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' Elastic, orthotropic model

'* Elastic, transversely model

'* Draker - Prager modct

'" Mohr - Coulomb modcl

** Ubiquitous — joint model

' Strain — hardening/ softcning model

* Bilincar strain - hardening/soficning - hbiquitous — joint model
7 Double - yield model
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Job Title: Tunnel analysis in A zone in plane strain condition(k=1.5)

View Title: zones in the rmodel
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FLAC3D 2.10

Step 8376 Madet Perspective

11:35:08 Thu Jan 13 2006

Rolation:

X:270.000

Y: 0.000
1

X:0.000e+000
Y:2589e-002
7 2.000e-001

Center:

Ang: 22500

1.000e+000

Dist: 1.306e+002  Mag:
Magfac

Axes

Hasca Consuling Group, Inc.

Mimeapols, MN USA

Lt -v-0 s

A3 e 0 Joe gang

Job Title: Tunnel analysis in A 2one in plane strain condition(k=1.5)

View Title: Displacement vector around the tunnel

FLAC3D 2.10
Step 8376 Model Perspective
13:42:27 Thu Jan 13 2005

X: 270.000
Y: 0.000
Z: 0000

Ratation:

X: 0.000e+000
Y:2.588¢-002
Z: 2.000e-001

Center:

Mag: 116
Ang.: 2500

Dist: 1.306e+002

0 eSS cuai 5l B3 g figr jam 5f e Ll

3.245e-001

Maximum

“F-0 S

3

&:«_h&.é
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FLAC3D 2.10 Job Title: Tunnel analysis in A 2one in plane strain condition(k=1.5)
Step 8376 View Title: Vertical displacement histogram in roof of the tunnel
13:01:37 Thu Jan 13 2005 X10A1
324
History 204
1 Y-Displacement Gp 841
Linestyle 284
6.192e-004 <> 3245¢-001
264
Vs.
Sep 244
1.000e+001 <-> 8.370e+003
224
204
1.8
1.6+
1.4
1.2
1.04
o.8-
0.6
0.44
0.24
Hasca Consuling Group, inc. 10 20 a0 40 50 60
Minneapolis, MN USA X143
= - e > 1. 3 . aa 13 N &
K= Wb (il 4 o lugS wual 3! JBA L) o i o S @bul.?).m» &-0 S
Job Title: Tunnel analysis in A 2one in plane strain condition(k=1.5)
FLAC3D 2 10
Step 8376 Modef Perspective View Title: Contour of vertical displacement arround the tunnel
11:56:26 Thu Jan 13 2005
Center: Rotation:
X: 0.000e+000 X: 270,000
Y:2.589¢-002 Y: 0.000
Z: 2.000e-001 Z: 0.000
Dist: 1.306e+002  Mag: 125
Ang.: 22.500

] 2.5000e-001 to 3,0000e-001
3.0000e-001 to 3.2455¢-001

interval = 5.0e-00%

Basca Consuting Group, Inc.
Minneapolis, MN USA

K= 1D gl arons hagSs

e H B A g5 0 S SL 0 @38 alanle i85 e -0 S
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FLAC3D 2,10 Job Title: Tunnel analysis in A 2Zone in plane strain condition(k=1.5)
Step 8376 View Title: Horizontal displacement histogram in right wall of the tunnel
11:53:18 Thu Jan 13 2005 *x10n1
Hstory 02
2 X-Displacement Gp 1
Linestyle
25256001 <->-1.060e-003 041
Vs. -0.64
Step
1.000e+001 <> 8.370e+003 o8
-1.0+4
-1.2+4
Z1.44
1.6
-1.8
QOJ
224
24
HRasca Catsm GIUID, nc. 1'.0 2'0 310 4’.0 5'0 &'0 7..0 B‘.D
Minneapolis, MN USA x10%3

K= V0 oy 0353045 cuai 51 (LS A 95 olgo o 38 plul> Sl -V-0 SO

Job Title: Tunnel analysis in A zone in plane strain condition(k=1.5)

FILAC3D 210

Step 6376 Model Perspective View Title: Contour of horizontal displacement arround the tunnel

11:57:29 Thu Jan 13 2005

Center: Rotation:

X: 0.00Ce+000 X: 270.000

Y: 2589002 Y: 0.000

Z:2.000e-001 Z: 0.000

Dist: 1.306e+002  Mag: 125
Ang.: 22500

Contour of X-Displacerment

_Magfac = 1.000e+000

i1 -2 54445-001 to -2.5000e-001
2.5000e-001 to -2.0000e-001
2.0000e-001 10 -1.5000e-001

2.5000e-001 to 2.5542¢-001

interval = 5.0e-002

itasca Cansuling Group, inc.
Minneapols, MN USA

K=/ (sl 4 035,J0g%5 cmsi 1 J3 A 0355 > P Sl o (B gl i gionia-A-0 S5
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FLAC3D 2.10 Job Title: Tunnel analysis in A zone in plane strain condition(k=1.5)
Step 8376 Model Perspective View Title: Contour of horizontal stress arround the tunnel
12:02:06 Thu Jan 13 2005
Center: Rolation:

X:0.000e+000 X: 270.000
Y:2.589e-002 Y: 0.000
Z: 2.000e-001 Z: 0.000
Dist: 1.306e+002  Mag: 125
Ang.: 22.500

Contour of SXY
Magfac = 1.000e+000
Cradient Calculation

Interval = 5.0e+005

Hasca Consuling Group, Inc.
Minneapolis, MN USA

K30 (olif 4 o lagSs s 51 BB A (95 0 Jigs Bl o (B 25 515 (powia =80 JS2

FL.AC3D 2.10

Step 8376 Model Perspective
11:59:55 Thu Jan 13 2005

Job Title: Tunnel analysis in A zone in plane strain condition(k=1.5)
View Title: Contour of vertical stress arround the tunnel

Center: Rolation:

X: 0.000e+000 X: 270000

Y: 2589¢-002 Y: 0.000

Z: 2.000e-001 Z: 0.000

Dist: 1.306e+002  Mag: 125
Ang.: 22.500

Contour of SYY
Magfac = 1.000e+000
Gradisnt Caleulation

-1.7500e+006 to -1.5000e+006
-1.5000e+006 to -1.2500e+ 006
-1.2500e+006 to -1.0000e+ 006
-1.0000e+006 to -7.5000e+005
-7.5000e+005 to -5.0000e+005
-5.0000e+005 to -2 5000e+005
-2.5000e+005ta 0.0000e+000
-1 0.0000e+000t0 1.4184e+004
interval = 25e+005

kasca Consuting Group, Inc.
Minneapalis, MN USA
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F1.4AC3D 2.10 Job Title: Design of Temporary Support System of Babolak Water Conveyance Tunnel

Step 2 Model Perspective
17:49:05 Thu Jan 13 2005

Center: Rotation:

X: 1.000e+001 X 270,000

Y: 0.000e+000 Y: 320000

Z: 1.000e+001 Z: 0.000

Dist 7.530e+001  Mag.: 064
Ang.. 22.500

Magfac = 1.000e+000

LTS

Kasca Consuting Group, Inc.
Mimneapolis, MN USA

B s ;0 (g0 Ao Jdo sla -VV-0 S
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FLAC3D 2.10 Job Title: Design of Temporary Support System of Babolak Water Conveyance Tunnel
Step 4 Moded Perspective View Title: Excavate stage 5 & install support till stage 4
18:09:02 Thu Jan 13 2005 EIERRASIAIERESAS bt
Center: Ratation:
X: §.396e+ 000 X 270,000 ]
Y:-6.237e-015 Y- 340.000
Z: 1.297e+001 Z: 0.000 '/
Dist: 9.554e+001  Mag: 305
Ang.: 22500 »
L1 ]
Magfac = 1.000e+000 B3
SEL Geometry 1
Magfac = 1.000e+000
]
L { ]
\\
]
Y g
\ Q
\\
Memem, W USh HERRRRNNNN Et
, MN USA Tt T\ L\\\\\\

Pz A 0 02 lagSi el 5 (59,0 oy £ )3 Jigf Condg - VY0 5B

T JUE Jig7 o 59 438 IS 00 g (slgdlall g 5 ~¥-¥-F—0

Sowgem Sjldan 10 9 Shell L Liner olodl 5t ole5 o <o SSLS (s 5kudoe ;0 FLAC3D o
g e i 5 525 S y9ee 4 el sl 3303 40 0,5 eolizad Cable Lol
Sy sl g adl oo paiame g Sgumme Dijgee 4y A Canl (slada 9o Glell S Cable Lol @
Wholo 1y hylas b s Joow codils lodl ool wcasl ddali ;0 0 (5,99 Jil o5 >
Sy ghaie o ladl L 5 £9p0 Slatdes p odle 1S oo 1) (pted S wilgi e
ateie b S lajiell wl s Saeg (o825 Cuglie 5 Stwgy SVed SVl e
yeJoss,f

c, =8r _Co=TxXDXTp, (¥-0)



Y- (a8 g, pbed o Clge (o 4SS punn 5,90 2) iy Juad

JEly e 2 ()5 o9 (Tt Zuaglie =C,

Sy Koy plad =D

Plegd b Ko il Sihand 0j95ue S5 ()La Cuaglie hai il &5 poraSTe (o2 (5975 =T puk
£33 g0 5 53 ol 1Ko ¥+ Vgano Iy olig 0j9mm0 5 ()25 Cunglia Jouul (e

ZxaxG
ky =gr_k=—""70— F-0)

%
10Ln(l+)

ol &S
P> (b Ao =k,
5 g0 155 5 SIS T Ygane aF 3 e ligs (B0 Jgoa -G
Sigey glad g Sl glad Jolis =t

B S92 2395 i Sgue Cable Glofl 1o e Sl ey clzpad ol Juo
Ap T YL oS cod ood slgrty cnlplty oo atuyly Laza oo 4 (glojiad & a5 cand
hyyii Ckef Sy FLAC3D (555 ;0 gy b g 050 4238 i 0 ok axly (glif 4y coeXs
035 P S eSS S e iS4 S 5 A A5 S 2155 Ly sz 20T
| LEOW:
£55 0 3 Sladl ol ol glamio Sgaa dw b of yosr 45" (slabais 4w lall X, :Shell LI @
7 aigy ledl 93 o 7 Slamin tas olafl S .“‘;u.a Slall 95 Yol oot JoSa5 bl
Jooe Oglys qupd 2l d by Jilas g 035 0 ool &St (0 ) vl—d Jhas! S plall o

..\J;“a ‘.n._-.)-.? CMW, J.._...n_' il

Yt Segment

Y5 Mumbrane element

¥# Plate-bending element
v Shell element
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YA Normal coupling spring stiffness per unit arca

YA Shear coupling spring stiffness per unit arca

v+ Shear coupling spring cohesion )
vy Gaps
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FI1LAC3D 2.10 Job Title: Design of temporary support system of Babolak water conveyance tunnel for Az
Sep 7713 View Title: Vertical displacement for roof of tunnel (K=1.5)
10:32:53 Sat Jan 15 2005 Xx10A2
History ao
2Y-Displacement Gp 8260
Linestyle
-1.545e-005 <-> 8.565e-002 704
Vs
Step
4.830e+003 <-> 7.710e+003 6.0
5.0
4.0
3.04
20
1.04
oo T Ll T T L] L]
ltasca Consuking Group, Inc. 50 55 60 €5 7.0 75
Minneapalis, MN USA x10%a

K= V0 ) p2e plS 10 sl5l 005 )l0gSS cuai 51 BT A (55 0 B ;0 o8 olnls AT -VT-0 S5

FLAC3D 2.10 Job Title: Design of temporary support system of Babolak water conveyance tunnel for Az
Step 7713 Madel Perspective View Title: Contour of vertical displacement for model (K=1.5)
10:41:22 Sat Jan 15 2005 ’
Center. Rotation:

X: 1.000e+001 X: 270.000
Y:-1.328e-003 Y: 330.000
Z: 1.000e+001 Z: 0.000
Dist: 9.791e+001 Mag: 195
Ang.. 22.500

Contour of V-Displacement

ttasca Consulting Group, Inc.
Minneapols, MN USA

K= M0 digor2ay P15 10 sl 2 0035 o 51 LS A (g5 10 o3 qalamlar 15 pionia -V F-0 IS
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FLAC3D 2.10 Job Titie: Design of temporary support system of Babolak water conveyance tunnel for Az
Step 7713 View Title: Horizontal displacement for wall of the tunnet (K=1.5)
10:34:17 Sat Jan 15 2005 X10A2
00
History .
1?X-Displaoement Gp 39
Linesiyle 104
-6.362e-002 <-> 2.438e-005
Vs 154
Step
4.830e+003 <-> 7.710e+003 204
259
-3.04
354
-4.04
-4.54
-5.04
&5
-6.04
itasca Consulting Group, Inc. 50 55 a0 &5 70 75
Minneapolis, MN USA x10-3

K=VB)gs 20 pF 12 6l 4 005 oS s 51 b5 A 555 1 0l 0 (8 lowle 25Ta> —10-0 S5

FLAC3D 2.10 lob Title: Design of temporary support system of Babolak water conveyance tunnel for A z
Step 7713 Modet Perspective View Title: Contour of horizontal displacement for model (K=1.5)
10:43:10 Sat Jan 15 2005 :
Center: Rotation:

X:1.000e+001 X: 270.000
Y:-1.328e-003 Y: 330.000
Z: 1.000e+001 Z: 0.000
Dist: 7.530e+001 Mag: 156
Ang.: 22500

Contour of X-Displacement

-5.0000e-003 to 0.0000e+000
0.0000e+000to 6.5098¢-005

Intervai = 5 08-00%
Axes
Linestyle
ltasca Consuling Graup, Inc.
Minneapols, MN USA

L1

K= V10 g2 5 12 (gl5) a5 05,1055 i 51 LB A (95 ;0 B alowla 515 Sonie —1P-0 SO
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FLAC3D 2.10 Job Titie: Design of Temporary Support System of Babolak Water Conveyance Tunnel Fo
Step 10825 Model Perspective View Title: Excavate 3m & install support for 1.5m
10:53:14 Sat Jan 15 2005 T R
Center: Rotation:

X:7.280e+000 X: 270.00¢
Y:-8.011e-004 Y: 330.000
Z:1.157e+001 Z: 0.000
Disl: 9.791e+001 Mag: 477
Ang.. 22500

Strtace
Magfac = 1.000e+000

SEL Geometry
Maghc = 1.000e+000

Rasca Consulting Graup, Inc.
Minneapalis, MN USA

Jsl 615" sl 033 0gS el 5 (59,0 p90 P15 18> 0 JigF Cqadg lad -WV-0 S

FLAC3D 2.10 Job Title: Design of Temporary Support System of Babolak Water Conveyance Tunnet Fo
i} R 1
Step 10825 View Titie: Excavate 3m & install support for 1.5m & assign verticat displacement for 1.5m
11:15:17 Sat Jan 15 2005 103
164
History
4Y-Displacement Gp 821
Linestyle 1.4
-1.677e-006 <-> 1.635e-003
Vs
Sep 1.2+
4.830e+003 <-> 1.082¢+004
1.04
08
064
44
a2
Q0 /" v v v 2
m Consulting Group, inc. a5 06 o7 o8 09 1'.0
Minneapols, MN USA x10°4

K= V0 )is9r2a o8 12 ll 4 005 JagS cudi g A (395 y0 Bl ) @38 (ol pSTan VA0 S5
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FLAC3D 2,10 Job Title: Design of Temporary Support System of Babolak Water Conveyance Tunnel Fd
Step 10825 View Title: Excavate 3m & install support for 1.5m & assign horiznntal displacement for 1.5'
11:16:36 Sat Jan 15 2005 Xx10A3
History 05
14 X-Displacement Gp 62
Linestyle -1.04
-7.022e-003 <->-1.097e-007
Vs. -1.54
Step
48300+003 <> 1.0826+004 201
254
204
-a.54
-4.04
-4.59
-6.01
-5.64
-6.04
8.5
N 7.0y T T
ttqsca Consuling Group, inc. os os 07 08 as 10
Minneapols, MN USA 10"

(K=Y8) 59701 615 0 (6151 4300350485 Gt 31 gmg A (395 39 051923 33 (88 (atlomler 25> 140 JSi

FLAC3D2.10

Siep 10825 Model Perspective
11:34:01 Sat Jan 15 2005

Job Title: Design of Temporary Support System of Babalak Water Conveyance Tunne! Fo
\View Title: Axial force acting on layer of shotcrete with 7.5 cm thickness

Center: Ratation:

X 98634000 X 280.000

Y:-1.818e+000 Y 260000

Z:-9.941e-001 Z: 0000

Dist: 753004001  Mag: AT7
Ang: 22500

SEL ses-Ny
Magfac = 1.000e+000
-1.7596¢+006 to -1.7000e+006
-1.6000e+006 to -1.5000e+006
-1 4000e+006 to -1.3000e+006
-1.2000¢+008 to-1.1000e+006
-1.0000e+006 to-9.0000e+005
-8.0000e+005 to -7.0000e+005
-6.0000e+005 t0 -5.0000e+005

Pos:{ 0.000, 0.000, -0.750)

[WAV-AV RV RV

Linestyle

itasca Consuling Group, Inc.
Minneapols, MN USA

St 15 33 (6151 43 A 333 30 yimaiiln VI Coolid g Cup ;5L ar¥ 51 (529%0 (9500 315 (Sxio - Te-0 S5
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FLAC3D 2.10

Siep 10825 Modei Perspective
11:37:20 Sat Jan 15 2005

Job Title: Design of Temporary Support System of Babolak Water Conveyance Tunnel Fo
View Title: Bending moment acting on layer of shotcrete with 7.5 cm thickness

Center: Rotation:

X 9.723e+000 X: 280.000

¥:1.731e+000 Y: 260.000

Z:-1.282e+000 2: 0.000

Dist: 8.407e+001 Mag: 477
Ang.. 22500

Axes
Pos:{ 0.000, 0.000, -0.900)
Linestyle

F7rr

itasca Consuking Group, Inc.
Minneapalis, MN USA
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FLAC3D 210

Siep 10825 Modei Perspective
12:09:48 Sat Jan 15 2005

Job Title: Design of Temporary Support System of Babolak Water Conveyance Tunnel Fo

Center: Rotation:

X: 2.880e+000 X: 270.000

Y: -1.452e+000 Y: 0.000

Z: 8.489e+000 Z: 0.000

Dist 7.530e+001  Mag: 305
Ang.: 22500

cable Axial Force
Magfac = 1.000e+000

tension
compression
Maximum = 1.946e+005

Axes
Linestyle

itasca Cansulting Group, Inc.
Minneapoks, MN USA
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FLAC3D2.10 Job Title: Design of Generat Support System of Babolak Water Conveyance Tunnel for A.

Step 4669 Model Perspective
15:32:28 Mon Jan 17 2005

Center: Rotation:

X: 0.000e+000 X: 0000

Y:2.000e-001 Y: 0.000

Z: 1.2786-004 Z: 0.000

Dist: 1.108e+002  Mag: 1
Ang.: 22.500

e
Magfac = 1.000e+000

SEL Geometry
Magfac = 1.000e+000

ltasca Consuling Graup, Inc.
Minneapoks, MN USA

Jigs BL sanplell Condy -Y-7 S
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FLAC3D 2.10 Job Title: Design of General Support System of Babolak Water Conveyance Tunnel forA.

Step 4669 Model Perspective View Title: Displacement vector (K=1.5)
15:34:21 Mon Jan 17 2005

Center: Rotation:
X: 0.000e+000 X 0.000
Y: 2.000e-001 Y: 0.000
Z: 1278004 Z. 0.000
Dist: 1.108e+002  Mag: 745

Ang.. 22.500
Sketch
Magfac = 1.000e+000
Linestyle

Displacement
Maxinum = 6.573e-003

Linestyle —————-

Rtasca Consulting Group, nc.
Minneapoiis, MN USA

K=V0 (3 @ oo o) hagSs quas 5 g A (595 > F5 Sl bl )l conig -7 IS

FLAC3D 2.10 Job Title: Design of General Support System of Babolak Water Conveyance Tunnel for A_

Step 4669 View Title: Vertical displacement in roof of the tunnel(K=1.5)
15:36:37 Mon Jan 17 2005 1073
Hjstory 1.8+ /_/_’/—’/v——\
12Z-Displacement Gp 841
Linestyte 1.6+
-7.876e-004 <-> 1.982¢-003
Vs. 49
Step 1.24
1.000e+001 <> 4.660e+003
1.04
0.8
0.6+
0.4
0.2
00
-0.24
-0.44
06
Rasca Constling Group, Inc. as 10 15 20 zs a0 as a0 45
Minneapolis, MN USA x10°3
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FLAC3D 2.10 Job Title: Design of General Support System of Babolak Water Conveyance Tunnel for A

Step 4669 Modef Perspective View Title: Contour of vertical displacement (K=1.5)
15:40:17 Mon Jan 17 2005

Center: Retation:
X: 0.000e+000 X: 0.000
Y: 2.000e-001 Y: 0.000
Z:1.278e-004 Z: 0000
Dist 1.108e+002  Mag: 1
Ang.: 22500

Conaur of Z-Displacement

| ] 0.0000e+000t0 25000e-004
|| 5.00006-004to 7.50000-004
| ] 1.0000e-003t0 1.2500e-003
[ ] 1.5000e-003t0 1.7500-003
1.75000-003 o 1.98226-003

intersal = 2 52-004

ftasca Consulling Group, Inc.
Minneapalis, MN USA

K=o (ot an pils 005 JagSS ceai 5 s A 155 50 o8 ploula> 15 aoxia -0-7 S0

1AC3D 2.10 Job Title: Design of General Support System of Babolak Water Conveyance Tunnel forA.
SH “:: ) View Title: Horizontal displacement in wall of the tunnel(K=1.5)
ep
15:37:36 Mon Jan 17 2005 X103
History
2 X-Displacernent Gp 1 054
Linestyle -—————rrr———
-4.3580-003 <-> -1.347e-005
Vs. -1.04
Sep
1.000e+001 <> 4.660e+003
-1.54
-2.0-
-2.54
-3.04
-3.54
-4.0
ttasca Cansuling Group, inc. as 10 15 20 25 a0 35 40 45
o 10°3
Minneapolis, MN USA X

K=V0 (o5l an ol 005 )J0gSS i J1 o A (35 50 00500 ;0 28 olowl> -5-F SO
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FLAC3D 2.10 Job Title: Design of General Support System of Babolak Water Conveyance Tunnel for A.

Step 4669 Model Perspective View Title: Contour of horizontal displacement (K=1.5)
15:39:28 Mon Jan 17 2005

Center: Rotation:
X: 0.000e+000 X 0.000
¥: 2.000e-001 Y: 0.000
2 1.278e-004 Z: 0.000
Dist: 1.108e+002  Mag: 1
Ang.: 22.500

Contor of M-Displacement
Magfac = 1.000¢+000

e -4.35330-003 to ~4.0000e-003
-4.0000e-003 to-3.0000e-003

Interval = 1.0¢-003

ttasca Consuking Group, Inc.
Minneapolis, MN USA

K=V10 (gl 2 oo 050485 o 1 g A (355 53 B (ol jl5 iomia V7S

FLAC3ID 2.10 Job Title: Design of General Support System of Babolak Water Conveyance Tunnel for A_
Step 4669 Model Perspective View Title: Contour of axial thrust for concrete with 40 cm thickness(i=1.5)
15:59:00 Mon Jan 17 2005
Center. Rotation:

X: 8.8546+000 X 90.000
Y: 5.500e-001 ¥:135.000
Z: 8.810e+000 Z: 0.000
Dist 1.847e2002 Mag: 144
Ang.: 22500

i1

B

Axes

Pos:( 0.000, 1.000, 0.000)

tinestvi
Y

ltasca Consulting Group, Inc.
Minneapalls, MN USA

K=\D sl ar A (g5 50 foniibo Fr Cualied 4y 50 4Y p (597 S 37 e —A-F S
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FLAC3D 2.10 Job Title: Design of General Support System of Babolak Water Conveyance Tunnel for A

Step 4669 Model Perspective View Title: contour of bending moment for concrete with 40 ¢m thickness(k=1.5)
16:13:55 Mon Jan 17 2005
Center: Rotation:
X: 6.843e+000 X: 90.000
Y: 6.304¢-001 Y: 315,000
Z: 6.799e+000 Z: 0.000
Dist: 1.847e+002  Mag: 144

Ang.: 22500

Y
z___ I X

Axes

Pos: ( 0.000, 1.000, 0.000)
Linestyle

ttasca Consuling Group, Inc.

Minneapolls, MN USA

MRILLLLEL

K=110 gl ar A 595 jo e il £ Culd @ R Y p Lles Sl e -A-F L0

FLAC3D 2.10

Step 4663 Model Perspective
16:15:57 Mon Jan 17 2005

Center: Rotation:

Job Titte: Design of General Support System of Babolak Water Conveyance Tunnel for A.
View Title: contour of shear force for concrete with 40 cm thickness(k=1.5)

X: 6.843¢+000
Y:6.304e-001
Z: 6.79e+000

X 90.000
Y:315.000
Z: 0.000

Dist: 1.847e+002  Mag: 144

Ang.: 22500

Axes v

Pos: (0,000, 1.000, 0.000)
X

Linestyle
[ I

25000e+00510 26774e+005
5 0o+ 004
9, 002, 000

ttasca Consuling Group, Inc.
Minneapolis, MN USA

K=\/0 &5l s A (g5 50 Fwnsile §- Sl da o ¥ o Sp g9 o Y PSS
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FLAC3D2.10

Step 4669 Model Perspective
16:220:03 Mon Jan 17 2005

Job Title: Design of General Support System of Babolak Water Conveyance Tunnel for A.
View Title: Interface normal contact stress for concrete with 40 cm thickness(k=1.5)

Center: Rotation:

X: 4.035e-001 X: 90.000

Y: 4.263e-001 Y: 355.000

Z: 4.360e+000 Z: 0.000

Dist: 1.847e+002  Mag: 144
Ang.: 22500

fmer coupiing Stress (nomal)
Magfac = 1.000e+000
~3.5696e+006 t0-3.5000e+006
-3.2500e+006 to-3.0000e+006
-2.7500e+0086 t -2.5000e+006
~2.2500e+006 to -2.0000e+006
-1.7500e+006 to -1.5000e+006
~1.2500e+006 to -1.0000e+006
~7.5000e+005 t0-5.0000e+005
-2.5000e+005 to 0.0000e+000
1 0.0000e+000 to 0.00002+000

fnterval = 2.5e+005

Axes

Pos:( 0,000, 1.000, 0.000)
Linactvt

Y

itasca Consulting Group, Inc.
Minneapolis, MN USA

K=V/0 @lit A 595 50 et ¥o Cualius 4 iy ¥ p Jlop Sipe A 5l e -V VP S

Step 4669 Moded Perspective
16:221:07 Mon Jan 17 2005

FLAC3D 2.10

Jab Title: Design of General Support System of Babolak Water Conveyance Tunnel for A
View Title: Interface shear contact stress for concrete with 40 cm thickness(k=1.5)

Center. Rotation:

X: 4.035e-001 X 90.000

¥:4.263e-001 ¥:355.000

Z: 4.360e+000 Z: 0.000

Dist: 1.847e+002 Mag: 144
Ang.: 22500

iner coupling Stress (shear

Magfac = 1.000e+000

200002+005t0 25000+005
] 250000400510 3.0000e+005

3.00006+005 to 3.5000e+005
35000040050 4.0000e+005
4000024005 lo 4 5000e+005
450000+005 to 5,0000¢+005
5.0000e+00510 5:5000e+005
550002400510 60000¢+005
6.0000e+00510 650006005

Axes
Pos:{ 0.000, 1.000, 0.000)

Itasca Consuling Group, Inc.
Minneapolis, MN USA

K=VO gl s A 595 50 yeeiiho Fr Cualid a3 (R 0¥ 50 o0 Sipe A 515 e~ \Y-F IS4
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; —Excavation and Temporary Support for Babolak Water Conveyance Tunnel ——

Title 'Tunnel analysis in A zone in plane strain condition (K=1.5)

; Define FISH functionl
Define _mod param

; density of material

dens_=2220

; Ratio horizontal stress to vertical stress

k =15

; Define maximum overburden from tunnel until surface of earth
over_=100

End
_mod_param

; Define FISH function2
Define _mod_setup

Ver_stress=1*over_*dens_*9.81

Hor _stress=k_*ver_stress
Gradl =1 *dens *9.81

=1*k_*dens_*9.81
Ver_stressi=ver_stress- (20%grad1); 1= upper of model (size of model: 40%40%0.4)
End |
_mod_sctup
'

; Generate tunnel & surrounding rock
Gen zone radcyl size 1012020rat 1 1 1 1.1&
Dim 2.1 2.1 group tunnel &
PO0,0,0p120,0,0p20,0,04p30,-20,0
Gen pointid 1 (1.8, 2, 0) |

>
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Gen point id 2 (1.8, 2, 0.4)
Gen zone radtun size 101 1020rat 111 1.1&

Dim 2.1 2.1 group tunnel&

P00,0,0p1 0,20,0p20,0,0.4p320,0,0p402004p52000.4&
P6 20 20 0 p7 20 20 0.4 p12 point 1 p13 point 2

Gen zon reflect dip 906 dd 90 =i 000

; Assign Mohr-Coulomb material model

Model mohr

Prop bulk=0.52¢9 shear=0.18¢9 tens=0.3¢6

Prop cob~0.066¢6 Fri=25 di~0

; Assign initial stress state

Set grav 0, 9.81,0

Ini dens=dens

Int syy=ver_stress grad O, gradl, 0

Ini so=hor_stress grad 0, grad2, 0

Ini sez=hor_stress grad 0, grad2, 0

Set large

; Momitor variables in model

; roof

Hist gp ydisp 0, -2.1,0

; wall

Hist gp xdisp 2.1,0,0

Hist gp xdisp -2.1,0,0

; floor

Hist gp ydisp 0, 2.1,0

; Assign boundary conditions

Fix x range x -20.1, -19.9

Fix x range x 19.9, 20.1

Fix z range z -0.001, 0.001

Fix z range z 0.399, 0.401

Fix yrange y 19.9, 20.1

;Applysu'mat far-field boundarics

Apply syy =ver_stress] range y -20.1, -19.9 _
Apply sxx =hor_stress grad 0, grad2, 0 range x 19.9, 20.1
Apply sxx =hor_stress grad 0, grad2, O range x -20.1, -19.9
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Solve ratio=le-5
Save A sav
Retumn
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; — Excavation and Support for Babolak Water Conveyance Tunnel —

Title 'Design of Temporary Suppost System of Babolak Water Conweyance Tunnel for A Zone'
; Define FISH functionl

Define _mod_param

; Density of material

dens_=2220

; Ratio horizontal stress to vertical stress

k=15

; Define maximum overtharden from tunnel until surface of earth
over_x100

End

_mod_param

; Define FISH function2 f

Define _mod_setup

ver_stress=1*over_*dens_*9.81

hor_stress=k_*ver_stress

gradl=-1*dens *9.81

grad2=-1*k_%dens_*9.81 '
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; 1=upper of model (size of model: 40¥40*40)
ver_stressl=ver_stress{20*gradl)

End

_mod_setup

; Generate tunnel & surrounding rock

gen 2one radeyl size 10402020rat1111.1 &
Dim 2.1 2.1 fill group tunnel &

p0 0, 0, 0pl 20,0, 0 p2 0,0,20 p3 0,-20, 0

gen point id 1 (1.8,2,0)

gen point id 2 (1.8,2,20)

genzone radtunsize 104010 20rat 11111 &
Dim 2.1 2.1 fill group tunne! &

p00,0,0pl 0,20,0p20,0,20p320,0,0p402020p520020&
p6 20 20 0 p7 20 20 20 p12 point 1 p13 point 2
Group section] range z 0 1.5 group tunnel
Group section? range z 1.5 3 group tumnel
Group section3 range z 3 4.5 group tunnel
Group section4 range z 4.5 6 group tunnel
Group section5 range z 6 7.5 group tunnel

; Assign Mohr-Coulomb material model
Model Mohr

Prop bulk=0.52¢9 shear=0.18¢9

Prop cok=0.06e6 Fri=25 ten—0.3¢6

; Assign initial stress state

* Set grav 0, 9.81,0

ini dens=dens

ini syy=ver_stress grad 0,grad1,0

i sxx=hor_stress grad 0,grad2,0

ini szz=hor_stress grad 0,grad2.0

Set large

; Assign boundary conditions
Fikxmngex-O.l,O.l

Fix’zngez-o.l,o.l

Fix y range y 19.9 20.1

Apply syy =ver_stress| range y -20.1,-19.9
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Apply sxx =hor_stress grad 0, grad2, 0 range x 19.9, 20.1
Apply szz =hor_stress grad 0, grad2, 0 range  19.9, 20.1
hist unbal

; — Stage 1: excavate tunnel section 1

Model null range group sectionl

Solve; first solve (ratio=le-5}

Save s11.sav

int xdisp=0 ydisp=0 zdisp=0

; Monitor variables in model

; Roof

hist gp ydisp 0,-2.1,0
hist gp ydisp 0,-2.1,0.5
hist gp ydisp 0,-2.1,1
hist gp ydisp 0,-2.1,1.5
hist gp ydisp 0,-2.1,2.5

; Floor .
hist gp ydisp 0,2.1,0

hist gp ydisp 0,2.1,0.5

hist gp ydisp 0,2.1,1

hist gp ydisp 0,2.1,1.5

hist gp ydisp 0,2.1,2.5

; Wall

hist gp xdisp 2.1,0,0

hist gp xdisp 2.1,00.5

hist gp xdisp 2.1,0,1

hist gp xdisp 2.1,0,1.5 )
hist gp xdisp 2.1,0,2.5

; -— Stage 2: excavate tunmei section 2

Model null range group section2

¥
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Save s2al .sav

Solve; second solve (ratio=le-5)

Save s2bl .sav

Restore s2al.sav

; — Add shoterete & Install bolt in section 1

sel shell id=1 range cyl end]1 000end2001.51rad 2.1 y-2.106

sel shell id=1 range cylendl 000end2 00 1.51 rad 2.18 x 0 2 y 0.55,0.9
sel shell id=1 range cyl end1 000end2001.51 rad 23x01.9y091.4

sel shell id=1 range cylend1 000end200 1.51 rad 24x1.7,1.9y1.42

sel shell id=1 range ¢yl end1 000end2 00 1.51 rad 265x1.719y 152
sel shell id=1 prop 1s0=X(15€9,0.25) thick=0.075

sel cable id=2 beg 1.906 0.75 end 481.50.75 nseg 9

sel cable id=2 beg 1.9-0.90.75end 4.5-2.3 0.75 nseg 9

sel cable id=2 beg 0.8 -2 0.75 end 1.8-480.75nseg 9

sel cable prop emod 207¢9 xcarea 4.91e4 &

yten 0.285¢6 gr_k 7€9 gr_co 5e5 ran id=2

Solve ratio=1e-6; third solve

Save sicit2al75.sav

; — Stage 3: excavate tunnel section 3 & add shotcrete, Install bolt in section 2
Model null range group section3

sel shell id=3 range cyl end]1 001.49 end200301rad 21 y-2.106

sel shell id=3 range cyl end1 001.49 end200 3.0l rad 2.18x0 2y 0.55,0.9
sel shell id=3 range cylend] 001.49 end200301 rad23x019y091.4
sel shell id=3 range cyl end1 00149 end2003.01 red 2.4%x1.7,1.9y 1.4 2
sel shell id=3 range cyl end1 001.49 end2003.01rad265x1.719y1.52
sel shell id=3 prop iso=<(15€9,0.25) thick=0.075

sel cable id=4 beg 1.9 0.6 2.25 end 4.81.52.25 nseg 9

sel cable id=4 beg 1.9 -0.9 2.25 end 4.5-2.3 2.25 nseg 9

sel cable id=4 beg 0.8 -2 225 end 1.8 4.8 2.25 nseg 9

sel cable prop emod 207¢9 xcarea 4.91e4 &

yten 0.285¢6 gr_k 7¢9 gr_co 5¢5 ran id=4

Solve ratio=le-6

SW slcit2al752 sav

; - Stage 4: excavate tunnel section 4 & add sho(crcte.‘ Install bolt in section 3
Model null range group sectiond
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sel shell id=5 range cylendl 00299 end2004.51rad 2.1 y-2.106

sel shell id=5 range cyl end1 0 02.99 end2 00 4.51 rad 2.18x 0 2y 0.55,0.9
sel shell id=5 range cylendl 00299 end2004.51 rad23x01.9y 0914
sel shell 1d=5 range cylend1 0 02.99 end2004.51rad 2.4x1.7,1.9y1.42
sel shell id=5 range cylendl 00299 end2 00451 ad 2.65x1.71.9y1.52
sel shell 1d=5 prop is0=(15€9,0.25) thick=0.075

sel cable id=6 beg 1.9063.75 end 481.53.75 useg 9

sel cable id=6 beg 1.9-0.93.75 end 4.5-2.3 3.7 nseg 9

sel cable id=6 beg 0.8-2375 end 1.8 483.75 nseg 9

sel cable prop emod 207e9 xcarea 4.91e-4 &

yten 0.285¢6 gr k 7e9 gr_co 55 ran 1d=6

Solve ratio=le-6

Save slclt2al 752 sav

; And continue Stage S(excavate tunnel section 5 & add shotcrete, Install bolt in section 4)
; And continue umtil end of excavate.
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; —— Excavation and Support for Babolak Water Conveyance Tunnel —-

Title Design of Permanent Suppost System of Babolak Water Conveyance Tunmel'
; Define FISH functionl

Define _mod_param

coh_ = 1e20; no-slip case

; coh_=0; full-slip case

; Density of material

dens =2200

; Ratio of horizontal-to-vertical stress

k_=1.5

; Define maximum overburden from tunoel until surface of earth
over_=100

End

_mod_param

; Define FISH function2

Define _mod_setup

- ver_stress=1%over_*dens *9 .8}

hor_stress=k_*ver_stress

gradl=1*%dens *9.81

grad2=1%k_*dens_*9.81

ver_stressi=ver_stress+ (20%gradl ), I=upper of model (size of modet: 40°40%0.4)
End

_mod_setup

; Generate tunnel & surrounding rock

gen zone radcyl size 512020t 111 1.1 &

Dim 22 p00, 0,0 pl 20,0,0p2 0,0.4,0 p3 0,0,20

gen zon reflect dip 0 o 0 0 0

T



gen zon reflect dip 90 dd 90 011 0 00

; Assign Mobhr-Coulomb matenial model

Model Mohr

Prop bulk=0.52e9 shear=0.18¢9 tens=0.3e6

Prop col=8.06¢6 Fri=25 di=0

; Create the support (linesSELs).

sel liner id=1 range cyl end1 000 end2 0 0.4 0 rad 2

sel liner id=1 prop is0=(20€9,0.2) thick=0.4

sel liner id=1 prop cs_nk=2 45¢11 es_sk=2.45¢11 cs_scol=coh__
; Apply stresses at far-field boundaries

Set grav 0, 0,-9.81

ni dens=dens. _

ini szz=ver_stress grad 0,0,grad1

ini soc=hor_stress grad 0,0,grad2

ini syy=hor_stress grad 0,0,grad2

Apply szz =ver_stress] range z 19.9, 20.1

Set large

; Assign boundary conditions

Fix x range x -20.1,-19.9

Fix x range x 19.9, 20.1

Fix z range z -20.1,-19.9

Fix y range y -0.001, 0.001

Fix y range y 0.399, 0.401

hist gp zdisp 0,0,2

hist gp xdisp 2,0,0

; For the nodes (symmetry conditions):

sel node local xdir 1 0 0 ydir O -1 0 range x -0.001,0.001 ; x=0 plane
sel node fix 1sys range x -0.001,0.001

sel nade fix X yr zr range x -0.001,0.001

sel node local xdir 0 0 -1 ydir 0 -1 0 range z -0.001,0.001 ; z=0 plane
sel node fix 1sys range z -0.001,0.001

sel node fix x yr zr range z -0.001,0.001

se]l node fix y xx zr runge y -0.001,0.001 ; y=0 plane '
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sel node fix y xr zr range y 0.399,0.401 ; y=Ymax plane
Plot create aa

Plot set rot 000

Plot set center 1.35 -0.35 1.45

Plot set mag 3.77

Plot add sketch

Plot add disp blue scale 0.10

Plot add sel disp red scale 0.10

Plot add axes

Plot create bb

Plot set rot 90 1350

Plot set ceater 8.854 0.55 8.81

Plot set mag 14.4

Plot add sel recover sres Ny surfx 0 1 0

Plot add sel recover sres My surfx 0 1 0 active off
Plot add sel liner coupling stress normal active off
Plot add sel liner coupling stress shear active off
Plot add axes position 0 1 0

Solve ratio=le-6

Save general.sav

Retum
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Abstract

The Alborz storage dam is located on the Babol river at the distance of 40 Km from
Babol city (in Mazandaran province). The Babolak water conveyance tunnel has been
designed in order to transfer water from Babolak river to Alborz storage dam to supply part
of the water demand.

2.6 Km of length and 4.2 m of diameter are the main characteristics of this tunnel.
With taking into account the permanent support system, final shape of the section will be
circular. As the tunnel is being driven in marlstone, designinglof tunnel support system in
such situations have been considered in this research work.

In order to analyze the stability of the tuﬁnel and design proper support system, three
methods have been used namely: empirical (Q and RMR classification system), analytical
(rock-support interaction) and numerical (FLAC3D software). Base on the: results, a

combination of shotcrete and rock bolt for the temporary support and a 40 cm thick

reinforced concrete for the permanent support have been recommended.
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