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models will allow a better insight into the expected stability of the tailgate corner during longwall retreat
through these different GDS designs.

TG TG

orr

CIT GDS \ \

Inbye

<
Inbye
-«

a) 90° GDS, 6.5m wide. b) 70° GDS, 5.2m wide.

Figure 1: Comparison of (a) Standard normal GDS design and (b) Alternative angled GDS
design
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Figure 2: Concept of angled GDS design
MODELLING APPROACH

3D rock failure analysis focused on the stress-strain response produced by the fender pillars as a
function of distance from the longwall (noting the reduction in pillar size that occurs as the longwall
approaches). Conceptualised schematics of this modelling approach is illustrated in Figure 3.

Using FLAC3D (ltasca Consulting Group Inc. 2019) incorporated with Mohr-Coulomb based failure
criterion, rock failure models were simulated over a range of reducing pillar size so as to capture the
changing peak strength and post failure pillar characteristics of the fender pillars anticipated to result
during longwall extraction. This was undertaken for the cases of:
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e Normal GDS design oriented at 90 degrees to the tailgate driven at 6.5m width. This is
considered to being of standard design and is used as the base case of our analysis.

e Angled GDS design oriented at 70 degrees to the tailgate driven at 5.2m width. Thus producing
the shape of a triangle fender pillar upon longwall retreat.
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Figure 3: Conceptual 3D rock failure model design

The extent of the modelled grid is shown in Figure 4. This represents a block of strata 20.7m by 15.2m
square in plan and 25m thick in section. The seam was modelled as 2.8m thick and located at a depth
of 380m. The pillar failure models represented the pillar geometries as per the standard 90° and angled
70° designs. These were used to perform pillar stability assessment for a range of different pillar sizes
intended to emulate a variety of distances between the GDS stub and approaching longwall.
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a) 90° GDS fender pillar. b) 70° GDS fender pillar.

Figure 4: 3D Geometry of fender pillar models
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Following initialisation of in situ vertical stresses, the fender pillars were loaded at a very low constant
velocity. This slow velocity enabled the model to go through the individual element failure process at a
rate that did not create unrealistic failure behaviour. It should be noted that this approach ignores the
surrounding strata as well as the approaching longwall supports and their ability to take up load as the
pillar goes into yield.

MODELLED GEOLOGY

The modelled strata section is based on typical geological and geotechnical information for moderately
strong siltstone/sandstone in the immediate roof and floor. The geotechnical properties used by the
models are contained in Table 1.

Table 1: Modelled lithological sequence and geotechnical properties

Depth Elastic Beddin | Beddin Beddin
to base . uUcs Modul | Poisson’ 9 9 'ng

.. | Unit type . Friction | Cohesi | Tension
of unit (MPa) us s Ratio

Angle on (MPa)

(m) (GPa) @ | pa)
383.1 Sandstone/Siltstone | 30 8.0 0.25 30 3.00 0.30
382.8 Coal Contact 24* 3.5 0.30 20 1.00 0.03
380.0 Coal 24* 4.0 0.30 30 2.75 0.30
380.3 Coal Contact 24* 3.5 0.30 20 1.00 0.03
399.7 Sandstone/Siltstone | 30 8.0 0.25 30 3.00 0.30

* triaxial strength prior to cleat inclusion for coal, unscaled lab test values for others.
PILLAR STABILITY RESULTS

The extent and mode of fender pillar failure at their peak pillar strength state is presented in Figure 5.
Modelling results indicated that roughly 30% of the cross-section of the pillar remained intact after the
peak stress had been reached. This is consistent with observations made by Wagner (1980). Because
of the smaller available unyielded area exhibited in the triangular fender pillar at peak stress, a softer
post failure modulus can be expected compared to that of a normal rectangular fender pillar.

In both cases, modelling indicated the failure path to migrate from the periphery of the pillar towards the
pillar centre. The predominant mode of failure within the pillars being shear failure of intact rock
(red/maroon) with some minor tensile activation of cleat (dark blue) associated with the shear failure.

Figure 6 shows a comparison of the internal fender pillar vertical stress contours at their peak strength
state (this being the average strength of the pillar at yield). From these plots it can be seen that at the
set distances, the rectangular pillars have a greater capacity to carry vertical load, likely due to the
regular geometry and larger size. While not shown in the model design, the rectangular pillars are also
confined by the virgin strata towards the middle of the longwall block (i.e. the right hand side in each
respective plot). This additional confinement is evident in the additional stress that can be generated by
the portions of pillar furthest from the roadway.

Comparatively, the triangular pillar becomes a single, free standing, pillar when the longwall first
intersects the inbye portion of the stub at 5.8m distance (i.e., distance from the longwall to the inbye
corner of the GDS). The lower magnitude of stresses generated within the triangular fender pillars at
peak stress state emphasises the reduced ability of this geometry to generate internal confinement.

The stress-strain behaviour of the individual fender pillars is shown in Figure 7. This shows reduced
strength and softer post failure response in triangular shaped pillars as compared to normal rectangular
fender pillars. The models were initialised with in situ vertical ground stress and pillar strain is calculated
for the increased load above in situ load.
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Rectangle Fender Case

Triangle Fender Case

GDS

a) 3.3m distance - Peak Average Pillar
Strength of 14.4 MPa.

b) 3.3m distance - Peak Average Pillar
Strength of 8.1 MPa.

GDS

c) 5.8m distance - Peak Average Pillar
Strength of 21.9 MPa.

d) 5.8m distance - Peak Average Pillar
Strength of 14.1 MPa.

GDS

e) 10m distance - Peak Average Pillar
Strength of 46.2 MPa.
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Figure 5: Plan view of rock failure modes through mid section of pillars at their peak average

strength state
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