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Abstract: Problem statement: Rock mass characterization is an integral partook rengineering
practice. The empirical design methods based ok mass classifications systems provide quick
assessments of the support requirements for uralerdrexcavations at any stage of a project, even if
the available geotechnical data are limited. Thdeuground excavation industry tends to lean on
empirical approaches such as rock mass classificatiethods, which provide a rapid means of
assessing rock mass quality and support requirsm&pproach: There were several classifications
systems used in underground construction desigis. stady reviewed and summarized the must used
classification methods in the mining and tunnekygtemsResults: The method of this research was
collected of the underground excavations clasdifica method with its parameters calculations
procedures for each one, trying to find the simiplésss costs and more efficient method.
Conclusion: The study concluded with reference to errors thay arise in particular conditions
and the choice of rock mass classification depemdhe sensitivity of the projects, costs and the

efficient.
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INTRODUCTION .

In underground excavation engineering, rock
mass classification methods have always played an
important role, particularly in predicting support
requirements for excavations in rock. Based on
experience in broadly similar ground conditions
elsewhere in previous projects, these methodserelat
rock mass conditions to support requirements and
construction procedures in new projects. In comtras
the rational or theoretical approach to underground
excavation design uses explicit models representing
the behavior of rock masses developed based on the
principles of the mechanics of materials. The
application of this approach requires access to
accurate information on the rock mass properties,
groundwater conditions and in situ stress condition

Before the commencement of construction when
geological, geotechnical and construction data are
limited, but time is not strictly limited. At thistage

the main applications are for detailed planning and
the design of initial support, determination of
construction procedure and preliminary design of
final support

During construction when detailed information on
the rock mass can be readily obtained by
observations or simple tests, but time is limitee d

to contractual obligations and project completion
deadlines. The main applications at this stage are
for the determination and adaptation of initial
support details, determination or confirmation of
construction procedure and detailed design of the
final support

In order to be efficient and reliable at both st&g

and is often time consuming and costly. While bothof these applications, as noted by Einsteial. (1979),
approaches serve the same purpose, the classificatia rock mass classification method should:

methods are used when there is insufficient
information to establish an explicit model or when*
time and cost limitations prevent the use of other

models. This means in underground excavatiort
engineering these are primarily found in two*
applications: .

Be easily applicable and robust

Use easily determinable input parameters
Accurately represent rock mass behavior
Avoid subjectivity

Ensure safety and economy
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MATERIALSAND METHODS For RQD determination, the International Society
) o for Rock Mechanics (ISRM) recommends a core size of
Methods that have been used in designing support gt |east 54.7 mm. According to Deere and Deere§),98
for underground opening in rock:. , the recommended run length for calculating RQD is
Rock Quality Designation (RQD): The RQD is a core  pased on the actual drilling-run length used inftélel,
recovery percentage that is indirectly based on th%referably no greater than 1.5 m. The ISRM
number of fract_ures and the amount O.f softeninthén Commission on Standardization of Laboratory and
rock mass that !shobslerveﬁ Trom thehdnlllcgéesly(ﬂrg . Field Tests recommends RQD-calculations using
intact pieces with a length longer than mmn($ i . p » O
. variable “run lengths” to separate individual beds,
are summed and divided by the total length of the ¢ structural domain% and wea?(ness zones, so as to

run: Do : o ;
indicate any inherent variability and provide a mor

3 langth of core piesces 10 cm accurate picture of the location and width of zowéh
RQD= x100(%) low RQD values. The relationship between the

Totalcorelength numerical value of RQD and the engineering qualfty

It is used as a standard parameter in drill cordh€ rock massis given in Table 1.
logging and its greatest value is perhaps its saitypl ) ) )
and quick determination and also that it is inexgpemn I ndirect method (no core logs are available): In situ
RQD is to be seen as an index of rock quality whergstimations of RQD was in 1973 suggested to be
problematic rock that is highly weathered, soft,carried out using the following equation (Afrouz,
fractured, sheared and jointed is counted in compte ~ 1992):
to the rock mass (Deere and Deere, 1988).

)= AX — BY

Direct method (core logs available): The procedure RQDEO=A- B D,
for measuring RQD directly is illustrated in Fig.The ) ) o
recommended procedure of measuring the core lengt§n€re, D is the total number of discontinuities per
is to measure it along the centerline. Core breaksed ~Cubic meter of rock mass. The plane of discontiesit
by the drilling process should be fitted togethed a IS not perpendicular to the direction of maximum
counted as one piece. All the artificial fractusd®muld ~ principal stress. The constants A, B, X, y areteeldo
be ignored while counting the core length for RQD,the above noted factors in such a way thatisA105-

even if they pass the requisite 100 mm length. 120 and By is 2-12.
Priest and Hudson found that an estimate of RQD
| could be obtained from joint spacing {oints/m)
L=38em B e 100 (%) measurements made on an exposure by using (Brady
¥ and Brown, 2004):
L=17cm RQD = 38717}%520*43*0100 %)
Dvopiccesioem |5 RQD=1006"* (0OA+ 1
¥ I g5 RQD = 59% (FAIR)
L=20cm § ::
i i _ ‘ ‘ Though RQD is dependent on the borehole
tenen |8 RO 0 Geotechien ually orientation. In principle, it is based on the meament
 Mechanical | | B oc: of_the angle betwe_en each joint and _the surfact_he)r
the drilling 5 — drill hole. The weighted Joint density (wJd) is for
progess e 90-100] __ Escellent measurements on rock surfaces:
o 1 1
. wld=—= -
Fig. 1: Procedure for measurement and calculation o JA “sind,
Rock Quality Designation (RQD) (Deere and
Deere, 1988) and for measurements along a drill core or scamn lin
Table 1: Correlation between RQD and rock massityual 1 1
RQD (%) Rock quality W‘]dzf Zﬁ
<25 Very poor '
5075 Far Where: |
75-90 Good d; = The intersection angle, i.e., the angle betwéen t
90-100 Excellent observed plane or drill hole and the individuahfoi
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The size of the observed area i m system uses the following six parameters, whosegst
The length of the measured section along thie co are added to obtain a total RMR-value:
or scan line, Fig. 2

- >
inn

. e Uniaxial compressive strength of intact rock
Rock Structure Rating (RSR): The Rock Structure material

Rating (RSR)_ introduced numerical ratings of thekro Rock Quality Designation (RQD)
mass properties and was a precursor to the two mogt
used classification systems today (the RMR andhe
system). The RSR value is a numerical value in the
interval of 0-100 and is the sum of weighted nuoadri
values determined by three parameters. The three
parameters are called A, B and C. Parameter Aiis sa
to combine the generic rock type with an index ®alu Each of these parameters is given a rating that
for rock strength along with the general type ofsymbolizes the rock quality description All theimgs
structure in the studied rock mass. Parameter &a=l are algebraically summarized for the five first egiv
the joint pattern with respect to the directiondoive.  parameters and can be adjusted depending on tite joi
Parameter C considers the overall rock quality withand tunnel orientation by the sixth parameter asvsh
respect to parameters A and B and also the dedree m the following equations:

joint weathering and alteration and the amount afew

infow. The US Bureau of Mines (Skinner, 1988) RMR = RMRysc+ adjustment for joint orientation
developed the RSR system further and selected sigypr . = yparameters (i + ii + i + iv + v)

possible factors as being the most essential for

prediction of the support requirements. By usingyon
six factors they tried to make a method that ispém
and easy to use. The six factors are:

Joint or discontinuity spacing
Joint condition

Ground water condition
Joint orientation

The final RMR values are grouped into five rock
mass classes, where the rock mass classes amuisgr
of twenty ratings each Table 2.

1.Rock type with a strength index
2.Rock type with a strength index 1-D measurements

}A (maximum = 39
T 2-D measurements

3.Rock joint spacing B maximuns ¥ N St e a4
4.Orientation with respect to tunnel drjve %\ TR g e o o5
: = <
5.Joint condition C (maximum= 25 N "64\ :
6.Groundwater inflow > =100 L \ \\\ /
N /7\
. . ~
Higher RSR value requires less support under >< L >,
. e 1 1
. Jd= S
normal tunneling conditions J-/’ﬁf L
Rock Mass Rating (RMR): The reasons for using  wra=tv 1
RMR are, according to Bieniawski (1989), the eake o L™ sng,
use and the versatility in engineering practiceshkuld @ ()

be observed that the RMR-system is calibrated using
experiences from coalmines, civil engineeringFig. 2: (a) The intersection between joints andebmmre

excavations and tunnels at shallow depths. The RMR (b) The intersection between joints and a surface

Table 2: Meaning of rock mass classes and rock olasses determined from total ratings (Bieniaws87,8)
Parameter/properties of rock mass Rock mass réticg class)

Rating 100-81 80-61 60-41 40-21 <20
Classification of rock mass Very good Good Fair Poo Very poor
Average stand-up time 10 years for 6 month for tkafer 5 m 10 h for 30 min for

15 m span 8 m span span 2.5 m span 1 m span
Cohesion of the rock mass >400 kpa 300-400 kpa 3P00kpa 100-200 kpa <100 kpa
Friction angle of the rock mass >45° 35-45° 25-35° 15-25° <15°
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The rock mass Quality (Q)-system: Barton (1988) Barton et al. (1976) gives suggested values for
first introduced the rock tunneling Quality Indétie Q-  ESR according to Table 4. 3 _
system in 1974. The original Q-system (Bartral., The Q-system has been modified due to changes in

1974) uses the following six parameters: RQD, Numbethe stress reduction factor (Grimstad and Bart6@83)
of joint sets, Joint roughness, Joint alterationint) and they presented an updated Q-support charhéor t
water conditions and Stress factor. The fundamentdl€W supporting methods, Fig. 3.

geotechnical parameters are, according to Bartoﬂ/linin ; .
X - . g Rock Mass Rating (MRMR): The MRMR-

(1988), block size, minimum inter-block shear sgin gy qtem takes into account the same parameterseas th
and active stress. These fundamental geotechnicglbcic RMR-value. The MRMR is determined by the
parameters are represented by the following ratio§ating of intact rock strength, RQD, joint spaciagd
(Barton, 2002): joint condition. The range of MRMR lies, as the RMR
. . o system, between zero and 100, values that areddtate

Relative block size = RQD{;] cover all variations in jointed rock masses frontyve
*  Relative frictional strength 5/J, poor to very good. The rating system is divided int
* Active stress =,JSRF five classes and ten sub-classes. The five classes
between 0-20 points and the subclasses with a t-po

The rock mass quality is defined as (Barebml., rating. Laubscher (1984) presented a relation betwe

1974): MRMR and the irsitu rock mass strength as:
~|RQD 144 g 4 MRMR - ratingfora, )
° { 1y HHHSRF} 0 =0, 100

Where: oe.m = Uniaxial compressive strength of the rock mass
RQD = Deere’s Rock Quality Designatiat0 o. = Uniaxial compressive strength of intact rock
J, = Joint set number - S .
J = Joint roughness number (of least favorabIeTThe Un_|f|ed Rock Class_ﬂcqnon System (URCS):

di o . he Unified Rock Classification System (URCS) dates

iscontinuity or joint set) . .

s . from 1975 and is used by the US Forest Service for

J, = Joint alteration number (of least favorable

design of forest access roads (Williamson, 198&e T

discontinuity or joint set) URCS consists of four fundamental physical properti

Jv = Joint water and pressure reduction factor
SRF = Stress reduction factor-rating for faulting,» Degree of weathering
strength/stress ratios in hard massive rocks and  Estimated strength
squeezing and swelling rock « Discontinuities or directional weaknesses

. . »  Unit weight or density
Use of the Q-system is specifically recommended

for tunnels and caverns with an arched roof. Thekro Table 3: Classification of rock mass based on Qes(Bartoret al.,

mass has been classified into nine categories harsed 1974) —
. Group Classification
the Q value, as can be seen in Table 3. The rah@e 0 ocrao 1 Good
values varies between 0.001 and 1000. 411861280 \ée{y goold q
. . . - xtreme 00
To relate the tunneling Quality index (Q) to the 3521000 Exceptionally good
behavior and support requirements of an undergroun?l(l)—éll.o 2 gery poor
H H H .0-4. oor
excavation a term called the equivalent Dimensdg) ( 4g.10. Fair
was defined: 0.001-0.01 3 Exceptionally poor
0.01-0.1 Extremely poor

_ Excavarionspan,diameter or heighr (
Excavation support ratio

D

c

Table 4: ESR values for different excavation catiego

Excavation category ESR
A: Temporary mine openings 3-5

The Excavation Support Ratio (ESR) wasB: Permanent mine openings, water tunnels for hpdrwer

; : P . (excluding high pressure
de_termmed f_rom investigations of the relat|on ¢34 penstocks) pilot$unnels, drifts and headings 16
existing maximum unsupported excavation span (SPAN): for large excavation

; ; Storage rooms, water treatment plants, minor 1.3
and Q around an excavation standlng up for maza th road and railway tunnels, surge chambers, acuasels

10 years. The following relationship was defined: D: Power stations, major road and railway tunneis 1.0
defense chambers, portals, intersections
o . E: Underground nuclear power stations, railwayi@tat 0.8
SPAN= 2@% = 2(ESR)® sports and public facilities, factories
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Rock classes
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Fig. 3: Chart for design of steel fiber reinforahcrete and systematic bolting support (GrimstatiEarton, 1993)

Table 5: Layer thickness (International Society Rack Mechanics,

1981)
Intervals (cm) Symbols Descriptive terms
> 200 L Very large
Li2 Large
60-200 L2 Large
20-60 Ls Moderate
6-20 Ls Small
L4,5 Small
<6 Ls Very small
Table 6: Fracturing intercept (International Sogciefor Rock
Mechanics, 1981)
Intervals (cm) Symbols Descriptive terms
>200 R Very wide
Fi2 Wide
60-200 7 Wide
20-60 [ Moderate
6-20 R Close
Fas Close
<6 R Very close

of water. Fingers are used in determining the degfe
weathering and the lower range of strength. Thedhan
lens is used in defining the degree of weatherirge

ball peen hammer is used to estimate the range of
unconfined compressive strength from impact reactio
The spring-loaded scale and bucket of water ard tese
measure the weight of samples for determining ampar
specific gravity. “According to Williamson (1984dhe
density or unit weight is one of the most usefutl an
reliable parameter for determining rock quality.

Basic Geotechnical Description (BGD): A Basic
Geotechnical Description of Rock Masses (BGD) was
established in 1981 by ISRM. The intent was to
characterize the various zones that constitute ck ro
mass, in a simplified form. The rock mass should be
divided into geotechnical units and zones before
applying the BGD. The representative BGD-value for
each zone is determined by:

Each of these four properties consists of five
categories ranging from A through E, which représen e
the design limiting conditions of each of the basic
elements of the system. Rock material designated
AAAA will require the least design evaluation while «

The rock name, with a simplified geological
description such as geologic structure, color,
texture and degree of weathering

Two structural characteristics of the rock mass Th

EEEE will require the most. The URCS is used for
making rapid initial assessments of rock conditions
using simple field equipment and relate those &igte

According to Williamson (1984): “The equipment used

layer thickness and fracture intercept, Table 5Gnd
Two mechanical characteristics; the uniaxial
compressive strength of the rock material and the
angle of joint friction, Table 7 and 8

for the field tests and observations is simple and

available: One’s fingers, a 10 power hand lens,-a 1

This classification of BGD results in that eaclmeo

pound (0.5 kg) ball peen hammer, a spring-loadeds characterized by its rock name followed by the

“fish” scale of the 10-pound (5 kg) range and aketic
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Table 7: Uniaxial compressive strength (Internalo®&ociety for

Rock Mechanics, 1981)

1983). The final mining, FMBR, which is used to
obtain permanent drift support recommendations, can

Intervals (MPa) Symbols Descriptive terms be expressed as:
>200 S Very high )
S, High
60-200 52 High FMBR = AMBR [DC[PSS
20-60 S Moderate
6-20 S Low Where.
L : . . .
<6 2’5 v(;\;/ low DC = I'.I'he adjustment rating for the distance to cave
Ine

Table 8: Angle of joint friction (International

Society for Rock

PS = The block/panel size adjustment

Mechanics, 1981) __ S = The adjustment for orientation of major
Intervals ) Symbols Descriptive terms structures, dependent on their width, dip and
>45 /ﬁ*l \}giegrzmgh distance and the Adjusted MBR (AMBR) is
1,2 .

3545 A High expressed by:

25-35 A Moderate

15-25 A Low AMBR =MBR.A A A
Ass Low

<15 As Very low

Table 9: The ratings reduction of
(Stille et al., 1982)

different joiséts in RMS

1 or 2 joint sets

One prominent Strength in

Remaining More than

where, the Modified Basic RMR (MBR) is dependent
on the strength of intact rock, discontinuity dénsi

(RQ@D, spacing), discontinuity condition and
groundwater condition, QAis the adjustment due to

used blasting method and its blasting damaggs e

Type of joint  joint joint direction conditions 2iisets  induced stress adjustment angd i& the adjustment for
Continuous -15 -15 0 -15 ; ;
Not confintous - - 0 o fracture orientation.

Table 10: The rock mass strength as a functiorhefRMS-value

(Stille et al., 1982)

Simplified Rock Mass Rating (SRMR) system for
mine tunnel support Brook and Dharmaratne

RMS-value 100-81 80-61 60-41 41-20 <20 (1985): Since Brook and Dharmaratne (1985)
Om, MPa 30.0 12.0 50 250 0.5 thought that the joint spacing ratios were mystesip
Parameter ifi] 55.0° 45.0° 350° 25.0° 15.0° ; i ;

the mohr-coulomb w7 5E 13 o 0.2 obtained in the MRMR system and since they preferre

failure criterion c, MPa

Rock Mass Strength (RM S): The Rock Mass Strength

(RMS) classification by Stilleet al.

(1982), is a

modification of the RMR-system, as it includes finst ) ;
five parameters of RMRbasic. The loading conditionsdroundwater consideration, (Table 11).
and initial stress field are not considered whiokans
that the RMS is a strength classification. In addito

the RMRbasic value, every combination of three

different types of joint sets and two different ¢gpof
joints is rated as can be seen in Table 9.

The sum of the RMRbasic and the rating reductionrock and jointed rocks based on their compressive
due to the number of joint sets, is the RMS-valoe f strengths and modulus values in unconfined stdtes T
the rock mass. Using the RMS-value, the rock masslassification is based on the modulus ratia;XMf a
strength can be estimated according to Table 10.

Modified Basic RMR system (MBR):

The Modified

a simplified system that does not need the RQDeyalu
the SRMR was developed. The simplified rock mass
rating has three major components the intact rock
strength, joint spacing and joint type. The firatimg is
based on the three major components, together with

RESULTE AND DISCUSSION

Ramamurthy and Arora classification: Ramamurthy
and Arora (1993) suggested a classification foadht

linear stress-strain condition, which is stated as:

Basic RMR system (MBR) is a modified RMR for M.=E
mining applications and therefore uses many of the o
same input parameters. The data base values of MBR

range from 20 to almost 70. The studied depthsedari where, subscript j refers to jointed rock; B the
from about 213 m to over 610 m (Kendorskial., tangent modulus at 50% of the failure stress.
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Table 11: Simplified rock mass rating (Brook andabharatne, 1985)

Parameter Maximum rating (%) #tu values quantity Rating
Intact rock strengthg. 30 Compressive 30%(/200)
strength,(MPa)
Joint spacing 30 Spacing relative to >0.3 0.3-0.10.1-0.03 0.03-0.01 <0.01
excavation size
One joint set 30% 25-30% 20-25% 15-20% 10-15%
Two joint sets 25-30% 20-25% 15-20% 10-15% 5-10%
Three joint sets 20-25% 15-20%  10-15% 5-10% 0-5%
Joint type 30 Exact value interpolated if necess&0% - Adjustment factor
Adjustment Adjustment factor
Expression and Discontinuous 1.0
continuity Wavy 0.75-1.0
Straight 0.5-0.75
Surface if in contact Rough 1.0
Slightly rough 0.75-1.0
Smooth to polished 0.5-0.75
Separation 1<
2-1 mm 03
5-2 mm 0.7-0.8
10-5 mm 0.6-0.7
>10 nm 0.5-0.6
Gouge properties Hard packed 1.0
Sheared 0.75-1.0
Soft, clay 0.5-0.75
Groundwater 10 Dry Moist Wet Moderate pressurghHiressure
10% 8% 5% 2% 0
Table 12: Strength classification of intact and njed rocks The rock (mass) is described by two letters, for
(Ramamurthy and Arora, 1993) instance CD means that the rock has moderate
Class Description 9.(MP3) - compressive strength in the range of 50-100 MPt wi
A very high strength >250 a low modulus ratio of 50-100
B High strength 100-250 :
C Moderate strength 50-100
g '\L"ed'utm S“fhngth 5252'30 Geological Strength Index (GSI): This GSI estimates
= V‘;:‘;Tgfvngrength e the reduction in rock mass strength for different

geological conditions. There are three ways of

Table 13: Modulus ratio classification of intaand jointed rocks CaICUIatmg the GSI:
(Ramamurthy and Arora, 1993)

Class Description _ Modulus ratio of rock « By using the rock mass rating for better quality
A Vgry high modulqs ratio >500 rock masses (GSI>25)

B High modulus ratio 200-500 .

C Medium modulus ratio 100-200 * By using the Q-system

D Low modulus ratio 50-100 * By using their own GSl-classification

E Very low modulus ratio <50

Rock mass Number (N) and Rock Condition Rating
(RCR): The rock mass number, N and rock condition
rating, RCR, are modified versions of the Q-system
@nd RMR-system. The N-system is a stress-free Q-
system, as can be seen by its definition:

To estimate the rock strength and modulus ratiohase
to determine the joint factor. The joint factor megents

a factor of weakness in the rock mass due to th
influence of the joint systems. This resulted ire th
following:

o.
—2 = exp(-0.0081)
o

E N=[RQD/J, /3 /11, ]
—L =exp(-0.01151)
? ! The RCR-system is the RMR without ratings for

o is the jointed rock strength, whose description isthe compressive strength of the intact rock maltena

stated in Table 12. Since tbg and g are known, the adjustments of joint orientation as:
modulus ratio can be estimated and classified daugr
to Table 13. RCR= RMR- (Ratingfoo, + adjustmentof joint orieian)
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o[ Ro fisiw
jC=jL.|—|=]jL -
Joint condition | A J A

/‘ factor IC

Joint size and /
termination

\ Jointing

J puameter ) -Rockmass where, jL is the size factor representing the irfice of

———— Block\"olume ) index (RMi) . . . .. .. .

Dﬂm—‘oflmﬂbl—" Vs Tl the size and termination of the joint. The jointesi

Rock material > lteneth factor (jL) is chosen as larger joints have a mdike
stronger impact on the behavior of a rock mass than
smaller joints have. The roughness factor (jR)
represents the unevenness of the joint surfacehwhic

_consists of:
The RCR and the N-system were proposed to find

a relation between the Q-system and the RMR-system.  The smoothness (is) of the joint surface

The Q-system and the RMR system are equivalent if  The waviness (jw) or planarity of the joint wall
the joint orientation and intact rock strength igmeored

in the RMR-system and the stress reduction factor i~ The alteration factor (jA) expresses the
ignored in the Q-system. characteristics of the joint:

Fig. 4: Parameters applied in the RMi

Rock Mass index (RMi): The Rock Mass index, RMi, «  The strength of the rock wall

has been developed to characterize the strengtheof «  The thickness and strength of a possible filling
rock mass for construction purposes. The main faedus

the development of RMi was on the effects of the The factors jR and jA are similar to Jr and Jéhi

defects in a rock mass that reduce the strengtihef Q-system. JP is given by the following expression:
intact rock. The RMi is linked to the material and

represents only the inherent properties of a roekan IP=02/JC\
The input parameters in a general strength
characterization of a rock mass are selected as: .
Where:
V}, = The block volume is given in'm
* The size of the blocks delineated by joints-p — 0.37jC°%is a constant
measured as block volume
» The strength of the block material-as uniaxial CONCLUSION
compressive strength
+ The shear strength of the block faces-measured as Rock mass classification is one of the only

friction angle approaches for estimating large-scale rock mass
* The size and termination of the joints-measured agroperties. In the underground industry the
length and continuity classifications systems forms the basis of many

empirical design methods, as well as the basiaibfré

The RMi is principally the reduced rock strength Criteria used in many numerical modeling programs.
caused by jointing and is expressed as: Practitioners should be aware that classification a
design systems are evolving and that old versidns o
classification systems are not always compatiblgh wi
new design approaches. Care must be taken wheg usin
) o o ) classification systems with empirical design method
where, JP is the jointing parameter, which is aicdn  The yser must be sure that the classification syste
factor representing the block size and the conulitb  sed matches the approach taken for the development
its faces as represented by their friction propsrind  of the empirical design method. Under these
is found by combining the block size and the jointyersion. Design methods which do not rely on case
conditions. An overview of the parameters applied i histories or past experience, do not have the same

RMi =0, P

RMi can be seen in Fig. 4. ~ constraints. This approach to classification isreied
The joint condition factor jC represents the inter in complex mining situations. Serious errors casulte
block frictional properties and is expressed as: if these simplified classification systems are aapto
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the empirical civil tunnel design approaches sigtha Einstein, H., W. Steiner and G.B. Baecher, 1979.

Q support graph. Despite their limitations, theieaxed Assessment of empirical design methods for
classification systems are still in use as theyide an tunnels in rock. RETC 1979, pp: 683-705.

invaluable reference to past experience. Grimstad, E. and N. Barton, 1993. Updating of the Q

system for NMT. Proceedings of the International
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