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FIL.AC3D 3.00 View Title: Underground Power Plant of Sardasht

Step 3845 Model Perspective
22:14:31 Sat Dec 04 2010

Center: Rotation:
X:9.297e+001 X 20.000
Y:4.579¢+001 Y: 0.000
Z:4.317e+001  Z:200.000
Dist: 4.727¢+002 Mag.: 1.56
Ang.: 22.500

Surface

Magfac = 0.000e+000
Null zones only

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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Major principal stress (MPa)

Analysis of Rock Strength using RocLab for Power Plant of SARDASHT

0.0

0.5 1.0

15

Minor principal stress (MPa)

Shear stress (MPa)

Hoek-Brown Classification

intact uniaxial compressive strength = 29 MPa

GSI=41 mi=6 Disturbance factor=0.5
Hoek-Brown Criterion

mb=0.361 s=0.0004 a=0.511
Mohr-Coulomb Fit

cohesion=0.276 MPa friction angle =31.43 deg
Rock Mass Parameters

tensile strength =-0.031 MPa

uniaxial compressive strength = 0.522 MPa

global strength = 2.227 MPa

modulus of deformation = 2405.80 MPa

0.0 05 1.0 1.5 2.0 2.5

Normal stress (MPa)
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Step 3845 Model Perspective
22:07:36 Sat Dec 04 2010

FLAC3D 3.00

View Title: Underground Power Plant of Sardasht

Center: Rotation:

X: 1.057e+002  X: 20.000
Y:2216e+001  Y: 0.000
Z:2.438e+001 Z:150.000
Dist: 4.727e+002 Mag.: il

Ang.: 22.500

Surface
Magfac = 0.000e+000
Null zones only

Sketch

Magfac = 0.000e+000
Linestyle ---cronsas sommanms -

Itasca Consulting Group, Inc.
Minneapolis, MN USA

ol ol 5 o8 g, b 5l Soleds oles F-0 S

FLAC3D 3.00 View Title: Underground Power Plant of Sardasht
Step 3845 Model Perspective x10%8
22:25:47 Sat Dec 04 2010
Center: Rotation: l‘
X:1.162e+002  X: 20.000 124 |
Y:4631e+001  Y: 0.000 |
Z:4.025¢+001 Z:160.000 ‘
Dist: 8.373e+002 Mag.: 244 ‘
Ang.: 22.500
1.0 ‘
History ‘
1 Max. Unbalanced Force
Linestyle 0.8 ‘
8.962e+004 <-> 1.385e+008
Vs. ‘
Step oe)
1.000e+001 <-> 3.840e+003 '
|
Il
0.4 il
| ‘\
|
\ \
| |
0.24| \
{
| \
L \\vf\\/—\ _
Itasca Consulting Group, Inc. 1.0 20 3.0
Minneapolis, MN USA X103
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FILAC3D 3.00

Step 4328 Model Perspective
01:27-37 Sun Apr 10 2011

Center: Rotation:
X:8.134e+001 X 10.000
Y: 6.511e+001 Y: 0.000
Z:5.250e+001 Z-110.000
Dist- 4 297e+002 Mag: 1
Ang.. 22 500

Block State
MNone
shear-n shear-p
shear-n shear-p tension-p
shear-n tension-n shear-p tension-p
shear-p
shear-p tension-p
tension-n shear-p tension-p

Itasca Consulting Group, Inc.
Minneapolis, MN USA

(65155 s i 5| 1B) Wloos ) ol a4y a8 Llis o Lol lie 5| Jsb ahaie $-0 S

F1 . ACFI 3 00

Step 3659 Model Perspective
2204280 Sun Apr 10 201

Center: Rotation:

®- T R e X [

¥ 1.750e+001 ¥: 0.000

2= 52501 001 Z 0.000

Dist: 4.257e+02 Mag.: 1
ANG.: 22.500

Blodk Slele
Mane
shear-n shear-n
ehear n ehear p teneion p
shcar-n tonaion-n shear-p kenaion-p
sheur-p
shear-p ienslon-p
temsion-n shear-p tenswon-2

K Consulling Gioup, Ine.
Minneapoks, MY USA

(6 s i 1 J8) Wil ok 4y a5 (bl

ay
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FLAC3D 3.00 View Title: Underground Power Plant of Sardasht
Step 3845 Model Perspective
22:39:07 Sat Dec 04 2010
Center: Rotation:

X:8.037e+001  X: 360.000
Y:4.000e+001  Y: 0.000
Z:4.025¢+001 Z:170.000
Dist: 1.013e+003 Mag.. 4.77
Ang.: 22.500

Contour of Z-Displacement

Magfac = 0.000e+000
-1.4793e-001 to -1.4000e-001
-1.4000e-001 to -1.2000e-001
-1.2000e-001 to -1.0000e-001
-1.0000e-001 to -8.0000e-002
-8.0000e-002 to -6.0000e-002
-6.0000e-002 to -4.0000e-002
-4.0000e-002 to -2.0000e-002
-2.0000e-002 to 0.0000e+000
0.0000e+000 to 2.0000e-002
2.0000e-002 to 4.0000e-002
4.0000e-002 to 4.7479e-002

Interval = 2.0e-002

Itasca Consulting Group, Inc.
Minneapolis, MN USA

S s o 31 5 8 sl 53 bl & Lo (slajl A0 IS5

FLAC3D 3.00

Step 3845 Model Perspective
22:15:46 Sat Dec 04 2010

Center: Rotation:
X:9.297e+001  X: 20.000
Y:457%+001 Y: 0.000
Z:4.317e+001  Z:200.000
Dist; 4.727e+002 Mag.: 1.56
Ang.: 22.500

Surface
Magfac = 0.000e+000
Null zones only

History

View Title: Underground Power Plant of Sardasht

x107-1

-0.14

3 Z-Displacement Gp 13817
Linestyle
-1.197e-001 <-> -3.137-006

Vs.
Step
8.100e+002 <> 3.840e+003

Itasca Consulting Group, Inc.
Minneapolis, MN USA

af
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Step 3839 Model Perspective
09:34:26 Thu Dec 09 2010

FI.AC3D 3.00

View Title: Underground Power Plant of Sardasht
x10"8

Center:

X: 1.258e+002
Y: 1.750e+001  Y: 0.000
Z: 3.800e+001 Z: 0.000
Dist: 4.727e+002 Mag.. 1.56

Ang.: 22.500

Rotation:
X: 0.000

|
1.2+

History

1 Max. Unbalanced Force
Linestyle

1.0 ‘

1.582e+005 <-> 1.382¢+008
Vs.

Step

1.000e+001 <-> 3.830e+003

Itasca Consulting Group, Inc.
Minneapolis, MN USA

0.8 ‘
|

0.6
'

0.4

|
0.24| |

x1073

61055 s el o Jolad e slog s L8, e V-0 S

FILAC3D 3.00

Step 3839 Model Perspective
09:44:06 Thu Dec 09 2010

Center:

X: 1.258e+002
Y: 1.750e+001 Y: 0.000
Z: 3.800e+001 Z: 0.000
Dist: 4.727e+002 Mag.: 1.56

Ang.: 22.500

Rotation:
X: 0.000

History
2 Z-Displacement Gp 13709
Linestyle
-3.468e-002 <-> -1.786e-006
Vs.
Step
8.100e+002 <-> 3.830e+003

ltasca Consulting Group, Inc.

-3.04

View Title: Underground Power Plant of Sardasht

x107-2

\

054

-1.04

-1.54

-2.04

-2.54

2.0

Minneapolis, MN USA

x1073

SIS i el o ol e i o 5B Slul> g VY0 S
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FLAC3D 3.00

Step 3839 Model Perspective
09:40:07 Thu Dec 09 2010

View Title: Underground Power Plant of Sardasht

x107-2

Center: Rotation:
X: 1.258e+002 X: 0.000
Y: 1.750e+001 Y: 0.000
Z: 3.800e+001 Z: 0.000
Dist: 4.727e+002 Mag.. 1.56
Ang.: 22.500

History

12 X-Displacement Gp 33436

Linestyle

-3.481e-002 <-> -1.119e-003
Vs.

Step

8.100e+002 <-> 3.830e+003

Itasca Consulting Group, Inc.
Minneapolis, MN USA

-0 5-\\‘
-1.04
-1.54
2.0
2.5

-3.04

x1073

G s el amy ol e ojlgs jo 28l Sl Joue VY-0 S

FIAC3D 3.00

Step 3839 Model Perspective
09:50:07 Thu Dec 09 2010

View Title: Underground Power Plant of Sardasht

Center: Rotation:
X:1.258e+002  X: 0.000
Y: 1.750e+001 Y: 0.000
Z: 3.800e+001 Z: 0.000

Dist: 4.727e+002 Mag.: 1.56
Ang.: 22.500

History
26 Z-Velocity Gp 13709
Linestyle

-7.695e-005 <-> -1.013e-007

Vs.
Step
8.100e+002 <-> 3.830e+003

Itasca Consulting Group, Inc.
Minneapolis, MN USA

x107-5

x1073

5.0
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View Title: Underground Power Plant of Sardasht

FIL.AC3D 3.00
x107-4

Step 3839 Model Perspective . e e R e s
09:48:49 Thu Dec 09 2010 Ny 7

Center: Rotation:
X:1.258e+002  X: 0.000 0.2 |
Y: 1.750e+001 Y. 0.000 ‘
Z: 3.800e+001 Z: 0.000
Dist: 4.727e+002 Mag.: 1.56

Ang.. 22.500 oa |

History
36 X-Velocity Gp 33436 osd
Linestyle ’ |

1.473e-004 <-> -1.542e-008
Vs.
-0.8 -

Step |
8.100e+002 <-> 3.830e+003 \‘

-1.04

-1.24

ad !

Itasca Consulting Group, Inc.
Minneapolis, MN USA x1043
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FLAC3D 3.00

Step 3839 Model Perspective
11:29:07 Thu Dec 09 2010

Center: Rotation:

X: 8.520e+001 X: 359.977

Y: 1.029e+001 Y: 360.000

Z:4.509e+001 Z:179.950

Dist: 4.106e+005 Mag.: 1.99e+003
Ang.: 22.500

Contour of Displacement Mag.

Magfac = 0.000e+000
0.0000e+000 to 5.0000e-003
5.0000e-003 to 1.0000e-002
1.0000e-002 to 1.5000e-002
1.5000e-002 to 2.0000e-002
2.0000e-002 to 2.5000e-002
2.5000e-002 to 3.0000e-002
3.0000e-002 to 3.5000e-002
3.5000e-002 to 4.0000e-002
4.0000e-002 to 4.5000e-002
4.5000e-002 to 5.0000e-002
5.0000e-002 to 5.5000e-002
5.5000e-002 to 5.5039¢-002

Interval = 5.0e-003

ltasca Consulting Group, Inc.
Minneapolis, MN USA

View Title: Underground Power Plant of Sardasht

SN s ed 3l g oS58 e sl Lo pilomlz S ] 100 S

FIAC3D 3.00

Step 3839 Model Perspective
11:38:05 Thu Dec 09 2010

View Title: Underground Power Plant of Sardasht

Center: Rotation:

X: 8.520e+001 X: 359 977

Y: 1.030e+001 Y: 360.000

Z: 4.509e+001 Z:179.950

Dist: 1.171e+006 Mag.: 6.06e+003
Ang.. 22.500

Contour of Z-Displacement

Magfac = 0.000e+000
-4.8950e-002 to -4.0000e-002
-4.0000e-002 to -3.0000e-002
-3.0000e-002 to -2.0000e-002
-2.0000e-002 to -1.0000e-002
-1.0000e-002 to 0.0000e+000
0.0000e+000 to 1.0000e-002

1.0000e-002 to 2.0000e-002
2.0000e-002 to 2.5720e-002
Interval = 1.0e-002

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

Step 3839 Model Perspective
11:41:06 Thu Dec 09 2010

Center: Rotation:

X: 8.520e+001 X: 350.977

Y: 1.030e+001 Y: 360.000

Z: 4.509e+001 Z: 179.950

Dist: 1.171e+006 Mag.: 6.06e+003
Ang.: 22.500

Contour of X-Displacement
Magfac = 0.000e+000
-3.8509e-002 to -3.0000e-002
-3.0000e-002 to -2.0000e-002
-2.0000e-002 to -1.0000e-002
-1.0000e-002 to 0.0000e+000
0.0000e+000 to 1.0000e-002
1.0000e-002 to 2.0000e-002
2.0000e-002 to 3.0000e-002
3.0000e-002 to 4.0000e-002
4.0000e-002 to 5.0000e-002
5.0000e-002 to 5.3793e-002
Interval = 1.0e-002

ltasca Consulting Group, Inc.
Minneapolis, MN USA

View Title: Underground Power Plant of Sardasht

X gl 55 albul> gl \V-0 S

FI1.AC3D 3.00

Step 3839 Model Perspective
11:43:56 Thu Dec 09 2010

Center: Rotation:

X: 8.520e+001 X: 359.977

Y: 1.030e+001 Y: 360.000

Z: 4.509e+001 Z:179.950

Dist: 1.171e+006 Mag.: 6.06e+003
Ang.: 22.500

Contour of Shear Strain Increment

Magfac = 0.000e+000

Gradient Calculation
-3.4316e-004 to 0.0000e+000
0.0000e+000 to 2.0000e-003
2.0000e-003 to 4.0000e-003
4.0000e-003 to 6.0000e-003
6.0000e-003 to 8.0000e-003
8.0000e-003 to 1.0000e-002
1.0000e-002 to 1.1048e-002

Interval = 2.0e-003

Itasca Consulting Group, Inc.
Minneapolis, MN USA

View Title: Underground Power Plant of Sardasht
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FIAC3D 3.00

Step 3839 Model Perspective
11:53:45 Thu Dec 09 2010

Center: Rotation:

X: 8.520e+001 X: 359.977
Y: 1.030e+001 Y: 360.000
Z: 4.509e+001 Z: 179.950

Dist: 2.283e+006 Mag.: 1.18e+004
Ang.: 22.500

Contour of SZZ

Magfac = 0.000e+000

Gradient Calculation
-5.7664e+006 to -5.0000e+006
-5.0000e+006 to -4.0000e+006
-4.0000e+006 to -3.0000e+006
-3.0000e+006 to -2.0000e+006
-2.0000e+006 to -1.0000e+006
-1.0000e+006 to 0.0000e+000
0.0000e+000 to 3.0964e+005

Interval = 1.0e+006

ltasca Consulting Group, Inc.
Minneapolis, MN USA

View Title: Underground Power Plant of Sardasht

P 1
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F1I.AC3D 3.00

Step 3839 Model Perspective
11:56:41 Thu Dec 09 2010

Center: Rotation:

X: 8.520e+001 X: 359.977
Y: 1.030e+001 Y: 360.000
Z:4.509e+001 Z:179.950

Dist: 2.283e+006 Mag.: 1.18e+004
Ang.: 22.500

Contour of SXX

Magfac = 0.000e+000

Gradient Calculation
-3.3263e+006 to -3.0000e+006
-3.0000e+006 to -2.5000e+006
-2.5000e+006 to -2.0000e+006
-2.0000e+006 to -1.5000e+006
-1.5000e+006 to -1.0000e+006
-1.0000e+006 to -5.0000e+005
-5.0000e+005 to -9.5981e+003

Interval = 5.0e+005

ltasca Consulting Group, Inc.
Minneapolis, MN USA

View Title: Underground Power Plant of Sardasht
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F1.AC3D 3.00

Step 3839 Model Perspective
11:58:37 Thu Dec 09 2010

Center: Rotation:

X:8.520e+001  X:359.977

Y:1.030e+001  Y:360.000

Z:4.509e+001  Z:179.950

Dist: 2.283e+006 Mag.: 1.18e+004
Ang.: 22.500

Contour of SMax

Magfac = 0.000e+000

Gradient Calculation
-2.8316e+006 to -2.5000e+006
-2.5000e+006 to -2.0000e+006
-2.0000e+006 to -1.5000e+006
-1.5000e+006 to -1.0000e+006
-1.0000e+006 to -5.0000e+005
-5.0000e+005 to 0.0000e+000
0.0000e+000 to 1.2502e+005

Interval = 5.0e+005

Itasca Consulting Group, Inc.
Minneapolis, MN USA

View Title: Underground Power Plant of Sardasht
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FIAC3D 3.00

Step 3839 Model Perspective
12:00:47 Thu Dec 09 2010

Center: Rotation:

X: 8.520e+001 X: 359.977

Y: 1.030e+001 Y: 360.000

Z:4.509e+001 Z:179.950

Dist: 2.283e+006 Mag.: 1.18e+004
Ang.: 22.500

Contour of SMin

Magfac = 0.000e+000

Gradient Calculation
-7.1573e+006 to -7.0000e+006
-7.0000e+006 to -6.0000e+006
-6.0000e+006 to -5.0000e+006
-5.0000e+006 to -4.0000e+006
-4.0000e+006 to -3.0000e+006
-3.0000e+006 to -2.0000e+006
-2.0000e+006 to -1.0000e+006
-1.0000e+006 to -7.8018e+004

Interval = 1.0e+006

Itasca Consulting Group, Inc.
Minneapolis, MN USA

View Title: Underground Power Plant of Sardasht
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Step 3839 Model Perspective
13:28:56 Thu Dec 09 2010

Center: Rotation:

X:1.087e+002  X:359.977

Y: 1.159e+001 Y: 360.000

Z: 3.538e+001 Z: 179.950

Dist: 4.449e+006 Mag.: 2e+004
Ang.: 22.500

Surface
Magfac = 0.000e+000
Null zones only

cable Axial Force
Magfac = 0.000e+000

tension
compression

Maximum = 2.542e+005

ltasca Consulting Group, Inc.
Minneapolis, MN USA

View Title: Underground Power Plant of Sardasht
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Step 4328 Model Perspective
22:38:56 Sun Apr 10 2011

Center: Rotation:

X 7.501e+001 X. 0.000

Y- 4.650e+001 Y. 0.000

Z: 3.800e+001 Z- 90.000

Dist: 4. 297e+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
tension-n shear-p tension-p

Itasca Consulting Group, Inc.
Minneapolis, MN USA

(6155 it astd ) ) Wlosms; ke a3 48 _blas o Lol Jlis 51 Job alaia V-0 S5

FrACc3pD 3.00

Step 4328 Model Perspective
22:34:55 Sun Apr 10 2011

Center: Rotation:

X: 7.501e+001 X: 0.000

Y: 1.750e+001 Y: 0.000

Z: 5.250e+001 Z: 0.000

Dist: 4 297e+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

|| tension-n shear-p tension-p

ltasca Consulting Group, Inc.
Minneapolis, MN USA
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Abstract

Now large part of electric energy is producted via hydroelectrical power
plants that they can constructed via 2 methods of underground and surface
depended on existing conditions. For being underground, it’s necessary that to
construct of large scale spaces. So because of being large of dimension, special
sensitivity and high life, their design and stability analysis is very important.

Stability analysis and problems related to stability of underground spaces
that are one of parts of this study, it’s a current and applied subject in Rock
Mechanics and Geotechnic. Whereas developement of manifold softwares and
advanced computers for repetitive calculations, numerical methods for stability
analysis of underground spaces in design phase and excavation phase are used
extensively. Hence,using of three dimensional softwares can be useful in design,
stability analysis and evaluation of underground spaces support.

Dam and Hydro Power Plant (HPP) of Sardasht is one of important civil
projects of IRAN that its studies have began several decade ego and its outfit has
began at 2008 August. Capacity of designed HPP for this dam is
120MW(3x40MW). Bieng underground or bieng surface of power plant is very
important in Sardasht project because both factors such as construction of
extensive network of underground excavations (main and transformer caverns, S-
shaped shafts, surge tank and etc.), high cost of supporting because of weakness
of surrounding rock mass and too topics related passive defense through
sensitivity and history of this region, selection of method is very important.

In this study, using rock mechanics information and data related to
surrounding rock mass, power plant capacity, caverns dimansion and geological
investigations that are collected via Mahab Ghodss and Moshanir consulting
engineers and Sepasad engineering company and statistical analysis is carry out
on them, underground spaces (main and transformer caverns, headraces tunnels

and draft tubes) are modeled in FLAC’ software, then underground and surfase



power plants are compared viewpoints: stability, cost, technical and passive

defense.

Keywords: Sardasht Hydro Power Plant, Feasibility Study, Stability Analysis,

Finite Difference Method, FLAC*"Software, Cavern, passive defense.
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