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hanging wall have an angle of 70°.
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Figure 5: Plot of Horizontal and Vertical Stress used within FLAC*” model

The rock properties were equivalent to a competent limestone with properties shown in Table 2.
The cohesion and tensile strength was equivalent to % and 1/10 of the UCS (Jaeger et al., 1976)
respectively and Elastic properties values were obtained from various limestone tests performed at
the UBC Geomechanics Centre. The rock tehaved according to a Mohr-Coulomb constitutive
model The amount of wall closure is user specified and has initially been tested for 0 and 10mm of
wall closure.

Table 2: Rock: Properties

Properties Value
ucCs 22Mpa
Friction Angle 42°
Elastic Modulus 25GPa
Poisson’s Ratio 0.22

The paste fill properties were user defined and were typically based on values obtained in literature
from Pakalnis (2005) and Caceres (2005). The elastic modulus was based on the UCS of the paste
and was cetermined according to Eqn 2.. This equation serves only the purpose of allowing the
elastic modulus to reflect a change in UCS during coding. It should be noted that Eqn 2. is a best fit
line of limited test samples.

{0.15 GPa UCS <0.4 MPa

2
-371.6-UCS?+1317.9-UCS-274.4 04 <UCS <1.75MPa )

The paste behaved according to a Mohr-Coulomb strain softening constitutive model with cohesion
friction angle and tension decreasing in value as the strain increases as seen in Figure 5 a,b,c.
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Parameter Cut-offs
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FIGURE 6: (a)Cohesion vs. Strain cut-off; (b) Friction Angle vs. Strain cut-off (c) Tensile Strength vs. Strain
cut-off

The following geometries were modelled:
e 3m Span with sill thickness of 3, 3.5, 4 and 23.5 m thickness
e 6 m Span with sill thickness of 3, 3.5, 4 and 23.5 m thickness
e 8 m span with sill thickness of 3, 3.5, 4 and 23.5 m thickness

The air gaps of 0.5m were assigned between subsequent lifts with exception of the 23.5m thickness
which is supposed to represent a near infinite span. Models were run with only the UCS of the
paste being modified. This had a trickle down effect of altering the cohesion, tension and elastic
modulus of the material. Span width and UCS paste combinations were marked as stable or
unstable. An unstable scenario was considered a model with no numerical convergence or sill mat

failure.

4.2 Initial Findings

Figure 7 shows the initial findings of the model for a span of 23.5 m height. Note that the wall
closure consist of 5Smm of closure on the hanging wall and footwall respectively. It can be seen that
as the span width decreases the effect of wall closure affects the necessary strength of paste required
for a stable span. This & due to the increase in strain within the paste and is considered a crushing
failure. The zero convergence line follows a similar trend as the 10mm of wall closure line for large
spans yet a deviation occurs as the spans become smaller than 4 meters. As the wall closure is mine
sensitive and is independent of span width, it is more beneficial to real world applications to plot
wall closure rather than strain within the paste.
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UCS vs. Span Width
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Figure 7: Span vs. Paste UCS
4.3 Future Work

Further research will be done with respect to Figure 6 to determine the effect of wall closure on the
UCS of paste required for a safe working environment. This will consists of refining the mesh
along the contacts of the paste with the host rock and by measuring total strain across the paste
span.

Currently the work is in the theoretical stage and is not calibrated to a specific mine. Future work

would be to calibrate the model to a mine currently employing underhand paste fill. From this
verification, an optimization of span width vs. UCS of paste can be derived.

4 OTHER OBSERVATIONS

A recent report from NIOSH (Tesarik et al., 2005) discussed the earth pressure cells are
significantly affected by the paste cure temperature which can reach 40° C with stresses measured
in excess of 69kPa due to the temperature difference. Figure 8 shows the uncorrected values and
corrected values based on the temperature of the paste curing. The applied corrections are on top of
the corrections supplied by the pressure cell manufacturers, the manufacturer’s correction factor
applies only to the transducer and not to the entire earth pressure instrument body. By inspecting
Figure 7, it can be seen that not only are the uncorrected stress greatly lower than the true stress but
the uncorrected stress show a negative trend while the corrected stress show a positive increase of
stress. The great difference in uncorrected stress vs. corrected stress is very important in the case of
paste as the UCS of paste is very low and that without the proper correction an increase in loading
causing failure could go undetected. Furthermore, without the correction over time, the pressure
within the fill has a negative trend when in actual fact the fill is being loaded.
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Mining period for drifts(D), cross cuts (XC), and pillars (P)
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Figure 8: Corrected vs. Uncorrected Earth Pressure Cell readings. Tsearik, (2005).

Current work is underway on lateral loading mechanisms of fill fences. It is the goal of the research
to understand the loading mechanisms, determine fill fence construction guidelines and understand
paste/ fill fence interaction. The research will consist of field work inspecting current fences,
placing instruments on fences to determine loading mechanisms and, hopefully, a destructive test of
an instrumented fill fence. Once the field has been completed a model will be constructed based on
recorded values and further analysis will be carried out.

6 CONCLUSION

Mining under consolidated fills is becoming competitive to conventional cut and fill mining as
increased spans and productivities are realized through reduced placement of ground support and
more control on the mine cycle due to working under an engineered back. This requires a thorough
understanding of the mechanism of support that one is relying upon which is the consolidated fill
immediately above. The fill may be supported in terms of conventional bolts and screen in order to
counter “cold joints” that may develop in the fill, account for variability in fill quality control and/or
increase the overall factor of safety required due to seismic events in the close proximity. This
requires an understanding of the stabilization affect of the consolidated fill and the mine
environment that it is placed within. Through the gathering of site data, modelling of behaviour
either analytically and/or numerically coupled with observation and measurement one will be able
to advance the overall design criteria to provide a safe and cost effective workplace.
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Table 1:

Table 4 —Updated Support Capacity
Rock properties, tonnes Screen Bag strength, tonnes
Bolt strength Yield Breaking strength 4- by 4-in welded mesh, 4 gauge 3.6
strength
5/8-in mechanical 6.1 10.2 4- by 4-in welded mesh, 6 gauge 33
Split-Set (SS 33) 8.5 10.6 4- by 4-in welded mesh, 9 gauge 1.9
Split Set (SS 39) 12.7 14.0 4- by 2-in welded mesh, 12 1.4
gauge
Standard Swellex NA 11.0 2-in chain link, 11 gauge, bare 29
metal
Yielding Swellex NA 9.5 2-in chain link, 11 gauge, 1.7
galvanized
Super Swellex NA 22.0 2-in chain link, 9 gauge, bare 3.7
metal
*20-mm rebar, No. 12.4 18.5 24n chain link, 9 gauge, 3.2
6 galvanized
*22-mm rebar, No. 16.0 23
7
*25-mm rebar, No. 20.5 30.8 Note: 4 gauge = 0.23-in diameter; 6 gauge = 0.20-in
8 diameter;
No. 6 Dywidag 11.9 18.0 9 gauge = 0.16-in diameter; 11 gauge = 0.125-in diameter;
. ; . . 12
No. 7 Dywidag 16.3 245 gauge = 0.11-in diameter
No. 8 Dywidag 21.5 323 Shotcrete shear strength = 2 MPa (200 t/nf)
No. 9 Dywidag 27.2 40.9 Bond strength
No. 10 Dywidag 34.6 52.0 Split-Set, hard rock 0.75-1.5 mt per 0.3 m
1/2-in cable bolt 15.9 18.8 Split-Set, weak ground 0.25-1.2mtper0.3m
5/8-in cable bolt 21.6 255 Swellex, hard rock 2.70-4.6 mtper 0.3 m
1/4 by 4-in strap 25.0 39.0 Swellex, weak rock 3-3.5mtper 0.3 m
Note: No. 6 gauge = 6/8-in diameter; No. 7 gauge = Super Swellex, weak rock >4 mtper 0.3 m
7/8-in diameter; No. 8 gauge = 1-in diameter. 5/8-in cable bolt, hard rock 26 mtper 1 m

NA = Not applicable.

No. 6 rebar, hard rock

18 mt per 0.3 m, ~12-in
granite






