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ABSTRACT

Mine operators are currently in a situation where market forces are-acting
to reduce profit margins and at the same time, regulatory bodies are
insisting on jmproved mine ‘safety and stability. This:means that ground
support must be made more cost efficient while maximising opérator and
equipment safety.

A key aspect of ground suppon efficiency is the ‘in the ground’
performance. This paper discusses the factors that influence the. way rock
bolts and dable bolts perform. It highlights the need toknow how support
efficiency varies in different ground conditions.

Quality control issues relating 1o bolt and cable installation are also
discussed. ‘The need for properly designed in-situ tesing of bolts as a
quality control measure is emphasised. Vatious examples of in-situ tests
are presented to demonstrate how 16 use the resulis from iz-sifie testing in
the support selection process.

INTRODUCTION

Many mine sites commence Or carry out routine rock suppait
programs based on some form of support specification. This may
only comprise a nominal hole length and bolt spacing.
Consequently, the support is often installed with little if any
consideration of the many factors which influence the
performance .of rock holts or cable bolts. The end result is that
mine operators may not be achieving anywhere near optimum
support performance and therefore could be paying too much for
their ground support.

This paper will illustrate the factors which affect support
performance. Operatois need o be aware of these so thai they
can at least aim for both peak performance and consisrent
performance from their support. The practical objective must be
10 try to achieve the optimum performance from each installed
rock bolt or cable bolt so that the entire support system is cost
efficienit. Secondly, installation quality needs to be specified for
all bolis so that consistert performance is developed and the
entire support system performs reliably.

The net result of this increased awareness of support
performance is that support effectiveness can be increased with
little, if any increase in cost. The ornly cost penalty may be
r2latad to mere care and quality assurance, including some in-situ
testing.

SUPPORT MECHANICS

Figure la and 1b illustrate a simplified, fully bonded ground
support system intersectirig a discontinuity. The mechanism of
all ground support systems is essentially the same in that ground
movements are restrained by the support which may be any type
of rock bolt or cable bolt,

Ground moverient generally consists of either opening across a
structure, shearing or sliding along a swucture or some
combination of opening and shearing. Hence, the support may be
called upon to provide axial restraint and shear resistance {Figure
ta and Figure 1b) to control ground movement which if remamed
unchecked, could lead to failure.

Obviously, in practice, the sifuation is more complex with-more
than ome structure intersecting the bolt at differemt angles.
However, the basic mechanisms of resistance provided by the
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FiG 1 - Axial restraint and shear resistance.

support at each strueturé is always the same. In all cases the
transition of ground movement 1o a restraining force by the boltis
via the bond or anchor developed between the bolt and the rock.
As wil]l be illustrated later, it is this bond that centrols the
capacity or performance of any rock bolt system. Getting the
most out of a support system simply involves achieving and then
maintainig an appropriate bond/anichor swength for the
particular ground conditions.

Operators often mistakenly believe that it is the tensile strength
of the bolt or cable which is the capacity of their support.
However, because of prémature bond failure the amount of
support resistance that can develop is often substantially less than
this.

METHODS TO INCREASE SUPPORT
EFFECTIVENESS

A support System can be made more effective without any
substantial cost iricrease by methods (a), (b) and (¢) shown
below;

(#) Decreasing the number of bolts by selecting bolis with
increased performance, thereby decreasing the installation
time and cost,
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(b). Selecting and using the appropriate bolts for the particular
ground conditions je do not use high capacity more
expensive bolts if they are not required.

. {e) Achieving an opfimum and consistent performance from
the selected support.

(a) and (b) above are related to some degree and may involve
an alteration to a basic support design. For example, ground
support for an underground development may consist of aregular
pattern. of resin bonded rock bolts, each capable of providing at
least ten tomnes of resistance. However the ground conditions
may not require this degree of suppert-such as in slabby: ground
on a side wall. In this case, a less expensive rock bolt may be
endrely adequate with the result that the installation time and
total cost of the support system will be substantially less.

Where there is 4n increasing demand for support, it is possible
to select a support type to provide low to moderate restraint
initially and then to increase the support performance by making
a modification. For example, a standard Split Set* or Cotter Pin”
can be modified to increase its capacity by grouting the inmer
section and, if necessary, adding a cable bolt, The additional
pull-out resistarice achieved by these modifications is shown in
Figure 2. Figure 2 is the result of a series of in-situ pull-out tests
on short bond lengths carried out at the Pasminco Zinc Mine at
Broken Hill (Reference 1). In these tests, a grouted Split Set or
Corter Pin achieved peak loads of two to three times the value for
the standard bolt. Tn the case of the grouted Splir Set with a cable
inserted inside, the peak loads were greater than with a resin
grouted paddle bolt.
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FiG 2 - Summary of pull-out test results (Pasminco, Broken Hill).

*  Split Setis a registered trademark of Ingersoll-Rand.
x Cotter Pins are manufactured by Hardi Drilling Supplies.

Following such in-situ tests in the particular ground conditions,
& mine operaor then needs to decide -on the bolt type by
considering the following guestions:

1. Which option is the cheapest and allows the guickest
installation ie which system can be installed for the
lowest total cost?

2. Is the larger capacity of the modified bolts or the resin
bolts required in all or part of my ground and, if so what
is the cost penalty in terms of material costs and
additional installation time?

3.  Which type of bolt will give me the most consistent
performance with normal quality control measures?

FACTORS TO OBTAIN OPTIMUM
PERFORMANCE
Figure 3 is similar 1o the simple support system illustrated in

Figure 1 but with the three main components of the support
system labelled as A, B and C. These represent:

A. Drill Hole and Surrounding Rock Mass
B. Bolt Anchor Material

C. Rock Boltand Accessories

The individual facters which should be considered by mine
operators before and during tock bolt operations are outlined
below;
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Fic 3 - Individual factors affecting performance.



Drill hole and surrounding rock mass

Rock mass

The ground conditions may vary significantly throughout a mine
site. For example, even along a decline development the ground
may change from soft to hard or from massive to very closely
jointed. The effect of changing ground conditions can be to
modify the bond strength of the supports. The result may be that
a so-called ten tonne bolt may only develop two to thrée tonnes
bond strength in poor ground but ten tonnes in very good ground.
The poor ground may fail around the bolt because the
snchorfrock bond strength is not adeguate.

Swellex™ bolts, which rely on pressure to expand a thin wall
tube againist the side of the hole may actually fracoure and ‘open
up’ weak ground durinig installation. If théré is a risk of this,
Swellex bolts should be expanded at pressures less than 30 MPa.

Figure 4 illustrates the results of in-sifis testing at two different
locations at Broken Hill. Both areas were in ground conditions
classified as ‘good’ and the fest results were essentially identical
at each area.

Drill hole cleanliness and hole profile

To maximise the anchor to rock bond the drill hole should be
clean and free from cuttings and sludge. Drill holes should be
cleaned out by flushing with water or air-prior 1o boitinstallation.

This is necessary to maximise the rovghness of the borehole.
Figure 5, taken from Reference 2 illustrates the significance of
the drill hole profile t0 bolt performance. This shows that
although the tests were done with different borehole diameters,
even the smallest diameter hole with a rough profile, gave the
best performance.

Drill hole depth

Jor Tully bonded resin bolts the hole depth is eritical to ensure
bolts bottom in the hole so that the maximum bonded length is
achieved and to leave sufficient thread protruding for the mut and
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Fi6 4 - Comparison of pullout test results (Pasminco, Broken Hill)
" locations Aand B,

+ Swellexis a registered trademark of Atlas-Copcee.
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Displacement {mmy)
Borehols Diameter and Condition
25.40 mm {Rough) 31.75 mm (Smoath) 34.82 mm (Smooth)

Fi0-5 - Pullout tests on a 300 mm length of Rebar 6.4 mm less than the
borehole diameter (Karabin .and Debevec, 1978).

washer (o be properly installed (Reference 3). If the hole is
drilled too long the resin at the end of the hole is poorly mixed
and is thersfore wasted. This results in reduced chemical
encapsulation along the bolt and the bolt cannot be adequarely
tensioned. If the hol¢ is drilled too short; then the result may be
that the potential failure surface was not reached and there is no
thread left to adequately tighten the nut and washer against the
rock face.

Hole depth is important for friction bolts such as Split Sets,
Cotter Pins 'and Swellex because unless it i greater than the bolt
length, plates cannot.be installed firmly against the rock surface.
Bolts left protruding from the surface are a safety hazard for
persofinel and equipment. The solution (which is normally the
case!) is additional care and quality control such as the correct
ordering and use.of drill steels,

Drill hole diameter

Hole diameter is critical for the proper functioning of bolts such
as 8plit Sets and Cotter Pins where the bolt relies on a smaller
hole diameter than the original maxiniom bolt- diameter to
develop friction. Manufacturers récommend that trials be
conducted at the mine site in different ground conditions within
the hole range recommended by the manufacturer. This will
establish the optimum: hole diameter for bolts to be driven home
with the dvailable equipment without the boli bending or
buckling. From the trials, an appropriate drill bit should be
selected and should then be monitored regularly with a template.
Undersize drill bits should be repaired or discarded.

Hole diameter is also critical for resin bolts since an oversize
hole causes a reduction in mixing efficiency, longer curing times
and reduced shear strength. Reference 3 indicates thar the
bonded length is reduced by 20 per cent per mm increase in bit
diarneter. Referefice 3 also states that the hele annulus should be
between 2 mm to § mm, Figure 6 illustrates the pullout results in
tetms of maximum and minimum peak load for a pasticular
boli/resin combination in an area of the Pasminco operations at
Broken Hill,
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FiG 6 - Resin annulus vs peak load (Pasminco, Broken Hill),
16 mm square bolt, 2 x rocloc canndges.

Figure 7 shows a significant decrease in bond performance as
the resin annulus is increased from an optimum (in this case) of
3.2 mm 1o about 8.0 mm. Figure 8 shows the increased
performarice with a larger hole diameter when the failure occurs
at the borehole wall. In this case the penalty would be the
increased cost of drilling the larger hole and the cost of a larger
bolt. In practice, the minimum hole diameter should be chosen
within the limits of the available drilling machine, drill steels and
drill bits. From this a bolt diameter should be selected o
preferably achieve a resin annulus of @bout 3 mm to 5 mm.

For cable bolts bonded with cement grout, increased holc
diameter is not so critical to performance. Therefore a minimum
hole diameter should be selected to allow sufficient space for a
grout tube and breather tube. Hole diameteis any larger will take
a longer time and hence greater cost to drill and require more
grout.

Bolt anchor material

The bolt anchor may be a point or mechanical type but:it is now
more commoen to form a contimious anchor along the entire bol
with resin or cement. Bolt performance is improved by
increasing the bonded length.and maximising the bond strength,

Cement grout is the common anchor material used with cable
bolt systems. Figure 9 indicates that the comect water t6 cement
ratio grout must be used to increase the strength of the grout
which has been shown to increase the bond with the bolt.:

Water: cement ratios should preferably not exceed 0.40 by
weight. Trials on-site are useful to determine the lowest water:
cement ratio grout which is pumpable with the available
equipment.  During installation water yolumes should be
measured with a calibrated system and not the ‘human eye’.
Cement grout mixes can be readily sampled and tested in
compression &fter a fixed cure time (eg 7,14.or 28 days). Corrcet
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pumping techniques should also be.employed in *up’ and ‘down’
holes to-avoid voids and ensure a continuous bond,

The quality and length of resin in fully bonded resin boits is
critical.  Inconsistent or low performance of resin bolts can
normally be atiributed to one of the following:

* over-extended shelf life of cartridges of storage at high

temperatures,

¢ incortect spinning tine,

* incorrect set or hold time before tensioning, or
" * incorrect installation of slow and fast cartridges.

Again, quality control is vitel and mamufacturers will
recomumend spinning times and hold fimes. However field tests
mey be tequired to determine the rhost appropriae resin type,
spinning time and hold time at a particular site, For example,
field tests from Refererce 2 indicate a 50 per cent increase
peak load for water based resin.compared with oil based resin,

Rock bolt and accessories

Currently there is a vast range of different bolf types available,
some of which have already been mentioned. Ata particular site,
it is likely that more than one type of bolt will do the job 50 the
final choice often comes down to total installed support cost. The

almost 14 tonnes. Such a large
range of peak loads from one example highlights the importance
of correct in.situ testing of different boit types for different
ground conditions at the: mine site to-establish bolteffectiveness.
The effect of bolt diameter and boli length have been discussed
with hole cleanliness, bolt cleanliness has a significant
influence on bolt performance. Figure 11 shows the results of a
pull-test program on cable bolts performed to compare clean
cables with those which had been deliberately coated ‘with a thin

FACTORS AFFECTING GROUND SUPPORT PERFORMANCE IN MINING
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layer of mud. In this case the dirty cable developed only about
50 per cent of the bond strength.of the clean. cables.

A range of bolt accessories are available from manifacturers to
increase bolt performance.

Examples are domed ball and plates for use in ground with
highly irregular surfaces. Another example is the use of washers
to reduce the friction at the nut/plate washer interface. Sirrply
greasing the nut thread gave minimal improvement (Reference 3)
but a friction reducing assembly' almost doubles the boli tension
achieved during installation (Figure 12). Such items nsed to be
considered and, if necessary, tested on site.

IN-SITU TESTING

In-situ testing is usually the only means of assessing the
performance of different rock bolts in different ground
conditions, Tests at different areas of a mine site may show:

*  High performance

*  Low performance

* Performance that is exiremely variable

High performance may initially be reassuring but could. mean
that high capacity support.is an overkill and costing too much.,
Low performance may mean the support is adequate for the
ground. conditions providing there have been no. failures. If
failures have occurred then the low performance is a safety issue
and may be improved by betier quality control.. Inconsistent
performance can be due to variable rock conditions. bat it can also
point to inadeguate quality control. If inconsistent test results
were obtained but no ground failures have occurred, then it thay
mean that otily low performance bolis are necessary anyway.

CONCLUSIONS

This paper has outlined some of the: factors which must be
considered by mine operators to optimise their rock support. The
factors outlined should be considered bafore and during a rock
bolting program. If they are igrored, it is likely that money is
being wasted on support gr that safety is being compromised,
perhaps unknowingly,

Having aimed 1o maximise the support effectiveness, an
on-going quality assurance program: should be: carried out to
maintain optimumn: performance. These programs can take the
form of either 2 check on installation praciices and grout quality
and/or destructive testing such as pullout tests 1o check. the bond
strength or laboratory tests to check grout strength.

Because of the many factors which influence bolt performance,
there is no universal rule to obtain the peak performance of a rock
bolt at a partictlar location, Currently, in-situ pull testing on
short bolt lengths is the only way to check and quantify bolt
petformance, either for comparison purposes between different
bolt types (always with the same bond length and in the same
ground conditions) or as 4 check o quality control.
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