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ABSTRACT

The investigations carried out in Bigadig~Mine
Region indicated that RMR and Q-systems although widely
used in mining and tunnelling practice could not fully
describe the characteristics of clayey and stratified
weak-rocks. Consequently, the applications that would be
carried out based on originally suggested RMR and Q index

values could be misleading.

In this study, the ore and rock units encountered
in Bigadig¢ Region were classified in terms of original
RMR and Q-systems. During determinatibn of original RMR
and Q index values a number of difficulties were

encountered. These difficulties were associated with the
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following: Obtaining suitable cores for preparation of
standard specimens that will be used in uniaxial
compressive strength tests; determination of RQD,

effect of clay and water, joint spacing, and joint
conditions in RMR-systam; and determination of RQD,
joint alteration number, and joint set number in Q-
system. Based on original and modified RMR and Q values;
regression equations were determined between RMR and Q.
Considering the original and modified index values the
following output parameters were compared with each
other: rock mass description, rock class, maximum
unsuppor ted span, span, roof span versus stand-up time
relationship, support pressures, Modulus of Deformation,
m and s material properties, and internal friction

angles.

Key Words: Rock-mass classification, rock mass description,
unsupported span, stand-up time, support
pressure, m and s constants,internal friction

angle.
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ZAYIF KAYALARDA RMR VE Q SISTEMLERINE
BAGLI OLARAK SINIFLAMA PARAMETRELERININ

BELIRLENMEST

OZKAN, Ihsan

Miihendislik Fakiiltesi
Maden Miih.B®liimli, Ylikksek Lisans Tezi
. . frof-Dr
Tez Y8neticisi: r .Erdal Unal

156 sayfa, Subat 1989

OZET .

Bigadig-Simav Ocafi bdlgesinin kaya kiitlesi

siniflandirmalari {izerindeki arastirmalar ve galismalar

gbstermistir ki; RMR ve Q siniflama sistemleri 6zellikle

killi ve tabakalasma g8steren zayif kaya kiitlesi &zel-

liklerini yeterli derecede tanimlayamamakta dolayisi

ile bulunan indeks degerlerine gbre yapilan uygulamalar

yaniltici olabilmektedir.

Bu g¢alismada, Bigadig Bdlgesi'ndeki kaya ve cevher

birimleri orijinal RMR ve Q sistemlerine g&re siniflan-

dirilmistir. Bu galisma esnasinda, orijinal girdi paramet-

relerinin anlatiminda birtakim gliglikler ile karsilasil-
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misgtir. Bu gligliikler, RMR-sistemi ig¢in; RQD, suyun ve
kilin etkisi, gatlaklar arasi mesafe ve gatlaklarin
konumunun belirlenmesi; Q sistemi igin ise RQD, slirek-
sizlik detisme sayisi ve siireksizlik sayisinin belirlen-
mesi ile ilgilidir. RMR ve Q indeks deferleri bulunmus)
RMR ve Q deferleri arasindaki regrasyon esitlikleri
hesaplanmisgtir. Orijinal ve defistirilmis indeks de¥er-
leri asagidaki parametreler igin karsilastirilmistair:
RMR ve Q sistemlerinin Snerdigi tahkimatsiz durabilen en.
bliylik galeri genisligi, RMR deyerlerine gdre en biiyiik
agikligain tahkimatsiz durabilme zamanlari, bunun yanisira
tahkimatsiz bir galerinin lizerinde olusabilecek tavan
yikleri, kaya kiitlesinin deformasyon modiili ve ayraica,
kaya kiitlesinin malzeme &zelliklerine baygli olan m ve s
sabitleri RMR sistemine gbre hesaplanmistir. Son olarak
degisik kayalarin igsel siirtiinme agilari her iki sinif-

landirma sistemine bagli olarak analiz edilmistir.

Anahtar kelimeler: Kaya kiitlesi, siniflama sistemleri,
kaya kiitlesi tanimlamasi, en biiylk
tahkimatsiz durma agiklijyi, en fazla
durma zamani, kaya ylkili, m ve s

sabitleri, igsel silirtiinme agisi.
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CHAPTER I
INTRODUCTION

Roof falls in underground mines continue to be
a major problem in terms of safety and economy. Today,
vast majority of the fatallities occuring in underground
mines are due to roof falls. Although loss of production
due to strata control problems is very difficult to
estimate, it is undoubtadly significant. Estimating roof
control costs for new areas is another major problem.
Therefore, economics and safety demands the realization of
mining conditions prior to and during any mining activity.
This obviously requires more precise assessment, particulary

determination of the rock mass conditions.

Mining in larger working places, at increasing
depths and in steeply dipping seams necessitates better
ground control methods and in particular better prediction
of unstable roof conditions. Unexpected changes in roof
conditions are often encountered in underground mines.

The result of this is roof falls before preventive measures
can be taken. Intensive studies of the roof falls indicate
that they can often be attributed to one,or a combination

of the following parameters:



(i) 1lithology of the roof strate;

(ii) characteristics of discontinuities (bedding
planes, joints, faults, etc.)

(iii) humidity;

(iv) groundwater inflow;

(v) in-situ stress;

(vi) stress relief due to surface erosion and

stream channel;

(wii) geqlogical irregularities (clay veins,

fossils, concretions, etc.).

Therefore, stability can be assessed best by a thorough
study of these parameters, and by classification of the

rock mass.

1.1. Statement of the Problem

In underground mining today, the safety and economy
aspects demand a better understanding of the mining
conditions, particularly from the roof stability stand
points. The gquestion is whether or not the rock-mass
classification systems which have been used successfully
in rock tunnelling and hard-rock mining can be directly
utilized for the purpose of roof-stability assessment in
weak and stratified rock. For example, the most widely
used rock-mass classification systems, namely those

proposed by Bieniawski (1973, 1979, 1984) and Barton et.al.



(1974) may not be adequate, in their original form, for

classifying the weak and stratified rock.

1l.2. Scope of Thesis

The main objectives of the present study are

as follows:

(1) to utilize the RMR and Q-systems for
characterization of the weak and stratified
rock formations encountered in Bigadig¢ Barox

= Mine Region,

(ii) to introduce modifications, if and when
necessary, for the ratings of the input
parameters utilized in RMR and Q-systems,
in order to better characterize the weak and

stratified rock mass;

(iii) to compile field data for assessment of
engineering properties of the rock-mass

encountered in Bigadig¢ Colemanite-Mine Region.

1.3. Outline of the Thesis

In order to meet the objectives stated in Section
1.2, a detailed review of the literature associated with
methods of mine-roof-stability assessment was conducted
in Chapter II. The rock-mass classification systems were
also reviewed and critically assessed in this Chapter.

In thes study, various geotechnical studies including both



field and laboratory investigations and laboratory tests
were carried out aimed at providing input-data for rock-
mass classification systems. These studies were presented
in Chapter III. In Chapter IV, the rock mass encountered

in Bigadig¢ Colemanite-Mine Region was classified based

on RMR and Q-systems. The engineering parameters such as
roof span, stand-up time, rock-load height, support pressure
and other parameters were also discussed in Chapter 1IV.

The modifications associated with some of the input parameters
utilized in RMR and Q-systems were introduced in Chapter V.
In addition, a comparison was made between the original and
modified ratings (RMR and Q values) in terms of the output
of these classification systems. Finally, the main
conclusions associated with this study and the recommendations

for future work were included in Chapter VI.



CHAPTER 1IT
REVIEW OF THE LITERATURE

2.1. General

In this chapter, the main rock mass classification
systems, utilized in mining and tunnelling are briefly
reviewed. The emphasis will be given to Bieniawski's RMR
and Barton's Q Systems since these classification systems
will be the back-~bone of the studies carried out in tﬁis
thesis. The new developments associated with RMR and Q

Systems are also included at the end of this chapter.

The output of the RMR and Q-systems, on the other hand,
be reviewed in Chapter 4, together with results obtained i

from in-situ investigations.

2.2. Rock Mass Classification Systems

Rock mass classifications being the backbone of the
emprical design approach are widely employed in rock
engineering. In fact, on many projects, the classification
approach serves as the only pratical basis for the design
of complex underground structures. Most of tunnels
constructed at present make use of a nwﬁxm of classification
system. Themostly used and the best known of these is
Terzaghi's rock-load classification which was introduced

over 40 years ago (Terzaghi,b1946).



took cognizance of the new advances in rock-support
technology, namely, rockbolts and shotcrete, as well as

addressed different engineering projects: tunnels, chambers,

mines, slopes and foundations.

different rock-classification-systems in existence.

Today, there are many

more common ones are presented in Table 2.1.

Table 2.1. Major Rock Mass Classification Systems

Classification Orginator and Country of Application Area
System date Origin
Rock loads Terzaghi,1946 usa Tunnels with steel
’ supports
Etand-up time Lauffer,1958 Australia Tunneling
Fock quality designation Deere, 1964 usA Core loging tunneling
Intact rock strength Deere,Miller,1966 (USA Communication
[RSR concept Wickham,et al,1972|USA Tunneling
Geomechanics Classification|Bieniawski, 1973 [S.Africa and |Tunnels, mines,
(RR System) USA foundations
stem Barton et al.,1974 [Norwa Tmmelgxax 51 e
O—-Sy. ' >4 = g, laxrg
Strength/block size Franklin, 1975 Canada Tunneling
iBasic geotechnical ISRM,1981 International{General
classification

The

Rock mass classifications have been successfully

-

applied throughout the world: in the United State (Deere,
1964, wickham et.al.,1972, Bieniawski,1979), Canada (Coates,
1964, Franklin,1975), Western Europe (Lauffer,1958, Pacher

et.al., 1974, Barton et.al.,1974), South Africa (Bieniawski,



1973, Oliver,1976, Laubscher,1975), Australia (Barton,1977,
Biczynski,1980), New Zealand (Rutledge,1978), Japan (Ikeda,
1970), USSR (Protodyakonov,1974), some East European countries

(Kidybinski ,1979) .

Recently, major advances were made in the use of
rock mass classifications in coal mining (Bieniawski, et.al.,
1980; Ghose and Raju,1981, Seegmiller,1983, Unal,1l983,
Thill,1984, Karmis and Kane,1984) and in hard rock (metal)
mining (Cummings et.al.,1982, Kendorski et.al.,1983). In
longwall mining, the rock mass classification approach has
been utilized for assessment of roof spans and rock |
cavability (Chose and Dutta, 1987, Unrug and Szwilski,1980,

Kidybinski,1979).

A rock mass classification has the following aims

in an engineering application: :

a. To divide a particular rock mass into groups of similar

behaviour;

b. To provide a basis for understanding the characteristics

of each group;
c. To yield quantitative data for engineering design; and

d. To provide a common basis for communications.



2.3. Bieniawski's Geomechanics Classification System

(RMR - System)

The "Geomechanics Classification of Rock Masses" or
"Rock Mass Rating-(RMR)" Concept was developed by Bieniawski

in South Africa in 1973.

After a detailed study of classification concepts,
structural regions in rock masses, and the parameters that
are most significant in the behavior of rock masses,
Bieniawski developed his rock mass rafing (RMR) system.
Later, he modified and extended the RMR concept (Bieniawski,
:1974,‘i976, 1979). This engineering classification,utilizes
the following six parameters, all of which are either

measurable in the field, or obtainable from borings.

a. Uniaxial compressive strength of intact rock material,
b. Rock guality designation (RQD),

c. Spacing of discontinuites,

d. Orientation of discontinuities,

e. Conditions of discontinuities,

f. Groundwater conditions.

The following explanations and terminology for RMR

classification system are relavent. (Gotechnical log)



1. Strength of intact rock material

Bieniawski uses the classification of the uniaxial
compressive strength of intact rock, Alternativelly, with
the exception of very low strength rocks the point load index

may be used as a measure of intact rock material strength.

2. Rock Quality Designation

The Rock Quality Designation (RQD) is defined as
prdportion of a NX borehole core (. 54 mm .dia.) drill-run

which consist of intact lengths equal to or longer than

100 mm

ROD = 100 = lengths of core pieces > 100 m

(2.1)
length of drill-run

3. Spacing of Joints

The term joint is used to mean all discontinuities
which may be joints, faults, bedding planes and other

surfaces of weaknees.

4., Condition of Joints

This parameter accounts for the seperation (operture)
of the joints, their continuity, the wall condition .(soft
or hard), wheathering of the rock wall and the presence of

infiling material in the joints.



5. Ground Water Conditions

An attempt is made to account for the influence of
ground water flow on the stability of underground excavations
in terms of_the observed rate of flow into to the excavation,

the ratio of joint water pressure to major principal

stresses or by some general qualitative observation of

ground water conditions.

Since the various parameters are not equally important
for the overall classification of rock mass, importance
ratings are allocated to the different value ranges of the

parameters, a higher rating indicating better rock mass

conditions. To classify a rock mass, it is divided to a
number of structural regions, i.e., zones in which certain
geological features are more or less uniform within each
region. For each region, the typical rather than the worst
conditions are evaluated, and the importance ratings are
assigned to each parameter according to a table provided
for this purpose. The summation of five

ratings yields the basic overall RMR for the structural
region under consideration which then is adjusted due to

the influence of the strike and dip of joints.

10



In case of tunnels and chambers, the output from

the Geomechanics classification are:

(i) Five rock classes in groups of twenty reatings each.
(ii) Roof span versus stand-up time relationship

(iii) Support recommendations

(iv) Estimation of various engineering properties of

rock mass (i.e., rock load height, modulus of

deformation, internal friction angle)

To ensure the full structural stability a monitoring

program is also recommended by RMR-system.

2.4. Barton's Q-system

The Q-system of rock mass quality was developed in
Norway in 1974 by Barton, Lien, and Lunde of the Norwegian
Geotechnical Institute. The Q system is based on a
numerical assesment of the rock mass quality using six

different parameters.

a. Rock quality designation (RQD)

b. Number of joint sets

c. Roughness of the most unfavarable joint or discontinuity
d. Degree of alteration of filling along the weakest joint
e. Water inflow

f. Stress conditions

11



The above six parameters are grouped into three

guatients to give the overall rock mass gquality as follows:

ROD J I
Q = % r % W
In Ja SRF
where
RQD = rock quality designation
a = joint set number
Jr = joint roughness number
Ja = joint alteration number
JN = joint water reduction number
SRF = stress reduction factor
These

(2.2)

six parameters can be reduced to only three

parameters, each of which has a significant'role‘on the

stability of underground openings.

1. block size (RQD/Jn)

There are:

2. interblock shear strength (Jr/Ja)- the friction angle

of joints

¢ o tan_l (Jr/d'a) ; and

3. active stresses (JW/SRF)

The following explanations and terminology for Q

classification system are relavent.

12



1. Rock Quality Designation

When borecore is unavailable, RQD can be estimated
from the number of joints per unit volume, in which the
number of joints per metre for each joint set are added.

A simple relation can be used to convert this number to RQD

for the case of clay-free rock masses (Palmstrom,1974),

ROD = 115 - 33 Jv (approx.)
where
Jv = Total number of joints per m3

(RQD = 100 for JV < 4.5)

But in this study RQD calculated as Deere's definition(1966).

2. Joint Set Number (JS)

The parameter J _  representing the number of joint
sets which will often be affected by foliation !
schistosity, slaty cleavage or bedding etc. 1If strongly
developed these parallel "joints" should obviously be
counted as a complete joint set. However, if there are few
"joints" visible, or only occasional breaks in bore core due
to these features, then it will be more appropriate to count

them as "rondom joints” when evaluation J.,.

13



3. Joint Roughness Number (Jy)

Roughness or the nature of the asperities in the

discontinuity surfaces is an important parameter characterizing

the condition of discontinuities.

4. Joint Alteration Number (Jz)

This parameter represents the frictional characteristics

of the joint walls or filling materials.

5. Joint Water Reduction Factor (Jy)

- The parameter Jy is a measure of water pressure, which
has an adverse effect on the shear strength of joints due to
a reduction in effective normal stresses. Water may, in

addition, cause softening and possible outwash in the case

of clay-filled joints.

6. Stress Reduction Factor (SRF)

When a rock mass contains clay, the factor SRF
apéfopriate to loosening loads should be evaluated
In such cases the strength of the intact
rock is of little interest. However, when jointing is minimal
and clay is completely absent, the strength of the intact
rock may become the weakest link, and the stability will than

depend on the ratio rock-stress/rock-strength,.

14



The possible Q values range between 0.001 (heavy
squeezing ground) and 1000 (sound, unjointed rock) which
covers nine rock classes of different intermediate ranges.
The Q is related to tunnel support requirementsby the
equivalent dimensions of the excavation which is a function

of both the size and purpose of the excavation. The index

The index Q and the equivalent dimensions are related
"to 38 support categories. Appropriate permanent support,
including rock bolt shotcrete and wire mesh is chosen by

using support categories given (Barton et.al.,1974).

2.5. New Developments Associated with RMR and Q Systems
Engineering rock mass classifications have alwafs
been regarded as developing techniques. The Geomechanics
Classification has been used extensively in mining,
particularly in the United States. Initially, Laubscher
and Taylor (l1976) applied the Geomechanics Classification
in asbestos mines in Africa specificaly to assess cavability
of ore, While Ferguson (1979) extended this classification
to mining tunnels and haulages. Since mining is a dynamic
process, additional adjustments to the classification
parameters were introduced, such as in-situ stresses, as
shown in Table 2,2. Most recenty, the Geomechanics
Classification was applied to coal mining in the United

States (Bieniawski et.al.,1980, Newman,l1981, Unal,1983)

15



and in India (Ghose and Raju,198l) as well as to hard rock
®
mining in the USA (Cummings et.al.,1982, Kendorski et al.,

1983).

Oone of the objectives of this thesis is to modify
the RMR and Q systems if and when necessary for better
defining the weak rock masses. For this purpose, a number

of parameters utilized by various researches have been

reviewed in literature.

Table 2.2. Adjustments to the Ceomechanics Classification--
Mining Applications (after Bieniawski,1979)

strength of
intact rock

Rating: 0-15

Blasting damage
adjustment Ag

0.8-1.0

piscontinuity Discontinuity In-situ stressand
density orientation change of stress
RQOD : 0-20 adjustment adjustment
Spacing: 0-20 Ag
Rating : 0-40 0.6-1.2
Basic RMR
0-100
Major faults -and

pDiscontinuity fractures

condition S
Rating: 0-30 0.7-1.0
Groundwater Adjusted RMR

condition RMR x ABx As x S
Rating: 0-15 max.0.5

support recommendations

16




2.5.1. Weathering

Laubscher and Taylor (1976) adjusted the basic
fatings of the Geomechanics Classification to account for
weathering, field and indqced stresses, stress changes due
to mining the orientation and type of excavation with
respect to geological structure and effects of blasting.
This was done for applications to hard rock mining. They
initially proposed the adjustments to ratings by deducting
or adding a value from an in-situ rating depending upon the
conditions under which rock mass is encounte;ed.. Later,
they suggested the adjusted ratings to be a percentage of
the basic rating (Laubscher and Taylor,1976; Fergusson,1979)
Certain rock types wheather readily, which must be taken
into consideration when decisions are made on the permanent
support. The three properties that are affected by weathering
are RQD, IRS (in-situ rock strength) and joint condition.
The RQD percentage can be decreased by an increase in
fracturés as the rock weathers and the volume increases, an
adjustment to 95% being possible. The IRS will decrease
slightly if wheathering takes place along microstructures,

a decrease to 96% being possible for the bulk of the rock.
The main influence of weathering is on the condition of the
joints, by alteration of the joint wallrock and/or the joint
filling, an adjustment to 82% being possible. A total
adjustment to 75% is possible and with certain rock types

this figure could be even lower.

17



Weathering has a more dramatic effect on the

strength of rock, which must be taken into account depending

on the depth of the excavation and the effects of intrusion,

foulting etc. The graph

in Figure 2.l1. can be used to

estimate the corresponding strength reduction from a

descriptive basis.

Robertson (1970), and Worotnick

WEATHERING DESCRIPTION

RESIDUAL SOIL , ORIGINAL TEXTURE
STRUCTURE AND MINERALOGY
COMPLETELY DESTROYED

Figure 2.1. have been recommended.by

and Derham(1970).

COMPLETELY WEATHERED
DECOMPOSED AND FRIABLE ,BUT
ROCK TEXTURE AND STRUCTURE
PRESERVED

HIGHLY WEATHERED] WEATHERING
EXTENDS THROUGHOUT ROCKMASS
AND ROCK MATERIAL 1S PARTLY
FRIABLE.

MODERATELY WEATHERED ;
WEATHERING EXTENDS THROUGNOUT
ROCKMASS , BUT ROCK MATERIAL IS

NOT FRIABLE

H 1 BTRIK TG

SLIGHTLY WEATHERED;PENETRATIVE
WEATHERING ON OPEN CISCONTINUITY
SURFACES BUT ONLY SLIGHT
WEATHERING OF ROCK MATERIAL

FRESH, NO VISIBLE SIGN OF
WEATHERING OR FAINTLY WEATHERED
WITH WEATHERING LIMITED TO SURFACH]

OF MAJOR DISCONTINUMTIFS

0.00t

0004 001 004 Ol 04 1O
STRENGTH REDUCTION FACTOR

Figure 2.1 Strength reduction as a function of weathering.
(after Rebortson,1970.)
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2.5.2. Design Rock Mass Strength

Design rock mass strength (DRMS) have been calculated

in the steps by Laubscher as follows &

a. Intact rock strength (IRS) is the uniaxial compressive
strength of core specimens selected from solid core
between joints or fractures. The IRS of a defined zone
can be affected by the presence of strong and weak intact
rock, which can occur in bedded deposits, deposits with
varying mineralization and deposits which alteration bands,
such as serpentinized dunites. An average value is
assigned to the zone on the basis that the weak intact
rock will have a greater influence on the average value.
The relation is non-linear and the values can be read
off on emprical chart presented in Figure 2.2.  The rock

mass strength cannot be higher than is intact rock strength.

Example
Strong rock IRS = 100 MPa
Weak rock IRS = 20 MPa
Weak rock IRS % 100 = 20%

Strong rock IRS

o

% Weak rock = 40

Average IRS = 48%

il

100 MPa IRS 48 MPa
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Ap{&*"“"" with weak rock IRS as % of strong rock IRS
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Figure 2. 2. Determination of average IRS where rock mass
contains weak and strong zones. (after,
Laubscher,1976)

b. The procedure that is adopted to calculate the in-situ

rock mass strength is as follows:

1) The IRS rating, B, is subtracted from the total
rating, A, and therefore, the balance (RQD, joint spacing
and joint condition Fig.2.3) will be a function of the
remaining possible rating of 80. For example, a dunite with
a rating of 60 and an IRS rating of 10 will have a reduction

factor of 50/80, i.e. 0.625.
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2) The IRS rating represents the strength, measured
in mega pascals of the intact rock specimen, C , and this
must be reduced to 80% of its wvalue. The dunite with a
rating of 10 has an IRS value of 100 and, therefore, the

corrected strength is 80 MPa.

3) The corrected IRS value is multiplied by the

reduction factor to give the in-situ RMS.

A-B x C x 80 = RMS

80 100

FPor the dunite example
_60-10 _ 100 -89 . 50 MPa.
80 : 100

C. RATINGS FOR
MULTI-JOINT SYSTEMS

MINIMUM  SPRCING

aos 4 0 G0 Whm
“ BN Y
o AN AN NN N\ 125 N
,_: N N AN N 142,
\ \ \ \ 23 INT
2 X \ il i‘ N
g ) \ \ \e AR
o a1\ 4 Z ~ 10 &;“w
L\ U Nag I AT AN [N s
- D AV S SR N
2N s~
2 TS <t e
£ NEIRAERS E\\L
,u;j o\ 2 ! B b : &
z NI N e
oo é& '/J \\ \‘ Um
>/ 0 \.\_‘\ } id
e Z \‘\\b!ﬂ?
am 02 QD ox %] Qal V) e le J JﬂLOi

MAXIMUM SPACING

Figure 2.3. Geomechanics classification of jointed rock
masses. {after Laubscher,1976)
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c. The design rock mass strength (DRMS) is the unconfined
rock mass strength in a specific mining environment. A
mining operation exposes the rock surface and concern
is with the stability of the zone that surrounds the
excavation. The extent of this zone depends on the
size of the excavation and, except with mass failure,
instability propaga;es from the rock surface. The size
of the rock block will generally define the first zone
of instability. A combined adjustment for the effect of
weathering the size and orientation of the rock surface
with respect to points and the effect of blasting is

applied to the RMS. For example

(Weathering = 90%)x(Joint Orientation = 80%)x
(Blasting = 90%) = 65%
RMS = 50 MPa.

therefore

DRMS = 50x0.65 = 32.5 MPa

Whereas the percentage is emprical, the adjustment
principle has been proved sound and, as such, forces the

designer to take into account these important factors.

2.5.3. Influence of Strike and Dip Orientations

The size, shape and orientation of the excavation
will affect the behaviour of the rock mass (laubscher,1976).

For the purposes of support the classification rating
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should be reduced if the excavation is orientated in an
unfavourable direction with respect to geological structures-
particularly the weakest sets. The attitude of the Jjoints
and whether o©r not the bases of rock blocks are exrosed
have a significant bearing on the stabiiity of the excavation.
A block can be defined with the excavation surface as the
base and varioeys. Intersecting joint combinations. If the
orientation, size and shape of the excavation are such that
block of ground will be exposed, on adjustment must be
made. The magnitude of the adjustments depends on the
attitude of the Jjoints with respect to the vertical axis of
the block, as gravity is the most significant force to be
considered. During the development stage, the instability
of the block depends on the number of joints that are '
incedined away from the vertical axis: the adjustments are

shown in Table.2.3 .

Table 2.3. "Orientation Adjustments for Blocks With

Exposed Based (after Laubscher, 197g)

Number of joints Number of faces inclined away from

vertical and adjustment percentage

708  75%  80%  85%  90%

3 3 2

4 4 3 2

5 5 4 3 2 1

6 6 4 3 2,1
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The orientation of joints has a bearing on the
covability of undercut rock masses. The same principles
apply to the back of an undercut and adjustments should be
made. The adjustments for the orientation of shear zones
with development are for0-15°, 76%; 15-45°, 84% and 45-75°,

92%.

Advance of the ends in the direction of the dip of

the joints is preferable to development against the dip.

2.5.4. RQD and Spacing of Discontinuties

The Rock Quality Designation(RQD) is defined as the
proportion of borehole core consisting of intact lengths
equal to or longer than 4 inches (10 cm). To obtain the
ROD value of a given rock it is not always possible to
conduct a core drilling prdgram. It is neither possible to
drill along é rock surface. To determine the RQD of rock
surfaces a tape is suspended along the surface and an
assesment of the true fracture spacing is obtained. This
then may be regarded as directly analogous to a borehole

core.

Priest and Hudson(1976) presented a theorectical
approach to continuty spacing and RQD based on the

statistical distributions of spacing values that could
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distributions of spacing values that could occur along
scanlines. The discontinuity spacings : were . considered
in | reference to the distances between points where
discontinuities intersect a straight line through the rock
mass. They assumed the discontinuity intersection points
could be evenly spaced, clustered, random or some <combination
of these. The most probablé type of discontinuty spacing
distribution was proved to be the negative exponential
discontinuity. They verified the validity of this
assumption from the available experimental data. They found
a linear relationship between the possible RQD value

(ROD min) and the discontinuity frequencies as follows:

RQDmin = 100(1-0.1x +0.1/L) (2.3)

where:

I, is the scanline length in meters and X is the
meanumber of discontinuities permeter. If the scanline
is long enough (compareijto 0.1 m)

= - 4
RQDmin 100(1-0.14) (2.4)

They also found the following relationship between
the theoretical maximum RQD,(RQD*), and discontinuities
frequency (A), when the discontinuities spacing follow

a negative exponential distribution:

-0

A
roD™ = 100 ¢ - (0.1 + 1) (2.5 )
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On the other hand, the Geomechanics classification
or rock masses regards six parameters of importance,
including both RQD and discontinuity spacing. Since these
two parameters are related to each other, one can put them
together and assing a rating value for the combined effect.
According‘to Priest and Hudson (1976), it is actually
impossible to have an RQD less than the value predicted by
Eguation (2.3 ). Thus, putting the two parameters together,
gives the opportunity to check the obtained results from
the field, and also to allocate to them a single classification
rating value. Figure 2.4 a shows the maximum and minimum
ROD values and RQD versus discontinuity spacing for randomly
positioned discontinuities. The area between to possible
values, is divided into sub-areas; single rating values are
attributed to the conditions which are the direct summation

of corresponding RQD and spacing rating values.

If it is found that the mean discontinuity spacing
for a rock mass, for example, is 200 mm and the RQD is
repofted to be 35 %, Figure 2.4 a reveals that for such
a spacing, the minimum corresponding RQD is about 60.
Therefore, these two reported values are not in agreement

and these data should be cross checked.

If there is a large difference between the direct
an indirect RQD values, the following points should be

considered.
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- guality of the drilled cores directly related
to the technigque used and the degree of the
operator's skill. Experience in determining the
ROD of core is necessary before attempting

indirect RQD assessment;-
- fractures resulting from blasting may be ‘misleading;

- some planes of weakness such as bedding planes

do not cause a seperation when cored.

Figure 2.4b has been provided by changing the values
in accordance with the new rating system of the Geomechanics
Classification (Bieniawski,1979). The dotted lines in
Figures 2.4a and 2.4 b are the average data with a single
value. The usefullness of these lines is that a proper
rating (given in sguares) can be allocated to RQD and/or
discontinuity spacing when only one of these two parameters

of importance are known.

Figure 2.5 shows a graph of equation (2.5°)
relating ROD* to A together with the experimental data
points presented earlier. Between values of X = 6/m and

A 16/m the relation between A and RQD* is approximately

]

linear. The curve in Figure 2.5. has an inflection point
P at XA = 10/m; at this point the curve has a slope equal
to dRQD'/AM/,_, = -10 el = -3.68 m. The straight line
drawn through P, tangential to the curve defined by
Equation 2.5. 1is therefore described by the relaﬁionship

shown in Equation 2..6.
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Linear opproximation ROD¥=~3.68A +110.4

160 — Lfor 6<A<1B
\\' ¥
o0 | \\ i . Experimental doto points
~Tel inflection point P @ Chinnor,Lower Chalk
ok le 4 Rogerley,sondstone
- ! " Deviolion due fo ¢ Rogerley, limestone } Carboniferous Limesione
H .
701 ! clustered disconfinuities " Ro9erieyymudstone
| o O Channel tunne!,Lower Chalk
;‘3 80 f ] ~ N
- ) Theoredim curve
o 50} ' / ; ROD*= 1006%™ (0.1A + 1}
o
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Figure 2.5. Relation between RQD and mean diScontinuity.

(after, Priest and Hudson ,1976)

*
ROQD = -3.68X + 110.4 (2.6 )

This line, shown in Figure 2.8, gives a good approximation
of RQD between values of A=6/m and A= 16/m. Bieniawski
(1973), by reference to Deere et al.,(1967) rfuggested that
the relation between "fracture frequency” and RQD
is linear; this statement is generally in agreement with

 Pigure 2.5 within the stated range of X .

A new method  for obtaining data associated with

classification parameters have been developed by Clarke and
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Budavari (198l) based on in-situ observations. According

to this method, the in-situ data is processed as follows:

(i) The number of joint sets were estimated with the

aid of a stereographic projection;

(ii) The field survey data was then grouped into the

respective  sets as estimated in step (1);

(iii) The intersection angles between the survey line
and the strike direction of each joint set were
determined and the true joint spacings calculated
after correcting for orientational bias (Terzaghi,

1965). The RQD values were also determined;

(iv)The influence of each joint set on the tunnel

stability was estimated;

(v-viii) Data forms and calculation sheets were
complied for each classification system, as for

the borecore data.

In terms of RMR and Q claséification systems, the
standard data obtaining method and in-situ observation
method have been used by Clarke and Budavari (1981) in Du
Toitskloof, Tunnel, Delvers, Tunnel, and Bushkoppies
Tunnel in South Africa. The results obtained from these
observations have been summarized in the following

paragraphs.
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When the borecore and in-situ classification values

are compared, 1t was concluded that both classification

systems (RMR and Q),tend to indicate poorer rock mass

conditions than in situ measurements.

The tendency for lower borecore than in-situ
classification values is opposite to that indicate by
results presented by Barton(l1976 ) from a similar type of
investigation Barton's borecore Q values were about twicey
his in-situ values. This discrepancy appears to be related
to the differert rock conditions examined in each case. The
present results are based on measurement £from a variety
of geological enviroments which included jéinted rocks
predominantly, although massive rocks were also examined.

Barton's data were obtained from "quite massive biotite

gneiss" only. This suggesti;that the relationship between
the borecore and ip—situ classification values may be
linked.to the rock mass condition, with lower borecore than
in-situ values being associated with jointed rocks, and the

opposite being the case in more massive varieties.

With regard to site investigations for underground
excavations in rock, both the Geomechanics and Q classification
Systems can be most useful. Their value must be seen in
perspective and their limitations always recognized. Their
best application would seem to be towards providing a
general picture of the anticipated rock conditions, and an

initial assessment of the likely support requirements in

32



a planned underground excavation. However, the data should
never be regarded as the final result in this respect.
Since bore core results are generally expected to be
directly applicable to the rock mass in the immediate
vicinity of the borehole only, great care is necessary
when attempting to extrapolate between boreholes. When
possible, other investigatory techniques should also be:

used.
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CHAPTER III

DATA COLLECTION AND PRESENTATION FOR CLASSIFICATION

FROM BIGADIC -~ SIMAV MINE

3.1. General

In Bigadig Borax Mines a series of Rock Mechanics
studies were carried out by METU, Mining Engineering
Department. These studies include the following
(Pasamehmetodlu, Unal and Tutluoflu,l986; 62el,1988;
GOkay,1988),

(i) identification of geological formations,
(ii) underground and surface drilling studies,

(iii) investigation of laboratory tests,

(iv) classification of rock masses -encountered in

the area.

The investigation carried out and the analyses made in this
thesis are based on the data obtained from the above mentioned

studies.

3.2. Geographyand Description of the Mine

Etibank - Bigadi¢ Colemanite Mines are about 40 km

from Balikesir and located 11 km North of Bigadi¢. Balikesir-

34



Bigadig~Izmir highway is the main road in the region. Also
the road between the mine and Bigadi¢ is in good condition
in all seasons. The existence of large boron mineral
reserves increases importance of the region in Turkey and
also in the world. Simav mine is one of the largest under-
ground mine in this region in terms of its annual production

capacity.

3.3. Geology of the Bigadi¢ Region

At the Bigadig¢ region the mesozoic ophiolitic
complex constitute the basemend. These basemend rocks are
overlain unconformably by the volcanics and lacustrine

volcano-sedimentary sequence of Neogene age.

In the basin Glindoygdu (1982; in Gilindogdu and
Gokgen; 1983) distinguished three major lithological
units starting from the bottom these include the
metalimestones and metasandstones of the ophiolitie
complex; based volcanics comprizing lower Miocene
andesites and basalts, and lacustrine volcanosedimentary
seguence of middle Miocene-Early Pliocene, The latter

is referred to as the Bigadig¢ formations.
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Within the Bigadig formation Glindogdu (1982; in
Glindogdu and G&kgen, 1983) distinguished Avsarbasi,
DeZirmenli, Uzuntepe, Emirler and Iskele members. The
Avsarbasil member overlie the Bazal volcanics
uncorformably and consists of dolomicrites and
siltstones. The Deyirmenli member represents the
second volcanic actwity of the region, it comprises
continential and lacustrine deposits consisting of
dacided-rhyodacidic tuffs and zeolites. The Uzuntepe
member is largely imposed of and alternation of
argillaceous and carbonaceons rocks. These rocks include
the borate deposits The Emirler member represents the
third stage volcanic activity of the region. These
include almost 200m thick glassy tuffs. The Iskele
member is imposed of basalt bearing argillaceous and

carbonaceous sequence.
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3.4, Drilling Investigations

Drilling program carried out in the afea included

both surface and underground borehole drillings. The aim

of the surface drilling was to identify the rock units that
2xist in Simav Mine Region and to determine the mechanical
and physical properties of the rocks. 1In addition to that
of surface boreholes a number of boreholes were also drilled
in underground. The purpose of these drillings was to obtain
in fact and representative cores from the clayey and laminated

rock units existing. between the ore-seams and weak rock.mass.

3.4.1. Surface Boreholes

To obtain specimens for the laboratory tests and for
rock-mass classification purposes a total of five borehole
drillings were carried out in Simav-Mine Region. The

boreholes were named as KM-1, KM-2, KM-3, KM-4 and KM-5.
3.4.2. Underground boreholes

In underground three boreholes, namely, ¥Y$-1, ¥S-2

and Y¥YS-3were drilled.

In general the formations lying between the ore-seams
mainly consist of limestone and marl which contains thin
clay and tuff bands in varying thicknesses. The thicknesses

of the seams and the interlayers are presented in Table 3.1l.
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Table 3.1. Thickness of the Seams and the Interlayers

in Simav Mine

Thickness (m)
Formation Minimum Maximum Average

First seam (colemanite) 2.0 5.75 3.80

Between first and second
seam 2.0 5.50 3.45

Second seam(Colemanite) 3.0 7.00 5.60

3etween second and
third seam 2.2 5.70 4.10

Third seam {(Colemanite+
{Ulexite 4.8 9.0 7.30

Between third and
:fourth seam 3.85 6.50 5.00

Fourth seam 3.50 6.50 ] 5.00

3.8. Laboratory Investigation

A considerable number of laboratory tests were
carried out on specimens, representing different formations
including the ore zones. The specimens for laborapory tests
were prepared by utilizing the cores obtained from various
drill-holes (e.g. KM-1, 2, 3, 4, 5 and VS-1 and 2). A number
of block obtained from different formations were also

utilized for specimen preparation. The specimen preparation
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was carried out in the Rock Mechanics Laboratory of the
Mining Engineering Department at M.E.T.U. in accordance

with the standards suggested by the International Society

of Rock Mechanics.

The main rock types encountered at Simav are shown.
in Table 3.2.For better identification of the rock formations
and for easier communication the rock units were devided into-
three main groups based on their (i) physical appearance
(ii) types and (iii) condition of containing clay or haying

_ incorporating other type of rocks. Details associated with

this presentation are shown in Tables 3.3, 3.4 and 3.5.

The following laboratory tests were carried out:

1. Uniaxial Compressive Strength (Y;)
2. Point - load Index (IS (50))

3. Slake - Durability Index (Id)

4. Deformability (E,v)

5. Shear Strength (Z)

6. Triaxial ' compression(0q,04)

7. Indirect Tensile Strength (ot)

8. Density and Porosity

9. Clay analyses.

The results of the first six teststhat were utilized in this thesis.
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Table 3.2. The Main Rock Types at Simav-Mine Region

Rock types The names of
Cod. No: rock types
10a Colemanite
10b Ulexite
8 Limestone
4/8 Limestone alternapinglwith claystone
5/8 Limeston with clay laminae
9a Weathered limestone-with—claystohe
9¢c Highly - Weathered limes£one
7 Tuffite
11 Tuff
12 Upper tuff
6a Siltstone ’
13b Claystone
14 Marl
In general the specimens were prepared in

accordance with the methods suggested by the International

Society for Rock Mechanics (ISRM, i979A). The specimens

were prepared from the cores obtained in the field. NX

(54 mm) cores were used for uniaxial compressive strength
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Table 3.3. Presentation of Rock Types According to Their Physical

Appearence
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Table 3.4. Presentation of Rocks According to Their Types

ROCK TYFE DESCRIPTION ! VIEW
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s o) o ..
tests. In general, bedding planes are dipping 0 -30" with

respect to the horizontal axis (Figure 3.1la)

A series of specimens were also taken from the
blocks obtained in the field. The direction of coring,

however, in this case was parallel to the bedding planes

(Figure 3.1 b)

b L L/D=2 - 2.5

Figure 3.1. Orientation of bedding planes with respect to
loading direction.

(a) in rock specimens prepaired from cores.

(b) in rock specimens prepaired from blocks.
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. The results of compressive strength tests are

presented in Table 3.6. and 3.7.

Table 3.8. The Results of~Uniaxjal.Compressive”Strength
Test Carried Out on SpecimensObtained from

Drill Holes. (Pasamehmetoglu, Unal and

Tutluodlu,1986)
Number of Uniaxial Compressive
Rock Type Specimen Strength (MPa)
(4/8)Limestone
alternating with
claystone 44 19.43 + 7.49
ELa Y Cesaad 8 7.82 & 2.32
(10a) Colemanite - 30 17.33 + 10.38
clay bearing 6 5.16 = 2.24
(10b)Ulexite 35 14.78 ¢+ 6.31
(11) Tuff 20 30.85 £ 8.03
(7) Tuffite 18 7.13 £ 2.30
(12) Upper tuff 5 31.60 = 7.64
(9abc) weatherad
Limestone 41 5.36 + 3.30
(8) Limestone 13 » 20.31 + 5.34
(5/8) Limestone with
clay laminae 5 17.12 = 1.52
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The Results of Uniaxial Compressive Strength

laminae

third seam

Table 3.7.
Test Carried Out on Specimen Obtained from
Rock Blocks.(Pasamehmeto§lu, tmal, Tutluodlu, 1986)
§::
Rock Type Location gg‘ Uniaxial Compressive
,:*Qh Strength (MPa)
(4/8)Limestone slternatingBelow the |10 |*12.26 * 1.5
with claystone fourth seam
Mossive [From first and|13 20.5 £ 12.1
(10a)Colemanite 1  lhird seam |5 |*42.254 , 7.64
bearing ' 2 |*19.323
. +

(10b) Ulexite From third 10 17.5 = 3.7
seam 4 |*13.99 & 2.53
Below the

(11) Tuff first seam (15 | *20.35 % 2.42

Weatherad -1Above the 4 10 £ 3.6

(9abc) Limestone fourth seam| 5 *9.47 * 0.53

(8) Limestone Between the . ) -
first and 2 38.787 - 57.299
second seam
Between the

(5/8)Limestone with clay |second and 5 { *11.89 s+ 1.12

* Loading parallel to the bedding
(1)The result of two tests
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The specimens which were too short to carry out
uniaxial compressive strength tests were utilized for
point - load strength index tests. Theapparatus used has
maximum pressure capac itiy of 54 kN. The point-load index
tests were also carried out by following the methods
suggested by International Society for Rock Mechaniés
(ISRM, 1972). The point-load strength index is calculated
as the ratio of the applied load to the square of core

diameter.

In carrying out point-load tests both the diametral

(T and the axial (IA) tests were performed. In these

D’
tests the rock isotropy in horizontal -and vertical
directions were considered. The position of the bedding

planes with respect to the direction of loading in axial and

diametral tests are shown in Figures 3.2 and 3. 3.

2L w
1 ‘ i
D ~ | »
f !
L/D > 0.5 0.3 W<D<wW
Diametral test Axial test

Figure 3.2. The position of bedding planes with respect

to direction of loading in axial and diametral
tests.
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¥
y

D D
L/D> 0.5 0.3 W D<W
Diametral test Axial test

Figure 3.3. The position of bedding planes with respect
to direction of loading in axial and diametral

tests.

The results of point-load strength test are presented. ,

in Tables 3.8.

Shale and claystone,know to be affected by changing
moisture conditions (Van Eechout and Peng, 1975), require
testing for slake-durability to assess their weatherability
A slake-durability index (Franklin and Chandia,1972)
basically indicates the resistande of a material to
deterioration when exposed to short term cycles of wetting
and drying. This usually occurs in underground mines

during rock exposure to atmosphere.
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The slake-durability tests were also calculated in

accordance with the ISRM suggested methods. The standard

slake-durability index is calculated as follows:

where,

_ B-D

da-1 A-D

Slake-~Durability Index(first cycle)I x100

(3.1)

Slake~Durability Index (Second cycle)Id_2 =-CD_ 100
A-D
(3.2)

A is the weight of drum plus sample before first cycle;

B is the dry weight of drum plus retained sample;
after first cycle;

C is thedry weight of drum plus retained samp;e after
second cycle;

D is the weigth of dry and clean drum only.

The results of siake-durability tests are summarized

in Table 3.9.

In order to give the readers a better feeling about

the physical and mechanical properties of the.rock types

utilized, the results obtained from a number cof laboratory

tests are also given in Tables 310, 3J1, 3.12 3.13, BJAJ

3.15,
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Table 3.1V

The Results

of Deformability Tests

Carried

out on SpecimensObtained from Drill Holes

(Pasamehmetodlu, tnal, Tutluodlu,1986)

Number of Modulus of Pouson
Rock Type Specimen Elasticity (MpPa) | Ratio
(4/8)Limestone alterating 19 9.376.4 0.260.10
with claystone
(8) Colemanite 7 47.20+17.04]0.18+0.06
(10b) Ulexite 9 20.47+15.54{0.1720.05
Weatherad
(Sabc)Limestone (weak 8 26.49+3.98 10.21+0.04
rough surface
(7) muffite 6 1.97%0.47 |0.1420.18
(12) Upper tuff 2 6.56 0.21
(11) Tuff 11 7.7323.63 [0.23%0.11
Tables 3.11 The Results of Deformability Tests Carred
out on Specimen Obtained from Rock Blocks
(Pasamehmetodlu, Unal, Tutluodlu,1986)
Number of Modulus of Poisson
Rock Type Specimen Elasticity (MPa)] Ratio
Limestone alterating
(4/8)with claystone 3 *8.75%2.13 |*0.30%0.14
Weatherad -
(9akc) Limestone {(weak, 4 8.34%2.94 0.2020.01
rough surface)

* Loading parallelto the bedding.
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Table 3.12. The Shear Strength Test Results

.g 9 g 7 Normal |[Normal |Relationship Between 1-0
b=
B | 2 E Stiffness |Stiffness (xp
" e jo a)
E of 3 5 (MPa/m) | (MPa/m)
, c | ¢ ,0
Rock Type kPa pl-r kn kS
(5/8)Limestone
with clay 6 |40 q>p=18.5° 320 1254 fr> 25+ 0.400 ,0<250
laminae  (Thinly k> 70+ 0.240 ,0<250
laminated)
(4/8)Limestone 3 hso | ¢_=365° with irregularities:
alternatingwith 20 ¢r=zo° 2651 5700 > 160 + 0.750
claystone slikensided:
Peak values;
rp> 40+40.550; 60<625
Tp> 180+0.380; 0> 625"
Residual values
>
Tr 80 + 0.360

Table 3.13. Triaxial Test Results (Applied Confining

Pressure Series 0,4.9, and 14.7 MPa)

Number of Relationship Between 0y = 0Oy
Rock Type Specimen (MPa)
(10a)} Colemanite 4 0y = 10.65 + 4.89 oq
(10b)} Ulexite 4 0= 14.28 = 3.13 Oq
.{4/8) Limestone
alterating with ’ -4 0y = 21.66 + 2.36 o3
claystone
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‘Indirect (Brezilian) Tensile Strength Test

Table 3.14.
Results.
Number of Indirect(Brezilian) Tensile
Rock Type Specimen Strength (MPa), To
(10a) Colemanite 62 1.39» 0.89
{10b) Ulexite le 0.79 £ 0.45
(4/8) Limestone
- alternating with 15 2.69* 1.88
claystone
(8) Limestone 2.027 £ Q.96
Table 3.15. Density and Porosity Test Results.
Number of Porosity Dry Density Saturated
Rock Type Specimen (%) (g/cmB) Density
(g/cm3)
(l0a) Colemanite 30 2.22:1.3 2.1620.12 2.23:0.17
(10b) Ulexite 33 - 1.8120.11 -
(4/8)Limes£one
alternating with 43 10.7£0.99] 1.84%0.02 1.94%0.03
claystone
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3.6. Discussion of Laboratory Test Results

The results, listed in Tables 3.igand 3.17 indicate
that the excountered lithologies are characterized by
changing unia#ial compressive strength values lower than 25 MPa
Rock with high uniaxial compressive strength wvalues are
intermediate tuff (11) and Upper tuff(l12), and low strengfh
values are alterated limestone (9abc) and tuffit (below 8MPa).
Accordingto the ISRM (1981), the strength classifications of

rocks are shown Table 3.16.
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Table 3.16. The Strength Classification of Simav-Mine Rocks

(ISRM, 1981)

laminae:

Uniaxial Compressive | Designation

Rock Type Strength (MPa)
(4/8) Limestone-
alterating with 'claystone 19.43 = 7.49 Low
(10a) Colemanite 17.33 = 10.38. Low
(10b) Ulexite 14.78 + 6.31 Low
(11) Tuff 30.85 + 8.03 Moderate
(7) - Tuffitq 7.13 £ 2.30 Low
(12) Upper tuff 31.60 = 7.64 Moderate
(9abc) .Weathered

liméstone 5.36 + 3.30 _ Low
(8) Limestone 20.31 * 5.34 Low

{ (5/8) Limestone with clay

’ 17.12 = 1.52 Low

L B

The results of point-load strength tests indicate that

the following relationship with a correlation coefficient of

0.94, exist between the compressive strength and point-load

index:
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On = 16.57 I + 2.13 . (3.3)

s(50)

In these tests, the direction of loading was perpendicular

to the bedding planes in case of compressive strength tests.
On the other hand, the direction of loading was parallel and
perpendicular in diameteral and axial point-load test

respectively.

In the other series of tests the specimens prepared
for uniaxial-compressive~strength tests were loaded
parallel to beddingAplanes. During diametral and axial
point-load tests the direction of loading was perpendicular
and parallel to the bedding planes respectively. After
these tests the following relationship was found:

o, = 19.60 I - 1.5 (3.4)

c s (50)

The relationships shown in Equations 3.3. and 3.4. was
determined considering the tests carried out on the point

load and uniaxial compressive strength.

The anisotropy index (Ia) of various rock material
was also determined based on point-load index tests.
According to the test results, claytone has the highest
anisotropy index (Ia = 3.6) while, intermediate tuff has

the lowest (Ia = 1.61).
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The results of slake-durability index tests indicate
that the claystone and ulexite has a "low" slake-durability
index (less then 30%). While the upper~-tuff and limestone-
laminated-with-claystone have a "high" slake-durability

index (over 95%).

Colemanite has a high modulus of elasticity
(47.28 GPa). However, limestone-laminated-claystone has
a low modulus of elasticity (9.37 GPa). Also Poisson's
ratio , for colemanite and limestonealternating with
claystone are 0.18 and 0.26. The relationships between the

Oy ~ E and E/ y- o, are shown in Figure 3.4 and 3.5.
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CHAPTER IV
ROCK MASS CLASSIFICATION IN SIMAV-MINE REGION

The input information needed for design purposes
generally includes geological characterization of the rock
masses, evaluation of the virgin ground stresses and the
mechanical properties which charecterize the rock mass in
its natural state. Whatever procedures and techniques are
employed to obtain the input parameters, it is necessary to
emphasize that any such procedures and techniques should
only be used if they can be fully justified for the purposes
of a given project (" Rafia ,1980). In other woxds,
measurements and investigations should be carefully planned
and matched with the purpose of a project, full justification

Ibeing given for any investigations and tests performed.

Furthermore, determination of the input parameters
for design should be so planned that as much quantative data
a&s possible is obtained rather than relying on qualitative

descriptions (Rrafia ,1980).

In essence, the following three important messages

emerge:

1. The eventual quality of the engineering design

is directly proportional to the quality of the input parameters.
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2. Any procedures or methods employed in providing
the input data should be fully justified and carefully

planned.

3. Quantitative rather than qualitative information

is required for design purposes.

Determining the input parameters for rock engineering
design will be of prime concern both to the design engineer
and the engineering geclogist. It is therefore essential
that both these persons work closely as members of the same

team. Moreover, two principles should be observed:

1. The design engineer should clearly state his
requirements so that the engineering geologist can understand

the need for specific input parameters.

2. The engineering geologist should provide the data
in such a way that they can be employed directly for design

purposes by the engineer.

The determination of the input data for design
involving geological site characterization, ground stress
conditions, ground water conditions and mechanical proporties
of rock masses is a wide subject which in itself could well

be the topic of a textbook.
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4.1. Geological and Geotechnical Logs Utilized in Rock

Mass Classifications

The rock mass classification was carried out utilizing
the cores obtained from five surface and two ﬁnderground
boreholes. The first step in classification was to divide
the rock mass into a number of structural regions. These
regions are geological zones of rock masses in which certain
features are more or less uniform. Although rock masses are
dliscontinuous in nature, they may nevertheless be uniform in
regions when, for example, the type of rock or the spacings
of discontinuities are the same throughout the region. 1In
most cases, and for borehole evaluations, each type of
formation was accepted as a new structural region. In
addition, any distinct zones, (i.e containing clay, heavily.
fractured, highly weathered) within each formation were
treated as a new structural region. It was also assumed that
the boundaries of structural regions also coincide with such

major geological features as faults and shear zones.

Once the structural regions have been delineated, the

ratings for input parameters Were determined and the associated

information was filled in the geological and geotechnical

borehole~log forms shown in Figures 4.1 and 4.2 respectively.
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Figure 4.1. The form of geological drilling log.
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4.2. Rock Mass Classification Based on Original RMR-System

In RMR-system, six input parameters are grouped into
fivé ranges of values and importance ratings are allocated
to the different value ranges of the parameters such that
a higher rating indicates better rock mass conditions. Once
the importance ratings are assigned to each parameter, they
are summed to yield the basic rock-mass rating for structural
unit under consideration. Finding the influence of the

orientations of the main discontinuities, enables us to

determine the adjusted (final) RMR value as the next step.
The results obtained from Geomechanics Classifiéation

applied to Simav Mine are presented in Table 4.1. During

classification process a relatively short computer Program

developed by Unal (1985) was utilized.

4.3. Rock Mass Classification Based on Original Q-System.

The six parameters chosen to describe the rock mass
quality Q are combined as described earlier in Section 2.4.
The results of rock mass classifications carried out in
Simav-Mine Region based on Q-System is presented in Table
4.2. The RMR, Q and RQD logs associated with Simav-Mine

is given in Table 4.3.
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Table 4.1. The Geomechanics Classification Results of
Simav-Mine. (The RMR Values Represent the Weight
Average Taken Based on Thricknesses of Layers).

interbedded with Tuff

1 ] 1 H I
. Formations | Thickness {m} ! Original | Description of the Formations H
: H '\ RMR : i
i 1.LAYER | 5.60 ! 30 v MWeathered Limestone interbedded |
: : ) : with Claystone and Tuff ,
\ 2.LAYER | 1.90 : 24 + Limestone alternating with Claystone |
: : ; : and repeated Limestone H
v 3.LAYER | 0.90 ' 28 i Limestone interbedded with ;
' H ' ; Claystone and Tuff '
: - ; \ - :
T 1.5EAM | 3.80 : 32 H COLEMANITE H
! 4.LAYER | ! 16-46 | Weathered Limestone interbedded with |
' : il H Claystone and “Tuff :
i 5.LAYER | 3.45 | 24 } 12-32 ) Limestone alternating with Claystone |
H ‘ N , and interbedded with Tuff ; N
1 B.LAYER | !} 12-32 | Limestone alternating with Claystone |
' H Voo : and random COLEMANITE H
. 2.5EaM 5.60 : 33 : COLEMANITE ;
1 7.LAYER | : ' 19-40 | Limestone alternating with Claystone |
: X N ] and random COLEMANITE H
, 8.LAYER | 4.10 P23 13-40 Limestone interbedded and ]
i ' N ; Laminated Claystone i
9.LAYER V11833 Claystone and Limestone i

i
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Table 4.2. The Q-Classification Results in Simav Mine
Region. (The Q Values Represent the Weighted
Average Taken Based on Thickness of Layers)

1
]
]
H
b}
1
]

1
I

+ Forpations ; Thickness (m) Original | Description of the Formations '
; ' : q : J
1 1.LAYER | 5.69 v 0.840 i Weathered Limestone interbedded |
, ' H H with Claystone and Tuff ;
i 2.LAYER | 1.90 v 0.233 + Limestone alternating with Claystone |
; : : : and repeated Limestone :
!__ ) 1} 1 :
, 3.LAYER | 0.90 v 0.3% i Limestone interbedded with {
H i i d Claystone and Tuff !
¢ 1.5EAM 3.80 i 0.725 i COLEMANITE H
i 4.LAYER | ' ! 0.15 | Weathered Limestone interbedded with |
: H : 10.98 ! Claystone and Tuff :
! S.LAYER | 3.45 1 0.213 ! 0.42 | Limestone alternating with Claystone |
: H H 1 0.51 ) and interbedded with Tuff :
, G.LAYER ! : + 0.02 | Limestone alternating with Claystone |
H ‘ ; 10.31 4 and random COLEMANITE :
. 2.8E8M 5.60 : 1.097 H COLEMANITE ;
1 7.LAYER | H i 0.096; Limestone alternating with Claystone |
: H ; i 0.482; and random COLEMANITE H
v 8.LAYER | 4,10 1 0.471 | 0.016; Limestone interbedded and :
: ‘ : ' 0.202) Laminated Claystone !
frmm————— : : e , - :
9. LAYER : ; 0.018; Claystone and Limestone H

; V0.7, interbedded with Tuff ,
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(Continued)

Table 4.2.

Original

Description of the Formations

1
13

! Thickness (m)

Formations

COLEMANITE

0.325

7.30

v 0.013 Limestone alternating with Claystone

i
1

10.LAYER

and randomly interbedded Lst. and Clst.

1 0.457;

¥
1

0.341 ) 0.015) Limestone alternating with Claystone

5.00 :

11.LAYER

0.

¥
1
3
'

Limestone interbedded with hard

0.045
0.603

1
]

12.LAYER

H
|}
4
'
i
1
4
1
i
'
:
¥
t
)
1
]
]
i
¥
3
]
i
1
i
¥
]
1
]
Claystone !
:
1
]

[}
1

1]
t

]

1

et SA

ULEXITE

1
1

+ 0.032] Limestone alternating with Claystone

13.LAYER |

t
+
1
+
]
i
1]
1
1
k]
t
¥
1
1
i
1
]
i
L]
t
!
1
]
1
1
1
]
'
1
1
i
!
]
i
1
L
]
1
t
+
]
i
1
1
1]
i
[}
i
]

§.37

1
'
t
1

jrm—————————

Claystone interbedded Limestone

13
1

0.003

t
1

14 LAYER

¢
i

]
H
¥
i

COLEMANITE

0.267

3.20

Tuff ,limestone interbedded

with Claystone,
Limestone alternating with Claystone

15.LAYER

H
1

Internediate tuff

20.33

1.00

¥
H

INTERMEDIATE

!
!

TUFF

Tuff and weathered Limestone

1
¥

interbedded with Claystone

1.20°

16.LAYER

Upper Tuff

v 21.54 ;

2.80

UPPER

TUFF

E
)
)
i
]
]
i
!
¢
1
I
1
]
E
t
i
t
i
b
i
1
1
1
k]
1
i
1
|
¥
'
4
1
]
1
1
4
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Table 4.3. Summary of Classification Results in Simav-

Mine Region (RMR, Q and RQOD Rating Values
Represent the Weighted Average Taken Based

on Thicknesses of Layers).
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(Continued)

Table 4.3.

Description of the Formations

i Thickness {m) | Original | Original | RQD .

Formations

COLEMANITE

7.30

Limestone alternating with Claystone
and randomly interbedded Lst. and Clst.

-18 |

Ll
¥

0.013;

1
¥

13-30 | 0.341 | 0.015} 16 | 0-17 | Limestone alternating with Claystone

1
1

28

]
1

5.00

e

Limestone interbedded with hard

Claystone

]
i

0.603

1
1

§
!
i

ULEXITE

Limestone alternating with Claystone

-75 }

'
’

]
1

0.032

1
§

18-44 |

1
i

Claystone interbedded Limestone

0-43 |

1
¥

0.003;

1
i

COLEMANITE

Tuff,limestone interbedded

with Claystone,
Limestone alternating with Claystone

29

0.963

37

9.65

1
i
|

Intermediate tuff

1.00

1
3

INTERMEDIATE
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4.4, Discussion of the Results

The results obtained from RMR and Q-systems were

compared based on the following:

1) Maximum span and stand-up time

2) Rock-load-height (ht)

3) Support pressure (P)

4) Residual and peak friction angles (¢)

5) m and s material constants of the rock mass

&) Major and Minor principal stresses (Ulvand 03)
7) Modulus of deformation (Em)

8) Support requirements
Maximum Span and Stand-up Time

One of the outputs the RMR-system is the
relationship between the stand-up time and unsupported-rock-
span for various RMR values. The RMR-system also provides
information on spans which "require no sﬁpport" and the
ones that will"collapse immediately". The Q-syStem also
provides an equation from which the spans which will "not
regire any support" can be determined. The relationships
associated with stand-up time, roof span and various rock

mass quality indices are shown in Figures 4.3, 4.4 and 4.5.

According to Figure 4.3, if a mining practice requires

an opening in a rock mass whose RMR = 35, the maximum
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possible roof span is.5 m (read off from the interception
of rating line of 35 with the upper heavy line). In this
rock mass, it is also predicted that a roof, span 1.5 m or
less will last unsupported infinitely (read off from the

intersection of rating line of 35 with the bottom line in

Figure 4.3).

In case of Q-system, the maximum limit for parmenent spans
(in meters) can be obtained by using Figures 4.4 and 4.5 or

Equations 4.1. and 4.2 given below:

0

w
n

2 (Esr) oY% (4.1)

B = 2 0% (4.2)

Where B is the maximum unsupported span, ESR is the
excavation support ratio. ESR modifies the span or
diameter of an opening, reflects the construction practice
in that the degree of safety and support demanded by an
excavation is determined by the purpose of the excavation,

the presence of machinery, personel etc.

As pointed out by Barton, there is no way of knowing
how close these excavations are to failure and hence it
could be argued that Figure 4.4 will always provide a
conservative estimate of unsupported excavation span. While
this is certainly true, it must be remembered that before
deciding upon a less conservative design it is worth
spending a few moments contemplating the consequences of

this.
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A comparision between Scandinavian, South African

and Austrian estimates of maximum unsupported span for

different rock mass qualities has been made by Bieniawski

(1979) and a part of his graphs is repreduced in Figure 4.6.

The estimated stand-up time, for various roof
conditions, in Simav Mine are summarized in Tables 4.4 and

4.5.

In general the widths of the gate roadways excavated
in underground mine were 2-2.5 meters. These roadways
were supported by wooden post and beams. Underground
investigations indicated that supports were always required
in gateroads, in other words unsupported span of 2-2.5 meters
were not possible. The classification results obtained
from RMR system indicated that unsupported roof spans in
Bigadic Mine could be excavated for 1.2-1.4 meters in seams.
On the other hand, According to Q-system (Equation 4.2)
excavation of unsupported gate-roads having spans of
2.04-3.32 meters were possible. These results obtained
based on Q-system are contradictory to the observations
made in underground mine. The Q-system on the other hand

predicts better results with Equation 4.2.

The Rock - Load Height (ht)

In order to define the support parameters, by use

of emprical approaches it is particulary important to
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analyze the rock-load height that should be controlled by
supports. The controlling mechanism however, depends on
the type of support used, therefore, the rock loads should

be treated differently.

An emprical eguation, developed by Unal (1983,1986)

relate the rock-load height, (ht) to a quantitative rock

quality index (RMR}: and roof span (B) as follows:

h = 100-RMR B (m) (4.3)

100

The rock-load heights expected on openings excavated

in various formations are tabulated in Table 4.6.

Suppoft Pressure

The relationship between the Q value and the parmenent
support pressure can be calculated from Eguations (4.4a)

and 4.4b). If the number of joint sets is more than three:

p . 0.2 It o1/3

- (MPa) (4.4a)

If the joint sets are less than three:

0.2 -1 172 -1/3
S ; Jr I Q (MPa) (4.4Db)
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Where PS is the support locad, Q is the rock-quality
index, J, 1is joint roughness index and Jp is joint sets

number. .

To calculate the rock pressure ,for RMR System, the

expression shown in Equation 4.5 has been developed:

P=h_xy (ton/m?) (4.5)

In Equation (4.5) P is the rock pressure developing on
supports in roadways, - ht is the rock-load height, and

Y is the unit-weight of the rock.

The support pressures for various formations,
calculated by Equations 4.4, 4.5 are tabulated

in Tables 4. 7, 4. 8.
Residual and Peak Friction Angles (¢)

Bieniawski's RMR-system and Barton's Q-seystem
estimate friction angle in two different ways. According
to. Bieniawski's RMR rating, friction angle of the rock

mass can be found from Table 4.9 ,-

In Barton's classification system the friction angle is obtained

from Bquation 4.7. . (Barton,1974)

—_) (4.7)
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Table 4.9. Estimation of Cohesionand Friction Angle of the
Rock Mass Based on Rock Mass Classes (After
Bieniawski, 1984).

Class No. I I I v v

Cohesion of the rock
mess >400 kPa 300-400kPa }200-300km®100-200kPa [<100kPa

Friction angle of the ‘
rock mass <45° | 35%-45° | 25°-35° | 15%-25° <15°

Where ¢ is friction angle, Ja is joint alteration number -

and J. is joint roughness number.

Recently, Sheorey(1985) recommends ‘that the:. peak
friction angle's should be obtained from the RMR-system
(Table 4..9), but the residual friction angle's from the

Q-system (Equation 4.7).

The peak values of recommended by Barton were
found to be considerably on the higher side as far as this
analysis was concerned. Bieniawski's values of the peak
friction angle ¢' were therefore chosen corresponding to
the RMR calculated. The residual friction angle ¢ ,, was,
however, taken from Barton's tables which give these values
depending on the joint alteration number Ja' which
Bieniawski's tables do not include them. In choosing the
upper limit of ¢o from Barton's range it was decided that
the minimum difference between ¢' and ¢o should be 50,
while the lower limit was considered acceptable (Sheorey,

1985). 84



m and s Material Constants for Rock Mass

Hoek and Brown (1980) proposed an emprical criterion

of failure for rock mass strength as follows:

o o a.
1 . 3 + //;1———EL—-+ s (4.8)
O¢ ¢ %

Where oq is the major principal stress at failure, o is
the applied minor principal stress, Oc i; the uniaxial
compressive strength, and m and s are constants that

depend on the properties of the rock and the extent to which
it has been fractured by being subjected to oy and Og-

n and s values have been calculated by Hoek and Brown (1980)
for various rock types. Priest and Brown (1983) also predict
m and s values depending on RMR ratings obtained in the

field.

The associated expression are shown Equations (4.9) and (4.10).

m=m, exp | RMR - 95 (4.9)
13.4
s = exp | R = 100 (4.10)
6.3

A compariscn of m and s values as estimated by
Hoek and Brown (1980) with the estimates of Priest and

Brown (1983) is presented in Table 4.10.
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Table 4.10. Comparison of m and s Values, As Obtained
from Hoek and Brown (1980} and from Priest

and Brown (1983}

’ j Estimated of According to Hoek and
Rock Type RMR Priest and Brown | Brown's chart (for RMR)
m S m S

Golemanite(l0a) | 30.64 | 0.09 | 1.65x0°| o0.086 | 2.4 107
Ulexite (10b) 23.0 0.03 | 0.49a05| 0.028 0.74 107°
Lirestone )
alternating with 5 -5
claystone (4/8) 37.0 0.043 | 4.5x10 0.041 66.5 10
Limestone (8) 21.0 0.0067 0.36x107 0.0064 0.54 1073
Weatherad

limestone (9abc)| 38.87 0.011 |6.1x1073 0.010 8.7 1073
Tuffite (7) 52.43 0.115 |52.51075 0.105 72.3 1070
Intermediate s
tuff (11) 35.89 0.036 | 3.8 1075 | 0.034 54 10

Modulus of Deformation of Rocks(Em)

The infsitu modulus of deformation (Em) can be predicted
by RMR-System (Bieniawski,1978) following the correlation given

in Eguation (4.11)

Em = 2 x RMR - 100 (4.11)

Where Em is in-situ modulus of deformation in GPa and RMR > 50
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Most recently based on the statistical evaluation of the
field data, Serafim and Pereira (1983) proposed a new
correlation as shown in Equation 4.12. The relationship

suggested by Equations 4.11 and 4.12 are presented in Figure
4 -7

(_RMR-10 ,
E =10 40 (0 < RMR < 100) (4.12)
80 T L | I 1 i
- 8O} -
£ E, = 2RMR - 100
S 70 -
x
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Figure 4.7. The relationship between the in-situ modulus

of deformation and the RMR-System. '
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Table 4.11. Comparison of Modulus of Deformation as
Predicted by Bieniawski (1978) and Serafim
an Pereira

RMR-system Modulus of Deformation EA (GPa

Rock Type RMR Breniawski (1978)f Serafim ~and

Y ' - Pereira (1983)
Limestone alterating
with claystone (4/8) 37 , ; 4.73
Colemanite (1l0a) 30.64 3.28
Ulexite (10b) 23.0 . 2.11
Weathered
limestone (9abc) 38.87 5.27
Tuffite (7) 52.43 4.86 ' 11.50
Tuff (11) 35.89 4.44
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CHAPTER V

SUGGESTIONS FOR DETERMINATION OF RMR AND Q VALUES
IN WEAK AND STRATIGIED ROCK MASSES

5.1. General

During this study, a total of 830 meters long core,
obtained from seven boreholes, were examined for classification
purposes. Visual examination of the core boxes, investigation
carried out in the field, and observations made in Bigadig
underground mine indicated that, in general the rock mass
was weak and stratified. For characterization of this rock
mass, two of the well known classification systems, namely,

RMR and Q-8ystems were utilized.

During the process of classification, however, a
number of serious difficulties were encountered in describing
some of the rock-mass parameters. It was realized at this
stage that, in their original form RMR and Q-Systems were
insufficient to describe the weak and stratified rock

masses for engineering purposes.

In this chapter the difficulties encountered in
describing some of the rock-mass-classification parameters
were discussed. The suggested modification and

recommendations were also included.
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5.2. Need for Modified Parameters for Characterization

of Weak and Stratified Rock for RMR-System

During the process of RMR classification a number
of serious difficulties were encauntered in describing
some of the rock-mass parameters. These difficulties are
associated with determination of "RQD", "Compressive
Strength", "Effect of water in clay bearing strata",
"Joint Condition" and "Joint spacing". These difficultiesv
are briefly explained in the following paragraphs of
section 5.2. The suggested modifications are described in

Section 5.4.
5.2.1. Difficulties in Determining RQD

As suggested by Deere (1964), RQD is calculated

as follows:

total length of core preces > 100 mm
total length of a drill-run

ROD = 100x

According to this expression, regardless of the number of
formations existing in a drill run, only the total length
of the run is suggested to be taken into account. However,
as shown in Figure 5.1. If half of the drill-run contained
solid cores (ROD = 100) and the other half fractured weak

and laminated cores (RQD = 0), the RQD of the total length
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would be 50 %. If we now assume that this weak and
laminated strata (RQD 0) constitutes the immediate roof
of a roadway, taking RQD as "50" could result in a
considerable misinterpretation in engineering design-
analyses. Recommendations on this subject are given in

Section 5.4.1.

-7

RQD=100 RQOD: 0
'Hard rock Weak and stratified
(Formatlon A) rock (Formation B)
1.5 m L, 1.5 m
- . —
je 3m -»{

Figure 5.1. The positions of the formations in drill-run.
5.2.2. Difficulties in Determining Compressive Strength(cc)

For weak rocks (Uniaxial compressive strength less

than 25 MPa), direct uniaxial compressive strength tests

are recommended by Bieniawski. It become clear during these
investigations that dermination of the direct uniaxial
compressive strength of a weak and stratified rock mass
through the total length of the formation was not possible.
These was due to the difficulties in obtaining suitable
cores at various levels for preparation of standard
specimens required for laboratory ﬁesting. Obtaing only

a few suitable cores within a thick but weak formation and
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assigning the strength of these cores for the total formation
seems to be a wrong practice. The observations carried out
on cores, obtained from considerable number of bore holes
drilled in Bigadig¢ Region, indicated that, although the
number of core pieces were not adequate for compressive
strength tests they were certainly adequate for point-load
strength tests. As a result of this study, diametral and
axial point-load tests are recommended for obtaining
strength index value. Following the procedures suggested

the uniaxial compressive strength of weak rocks can be

determined. The details are given Section 5.4.2.

5.2.3. Difficulties in Determining the Effect of Water

on Clay Bearing Rock.

The strength of a rock mass decreases as the water
content in that rock mass increases. The effect of water
is even more pronounced in the existance of claystone orx
clay-bearing strata. In RME-System, Bieniawski recommends
a ground-water index without taken intc account the damage
caused in clay bearing strata due to the existing of
underground water. -In this study slake-durability tests
were recommended to overcome this difficulty. Details on

this subject are given in Section 5.4.3.
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5.2.4. Difficulties in Describing the Joint Spacing (JS).

In the early stages of RMR calculations, bedding
planes cracks, Jjoints, and, fractures existing in the rock
mass were assumed as plane of weaknesses. For example, as
shown in Figure 5.2; the number of joints for formations
A, B and C were counded as 9, greater than 16, and 2
respectively. Consideration of the above joint spacings,
resulted in a lower value RMR value than the expected one.
To overcome this problem, a modification was suggested as
described in Section 5.4.4.

rWeathering

woe
st

. Formation A _Formation C,
r e I SN Ik

Formation B

Figure 5.2. The spacing of Jjoints in formations A,B and C.

5.2.5. Difficulties in Describing the Condition of Joints

In calculation of "Joint-Condition index", although
the RMR-System considers a number parameters such as
seperation, continuity, roughness, alteration and filling
of joints, these parameters have not been weighed
adequately. The details associated with joint-condition
index, also including the suggestions made, are given in

Section 5.4.5.
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5.3. Need for Modified Parameters for Characterization

of Weak and Stratified Rock for Q-System.

During the process of Q classification, a number of
difficulties were encountered in describing some of the
rock-mass parameters. These difficulties are associated
with determination of "ROD", "Joint set number" and "Joint

alteration number".

5.3.1. Difficulties in Determining RQD

One of the difficulties in determihing ROD value was
to find a suitable rating for RQD when this parameter was
less than ten (RQD 10). According to Barton RQD should be
taken as ten (10) for all RQD values which are less then ™
then however, it is clear that there should be some

difference between rocks having a RQD value of zero (0) and

ROD value of ten (10)

The other difficulties given in Section 5.2.1 and
modifications suggested in Section 5.4.1 also apply for

the Q-System.

5.3.2. Difficulties in Determining Joint Set Number (Jn)

In formations where RQD and Intact Core Recovery
(ICR) values were very high or very low, the joint set

numbers could be clearly determined, however, in other
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cases, it was difficult to determine the joint set number.
This was due to the man-made cracks created during drilling
operations or during taking the cores out of the rig.

A new approach was suggested to determine the joint set

number from cores, as explained in Section 5.5.2.

5.3.3. Difficulties in Determining Joint Alteration

Number (Jg)

Joint alteration number (Jz) in Q system have been
divided into three sets, all of which consider filling
parameter in determining the joint aiteration number index.
However, in some formations joints may not contain filling
materials in them, as observed in some parts of the
limestone formation and Upper tuff in Bigadi¢ Region. In
this condition, determination of Ja parameter becomes
difficult. Recommendations in this respect are given in

Section 5.5.3.
5.4. Suggested Modification for RMR-System.

In this study a number of modifications have been
suggested in determining RMR values for weak and stratified
rock mass. These modifications are associated with
determination includes, of "RQD", "Compressive Strength
Index", "Weatherability", "Condition of Joint" and "Joint

Spacing".
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5.4.1. Rock Quality Designation (RQD)

In calculating RQD with the equation suggested by
Deere only the total length of drill-run is considered as
explained in Section 5.2.1. This could cause considerable
misinterpretation in engineering analysis. For this reason,
each formation should be treated seperately. In addition,
ROD logging shoula be carried out soon after the cores
obtained from boreholes. The standard procedures should be
followed during brohole coring and in treating the cores
until logging. If possible, the photographs of the core

boxes should be taken as permenant records.

The RQD value can be predicted by Priest and
Hudson (1976) considering the number of joints per meter.

The associated equation is as follows:

RoD = 100 e 01X (g 12 + 1)

Where X is mean number of discontinuities per meter.

5.4.2. Suggestions for Using Point-Load Index Values in

Determining Compressive-Strength Index.

In this study, both the uniaxial-compressive strength
and point-load index tests were carried out on different
type of formations. During point-load index tests both the
diametrial and the axial tests were considered. In general,
two series of tests were performed. 1In the first type the

direction of loading was more or less perpendicular to the
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bedding planes in case of uniaxial compressive strength
tests. On the other hand, the direction of loading was
PYparalell" and "perpendicular" respectively in diametral
and axial point-load index tests. The first series of
tests, in our case, represents the actual orientation of
the formations in underground. The direction of loading
with respect to bedding planes during first series of tests

are:shown in Figure 5.3.

i

et

a)Uniaxial compressive b)Diametralopoint- ¢)Axial point-
strength test. load index test. load index test.
Figure 5.3. Direction of loading with respect to bedding
planes in uniaxial compressive strength and

point-load index tests. (First series)

During the sécond series of tests the direction of
loading was parallel to bedding planes in case of uniaxial
compressive strength and axial point-load tests, while it
was perpendicular to bedding planes in diameteral point-
load index tests. The direction of loading with respect to
bedding planes during second series of tests are shown in
Figure 5.4.

97



J.
fith ]

a)Uniaxial compressive b)Diametral point- «c¢)Axial point-

strength test. load index test. load index test.

Figure 5.4. Direction of loading with respect to bedding
planes in uniaxial compressive strength and

point-load index tests (second series).

The results of first and second series of tests were
evaluated statistically and the relationship between the
compressive strength and point-load index have been
investigated. The results obtained from these analyses are

presented in Figures 5.5, 5.6, 5.7, 5..8,5.9, and 5.10.

As shown in Figure 5.5. the best correlation
coefficient was determined as 0.95 for both test types. The

regression equations for these tests are as follows

Q
0
!

= 16.57 IS(SO) + 2.127 (r=0.95) (5.1)

g = 1960 Ig g,

~

Q

—~—
|

- 1.50 (r=0.95) (5.2)
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Based on this study, it is suggested that the uniaxial
compressive strength of rocks should be estimated by
averaging the results obtained from both the diametrial

and the axial tests. The direction of coring however should
match the coring direction of the uniaxial compressive
strength tests. This condition was indicated as dotted

lines in Figure 5.5.

The compressive strength values obtained from
various laboratory and point-load index tests are presented

in Table 5.1.

The anisotropy index is defined as the ratio of mean
Is(SO) values measured perpendicular and parallel to planes
of weakness, i.e. the ratio of greatest to least Point
Load Strength Indices. Ia' .. assumes values close to 1.0
for quasi-isotropic rocks and higher values when the rock is

isotropic (ISRM, 1981).

As part of this study, the anisotropy index for varicus
rock formations were also determined. During the calculations
the results obtained from point load index Test Type I and
Test-Type II were taken into account. However,  the
anisotropy index should be regarded as the "true" one, was
difficult to decide. Anisotropy measured by diametral tests
on cores drilled in two directions is favoured by the fact

that the diametral test is the best controlled test, it is

quite difficult to obtain cores in two directions.
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Favouring anisotropy measured by a combination of

diametral and axial point-load tests on the same core is

the fact that one then really knows that it is the same

material that is tested in both direction.

(Broch ,1983).

Anisotropy index values recommendation by Broach and ISRM

are presented in Table 5.2.

Table 5.2. Anisotropy Index Values for Test Types I and I1I

anisotropy
.ANISJTK)PY INDEX VALUE OBTAINED FROM
Test Type I | Test Type IT
- I, I - IA I=-I-l?- ( str. J.n the strongestdirf
a I a” Iy a I_ (str. in the weakest dir )
Colemanite (10a) 1.62 1.098 1.27
Ulexite (10b) 1.76 2.10 0.92
Limestone (8) 1.78 . 1.15 2.15
Weathered . ‘
limestone (9abc) 2.46 1.41 5.47
Tuffite (7) 1.71 - -
Intermediate
tuff (11) 1.61 1.57 3.0
Upper tuff(12) 2.75 -
Limestone .
alternating with
claystone (4/8) 3.11 1.73 0.95
Thinly laminated
limestone with
clay laminea (5/8){ 3.6 1.047 2.45
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Some rocks, for example shale, slate and schist,
show directionally varying strength and deformation
properties. Theoretically, anisotropic elastic materials
can be treated as orthogonal complete materials. For
anisotropic elastic materials the following relation is
found between the elastic modulus and Poisson's ratio.

(Lekhnitskii,1981).

E E

LS — 5 (5.3)
V1 Vi1
Where vl and El are the Poisson's rafio and elastic

modulus where the load is normal to the anisotropy plane;

and v and are for the case when load is applied

11 V11
parallel to the anisotropy plane.

Rocks have a different elastic modulus and Poisson's
ratio in tension and compression. Ambartsumyan(l969) as
reported by Jones (1975), has shown that isotropic materials
with different moduli in tension and compression behave
like ordinary anisotropic materials and the following

relation is reported.

Et Ec
5 = 5 (5.4)
t c

Where, Vi Et are the tensile Poisson's ratio and

elastic modulus; and \E’ EC are the compressive Poisson's

ratio and elastic modulus.
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Thus, E/v is a useful compatative parameter for
rocks, that also reflects any change in rock material and
mass properties brought about by alteration, weathering or

jointing (Turk and Dearman,l1985).

The results obtained from the current study are
presented in Figures 5.11. The results indicate
quite high correlation coefficient- for "ratio of Young's
Modulus Poisson's ratio (E/r) - anisotropy index (Ia)“

relationships.

In conclusion for weak and stratified rock Point-
Load Strength tests are always recommended for classification
purposes . However, conditions stated in this thesis should
be cdnsidered. Ratings should be selected according to
Point-Loid index values. The rating suggested by

Bieniawski is quite sufficient.

5.4.3. Modificaton for Effect of:Water in Clay-Bearing Strata

The slake-durability index has been developed for
providing a Euantitative measure of the relative breakdown
from drying and wetting of argiellaceaus rocks. Durability
tests predict the effects of weathering agents with short-
term engineering significance. Of these, climatic slaking
is undoubtedly the most widespread and therefore the most

important. A slake-durability test predicts deterioration
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due to climatic wetting and drying. The damage of clay-
bearing rock due to effect of humidity can be expressed by

the slake-durability index.

Among the parameters of the Geomechanics Classification,
three of them, namely RQD, strength of the rock material
and condition of joints are effected by the weathering

process (Laubscher and Taylor,1876).

The RQD can be decreased by an increase in fractufes
as the rock deteriorates and the volume increases due to
humidity effect. The strength of rock material will
decrease, slightly in better quality rocks such as hard
shale, and highly in weaker rocks such as claystone. The
main influence of a deterioration due to wetting and drying
process is on the condition of the discontinuities by
alterations, either of the joint discontinuity, wall rock,
and/or the joint filling. Increase in the width of the
seperation between the wall joints resulted from a
deterioration process, will decrease the quality of the

rock mass(Rafia, 1980).

Utilizing the slake-durability test results, the
relationship between a number of RMR parameters and slake-
durability index (Igq-2) have been investigated. The
associated equations and corresponding correclation

coefficients are given in Table 5.3.

111



Table 5.3. Correlation Coefficient Values Between the

Slake-Durability and RMR Parameters.

Correlation

Regression

Equation Coefficient(r)
Oc = 0.0376 Id2 - 0.23 r = 0.83

ROQD = 0.092 Id2 - 1.045 r = 0.66
Where,
O, : Uniaxial Compressive Strength
JS : Joint Spacing
JC : Condition of Joint
ROD : Rock Quality Desigration

Also,in the same conditions, correlation coefficients

for RMR and Q classification systems have been determined

as shown in Table 5.4.

Table 5.4. The Statistical Relationship Between

the Slake-Durability

Index and the RMR and Q Ratings

Correlation Coefficient Correlation

considering original considering

Regration RMR and Q values Regration mdified RMR|

Equation ’ Equation and Q values
RMR=0.231 Id2+12.98 r=0.67 EMRFO.593 Id2-8.05 r=0.87
0=0.00886x e’ 0764142 r=0.81 p=0.00113xe?- %7914 | r-0.86
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Evaluation of the statistical data indicate that
the statistical relationship between the slake durability
index (Idz) and "RMR" and "Q" index values has the highest
correlations coefficient. The gffect of weathering on RQD,
condition of Jjoint (JC) and uniaxial compressive strength
of the rock was also observed as explained by Laubscher
and Taylor (1976). However, the relationship between
Uniaxial Compressive Strength (oc) and Point-Load index

(T )) indicated the highest correlation coefficient.

s (50
(r=0.83). The relationship between the slake-durability
index the parameters such as the VE’ RQD, JS, JC, RMR and
Q are shown in Figures 5.12, 5.13, 5.14, 5.15, 5.16 and

5.17. respectively.

In order to eliminate the inconsistency
between the RMR and Q-systems . (as will be shown
later in this chapter) the weatherability has been thought
as a new parameter combined with "underground-water condition"
index in RMR-System. Wheatherability index can only be

obtain from slake durability test results.

The details associated with the weatherability index
and utilization of this index with underground water

conditions are explained in Tables 5.5 and 5.6.
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Table 5.5. Rating Based on Slake-Durability. Test Results

Slake durabilit (%) Rating Descripﬁion

0-25 5 Rock mass is highly weathered

25-50 4 Rock mass is weathered

50-85 3 The filling meterijials in joints
are weathered

85-95 2 The consolidated filling is
| weathered weakly

95~100 1 Eventhough joint walls exist
water can not influence those.

Table 5.6. Combined "Slake Durability" and "Underground

Water Conditions" Ratings

Ratings <10 10 - 25 25 - 125 > 125
Water Flow None litres/min| litres/mir] litres/min| litres/min
Ratings 15 10 7 4 0
Rating for
slake durability |1 2131415111 213)141511|121314]1511i213 14 5]1}2} 3 5
Rating for
combined effect {1515 [L5]15 {15 5 [14 [rols{o 2|8 4 (o +3 pof5{0 I3 Fsl7l0l-3 }5 |7

5.4.4. Joint Spacing (JS)

From the cores, joint spacing determinations were

become very difficult, especially in weak and stratified
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rocks. At the begining, of the current investigations, all

of the cracks and fractures appearing on cores were assumed

as planes of weakness and counted as joints, while determining
the joint spacings. It was realized afterwards that, some of
those cracks were man made or occured in core boxes afterwards.
By careful analysis of the core boxes and photographs taken,
this type of cracks were identified and disragarded during
evaluations. Small fracture zones or fillings or weathering
zones located within the same type of formation or seperating
‘two different type of formations were counted as one plane

of weakness each. This procedure is exhibited in Figure 5.18.

llumber of joints

should not be Number of joints

~counted as be counted as: .

‘ originally

Intact core, 6 1

but seperated

in the core boxes
:[ Shear zone

or Hithjbedd&d

‘cora piece or 16 1
} clay £illing

g S Weathering zone.
. 4 2 {due to from
weathering)

A

Pigure 5.18. Determination of number of joints on cores.



5.4.5. Condition of Discontinuities (JC)

In the RMR-System, the terms separation, continuity,
roughness, alteration and filling of joints have not been
defined clearly. 1In determining the condition of
discontinuities these parameters have not been weighed
adequately either in this study, for evaluation of the
parameter associated with the condition of discontinuities,

the rating system suggested by HYnal (1985) was used.

In order to calculate the index value for the condition

of discontinuities (JC) Equation 5.5. was considered.

JC AP (Y ZD) (5.5)

Where, A is the weathering, P is the roughness, ¥ is the
continuity, Z is the aperture and D is the filling.
According to the rating systems Suggested by Unal, the
joint-condition parameters are grouped.into various
ranges. Finally importance ratings are allocated to
different value-ranges of the parameters. The total
rating range for JC is between 0-30 as also suggested

by RMR-System.

5.5. Suggested Modifications in Q-System

The modifications suggested in Q-System are
associated with determination of RQD, Joint Set Number (Jn)

and Joint Alteration Number (Ja).
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5.5.1. Rock Quality Designation (RQD)

The suggestion made for Rock Quality Designation
(RQD) used in RMR dissucced (Section 5.4.l1.) are also

valid in Q-System.

5.5.2. Modification of Joint Set Number (In)

In weak and stratified rock mass, it is not easy
to determine the number of joint sets directly from core
boxes. This process becomes easier incase RQD and Intact
Core Recovery (ICR) values are very high and/or very low.
If RQD and ICR values are moderate, it is gquite difficult
to judge on the number of joint sets. In order to avoid
this difficulty a new approach was suggested to determine

the joint set number from cores as presented in Table 5.7.

5.5.3. Modification of Joint Alteration Number (Ja)

In determing the joint alteration number (Ja) in
Q-System, the conditions have been catagorized into three
groups. Most of these conditions include filling
parameter in determining the joint alteration -number,
except the first few conditions in Group 1 (rock wall
contact). If, however, the filling material the Ja values
are taken as 0.75 or 1 according to Barton (1974). Based
on the experience gained in this study, the following

recommendations can be made for the rock joints which
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Table 5.7.

The rating-index values for Joint Set Number

in Weak and Stratified Rock.

ICR (%) RQD (%) Joint Set Number
190<ICR<100 RQD>90 2
25<RQD<90 3
75<ICR< 90
’ 10<RQD<25 5
25<RQD<75 6
50<ICR<75
10<RQD< 25 7
25<RQD<50 9
10<ICR<50
10<RQD< 25 12
1 0<ICR<50 0<RQD<10 15
ICR<10 0<RQD<10 20

do not contain filling material:

- Unalterated joint walls

Ja=1

- Slightly alterated joint walls Ja=3

- Alterated joint walls

Alteration number of 0.75 (Ja 0.75)

weak and stratified rocks.
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5.6. Comparision of Original and Modified RMR and Q Values

Based on the suggestions made in this thesis, the
modified RMR and Q values were determined compeared. The
original and modified ratings determined for various

formations are presented in Table 5.8.

The regression equations and the associated
correlation coefficients obtained from statistical

evaluation of the data are given in Table 5.9.

The relationship between the RMR and Q ratings
for the original and modified conditions are presented
un Figures 5.19.and 5.20. As can been from Figures 5.19
and 5.20, the regression line in modified conditions is
closer to the line suggest by Bieniawski as compared:
with the line obtained by original conditions. The
regression coefficients (r=0.99 and r=0.94) in the
modified conditions are higher than the original

conditions (r=0.94 and 0.84).
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Table 5.

9. Regressions Equations and Correlation Coefficient

Values Between the RMR and Q-Systems.

Data Points Considered , .oin.1) condition  Modified Condition

Regression Equations

All data points obtained | RMR=6.742n0+34.29 RMR=9.194n0+41.28
from five boreholes (r = 0.94) (r = 0.99)
Weighted average of RMR=5.884,0+37 RMR=7.472,0+42.63
each formatin (r = 0.84) (r = 0.94)

In the remaining part of this chapter, the outputs

obtained from RMR and Q-Systems will be discussed based

on the original and modified rating values. The outputs

associated with the classification systems include the

following:

1)

2)
3)
4)
3)
6)

7)
8)

Original and modified RMR and Q value and
description of the rock mass;

Maximum unsupported span (B);:
Unsupported span versus stand-up time relationship;

Rock-load height (hy);

Support pressure (P);

Residual and peak friction angle (g);

m and s material constants ;

In-situ Modulus of Elasticity.
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The output of the classification systems were
compared in Tables 5.1¢, 5.1, 5.12., 5.13, 514, 5.15, 5.16.,

5.17, 5.18.,

As can be seen in Table 5.10 there were not much
difference between the original and modified RMR values.
Consequently the describtions of the formations remained
to be the same except- the last one (upper tuff) which
was changed from fair rock to good rock. Also, in Q system
descriptions of the formations remainedto the same except

the 2nd seam which was. changed from poor rock to very

poor rock.
The results of maximum unsupported span values in
both original and modified RMR and Q-systems are compared

with are tabulated in Table 5.11 and 5.132.

For determination of maximum unsupported spans
in RMR-System Figure 4.3, provided earlier, was utilized.
For estimating the unsupported spans in Q-System.

Equations 4.2 and 4.3 (see also Figures 4.4 and 4.6) were

used.

‘ In general, the width of the gate roadWays
excavated in underground mine were 2-2.5 meters. The
roadways had been supported with wooden post and beams.
Observations carried out in the underground mine
indicated that leaving unsupported spans of 2-2.5 meters
were not possible. The classification results obtained

from the original and modified RMR-Systems indicated that
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unsupported roof spans in Bigadig Mine could be excavated,
up to 0.9-1.6 meters. On the other hand, according to the
original and modified Q-Systems (Equation 4.2) excavation
of unsupported gateroads having spans of 1.78-3.32 meters
and 1.37-2.33 meters were possible. The results obtained
especially from the original Q-System are contradictory
to the observations made in underground mine. Based on
this study, and underground observations it was concluded
that in weak and stratified rocks, RMR-System predict |

more realistic values for unsupported spans.

The rock load height values for RMR system were
obtained from Equation 4.3 suggested by Unal (1983,1986).
The result obtained in this study are presented in Table
5.13. THe rock load height values in original and modified

conditions are between 1.63-1,93 and 1.68-1.93 respectively.

The support pressure expected on cpenings excavated
in various formations, in both the original and modified
RMR and Q-Systems, are tabulated in Tables 5.14 and 5.15.
The support pressure values estimated by RMR-system were
considered less than estimated by Q-system in both original

and modified conditions.
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The results of direct shear strength test carried
out in the laboratory on Limestone with clay laminae
and Limestone alternating with claystone are compared
with the estimates of Barton and Bieniawski.
The results calculated based on original and modified

RMR and Q-Values are shown in Table 5.16.

The results shown in Table 5.16 indicate that the
values of peak friction angle obtained from actual tests
are very close the friction angles predicted by modified
RMR-system. Equation 4.7 suggested .. by Barton considérs
joint alteration number (Ja) and joint roughness (Jr)
which, lLimestone alternating with claystone and,
Limenstone with clay laminae in both original and
modified Q-system have same joint alteration number (Ja)
and joint roughness (Jr) that's why the same internal
friction angle values estimated by Barton are calculated.
The residual friction angles obtained from actual laboratory
tests are close to the friction angles recommended by
Barton's. Also the same conclusion was stated by Sheorey

(1985).

m and s values have been calculated by Hoek and
Brown (1980) for various rock types. Priest and Brown (1933)
have also predict m and s values depending on RMR ratings

obtained in the field(Table 5.17),

141



mlo.n ¥ 0% 62070 m..o,n X py°S | ¥EO°0 m..oax 8°¢ £0°0 mlo.m ¥ gt | 9t0°0 68°EE 68°St {TT) 33™M3 SqeTpausjul

mlo.n X 8°8E] 8L0°0 mio._” X gegL| so1°0 _0Tx 8°LZ] <80°0 mlo.m X g*gs| STIT°0 (32834 £v°cs () ®3TIIa

S

(0T X669 | oTorol 0T xc'8 | 0T0'0 | . OTXWy'v | 60°0{  0Tx T'9 | TW0°0)  L6°9¢ L8°8¢ (ocreg) Sucasay

poTRREaM
0T % 6¥'T | €0T0°0| 0TX %570 | ¥900°0 | ¢ OTX 0°T | 1100} o 07X 9€°0 | £%60°0 v LT 0°12 (8) suosaury
0T ¥ °8T| £90°0] 0T X6'9 | Tv0'0 | ¢ ODET0| £L0°0| o OTX S°% | €10°0|  69°CV Le (8/p) sucqs&eTd yItm

BurjeuTeTe suo3saWTI

c-0Tx 2ET°0 | LZ®0 c-0TXVL°0 | 8200 | o OTXET'6 €T0°0 [ 0T 67°0 £0°0 0°2T (X4 (Q0T) e3PeIn
g-0T X LL'T | ¥L0'0) . OT X $°Z | 980°0 c-0T¥ ZT | 980°0 c0T¥ S9°T | 60°0 v9°82 ¥9°0€ (e0T) S3ITURAIDTOD
s w s w s w s W W PRTITPOW W Teutrhiag
(W PITITPAY T03) (o TeurbTao| W POTITPON Wari| W TeurbTao waig A odAL oo
IO S, SUM0Ig PUR 3BCH | 30J)3TBD 5, umdad pue wa0g pue 3satad usoIg pUe 3seTad am
o} buTRICODY ¥OCH 03 BuTpIcomw 3o pejuurrasy Jo pojeunisy ATTEend ssel Yood

(£861) umoig pue 23satid

woIjy pue (086I) UmoId pue X20H WoIj paufejqo Se san[eA S pue uw jo uosraedwod °*fT°§ 21de]

142



The results of Modulus of Deformation values in both

criginal and modified RMR-System were compared

Table 5.18

in

Table 5.18. Comparision of Modulus of Deformation as

Predicted by Bieniawski

and Pereira (1983).

(1978) and Serafim

Fock Quality Index

KR

Modulus of Deformation
E‘,ﬁ@a} from Original
R

‘1 Modulus of Deformation

Ea(CPa) from Modificd
R

Rock ‘Type o:igmal RMR Motified MR | Bientawski (1578) grf:ﬁﬁ(?e?s) Bieniawski "p‘i‘:&ﬂ d.sfz)
limestone laminated 37.0 43.0 - 4.73 = 6.68
with claystone(4/8)
Colemanite (10a) 30.64 28,64 - 3.28 - 2.92
Ulexite  (10b) 23.0 12.0 - 2.1 - 1.12
Alterated limestone

(9ahc) 38.87 36.87 v 5.27 - 1.7
NEfite  (7) 52.48 48.43 4.86 11.50 - 9.13
Tuff {11) 35.89 '33.89 - 4.44 | - 3.96
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CHAPTER VI

DISCUSSION AND CONCLUSIONS, AND RECOMMENDATIONS

FOR THE FUTURE WORKS
6.1. Discussion and Conclusions

In this study, firstly, the ore and rock-units
encountered in Bigadig¢ Region have been classified based
on original RMR and Q-Systems. During this classification
process a number of difficulties were encountered in
defining some of the orginal input parameters. These
difficulties were asociated with determination of RQD,
uniaxial compressive strength, effect of clay and water,
joint spac;ng, and joint conditions, in RMR~system, and
with determination of joint alteration number and joint
set number, in Q-system. Consequently it was found that
RMR and Q-Systems, in their original forms, were insufficient
to fully describe the weak and stratified rock formations.
In this respect, and in the light of this study RMR and Q
values were modified and results obtained were evaluated
based on original and modified RMR values. The following
main conclusions were derived:

1. In weak and stratified rocks the original
Q-System predicts higher Q values.

2. In relatively strong rock (i.e tuff) there is not

much difference between the original and modified Q-values.
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3. In weak and stratified rock formations, there

is not much difference between the original and modified RMR

values.

4. In relatively strong rock mass (i.e. tuff) original

RMR System predicts lower RMR values.

5. To overcome the difficulties, encountered during

classifications,

‘the following suggestions are made:

= In RMR-System:

(i) RQD

a.

In weak and stratified rock, the RQD values
should be determined, as soon as, the cores
taken from the corebarrels. Photographs of
the cores should be taken as permenant
records.

When a drill-=run include mo¥e than one
formation, then each formation should be
considered seperately in RQD determination.
If cores are not seperated into pieces due
to the existence of bedding planes appearing
on that core, then it should be assumed as

an intact core.

(ii) The uniaxial compressive strength:of weak

and stratified rocks can be determined by
point-load tests. The mathematical average of
the results obtained from both diametral and
axial point-load tests are very close to
the results obtained from direct uniaxial

strength tests.
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(iii) Weathering: Underground water affects
the joint conditions. The effect of
water becomes even more pronounced
with existence of clay in the rock
mass. In order to better describe this
combined effect, the slake-durability
tests should be carried out. Based on
the results of these tests, new ratings
should be developed as suggested in

this thesis;

(iv) Joint spacing: If each of the cracks,
beddings, fractures and shear zones
obsereved in borehole cores are counted
as plane of weakness, then a very low
joint-spacings (high number of joints
per meter) would result. This would
also cause a cakulation of a low RMR
value. The above mentioned weakness
zones, encountered in borehole cores
should be considered as one plane of

weakness each.

- In Q-System:

(i) ROD: The same procedures should be

followed as suggested for RMR system.
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(ii)

(iii)

Joint alteration number: In original
classification this parameter is
defined based on filling material. If
filling material does not exist in the
joint decision should be made based on

joint walls;

Joint set number: Additional cracks on
cores may develop during handling the
cores; or due to weathering action. ¢
These effects are more pronounced in
weak and stratified rocks. Precautions
should be taken in handling cores. In
deciding the joint set numbers, the
intact core recovery and RQD values
should be utilized as suggested in

this thesis.

6. In this study, the following relationships between

the compressive strength and point-load index were determined:

( rC)V -

(vc)h -

16.57 I

19.60 I

s(50) + 2.13 (r=0.94, for test
type 1)
s(50) ~ 1.5 (r=0.95, for test

type 2)
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7. Based on the comparision of original and modified

RMR and Q values, the following results were found:

(1)

(11)

(iii)

(iv)

Rock-mass descriptions were not
affected after modified classification.
For example, poor rock-mass was still

poor rock-mass after modification.

The regression equations for RMR and
Q values were determined as follows:
RMR =5.83 1nQ+ 37 (r=0.84, in
original system)
RMR = 7.47 1nQ+ 42.63 (r=0.94, in

modified system)

The maximum uhsupported spans calculated
based on modified Q-Systems are more |
reasonable when compared with the

actual observations made in Simav
Underground Borax Mine. The results
also indicate that the maximum
unsupported span values determined by

RMR-System are guite realistic.

The results of support pressures
calculated based on RMR and Q systems
indicate that, estimates of RMR-System
are always less than the Q~System. The

support pressures calculated from
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(v)

(vi)

modified Q values are more reasonable
as compared with the original Q

values.

m and s material properties in original
and modified RMR-Systems were determined
as estimated by Priest and Brown (1983)
and from Hoek and Brown's chart (1980) .
The results indicated that, m values
estimated by Priest and Brown are
slightly greater than those estimated
by Hoek and Brown. On the other hand,

s values estimated by Priest and Brown
were slightly less than the estimates
of Hoek and Brown. It can be concluded
that both methods provide the similar

results.

Based on the internal friction angles
predicted from Q and RMR Systems, and
obtained from actual laboratory tests,
it can be concluded that: the internall
friction angles estimated by modified
RMR values are close to the actual

peak friction angles determined from
laboratory tests. On the other hand,
the internal friction angles estimated
by O0-System are very close to the

residual friction angle determined
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again from laboratory tests.

(vii) In this study, a relationship between
the anisotropy index (Ia) and Modulus
of deformability Poissons ratio (E/v).

The following results was found:

E/v 869 Ia'3'186 (r=0.92)

6.2. Recommendations for Future Works

The results obtained in this study may only valid
for weak and stratified formations encountered in Bigadig-
Simav Mine Region. For this reason, the following
recommendations for the future works are made:

(i) The modified index values of RMR and Q=Systems
should be determined in other locations and
should be compared with the original index
values of RMR and Q~Systems.

(ii) The results of classifications should be

compared with field observations.

(iii) The load and convergence measurement in
gateroadways and main haulageways should be
carried out in order to determine the behaviour
of these openings. This way a corelation could
be found between the rock-mass guality and
behaviour of the opening.

(iv) In RMR System, the modified water parameter

depent on slake-durability test results and
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water flow. In this study, water flows of less
than 10 litres per minute are used. In future
works, the other rates of water flow should be

determined.
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