Tunneling methods

for Underground Construction
Retaining wall

«Cut-and cover tunnel(BiHI %) / DPW, SPW

Cheap for shallow but expensive for deep tunnel
subway stations, utility tunnels(# /%)
*Shield tunnel(>—JLFbY RV TiK)
Standard methods of urban tunnel in Japan
why ?
Mountain tunneling(lL& I %)
Conventional methods
NATM (New Austrian Tunneling method)
Cheaper than Shield T.. but not applicable in soft ground
Design: Empirical,

Applicable to Unconsolidated ground (cemented gravel and sand)

with reinforcement or/and improvement
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Cut & Cover Tunnelling
- Open Deep Excavation -

Retaining wall

Support system <[t

(b) Retained wall open cut

grouted

___________________

tie-rod

retaining wall

retaining wall

() earth anchor (grouted anchor) (d) Plate anchor (Tie-rod anchor) 2




Steel sheet pile wall and soldier pile wall
HEIE S S P

Relatively shallow
Qq‘b\‘eﬂ Q[el‘
O [@6 - Owale (EFEZL)

I]GSS @Strut SIED)
(@Horizontal angle beam(:X3TH
@Post (King pile) (FfE1#T)
®Horizontal angle beam piece
®Strut cover piece
@ Wale cover piece
(®Post bracket
(@Wale bracket
(0Corner piece
(DConcrete packing
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Diaphragm Wall
(Mbep BT EE | B EE)

*Commonly used retaining wall in open deep excavations
of soft soil for constructing underground structures
ex) subway station, basement, underground complex, etc

*Cast-in-place concrete wall in the ground

DW

Another common DW
SMW
Soil Mixing Mall
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Requirements of retaining wall
in deep excavation of soft soil

< > \/
DRigidity g =
(thickness) >
> <j L
@Length: >
t @\\Earth pressure
0 B b2 +
@Water tightness Water pressure

2007131 RC DM can satisfy these conditions flexibly
because it is cast in the ground.
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Construction procedure of subway station
using cut-and cover tunneling methods

Temporarily
Public road occupying

/
Building diaphragm walls
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Road deck recovering traffic

king piles
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Typical sequence of strutted wall excavation
in urban area
installation of king piles

drilling a hole Installing a king pile
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Typical sequence of strutted wall excavation
in urban area
road decking

strutting first level placing deck plates
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strutting==

2007/1/31 10




Typical sequence of strutted wall excavation
in urban area
safety measures for buried structures

temporary supports for buried pipes
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Typical sequence of strutted wall excavation
in urban area
second stage excavation

excavation by backhoe scraping by bulldozer
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Typical sequence of strutted wall excavation
in urban area
second stage excavation

Lifting excavated soil by crab shell
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Completion of excavation

Casting RC structure
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Removing road deck
| and paving
Completion of St structure |
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Construction sequence of RC diaphragm wall panel

(1)
Leveling ground surface

—>
Guide wall

—>
Adjusting excavator

Clay mud slurry
with bentonite

2007/1/31 (NUMFALiEIK) 16

Trench excavation




Construction sequence of RC
diaphragm wall panel
working space

relatively large space needed

2007/1/31
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Construction
sequence
of RC diaphragm wall
panel
trench excavation

excavation machine

horizontal axes rotary cutter

2007/1/31 Clay mud slurry




Construction sequence of RC diaphragm wall panel

(2)
—>
Removing Shudge
Trench Stabilizing bottom shudge pump
excavation slurry
|
v
Installing ’I "
reinforcement nstalling
cage reinforcement
Sludge cage
pump
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Construction sequence of RC
diaphragm wall panel
installation of reinforcement cage
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Construction sequence of RC
diaphragm wall panel

installation of reinforcement cage

vertical connection of cages
2007/1/31

horizontal connection

21

Construction sequence of RC diaphragm wall panel

(3)
Tremie
pipe -_— Placing
concrete
from the
bottom
l |
Completion of panel
replacing Placing
clay mud ‘ concrete
2007/1/31
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Construction sequence of RC
diaphragm wall panel
treatment plant

clay mud treatment mud slurry separation plant
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Construction sequence of RC
diaphragm wall panel
mud slurry is separated from excavated soil

Water content of excavated soil is reduced so that
it can be disposed as construction waste > |

2007/1/31 24

12



Application of
DW
Trans-Tokyo Bay
Highway
(Aqua-line)

Trans-Tokyo Bay Highway project(1966)
JSCE,JH & TTBH Corporation
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Cross section and plan of TTBH

Tower of wind (BL0)1E)

Umihotaru

/

/

Kawasaki man-made island

N,

2007/1/31 ’ 50m deep from sea level 2%
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Kawasaki man-made island as

Kawasaki man-made island

<Under construction> 14 gap <After construction>
94,500 94.500
35.000 12.600 , 15.000 27.300 43,000 |
Fil 5’Tﬂ | @ﬂe.uuu | E!:ik“‘a'e’
r45.000 4 (Quter jacket (Inner jacket) Upper flogr slab {Oute:sacket] }
| i | ¥ ] -
TP-1,000
; i
i be o
8 il SGP SCP . SCP l.
pr i i Medwnnel 1 1 4 |
2 H i 1
‘ 1 I ] .
1 1 |
1] 1 |
ZTP-73.000 i o3
. ' _ |20
Diaphragm wall —
L=119m,t=2.8m —
i — (unit : m)
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Construction of Kawasaki man-made

Installation of inner and outer jackets
outer jacket

200

Construction of Kawasaki man-made

i_lann
Construction of diaphragm wall

Diaphragm wall
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Construction of Kawasaki man-made

| In-side excavation and construction of side wall |

Ohgishima Gas Terminal

Tokyo Gas

Tokyo Wangan Highway
Ohgishima gas factory

Ohgishima -
JFE steelworks

,mummw -

""ngmm_"
T i

Pamphlet of Ohgishima Gas Termial

Main facility of gas factory: LNG storage tank
LNG: boiling point=-162°C
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In-ground storage tank for LNG

200,000kl
®=72m
Depth=49.2m
60m
2007/1/31 33
Construction sequence
Diaphragm wall
/ Fore-elements
< After-elements
Excavation of fore-element Installation of a steel cage in
the fore-elements.
Placing of concrete
Excavation
machine
Steel cage —
concrete
slurry
2007/1/31 34
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Construction sequence
Diaphragm wall

Excavation of the after-element Installation of a steel cage in
the after-elements.

Placement of concrete

Fore-elements

/After-elements N
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Excavation for in-ground tank

AR mh . : ;
@ 5

t=2m
+
3D effects

|

No struts

|

Precise
construction
Required.

2007/1/31 36
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Circular shaft
t=800mm, Depth=73m

No lateral movement, but

large heave at the bottom <= Swelling due to unloading

2007/1/31
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Shield tunneling methods *—)Lkro R LT3k

First Shield T by Brune/
applied to Themes River Tunnel

TNFADEFRRPDE—IF

Two Brunels

Father: Marc Isambard Brunel

Son: Isambard Kingdom Brunel

ISURANTILRA1818%
TLZXNDINER )L TETHKEHA,
1824052 DEMIZH LVIB41ETERL

Hint of invention (EADEV )
Shipworm making hole in wood
(RISRERITH7F 71RO )

Dstiff shell (KR THERE)
(@conveying wood cut backward(7v£1gY
ELITONT, Blof-KREHZRAFITEYHT)
(@protecting excavated hole by smearing
body fluid (Ex-f=RIFF < KREIZE->THEIE
YELT, "D BEANAGEWNESIZRET D)

38
TRREMTRAIELF/ 2Tk
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Types of Shield machine(>—1FT %0 |

BHY—ILRL $)L  B#RBP4 (1994)

BEARS—)L
P TEEe.. " o EHEEREYYONME |70 .

'y

BIRES—L BEE—L B —L
(T.B.M)

Open Slurry Earth balance
— _/ Tunnel boring machine
2007/1/31 T for rocks 39
Soft soils

Slurry shied -Earth balance shield J

Commonly used machine in Japan
Earth Balance Shield

Slurry Shield

mud cake

ChaK"ber segment:RC, steel ;'Jn'é:t\ Screw conveyor

elestor —mM8M8M8M8M8m

\

slurry pipe

\h ydraulic jack —

slurr
garth & water P. balanced by . Earth & water P balanced by mud pressure
slurry pressure in the chamber;

Excavated soils conveyed with in the chamber;
slurry in a form of liquid &K Excavated soils removed by screw

conveyor and normal conveyor as solid

20



History of shield
EB shield
Slurry shield
Open shield

2007/1/31

J BHY—ILRL 3L B#RBP4 (1994)

adAy paso|D

Inside of Shield T.
—ILRRORILIA

RC segments
RCET AUk

41

Shield face and bit & —JLR#EE&EE Wk

2007/1/31
soil LA : cutting #lI4 Rock & A : crushingf<

EvhDELE
Bit abrasion
42
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Application of shield tunnels >—/L R % D&E/F ]

Sea tunnel

transmission

Underground
river

2007/1/31

subway

gas

43

Unconventional S machine #4>—/LRT % ]

Double-O-Tube

2007/1/31

Multi face Shield

DPLEXT %

44
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Mountain tunneling methods
W&~ RILTE

Classification of MT :difference of lining system
IWEE P RILDE . ZRIDE

 Open unsupported RIEY (XERIAEGL) : AR LHEIND
from prehistoric time

 Wooden lining K& X R T :mining kLl

- Steel lining S RT

* RC lining

« NATM( (shotcrete +rock bolts:wztti+azs)—r+OvsRILE)

« Steel lining or RC lining+NATM £ &or RCiﬁI.’:NATI\/L?-’#H

2007/1/31

Historical change of MT ]

Wooden lining New Austrian Tunneling Method
Steel arch lining

(et Fa>y)-k, ayoRILE)

/ Loosing area
W

W3AHE AEXHET W 2 A B n%s‘::s\a M\;;{in

R gD
ARSNGB
o3 YIS

‘}
. Ay
B7—FXRT 0Ny

N

TEREFTHEERZS R ERELIEEX 2 HHEEY
Earth pressure support by lining EP supported by surrounding rock

~mid 60’ s Mid60's ~ mid80’s Mid 80" s ~ to date
~MBHMMBOEREK BM40ER#H~BME0EREK BI50ER#H~HRE

mining Standard MT method

SR LR A BEQILE, RILDIELE
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Construction sequence and change of tunnel cross section
IHERRIVIZEITAHETBIEEMEENR 510
BREEORVAB)EREXRIERATSIE

. PERo | HEAREE u
“ S EEE
S — TR s Eﬁ‘fﬁmﬁ
A ORI %ﬁ‘p’f ?

Mt

M%@Etu-

XREH

\ b AN RBOE -ZHBIR
T : crown

Supporting pressure
FEAAXREAN p,
ERERET B0

o L BIEE OO [E -2 T B R
springline

XREH

FRFEMER u
Radial displacement

[CERENACESET BEETHRE

st

— BHEEX2HDENS,

CEEXX RO ER, BHEEZIDE. XROFHE
INSHEB,
S ERIEHTREER-ELICEBR |
h$Hd, ChEEEEIEEEZE-STIVS)

Excavation method in MT
WE R RV DRSS &

Depending on condition of rock (hardness, crack) and water
EDRRE(FES, BR). KEHIZELT

*Machine g

*TBM (Tunnel boring machine)
reaction for advancing TBM by gripper
U—ILREDEWN: RARKIVBEHETES
ZE ., FEIRE:Euro tunnel, #iRJIREFRDENE

Dynamite F&HE(F 1+ <A ~) {EHEI
BOETIE—&RH., —BREN
hard rock, economical

2007/1/31 48
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Euro tunnel ZhBIR(E—/\—) b1

BHY—ILRLUF )L B#EBP$L (1994)

UK

2007/1/31 France

@

HANEBEEN RILDER

HEEVI—HIRET7HIEYHEATTBM
DERY I ITILILITHADE|E TSV AYUN YT, @Al AR
g y—EXLRIL
TSV RBIERMEIEST-TBM
JBET
51%:8.78m, £&:13.7m
#E 2 :900ton,
kL% :11,500tf

2007/1/31 50
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Upper dam Construction of large UG space

Rockfill by NATM
NATMZFE-> - KIRREZERDEE

httpwww.tepco.co.jpkanna-gawaindex-j.html

Pumped storage type
Power plant

| JKEE & (penstock)

Kannagawa PP
mARNBEK X R ERT

Lower dam
Gravity concrete

Underground
power plant
WTHRERT:
2007/1/31 Depth # F500m 51
H52m,W32m, L216m

[ Storage of oils in rock (Principle of water sealing
A HEEDE BT E (K H 7 A DFEE)

Rock Efi#
. (ground water EHEPRIH T K)

<

OilshH#E

Water bed A —32—A~wk
2007/1/31 52
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LPG storage in rock formation using water sealing
BAETONS T RAOERES
Deference betw. LPG and oil
7R KE (vapor pressure)
(1MPa. 100m water height)

*\Volume deference bew. liquid
and gas =>250times

Under normal temp
Large pressure required for
storing LPG

éﬁ% : ';?‘MI:;ETE(‘I ;‘T_\.J:T:) 150m
Vapor temp.(under 1atm) IKE
Methane:-161.5°C kL
Ethane:-88.6 LPG
Propane:-42.1
Butane:-0.5
Pilot plants: Ehime & Kurashiki
KRR - B . BiR
2007/1/31 BN LPGH FHERMET S50 1990. 2

Storage of crude oils in rock at Kuhikino
R Eth T B R A ith (STRE SR

3l Y

ERs L )

WA 2L

25 Y

e 7 Ll I

iz JEID

20071131 RAHMTEABER SABM TR BESEE TERREELLR). 1994, 54
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Sequence of tunnel excavation
2= REHEIER X

Arch
S T /\<

’\ 1st bench
2nd bench

- ~3rd bench

2007/1/31 BKERMIV: EAFH TAHFESEMERTISZOHRE 55
(/X 7Lwh) . 1990.

Construction of oil storage tunnel at Kushikino

BEAFHMTHEREEEMERTE(RITHREE-1)

KR
7—F &Rl Arch FIRALFHRHI RN FIRH
1st bench 2nd bench
SERL
EIRANTFHRH completion
2007/1/31 56

3rd bench
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Relationship betw. Qu and width of underground space
SEERBRICETIERIEE—HRELDEGK:
TEREH B TEMAASERMEFRO AR MHRAFKELEARTE. T RFR(1994)

Mountain T
Shield T

Cavity width

Accomplishment by
current available method —

(soils)

Power plant Ol storage

(rocks)

Unconfined compression strength

RITER O LI

2007/1/31 58
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I n d u stri al Waste i n Volume of industrial waste by type in Tokyo
(FY2002)
To kyo Sorap matal 15 {1%) Scrap wood 14 (1%)
= Others B4 (4%)
2002 ]
Fubbbe and
dhetaris
Sewage

416 (18%)
Total
2] sludge
1,210 {51%)

Volume of final disposal of industrial waste by
type in Tokyo (FY2002)
Waste plastic 6 (3%) 50
— Other shedga
6} 196 [8%)
. /
= Gonstruction
eludge

Glags, ceramic
and

\

| Cther
Sewage sudge 5 [2%) — 4 0.40/0
‘/Q 359 {15%)
34% unit:10,000ton

(http://www2.kankyo.metro.tokyo.j

porcekn waste
2(1%)  Mied waste
24 (10%)
Tatal Consiniction
247 shucige
Caher sludge 121 [40%)
e p/kouhou/env/eng/pdf/08.pdf)
Rubbla and
dabris
44 (18%) <|
Unit: 10,000 tans 59

Site visit Jan. 31
O-hashi Juction

B EE D RIRIKITER
KEDY D3y

BHLE1411% ZFZE)IM4:2155
Changing the train bound for Shibuya at 14:24
EAHE

2%

ZFBE)I4:24%
Taking off the train at lkejirio-hashi St. 14:35
MAKETE 14:35

2007/1/31

Central Circular Route Shijuku line

Way to the site
Taking the train to Futagotamagawa St. at 14:11 Midorigaoka St

60




CentraI\CircuIar Route(B &R = RIRIKHR)

- Current highway system
iﬂ%g of Metropolitan Tokyo

Many radiating highways
Uncompleted circular highway

EZ(0)VETRIN=RES
HiE IR IRINE D TR

} Central Circular Route
| HEEiih = =
(B8 D RFRR)

=R

| Hobe ThE

‘Tokyo-Gaikan Express way

— —

= Tokyo-Gaikan Exp.way

r (RSN EBEEEE)
Kenoh Exp. way
L AEarey AT (B =3E)

Il

Underground (tunnel)

alLlil Large cross-section,
Hd IEiE 3R PR EA ) S D
] R IR EE gL i) eep o
anmnnnem FRIFEE T —--mmm-- FEPHR H
e _ Interchange, Junction

Central Circular Route Shijuku line
(BB EE P RIFIKFTTE#R)

il S iR

Underground
Expressway
underneath the
Yamate street
IWFEYT
(F(Fih T = E Y

FE AR
FEEEJCT

2R

™ Constructed by
Z Shield tunnels

&
Cut&cover tunng
" msm BT
ﬁfgggmﬁ Highway Route4 S JLRRU L
HEEEFTE - B Al

E

e

§
Highway Route3
B HHAORFJICTROEBRBERTY .

O-hashi JCT &ventilation faclity

[wmmEdF |

62
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O-hashi Junction

Route 246

\ s“\nagaWaV‘“e /
Highway Route3
Denentoshi-line

2007/1/31 63
B &= R B B/ N T Ly (Pamphlet of Meto. Exp.way Ltd.)

Underground construction in limited space
RONAR—IXTOHTIE

2007/1/31 64
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Plan of construction by Kahima-Taisei-Tokyu JVT EFLEE (BEEABERIV) 65

Underground construction in limited space

f

/
Caisson type pile

REE

2007/1/31

\7\
L

\'ransformer
sub-station for
Tokyu line

<
*/

\

Shield T
Arriving &

launching shaft

Pneumatic caisson
\ (ERY—V)

Ventilation facility

66

33



Pit for caisson type pile foundation  Retaining wall system by ground anchors

Transmission lines from Tokyu transformer Arriving & launching shaft
2007/1/31 sub-station 67

Super-structure of loop roadways of the JCT

2007/1/31 68
Inside of the super-structure of loop roadways of the JCT

34



