o
unn 4

HANNSAATITNTDYA

41
411
Parameter
!
4.1.1.1. Elastic model
(Yield Point)
4.1.1.2. Plastic model
Rigidly Perfectly Plastic model (RPP)
4.1.1.3. Elasto-plastic Model
2
Elastic-Perfectly Plastic Model (Mohr Coulomb Model)
Mohr  Coulomb
Model
4.1.2. Input Parameter

Elastic-Perfectly Plastic Model (Mohr-Coulomb)

Elastic-Perfectly Plastic

Input Parameter
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(Undrained Shear strength)

(Standard Penetration Test, SPT)

(empirical) (Stiff clay) N
DM-7
30 ’
PENETRATION RESISTANCE & 25, oWt Siave oF L ow
’
UNCONFINED STRENGTH OF CLAY y PLASTITY AND CLAYED 5§ 4
z s I< 7 - 7
7’
3' ,I / o A
z ’ / Y 4
= 20 > d
g : 7
L
%= TERZAGHI AND PECK _///
<] 7 A ]
% 15 " z 25
& ¥ 7 GUAYS OF MEDIM PLASWATTY
!l-l ’ it .
E 7 g N “
s 10 2] e
2 7 =
3 a “ < cuavs ¢ micn lsTicTY
5 /’ // 4 “(
:,_, 5 ’ z =
. /7 2
v’ = Pt
il
05 10 15 20 25 30 35 40
UNCONINDCMARESS\VESIRINGHy TS~
4.1

(Friction Angle )

4.2

qu

qu 43

N DM 7-1

Peck Hanson

Thornburn (1973)
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20

G—=™
&

40

50

—ﬁ%‘p @3 ©

60

70

(<7VO1=

— Very Loose

Loose Medium dense

Dense

Very Dense

N

o

s

N

R

28 30 2 34 36
Angle of shearing resistance ¢ (degrees)

friction angle of granular soil

Thorburn,1973

1 (2526)

= 0.685N (Ym2

Peck Hanson Thornburn

1Uft2)

38 40

42

87

N - SPT Peck, Hanson and

4.3



N = CnN
CN SPT
N N SPT
8 SIS /T [N TR O S |
AFTER PECX,MANSON AND THORNBURN ( 1973)
.8
1.6
1.4 \
G 8.2 \
.o 28
N
08 R ey
0.6 T~
: —~——]
%% 05 10 13 20 25 30 35 40 45 350 53 60
EFFECTIVE OVERBURDEN PRESSURE G kg /em”
4.3 CN GVO N’
4.1.2.2. (KO
' (KO
(Plasticity Index, PL)
(Over Consolidation Ratio, OCR)
(2543) «0
KO 0.75 0.65
4.1.2.3. (Soil Modulus)
self boring pressure meter Shot term
Total Stress Analysis (Eu) Eu

(Shear Modulus)

(Elastic Theory)

88
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G=_-fu
21+ )
G
E
=05

Mair (1993) (©)) ' shear strain ()

8 0.1 -1.0%
47

A

Typical strain Ranges :

Stiffness G

v

I I I | I [

0.0001 0.001 0.01 0.1 1 10
N Bender I Shear strain Es: %
Resorart Coulom
Soedia Triaxia

4.4 Stiffness Mair, 1993
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(2543)
Finite Element (Back Analysis) Eu/Su
(Soft Clay) — = 240
(First Stiff Clay) — = 480
4.2
421 Station
4
- Obstruction Pipe Support
- Obstruction Qil pipe line, Fiber optic cable
- Obstruction North Park Underpass
- Obstruction
Obstruction 4
41
41 Station
Station
Obstruction
1 Pipe Support Pipe Support Below Ground STA 1+949

Pipe Support Above Ground STA 1+959 1STA 1+961, STA 1+983, STA 1+985

2. Railway Zone Fiber Optic Cable STA 2+076

Oil Pipe Line STA 2+078

Railway STA2+115-STA 2+ 122
3. Underpass Underpass North park STA 2+140 ,STA2+148

4. Toll way Toll Way

STA2+210-STA 2+216



422
Element Method

Finite Element Method

9

Finite

Pipe Support (Station 1+949, station 1+959 1station 1+961 1station

1+983 1Station 1+985)
Pipe Support

Stiff clay )
12

4.2

4.2

Station 1+961 1station 1+983 1station 1+985)

Depth Description

0-1.8 Medium or stiff clay
1.8- 13.4 Softdark grey clay
13.4-17 Stiff silty clay brown
17-19.3 Very stiff silty clay brown
19.3-28 Dense silty sand

28-40 Silty clay

Pipe Support
Support

(Dense to very dense silty sand)

Station 2+031

(Made Ground, Medium or

(Soft dark grey clay)

(Stiff silty clay brown)

(Very stiff silty clay brown)

(Silty clay)

12

Pipe Support (station 1+949, station 1+959 1

Wn

%

18

50

25

22

20

20

t

kN/m3

18.1

19.2
19.6
19.6

20.6

N-SPT

blow/ft

17

19

40

30

kN/m2

20

13

116.5

130

206

Ere,

kn/m2
9420
2943
54834
61285
55500

96800

Poisson friction

ratio angle
0.495 0
0.495 0
0.495 0
0.495 0
0.3 33
0.495 0
Pipe

(Foundation



above ground)
Finite Element

4.3 4.4

(Foundation below ground)

4.3 Material properties of the Pipe Support (Above Ground)

Parameter

Unit

92

Cab beam Circular Driven Pile  Composite
Pile Segment
Type of behaviour - Elastic Elastic Elastic Elastic
Normal stiffness (EA) kN/m 1.2 X 107 594 X106 257 X106 6.85 X 106
Flexural rigidity (El) KNm2m 3.6 X 10s 134 X105 2.63 X104 4.75 X104
Equivalent thickness (d) m 0.6 0.6 0.6 0.156
Weight () kN/m/m 14.12 6.04 2.62 49.27
Poisson's ratio ( ) - 0.2 0.2 0.2 0.2
4.4 Material properties of the Pipe Support (Below Ground)
Parameter Unit Cab beam Driven Pile Segment
composite
Type of behaviour - Elastic Elastic Elastic
Normal stiffness (EA) KN/m 4.0 X 107 3.54 X 106 6.85 X 106
Flexural rigidity (El) kKNm2Zm 1.33 X 107 3.61 X104 4.75 X 104
Equivalent thickness (d) m 2 0.35 0.156
Weight ( ) KN/m/m 47.08 3.60 49.27
Poisson's ratio ( ) - 0.2 0.2 0.2
b. Fiber Optic, Oil Pipe Line and Rail way Embankment (Station 2+076,
Station 2+078, station 2+115 - station 2+122)
station 2+031 Pipe
support (Made
Ground, Medium or stiff clay ) 2 (Soft
dark grey clay) 12 18- 134 . 3
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(Stiff silty clay brown) 3 13.4- 17
(Very stiff silty clay brown) 2 17
- 193 . (Dense to very dense silty sand) 4-6
19.3 - 28 (Silty clay)
12 . 28 - 40 45
4.5 Fiber Optic, Oil Pipe Line and Railway Embankment
Wn yt N-SPT Erd Poisson  friction
Depth Description )
%  kN/m3 blow/ft kN/m2 kn/m2 ratio angle
— 8 Medium or stiff clay 18 18.1 20 9420 0.495 0
1.8-13.4 Soft dark grey clay 50 16.2 13 2943 0.495 0
13.4-17  Sitiff silty clay brown 25 19.2 17 116.5 54834 0.495 0
17-19.3 Very stiff silty clay brown 22 19.6 19 130 61285 0.495 0
19.3-28 Dense silty sand 20 19.6 40 55500 0.3 33
28-40 Silty clay 20 20.6 30 206 96800 0.495 0

Fiber Optic, Oil Pipe Line and Railway Embankment

3

4.6

4.6. Material properties of the Fiber Optic, Oil Pipe Line and Railway Embankment

Parameter Unit

Type of behaviour -

Normal stiffness (EA) kN/m
Flexural rigidity (El) kNm2m
Equivalent thickness (d) m
Weight () kN/m/m

Poisson's ratio () -

Oil Pipe

Line

Elastic

6.33 X107

1.02 X 108

1
23.52

0.2

Fiber Optic Railway

Embankment

Elastic -

5.0 X 107

1.67 X106 -

1

58.86 -

0.2

Segment

Concrete

Elastic

4.48X 106
8.39 X103
0.15
43.53

0.2



94

C. North Park Underpass (station 2+140 1 station
2+148)

Station 2+031 Pipe
support (Made
Ground, Medium or Sitiff clay ) 2 (Soft
dark grey clay) 12 18- 134 . 3

(Stiff silty clay brown) 3 134 - 17
(Very stiff silty clay brown) 2 17
- 193 (Dense to very dense silty sand) 4-6
193 - 26 (Sitty clay)
12 . 26 - 40 4.7
4.7 North Park Underpass
Wn yt N-SPT E of Poisson friction
Depth Description
%  kN/m3 blow/ft kN/m2  kn/m2 ratio angle
- S Medium or stiff clay 18 18.1 - 20 9420 0.495 0
2 @, Softdark grey clay 50 16.2 - 13 2943 0.495 0
13.4-17  Stiff silty clay brown 25  19.2 17 116.5 54834 0.495 0
17-19.3  Very stiff silty clay brown 22 196 19 130 61285 0.495 0
19.3-26  Dense silty sand 20 19.6 40 55500 0.3 33
26-40  Silty clay 20 206 30 206 96800 0.495 0
North  Park Underpass

Underpinning
4.8



4.8. Material properties of the Underpass North Park

95

Parameter Unit Cab beam  Rectangle | pile Steel
pile Segment
Type of behaviour - Elastic Elastic Elastic Elastic
Normal stiffness (EA) kN/m 1.0 X107 1.86 X 106 8.27 X 105 2.35 X 106
Flexural rigidity (El) kNmZm  2.09 X105 7.52 X103 3.38 X101 6.32 X 104
Equivalent thickness ( ) m 0.5 0.22 0.15 0.003
Weight ( ) kN/m/m 11.772 1.89 0.51 5.87
Poisson's ratio ( ) - 0.2 0.2 0.288 0.288
d. (Station 2+210 - station 2+216)
Station 2+713
(Made Ground. Laterite sail ) 2 (Soft
dark grey clay) 12 S 20- 145 3
(Stiff silty clay brown) 3 14.5-18
(Medium dense silty sand) 13 18.0- 31
(very sitiff clay) 5 31-36
49
4.9
Depih Description yt N-SPT He, Poisson friction
%  kN/m3 blow/ft kN/m2  kn/m2 ratio angle
0-2.0 Fill Material (Laterite)
2.0-14.5  Soft dark grey clay 60 15.7 20 25 32255 0.495 0
14.5-17.8  Stiff silty clay brown 20 17.6 15 102.7 48382 0.495 0
17.8-31.2 Dense silty sand 18 19.6 30 41712 0.3 33
31.2-35.7  Very Stiff silty clay brown 20 186 40 274 129021  0.495 0



4.10

4.10. Material properties of the Tollway

Parameter Unit Cab beam
Type of behaviour - Elastic
Normal stiffness (EA) kN/m 3.0 X107
Flexural rigidity (El) kKNm2Zm 5.63 X 106
Equivalent thickness ( ) m 15
Weight ( ) kKN/m/m 35.31
Poisson's ratio ( ) - 0.2

Circular pile

Elastic

3.92 X106
8.82 X104
0.6
3.99

0.2

96

Segment
Concrete

Elastic

4.48 X 106
8.39 X103
0.15
43.53

0.2
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431 Pipe Support

Pipe Support (Foundation Below Ground) STA 1+949

Pipe Support (Foundation Below Ground)
1 Station 1+949
Pipe Support (Foundation Below Ground)

20 mm. 45

Settlement (mm)

Surface Settlement along alignment of MWA Tunnel

Excavation at Sta.1+949 Pipe Support
10 4

T
|
|
1

Flow in shield -y

Avg. Face Pressure = 1.9 bar
Penetration rate = 20 mm/min

40
Distance to face of shield (m)

4.5 Pipe Support (Foundation

Below Ground - station 1+949

Plot
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Ground Loss Trial

Peck 1969 O'Reilly and New 1982
Ground loss 3.26% 3.30%

4.6

Surface Settlement Trough of MWA Tunnel Excavation
at Sta.1+949 (G-MC-7A) Pipe Support

5 e piiad - — e e
N
o B F
E b
é L
e -10 [
a2 i
£
2 -15 ¢
= i
b [
20 |
——— Peck 1969 (G.L. = 3.26 %, i = 9.50 m.)
____________________________________ — — OReillyand New 1982 (G.L. = 3.30 %, i =9.6 m.)|

O  Measured data after TBM passed 40 m.

)
a
]
i
r

&
S
-
L

-40 -30 -20 -10 0 10 20 30 40
Distance (m)
4.6 ground loss Peck 1969 O’Reilly and
New 1982
Finite Element
Method Pipe Support (Foundation

below Ground) 11.96 mm. 4.7



Surface Settlement Trough of MWA Tunnel Excavation

at Sta.1+949 (G-MC-7A) Pipe Support

99

i 5
10 “Ground Sutace-, \
g -15
2 200m
P — FEM - Pipe Support
. o Measured daia after TBM passed 40
-40 -30 -20 -10 0 10 D 30 40
Distance (m)
4.7 Finite Element Method
Pipe Support (Foundation below Ground) station 1+949
11.96 mm.
Ground Settlement Marker
Station 1+949 20 mm.
411
1
Pipe Support (Foundation Below Ground)
1 ' Pipe Support (Foundation Below
ground)

1200 mm.
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411
Pipe Support (Foundation Below Ground)
(Analysis)
Exiting foundation (mm.) (mm.)

Ground Settlement Marker 11.96 20

b. Pipe Support (Foundation Above Ground) STA 14959 - STA 1+985
Pipe Support (Foundation Above Ground)

Structural Surface Settlement Marker 4
Station 1+959, station 1+961 1station 1+963 station 1+965
3

Pipe Support (Foundation Below Ground)

24.67 mm.
4 412
412 Structural Surface Settlement Pipe Support (Above Ground)
Station Settlement Max (mm)
Structural Surface Movement at sta. 1+959 -22.00
Structural Surface Movement at Sta. 1+961 -22.33
Structural Surface Movement at Sta. 1+963 -24.67
Structural Surface Movement at sta. 1+965 -24.33

Pipe Support

1200 mm.

Finite Element Method

Pipe Support (Foundation Above
Ground) 15.4 mm. 4.8
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Surface Settlement Trough of MWA Tunnel Excavation
at Sta.1+959 (G-MC-7A) Pipe Support
[ e — :
IR, e SR PR ) S S S S O S e . s i i I Ir—
N | =
. N P : :
Rt “htdie T e e :
= : 4 H son l
- Ground Surtace ... XETI CR s s a st s e s i
S { i '
[ : H 1
Y SR SN SRR, - 1 A SIS SR TRy ] )
i e & ' e
g :
Bron b , ___________________________________________________ :v-yulm
— — FEM-Pipe Support ”‘“
O Measured data after TBM passed 40 m. é
.30 e PO v ) T R S S W TS .
-40 30 20 -10 0 10 20 30 40| H
Distance (m) > R E ot
4.8 Finite Element Method
Pipe Support (Foundation Above Ground) station 1+959
(modified foundation)
154 mm.s
Ground Settlement Marker
7 1+959 24 mm.
1
1 3

Ground Surface Settlement

4.13
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4.13 5

Pipe Support (Foundation above Ground)

(Analysis)
Modified foundation (mm.) (mm.)
structural Settlement Marker 15.4 24
4.3.2. Qil Pipe Line, Fiber Optic
and Railway Embankment
3
4321
a Oil Pipe line and Fiber Optic (STA 2+076, STA 2+078)
Ground Surface Settlement Marker 3
4.9

- Flow shield

30

- Shield

9.4

-Tail Voids

4.9
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10 -

Surface Settlement along alignment of MWA Tunnel
Excavation at Sta.2+071 Oil Pipe Line and Fiber Optic

Flow in shieid In shield Tail Void

Settlement (mm)

....................................................

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, S EE S RS N RIRG. et BN B S

1 Avg. Face Pressure = 3.2 bar .

1 Penetration rate = 40 mm/min

_40 nnnnnnnnnnnnnnnnnnnnnnnnnnnnn (YT VI ST L T e B LAY JY |
-40 -30 -20 -10 0 10 20 30 40
Distance to face of shield (m)
49 Nail Point station 2+071
Plot
Ground Loss Trial

Peck 1969 O'Reilly and New 1982

4.10

Ground loss 2.77% 2.80%
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Surface Settlement Trough of MWA Tunnel Excavation
at Sta.2+071 (G-MC-7A) Oil Pipe Line and Fiber Optic

Settlement (mm)

Peck 1969 (G.L. = 2.77 %, i=9.50 m.)
%] | TR m!;_, _____________________ — — O'Reilly and New 1982 (G.L. = 2.80 %, i = 9.60 m.)

O  Measured data after TBM passed 40 m.

[ ST SRR iy QRN v b %Sk
-40 -30 -20 -10 0 10 20 30 40
Distance (m)
4.10 ground loss Peck 1969 O'Reilly
and New 1982
Finite Element
Method Qil Pipe Line
Fiber Optic Cable 14.29 14.95 mm.
Nail Point
Station 2 + 071 2+ 071
18 mm. 411
Oil

pipe line Fiber Optic Cable
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Surface Settlement Trough of MWA Tunnel Excavation

at Sta.2+071 (G-MC-7A) Oil Pipe Line and Fiber Optic émcﬁy % R
5 e e 7 Sy H VY T Y S A | (2
. H
[/ R o_,.,g ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, E
F—~— : ] H Sot clay
-~ .5 \\\». .............. ? ............................. /”" .......... 2
£ N N : o~ H
E e O g H ° 7 gl H
B T ) - ST T GO SIS - . N oo it .............. )A/f ..... ;.;_—.f.’ ........... H
; P e {onw
£ - - - : i wE H
g -15 ”‘—-6“' """""""""""""""""""""" H Very sut clay Extensometer ]
9 ’ g
2} B 1 T e S e e T T E
] dense sand s
.25 - - - - FEM- Oil pipe ine g
— — FEM-Fiber Optic H )
O Measured data ater TBM passed 40 m H Inclinoneter:
30 - 2 i : : : H
40 -30 -20 -10 0 10 20 30 s| H
Distance (m) 2
4.1 Finite Element Method

Qil Pipe Line Fiber Optic cable

b. Railway Embankment (STA 2+108)

Ground Surface Settlement Marker 3

412

- Flow shield

30
- Shield

9.4

- Tail Voids

412
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Surface Settlement along alignment of MWA Tunnel
Excavation at Sta.2+108 Railway Embankment

10— _— - —

Flow in shield Inshield | Tail Void

T ] é
E -10 ] |
- - :
c T
o 1 |
£ ] ;
2 _20 S R e L e e S e A L b e Dt ettty Lcccccccmecarrcccccccccorcecssacans ccccsccan i
g 1 |
(2]
-30 : ...................................................... o [
Avg. Face Pressure = 1.9 bar
Penetration rate = 20 mmymin =] ]
_40 br [ SR WY Y VLA SR S S W L S e = U o O B et W0 ol W WA TERN W W WY WY T YA WY SN SN N R S ST l
-40 -30 -20 -10 0 10 20 30 40 |

Distance to face of shield (m)

717 4.12 HAN1IAIIRTANINIAFIFTANTBIRIAUNLFII0L Railway Embankment (Station

2+108)
y Plot
Ground Loss Trial
Peck 1969 O'Reilly and New 1982
1 Ground loss 2.3% 2.23%

4.13
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Surface Settlement Trough of MWA Tunnel Excavation
at Sta.2+108 (G-MC-7A) Railway Embankment
5 e e A S S s s S BBl 10 — - T ——

Settlement (mm)

200m
B, 11 [ ST TR SRR B4 USRS R: SRS S SRS R
r —— Peck 1969 (GL.=2.30 %,i = 10.30 m.) i
Y- ) O oS e S — — OReillyand New 1982 (G.L.= 2.23 %, i = 10.0 m.) ]
L O  Measured data after TBM passed 40 m. I
Y J S S N VAL MG 555 g e GG R S J
-40 -30 20 10 0 10 20 30 40

Distance (m)

4.13 ground loss Peck 1969 O'Reilly
and New 1982 station 2+108
Railway Embankment 13.43 mm.

Ground Settlement Marker station 2 + 108 m.
2+108 40 m.
13 mm. 4.14
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Surface Settlement Trough of MWA Tunnel Excavation
at Sta.2+108 (G-MC-7A) Railway Embankment

T i s D i

Settlement (mm)

~ = FEM - Ralway Embankment

©  Measured dota afler TEM passed 40 m.

-~

.3040 -30 -20 -10 ; 1A0 20 30 40
Distance (m)
4.14 Finite element Method
Railway Embankment station 2+108
Finite Element
Method
4322
a Qil Pipe Line, Fiber Optic and Railway Embankment
Qil Pipe Line Fiber Optic Cable Railway Embankment
Inclinometer
Station 2+071
135 . 4.16 mm.
2
Finite Element Method
Finite Element Method Qil Pipe
Line 3.7 mm. Fiber Optic Cable 3.3 mm. Railway
Embankment 3 mm.

4.15
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CUM.DISP.(A) (m)

-0.004 -0.002 0 0.002 0004 0006 0.008

Medium clay

Soft clay

Stiff clay

Very Stiff clay

dense sand

TRl T T T I T T T T I T TR T T T T T T T RIT T T T T T T TR I T T T T T T T RITTT T T T I T RITTTTTITTT

Siilty clay

T e
|

0.01

-

Depth in m.

Inclinometer

\
|
{
|
|
|
|
|
|

—— 0.5 m. behind of shield face (12 Nov 02)
— 8 m. behind of shield face (13 Nov 02)
— 2 week after the passage of the shield face
—— FEM - Oil pipe line

—— FEM - Fiber Optic Cable

—s— FEM - Railway Embankment

37U 4.15 uansAMsiAdeuiam e IFannsAAsEiRaERR Finite element

Method

Oil Pipe Line, Fiberoptic and

Railway Embankment
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4323
Ol Pipe line and Fiber Optic (STA 2+076, STA 2+078)
Extensometer
4.16
135 . 2
7 mm. Finite Element Method
135 . 12
mm.
Settlement at 135 m from Ground Surface Trough
of MWA Tunnel Excavation
at sta.2+071 (G-mc-TA) il Pipe Line and Fiber Optic
5 :_~77,,,7i‘-"7 — v ASNS BRi S o Q e ————————i i -
0 b L I AN
€
E
pre
 —
o
3 [ _ a N N |
B 20 fresssmnsail s e e B e a e .
[ ——FEM Method
_25 T Q_ _4__,,,___,___4_"_______v______‘f ____________________ ® 0.5mahead of Shield Face | |
t : + 1.5 m.behind of Shield Face
~ After 2 month |
IR T L S S S ——— U TV T TR R S i e W (A W A R (W T L S S TR S M 1 |
-40 -30 -20 -10 0 10 20 30 40
Distance (m)
4.16 135m. '
Finite element Method Oil Pipe
Line and Fiber Optic Cable
Extensometer

Finite Element
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Finite Element Method

2
3
b. Railway Embankment (STA 2+108)
Extensometer
4.17

135 . 2

7 mm. Finite Element Method
135 . 8

mm.

Settlement at -13.5 m from Ground Surface Trough
of MWA Tunnel Excavation
at Sta.2+071 (G-MC-7A) Railway Embankment

5 - & — ;

0 e e e e e e T L o s
B
g ‘
- N
: i

£
@ 15 oo e SRR A s F R R R N SR R S AR R SR S i AR S fas 23 -4
= |
7 S B QOO oo e I NN e el e i _'
. — FEM Method |
25 Focnmeads O Wl o e e s e e e @ 0.5 mahead of Shield Face s s
3 ~- 1.5 mbehind of Shield Face i
L - After 2 month !
_30 L A 1 i s A L A A i i S VL I S RS A N S T S S T S S VNV G —— J
-40 -30 -20 -10 0 10 20 30 40
Distance (m)

4.17 135m. 1

Finite element Method Railway

Embankment




Cable and Railway Embankment

4.14

Qil Pipe Line, Fiber Optic and Railway Embankment

(

Finite Element

4.14

(Analysis)
Qil Fiber Railway
Pipe Optic Embankment
Line
Nail Point 14.29 14.95 S
Ground - = 13.43
Settlement
Marker
Inclinometer 3.7 3.3 3
Extensometer 12 12 8
4.3.3.
2+140-STA 2+148)
Underpass North park
2 Station 2+140

20 mm.

Underpass

4.18

112

Extensometer

Extensometer

Qil Pipe Line, Fiberoptic

Qil
Pipe
Line

15

Fiber Railway

Optic  Embankment

15 -

4.16

Underpass North park (STA

station 2+148

North park
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Surface Settlement along alignment of
MWA Tunnel Excavation at Sta.2+148 Underpas NorthPark

10
5 Flow in shield In shield Tail Void
0 # B ——s\ rrrrrrrrrrrr
E_ 4 ........................................................................... \8\8\9?9
E 10 :
i ]
c ]
L i |
B 20 oo
= 1
']
m B
] N
-30 B B e e e Bl e LI
1 Avg. Face Pressure =2.0 bar :
1 Penetration rate = 30 mmymin
T e B A T e S
-40 -30 -20 -10 0 10 20 30 40
Distance to face of shield (m)
4.18 Underpass North Park -
Station 2+148
Plot
Ground Loss Trial
Peck 1969 O'Reilly and New 1982
Ground loss 1.34% 1.37%

4.19
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Surface Seulement Trough of MWA Tunnel Excavation

at Sta.2+148 Underpass (G-MC-7A)

0F
o B
£ [
E 1
w -10
= [
g i
2 B L T i it T T T SRR
bt
[+
O 50 Lerorirmemmsemrmmsnensanasni] o2 st e e o i ke B B
Peck 1969 (GL.= 134 %,i=7.80m.)
_25 N, W e NN AN gt — — OReillyand New 1982 (GL.= 1.37 %,i=8.00m.)
O  Measured data after TBMpassed 40 m.
_30 L 1 I I GO S AL SO Gt Wy 1 L A " e ¥ (S N A T D R S W L B L it | )
-40 -30 -20 -10 0 10 20 30 40
Distance (m)
419 ground loss Peck 1969 O’Reilly and
New 1982
Finite Element
Method Underpass North park

Underpass North park

Surface Settlement station 2 + 148 m.
9 mm.

4.20

7 mm.
Ground
"2+ 148

Finite Element Method
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Surface Settlement Trough of MWA Tunnel Excavation
at Sta.2+148 (G-MC-7A) Underpass NorthPark
5 Yt N v |
| R PR - SR
H  Medm day
RSB E e e e e O ]
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4.34. Toll way (STA
2+210-STA 2+212)
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16.5
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Finite Element Method 4.5

mm. 4.21
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7 mm. Finite Element Method

135 . 17 mm.
4.22

Settlement at -13.5 m from Ground Surface Trough
of MWA Tunnel Excavation
at Sta.2+210 (G-MC-7A) Toll Way

5r > == e
; ¢ |
g |
0 e P s R TR & C € A A B A S IR P T S Al D T P R WP Rl O S e LS i A ey oA SR s it A Y e
E
E
-t
c
[+4]
£
9
=
Q
1) !
L ——FEM Method i
- = Shield Face at station |
=285 [ Q ---------------------------------------------------------- «~ behind 12m. of Shield Face  [-=~==- 1
r v Afler 2 week {
i —»— After 1 month
_30 C ' 1 1 - - TERTOA B . D SR ST LT e LT CON Y LU UM SR L
-40 -30 -20 -10 0 10 20 30 40

Distance (m)

4.22 135 . '

Finite element Method

- Station 2+210

Extensometer

Finite Element



119

416 '
()
(Analysis)
Extensometer 7 17
Inclinometer 8.9 45

Finite Element Method
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