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Shield-Tunneling Method
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Constructing Japan’s first long-distance and high-proximity shield tunnels

IR BLUETAL PDEFET Elements of tunnel-boring machines and segments
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Construction Section Section of Hanshin Expressway Company Limited (Main Route)

A% Main Route Z>7E8 Ramp Section

oIV RSE

Outside Diameter of Shield 24 12.54m 8.98m
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Type of Segment Composite segment (NM) or reinforced concrete segment Composite segment (NM) & comlposite segment (CP)
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' -Iz?;‘ C AR Mt %> b (NM) Composite segment (NM) 12.23m 12 30m 8 80m
ORI BIETE I C S RCt%*> K Reinforced concrete segment 12.23m
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. tjx SRR Akt J 4>~ (NM) Composite segment (NM) 11.58m 1 88 500
Inside Diameter of Segment RCt% x>k Reinforced concrete segment 11.32m
% 2 (S At *>~(NM) Composite segment (NM) 325mm
Thick-:eZ:c;giment . 360mm 400mm
RCt%7 x>k Reinforced concrete segment 455mm
: > . 4 — - e - : _ &Rt %>~ (NM) Composite segment (NM) 1,800mm 1,800mmb & U
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Shield machine for the section of Hanshin Expressway Company Limited Shield machine for the Osaka Prefecture section (main route) RCE7 x>k Reinforced concrete segment 2,000mm and 1,400 mm
(main route)
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Excavated with
the shield machine

o —IUNE & 35X 8RR Shield cross-section and parallel offset

for the section of
Hanshin Expressway
Company Limited
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Excavated with the shield machine

for the Osaka Prefecture section
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Map of excavation routes Shield machine for the ramp section of the Osaka Prefecture section
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Construction of most of the 4.4 km section extending from the Nankai Railway Koya Line to the intersection of the Kintetsu Railway Minami-Osaka Line is being
performed with the shield-tunneling method. Because the shield tunnel structure was contained within the width of the cut-and-cover tunnel that was originally
planned, the parallel sections of the tunnel are separated by a distance of about 1 m. Because this arrangement extends along the entire length, it forms Japan’s
first long-distance, high-proximity, large-cross-section adjacent shield tunnel structure.

The flat section of the main route includes about 400 m of minimum curve radius and features a maximum longitudinal slope of 3%(the maximum slope of the
ramp section is 7%). The route is characterized by curves in both the longitudinal and flat sections, with few straight-line sections.

Hanshin Expressway Company Limited is constructing the section from the Nankai Railway Koya Line to the Tokiwa-Nishi Ramp (Shaft No. 1 — No. 2); Osaka
Prefecture is constructing the section from the Tokiwa-Nishi Ramp to Kintetsu Railway Minami-Osaka Line (Shaft No. 3 — No. 4, and Shaft No. 5 — No. 6). Three
shield machines are being fabricated on-site and used for tunneling the three sections under construction: one each for the main route section of the Hanshin

Expressway Company Limited, the Osaka Prefecture main route section, and the Osaka Prefecture ramp section. In addition, the mud pressure shield method is
being employed for all sections.
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Lining design that considers proximity effects
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The planned shield tunnels of the Yamatogawa Route are large-cross-section adjacent tunnels. At their widest point, the separation is an extremely small 1 meter
(minimum separation is 0.08D, representing the ratio of the segment’s outside diameter).

It is generally accepted that the impact on the initial tunnel from the driving force of the second tunnel is greater if the separation between adjacent shield
tunnels is less. The impact is even greater if the diameter of the second tunnel is larger. If the separation becomes less than 0.5D, a detailed review of the
adjacent section becomes essential.

The development of such large-cross-section, long-distance shield tunnels excavated in close proximity has never previously been undertaken in Japan.
Therefore, this tunnel lining is designed based on assessment with two-dimensional FEM analysis of the adjacent impact considering excavation equivalent
stress in accordance with the construction process at the time of the shield tunneling. It also takes into account the actual ground conditions at the time of
tunneling.
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Releasability relative to backfilling pressure
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(Incremental sectional force is calculated by
inputting incremental load on a beam spring model.)
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FEM analysis steps (parallel construction effect analysis) relevant to construction process
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Selecting segments that accommodate the conditions of each section
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The Yamatogawa Route employs reinforced concrete segments and composite segments (NM or CP) for specific linear conditions as well as load conditions at
the top of the tunnel. These include sections requiring wide viewing angles in emergency parking zones and curved sections.
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Reinforced concrete segment Composite segment (NM)
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Ensuring safety by verifying reliability in the event of fire
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In order to reduce costs, the cross-sectional area is reduced, which omits the secondary lining. Mixing organic fiber into the concrete provides the segment with
the added functions, similar to those of conventional secondary linings, of fire resistance and water barrier functions.
Afire test is conducted on a life-size model of the fire-resistant design to confirm its performance.
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Controlling facing earth pressure by measuring the earth pressure in the chamber

LY —VFORETICE LT R IR Z E D7D HE R EHIHA TH Y \ —KANZIE Y — V= Y YL O R EIZOWT,
(E@EE+KE+ZBE) < GFEME) < (Z@) L E+KE-ZBE) OfPcEREINE T,

AL KRBEOR Y =V FIZBWTE F o =N L E T CHIEDO AR ENZ EN S ARORELTIE, =V T
DB BER L TEB ROV TORHIZITW LEIE L TRE TEDORE L 21T VWEd,
When constructing a mud pressure shield, control of the facing earth pressure is an important issue for controlling the stability of the facing. Generally, the earth
pressure at the center of the shield machine is controlled in the following range: (active earth pressure + hydraulic pressure + pressure fluctuation) <
(management value) < (passive earth pressure + hydraulic pressure — pressure fluctuation).

However, because the earth pressure differs greatly at the upper and lower edges inside the chamber during the construction of a mud pressure shield with a

large cross section, construction of the main route requires monitoring of the earth pressure at the upper part while also controlling the center of the shield
machine. The earth pressure setting will be reviewed if necessary.
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Adoption of special bits suitable for long-distance construction
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For the section to be constructed by the Hanshin Expressway Company Limited, we are adopting a relay bit, which affords the option of safe replacement at
atmospheric pressure if the bits wear more rapidly than expected due to the long distance of this excavation. With the adoption of bits incorporating
impedance-based wear detection, wear-out volume can be continuously measured in 1 mm increments in real time during the excavation. This data is fed back
for timely decision-making on replacement of relay bits and modification of the excavation method.

For the section to be constructed by Osaka Prefecture, accommodating bit wear and long-distance excavation is achieved by arranging bits according to their
level of wear, which allows for excavation to be performed with a low bit if high bit has worn out.
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Replacing relay bits

Relay bits are housed in a rotatable

water-resistant casing. The bits are

removable, and bit condition can be

verified by direct examination for wear
or damage.
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Employing soil excavated by the shield machine of the Yamatogawa Route for use as landfill
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The excavation sludge taken from the ground during shield work is discharged from the tunneling shaft of the shield machine. In this construction work, this
discharged earth is brought to the Earth Recycling Project area to be built in Nanko-higashi, Suminoe-ku, Osaka, where it is recycled as landfill. The recycled soil
will be utilized for the No. 6 Lumber Yard Land Reclamation Project implemented by Osaka City.

Collaboration with road projects of Osaka Prefecture, Sakai, Hanshin Expressway Company Limited, and land reclamation projects in Osaka City is
contributing to efficient use of resources and appropriate treatment of construction sludge while reducing CO2 emissions and extending the life of final disposal
sites. It is also helping to reduce the cost of each project.
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No. 6 Lumber Yard
Disposal of sludge from construction site

Yamatogawa Route, Hanshin Expressway
Regeneration of soil from shield machine
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Hanshin Expressway
Engineering Company Limited
[Earth Recycling Project]
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Slide-type evacuation facilities
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This shield tunnel employs a slide-type evacuation facility. In the event of a fire or other
emergency, people can evacuate to safety through the evacuation passage beneath the
road by escaping on a slide beside the road.

The side is backfilled, the floor slab structure is right above the bottom of the slide, and
the general passage area is a box structure. The box height is designed to fit within the
space below the track facilities to allow for simultaneous shield tunneling. Because few
cases of such facilities exist in Japan, a full-size model was fabricated to confirm usability.
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