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Hooke’s Law:
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Intact rock specimens
- use equation 5
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One joint set - do not use
Hoek-Brown criterion

Two joint sets - do not use
Hoek-Brown criterion
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Many joint sets - use
equation 1 with caution

Heavily jointed rock mass
- use equation 1
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Table 2: Field estimates of uniaxial compressive strength.

Uniaxial ~ Point
Comp. Load

Fizld estimate of

Grade* Term Strength  Index strength Examples
(MPa)y (MPa)
Re Extemely > 250 >10 Specimzncan only be Fresh basalt, chert,
Strong chipped witha diabase, pneiss, granite,
geological hammer quanzite
RS Very 100-250 4-10 Specimen requires many  Amphibolite, sandstone,
strong blows of a geological basalt. gabbro, gneiss,
hammer to fracture it grancdiorite, limestone,
marble, thyolite, tuff
R4 Strong 50-100 2-4 Specimen requires more  Limestone, marble,
than one blow of a phyllite, sandstone, schist,
geological hammer to shale
fracture it
R3 Medium 25-50 1-2 Cannot be scraped or Claystone, coal, concrete,
strong peeled with a pocket schist, shale, siltstone
knife, specimen can be
fractured with a single
blow from a geological
hammer
R2 Weak 5-25 = Can be peeled with a Chalk, rocksalt, potash
pocket knife with
difficulty, shallow
indentation made by
firm blow with point of
a geological hammer
RI Very 1-5 hid Crumbles under firm Highly weathered or
weak blows with pointofa  altered rock
geological hammer, can
be peeled by a pocket
knife
RO Extremely 0.25-1 has Indznted by thumbnail ~ Stiff fault gouge
weak

* Grade according to Brown (1981).

** Point load fests on rocks with a uniaxial comprssive strength below 25 MPa are likely o yield highly

ambiguous results,
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Table 3: Values of the constant m; for intact rock, by rock group. Note that values ir Dr. Hasan Ghasemzadeh
parenthesis are estimates,
Eock: | Class Group Testure
type Coarse [ Mecrm [ Eine [ Ver-fine
Conglomecates™ Sandstumes  Siltstones Claystones
(21=3) 1724 =2 4=2
Breceias Grevwackes Shales “yal s
> | chas 1925 (15=3)
g | o oy e 091y 9 < g Hlo
z
] Crystallme Spantic
E Carbonetes | Limestone Limestones  Limestones m
g (1= 3) (10%2) $=2) 1
Xon Gypsum Anhyente
Clastic Evaporites 8§z2 122
Chalk
Orzanic =2
Marble Homiels Quartzites
NonFoliated. 943 (19&4) 2043
& Metasandstone
2 1= 3)
H Migmatite Amphbolites
o | Slighty feliated Q%=3) 6%
b3
Foliated** Gneiss Schists States
W=2 12:3 Tel
Granite Dioxite
3223 2525
Light Grano diorite
(29=3)
Plutonic
Dolerite
Dark (16=3)
Hypabyssal Porphynes Duabase Pendotits
Q0=3) (5= (25=73)
Dacite Otsi
Lava 2523) (19%3)
Velcanic Andesite Basalr
235=5 25=25)
Prroclastic | Azglomerate  Breccis Tuff
1923) (19=3) 1323)
+ Conglomerates and breccias may present a wide range of 7, values depending on the nature of e
cementing material and the degree of cementation, 30 they may range from valucs similar to sandstor o
velues used forfine sramed sediments
© *These values are forintact rock specimens tested normal 1o bedding of foliation The valus of », will be
siznificandv GiTerenyif fzilure o cours glons 3 weakness plans
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GEOLOGICAL STRENGTH INDEX FOR
JOINTED ROCKS (Hoek and Marinos, 2000)

DECREASING SURFACE QUALITY =

/

09l 9 < 9b slxe
GSI

STRUCTURE

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

4
'% N/A N/A

C/ /
j/// ; /
///“ N/ /
A
// //

A/ /

of blockiness due to close spacing N/A N/A /

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

o

wi

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

o th
surfaces with soft clay

d and altered

d. iron stained

BLOCKY/DISTURBED/SEAMY
- folded with angular blocks
formed by many intersecting
discontinuity sets. Persistence
of bedding planes or schistosity

d, highly

coatings or fillings

ded, highly
coatings or fillings or angular fragments

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

/

Very rough, fresh unweathered surfaces

VERY GOOD
GOOD

Rough, slightly
Smooth, moderately
POOR

VERY POOR

DHICK

7
DECREASING SURFACE Ql_JALITY @

FAIR

<3=—= DECREASING INTERLOCKING OF ROCK PIECES

of weak schistosity or shear planes

K.N. Toosi University of Tchnology 17
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GSI FOR HETEROGENEQUS ROCK MASSES SUCH AS FLYSCH >3 €a
(Marinos.P and Hoek. E, 2000) 3 g8, |38,
From a description of the lithology, structure and surface conditions (particularly 5 b - § a8 .g BE g
of the bedding planes), choose a box in the chart. Locate the position in the box 2| = g > g 2 § EH
that cor ds to the condition of the discontinuities and estimate the average = = | 28 5 23 58 |8 Bs
value of GSI from the contours. Do not attempt to be too precise. Quoting a range =} % e 3 z o ‘e’ £@ § w2e
from 33 to 37 is more realistic than giving GSI = 35. Note that the Hoek-Brown 'n: @E 5o 28 E s |35 § = 2RE
criterion does not apply to structurally controlled failures. Where unfavourably ZE >g ”’.§ _¢=o E'g =4 2 %‘g
oriented s weak planar ies are present, these will dominate 3 3 | o2 5% £2 |23 ®?
the behaviour of the rock mass. The strength of some rock masses is reduced by w £ ] o3 3@ g s |e 2 Q 5‘3
the presence of groundwater and this can be allowed for by a slight shift to the O g 8 H =3 58 = 2 L=
right in the columns for fair, poor and very poor conditions. Water pressure does = 8 =2 of P2 2§ > g 8
not change the value of GSI and it is dealt with by using effective stress analysis. % @E & § 8 ® % T 8 ] E:J gg
COMPOSITION AND STRUCTURE L= >= EH £2 [a@ > G
= | A. Thick bedded, very blocky sandstone / /
X The effect of pelitic coalings on the bedding 70
| planes is minimized by the confinement of
p the rock mass. In shallow tunnels or slopes
these bedding planes may cause struciurally &0
ya
s sos. [ 5o 7700 suuns [250) St |/
| stone with | stone and or silty shale A orclayey I g D
thin inter- siltstone in[<Z5 777 /il with sand- P8 J) shale with 1
‘| layers of | similar 1 /A stone tayers |7 7 sandstone
siltstone 7| amounts . > 2 layers B
=
C,D, E and G - may be more or
less folded than llustrated but | F. Tectonically deformed, intensively 0
this does not change the strength. | folded/faulted, sheared clayey shale
Tectonic deformation, faulting and or siltstone with broken and deformed
loss of continuity moves these sandstone layers forming an almest
categories to F and H. 1] chaotic structure / 0
G. Undisturbed silty H. Tectonically deformed silty or
or clayey shale with clayey shale forming a chaotic 0
or without a few very structure with pockets of clay.
thin sandstone layers Thin layers of sandstone are
transformed into small rock pieces.

——> : Means deformation after tectonic disturbance

Appearance of rock mass Description of rock mass

Suggestad value of D

Excellent quality controlled blasting or

excavation by Tunnel Boring Machine results
in minimal disturbance to the confined rock D=0
mass surrounding a tunnel,

Dr. Hasan Ghasemzadeh

‘Mechanical or hand excavation in poor quality
rock massas (no blasting) results in minimal
disturbance to the surrounding rock mass. D=0

‘W here squeezing problems result in significant
floor heave, disturbance can be severe unlessa | D=0.5

temporary invert, as shownin the photograph, Noinvert
is placed.

Very poor quality blasting in a hard rock tunnel
results in severe local damage, extending 2 or 3
m, in the surrounding rock mass. D=0.8

Small scale blasting in civil enginzering slopes | D=0.7
results in modest rock mass damage,
panticularly if controlled blasting is used as
shown on the left hand side of the photograph. | D= 1.0
However, stress relief results in some
disturbance,

Good blasting

Poor blasting

Very large open pit mine slopes suffer

ignifi i due to heavy p ion | D= 1.0
blasting and also due to stress relief from
overburden removal

D=07

In some softer rocksexcavation can be carried | Mechanical
out by ripping and dozing and the degree of
damage to the slopes is less.

Production blasting

excavation

09l 9 < 9b slxe

g;
O, =0;+0, mbo-—+S

c

mz =im; ex| I/GSI_IUO\I
b =M P ST )

_(GSI-100)
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For Tunnel

For Slope

~0.4
T 3Imax =0 JT: Tem !
grm l‘ }H )
. ;o =091
T3 max =072 Tem

!

v

O-(TH

where H is the height of the slope.
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r
cm

(o3

- 2c cos¢
“rock mass strength” @ =——

[s

I-sin¢

for the stress range 0, <o, <o /4 giving

(my, +4s—a(my, —8s))\my, [4+3

09l 9 < 9b slxe

)a-l

o =0,

cm

200+ a)2+a)
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10 Hoek and Dwederichs equation
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Table 8: Guidelines for the selection of modulus ratio (MR) values in Equation (26) -
based on Deere (1968) and Palmstrom and Singh (2001)
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Class Group Texture
Coarse [ Medim [ Fine [ Very fine
Conglomerates Sandstones Silrstonss Claystones
300.400 200350 350.400 200.300
Breccias Graywackes Shales
. Clastic 230-350 350 150-250 =
Z Mads
< 150-200
z Crystalme Sparitic Mazsine Dolomites
b3 Carbonates Limestone Limestones Limestones 350.500
a 100-600 600-800 200-1000
% | Non- Cypsumn ydrite
Clastic | Evaporites (6310 ad Vaad
Chalk
Osganic 1000+
Non Foluated Marble Homfels Quartzites
700-1000 400.700 300450
Metazmdstone
200-300
Mizmatite Amphibolites  Cneiss
Stightly folizted 350-400 400-500 300-750%
Foliated® Schusts Phyllites Mica Slates
250.1100% Schist 100.600*
300-500*
Cranite~ Dierite+
300-550 300-330
Light Grano diosite*
100-450
Photonic
Gabbro Dolenite
Darle 400-300 300400
Nerite
350-400
2 | Hypadyssal Porphynes Diabase Peridotite
2 (400)*~ 300-350 250-300
2 -olice Dadite
£ Lava 300-500 350-430
= | Volcanic Andesite Basait
300-500 250-450
Pyroclastic | Agglomerate Volcanic breccia  Tuff
400500 (300) >+ 200.400

* Highly anisotropic rocks: the value of MR will be sigraficantly different if normal strain end or loading
occurs parallel (high MR) or perpendicular (low MR) to 2 weakness plane. Uniaxial test loading direction
shauld be equevalent to field application

= Falsic Granitoids: Coarse Gramed or Altered (high MR), fined grained (low ME)

3 No deta avalable, estimated en the besis of geclogical logic
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G148 K =075
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T _014p 2 c=09
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| K £5 A B
— &

T = (O-l 0-3) VBTN 5 0.8
o ¥l 4.5 0.78
_ K dwbo 4 0.75

O-m__(o-1+o-3) .
O gl Sdaw 3 0.7
Ogiwdle 3 0.7
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