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ABSTRACT

Engineering rock mass classification is the bestakm empirical approach for
assessing the stability of underground openingsis ™dpproach has got
enormous potential and forms the backbone of ptedayn rock engineering.
RMi-system, developed recently, is one of the saveystems of rock mass
classification.

Estimation of RMi and application in the designtohnel supports have not
been tested and also not fully understood. Thipafiers some clarifications
and suggestions for using support charts for diffeground conditions and
method of estimation of block volume, an importanput to the RMi.
Refinements have also been proposed in estimafiagiress level factor in
blocky ground.

Keywords: RMi-system, blocky ground, continuous ground, ghigetor, block
volume, volumetric joint count, support design.

1. INTRODUCTION

Reliable tests for determining strength propertiesock mass are difficult, if
not impossible. Therefore, practical rock engirggeris still based mainly on
input data determined from observations of the melss in-situ. The quality of
input data significantly affects the accuracy ikieengineering and design.
Hoek et al. (1992) are of the opinion that thergjtl characteristics for jointed
rock masses are controlled by the block shape @& and their surface
characteristics determined by the intersectingtgoifihis does not imply that
the properties of the intact rock material should @hisregarded in the
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characterization. Hoek and Brown (1980), and Biesla (1984) have
indicated the need for a strength characterizabonock masses. Therefore,
Palmstrom (1995a, b, ¢) has developed RMi-systeahémacterize the strength
of the rock mass for construction purposes.

RMi-system considers only intrinsic parameters & trock mass viz.
compressive strength of intact rock, block volumd point characteristics such
as roughness, alteration and size (Fig.1). RMiesysis based principally on
the reduced rock strength caused by jointing amctsessed as:

RMi =g, . JP (1)

where
RMi = Rock Mass index proposed by Palmstrom §59
uniaxial compressive strength of intact rcakg

O =
J = the jointing parameter.
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Fig. 1 — Input parameters of RMi

Here JP represents the main jointing features, lyabheck volume (or density
of joints), roughness, alteration and size of thetg. JP can be found from Fig.
2 by using the block volume (Y or the volumetric joint count ()] the joint
spacing or the RQD.

Since RMi-system has been developed only receritdy,estimation and
application in the design of tunnel supports hawtbeen tested at large and
also not clearly understood. Moreover, case hissothrowing light on the
application of this system are also not availaBeEmstrom (1995a, b, c, 1996,
2000a) has explained in detail about the RMi-systeat one gets the
impression through these publications that the RMitem is still in its
evolution stage. Until it is applied in more andrenéield cases, its potential as
an effective means of rock mass classification migtt be fully understood
and appreciated.
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Fig. 2 — The jointing parametes fbund from the joint condition factor jC and
various measurements of jointing intensity (VRDD)

Kumar (2002) has utilized RMi-system apart fromioas other systems for the
classification of 10.15 m diameter, 27.4 km lon@dm@ce tunnel of ongoing
Nathpa Jhakri Project located in higher Himalayaaridhed from the

experience of this study, the present paper atermpthrow light on some
important issues related to the support designasa offers suggestions for
estimation of block volume, an important inputtie RMi.

2. TYPES OF GROUND

From engineering view point, the ground can bendefiby various parameters.
The ground parameters having major influence obilgtain underground
openings are as follows:
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a. The inherent properties of the rock mass:
* The intact rock strength
» The jointing properties
* The structural arrangement of the discontinuities
» The properties specific to weakness zones

b. The external factors:
* The insitu stress condition
* The groundwater condition

c. The excavation parameters:
» The shape and size of the opening
* The excavation method
e The ratio, tunnel dimension / block size

The above-mentioned parameters have been comhbiniiilowing manner to
account for influence of stability of excavation:

A. The number of blocks on the periphery of an wgd®ind opening will
largely determine whether the surrounding grountll beéhave: (i) as a
blocky material, dominated by the individual blocksd the character of
the joints; or (ii) as a continuous, bulk matemdiere the magnitude of
the rock stresses is important. Continuity of theugd has been
represented by a continuity factor (CF) as follows:

CF = tunnel diameter / block diameter =/D (2)

» For slightly jointed (massive) rock, CF <5 (app.)
» For highly jointed (particulate) rock, CF > 10(pe)

In case of blocky rock masses, value of CF maysseraed in between 5
and 100.

B. The condition of the ground factor comprisesimferent rock mass
parameters and stress conditions. A ground comdiiéiotor (Gc) has been
applied in blocky ground, and a competency fac@y)(is introduced in
continuous ground.

21  Blocky Ground

The stability in blocky (jointed) ground is mainlyfluenced by the block size
and shape, the shear strength of the joints deingeahe blocks, and the
orientation of the same joints relative to the oapgnThe ground condition

factor for blocky ground includes the inherent raukss characteristics that
have a significant influence on stability as well the external stresses.
Following two parameters are used in support design
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. Ground condition factor,

G.=RMi.SL.C (3)
. Size ratio, = CF . G/ N;, (4)
where
SL = astress level adjustment,
C = agravity adjustment factor,
C, = an adjustment factor for joint attitude, and
N; = an adjustment factor for number of joint sets

According to Palmstrom (1996), the influence ofnjoiwater pressure is
generally difficult to incorporate in the stressde Often, the joints around the
tunnel will drain the ground water in the large auiy nearest to the tunnel,
hence the influences from groundwater pressureheneffective stresses is
limited. The total stresses have, therefore, beslected. In some cases,
however, where unfavorable orientation of jointsnbned with high ground

pressure, it will tend to reduce the stability byra loading on key blocks, the
stress level factor should be reduced as follows:

Divide SL by 2.5 for moderate influence (5)
Divide SL by 5 for significant influence (6)

In the Q-system, effect of joint water has beensatgred by using a factor
called joint water factor {J whose values are 1.0, 0.66, 0.5 and 0.33

. : . J
corresponding to groundwater discharggsisJin the numerato(S;Fj for

computing Q-value. From the present study, it reenbfound that for,Jto be
in the denominator, these values will convert ibi0, 1.5, 2.0, 3.0, and so on.
Now comparing it with Egs. 5 and 6, refinement rbaydone in computing SL
depending upon level of influence of groundwatene@an be sure of what
value has to be chosen for dividing SL, insteafirsf two values of 2.5 and 5
as suggested by Palmstrom (1996) in Eqgs. 5 and 6.

2.2 Continuous Ground

In the continuous ground when CF < approximatelynassive rock), the
properties of intact rock dominate, and when CF ppraximately 100

(particulate or highly jointed rock), the groundhbges as a bulk material. In
these types of ground the main influence on theaielr in an underground
opening comes from the stresses around the opemdghe strength of the
rock mass. For this purpose, a new parameter, dempefactor (), has been

considered and defined as follows:

Cy = RMi /0g (7)
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where
Op = the tangential stress in the rock masses drthenopening.

Competent ground occurs wherg € 1; else the ground is overstressed
(incompetent). Massive, competent ground is gelyestdble and don’t need
any support whereas incompetent ground requirepaostsp due to either
squeezing or rock bursting.

3. DESIGN OF TUNNEL SUPPORTS
Palmstrom (2000a) has given support charts for @l types of grounds as

shown in Figs. 3 and 4. For proper application &fi Rupport methods, the
following clarifications are worth mentioning:

Ground condition factor Gc=o,x JP xSLx C
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Fig. 3 — Rock support for blocky ground includingakness
zones (Palmstrom, 2000a)

(A) In massive brittle rock, if g£< 1.0, failure of rock mass will take place on
account of rock bursting whereas in ductile roeklure is on account of
squeezing. These rock failures are termed as Sstestrolled’ failures;
tangential stress in the tunnel is more than RMii¢Ww is nothing but
modified uniaxial compressive strength of rock ma&ock bursting or
squeezing occur in incompetent rocks.
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For particulate materials: use support chart for discontinuous ground for initial support
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Fig. 4 — Chart for estimating support in continu¢usissive and particulate)
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(©)

(D)

ground (Palmstrom, 2000a)

Competency factoECg =M

0-9
modes in massive rocks only. This is done on thesbaf values ofb.
used by Barton et al. (1993). Palmstrom (1995a) haed this
classification but only difference being that RMplaces.. The value of
O¢ is related to the compressive strength of 50 mamdier samples. In
massive rock masses the block size is significdatiger in the range 1-
15 nt for which the factor for scale effect is in thega 0.45 - 0.55.

i) . L .
] is meant for characterization of failure

From above, it is clear that roughly RMi0.50.. Thus, the values of
RMi

used by Palmstrom (1995a) are half of those useBamon et al.
Op

(1993).

Ground characterization for squeezing rock msg®nly massive) has
been done by Palmstrom (2000a) based on researdkyddn et al.
(2993). On this basis, whether it is light, fairawy or very heavy
squeezing, support system has been suggestedcdiid#ion, according
to Palmstrom (2000a), is applicable for highly jesh rock (i.e.
continuous ground for whichD, > 100) also. But this has to be adopted
with caution since it is based on a limited amoointesults for massive
rocks only. It cannot be directly applicable foghilly jointed ground. For
initial support, however, support chart for bloakpund may be used.

In highly jointed rock masses (i.e. continuarsund), failure may take
place due to excessive stresses (‘stress-contrédddre as GG < 1) or

due to sliding, spalling or slabbing of wedges/kk¢this type of failure
with Cy > 1 is termed as ‘structurally-controlled’ failjrdn case of
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‘stress-controlled’ failures in the highly jointedck mass, squeezing will
take place and support system will be determinetherbasis of degree
of squeezing, which in turn shall depend ap i@ case of ‘structurally-
controlled’ failure in the highly jointed rock mag€y > 1), support

system will be selected from the chart of blockgugrd.

(E) Irrespective of the types of rock masses batg¢d (blocky) or highly
jointed (continuous) both competency factog)(@nd ground condition
factor (G) should be determined and support system seleceatdingly
from charts. Higher of the two support systems khbe adopted.

4. ESTIMATION OF BLOCK VOLUME

The block volume (V) is intimately related to the intensity or degree
jointing. Each one of such blocks is more or lesmpletely separated from
other by various types of discontinuities. The tge¢éhe block size the smaller
will be the number of joints penetrating the roclass Hence, there is an
inverse relationship between the block volume &wednumber of joints.

The block volume is the most important parameteplieg in the support
charts, as it determines the continuity of the gdhui.e. whether it is
continuous or not. In blocky ground,,VMs included both in the ground
condition factor and in the size ratio. The accyratthis measurement has a
significant impact on the reliability of the RMi k. The bock size is a result
of the detailed jointing in a rock mass formed maiby the small and
moderate joints. The block dimensions are deterthingejoint spacing and the
number of joint sets.

Palmstrom (1995b, 1996, 2000a) has given chartse$timation of ¥ by
correlating it with type of blocks and block shdaetor 8) (Fig. 5). Palmstrom
(1995a, c) has also given following correlationwe#n block volume and
volumetric joint count (J:

v, =2 1 ®)

J2 “siny,.siny,.siny,

(0(2 to,05 + 0‘3)3

(0(2.(13)2

[3:

9)

wherey;, Y, and y; are the angles between the joint sats;= $/S; andaz =
S/Si, provided > S > § and §, S, S etc. are the spacing between the
individual joints in each set in metres.

Consideringy, v» andys equal to 98 Eq. 8 simplifies to Eq. 10:
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Ve =7 (10)

Often, it is not possible to observe the wholevidiial block on an outcrop or
on the surface of an underground opening, speaidilgre less than three joint
sets occur. Random joints or cracks formed duiiegetxcavation process often
result in defined blocks. In such cases, according?’almstrom (2000a), a
spacing of random joints say 5 to 10 times the isgacf the main set can be
used to estimate block volume.
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Fig. 5 — Connections between block size, block éi@mand
other jointing measurements (Palmstrom, 2000a)

According to Palmstrom (2000b), it is difficult @efine thep-value for the
various types of blocks such as flat, long, veay, fVery long etc., and it has not
been intended that the block shape factor shoulddzesured accurately.

From the experience gained so far in the tunnellings easy to identify
number of joint sets and their spacing/frequendierathan block shapes at a
particular site. From these two parameters (numbgrjoint sets and
spacings/frequencies), volumetric joint count canebsily computed which is
essential to computepVThe following observation and suggestions areenad
in this regard:

(&) Average value of3 for only one joint set may be taken as 180 as
considered by Palmstrom (19963 € 150 to 200, flat blocks). With
B = 180, spacing of random joints or cracks formeudirgd) excavation
process comes out approximately as 13«(@) times the spacing of

only joint set present instead of 5 to 10 timesnamntioned subsequently
by Palmstrom (2000a).
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Vb= S§x13$x13$=180 § (11)

Using Eq. 9, fo3 as 1800, = a3 = 10. Therefore, it may be considered
appropriate to us@-value as 180 for only one joint set.

Paradoxically, Palmstrom (2000a) considefedalue as 750 for ‘very
long or flat blocks’, giving spacing of random j@nmore than 27
(i.e.\/ﬁ)), a very high figure. It may be designated as &ptonally
long or flat blocks (only one joint s€t,= 750)’ and one more category in
betweer3 = 750 and3 = 100 may be included with the designation, ‘very
long or flat blocks (only one joint sdi,= 180)’.

Palmstrom (2000a) considerBdralue as 100 for ‘long or flat blocks’. It
may be considered corresponding to two joint setssaggested by
Palmstrom (1996)3 = 75 to 100, long and flat blocks). In this calk®a
spacing of random joints or cracks formed duringasation process
comes out as 13 times the spacing of the mainjaiet et with closer
spacing).

Vb=S§Xx$x135=13Fx S (12)

By puttinga, as 1 andxz as 10 in Eq. 9B comes out as 93. Therefore,
the value of3 as 100 for two joint sets is appropriate.

Palmstrom (2000a) considergdvalue as 36 for ‘A common block
shape’. It may be considered corresponding to twe @ndom joint sets,
close to three joint sets #sis only marginally higher than that for three
or more joint sets. Earlier, Palmstrom (1996) sstg@#3 = 50 to 80 for
two - three joint sets, which seems to be someWweéter initially than the
current [-value of 36. Nevertheless, the change of designaif block
shape as ‘A common block shape’ from the earliex of‘long block’
might have justified the changesfirvalues from 50 - 80 to current 36. In
the absence of frequency/spacing of random joineftimation of J it
has been found that f@ = 36, a spacing of 2.6 times the spacing of the
main set can be considered.

V=S XS Xx26%$=26FS (13)

By puttinga; as 1 andxs as 2.6 in Eq. 93 comes out as 35. Therefore,
the value of3 as 36 for two plus random joint sets is quite appate.

‘Equidimensional blocks’[{ = 27) considered by Palmstrom (2000a)
corresponds to the three or more joint sets. i ghuation rock blocks
are clearly defined by the intersection of threéntjosets and the
relationship between, &nd 4 yields a value o as 27. From Eq. 9 also,
by puttinga, = as = 1,3 comes out as 27.
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Considering above, values of shape fa@dor different shapes of blocks and
number of joint sets may be obtained as given inldfa for the estimation of
block volume.

Table 1 — Value of shape fact{drfor different shapes of block

No. Shape of blocks Number of joint setsvalue of3
1. Exceptionally long or flat blocks One 750
2. Very long or flat blocks One 180
3.  Long or flat blocks Two 100
4. A common block shape Two plus random 36
5. Equidimensional blocks Three or more 27

Summarizing above, Ymay be estimated from one of the following methods
(Table 2):

Table 2 — Methods to estimate block volumg #ér different joint set
conditions

No. of Joint Sets Method 1 Method 2
One Joint Set _1
Jv_g Vpb=Sx138x138
~180 §°
_180
Vb —f
Two Joint Sets 2101
JV_§+S_2 Vb=Sx$x13 S
=13$9%xS
100
Vb —f
Two Joint Sets Plus . 1 1 1
Random JV_§+S_+2.631 V=S x$Xx263
? =269XS
_36
V, _f
Three or More Joint 3 = 1 N 1 N 1 N
Sets v_g 3_2 ?3 """" V=S XSXS
27
V, _f
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5. CONCLUSIONS

RMi differs from the existing classification systerfor support design. While
other prevailing methods combine all the selecta@umeters to directly arrive
at a quality or rating for the ground conditionsviiRmethod applies an index
(RMi) to characterize the rock mass. The indexhisn applied as input to
determine the ground quality. The division of grdumto blocky and
continuous materials and the size ratio (tunned/black size) are also new
features of the RMi support method.

Emphasis has been given to relate the block shegerfwith the number of
joint sets in the rock mass and their values h#a@ lzeen suggested. Although
the RMi system has ignored the influence of grousigwin stress level, yet in
the extreme conditions, it has suggested modiGioaith stress level factors for
two categories of groundwater influences only. Adawly, further
refinements have been proposed in the paper.

Approach suggested for using support charts fdemiht ground conditions
and method of estimation of block volume would bseful for reliable
application of RMi system.
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