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. Engineering properties
. Physical properties

. Mechanical properties
. Density

. Porosity

. Void Ratio

. Water absorption

. Air percent
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1. Discontinuity

2. Intact rock

3. Rock mass

4. Rock engineering
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1. Unit weight
2. Specific gravity
3. Porosity
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. Tangent modulus, Et

. Secant modulus, Es

. Average modulus, Ea

. Initial modulus, Ei

. Point Load Strength Test

. Diameteral test

. Axial test

. Block and irregular lump test
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. Intact rock
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2. Swelling Rock

3. Montmorillonite

4. Rock Quality Designation (RQD)
5. Scanline
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1. Bieniawski 1973
2. South African Council for Scientific and Industrial Research (CSIR)
3. Rock Mass Rating (RMR)
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AL CLASSHCATION FARAMETERS AMD THEIR RATINGS
Parameter Range of values
Point-load For this low range -
Strength t th ind >10 MPa 4-10 MPa 2-4 MPa 1-2MPa uniaxial compressivel
of strength index test is preferred
1 | intact rock |Uniaxial comp. _ _ _ 5-25|1-5]| =1
material | strengtn =250 MPa 100 - 250 MPa 50 - 100 MPa 25- 5D MPa WPa | mPa | mea
Rating 15 12 7 4 2 1 1]
— — — — —
Drill eore Quality RQD 90% - 100% T5% - 90% 5% - 75% 25% - 50% = 25%
2 Rating 20 17 13 8 3
Spacing of disconfinuities =2m 06-2.m 200 - 600 mm &0 - 200 mm < 60 mm
3 Rating 20 15 10 B8 5
‘Very rough surfaces. | Slightly rough ﬁlghtly rough Slicken=ided surfaces | Soft gouge »5 mm
Mot continuous. surfaces surfaces or thick
Condition of discontinuities Mo separation Separation < 1mm  |Separation< 1mm  |Gouge < 5 mm thick ar
4 [See E} Unweathered wall Slightly weathered Highly weathered or Separation = 5 mm
rock walls walls Separation 1-5mm | Continuous
Continuous
Rating 3D 25 20 10 D
Intlow per o m
M 10 10-25 23-125 125
tunnel length {Iim) one = z
Ground | (Joint water pressy
5 | water |(Major principal o} 0 <01 01,-02 02-05 =05
General eonditions Completely dry Darnp Wet Dripping Flowing
Rating 15 10 T 4 D
1B. RATING ADJUSTMENT FOR DISCONTINUITY ORIENTATIONS (See F)
Sirike and dip orientations Very favourable Favourable Fair Unfavouralble WVery Unfavourable
Tunnels & mines ] -2 -5 -1 -12
Ratings Foundations D -2 -7 -15 -25
Slopes D -5 =25 -50
C. ROCK MASS CLASSES DETERMINED FROM TOTAL RATINGS
Rating 100 « 81 80 « 61 60«41 40« 21 <21
Clags number I [} 11} 1 WV
Description Very good rock Good rock Fair rock Poor rock Very poor rock
|D. MEANING OF ROCK CLASSES
Class number I ] 11} I W
(Average stand-up time 2 yrs for 15 mspan | 1 year for 10 mspan | 1 week for S mspan | 10 hrs for 2.5 m span | 30 min for 1 m span
Cohesion of rock mass (kPa) =400 300 - 400 200 - 300 100 - 200 <100
Friction angle of rock mass {deq) =45 35-45 25-35 15-25 =15
JE. GUIDELINES FOR CLASSIFICATION OF DISCONTINUITY conditions
Digcontinuity length {persistence) <1m 1-3m 3-10m 10-20m »20m
Rating B 4 2 1 D
Separation (aperture) Mone = 0.1 mm 0.1-1.0mm 1-5mm = 5 mm
Rating 5] 3 4 1 D
Roughness Wery rough Rough Slightly rough Smooth Slickensided
Rating 5] 3 3 1 D
Infilling {gouge) Mone Hard filling < 5 mm Hard fillimg = 5 mm Soft filling < 5 mm Soft filing = 5 mm
Rating ] 4 2 2 D
Weathering Unweathered Slightly weathered Maderatel Highly weathered Decomposed
Ratings & 5 weathere 1 0
3
|F. EFFECT OF DISCONTINUITY STRIKE AND DIP ORIENTATION IN TUNNELLING**
Sirike perpendicular to tunnel axis Sirike parallel to tunnel axis
Drive with dip - Dip 45 - 90° Drive with dip - Dip 20 - 45° Dip 45 - 90° Dip 20 - 45°
Wery favourable Favourable Very unfavourable Fair
Drive against dip - Dip 45-90° Drive against dip - Dip 20-45° Dip 0-20 - Imespective of strike®
Fair Unfavourable Fair

* Some conditions are mutually exclusive . For examnple, if infilling is present, the roughness of the surface will be overshadowed by the influence of
the gouge. In such cases use A4 directly.
** Modified after Wickham et al (1972).
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1. Barton et al. 1974
2. Norwegian Geotechnical Institute (NGI)
3. Rock Quality Index (Q)
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1. Stress Reduction Factor (SRF)
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1. Geological Strength Index (GSI)
2. Hoek 1955
3. Hoek et al. 1955
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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

s | 3| 8
E =
s | S| 8| %
£ > £ £
S 3| 3 | S
w 2 v o
to 37 is more realistic than stating that 8 3 = §§ 8
GSI = 35. Note that the table does not e " ° TE t
apply to structurally controlled failures. a w o > 2 ?
Where weak planar structural planes are E § g Ef 5
present in an unfavourable orientation 5 = 2 L jo!
with respect to the excavation face, these ® % E § :‘3' = =
will dominate the rock mass behaviour. 3 o 2 - s g
The shear strength of surfaces in rocks £ § = = >5 =
that are prone to deterioration as aresult o = 2 % 55 55
of changes in moisture content will be % 3 > 5 ££ £E
reduced is water is present. When O | 8% £ 'é TE|5TE
working with rocks in the fair to very poor 8 oH = 3 z Slozs
categories, a shift to the right may be | © g ac £ s & & 52
made for wet conditions. Water pressure & | % = (o= xS [OF E|l& £5
is dealt with by effective stress analysis. 7 E g 8 2 = ‘% E bt § U+ 8
STRUCTURE DECREASING SURFACE QUALITY =——>
INTACT OR MASSIVE - intact / /
rock specimens or massive in 90
situ rock with few widely spaced NiA N/A

discontinuities

/|

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

777

SONRN

N
N
~N
N

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

N
N
™~
"~

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

\
N

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

== DECREASING INTERLOCKING OF ROCK PIECES
' \\ N
X \
o
<

e

r
LAMINATED/SHEARED - Lack / 10
of blockiness due to close spacing NIA N/A
of weak schistosity or shear planes /
/

(Ve osinyle 5 S98) GSI s g, —V-F JSC&

1. Hoek and Marinos 2000
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. Rankin failure criterion

. Teresca failure criterion

. Patton failure criterion

. Murrel failure criterion

. Lundborg failure criterion

. Fairhurst failure criterion

. Ladanyi and Archambaulte failure criterion
. Coulmb Criterria

O~NO O~ WN B
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sin2f =W*+1)z (A-0)

1
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Conglomerate  Sandstone Siltstone Claystone
Clastic (22) 19 9 4
Greywacke ———
(18)
Lo Chalk
- 7
= Organic
E E Coal
= (8-21)
= - — —
5] ] Breccia Sparitic Micritic
¥l | Non- | Carbonate (20) Limestone Limestone
Clastic (10} 8
Chemical Gypstone Anhydrite
16 13
} Non Foliated Marble Hornfels Quartzite
= 9 (19) 24
=
=3 ) ) Migmatite Amphibolite Mylonites
= Slightly foliated (309 25 -3 (6)
= k 5 -3
- - - -
= Foliated* Gneiss Schists Phyllites Slate
w 33 4-8 (10) 9
Granite Rhyuolite Obsidian
_ 33 (16) (19)
Light L .
Granodiorite Dacite
(30} (17)
w Diorite Andesite
5 (28) 19
% Dark Gal:hro Dolerite Basalt
< 27 (19) (17)
MNaorite
Extrusive Ag\glt}‘memte 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.
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