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GENERALISED HOEK-BROWN CRITERION

N a
0y =05 + 0c [m, 9 . s]
Oc
o, = major principal effective stress at failure

a;3"= minor principal effective stress at failure

0c = uniaxial compressive strength of intact

Smooth, moderately weathered and altered surfaces
Slickensided, highly weathered surfaces with compact
Slickensided, highly weathered surfaces with soft clay

Rough, slightly weathered, iron stained surfaces

w
8 2
(] o
3 5
w
3 £
3 3
pieces of rock % 'g‘ gm
L]
m,, s and a are constants which depend on ,Q_ g 5
the composition, structure and surface a = 2 2
conditions of the rock mass 5 3 £ £
o| 8= = % s
w (o) ‘g, 1 o 5
2l o3 gle2g
w| >= o ESE|>CE
| x> o 14 Ox=|xx=
2 48| 8 < oSg|u=3
STRUCTURE @ = ews €
my/m 0.60 0.40 0.26 0.16 0.08
BLOCKY - well interlocked un - s | 0.190 | 0.062 | 0.015 | 0.003 | 0.0004
disturbed rock mass consisting a 0.5 0.5 0.5 0.5 05
of cubical blocks formed by three Em | 75,000 | 40,000 | 20,000 | 9,000 | 3,000
intersecting discontinuity sets v 0.2 0.2 0.25 0.25 0.25
GSI 85 75 62 48 34
my/m;|  0.40 0.29 0.16 0.11 0.07
VERY BLOCKY - interlocked, s 0.062 0.021 0.003 0.001 0
partially disturbed mass with a 0.5 0.5 0.5 0.5 0.53
multi-faceted angular blocks Em | 40,000 | 24,000 | 9,000 | 5,000 | 2,500
formed by 4 or more joints sets v 0.2 0.25 0.25 0.25 0.3
GSI 75 65 48 38 25
my/m 0.24 0.17 0.12 0.08 0.06
BLOCKY/DISTURBED/SEAMY s | 0.012 | 0.004 | 0.001 0 0
-folded with angular blocks a 0.5 0.5 0.5 0.5 0.55
formed by many intersecting Em | 18,000 | 10,000 | 6,000 | 3,000 | 2,000
discontinuity sets. Persistence " 0.25 0.25 0.25 0.3 0.3
of bedding planes or schistosity Gs! 60 50 40 30 20
my/m| 017 0.12 0.08 0.06 0.04
CRUSHED - poorly interlocked, s | 0.004 | 0.001 0 0 0
heavily broken rock mass with a 0.5 05 0.5 0.55 0.60
mixture of angular and rounded Em | 10,000 | 6,000 | 3,000 | 2,000 | 1,000
blocks v 0.25 0.25 0.3 03 0.3
GSI 50 40 30 20 10
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S. No. Classification System Abbreviation Applications Year Authors [References]
1 Rock load - Tunnels 1946 Terzaghi [5]
2 Stand-up time - Tunnels 1958 Lauffer [13]
3 Rock quality designation RQD General 1964 Deere [14,15]
4 Rock structure rating RSR Tunnels 1972 Wickham et al. [16]
5 Rock mass rating RMR tunnels 1973 Bieniawski [8]
6 Tunneling quality index Q Tunnels 1974 Barton et al. [9]
7 Geological strength Index GSI general 1995 Hoek et al. [12]
8 Rock mass Index RMi General 1995 Palmstrom [11]
9 E;?(_IE(BETEI(::&Q;Shty index Qrem TBM tunnels 1999 Barton [17]
10 Continuous rock mass rating CRMR General 2003 Sen and Sadagah [18]
11 Rock mass excitability RME TBM tunnels 2006 Von Preinls et al. [19]
12 Rock mass quality rating RMQR General 2014 Aydanetal. [7]

Input in rock mechanics

Rock Mass Classification

Hoek-Brown criterion parameters

Deformation modulus

Other strength parameters

Ground response curves

Communication

Blasting design
Excavation design

- hart
Tunnel and slope Qreyelom suppart cha

stability analysis

Application in rock engineering

RMR system support table
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GEOLOGICAL STRENGTH INDEX FOR
JOINTED ROCKS (Hoek and Marinos, 2000)
From the lithology, structure and surface
conditions of the discontinuities, estimate
the average value of GSI. Do not try to
be too precise. Quoting a range from 33
to 37 is more realistic than stating that
GS| = 35. Note that the table does not
apply to structurally controlled failures.
Where weak planar structural planes are
present in an unfavourable orientation
with respect to the excavation face, these
will dominate the rock mass behaviour.
The shear strength of surfaces in rocks
that are prone to deterioration as a result
of changes in moisture content will be
reduced if water is present. When
working with rocks in the fair to very poor
categories, a shift to the right may be

SURFACE CONDITIONS

VERY GOOD

Very rough, fresh unweathered surfaces

Slickensided, highly weathered surfaces with compact

coatings or fillings or angular fragments

VERY POOR
Slickensided, highly weathered surfaces with soft clay

Smooth, moderately weathered and altered surfaces
coatings or fillings

Rough, slightly weathered, iron stained surfaces

situ rock with few widely spaced
discontinuities

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

a
made for wet conditions. Water pressure 8 [14 %
is dealt with by effective stress analysis. @ Fr 8
STRUCTURE DECREASING SURFACE QUALITY ——>
INTACT OR MASSIVE - intact
rock specimens or massive in N/A N/A

@
=]

¥

70

yisavi

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

N 5N
\\

/

50

/

BLOCKY/DISTURBED/SEAMY
G129 - folded with angular blocks
g formed by many intersecting
b discontinuity sets. Persistence

: of bedding planes or schistosity

4
/

DISINTEGRATED - poorly inter-

°| locked, heavily broken rock mass
<-4 with mixture of angular and

24| rounded rock pieces

<—— DECREASING INTERLOCKING OF ROCK PIECES

N

/ ’/m

LAMINATED/SHEARED - Lack
of blockiness due to close spacing
of weak schistosity or shear planes

N/A

N/A

/m’
/
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GEOLOGICAL STRENGTH INDEX FOR
JOINTED ROCKS (Hoek and Marinos, 2000)

From the lithology, structure and surface
conditions of the discontinuities, estimate
the average value of GSI. Do not try to
be too precise. Quoting a range from 33
to 37 is more realistic than stating that
GS| = 35. Note that the table does not
apply to structurally controlled failures.
Where weak planar structural planes are
present in an unfavourable orientation
with respect to the excavation face, these
will dominate the rock mass behaviour.
The shear strength of surfaces in rocks
that are prone to deterioration as a result
of changes in moisture content will be
reduced if water is present. When
working with rocks in the fair to very poor
categories, a shift to the right may be
made for wet conditions. Water pressure
is dealt with by effective stress analysis.

Slickensided, highly weathered surfaces with soft clay

Slickensided, highly weathered surfaces with compact
coatings or fillings

Smooth, moderately weathered and altered surfaces
coatings or fillings or angular fragments

Very rough, fresh unweathered surfaces
Rough, slightly weathered, iron stained surfaces

SURFACE CONDITIONS
VERY GOOD

GOOD

FAIR

POOR

VERY POOR

m

STRUCTURE DECREASING SURFACE QUALI

3
|

-1 INTACT OR MASSIVE - intact 4
- rock specimens or massive in 90 A NIA N/A
/ situ rock with few widely spaced
discontinuities

B
N
N
.

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

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

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

DISINTEGRATED - poorly inter- / /
locked, heavily broken rock mass "~ |~/ ;/ /) 2|/ )

DECREASING INTERLOCKING OF ROCK PIECES
&
=]
e

with mixture of angular and
rounded rock pieces

.

1
o

e
\\

7~ LAMINATED/SHEARED - Lack / /10 )
/// /7| of blockiness due to close spacing N/A N/A / / ) / /
/)7 ’f”ﬁ of weak schistosity or shear planes / / / /
(L ( /

* WARNING

The shaded areas are indicative and may not be appropriate for site specific design purposes.
Mean values are not suggested for indicative characterisation; the use of ranges is recommended
1.Massive or bedded (no clayey cement present)
2.Brecciated (no clayey cement present)
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GEOLOGICAL STRENGTH INDEX FOR
JOINTED ROCKS (Hoek and Marinos, 2000)

From the lithology, structure and surface
conditions of the discontinuities, estimate
the average value of GSI. Do not try to
be too precise. Quoting a range from 33
to 37 is more realistic than stating that
GSI| = 35. Note that the table does not
apply to structurally controlled failures.
Where weak planar structural planes are
present in an unfavourable orientation
with respect to the excavation face, these
will dominate the rock mass behaviour.
The shear strength of surfaces in rocks
that are prone to deterioration as a result
of changes in moisture content will be
reduced if water is present. When
working with rocks in the fair to very poor
categories, a shift to the right may be
made for wet conditions. Water pressure
is dealt with by effective stress analysis.

STRUCTURE DECREASING SURFACE QUAL

Slickensided, highly weathered surfaces with compact

coatings or fillings or angular fragments

Slickensided, highly weathered surfaces with soft clay

Smooth, moderately weathered and altered surfaces
coatings or fillings

Rough, slightly weathered, iron stained surfaces

Very rough, fresh unweathered surfaces

SURFACE CONDITIONS
VERY GOOD

GOOD

FAIR

POOR

VERY POOR

3
I
\

/ ] 7 / |
1 INTACT OR MASSIVE - infact v yd / / Yyl

-~ rock specimens or massive in 90 /

situ rock with few widely spaced % / //

discontinuities S S "y

g0 ~ avi

BLOCKY - well interlocked un-
%% disturbed rock mass consisting

Y % of cubical blocks formed by three
S5 X intersecting discontinuity sets

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

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

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

WS Torives
quasy

=~ —— DECREASING INTERLOCKING OF ROCK PIECES
N < :
) AN
} . . AN
.
N
g
.
.
-
N
=
-
-

J//’/_f”/ ~ LAMINATED/SHEARED - Lack / 10 /
of blockiness due to close spacing N/A N/A _ / / /'I
1};

/f ( /77 of weak schistosity or shear planes / / /

* WARNING

The shaded areas are indicative and may not be appropriate for site specific design purposes.
Mean values are not suggested for indicative characterisation; the use of ranges is
recommended

1.Bedded, foliated, fractured
2.Sheared, brecciated
Lok 5 g Y 55 GST amsls 0 S
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GEOLOGICAL STRENGTH INDEX FOR
JOINTED ROCKS (Hoek and Marinos, 2000)

From the lithology, structure and surface
conditions of the discontinuities, estimate
the average value of GSI. Do not try to
be too precise. Quoting a range from 33
to 37 is more realistic than stating that
GSI = 35. Note that the table does not
apply to structurally controlled failures.
Where weak planar structural planes are
present in an unfavourable orientation
with respect to the excavation face, these
will dominate the rock mass behaviour.
The shear strength of surfaces in rocks
that are prone to deterioration as a result
of changes in moisture content will be
reduced if water is present. When
working with rocks in the fair to very poor
categories, a shift to the right may be
made for wet conditions. Water pressure
is dealt with by effective stress analysis.

STRUCTURE DECREASING SURFACE QUAL
/ e g /
INTACT OR MASSIVE - intact e // / / Yyl
//
y
A

Slickensided, highly weathered surfaces with compact

coatings or fillings or angular fragments

Slickensided, highly weathered surfaces with soft clay

Smooth, moderately weathered and altered surfaces
coatings or fillings

Rough, slightly weathered, iron stained surfaces

Very rough, fresh unweathered surfaces

SURFACE CONDITIONS

VERY GOOD
GOOD

FAIR

POCOR

VERY POOR

3
!

%

rock specimens or massive in 90
situ rock with few widely spaced v

discontinuities / ;S

80 avavi

/| g rd / / ! /
S
/ i / / /S /

/
, ,
|/ 60 / /¥

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

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

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

DISINTEGRATED - poorly inter-

2 locked, heavily broken rock mass
5 with mixture of angular and
rounded rock pieces

< —— DECREASING INTERLOCKING OF ROCK PIECES
\\
.
S
\\\\
™
e
T

/ / / _
LAMINATED/SHEARED - Lack / _ / 10 /
of blockiness due to close spacing N/A N/A / /ol /
of weak schistosity or shear planes / / / /)

* WARNING
The shaded areas are indicative and may not be appropriate for site specific design purposes.
Mean values are not suggested for indicative characterisation; the use of ranges is recommended
1. Massive
2. Thin bedded
3. Brecciated

Sal Kaw 53 GST aals —0 JSs
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GEOLOGICAL STRENGTH INDEX FOR
JOINTED ROCKS (Hoek and Marinos, 2000)

From the lithology, structure and surface
conditions of the discontinuities, estimate
the average value of GSI. Do not try to
be too precise. Quoting a range from 33
to 37 is more realistic than stating that
GSI = 35. Note that the table does not
apply to structurally controlled failures.
Where weak planar structural planes are
present in an unfavourable orientation
with respect to the excavation face, these
will dominate the rock mass behaviour.
The shear strength of surfaces in rocks
that are prone to deterioration as a result
of changes in moisture content will be
reduced if water is present. When
working with rocks in the fair to very poor
categories, a shift to the right may be
made for wet conditions. Water pressure
is dealt with by effective stress analysis.

STRUCTURE

SURFACE CONDITIONS

Very rough, fresh unweathered surfaces

VERY GOOD

GOOD

Rough, slightly weathered, iron stained surfaces

Smooth, moderately weathered and altered surfaces

FAIR

m

Slickensided, highly weathered surfaces with compact

coatings or fillings or angular fragments

POOR

QUALITY

Slickensided, highly weathered surfaces with soft clay

VERY POOR
coatings or fillings

V

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

DECREASING SURFAC

Y

-

4

/
/

y

-

s
g

’ N/A

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

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

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

70

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

I —

—r

DECREASING INTERLOCKING OF ROCK PIECES

LAMINATED/SHEARED - Lack
of blockiness due to close spacing
of weak schistosity or shear planes

N/A

N/A

*WARNING

The shaded areas are indicative and may not be appropriate for site specific design purposes.
Mean values are not suggested for indicative characterisation; the use of ranges is recommended

il £ 55 GSI aals -0 Js
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GEOLOGICAL STRENGTH INDEX FOR
JOINTED ROCKS (Hoek and Marinos, 2000)

From the lithology, structure and surface
conditions of the discontinuities, estimate
the average value of GSI. Do not try to
be too precise. Quoting a range from 33
to 37 is more realistic than stating that
GSI = 35. Note that the table does not
apply to structurally controlled failures.
Where weak planar structural planes are
present in an unfavourable orientation
with respect to the excavation face, these
will dominate the rock mass behaviour.
The shear strength of surfaces in rocks
that are prone to deterioration as a result
of changes in moisture content will be
reduced if water is present. When
working with rocks in the fair to very poor
categories, a shift to the right may be
made for wet conditions. Water pressure
is dealt with by effective stress analysis.

Slickensided, highly weathered surfaces with soft clay

Slickensided, highly weathered surfaces with compact
coatings or fillings

Smooth, moderately weathered and altered surfaces
coatings or fillings or angular fragments

Very rough, fresh unweathered surfaces
Rough, slightly weathered, iron stained surfaces

SURFACE CONDITIONS
VERY GOOD

POOR

VERY POOR

GOOD
FAIR

| .
STRUCTURE DECREASING SURFACE QUALITY ——=

\

.,
™.
™

- INTACT OR MASSIVE - intact Vo s ya
-~ rock specimens or massive in 90 / N/A N/A
! situ rock with few widely spaced L Yy
discontinuities

L% BLOCKY - well interiocked un-
X755 disturbed rock mass consisting
@3«&4 of cubical blocks formed by three
*}S.&‘“\gfﬂ" intersecting discontinuity sets

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

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

s / /
'ﬁ‘l’ DISINTEGRATED - poorly inter- 4 ;” / / /|
¢ locked, heavily broken rock mass VAR C /20
5| with mixture of angular and r/ / ,/ / /
= rounded rock pieces % / / /

|
LAMINATED/SHEARED - Lack / 10/
of blockiness due to close spacing N/A N/A // 1 / /
of weak schistosity or shear planes / / '

DECREASING INTERLOCKING OF ROCK PIECES
~
y-
\ .
\‘\
~
ey
™.

—
.

=
~
-

= WARNING

The shaded areas are indicative and may not be appropriate for site specific design purposes.
Mean values are not suggested for indicative characterisation; the use of ranges is
recommended

1. Fresh
2. Serpentinised with brecciation and shears

L gl 53 GSI asls —20 S
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GEOLOGICAL STRENGTH INDEX FOR ” e z
JOINTED ROCKS (Hoek and Marinos, 2000) @ g ©
From the lithology, structure and surface 2 £ 8 §
conditions of the discontinuities, estimate 3 ? = <
the average value of GSI. Do not try to = o z =
be too precise. Quoting a range from 33 » @ 8 29 @
to 37 is more realistic than stating that ] B = § =] S
GSI = 35. Note that the table does not £ § T tEg| T
apply to structurally controlled failures. S @ © »n P «
Where weak planar structural planes are o s 8 8L 3
present in an unfavourable orientation % = o 2 % 2
with respect to the excavation face, these f—-u E © T2 T
will dominate the rock mass behaviour. & g o 2 25| g
The shear strength of surfaces in rocks E (S T > >6 >
that are prone to deterioration as a result o Pt 2 L 58 55
of changes in moisture content will be % 2 > % £E ££
reduced if water is present. When O 8 'g £ B 3= | ETE
working with rocks in the fair to very poor Wl o 5 = £ TO QEo
categories, a shift to the right may be £ | O 3 Qs £ | y25 & 25
made for wet conditions. Water pressure i | % ~ 8 = x8 | O % % & %’ '%
's dealt with by effective stress analysis. 2 | WG R 5 | 853 ‘ $% 8
STRUCTURE DECREASING SURFACE QUALITY =
/ A [
e INTACT OR MASSIVE - intact v // / y
- rock specimens or massive in 90 / / N/A N/A
situ rock with few widely spaced ., |~ /
discontinuities I
I 8 80
BLOCKY - well interlocked un- & / / Yav
disturbed rock mass consisting QO | 70 ! / A/ /
of cubical blocks formed by three 8 ANy /
intersecting discontinuity sets w | / /’ /
oV 60 / /
(0] S 7 7 f,/ 7
VERY BLOCKY- interlocked, Z |/ / YA Wavs
partially disturbed mass with s/ 50 /)
multi-faceted angular blocks (@] / / /’ /
formed by 4 or more joint sets n—,_.' VS 7{ /" //'
] / o | !
BLOCKY/DISTURBEDISEAMY 2 |/ /| 40 A
- folded with angular blocks ol / |/ / / /
formed by many intersecting 2 ¢ / / /S /
discontinuity sets. Persistence 2 / / ; / 30/ /
of bedding planes or schistosity é o/ / / / / /
/ ’ / / / : /
DISINTEGRATED - poorly inter- o / / S // /o
o locked, heavily broken rock mass a/ / / ) }/ / 20 / x,’
! with mixture of angular and / /,/ A / /
rounded rock pieces V S/ // / /
\ /| / / y : / )f
/ / /
LAMINATED/SHEARED - Lack / / /| 10 /
of blockiness due to close spacing N/A N/A f./ /o|/ /
of weak schistosity or shear planes / Sy
/ / / / ;x'

« WARNING
The shaded areas are indicative and may not be appropriate for site specific design purposes.
Mean values are not suggested for indicative characterisation; the use of ranges is recommended

Sound gneiss. Shaded area does not cover weathered rockmasses.
LS 55 GSI ausls — 50 K2
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GEOLOGICAL STRENGTH INDEX FOR ” ! Z
JOINTED ROCKS (Hoek and Marinos, 2000) @ EL ©
From the lithology, structure and surface @ £ 8 §
conditions of the discontinuities, estimate & > = =
the average value of GSI. Do not try to T o 2 3
be too precise. Quoting a range from 33 @ 4 8 ? 9 @
to 37 is more realistic than stating that 8 B © § [= °
GSI = 35. Note that the table does not e 5§ T tE %
apply to structurally controlled failures. o ® © @ 2 ”
Where weak planar structural planes are o s 3 B 3
present in an unfavourable orientation % . 2 2 g e
with respect to the excavation face, these o f—-u E © © 2 T
will dominate the rock mass behaviour. & ¢ j3 2 2s| ¢
The shear strength of surfaces in rocks £ S ® > >6 >
that are prone to deterioration as a result o Pt 2 £ 58 59
of changes in moisture content will be & s > 5 £l £
reduced if water is present. When O | 8 g z 3 TE S
working with rocks in the fair to very poor W | O § = £ TOo | pBo
categories, a shift to the right may be & | @3 o= £ | L2562 % ‘é’:
made for wet conditions. Water pressure &z | % 3 9% |« g |ggs xS
is dealt with by effective stress analysis. 2 ug o2 < uE') = 3 vs3
STRUCTURE DECREASING SURFACE QUALITY =~
/ e : g /
| INTACT OR MASSIVE - intact Ay / v
- rock specimens or massive in A S S
situ rock with few widely spaced ., |~ %0 / SN S NiA N/A
discontinuities [ / SN S S
— 8 . 80 S /
. o / S / e VAV / / )
BLOCKY - well interlocked un- v / A /S YAV
disturbed rock mass consisting o | 10 S VAR AN
of cubical blocks formed by three g ay / Yy, / S
intersecting discontinuity sets w // // / 60 / / /
Q / / / /! /
. o S S/ / 7 77
VERY BLOCKY- interlocked, Z .\ S|/ S/ / S S
partially disturbed mass with 5 / 50 / A VA
multi-faceted angular blocks o / // / / )/ /
formed by 4 or more joint sets n—.;' S / / / / ,,«” /;"
BLOCKY/DISTURBEDISEAMY & |/ / w7
Z / /1 f’f
- folded with angular blocks ol (/) /
formed by many intersecting z ’ o / /
discontinuity sets. Persistence 3|/ / 30 /
of bedding planes or schistosity é /S / / J /
| DISINTEGRATED - poorly inter- & | / yamy avweLi /
locked, heavily broken rock mass a|/ / / f,/ / 20 / #f
with mixture of angular and J’L / // / / / /
rounded rock pieces ! / / / /
\/ / / i /; o JI'.’
1 ),n’ /
~ LAMINATED/SHEARED - Lack / / 10 /
of blockiness due to close spacing N/A N/A / /
of weak schistosity or shear planes / / /
/ fﬁ / ,f;
* WARNING
The shaded areas are indicative and may not be appropriate for site specific design purposes.
Mean values are not suggested for indicative characterisation; the use of ranges is recommended

1. Strong (e.g. micaschists, calcitic schists)
2. Weak (e.g. chloritic schists, phyllites)
3. Sheared schist
L 53 GST aals — 350 &
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mnmmhmmm these
the rock mass
Themmalsmum:
that are prone to deterioration as a result
will

working with rocks in the fair to very poor

categories, a shift to the right may be
made for wet conditions. Water pressure

is dealt with by effective stress analysis.

STRUCTURE

GEOLOGICAL STRENGTH INDEX FOR
JOINTED ROCKS (Hoek and Marinos, 2000)

SURFACE CONDITIONS

/ INTACT OR MASSIVE - intact
rock specimens or massive in

s1 mmmmmm
S

ntersecting discontinuity sets

VERY BLOCKY- interlocked,
partially disturbed mass with

multi-faceted angular blocks
formed by 4 or more joint sets

S3

BLOCKY -well interlocked un-
s2 disturbed rock mass consisting of
cubical blocks formed by three

) of bedding planes or schistosity

Slickensided, highly weathered surfaces with soft clay

Rough, slightly weathered, iron stained surfaces
coatings or fillings

VERY POOR

GOOD

POOR
Slickensided, highly weathered surfaces with compact

coatings or fillings or angular fragments

Smooth, moderately weathered and altered surfaces

FAIR

f DISINTEGRATED- poorly inter-
S5 b

@ weak schistosity or shear planes

=/7Z| LAMINATED/SHEARED -Lack of
S6 blockiness due to close spacing of

<= DECREASING INTER

[ Blasting | Hammer

(and blasting)

N/A N/A
D1 D2 D3 D4 D5
.| Ripping Digging|
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From the lithology, structure and surface
ions of the di inuities, esti
the average value of GSI. Do not try to
be too precise Quoting a range from 33
to 37 is more realistic than stating that
GSI = 35, Note that the table does not
apply to structurally controlled failures.

Where weak planar structural planes are
present in an unfavourable orientation
with respect to the excavation face, these
will dominate the rock mass behaviour.
The shear strength of surfaces in rocks
that are prone to deterioration as a result
of changes in moisture content will

be reduced if water is present. When
working with rocks in the fair to very poor
categories, a shift to the right may be
made for wet conditions, Water pressure
is dealt with by effective stress analysis.

STRUCTURE

GEOLOGICAL STRENGTH INDEX FOR
JOINTED ROCKS (Hoek and Marinos, 2000)

SURFACE CONDITIONS
2 VERY GooD

[e]

INTACT OR MASSIVE - intact
rock specimens or massive in

$1

/ situ rock with few widely spaced
inuities

BLOCKY -well interlocked un-
S2 cubical blocks formed by three
ntersecting discontinuity sets

disturbed rock mass consisting of

S3

VERY BLOCKY:- interlocked,
partially disturbed mass with
multi-faceted angular blocks

formed by 4 or more joint sets

Smooth, moderately weathered and altered surfaces

Slickensided, highly weathered surfaces with soft clay

coatings or fillings

Slickensided, highly weathered surfaces with compact

ough, slightly weathered, iron stained surfaces
coatings or fillings or angular fragments

Very rough, fresh unweathered surfaces

00D
FAIR
POOR
VERY POOR

oo
REASING SURFACE QUALITY

!

N/A

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

S4

 DISINTEGRATED- poorly inter-

S5

v with mixture of angular and
ki rounded rock pieces

53 locked, heavily broken rock mass

S6

;%-“/}f LAMINATED/SHEARED -Lack of
/ / blockiness due to close spacing of

( weak schistosity or shear planes

<“— DECREASING INTERLOCKING OF ROCK PIECES
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GEOLOGICAL STRENGTH INDEX FOR
JOINTED ROCKS (Hoek and Marinos, 2000)
From the lithology, structure and surface
conditions of the discontinuilies, estimate
the average value of GSI. Do nol try to
be too precise. Quoting a range from 33

to 37 is more realistic than stating that
GS| = 35. Note that the table does not
apply to structurally controlled failures.
Where weak planar structural planes are
present in an unfavourable orientation
with respect to the excavation face, these
will dominate the rock mass behaviour.
The shear strength of surfaces in rocks
that are prone lo delerioration as a result

of changes in moisture content will be
reduced is water is present. When
working with rocks in the fair to very poor
categories, a shift to the right be

STRUCTURE

SURFACE CONDITIONS

g Very rough, fresh unweathered surfaces

GOOD

EASING SURFACE QUALITY =D

Slickensided, highly weathered surfaces with soft clay

Slickensided, highly weathered surfaces with compact
coatings or fillings

coatings o fillngs or angular fragments
VERY POOR

i
%
|
|
i

2

@
£

INTACT OR MASSIVE - intact

discontinuities

\g\%vemsooa

/

i

A NiA

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

(/

/]

L, VERY BLOCKY- interlocked,
S| partialy disturbed mass with
multi-faceted angular blocks
formed by 4 or more joint sets

-

BLOCKY/DISTURBED/SEAMY

discontinuity sets. Persistence
of bedding planes or schistasity

4

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

«=—= DECREASING INTERLOCKING OF ROCK PIECES

%

LAMINATED/SHEARED - Lack
of blockiness due to close spacing

A of weak schistosity or shear planes
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GEOLOGICAL STRENGTH INDEX (GSI)

Intact rock specimens or massive in situ rock
with few widely spaced discontinuities

(E. Hoek, P. Marinos, 2000) = & g B
2 g 2
E ) < 5 5
g & 2 £ £
From the lithology, structure and surfece conditions of the E B 3 3
discontinuities, estimate the aversge walue GSI. Do Aot try I @ 5 P H
De 150 preciee. Quating & fange rom 33 10 37 % mone reskenc i 3 % it g
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STRUCTURE £ DECREASING SURFACE QUALITY s
INTACT OR MASSIVE

NjA

BLOCKY
Very well interiocked undisturbed rock mass
consisting of cubical biocks formed by three
orthogonal intersecting discontinuity sets

VERY BLOCKY

Interiocked, partiaily disturbed rack mass with
multi-faceted angular blocks formed by four
or more discontinuity sets

%
/)

NN
.

BLOCKY/DISTURBED /SEAMY
Fokdied with angular biocks formed by many
intersecting discontinuity sets. Persistence of
bedding planes or schistosity

e

with misture of angular and rounded rock peces

~———— LAMINATED/FOLIATED/SHEARED
Laminated or foliated and tectonically sheared
weak rock mass. Foiation prevasis over any
. other discontinuity set, resulting in complete:
7 lack of blockiness (this drawing scale is nat
| compared with the other's drawing scales)

=1 _DECREASING INTERLOCKING OF ROCK PIECES

N/A

-
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Note: The position of projected grey areas. are indicatve
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