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orthogonal discontinuity sets

GEOLOGICAL STRENGTH INDEX, § g E
£ @
From the letter codes describing the structure £ @ g E §
and surface conditions of the rock mass (from 2 @ § E 8
Table 4), pick the appropriate box in this chart. a ® s E 5 o
Estimate the average value of the Geological £ 5 | €3 €
Strength Index (GSI) from the contours. o ] o @ c @
Do not attempt to be too precise. Quoting a 3 3 3 ‘E .g B
range of GSI from 36 to 42 is more realistic 2 = o o
than stating that GSI = 38. 9| £ ] ? § gl £8
[ = =
el £ | &| Z| 3g| 3=
= 3 T = o £0
g F= g g =33 =3
Ec EF
8| oé 2l 3 §levs
8| B| E| ¥8|8%:
8l 8% @ =l 3 §"
& 9 =] ac £ [ B e E‘
> = & 2 |Ea 8|35
Sl 65| 83| 52 (858 |Es<
o >> x| Lo lan8156G 3
STRUCTURE DECREASING SURFACE QUALITY £
. 80 /
BLOCKY - very well interlocked
undisturbed rock mass consisting /
of cubical blocks formed by three 70
A

VERY BLOCKY - interlocked,
partially disturbed rock mass with
multifaceted angular blocks formed
by four or more discontinuity sets

N

/
-

BLOCKY/DISTURBED- folded
and/or faulted with angular blocks
fi d by many int ting
discontinuity sets

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

< DECREASING INTERLOCKING OF ROCK PIECES

i

10

[

[6] GSI jlaie sy ) JS2
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Rock Class Group Texture
type Coarse | Medium | Fine | Very fine
Conglomerate Sandstone Siltstone Claystone
Clastic (22) 19 9 4
Greywacke
(18)
e Chalk
2 _ 7
g Organic
53] Coal
= (8-21)
E} Breccia Sparitic Micritic
@ | Non- | Carbonate (20) Limestone Limestone
Clastic (10) 8
Chemical Gypstone Anhydrite
16 13
O Non Foliated Marble Homnfels Quartzite
= 9 (19) 24
) _ ‘ Migmatite  Amphibolite  Mylonites
% Slightly foliated (30) 25-13] (6)
[ﬁ:. Foliated* Gneiss Schists Phyllites Slate
2] 33 4-8 (10) 9
Granite Rhyolite Obsidian
33 16 19
Light . (16) (19)
Granodiorite Dacite
(30) a7
e} Diorite Andesite
3 (28) 19
m
% Dark Gabbro Dolerite Basalt
= 27 ) (19) a7
Norite
22
Extrusive Agglomerate = Breccia Tuff
_pyroclastic type (20) (18) (15)

* These values are for intact rock specimens tested normal to bedding or foliation. The value
of m, will be significantly different if failure occurs along a weakness plane.

In deciding upon the value of o for foliated rocks, a decision has to be made on
whether to use the highest or the lowest uniaxial compressive strength obtained from
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Extremly

>250
Strong

R6

>10

Specimen can only
be
chipped with a
Geological hammer

Fresh basalt, chert, diabase,
gneiss, granite, quarrtzite

Very
strong

RS 100-250

4-10

Speciment requires
many blows of a
geological hammer
to fracture it

Amphbolite, sandstone,
basalt, gabbro, gneiss,
granodiorite. Limestone,
marble, rhyolite, tuff

R4 strong 50-100

2-4

Speciment requires
more than one blow
of a geological
hammer to fracture
it

Limestone, marble, phyllite,
sandstone, schist, shale

R3 Medium 25-50
strong

1-2

Cannot be scraped
or peeled with a
pocket knife,
specimen can be
fractured with a
single blow from a
geological hammer

Claystone, coal,
concrete,shist,shale,siltstone

R2 Weak 5-25

ok

Can be peeled with
a pocket knife with
difficulty , shallow
indentation made
by firm blow with
point of a
geological hammer

Chalk, rocksalt, potash

Very

R1 weak

kK

Crumbles under
firm blows with
point of a
geological hammer,
can be peeled by a
pocket knife

Highly weathered or altered
rock

Extremly

0.25-1
weak

RO

3k

Indented by
thumbnail

Stiff fault gouge

*QGrade according to Brown(1981)
** Point load tests on rocks with a uniaxial compressive strength blow

25 MPa to yield
highly ambiguous results.
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% Hoek and Brown ‘JQI}J
Fll tielp
“Input Data
v 5 1= [
* Depth <=36m
tniewe= [0 sigei= [r0
C Depth >30 m
ek Depth= [3 mi= [x0
@ Output
SiepD  [Stepl  [Step? [Step3 [Steid4  [StpS5  [Slepb [Stea? [ SUM
B 000000; 027364, O%FS23  OB3BI3  T11BE7| 139821 1677BE|  957A00 0763
il 4104375 4766ER2 G IGHME1 GAGRIEZ BaTANTE BAGET 7272900 7684343 48208151
dlds] | 2576090 22150230 15920185 1927415 16993218 15106037 14382608 14
san N e e I ) 608932 EB26T1)
tai T304 9EIMI 1130133 1205913 1435718 1714560, 1.846393,
% 2.319859] : 2027850 1963280, 1807429 1.65E280 - '
y 1804334 1.TI5176 1569471 1541501 150088 1464312 .
W 4187308 3770806 3223107 3027152 286262| 272081 | 25 e
0 5381744 4832870 4112175 3854389, | 3453203 8 32993264
B unnnun: 1337 64307 71349 | 1.220283 1504323 5320827
sigdn 0000762 DOUG1Z8 000708 DOTZSZ 005 0028152 D0%G18 01034
si Pa) sigim (MPa) E(MPa) Coh (MPa) Phi(Deg) Stress (MPa)
4257 - 03400 34294 5003 B35 783
|4.nus |nus?4 |.snnnu |18.1104 ]0.80_18_5093?95 |u.?3_55999_551?
X
Hoek - Brown
ani Equivalent Mohr
Coulomb Failure Criteria
Version 1.0.0

N G203 55 g bl Ansloee g o5y 1AL, asl ol ais 1 ISS

Hoek- Brown Method [2001]

This Program Ealculate Rock Masg Properties on the bage of

,/ Prograriing by
Bahak F_hrahlml [I&fﬁhan Regional Water Board)
Davoud Mohammadi (Bu-Ali Sina University]
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| Hoek - Brown and Equivalent Mohr Coulomb Failure Criteria |

Input
sigci=50 mi=20 GSI=55

Depth Of Failur Surface or Tunnel Below Slope is Less Than 30 Meters

Depth=29  Unit wt= 0.027 Vertical Stress=.783

Output
sigem=4.2632 sigtm=-.08400 k=18.1104
mb=4.009 phi=63.55 coh=.5009
E=9429.4 a=.50000 s=.00674
B=0.73659995517552 A=0.801850937957741
............................................................ e
sig3 sigl ds1ds3 sign tau X

.000000 4.104875 25.416090 .155393  .783404 -2.319859
027964 4.766682 22.150238 232658  .963373 -2.198379
055929  5.353181 19.920186 .309141  1.130139 -2.104422
.083893 5.886162 18.273415 .384943  1.286913 -2.027850
111857 6.378576 16993218 460139  1.435718 -1.963260
139821 6.838867 15.961087 .534787  1.577940 -1.907429
167786 7.272900 15.106037  .608932  1.714580 -1.858280

195750 7.684948 14.382608 .682611  1.846393 -1.814395

SUM
0.783  48.286191 148.202879 3.368604 10.73846 -16.193874

y X Xsq sig3sigl sig3sq
-1.804984 -2.319859  5.381744 .000000 0.00000
-1.715176  -2.198379  4.832870 133297 0.000782
-1.645838 -2.104422  4.428590 299396 0.003128
-1.589421 -2.027850  4.112175 493807 0.007038
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-1.541901 -1.963260  3.854389  .713489 0.012512
-1.50088  -1.907429  3.638285  .956220 0.01955
-1.464812  -1.858280  3.453203 1.220289 0.028152
-1.432646  -1.814395  3.292028 1.504329 0.038318
SUM
-12.69566  -16.193874  32.993284  5.320827  0.10948
*((TERM DEFINATION))*
1) GSI : Geological Strength Index
2) sigci : Unaxial Compressive Strength(MPa)
3) mi :Hoek & Brown Constant for Intact Rock
4) sigem : Uniaxial Compressive Strength for Rock mass(MPa)
5) sigtm :Tensil Strength for Rock mass (MPa)
6) E :Deformation Modulus (MPa)
7) Coh : Cohesive Strength for Rock mass(MPa)
8) Phi : Friction Angle for Rock mass (Deg)
9) stress : Vertical Stress (MPa)
10) mb  :Hoek and Brown Constant for Rock mass
11) s :Hoek and Brown Constant for Rock mass
12) a  : Constant
13) K  : Slope of the line Relating sigl and sig3
14) A : Constant
15) B : Constant
References
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Programing : Gholam reza Khanlari and Davoud Mohammadi



Ko gl003 55 iige S8 el et S g SINLD) 4ol e Yov

PR

Rl (w3 salad by (S Jld o g L o 53 &S pl e g

Basic 0l « bl by Wl gos0 5 o3 S o35 kige sl b
Gos 5 Ko 0355 o Al 035 (OST 3lis 51 esliul b g5 oS ead axs 5 Visual
28 Ll 3 5 s ged alos 335 5 e | (Se Loz sl bl STl e
Aies 4 3h 5 S 35 e B wdige SLa bl und 45 bl Sl e e 13
23 B3 5 e Dbl LIS e 5l Sls aoa b s ol b ol Sl el 1
ooz g sl bl ond Gl 58 o slentn Llse cpl a5 L das 18 i L

e eslinal ael ol 5l jmﬁ

P b
Sl K g Sy 035 .05 B Sk 3303 A (Shamme (L 0 (g Ll -
ol alis s RMR 5 WCS glagis o3y olal 2 A ¥ pms ¥ 05,185 s oSl
g oKl oo 5 g2 VB0 011wl e cpeasl Jles cpeiid SVUEs 4 pezes
VN i (\TAY) Ol S sl
2. Khanlari, G.R Application of Rock Mass Charactrisation to Slope
Stability Problems. Ph.D. Thesis (1996) University of Wollongong.
3.Khanlari, G.R. Data Acquisition of Rock Mass Strength from Laboratory
Testing. Eight International congress international association for
engineering geology and the environment.(1998)21-25 september,
Vancover, Canada.
SHLSE (el Pangd taz S 53 i 25 Gbesle (5l Dol 5 Gl oSen -t
dmis 040 (VTV) (s 2l 5 5ol olys Sl Sl 5 b oKl 31
B8 sl OLL IS L5 s wigo omslidopns Sl S5 (w2 25130 (Silares =0

ko YY O (WYAY) L o g o005 c pwidige ol (paey A



Yoi \\'A"}:;_L‘Vh)ugdﬂdl?‘wwwmwjdqu

6. Hoek, E Rock Engineering, Course Notes(1999)www. Math Works . com

7. Marinos , P and Hoek, E Estimating the geothechnical properties of
heterogeneous rock masses such as flysch. Bull eng geol Env 60: (2001)
85-92.

(Shazme 5 Jgs O Jorl ez ) (S 3 (S s losbne UL ot A

amao Y00 (VWA Oen gelils Sl Lasl ¢ (sl dews



	ÛáÇãÑÖÇ ÎÇäáÑí æ ÓíÏ ÏÇæÏ ãÍãÏí
	ÇÚÖÇí åíÆÊ Úáãí ÏÇäÔ�Çå ÈæÚáí Óí�
	Grade*
	Ôßá 4: ÕÝÍå ÇÕáí ÈÑäÇãå ÑÇíÇäå�Çí�


	ãäÇÈÚ :

