Rock Mass Rating

Bieniawski (1976) published the details of a rock mass classification
called the Geomechanics Classification or the Rock Mass Rating
(RMR) system. Over the years, this system has been successively re-
fined as more case records have been examined and the reader
should be aware that Bieniawski has made significant changes in the
ratings assigned to different parameters. The discussion which fol-
lows is based upon the 1989 version of the classification
(Bieniawski, 1989). Both this version and the 1976 version will be
used in Chapter 8 which deals with estimating the strength of rock
masses. The following six parameters are used to classify a rock
mass using the RMR system: )

Uniaxial compressive strength of rock material.

Rock Quality Designation (RQD).

Spacing of discontinuities.

Condition of discontinuities.

Groundwater conditions.

. Orientation of discontinuities.

In applying this classification system, the rock mass is divided into a
number of structural regions and each region is classified separately.
The boundaries of the structural regions usually coincide with a ma-
jor structural feature such as a fault or with a change in rock type. In
some cases, significant changes in discontinuity spacing or character-
istics, within the same rock type, may necessitate the division of the
rock mass into a number of small structural regions or domains.

The Rock Mass Rating system is presented in Table 4.4, giving
the ratings for each of the six parameters listed above. These ratings
are summed to give a value of RMR. The following example illus-
trates the use of these tables to arrive at an RMR value.

A tunnel is to be driven through a slightly weathered granite with
a dominant joint set dipping at 60° against the direction of the drive.
Index testing and logging of diamond drilled core give typical Point-
load strength index values of 8§ MPa and average RQD values of
70%. The joints, which are slightly rough and slightly weathered
with a separation of < 1 mm, are spaced at 300 mm. Tunnelling
conditions are anticipated to be wet.

The RMR value is determined as follows:

R

Table Item Value Rating
4.1: A.l Point load index 8 MPa 12
4.1: A2 RQOD 70% 13
4.1: A3 Spacing of discontinuities 300 mm 10
4.1:E4 Condition of discontinuities Note | 22
4.1: AS Groundwater Wet 7
41:B Adjustment for joint orientation Note 2 -5
Total 59

Note 1. For slightly rough and altered discontinuity surfaces with
a separation of < 1 mm, Table 4.4.A.4 gives a rating of 25, When
more detailed information is available, Table 4.4.E can be used to
obtain a more refined rating. Hence, in this case, the rating is the sum
of: 4 (1-3 m discontinuity length), 4 (separation 0.1-1.0 mm), 3
(slightly rough), 6 (no infilling) and 5 (slightly weathered) = 22.

Note 2. Table 4.4.F gives a description of ‘Fair’ for the conditions
assumed where the tunnel is to be driven against the dip of a set of
joints dipping at 60°. Using this description for ‘Tunnels and Mines’
in Table 4.4.B gives an adjustment rating of -5.



Table 4.4: Rock Mass Rating System (After Bieniawski, 1989).
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A. CLASSIFICATION PARAMETERS AND THEIR RATINGS

Parameter Range of values
Point-load >10 MPa 4-10 MPa 2-4 MPa 1-2 MPa For this low range -
Strength [ strength index uniaxial compressive
of test is preferred
I intact rock | Uniaxial comp. >250 MPa 100-250 MPa 50-100 MPa 25-50 MPa 5-25 1-5 | <1t
matetial | strength MPa | MPa | MPa
Rating 15 12 7 4 2 1 0
Drilt core Quality RQD 90%- 100% 15%-90% 50%-75% 25%-50% < X5%
2 Rating 20 17 13 8 3
Spacing of discontinuities >2m 06-2.m 200-600 mm 60-200) mm < 6 mm
3 Rating 20 k5 10 R 5

Very rough surlaces

Slightly rough surfaces

Slightly rough surfaces

Slickensided surfaces

Soft gouge >5 mm

Nat cantinuons Separation < | mm Separation < | mm or thick
Condition of discontinuitics | No separation Slightly weathered Highly weathered Gouge < 5 mm thick or
4 (See B) Unweathered wall rock | walls walls or Separation > 5 mm
Scparation -5 mm Continuous
Continuous
Rating 30 25 20 1 0
Inflow per 10 in None < |0 10-25 25-125 > 125
tunnel fength (Lim)
Ground {{Jnint water press)/ [t} <Ll 0.1,-0.2 0.2-05 >05
5 water |(Major principal @)
General conditions Complctely dey Damp Wet Dripping Flowing
Rating 15 10 7 4 0
B. RATING ADJUSTMENT FOR DISCONTINUITY ORIENTATIONS (See F)
Strike and dip orientations Very favourable Favourable Fair Unfavourable Very Unf{avourabte
Tunnels & mines 0 -2 -5 -1 -12
Ratings Foundations 1] -2 -1 -15 -15
Slopes ¢ -5 =25 -50
C. ROCK MASS CLASSES DETERMINEIY FROM TOTAL RATINGS
Rating 100 « 81 80 « 61 60 ¢- 4] 40« 21 <2l
Class number ! n 11} v v
Description Very good rock Gued rock Fair rock Poor rock Very poor rock
D. MEANING OF ROCK CLASSES
Class number | n it v v
Average stand-up time 20 yrs for 15 m span 1 year for 10 m span I week for 5 in span 1€ hrs for 2.5 m span 30 min for 1w span
Cohesion of rock mass (kPa) > 400 300-400 200-300 100-200 < M)
Friction angle of rock mass (deg) >45 35-45 25-35 15-25 <15
E. GUIDELINES FOR CLASSIFICATION OF DISCONTINUITY conditions
Discontinuity length {persistencc) <lm 1-3m 3-0m 10-20 m >20m
Rating 6 4 2 1 0
Separation (aperture} None <0.l mm 0.1-1.0 mm 1-5 mm >5mm
Rating 6 5 4 1 0
Roughness Very rough Rough Slightly rough Smooth Slickensided
Rating 6 5 3 1 0
Infilling {gouge) None Hard filling < 5 mm Hard filling > 5 min Soft filling < 5 mm Soft filling > 5 mm
Rating 6 4 2 2 0
Weathering Unweathered Slightly weathered Muoderalely weathered Highly weathered Decompaosed
Ratings ] 5 3 | 0
F. EFFECT OF DISCONTINUITY STRIKE AN DIP ORIENTATION IN TUNNELLING**
Strike perpendicular to tunnel axis Strike paratlel to tonnel axis
Drive with dip-Dip 45-90° Drive with dip-Dip 20-45° Dip 45-90° Dip 20-45°
Very favourable Favourable Very favourable Fair
Drive against dip-Dip 45-90° Drive against dip-Dip 20-45° Dip 0-20-Irrespective of strike”
Fair Unfavourable Fair

*Some conditions are mutually exclusive. For example, if infilling is present, the roughness of the surface will be over-
shadowed by the influence of the gouge. In such cases use A.4 directly.
**Modified after Wickham et al. (1972).




36 Support of underground excavations in hard rock

Bieniawski (1989) published a set of guidelines for the selection
of support in tunnels in rock for which the value of RMR has been
determined. These guidelines are reproduced in Table 4.5. Note that
these guidelines have been published for a 10 m span horseshoe
shaped tunnel, constructed using drill and blast methods, in a rock
mass subjected to a vertical siress < 25 MPa (equivalent to a depth
below surface of <900 m).

For the case considered earlier, with RMR = 59, Table 4.5 sug-
gests that a tunnel could be excavated by top heading and bench,
with a 1.5 to 3 m advance in the top heading. Support should be in-
stalled after each blast and the support should be placed at a maxi-
mum distance of 10 m from the face. Systematic rock bolting, using
4 m long 20 mm diameter fully grouted bolts spaced at 1.5 t0 2 m in
the crown and walls, is recommended. Wire mesh, with 50 to
100 mm of shotcrete for the crown and 30 mm of shotcrete for the
walls, is recommended.

The value of RMR of 59 indicates that the rock mass is on the
boundary between the ‘Fair rock’ and ‘Good rock’ categories. In the
initial stages of design and construction, it is advisable to utilise the
support suggested for fair rock. If the construction is progressing
well with no stability problems, and the support is performing very
well, then it should be possible to gradually reduce the support re-
quirements to those indicated for a good rock mass. In addition, if
the excavation is required to be stable for a short amount of time,
then it is advisable to try the less expensive and extensive support
suggested for good rock. However, if the rock mass surrounding the
excavation is expected to undergo large mining induced stress

Table 4.5: Guidelines for excavation and support of 10 m span rock tunnels in accordance with the RMR system (After
Bieniawski, 1989),

Rock mass class | Excavation Rock bolts Shotcrete Steel sets
(20 mm diameter, fully
grouted)
I - Very good Full face, Generally no support required except spot bolting
rock 3 m advance
RMR: 81-100
I — Good rock Full face , Locally, bolts in crown 3 | 50 mm in None
RMR: 61-80 I-1.5 m advance. Complete support | m long, spaced 2.5 m crown where
20 m from face with occasional wire required
mesh
III - Fair rock Top heading and bench Systematic bolts 4 m 50-100 mm None
RMR: 41-60 1.5-3 m advance in top heading. long, spaced 1.5-2 m in in crown and
Commence support after each blast. | crown and walls with 30 mm in
Complete support 10 m from face wire mesh in crown sides
IV - Poorrock | Top heading and bench Systematic bolts 4-5 m 100-150 mm | Light to medium
RMR: 21-40 1.0-1.5 m advance in top heading. long, spaced I-1.5 min incrownand | ribs spaced 1.5 m
Install support concurrently with crown and walls with 100 mm in where required
excavation, 10 m from face wire mesh sides
V - Very poor Multiple drifts Systematic bolts 5-6 m 150-200 mm | Medium to heavy
rock 0.5-1.5 m advance in top heading. long, spaced 1-1.5 min in crown, 150 | ribs spaced 0.75 m
RMR: <20 Install support concurrently with crown and walls with mm in sides, | with steel lagging
excavation. Shotcrete as soon as wire mesh. Bolt invert and 50 mm and forepoling if
possible after blasting on face required. Close in-
vert




changes, then more substantial support appropriate for fair rock
should be installed. This example indicates that a great deal of
Judgement is needed in the application of rock mass classification to
support design.

It should be noted that Table 4.5 has not had a major revision
since 1973. In many mining and civil engineering applications, steel
fibre reinforced shotcrete may be considered in place of wire mesh
and shoftcrete.

4.4 Modifications to RMR for mining

Bieniawski's Rock Mass Rating (RMR) system was originally based
upon case histories drawn largely from civil engineering. Conse-
quently, the mining industry tended to regard the classification as
somewhat conservative and several modifications have been pro-
posed in order to make the classification more relevant to mining
applications.

A full discussion of all of these modifications would exceed the
scope of this volume and the interested reader is referred to the com-
prehensive summary compiled by Bieniawski (1989).

Laubscher (1977, 1984), Laubscher and Taylor (1976) and Laub-
scher and Page (1990) have described a Modified Rock Mass Rating
system for mining. This MRMR system takes the basic RMR value, as
defined by Bieniawski, and adjusts it to account for in situ and in-
duced stresses, stress changes and the effects of blasting and weather-
ing. A set of support recommendations is associated with the result-
ing MRMR value. In using Laubscher's MRMR system it should be
borne in mind that many of the case histories upon which it is based
are derived from caving operations. Originally, block caving in as-
bestos mines in Africa formed the basis for the modifications but,
subsequently, other case histories from around the world have been
added to the database.

Cummings et al. (1982) and Kendorski et al. (1983) have also
modified Bieniawski's RMR classification to produce the MBR
(modified basic RMR) system for mining. This system was devel-
oped for block caving operations in the USA. It involves the use of
different ratings for the original parameters used to determine the
value of RMR and the subsequent adjustment of the resulting MBR
value to allow for blast damage, induced stresses, structural features,
distance from the cave front and size of the caving block. Support
recommendations are presented for isolated or development drifts as
well as for the final support of intersections and drifts.

4.5 Rock Tunnelling Quality Index, Q

On the basis of an evaluation of a large number of case histories of
underground excavations, Barton et al. (1974) of the Norwegian
Geotechnical Institute proposed a Tunnelling Quality Index (Q) for
the determination of rock mass characteristics and tunnel support re-
quirements. The numerical value of the index @ varies on a loga-
rithmic scale from 0.001 to a maximum of 1,000 and is defined by:
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