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Accommodating the environmental concerns of residents of adjacent urban areas:
Adopting low-noise/low-vibration construction methods
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Cut-and-Cover Tunneling Method

Cut-and-cover
tunnel structure

EEDSERIRSSE]  Completion of cut-and-cover tunnel structure
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Illustration of trench structure (strut area)
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Illustration of a cut-and-cover tunnel
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The cut-and-cover tunneling method was used for construction of the Super Levee Sections for General Improvement (from Sambo Junction to the Nankai
Railway Koya Line) and the Tokiwa-Nishi, Tokiwa-Higashi, and Amami Ramp areas of the Yamatogawa Route. Following the open-cut excavation, a box culvert
(tunnel structure) is being constructed and buried with earth and sand. The trenching method is being used for construction of the eastern and western ends of
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For the Super Levee Sections, a higher load limit has been adopted for the trench structure, and the height of the retaining wall has been set so that earth and

sand can be built up to the same height as that of the planned super levee.
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fﬁ% Soil Cement Diaphragm Wall
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Construction of the diaphragm wall ensures uniformity and water barrier performance.
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To construct the soil cement diaphragm wall, a solidification material (cement milk) is mixed into the soil at the site and cores are driven into the soil. For the cut-
and-cover tunnel areas of the Yamatogawa Route, it is necessary to bury the retaining walls and shielding membranes (water barriers) deep into the ground. For
this reason, the soil cement diaphragm wall has been adopted for most areas of the Yamatogawa Route.

The soil cement diaphragm walls are constructed with one of two methods: the column-type diaphragm wall method and the wall-type diaphragm wall method.
The features of these two methods are described in the following table.
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Suitable for construction of relatively deeply embedded retaining walls.
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Allows for construction of diaphragm walls that exhibit uniformity and high water barrier performance.
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Applicable to complex linear shapes.
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Enables construction of walls of uniform thickness and enables
setting of the desired core intervals.
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Features

BEXTRICHANEEIZ V. S IEV o, ZEFIRY H 535S THHEIAIHE.
The column-type diaphragm wall method is adopted more Because the equipment does not rise as high, construction is
frequently than is the wall-type diaphragm wall method. possible even at sites with limited clearance.
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With recent improvements in curing materials and the development of more efficient injection methods, new construction methods have
been developed that can reduce the amount of construction waste generated. These construction methods have been adopted for
construction of the Yamatogawa Route to reduce the amount of waste mud and the amount of cement used in construction. This enables
us to implement eco-friendly construction methods.

VAL AL MFEREEDE A Construction methods for Soil cement diaphragm walls
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For this method, multi-axis earth augers are used to excavate the ground to
the specified depth. A solidification material is mixed into the soil at the site
and cores are then driven into the soil. Since multi-point pile drivers are
used for this method, this method is effective if the route to be constructed
has a complex linear shape or it is necessary to change the construction
yard.
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Column-type diaphragm wall method
(multi-axis earth auger method)
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Erection of equipment

B RS RE T3 (F2— 2 F v #—3\,) Wall-type diaphragm wall method (chain cutting method)
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Excavation/mixing
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For this method, chain-cutting machines are used for continuous horizontal
excavation of the ground and the solidification material is mixed into the soil
at the site, after which cores are driven into the soil. Since walls can be
constructed of uniform thickness, cores can be driven into the soil at the
desired intervals. In addition, since the machines are not tall, neighboring
residents feel less intimidated by their presence, and construction is

possible even if the site has limited clearance. By Z—KZOEIAH #EHL B/ BMOEAH _
Driving of cutter post Excavation/mixing Driving cores into soil
into ground

@ @ @ 9 Cantilever Retaining Wall
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For areas of shallower excavation, the soil at the sides is improved to form cantilever retaining walls, which are economical and contribute to efficient

construction. Since the WILL method is adopted for soil improvement, the machine operator can monitor the improvement position, depth, and other factors in
real time. In this way, we can control the quality of construction to ensure structural reliability.
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Cantilever retaining wall (with improved soil)
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Shielding membrane (water barrier)
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Depiction of construction work for cant||ever retaining wall
(with improved soil)
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Construction machinery equipped for the WILL method
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T2RRED i T4 P Controlling Construction of Retaining Walls

B 155RED 2V 1] Measuring retaining wall displacement
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Measurement control to limit impacts on adjacent ground and existing structures
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During tunnel construction, distortion of the retaining walls and the surrounding ground is measured to prevent accidents and unexpected impacts on the
surrounding ground and existing structures to the greatest extent possible.

When the tunnel is constructed near an important facility, such as a railroad, highway, or electric power transmission facility, we will engage in preliminary
discussions with the facility managers to implement countermeasures against potential negative impacts and carry out measurements. By comparing the
measured values with potential impact values calculated by means of FEM analysis, we will construct the tunnel with great care to eliminate any harmful
displacement that could have resulted from the construction.
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Adopting thorough protective measures to ensure quality
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The concrete used for any road tunnel must meet the specified strength
requirements and must have the required density and be free of cracks.

For the cut-and-cover tunnels of the Yamatogawa Route, the concrete
must be thick and considered as “mass concrete.” Therefore, we initially
analyzed the thermal stress and, after considering the results of the
analysis, adopted measures to prevent cracking. For example, we will
employ low-heat Portland cement to protect the concrete from thermal stress
cracking.

To ensure proper concrete density in some construction sections, we
control the water content by employing the air meter method, microwave
oven method, or capacitance method. We also ensure accuracy in the
arrangement of the reinforcing bars (rebars) by conducting surveys; and we

verify concrete strength by testing for strong impact elastic waves or by
conducting non-destructive and low-destructive tests.

Eﬁl ﬁi\j‘% Measures to Protect the Neighborhood
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Reducing noise/vibration for residents in the vicinity of the construction site
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At the construction site, we are using equipment designed for low noise and vibration and are installing noise and vibration meters. In addition, we are
implementing some measures to minimize any impact on the environment of the adjacent community. For example, acoustic insulation panels and vibration
cut-off walls is being installed.

When constructing the TRD wall, we use the GECO Soil System (GSS) method for disposal of the excess soil. This method absorbs and compresses the

excess soil before mechanically sorting it. After the soil is sorted and recovered, liquid is reused in the cement-base suspension liquid. This method reduces the
amount of soil for disposal by 30% to 40%. Consequently, it also reduces the number of dump trucks required for disposal of excess soil.
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Low-noise/low-vibration equipment
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FREEBXICH RS REMF Construction scheme with GSS method
Noise/vibration reduction measures adopted for the benefit of residents of the adjacent community Excess soil is reused in the construction.
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fﬁiiﬁ_k @jﬁiﬁ%:ﬁ% Construction of Multilevel Expressways under Railroads
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Constructing a highway without interfering with railroad operation
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The Yamatogawa Route passes under two railway lines by box culvert
stuctures: the Nankai Railway Main Line and the Hankai Tramway
Hankai Line. For these two multilevel crossing points, we have adopted
the box culvert structure and entrusted the Expressway construction
work to the respective railway companies.

At the Nankai Railway Main Line multilevel crossing point, a 2-span
reinforced concrete box culvert [37.1 m (W) x 12.7 m (H)] is being
constructed using the R&C method (traction method) just 3.8 m below
the railroad along a length of 41.5 m. At the Hankai Line multilevel
crossing point, a 3-span reinforced concrete box culvert [27 m (W) x 8.5 m (L)]
is being constructed with the R&C method (driving method) only 5.5 m
below the railroad along a length of 38.0 m.

B R&C T3 R&C method
HRIN—7 LRy 7 A HNWN— kG

Installation of box culvert with box-shaped roof
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The R&C method is being adopted for construction of the tunnels. With this
method, a shaft is installed beside the railroad for fabrication of a concrete
box in the shaft. The concrete box is then moved to just below the railroad
with the driving or traction method.

The R&C method uses rectangular steel roof bars (standard cross
section: 0.8 m x 0.8 m) to protect the railroad and road during construction
of the tunnel. These roof bars are preliminarily placed so that they can cover
the entire box culvert. At the end of the roof, the box culvert equipped with a
cutting edge (steel cutter excavation work floor) is put in place. While
excavation work is carried out in the box culvert, the box culvert is gradually
pushed forward and the box-shaped roof is pushed off. As the box culvert is
pushed forward, the box-shaped roof is replaced.
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Example of similar construction
(Sayamagaoka, Seibu Railway Ikebukuro Line)
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Example of similar construction
(Kurume, JR Kagoshima Main Line)
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View of completed construction (Ebitsu, JR Kagoshima Main Line)
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Illustration of traction method (Nankai Railway Main Line)
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E%{j}?i‘j'ﬁﬁ Protecting against Consolidation Settlement
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Improving soft ground to prevent consolidation settlement
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If a structure is constructed on viscous soft alluvial ground, the application of heavy loads such as the planned super levee embankment can contribute to
consolidation settlement. To prevent this phenomenon, we typically improve the ground.

When undertaking such improvement, we specify the design reference strength as 600 kN/m?2 with improvement rates of 30% and 50%. In addition, we adopted
the backhoe-base intermediate layer mixing method, or three-dimensional mixing type ground improvement method (3DM method), in order to improve the ground.
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Machinery used
for the 3DM method
BHEEIRKTREGEEEREICSVBRENEEED H—P ORELHARFDER DT
BE S RHROFHABE AT AICLIWBEIRRE VTV A LTHRETEZEN TE S,
The mixer features both horizontal and vertical rotation functions that are intended to improve the mixing

efficiency while ensuring the uniformity and quality of the improved ground. In addition, the integrated
measurement control system enables real-time monitoring of the conditions of construction.
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Adoption of a mechanical anchoring method for rebar at corners
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If an excessive number of rebars are placed in a corner and the end is shaped similarly to a rectangular hook, insufficient space remains between the rebars to

allow for easy arrangement of the rebars. Therefore, we adopted a mechanical method of anchoring rebars at the corners. This method reduces excessive
concentration of rebars and allows for the injection of a sufficient amount of concrete.
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Cross-sectional view of A-A
(before improvement)
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Cross-sectional view of A-A
(after improvement)

FE A R S P 8 6 158 5
(BATYT) (WX EE )
Rebar at corner Rebar at corner
(Rectangular hook) (Mechanical anchor)

1
fBAEpHmiass  Vertical wall
Rebar at corner |71

Fes 78 BB TR 5 A

Rebar at corner

RN A
239k (/)
Strut
AN / (st T 36 1) BT R
| A / Arrangement of rebar
+ Center pillar I (mechanical anchors)

at corner

HWAEETLE

BRUSEOERICEBRELBETZILEL RORET Y VERMEDTEBEREERT 5,

Mechanical anchoring method

An anchor plate or the like is welded to the end of the deformed rebar to ensure the same anchoring performance as is achieved with the conventional standard hook.




