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GEOLOGICAL STRENGTH INDEX

From the letter codes describing the structure
and surface conditions of the rock mass (from
Table 4), pick the appropriate box in this chart.
Estimate the average value of the Geological
Strength Index (GSI) from the contours.

Do not attempt to be too precise. Quoting a
range of GS| from 36 to 42 is more realistic
than stating that GSI = 38.

STRUCTURE

SURFACE CONDITIONS
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DECREASING SURFACE QUALITY =

BLOCKY - very well interlocked
undisturbed rock mass consisting
of cubical blocks formed by three
orthogonal discontinuity sets

/°°/ /
W

‘\-\

VERY BLOCKY - interlocked,
partially disturbed rock mass with

by four or more discontinuity sets

multifaceted angular blocks formed

=
N

BLOCKY/DISTURBED- folded
and.l’w faulted with angular blocks

d by many ir 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
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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
2 (8-21)
E} Breccia Sparitic Micritic
@ | Non- | Carbonate (20) Limestone Limestone
Clastic
(10) 8
Chemical Gypstone Anhydrite
16 13
. Marble Homfels Quartzite
L Non Foliated 9 (19) 24
E :
. . Migmatite Amphibolite  Mylonites
% Slightly foliated (30) 25-13] (6)
[ﬁ:. Foliated* Gneiss Schists Phyllites Slate
g 33 4-8 (10) 9
Granite Rhyolite Obsidian
33 16 19
Light . (16) (19)
Granodiorite Dacite
(30) a7
7] Diorite Andesite
3 (28) 19
m
% Dark Gazb?l_ﬂm Dolerite Basalt
= ) (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

R6 Strong

>250

>10

Specimen can only
be
chipped with a
Geological hammer

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

Very

RS
strong

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

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

Limestone, marble, phyllite,
sandstone, schist, shale

Medium
strong

25-50

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

*%

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

%k

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

Highly weathered or altered
rock

Extremly

RO weak

0.25-1

kk

Indented by
thumbnail

Stiff fault gouge

*Grade 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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FZ Hoek and Brown t [ 21|
File Help
3 ; Taput Bata - F
F Depth<=30m :
it = |027 sigei= 50
C Depth>30m
e Depth= [ m= [0
r’»% Quiput
Slepl  [Stent  [Slep?  [®en3 [Stend [SenS  [Sepf [Sep? | BUM
i3 00000, 027964, 055909 0A3BS 111857 133821 16786 1%67A0) 0763
sigh 4104875 4 7EEGE2 BDIET REGGI62  BIVRAVGl GA3KGT  72/2300 7GRS 488618
dalds 22150238, B 16273415 16393218, | 15108037 14382508 148.2
sion T 2I6GR 034 384343 460139 608932 Ealel)
tail JAM04 S6WTI 1130138 1286913 | 1714560, 1.846333
W 271958 219937 21040220 2027850 1953260 1907429 1858280 1814395 16193674
y A1.804384 1.7ISI7E 1645838 1583421 1541301 -1.50088) 1464512 1432646 1269566
) ANG7308 S7I0R0E 34B3NT G20M07  B0I7IR2 286062 2700031 259335 2585RM7
0 BIRITAL 4820870 4112175 3854389 | a4y | 32356084
sigsiot 000000, 133237 239336 433807 7IM83 956220 1.220283 3 5320827
Siadsg 0, 0000762 0003128, 0007038 0012512 00195 0026152 00316 010948

sigem (MPa) sigtm (MPa)  E(MPa)  Coh (MPa)  Phi(Deg) Stress (MPa)

|4.2832 |.08400 |3429.4 | 5009 [B35s |73
mh s a K A i Run
| | 00674 | 50000 [13.1104 |n2o185093735 | |0.7365a335517
x
Hoek - Brown
anil Equivalent Mohr
Coulomb Failure Criteria

kersion 1.0.0

This Program Calculate Rock Mass Properties on the base of
Hoek- Brown Method [2001]

,/ Prograring by
Babak Ebrahimi (1sfahan Regional Water Baard) .
Davoud Mohammadi [Bu-Ali Sina Universitel System

N G035 pwdige b Sl Ansloee g o5y 1AL asl Lol a1 K2
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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
............................................................ s
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  16.993218 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

****For More Information Look at : ****
a) Paul Marinos and Evert Hoek(2001), {Estimating the geological properties of
heterogeneous rock masses such as flysch} Bull. Eng Geol Env 60:85-92
b) Evert Hoek and ET. Brown (1997), {Practical Estimates of rock mass strength} Int J Rock
Mech Min Sci Geomech Abstr 34 (8) : 1165- 1186

Programing : Gholam reza Khanlari and Davoud Mohammadi
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