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Center: Rotation:

X: 2.691e+000 X: 0.000
Y: 1.639%+001 Y: 0.000
Z: 6.500e+000 Z: 20.000
Dist: 1.800e+002  Mag.. 1

Ang.: 22.500
Surface
Magfac = 0.000e+000
Block Group

tunnel
surround

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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Settings: Model Perspective
14:31:45 Mon Aug 29 2011

Center: Rotation:
X:2.691e+000 X: 0.000
Y: 1.639¢+001 Y: 0.000

Z:6.500e+000 Z: 20.000
Dist: 1.800e+002 Mag.: 1
Ang.: 22.500

Surface
Magfac = 0.000e+000

Block Property cohesion

1.500000e+004
2.000000e+004
|| 3.000000e+004

|| 5.000000e+004

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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Step 4814 "
08:07:42 Tue Aug 30 2011
1.04
History
1 Max. Unbalanced Force 09l
Linestyle
2.786e+002 <-> 1.123e+005
VS. 0.84
Step
1.000+001 <-> 4.810e+003 074
0.64
0.54
0.44
0.34
0.2+
0.1
Itasca Consutting Group, Inc.
Minneapolis, MN USA

20

30 40
X103
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FLAC3D 3.00

Step 5463 Model Perspective
10:26:00 Sat Aug 11 2012

Center. Rotation:
X: 4.586e+000 X: 0.000
Y: 1.562e+001 Y: 0.000

Z: 2447e+000 Z: 20,000
Dist: 1.800e+002 Mag: 08
Ang. 22,500

Contour of SZZ

Magfac = 0.000e+000

Gradient Calculation
-7.3735e+005 to -7.0000e+005
-7.0000e+005 to -6.0000e+005
-6.0000e+005 to -5.0000e+005
-5.0000e+005 to -4,0000e+005
-4.0000e+005 to -3.0000e+005
-3.0000e+005 to -2.0000e+005
-2.0000e+005 to -1.0000e+005
-1.0000e+005 to 0.0000e+000
0.0000e+000to 1.7953e+001

Interval = 1.0e+005

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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Step 31601 Model Perspective
11:16:52 Mon Aug 29 2011

Center: Rotation:

X: 1.044e+001 X: 350.000

Y: 8.755e+000 Y: 0.000

Z: 8.496e+000 Z: 40.000

Dist: 9.510e+001 Mag: 1
Ang.: 22.500

Surface
Magfac = 0.000e+000

Block Group

tunnel
surround
|| mortar

SEL Geometry
Magfac = 0.000e+000

Itasca Consulting Group, Inc.
Minneapolis, MN  USA
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FLAC3D 3.00
Step 39722 Model Perspective

08:03:11 Tue Aug 30 2011
Center: Rotation:
X: 8.284e+000 X: 350.000
Y: 1.398e+001 Y: 0.000

Z: 8.496e+000 Z: 20.000
Dist: 5.314e+001 Mag.: 1
Ang.: 22.500

Surface
Magfac = 0.000e+000

Contour of Y-Displacement
Magfac = 0.000e+000

-3.3336e-002 to -3.0000e-002
-3.00006-002 to -2.5000e-002
5000e-002 to -2.0000e-002
~2.0000e-002 to -1.5000e-002
-1.5000e-002 to -1.0000e-002
-1.0000e-002 to -5.0000e-003
| 5.0000e-003 to 0.0000e+000
0.0000e+000to 0.0000e+000
Interval = 5.0e-003

Itasca Consulting Group, Inc.
Minneapolis, MN USA

-0 S

r

A ghaie ;0 )5 b ol (liae (o) 2 Joe
FLAC3D 3.00 1 | |
Step 39722 Model Perspective

07:59:09 Tue Aug 30 2011
Center: Rotation:
X: 8.284e+000 X: 350.000
Y: 1.398e+001 Y: 0.000

Z: 8.496e+000 Z: 20.000
Dist: 5.314e+001 Mag: 1
Ang.: 22.500

Lo,
DI

Surface
Magfac = 0.000+000

Contour of Z-Displacement
Magfac = 0.000e+000
-4.4078e-002 to -4.0000e-002
-4.0000e-002 to -3.5000e-002
-3.5000e-002 to -3.0000e-002
-3.0000e-002 to -2.5000e-002
~2.5000-002 to -2.0000e-002
-2.0000e-002 to -1.5000e-002
~1.50006-002 to -1.0000e-002
~1.0000e-002 to -5.0000e-003
-5.0000e-003 to 0.0000e+000
0.0000e+000to 5.0000e-003
5.0000e-003 to 7.3613e-003
Interval = 5.06-003
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Itasca Consulting Group, Inc.
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FLAC3D 3.00

Step 39722 Model Perspective
08:41:17 Tue Aug 30 2011

Center: Rotation:

X: 6.268e+000 X: 350.000

Y: 1.472e+001 Y: 0.000

Z: 6.469+000 Z: 40.000

Dist: 4.688e+001 Mag.: 1
Ang.. 22.500

Block State
None
shear-n shear-p
shear-n shear-p tension-p
shear-p
shear-p tension-p
tension-p

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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Step 42648 Model Perspective
05:09:19 Sun May 13 2012

Center: Rotation:

X: 3.015e-001 X: 0.000

Y: 2.035e+001 Y: 0.000

Z: 4.286e+000 Z: 20.000

Dist: 1.000e+002  Mag.: 381
Ang.. 22.500

Contour of Y-Displacement

Magfac = 0.000¢+000
-5.73266-003 to -4.00006-003
~4.0000-003 to -2.0000e-003
-2.0000e-003 to 0.0000e+000
0.0000e+000 to 2.0000e-003
2.0000e-003 to 4.0000e-003

Interval = 2.0e-003

Itasca Consulting Group, Inc.
Minneapolis, MN USA

doyn 00 Lid Jleel LA ghaiie )0 5 aies sbmls i oy Joe ) F-0 IS

FILAC3D 3.00

Step 42648 Model Perspective
05:11:22 Sun May 13 2012

Center: Rotation:
X: 4.141e+000 X: 0.000
Y: 1.895e+001 Y: 0.000

Z: 4.286e+000 Z: 20.000
Dist: 1.000e+002 Mag.: 381
Ang.: 22.500

Contour of Z-Displacement
Magfac = 0.000e+000
-3.4623e-002 to -3.0000e-002
-3.0000-002 to -2.5000e-002
-2.5000-002 to -2.0000e-002
~2.0000e-002 to -1.5000e-002
-1.5000-002 to -1.0000e-002
~1.0000-002 to -5.0000e-003
-5.0000e-003to 0.0000e+000
0.00002+000 to 1.2778e-003
Interval = 5.0e-003

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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FILAC3D 3.00

Step 44055 Model Perspective
11:19:09 Sun May 13 2012

Center: Rotation:
X:1.331e+000 X: 0.000
Y: 2.013e+001 Y: 0.000

Z: 3.051e+000 Z: 10.000
Dist: 1.000e+002 ~ Mag.: 4.77
Ang.: 22.500

Contour of Y-Displacement

Magfac = 0.000e+000
-2.6203-003 t0 -2.0000-003
-2.0000¢-003 to -1.0000¢-003
-1.0000e-003 o 0.00002+000
0.0000e+000 to 1.0000e-003
1.0000e-003 to 2.00006-003

Interval = 1.0e-003

Itasca Consutting Group, Inc.
Minneapolis, MN USA
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Step 44055 Model Perspective
11:12:35 Sun May 13 2012

Center: Rotation:

X: 2.926e+000 X: 0.000

Y: 1.939¢+001 Y: 0.000

Z: 5.707e+000 Z: 20.000

Dist: 1.000e+002  Mag.: 244
Ang.: 22.500

Contour of Z-Displacement
Magfac = 0.000e+000

-3.0000e-002 to -2.5000e-002

-2.5000e-002 to -2.0000e-002

-1.0000-002 to -5.0000-003

-5.0000e-003 to 0.0000e+000

0.00006+000to 1.4414e-003
Interval = 5.0e-003

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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Step 4309 Model Perspective
12:11:38 Mon Aug 29 2011

Center: Rotation:

X: 1.518e+000 X: 0.000

Y: 1.609e+001 Y: 0.000

Z: 4.500e+000 Z: 20.000

Dist: 1.800e+002 Mag.: 1
Ang.: 22.500

Surface

Magfac = 0.000e+000
Block Group

tunnel
surround

Itasca Consultting Group, Inc.
Minneapolis, MN USA
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Step 4309 Model Perspective
12:11:59 Mon Aug 29 2011

Center: Rotation:
X: 1.518e+000 X: 0.000
Y: 1.609¢+001 Y: 0.000

Z: 4.500e+000 Z: 20.000
Dist: 1.800e+002 Mag.: 1
Ang.: 22.500

Surface
Magfac = 0.000e+000

Block Property friction
2.000000+001
2.400000+001
3.500000e+001
4,000000+001

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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Step 4309
12:12:34 Mon Aug 29 2011 w

History
1 Max. Unbalanced Force
Linestyle
8.082e+002 <-> 1.684e+005

Vs. 2]
Step
1.000e+001 <-> 4.300e+003

084
064

044

024

Itasca Consutting Group, Inc. 10 20 30 40
Minneapolis, MN USA x1013

ey (sl a5 ¥ F-0 S5

FILAC3D 3.00

Step 4452 Model Perspective
11:40:52 Tue Apr 24 2012

Center: Rotation:

X: 4.500e+000 X: 0.000

Y: 1.500e+001 Y: 0.000

Z: 4.500e+000 Z: 20.000

Dist: 1.800e+002 Mag.: 08
Ang.: 22.500

Surface
Magfac = 0.000e+000

Contour of SZZ

Magfac = 0.000e+000

Gradient Calculation
-7.3042e+005 to -7.0000e+005
-7.0000e+005 to -6.0000e+005
-6.0000e+005 to -5.0000e+005
-5.0000e+005 to -4.0000e+005
-4.0000e+005 to -3.0000e+005
-3.0000e+005 to -2.0000e+005
-2.0000e+005 to -1.0000e+005
-1.0000e+005 to 0.0000e+000
0.0000e+000 to 1.0053e+001

Interval = 1.0e+005

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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FLAC3D 3.00

Step 90837 Model Perspective
12:21:38 Mon Aug 29 2011

Center: Rotation:

X: 4.482e+000 X: 350.000

Y: 1.502e+001 Y: 0.000

Z:7.649e+000 Z: 20.000

Dist: 5.905e+001 Mag.: 1
Ang.: 22.500

Surface

Magfac = 0.000e+000
Contour of Y-Displacement

I agfac = 0.0006+000
-6.9155¢-002 to -5.0000e-002
[ -6.0000e-002 to -5.0000e-002
|_|-5.00006-002 to -4.0000e-002
| -4.0000e-002 to -3.0000e-002
| -3.00006-002 to -2.0000e-002
-] -2.00006-002 to -1.0000-002
["|-1.0000e-002 to 0.0000e+000
1| 0.0000e+000to 0.0000e+000

o R
Interval = 1,0e-002 R

RN
S

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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FLAC3D 3.00

Step 90837 Model Perspective
12:06:23 Mon Aug 29 2011

Center: Rotation:

X: 6.276e+000 X: 350.000

Y: 1.207e+001 Y: 0.000

Z:7.698e+000 Z: 30.000

Dist: 5.314e+001 Mag.: 1
Ang.: 22.500

Surface
Magfac = 0.000¢+000

Contour of Z-Displacement
I agfac = 0.000e+000

~4.84286-002 to -4.5000e-002
~4.5000e-002 to -4.0000e-002
~4,0000e-002 to -3.5000e-002
-3.5000e-002 to -3.0000e-002
-3.0000e-002 to -2.5000e-002
[ |-25000e-002 to -2.0000e-002
|| -2.0000e-002 to -1.5000e-002
|| -1.5000e-002 to -1.0000e-002
|| -1.0000e-002 to -5.0000e-003
|| 5.0000e-003 to 0.00006+000
0.00006+000to 5.0000e-003
5.0000e-003 to 8.53826-003
Interval = 5.0e-003

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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FLAC3D 3.00

Step 90837 Model Perspective
14:46:33 Mon Aug 29 2011

Center: Rotation:
X: 3.497e+000 X: 350.000
Y: 1.653e+001 Y: 0.000
Z:7.698e+000 Z: 30.000
Dist: 4.735e+001 Mag.: 1
Ang.: 22.500
Surface
Magfac = 0.000e+000

Block State

None

shear-n shear-p

shear-n shear-p tension-p

shear-p

shear-p tension-p

tension-p

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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FILAC3D3.00

Step 38468 Model Perspective
09:07:28 Sun May 13 2012

Center: Rotation:

X: 4.687e-001 X: 0.000

Y: 2.259¢+001 Y: 0.000

Z:5.914e+000 Z: 30.000

Dist: 1.000e+002  Mag.: 3.05
Ang.: 22.500

Contour of Y-Displacement
Magfac = 0.000e+000
-9.6579¢-003 to -9.0000e-003

Itasca Consutting Group, Inc.
Minneapolis, MN USA
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FLAC3D 3.00

Step 38468 Model Perspective
09:18:30 Sun May 13 2012

Center: Rotation:

X: 7.104e+000 X: 0.000

Y: 1.876e+001 Y: 0.000

Z:4.637e+000 Z: 30.000

Dist: 1.000e+002 ~ Mag.: 244
Ang.: 22.500

Contour of Z-Displacement
Magfac = 0.000e+000
-3.7002€-002 to -3.50008-002
-3.5000e-002 to -3.0000-002
-3.0000e-002 to -2.50006-002
-2.5000e-002 to -2.0000e-002
~2.0000e-002 to -1.50008-002
-1.5000e-002 to -1.0000e-002
~1.0000e-002 to -5.0000e-003
-6.0000e-003 to 0.0000e+000
0.0000e+000to 2.6958¢-004
Interval = 5.0e-003

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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Step 39105 Model e
03:37:02 Mon May 14 2012

Center: Rotation:

X: 1.381e+000 X: 0.000

Y: 1.996e+001 Y: 0.000

Z: 4.493e+000 Z: 20.000

Dist: 1.000e+002  Mag.: 381
Ang.: 22.500

Contour of Y-Displacement

[ XN
i "'. % ::3 :\
ey 9,9.0.9°4% ¢
;',2:::0:0:‘:‘\““‘

Itasca Consutting Group. Inc.
Minneapolis, MN USA
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Step 39105 Model Perspective
03:44:25 Mon May 14 2012

Center: Rotation:
X: 6.301e+000 X: 0.000
Y: 1.817e+001 Y: 0.000

Z: 4.493e+000 Z: 20.000
Dist 1.000e+002  Mag.: 3.05
Ang.. 22500

Contour of Z-Displacement

Interval = 5.0e-003

Itasca Consutting Group, Inc.
Minneapolis, MN USA

B ghie ;5 ,Lad oy ) s Jloel b Jigs gl (albmlr Glies (ow) 2 Joe ¥7-0 SO

Settlement
-30 =20 (1] } 10 20 30
'.'i &5
3
qa 1
1.5 {me) JU7 dopw Jldloald

SECB - ,Lid wo o Voo Jlosl b g ,e aaie )0 (e gaw Conciid jloges :YY-0 S5

Settlement

-25 -20 -15 -10 -5

10

(me) U dos Jlalald __4p

SECB-,Lad aopo Vo v Jlosl b Job abaie ;5 (pen) gelaws o loges FA-D S

\YO



»

/.LL(A'Vd/’%)/_f;/j/’,«t/j)ﬁ/_f‘{ f:./_f’

5 (TV-0) o JSs jo (Jsby (oo,0 bdon wizeen 5 mls 5l g S8, Jlasl &5 jshailen
736 GbsS 093l a5 il GialS e o VB 4 i ;0 Canid Jlade 050 g0 atine (YA-0)

los S am & Jlael Lad e

G gox B0
2@l Caled 0 a5 K85 3 pn ) 05e 0ad QL] ddlaie gove Jolod Jad cl o

Aol Cawds

L aS 00gs yio il VIV )15 asws olml> 5L cdls 0 A ghie o gildo mls 4 axgs b -
03gaztes S sl 10 g 009 e > 3l o Sl s oyl ‘Q—l Sl Jlode 4 axgl
O PPNV T HP VSRS GEJUM SC P VR L g T owe

L aS oogs yio gl #1115 acws obul> 5L cdls 0 B alais o gildos mls 4 axgs L -
3 9009 cdl> (pl jo e wx iy Sbul> e opl Gl Sl QT Hoke 4 ax>gl
Al oo Hlaubl g o) (KitenS a4 )5 aw c0guoe S A

Sho Gt polie 0gd oo odalive Hlai 090 alade g0 jo JSaiw a4 s vo o B Jleel b~
Dl jmalS 1y 059 sldai e g 0ges (g lax HLad (pl b Jes ;0 (g5 0 4 WIS o lag ralS

G Conis ppolio a5 0l alaxde (g5 de adaie 90 ;0 aiw a4 aoyo Voo Lid Jlesl b -
Wb oo B a4 Jleel [Lid ciie 1306 LS 095 pl db so ialS sy B Il 4
YUyt Jlais] oS 5ol ouds awle jlade 31 Jleel [lid jlaae ST cidls axgi wul aldl

D Jlosl oalls dwle 00gazme ;o Jlosl JLid b g 0pl 510,10 0529 (yo) g jo0 ()

\Y¥#






& o &%
&’)L:':.:)Q//C’ //vf’

|

doddo \-F
Bble @ ey 5 St (5548 a8 Vo Jigh (6)la pne (6,08 5l Gy ¢ pol (3o )0
R son 9 Jelo 9,50 FLAC3D 381 6 5 o datts 3blis ¢ 5L > o (gl 6l anine
55b 9 EPB cdl> g0 j0 (5l (sla g,y dunlio 4 s i pgun g pgo b 50 5uiod (pl j0 28
Bblo ooz Glodad o ol wslsy gl Barw Lid awlbe Ll 5 o) by, ()
R 97 3590 s (b g (alidine) Slbbe a5k el e g )li ol asts
ool e el asls n FLAC3D 38l o5 b 5L > jo Bei g)lul Judot 4 55 ooy Juad j0 08,8

Dy g0 ANy Dlolpiing 5 @l &) & aeb)bl 5l Jad

S a5 V-7

22,5 M 5 7y 4 GleE e 1) Gaios (pl 5l Jol> s

9 b O gy (e ol S 3l lidl g Cumem 538l 59, GBI L@
3 Lmo)'L.» J*‘-" Cﬁ.‘ las| 6‘)% oli} )L..M QLA)' J),p g Ainid A d>gi Lol oo; ‘.,\.u ‘s,l.o-
Shwo byl gylal Las 4 axgs laojle opl jo sl oo o 8le JE g Jo S @
Abbge S8 slaacs 5l Sage

S e g ol &8y sy 2 090 LBl B Tal 5l e oy o5l ol Judod Wiy BuBiod (pl o @
0siS lgan Wlgi e 45 0b o coue o, 5l oolitul b 5 se Fev Jsb 4 yoans

\YA



&’)L;?vi(')/ﬁ. }/‘jﬂ’

|

Syge ;0 el ol @l @ 4z g b9 S8 Do Baiod (nl )05 g3 b a Az L @
Ol 4 a5 005 5l ojle a4 Sl sl Sew bl o g la> g, 5l eolatul
3,18 ol pags 059 sl Jlo ol
Ol oe el Cawds cmlio s ] Gose g g soye 00 Jlad Jleel L oaS Lxl 5l @
I L oge gl woyo O lid Jlel L) o #ee Job 4 L2 b M2 oS! Joléns
oeals cel 095 pl aS cdl wales rals [Lis akhese Sl ool aill olge Jlade Jos

Sy anye Lals axl ;0 g A5 pgd Jlade

Ololpsuioy Y-F
Ly wdbioe ol con gloy g ange 51 3 By el o ape 455 (gl Sl (oo @
i a8 ol Gy g Wl jle Bigs s Jlubl ylas Jlexal 5L cdl> jo (sl
9h )8 508 350 59) Oloj g e halS gl 5 09h plamilond S &g 4
Olis oy B Jlesl b L2 5 M2 olfiws] Jolbos jo yes 5 o5 9gde Slpiiey ®
ol 00gde pl odile yidu (glp QT 3 Jols mls g 38 Il caai bog 0gd (g la>
D9 (6 S
9 S ais S (il sl (2B o (1 g8 Slge ) oolitul (glxy 9l ge Slpiiy @

s sl ) A1 olge coanS (o il Giole rals

A






[V] Bono.R., (2003), “Tunnelling Division-Metro Barcelona Linea 9”°.

FY o jles o) FobT alikad " ile JUIS g5 ( S3le cpip " OYAY) (Sleislo slocS 1o ezl 51 [Y]

O o

OYAN) (Jolo jolie Crmwaige « dedin (00 Hlhad Yoz figh (o)l e i3 955 Slalllas [¥]

oSS 555 Slaseiin Lolul (g la> cuile Slsl (SigSa " d(VWA4) g (ilaas g .p (o) 1 Bl [0]

By e saled et 5 lew] lales s " ol a5 g5 Va3 (6850 aslllas (5,48 sla b5 o

[#] www.fhwa.dot.gov, Federal Highway Administration
[V] Toan.D.N, (2006), Master thesis ““TBM and Lining Essential Interfaces’’ Politecnico di
Torino.pp 33.

[A] LOVAT P., (2007), “Selection of Earth Pressure Balance or Slurry Pressure Balance Tunnel

Boring Machines”
[4] Lang maack L. , (2002), “SOIL CONDITIONING FOR TBM CHANCES & LIMITS”.

[) -] Sharm EL-Sheikh. , (2006), “Utilization of underground space in Urban areas”
OYAD) NFM s 5 EPB g4 TBM ol%sis 0 bgs e sloisgel [VV]

AT ol dcwbe e 6 a8 Yoz g5 (o)l o (5,950 ol 35 [V Y]
[ ¥] Dipl.-Ing. Lars Langmaack., “The Truth about soil conditioning”. BASF construction chemical

Europe Ltd, Vulkanstr. 110 CH-80480 Ziirich.
Y-y o ‘Qﬁ.ﬂ o0k A Sl " S5 655 (ewdigeo Jso! "OVYAN) y9sl s‘5§5.>Uo [\\‘]

Ol oBiils oyl jas cwdige (o 0,58

[V#] Vittorio Guglielmetti, Piergiorgio Grasso, Ashraf Mahtab, Shulin Xu (2007)‘“Mechanized

tunnelling in urban areas: design methodology andconstruction control’” publishing Taylor &
Francis e-Library 89-101. 364-372. 390-402.

[Vv] Han Kim,Seung.(2010), PhD. thesis “Large Tunnels for Transportation Purposes and Face

Stability of Mechanically Driven Tunnels in Soft Ground’” The University of Texas at Austin.pp
130-159.

VFY


http://www.fhwa.dot.gov/
http://www.fhwa.dot.gov/

&

[YA] Toan.D.N, (2006), Master thesis ‘““TBM and Lining Essential Interfaces’’ Politecnico di
Torino.pp 22-27. 52-60.

[V4] Kirsch.A. (2010), ‘“Experimental and numerical investigation of the face stability of shallow
tunnels in sand’’.logos Verlag Berlin GmbH.pp 43-62.

o9 25 b by Sar 6,laeS JLad s ledy, amalio ' O PAA ol s i ciomae bl b lises [Y -]

. - . . .o . R Py " . . . . P
Ol A o Olpl cansy faime g (pwaipe (pwlid (uej il RS el T8 Y b3 g la b

[¥V] Mohkam,m.(1989) ‘‘Combining Proper Confinement Pressure And Adequate Slurry for

Passing Beneth Existing Structtures Securely With Slurry shild’’france.pp 312-318
[YY] ITA, (2000), ‘‘Guidelines for the design of shield tunnel lining’’ International Tunnelling

AssociationVVolume 15, Number 3.
[YY] Terzaghi. K. (1934). “Theoretical Soil Mechanics’’. John Wiley & Sons.pp 70-76. 194-200.
[Y¥] Tien.J.H (1996), Master thesis ‘A Literature Study of The Arching Effect”’. civil engineering

national taiwan university.pp 39-45,120-134.
[Yo] Druy greenwood.Jedediah,(2003), Master thesis, ‘“Three Dimensional Analysis oF Surface

Settlement in soft Ground Tunneling’’University of Minnesota.pp 51-54.
[v#] Grant,Richard J and Neil Taylor,R. “ Stability of Tunnels in Clay with Overlying Layers

Coarse Grained Soil”’.pp 1-2.
[YV] Jancsecz, S and Steiner, W. (1994) “Face support for a large mix-shield in heterogeneous

ground conditions”. Tunnelling 94, conf. proc., Inst. of Mining and Metallurgy and British
Tunnelling Society, Chapman and Hall, London, UK. Pp 5-10

[YA] Mohammadi,Javad and Shahriar,korosh and Moarefvand, Parviz,(2011), ‘‘Tunnel Face

Stability Analysis in Soft Ground in Urban Tunneling by EPB Shield.(Case Study: 7th Line in
Tehran Metro)”’ Australian Journal of Basic and Applied Sciences. pp 592-594

[Y4] Broere,W (2001), PhD. Thesis.“Tunnel Face Stability & New CPT Applications’® Delft
University of Technology, The Netherlands. Pp 28-35.
ey, 5l ooliiul LEPB Ll figs (s,lim ;o ,Sa jLed fas " () FA ) euzmansdigs - aunmesobl gl Y]

. . . " sa . . " .
OlE O o olpl S Sl § ST 85 waige (Mol (o Golor (e )loz T (Ll

[¥V] Anagnostou.G and Kovari.K (1997) “Face stabilisationin closed shield tunnelling’’, Rapid

Excavation and Tunnel Construction, Las Vegas. pp 555-558.

KVURNG. U INUIS - SICISCHN Jch L -V RGIT L | 7 VOUIEIUS SRR SN SKVESWENTEY | o

"

anllas EPB oo b (5o by 5 (oob o) grlaw i (hdowi g oy2 0,510 " VYA (sge ¢ (i TY]

Ol emlid omey crozml Gialed em3il " dpidne 5900 ¥ e (58,50

\FY



&
6005, piy S i slagysy LS ,5 Ll il g oSl o b3l Julos " (VYA plige ¢ (con> [YF]
BV LY o ¥ bl )l pl ol SIS g ol ol alome " Ggie Oyt g5 0 (gaSgil S
TYAYA ool oyl VA Olo "SS585 wiige Jgo! " OVTAA) (sulis o s>l [Y0]
oo S 53 )3 g S 3 5 ] s 1 OTAD Lo 5 S s 52 17]
O e s oIS o] (ol (0 o islod (ot Yo

[¥V] WarrenWangryul Jee and Sang-Gui Ha (2007) “Feasible Boulder treatment methods for soft

ground shielded TBM’’, Daehan Consultant, Co. Ltd., Seoul, South Korea.

OYA) (Gioail sl jglie Crawiigeo o6, e SLiSTo55 Slallas [YA]

oS Craazan " ool Bigs ((ouss,D) oy sleKiw 5o (S8 SIS as oy " (VYA ) o ol o e[ Y]
oolitul LEPB L ls g5 (s lam 0 ) ancw [Lad o ' d(1 T Joummac s s - dlll Siseg 13- dmase sbT gl [¥+]
- N . 7. . .. n . . . - .

Fig e Ginler et 5 olew! Linlea ituss T led a3 (59500 (69,90 anlllas (go0e i)

[fV] Youd, L. T.,(1978), “Major Cause of Earthquake Damage is Ground Failure **, Civil Eng, pp.

47-51.

OYAR) cgpbon (5506 B o8 1 o s (590 bslas ye i [FY]

OYAR) (ol jgline ramiigen « Sgon (5500 B Y das Jig5 (5l yane iS55 Slalllas [FY]

OTYAY) wgin (5 08 Hlad &8 1o wagiin 64 jld Yas Jigs jaame L3135 [F]

OFA) olile ol jalie pmsigen ¢ e (508 )l Yas fig5 (55l ae (slaoly CosBgn (o) [F0]
OFA0) 5] jsline ramiign ¢ dgne (500 a8 Y as Jig (5 )li> yoms b Slalllas [¥5]

Olesbe e e sl 030 (S Ay S sdiee omilid may GBI " VYA ) pol usie LSL-[FY]
" . . N
S32y ObelP il w9 (S

\FY



&

[*A] Herrenknecht, M. and Frenzel, C., (2005). “Long Tunnels in Hard Rock—A Preliminary
Review’’, pp. 343-349.

[f4] Itasca Consulting Group., Inc., (2005). “FLAC3D, Fast Lagrangian Analysis of Continua in 3

Dimensions’’, version3.2,users Manual.

V¥






_"/5;

Open cdls o oliiws jlige Jol o V-

@)Lo Al Hlgi B> @

Gole> S b Wais Lid aay gl S jo @%)La A g sl 00,80 Jdo a

sl iy ed Ol Bl olie a5 055 >

gl A Jlg (>g,5 azm o s -

i

Y] gele dlisJlgs (g5 azm o 5l oo :0-0) S

VY5



—%

a2 S5 iy alhase 31 5l g Sl oo jle Caand (0 Szl -

VY] gle 4l g ool oo 5l oolod (Y-0) JSCs

a,b & loi (605,9 aom )0 ey -

1Y) gyle i Jlsi (09,5 4z 51 s (P-0) S

\FY



_"/5;

HUS Hgae Ll jo jB a1 pgd 32,55 Grdlg) ousas Jlail sla,lpl B> @

[\ T] I3 GL‘Z"U}J o..\;.moJLAS\ 6&’)‘)’:" )| u"L"" (\c—u) J&w

Sl Olxiis cua g HLid SEBT 515 glosisS balko Bis @

\FA



_"/5;

Wt b O 32,5 soalyd owino JLail b ll cuai @

L T

VY] T Gy sloals) oams Jlas! sla, il 51 les :(F-0) U

M Hlgi oS glor a1 Gbowl) yo wa J ey (Sl o sokr 41 9y lml @

00

TUie v U o ool

[\Y] Ko Lgl.as)}?yo e L;L:o)b’_)‘ )l @Lo.; (V—u) Jiw

T

[\Y] )Ln_> als m 0l s Slras )‘ @Lo..’ (A—u_:) J&m

1¥4



_"/5;

(o) w2 yl5 Culy abdxo 510 a4 (1) A& Hlgi oS ol @

VY] e olfius gl sla 5l 5l alod Q) U

Sl @5 U3 Ay (£o 359l 9 92 515 (59 p9d 31,5 sl i

VYT lopl 655 )18 e 5 Gy sladls) 51 oled () - ) U

(1) S g5 515 4 gt oo Ul 52531 (F) Al lgi (30,5 Lol @

VY]Vl 5 a0 ¥ yles Jlast 51 oles :(VV-0) IS

VO



Abstract

Construction of tunnel and underground spaces in urban areas are daily developing.
Most of these spaces are excavated in soil bed due to adjacency to ground surface. One of
the important and effective concerns in construction of underground spaces is cost and
development rate of the project, therefore in this research by concentration on two sections
of Mashhad urban subway line2 tunnel, excavation in open mode for cost and also
excavation time reduction has been investigated. After analysis of these two sections by
FLAC3D software, in the first section it was shown that in spite of appropriate geological
conditions of this section, settlement value has exceeded the allowable value and reaches
4.4 centimeters in tunnel heading and 3.3 centimeters in tunnel face. Also in the second
section settlement value in heading and face of tunnel was resulted 4.9 and 6.9 centimeters
respectively. According to the results, it was determined that excavation risk in open mode
in these sections is high due to the exceeding of settlement value from allowable limit and
excavation probability in open mode is reduced and so it can't be excavated in this mode.
After modeling by applying %50 and %2100 of the calculated pressure to face in the first
section, it was observed that the settlement value in face is reduced to 5.7 millimeter and
2.6 millimeter respectively. Also by applying %50 and %100 of the calculated pressure to
face in the second section, it was observed that the settlement value in face reaches 9.6
millimeter and 1.5 millimeter respectively. According to the allowable limits of settlement
by applying %50 of the calculated pressure in both sections, it is observed that the
settlement values in this situation has been reduced rather than the case in open mode that it
increases excavation probability by applying pressure of %50 and hereby injection foam
volume is reduced as well as reduction of material volume filled in the pressure chamber

and as a result, it followed by decrease in costs of the project.

Keywords: Underground Spaces, Face Pressure, Open Excavation, Settlement,
Mashhad Subway Line2 Project, FLAC3D Software.
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