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7.1 DEVELOPMENT

7.1.1 Support and Reinforcement

The vast majority of underground excavation in mines is supported with one or more
support elements, where in general terms a support element is an individual component
such as a rockbolt, plate, mesh, cable etc. A support system includes one of more of
these elements and the main function of these systems is to keep the excavation open
and to prevent fall of ground accidents. There are usually one or more types of support
elements and support systems which will outperform others with regards to site specific
ground conditions, working environment etc. The objective of this section is to attempt
to outline the available support and reinforcing elements and the methods for
determining a suitable support system.

All geotechnical information for the orebody or mine should be incorporated into a
geotechnical model. This model should be included in a Ground Control Plan for
reference of data, assumptions, implementation of support designs and monitoring of
performance. Documentation of all aspects of this design procedure should be
maintained for audit purposes, including plans indicating locations of different ground
conditions and support systems.

The major references for ground support design are included in the reference section.
The ‘Support of Underground Excavations in Hard Rock’ and ‘Cablebolting in
Underground Mines’ are the two main sources of information, with reams of additional
information of rockbursts also available in the Canadian Rockburst Research Program.
The three programs frequently referred to in the ‘Support of Underground Excavations
in Hard Rock’ - DIPS, UNWEDGE and PHASE2 are also recommended.

7.2.1 Why?

Support is installed in mines to enable orebodies to be extracted efficiently and safely.
This involves obtaining permission to mine, physically keeping the access excavations
open and preventing fall of ground accidents.
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7.2.1.1 Legislative reasons

Applications to mine orebodies (Notice of Intent) submitted to the DME generally
include a section on the geotechnical aspects of mining. This should indicate how the
orebodies are planned to be extracted efficiently and safely. There is every likelihood
that the DME would reject applications which did not satisfy the safe mining objective.
To satisfy the fall of ground accident prevention aspect, the application should include a
geotechnical model, including indications of rock mass properties, the response of the
rock mass to mining and the support and reinforcement methods planned to reduce falls
of ground, collapses and subsidence.

7.2.2.1 Access

A primary reason for installing for support is to establish and maintain access to enable
extraction of economically mineable orebodies. If the support requirements are too
extensive and expensive the orebodies might become uneconomic to mine. If support is
insufficient and/or ineffective accidents could occur resulting in temporary or
permanent closure of the mine.

It is therefore in everybody’s interest to design, develop and install the most cost
effective system for the prevention of falls.

7.2.3.1 Safety and productivity

In this day and age, a stated industry objective has been to make underground workings
as safe as surface working environments. Supported rock is safer than unsupported rock
and the benefits of support, especially steel bolts and mesh, have been significant in
accident reduction. The cost of fall of ground accidents is considerable – figures quoted
for a fatal accident range up to the cost of one month’s production. Increased safety,
however, results in improved workforce morale and hence productivity.

Safety is a major factor in support design and increased requirements for the prevention
of, even minor, fall of ground occurrences can dominate support systems. Whilst
support can be designed according to methods described later, recent movements
towards ever safer mining practices have led to a more holistic approach being required.
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It is also important to bear in mind the cost of rehabilitation and remedial support.
Excavations not supported for the required life could require re-supporting, in effect the
excavation will have been supported twice. Correctly designed support installed to high
standards during the excavation stage should remove the future requirement for
remedial support. Correctly designed and installed support also reduces delays due to
additional inspection and scaling.

7.3.1 Support Types

Many different types of support are available and when the combinations are considered
there are hundreds of support systems possible. Support has been installed in mines
ever since mining commenced many thousands of years ago, consisting of timber poles,
stone/brick packing and pillars. The objective of support system design and installation
was, and still is, to establish and maintain safe economic access to the orebody.

The attached list includes many of the currently available elements for both
development and stoping excavations. This list is by no means exhaustive and there are
also many more variations to support elements on the list. Descriptions for a selection
of these elements are also included in 'Support of Underground Excavations in Hard
Rock', and more detailed descriptions on cable bolts in the 'Cablebolting in
Underground Mines' book by Hutchinson and Diederichs.

Each of these support elements has specific properties and load displacement
characteristics which will provide one or more of the 3 primary support functions, i.e. to
reinforce the rockmass, to retain broken rock and to securely hold rock, loose rock or to
tie back the retaining elements. Typical properties are outlined in the table below.

Characteristics of Typical Support Elements

Support FunctionSupport
Characteristic Reinforcing Retaining Holding

stiff grouted rebar shotcrete grouted rebar
soft - mesh long mech. bolt

strong cable bolt reinforced shotcrete cable bolt
weak thin rebar #9 gauge mesh split set
brittle grouted rebar plain shotcrete grouted rebar

yielding cone bolt chain link mesh yielding Swellex

(after CRRP 1996)
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In addition, the load displacement performance of support elements should be
considered – especially in relation to rock mass deformation. High expected rock mass
deformations need to be matched to high displacement limits.

Load Displacement Parameters of Support Elements

Description Peak Load
(kN)

Displacement
Limit
(mm)

Energy
Absorption

(kJ)
19mm resin grouted rebar 120-170 10-30 1-4
16 mm cable bolt 160-240 20-40 2-6
16mm 2m mechanical bolt 70-120 20-50 2-4
16mm 4m debonded cable bolt 160-240 30-50 4-8
16mm grouted smooth bar 70-120 50-100 4-10
split set bolt 50-100 80-200 5-15
Yielding Swellex 80-90 100-150 8-12
Yielding Super Swellex 180-190 100-150 18-25
!6mm cone bolt 90-140 100-200 10-25
#6 gauge weld mesh 24-28 125-200 2-4/m2

#4 gauge weld mesh 34-42 150-225 3-6/m2

#9 gauge chain link mesh 32-38 350-450 3-10/m2

shotcrete and weld mesh 2xmesh mesh 3-5xmesh

(after CRRP 1996)
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7.4.1 Support Design

A few techniques are available for the determination of support requirements and
support system design, including a few rules of thumb, empirical analyses using rock
mass classification data and designs incorporating all available information.

The decisions to be made regarding the support system involve the type of support
elements, the length of support element, the spacing between elements, and, if required,
the thickness of shotcrete.

7.4.1.1 Rules of thumb

Some of the most basic methods of design, used for many years and still good for an
initial design estimates, are the rules of thumb indicating the length and spacing of
support element relative to excavation size. These rules were developed with
experience gained in mines prior to the implementation of engineering design methods.
The designs are suitable in the majority of conditions but should not be used for design
purposes in this day and age without confirming the suitability of the design with other
methods.

One rule of thumb is that the length of the support element should not be less than one
third to one half the width of the excavation and the spacing between the bolts should
not be less than half the bolt length. For example; a 6m x 6m drive would have 3m
bolts on a 1.5m spacing. This rule has been applied to development and service
excavations in South African mines for many years.

An additional provision to this rule is that the bolt spacing should be less than or equal
to 4 times the average size of potentially unstable blocks.

Another rule indicates; 1.5m (5 feet) bolts for excavations less than 2.4m (8 feet); 1.8m
bolts for excavations between 2.4m and 3m (8 to 10 feet); 2.4m bolts for excavations
between 3m and 4m (10 to 12 feet) and 3m bolts for excavations greater than 4m (12
feet), with all bolts spaced at 1.2m (4 feet). This rule is applicable in mines where all
development is undertaken using hand held airleg machines.
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7.4.2.1 Rock mass classification methods

The rock mass classification methods described in an earlier section can be utilised for
excavation support estimation. It should be noted that these empirical methods are very
generalised and the conditions at a particular site could be outside the applicability of
the methods. Some were also designed for Civil Engineering applications. These
methods use a limited number of rock/rock mass properties – whereas to fully describe a
rock mass would require details of at least than 40 parameters.

7.4.2.1.1 RSR

Wickham's Rock Structure Rating classification method contains a system for the
design of support for tunnels. This is not widely used, having been eclipsed by the
more detailed Q, RMR and MRMR systems.

7.4.2.1.2 Q

Rock mass classification using Barton's 'Q' system can be utilised to design the length
and spacing of bolts and thickness of shotcrete for underground excavations. The
additional factors which have to be taken into account include the size of excavation and
the planned function of the excavation. To relate the Rock Tunnelling Quality index, Q,
to support requirements requires the calculation of the equivalent dimension, De, and the
excavation support ratio (ESR). The value of the excavation support ratio is related to
the required lifespan and function of the excavation. Support length, support system
design and maximum unsupported spans can all be estimated using the ESR.

Excavation Category ESR

A Temporary mine openings 3-5

B Permanent mine openings, water tunnels for hydro
power excluding high pressure penstocks, pilot
tunnels, drifts and headings for large excavations

1.6

C Storage rooms, water treatment plants, minor road
and railway tunnels, surge chambers, access tunnels

1.3

D Power stations, major road and railway tunnels,
civil defence chambers, portal excavations

1.0

E Underground nuclear power stations, railway
stations, sports and public facilities, factories

0.8

After Barton (1974)
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and
(ESR)tioSupport RaExcavation

(m)or HeightDiameterSpan,Excavation
De

The length of support calculation follows - please note that this can drastically
underestimate support requirements relative to current safety attitudes and requirements
for the prevention of fall of ground accidents. The maximum unsupported span can
similarly overestimate the rock mass strength (where MUS = 2 x ESR x Q0.4).

L = 2 + 0.15B
ESR

Where L = length of support item and B = width of excavation

The Equivalent dimension can be used in combination with Q to estimate support
requirements, as per attached Figure 1. This graphical method enables the support
requirements to be estimated with regards to bolt length and spacing, shotcrete thickness
etc. It should be noted that category 4 could also include the option of alternative areal
coverage using mesh and/or straps - the updated design chart was specifically drawn up
for shotcrete. A recent, 1996, paper by Barton covering the NMT is referenced.

7.4.2.1.3 RMR

Bieniawski's RMR method or rock mass classification can be used to estimate support
requirements in relation to the calculated RMR value. The table below has been copied
from the reference document 'Support of Underground Excavations in Hard Rock'.

Note that the designs are for 10m span rock tunnels, with a possible tendency to under-
estimate support in the better ground categories.
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Guidelines for excavation and support of 10m span rock tunnels in accordance with the
RMR system

Rock mass
class

Excavation Rock bolts (20mm
diameter, fully grouted)

Shotcrete Steel sets

I - Very good
rock
RMR: 81-100

Full face, 3m advance Generally no support required, except spot bolting

II – Good rock
RMR: 61-80

Full face. 1-1.5m advance.
Complete Support 20m from face

Locally, bolts in crown
3m long, spaced 2.5m
with occasional wire mesh

50mm in crown
where required

None

III - Fair rock
RMR: 41-60

Top heading and bench. 1.5-3m
advance in top heading. Commence
support after each blast. Complete
support 10m from face.

Systematic bolts 4m long,
spaced 1.5-2m in crown
and walls with wire mesh
in crown

50-100mm in
crown and
30mm in sides

None

IV – Poor rock
RMR: 21-40

Top heading and bench. 1.0-1.5m
advance in top heading. Install
support concurrently with
excavation, 10m from face.

Systematic bolts 4-5m
long, spaced 1-1.5m in
crown and walls, with
wire mesh

100-150mm in
crown and
100mm in sides

Light to medium ribs
spaced 1.5m where
required

V – Very poor
rock
RMR: 20

Multiple drifts. 0.5-1.5m advance
in top heading. Install support
concurrently with excavation.
Shotcrete as soon as possible after
blasting.

Systematic bolts 5-6m
long, spaced 1-1.5m in
crown and walls with wire
mesh. Bolt invert.

150-200mm in
crown, 150mm
in sides and
50mm on face

Medium to heavy ribs
spaced 0.75m with
steel lagging and
forepoling if required.
Close invert.

(After Bieniawski, 1989)

7.4.2.1.4 MRMR

Laubscher's MRMR method can also be used to determine support requirements based
on support systems used in other mines with similar ground conditions. Copies of the
relevant tables and graphs from Laubscher's 1990 paper are attached. Tables IX and X
(Figures 2 and 3) describe relationships between Rock Mass Ratings, Mining Rock
Mass Ratings and various support techniques. Relationships between the design rock
mass strength (DRMS) and the maximum stress and mining environment stress are also
indicated in Figures 4 and 5, for various support techniques.
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7.4.3.1 Numerical methods

Numerical design of rock support required to prevent slippage along planes and falling
of wedges is described in Hoek and Brown, 'Underground Excavations in Rock'. There
are software packages available to calculate wedge sizes, support requirements and
factors of safety.

7.4.3.1.1 UNWEDGE

UNWEDGE is an example of a commercial program for support design. This software
can utilise input from the structural joint analysis program DIPS, or joints can be input
manually. The geometry of an excavation is entered into the program either manually,
or via a dxf file, and various support options can be assessed. The program accepts
various bolt types, e.g. frictional, end anchored, with or without plates and with or
without shotcrete. The type of bolt and the load bearing capacities, spacing, length and
installation angle of the bolts can then be altered to investigate the sensitivity of factor
of safety to different systems. The best way to learn the use of UNWEDGE is to assess
various alternative support scenarios, commencing with the basic standard support for a
particular mine.

7.4.3.1.2 FLAC, PHASE2 etc

Geotechnical simulation packages such as FLAC and PHASE2 can be used to assess the
applicability and response of support to changing stress environments. These analyses
will generally require a relatively long time to conduct and the accuracy of the results
will be controlled by the rock mass properties. Rock mass properties at the periphery of
excavations are not easily determined and hence the response of the rock mass alone to
stress changes is difficult, even without consideration of support.

The programs can indicate the relative difference in deformation expected for
unsupported and/or unreinforced excavations as opposed to reinforced and/or supported
excavations.

More realistic results would be obtainable using 3-Dimensional programmes such as
FLAC-3D and 3-D finite element programs, but the time required to set up and run
simulations only make this worthwhile for very high capital intensive programmes such
as underground power stations, public stadiums, nuclear repositories etc.
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7.4.4.1 Holistic, site specific

Sole use of one of the previously discussed methods could easily produce a support
system which does not take into account all major factors. Ideally the support system
should be designed taking account all of the following factors;

Rock Mass Properties
Excavation Size and Shape
Planned Life and Function of Excavation
Excavation Orientation
Previous Support Performance
Legislated Guidelines
Corporate Requirements
Contractual Limitations
Stress
Rock Mass Deformation
Seismicity
Groundwater (flow rates, pressures and corrosiveness)
Excavation Method
Availability and Cost
Air Quality

These issues are briefly discussed below.

7.4.4.1.1 Rock mass properties

Rock mass properties should always be taken into account when designing support
systems for underground excavations. As detailed previously the Q, RMR and MRMR
systems of rock mass classification are all useful empirical methods of grouping the
rock mass into categories with similar strength properties. Additional properties
required for specific sites could include Fracture Toughness and other tests for the
determination of strain burst proneness, slake durability to determine susceptibility to
weathering and mineralogical evaluation to determine the presence of swelling minerals
etc etc. The requirement for some of these tests only becomes apparent following drill
core deterioration and problems during excavation. Local knowledge of rock behaviour
is very important.
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7.4.4.1.2 Excavation size and shape

Large excavations expose more structural weaknesses and, in high stress environments,
the depth of fracturing may extend further into the rock mass. This may require longer
bolts for stabilisation.

Narrow excavations may also limit the choice of support elements due to equipment and
space limitations. Narrow excavations could also enable other elements to become
useable, such as hand installed units, props etc. The shape of excavations in relation to
foliation could require support elements in the back to be installed at an angle other than
perpendicular to the wall. Bolts installed along foliation are not as effective as across
foliation and designs should always bear this in mind.

7.4.4.1.3 Planned life and function of excavation

The required or expected life and function of an excavation, together with the
environmental conditions and future access, must be considered when determining the
most suitable support elements. Re-support and rehabilitation of excavations is
expensive - the correct support installed to high standards the first time around will be
more cost effective.

An excavation with a limited life span might be supportable with split sets as the main
support item. The workable life of this type of unit could range from only a few months
to a few years and is dependant upon individual site conditions. Excavations with
required lifespans of twenty or more years should be supported with fully grouted,
galvanised or stainless steel systems, dependant on the environment.

Areas which are required to last many years, and to which access will be lost, may
require upgraded and corrosion proof systems. Shotcrete and concrete are long life
systems suitable for drives and service excavations. Long life requirements should be
specified in the material specifications - some additives can reduce the life of concrete
and shotcrete. In some situations the use of concrete and shotcrete is impractical, e.g.
raisebored ventilation shafts and timber lined hoisting shafts. A more suitable system
could incorporate heavy galvanised fully grouted bars and plates (varying grades of
galvanising are available - the more you pay the more you get), stainless steel expanded
mesh, with additional corrosion protecting paint. Thicker steel, than that required for
support purposes, for bars and mesh is one method of extending life. These types of
support systems may seem like over-support on a grand scale but a collapse in an
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inaccessible ventilation shaft or ventilation drive could cost millions of dollars to
rectify.

The use of an excavation for LHDs and/or trucks could also influence the support
design. Elements which lose all functionality when a truck collides with the wall and
removes plates or connections may require alternative support elements which function
without plates or could require an additional protective coating of shotcrete.
Drawpoints have similar requirements – support must be LHD and blast proof.

7.4.4.1.4 Excavation orientation

Excavations can be stable in one orientation yet unstable in another. The support
requirements for alternative orientations could therefore vary considerably. The
presence of major structures within the rock, the virgin and mining induced stress fields
are major factors determining stability and support requirements relative to orientation.
Also important is local knowledge regarding the stability of excavations in similar
conditions.

In many situations, development (and other excavations, including stopes) across
foliation and parallel to the major principal stress is the most stable orientation,
requiring basic support. Excavations developed parallel to the foliation and
perpendicular to the major principal stress could require additional bolts along the
sidewalls to prevent slabbing failure, additional bolts and mesh across the backs and
corners to prevent small wedges, and overall mesh coverage to prevent falls occurring if
the area becomes de-stressed due to mining (normal stress across foliation reduced or
even removed).

7.4.4.1.5 Previous support performance

Knowledge of the performance of a variety of support elements at the mine will assist in
determining the support system. This relates to the ability to retain and hold smaller
blocks, bolt failure mechanisms, optimum installation orientation, corrosion
susceptibility and ease of installation.
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7.4.4.1.6 Legislated guidelines

Legal guidelines for minimum support standards are already in place and could become
more detailed in the coming year with the MOSHAB Code of Practice. This should not
have the effect of removing engineering input into design. One of the main objectives
of the Code of Practice is to ensure sufficient geotechnical or other satisfactory
engineering input into support system design. Where there is no engineering input the
guidelines could require the blanket installation of mesh (for example). With sufficient
geotechnical input the DME could accept minimal support, if this is proven to be
enough to prevent falls of ground.

7.4.4.1.7 Corporate requirements

Corporate standards may require far more support than is actually determined from
geotechnical evaluation. A requirement for bolt and mesh in all development areas is a
corporate requirement at some WMC mines for example. There are areas where this is
oversupport by an order of magnitude. The time and hours required to alter corporate
requirements should be weighed up against possible cost savings, perceived risk of fall
of ground accidents (however minor), and reluctance of mine management to accept
additional risks (re: public opinion, share price etc).

7.4.4.1.8 Contractual limitations

Existing contractual agreements exist on mines and whilst these should not affect
support design they can in practice have an impact. A contract could, for example, only
include contractual agreements for split sets and resin grouted rebars, whereas a design
analysis indicates HGBs are more suitable. Contractual re-negotiation is always
possible even though it could take up (sometimes reluctant) management time.

7.4.4.1.9 Stress

The design of support systems should take into account the virgin stress regime, mainly
to determine the expected magnitude of rock mass deformation and susceptibility to
seismicity. Maximum Principal Stress levels approaching UCS/2 should indicate that
rock mass deformations could be a critical aspect when designing support. Virgin stress
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fields can be very variable due to the influence of geological structures and history.
This should always be noted when interpreting stress fields into new areas.

Stress magnitudes and directions can change considerably with the commencement of
stoping operations. Mining induced stress changes can be estimated using numerical
modelling methods. This is particularly necessary close to large stoping excavations in
high stress areas. Relating these stress changes to rock mass deformations and
movement should indicate the most suitable reinforcing and/or support systems.
Calibration of numerical modelling results to underground rock mass deformation
monitoring enables more accurate prediction of deformation.

The total expected stress regime during the planned life of a stope access excavation
could typically include periods of increasing stress, changes in stress direction, peak
stresses and finally stress relaxation. This series of changes could, in turn, cause
clamping of wedges, slabbing around pillars, increased fracturing in one or more
corners and finally increased falls of ground following the relaxation of stresses. If this
is known in advance, the support system would not rely on point anchored elements and
would include full column frictional or grouted elements plus mesh.

7.4.4.1.10 Rock mass deformation

Matching rock mass deformation to support system capabilities is critical to the
effectiveness and life of support and reinforcing elements. In low stress areas this is
generally not applicable except where the stress regime becomes tensile and the rock
mass opens up on foliation or other major planes. As stress levels increase with depth,
or with the extent of mining, rock mass deformations can increase significantly. The
possible presence of rocks which exhibit creep or rapid deformation rates should also be
investigated. This type of rock behaviour would require yielding support to prevent
premature failure.

All support elements have a limited ability to cope with rock mass deformations,
ranging from tens of mm for fully grouted elements to a few metres for debonded,
yielding cables.

Prediction of rock mass deformations using numerical methods is possible but can
greatly under-estimate deformations. If models have been calibrated with actual
deformations the predictions will be more reliable.
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Monitoring the response of the rock mass to excavation (including both the
development and stoping phases) is the practical method required to quantify
movement, although, obviously, this cannot be undertaken prior to mining. In currently
operating mines monitoring methods such as closure pegs between the walls and backs
of excavations, tell tale units installed with support elements, extensometers installed
into the rock mass, and general survey techniques can all be used. The results from all
these types of monitoring can be used for numerical model calibration.

Generally, the greater the expected rock mass movement the more critical this
component becomes in the choice of support due to the limited number of yielding
elements available.

Fully grouted elements such as mild steel rebar will cope with 30mm of movement per
crack or moving feature. Split sets and other frictional elements will yield for a few
hundred mm, at loads varying from 30 to 45 kN per meter of installed bar. The yield
capability of mechanical rockbolts and de-bonded rebar depends on the steel properties
and could range from 3 to 20% of the installed length (assuming the shell outperforms
the bar).

An example of the application of such information is to determine at what distance from
the face are hollow groutable bolts (HGBs) grouted. An example graph of measured
back deformation relative to the distance from the face is attached. From this graph the
initial deformation rate is steep, with 40mm of movement occurring within 6m of
measurements starting (pegs installed at face, first measurement 2m from face). This
deformation rate could cause premature failure of fully grouted elements within 10m of
the face. Working back from an estimated maximum back deformation of 80mm it can
be seen that HGBs should not be grouted closer than 8m from the face.
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7.4.4.1.11 Seismicity

If an excavation is expected to be exposed to seismic activity, additional importance
should be given to the ability of the support system to cope with rapid deformation.
Sidewall deformation can exceed tens of cm, at velocities greater than 3m/s, due to
seismic events. This can be analysed using the seismic section of the support resistance
methodology, as discussed in the section 7.5, Support Effectiveness.

Bolts in seismic prone areas require rapid yield capabilities in excess of 30cm and the
surface retaining elements, such as mesh or fibrecrete also need to cope with similar
deformation (bulking). The complete support system should be strong, capable of
yielding and containing ejected material and also capable of containing the bulked rock
mass.

Cone bolts, yielding cable bolts, long de-bonded tendons (cable, smooth bar or rebar),
diamond mesh and lacing are all suitable for rockburst protection of excavations. The
minimum combination would be cone bolts plus mesh. Mesh and steel fibre reinforced
shotcrete are also suitable but non-reinforced shotcrete is unsuitable.
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7.4.4.1.12 Groundwater (flow rates, pressures and corrosiveness)

The presence of groundwater, especially in areas of high flow rates, and high
corrosiveness due to low pH and/or high Cl, tend to force the design of support systems
away from a reliance on thin walled steel support items. Opportunities do exist to
extend the life of thin walled units, such as the use of galvanised or stainless steel,
cement grouting (with Split Sets for example), and corrosion resistant coatings (Swellex
for example). The workable underground life of such thin walled elements in corrosive
environments is difficult to predict in laboratory conditions. Representative historical
test and performance data should be built up prior to total reliance on such systems. A
typical life of a thin walled unit in high salinity, and low pH conditions could be 12
months.

The quality of groundwater can also affect the strength of cementitious grouts. Test
programmes should be instituted to determine representative strengths of grout using
local water and cement supplies. If the tests indicate unsatisfactory strengths,
alternative water supplies or grouts should be assessed.

Fully grouted steel elements are generally considered to be more resistant to corrosion.
Corrosive groundwater will attack steel units where rock movements have cracked
grout, exposing steel - this could lead to premature failure due to general corrosion in
mild steel units or embrittlement in high tensile steel units.

Cable bolts are also susceptible to this type of corrosion but in addition can be corroded
from the inside out. Grouting of cable bolt units does not generally effect filling of the
internal, inter-wire voids, especially with the use of thicker grout mixes and grout-first
installation methods. Water exiting from the exposed end of the cable, or evidence of
previous water flow, is an indication that there is a possibility of internal corrosion.

Underground observations of previously installed support are in many cases unable to
determine the extent of corrosion. If in doubt, the elements should be pull tested (which
only really assesses whether there is intact steel between the collar and a 50cm length of
grout) and/or replaced.
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7.4.4.1.13 Excavation method

Poor blasting techniques can cause extensive damage to the rock mass, leading to
increased support requirements. The ultimate objective of good blasting should be to
maintain the rock mass surrounding the excavation in an undisturbed condition,
facilitating the self supporting properties of the rock mass. At the other extreme the use
of Tunnel Boring Machines, raiseborers and roadheaders limit damage to excavations
but also have a tendency to hide possibly critical discontinuities.

Good blasting techniques, including reduced peripheral and penultimate hole charge
densities, well designed drilling patterns, explosive charges and hole timing can reduce
support requirements. Such techniques reduce the incidence of small blocks, increasing
the effectiveness of standard support patterns and reducing the need for systematic mesh
installation (for example). Management procedures for the monitoring and control of
overbreak are important to mine personnel involved in support design – overbreak could
be an indicator of poor blasting practice leading to additional support, or could even
indicate less competent ground conditions.

With many excavations requiring mesh to the face (for one reason or another), the
impact of blast damage on support elements is becoming more critical. If mesh or
hollow groutable bolts, for example, are being regularly damaged by blasting either the
blasting should be investigated or the support should be upgraded to cope, or a
combination of both. Upgrading mesh could resolve the blast damage problem but
cause installation difficulties, as could changing from HGBs to rebars - engineers and
management investigating changes to support items and support systems should
consider all aspects.

7.4.4.1.14 Availability and cost

In some regions certain support items will not be available or will be available at
excessively high costs. In these cases alternative support items should be utilised if
suitable. An example of this is the use of pumped cement or cement capsules to replace
resin capsules in hot, remote areas.

Equipment availability should also be considered – mining companies and contractors
do not always have finances for specialised equipment. Absence of a Rockbolting
jumbo could rule out resin capsules as a first line support. Specialised shotcreting or
cable bolt grouting and tensioning equipment are also items of equipment not held as
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stock by most mining companies. Contractors are, however, usually available in
Australia to supply and operate all types of equipment, albeit at sometimes elevated
cost. Sometimes increased support costs can mean increased output, safety and reduced
dilution –all aspects should be considered before writing off certain support systems.

7.4.4.1.15 Air quality

The installation of thin walled support elements in return/exhaust airway environments
will generally lead to a reduced workable life due to increased humidity. Fully grouted
elements would be more suitable for longer life in harsher return air environments.
Differing grades of stainless steel and galvanised bolts are available, or could be made
up, for long term installations, e.g. in return airways in blocky ground. Other options
could include greasing or other protection of exposed surfaces and shotcrete or polymer
membranes.

7.5.1 Support Effectiveness

Design of support systems is not the end of the story. Engineers designing the support,
operators installing the support and managers controlling underground mines are all
legally and morally bound to ensure such designs and recommendations are followed
through effectively.

7.5.1.1 Installation procedures

The crews installing support, whether they are contractors or mining company
employees, should have written procedures for the installation of all support elements.
These procedures should have been developed by the contractor, mining company or
support supplier and should have been checked by all parties. The procedures should
also be checked by safety, occupational health or loss control departments.

Regular audits to determine whether written procedures are being adhered to are also
recommended, especially following changes in contractors, management, other staff or
ground conditions. Variances to agreed procedures and required changes should be
communicated as soon as possible - delays could indicate your acceptance of lower or
changed procedures. Difficulties in following set procedures could also require re-
design of support systems to ensure areas are supported effectively and efficiently.
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7.5.2.1 Testing programmes

Regular test programmes are required to determine the effectiveness of material
specifications and installation procedures. This should include regular pull testing
programmes (support suppliers should be willing to assist and co-operate in this regard),
regular testing of grout cubes, shotcrete panels and cubes, and material testing of steel
elements at suitably certificated laboratories.

If support materials or installation standards are consistently lower than those specified,
changes could be required to support suppliers, elements or systems. Lower shotcrete
strengths could require increased thickness to compensate.

7.5.3.1 Support resistance

The support resistance of a support system can be used to compare the relative strength
of systems. The support resistance capacities of support systems required to retain
specific blocks and thicknesses of rock can also be calculated from individual bolt
strengths. Required installation patterns can be determined from this information.

The attached figure on the function of local support indicates the basics of the support
resistance calculation. Both the rock load to be supported and the support capacity are
rationalised in terms of force per unit area, kN/m2 .

Example:

A mine has historical data on fall of ground incidents accidents that indicate that 98% of
falls are caused by slabs/beams of rock with a thickness of 0.75m or less. Assuming the
density of rock is 3.0 the support will have to carry a load exceeding the deadweight of
such beams;

= gh = 3.0 x 1000 x 9.81 x 0.75 = 22 kN/m2

where = density of rock (kg/m3)

g = acceleration due to gravity
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and h = thickness of beam

assuming a corporate factor of safety = 2

load to be supported by system = 2 x 22 = 44 kN/m2

(i.e. required support resistance)

Assuming the beam is relatively continuous between support elements and that 10 tonne
(100kN) point anchored bolts are the support element of choice;

capacity of bolt = 100 kN

required bolts per m2 = 22 x 2 = 0.44 bolts/m2

100

the area per bolt = 1/0.44 = 2.27m2/bolt

and required bolting pattern = 2.27 = 1.5m x 1.5m

This calculation could have been calculated in reverse order. For example an area is
currently bolted with 190 kN fully grouted rebars on a 2m pattern – is the support
system sufficient?

support resistance of current system = 190 = 47.5 kN/m2

2 x 2

This is in excess of the required 44kN/m2 so the system is also sufficient.

Support resistance requirements can also be increased to take into account of additional
seismic related forces. The formula for calculating the required support resistance
becomes;

support resistance =

where v = velocity of rock
and d = distance rock can travel (= yield capacity of support)
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Example:

The same mine as in the previous example, with a seismic velocity of 3m/s and rock
movements of 0.05m, 0.1m and 0.3m (fully grouted bar, mechanical rockbolt and cone
bolt, with load capacities of 170, 120 and 140kN respectively).

The required support resistance =

=

= 224kN/m2 for d = 0.05
= 123kN/m2 for d = 0.1

and = 56kN/m2 for d = 0.3

Applying a factor of safety of 2;
the required support resistances = 448kN/m2 for d = 0.05

= 246kN/m2 for d = 0.1
and = 112kN/m2 for d = 0.3

Assuming mesh is installed for all systems, with a support resistance of 25kN/m2, the
support resistances required from the bolts are;

= 423kN/m2 for d = 0.05
= 221kN/m2 for d = 0.1

and = 87kN/m2 for d = 0.3

The bolt spacing therefore;

= = 0.63m x 0.63m for the grouted rebar

= = 0.73m x 0.73m for the mechanical bolt

= = 1.26m x 1.26m for the cone bolt

423
170
423
170

221
120

87
140
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This simplified example illustrates the advantage of yielding support systems – they are
capable of far greater work loads than non-yielding bolts and systems. Good references
for this type of analysis are the South African ‘An Industry Guide to Methods of
Ameliorating the Hazards of Rockfalls and Rockbursts’, 1988, and the ‘Canadian
Rockburst Research Program’ Summary document, 1990-1995. Cone bolts and
Yielding Super Swellex are examples of strong, yielding elements which are suitable for
rockburst conditions.

Various examples for support resistance/pressure are attached at the end of this section,
including typical calculated values for common rockbolts, steel sets, mesh, shotcrete
and concrete.

7.5.4.1 Factor of safety and risk assessments

Factor of safety calculations, probability of failure and acceptable risk categories are all
additional methods of determining whether the support system will be suitable and
acceptable.

Factors of safety and probability of failure are discussed in Chapter 2 of ‘Support of
Underground Excavations in Hard Rock’. A factor of safety is equal to the strength of a
system divided by the load of the system;

For example, Factor of safety = Strength of bolt
Load required to just prevent wedge from falling

and Factor of safety = Strength of Pillar
Stress on Pillar

The probability of failure is based on the distribution of strengths and loads e.g. pull test
results and historical data on the height/weight of all observed falls of ground. These
two distributions are then used to build a distribution for the factor of safety (reference
page 17 of ‘Support of Underground Excavations in Hard Rock’). From this type of
distribution the percentage of samples with a factor of safety of less than 1 can be
calculated, hence the probability of failure.

Risk assessment is a subject on its own, involving the building of matrices relating the
probability of an event occurring to the effect and cost if the event occurs.



Australian Centre for Geomechanics Excavation Engineering for Underground Mines
Mike Turner Excavation Support Analysis

Sections 7 and 8, Page 28

8.1 STOPING

In addition to the support and reinforcement elements, previously mentioned for use in
development, there are support systems suitable for use only in certain stoping
operations. These systems include pillars and backfill. Cable bolts and hydraulic props
are also discussed in greater detail.

Stoping excavations are large compared to most development excavations but design of
support systems follows the same format, rules and procedures.

8.1.1 Why

In addition to the requirement to enable safe access to orebodies, there is also a
requirement to limit dilution and allow flexibility with regards to mining method.

Stoping excavations are generally larger, in at least one dimension, than development
excavations. Short support elements and retaining methods such as mesh and shotcrete,
are only applicable in relatively small sections of stopes. The importance of longer
elements, such as long cable bolt reinforcing, regional support in the form of pillars and
backfill, increases with the size of stopes and total area/volume mined.

The design stage of stoping, including the location of access development, the choice of
mining method and mining equipment and optimisation of the extraction sequence all
become increasingly important due to the difficulty in supporting these large
excavations. The option of using remote access equipment has increased the safety
aspect of some mining methods, but the support and reinforcement design must still be
weighed against the cost of equipment damage, the cost of dilution and the cost of lost
production due to collapse.

8.2.1 Support Types

In addition to the standard support and reinforcement items used in development,
stoping operations also utilise pillars and backfill. These, together with additional
comments on hydraulic props and cables are discussed below.
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8.2.1.1 Tendon, steel, timber and concrete support

The list of support included in the previous chapter includes all support and
reinforcement items which could be used in stoping operations.

8.2.2.1 Pillars

Pillars can be considered as a passive support system, designed to control or limit
movement in the hangingwall, footwall or orebody (crown or sill pillars) of stoping
areas.

Pillars can function to stabilise hangingwalls, footwalls, crowns, weak structures such as
faults, and to protect underground infrastructure such as shafts, development traversing
orebodies, and surface infrastructure. Regional pillars can also function to separate the
effects of one mining region on another. The pillar design formulae described below
are applicable for all pillars, but this section is aimed at internal stope stability pillars for
hangingwall and footwall stabilisation. One of the functions of pillars in stoping
environments is to reduce the hydraulic radii of hangingwalls and crowns. Reference
should be made to the attached section of ‘Cablebolting in Underground Mines’ to the
application of the hydraulic radius method.

A few standard empirical formulae are used to estimate pillar strengths. The pillar
strength is then related to the expected pillar stresses and factor of safety determined.
The majority of pillar design work has been conducted for coal mines, where room and
pillar mining is used on a large scale. These formulae consider the internal pillar
strength, not the possibility of punching into the footwall or hangingwall. When the
orebody is stronger than the footwall or hangingwall, and small, high stress pillars are
planned, the possibility of pillar punching should be considered.

An example of a rule of thumb for pillar stability is a critical stress level of 2.5 times the
UCS for regional pillars in deep South African gold mines, with a level of 3.5 capable
of causing foundation failure. Another rule of thumb is that pillar with width to height
ratios of less than 2 will yield, of over 5 will be stable and from 2 to 5 require strength
calculations.

Pillar stress levels can be calculated from tributary area calculations for large areas, or
from numerical simulations using 2-Dimensional, e.g. FLAC, UDEC, EXAMINE,
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PHASE2, or, preferably, 3-Dimensional software e.g. MAP3D, EXAMINE3D, FLAC3D,
3DEC, BESOL, MINSOL. Note that this list of programs only includes examples, and
does not include all available software. The methods of determining applicable stress
levels from the results of numerical analyses depends on the program, element size (if
applicable) and whether 'softer' material properties have been used on the pillar
peripheries. Elastic models for example will generally predict higher stress levels on
the pillar edge than experienced in real life due to the code not taking into consideration
varying levels of confining stresses.

Examples of pillar formulae are as follows. This is not a complete list of available
formulae but is the author's preferred list. For width to height ratios of over 5 the squat
pillar formula should be used and where the width to height ratio exceeds 10 the pillars
can be assumed indestructible. These assumptions and formula are generalisations and
all aspects of local conditions should also be considered when designing pillars. Stiff
pillars incorrectly designed can fail catastrophically.

Salamon

Salamon and Munro’s study of coal mining pillar behaviour in the 1960s concluded
with an empirical formula for pillar strength.

Where Q = Pillar Strength (MPa)
W = Pillar width (m)

and H = Pillar Height (m)

This formula was derived for the square pillars typically used in coal mines. The
recommended design factor of safety is 1.6 for standard conditions, but can range from
1.5 for better than average conditions to 1.7 for unfavourable conditions, e.g. internal
joint sets. These factors of safety were derived from statistical analyses of pillar
performance covering a large number of world-wide coal pillars. Comments from the
study regarding superimposition of pillars concluded that superimposition was not
necessary where the inter-orebody spacing was greater than twice the bord (room) width
and/or if the inter-orebody spacing was greater than 0.75 times the centre to centre pillar
spacing. These generalised guidelines can be inapplicable for very high and/or
deviatoric stress fields.
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This formula and the recommended factors of safety are probably as good a starting
point as any for the design of pillars.

Hedley and Grant

Hedley and Grant determined their pillar strength formula from studies of pillar
behaviour at the Elliot Lake uranium mines in Canada. These pillars were essentially
rib pillars and the formula is detailed below.

Note that the factor 133 is site specific and dependent on rock mass strength, with the
mean orebody strength (UCS) from the Elliot Lake study 75MPa.

The factors of safety calculated during an Elliot Lake study were;

1.1 for unstable rib pillars (trackless mining)
1.3 for stable rib pillars (airleg mining)
1.7 for stable crown pillars

and 2.1 for stable sill pillars

Stacey and Page

Stacey and Page refer to the Salamon and Hedley pillar formulae and also a squat pillar
formula for pillars with width to height ratios of 4.5 or greater. At these ratios the pillar
cores tend to be less affected by stress increases and as the width to height ratio
increases above 10 the pillars become basically indestructible.

A simplified version of the squat pillar formula is as follows;

Where Ps = Pillar strength

R = Weff
H
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V = W2
eff.H

k = Design Rock Mass Strength (MPa)

and Weff = 4 x pillar area
Pillar perimeter

This simplified formula is applicable for W:H ratios greater than 5.

Considerable work has been undertaken throughout the world on pillar design, including
a study by Potvin, Hudyma and Millar (1988). A stope pillar stability graph from the
referenced study is attached (Figure 6). More recent formulae are being introduced
following continued research, including a study by Lunder, Pakalnis and Vongpaisal,
and these require various stress indications from simulation.

8.2.3.1 Backfill

Backfill can also be considered as a passive support system, used to provide a more
regional resistance to movement in the hangingwall, footwall and orebody rock masses
of stoping areas.

The regeneration of stress levels in backfill is generally below those required to take
meaningful loads away from adjacent blocks of intact rock on a local scale, e.g. pillars
in an open stope layout. The load due to the height of fill is also minimal compared to
in-situ and mining induced stress levels, e.g. 0.8 MPa maximum for a 40m high stope.

Backfill can prevent, or limit, large scale caving type failures and, with cement, can be
used to control inelastic rock movement adjacent to stopes. This is important in open
stoping environments where backfill will act to limit the open spans in the hangingwall
and/or crown.

8.2.4.1 Hydraulic props

Hydraulic props are only used in narrow, generally shallow dipping deposits where
large or rapid closure rates are or can be experienced. South African gold and platinum
mines and longwall coal mines are examples.
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In coal mines, the rock is weak enough to mine with mechanised cutting and shearing
equipment, with straight faces. This facilitates automated, remote movement of props
as the face advances. In hard rock mines the face of narrow deposits is advanced using
drill and blast mining and the subsequent irregular face shapes and hangingwall and
footwall surfaces lead to a requirement for manual movement of props. This is labour
intensive and would only be applicable, in Australia, where highly stressed, high grade
remnants were being mined. Using props during mining of old pillars is an example.

Hydraulic props used in South Africa are typically of 400kN and 200kN capacity, with
1600kN units for specialist applications. Headboards, footboards and/or load spreaders
are used to provide greater areal coverage between props. 400kN props would be
pumped to 200kN for example with 150mm minimum yield remaining, with slow or
rapid release, up to 3m/s.

In summary these units are high load bearing capacity, re-useable, blast and rockburst
proof, but expensive, with high labour requirements and only suitable for narrow
deposits.

8.2.5.1 Cable bolts

Cable bolts are flexible tendons composed of multi-wire strand, capable of being
installed as reinforcing elements relatively deep into the rock surrounding existing or
proposed excavations. This reinforcement is typically required in larger excavations,
such as stopes, where other, rigid, tendons are of insufficient length. Cable bolts are
discussed in ‘Support of Excavations in Hard Rock’ and in detail in ‘Cablebolting in
Underground Mines’.

Cablebolt reinforcing design can be undertaken using rules of thumb, analytical
methods (eg wedges analyses such as UNWEDGE), numerical analyses (eg PHASE2)
and empirical methods. The rules of thumb are as for development support design, with
the length of reinforcing elements half the stope span, and the spacing between elements
half the length. This is very simplified and spacing between the bolts is overestimated.

Analytical methods (including UNWEDGE) are similar to development support design.
Numerical methods such as PHASE2, FLAC, CSTRESS and CABLEBND are also similar
to development support design. Empirical methods, as add-ons to the Q system, are
also available, and are discussed in the support design section.
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Two major additional factors to consider during the design of cable bolt reinforcing are
the drilling and grouting equipment capabilities and the cost of reinforcing versus the
cost of probable dilution without reinforcing. These factors will probably place limits
on the practical length and density of cable bolt reinforcing.

8.3.1 Support Design

8.3.1.1 Rules of thumb

As explained in the development section some of the most basic methods of design,
used for many years and still good for an initial design estimate, are the rules of thumb
indicating the length and spacing of support element relative to excavation size.

An adjustment to the rule of thumb used for development is that the length of the
reinforcing element should not be less than half the width of the excavation and the
spacing between the bolts should not be less than half the bolt length. For example; a
10m x 10m stope should have 5m bolts on a 2.5m spacing. This is very basic, but can
form the basis of a design, for fine tuning with UNWEDGE and/or PHASE2 etc.

8.3.2.1 Rock mass classification methods

Barton's 'Q', Bieniawski's RMR and Laubscher's MRMR rock mass classification
systems can be expanded to design the length and spacing of bolts for stoping. This is,
however, probably over-extending the initial intended applicability of the methods and
should be used only as an initial guideline.

The Q system can be extended to cover the design of stope stability and cable
reinforcement design. The Mathews and Potvin stability methods are discussed in the
relevant section from 'Cablebolting in Underground Mines' by Hutchinson and
Diederichs, 1996, which is attached.

This empirical methodology is discussed briefly below. The first step is to access the
parameters for calculation of Q,
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where

and then to calculate Q’,

where

The JW and SRF factors are omitted, with the stress effects being used at a later stage.

The next stage is to determine N’,

where

and A = Rock Stress Factor

B = Joint Orientation Factor

C = Gravity Adjustment Factor

The method of calculating these factors is more fully described in Hutchinson and
Diederichs, 1996. The next step is to calculate the hydraulic radius of the stope surface
under investigation, ie the hangingwall or crown,

where,

The results of the N’ and HR calculations are plotted against each other to assess the
probable stability of the surface, as indicated on Figure 7. The calculations for Q’ and
N’ are typically undertaken for the worst case, best case and expected values. HR
calculations are determined for realistic stope dimensions (strike length, orebody width,
and stope height). This plot indicates the expected stability of the stope surface related
to worldwide case studies. The same values can then be plotted on empirical stope
cable bolt design graphs for single and twin cable bolt spacings and cable bolt lengths
(see attached section). Another example, from Hoek et al, 1995, is also attached, as
Figure 8, for cablebolt designs related to the ratio RQD/Jn:HR.
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8.3.3.1 Numerical methods

The methods described in the development section are also applicable to stoping,
particularly UNWEDGE and PHASE2. Stoping excavations are generally large,
however, and the programs should be capable of modelling longer rock reinforcing
elements such as cable bolts. The programs CSTRESS and CABLEBND can also be
used for more detailed performance analyses (reference Cablebolt reinforcement section
of 'Support of Underground Excavations in Hard Rock').

Rules of thumb and initial guidelines from Rock Mass Classification methods can be a
good starting point for assessing alternative support and reinforcement designs.

8.3.4.1 Holistic, site specific

As discussed in the development support section, sole use of one of the previously
discussed methods could produce a support and/or reinforcing system which does not
take into account all major factors. Ideally the support system should be designed
taking account all of the following factors;

Rock Mass Properties
Excavation Size and Shape
Planned Life and Function of Excavation
Excavation Orientation
Previous Support Performance
Legislated Guidelines
Corporate Requirements
Contractual Limitations
Stress
Rock Mass Deformation
Seismicity
Groundwater (flow rates, pressures and corrosiveness)
Excavation Method
Availability and Cost
Air Quality

These issues were discussed in the development section. In addition, the grade of the
orebody can determine the finances available for support and reinforcement, especially
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when dilution is considered. The cost of loading and transporting waste or low grade
dilution and then treating it can work out very expensive. Prevention of such dilution
using efficient support and reinforcement could easily pay for itself. The funds
available for such dilution control depend on many site specific factors, such as blasting
costs, loading costs, haulage costs, hoisting costs, treatment plant recoveries and the
extent to which waste material fed into the treatment plant has to be treated, including
possible tailings disposal.

One of the major differences between development and stoping is that many stoping
areas have a working life less than that of development. In many cases time dependant
rock failure is not critical after the ore has been mined, and if it is critical the stope can
be filled.

8.4.1 Support Effectiveness

Monitoring of stope support and reinforcing effectiveness can be conducted as per
development support plus there is the additional scope to measure the overbreak using
survey instrumentation.

8.4.1.1 Stope surveys

Surveying of stopes using remote, laser based equipment such as the Optech Cavity
Monitoring System (CMS) enables the effectiveness of stope reinforcing and support to
be assessed. Stope boundaries and profiles can be related to planned mining outlines,
geological boundaries, crown support and cable bolt reinforcing. As indicated in the
example in Figure 9, the effectiveness of cable bolt reinforcing could be assessed by this
method - there is an unreinforced central area of the crown which collapsed, there are
shallow dipping cables which did not perform and there are hangingwall cables which
performed satisfactorily. There is also an area in the footwall which collapsed but
which might not be reinforceable with available access.
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Figure 1
Q SYSTEM ROCKREINFORCEMENTDESIGN CHART

Example Mine
Calculated Valuesfor 935, and 910 Levels

1) Unsupported
2) Spot Bolting, sb
3) Systematic Bolting, B
4) Systematic bolting (and unreinforced shotcrete, 4-5cm), B (+S)
5) Fibre reinforced shotcrete and bolting, 5-9cm, Sfr +B
6) Fibre reinforced shotcrete and bolting, 9-12cm, Sfr + B

(after Grimstad et al., 1993)

REINFORCEMENT CATEGORIES

7) Fibre reinforced shotcrete and bolting, 12-15cm, Sfr +B
8) Fibre reinforced shotcrete >15cm, reinforced ribs of shotcrete and bolting, Sfr, RRS+B

Rockmassquality Q =
RQD Jr Jw
Jn Ja SRFx x
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9) Cast Concrete lining, CCA
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Figure 2

MRMR Design Table

After Laubscher, 1990
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Figure 3

MRMR Support Reference Table

After Laubscher, 1990
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Figure 4

DRMS Maximum Stress Support Graph

After Laubscher, 1990
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Figure 5

DRMS Mining Environment Stress Support Graph
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Figure 6

Pillar Stability Graph

After Potvin et al, 1988
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Figure 7
Example Stope Stability Graph

After Hutchinson and Diederichs, 1996
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Figure 8

Hangingwall Cablebolt Design Graph

After Hoek et al, 1995
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Figure 9

Results of interpretation into Optech Cavity Monitoring System (CMS) survey.

July 1997 Survey
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Rocscience International Fax Order Form
DIPS, UNWEDGE, PHASE2 etc
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Various extracted tables and diagrams for;

Support Function (Ref: Hoek, Kaiser and Bawden, 1997)
Types of Friction Stabilisers
Support Selection (Ref: Budavari, 1983)
Support Resistance Calculation (Ref: COMRO, 1988)
Support Resistance/Pressure Examples (Ref: Hoek, Kaiser and Bawden, 1997)
Support Pressure Examples (Ref: Hoek and Brown, 1980)
Support Characteristics Under Dynamic Loading (Ref: Hedley 1992)
Support Requirements for Rockburst Conditions (Ref: Hedley 1992)
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Extract from "Cablebolting in Underground Mines'
(Issued with permission of the authors)

Hutchinson DJ and Diederichs MS
BiTech Publishers Ltd,
173-11860 Hammersmith Way,
Richmond,
British Columbia,
Canada V7A 5G1
Fax (0011) (1) 604 277 8125
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