Construction of Kusunoki-Ajiyoshi Utility Tunnel Under National Highway No.302 (Fiscal 1996)
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The Chubu Regional Construction Bureau has been constructino

utility tunnels for accommodating buried structures of various life-
lines, such as communications, gas, water and sewerage facilities.

During new installation or maintenance works in the future, these

utility tunnels will avoid repeated excavation of roads and will
secyre safe and smooth traffic.

This project is construction of a utility tunnel accommodating elec-
fric power and communications facilities between Marushin-cho,

Kita-ku, Nagoya and 4-chome Kachigawa-cho, Kasugai under
National Highway No.302. This project contains long excavation

(3075m) by the earth pressure balance (EPB) shield method. Sec-
ondary lining of this tunnel is omitted, and Push Grips (kusabi-
shiki-pin-tsugite) are applied to RC segments.

Project Name: Construction of Kusunoki-Ajiyoshi Utiliry
Tunnel under National Highway No.302
(fiscal 1996)

Site Location: Between Marushin-cho, Kita-ku, Nagoya

and 4-chome Kachigawa-cho, Kasugai

Construction Period: ~ March 1997 through March 2000
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¢> 4, 890mm et — ) K<Y EPB Shield Machine

L7 X ¥ bAME  Outside Diameter of Segments @ 4.750mm
1 EAY Y NTE  Inside Diameter of Segments @ 4.300mm
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Standard Cross-Section of the Route
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Standard Cross-Section of the Utility Tunnel
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No secondary lining is applied in this tunnel.

(BEAL . mm)

P EEFER| B Y H
"""" NTT 20~305
225 | 4300 225 275kv,77kv




il fﬁf?’j} Dfile

ZOKFFED > — v FEEMNEO LI, B ESREERE290% L e k- Tk 4, B i, B
DB20~50mmD DN ERTH D, FAMRIZB50mmIEE & FHRE N $, BAGREIL105m/secFifE T4 H&(
(CERMEAR . NEIZPFHLTTELSME > T E 9,

72, M P AKAIZGL2.0~-3.5mfEE & PR X g 3,

. 90, |
ComrrucnanW

——

Route Plan

REbRBEEEE (LE5R)
EE3025#k (F&Eb)

|

1500m

l. Meitetsu-Komaki
s
T 1D1g\\f’i7ﬂj el 2000m Ri.
f""u\r"*/J [/\(I/\( Naf;:mrana R
l,,,ff“ - Riv.
ERARATEIX soit Profite
3 .
o0 S x5 X
) 'ﬂ{??%{} W}&

639.5m 1117.8m

More than 90% of the tunnel excavation is through the sand gravel layer in the upper Atsuta formation.
* Characteristics of the sand gravel layer
 Predominant D.fameterQﬁZOﬁOmm
- Maximum Gravel Size D 450mm
- Permeability Coefficient = 10¢m/sec ( relatirely high)
* N-Value (average) 47 (highly solid)
* Groundwater Level G.L.-2.0~-3.5m
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( Guidaies of burth Pressure Balanced(BPB)Shield Tunneling Method

L
T EY =L F 1R, Y=L FY Y VETRIDOF v VS — 2RI 201 Z 7= T A2 i X2, F v 23— D In the earth pressure balance (EPB) shield method, the chamber in the front part of the shield is fully filled with excavated material containing
THEY—N P2V VETIIIEHTAIKEEZNN T Y A X EROHEEL T TETY, ZOLHETREMMIC additives during excavation. It is to balance the earth and water pressure on the cutting face and the pressure in the chamber. Chemical foam,
R[EEHWNTED, [dld v & —T 4 A6l & CNZIEH|FRMCHRINEhEzd, SVAFMAAZ &I2KD, as an additive, is supplied fo the cutting face and to the excavated material from the disk cutter. This foam increases flexibility of material and
YOS - FEHIEERAE T (7Y Y25 . 2R PR FAESAsERRT S Z & TIEAK prevents adhesion of material more effectively (the bearing effect). In addition, {,'th.ﬂicai foam replaces the ex.fs.t.i,ffzg water among SOI'E‘ particles
Mom EBFTEEd, EAIL2LIE. X2 22— RXT7ICKDF ¥ V3 —ANL Y — )L Fv ¥ YAIIZHGA so that water cut-off capability of material is also incresed. The excavated material is removed from the chamber into the shield machine by the
g, EHIINL P UYARXTRIMIEREIC K > THFHIR S 7, screw conveyor and transported out of the tunnel by belt conveyor or muck cars.

T80 7R v I\— Muck Hopper
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A facility f o i A facility for manufacturing backfilling material to be It is located on the ground beside the departure shaft. By e.f drvid o tﬁe &xc;:;vared mafe.i"zaf
jaciiy jor meacuins clenical Jognt (@ O injected between the segment and the ground after Transported segments are stored here in the order of their (muck). Once a certain amount of miick has been stored,
sent to the cutting face. _ = : it is transported by dumpping trucks to the disposal area
segment erection. use. P  JETEPE LS
located outside of the site.
BHE/D2 FENJD DO\ Vertical Belt Conveyor
J o
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T == EDRAEM LMD LER 5> TOET,
U L{EIT : a ﬁ: _4_1_) b i 'éf -F%i o E B &@. 7 5 Ll m_mﬁjw Equipment to carry up the muck from bottom of the shaft
'E?LD = QJHZE% 6 < zjﬁ'ﬁﬂ 7”\@?\2?‘?]@% b . | : into the muck hopper. It saves manpower fo increase safety
Beti L. fHEEM, SRS, REEHE 2TV E o AT _ and efficiency.
3., (=P.13) ' T e %
Various data is centralized at this room simultaneously. "“-.._\ A 3% 0
This data will be referred to control excavation, /\ R / ——— N a =
alignment and safety. /\ e J{ 7.5ton f ]W \‘,E,?_T_-_i;fﬁ o g > E) \B2 A Soundproof House
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D =1® St Nl L O 0O | A large sound insulation cover to reduce noise
from the departure shaft during construction.
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Disk Cutter with cutterbits on the edge is fitted in the front el iy o Y- b i mr G DIV L e e Hfl%)ﬁ Cy. k=t
part of the shield machine. It rotates both ways to excavate <148 2R - J P DR EMOIA. BLUEEEDODHADIZE
cutting face. 4.5m° 4.5m’ : = FMAZNT S,
s == == = T A vertical shaft for entering the shield machine into the
| S S i | Feladaadsly funnel. Necessary materials and personnel are also
transported in and out from this shaft.
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A machine for excavating shield tunnels. It is covered Excavated material through disk cutter is stored in IN=2 5 b Y AN NICHGATRE T,
with a cylindrical steel shell (skin plate). The major this plenum chamber. Stored material is kept in a Equipment for removing the excavated A trail of machine and equipment to support works followed together with the
functions are (i) excavation, (ii) segment erection and fluidized state to maintain earth pressure material from the chamber to the tunnel shield machine. A total of 13 cars (total length: 76m) are used in this
(iit) mucking. counteracting the pressure on the cutting face. ' construction (— P.7 ).
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Following five special devices are equiped on this shield machine. They are required due to long excavation (3.075m) under the boulder-
mixed water-bearing sand gravel laver which has relatively high N-value (47) and long excavation (about 1,000m) under the curved section .

1. Roller Cutter
2 . Rotary Discharger for preventing water from blowing
3 . Articulation Unit
4 . Triple Tail Brush
0. Special Cutter Bit
:E3-type cutter bit with sinter-hip treatment which has a high abrasion resistance and ductility
:Arrangement of cutter bit correspond to NOMST
:Installation of abrasion detection bits
¥—)b RRAEH
41 2| 74890mm
£ = 7350mm
=l RJvy# | 150%1700X300/em°x 16
BN P | 250% 120x350fmex 12
RiITNAE G &1
TE-y5-nvk | 15% 150X140%m*x 2
Nwy— RS LEH TULoF—EH A2V a200NNTVEH
i X | SHERE B 7 X | UVITILLH— AT | 570mm
) # | 74890mm B A B 10000kg B #& #| 0~15 RPM
B & | 096 RPM m & = 2000ks Bl @ 3.3 T-M
™ M B & | ®E05 . =E15 BEE—7-B% | ME1300x24
N L o | 8Ee47 BESE370 £ = — i * =
(a=2.1) fEEA fO—7 MAXB00mm
Al = AF450mm. #4100 = o
1y9-RAEE-5- M(EEE;'%OS‘B?E‘ Euix il Z Jilo L—s U—g 4 AF v— 7 2H
I =1/0. AnO— 100mm ) -
fEJ_T:i; o T TAATF v —YAE 71 650mm
AEE—5— X
i ’ = E ¥ ¥| 0~60 RPM
B e 27 T-M
HEE—4-H4,| ME2600x1&
N 8O = 3 — % B E H
¥—JURHE vy —H IUI5—H A9Ua98 | 0-9-743Fr-JvB| JE=-hv5—H | FhYvvF+H
HERY TR | K3VG45-11FRX 18 | LVP120-110RX78 | A7V40ELX 14 | A7VIOZMAX2E | LVPOBO-110RX 14| P215CKXARX1& | LVPO17-110RX 1A
B B E /1| 300kg/cm? 140kg/cny 140kg/cm’ 140kg/cm? 140kg/cm? 140kg/cm? 350kg/cm?
H H 2| 0~63L/min 0~ 160L/min 0~65L/min O0~T110L/min 0~73L/min 26L/min O~ 15L/min
i 71| 37X4X440%X60X T | 45X4%440%60X7 [185X4x440X60X 1| 37X4X440XB0X3| 22X4X440%B0X 1| 7.5X4X440%60X 1| 11X4X440%60% 1
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S— VPR FNVDOINRE 2 BESEE T A Y MO Segments compose external shell of the shield
- [ ] ; . )
COTHETIERCE T A Y b EBE 7 A ¥ | O2FESE % 16 tunnel. There are two types of segments in this
L& “ project, which are reinforced concrete segments
.'Eﬁto)( > N5 and steel segments.
1. )y FESTFICRR Y VS ERRA RCEF Ay \)  Modification of Segments
2. 1.200mmiED ¥ 7 % > + %4 1. Push Grips (kusabi-shiki-pin-tsugite) are applied
: ® between rings. (reinforced concrete segments)
RC ‘b‘ 7 )( :/ [\ RC Segments 2. Segments 1,200mm in width are applied.
et
-_--_-_-_--_-_'_"-—'—-—-
__ I8 s et = s
1200 | 1200
: g =
ﬁlﬁ%t7x ~ B steel Seguments
| -
..I._.
+
+
_]_
1200 1200

.*giﬁ E :/ ﬂ*%ﬁ Push Grip (kusabi-shiki-pin-tsugite) The details of the Push Grip and its connection mechanism are

WA VHTFOBELHEOAN_ALETTORD L S 12 sh_own I'?-E the following figures. The outstanding features of this

ZoTHBY, KDL REEMAEH Y £5, fj@ia”"}g . A e | :
s 1250 1 40 0.8, =2 1) Time for erecting segments can be reduced because rings can be

®Z{;X @H?E— iﬂ_ - ;, j—; 4 f{ ﬁji L f%};ﬂ—% EL H;T A4 connected by simple insertion of a male pin bolt into a female metal

{ﬁfﬁ@fééf \ﬁ%%ﬁmﬁm?%ﬁféé; object.
OrEFaNL e 7 )l“ - I\ZIK\\{EML-@L %_;},L ‘]\_ /: AV PIET B5 (ii) The process of closing the bolt box can be eliminated because
T L7z, BV Ry 7 AMEMERPEMETE D0 he joint parts is embedded in the segment .

CMFHICHETHAHHASRLHEWDTD L), BWE (iii) Highly circular tunnel can be formed because opening gap and

HETE A Y b ellANTHAI ENTE S, unevenness between segments is reduced.
OFFFEVZRI PDIAELR T2, 7 A2 VHAEED AT (iv) The pin joint is suitable for automated segment erection due to
{LIZ@E L T 5, unnecessary work of fastening bolt.
- [BREVIMF | DIBE  peaisof Push Grip - FEREDXDZXL Mechanism of connection
B E (. B ARFEE. ROELSBEADZZALTHESNE T,

PRDOKXDIEFT AP EXZABDEYD SBRENTULE T,

The Push Grip is made by a set of male and female part metal as
shown below.

The Push Grip connects the rings in the following mechanism.

AW —

e T
s
e o
1‘.: S e

A A\DEZ W)L bHY, BB URFELRSEATN. DLy VI XKIC
KO TCEIFINTCVDEITHU LTSNS OMERLETY,

The male pin bolt is inserted, cauising the wedge to expand. Uplifting force
acts on the wedge supported by urethane spring.

|\

BICHUL EIFoN2OMMERT 2 &, BEEVRIL KT ULDIT 5N,
EViRIL MREDOIBEHNERICBLAH, SHREMAZERIFLED.
Subjected to uplifting force, the wedge is pushed against the pin bolt.
BElE T Then the threads on the surface of the pin bolt mesh with the wedge and
the pull-out resistance is maintained.

CHOTETIX, P (TB4) ~FETHORXBIZB W T, 5

1 ] 3\
TOHRMT2%DANEHLE %0 T+, 22 CEHFRXEICH L e & 7 L
Tk, v 7&E=ZFK (770 N 7)) —BEEZHFHL -
+ L7 .
= e e
A rack-and-pinion-type (Abt system) battery locomotive is applied due to | BERgEC
the relatively steep gradient of 7.2% (falling slope) in the section between | '

O ol o oj

fs & BE E

WDy s T A FEICAT

CE S CHEOBENL, BEER O

b=l

LY AT v 7 3
A ST 2.

E—F—HNET A2 2128 Y {ESE)
T 5,

the intermediate shaft (TB4) and the arrival shafft.
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Safety cantral

Xﬁjﬂﬂ Ff
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- JUPSERE
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.Gas detection:

OIEEEEV AT L
Drilling Control System

2 1EE I+ -Stability at the cutting face:

: Bﬂllmg Gﬂﬂfrﬂl . Earth pressure at the cutting face S— ) Pk, I8
e o -Operation of the shield tunneling machine: Bl Lo HE LR . T E
" rt)JZ]G)zzFf. t?JZI]:tJ_ S‘?ﬁeld jmk“'; - S ﬁuri- @ ﬁ[ _I__ka?:_ JJHLT

- H%@@Wﬁ \  Shield jack speed | s e
% |J|‘jJF"J-¢ZE ﬁ R.P.M of screw conveyor S AVEE 7 & oD i B AL A
i &y 22 Bl
DR IOULBRK | Mheting e i ey
=) -Lhermical foam groung. TS
s A i - ] - Wi ;

seal ke R Gmur;'ng pressure £9, 7, HEE20mmBIZIT— 2R AELE T,
o IE‘)\% _ BGITGH;T‘? VGI!:H’H:E All necessary information from shield machine, mucking,
POEAN FEAES % 'a_'_:]\ﬁ; .:gmufmg.: earth pressure at the cutting face, chemical foam
2N Soungpen: routing, backfill grouting, and etc. is always obtained at

Grouting volume g & 8 8 : 3

the control center. This information is processed
immediately and average figures are displayed visibly.
And also this data is stored automatically in every 20 mm

of advance.

%ﬁﬁ, 2

. Alignment control

- — )b R TR
s HJLr' SR R =
—JU H%ﬁ%
o )
~—UJf7

Oxygen density, -Deviation of Direction
Carbon rizonﬂxidé. concenfration, (Shield Machine)
Methane gas density -Deviation of Elevation
-Environment in the tunnel: (Shield Maahzne}
| Anwuﬂr:of ventilation e -T.!Ermg of Shield Machine:
-People in the tunnel: e e R === =8 Piching '
Location of the personnel in the tunnel Rolling

Positions of major equipment

~ -Trail of tunneling

e : "-:H} -:':L“Hv:r.:-.r_--_.:
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Automatic measurement of location and tilting of the shield
machine is carried out every three seconds. The deviation
against design alignment is displayed on the screen. Data is
stored every 20 mm progress of excavation.
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.ZI%%EE'J XT.L\ Safety Control System
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A non-contact (wireless) ID card fitted on a safety
helmet is provided to all the personnel who work in the
tunnel. This card is detected by the sensor attached on
the entrance gate, so that all personnel information is

displayed at the contorol center. Meamtime,information
of gas leakage and conditions in the tunnel is obtained.

1

In the control center located on the ground, a total Construction Control System is applied for ordinary control of excavation and
alignment in order to improve accuracy of works. An Safety Control System, by watching the conditions in the tunnel, is also

applied.
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| Voice sensors make
. people feel relaxed. ;
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. Accidents by contact between
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Image of the Safety Control System
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The conditions inside the
. tunnel is displayed real-time.
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. grasped immediately
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. Overloading of trucks
is prevented.
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