THE UNIVERSITY OF ZAMBIA
SCHOOL OF MINES

DEPARTMENT OF MINING ENGINEERING

AN ASSESSMENT OF ROOF SUPPORT DESIGN REQUIREMENTS
IN HARD ROCK MINING BASED ON THE MBR ( MODIFIED BASIC

ROEK mass rating)

by

Matembu Robert Kamanga

A dissertation submitted in partial fulfillment of the degree
of Master of Mineral Sciences - Mining Engineering

{ Rock Mechanics )

June 1988



DECLARATION

I, Robert Matembu Kemanga, declare that this thesis is my own
work, and that it has not previously been submitted for a

degree at this or another university.



APPROVAL

This dissertation of ROBERT MATEMBU KAMANGA as
fulfilling part of the requirements for the award
of the degree of Master of Mineral Sciences in

Mining Engineering by the University of Zambia.

:"5!‘
‘,,,‘_\_

Signature

Date:
NLog o2 M 1990

ooooooooooooooooooooooooooooooooooo

oooooooooooooooooooooooooooooooooooooooo

........................................



THE UNIVERSITY OF ZAMBIA

SCHOOL OF MINES

DEPARTMENT OF MINING ENGINEERING

The undersigned certify that they have read, and recommended

to the School of Mines, a dissertation:-

An assessment of roof support design requirements in hard /
rock mining based on the MBR ( Modified Basic Rock

mass rating) system.

Submitted by M. R. Kamanga in partial fulfillment of the
requirements for the Degree of Master of Mineral Sciences-

Mining Engineering ( Rock Mechanics }.

Supervisor and Head of Department ; EbkC:Z%/klxz;;i.

Dr. W. M. Chanda

External Examiner K?r—./z

/ (D-. & ~MPRA )

Date: /‘2'0('/' S0




ACKNOWLEDGEMENT . . . . - it it it e h et tr e nn s ascananananasan
ABSTBRACT ... it ittt cmneceeeranenoncaanasasaconsesnnsn
CHAPTER ONE
1.0 INTRODUCTIDON. . .. .. .t s i i h ittt e e naawn
1.1 General introduction................
1.2 Statement of the preblem............
CHAPTER TWO
2.0 REVIEW OF ROCK MASS CLASSIFICATION

CHAPTER

3.0

3.3.

3.3.

THREE

1

2

CONTENTS

SYSTEMS USED IN TUNNELLING AND
MINING..........coccuucnnns e

Modified Basic Rock mass rating

GEOLODGICAL AND MINING ENVIRONMENT
AT BALUBA MINE. .. .. ... ... eenennnn
General setting. ... ... ...,

Rock tvpe and structural setting.....

Mining method. .. .. ... (. ittt nnnenn

Support methods currently used.......

Page

12

14
14
14
18
18

22



CHAPTER FOUR

4.0

4.1

4.2

4.2.1

4.2.2

4.2.3

4.4.1

4.4.2

4.4.3

4.4.4

SITE INVESTIGATION. .. ................
Introduction. .. .. .. ... .. ... ..o
Location of study areas..............
The 245m level drive West............
The 300m level drive East............
The 480m level drive east............

Methods of investigation...... e e e

The 245m level drive - geotechnical

parsmeters. . ... ... it it i h et e
Fracture survev......... ..o nenuann
Discontinuity concentretion..........
Discontinuity condition..............

Intact rock strength.................

The 300m level drive -~ geotechnical

paramelters. . . . ... .t e e e e e e
Fracture survey. ... ... ... iiinmennnann
Discontinuity concentration..........

Discontinuity condition..............

The 480m level drive - geotechnical

parameters. . ... ... ... i it i it e
Fracture survev.............c.cuueenn.
Discontinuity concentration..........
Discontinuity condition..............
Intact rock strength. .. ... ... ........

Comments on geotechnical parameters.

24

24

25

25

26

26

27

28

28

29

34

36

38

38

41

44

46

46

47

54

54

56



CHAPTER FIVE

5.0 APPLICATIDN OF MBR AND NGI TO BALUBA
DRIVES. .. ... i it it i cnnannemananns 59
5.1 Introduction....... ... ... nnnn 89
5.2 MBR classification system............ 59
5.2.1 The 245m level drive................. 60
5.2.2 The 300m level drive................. 63
5.2.3 The 480m level drive................. 69
5.3 NGI classification system............ 74
5.3.1 The 245m level drive................. 74
6.3.2 The 300m level drive................. 78
5.3.2 The 480m level drive................. 80
5.4 Comments on results.................. 84

CHAPTER SIX

6.0 CONCLUSIONS AND RECOMMENDATIONS...... 87
6.1 Comments and conclusions............. 87
6.2 Recommendations. ...... ..o vennnnnnan 90
BIBLIOGRAPHY . ... .. i it iimecnnernecenannnsnsnnnnnnnns g2
APPENDIX A. . oo i i et eernmnnenosonnsenacancanannscssnssnan 97

APPENDIX B. ... ... ..ttt i nnieranaaacannanncaaacnns 116



LIST OF TABLES

Table No. PAGE
3.1 The stratigraphic sequence in the Baluba

L= = 20
3.2 Support elements presentlv used............... 22
4.1 Strate characteristics - 24Sm level........... 29
4.2 Discontinuity set data - 245m level........... 32
4.3 Schmidt Hammer test results in Argillaceous

Quartzite — 245m level............. . ¢c.ouuunn.. 35
4.4 Summary of point load results for the RL7

Argillaceous Quartzite - 245m level........... 39
4.5 Strata characteristics - 300m level........... /0
4.6 Discontinuity set data - 300m level........... 44
4.7 Schmidt Hammer test results in Argillaceous

Quartzite - 300m level.......... e et aeeaaaeaaa 45
4.8 Strata characteristics ~ 480m level........... 46
4.9 Discontinuitv set data in Argillaceous QRuartzite

- 480m level...... ... .. ... ... .. 52
4.10 Discontinuity set data in Aeolian Ruartzite

- 480m level. ... .. .. ... ... e 53
4. .11 Schmidt Hammer test results from 480m level... 58
4.12 Summary of intact rock strength of Argillaceous

and Aeclian Quartzites....................c.... 87
5.1 MBR paremeter rating - Argillaceous Quartzite. 60

5.2 Development adfustments. . ... ........0¢couruoo... 61



5.3 Production adijustment........... ... ............
5.4 MBRA Parameter rating - Argillaceous Ruartzite.
5.5 Development adijustments........._..............
5.6 Production adijustments. . ... ... ... ..............
5.7 MBR parameter reting - Argilleaceous Ruartzite.
5.8 Development adjustments.......................
5.9 MBR parameter rating ~ Aeolian Quartzite......
5.10 Development adijustment............ ...
S5.11 NGI pareameter rating - 245m level.............
§.12 NGI parameter rating — 300m level.............
5.13 NGI parameter rating for the 480m level

Argillaceous Quartzite. ... ... .. ... ... ...t
.14 NGI parameter rating for the 480m level

Aeolian Quartzite....... ... .. .. .. ... .. ......
5.15 Summary of Support recommendations for

8l1 levels.. ... ... ...ttt e
APPENDIX A
Table Al Support measures for rock masses giving

"exceptionally”, "Extremelv good”, "Very

good® Tunnel stabilitv (Q range: 1000-10..
A2 Support measures for rock masses giving

"Fair” and "Poor"™ tunnel stabilitv.

(& range: 10-31) . ... . ...
A3 Support measures for rock masses giving

"Very poor” tunnel stability.

{8 range: 10-0) . ... ... .

62

63

65

66

69

76

71

72

75

78

80

a2

85

97



Table A4

A5

A8

A9

A10

A2

A13

APPENDIX B

Table B14

B1S

B16

B17

B18

819

B20

B21

Support measures for rock masses giving
"Extremely poor"™ and “"Exceptionally poor™
tunnel stabilitv. (8 range: 0.1-0.001)... 102
Classification of individual parameters

used in the NGI Tunnelling Quality Index.. 103
Discontinuity condition ratings........... 109
Groundwater condition rating..... Seasaecna 109
Fracture orientation rating Ao based

on indirect observation of fracture

statisties. . ... ... ... ... .. 110

Fracture orientation rating based on

direct observation in drift............... 110
Blasting damage adjustment Ab............. 110
Ma jor structure adiustment S.............. 111

Diametral point load strength test resuvlts
on Argillaceous Quartzite (BX 1751)....... 119
Diametral point load strength test results
on Argillaceous Quartzite (BX 1751)....... 119

Diametral point load strength test results

on Aeolian Quartzite...................... 120
Discontinuity mapping data -~ 245m level... 120
Discontinuity mapping data - 300m level... 121
Discontinuity mapping data - 480m level... 122
Discontinuity mapping data - 480m level... 123

Input form for geologicel data............ 1285



B22

Figure No.

Figure

2.1

Input form for engineering data........... 126

LIST OF FIGURES

Page

Tunnel support showing the box numbering

for 38 categories of support............. ?
Organization chart of the MBB system..... 10
Location and simplified geoclogical map

of the Roan-Mulias3i Basin and related

= = 15
Beneralized surface plan of Baluba ...... 16

Baluba tvpical section showing structure. 19
Contour plot of joints - 245m level...... 30
Contour plot of bedding - 24Sm level..... 31
Plots of prominent joint planes showing
largest tetrahedral block ~ 245m level... 33
A graph showing the relationship between
compressive strength for a wider variety

of rock tvpes....... ... ... ... ... ... 37
Contour plot of bedding and joint planes
(300m level) . ......... i mneeennnnneennn 42
Plots of prominent joint planes showing
larpest wedge - 300m level............... 43
Contour plot of joints - 480m level...... 48

Contour plot of bedding and joints -480m1.49



Figure

4.9

APPENDIX A

Figure

A3

A4

A5

A6

A7

A8

AS

A1D

APPENDIX B

Figure

Bi1

B12

B13

Plots of prominent joint planes showing
largest wedge — 480m level {(Argillaceous
Quartzite) .. ... ...ttt e e e e 50

Plots of prominent joint planes showing

largest wedge - 480m level (Aeonlian

Quartzite) .. ... ... .. et e e e 51
Rating for intact rock strength......... 106
Rating for discontinuity densitv........ 107

Theoretical relationshipbbetween

RAD and discontinuitv spacing......... .- 108
Support chart for isolated drifts

or development drifts................... 112
Adjustment AS for induced stresses

due to multiple drifts.................. 113
Adiustment DC for distance to cave line. 114
Adjustment PS for block/panel size...... 114

Permanent support chart for production

drifts. .. e e e e e 115
Baluba Mine - 245m level plan........... 116
Baluba Mine - 300m level plan........... 147

Baluba Mine -~ 480m level plan........... 118



ACKNOWLEDBGEMENTS

I would like to express my sincere gratitude to the
following company and people: Management of Zembia
Consolidated Copper Mines Limited., Luanshya Division for
allowing me studv leave to undertake this programme of
study leading to Master of Mineral Sciences, at the

University of Zambia and for their financial support.

The staff of the Beology Section of Luanshve Division,

for all round assistance.

To Dr. W. Chanda, Head of Mining Engineering Depsariment
( UNZA)} who provided suggestions and supervision for this

thesis.

To Mr. Darwin Kalimamukwento of the Department of Mining
Engineering (UNZA) for his assistance in making

available technical equipment.

To the two "Musketeers”™ Yost and Fexon for their

Valuable companionship.

Finally. thanks to my wife, Bessie, and my two children,
Leva and Annie for their patience during the time I was

oway.

i



ABSTRACT

This dissertation describes an investigation carried out at
Baluba Mine to assess the guality of rock mass and support
requirements in haulage drives developed in the footwall
quartzite formations. The rock mass of the footwall
formation is geotechnicallv quantified using the Modified
Basic Rock mass rating svstem (MBR) and the Norwegian
Geotechnical Institute index {NBI) or "Q"-system. Both
classification svstems are described and applied to three
haulage drives., namely, the 245m, 300m and 480m levels. The
purpose of this studv was to determine whether the MBB was
suitable and appliceble to local conditions at Baluba Mine.
A comparison of the results between the MBR and NBI showed
that both svstems use similar parameters except that they are
expressed and used in different wavs to aquantify rock mass.
The mafjor difference is that MBR goes further to take into
account production effects on haulage stability. The
conclusions drawn from the field study data are that the four
initial input geotechnical paremeters used in the MBR are
easilv measurable and of the three first adfustment
parameters used, blasting damage proved difficult to assess
and to qguantify. The main conclusion, however, is that
despite limitations in quantifving blasting damage and
determining Rock Quality Designation { RQD) on haulage

sidewalls, the MBR is suitable and applicable to the mining

ii



environment at Baluba Mine as long as the following
recommendation is considered; blasting damage ad{iustment
should be replaced by a Modified Fracture Frequency { NFF)
which will take intb account natural and artificial
fractures. It is further recommended that in order to
enhance the data base generated by the MBR. a complete hazard
analvsis‘of the drives be part of routine rock mass guality

assessment.
In Appendix A, individual parameter rating tables and fipgures

and support recommendation tables for both MBR and NGI are

given. All field data are given in Appendix B.
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CHAPTER ONE
1.0 INTRODUCTION
1.3 General Introduction

In recent vears rock mass classification svstems have
gained immense recognition as a means of predicting
ground conditions during exploration and actual mining.
For a number of vears these svstems have also been used
for estimating support requirements for tunnels and
other civil engineering underground excavations. Mast
rock mass classification systems such as those by
Bieniawski (1973, 1979). Laubscher (1977) and Barton et
al. {1974) serve as means of correlating experi;nces of
rock condition at different sites. Others are toao
feneral, such as Terzaghi {1946), to permit an ob jective
evaluation of rock mass behaviour and provide no
quantitative information while some, such as Bieniawski,
(1973) and Barton et. al (1974), are too sophisticated.
The obijective of a rock mass classification
svstem is to quantitatively isolate categories of rocks
that behsve in a similar manner under certain
controlling engineering and geological conditions. A
classification system must enable an engineer with basic

tdata to predict the support measures reguired under the



prevailing conditions and justify its use at all stages,
from mine planning, development, production to post-
production.

The principle of rock mass classification is that
4 numerical assessment is made of the physical and
reological properties that caontrol the behaviour of rock
mass and a single rating is derived to represent the
different properties. Based on experiences and study of
of numerous case histories, a final rating is related to

support for various mining conditions.

1.2 Statement of the problem

One wav of reducing costs in mining operations would be
to improve methods of predicting ground behaviour. this
is important because it can facilitate choice of better,
cheaper and effective mining methods and support
systems. A suitable choice of a rock mass
classification system that would easily be part ot
normal routine geotechnical investigations would achieve
such goals. The need, therefore for a straight forward
classification technique that will be suitable and
effective in local conditions is important.

The obijective of this dissertation is to asséss
the applicability and efficiency of the Modified Basic

RBock mass rating (MBR) system to well bedded and



moderatelv jointed rock masses at Baluba Mine of the
Zambia Consolidated Copper Mines (ZCCM) . The results
obtained from the MBR tests are compared to the
predictions by the Norwegian Geotechnical Institute
{NGI) or @-svstem. The MBR is chosen because it bhas
never been tested at Baluba Mine. The classification is
particularly interesting because it combines ideas of
well known Bieniawski’s {1973} ‘Rock Mass Bating’ system
and Laubscher’s {(1977) ‘Geomechanics’ classification.

As it will be shown in the next chapter, the method can
easilvy be used to freshly developed haulage drives and

adjusted to changing conditions after develapment .



CHAPTER TWO

2.0 RBEVIEW OF RDCK MASS CLASSIFICATION SYSTEMS

USED IN TUNNELLING AND MINING.

The concept of classifying rock according to its
qualities has been used for a number of vears. During
this time several classification techniques have been
developed. 1In 1946 Terzaghi developed a classificatian
for use in estimation of the loads to be supported by
steel arches in tunnels. He described various tvnes of
ground and, based upon his experience in steel-supported
railroad tunnels in the Alps, he assigned ranges of rock
loads for various ground conditions. However, Cecil
(1970) found that Terzaghi’s classificetion was too
general to permit an objfective evaluation of rock
gquality and that it provided no quantitative information
on the properties of the rock mass.

The classification by Lauffer (1958) introduced
a new parameter of performance, the ’stand-up time’ of
unsupported span. The classification has its foundation
in the earlier work on tunnel geology by Stini (1950).
Lauffer’s original classification is no longer used. 1t
has been modified & number of times by other engineers,

notably by Pacher, Von Rabcewicz and Golser (1974). the



Lauffer and Pscher classification had s significant
influence on the development of more recent rock mass
classification svstem.

In 1966, Deere proposed a gualitstive index
based on a modified core recovery procedure which
incorporates only sound pieces of core that are 100mm or
areater in length. This rock quality designation {RAD)
gained popularity rapidlv and is now a standard tvype of
core description method. Cording, Hendron, and
Deere {(1972) sttempted ito relate the RGD to Terzapghi’s
rock load factor. Thev found a reasonable correlation
for steel-supported tunnels but not for openings
supported by rock-bolts. Merritt (1972} found that the
RAD could be of considerable value in estimating suppori
requirements for rock tunnels, but pointed out a
limitation of the RAQD index in areas where joints
contain the clay fillings or weathered material. On its
own, ARD is not sufficient to provide an adeguate
description of a rock mass.

Bieniawski ( 1973) proposed Geomechanics
classification which is also known as the Rock Mass
Rating (RMA) svystem. The system vtilizes six
parameters: intact rock strength, RAD, ijoint spacing,
condition and orientstion and groundwater, each are
assigned ratings similar to those proposed by Wickham et

al. {(1972) to give a rock mess rating{ AMR} &as a



percentage. Five classes of rock mass were then
defined, excavation support recommendations were made
for each class and an estimate of the “stand-up time-,
after Lauffer, was given for variocus sizes of
excavations.

In 1974, Barton et al. basing their analysis on
200 case records of tunnel stability investigation
produced a tunnelling quality indqx (Q) also known as
Norwegian Geomechanics Institute (NGI) index. The index
is related empirically to the amount and tvpe of
permanent support, with respect to excavation stability.
The values of ‘R’ rasnges from 0.00% to 1,000 and 38
different support categories are accompanied by
corresponding support recommendations as presented in
Figure 2.1 and Tables A1, A2, A3, and A4 in appendix A.
The @-system is a function of six parameters which are
rated according to their importance in the overali
stability consideration. The six parameters include
RQD, number of {foint sets, joint roughnessband
alteration, water flow and stress reduction factor. The
numerical value of the index ‘Q’ is defined by the
following equation;

Q = RAD/Jw x Jr/fda x Jw/SARF ... ... .. ....... 2.0
where RAD is defined below;

RADX=100 x length of core in pieces>100mm s 201

length of borehole
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The other parameters in the equation are described as
follows:

Jdn is the jo%nt set number

Jr is the joint roughness

Ja is the ijoint alteration number

Jw is the ijoint water reduction number

SRF is a stress reduction factor

The numerical value of each of the six parameters is
determined from Table A5 in the appendix A. The
reasoning behind this eguation is that each of the
quotients represents an important quantity of the rock
mass. Thus BQb/Jn represents the structure of the rock
mass and is a crude méasure of a8 block. The quotient
Jr/Jda represents interblock shear resistance or friction
coefficient and Jw/SRF represents active stress.
Although the R-svstem appears to have been specifically
developed for tunnels and chambers, Tinkler {1976)
applied the system successfully to single mining drives
such as those the suthor will consider in the next

chapters.



e Modified Basic RBock mass rating ( MBR)

A particularly interesting rock mass
classification system which was introduced in 1984 is
the MBR system. The MBR classification system was
developed by the Engineers International Incorporation
(USA) {Cummings et al 1982 and Kendorski et al. 1983).
The system encompasses a spectrum of geological and
engineering factors. These factors are oputlined in
Figure 2.2 It uses the basic BMA approach by
Bieniawski (1973, 1979) with some of the concepts of
Laubscher (1977). The main difference lies in the
arrangement of the initial rating terms and in the
adfustment sequence. The MBR is a multiple-stage
adjustment: the output at each stage can be related to
support for various mining conditions. The flow chart
in Figure 2.2 shows how the system works. The system is
based on four initial input parameters namely intact
rock strength, discontinuity densityvy and condition and
f#roundwater condition. Each of the four parameters is
rated according to Figures A3, A4, A5, and Tables A8
and A9 in appendix A. The initial total MBH is obtaineu
by summing up the individual paraﬁeter ratings. This
MBR rating classifies general rock competence, without
regard to the geometry of opening constructed in it. At

this stage Figure A6 is consulted for support
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recommendations for isolated drives.

The second stage involves assigning numericat
adjustments to the MBR so that ore block development
process is taken into consideration. The adiustment
relating to ore block development includes induced
stress, fracture orientation and blasting effects. the
three parameters are rated according to Figure A7 and
Tables A10, A11, and A12 in appendix A. The total
initial MBR is then multiplied by the three adijustment
ratings, to give a range of preliminary support
requirement for drift development. Figure A6 is again
consulted for support recommendations.

The third stage involves applving additional
adijustments that teake into consideration geology and
mining geometry. The three input parameter adijustments
includes major structure adiustment (5), adiustment for
proximitv to the cave-line {DC)., and adjustment for
block/panel size {PS). The major structure adjustment
is computed from Teble A13, the adijustment for proximity
to the cave-line is computed from Figure A8 and the
adjustment PS is computed from Figure A9 in appendix A.
The three adjustments are multiplied together and then
multiplied by the adjusted MBR. The final MBR is
cofrelated to permanent support recommendations given in
Figure AY0 in appendix A. From foregoing description of

the MBR system it is clear that the system has potential



for application to the Zambian mines. This application

is highlighted in chapter §.
2.2 Discussion

From the ereceding, and by no means complete
review of rock mass classification systems it is
apparent that rock mass classification systems are heing
continuously updated and modified to suit local
conditions or particulsr proiects.

The MBR is particularly attractive for mining
applications. Its special features include the
following: -

1. The MBR is a multiple adiustment svstem. The output
at each stage during analvysis can be related to
support for various mining conditions. The svstem
also facilitates the choice of support according to
the performance period desired, since lighter
support will be adequate in some rocks for short
periods.

2. The classification svystem can be used with very
preliminary geotechnical information from drill
hole.

3. It combines the ideas of most favoured svstems of
Laubscher’s (1977) Geomechanics and Bieniawski;s

{1973) RMR.



Consequently, the MBR classification svystem will be

3

applied to the geclogical and mining environment

described in the next chapter.
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CHAPTER THREE

3.0 GEOLOGICAL AND MINING ENVIRONMENT

AT BALUBA MINE

a1 General Setting

Baluba mine is one of the operating copper and
cobalt mines of the Zambia Consolidated Copper Mines
(ZCCM) . The mine is situated along the northern margin
of the Roan-Muliashi basin as shown in Figure 3.1 and
3.2. The East to West trending Roan-Muliashi basin is
about 2.7 Km long aﬁd upto 6.4 Km wide. The Baluba
copper and cobalt deposit is situated on the northern
limb of the basin and has a mineralised strike length of
three kilometres. The economic copper and cobealt is
mainly confined to a dolomite schist zone of an
argillite-dolomite schist horizon (AL 6). The main rock
tvpes present in the Baluba area are shown in Figure 3.2

and 3.1.
3.2 Rock type and structural setting
The rock types within the subject region are

comprised of sedimentary rocks of the Katanga System,

which exists in a well bedded seguence of massive

14
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aeolian and argillaceous quartzites. Both these
sequences are generally strong and considered suitable
for the positioning of development. The Aeolian
Ruertzite is underlain by the Basal Conglomerate which
lies unconformablv on the Basement Complex. The
Basement Complex- Conglomerate contact is generally
weak. The Conglomerate varies in thickness, the maximum
being 30 metres. Basement rocks, mainlvy quartz-biotite
schists, are exposed in the development areas north of
the shafts on lower levels {245ml, 480ml. and S$80m1).
Basement Complex granite is also exposed on the 245m
level workshops (Baluba East). The Argillacepus
Quartzite is overlain by the BL6 formation. This
formation, which consists of orebody dolomite and
argillites, varies in thickness from 30 metres in the
West to about 65 metres in the East and almost
disappears in the extreme East towards the nose of the
basin. The RL6 formeation is overlain by RLS formation
which has a thickness of about 100 metres. The RLS
formation consists of dolomites, guartzites and
argillites. The RLS Dolomite mav contain significant
amounts of water and in some parts, the formation is
also highly weathered. The RL4 which overlies the HLY
formation has a thickness of about 20 metres. It is
composed mainly of dolomite, mica and chert in the lower

part and greenish schistose argillite in the upper zone.
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The RL4 is the main hangingwall aquifer, and must be
drained prior to mining. Neither the BL4 nor any higher
formations are exposed in underground workings at Baluba
Mine. The stratigrephic sequence of the Baluba area is
presented in Table 3.1.

Structurally the orebodvy has been divided into
North, Centre, and South Limbs'as shown in Figure 3.3.
The sycline and anticline which form these limbs plunge
gently towards the west until the North and Centre Limbs
merge into the North t imb. There is a gradual increase

Tee *he Ain of the racke westwards., from as low as 11U

Frorees an rectioas A% { ahnve 245m1Y tn almost vertical
geah ian B2 The arehndy din alasn varies with deptn,
generailly stenper halow T4%1 lewe?
N “ Tt &R
3.1701 Mining methaod

Raluba Mine, operating since 1973, currently
produces about 2 million tonnes of ore per vear. lhe
miniﬁg methodbused is the standard sublevel open stope,
with variations in the methods of extraction. The
extraction methods emploved depends on the orebody
configuration including its dip. For steeply dipping

sections {dips grester than 60 degrees), grizzly ore
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Table 3.1

The stratigraphic sequence in the Baluba Area

SYSTEM | SERIES

| Kundelungul
|

Mine

LUFUBU Basement
Complex

?

— —— —— ca—

500m

——— —— ———— —

| GROUP | FORMATION | THICKNESS | DESCRIPTION

| m e e
} Tillite-weak clavy
Imatrix. Not

| present at Baluba.
| e e
| Finelv banded

| carbonaceocus shale
I Not present at

| Baluba.

| =
| Dolomite and
}dolomitic agillite
lU.C.5* 10-4D MPa

| Argillite with

| some dolomite and
| quartzite.

lU.C.5 50-80 MPa

|
| Pebbly arkose and
| feldspathic

| guartzite.

ju.C.5 110-140 MPa
| Dolomite undelvying
| green shale. Weak
|} and cavernous.
lU.€.5 5-20 MPs

l __________________
{ Interbedded

| quartzite and

{ quartzitic
largillite.

lU.C.5 70-100 MPa

' ___________________
| Argillite and
|dolomite at the

| base. U.C.S5 SO MPa
}
| Aeolian and
largillaceous

l quartzite,
linterbedded with

| conglomerate.
lU.C.5. 150-180 MPa
|~ e
| Quartzite-biotite
| schist.Intrusive

|l granite in Places.

* U.C.S = Average unconfined compressive strength.
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extraction is often used and for orebodies with dips
less than 60 degrees, tracked or trackless drawpoint
extraction is emploved. The mine is serviced by two
shafts and a portal to a depth of 675m level and 480m
level respectively. Service and extraction drives are
developed parallel to the orebody strike using access
crosscuts from the shafts and the portal.

The footwall drives are developed in ‘competent’
argillaceous and aeolian quartzites { unconfined
compressive strength 150-180 MPa ). The tramming and
extraction haulage drives are about 3.6m wide and 3.6&m
high. The rock mass in which the drives are developed
varies from highly to poorly jointed. Hiphly jointed
sections are ususlly wet to very wet, with water flows
upto QOm’/hr in some areas. The footwall access drives
which are also established from the portal are sbout 2.4
metres wide and 2.4 metres high. Vertical development
spacing between footwall drilling drives and the main
extraction drives varies from 10 metres for shallow
orebody to about 18 metres for steeply dipping orebody.
The minimum horizontal spacing between tramming and

extraction drives is asbout 8 metres.
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3.3.2 Support methods currently used

The main tvpes of support used are. grouted wire
x

dowels, steel arch sets, timber sets and props, split
sets, untensioned rebars, bamboo dowels { temporary) and
shortcrete. Table 3.2 shows the support elements
commonly used in various underground excavations at
Baluba Mine. There is, however, an increasing use of
wire dowels from discarded winding rope.

The general setting and mining conditions having

been discussed, detailed rock mass characteristics of

three study sites are presented in chepter 4.

Table 3.2 Support elements presently used

Support commonly used Tvpe of excavation

Wire dowels-grouted Main haulage drives, workshops,
but untensioned footwall access drives,

Ring spacing=1.5m drawpoint crosscuts, ramps and
Bolt spacing=0.75-1 drainage drives.

Bamboo dowels-grauted Stopnes, footwall and
Ring spacing=1.0m hangingwall drives.

Dowel spacing=0.75-1m




Steel arch sets
Spacing varies with

ground condition

Main haulage drives, ramps,

pump chambers and workshops.

Timber sets and props

Main haulage drives, footwali

access drives, drilling drives

and drawpoint crosscuts.

Shortcrete

Thickness varies with

ground condition

Main haulage drives, workshops,

main access crosscuts, and pump

chambers.

Untensioned grouted
rebars.
Ring spacing=1im

Rebar spacing=0.5-1m

Main haulage drives, tootwaii
access and drilling drives and

workshops.

Split sets with or
without wire mesh
Spacing varies with

ground condition.

Main haulage drives and pump

chambers.
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CHAPTER FOUR

4.0 SITE INVESTIBATION

4.1 Introduction

To adequately assess the requirements for the
design of roof supports, the process of collecting
geotechnical information is important in underground
excavations. The purpose of collecting this information
is to characterize the rock mass, to predict likely
future geological conditions, identifyv possible unstable
or hazardous areas and to determine support
requirements.

In most underground excavations,it is the
presence of the discontinuities and the degree of
cohesiveness of the rock material which control the
rock mass behaviour and its interaction with support.

In this chapter geotechnical parameters that
control the overall behaviour of rock mass are
discussed. Three mafor production levels, namely the
245m, 300m, and 480m levels are considered. The
geotechnical parameters obtained from the three levels
are used in the next chapter as input data into the
MBR and ‘Q’ classification systems for subseguent

assessment of ground conditions and support
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recommendations. The haulage drives were particularly
chosen because of their importance as accesses to the
remote eastern part of Baluba as well as their
importance as tramming and extraction drives. Thevy were
8lso chosen after taking into consideration the fact
that in sublevel stoping, drives are developed vears
shead of production and hence the need to support them

adequately before commencement of mining the orebady.

4.2 Location of study areas

The three drives from which geotechnical data
were obtained for this investigation are: the 245 metre
level extraction and tramming haulage West., located in
the Centre Limb:; the 300 metre level extraction haulage
East and the 480 metre level tramming haulage East, both

are situated in the North Limb.

4.2.1 The 245m}l haulage drive West

At the time of this investigation the 24S5m
level haulage drive was still being developed westwards.
On completion, it will serves as a tramming and
extraction haulage drive. The drive is developed in
well bedded, moderately jointed and dry RL 7

Argillaceous Ruartzite. The section of the haulage
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under study is spot bolled and is shown in Fipure B13Y in

appendix B.

4.2 2 The 300m! hsulage drive Fast

The 300 metre level extraction heulage Fasi is
developed in well bedded {about 60 degrees dip)
moderatelv {fointed and drv RL 7 Argillaceous Quartzite.
When production commences the drive will be used for
extracting the orebody which is located about 18 metres
to the south of it. The drive follows approximately. an
East-West Route, along the strike. The section of the
drive under study is spot bolted and is shown in Figure

B12 in appendix B.

4.2.3 The 480ml tramming haulage drive Fast

The 480 metre level tramming haulsge drive East
is developed along the contact between RL ? Argillaceous
Quartzite to the South and RL 7 Aeolian Ruartzite to the
Narth. Although the contact appeared strong at the time
of mapping, the possibility of deterioration when
production commences cannot be ruled out. The drive
follows approximately, an East-West route, along the
strike. The Aeolian Quartzite is massive and moderately

fointed. The Argillaceous Quartzite is well bedded




{dipping at 70 degrees south) and moderatelv jointed.
The section of the haulage under study is shown in

Figure B13 in appendix B.

4.3 Methods of Investigation

Underground structural mapping was conducted in
the three haulage drives already discussed in section
4.2. The geometrvy and spatial position of the foints
and bedding were recorded and the scanline technique by
Sen et al. (1984}, Karzulovic et al. {1984) and Priest
(1981, 19858) was applied as a means of obtaining
statistical samples of joint spacing and RQD. Priest
(1881) recommended use of the stereographic method for
the statistical identification of joint sets and the
determination of the possible mode of failure of rock
wedges was carried out using schmidt equal ares net
{lower hemisphere). An attempt to quantify the roof and
side wall conditions by using non-destructive insitu
relative strength tests were conducted on some prominent
joint and bedding planes. The instrument which was used
for these Lests was the N2-4 type Schmidt Hammer. The
recommended procedure for point load testing by the
International Society for Rock Mechanics, Commission on
Testing Methods ( ISRM, 198S5) was carried out on a total

of 38 cores of 42mm and 47mm diameters { refer to Tables
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Bta, B15, and BY6 in appendix B). The size correlation

factor suggested by Brook (1985%) was applied.

4.4 245ml1 haulage - Geotechnical parameters

4.4.1% Fracture survey

Engineering geological mapping was carried out
between structural sections (SS) 28 and 33, in dark-grey
moderately bedded RiL. 7 Argillaceous Ruartzite (figure
B11 in eppendix B). 1In MBR and ‘G’ systems, RAD values
occupyv prominent position. The procedure for obtaining
RAD is based on recording of fractures intersected by
underground drift walls. On the basis of the number of
discontinuities per metre along the scanlina on the
northern wall, mean discontinuitvy and mean frequency
were calculated. This information was in turn used to
calculate RQD values. The AQD was calculated according

to Priest and Hudson, (1976) :-

AQD=100""" (0.1A#1) ——m— e 4.1
where A = mean discontinuity frequencae.
A list of observation and statistical values is given
in Table 4.1 to characterize strata in which the haulage
is developed. Detailed structural mapping deta is also

prasented in Table B17, appendix B.



Table 4.1 Strata characteristics

Fracture data Location : 245ml1 northern wall

Rock type: RL 7 argillaceous

Quartzite
Number of discontinuities 48
Length of scanline 150m
Mean discontinuity 0.32/m
Mean population frequency 3.1
RQD% 96
4.4.2 Discontinuity concentration

A total of 73 discontinuities {(mainly bedding
and {foints) were measured in the 245ml haulage drive
West. Individual plots on Schmidt egual area {lower
hemisphere) diagram in Figure 4.1 revealed four joint
sets and one bedding plane (Figure 4.2). The prominent
of the four joint sets was set 2 which plotted joint
density greater then 12 percent. A few scattered random
loints were also observed as shown in Table B17/ in
appendix B. A summary of discontinuity set data is also

shown in Table 4.2. Further analysis involying the
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(53 measurements)

FIGURE. 4.1
KEY
DENSITY CONTOUR LEVELS(%)
CONTOUR PLOT OF JOINTS [ _]<2% R >10<12%
LOWER HEMISPHERE [Fi]>2<4% l >12%

EQUAL AREA PROJECTION  [£+#|>4<6%

245m LEVEL TRAMMING T} > 6<8%
HAULAGE WEST
(CENTRE LiMB)

Z‘fﬁ >8<10%
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(CENTRE LIMB)
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planes representing the poles of most prominent joints
was conducted to determine potentially unsteble wedges
formed by intersecting planes. Figure 4.3 shows a
tetrahedral wedge bounded by four joint planes and a
bedding plane. The points of intersection in the fraigure
surround the centre of the net, an indication that the
wedge can fall freelv from the roof provided there is no
cohesion on joint planes or stress that will tend to
force it out of its position. Detailed structural data

is presented in Table B17, appendix B.

Table 4.2 Discontinuity set data

Discontinuity Number of Dip Discontinuity Gouge
set joints/ direction sepoaration

bedding { degrees) { average)
1 8 113/64 1-2mm clay
2 1?7 255/50 1-3mm intiid
3 14 295/64 1-3mm "
] 5 325/66 1-2mm -
Random 9 - - "

Bedding 20 - -
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FIGURE 4-3
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4.4.3 Discontinuity condition

Generally the maijoritv of discontinuities

observed in the 245m level haulage drive West had

infilling material. The most common were red clay and
calcareous cement, mainly dolomite and calecite. Red
clay, mostly occurs as thin film on foint planes. The

clay filled joints appeared weaker than the dolomite or
calcite filled ones. Some surfaces had slickensides and
others were generallv raough. The joints observed in
borehole, BX 1740, confirmed site observations.

Schmidt Hammer tests on five joints. one +rom
each joint set indicated joint wall strength greater
than 64MPa for the BL 7 Argillaceocus Quartzite.

Table 4.3 shows the results obtained on the 24Sml

haulage West.



Table 4.3 Schmidt Hammer {S.H) test results in BL?

Argillaceocus RQuartzite

- 2485m1l

Station Joint Joint Description Mean L.H
set direction/ of ijoint S.H. strength
dip surface No. MHPa
9 1 131788 smooth with 46 bu
<imm thick
clay
21 2 252/65 smooth,slic— 48 bY
kensided
<imm clay
22A 3 293/84 smooth with 49 (o1
<imm thick
clay
228 4 317/70 smooth to 18} by
moderately
rough,no gouge
22C random varies smooth with a4 bu

foints

<imm clay

as



as

Average joint compressive strength = 64 MPa
4.4.4 Intact rock strength

In the MBB classificetion system intact rock
strength (IRS) is used directly as an input parametes
and indirectly used in Q-svystem. On the 245m level, .
IRS was determined from 11 core samples taken at eveaery
0.5m interval from borehole number BX 1740. A Farnell
point load testing apparatus was used for this purpose.
Bue to non-availabilitv of the SO0mm recommended core
size for diametral point load tests, Brook’s {1985)
method for size correlation was used. The following
formular was used:-~

Is(80) = F.P/O0° .. a.2
where F =(De/somm)®®. .. ... . ... .. “@.3
Is(50) = point load index for SOmm
diameter core
D = diameter of core sample
De = equivalent diameter
P = failure load
Brook s conversion factor of 22 was also used tou
convert the point load index {Is{50)) to uniaxial
compressive strength (UES). This factor was justitied

by the results from the plot of Is{50} asgainst
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laboratory determined UCS as shown in Figure 4.4, Ihe
points as shown in the figure fell within the general
trend of Brook’s curve. Table 4.4 shows a summary ot
point load results for the RL? Argillsceous Quartzite.
Deteiled point load indices and converted results are

a8lso presented in Table B14, in appendix B.

4.5 300ml1 haulage - Beotechnical parameters

4.5.1 fracture survey

On the 300ml, geologicsl mapping was carried out
between Mining Sections (MS) 7399 and 7385 in the HLY
Argillaceous Quartzite. The drive is developed parallel
to the strike and intersects a weak shear plane between
M5 7399 and 7391 as shown in Figure B12. The RQD value
in Table 4.5 was calculated using the formular number
4.1. Bv Deere’s (1964) classification the RQD which was
obtained indicated competent ground. This result
compared well with the RQD obtained in the 245ml drive.

Other fracture data is presented in Table 4.5. Detailed

mapping results are also shown in Table B17.
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Table 4.5 Strata characteristics

Fracture data

tocation:

300ml~North wail

Rock tvpe: AL? Argil. Quartzite

Number of discontinuities
Length of scanline
Mean discontinuity
Mean population frequency

RED%

12
37m

0.3/m

96
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4.5.2 Discontinuity concentration

A total of 29 joints including a shear
plane were identified in the 300 metre level extraction
haulage drive. Due to consistence in bedding
orientation within the area of study, only five readings
were taken. Plotted poles to the joint planes in Figure
4.5 revealed three major joint sets. Generally., the
discontinuity distribution on 300ml is fairlv uniform
with most joints cutting across the entire width of the
haulage drive. HResults of the plots of the planes
representing prominent joints in Figure 4.6 shows a
tetrahedral wedge which is bounded by two joints (1 and
2} and the bedding plane. The fact that the wedge plots
inside the friction circle indicates that the angle of
the sliding surface of the wedge dips at an angle
greater than the angle of friction. Hence, the
likelihood of the wedge to slide from the tunnel roof.
Table 4.6 shows joint sets and bedding from structursal
mapping on 300ml. Detailed structural data is also

presented in iable H18 in appendix o.
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FIGURE 4.5 KEY
S
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FIGURE 4:6

PLOTS OF PROMINENT JOINT : 1 2 3 Joint planes

PLANES SHOWING LARGEST WEDGE B Bedding
300m LEVEL-ARGI S ARTZITE
m LEVEL LLACEQUS QU W Largest wodge
N .

43



Table 4.6 Discontinuity set date

Joint Number of Dip Joint gouge
set joint/bedding direction/ separation
observed dip (average)
1 18 115/60 1-2mm clav
2 5 285/50 1-2mm clay
3 5 110/90 1-2mm clay
shear plane 1 217/50 0.2m clay
random joints 4 - 1-2mm clay
bedding 5 215750 - -
4.5.3 Discontinuity condition

The discontinuity conditions described in

section 4.4.3 are similar to those observed on the

300m1l. Nearly all discontinuities observed in the drive
contain clay with minor talcose material. Most of the
ifoints are rough with slickensides on few. The 0.2m

thick shear zone between MS 7399 and 7385 is generally
weak and contains clav and talcose material infilling.
The Schmidt Hammer test results obtained on some jfoint
sets indicate compressive strength of 60MPa. Table 4.7

shows the results obtained on the 300ml.

a4



Table 4.7 Schmidt hammer test results in RBL7

Argillaceous Quartzite - 300ml

Stetion Joint dip Description Mean S.H S.H
No. set direction/ of i{oint rebound strength

dip surface No. MPa

8 2 287/50 rough with 61 a3

1-2mm {foint
separation
clay infilled
11 3 110/50 rough, 1-2mm 65
foint 49

separation

12 1 115/60 rough, 1-2mm 5§ 73
joint
separation

18 random 83/70 rough, 1-2mm 57 83
ioint

separation

23 random 332/70 rough, 1-3mm 46 60
doint

separation



4.6 480 haulage ~ Geotechical parameters

4.6.1 Fracture survey

The main feature on 480ml1 between Structural
Sections (58) 33 and 31 is that the drive is developed
along & lithological contact between the RL?
Argillaceous and Aeolian Quartzites. The drive is 3.S5m
wide and 3.5m high. The Argillaceous and Aeolian
Quartzites have two and four foint sets respectively.
The BAD was calculated using Deere’s formular given in

section 4.4.1%1.

Table 4.8 Strata characteristics

Fracture data | North wall: | South wall:

| Argillaceous] Aealian

| Quartzite | Quartzite
Number of discontinuities| 50 H 22
Length of scanline | 125 | 125
Mean discontinuity } 0.40/m | 0.18/m
Mean population frequencyl 2.5 } 5.7

RGD % i 97 | 99
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In both Argillaceous and Aeolian Quartzites, the RQD is
very high. This is an indication of competent ground
(’excellent ground’ by Deere‘s (1964) claessification).

A diamond drillhole, BX1751, drilled horizontally to the
South of the tramming haulage {Figure B13) indicsate an
average RAD of B85 percent an indication of a slight

deterioration of ground condition to the south.

4.6.2 Discontinuity concentration

A total of 72 discontinuities were measured
between S$S33 amd SS31 section in the 480ml1 haulage
drive. OFf the 72, 50 were measured in the Aeolian
Quartzite and the rest in the Argillaceous Quartzite.
Due to consistence in bedding orientation only ten
bedding planes were measured. The plotted poles to the
foint planes in Figure 4.7 and 4.8 revealed two maijor
sets in the Argillaceous Quartzite and four in the
Aepolian Ruartzite respectively. The Tables 4.9 and 4.10
show summaries of the values obtained during mapping.
Figures 4.9 and 4.10 show tetrahedral wedges bounded by
two joint sets and bedding in Argillaceous Quartzite and
four foint sets in the Aeoclian Quartzite. Detailed
structural data is also presented in Table B19 and B20

in appendix B.



FIGURE 4-7

S KEY
DENSITY CONTOUR LEVELS(%)

CONTOUR PLOT OF JOINTS [;]<2°/°

LOWER HEMISPHERE [E]>2<4%
EQUAL AREA PROJECTION  Lvv]|>4<6%
480m LEVEL TRAMMING > e<8%

HAULAGE EAST- R >8<10%
AEOLIAN QUARTZITE [r7]>10<12%
(50 measurements) B > 2%

48



BEDDING

KEY

DENSITY CONTOUR LEVEL (%
JOINTS (22 Readings ) (%l

CONTOUR PLOT OF BEDDING [_] <5%
AND JOINTS

LOWER HEMISPHERE g >5<10%
EQUAL AREA PRCJECTION KX >10%

BEDDING (10 Readings )

FIGURE. 4-8

480m LEVEL TRAMMING
HAULAGE EAST [] <10%

ARGILLACEQUS QUARTZITE LYY >10<20%
Y >20<30%

Il >30%



FIGURE &9

KEY

PLOTS OF PROMINENT  JOINT 1.2,3 Joint plane
B Bedding

PLANES SHOWING LARGEST WEDGE
(80m LEVEL-ARGILLACEOUS QUARTZITE 6(\:\ﬁmrgest wedge

~

50
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Table 4.9 Discontinuity set data in Argillaceous
Quartzite - 480ml
Joint No. of Dip discontinuity Gouge
set joints direction/ separation

observed dip{degrees)

1 8 120/80 1-2mm clav+calc
material

2 10 288770 1-2mm clav+calc
material

Random

joints 4 - 1-2mm clay+calc
material

Bedding 10 230/60 - -

calc = calcareous.
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Table 4.10 Discontinuity set data in Aeoclian Quartzite
Joint Nao of Dip Discontinuity Bouge
set joints direction/ separation

observed dip

1 8 314,78 < 1mm none

2 11 294/70 <1mm thin film
of calc.

material

3 11 273470 < 1mm thin film
of calc.

material.

4 9 249/54 < 1imm thin film
of calc.
material

Bandom 11 - <1mm thin film
foints of calc.
material

...—_-—....-.-........._._-....—..._-—......—.....,.——..-..«........_._.._.....-_-_..*_.-—_.._-.._—._..._-.....-.......-_._.-....._-—-

....~...—..~__..__.~.—.~.—._.—.._~.~...._-...~~.__.._..__.._.__._.__-..-—._...-....-—m-.--._...»—_..._._.-_.........—_....
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4.6.3 Discontinuity condition

The majority of discontinuities in the RL?7
Aeolian Quartzite are clean and smooth. Only in few
cases are foints filled with verv thin (less than 1mm)
clay and calcareous material. None of those observed
had slickensides. In the RL7? Argillaceous Quartzite,
on the other hand, joints, in some cases, were slightly
open (1-2mm) and filled with clavy and calcareous
material. Schmidt Hammer test results on a few joint
sets in the Aeolian and Argillaceous Quartzites
indicated joint compressive strengths greater than
83 MPa and 72 MPa respectively. Table 4.11 shows

Schmidt Hammer test results obtained during mapping.

4.6.4 1Intact rock strength

The point load intact strength of the RL7
Argillaceous and Aeolian Quartzites were determined from
11 core samples from each of the above mentioned
lithologies. The borehole, BX1751 {(47mm diameter core)
provided samples for the Argillaceous Quartzite while
re-drilled samples from the tramming haulage were used
to obtain the average strength for the Aeolian
Quartzite. Both lithologies vielded relatively high
intact strengths compared to results obtained using

unconfined compressive machine. The difference was



Table 4.11 OGcheidt hammer test results fros 400sl

Rock Type . Station Joint set Joint direction/ Description Bean S.H S.H
. Dip (degrees) of joint surface rebound No. Strength HPa

-

Argillaceous Ko.52 2 280770 Rough with Zas N3 83
Buartzite thick clay
' filling

Ko.85 2 308755 Slickensided 33 13

surface with
less than les
clay filling

Ko.S7 Randos 180/3¢ Ssocth to

aoderately rough 62 83
Ko.513 2 290/8¢ ,  Rough with less
than les clay
filling 56 83
No.514 H 120475 ~ Rough with less 52 72
than lsa clay
filling
Ko.§15 Randos 250196 Rough 5 83
keolian Ko.56 i 313760 Clean surface 68 83
Guartzite _
Ko, 510 2 290780 - {lean surface b 83
No.S81é §  285/65 Clean surface &8 83
No.517 3 270180 Sacoth surface &4 &
with less than
isa thick
calcareous
filling saterial
Ko.S1 270765 Clean and swmooth 48 85
surface
No.53 3 288770 Clean and sasooth bé 83
surface
¥o.54 3 275/80 Clean and smoath 48 8
surface
Ko.519  Randos 336745 Clean and smocth 80 83
surface
Nc.520  Randos 180760 Clean and smaoth 48 83
surface

S.H = Schaidt Hasser
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attributed to varied rock core condition at the time of
tests, varied anisotropy conditions of the rocks and the
limited number of samples tested. A summary of results
is presented in Table 4.12. From Table 4.12 both rock
tvypes would be classified as verv to extremely strong
(classification based on Beological Engineering Society
Working Party, 1970. Detailed point load results are

given in Table B14, B1S, and B16 in appendix B.

4.7 Comments on geotechnical parameters

From the foregoing outline of the geotechnical
parameters obtained from mapping of the three levels, it
is evident that no single parameter cen describe fully
and quantitativelv rock mass behaviour. A combination
of the paremeters will, however, contribute to
achievement of a complete quantitative assessment of
rock mass condition. The results of the mapping on
245m, 300m and 480m levels also shows that roof
behaviour depends upon structural anisotropy, and the
system of discontinuities rather than on the rock
material. The discontinuity orientatiaon and
concentration determines the size of wedges that are
likelv to form.

The RRD although forms part of the input
parameter for the MBR, it was not easy to appreciate it

when development walls and diamond drill core were



.4mwwm 4.12 Summary of intact rock strengths of Argillaceous and Aeoclian Quartzites.

| Rock TypelNo. of | Point load] Point load] Is{50) x22] Is(50)x22}U.C.S* jU.C.5* | Standard

| | samples| strength | strength | (range) | { mean) |l {range) ! (mean) |deviation

| | | {range) | { mean) i | } | }

} | | Is{50) | Is{50) | MPa I MPa } MPa } MPa | %
llllllllll A e e e e e e e e e e
Point leoadl Arg. H 11 |} §5.0-11.3 |} 6.9 I 101.2- 1} 151.4 | - } - } 25
strength | Quartzite} | } | 228.8 { } i }

MPa R L T T — o ———————— e ——————— o —————— Fm———————— Fm—————— Fmm—————— Fmm——————

{ Aeoclian | 11 { 10.0-14.5] 11.8 I 213.4- |} 253.9 |} - } ~ H 16

| Quartzitel } | i 330.2 | H } 1
tttttttttt e e e e e e e e e e e e e e e e e e
u.c.s.* | Arg. | - } - } - I - } - } 125-155} 140 |} -

MPa | Quartzitel i l H l } } I

| -~ e ————— o o o e e ———— e e

| Aeolian H - l - { - i - l - | 170-205] 188 } -

* U.€C.85. = Uniaxial Compressive Strength obtained from compession machine.
Arg. = Aprgillacenus
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logged. The mean discontinuitv concentration, on the
other hand, appeared to have an advantage in this
respect because it provided a more guantitative
description of the rock fragment size. The fracture per
metre was not only easv to visualize, but also easv to
measure in the three drives.

The rock hardness values obtained using Schmidt
Hammer tvpe N2-4 and point load appsratus were very high
in both Argillaceous and Aeolian Ruartzites. Without
considering the influence of discontinuities on roof
stability, the strength parameter, on its own, is
misleading. 1In the next chapter, the rock properties
outlined in this section are combined into one overall

classification rating for MBR rock mass system.



CHAPTER FIVE

5.0 APPLICATION OF MBR AND NGI SYSTEMS TO BALUBA

HAULAGE DRIVES

5.1 Introduction

In this chapter the MBR system is applied to the 245m,
300m. and 480m level drives. The recommended support
obtained is compared to the actual support installed in
the three drives. The ‘Q’ system is also applied for
comparison with the results procured from the MBR
classification system. The geotechnical parameters that
are used have alreadv been discussed in chapter four.
The description of how the two systems work has alsa
been presented in chapter two. The MBR is applied to
Baluba Mine for the first time. Its adequacy or
inadequacy in terms of assessment of ground condition

and support recommendation are discussed.

5.2 MBR classification system

Rock masses in the 245m, 300m and 480m haulage

drives were classified according to the following

parameters.
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5.2.1

Table 5.1

245m level drive

Quartzite

60

MBR parameter rating - Argillaceous

Parameter

Description

Reference
Figure/

Table No.

Intact rock

strength

170 MPa - Point

Load.

{64 MPa - Schmidt

Hammer)

Discontinuity
density:

-spacing

RAD = 96%

Joint spacing=3.1m

Discontinuity
condition:
-~wall separation

~foint filling

rough {(R)
clav-slightly

weathered

25

Table A8

Total MBR
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Table 5.2 Development adiustments
Parameter Description Rating No.of Ref.
joints Table
Blasting Fair conventional 0.9 - A12
damage (Ab) blasting-moderate
damage.
Fracture Jaint set 1 113/64 0.9 8 A1D
orientation Joint set 2 285/50 1.0 17 A10D
(Ay) Joint set 3 294/64 1.0 14 A10
Joint set 4 325/66 1.0 s A10

The weighted fracture orientation {(Ao) is calculated
as follows:
A= {(No. of joints x rating) + (No. of joints x rating)

Total No. of joints measured

A;= (8xD.9) + (1x17) + (1x14) + (1x5)

8+17+14+ 5

= 0.98



therefore the adfusted MBR computation is as follows:
on Ab* 0.88

MBR = 0.88x0.92 = 8114

Next., the production adijustments to take into account

orebody extraction between 5528 and 5530 are computed;

Table 5.3 Production adjustments

parameter Description Rating Reference
Figure/

_-~__~_j _______________________________________________

Distance to Horizontal distance .99 Fig. A8

Cave Line to the orebody.

{bc) (orebody not vet caved)

Block Panel The length of the
size (PS) haulage mapped within 1.0 Fig. AQ
ore reserve block

i.e 1=1S0m

The final MBR rating = 81.1x0.99

According to the chart in Figure A10, the 245m haulage



drive West re
spalling or s

Plate 1 shows

5.2.2

Table 5.4

Parameter

Intact rock
strength
Discontinuity
density
-spacing
Discontinuity
condition
Wall conditio

ijoint filling

aquires SPOT BOLTING to restrain local
top individual rock wedges from falling.

tvpical ground conditions on 245m level.

300 metre level drive

MBB parameter rating - Argillaceous
Quartzite
Description Rating Reference
Table/Fig.
140 MPa 11 Fig. A3

RAD = 96% 19 Fig. A4
Joint spacing = 3.1m 20 Fig. A4
Rough (R)

25 Table A8

n  1-2mm

Clay,slightly weathered

Total MBR S0 Fig. A6
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PEATE

The 245m level extraction haulasge West showing sidewsll

spalling caused by northern dipping beds.

MBB development rating = 80.3

Support recommendation: Spot bolting

NGI rating = 12.1%
Support recommendation: Svystematic untensioned rock

bolts spaced at 1.5m - 2m centers.
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Table S§.8% Development adjustments

Blasting Fair conventional 0.9 - At2

damapge (Ap) blasting-moderate

damage
Fracture Joint set 1 $115/60 1.0 S A10
orientation .Joint set 2 285/50 0.9 3 A1D
(A) Joint set 3 110/90 1.0 3 A10

The weighted fracture orientation (Ao) is calculated as

follows:

>
I

o = (1x5) + (0.9x3) + (1x3)

5 + 3 + 3
= .97
Therefore the adjusted MBR computation is as follows:
Apx A= 0.87
MBR = 0.87 x 0.90

v
= 78.6



from figure A6 development support recommendation is
given as follows:
Wide pattern bolting with spacing of 1.5 to
1.8 metres

Production adjfustments are computed as follows:

Table 5.6 Production adijustments

Parameter Description Rating Reference
Figure

Distance to Orebody is approx. 0.88 Fig. A8

Cave-line 13m from the centre

(DC) of the haulage

Block Panel Maximum void to 1.08 Fig. A9

size be opened when

production commences

is 37m x 6m.

T S R o s o i e et S 2 e et s s ottt o . e e i . o st e i e S e S ot . e S . o e e ot e <o

The final MBAR réting is therefore:-
= 78.6 x 0.88 x 1.05

= 72.6
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According to the chart in Figure A10, the production
support recommendation is as follows:
Spot bolting to restrain individual blocks of
loose rock from falling. Plate 2 shows
tvpical ground condition in the 300m level

haulage drive.



PLATE 2

The 300m level extraction haulage East (South wall
haulage/crosscut intersection) showing side wall

wedging .

MBR development adiusted rating = 78.6

Support recommendation: Wide pattern bolting spaced at

1.5m ~ 1.8m centers.
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5.2.3 480 metre level drive

Table 5.7 MBR parameter rating - Argillaceocus

Quartzite

parameter Description Rating Reference
Table/Fig.

Intact rock 151 MPa 12 Fig. A3

strength { point-1load)

Discontinuity RAD = 99 . 0% 19 Fig. A4

density Joint spacing=S.7m 20 Fig. A4

Spacing

Discontinuity Rough (R) 25 Table A8

condition

-wall separeation 1-2mm

~joint filling Clay filling

Groundwater Drvy 15 Table A9

»-—....-.4..-....._._...__..._...._..-...,...-.....—....-...~......._._-—..-.._.-_._..._-_._..._._,....-_..—_..........-.._....._...._
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Table 5.8 Development adijustments

Parameter Description Adiust— No. of Ref.
ment joints Table

Blasting Fair conventional 0.90 - Al12

damage blasting— moderate

(Ap) damage

Fracture Joint set 1 120/80 1.00 8 A10

spacing Joint set 2 288/70 0.90 10 A10D

(Ao)

The weighted fracture orientation (Ab) in Argillaceous
Quartzite formation is celculeted as follows:

A°= {0.9x10) + {(1.0x8)

10+8
= 0.94
The final adijusted MBR is therefore computed as follows;
Agx Ap= 0.85
MBR = .85x91

= 77.4

From the support chart in Figure A10, it is resdily seen
that the southern side of the 480ml haulage drive which

is in Argillaceous Quartzite would reguire wide pattern
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boits spaced at 1.5m to 1.8m centers.

Table 5.9 MBR determination for the 480m level-Aeolian

Quartzite

Parameter Description Rating Reference
Fig./Table

Intact rock 253 MPa 15 Fig. A3
strength {point-load)
Discontinuity RAD = 97 _4% 20 Fig. A4
density
Spacing rating foint spacing=2.5m 20 Fig. A4
Discontinuity Smooth to slightly 20 Table A8
condition rough

-wall separation Less than 1mm

—ijoint filling None

_.._..w_._..-..-.........-..._......._...,....-_........4......_...._—-—.-....-__-—_—._—-._—_.._...._._.—--..—._..—.-.-....._...._...-._......._
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Table 5.10 Development adjustments
Parameter Description Rating No.of Reference

ioints Table

Blasting Fair conventional 0.90 - A2

damage (A,) blasting-moderate

damage
Fracture joint set 1 3%14/78 0.90 a A10
orientation Jjoint set 2 294/70 0.90 11 A10
(Ao) joint set 3 273/70 0.90 1% A10
joint set 4 249/54 0.90 9 A1D

The weighted fracture orientation (Ao) in BL? Aeolian
Huartzite formation is calculated as follows:

Ap= (0.90x8) + (0.90x11) + (0.90x9) + (0.90x11)

8+11+9+11
Therefore the final adjusted MBR is computed as follows:
on Abﬂ D.81 where A°= 0.90, Aba 0.90

MBR 0.81 x 90

= 22.9
It must be noted that the extraction ratio adjustment
rating did not applv to this case although there are two

parallel drives which are being developed. The reason



is that the conversion adopted, according to Kendorski,
{1983), is that only openings within 1.5 drift diameters
of each rib are considered in computing the extraction
ratio. The distance between the psrallel haulages on
480m level is 14 metres measured sidewall to sidewall.
The above consideration means that the stability of one
haulage does not influence the other for & large drive
separation.

The developmenit support recommendstion for the
northern side of the 480m level haulage as given in
Figure A10 is wide psttern bolting with bolt speacing of
1.5m to 1.8m. Plate 3 shows typical condition of the

RL? Aevlian Quartzite.

5.3 NGI CLASSIFICATION SYGTEM

5.3.1% 2485 metre level drive

The information presented in this section
was collected for the purpose of satisfving the NGI
input requirements. The indices obtained provided
relative ratings of the rocks in which the 245, 300, and

480 metre levels are developed.



PLATE 3

The 480m level tramming haulage east {northern wall- Aeolian

Quartzite )} showing smooth jijoint planes.

MBR development rating = 72.9
Support recommendation: Wide pattern bolting with bolt

spacing at 1.5m - 2m centers.

NGI rating = 16.2
Support recommendation: Systematic untensioned rock bolting
with bolt spacing at 1.5m -2m

centers.
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Table 5.11 NGI parameter rating for 245m level drive

Parameter Description Value Reference
Table/Fig.
AQD 100% core recovery 97% Table AS

generally intact

with few natural

breaks
Joint set Three main joint 12 Table AS
number {.Jn) sets plus minor

and random ijoints.
Jaint Generally rough 1.9 Table AS
roughness and irregular
number (.Jr)
Joint Unaltered ifoint walls 1.8 Table AS
salteration with surface red clavy

number (Ja} stains.

ST A e e S e e e S e S ot A s N Ol e i o o M et s e St M A St i e RS 400 e e Pt ot e oo it oot 5000 ot 1o
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Table 5.11% continued...... from page 78

Joint water dry 1.0 Table AS
factor (Jw)

Stress compressive strength/ 1.0

reduction tensile strength Table AS

factor (SRAF) 6c/6t = 140/170=0.82

Hence, the tunnel quality index is as follows:

Q RAB/Jn x Jr/fJda x Jw/SRAF

97712 x1.5/1 x 1/1

12.1 {good ground)

Support estimate computation is as follows:

245m level drive span = 3.5m

Excavation support ratio {(ESR) 1.6 {refer to Table AS5)

span/ESR

It

2.2 m
Therefore, for Q@ = 12.2 the support category is 13
According to Table A1, category 13 recommends the
following PERMANENT SUPPORT:
Svystematic untensioned rock bolts,spaced at
1.5m to 2m centers.

TEMPORARY SUPPORT: none is required.



Maximum unsupported span is calculated as follows:

4

Span 2 x ESR x Qw

8.7m

The R rating of 12.1 classifies the Argillaceous
Ruartzite in the 245m drive as "Good rock”™. Plate 1.

shows typical rock condition in the drive.
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5.3.2

Table 5.12

300 metre level drive

78

NGI parameter rating for 300m level drive

Reference

Table/Fig.

100% core recovery

good intact rock.

Joint set

number {Jn)

three joint sets plus

random ones.

12

Joint
roughness

(Jr)

Generally rough and

irregular

Teble AS

Joint
alteration
number

{ Ja)

Unaltered ijoint walls.
Only red clay staining
was observed on ijoint

surface

1.0

Table A5

Joint water

factor ({(Jw)

Stress

reduction

compressive strength/

tensile strength

1.0

Table AS



factor {SRF} 6¢/6t = 140/%170 =D.82

Hence, the tunnelling gquality index is:
G = 96/12 x 1.5/%1 x 1/1

= 12 { Good ground)

Support estimate computation is as follows:

300 metre level drive span = 3.5m
ESRA = 1.6
span/ESR = 2.2m
For § = 12, support category is 13 and according to

Table A1, the recommended PERMANENT SUPPORT is
SYSTEMATIC BOLTING - untensioned with bolt spacing 1.5m
to 2.0m. The maximum unsupported span is calculated as

follows:

span = 2 x ESR x g%

= 8.6m
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§.3.3 480 metre level drive

Table 5.13 NGI parameter rating for the 480 metre

level drive - Argillaceous Quartzite

Parameter Description Value Reference
Table/Fig.
RAD Excellent ground 99% Table AS

{ Deere, 1964)

Joint set 2 ijoint sets plus 6 Table AS
number {(Jn) random joints

Joint Generally rough 1.5 Table AS
roughness

number (Jr)

Joint Unaltered ijoint walls 1.0 Table AS
alteration Surface red clavy

number { Ja) staining only

Joint water Dry 1.0 Table AS

factor {Jw)




Stress Compressive strength/ 1.0 Table AS
reduction Tensile sirength

factor /6t = 1407151

{ SRF) = 1.13

Hence, the Tunnelling Guality index ig:-

fi

] 99/6 x1.5/1 x 1/1

= 24.8 { pood ground)
Support estimate is computed ss follows: -
480 metre level drive span = 3.Sm

ESRH 1.6

i

It

span/ESRH 2.2m
For 3 = 24.8 the support calegory is given as 13 and
according to Table Al, the recommended PERMANENT support

is SPOT BOLTING.

Maximum wunsvpported spsn is talculsted as follows:

2. esR.8% = 11.5m



Table 5.14 NGI parometer roting for 480 metre level-

Aeolian Quartzite

Parameter Description Value Reference
Table/Fig.
RAD Excellent pround 97.4% Table A5

(deere, 1964)
Joint set 4 joints (2 mafor and 6 Table AS
number {Jn) 2 minor plus random ones
Joint Generally smooth {oints 1.0 Table AS
roughness
number {(Jr)
Joint Unaltered foint walls. 1.0 Table A5
alteration Only surface staining.
number (Ja)
Joint water dry 1.0 Table AS
factor {Jw)
Stress Compressive strength/ 1.0 Table AS
reduction Tensile strength

factor (SRF) 6c/6t = 187.5/254 = 0g.74
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Hence, the value of §@ = 97.4/6 »x /1 x /1

= 16.2 { good pround)
For Q = 16.2, the support categorv according to Table
Al is 13. The PERMANENT support for this value of "Q"
is as follows: systematic untensioned bolts, 1.5 to 2m

bolt spacing.
The maximum unsupported span is calculated as follows:
©-
2 x ESR x & 4 = 9. 7m

Plate 3 shows typical Aeolian Ruartzite condition in the

480m tramming drive East.
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5.4 COMMENTS ON THE BESULTS

From the summary presented in Table 5.15, the
following comments are advanced regarding the
applicability of the MBR and NBI rock mass systems in
the local conditions prevailing at Baluba mine.

In the 245 metre level drive the MBAR
recommends spot bolting during development and further
spot bolting when the block commences production. The
NGI system, on the other hand., prescribes untensioned
bolts with ring spacing of 1.5 to 1.8 metres. The
maximum unsupported span is given as 8.7 metres. The
prediction based on the NBI system. compared favourably
with the support actually installed although systematic
roof bolting seems to be the standard practice at Baluba
mine irrespective of the ground conditions prevailing.

The NBI svstem does not recommend support when
the block comes into production. The requirements
during development is final. 1In contrast, the MBA
system is initially conservative, but it compensates
this conservativeness by further recommending spot
bolting when the block comes into production.
Production support recommendation by MBR is meant to
take into account st;ess re-distribution around
excavations during and after mining.

In the 300 metre level drive the support
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recommendation by the MBR and the NGI tie in favoursbly
with the support pattern that has been installed. The
grouted wire dowels installed in the drive have ring
spacing of 1.5 metres and each dowel is spaced at 1
metre centers. The MBR., however, goes further to
recommend spot bolting when production on this level
commences.

In the southern part of the 480 metre level
drive (in Argillaceous Quartzite), the correlation with
the presently installed bolt pattern was better for the
MBR than the NBGI. The support recommendation for the
northern part of the drive (in Aeolian Quartzite) also
compared favourably with the support installed. The
NG6I, on the other hand, recommends two different support
patterns for the northern and southern parts of the
drive (refer to Table 5.18). This difference perhaps
highlights the sensitivity of the NGI with regards to

isolated drives.

a6



CHAPTER GIX

6.0 CONCLUSIONS AND RECOMMENDATIONS.
6.1 Comments and conclusions

From the five chapters presented, the following comments
and conclusions are made regarding the applicability of
the MBR classificetion system in comparison to the NGI

svstem on the evidence from the field studies.

The MBR system essentially uses four categories of
parameters, namely. strength of intact rock,
discontinuity densitv (RAD and discontinuity spacing),
discontinuity and groundwater conditions. It is upon
these parameters that the system bases its initial
support recommendations. These four basic geological
parameters are easv to measure and did not pose any
problems during the mapping exercise. However, the mean
spacing appeared to have an advantage over BRAQD because
it provided a more guantitative description of the rock
fragment size. The fracture per metre was not only

easy to visualize but alsoc easv to measure.

Amongst the three first stsge parameter od justments;

development adjustment, blasting and induced stress
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effecls were difficuli to sssess than fracture
orientation. Blasting damage adijustment proved
difficult to quantify. The use of qualitative terms
like "slightly or moderately damaged”™ on which the
adiustment is based is a2 matter of personal opinion, and
can differ depending on the person making the
assessment. 1In the 48BOm drive for instance, blasting
damage in both the Argillaceous and Aeolian Ruartzites
is described as moderate even though drives differ in
their strata characteristics and intact rock strengths
{refer to Table 5.8 and 5.10). This was difficult to
avoid because there were no other definitive
characteristics on which distinction could have been

based upon.

The NGI system basically uses similar parameters as the
MBR except that thev are expressed and used in different
wavs to guantify the rock mass. The NGI does not
directly use strength of intact rock and orientation of
structural features. Both systems, however, use stress,
but in different wavs. The MBR uses stress as an

ad fustment whereas the NGI uses it as a direct input
parameter. Both systems include RQD, joint spacing and
condition and groundwater condition. The fact that the
NGI does not include adjustments means that the system
was designed only to cater for initial stabilization of

single isolated tunnels. The MBR system. on the other

£



single isclated tunnels. The MBR sysiam, on the ather
hand., takes into account deterioration of ground which
would result if a nearbv orebody was mined or an

ad jacent excavation was developed. This consideration
is taken into account bv applving adijustments to the
initial MBR rating. The MBB also recognizes the need
for further support (permanent) after the initial

stabilization of the drive.

Despite some limitations in the application of some
input parameters, it is concluded that the MBAR
classification system has an advantage over the NGI
system in one major respect, that of its applicability
to mining. From the support recommendations in Figure
5.15 it is observed that the MBB takes into account
effects of production on stability of development and
hence prescribes additional support in form of spot
bolting for the 245m and 300m drives. The NGI on the
other hand does not take into consideration the effects
of caved orebodies, blasting and size of block or panel
to be mined. Generally, for single tunnels both
classifications give reasonably similar predictions as
it can be seen from the 300m and 480m drives support
predictions (Table S.15). Both classification svstems
clearly define their parameters and these are measurable
in the field. The MBR goes further by actually

specifving input deta sheets for the minimum geological
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These data sheets were found verv useful and are

reproduced in Table B21 and B22 in Appendix B.

6.2 Recommendations

Having assessed the ground conditions in the

24Sm, 300m, and 480m drives at Baluba Mine using the MBR

and NGI classification systems, the following

recommendations are made regarding the adoption of the

MBR system.

The MBR can be adopted as long as the following

recommendations are considered.

1.

It is recommended that blasting damage adiustment be
quantified. This can be done by undertaking a small
pre—-production blast vibration effect survey in all
the Baluba rock formations. The degree of blast
damage can then be determined bv the number of new
fractures and extent of fractured zones formed and
the behaviour of other naturel formed genlogical
structures such as bedding, shear zones and joints.
the new fractures and their extent around
excnavations can olso be determined by drilling cored
holes into the roof and sides of drives. A mesasure
such as a Modified Fracture Freguency {MFF) that
will include both blast induced and natural

fractures coan be used as the basis for reducing the



initial fraclure rating.

Rock falls are often the couse of injuries and
fatalities in Zambian Mines. The most favourable
condition for rock falls is the presence of three or
more intersecting discontinuity sets. Benerally the
problem is initiated by instability of individual
blocks, roughly polvgonal, defined by intersecting
jeints or joints with bedding planes in an exposed
drive roof or walls. 1In this respect. to further
enhance the data base generated bv the MBR
classification system, it is recommended

to introduce a complete hazard analysis of drives.
The procedure would comprise the compilation of
level maps and sections on which potentially weak or
hazardous areas would be shown. 1In addition,
discontinuity stereograms revealing the blocks
likely to fall-out or slide-~out would be plotted.
With such information the use of bolting can be
planned and installetion carried-out effectively
rather than waste support rescurces on competent

areas.
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Continued....... from page 97

¥ Authors' estimates of support. Insufficient crase records available for reliable estimation
of support reguiresents,

The type of support to be used in cateqory ! to B will depend on the blasting technigue,
Saooth wall blasting and thorouah barring-down may remcve the need for support. Rough-wall
blasting may result in the need for single applications of shotcrete, especially where the
excavation height is »> 23 m. Future case records should differentiate categories { to 8.

KEY TO SUPPORT TABLES

sh = spot bolting

B = gystematic bolting

tutg) = untensined, grouted
for competent rock masses, grouted
post-tensined in very poor gquality
rock masses {spe Note XI)

8 = shotcrete

{ar) = mesh reinforced

cla = chain link mesh

{sr} = steel reinforced

CEA = cast concrete arch

Bolt spacings are given in metres {m)
Shotcrete, or cast concrete arch thickness
is given in centimetres {cal.
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TABLE AS CLASSIFICATION OF INDIVIDUAL PARAMETERS USED IN THE Nul TUNNELLING QUALITY INDEX

e. No rock wall contact
when sheared.

. Zone containing clay minerals

thick enough to prevent rock
wall contact.

. Sandy, gravelly or crushed

zone thick enough to prevent
rock wall contact.

1

1

.0

.0

Description Value Notes
1. ROCK QUALITY DESIGNAT!ON RQD
A. Very poor 0 - 25 1. Where RQD is reported or measured as

_ < 10 ( including 0 ), a nominal value
B. Poor 25 - 50 of 10 is used to evaluate Q.
C. Fair 50 - 75
- 2. RQD intervals of 5, i.e. 100, 35, 90 etc

D. Good 75 - 90 are sufficiently accurate.
E. Excellent 90 - 100
2. JOINT SET NUMBER Jn
A. Massive, no or few joints 0.5 - 1.0
B. One joint set 2
C. One joint set plus random 3
D. Two joint sets b
E. Two joint sets plus random 6
F. Three joint sets 3 1. For intersections use (3.0 x Jp)
G. Three joint sets plus random 12
H. Four or more joint sets, 2. For portals use (2.0 x Jn)

random, heavily jointed

‘sugar cube', etc 15
J. Crushed rock, earthlike 20
3. JOINT ROUGHNESS NUMBER Jr

a. Roek wall eontact and

b. Rock wall contact before

10 cms shear.

A. Discontinuous joints 4
8. Rough or irregular, undulating 3
C. Smooth, undulating 2
D. Slickensided, undulating 5 1. Aad 1.0 if the mean spacing of the
E. Rough or irregular, planar .5 relevant joint set is greater than 3m.
F. Smooth, planar -0 2. Jp = 0.5 can be used for planar, siick-
G. Slickensided, planar .5 ensided joints having lineations, provided

the lineations are orientated for minimum
strength.
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Table AS Cont'd

k. JOINT ALTERATION NUMBER L, ¢ (approx.)

a. Rock wall contact.

p-J

Tightly healed, hard, non-
softening, impermeable filling 0.75 -

B. Unaltered joint walls, surface
staining only 1.0 (259 - 359)

C. Slightly altered joint walls
non-softening mineral coatings, 1. Values of ¢, the residual
sandy particles, clay-free friction angle,'are int?nd-
disintegrated rock, etc 2.0 (25° - 30°) ed 3: a".iPPf?x'matT guide
to the mineralogical pro-
b. :I';{"l:' ;:::Z;:;azn::at‘ngs' perties of the alteration
mall clay- - ;
softening 3.0 (20° - 25°) products, if present.

E. Softening or low friction clay
mineral coatings, i.e. kaolinite,
mica. Also chlorite, talc, gypsum
and graphite etc., and small quan-
tities of swelling clays. (Dis-
continuous coatings, 1-2mm or
less in thickness? 4.0 ( 8° - 16°)

b. Rock wall contact before
10 cms shear.

F. Sandy particles, clay-free dis-
integrated rock etc 4,0 (25° - 30°)

G. Strongly over-consolidated, non-
softening clay mineral fillings
{continuous, < Smm thick) 6.0 (160 - 249)

H. Medium or low over-consolidation,
softening, clay mineral fillings, ’
(continuous, < Smm thick) _ 8.0 (12° - 16°)

Swelling clay fillings, i.e.

montmorillonite (continuous, « §

mm thick ). Values of J, depend

on percent of swelling clay-size

particles, and access to water 8.0 - 12,0 ( 6° - 129)

L 3
.

¢. No rock wall contact
when sheared.

K. Zones or bands of disintegrated 6.0
L. or crushed rock and clay (see 8.0
M. G,H and J for clay conditions) 8.0 - 12.0 (60 - 24°)

N. Zones or bands of silty- or
¢t sandy clay, small clay fraction,
(non-softening) = - 5.0

Q- Thick, contlnuous- zones or ; 0 - 13.0
bands of clay ( see G, H and 10‘ - 3'0 ( 6° - 249)
. J for clay condltfd&g) 3.0 - 20. '
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Table A5 Cont'd.

P.
R.

a. Weaknese zomee intersecting excavation,
of rock mags when tunnel is excavated.

. SRF
A. Multiple occurrences of weakness zones containing

clay or chemicaily disintegrated rock, very loose

surrounding rock (any depth) 10.0
B. Single weakness zones containing clay, or chem-

ically disintegrated rock (excavation depth < 50m) 5.0
C. Single weakness zones containing clay, or chem=

ically disintegrated rock (excavation depth > 50m) 2.5
0. Hultiple shear zones in competent rock (clay free),

loose surrounding rock (any depth ) 7.5
E. Single shear zones in competent rock (clay free),

(depth of excavation < 50m) 5.0
F. Single shear-zones in competent rock (clay free),

(depth of excavation > 50m) 2.5
G. Loose open joints, heavily jointed or ‘sugar cube’

(any depth) 5.0

b. Competent rock, rock.stress problems

ac/oy ut/o,

H. Low stress, near surface >200 >13
J. Hedium stress 200-10 13-0.66
K. High stress, very tight structure -

(usually favourable to stability, .

may be unfavourable for wall 10-5 0.66-0.33
stability)

L. Mild rock burst (massive rock) 5-2.5 0.33-0.16
M. Heavy rock burst (massive rock) <2.5 <0.16

SRF
2.8
1.0

0.5-2

5-10
10-20

e. Squeeaing rock, plastic [lcw of incompetent rock under the

influence of high rock pressure
g p

SRF
Mild squeezing rock pressure 5-10
Heavy squeezing rock pressure 10-20
d. Swelling rock, chemizcal swelling activity depending upon preserce of water
Mild swelling rock pressure 5-10
Heavy swelling rock pressure 10-20

approx. water
5. JOINT WATER REDUCTION FACTOR Ju pressure (Kgf/cm?)
A. Dry excavations or minor inflow,
i.e. <5 lit/min. locally 1.0 < 1.0
B. Medium inflow or pressure, occa-
sional outwash of joint fillings 0.66 1.0 - 2.5
C. Large inflow or high pressure in | . Factors C to F are crude
competent rock with unfilled joints 0.5 2.5 - 10.0 estimates. Increase J,
if drainage measures are
D. Large inflow or high pressure , installed :
considerable outwash of fillings 0.33 2.5 - 10.0 :
€. Exceptionally high inflow or pres- . Special problems caused
- sure at blasting, decaying with by ice formation are
time 0.2 - 0.1 > 10 not considered.
F. Exceptionally high Inflow or pres-
sure continuing without decay 0.1 - 0.05 > 10
6. STRESS REDUCTION FACTOR

which may cause loosening

. Reduce these values of

. Few case records available

SRF by 25 = 50% if the
relevent shear zones only
influence but do not

intersect the excavation.

For strongly anisotropic
virgin stress field (if
measured) : when § ¢ 0)/0,
& 10, reduce o, to 0.8q,
and ot to 0.80;. When
o;/03 > 10, reduce o and
o¢ to 0.60, and 0.60y,
where 0c = unconfined
compressive strength, and
o, = tensile strength
(point load) and o, and
a3 are the major and minor
principal stresses.

where depth of crown below
surface is less than span
width., Suggest SRF in-
crease from 2.5 to 5 for
such cases (see H).
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Table A8 _ Discontinuity condition ratings

Description of discontinuity
Wall roughness VR R-SR SR SM-SK SM
Wall separation None Hairline <lmm 1-Smm >Smm
Joint 6lling None None Minor clay  Stifl clay, Solt clay,
Wall weathering F SL SO . SO Vs
Rating 3 2. 2 10 0
Roughness: Weathering (Alteration):
VR = Very rough (coarse sandpaper); F = Fresh, unweathered, hard;
R = Rough (medium or fine sandpaper); SL=Stightly weathered, hard;
SR =Smooth to slightly rough; SO = Soficned, strongly weathered;
SM = Smooth but not polished: VS = Very soft or decomposed.
SK = Slickensided, shiny;
Tabk A9. Groundwater condition rating
Condition Dry .. Damp -Wet  Dripping Flowing
Rating 7 10 7 4 0




Table A10 Fracture orientation rating 4, based on indirect observation of fracture statistics

Strike Perpendicular Paralle]

. Flat dip
Heading direction With dip Against dip
Dip amount 45-90  20-45 45-90 2045 45-90 2045 0-20
Adjustment 1.0 0.95 0.90 0.85 0.80 0.90 0.85

Table A11 Fracture orientation rating A, based on direct observation in drift

Number of Number of non-vertica] faces o

fractures defining —

block 1 2 3 4 s 6

3 -— 095 080 — —_ -
4 -— 095 08 08 — -
5 . 095 05 085 o080 —
6 1.0 1.0 095 090 085 080

Table A12 Blasting damage adjustment Ay

Conditions/metbod Applicable term Adjustment A,

1. Machine boring No damage 1.0

2. Controlled blasting . Slight damage 0.94 t0 0.97

3. Good conveational " Moderate damage 0.90 to 0.94
blasting

4. Poor conventional Severe damage 0.90 to 0.80 (worst)
blasting

S. No experience in Moderate damage 0.90 (nominal)
this rock
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Table A13. Major structures adjustment S.
Adjustments are > 1 if abutment stresses tend to be carried away from the excavation; S = 1 if stresses are

concentrated

Fault strike vs. ,

beading direction Most nearly perpendicular Most nearly paralle!

Fault dip direction

with respect to works Towards Away Towards Away

Amount of dip Sh M St Sh M St Sh M St Sh M St
Distance to nearest

fault zone (W = zone width)

<0l W 08 075075~ 09 095 07507 07 - 09 095
0.l WiolO W 08508 08 09009 10 08 07509 085 1.0 095
1L.OWto 100 W 0.95 0.85 0.9 095 1.05 1.05 09 09 095 090 1.05 1.10
10.0 W to 50.0 W 1.0 095 1.0 105 1.05 1.0 10 10 10 10 11010
>50 W 10 10 10 10 1.0 10 10 1.0 1.0 L0510 10
Within zone 0.85 0.80 090 0.85 0.80 0.90 0.80 0.75 0.85 0.80 0.75 0.85
Sh = Shallow ( < 30°) <0.1 W factor not to be applied for W<3m;

M = Moderate (30° to 60°); > 50 W factor not to be applied for W> 3m.

St = Steep (> 60°);
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Figure A6  Support chart for isolated drifts or development drifts (after Kendorski et al, 1983).

Explanations of the support types in Figure a6 _

Spot bolting: Bolting to restrain limited areas or individual blocks of loose rock, primarily for safety,

Wide patiern bolting: Bolt spacing'on 1.5m to 1.81n, or wider in very large openings.

Medium pattern bolting, with or without mesh or straps: Bolts spaced 09 m to 1.5m, 23 cm wide straps or
100 mm welded wire mesh. "

Close pattern bolting, mesh, or straps: Bolt spacing less than 0.9 m, 100 mm welded wire mesh, 0.3 m straps,
or chain link.

Medium pattern bolting with shotcrete: Bolts spaced 0.9 m to 1.5 m and 80 mm (nominal) of shotcrete. Light
mesh for wet rock to alleviate shotcrete adherence problems,

Close pattern bolting, shotcrete with mesh, minimal occasional stee] or light timber: Bolt spacing less than
0.9m with 100mm welded wire mesh or chain link throughout, and nominal 100 mm of shotcrete,
Localized conditions may require light wide-flange steel-sets or timber sets,

Light steel, medium timber, lagging: Bolting as required for safety at the face - full contact (grouted or Split
Sct) bolts only. Light wide-flange stee!-sets or 0.25 m timber sets spaced 1.5 m, with full crown lagging and
rib lagging in squeezing areas. ’

Medium steel, heavy timber, full lagging: Medium wide-flange steel-sets or 0.3 m timber sets spaced 1.5m,
fully lagged across the crown and ribs. Support to be installed as close to the face as possible.

Heavystecl, shotcrete at face or spilling as required ; Heavy wide-flange steel-sets spaced 1.2m, fully lagged on
crown and ribs, carried directly to face, Spilling or shotcreting of face as necessary.

General: Bolting: bolts in spot bolting throughclose pattern bolting are considered to be 19 mm in diameter,
fully grouted or resin-anchored standard rockbolts; mechanical anchors are acceptable in material of
MBR > 60. Spilt-Set use is at the discretion of the operator.
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Figure A8 Adjustment DC for distance to cave line (after Kendorski et al., 1983).

For drifts beaeath the caving area, the vertical distance s projected up to the single vertical distance adjustment
curve; the rating is read by interpolating between the multiple curves. For workings horizontally removed from
the caving area, the horizontal distance is projected up to the MBR value and the rating is interpolated at that

point from the multiple curves. For working both beneath and to the side, ratings are computed both ways, and
the lowest value is taken,

10 20 30 40 30 60 Figure A9 , Adjustment PS for block/panel
BLOCK OXIMENSION , m size (after Kendorski et al, 1983),
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Figure A10 Permanent support chart for production drifts (after Kendorski et al, 1983).

Explanation of the supporst types in Figure A10
Spot bolting: Bolting to restrain limited areas or individual blocks of loose rock, primarily for safety,
Wide pattern bolting: Bolts on spaced 1.2m to 1.8 m. May be wider in very large openings, when longer bolts
are used,
Close pattern bolting: Bolts spaced less than 0.9m to 1.2 m (practical limit 0.6 m)
Close pattern bolting, mesh or stra ps, shotcrete: Close pattern bolts with welded wire mesh or chain link in
| raveling ground, and nominal 100 mm of shotcrete.
Plain massive concrete: Cast-in-place massive concrete lining, 0.3m to 0.45m thick, may be applied over
. bolts or bolts and mesh when necessary, Prior sho rete, if not damaged, may be considered part of this
, concrete thickness. Concrete should have a minimum as-placed 28-day compressive strength of 21 MPa
© (30001b/ia%)
Lighuy reinforced concrete: Massive, cast-in-place concrete lining 0.3m 10 0.45m thick as sbove, lightly
"reinforced with rebars on 0.6m centers or continuous heavy chain link, Reinforcement mainly in brows,
crown, corners, and intersections, < &
Heavily reinforced concrete: Massive, cast-in-place concrete lining as above, heavily reinforced with rebars
on 0.6m centers or kss, on ribs and crown, h
Mecdium steel sets; Medium wide-flange stecl-sets on 1.2m centers, fully lagged on the crown and ribs.
Medium steel sets plus plain concrete to cover: Medium wide-flange steel-sets on 1.2 m centers, with plain,
cast-in-place concrete (minimum strength 21 MPa) of suflicient. thickness to cover the sets.
Heavy steel sets plus heavily reinforced concrete: Heavy wide-flange steel-sets on 1.2m centers, with
minimum 0.3m thick heavily reinforced concrete throughout.

General:
Concrete: it is assumed that proper ccacrete practice is observed: negligible aggregate segregation, full rock-
coacrete contact, adequate curing time.

Chaia link or steel scts, from development support, are considered reinforcement if the concrete between
the sets is also reinforced. A
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Table B14 DIAMETRAL POINT LOAD STRENGTH TEST BESULTS
ON ARGILLACEOQUS QUARTZITE

Borehole No.: Bx1740 Size: 42mm Depth: 26m Level: 245

Inclination {degrees): + 66 Section: 5827

Sample Semple Failure Is=P/D° 7Ts(50). U.C.S Mode of

No. interval load Is(50) x22 Ffailure
KN MPa MPa MPa

AQ 1 0.0-0.95 18.0 10.2 9.5 209.9 IR

Ag 2 0.5-1.0 14.0 7.9 7.3 160.6 iR

Ag 3 1.0-1.8 6.4 3.6 3.3 72.6 w

Ag 4 1.5-2.0 15.5 8.8 8.2 180.4 iR

AQ S 2.0-2.5 8.5 . 4.8 4.8 99.0 IR

AgQ 6 2.5-3.0 11.8 6.7 6.2 136.4 IB

AR 7 3.0-3.5 4.0 2.3 2.1 46.2 w

AQ 8 3.5-4.0 14.5 8.2 7.6 167.2 iR

AR 9 4.0-4.5 19.0 10.8 10.0 220.0 IR

A] 10 4.5-5.0 15.2 8.6 8.0 176.0 IR

AGQ 11 5.0-5.5% 15.9 9.0 8.4 184.8 IR

IR = Failure through intact rock Mean U.C.§ = 170.4 MPa

W = Failure along plane of weakness standard deviation = 21.4 %

U.C.5 = Uniaxial compressive strength

Table B15 DIAMETRAL POINT LOAD STRENGTH TEST RESULTS
ON ARGILLACEOUS QUARTZITE.

Borehole No.: Bx175% Size: 42mm Depth: 50m Level: 480m
Inclination (degrees): © Section: M57453

Sample Sample Failure Is=P/dl Is(50) u.c.s Mode of
No. interval load Is{50)x22 failure
(m) KN MPa MPa MPa
AR 12 0.0-0.5 9.3 5.3 4.9 107.8 IR
AQ 13 0.5-1.0 3.9 2.2 2.0 44 .0 w
AGQ 14 1.0-1.85 5.8 3.3 3.1 68.2 w
AQ 15 1.5-2.0 15.1 8.6 7.9 173.8 IR
AQ 16 2.0-2.5 15. % 8.6 7.9 173.8 IR
A] 17 2.5-3.0 7.1 4.0 3.7 81.4 W
AQ 18 3.0-3.5 6.7 3.8 3.5 77.8 w
AR 19 3.5~-4.0 15.6 8.8 8.1 178.2 iR
AR 20 4.0-4.5 8.9 5.0 4.6 101.2 IR
AR 21 4.5-5.0 9.3 5.3 4.9 107.8 IR
AQ 22 $.0-5.58 11.6 6.6 6.1 134.2 IR
AQ 23 5.5-6.0 14.2 8.0 7.4 162.8 _ IR
AQ 24 6.0-6.5 20.0 11.3 10.4 228.8 IR
AQ 25 6.5-7.0 14.2 8.0 7.4 162.8 iR
AQ 26 7.0-7.5 11.8 6.7 6.2 134.2 IR

U.C.5. = 151.4 MPa Standard deviation = 25.0 %



Table B16 DIAMETRAL POINT LOAD STRENGTH TEST BESULTS
ON AEOLIAN QUARTZITE

Re—-drilled samples from 480m level Core size: 47mm
Sample Failure Is=P/Dz Is{ 50) u.c.s Mode of
No. load Is{50) x22 failure
KN MPa MPa MPa

AD 1 29.4 13.3 12.9 283.8 IR
A0 2 30.2 13.7 13.3 176.9 IR
AD 3 24.9 11.2 10.9 239.8 IR
A0 4 28.0 12.7 12.4 272.8 IR
A0 S5 31.6 14.3 13.9 305.8 IB
AOD 6 22.2 10.0 9.2 213.4 IR
AD 7 32.0 14.5 14.1 310.2 iR
A0 8 10.72 4.8 4.7 103.4 w
AD 9 28.9 13.1 12.7 279.4 IR
A0 10 25.4 11.5 1.2 246.4 IR
AD 11 25.8 11.7 11.4 250.8 IR
AQ 12 22.1% 16.0 9.7 213.4 IR
Mean U.C.5. = 253.9 MPa Standard deviation = 16.0 %
Table B17 DISCONTINUITY MAPPING DATA -~ 245m level
Location: 245m level drive west Elevation: 1025m above sea level
Scanline No.1 Scanline elevation: 1025.5m Bearing {degree}: 115
Scanline length: 150m Rock tvpe: Argillaceous Qaurtzite.
Dip Dip Joint Joint Gouge Roughness Bedding
direction set seperation dip dir/
{degrees) { mm) dip

{ degrees)
310 585 4 3 clav R 24 /50
317 70 4 <2 clay S-R 20/50
258 55 2 3 clay S-R 22/50
262 60 2 2 dolomite AR 0/66
300 70 3 <1 clavy R 30/60
235 60 2 2 dolomite R 20/52
192 50 RJ 4 dol+clay A 55/50
192 52 AJ <1 - S-R 15/65
280 55 3 <1 dol+clav S-R 25750
234 60 2 1 clay 8 20/50
246 60 2 <1 dolomite S-R 18/57
254 65 2 <1 dolomite &S-R 40/50
160 60 RJ 2 clay s 20/50
252 65 2 2 clay S-R 24/50
234 55 2 3 dolomite R 22/66
300 60 3 <? clav - 19/60
293 54 3 3 clav+del S-R 19/685
131 55 1 2 dolomite AR 18/60
290 50 3 <1 clav s 11785



290 52 3 2 - I 23/55
260 60 2 2 clay I

180 60 R. 3 dolomite S

113 70 ] <1 dolomite X

263 50 2 <% dolomite R

190 45 RJ 3 dol+clav R

190 54 RJ 1 dolomite S-R

282 70 3 <1 clay s

252 60 2 1 clavy S

190 50 RJ 1 dolomite S-R

217 5% RJ 2 dolomite S-R

293 70 3 <1 dolomite G&-R

310 55 4 2 dolomite G-R

294 65 3 <1 clav R

285 65 3 1 clay S

325 70 4 2 clayv R

247 75 2 1 clav S

95 60 1 <1 clay B

100 60 1 <1 clav R
294 70 3 2 clayv S-R

283 70 3 <1 dolomite S-R

317 70 4 <1 dolomite 5-R

329 70 4 <1 clay 5]

235 60 2 2 dolomite S-R

234 60 2 1-2 clay S-R
240 60 2 <1 clavy R

248 70 2 <1 - clay R

160 50 1 2 dolomite R

95 65 1 1--2 clay S
290 65 3 <1 clavy R

234 65 2 <1 clay S-R

180 57 RJ <1 clay S-R

101 518] 1 <} clav S5-R

S5 = Smooth R = Rough AJ = Random Joint dol = dolomite
I = Irregulsr dir = direction

Table B18 DISCONTINUITY MAPPING DATA - 300m level

Location: 300m level drive east Elevation: 974m above sea level
Scanline: No.2 Scanline elevation: 995.5m Bearing: 115
Scanline length: 37m Rock tvpe: Argillaceous Quartzite
Dip Dip Joint Joint Gouge Roughness Bedding
direction set seperation Dip dir/
{ degrees) { mm) dip

{deprees)

125 50 1 1-2 clav A 215750
110 90 3 1-2 clay R 215/56
105 90 3 <1 - - 223/585
287 S50 2 2-3 clay S~-RA 223/48
118 60 ] <1 dol+clay S-R 223/65
118 74 1 1-2 clay R 217/50%*

' Ea X}



Table B18
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Table B19

* shear plane

DISCONTINUITY MAPPING DATA - 480m level

Location:
Scanline No.:
Length of scanline:

480m level drive east

Elevation:
Scanline elevation:788.5m
Rock tvpe:

Bearing:
Aeolian Hurtzite

115

Dip

direction

{degrees)

Joint
seperation

Roughness

Gouge

B2 WHEUDHAPLUDEN=2NN—-weWD -
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o = e+
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o =)

nouuomnononononnnnnd
o=

dolomite
None
None
dolomite
dolomite
None
None
None
dolomite
dolomite
None
Nane
None
dolomite
dolomite
dol+clayv
None



Table B19 continued.......

265 70 3 <1 S dol+clay
336 55 RJ <1 5-A dol+clay
310 70 1 <% S none
309 65 1 <1 S dolomite
135 80 RuJ <% S dolomite
290 80 3 <1 R dol+clay
279 80 3 <1 S dol+clavy
280 75 3 <1 S dol+clay
270 70 3 <% S dol+clay
300 65 2 12 S-R dolomite
265 20 3 <1 S none
270 70 3 <1 S—-R dolomite
290 60 2 <1 S dolomite
305 70 1 <1 5-R none
275 75 3 <% S none
D10 90 RJ <1 S-R dolomite
035 85 RJ <1 2] dolomite
290 80 2 <1 s dolomite
300 76 2 <1 S dolomite
320 80 1 <1 S dolomite
200 89 R <1 S-A dol+clay
250 50 4 <} S none
200 85 A <} 5-R dolomite
25% 50 4 <1 5-R dolomite
200 80 RJ <1 S-RA dolomite
290 70 2 <1 s dolomite
245 S0 4 <1 S none
290 90 2 ) 1-2 S—-R none
250 80 4 2 S-R dolomite
235 50 RJ <1 (] dolomite
250 90 4 <1 S dolomite
180 60 RJ <1 s dolomite
Table B20 DISCONTINUITY MAPPING DATA - 480m Level
Location: 480m tramming drive East Elevation: 789m
Scenline No.: 4 Scanline elevation: 788.5m Bearing: 115
Scanline length: 125m Rock tvpe: Argillaceous Ruartzite
Dip Dip Joint Joint Roughness Gouge Bedding/
direction set seperation dip dir/
{degrees) (degrees) { mm) dip

{ degrees)
280 70 2 1-2 R clav 225/65
300 65 2 1-2 R clay 240/585
300 S0 2 <1 S-R clay 240/96
180 30 RJ 1-2 5-R clay 230/60
290 80 2 2 R clay 260/50
290 85 2 1-2 R clay 242/40
95 85 1 <1 S-R clay 230/65
290 90 2 <1 S-R clay 245/65



180 30 RJ 2-3 S-R clay 235/54
295 80 2 <} 5-R clavy

310 70 2 1-2 5-R clay
290 70 2 1-2 S-R clay

100 60 1 <1 R clay

99 54 1 <1 R clay

308 55 2 <1 R clay

120 80 2] <1 R clay

121 85 1 <% R clay

95 50 1 1-2 R clay
250 90 RJ <1 R clay

122 75 3 1-2 R clay

100 80 1 2-3 S-R clay
RJ = Random joint S = smooth Joint plane R = rough joint plane
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