





INSTALLATION METHODS AND EQUIPMENT

resin is placed in the hole by hand,
followed by positioning of the bolt.

Leg-mounted bolters

Since the 1980s a large amount of
development has taken place in
bolting using hand-held, leg-mounted
units. These units are relatively light in
weight and can be easily moved and
handled. Improvements in
manufacturing techniques mean that
the units are an effective way of
drilling and installing roof bolts.

These units are available both
pneumatically and hydraulically
powered, making them a very versatile
tool in the roof bolting cycle.

Mast-mounted bolting
machines

These are the first step to mechanising
the installation of roof bolts. Usually
mounted on wheels, they can be
manhandled into position and then
hydraulically stacked between roof
and floor for each bolt installation. The
boring machine is power driven up
and down the mast. Although

extremely versatile and relatively inexpensive, they are slow Pneumatic leg-
and cumbersome to move. mounted
A recent development has been low-profile, mast-mounted  bolting machine
jackhammer drills for the installation of rockbolts in low stopes ~ —Minova Super
Turbo.

OPPOSITE: Fully automated bolting rig.
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Radial rib drill.

THE MINOVA GUIDE TO RESIN-GROUTED ROCKBOLTS

(less than 1.8 m) such as in the South African gold and
platinum mines. Jackhammers must be used as rotary-
percussion drilling must be used in the hard rock. At the
location of each hole the rig is fixed between the hanging wall
and footwall by pneumatic stingers; further pneumatic
cylinders are used to elevate the drill itself. Installation of resin-
grouted rockbolts with these rigs takes care as the low rotation
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speed and torque of the jackhammer makes it less efficient
than high-speed purpose-built roof bolters in mixing the resin.

Hand-held bolting machines

The hand-held boring machine is somewhat limited in
installing roof bolts. The thrust to insert the bolt is supplied by
the operator or — more usually — operators. The operator is
exposed to the roof and tires quickly. These are simple
machines and are very flexible. However, the rate of
installation is slow, the length of support can be limited, and
the operator is still exposed.

The main use for this type of bolter is for installing rib bolts
and wooden reinforcement dowels.
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Appendix: Examples
of international
rockbolting practices

USA
1 Regulations

The regulation of mine roof support in the USA is based on the
Federal Code of Regulations, Title 30, Part 75.200. Sub Part
75.204 references the attached American Society for Testing
Materials publication F432-95, titled ‘Standard Specification
for Roof and Rock Bolts and Accessories’. The majority of the
roof bolting materials used in the USA are manufactured and
tested in accordance with the specifications of ASTM F432-95.
Any materials not certified may be used with the approval of
the Mine Safety and Health Administration’s District Manager.

2 Bolting practices

Approximately 100 million fully grouted rebar roof bolts are
installed each year in the USA. Eighty per cent of fully grouted
rebar are /g inch (15.8 mm) fully grouted rebar in a 1-inch
(25.4 mm) borehole. The lesser used 3/4 inch (19 mm) fully
grouted rebar in a 1 inch (25.4 mm) borehole, maximises resin
performance. The former gives only sixty per cent of the resin
pull out resistance of the latter. This reduction in resin strength
is due to the less than optimal resin mixing associated with the
3/ inch (9.5 mm) annulus, defined as the hole diameter minus
the bolt diameter. The /a inch (6.4 mm) annulus maximises the
mixing action of the shear stress upon bolt rotation and
provides optimum resin mixing.
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The dominance of the cost effective 5/g inch (15.8 mm)
rebar in US coal mines is due to widespread favourable
geological conditions, multi-entry mining methods, and the
regulatory environment. Those coal mines with immediate roof
problems too severe to be controlled with the 5/s inch
(15.8 mm) bolt, 1 inch (25.4 mm) hole combination are bolted
with a fully grouted 3/4 inch (19 mm) bolt, 1 inch (25.4 mm)
hole, which may be post tensioned, or with a combination of
mechanically assisted point anchor and cable bolts.

The Eclipse® System was developed by Minova Inc USA to
improve the performance of 5/s inch (15.8 mm) deformed
rebar fully grouted into a 1 inch borehole. A /g inch (3.2 mm)
offset bolt head combined with specially formulated Eclipse
Lokset® resin cartridge results in:

reduced gloving;

increased mixing efficiency;

increased pull out strength;

uniform resin anchorage;

no cavitation;

consistent quality mixing to the end of the bolt.

The Eclipse® System was found to reduce finger gloving
approximately seventy per cent in laboratory testing. This novel
and patented system was test marketed in 2002, through
Excel Mining Systems. As of April 2004, one million linear feet
of Eclipse® System per month were installed in US coal mines,
with the majority in the lllinois Basin.

3 Differences for hard rock, coal and civil

US and Canadian hard rock mines employ a wider variety of
bolting methodologies. Grouted rebar has a minor segment of
a market dominated by friction and mechanical shells/anchor
bolts. The purpose of roof bolting in igneous hard rock mines is
to hold the loose key pieces of back in place, permitting
movement of the immediate roof under load. Friction anchor
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bolts are not employed in layered sedimentary coal measure
strata because the rock does not tolerate movement. Igneous
strata are generally massive with failure dominated by blast
induced fracture systems. The igneous rock can tolerate
movement with advance or the face, enabling the cheaper
friction methodology to dominate the market. Grouted rebar
is the standard methodology in sedimentary strata and a
premium methodology used in special conditions in hard rock
mines.

4 |nstallation methods

The vast majority of the grouted and friction roof bolts
installed in the USA and Canada are installed with modern
hydraulic drilling machines from Fletcher, Joy, Cannon and
other specialty equipment manufacturers. Powered by
electricity or diesel engines, these machines are generally
rubber tyre mounted mobile machines. A few precious metal
mines employ pneumatic stoper drills.

Fully grouted rebar is anchored with Minova USA's 20 to 35
speed formulations. Mechanically assisted point anchor
systems are grouted with a 50 speed formulation.

5 Design methods and theory for pattern and bolt
length plus testing used to trial anchor performance

NIOSH and university researchers have put forward roof bolt
selection methodologies. However, roof bolt design is based
on historical bolt performance in a given geological setting.
Design changes are evolutionary, not revolutionary. Bolt type,
strength, and length changes are motivated by recent failures
or cost cutting initiatives.
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Australia
1 Regulations

Specific mine site strata management plans are compiled by
mining/geotechnical engineers. These are then signed off by
the mine manager and then approved by local mines
department.

2 Bolting practices

Full column bolting is the preferred method in almost all
situations in both coal and hard rock. There is occasional point
anchor in conglomerate strata.

All coal roof bolts are pretensioned, as are approximately
half rib bolts.

Coal primarily uses X grade 21.7 mm core deformed bar in
Titan pattern or J profile.

Hard rock primarily uses:

m DSI Posimix — mixing wire wrapped around solid bolt;

m paddle bolts — SCS Secura/Reo bolt, JMA Paddle bolt, DSI
Paddle bolt;

m tubular bolts — SCS Jumbolt and DSI Tigerbolt.

3 Differences for hard rock, coal and civil

Typically in coal 27-28 mm drill bits are used in conjunction
with 24 mm capsules.

In hard rock 33-35 mm drill bits are used alongside solid
bolts, also 24, 26, 30 mm capsules depending on local
conditions. Tubular bolts using 44-45 mm bits and 38 mm
capsules are common.

4 |nstallation methods

Installation equipment is typically hydraulic with some
pneumatic machines used in the coal mines. Pneumatic
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launching of capsules is used in some areas, as is the
Quickchem® installation system.

5 Design methods and theory for pattern and bolt
length plus testing used to trial anchor performance

Rules of thumb
Minimum roof bolt length is the greatest of:

twice the bolt spacing;

three times the block width;

0.3 times span for spans < 6 m;
0.25 times span for spans 18-30 m;

Cable bolts use the same rule of thumb as for roof bolts and
add 2 m to length. Spacing of 1.4 m is the normal economic
limit.

Empirical

The use of rock mass classification techniques with empirically
based charts are used to identify the appropriate level of
support.

Design for specific conditions

Empirical designs are adjusted where possible mechanisms of
failure and ground stress conditions are better known and
understood.

Testing
Pull testing, both full and short encapsulation is required.

South Africa
1 Regulations

By law, each mine needs to draw up a Code of Practice (COP).
This is done by the rock engineer and this is then forwarded to
the DME for approval. This COP is mine specific.
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2 Bolting practices

In practice at least eight-five per cent of the industry uses a full
column system of support. This full column system is then also
almost always a pretensioned one.

The other fifteen per cent would be point anchor and this
would constitute the small independents that use one capsule
of resin to reduce costs. Contractors would use this system as
well with their cable anchors. The rest of the hole would then
be filled with a cementitious grout.

There are numerous bar types in use in collieries. The
popular types in use at present are:

m Step bar JAE) and DD Bar (DSI): step bars are made in
diameters of 18 mm (becoming more popular lately due to
price). These are installed in holes drilled with a 23.5 mm
bit. The 20 mm bars are installed in holes drilled with
25-28 mm drill bits (Amcoal drills with a 25.6 mm bit).

m Chemical Bar (Videx): typical diameter of 17.4 mm used in
conjunction with a 22 or 23.5 mm drill bit.

m rebar (Duraset): supplied in 16 mm and 18 mm diameter.

Minova South Africa has developed the Lokset® ‘Spin to Stall’
system. This system helps to eliminate the effects of
operational variables such as ambient temperature and spin
speed so that the installation becomes self-timing and self-
checking. Minova South Africa formulated a unique resin
capsule that combines extremely fast setting with high
strength. The special resin is used in combination with a
threaded rockbolt and a nut that turns the rockbolt until a
predetermined torque is reached, when it breaks free and runs
up the thread.

The whole cycle is complete in 9—-11 seconds and the
amount of thread showing below the nut is a good indication
of the success of the installation.
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3 Differences for hard rock, coal and civil

The hard rock industry uses GEWI bar, Shepherds crooks, split
sets, Hydro bolt, backfill, packs, and mechanicals.

Cable bolts and Gewi bar are predominantly in the civil
engineering industry.

All the above would be installed using cement capsules or
pumpable grouts. A certain amount of resin is used in the gold
mines and more in the platinum mines.

Where the difference comes is that there are multiple blasts
in coal mines or continuous cutting by continuous miners etc.
Support must be put in on a continuous basis here and
therefore speed is required.

4 |nstallation methods

Ninety-three per cent mechanised and seven per cent hand-
held installations.

Mechanised machines are Fletcher, Biz Africa, RHAM, ARO,
Klockner Bekorit and the onboard bolters on the Voest and Joy
machines.

Hand-held operations with jackhammer at Secunda
(previously mentioned). Tshikondeni uses Wombats® primarily
for supporting the roof. It also has an onboard system on its
coal cutters. All the contractors on the mines use Wombat-
type machines, as well as jackhammers for their installations.

The mechanised systems would use 15 or 30 second resin
plus the slower resins in the mixed boxes.

Hand-held would use setting times from 60 seconds and
higher.

5 Design methods and theory for pattern and bolt
length plus testing used to trial anchor performance

Pattern and bolt length is mine specific. This is done in the COP.
Tests are also done to get the critical bond length of the resin.
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UK
1 Regulations

The Code of Practice is set out by the Health and Safety
Commission. Site investigation and geological survey is carried
out to ascertain suitability for rockbolting. If deemed suitable,
then a bolting plan is drawn up and field trials with extensive
monitoring are carried out.

2 Bolting practices

All bolting is done to the ‘AT’ system. All rockbolts are
pretensioned using a fast and slow resin. Rib bolts are
generally untensioned.
All consumables must conform to BS 7861:part 1:2002
Supplementary support is usually provided by fully grouted
cable bolts where required, although in recent times the use of
Megabolts® has become more frequent.

3 Installation methods

Bolts are installed using airleg bolters, on-board multi-bolters
or dedicated bolting machines. Issues with vibration white
finger have led to the development of ‘hands free’ bolters
which have stinger legs to react between roof and a bolting
head to drill the hole and spin the bolt.

Capsules are usually inserted into the hole with the use of
plastic launching tubes, but pneumatic launching is coming
into use.
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