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Tunneling through Squeezing Ground Subject to Plastic Flow and Water-Induced
Swelling Using Circular Supports

—Hokkaido Shinkansen, Oshima Tunnel, Minamiuzura Lot—

By Hiroyuki Torii, Japan Railway Construction, Transport and Technology Agency

Excavation of the Oshima Tunnel (Minamiuzura Lot) of the Hokkaido Shinkansen has been extremely
challenging due to a large overburden along the entire route (up to approximately 300 m) and the
presence of complex intrusive rocks and highly altered Neogene sedimentary rocks that could not be fully
identified during preliminary surveys. The geological conditions were particularly difficult: the
competence factor was recorded as low as 0.04, resulting in plastic flow due to insufficient ground strength,
while the content of smectite, an expansive clay mineral, reached as high as 87%. As a result, significant
squeezing occurred, with internal displacement reaching a maximum of 283 mm in the originally designed
horseshoe-shaped cross-section. To obtain more detailed information on the ground conditions, additional
in-tunnel horizontal pilot boring and airborne electromagnetic surveys were conducted, and circular
supports were adopted as a countermeasure. The circular cross-section improves the axial load-transfer
performance of the supports, allowing their load-bearing capacity to be fully utilized and thereby
enhancing stability in poor ground conditions. This paper reports primarily on the results of surveys
conducted using horizontal probe drilling and aerial electromagnetic surveys in the sections where
circular supports were adopted, as well as the excavation performance achieved with the circular support
system and the results of its evaluation.
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Excavation of a Large-Section Shield Tunnel and In-Tunnel Widening
—Yokohama Ring Expressway South Line (Ken-O Expressway), Kuden-Kasama
Tunnel—

By Kiyoshi Ito, East Nippon Expressway Company Limited

The Yokohama Ring Expressway South Line forms part of the Ken-O Expressway, one of the three ring
roads in the Tokyo metropolitan area. It is a general toll road extending approximately 9 km between
Kanazawa Ward and Totsuka Ward in Yokohama. Approximately 70% of the route is planned as under-
ground structures, including tunnels and cut-and-cover sections. The Kuden-Kasama Tunnel is located
between Kuden Interchange (tentative name) and Sakae Interchange and Junction (tentative name).
The tunnel consists of twin parallel tunnels, each 1,724 m long, with a clear distance of approximately 1.0 m.
The tunnels were constructed by driving a 15 m diameter shield in both directions. Tunneling was carried
out under a shallow overburden near the starting and arrival shafts. In addition, since emergency parking
bays were required within the shield tunnels, the tunnel cross sections were widened using an in-tunnel
widening method. This paper reports on the results of these construction works.
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Initiatives for Automation of Blasting Excavation in Mountain Tunnels Using ICT and DX
—San-En Nanshin Expressway, San-En Nanshin No.6 Tunnel—

By Yuki Katsumata, Ministry of Land, Infrastructure, Transport and Tourism

The San-En Nanshin Expressway is a high-standard highway approximately 100 km long extending
from the Chuo Expressway in Iida City, Nagano Prefecture, to Inasa Town, Hamana Ward, Hamamatsu
City, Shizuoka Prefecture. The San-En Nanshin No. 6 Tunnel (tentative name), located in Takagi Village,
Shimoina County, Nagano Prefecture, is a two-lane road tunnel with an excavation cross-sectional area of
approximately 74 m® and a length of 455 m. In this project, ICT and DX technologies were applied to
blasting excavation in the mountain tunnel, focusing on the three pillars of the i-Construction 2.0 initiative
promoted by the Ministry of Land, Infrastructure, Transport and Tourism: automation of construction
works, automation of data linkage, and automation of construction management. This paper reports the
results of an evaluation of the effects of these initiatives in ensuring safety during construction, reducing
manpower and labor requirements, improving productivity, and reducing the manpower required for
construction management.
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High-Precision Alignment Control of a Long-Distance Shield Tunneling and Under-
water Arrival at a Depth of 50 m
—Kasumigaura Water Conveyance Project, Ishioka Tunnel, Lot No. 4—

By Koji Kawauchi, The Zenitaka Corporation

As part of the Kasumigaura Water Conveyance Project, this project involves the construction of a water
conveyance tunnel with a finished internal diameter of 3,500 mm over a distance of approximately 4,100 m
using a slurry shield TBM, extending from the Katakura Shaft to the Minori Shaft in Omitama City,
Ibaraki Prefecture. The Minori Shaft, which served as the arrival shaft, is located close to residential and
agricultural areas, requiring measures to minimize impacts on the surrounding environment. In addition,
the ground at the arrival point consists of alternating sand layers with N-values of 50 or higher and
cohesive soil layers with N-values of 10-30 or higher. Because the site is also subject to high groundwater
pressure exceeding 04 MPa, there were concerns about groundwater inflow and ground subsidence
during excavation of the NOMST retaining wall. To address these conditions, an underwater shield arrival
method was adopted, which involves cutting of the retaining wall while the shaft is filled with water.
Following approximately 4,100 m of long-distance shield tunneling, the shield arrival was successfully
completed with a high degree of accuracy. This paper reports on the construction techniques adopted in
this project.



