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GEOLOGICAL STRENGTH INDEX FOR
BLOCKY JOINTED ROCKS

From a description of the structure and
surface conditions of the rock mass,
pick an appropriate box in this chart.
Estimate the average value of GSI
from the contours. Do not attempt to
be too precise. Quofing a range from
36 to 42 is more realistic than stating
that G3l = 38. It is also important to
recognize that the Hoek-Brown
criterion should only be applied to
rock masses where the size of
individual blocks or pieces is small
compared with the size of the
excavation under consideration.
When the individual block size is
more than about one quarter of
the excavation size, the failure will be
structurally controlled and the Hoek-Brown
criterion should not be used.

STRUCTURE

SURFACE CONDITIONS

Very rough, fresh unweathered surfaces

VERY GOOD

o
m
0
E
e
@

gh, slightly weathered, iron stained surfaces

= GOOoD
® Rou

SURFAC

FAIR

Smooth, moderately weathered and altered surfaces

m

QUALITY

Slickensided, highly weathered surfaces with compact

coatings or fillings or angular fragments

POOR

Slickensided, highly weathered surfaces with soft clay

VERY POOR
coatings or fillings

@

INTACT OR MASSIVE - intact
rock specimens or massive in
situ rock with few widely spaced
discontinuities

BLOCKY - well interlocked un-
disturbed rock mass consisting
of cubical blocks formed by three
intersecting discontinuity sets

%N

[=:]
(=]

M7A

MNIA

N

/

VERY BLOCKY- interlocked,
partially disturbed mass with
multi-faceted angular blocks
farmed by 4 or more joint sets

/
/

/

BLOCKY/DISTURBED - folded
and/or faulted with angular blocks
formed by many intersecting
discantinuity sets

30
i

/

DISINTEGRATED - poorly inter-
locked, heavily broken rock mass
with mixture of angular and
rounded rock pieces

<Z— DECREASING INTERLOCKING OF ROCK PIECES

ORI

=3

/

/

/

| FOLIATED/LAMINATED - folded
“27 and tectonically sheared. Lack

oy of blockiness due to schistosity

L [[4] prevailing over other discontinuities

NIA

MNFA,

/
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‘- Direct Strain Control Technique
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Rock mass Excavation Rock bolts Shotcrete Steel sets
class {20 mm diameter, fully
grouted)
| - Very good Full face, Generally no support required except spot bolting.
rock 3 m advance.
RMR: B1-100
Il-Good rock Full face , Locally, bolts in crown | 50 mm in Mone.
RIMR 61-RB0 1-1.5 m advance. Complete 3m .Iong: sp-;z!ced 25 Crown where
support 20 m from face. m with oceasional required.
wire mesh.
lIl - Fair rock Top heading and bench Systematic bolts 4 m 50-100 mm None.
RMR: 41-60 1.5-3 m advance in top heading. | '2Ng: Spaced 1.5-2m | in crown and
in crown and walls 30 mmin
Commence support after each with wire mesh in sides.
blast. Crown.
Complete support 10 m from
face.
IV - Poor rock Top heading and bench Systematic bolts 4-5 100-150 mm Light to medium ribs
RMR: 21-40 1.0-1.5 m advanee in to m long, spaced 1-1.5 in crown and spaced 1.5 m where
e P m in crown and walls 100 mm in required.
headin
g- with wire mesh. sides.
Install support concurrently with
gxcavation, 10 m from face.
WV —Very poor Multiple drifts 0.5-1.5 m Systematic bolts 5-6 150-200 mm Medium to heavy ribs
rock advance in top heading. m long, spaced 1-1.5 incrown, 150 | spaced 0.75 m with
RMR < 20 Install support concurrently with m in crown and walls mm in sides, steel lagging and
E:{CEI'JEIIiDFr)]p.I Shotorete as gatm ]-Ni.th wire mesh. Bolt an Etl' 50 mm fgrepcul_inlg if required.
as possible after blasting. invert. on face. 05 invert.
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8 No.  Typeofexcavation ESR

1 Temporary mine openings, ete. 15

2 Vertical shafts: 2.5
(1) circular section 2.0

(1) rectangular/square section

3 Permanent mine openings, water tunnels for hydropower (excluding high 1.6
pressure penstocks), pilot tunnels, drifis and headings for large
excavations, etc.

4 Storage rooms, water treatment plants, mmor road and railway tunnels, 1.3
surge chambers, access tunnels, ete. (Cylindrnieal cavern’)

5 [l storage caverns, power stations, major road and railway tunnels, civil 1.0
defence chambers, portals, intersections, ete,

] Underground nuelear power stations, railway stations, sports and publie 0.8

facilities, factories, ete.

Note: ESR should be increzsed by 1.5 times and Q by 30 and Qy by 30w for temporary supports.
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@ Value <0.01 0.01-0.1 0.1-1.0 I-10 10—100 1 00—1000
Poor Good
Deseription Poor Fair
Exception Extremely Very OKiVery Ext./Exc.

Equivalent span/ Dk Syt

height 0.15 025-08 | 08-2 2-5 5-12 12-30
4-100 4 unee Spot bolting === 100
1.5-70 0.15 <---- Systematic bolting ----> 50
0.3-60 0.3 €= Bolts and shotcrete -——-—-> 60
0.15-50 0.15 <----nm- Bolts and fibercrete —--wz 50
3-40 3 <-- Cast concrete lining -> 40

D8] Qlade 31 eolaiw! b Soos dilas g (;lue S HLid -0-Y Jou

Rock mass quality, Q value <00/ 0.01-0.1 0.1-1.0 =10 10-100 100-1000
Support pressure (kg/sq cm)  5-30 3-15 |-7 05-3 0.1-2 0.01-0.2
Unsupported span (m) =05m 05-1.0m 1.0-2m 2-4m 4-I2m =12m
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Q Value =00/ } 0.01-0.1 [ o.1-1.0 I-10 10—100 | 1 00—-1000
Poor Poor | Fair Good
Description
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Fizher
Caoncentrations
T of total per 1.0 % area

000~ 2.50%
280~ 500%
5.00~ ¥.50 %
TE0~1000%
10,00~ 12.50 %
1250~ 15.00 %
15.00-17.50 %
1750~ 20.00 %
000~2250%

s 22 50~ 26.00 %

Mo Hizs Correction
Max. Conc. = 20 5338%

Equal Angle
Lower Hemisphere
500 Fales
500 Entries
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Wedge weight ~ Sidewall wedge support
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2. Mohr-Coulomb

3. Ubiquitous-joint

4. Strain-hardening/softening Mohr-Coulomb

o Bilinear strain-hardening/softening Ubiquitous-joint plasticity
*~ Double-yield plasticity

Y- Modified Cam-Clay plasticity
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Step 13058 Model Perspective
18:32:31 Fri Jul 19 2012

Center: Rotation:
X:8.150e+H001 X: 0.000
Y: 6.000e+001 Y: 0.000
Z:1.525e+102 Z: 20.000
Dist: 8.033e+002 Mag.: 1
Increments: Ang.: 22.500
Move: 3.604e+101
Rot.: 10.000
Block State
INunE

Itasca Gonsulting Group, Inc.
Minneapolis, MM USA
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Step 16886 Model Perspective
16:03:29 Sun Jul 21 2013

Center: Rotation:
X: B.180e+001 ¥ 0.000
't 6.000e+001 Y. 0.000
Z: 1.625e+002 Z: 40.000
Dist: 9.033e+002 Mag. 3.08
Increments: Ang. 22.500
Mowve: 3.6042+001
Rot: 10.000
Block Group

tunnel
rack

ltasca Consulting Group, Ine.
Minneapalis, MN USA
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Step 28707 Model Perspective
11:02:38 Wed Jul 31 2013

Center: Rotation:
H: B.150e+001 X 0.000
1 §.000e+001 W 0.000
2 1.528e+002 Z: 20.000
Dist: 9.033e+002 Mag . 1.85
Increments: Ang. 22.500
Mave: 3.584e+001
Rot.: 10.000
Block Group
turneld
Iruck
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, MH US4
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Step 20707 Model Perspective
14:17:11 Wed Jul 21 20132

Center: Rotation:

¥ B.150e+001 ¥: 0.000

Y. 8.000e+001 % 0.000

Z 1.525e+002 Z: 20.000
Dist: 8.032e+002 Mag 1.95
Increments: Ang. 22.500

Move: 3.594e+001
FRot: 10.000

Block Group
tunnelt
rochk

Contour of X-Displacement

Magfac = 0.000=+000

-8.0648e-002 to -5.0000=-002
-8.0000e-002 to -5.5000=-002
-5.6000e-002 to -5.0000=-002
-5.0000e-002 to -4.5000=-002
-4.5000e-002 to -4.0000=-002
-4.0000e-002 to -2.5000=-002
-3.5000e-002 to -2.0000=-002
-3.0000e-002 to -2.5000=-002
-2.5000e-002 to -2.0000=-002
-2.0000e-002 to -1.5000=-002
-1.5000e-002 to -1.0000=-002
-1.0000e-002 to -5.0000=-002
-5.0000=-002 to 0.0000=+000
0.00002+000 to 0.0000=+000

Itasca Consulting Sroup, Inc.

Minneaoolis. MN USA

sl gz 50 oo slxyl gl il —1O-F S
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Step 29707 Model Perspective
14:26:52 Wed Jul 31 2013

Center: Rotation:
H: B6.150e+001 ¥ 0.000
Y B.000e+001 Y 0.000
Z 1.525e+002 Z. 20,000
Dist: 8.033e+002 Mag.: 1.85
Inzrements: Ang.: 22500
Mowe: 2.584e+001
Rot: 10.000
Contour of 527

Magfac = 0.000e+000

Sradient Calculation
-145882e+007 to -1 4000e+007
-1.4000e+007 to -1.3000e+007
-1.20002+007 to -1,2000=+007
-1.2000e+007 to -1.1000e+007
-1.1000e+007 to -1.0000e+007
-1.0000e+007 to -0.0000e+008
-9.0000e+006 to -3 .0000e+006
-2.00002+006 to -7 .0000e+006
-7.0000e+006 to -6.0000e+006
-6.0000e+006 to -5 .0000=+006
-5.00002+006 to -4 0000=+008
-4.0000e+006 to -3 .0000e+006
-2.0000e+006 to -2 0000e+006
-2.00002+006 to -1.0000=+008
-1.0000e+006 to -4 4147 e+005
Interval = 1 .0e+006

ltasca Consulting Group, Inc.
Minneapaolis, MM USA
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Step 178688 Model Perspective
08:28:35 Mon Dec 08 2013

Center: Rotation:
M B.160e+001 M 0.000
Y 6.000e+001 Yt 0.000
Z 1.525e+002 Z 0000
Dist: 9.033e+002 Mag.: 1.86
Increments: Ang.: 22.800
Maowe: 3.5842+001
Rot. 10.000
Block Group
tunnelt
rock
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

[tasca Consulting Sroup, Ine.
Minneapolis, MM USA
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Center: Rotation:
X: 6.150e+001 X: 0.000
Y: 5.000e+001 Y: 0.000
Z: 1.525e+002 Z: D.000
Dist: 98.023e+002 Mag.: 1.95
Increments: Ang.: 22.500

Move: 3.594e+001
Rot.: 10.000

Block Group
tunnel1
rock
Contour of Z-Displacement
Magfac = 0.000e+000
-4.0511e-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 fo 1.0000e-002
1.0000e-002 to 2.0000e-002
2.0000e-002 to 2.0000e-002
3.0000e-002 to 4.0000e-002
4.0000e-002 to 5.0000e-002
5.0000e-002 to 5.7371e-002
Interval = 1.0e-002

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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Abstract

Pump-storage power plant is located in Lorestan province and adjacent Roudbar reservoir
located in 92 kilometers south of the city Aligoodarz. To evaluate the potential of
hydroelectric energy generation capacity of 1500 MW electricity to the national grid,
electricity consumption during peak hours (early hours of the night) is designing and
running. Plant will be inside the mountain. For this purpose, the structure as the main
cavern will be built underground. Height, width and length of the powerhouse cavern are
respectively, 50, 24.5 and 120 m. Powerhouse cavern will be in the rocks of the Dalan
Formation that is a sequence of limestone and dolomite limestone . In this thesis, the
stability of structure have been studied based on drilling process using
experimental,structural and numerical methods. The powerhouse cavern drilling operations
has been done in the nine-step numerical analysis. FLAC 3D software is used for
numerical analysis that is based on the FDM method. To stability analysis of powerhouse
cavern in without support condition is used Sakurai critical strain method. Stability
analysis of powerhouse cavern using the above methods are obtained the following results.
The software outputs are included the amount of horizontal, vertical deformations and
safety factor values for surrounding structure and analysis of support system that used in
power plant cavern. To increase the stability of power plant cavern, The installation of
shotcrete reinforced with steel mesh, two layers of springs 10*10 cm and a thickness of 20

cm has been suggested.

Keywords: power plant cavern, stability analysis, Design of Support System, FLAC 3D

software
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