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FLAC3D 3.00

Step 360 Model Perspective
09:38:39 Tue Jun 30 2015

Center: Rotation:

X: 1.500e+001 X: 0.000

Y: 2.000e+001 Y: 0.000

Z: 0.000e+000 Z: 30.000

Dist: 1.859e+002 Mag.: 1
Ang.: 22.500

Block Group

None
tunnel

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

Step 25347 Model Perspective
12:21:06 Wed Jul 01 2015

Center: Rotation:

X: 1.500e+001 X: 0.000

Y: 2.000e+001 Y: 0.000

Z:0.000e+000 Z: 60.000

Dist: 1.859e+002  Mag: 1
Ang.: 22.500

Contour of Displacement Mag.
Magfac = 0.000e+000
0.0000e+000to 1.0000e-002
2.0000e-002to 3.0000e-002
4.0000e-002to 5.0000e-002
| 6.0000e-002to 7.0000e-002
|| 8:0000e-002t0 9.0000e-002
1.0000e-001 to 1.1000e-001
1.2000e-001 to 1.3000e-001
1.4000-001 to 1.5000e-001
] 16000e-001 to 1.7000e-001
| 1.8000e-001 to 1.9000e-001
2.0000e-001 to 2.0184e-001
Interval = 1.0e-002

Axes
Fixed
Linestyle

Itasca Consulting Group. Inc.
Minneapolis, MN USA

View Title: Chaloos Tunnel

SIS 95 gd e Sl po Fig jo oad sl sl V-0 S

FLAC3D 3.00

Step 25347 Model Perspective
11:26:49 Wed Jul 01 2015

Center: Rotation:

X: 1.500e+001 X: 360.000

Y: 2.000e+001 Y: 0.000

Z:0.000e+000 Z: 40.000

Dist: 1.859e+002  Mag: 1
Ang.: 22.500

Block State
None

|_|shear-n shear-p

shear-n shear-p tension-p

|| shear-n tension-n shear-p tension-p
shear-p

| |shear-p tension-p

Axes
Fixed
Linestyle

Itasca Consulting Group. Inc.
Minneapolis, MN USA

View Title: Chaloos Tunnel
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FILAC3D 3.00

Step 18986 Model Perspective
23:18:29 Sat Sep 122015

View Title: CHALOOS TUNNEL

Center: Rotation:

X: 1.500e+001 X: 0.000

Y: 2.000e+001 Y: 0.000

Z: 0.000e+000 Z: 50.000

Dist: 1.859e+002  Mag.: 1
Ang.: 22.500

Contour of Displacement Mag.

Magfac = 0.000e+000
0.0000e+000to 1.0000e-002
2.0000e-002to 3.0000e-002
4.0000e-002to 5.0000e-002
6.0000e-002to 7.0000e-002
8.0000e-002to 9.0000e-002
1.0000e-001 to 1.1000e-001
1.2000e-001 to 1.3000e-001
1.4000-001 to 1.5000e-001
1.6000e-001 to 1.6323e-001

Interval = 1.0e-002

SEL Geometry
Magfac = 0.000e+000
Axes

Fixed

Linestyle

ltasca Consulting Group. Inc.
Minneapolis, MN USA

oo oolwl adgl (6,105 51 aS (g la Jow 40 saw] 899w lasloul> F-0 IS

FLAC3D 3.00

Step 18986 Model Perspective
23:19:34 Sat Sep 122015

View Title: CHALOOS TUNNEL

Center: Rotation:

X: 1.500e+001 X: 0.000

Y: 2.000e+001 Y: 0.000

Z: 0.000e+000 Z: 50.000

Dist: 1.859e+002  Mag.: 1
Ang.: 22.500

Block State

None

|| shear-n shear-p

|| shear-n shear-p tension-p

shear-n tension-n shear-p tension-p
shear-p

|| shear-p tension-p

Axes
Fixed
Linestyle

SEL Geometry
Magfac = 0.000e+000

Itasca Consulting Group. Inc.
Minneapolis, MN USA
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FLAC3D 3.00 View Title: CHALOOS TUNNEL

Step 20866 Model Perspective
23:27:15 Sat Sep 122015

Center: Rotation:

X: 1.500e+001 X: 0.000

Y: 2.000e+001 Y: 0.000

Z:0.000e+000 Z: 40.000

Dist: 1.859e+002  Mag.: 1
Ang.: 22.500

Contour of Displacement Mag.

Magfac = 0.000e+000
0.0000¢+000 0 1.0000e-002
2.0000e-002to 3.0000e-002
4,0000e-002to 5.0000e-002
6.0000e-002to 7.0000e-002
8.0000e-002to 9.0000e-002
1.0000¢-001 to 1.1000e-001
1.20006-001 to 1.3000e-001
1.4000e-001 to 1.5000e-001
1.6000e-001 to 1.6604¢-001

Interval = 1.0e-002

SEL Geometry
Magfac = 0.000e+000

Axes
Fixed
Linestyle —————

Itasca Consulting Group. Inc.
Minneapolis, MN USA
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FLAC3D 3.00 View Title: CHALOOS TUNNEL

Step 20866 Model Perspective
23:29:02 Sat Sep 122015

Center: Rotation:

X: 1.500e+001 X: 0.000

Y: 2.000e+001 Y: 0.000

Z:0.000e+000 Z: 40.000

Dist: 1.859e+002  Mag.: 1
Ang.: 22.500

Block State

None

|| shear-n shear-p

| | shear-n shear-p tension-p

shear-n tension-n shear-p tension-p
shear-p

| |shear-p tension-p

Axes
Fixed
Linestyle

SEL Geometry
Magfac = 0.000e+000

Itasca Consutting Group, Inc.
Minneapolis, MN USA
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FLAC3D 3.00
Step 15636 Model Perspective

View Title: CHLOOS TUNNEL

00:02:18 Sun Sep 13 2015

Center: Rotation:

X: 1.500e+001 X: 0.000

Y: 2.000e+001 Y: 0.000

Z: 0.000e+000 Z: 50.000

Dist: 1.859e+002  Mag.: 1
Ang.: 22.500

Contour of Displacement Mag.

Magfac = 0.000e+000
0.0000e+000to 2.0000e-002
2.0000e-002to 4.0000e-002
4.0000e-002to 6.0000e-002
6.0000e-002to 8.0000e-002
8.0000e-002t0 1.00002-001
1.0000e-001 to 1.2000e-001
1.2000e-001 to 1.4000e-001
1.4000e-001 to 1.4741e-001

Interval = 2.0e-002

Axes
Fixed
Linestyle

SEL Geometry
Magfac = 0.000e+000

ltasca Consulting Group. Inc.
Minneapolis, MN  USA

T
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FLAC3D 3.00
Step 15636 Model Perspective

View Title: CHLOOS TUNNEL

00:05:43 Sun Sep 13 2015
Center: Rotation:
X: 1.500e+001 X: 0.000
Y: 2.000e+001 Y: 0.000
Z:0.000e+000 Z: 50.000
Dist: 1.859e+002 Mag.: 1
Ang.: 22.500
Block State
None
shear-n shear-p
shear-p
Axes
Fixed
Linestyle
SEL Geometry

Magfac = 0.000e+000

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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FLAC3D 3.00 View Title: Chaloos Tunnel

Step 15620 Plane Perspective
09:32:25 Tue Jul 07 2015

Origin: Normal:

X: 1.343e+001 X:-0.754
Y:2.121e+001 Y:-0.633
Z:-2.387e+000 Z: 0174

Dip: 80.000 ZAng: 0.000

DD: 230.000 Dist: 1.859e+002
Mag: 244
Ang.: 22.500

Contour of Displacement Mag.
Magfac = 0.000e+000
1.2523¢-005 to 2.0000e-002
2.0000e-002to 4.0000e-002
4,0000e-002to 6.0000e-002
|| 6.:0000e-002t0 8.0000e-002

1.2000e-001 to 1.4000e-001
1.4000e-001 to 1.6000e-001
| 1.6000-001 to 1.6640e-001
Interval = 2.0e-002

Magfac = 0.000e+000
Axes

Fixed

Linestyle

Itasca Consulting Group. Inc.
Minneapolis, MN USA

e e Sy wed Jlesl b g SLbl o onal 092y 4y sl V-0 IS5

FLAC3D 3.00 View Title: Chaloos Tunnel

Step 15620 Plane Perspective
09:29:48 Tue Jul 07 2015

Origin: Normal:

X: 1.343e+001 X:-0.754
Y:2.121e+001 Y:-0.633
Z:-2.387e+000 Z: 0174

Dip: 80.000 ZAng: 0.000
DD: 230.000 Dist: 1.859e+002
Mag: 244
Ang.: 22.500
Block State
None
shear-n shear-p
|| shear-n shear-p tension-p
shear-p
|| shear-p tension-p
Axes
Fixed
Linestyle

Magfac = 0.0006+000

Itasca Consulting Group, Inc.
Minneapolis, MN USA

Gy daw (5 wod Jlasl b gy Blbl )5 ol olow| Sadly 4zl V V-0 S

YA



Syio i Job Y-V 50

Jlssl 005 (s )li> Jigs 520 Y8 sb 19 (55 msb Sy S g3ame o 555 Al el sl

Slade ol aS il oo yie gl VA Tosaa By gl Cwand po ool 3s29 & slule e (o yiden

Semedly 4l 5 sl lgee a3 & VY=0 S5 o VV=0 JSE ablo 650 dw s il 50

Do o Hlis |y ednl 3939 4 (5 wsd g9 opl Jlesl b aS g5 Sl bl o sads sl
Sywodi Job  Y-V\-7-0

a5 opd e Jlosl JSg5 ool ;i aml LS 0 (6,02 098 S R e Sl nl Gl

L il e yie /¥ 54300 ¥ jia ¥ casi i 4o 5 o ol o loalg) (s Joalold 5 con o Liiguon
Ol il e lo YIB b5 gl 50 ool o9z a4y sl (lies iyt 65 w98 0l Jlos!
VO St 5 VE-D S il o 6yt Uit <ol 95 5 (6 yie s Al il Jlgz Togas e

i o Hlid 1) Cdls ol )0 el 993y 4 Seitdl Al g sbmuls Gl cuS 5 4 s
S0 003lgs Jeb  T-V\-F-0

Dy ot slonl o8 00l (g5l Jue Cad j0 (50> wed (5w, Jlesl L Il oyl

Wil jo o fF gax oV e ¥ ey a po adle pl jo gls alold g ool ( Sliguan pioren
o il e il T U Ly 2l ceod (o ool 325 & ol e o ion o s ol (o
Ol Jlesl b By Blbol jo ol olom! SCodly 4l g slml> 55 VV-0 S0 9 V2-0 S0 .0 oo

Bad oo US|y (6 5 g8 £

va



FLAC3D 3.00 View Title: Chaloos Tunnel

Step 15636 Model Perspective
09:42:18 Tue Jul 07 2015

Center: Rotation:

X: 1.265e+001 X: 10.000

Y: 2.198e+001 Y: 0.000

Z:-2.983e+000 Z: 50.000

Dist: 1.859e+002  Mag. 244
Ang.: 22.500

Contour of Displacement Mag.
Magfac = 0.000¢+000
7.9382e-004 o 2.0000e-002
2.0000e-002to 4.0000e-002
|| 4.0000e-002t0 6.0000e-002

1.0000e-001 to 1.2000e-001
1.2000e-001 to 1.4000e-001
1.4000e-001 to 1.4741e-001
Interval = 2.0e-002

LR

Magfac = 0.0006+000

Axes
Fixed
Linestyle

Itasca Consulting Group. Inc.
Minneapolis, MN USA

e o slomgd Jlasl b g5 LI 55 osel 092 4y bl VY-8 S

FLAC3D 3.00 View Title: Chaloos Tunnel

Step 15636 Model Perspective
09:43:54 Tue Jul 07 2015

Center: Rotation:

X: 1.265e+001 X: 10.000

Y: 2.198e+001 Y: 0.000

Z:-2.983e+000 Z: 50.000

Dist: 1.859e+002  Mag.. 244
Ang.: 22.500

Block State
None
shear-n shear-p
shear-p
Axes
Fixed
Linestyle

Magfac = 0.000e+000

Itasca Consulting Group. Inc.
Minneapolis, MN USA

Gy s gl wed 5l oolanwl loy jo Jigr Bl bl 1o euds sl Soiwdl 4l VW-0 S



FILAC3D 3.00

Step 16059 Model Perspective
09:36:24 Tue Jul 07 2015

Center: Rotation:

X: 1.500e+001 X: 10.000

Y: 2.000e+001 Y: 0.000

Z:-4.441e-016 Z: 50.000

Dist: 1.859e+002  Mag.: 244
Ang.: 22.500

Contour of Displacement Mag.

Magfac = 0.000e+000
1.72206-003 to 2.0000e-002
2.0000e-002to 4.0000e-002
4.0000e-002to 6.0000e-002
6.0000e-002to 8.0000e-002
8,0000e-002to 1.0000e-001
1.0000e-001 to 1.2000e-001
1.2000e-001 to 1.4000e-001
1.4000e-001 to 1.6000e-001
1.6000-001 to 1.6621-001

Interval = 2.0e-002

Axes
Fixed
Linestyle

Magfac = 0.000e+000

Itasca Consulting Group. Inc.
Minneapolis, MN USA

View Title: Chaloos Tunnel

Sy & iz oo Jloel b Jigs SLbI )3 oul sl bl V-0 S

FLAC3D 3.00

Step 16059 Model Perspective
09:38:58 Tue Jul 07 2015

Center: Rotation:

X: 1.305e+001 X: 10.000

Y: 2.232e+001 Y: 0.000

Z:-4.441e-016 Z: 50.000

Dist: 1.859e+002  Mag.. 244
Ang.: 22.500

Block State
None
shear-n shear-p

| | shear-n shear-p tension-p
shear-p

|| shear-p tension-p

|| tension-n shear-p tension-p

Axes
Fixed
Linestyle

Magfac = 0.000e+000

Itasca Consulting Group. Inc.
Minneapolis, MN USA

View Title: Chaloos Tunnel
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FLAC3D 3.00 View Title: Chaloos Tunnel

Step 16350 Model Perspective
09:47:02 Tue Jul 07 2015

Center: Rotation:

X: 1.211e+001 X: 10.000

Y: 2.106e+001 Y: 0.000

Z: 4.602¢-002 Z: 40.000

Dist: 1.859e+002  Mag.: 244
Ang.: 22.500

Contour of Displacement Mag.

Magfac = 0.000e+000
1.30006-003 to 2.0000e-002
2.0000e-002 to 4.0000e-002
4,0000e-002to 6.0000e-002
6.0000e-002to 8.0000e-002
8.0000e-002to 1.0000e-001
1.0000e-001 to 1.2000e-001
1.2000e-001 to 1.4000e-001
1.4000e-001 to 1.6000e-001
1.60006-001 to 1.6587¢-001

Interval = 2.0e-002

Axes
Fixed
Linestyle

Magfac = 0.000e+000

Itasca Consulting Group. Inc.
Minneapolis, MN USA

Sy 033le8 (6 i wed Jlael b bigs bl 18 ool 899 4 slul> V#-0 S

FLAC3D 3.00 View Title: Chaloos Tunnel

Step 16350 Model Perspective
09:49:31 Tue Jul 07 2015

Center: Rotation:

X: 9.793e+000 X: 10.000

Y: 2.301e+001 Y: 0.000

Z: 4.602e-002 Z: 40.000

Dist: 1.859e+002  Mag.. 244
Ang.: 22.500

Block State
None
shear-n shear-p
|| shear-n shear-p tension-p
shear-p
|| shear-p tension-p
Axes
Fixed
Linestyle

Magfac = 0.000e+000

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

Step 16050 Model Perspective
16:38:34 Sat Sep 122015

Center: Rotation:

X: 1.500e+001 X: 0.000

Y: 2.000e+001 Y: 0.000

Z:0.000e+000 Z: 40.000

Dist: 1.859e+002  Mag.: 1.56
Ang.: 22.500

Contour of Displacement Mag.
Magfac = 0.000e+000
0.0000¢+000to 2.0000e-002

1.0000e-001 to 1.2000e-001 e
1.2000e-001 to 1.4000e-001 NS ENEENEEAEEAEESEEal
1.4000e-001 to 1.4643e-001 e CEEEEERT
Interval = 2.0e-002 &

Axes

Fixed

Linestyle ——— &

SEL Geometry

Magfac = 0.000e+000

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

Step 16177 Model Perspective
16:35:12 Sat Sep 122015

Center: Rotation:

X: 1.500e+001 X: 10.000

Y: 2.000e+001 Y: 0.000

Z:0.000e+000 Z: 40.000

Dist: 1.859¢+002  Mag.: 1.56
Ang.: 22.500

Contour of Displacement Mag.

Magfac = 0.000e+000
0.0000e+000to 2.0000e-002
2.0000e-002to 4.0000e-002
4.0000e-002to 6.0000¢-002
6.0000e-002to 8.0000e-002
8.0000e-002 o 1.0000e-001
1.0000e-001 to 1.2000e-001
1.2000e-001 o 1.4000e-001
1.4000e-001 to 1.4703¢-001

Interval = 2.0e-002

Axes
Fixed
Linestyle

SEL Geometry
Magfac = 0.000e+000

Itasca Consulting Group. Inc.
Minneapolis, MN USA

a0V cod b g o wed Jlesl b Jow jo W dg2g ds slul> VA-0 S

FLAC3D 3.00

Step 16422 Model Perspective
16:41:27 Sat Sep 12 2015

Center: Rotation:

X: 1.500e+001 X: 0.000

Y: 2.000e+001 Y: 0.000

Z:0.000e+000 Z: 40.000

Dist: 1.859¢+002  Mag.: 1.25
Ang.: 22.500

Contour of Displacement Mag.
Magfac = 0.000e+000
0.0000e+000 o 2.0000e-002
2.0000e-002to 4.0000e-002
4.0000e-002to 6.0000e-002
6.0000-002to 8.0000e-002 1 O O
8.0000e-00210 1.0000-001 T
1.0000e-001 to 1.2000e-001 : TR
1.2000e-001 to 1.4000e-001 HHHH Bes
1.40008-001 to 1.4729¢-001
Interval = 2.0e-002 4

SEL Geometry
Magfac = 0.000e+000
Axes
Fixed
Linestyle

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

Step 16592 Model Perspective
16:43:23 Sat Sep 12 2015

Center: Rotation:

X: 1.500e+001 X: 0.000

Y: 2.000e+001 Y: 0.000

Z:0.000e+000 Z: 40.000

Dist: 1.859e+002  Mag.: 1.25
Ang.: 22.500

Contour of Displacement Mag.
Magfac = 0.000e+000
0.0000e+000to 2.0000e-002
2.0000e-002to 4.0000e-002
4,0000e-002to 6.0000e-002
6.00006-002to 8.0000e-002 :
8.0000e-002 o 1.0000e-001 e Rna
1.0000e-001 to 1.2000e-001 3
1.2000e-001 to 1.4000e-001
1.4000e-001 to 1.4747e-001
Interval = 2.0e-002 2

SEL Geometry
Magfac = 0.000e+000
Axes
Fixed
Linestyle

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

Step 16387 Model Perspective
17:20:43 Sat Sep 12 2015

Center: Rotation:

X: 1.500e+001 X: 0.000

Y: 2.000e+001 Y: 0.000

Z:0.000e+000 Z: 40.000

Dist: 1.859e+002  Mag.: 1.56
Ang.: 22.500

Contour of Displacement Mag.

Magfac = 0.000e+000
0.0000e+000to 2.0000e-002
2.0000e-002to 4.0000e-002
4,0000e-002to 6.0000e-002
6.00006-002to 8.0000e-002
8.0000e-002 o 1.0000e-001
1.0000e-001 to 1.2000e-001
1.2000e-001 to 1.4000e-001
1.4000e-001 to 1.4617¢-001

Interval = 2.0e-002

Axes
Fixed
Linestyle

SEL Geometry
Magfac = 0.000e+000

ltasca Consutting Group, Inc.
Minneapolis, MN USA
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Step 16050 Model Perspective
07:55:08 Sun Sep 13 2015

Center: Rotation:

X: 1.500e+001 X: 10.000

Y: 2.000e+001 Y: 0.000

Z:0.000e+000 Z: 50.000

Dist: 1.859e+002  Mag.: 1.95
Ang.: 22.500

Contour of Displacement Mag.

Magfac = 0.000e+000
1.7800e-003to 2.0000e-002
2.0000e-002to 4.0000e-002
4.0000e-002to 6.0000e-002
6.0000e-002to 8.0000e-002
8.0000e-002 o 1.0000e-001
1.0000e-001 to 1.2000e-001
1.2000e-001 to 1.4000e-001
1.4000e-001 to 1.4643e-001

Interval = 2.0e-002

SEL Geometry
Magfac = 0.000e+000
Axes
Fixed
Linestyle

Itasca Consulting Group. Inc.
Minneapolis, MN  USA

View Title: TUNNEL CHALOOS
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FLAC3D 3.00

Step 15785 Model Perspective
18:57:09 Sat Sep 12 2015

Center: Rotation:

X: 1.500e+001 X: 0.000

Y: 2.000e+001 Y: 0.000

Z:0.000e+000 Z: 40.000

Dist: 1.859¢+002  Mag.: 1.25
Ang.: 22.500

Contour of Displacement Mag.

Magfac = 0.000e+000
0.0000e+000to 2.0000e-002
2.0000e-002to 4.0000e-002
4.0000e-002to 6.0000e-002
6.00006-002to 8.0000e-002
8.0000e-002to 1.0000-001
1.0000e-001 to 1.2000e-001
1.2000e-001 to 1.4000e-001
1.4000e-001 to 1.4678e-001

Interval = 2.0e-002

Axes
Fixed
Linestyle

SEL Geometry
Magfac = 0.000e+000

Itasca Consulting Group. Inc.
Minneapolis, MN USA
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Abstract

Depend on the conditions of surrounding ground of tunnel, different
methods of maintenance and stability of tunnel could be utilized. In this
regard, in the excavated tunnels in near ground surface or grounds with weak
geomechanical behavior, use of pre-support methods is inevitable.

In this research work which is accomplished in Chaloos water
conveyance tunnel, considering the weak geomechanical behavior of
surrounding ground, it is essential the use of pre- supporting methods instead
of ensure the stability of tunnel, which based on status of the tunnel, pipe
umbrella support and tunnel face reinforcement bolts have been designed.

Instead of improvement of understanding the maintenance and surrounding
ground of tunnel behavior as well as determining various parameter of pipe
umbrella support, it is necessary to be carried out the numerical modeling. For
this purpose FLAC3D software has been used. In the following, based on
numerical modeling results, the requisiteness of using the pre- supporting as
well as calculation of various parameter of pipe umbrella and bolt
reinforcement have been implemented. Investigated parameters are consist of
length, lateral spacing, dip and overlapping for pipe umbrella method and the
number of bolts per square meter of tunnel face in the bolt reinforcement
method.
Current study is based on displacement in the ground surface and tunnel
crown. Also, evaluation of safety and stability maintenance has been
performed using Sakurai risk assessment method.
Based on obtained results of aforementioned studies, use of pipe umbrella and
reinforcement bolt is reasonable planning. According to this study, spacing of
reinforcement bolt should be adjust to 0.5 meter. Furthermore using of pipe
umbrella with length of 6 meters, 0.5 meter spacing, dip of 5 degrees and 1
meter of overlapping in the tunnel crown has been offered.

Use of pipe umbrella and reinforcement bolt prevent the displacements in
the tunnel crown and ground surface up to 70% and 50% respectively. Also
displacement could be improved up to 50% in the tunnel face.

Key words: Tunnel, Pipe umbrella and reinforcement bolt support,
Numerical modeling, FLAC3D.
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