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Nippa-Suehiro main sewerage system construction work in the northern treatment district
Ultra-long slurry shield driven tunnelling method with diameter of 9,450mm

Owner: SEWAGE WORKS BUREAU, CITY OF YOKOHAM!

Contractor: Okumura ‘- Penta-Ocean - Topy Joint Venture
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Nippa-Suehiro main sewerage system construction work
in the northern treatment district (section 3~8)

Construction site 3-9-11,Taru-machi, Kohoku-ku, Yokohama
~ 9, Tsukuno-cho, Tsurumi-ku, Yokohama

Completed inner diameter ¢ =8,000mm - 8,500mm

Length of tunnel L= 4,435m

Construction method

Rotating slurry shield driven tunnelling method with a diameter of 9,450 mm
(bit-replacing type)

Segment

u
Reinforced concrete segment (Outer diameter ¢ 9,250mm  Thickness 375mm  Width 1,000mm) ;,"n“"", g

Steel segment (Outer diameter ¢ 9,230mm  Thickness 355mm  Width 500mm)
Steel segment (Outer diameter ¢ 9,250mm  Thickness 360mm  Width 1,000mm)

Overburden H=51.7~56.1m

Radius of curvature R=80~1,000m

Gradient -1.0% ~ -16.9%

Soil at the cutting face Fine sand and consolidated sandy silt (N=50)
Protection of starting Freezing (cylinder type)

Characteristics of construction

1. Great depth (66 m), and high groundwater pressure 0.56MPa)
2. Long distance (4,435 m)

ol

In Yokohama City, rapid urbanization has been leading to decreases of
mountain forests and green space. Deterioration of existing water-
retention and -retarding functions has been increasing the danger of flood
during rainfall.

Especially in the catchment areas of the Tsurumi River, such
deterioration has been so remarkable that complete prevention of flood
damage is strongly demanded. Comprehensive flood control measures
including the improvement of sewerage systems are, therefore, required.

The Nippa-Suehiro main sewerage system is a deep large-cross-section
main stormwater sewer to prevent floods in low areas downstream of the
Tsurumi River. The construction will increase safety against 60-mm hourly
rain (The rainfall with ten-year probability).

In the construction of the Nippa-Suehiro main sewerage system, a
4,435m drainage system is constructed with an inner diameter of
8,000mm - 8,500mm by a shield driven tunnelling method between the
starting base at the stormwater pumping station at Taru-machi, Kohoku-
ku and Tsukuno-cho, Tsurumi-ku. The system has an overburden of
approximately 52 to 66 m.

The ground where the drainage is buried consists of fine sand and
consolidated sandy silt. The groundwater pressure is as high as 0.56MPa.
For the excavation of the ultra long tunnel under such high groundwater
pressure, a slurry. shield for ultra-long excavation (rotating slurry shield
driven tunnelling method) has been adopted.
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3. Sharp curve (radius of curvature: 80 m) N %
4. Cylinder-type freezing for cutting face protection “"‘?}"*,",’.“u;‘,_ :‘_‘{“: $
5. Automated construction, and realtime construction control system s %VE%TE\

6. Underground docking by pre-freeze A S
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;E Shield driven tunnelling method

The rotating slurry shield driven tunnelling method adopted for this
construction is named as the "KURUN (rounding) method". Its greatest
advantage is the ability to replace bits by rotation of the cutter

regardless of time and place. By bit replacement, the tunnel with an
ultra length of 4,435 m is excavated without any intermediate shafts.

In this method, a sphere containing the cutter is built into the shield.
When replacing the bits, the spokes are contracted, and the cutter is
drawn into the sphere. Then the sphere is rotated for visual check in
the tunnel atmosphere, and the bits are replaced.
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:J—”I h%%ﬂs A view of the entire shield
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:J""‘”l l‘ﬁﬂ:ﬁ Specifications for the shield

>—)u K /Shield Ik{AQEr%E / Sphere rotating device $v & /Cutter ¢ DAt/ Other
HAR@ERY + v F| 056KNX360 sX34.3MPaxX 84 (@R 0.65 rpm
SMEXHE 9,450 mmx 14,160 mm Sphere rotating fock Nunber of revolution EOREEE | 1=
Quter diameter x length Circle retainer
BEGLY Db | OSSN gl 105KN (B 12.7KN (S5
S—)U R v w3 | 343KNX 1,450 5X343MPax29%& : X Scavelontoe T—I¥—) 4By (BENEREREBNE)
Shield jack ZIR—DBBY v v | 0.78NX058KNX 1,250 sX34.3MPax 67 Tail seal (equipped with automatic greaser)

Spoke expansion device

JE—AYAIvY+ | 0.20KNX 150 $X21.0MPax 24
Copy cutter jack

OPLMAEBZYEN| 1447 tf / AYRRZA BRI+ v | 2.45KNX 1,700 sX34.3MPax 1674

THBRIBRIOEE | 18 EEEVH—R)

Thrust per unit area Cutter siding jack ?IT — B/ Agditator Landslde detector (earth pressure sensor type)
of cutting face A
T 5% /Erector B 4K
JrwF 343KN X680 sX34.3MPax 244 2 g . Norberqupned By ~EF EB | 28 CBER)  (hdravictype)

i S YRR CHED) £y ETAYAE | 28 (D mniwn

Type Ring gear type (semi-automatic) o : SIXTL) (Ulrasonic type)

S (BT 38 rpm

Olgn 0~13rpm Number of revolution i
PIfTFEE EHE5°  EF103 Number of revolution TEHRIRSE 28 (Bv MR ERY)
Articulation angle horizontall verticall - - 5 PR = Soi classification equipment |  (accelerometer is attached to bits)

! Y OEERRESR | 0353KN (e2Xvh 6285 | B M Uo 3.76KN-m
Rotating handing capacity | (maximum per segrment piece) Rotational torque
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Procedure for replacement of cutting bit
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373 v S5 A Pulling in the cutter.
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Equipment for automatic transportation
of materials at shaft (Auto-lifter 1060)
This equipment automatically transports segments and
other materials to the bottom of the shaft from the ground
yard in four segment wagons (carrying segments for a
ring) to increase safety and construction
efficiency, and to save manpower during material
transportation.
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Automatic segment assembly robot

This robot automatically carries out works such as segment
transportation by a hoist, aerial segment transfer to the erector,
pulling of a shield jack and positioning of segments.
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Soil classification system for cutting face

The vibration during ground excavation are measured with
sensors attached to the cutting bits for classification of soil at the
cutting face into sandy soil and consolidate silt (mudstone), which
is used in verifying the soil distribution at the cutting face at the
time of replacement of cutting bit.

iglﬁﬁ Soil cross-section
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Automatic shield driven tunnelling system
Total construction control system for shield driven tunnelling is
adopted to control automatically shield driving, which combines

LA
fuzzy control and automatic surveying systems, and primary EE5YS
treatment and transportation of slurry with excavated materials at B
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Bits replacement (the center bits after replacement) Sharp curve in the tunnel (radius of curvature: 80 m)

By RE Y b (BRIFPZ@EEOE Y ) k> RILETA (EHREER ) Straight section in the tunnel
Cutting bit (the right side is the bits at the time of replacement)
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Owner SEWAGE WORKS BUREAU, CITY OF YOKOHAMA
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TEL. 045 (545) 9865 FAX. 045 (545) 9866

Contractor
Okumura - Penta-Ocean - Topy Joint Venture
3-9-11, Taru-machi, Kohoku-ku, Yokohama, 222-0001
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Welcome back, revived water!

2000.3





