31

42
(Earth Pressure Balance System)

20- 21

G-MC-7A
6.7
3.7

G-MC-7B

14

G-MC-7A

24

N

31

41

4.05
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Primary Lining

Secondary Lining

G-MC-7A
Metropolitans Waterworks Authority (MWA)
Transmission Tunnel Project from Bangkhen Water
Treatment Plant to Ngamwongwan Road
Thai Engineer Consultants Co.,Ltd (TEC)
Thai DCI Co..Ltd (TDCI)
CDM International (Thailand) Co.,Ltd (CDM)
TN Joint Venture consisting of
- Summit Grade Ltd..Part.
- Asiatec Development Corp.,Ltd
- Nishimatsu Construction Co.,Ltd
840
1,067,844,712
( Earth Pressure Balance

System)

20.5

6.7
Precast Concrete Segment

Steel Segment

4.07
3.7
Steel Tube Element
3.4 18 Cm.
29 2544
16 2546

730

42
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3.2
6.7
8 Station 0+053, 0+773, 2+031, 2+713,
3+333, 3+913, 5+653, 6+613
f
3.2 (Undisturbed Sample)
(Disturbed Sample)
Standard Penetration Test 3.2
3.2 3.3
3.2
SPT
Depth _ o yt LL PL
Soail Description N - value
() %) (KN'm3 (%) (%) (kKN/m2  (blowift)
o —8 Medium or stiff clay 18 18.1 56 24 20
1.8-13.4 Soft dark grey clay 50 16.2 56 22 13
13.4-17 Siiff silty clay brown 25 19.2 42 21 116.5 17
17-19.3  Very stiff silty clay brown 22 19.6 42 2 130 19
19.3-28 Dense silty sand 20 19.6 - - - 40

28-40.0 Silty clay 20 20.6 70 22 206 30
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(Earth Pressure Balance System) 34
Crane Segment
Key Segment
(Curve Bolt)

(Grouting)

Segment

Shield
Earth Pressure Cell
Soil  heave

Settlement

Advance Rate

3.2

3.6

Segment 3.5 Segment
Segment
3.7
Tail Void
Segment

Screw Conveyor

Screw Conveyor

Ground

Screw Conveyor

34
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3.2
Manufacturer
EPB Shield

Cutting wheel

Middle Section

Screw Conveyer

Tail Skin

Belt Conveyor

Herrenknecht EPB3600 Shield

48

4,305 mm. ( / X2,950 mm. long articulated shield (60,000 kg)

Variable speed 0-2.60
Maximum torque (Continuous) 1,374
Peak torque 1,603
8 No. steering cylinder 1,000
Cylinder stroke 200

4,300 mm O/D X 3,105 mm. long (30,000 kg)

Diameter 600
Pitch 450
Theoretical Volume 140
Variable speed 0-18.7
Maximum torque (Continuous) 65
Peak torque 75

rpm

kNm.

kNm.
kN.

mm.

mm.
mm.
m3/hr
rpm
kNm.

KNm.

4,295 mm O/D X 3,325 mm. long with 4 X grout injection lines

8 No. articulation cylinder 280
Cylinder Stroke 200
16 No. Push cylinder 630
Cylinder stroke 1,700
Length XWidth 3600 X600
Speed 15
Horizontal stroke 1,000
Vertical stroke 590
Total Trust 12,000
Continuous Torque 80
Advance Speed 0-80

kN.
mm.
kN.
mm.
mm.
m/sec
mm.
mm.
kN
kN

mm/min
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34 (Segment)

3.4.1 Precast Concrete Segment

3.8 3.9 Segment 3.8
concrete segment 6
segment (curve bolt) Precast

Concrete Segment 2

3.9 Segment



a.
1200 mm.

segment

(SR 24) DB 12 (SD 50)

3.10.

. Segment

Alignment

-T
800 mm.
-T2

1200 mm.

Segment

(Straight Segment) - ST segment

400 ksc.

covering

(Tapered Segment)

1

311

3.12

6 1
2 RB 9
25 mm. 20 mm.
Segment
segment
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3.4.2 Composite Segment

Reinforce concrete segment
(Steel Plate)
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3.4.3 Steel Segment

Segment

6 1 500 mm. 3.14

Segment

Steel Segment

3.15 3.16
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3.16 Steel Segment
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35 (Monitoring
Instrument)
G-MC-7A
Local road
6.7
4.05 37
20- 21
3.17 3.18

BANGKHEN PERMANENT

WORKING SHAFT

1D=10.0m

e BH 04053523
A

/
/
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l |
//Q. Jo ol ,,
¥ ~
< 4
D /& R
/’QQ, \,(_:'x
/S [ N
=T A
S

North Park (

I

\
\%
| e, : !

PREMPRACHAKORN
CANNEL

\

BH 24031523

BN 24713523

BH 5+335 523
v
>

/

3
s/
S /
N

§/
S
2 291923 {* /' KASETSART UNIVERSITY

BH 54653.523

o)

//6*6!3523

"‘
‘I

N _ VIPHAVADEE RANGSIT Rd.
Q / m ConCrete Segment
s/

M Steel Segment

3.17 Obstruction 4



2. Fiber 0Optic Cable
il Pipe Line
Railway Embankment

I 3. Underpass North Park |

*

|4. Donmuang Tollway I///é/i///r

' i v
51/ 3.18 uamN WIENELTIANIANANILNG Obstruction Y14 4 4/




’

Pipe Support 2

Local Road
3 Underpass
Underpass
Obstruction 4 3.18
Obstruction 4
a. ) Ground Surface Settlement Point

b. ) Ground Settlement Marker

40 Cm.

c.) Extensometer

d. ) Inclinometer

e. ) Nail Point

Stainless Steel 76 mm.
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351 Obstruction Pipe Support
Pipe Support
(Exiting Pile) 1,200 mm.
3.19 2
a. ) Pipe Support Above Ground (Existing
0.35Xx0.35 . 4 16
Cab beam 22X 06X 3.0 . (modified Foundation)
(Addition bore pile) 60 cm. 4 cab
beam 1 . 3.20
b. ) Pipe Support Below Ground
0.35X0.35 . 10
14 . cab beam 20X 24X 40

321



Pipe Support above ground
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. Ol ¢ YN I Dy ¢ 3000843 . Db
Pipe Support Plan Support of MWA's Pipe 91,200 mm.
Below ground ‘
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3.19 Pipe Support
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1 MARSPige $1.200mm /— MWA's Pipe 7 1,200 mm
F‘_ %
. ]
- Medium clay
- Soft clay
16,38 :
Additional Pile
Stiff clay A —

i Very stiff clay

dense sand

Silty clay

Existing Foundation Modified Foundation

SECTION A -A
FOUNDATION ABOVE GROUND

3.20 Pipe Support above Ground



2

Medium clay A Ppe 0020 .

Soft clay

Stiff clay

Very stiff clay

dense sand

Silty clay

SECTION B -8B
FOUNDATION BELOW GROUND

320 « Pipe Support below Ground
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3511 Pipe Support Foundation
Pipe Support 3.22
20 Cm.
Pile Tip
Pararell Seismic or Low Strain Pile Integrity Test
Crown of Tunnel 20 Cm.
Pipe Support Pipe
Support 60 Cm.
4
2
- 3
3.23

3.22
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- Shop Drawing

| | 7‘

g "
1D @ ® ®

“—  Tolocal To North Park
3.23
- dry process 60
Casing 63 5
15 ( +21.650 :
+36.65 )
- 16 (SD30) 6
5+5+6 0.9 covering 7.5
9 30
- 280 kglcm2 ( ) 28 ( )
4
- Seismic test
- Inspection Sheet
- 4
4
1-7
- 2
- 1
10 50
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30 Epoxy bonding

3.24

] 280 kg/cm2 ( ) 28 ( )
- Temporary Support

- 2.0X3.8X0.15 . RB9@0.2

- WEF 150 X 150 mm. 3.26

3.25 Temporary Support



- (Settlement)

351.2
pipe Support

(Structural Settlement)

a.) Foundation Below Ground
Point 1 3.26 station 1+949
) Foundation Above Ground
Point 4 3.26 station
-Station 1+959 3
- Station 1+961 3
- Station 1+983 3
- Station 1+985 3

68

Pipe Support

structural settlement

structural settlement

ST1-1, ST1-2, ST1-3
ST2-11ST2-2, ST2-3
ST3-11ST3-2, ST3-3

ST4-11ST4-2, ST4-3

TUNNEL AL INGMENT
STA 14949 [(TA1#959}— [STAT#985}— —{STA1+985]
P ™ VATER SUPPLY © 1200
> Additionol 4-@ 06 n / /
ﬁ7— Bore Pile /
Sli-l S12-1 S13-1 ) «s 183201
E‘i /
—0 0 M MW - / — TN
su-2[] H 1lsiz-2 sta-2f ] Hste —
e =h L;Ei] =
LI
R Existing 4-0.35 X 0.35 n =
S1i-3 %m—b:iven pite ST3-3— hisTa-3 !
A
; |
L

3.26 Instrumentation

Pipe Support
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3.5.2 Obstruction Qil pipe line, Fiber optic cable

Oil Pipe Line, Fiber Optic Cable Railway Embankment

Obstruction 3 3.27 3.28

a.) Oil Pipe Line 1 . Local
Road 1

b) Fiber Optic Cable
8 Local Road 1

C) Railway Embankment

Local Road
-

=
i [ ]
e kﬁber Optic
Cable ﬁ 'S
e T ETeg ) ey
=L \ " e A

R 4

o O \\ [ E s.:m:lb?nvbmem
MWA Water Supplied Tunnel i 2 ST% - -
S 5 o\a\ S
°\c\; )
\‘ ° % \‘(/
. ~=0 \%\
O\
i 3
b]' - N
9 K-
@:ﬂ B o]
61[ H

=i

S8

3.27 Plan Fiber Optic cable, Oil Pipe Line

Railway Embankment
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TOT - Fiber Obtic Coble

/ e @ 1000 MM. Qil Pipe Lmj
// 7 N
// // 687——1
P ‘,/ R
// o I >

Medium clay : $=0 j:lLO.dﬂ
c=2Um"2, Wn=18 % 1.0

Railway Embankment

Softclay : $=0
c=13Um*2, Wn =50 %

MWA Water Supplied Tunnel

Stiff clay : =0
c=11.6 Ym*2
Wn=25%

Very Stiff clay : $=0
c=13Um2
Wn=22%

Dense sand : ¢ =33
c=0Um"2, Wn=20%

Silty clay : ¢=0
¢ =206 ym'2
Wn =20 %

R T TI T B LII T C T ITB TI T II TT T BRI T T I T BRI T T T T TTRITTTTTTTTRITITITITTT e

3.28 Fiber Optic, Oil Pipe Line Embankment

3521 ' Fiber Optic cable,

Oil Pipe Line Railway Embankment

Test Section 1

Section Station 2+071 Extensometer 1



1

Inclinometer Ground Surface Settlement

3.29

a.) Extensometer 1 station  2+070.00 EXT-5 17
25, 85, 135 16.5

Qil pipe line, Fiber Optic Cable

3.30
b. ) Inclinometer 1 station 2+075.00 IN-3
0.5 m. 24.5
3.30
C. ) Ground Settlement Marker 1 station 2+108.00
40 Cm.
d. ) Nail Point 1 station  2+071

Oil pipe line, Fiber Optic Cable

Stainless Steel 76 mm.
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' PR
M S e Tl — +
W \ \J ﬁ
Symbols
+ Noil Point

For checking Verticol Ground
Surface Movement on Asphaltic RD
H Ground Settlenent Marker
For checking Vertical Ground
Surface Movement on Natural
Ground Surface
® Extensometer

For checking Vertical Ground
Movement
S Inclinometer

For checking Horizontal Ground
Movement

3.29

Oil Pipe Line

30

12,8,5,3,2,1.5,1

05,1 152,358

05, 1,2 3

n

Oll Pipe Line
Flmr Optic _ % ]./0
Coble Y #0r _
/ﬁ::ﬁ ’1‘{ e
& S o
& @,
Roilwoy
Embonkment

g

Fiberoptic cable,

Railway Embankment

Short Term

Short Term

12

Long Term



Very Stiff clay : 4=0

TUNNEL

(of T d
" e Fad S 2 g
rg— - i '——.:——-———-5——-1
FMedium clay = 6=0 ¥ 2 v
lo =2 Um*2, Wn = 18 %
H - 2.50 m reading point
. |
(2] |
H
H
Hsohtclay : $=0
He = 1.3 Um"2.wn = 50% - 8.50 m reading point
- g
H Extensometer \ Inclinome ter
H \ L
E - 13.50 m reading point
Flstft clay © $=0
e = A~ = Y/
peshiiman =21 - 16.50 m reading point

Ec =13 U2, Wn = 22% |
g -
[:: \ 20.6
tdenuuae ) =33
c=0Um*2, Wn=20%
- 25.0 m fix point
—{Silty clay : ¢=0
e = 20.6 Um*2,Wn = 20%
|
3.30 Inclinometer Extensometer sta 2+071 m.
e.) Mark Point 6 station
Mark Point

331

3.32

- Station 2+115 m. (Steel railway)

- Station 2+115.5 (Sleeper railway)

- Station 2+116 m.(Steel railway)

- Station 2+121 m.(Steel railway)

- Station 2+121.5 m. (Sleeper railway)

- Station 2+122 m. (steel railway)

73



TA2+1155

TA2+115.0

MWA Water Tunnel

s

009

008

-2

008
0oy

008

)

CROSS SECTION A - A

3.32 Mark Point
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(jhof Tunnel

I R T i el AR

[l

—

TILI

BERM

Medium clay $=0
c=2Um*2, Wn=18% |

L] |

TEIT

TTITIIT

Softclay : =0
c = 1.3 Ym*2,Wn = 50%

— - —

TTTTEITTTTITTITTERL

Stifi clay : ¢=0

¢ =11.6 Um"2,Wn = 25“ TUNNEL

Very Stiff clay © ¢=0
< =13 Um*2,Wn = 22%

TTIRIILI

@ 3400 211 m

0409—1

I

dense sand : $ =33
c=0Um"2, Wn =20%

Sity clay © ¢=0
¢ = 20.6 Um"2,Wn = 20%

TR I IR ITITTIIRIIT

331 Mark Point - sta 2+115, Sta. 2+115.5, Sta
.2+116, Sta. 2+121, Sta. 2+121.5 sta. 2+122

3.5.3 Obstruction North Park Underpass
North Park Underpass
(Exiting Pile) (Existing Foundation)
0.22 X0.22 . Bore Pile 0.35
(modified Foundation) | (Additional 1 pile)

150 X 150 mm. 28 . 3.33 3.34



O Existing Bored Pile @ 0.35 m.

O Existing Pile SQ - 022 x 022 m.
H Additional Pile I - 190 x 150 mm.

Modlifiec
Founclation

o\ g

Tunnel
Angnment

o a

- Hopewell (SRT)
Foundation

North Park Underpass



Depth below ground surface ( )

Exiting bored npile M

Medumday @ )=0
c=2tm&, =18%

Sotday =0
c=13tm~, =50 %

Existing
Bored pile
Siffday  4=0
c=16th =5%
Very stiffday : ¢=0

c=13tmA, =2 %

densesad @ §=3
c=0tm®2, =20%

Sityday : =0
c=206mMR1 =20%

3.34 Plan

7

Additional
Pile

Existing
D Pile

Underpass North Park



8

3531
Underpass
North Park
H 150 X 150 . Plan
3.34
- H 150 X 150
8 ( 16 )
2 ( 3.35)

- H 150 X 150 Hydraulic Jack 50

Reaction Frame 3.36

3.35 2



3.38

3.38

3.36

3.37

¢

Reacton Frame ( For Jacking )

JuL et X —1- >

J" Hydraulc Jack ( Copocity 2 50\tons )

Expand Hole AL

|
: Coring \
v \
[ » . ,
p* ! K i » ;> A
Additonal Steel Pie
Existing Pid
H 150 X 50 Hydraulic Jack 50
........... 4.
* ) 41\
o
(R - Costing Concrete o o~
I Top/Bottan Reinforcem ent
1
a .- —_—
; «al 1 2 -
oA 4 2 A1 . ' : \
e — \

- Additonal Steel Pie
Existing P e

(DB 16 @0.10

DB 12 @0.15
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- Asphaltic Concrete

3532

1824 1865 ( 42 )

80

steel segment

9 13

- Obstruction Pile

cutter head 2

- Screw conveyor

- high torque

- face pressure

Screw conveyor

20

over excavation

face pressure

Screw Conveyor
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3533 North Park
Underpass
3.39
a.) Ground Settlement Marker 2 station 2+148 sta
2+140
Inside underpass
40 Cm. Under pass
Above underpass
40 Cm. Under pass
Symbols
+ Seltlement Point
O Ewisting Bored Pile @ 0.35 m.
O Existing Pile SQ - 0.22 x 0.22 m =
= Additional Pile | — 150 x 150 mm s // MWA Water Tunnel
. .{\,:/- > /
Exiting bored pile Addition pile
0-035 n 1 - 150x1S0 mm.
5 X Ay
o/ of ipo % 0 ° STA 2+148
° s 5 1 50 el B e —+
s /ﬁ'&??‘;’oﬁ’fg\ L
. o ‘/ AIY A STA2+140
TN — FFA) s AL s
ofo o o/ / A
o fo o of / /
29 .10 L~Ii’¢<\>
ofo oo e
3.39 Ground settlement marker sta 2+148 Sta
2+140 Under pass North Park

3.5.4 OQObstruction

3.8
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Spun Pile 0.8 9 Pile
Tip 28 . 3.40 341
354.1 )
3.40
.) Magnetic Extensometer 1 station  2+210.71 EXT-6.
17 25,85, 135 16.5
341
.) Inclinometer 1 station 2+21280 IN-4,
Gravity  Sensing
Transducer 05 m. 235 o 13
3N
2 3
- 30
(Initial)
: Short Term

12,8, 5,3, 2 15,1 0

- Short Term
05,1 15,2,3,5,8 12

- Long Term

0.5, 112 3
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P.
>

9 Spun piles - @ 0.8 n. ﬁ
tip at -27.8 m__A

Extensometer e

Sto 2+210713 T ' LN
15

Inclinometer Sta 2+215.269

MWA Water Supply Tunnel

G-MC-7A Tunnel

3.40
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Fill

Soft clay : &
c=25tm2,
Wn =60 %

0

Stiffclay : =0
SPT = 15 tm"2,
Wn=20%

Medium sand : ¢ =33
¢ =0tUm*2, Wn = 18%

SPT =30

TR T I TR T T T I T TR T T T T T T TR T T T T T TR TT T T T T T RITTTITIT T T T I TTTT

Stiff clay : ¢=0
c=27.4Um"2,
Wn = 20 % SPT = 40

Go To city

Go out of city

surface

e’a n

——

SS

- 2.50.m reading

e

point

— Inclinome ter

-8.50 m reading

= 13,50 m readin

= 16.50 m readin

|

/—‘— Extensometer

point

5 point

b point

-

se
t——1218

TuNNEL

‘“&/
I———- oo

/

-204 n

-

- 25.0 m fix point

341

Inclinometer

Extensometer
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