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enth urban business center named “Tokyo teleport town, with
development area of nearly 448 ha, will be constructed in the

riake, Oumi, and Daiba districts located on the edge of Tokyo Bay
approximately 6 km south of the city center. Intended to faci e
a transition from a city with a ::.mgle center Lo one with multiple
centers, this waterfront urban bu enter will be equipped with
various useful and efficient facilit. ssidential population of

the city is expected Lo be 63,000 and the transient population to be
106,000.
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OUTLINE OF CONSTRUCTION

sy —)L R TE. ERVERIERL DM % X 5 o h D & The construction project consists of multi-service tunnels containing

< = o G : essential services for the infrastructural development of the waterfront
o4 774 ONETZREBTLEO-MFZRT LDT, urban business center. The horizontal configuration earth pressure-balance
BRI FES A FTEE (DOTIE) 2HWTER shield method (DOT tunneling method) will be included in the project.
The construction site is located in an area that crosses the 100m

TA5LOTYT, THEMBEIIHIE. ﬁ%ﬁ%lﬁlﬁ%@%ﬁ%/ﬂﬁ wide national highway no. 375 that contains the Tokyo Bay metropolitan
L7215 B 100 m D EEIST {2 rd 2o Th ., BKixkn expressway. The area is full of important underground structures,

3 (e L including the Shinonome multi—service tunnels construction by the
BmREoEESIRE., EREHMMoOEE - AL Yod R Ministry of Construction, utility tunnels and the Tokyo Electrié:
- ot e i Power Company is manholes. The construction of a high-spee

=L SifiE 3 + f pee : ; ;
ﬁ)ﬁq@\ HICHMEDO MR ;ﬂt%lﬂ RHLTHELTWwS R railway system providing direct access to the business center is also
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Title of the project : Construction of multi-service utility tunnels in the Ariake-kita district (Phasel),1990 @
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» Construction of multi-service utility tunnels in the Ariake-kita district (Phase3),1991
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Owner : Tokyo Water Front Development Inc. / / _
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Constructor : Obayashi, Sato, Omoto, DaiNippon, and Seibu joint venture RR ]
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Construction site location : Ariake, Koto Ward, Tokyo *b4 ; &/
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Construction period : November 27, 1990 to August 31, 1994 ‘ ' 4
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Electric power cable

Telecommunication cable

Information communication cable

Local air conditioning system heat supply pipe
Refuse collection pipe
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OUTLINE OF CONSTRUCTION

Temporary work

Continuous diaphragm wall(t=1,200mm, L=34.9m) ------------- 3,756m:

Soil improvement(CJG—¢ 1,600mm,LL=9.Tm) -------------------moe- 688nos

Eafth—1etaining works «=r-r-r-—recrrimmasissichataanizesessienumwuey 982t
Multi—service tunnel work

Excavation WOPK ------c=ssseesesesnssnrosooneornommonssoooionaiian 17,500m*

Reinforced concrete wWork =------------=--==-socosmmesciionorntnan 7,422m'

Shield tunneling work

DOT shield($9.38m X 15.86M) ~-=-=rs=srossosmossmommooomoomenoaoaan Inos
RC segments(¢9.10m X 15.60m) -=--------mnmommmmomommooe oo 246Ring
Flexible segments( ¢9.10m x 15.60m) ----------ssrmmmomommsmosoeoos 2Ring
Secondary lining (t=3800mm) -----=---sxserermmammomos oo 5,628m’

Soil improvement work
Ultra—high pressure jet grouting(CJG—¢ 1,600mm, ¢ 2,000mm) ----12, 260m’
Chemical feeding (embedded double tube grouting) ----—---------- 4,433m’

DETERMINATION OF TUNNELING METHOD

A tunneling method had to be chosen that would provide an appropriate
cross—sectional shape and area to accommodate different types of
pipes,as well as talking into consideration the environmental conditions
in the areas surrounding the construction site. The DOT tunneling
method was chosen after reviewing the following requirements :

(1) Reduced excavation depth to facilitate connection to the adjacent

section.

(2) Minimized offset and settlement of existing underground structures.
(3) Scaled-down surface construction facilities.
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Shinoname multi- service tunnel : |
| | i BRIEF GEOLOGICAL DESCRIPTION
% | EmmEEREEs BilissTH# . :

i - Mmool efiiestBg Bay Skt e | I The construction site is on reclaimed land that was built between 1961 and 1970 using
sandy soil [rom the upper Yurakucho formation in Tokyo Bay, and is Lopographically
classified as alluvial lowland.

Sequentially from the upper stratum, its strala consist of @ alluvium (Yurakucho
formation), a buried terrace of diluvial soil, Tokyo formation, and Edogawa [ormation.
The natural ground water level is as high as two meters beneath the ground surface in
the reclaimed ground. Residual methane has been detected nonuniformly in extremely
small quantities in the organic soil contained in the buried terrace.
The overburden of the tunnel is 13.5m to 17.5m,approximately 1.4 to 1.8times the
longitudinal diameter of the shield. The shield is expected to pass through the following
strata '@ the organic soil of the buried terrace(btp bed ,N=1-13),the buried terrace gravel
bed(btg bed , N=4-50),the sandy soil of the Tokyvo formation (Tos bed, N=12-50
containing 5-20mm gravel and relatively uniform slightly silty sand),and cohesive
s0il(Toc bed , N=3-20 slightly sandy and relatively uniform).
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DOT SHIELD MACHINE
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The DOT shield machine used in this project
consists of two conventional earth pressure—balance
shields that are arranged in an over-lapping,
side-by-side, “goggle-shaped”configuration. The
machine enables the simultaneous construction of
two horizontally-aligned tunnels. There are inter-
locking spoke-shaped cutters supported in the
middle of each circular section. Independent
agitators are equipped at the back of the culters
to enhance the efficiency of mud agitation in the
chamber.

The two cutters are mounted on the left and
right in the same plane with a phase angle of
90-degrees between them to avoid collision.
Rotation speed is controlled by a vector inverter
algorithm. In addition, for easier control of
the shields and to facilitale segment erection,
the machine 1s equipped with rolling control
jacks, a tail clearance measurement device, a
cantilever-type segment erector employing an
arliculation mechanism,and a segment jack—up
device to secure space for the column segment.
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3 — U R#EDEHE  SHIELD MACHINE SPECIFICATION

Rotation frequency

normal 0.6rpm slow 0.3rpm

-2 . L L AL Ya—=—avR7TF
Shield Screw conveyor
D T L R S - Ao Yya—arRFTE
External diameter ¢g’360mm><15’860mm Diameter ¢900 M - ||
¥ — I K X & E By X TR LY a—ORT
B Length 8, 200mm Type Shaft type B
— K¥ v v 2 (EER) El = 24
Siicia fack CiLEED 300tf X 1, 200s X 350kgf/cm’ X 24nos Bolefian: Fréduanas 1~11rpm
o — I K w oy F (FER) G} = k e Z »
Shield fmk sty 350tf X 1, 200s X 350kgf/cm’ X 22nos eRation e 9tf-m(100%. at 9. 2rmp)
S — L R v v EEE 5. Ocm/min (£ ¥{F BhEF) HE = o = / =
Shield jack velocity when extended 5, 0cm/min(all jacks in operation) Earth removal 210m‘/h(n =80%)
= L z Ed BB =
Erector Agitator
] = | T TE v B G 4z a&l 1.9
Type Ring gear cantilever type Rotation frequency | rem
¥ I #E 0.6rpm §80& 0.3rpm wo [ B A44.8tF-m(100%). B K B K67, 2tF-m(150%)

Agitation torque

normal 44, 8tf-m(100%) . max. instantaneous 67, 2tf-m(150%) |

E % B kK E OB

4. 6tr( 2 A2 FTE—ZBK)

o—Y v SEERE

Excavation torque

1,046tf-m (normal) 1, 570tf-m(max, instantaneous)

Thrust jack

Capacity 4. 6tr(max. per piece) Rolling control device
El B £ [ A S
B iidees ccm/ml ek [ 13tf X 100s230/350kgf/cm’ X 26nos
] L3 24 = M OB & ¥ B8
Rotation frequency 0.7 rmp Shaping correction unit
® M F 2| 1LOGtEm(EADISI0t-mBRESEI) M ¥ v ¥ F| o 30tfx300s X 350kgf/ cm’ X 2nos X 2

JE—A STy wE
Copy cutter Jack

20tf x 130s X 210dgf/cm’ X 2nos X 2%

Xy FELEFRE

Segment jack—up device

# L

(72
Jack

b4

o i 20tf X 120s X 35kgf/cm? X 1nos X 2°7

DOT>—JUR# DOT Shield Machine
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DOT TUNNELING METHOD

The DOT tunneling method uses an earth pressure

balance type shield. In this method, excavated
earth is transformed into mud by use of a grouting
chemical admixture (bentoniteclayv) that improves
the impermeability and plastic {low of the soil.

Improved plastic flow facilitates filling and
pressure control of the excavated earth in the
chamber. The cutling face is stabilized by earth
pressure in the full chamber caused by the advancement
of the shield.



=L

sxfim

wsl SHIELD EQUIPMENT

IRz AL TRy — v FiitEEEo et 2 4
INVIREEE Sl L E ;k_ﬂu'l TTH
— L Fikfm iR L £ L

'i-m -

TeREO L L)

SR S O P A5 B "Jntt

ey

S — b K ORI L

T, LEADAR 7

b

) 2 — 22 > xXTOHE

= IY) H-t'}*.)jlf‘lll'hl}mmj LR 76—

| el s A S L7
b7 7 » bR S L
?#LiT 7=, 4f‘!§<i.iikflmﬂi»‘ g A
e SEatE T BT

I“or5cfieh &z b»2707

v—)UREHREEERE (AE)

Er A MERES SR
_ Segment transparter wagen

WRIEEER 7R L, ot
WLPE X AL 72 B ki ey b B
D BTN L &

ST E L,

ZRL,

Automated shield equipment that allows the reduction of labor,and
streamlined management of tunneling operations are used to facililate
tunneling work safety, as well as the maintenance and control of the
surrounding environment.

Excavated earth is first transported by primary pump to the secondary
pump feed, then pumped to the surface solidification plant. Solidified
spoil is then deposited into the earth pit.

To provide vintilation in case of a sudden gush of residual methane
in the tunnel, there is a blower located at the departure shaft.

Shield rear installation (Left)
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Transformer/ grauting unit wagon
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Transformer unit wagon
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Most segments used in this DO T tunnel are made of reinforced
conerete and form a goggle —shaped cross—section upon installation. Each
ring contains thirteen segments from the following four types: ten
arc—shaped A —type segments similar to those used for conventional
circular shield tunnels, one large V —shaped Ju —type ( “large
junction” ) and one small Js —type ( “small junction” ) segment
used at the top and bottom of the center, and one P —type segment
serving as a column. Flexible segments are installed at the connections
between the tunnel and departure shaft and between the tunnel and
the arrival shaft to counter differential settlement effects.
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DEPARTURE SHAFT
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DFEA » ML FEESO(ERIZEINTE S U’”b\i *ﬁ & AHpn assembly, and departure of the machine. After soil improvement by
. e = ] ultra— high pressure jet grouthing,underground diaphragm walls are
C'T FEAENTH T PR e ( =1, 200mm) = LR OKE X L constructed Lo retain the earth, then the departure shafl is excavaled
Jl,t'ﬁf"'.'.;i_,tﬁﬁ SMCEL (R eSS L) 2Lt - with periodic placement of temporary wall supports. Upon completion

" i * N of excavation, the temporary wall supports are removed and shaft
T A2 L A oM 2w E T, WSS FikioAkz fﬁ supports constructed. The departure shaft serves as a base for shield
',;L L < |-& f [ At L7 ff' Lo L R SR A HE G o departure, and also as a site for various other tunneling equipment
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CONSTRUCTION MANAGEMENT SYSTEM

tunneling work for numerous management items.
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Tunneling management system

This system allows the real time display and recording
of on—line shield tunneling data.The data is used to
continuously monitor the tunneling process as well as to
take quick action against any sudden changes in soil
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Alignment management system

This system allows the computation and display of the
location and position of the shield machine as well as its
deviation from the datum line according to data obtained
from automatic measurements using a gyro—compass

A shield tunneling management system developed to automate shield
tunneling technologies is employed for the automatic management of

conditions. and a level sensor mounted in the machine,
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