
An inverse mechanics model has been built under work face mining conditions, according to the law of working surface 
pressure distribution, to explore the mechanical characteristics and stability of the reverse fault under the influence 
of mining. As a result, a theoretical calculation equation of the normal and shear stresses in the fault zone has been 
deduced to obtain the stress variation rule between the working surface and the fault layer, under distance conditions 
of 10, 30, 50, and 70m. With distance conditions of 10 and 30m, the working surface mining stress had a noticeable 
effect on the reverse fault, resulting in a changing trend of firstly increasing, then decreasing, and increasing again in 
the normal and shear stresses of the fault zone as a whole. With distance conditions of 50 and 70m, the working face 
mining stress had little effect on the reverse fault; furthermore, the normal and shear stresses exhibited a changing trend 
of gradually increasing. At a later stage, a simulation of the above distance plans was conducted using the FLAC3D 
numerical simulation software. The results demonstrated that the influence range of the mining stress on the working 
face under the spacing distances of 10 and 30m included the fault zone, while under the distance conditions of 50 
and 70m, the fault zone was excluded. On this basis, the fault zone stability was analyzed under four types of spacing 
conditions using the Mohr-Coulomb theory rule and fault activation determination. It is concluded that the fault zone 
stability was high, with increasing distances between the working face and fault zone. The least sufficient stability was 
located near the working face, where the fault zone stability was so weak that it is likely to result in impact fracture.
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Se construyó un modelo mecánico inverso bajo las condiciones de un frente de trabajo minero, de acuerdo con las 
condiciones  de distribución de presión en la superficie de operación,  para explorar las características mecánicas 
y la estabilidad de la falla inversa en estas áreas de explotación minera. Como resultado, se dedujo una ecuación 
teórica para calcular el esfuerzo normal y el esfuerzo cortante en la zona de falla y con el fin de obtener el régimen de 
variación de esfuerzos entre la superficie de trabajo y la capa de la falla a distancias de 10, 30, 50 y 70 metros. A 10 
y 30 metros de distancia, el esfuerzo en la zona de trabajo tiene un efecto notorio en la falla inversa, lo que significa 
un cambio en la tendencia de los esfuerzos normal y cortante, que primero se incrementan, decrecen y nuevamente 
aumentan en toda la zona de la falla. A 50 y 70 metros, el esfuerzo en el frente de trabajo tiene poco efecto en la falla 
inversa; además, los esfuerzos normal y cortante mostraron una tendencia cambiante de crecimiento gradual. Por 
último, se realizó una simulación en cada una de las distancias con el software de simulación numérica FLAC3D. 
Los resultados demuestran que el rango de influencia del esfuerzo en el frente de trabajo a distancia de 10 y 30 metros 
incluyen la zona de falla, mientras que a 50 y 70 metros la zona de falla está excluida. De acuerdo con estos resultados, 
se analizó la estabilidad de la zona de falla en cuatro condiciones de espacio con la teoría de Mohr-Coulomb y la 
determinación de activación de falla. Se concluye que la estabilidad en la zona de falla es mayor con el incremento 
de las distancias entre el frente de trabajo y la zona de falla. El menor punto de estabilidad suficiente se ubicó cerca 
del frente de trabajo, donde la estabilidad de la zona de falla es tan baja que podría derivar en una fractura de impacto.
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1 Introduction

Coal reserves of 1.48 trillion tons have been identified in China, ranking 
third in the world. However, coal seams are buried deeply, with many folds, 
faults, and other geological structures, particularly in the tectonic region of 
fault. The damaged continuity of coal and rock seams poses a challenge to coal 
mining (Tan et al., 2011; Xiao et al., 2016; Sufiyan et al., 2018). Moreover, 
fault instability generated by the coal mining influence in areas affected by 
the fault structure may result in disasters such as  rock bursts (Li et al., 2014; 
Rahim et al., 2018; Mahmood et al., 2018), water inrush through the fault 
(LaMoreaux, Wu, & Zhou, 2014; Khanchoul et al., 2018), and coal and gas 
outbursts (Díaz-Aguado, & González-Nicieza, 2007). The changing law of 
mining mechanics under the influence of fault has always been the focus of rock 
burst preve, particularly in the prevention and control of rock burst. Gibowicz 
(1984) and McGarr (1984) determined that an ore quake is similar to a natural 
earthquake source mechanism, and shear slip in the fault zone mainly causes 
large-energy mine earthquakes. The majority of theories regarding the seismic 
source mechanism can be used for mine earthquakes. Joughin and Jager (1984), 
Potgieter and Roering (1984) discovered that large-energy mine earthquakes 
are closely related to shear slip in their study of a mine earthquake that occurred 
in a particular South African gold mine. Chinese scholars Jiang and Liu (2010) 
proposed a correlation between different fault types and rock burst occurrences. 
These are more likely to occur in the pressure bump when the working surface is 
overtaken by the reverse fault, according to data prepared by Jiang et al. (2014).

It is concluded that a rock burst induced by the reverse fault is more likely to 
accumulate a significant amount of elastic energy with strong destruction, upon 
conducting a statistical analysis of a rock burst disaster induced by the reverse 
fault. Through micro-seismic, electromagnetic radiation and other equipment, it 
is possible to monitor the fact that a mechanical indication in some form occurs 
before the rock burst induced by the reverse fault, and such that evidence serves 
as identification of fault instability (Veeraragavan et al., 2018; Nwankwoala & 
Ememu, 2018). Although various scholars have studied the phenomenon, the 
majority of studies have focused mainly on field monitoring data analysis. Less 
analysis has carried out on the theoretical causes of this mechanical indication, 
and the changing law of the standard and shear stresses causing the evidence 
in the fault zone. Therefore, according to the actual geological characteristics 
of the mining face under the influence of a mining area’s reverse fault, the 
distribution law of the supporting pressure in the coal seam direction is analyzed 
in this paper (Sudhakaran et al., 2018; Guan Leong et al., 2018). Moreover, a 
mechanics model of the stope has been established under the reverse fault to 
explore the pressure changing laws and instability of the reverse fault under the 
mining influence, providing a reference for the prevention and control of the 
pressure bump induced by the reverse mistake (Wali et al., 2018).

2. Materials and methods

2.1. Mechanics model of the working surface tending to the reverse fault
The tendency of the mining working face of the coal seam in a mining 

area to be affected by the F16 reverse fault was evaluated. The thickness of the 
coal seam is 5m; the upper roof of the coal seam is a conglomerate of 190m in 
diameter, and the fault angle is 60°. After the mining face, the overlying strata are 
collapsed. Assuming that the stratigraphic coal and rock mass are an isotropic 
elastic body, the top plate plane would be taken above the working surface. The 
pressure distribution of the overlying strata trending along the working surface 
is shown in Fig. 1 (Qian, 2003; Thiruchelvam et al., 2018; Tair & Dell, 2018).

The pressure of the -∞ to A and I to + ∞ zones indicate the stress of the 
original rock γH. AI is the stress affecting the working face zone, where AB, 
BC, FG, and GI are the stress increasing zones (simplified as a linear increase). 
Furthermore, CD, DE, and EF are the stress reduction zones (simplified as a 
linear decrease). The intersection of the fault and the roof plane is the origin 
O, while the angle with the Y-axis is the dip angle θ of the fault (Asghar et al., 
2018). The working surface is at point c, the working face stress concentration 
coefficient is K1, and the working face stress reduction coefficient is K2.

According to elastic mechanics theory, the stress of a point M (y, x) on the 
fault can be obtained as follows:

Figure 1. Pressure distribution along working face

where  σx is the tension of the x-direction in the fault zone, MPa; σy is the 
stress of the y-direction in the fault zone;  τxy is the shear stress of the fault zone, 
MPa; γ is the rock mass density, kg/m3; H is the buried depth of the working 
face roof, m; ξ  is a variable; g is the gravity acceleration, N/kg; and K1 and K2 
are the stress concentration and reduction coefficient, respectively. The specific 
meanings of the length units A, B, C, D, E, F, G, and I are shown in Fig. 1. The 
usual and shear stresses of the fault zone can be calculated as follows:

(4)

(5)
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Table 1. Parameter selection

Figure 2. Normal stress distribution of the fault zone under different
spacing distances

Figure 4. Numerical model

Table 2. Rock mechanical parameters

Figure 3. Shear stress distribution of the fault zone under different
spacing distances

where σN is the general stress of the fault zone; τN is the shear stress of the 
fault zone, MPa; and θ is the dip angle, °.

Because it is difficult to find an analytical solution with the above 
calculation equations, relevant parameters are assigned according to the actual 
coal mine site conditions, to analyze the stress distribution in the fault zone. The 
specific parameters selected are shown in Table 1.

The parameters in Table 1 are substituted into equations (4) and (5) to 
obtain the stress distribution of the normal and shear stresses of the fault zone 
under spacing distances of 10, 30, 50, and 70m between the working surface 
and fault, as shown in Figure 2 and Figure 3.

It can be observed from Figure 2 that the maximum normal stress value in 
the fault zone appears at a distance of 100m between the fault zone and origin 
O; that is, the closest position to the working face. Here, the normal stress of 
the fault zone is relatively large at most places under the condition that the 
working surface is 10m away from the fault; however, the stress is relatively 
small when the working surface is 70m away from the fault. At a distance of 
30 to 40m, the normal stress is relatively large under the condition that the 
working surface is 70m away from the fault, while it is relatively small under 
the distance of 30m. It happens because the mining working surface is causing 
additional normal stress in the fault zone, and the closer the distance to the 
fault, the more significant the influence will be. It can be seen from Figure 3 

that the maximum shear stress value in the fault zone is at 100m from the origin 
O under different distances between the working surface and fault; that is, the 
closest position to the working face. Here, the shear stress of the fault zone 
is relatively large at most places under the condition that the working surface 
is 10m away from the fault; however, the stress is relatively small where the 
working surface is 70m away from the fault. Likewise, the shear stress is 
relatively large under the condition that the working surface is 70m away from 
the fault, while it is relatively small at 30m, as a result of additional working 
surface shear stress. Combining Figure 2 with Figure 3, it can be seen that the 
working face mining stress has a significant effect on the fault zone, causing the 
changing trend of the normal and shear stresses of the fault zone first increasing 
and then decreasing, under the conditions that the working surface is 10 and 
30m from the fault. The working face mining stress has a small effect on the 
fault zone, resulting in the changing trend of the normal and shear stresses of 
the fault zone increasing gradually, under distance conditions of 50 and 70m. 

2.2. Numerical model analysis
A working face-mining-reverse-fault-simulation model was established 

by utilizing the numerical simulation software FLAC3D, to better analyze the 
variation law of the fault zone under the influence of mining, as well as to verify 
the fault mechanics model analysis. The mining range of the model is 100m 
in length, 540m in trend length, and 100m in height, as illustrated in Figure 4.

The working surface excavation process is simulated using dummy cells, 
using the Mohr-Coulomb model for simulating the mechanical changes in the 
coal and rock mass. Based on the geological survey and related rock mechanics 
test results, the rock mass size effect is taken into account. The parameters of each 
rock formation adopted in the simulating calculations are displayed in Table 2.

Based on the theoretical calculation scheme, a simulation scheme with 
distances of 10, 30, 50, and 70m between the working face and fault is established 
when the fault dip angle is 60°. The cross-section of the longitudinal section 
of the working face mining position and the roof plate horizontal position are 
intercepted to analyze the effects of the distance between the mining working 
surface and fault. The simulation results are displayed in Figure 5.
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(a) Stress distribution with a distance of 10m between working face and fault

(a) Variation law of fault instability coefficient

(b) Stress distribution with a distance of 30m between working face and fault

(b) Variation law of shear stress with normal stress

(c) Stress distribution with a distance of 50m between working face and fault

(d) Stress distribution with a distance of 70m between working face and fault

Figure 5. Stress distribution with different distances between working
face and fault

Figure 6. Variation law of fault with different distances

It can be seen from the longitudinal section in Figure 5 that the stress 
concentration lies in the roof plate position on the front face of the working 
surface under four distance conditions between the working surface and fault. 
The stress in this position should be the maximum; the closer the distance to the 
fault, the larger the additional stress generated in the fault will be. This point is 
the same as the maximum position of the fault zone in the theoretical analysis. It 
can be seen from the horizontal cross-section in Figure 5 that when the working 
surface is 10 and 30m, respectively, from the fault, the roof plate stress range 
should cover the position of the fault zone, apparently affecting the fault zone 
stress. Under the distance conditions of 50 and 70m, the working surface stress 
range excludes the fault zone position.

According to the numerical simulation results, the influence of the 
mining stress on the fault zone stress is gradually reduced with an increase 
in the working distance between the working face and fault, which is also 
the case in the theoretical calculation. Therefore, when combining the elastic 

mechanic’s theory and numerical simulation results, it can be concluded that the 
working surface trending mechanics model of the working fault in the working 
face can be effectively reflected by the variation law of the fault zone stress.

2.3 Stability analysis of reverse fault zone
Two methods for the Mohr-Coulomb strength criterion and fault activation 

determination were selected to analyze the fault stability. In determining the 
strength criterion, the fault friction angle is selected as 10°, and the cohesion is 
0.1MPa. Since the friction angle and cohesive force of the fault are determined 
according to the empirical value, and the characteristics of each fault in the fault 
zone differ, the qualitative analysis could only be conducted on the possibility 
of fault instability, rather than determining whether the fault was stabilized. 
The fault instability coefficient is set as α, according to the Mohr-Coulomb 
theory strength criterion equation, to facilitate analysis, as is showed in Formula 
6. The larger the value of α, the higher the probability of fault instability; the 
smaller the value of α, the more stable the fault will be. The fault activation 
determination method is conducted according to the ratio between the shear 
and normal stress of the fault zone; the more significant the ratio, the higher the 
possibility of instability.

(6)

where Cf is the fault cohesion, MPa, and ɸ is the internal friction angle, °.
Employing this calculation, when the distances between the working 

surface and fault are 10, 30, 50, and 70m, respectively, the ratio variation law 
among the instability coefficient of the reverse fault, the shear stress, and the 
normal stress can be obtained, as indicated in Fig. 6.

It can be observed from Figure 6 that the fault stability results obtained 
by the two methods are almost the same. The position with poor stability in the 
fault zone is located at a distance of 100m between the fault zone and origin O; 
that is, the closest position to the working face. Here, the poorest fault stability 
is under the distance condition of 10m between the working surface and fault, 
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Figure 7. Layout of 25011 working face

while the highest fault stability can be obtained at a distance of 70m. Under 
distance conditions of 50 and 70m between the working face and fault, the 
working face mining stress has no apparent effect on the fault zone; thus, the 
fault zone stability is gradually increased. Under distance conditions of 10 and 
30m between the working face and fault, the working face mining stress results 
in apparent additional pressure on the fault zone, causing its overall stability to 
exhibit a trend of first increasing, then decreasing and growing again. Moreover, 
negative values exist in the calculation of the ratio of the instability coefficient, 
shear stress, and normal stress in the fault zone. The physical meaning of 
the fault zone is that the stress leading position of the fault is different from 
other areas. In this case, the possibility of fault fracture is also intensified, in 
opposition to fault stability. Therefore, such a stress state should be avoided in 
actual production work.

In summary, it is clear that the working face mining pressure significantly 
influences the fault stability. Moreover, the closer the fault, the higher this 
influence will be. Therefore, the minimum spacing between the working 
face and fault should firstly be determined in field work, to avoid the risk of 
fault instability caused by different stress directions in the fault zone. Then, 
comprehensive consideration should be given to actual situations, such as roof 
plate support on site and economic benefits, to reasonably determine the width 
of the coal pillar between the working face and reverse fault.

2.4 Analysis of actual situations on site
The 25110 working face of a particular mine consists of fully mechanized 

caving faces, located at the level of -445m of the mine 25 mining area. The 2-1 
coal seam was evacuated on the working surface. The coal ranges from 7.4 to 
13.8m in thickness, moving towards 112 to 27° with a tendency of 202 to 217° 
and a dip angle of 12°, and belongs to the slowly inclined thick coal seam. The 
lower lane of the working surface of 25011 is near the F16 reverse fault, as 
indicated in Figure 7.

According to the actual situation on site, a total of eight rock burst events 
occurred in the 25110 working face during the mining process, all within the 
lower lane of 25011. The first to seventh events occurred during the tunnelling 
process, while the eighth occurred during the mining process. Therefore, we 
can conclude that the 25011 lower lane approaching the reverse fault is a major 
area for rockburst occurrence. Furthermore, as the mining distance during the 
early stage approached the reverse fault, one rockburst event was also caused 
during the mining process; thereafter, no such event occurred. Thus, it can be 
determined that the closer the dip distance of the working face to the fault, the 
more easily the rock burst will occur, which is consistent with previous analysis 
results.

3 Conclusions

(1) Based on the law of the working face dip pressure distribution, 
a reverse fault mechanics analysis model was established to deduce the 
calculation equation of the normal and shear stresses of the fault zone under 

the influence of the mining working face. It could be observed that the normal 
and shear stresses of the fault zone exhibited a changing trend of first increasing 
and then decreasing under the conditions in which the working surface was 10 
and 30m from the fault. The normal and shear stresses of the fault zone were 
exhibited a changing trend of increasing gradually under distance conditions of 
50 and 70m between the working surface and fault. The stress distribution of 
the longitudinal and transverse horizontal sections under spacing conditions of 
10, 30, 50, and 70m between the working and fault distance were obtained by 
means of the FLAC3D numerical simulation method. The results indicate that the 
influence range of the mining stress on the working face at spacing distances of 
10 and 30m included the fault zone, while at spacing distances of 50 and 70m, 
the fault zone was excluded. Consequently, it can be concluded that the mining 
stress not only affects the fault zone, but also changes the variation trend of its 
normal and shear stresses under spacing conditions of 10 and 30m; however, 
there was less influence under spacing conditions of 50 and 70m.

(2) Two Mohr-Coulomb theory rule methods and fault activation 
determination were applied to analyse the fault zone stability. When the 
working surface was 10 and 30m away from the fault, negative values existed 
in the calculation of the instability coefficient, shear stress, and normal stress 
ratio in the fault zone. The physical meaning of the fault zone is that the stress 
leading position of the fault is different from other positions. In such a case, the 
possibility of fault fracture is also intensified, resulting in a possibility of rock 
burst. When the spacing was 50 and 70m, the fault zone stability exhibited an 
overall changing trend of gradually increasing. Moreover, the most dangerous 
fault zone positions under four spacing conditions were located at the closest 
position to the fault.

(3) Based on actual site conditions, rock burst was more likely to occur 
in the lanes approaching the fault zone, indicating that the spacing between the 
working surface and fault zone was an important factor affecting the occurrence 
of rock burst. Therefore, determining a reasonable distance between the mining 
working face and inverse fault zone was a foundation for preventing rock burst.
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