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Abstract

Ensuring the stability of the working face in longwall coal extraction is a crucial factor in the economic viability of
this method. Numerous parameters influence working face stability, necessitating a comprehensive understanding of
their impact on safe and economical mining. This study investigates the stability of a mining face in the actual
extraction area, focusing on the E3 Panel of the Tabas Parvade coal mine. A numerical model is employed to examine
the effects of mining and layer displacement on working face stability.

Initially, the influential parameters for working face stability are categorized and analyzed. Subsequently, using
FLAC3D software, the stability of the E3 Panel working face in the Tabas Parvade coal mine is simulated and
evaluated. Sakurai criteria are applied to assess wall and working face stability by calculating shear strain values in
these areas.

The simulation explores the impact of initial and periodic wall weighting effects on the stability of the extraction
face during coal extraction. Initial and periodic collapses are predicted to occur at approximately 11.5 and 2.5 meters,
respectively, with the initial roof collapse following the extraction of the fourth coal seam. Results from numerical
modeling indicate a likelihood of instability within 6 to 10 meters after progressing in the working face, coinciding with
initial and periodic roof collapses.

In summary, the working face in the E3 Panel of the Tabas Parvade coal mine is described as
transitioning between slippage and stability, with the upper roof prone to sloughing after extracting six coal
seams. Pressure on the mine openings is notably higher on the Tailgate side, and there's a risk of the working
face collapsing near the main cutters during the coal extraction process. Cuttable Rock Bolts are
recommended to prevent roof and face falls.
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1- INTRODUCTION

Longwall mining is a practical approach to underground coal mining, boasting lower costs than
alternative methods. The expenses associated with mineral extraction in longwall mining are
comparable to those in open-pit mining, prompting extensive research to enhance efficiency (Ataei,
2015).

Given coal's low resistance, coal mines exhibit heightened sensitivity to stability and engineering
considerations compared to underground mines. Ensuring the stability of walls, particularly the
extraction work face, is crucial in the successful and secure execution of longwall mining.
Controlling induced stresses from the mining area is essential, as any instability or collapse in the
mining work face can disrupt operations, causing delays (Ataei, 2015).

Spalling is a prevalent issue linked to wall instability, where increased stress concentration at the
roof and mining work face interface results in crack formation. These cracks can lead to block
formation comprising coal and rock strata, posing a risk of collapse before coal extraction. Failure
to predict and control these collapses can lead to workspace blockages, production stoppages, and
potentially life-threatening situations (Bai et al., 2016).

Various studies have explored the understanding of longwall mining, focusing on load
distribution in different zones and the stability or instability of foundations and caving zones.

In 2007, Kwang et al. explored roof destructibility at various slopes through numerical modeling,
noting that destruction is more favorable in flat layers in the middle part of the mining face, while in
sloping layers, upper slope destruction is desirable (Quang et al., 2007). Ardehjani et al. validated
these findings in 2021 and 2024, confirming the accuracy of results through sensitivity analysis of
slope parameters and examination of induced stresses in the FLAC3D software (Ardehjani et al.,
2021 & 2024).

Shengbai et al. 2014 utilized a two-dimensional finite difference model to study roof failure
during longwall mining (Bai et al. 2014). Zhang et al. 2016 demonstrated spalling typically occurs
beneath the roof layer at a distance of 0.587 times the mining height (Zhang et al. 2016). Jiachen et
al. in 2016 concluded that over 95% of failures in longwall mining occur in shear mode (Wang et
al., 2016).

In 2016, Shengbai et al. used FLAC2D software to model the mass of rock and support systems,
examining the spalling of the mining face. Results showed that the highest pressure on the mining
face occurs precisely at a distance of zero from the mining face surface (Bai et al., 2016). Ardehjani
et al. in 2018 investigated parameters affecting roof destruction and the first roof weighting effect in
longwall mining (Ardehjani et al., 2020). In 2020, using FLAC3D software, they predicted the first
and periodic roof weighting effect in the E3 coal mining zone of the Tabas Parvadeh coal mine
(Ardehjani et al., 2020).

In 2018, Sang and Chang studied the simultaneous mining of two adjacent mining faces in thin
coal layers using three-dimensional nonlinear analysis to understand pressure distribution and
failure zone formation. Concentrated loading behavior was examined by applying variable force on
the roof and floor behind the mining face and natural support systems (Song et al., 2018). Yang et
al. 2019 investigated the mechanism of mining face failure in terms of the interaction of natural
supports in longwall mining, using theoretical and physical modeling to better understand the
fundamental mechanism of mining face failure and the interaction of natural supports (Young et al.,
2019).

This study builds upon previous research, utilizing numerical modeling to explore the impact of
advancing mining faces, roof failure during the first, and periodic roof weighting on the stability of
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the extraction face and its upper roof in the E3 zone of the Tabas Parvadeh coal mine. Subsequent
sections will discuss further details of this study and numerical modeling.

2- METHODS

Employing the FLAC3D finite difference software, a model was crafted for the extraction zone
E3 in the Parvadeh Tabas coal mine. The software selection, driven by its apt capabilities and finite
difference computations, was influenced by the continuous conditions and the rock masses' low
Rock Mass Rating (RMR) of approximately 24 in the Tabas coal mine.

The extraction zones in the Tabas Parvadeh coal mine boast average dimensions of 2x1200x200
meters. Consequently, numerical modeling and simulation were executed based on these
dimensions. The initial step in numerical modeling entailed selecting an optimal geometry range.
Considering the extraction zone's dimensions, the modeling range was defined as 380 meters in
length, 280 meters in width, and 244 meters in height at the zone's terminus. These proportions
were chosen to simultaneously factor in the effects of a longitudinal slope (10 degrees), transverse
slope (20 degrees), and the extraction zone's dimensions on mining face stability. The model's width
comprised a 200-meter mining face and two 40-meter-wide retaining pillars. The model's length
encompassed 350 meters of the zone and the remaining 30 meters at the zone's end. The zone's
height was fixed at 2 meters, aligning with the thickness of the extracted coal layer.

Subsequently, layers were individually modeled in the software based on the region's
stratification. Due to the significant depth, layers from 0 to 244 meters from the model's base were
simulated, with higher layers above the 244-meter ground level applying a distributed load
equivalent to 6.6 megapascals atop the model.

A Mohr-Coulomb behavior model was employed to model rock mass behavior. To prevent
deformation during solving, the model's bottom and walls in all three axes (X, Y, Z) and the roof in
the horizontal X and Y directions were fixed, allowing settlement in the vertical direction (Z-axis).
Mesh dimensions, determined by the numerical model's size, solving time, sensitivity of the study
area, and insights from previous numerical studies, were consistently set at 1x1x1 for all layers
(Ardehjani, 2020, 2021 & 2024).

After implementing the behavioral model and boundary conditions, the model underwent solving
to attain its initial equilibrium, achieving stability after 9996 computational steps (Figs. 1 & 2).
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Fig. 1. The boundary conditions in the constructed model Sten x1023

Fig. 2. Diagram of unbalanced force

3- FINDINGS AND ARGUMENT

In the presented analysis, Figures 3 and 4 illustrate the average shear strain in the mining face
and roof, respectively, along with the critical shear strain diagram. Numerical modeling reveals that
the upper roof experiences elevated shear strain beyond the critical state as the mining face
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advances. Consequently, the immediate collapse of the roof occurs with the progression of the
mining face and support system, bypassing any periodic destruction phase.

The initial roof failure results in the roof's maximum suspended length without collapsing,
positioned between the end anchoring and the rear of the support system. Applying maximum
foundation pressure on the mining face and retaining pillars leads to the anticipated collapse and
instability of the mining face and its upper roof. Despite induced stresses from previous zone
extraction and deformation in surrounding layers due to prior destruction, instability during the
initial roof failure is not observed. However, in specific areas, especially towards the tailgate,
deeper positioning induces higher ground stresses compared to the main gate, causing the maximum
shear strain to exceed the critical shear strain. This elevates the likelihood of collapse and instability
in the mining face and upper roof, potentially resulting in localized skinning, consistent with mining
technical office reports, affirming the numerical modeling's accuracy.

Considering mining conditions on steep layer slopes in two directions (10 degrees along the
layer's strike and 20 degrees along its dip), the main-gate and tail-gate areas pose a higher risk of
mining face failure and instability. The remaining mining face is close to collapse, with its shear
strain relatively unchanged compared to critical conditions (Figure 3). However, the upper roof
exhibits different conditions, collapsing under its own weight due to the slope. This is evident in the
numerical modeling (Figure 4) after extracting the 6th slice (14 to 22 meters post-advancement),
with a gradual increase in shear strain.
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the Face

4- CONCLUSIONS

In the longwall mining technique, ensuring the stability of the mining face is of utmost
significance. Any instability in this area can lead to disruptions in the extraction process, with
potential human and financial losses, causing disturbances and decreasing coal production.
Consequently, maintaining the stability of the mining face not only safeguards against interruptions
but also contributes to heightened coal recovery rates and diminished production expenses.

In the Parvadeh Tabas coal mine, the first and periodic roof weighting effect, determined by the
Sakurai criterion, ranges from 11 to 4.5 meters and 5 to 2 meters, respectively. According to
numerical modeling, the initial roof destruction occurs after extracting the fourth coal slice. While
the mining face in the E3 zone of the Tabas Parvadeh coal mine experiences intermittent collapse
and stability, the upper roof becomes prone to collapse after extracting six coal slices. To mitigate
this, recommended solutions include installing rock bolts or using single-arm movable hydraulic
jacks to prevent roof collapse during mining.

The pressure on the rock bolts, metal frames, and natural support system on the tailgate side is
notably higher than that on the Main Gate side due to the roof layers' slope and the weight transfer
from the upper layers towards the tailgate. Consequently, localized skinning is more prevalent on
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the tailgate side. Employing shearable rock bolts with suitable lengths proves effective in
preventing these instabilities.

Considering the increased pressure on natural support systems on the tailgate side compared to
the Main Gate side, these support systems in this section undergo more wear and tear. Therefore, it
is recommended to reinstall these systems in the subsequent extraction zone, giving priority to the
natural support systems on the tailgate side.
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