View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Research Online

UNIVERSITY University of Wollongong

OF WOLLONGONG .

AUSTRALIA Research Online

Coal Operators' Conference Faculty of Engineering and Information Sciences
2019

Numerical simulation of stress distribution in
longwall panels during the first caving interval

Sadjad Mohammadi
Shahrood University of Technology, Iran

Mohammad Ataei
Shahrood University of Technology, Iran

Reza Kakaie
Shahrood University of Technology, Iran

Ali Mirzaghorbanali
University of Sothern Queensland

Naj Aziz
University of Wollongong, naj@uow.edu.au

See next page for additional authors

Publication Details

Sadjad Mohammadi, Mohammad Ataei, Reza Kakaie, Ali Mirzaghorbanali, Naj Aziz and Ashkan Rastegarmanesh, Numerical
simulation of stress distribution in longwall panels during the first caving interval, in Naj Aziz and Bob Kininmonth (eds.),
Proceedings of the 2019 Coal Operators Conference, Mining Engineering, University of Wollongong, 18-20 February 2019, 82-90.

Research Online is the open access institutional repository for the University of Wollongong. For further information contact the UOW Library:

research-pubs@uow.edu.au


https://core.ac.uk/display/212721121?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://ro.uow.edu.au/
http://ro.uow.edu.au/
http://ro.uow.edu.au/
https://ro.uow.edu.au
https://ro.uow.edu.au/coal
https://ro.uow.edu.au/eis

Authors
Sadjad Mohammadi, Mohammad Ataei, Reza Kakaie, Ali Mirzaghorbanali, Naj Aziz, and Ashkan
Rastegarmanesh

This conference paper is available at Research Online: https://ro.uow.edu.au/coal /725


https://ro.uow.edu.au/coal/725

2019 Coal Operators Conference

NUMERICAL SIMULATION OF STRESS
DISTRIBUTION IN LONGWALL PANELS DURING
THE FIRST CAVING INTERVAL

Sadjad Mohammadi!, Mohammad Ataei?, Reza Kakaie?,
Ali Mirzaghorbanali?, Naj Aziz® and Ashkan Rastegarmanesh®

ABSTRACT: Reliable prediction of induced stress distribution in longwall panels enhances
safety in longwall mining. This paper presents the results of numerical simulation intended to
examine stress distribution in terms of peak abutment pressures during the first caving of
longwall mining. Longwall mining was simulated by incorporating Universal Distinct Element
Code (UDEC). Several conceptual models were developed and subsequently analyzed to
investigate the effects of five critical parameters on peak abutment pressures. Critical
parameters that were studied as a part of this investigation included roof strata uniaxial
compressive strength, immediate roof height, spacing of bedding planes and Vertical and
horizontal in situ stresses. The results of numerical simulation increased the current
understanding of rear and front abutment pressures in longwall mining under various geo-
mining conditions.

INTRODUCTION

Study of the induced stress distributions in the vicinity of a longwall panel plays a fundamental
role in the understanding of mining mechanics due to its direct impact on safety and productivity.
The stress distribution in term of abutment pressures (Figure 1) has a direct effect on the failure
mechanism, roof control, location and stability of the gateroads and frequency and intensity of
dynamic accidents such as gas outburst and rockburst in working faces. Accordingly, the
accurate prediction of the abutment pressures enhances safety in longwall mining.

There are direct (e.g. stress measurement, experimental simulation, simplified elastic—plastic
or constitutional damage calculation) and indirect (e.g. tunnel deformation and support pressure
measurement) methods to measure the abutment pressures (Gao et al., 2013). Up to now,
several equations were presented in the literature to predict abutment pressures (Salamon,
1963; Peng and Chiang, 1984; Jeramic, 1985; Wilson, 1986; Mark, 1990; Heasley, 1998; Gil,
2013; Verma and Deb, 2013; Zhu et al., 2015). Furthermore, some other researchers have
studied numerically the effect of various pertinent parameters on the abutment pressures
(Singh and Singh, 2010; Gao et al., 2013; Ju et al., 2015; Ji et al., 2016; Jiang et al., 2018).

In the literature, no studies have been carried out to investigate the effects of critical parameters
on the abutment pressures with regards to the existence of different strata in the immediate
roof. It is noted that discontinuous methods are more appropriate for simulating the progressive
caving of strata due to longwall mining. Accordingly, a systematic numerical study incorporating
Universal Distinct Element Code (UDEC) was performed to investigate the effects of five critical
parameters on the rear and front Peak Abutment Pressures (PAP) during the first caving
interval considering the different composition of immediate roof strata. Critical parameters that
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were studied included the roof strata uniaxial compressive strength, immediate roof height,
spacing of bedding planes and in situ stresses.

over-stressed de-stressed
zone zone

elastic zone |<—_q ~ plastic zone
SR

Peak Abutment Pressure = Kyh

Cover stress = yh

Future panel Gateroad

Figure 1: Abutment pressure state (modified from Yavuz, 2004)
SIMULATION REQUIREMENTS

The two-dimensional Universal Discrete Element Code (UDEC) was used to simulate the first
caving event due to longwall mining. For this purpose, an initial condition was defined, then, to
study each parameter, only the value of that particular parameter was changed and the other
parameters were kept constant under the initial condition. Table 1 illustrates the initial condition.
Geometry and boundary conditions of the constructed models are shown in Figure 2.

Table 1: Basic conditions

Parameters Value
Coal seam thickness 2m
Immediate roof height 5m
Mining depth 300 m
In situstresses ratio 1
Bedding planes spacing 1m
Number of cross joint 1
Joint set dip 90°
Joint set orientation Parallel to the face
Joint set spacing 1m
Joint set persistence 0.5m
y Jointed area
L.,
€ )
0 Main roof 2
o
0 Main roof 1

Immediate roof

Coal seam

50 m

Floor

@ _ Extraction length C}k

160 m

A AN

800 m

Figure 2: Geometry and boundary conditions of the numerical model
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In order to consider a variety of strata in the immediate roof, four types of immediate roofs were
studied as shown in Figure 3. These types have been selected in such a way that immediate
roof strata that was weak, or strong or that various components could be considered.

m Coarse im Fine
Sandstone Sandstone
Fine
3
" Shale '™ | sandstone tm Shale
A A C
tm Shale imi | Siltstone 5m oarse
Sandstone
\ A, A,
A A A
2m| | Siltstone 2m| | Siltstone 2m Coarse
Sandstone
a.roof type 1 b. roof type 2 c.roof type 3 d. roof type 4

Figure 3: Four types of immediate roof

In the models, the rock blocks obey strain-softening (elastic-brittle-plastic) constitutive model
with an ultimate and residual strength defined by modified Mohr-Coulomb strength criterion.
Discontinuities follow Mohr-Coulomb constitutive law. The mechanical properties of the rock
mass and discontinuities (Table 2 and Table 3) for this study were deduced from the mean of
field data compiled for various panels and typical values extracted from the literature.

Table 2: Mechanical properties of rock blocks

Rock Oci E p v ¢ he C O W
(MPa) | (GPa) | (kg/m?) (MPa) | (%) ) [ (MPa) | () @)
Siltstone 10.00 3.10 2600 0.25 2.21 37.07 5 0.22 24.71 3.33
Shale 36.00 11.16 2600 0.25 8.311 38.91 5 0.83 25.94 3.33
Fine Sandstone 75.00 23.25 2600 0.25 14.30 | 45.73 5 1.43 30.50 3.33
Coarse Sandstone 150.00 46.50 2600 0.25 28.61 45.73 5 2.86 30.50 3.33
Floor and main roofs 120.00 37.20 2600 0.25 24,20 | 43.00 5 2.42 28.67 3.33
Coal 15.00 2.00 1500 0.4 5.80 15.28 2 0.58 10.20 1.33

o intact compressive strength; E: Young’s modulus; p: density; v: Poisson’s ratio; C: cohesion; ¢: angle of internal friction;
v angle of dilatancy; Cr residual cohesion; or: angle of  residual internal friction;
v, angle of residual dilatancy

Table 3: Mechanical properties of discontinuities

Parameters ¢ he Ot Ka Ks
(Mpa) (°) (Mpa) (GPa/m) (GPa/m)
value 0 30 0 20 4

C: cohesion; ¢: angle of internal friction; oy tensile strength;
Ka: normal stiffness; Ks: shear stiffness

RESULTS
Effect of strata UCS

The coal strata are grouped into several composite layers which have diverse thicknesses with
different and complex mechanical and caving behaviour. Different strata properties have
different influences on the immediate roof properties. Therefore, to consider the effect of such
condition in overall strength of the immediate roof, the Equivalent Immediate Roof Strength
(EIRS) was defined as the thickness-weighted average of the roof strata uniaxial compressive
strength as follows:
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En t xo
i [ 1
EIRS=12 - (1)

p
i=1
where t; is the thickness of the ith stratum (m), o is the Uniaxial Compressive Strength (UCS) of the it"

stratum (MPa), and n is the number of stratum within the immediate roof.

Figure 4 shows the results of PAPs modelling for the studied roofs (in which its EIRS are 25.6,
56.2, 84.2, and 150 MPa, respectively) in the initial condition.

——Rear —O—Front

20 1

18 ~

17 1

PAP (MPa)

15 -

14 T T 1
20 70 120 170
EIRS (MPa)

Figure 4. Peak abutment pressures versus EIRS of immediate roof

From Figure 4 it is concluded that an increase in the overall strength of the immediate roof
(EIRS) produces higher PAPs. The findings show that the front PAP increased from 15.15 MPa
to 19.60 MPa with an increase in EIRS from 25.60 to 150 MPa. The rear PAP inhabits a similar
trend, in which PAP varies from 14.74 MPa to 19.41 MPa. Moreover, it is observed that the rear
PAP is always less than the front one.

Effect of immediate roof height

The immediate roof height (which is usually equal to the caving height) is correlated with
extraction height as followS:

h =M @)
K-1
where m is the extraction height (m) and K is the bulking factor of immediate roof.

Peng and Chiang (1984), based on field investigations, stated that the bulking factor of coal
measure rocks varied between 1.1 and1.5. Shabanimashcool (2012), based on the available
literature, proved that the porosity of caved materials is approximately 0.3 which corresponds
to a bulking factor of 1.43. Consequently, the immediate roof height would be roughly 2.5 times
the extraction height which is also the assumed value in this study. Accordingly, in order to
investigate the effect of the immediate roof on the PAPs, three heights (5, 7.5, and 12.5) were
considered (Figure 5).

Contingent upon Figure 5, it is noted that there is a decreasing trend in the rear and front PAPs
with an increase in immediate roof height, and supposedly, an exponential decay function could
describe the decreasing trend of the PAPs with respect to immediate roof height for all of the
studied roofs. Moreover, it is evident that the gradient of the trend line in strong roofs (roof 3
and 4) is higher than that of the weak roofs (roof 1 and 2).
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Figure 5: Peak abutment pressures versus immediate roof height

Effect of bedding planes spacing

The bedding planes in the immediate roof were simulated by horizontal persistent joints with
three mean spacing (0.25, 0.5, and 1 m). It is noted that the bedding planes spacing was
presumed constant in the entire immediate roof. The bedding planes influence on the PAPs is
illustrated in Figure 6.

—O— Roof 1 - -# - Roof 2 —A&— Roof 3 —¢— Roof 4
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a. rear PAP
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Figure 6: Peak abutment pressures versus bedding planes spacing

According to Figure 6, the rear and front PAPs observed during first caving event show an
increasing trend with increases in the mean spacing of bedding planes and furthermore, the
relationship between PAPs and bedding planes spacing is of a logarithmic growth. In addition,
it is also clear that the growth rate of the strong roofs (roof 3 and 4) are higher than that of the
weak roofs (roof 1 and 2).

Effect of vertical in situstress

A parametric study to assess the effect of in situ stress on the PAPs was done by varying mining
depth. Accordingly, a simulation was performed using four depths values of 150, 300, 600, and
1000 meters which corresponds to vertical in situs tresses of 2.6, 6.5, 14.3 and 24.7 MPa
(Figure 7).

Plots in Figure 7 show that the rear and front PAPSs increases almost linearly with an increase
in strata depth and consequently vertical in situ stress. Additionally, the graphs show that both
PAPs increases drastically with increase in strata depth up to a value of 600 meters, however,
when the depth of working increases to 1000 m, the PAPs increases gradually as well.
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Figure 7: Peak abutment pressures versus vertical in situ stress

Effect of horizontal in situ stress

Finally, the effect of the horizontal in situ stress on the PAPs was conducted via using a
parametric study of different in situ stress ratios (K). For this purpose, strata depth of 300 meters
was assumed and K was changed from 0.5 to 3 which correspond to a band of 3.25 to 19.5
MPa of horizontal in situ stress change (Figure 8).
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< 20 1
o
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Q_ 15 T
<
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0 0.5 1.5 25 3 35
K
b. front PAP

Figure 8: Peak abutment pressures versus horizontal in situstress

Figure 8 illustrates there is no clear relationship between PAPs and the horizontal in situstress.
These results show that while the horizontal in situstress increases, both rear and front PAPs
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fluctuate capriciously. Furthermore, the magnitude of the rear and front PAPs in strong roofs
are always higher than that of the weak roofs irrespective of the horizontal in situstress value.

DISCUSSION

The prime motivation for this study was to investigate the relationship between the rear and
front abutment pressures and some critical parameters. Different types of roofs in terms of
strength and composition were taken into account while incorporating discontinuous by
numerical modelling. Undoubtedly, the obtained values are not applicable to all cases, however,
the general trends of the relationships are valid.

Figure 4 showed that there is a direct relationship between EIRS and PAPs. This relationship
should be interpreted by taking the first caving interval into consideration. The effect of an
increase in EIRS is an increase in the first caving interval. Consequently, based on the
principals of potential energy balance, the PAPs are higher. Later, the indirect relationship
between the immediate roof height and PAPs could be inferred from Figure 5. This result is in
line with the analytical results of Majumder and Chakrabarty (1991) and numerical findings of
Singh and Singh (2010). Moreover, Figure 6 indicated that the result of an increase in the
bedding planes spacing would be higher PAPs which reflect the direct correlation between
these two variables. This finding confirms the results of the numerical modelling of Gao et al.
(2014). In addition, a direct relationship between the vertical in situstress (which corresponds
to strata depth) and PAPs is concluded from Figure 7 which is in accordance with the findings
of Singh and Singh (2010). Meanwhile, the PAPs and main caving span are not always
correlated directly and it is necessary to take into account the working depth. In a constant
depth, an increase in the main caving span of a given roof is encountered with an increase in
PAPs (similar to the interpretation of the results of the effect of strata UCS). Nevertheless, when
the mining depth increases, the main caving span decreases, however, PAPs will be higher.
Figure 8 showed there is not a clear relationship between the horizontal in situ stress and PAPs.
This result is inconsistent with the numerical modelling results of Singh and Singh (2010). Gao
et al. (2014) discussed that the most significant influence of horizontal stress is changes in the
fracture mechanism in the immediate roof from bed bending failure to bed shear fracture which
results in changing the main caving span. This phenomenon could be one of the reasons for
fluctuation in the PAPs. Moreover, in this paper, the direction of principal horizontal in situ stress
was deliberately taken parallel to the panel length which could impact on the induced stress
pattern in turn. However, to achieve a realistic and clearer explanation, a 3-D simulation is
necessary.

CONCLUSIONS

Results of numerical simulation to investigate the effect of some critical parameters on the peak
abutment pressures with the help of UDEC software were presented. The following main
conclusions are extracted from this study:

e The front peak abutment pressure is always higher than the rear one.

e Equivalent strength of immediate roof (EIRS), average spacing of bedding planes in the
immediate roof strata and the vertical in situ stress have a direct relationship with the rear
and front abutment pressures whereas this relationship is indirect for the immediate roof
height and the extraction height.

e All recognized relationships are almost linearly with the exception of bedding planes
spacing and the immediate roof height which are logarithmic growth and exponential
decay, respectively.
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e The obtained results showed that there is no clear relationship between the horizontal
in situ stress and the peak abutment pressures. This should be further scrutinized through
3-D simulations.
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