21

10

(ITA)

30

(Shield Tunnelling)

. .2518

ITA

2536



Stiff Clay

Backhoe
Slurry Shield
.. 2019
. 2522 |.ON
Semi Mechanical Shield (Open Type Shield)
2445 . 200 . 340
1
2 40
(Secondary Lining)
. .2526 20- 25
Sheet Piles
3
1 1
Backhoe
2534 20 . 2.2 . Inclinometer
Extensometer Settlement Array
n . 2.0 EPB

EPB Dual Mode open face



EPB
2538

20-3.4

22
22.1.

Derbyshire

Worsley.

2041

Stiff Clay

10

open face

Full Instrumentation Section

EPB

. 1766-1787

3,000

60,000

40,000

The Soughs

7

70

235

18-19)

Hill Cam,



21

50

21

40000

15000-10000
3000-1000
2000-20th C
700

700

600

1 (BC)

Grimes Graves, East Anglina

shilloah

Samos,

> 10

].km.
540

A

1.5 km.

il

3.6 X4.5

X7

1.8X18



2 AD ( )
50 Posilopo
500-1500
700-20th C
1627
1679
1826-1829 LIVERPOOL-
MANCHESTER

1842 -a '
1857-1871
1872-1881 St.Gotthard
1895-1921 Simplon
1906-1912 Loetschberg
1918-1934 Tanna

60

200
2 . lining
1925-1934 Mersey Liverpool
1959-1965 Mont Blanc
1964-1988 SeiKan
n

1968-1974 Orange Fish
1986-1992

900

5.6 km.

150

12.7 km.

15 km.

19.7 km.

16 km.

7.8 km.

30

4 3.4 km.

12.7 km.

53.8 km.

82.5 km.

TBM

50.5 km.

12

75m.

6.7X11.3 m.

8X 75m,

8Xz4m
5 X5.4 m.

8X61|n

8.4 X5.8 m.

@14 m

9X 12.5m.

5X4.2 m.

@54 m

() 7.6 m
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222,

2.2

2.2



5.2

17

14



WIAIND PN WITTW 4

(m k)

21

ke

15



2.2.3.
Earth Pressure Balance Shield

Sato Kogyo Company

foam polymer Super plasticizer (

additives

)

Earth Pressure Balance

2.2

Aad sgrent ugection hol

Manhole

Mud agent mjection hole

4

/A

16

Earth Pressure Balance Shield

. .1974
Plasticity Permeability
Betonies

Paper Micro Fiber, PMF

Slurry Shield

P'ressure gauge
/ Bulk head
/ Cutter oil motor

PSR WA

Sepment

.,/ — Dischareme

' . n ol Mud agent /
reSsure g Ifish tnl bt Supplyving swivel Y\\(\?\
‘ _ Joint Y
OO0~ Oy €4y ,({ ll - % Z
oo 00 qo{ ‘
{ ) === Gate plate
N . \ A -; soenl \
Cutter wing \ -\‘-"d nsgd o = SCrew Conveyor
/ \\uum'lum hole o :
Julk . % ved o wrector
Bulk head e Cutter bt i :l%” Lt i—_‘hn - —’\_3. =

convevor hole

2.2

cutter Chamber

Plastic earth slurry

Screw Conveyor
Bulk Head Chamber
Face Pressure

Screw Conveyor

Kncadingg chamber

Shicld jack Tail seal

Earth Pressure Balance Shield

Excavation Chamber

Shield
Shield Jack

Chamber

Earth Pressure Cell

Soil heave



Ground Settlement

Conveyor

Advance Rate

Hydraulic Jacks (Shield /Jacks Speed)

Chamber (Discharging Rate of Screw Conveyor)

Chamber

Segment

Segment
Bolt) (Grouting)
Tail Void

Segment

Screw Conveyor

2.3 Segment Crane

Segment

Segment

17

Screw

Face Pressure

Segment
Key

(Curve



Advance Cutting
N Edge Trunk

== G -
= (—

— e — — — — — —

Hydraulic
Ram

Pressure

Distributing
Ring

il

il

'23

-

() Goud e;[amgdg
reparation  for
bckenoe

(if) Snield advanoed by
rams pushing against
tunnel  lining via a
pressure dstribution ring

(i) Retradion of pushirng
rams and eredtion of next
ing of segmental syppatt

Segment (Sketchy, 1979)
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2.2.4 (Lining)
2 Primary Lining Secondary
Lining
Hamamoto (1992)
Primary Lining
Primary Secondary Lining
2.2.4.1 Primary lining Shield
(Segment) 5 7 1 (Ring) 0.5
2
Bolt Primary Lining
a) Reinforce Concrete Segments
( 4-5 )
) Steel Segments
Steel
Segments
Concrete Segments
Strain Residual Stress
C) Composite Segments
(Steel Plate) Reinforce Concrete Segments

Concrete Segments

2.2.4.2 Secondary Lining

Primary Lining
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(Workability) 15 30

2.2.5.
2251
Peck (1969)
(normal
probability) 21
= exp[ x ]
= max A
2i 2.1)
X
max
X
(Point of inflection)
ﬁ- Ground surfacs
-2i -i 0 [ i 2i
‘ ,
»
< \
:15) Point of Point of mox\.
] Inflectlon curvoture
n s
( 0.61Smax ) L ( 0.22Smax ) |
/_iﬁr..
z
°
E
4+ —L
Tunosi Diamatar 1
Iw |
Retio i/R function of 2J2R and sail conditions
\Vadure of rough =25 Svex .
2.4 (Peck, 1969)
21 X
21 |

21 [



™
a) i Peck (1969)
Peck
('R)
(Z"R) 2.5
Define trough width i
Forlow'V1.Smax o.c
N’ Defnesnarrow trou gh width i )/
_ Smax>0.005Z /
Pi /
r Rock,
\J hard clays,
sand above
ground /
7 water lever [
®
' / | Soft to stiffclay
/
|
L ,
M e yJ
P. Z/ /
0 T
h T Sand below gremndwater level )
0 2 3 4
Trough Width per Tunnel Radius Li/R or i’/R
2.5 (i'R)
(Z(/12R) (Peck, 1969)
) i O'reilly & New (1982)

21



2.6

2
2.6
X
12 |
1o e A iz 0437+ 11
/
8 o
6 .
r <
¢ X5 a) cohesive soil
X 2 s N
c
¢ c . j_ ! ; ! 1Jz ! 16 zlo ! 2I4 ‘ zls ! 312 36
& Depth of tunnel axis below ground surface, z (m)
3.6
1 V
1R X
i o
6 1.8 N
i=028z-0.12 .
Foo /
1.0 - X
o b) cohesionless soils
0.2
-------- 17 SRy I 1 | |
Depth of tunnel axis below ground surface,z ( )
z (O'Reilly and New,
1982)
O'Reilly & New i
i = KZ0
K =05 (Cohesive Sail)
K = 0.25 (Granular Sail)
Z0

(Point of inflection)

22

2.2

2.2)



. 2044
[ Peck 8- 12
O'reilly & New (1982) 034 - 050
' nmaZ (9
2.
= 3,04 +993

\Z 0

Subsurface settlement above tunnel center line in stiffBangkok Clay

25

© MRTA (NB saction2)

B MRTA (NB section3)

A MRTA (NB sactiond)

® MRTA (SB secton2)

A MRTA (SB sectiond)

© Kiong Prem (section 1)
4 Kong Prem (section 2.1)
© Klong Prem (section 2.2)
0 Wong Prem {section3)

0 0.5 1 1.5 2

t/ZeZ) (m/m)

2.1

23



2.2.6 Vs

+ (Maximum Settlement;

v, = Y w | mXexP ~y2 dy
£, L1 ]
= 25i nx
e -~
¢ 25i
Vs
y
y
v
(] ex —
i pk 2)
ds_
dy I Ny o2i13

)

" i34! A] exp(v'%>

24

2.3)

(2.4)

(2.5)

2.7)



2.2.7. Ground loss (VD)
Mair, 1993

Volume Loss

(%) Ground Loss, VL = 77X 100
Kr
Vs
Vex
VS
V. IN[2xSn
4 AN
= xD2
(2.9 (2.10)
03\3VID2
[
211a
0.313VLP 2

KZn

25

(Ground Loss)

KZ0

(2.9)

(2.10)

(2.11a)

(2.11b)



2.8

Volume loss

22.8.

Mair, 1993

211

Ground surface >

()

2.8

VIRITE

(Mair, 1993)
K
2.9
K=:z0- 2
0 05 1-0 1-5
0 T T
_0.175+0.325(1-2 /Z,)
2 -z
s :
29 K

(Mair, 1993)
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212
= °.3131 (212)
max at any Z K "z 7)
VL
Z
Z0
2.29 Ground Loss
Ground Loss Earth Pressure
Balance Shielduu ' 3 2.10
Ground loss Ground loss
Over a shield upon the
erection of
ﬂ the lining
Ground loss r N -
atthe face t J
delok ¥ S

2.10 Ground Loss (Lee et al, 1992)
2.2.9.1 Ground Loss Tunnel Faces
Plastic
Screw Conveyor situ Stress
Stress 2.13

(K < + P j-P (213)



Over cutting

V shieid =

Overcutting

PO = Total Stress
K'0 = Effective Coefficient of Earth Pressure at rest

v = Vertical Effective Stress

Pw = Pore Pressure at tunnel spring line
pl =
2.2.9.2 Ground Loss
(Alignment)
(Excess Pitch)
(Tunnel Crown)
Lee et al, 1992 Ground Loss
Over cutting 2.14

1 .
Vihield X (excess pitch)

o2
at+-

Over excavation

= workmanship parameter =

! Ground

excess pitch

Lx (excess pitch)

Loss

211

(2.14)
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Increased Void Due to Pitching

=] ) = Actual Grade
= Bk \ e = (2a +w )
I (g 6 s
J Design . l
Grade
Zuner Segments Z@T
211 Ground Loss Overcutting (Lee et al, 1992)
2.29.3 Ground Loss
Ground Loss
(Clearance)
Segment 2.12
(Tail Void) Tail
Void (Thickness of Tailpiece, AQ
Segment (Clearance for Erection of Lining, 8)
Tail Void
Ground Loss Grout

Tail Void

Initial Position of Points on What Will

Become the Crown After Excavation &= Thickness of Tailpiece

¢ = Clearance for
S Erection of Lining

Opening

Tail Void

J
Simylated Tunnel :\_’ T T
I
|
|

D=d+2 0+ 6

oAl pas
10 neﬁ ﬁ-qea(lilng

2.12 Ground Loss (Lee et al, 1992)
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Crack (Crown)
(Spring line) 2.13 Ground Loss
3
Crown
!
|
Springline _._._. . H . Springline
!
!
!
Inverst
2.13
2.2.10. (Backfill Grouting)
Backfill Grouting
(Tail Void) Segments Loosening
!
bV
2 (Separate Grouting Method)

(Simultaneous Grouting Method)

Segment (Grout Hole)

Ring
Shield



Slurry) Segment

A0

2.2.11.
Mitsutaka Sukimoto

4

a) Initial Settlement

2

heave

(Ground Loss)
1 3kg-ficm2( Grout Hole)
, Slurry (

(Grout filling Ratio)

, 2000
2.14

) Shield Passing Settlement

¢) Tail Settlement

grout

2

d) Long Term Settlement

Relaxation

grout

consolidation

3l

150

creep
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Step IV 3 Step V @4— /_Excavmed area
w.«ua‘}ﬁ,“,ﬁm&,
N I'W‘Bt - time 9| [Shield Machine
T
; @+
! - — ST
g Sl Passive state o fearth pressure
4| shietd Machine F—‘iLinlf:_)‘EE;; §SECTTONAA
E)é%ﬁlveaslfglg BeF earth pressure
2.14 (Mitsutaka Sukimoto ,
1999)
, 2544
3
[ Flow shield
15-209%
I side shield 25- 30 %
Wl: Tail voids Tail Voids
50 - 55%
2.2.12.
, 2000

a)



3

) (Over cut)

(Cutting Head) 2

c)

grouting

e)

2213 (Contralling

Ground Movements in Tunnel)

a)
) (
) Pitching Yawing
Articulation Joint
C) Tail Void

Grouting

Tail Seal



2214
22141 (Ground Condition)
Fugichi (1995) (EPB Shield)
(Cohesive Soil)
Screw Conveyor
Additive Chamber Chamber

Screw Conveyor

Nishitake (1987)

20
Cutter Face
Chamber Screw Conveyor
2.2.14.2 (Machine Capacity)
a) (Provision of Support)
(Erection of Lining) (Segments)
(Segment Erector)
(Bolts) Parker et al (1971)
8 6 4
b) (Backfill Grouting)
Grout (Simultaneous
Grouting) Chamber (Face Pressure)

! 150-200 (Tail Void)



3

(Tail Seal) Tail
(Clearance)

Shield

Tail Seal
2.2.15. "

22151

2.2.15.2 ,

Earth Pressure Balance

- (Stiff Clay)

Screw Conveyor

- (Medium Clay)

- (Sand) (Sandy clay or clayey sand)

Bentonite

Quick setting compound Ground treatment



2.2.15.3

3

(Obstruction)

(Known obstruction)

Ground Treatment

(Underpinning)

Underpinning ( )

Precautionary Underpinning (

, 2001

b)

d) Underpinning

Bearing load Friction load

Soil chamber

Remedial
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2.2.16.

2.2.16.1 Inclinometer

2.15

2.16

2.15 Inclinometer
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LOCK8LE STERL
PLATE
s o TOPCAP
A
- P
2 .
’
Y ZSOmm
g
4
4
’ CEVENT BENTONITE
J GROUT
STEEL 7
PLATE 06 /
STEEL YY)
100 %
M PLATE A1) INCLINOVETER
250 ma l' ? CASNG
_ ?
detail of lockable a

SRR

X\\\&\\)\SE[N

|
;
:

2.16 Inclinometer

2.2.16.2  Extensometer
(Spider Magnetic) 3
Cement Bentonite Grout
Casing Casing

Casing Casing

Probe Probe Oscillator

Probe

2.17 2.18



2.17

Extensometer

3



Extensometer

2.18
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