


Improving rockbolt installations in US coal mines

The effect of resin viscosity

The effect of resin viscosity in 25 mm diameter holes, using
number 5 and number 6 rebar, is shown in Figures 7 and 8.
Resin cartridges normally have viscosities between about
250,000 cps and 450 000 cps. To extend the viscosities
tested, some expired cartridges were found with a very high
viscosity. The results are of interest because the back-
pressure increases with increasing viscosity to a certain level,
and then tends to reduce. The reduction in back-pressure
when using the extremely high viscosity resin (900 000 cps)
was not an intuitive result and all the tests were repeated at
least twice. This result is difficult to explain and is probably
due to the relatively coarse limestone fillers, which make the
flow properties of the resin cartridge mix more complex.

It is apparent from these tests that the resin viscosity
alone is not a major contributor to the installation back-
pressure.

The effect of resin ports

The annular gap is half the gap between the diameters of the
bolt and the hole. The gap is also considered to be an
important parameter affecting the back-pressure on instal-
lation. When mechanical shells are used, the gap between the

mechanical shell and the hole is clearly the limiting factor.
The dimensions of the shell plug are dictated by the
performance requirements of the shell. Therefore, the only
way to make additional passage for the resin is by machining
flow grooves (referred to as resin ports) in the shell plug.
Resin ports in a mechanical shell plug are critical to the
successful installation of bolts with mechanical shells
through resin because they increase the effective flow cross-
sectional area for the resin during installation. The effect of
the resin ports in shells had not been quantified in the past.

Figure 9 shows the plugs used to establish the effect. The
first set of plugs had no resin ports, the second was a
standard commercially available design with six resin ports
and the third set had twelve resin ports to try to facilitate the
resin flow around the shell.

Three tests were undertaken for each plug design
(without the leaves) using 1.2 m of equivalent resin from the
same resin batch in a 37 mm internal diameter hole (steel
pipe). Each plug design was tested three times to ensure
consistent and repeatable results.

Figure 10 shows the results, and the difference in the
insertion pressures is dramatic. Basically, effective resin ports
are essential for successful installations using mechanical
shells. The plug without resin ports failed each time during
installation (this means that the insertion back-pressure
exceeded the buckling strength of the bolt and it bent). The
shells with the 6 resin ports had insertion loads above 8.8 kN
and peaked at 15.7 kN. In contrast, the insertion loads using
the 12 resin ports had loads generally below 9 kN with a
peak of about 10.8 kN.

▲
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Figure 8—The effect of resin viscosity with number 6 rebar in a 25 mm
hole

Figure 7—The effect of resin viscosity with number 5 rebar in a 25 mm
hole

Figure 9—The plug tests for resin port quantitative assessment

Figure 10—The effect of resin ports on insertion pressures

No resin ports 6 resin ports 12 resin ports
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Resin ports are therefore considered the key to reducing
the installation back-pressure and improving the bolt instal-
lations.

Mechanical shells with #5 rebar in 25 mm holes with
resin

The two commercially available 25mm shells were tested and
Figure 11 shows the results. Only one of the shells is suitable
for use with resin cartridges, as shell B caused the number 5
rebar to buckle during installation.

Based on these results, shell B is no longer used with
resin in rock bolting, and is used only as a mechanically
anchored temporary rock bolt now.

Mechanical shells with #6 rebar in 37 mm holes with
resin

Most of the mechanical shells used in US coal mines are
installed in holes with a diameter of 37 mm. Not all commer-
cially available mechanical shells perform in the same
manner, and certain designs appear more satisfactory than
others when used in combination with resin cartridges, as
shown in Figure 12. Of the five commonly available designs,

only four were consistently successful with different insertion
loads. Clearly the lower the insertion load the better, given
that once installed, all the shells provide an effective pre-load
as designed, based on in situ tests.

Figure 13 shows the buckling strength of the number 6
rebar and the insertion back-pressures obtained using the
different mechanical shells. The reason for the failure is
apparent from the photograph. Other designs should be
improved because underground, the bolter and hole are not
always properly aligned, and this reduces the effective
buckling strength range of the bolt, as given in Table V.

It should be noted that the buckling strengths used in
Figure 13 are higher than the effective buckling strength
during an installation in a hole. During a bolt installation,
only the one side of the bolt (in the bolter chuck) is fixed; the
other has some freedom in the hole, permitting non-axial
loading, which will significantly reduce the buckling strength
of the bolt.
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Figure 11—Performance comparison of mechanical shells with number
5 rebar in 25 mm holes

Figure 12—Insertion back-pressures with different shells and number 6
rebar

Figure 14—The failed installation using shell D (result shown on Figure
13)

Figure 13—Insertion loads and number 6 rebar buckling strengths
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Cable bolt installation

Due to high back-pressures, cable bolts are difficult to install
if full column grouted. This fact has led to the current US
industry standard of using a 1.2 m equivalent bond length,
regardless of the cable bolt length. Cables are clearly weak
under buckling conditions; hence the need for the stiffener
tube and the 1.2 m bond length. Using this test rig, methods
to reduce the back-pressures can be investigated, and this
would permit longer resin bond lengths if technically
required. Figure 15 shows the results for 15.2 mm diameter
cable bolts with one and two birdcages in a 25 mm diameter
hole. The appropriate resin viscosity for cable bolts with a 1.2
m effective bond length (as recommended by suppliers) was
used.

Mechanical shell optimization

Frazer and Jones (www.frazerandjones.com) is the only
significant iron foundry in North America still producing
mechanical shells for bolts.

A direct result of this research has been the development
of an improved mechanical shell by Frazer and Jones that has
the potential (once completely field-tested) to improve
performance, reduce insertion loads, and maintain or possibly
reduce the cost. Figure 16 shows the results to date, but as

the design is ‘patent pending’, an illustration is not included.
It is interesting to see from the graph that during insertion,
the viscous drag (hence, load) declines, which should reduce
the percentage of failures during installation.

Computer flow simulation

The production of prototype shells for testing is time
consuming and costly. It was therefore desirable to try to use
a computer flow simulation package to act as a screen to
isolate those designs that appeared to have more potential
(i.e. produce lower insertion back-pressures).

FloXpress (from Solidworks) was used to simulate the
insertion loads qualitatively with the resin port tests (the
details of which are shown in Figures 9 and 10). The effect of
the resin grooves is an increase in the equivalent hydraulic
diameter of the annulus. The velocity streamline plots
produced by simplified Newtonian flow analysis (water)
illustrate the pressure gradients where velocity is high; hence,
pressure is high and pressure affects velocity in the reverse
manner as well.

The two-component polyester resin cartridges appear to
behave as pseudo-plastic, non-Newtonian fluids. It is difficult
to simulate flow, as the back-pressure during installation
depends not only on the geometry and resin fluid flow
(viscosity, etc.), but also on the resin cartridge material,
which contains the resin and catalyst mixes, the component
ratios, and even the cartridge clips.

Using this simple program, the relative resin velocities
around the mechanical shell plug are as follows, assuming
the same arbitrary volume flow rate of 295 cm³/s. The
pressure and the insertion force are directly related to the
velocities calculated by the flow simulation package. The
relative maximum flow rates around the plug were modeled
to be:

➤ No ports—maximum velocity 2.5 m/s
➤ Average ports(6)—maximum velocity 1.9 m/s
➤ Maximum ports (12)—maximum velocity 1.7 m/s.

The lower flow rate indicates less resistance (i.e. more
volume or gap for the same overall flow rate).

The simulation results followed the actual back-pressures
qualitatively, and this simulation has been used to conduct
preliminary screening tests on designs before making
prototypes for actual testing. This saves time and money in
the product development process.

Comparing actual tests with the test rig (utilizing the plug
only), the increasing insertion load using the complete
mechanical anchor (plug and leaves) seems to indicate the
presence of fluid or viscous ‘drag’.

Fluid drag is probably a major factor as well, especially
when the whole mechanical shell is considered. Fluid drag
has three components: pressure drag (normal force acting
against wedge advancement), viscous drag (fluid friction in
annular area), and hydrodynamic drag (resulting from shape
of object/anchor within the flow stream).

The results were sufficiently encouraging for this type of
analysis to be used in preliminary design optimization before
prototypes were made for actual testing in the rig. It is
believed that with further simulations and calibration, the
results may become a quantitative indicator.

▲
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Figure 15—Insertion loads for 15.2 mm diameter cable bolts in a 25 mm
hole

Figure 16—Insertion loads of the first improved shell prototype
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Conclusions

The following conclusions can be made:

a)  The research has been useful in that it has identified
and quantified the main parameters affecting the resin
insertion back-pressure; the effective annular gap and
the installation speed, and has shown that the resin
viscosity is not a major factor. Reducing the instal-
lation speed is not desirable, however, as in most coal
mines, bolting is the production bottleneck and
slowing down the bolt installation cycle is counter-
productive.

b)  The magnitudes of the insertion pressures associated
with common bolt and resin combinations have been
quantified, and this data has been used to identify the
more effective mechanical shells that are commercially
available.

c)  The need for shell plugs with ports has been
demonstrated, and a design using more ports has been
tested and proven more effective.

d)  A simulation fluid model/method for the better
approximation or calibration of design variables and
back-pressure has necessitated the use of a ‘high-end’
simulation package, for which refinement activities
are continuing.

e)  The test apparatus is also being used to investigate
and optimize the pre-load, depending on the applied
torque. To investigate this, a hydraulic motor that can
rotate and tension the bolts during installation and
record the rotational speed, number of revolutions,
and applied torque has been fitted to the installation
cylinder.

This research and testing should lead to fewer failures
(‘spinners’ where mechanical shells are used) when installing
cables or rebar with shells, and should reduce costs and
improve safety.
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Figure 17—Flow model of the plug without resin grooves and with 12 resin grooves
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