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ABSTRACT: At underground mines where cemented backfill is used for ground support, backfill strength properties are an
important design consideration, particularly for underhand cut-and-fill mining operations where employees work directly beneath
the placed fill. Following a backfill roof fall at a deep underground silver mine, standard tests were conducted to determine the
strength and elastic properties of a typical paste backfill composed of cemented mill tailings. Unconfined compression tests and
direct and indirect tensile tests were conducted with core samples obtained from paste fill slabs recovered from the roof fall. Test
results indicated that the average tensile strengths determined by indirect methods (Brazilian and splitting tensile tests) were about
twice the average tensile strength measured by direct tensile tests. To identify cold joints within the backfill, in situ direct tensile
tests were also conducted on one of the larger backfill slabs using experimental test equipment. The results of these in situ tests
were similar to the direct tensile tests and provided little evidence of additional cold joints within the slab. Elastic properties of the
paste backfill were determined through compression tests with strain-gauged core samples. The results of this study are significant
because they add to the sparse strength and elastic property data that are available for mine designs utilizing paste backfill.

underground silver mine operated by the Hecla Mining
I INTRODUCTION Company near Mullan, Idaho. This backfill failure was
Ground falls are typically the leading cause of fatalities later attributed to a wider than expected stoping span and
in underground metal mines and a significant source of the presence of flat-lying cold joints in the paste fill. The
lost-time injuries {1]. As a result, a well-developed  cold joints are thought to have reduced the effective
ground support plan needs to be consistently  thickness of the backfill beam allowing thinner sections
implemented to safely mine under these conditions. In of the beam to fail, more than likely in bending [4].
deep underground metal mines, underhand cut-and-fill Following this event, a study was initiated between the
mining methods are used to mine narrow, steeply National Institute for Occupational Safety and Health
dipping veins of ore [2, 3]. In some of these mines, a (NIOSH) Spokane Mining Research Division (SMRD)
paste backfill composed of cemented mill tailings is used and the Hecla Mining Company to quantify the
to support the mined-out stopes or cuts. This cemented  mechanical properties of the paste backfill.
backfill forms a massive beam that provides a safe,
stable back or roof for the miners who work beneath it
on subsequently deeper cuts. The stability of this
engineered beam is largely determined by two
variables—its thickness and strength. Figure 1 shows
computed factors of safety for twelve hypothetical
backfill beams using four values of thickness and three
values of strength [4]. As indicated by these curves, the
thickness of the backfill beam is the primary immediate
concern, but the backfill’s strength becomes more
important as the thickness of the beam increases.

In underhand cut-and-fill stopes, the in-place backfill
usually fails in flexure. Therefore, the tensile strength of
the paste fill was of interest, particularly reductions in
tensile strength caused by the presence of cold joints
within the paste backfill. To address this concern, a
shotcrete adhesion test system developed by Seymour, et
al. [5, 6] was adapted to perform in situ direct tensile
tests with paste backfill. In addition, the compressive
strength and elastic properties of the paste fill were also
needed for a comparative analysis of mine designs using
numerical models. This paper presents the results of
In April 2014, a large backfill roof fall occurred in the these mechanical property tests and describes the
15W stope at the Lucky Friday Mine, a deep
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equipment and procedures that were used to conduct the
in situ direct tension tests.
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Fig. 1. Factor of safety (flexural failure) versus span length for
twelve hypothetical paste backfill beams with varying
thicknesses and compressive strengths.

1.1.  Mining with Backfill

Figure 2 shows a typical stope that is being prepared for
backfilling. The first step is to spread a layer of broken
waste rock or muck on the floor about a 0.15 m (0.5 ft)
thick. Steel reinforcement bars or rock bolts are placed
into this muck on a 1.2 m by 1.2 m (4 ft by 4 ft) square
pattern. The bolts are fitted with steel plates and nuts and
then wired together. A sturdy wooden fill fence is
constructed at the lower elevation of the stope to contain
the backfill and allow for the draining of any excess
water. This dam is purposely constructed about 2/3 of
the height of the stope to restrict the depth of the pour
and thus, limit the thickness of the backfill beam to
normally about 2.4 m (8 ft). As a result, a void is
intentionally created above the upper surface of the
backfill beam.

After the paste fill has cured, a subsequent cut is mined
in the vein beneath the backfill. As the loose muck falls
away or separates from the bottom of the backfill beam,
mesh (usually cyclone fencing) is attached to the
exposed bolts to further reinforce the bottom surface of
the backfill. Additional bolts are installed as needed to
support the mesh and reinforce the backfill. The paste
fill, bolts, and mesh thus form a massive structural beam
that provides a stable mine roof for the miners working
beneath it. As the underhand stope is mined further
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beneath the backfill, the walls of the stope will begin to
converge in response to the high ground stresses at these
depths. This horizontal closure exerts pressure on the
sides of the backfill beam, eventually causing it to fail in
tension or flexure on its upper surface. The upper portion
of the backfill beam is not reinforced with bolts or mesh,
nor is it confined. The void above the backfill beam
provides space into which the paste fill can fail
Allowing the backfill to fail on the upper surface of the
beam creates a safer environment for the miners who are
working directly beneath the reinforced bottom portion
of the beam.

Fig. 2. Preparing a stope for backfill.

The underhand cut-and-fill mining method works well
the majority of the time. However, in extreme conditions
with long transport distances, high temperatures, and
inconsistent placement processes, physical changes can
occur in the paste fill that detrimentally affect its
intended mechanical properties. Therefore, a suite of
laboratory tests were conducted to quantify the strength
and elastic properties of the paste backfill.

2. PASTE BACKFILL MECHANICAL TESTS

The material used for the tests was obtained from two
slabs that fell from a roof fall in the 15W stope of the
mine. These two slabs were placed on shipping pallets
and transported to the SMRD laboratory located in
Spokane, Washington. The larger slab was covered with
plastic and stored in a secured area behind the facility for
in situ direct tension tests. The smaller slab was used to
acquire material for standard mechanical property tests.
This slab was moved indoors where a set of core
samples were obtained using a portable stand-mounted















Fig. 17. Hydraulic ram and pulling fixture being inserted over
the all-thread.

Fig. 18. Seating ring of pulling fixture inserted into kerf. i
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The seating ring on the pulling fixture is inserted into the
kerf as shown in Figure 18. Washers and a speed nut are
then attached to the all-thread near the top of the
hydraulic ram as shown in Figure 19, and a hydraulic
hand-pump, equipped with a pressure gauge, is attached
to the hydraulic ram as shown in Figure 20.

Fig. 19. The hydraulic ram pushes upward against a nut
attached to the all-thread that is in turn connected to a pulling
bolt anchored in the test core.

During these in situ direct tension tests, the test cores
generally showed one of the following three types of
failure modes: tensile failure, shear failure, or a bolt pull-
out failure. Most of the test cores broke in tension at a
variety of depths. Figure 21 shows a typical tensile
shallow failure. Figure 22 shows a deeper failure in the
slab that also includes some shear because the failure
surface is inclided about 45 degrees to the core axis. The
failure surface can also be identified by inspecting the
test hole as shown in Figure 23. A typical bolt pull-out
failure is shown in Figure 24. Although the test cores
were drilled to purposely intersect an assumed cold joint,
only one of the test cores broke near that horizon. Figure
25 shows the longest of specimens being extracted from
the slab, and Figure 26 shows that it might match the
depth of the inferred cold joint in the slab. Depending on
the type and length of failure, a single test hole was
sometimes used for multiple tests. A new pilot hole was
simply drilled, filled with epoxy, and a new pulling bolt
inserted into the hole. In this manner, several tests could
be conducted using a single drill set-up. Figure 27 shows
the slab near the completion of these in situ direct
tension tests.



Fig. 23. Shear stress failure shown on the portion of test core
remaining in the drill hole.

Fig. 24. Typical failure when the epoxy anchored boit is
pulled out of the slab.

&

Fig. 22. Typical shear stress failure oriented about 45 degrees ; : »
to the axis of the test core. Fig. 25. Removing the longest test core from the backfill slab.
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Fig. 31. Vertical stress versus vertical strain of paste backfill.
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Fig. 32. Paste backfill horizontal versus vertical (axial) strain.

Because the stress-strain diagram of the paste backfill is
non-linear it was divided into three segments at 30, 60,
and 90 percent of the average UCS. This results in a
three piecewise linear approximation to the non-linear
curve. The separate plotted results are shown in Figures
33, 34, and 35. Young’s modulus from 0-30% of its
UCS is 3.59 GPa (0.52 million psi); from 30-60%, it is
2.28 GPa (0.33 million psi); and from 60-90%, it is 1.10
GPa (0.16 million psi).
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Fig. 33. Paste backfill stress vs. strain from 0 - 30% of UCS.
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Fig. 34. Paste backfill stress vs. strain from 30 - 60% of UCS.
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Fig. 35. Paste backfill stress vs. strain from 60 - 90% of UCS.

3. SUMMARY AND CONCLUSIONS

A summary of the results obtained from a suite of tests
conducted with paste backfill samples from the Lucky
Friday Mine are listed in Table 7. As shown by these
results, the tensile strength of paste backfill is highly
dependent on the testing method that is used. Although
indirect tensile tests are easier to perform than direct
tensile tests, the tensile strengths obtained using these
indirect test methods can be much larger than those
measured by direct tensile test methods. In this study,
the average tensile strength of paste backfill, as
measured by more accurate but more difficult to perform
direct tensile strength tests, was about half the average
tensile strength determined through Brazilian tests and
splitting tensile tests conducted with similar paste fill
samples.

Although an experimental in-situ direct tension test
produced an average tensile strength for the paste
backfill that was slightly lower, these tensile strength
values were similar in magnitude to the results obtained
from standard direct tensile tests. This in situ test method
appears to be promising, but initial attempts to measure
the tensile strength of paste fill across cold joints in a
backfill slab were inconclusive. The majority of the test



cores from the in situ direct tension tests exhibited
failures that occurred in the backfill matrix and not along
a predefined weakness plane such as a cold joint.

Table 7. Summary of the paste backfill mechanical properties
(the capital letter M in the unit Mpsi means million).

Mechanical Property Metric Imperial
Units Units
ISJ[:ggggln(egcCSo)mpresswe 4.15MPa | 602 psi
Young's Modulus (0-30% UCS) 3.59 GPa | 0.52 Mpsi
Young’s Modulus (30-60% UCS) | 2.28 GPa | 0.33 Mpsi
Young’s Modulus (60-90% UCS) | 1.10 GPa | 0.16 Mpsi
Poisson’s Ratio 0.17 0.17
Specific Gravity 2.10 2.10
Brazilian Tensile Strength 0.47 MPa 68 psi
Splitting Tensile Strength 0.57 MPa 83 psi
Direct Tensile Strength 0.26 MPa 37 psi
In Situ Direct Tensile Strength 0.19 MPa 27 psi

Unconfined compressive strengths for the paste backfill
samples exceeded the required design strength and were
similar to values reported from previous research studies
[7] and for tests recently conducted at the mine site [4].
Additional compression tests conducted with strain
gauged samples of paste fill provided values for Young’s
Modulus and Poisson’s Ratio that are seldom reported in
the literature.

The unique findings from this study will hopefully
provide better information regarding the strength and
elastic properties of paste backfill and thus, aid in
improving the design of ground support systems for
underhand cut-and-fill mining methods, thereby
enhancing the safety of underground miners working
beneath the fill.
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