prefecture

Construction of the Tanukidaira Tunnel on National Route 158 was carried out under challenging
geological conditions, including unconsolidated and fragile formations at both tunnel portals. In addition,
multiple fault fracture zones and sections with heavy groundwater inflow were encountered along the
entire 1,060 m alignment. This paper describes the application of the long steel pipe forepoling method and
long steel pipe face bolts using grout materials selected according to the geological conditions encountered
at the tunnel face; grout injection management based primarily on a pressure control approach;
countermeasures implemented to address ground deformation that became evident within fault fracture
zones; and the use of drainage boreholes to cope with large volumes of groundwater inflow generated
during excavation. Particular emphasis was placed on the effectiveness of pressure-controlled grout
injection management and on ensuring face stability through the selective use of two different
polyurethane-based grout materials, depending on whether the objective was to control groundwater
inflow at the tunnel face or to stabilize sandy ground conditions. This paper presents the construction
results for this tunnel based on the knowledge gained through these measures.

BIREWRAS T (C KB BILRSERS L TIRDORIE & ERHG)
55 (W) SR A HNTI T B —%

P b AN ZFORERFIFEDGETT S 720, B LOHKIIEOR &L BT 2B P TERLZFRL %
DZ%. 8B AVTIE, 2000 ICMARRARE SN, ERNICE TISEDOWTRELZIT) 2 L%
B o, Inbik, SIHEORELET 2B T KRB L HEIIIAEL TuRwns, IR H%E I
BIRELTRI - TWwa. FEHLIE, KUY LTEIEZRNT L2 EICXHESRLEHIELL. R
7 L 7R, 24AN/mm RE DG IIRRE 2 4 L, 200% U Lo MOiEE2 AT 285 T, T T
O LSRN, ELICMMEAETSL N ANVELOHEGILICEDZTETH S, RETIE,
THEOME L B EH AR ZEA T 5.

Overview and Application of a Resin Spraying Method for Preventing Lining Spalling

By Kazuhide Yashiro, Railway Technical Research Institute

Because trains pass through railway tunnels, spalling of the lining can pose a serious threat to their safe
operation. In 2000, the inspection system for railway tunnels in Japan was revised, mandating periodic
close-up inspections of tunnel linings. Since then, no major lining spalling incidents that could endanger
train operations have occurred, although small-scale spalling continues to be observed. The authors have
developed a spalling prevention method that involves spraying polyurea resin onto the tunnel lining.
Polyurea resin has a tensile strength of approximately 24 N/mm’ and an excellent elongation capacity
exceeding 200 %. Because it can be applied by spraying, it serves as an effective method for preventing
spalling, particularly on tunnel linings with uneven surfaces. This paper provides an overview of the
construction method and examples of its application in an actual project.



