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Abstract

A mechanical model for the tilted workface floor along the tilted direction of coal seam was proposed. Stress expressions of
an arbitrary point inside the tilted workface floor were deduced. Calculation formula for the maximum failure depth of the 
lateral floor strata of the tilted workface was also deduced. Based on the Mohr-Coulomb yield criterion, the tilted workface
floor’s stress distribution, and failure depth and shape were simulated by using FLAC3D software for different coal seam’s dip 
angles, buried depths, and workface widths. Results show that the concentration coefficient, the peak value and the distance 
between the peak position of the lateral abutment pressure and the roadway on both sides of the tilted workface decreases with 
the increases in coal seam’s dip angle. The vertical stress isoclines present a “spoon-shaped” distribution along the tilted
direction of workface. Both sides of the workface form “bubble-shaped” distribution shear stress and its peak value increases 
first and then decreases with the increases in coal seam’s dip angle and reaches maximum at 30°–35°. The tilted workface 
floor’s plastic failure zone presents a “spoon-shaped” distribution along the tilted direction of workface, which is large on the 
lower side and small on the upper side. The plastic zone’s failure depth increases first and then decreases with the increases in 
the dip angle of coal seam and reaches maximum at 30°.
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1. Introduction

The roof and floor strata of workface are in a state of stress 

balance before mining, and the stresses on roof and floor 

strata of workface are redistributed after mining. Formation 

of stress concentration and reduction area can possibly result 

in the deformation and failure of stope surrounding rock

(Jiang et al., 2011; Lu et al., 2014). Therefore, studying the 

stress distribution of workface floor and mining failure depth,

shape and its influence on realizing the safe mining above 

confined aquifer is necessary, which can determine the proper 

location of floor roadway and the mining influence of upper 

coal seam on lower coal seam (Xiao et al., 2010; Zhang et al., 

2012; Zhao et al., 2015).

Liu et al. (2016) analyzed the stress distribution of workface 

floor and the roadway position in the close distance coal seams. 

Liu et al. (2019; 2017) studied the evolution law of stress and 

failure characteristics of the mining workface floor above 

confined aquifer, and analyzed the evolution characteristics of 

water inrush from workface floor. Lu et al. (2015) numerical 

simulated the fracture evolution and the water flow in workface 

floor above confined aquifer. Zhang and Meng (2019), and 

Zhang et al. (2017) studied the floor failure of mining workface 

above confined aquifer, and analyzed the evolutionary process of 

water inrush from floor by the method of experimental simulation. 

Yin et al. (2016) monitored the stress evolution law of workface

floor with time and space during mining. Tan et al. (2010) 

investigated the failure zone of workface floor in mining of the 

close distance coal seams. Zhu et al. (2014) studied the workface

floor’s deformation and failure characteristics due to coal seam

mining. Cheng et al. (2015) studied the control method of rock 

burst in floor roadway that driven along the goaf in a thick coal 

seam with a large dip angle.

Otherwise, based on the elastic mechanics theory of the space 

semi-infinite body, many scholars studied the mining workface 

floor’s stress distribution and failure depth by combining the 

Mohr–Coulomb yield criterion and the numerical simulation 

method. Wang et al. (2013) built a spatial semi-infinite body 

model that allows for the advanced and inclined directions of 

workface and derived the iterative formula of vertical stress of 

stope floor. And they also calculated the workface floor’s maximum 

failure depth by combining Mohr–Coulomb yield criterion and 
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compared the failure depth with the micro-seismic monitoring 

results. According to the distribution law of the advance 

abutment pressure in front of the workface, Meng et al. (2010) 

built an elastic mechanics model of stress calculation with an 

arbitrary point in stope floor, provided evidence for determining 

the failure of workface floor using the Mohr–Coulomb yield

criterion, and analyzed the stress distribution and failure 

mechanism of the 1028 workface floor in Suntong Mine. Li et 

al. (2015) studied the floor failure law using the finite element 

method with Zhaogu Mine II as the engineering background, 

measured the floor failure depths of different mining heights 

using the mine symmetrical quadrupole electrical profiling 

method, and performed multivariate statistics regression analysis 

of mining floor failure influential factors and failure depth using 

the Spass software. Zhang et al. (2013) took the deep mining of a 

full-mechanized workface as the engineering background, 

confirmed the deformation and failure of workface floor with 

different buried depths of coal seam, and discussed the basic 

laws of deformation and failure of workface floor of a thick coal 

seam with considerable mining depth by combining the numerical 

simulation results. Feng et al. (2015) decomposed the stress 

field of stope floor into initial and excavation stress fields, 

built the floor strata mechanics model that allows for the 

abutment pressure of the lateral wall, performed the analytic 

calculation of the floor stress and displacement fields using 

the integral transformation method, and determined the 

workface floor’s plastic failure depth with the Mohr–

Coulomb yield criterion. Liu et al. (2015; 2018) considered 

several factors, such as the inclined length of workface, 

mining thickness, mining depth and floor strata mechanics 

parameters, and water pressure, simulated the effect of such 

factors on the mining workface floor’s failure depth by using 

FLAC software, and studied the sensibility of the main 

controlling factors that affect the floor failure depth.

China is rich in coal resources, and its existing coal seam 

conditions are quite diversified. Furthermore, the hydrogeology 

is complicated, with significant changes in coal seam’s dip angle. 

In addition to the approximately horizontal coal seam with 

relatively small dip angle, numerous tilted coal seams with 

relatively large dip angles exist (Sun, 2011; Sun and Wang, 2014;

Sun et al., 2011). The deformation and failure of surrounding 

rock of the tilted coal seam workface is quite different from that 

of the horizontal and approximately horizontal coal seam. In the 

past, scholars only studied the deformation and failure characteristics 

of workface floor after mining of the horizontal and approximately 

horizontal coal seam, and research on the stress distribution, 

failure depth, and failure shape and scope of workface floor of a 

tilted coal seam is limited. According to the literature review of 

Sun (2011), Liu et al. (2017) built the mechanical model along

the tilted direction of workface floor for calculating the failure 

depth of mining workface floor based on the elastic mechanics 

theory of the semi-infinite body by designing an orthogonal test 

scheme and performed a simulation analysis of the sensibility of 

the main controlling factors that affect the failure depth of 

workface floor. Chen et al. (2016) detected the failure depth of 

the full-mechanized mining workface floor in a tilted super-thick 

coal seam with considerable mining depth using the segmental 

water injection device, the borehole TV system, and the geological 

radar. And they also conducted a numerical simulation of the 

number of floor fissures, borehole depth, and failure width and 

number before and after mining, including floor stress variation 

and plastic zone characteristics.

Owing to the inclination of coal seam, the stress distribution 

(vertical stress and shearing stress) and the failure characteristics 

(failure depth and failure shape) of workface floor are quite 

different from that of the horizontal and approximately 

horizontal workface floor of coal seam, as they are more 

susceptible to factors such as the coal seam’s dip angle, the 

workface width, and the buried depth, and the relevant studies 

should be extended. Therefore, in this study, a mechanical 

model for the tilted workface floor along the tilted direction 

of coal seam with longwall mining was proposed according to

the occurrence characteristics of the tilted coal seam. By 

adopting the elastic mechanics theory and combining the 

Mohr–Coulomb yield criterion, the stress expression of an

arbitrary point inside the tilted workface floor along the tilted 

direction of coal seam and the calculation formula for the

maximum failure depth were derived. Moreover, a three-

dimensional numerical model for the tilted workface with

longwall mining was built by using FLAC3D software to 

simulate and analyze the laws of the stress distribution, and 

the failure depth and shape of a tilted workface floor along 

the tilted direction of coal seam, which changes with the dip 

angle, buried depth, and workface width of coal seam.

2. Mechanical Analysis of the Stress Distribution 
and Failure Characteristics for the Tilted
Workface Floor

2.1 Mechanical Model for the Tilted Workface Floor

After mining, whether the horizontal or approximately horizontal 

or tilted coal seam, an advance abutment pressure is formed in 

Fig. 1. The Lateral Abutment Pressure Distribution of the Tilted 

Workface along the Tilted Direction
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front of the workface, and two lateral abutment pressures are 

formed on both sides of the workface. The overlying strata stress 

is transferred to the stope surrounding rock, thereby resulting in 

the deformation and failure of the stope surrounding rock. For 

the workface of a tilted coal seam, the abutment pressure 

distribution in surrounding rock of the tilted workface has its 

own distribution characteristics in addition to those of the 

horizontal and approximately horizontal workface. Fig. 1 

shows the schematic of the lateral abutment pressure distribution 

of a tilted workface along the tilted direction of coal seam in 

longwall mining. The peak values of the lateral abutment

pressure and the distribution range and their distance from 

both sides of the roadway coal walls, which are the distribution 

characteristics of the lateral abutment pressure of a tilted 

workface, are quite different because the buried depths of 

both sides of the roadways of the tilted workface are 

different.

The tilted workface floor strata along the tilted direction of 

coal seam was predigested as a spatial semi-infinite body to

investigate the tilted workface floor’s stress distribution and 

failure characteristics along the tilted direction of coal seam in 

longwall mining. In addition, the lateral abutment pressure of 

workface in Fig. 1 was decomposed into transverse and 

longitudinal force perpendicular and parallel to the workface 

floor, respectively, and was simplified as a linear load and 

loaded to the spatial semi-infinite body. The mechanical model 

for the tilted workface floor along the tilted direction of coal 

seam in longwall mining was built, as shown in Fig. 2. The 

established rectangular coordinate system was also described in 

Fig. 2, where the coal seam’s dip angle is β, the buried depth at 

workface crossheading is H, the height of caving zone is Hm, 

and the bulk density of floor strata is γ.

In Fig. 2, the vertical projection points of the linearly 

distributed loads’ inflection point on x-axis are o, a, b, c, d, e, 

f, and g, and the s1, s2, s3, s4, s5, s6, and s7 are the distances 

between the vertical projection points of two adjacent 

inflection points. The k1, k2, k3, and k4 are the concentration 

factors of the lateral abutment pressure and they satisfy k1 > k2 

> 1 > k3 > k4. The areas of ①②③④⑤⑥⑦ are the simplified            

transverse components of the abutment pressures at the 

direction perpendicular to the workface floor (the transverse 

force causes compression failure to floor strata), and the areas 

of ⑧⑨⑩⑪⑫⑬⑭ are the longitudinal components of the     

abutment pressures at the direction parallel to the workface 

floor (the longitudinal force produces a tilted bottom shear 

force along the workface floor, which results in the slippage 

of floor strata and shear failure). The transverse load ④ that     

the caving zone produces on the workface floor is γHmcosβ, 

and the longitudinal load ⑪ is γHmsinβ. For the transverse     

load, the k4γHcosβ of point o at the upper edge of workface 

linearly increased to the k2γ (H + xasinβ)cosβ of point a and     

then decreased to the primary rock stress γ (H + xbsinβ)cosβ     

of point b, and the k3γ (H + xdsinβ)cosβ of point d at the lower     

edge of workface linearly increased to the k1γ (H + xesinβ)cosβ     

of point e and then decreased to the primary rock stress γ (H +     

xfsinβ)cosβ of point f. For the longitudinal load, the k4γHsinβ

of point o at the upper edge of workface linearly increased to 

the k2γ (H + xasinβ)sinβ of point a and then decreased to the     

primary rock stress γ (H + xbsinβ)sinβ of point b, and the 

k3γ (H + xdsinβ)sinβ of point d at the lower edge of workface     

increased to the k1γ (H + xesinβ)sinβ of point e and then 

decreased to the primary rock stress γ (H + xfsinβ)sinβ of 

point f.

2.2 Stress Distribution for the Tilted Workface Floor

Based on the elastic mechanics theory of the homogeneous 

isotropic spatial semi-infinite body (Timoshenko and Woinowsky-

Krieger, 1959), the expressions of stresses σx, σy, and τxy of 

arbitrary points inside the tilted workface floor along the tilted 

direction of coal seam can be obtained, as shown in Eqs. (1), (2), 

and (3), respectively.
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Fig. 2. Mechanical Model for the Tilted Workface Floor along the 

Tilted Direction of Coal Seam
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 (2)

(3)

where ξ  is the variable of integration in Eqs. (1), (2), and (3), and 

the other integration parameters are as follows:

(4)

For example, H = 500 m, Hm = 15 m, γ = 24 kN/m3, k1 = 3.0, k2 

= 2.5, k3 = 0.2, k4 = 0.1, s1 = s2 = s5 = s6 = 6 m, s3 = s7 = 12 m, and 

s4 = 120 m. Figs. 3(a), 3(b), 3(c), 3(d), and 3(e) show the isoclines of 

vertical stress σy of the tilted workface floor along the tilted 

direction of coal seam when coal seam’s dip angles are 0°, 20°, 

30°, 40°, and 50°, respectively. The value in Fig. 3 is the specific 

value with the primary rock stress near the workface.

Figure 3 shows that the contour lines of the vertical stress of 

workface floor along the tilted direction of coal seam are 

symmetrically and asymmetrically distributed for the horizontal 

and the tilted coal seam, respectively. Moreover, the contour 

lines of vertical stresses inside the workface floor strata display a 

“spoon-shaped” distribution form for the tilted workface floor, 

that is, they are large in the lower side and small in the upper 

side. For the horizontal or the tilted coal seam, the contour lines 

of vertical stresses below coal bodies on both sides of the 

workface display a “bubble-shaped” distribution oblique to the 

coal body. The obliqueness degree to the coal body increases 

with the increases in coal seam’s dip angle. Moreover, the lower 

obliqueness degree of contour line of the vertical stress to the 

coal body is larger and more evident than that of upper

obliqueness degree.

2.3 Failure Depth for the Lateral Floor of the Tilted Workface

After mining of a tilted coal seam, the lateral abutment 

pressure (as shown in Fig. 1) is produced on both sides of the 

workface. The lateral abutment pressure is decomposed into q1, 

which is a transverse load perpendicular to the workface floor

strata, and q2, which is a longitudinal load parallel to the 

workface floor strata. Both loads are simplified as equivalent 

uniformly distributed loads, as described in Fig. 4.

Based on the elastic mechanics theory of the homogeneous 

isotropic spatial semi-infinite body, the stress expression for an 

arbitrary point inside the workface floor strata below the lateral coal 

pillar of a tilted workface can be obtained, as shown in Eq. (5).
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(5)

Equation (5) is substituted into the calculation formula of the 

principal stress, and the gravity stress (γy/cosβ) of the lateral 

floor strata of a tilted workface is considered. Without affecting 

the computational accuracy, the logarithm part in σx of Eq. (5) is 

omitted. The principal stress of an arbitrary point inside the 

workface floor strata below the lateral coal pillar of a tilted 

workface can then be obtained, in which θ = θ2–θ1.

(6)
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Fig. 3. Isoclines of Vertical Stress of the Tilted Workface Floor along the Tilted Direction for Different Dip Angles: (a) 0°, (b) 20°, (c) 30°,

(d) 40°, (e) 50°
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When an arbitrary point of the workface floor strata affected 

by the lateral abutment pressure of workface is transiting from 

elastic to plastic state, the plastic deformation failure occurs at 

this point. The principal stress of this point must satisfy the limit 

equilibrium conditions. By adopting the Mohr–Coulomb yield 

criterion, that is, Eq. (7), the lateral abutment pressure kγH is 

decomposed into the transverse load q1 perpendicular to the 

workface floor strata and the shear force q2 parallel to the 

workface floor strata and replaced with equivalent uniformly 

distributed loads, namely, q1 = nγHcosβ and q2 = nγHsinβ, in 

which n = (k + 1)/2, k is the concentration factor of the lateral 

abutment pressure of workface. Eq. (8) can be obtained as 

follows:

(7)

where C and φ are the tilted workface floor strata’s cohesion and 

internal friction angle, respectively.

(8)

where m is the mined coal seam’s thickness, and the λ is the 

caving zone’s bulking coefficient.

Let dy/dθ = 0, θ = arccos(cosβsinφ−sinβ). Then, the normal 

maximum failure depth h0 of floor strata below the lateral coal 

pillar of a tilted workface can be obtained as shown in Eq. (9), in 

which ø = arccos(cosβsinφ−sinβ).

(9)

Equation (9) indicates that the maximum failure depth of floor 

strata below the lateral coal body of a tilted workface increases 

with the increases in the lateral abutment pressure coefficient k of 

workface. The maximum failure depth increases as the buried 

depth increases and initially increases and then decreases as the 

dip angle increases.

When coal seam’s dip angle is β = 0°, and , Eq. (9) 

can be simplified as

(10)

Equation (10) is the calculation formula for the maximum 

failure depth of workface floor of a horizontal coal seam with the

dip angle of 0°, which was derived by Zhang et al. (1997) using 

the elastic mechanics theory.

3. Numerical Analysis of the Stress Distribution 
and Failure Characteristics for the Tilted
Workface Floor

3.1 Numerical Model for the Tilted Workface of Coal Seam

According to the engineering background of the tilted coal 

seam in longwall mining, a three-dimensional numerical calculation

model for the tilted workface of coal seam in longwall mining 

was built, as shown in Fig. 5. The x and y are the tilted direction

and advanced direction of workface, respectively. The coal seam’s

dip angle is β, the buried depth at the crossheading on workface is 

500 m, the coal seam’s thickness is 3 m, the workface width is 120 

m, the horizontal width of coal pillar on both sides of the workface is 

40 m, and the length of workface at the advanced direction is 200 m. 

A step by step excavation is adopted for the model, starting from y = 

40 m with full-seam mining to y = 120 m and advancing at 15-m 1 3 1 3
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Fig. 4. Mechanical Model for the Lateral Floor of the Tilted Work-

face with Uniformly Distributed Load

Fig. 5. Numerical Calculation Model for the Tilted Workface of 

Coal Seam

Table 1. Numerical Calculation Parameters for the Tilted Workface of Coal Seam

Lithology
Density
/ kg.m-3

Bulk modulus
/ GPa

Tensile strength
 / MPa

Shear modulus 
/ GPa

Cohesive strength / 
MPa

Internal friction
 angle / °

Roof strata 2600 3.83 1.8 2.4 4.0 40

Coal seam 1400 2.30 1.0 1.1 1.8 30

Floor strata 2645 3.43 1.5 2.0 3.5 38
− 3798 − KSCE Journal of Civil Engineering
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Fig. 6. Vertical Stress Contour for the Tilted Workface along the Tilted Direction with Different Dip Angles: (a) 0°, (b) 15°, (c) 20°, (d) 30°, 

(e) 35°, (f) 40°, (g) 45°, (h) 50°
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intervals, with eight steps in total. The bottom of the model limits the 

displacement at the vertical direction, and the four sides (front, back, 

left, and right) limit the displacement at the horizontal direction. For

the model, the upper surface is a free surface, and the overlying 

strata above roof are loaded in a uniformly distributed load to the 

upper surface. The numerical calculation parameters for the model 

are shown in Table 1. The failure criterion of the stope surrounding 

rock inside the model obeys to the Mohr-Coulomb yield criterion. 

And the Mohr-Coulomb’s elastoplastic constitutive model and its 

yield criterion were employed in this numerical simulation (Yin et 

al., 2019).

3.2 Vertical Stress for the Tilted Workface Floor

Figure 6 shows the workface floor’s vertical stress contour 

along the tilted direction of coal seam in longwall mining when 

the dip angles are 0°, 15°, 20°, 30°, 35°, 40°, 45°, and 50°.

Figure 6 shows that the distribution law of the lateral abutment 

pressure of the tilted workface is similar to the horizontal 

workface of coal seam, but the concentration factors and their 

peak positions of the lateral abutment pressure on both sides of 

the tilted workface are no longer symmetrically distributed, as 

shown in Table 2. The stress concentration factor corresponds to 

the primary rock stress of the middle of workface in Table 2. The 

concentration factors of the lateral abutment pressure on both 

sides of the workface decrease with the increases in coal seam’s 

dip angle, but the concentration factor of the lateral abutment 

pressure at the lower side of the tilted workface is always larger 

than that at the upper side. After mining of coal seam, a stress

relaxation area is formed in workface floor strata, a stress 

concentration area is formed below coal body on both sides of 

the workface, and two areas are separated by the contour line of 

the primary rock stress. The vertical stress contour lines of the 

tilted workface floor display a “spoon-shaped” distribution form 

along the tilted direction of workface, and the contour lines

distribution form is large on the lower side and small on the 

upper side. The contour lines of vertical stresses below the coal 

bodies on both sides of the workface display a “bubble-shaped”

distribution oblique to the coal body. The obliqueness degree to 

the coal body increases with the increases in coal seam’s dip 

angle. The workface floor’s pressure relief degree and concentration 

degree of the vertical stress at both sides of the workface decrease as 

the normal depth of workface floor increases. The pressure relief 

and stress concentration scopes decrease with the increases in 

coal seam’s dip angle, but the stress concentration degree and 

scope at the lower side of the tilted workface is always larger 

than those at the upper side.

3.3 Shearing Stress for the Tilted Workface Floor

Figure 7 shows the workface floor’s shearing stress contour 

along the tilted direction of coal seam in longwall mining when 

the dip angles are 0°, 15°, 20°, 30°, 35°, 40°, 45°, and 50°.

Figure 7 shows that the “bubble-shaped” shearing stress is formed 

on both sides of the workface after mining, and the influential scope 

of shearing stress on both sides and the obliqueness degree of the 

upper shearing stress to the floor strata increases with the increases

in coal seam’s dip angle. When the dip angle is 30°, the shearing 

stress at the upper side of the workface floor can affect the entire 

areas of the workface floor. With the increases in coal seam’s dip 

angle, the peak values of shearing stress at both sides of the 

workface first increase and then decrease. When the dip angle is 

30° – 35°, the shearing stress reaches the maximum value.

Therefore, the workface floor strata with the dip angle of 30° –

35° suffers from the most serious shear failure.

3.4 Failure Characteristics for the Tilted Workface Floor

Figure 8 shows the workface floor’s plastic failure zone 

contour along the tilted direction of coal seam in longwall 

mining when the dip angles are 0°, 15°, 20°, 30°, 35°, 40°, 45°, 

and 50°.

Figure 8 shows that the stress in workface floor strata is 

relieved after mining, and a plastic failure zone covering large 

areas is formed. The stresses on both sides of the workface are

concentrated, and two plastic failure zones are formed with 

certain depths and areas inside the floor strata below the coal 

body on both sides of the workface. The floor plastic zone’s

failure depth blows the lower coal body close to the failure depth 

inside workface floor strata. Under the lateral abutment pressure 

of workface, the plastic failure zone below the coal body on both 

sides of the workface can be connected to the plastic failure zone 

inside workface floor strata to form a wider plastic failure zone 

than workface width. The plastic failure zone inside the horizontal 

and the tilted workface floor along the tilted direction of 

Table 2. Distribution Characteristics of the Lateral Abutment Pressure for the Tilted Workface

Buried 
depth / m

Workface 
width / m

Dip 
angle / °

Concentration factors of the lateral 
abutment pressure

Distance from peak position of the lateral 
abutment pressure to roadway

Lower side Upper side Lower side / m Upper side / m

500 120

0 3.44 3.44 6.9 6.9

15 3.40 3.39 6.4 6.7

20 3.38 3.36 6.0 6.3

30 3.34 3.31 5.5 5.9

35 3.30 3.27 5.0 5.3

40 3.26 3.23 4.5 4.8

45 3.20 3.17 3.8 4.1

50 3.15 3.13 3.2 3.6
− 3800 − KSCE Journal of Civil Engineering
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Fig. 7. Shearing Stress Contour for the Tilted Workface along the Tilted Direction with Different Dip Angles: (a) 0°, (b) 15°, (c) 20°, (d) 30°, 

(e) 35°, (f) 40°, (g) 45°, (h) 50°



Jian Sun, Lianguo Wang, and Guangming Zhao

− 3802 − KSCE Journal of Civil Engineering

Fig. 8. Plastic Failure Zone Contour for the Tilted Workface along the Tilted Direction with Different Dip Angles: (a) 0°, (b) 15°, (c) 20°, 

(d) 30°, (e) 35°, (f) 40°, (g) 45°, (h) 50°
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workface is symmetrically and asymmetrically distributed in 

“arched” and “spoon-shaped” form, respectively, which is large 

on the lower side of the tilted workface and small on the upper 

side. Otherwise, the workface floor’s plastic failure depth first 

increases and then decreases with the increases in coal seam’s

dip angle. As the dip angle is 30°, the plastic failure depth inside 

the workface floor is the largest, while the position of the 

maximum plastic failure depth gradually deviates from the 

middle of workface toward the lower side as the coal seam’s dip 

angle increases.

4. Effect of Workface Width on the Stress 
Distribution and Failure Characteristics for
the Tilted Workface Floor

Simulation analysis was performed using the buried depth 500

m of coal seam and the numerical calculation parameters for the 

tilted workface presented in Table 1 to obtain the workface

floor’s vertical stress, shearing stress, and plastic failure zone in

longwall mining with different dip angles (0°, 15°, 20°, 30°, 35°, 

40°, 45°, and 50°) in different workface widths of 80, 120, 160, 

and 200 m. The details of simulated contour are not provided in 

this study due to space limitation.

The workface floor’s vertical stress contour along the tilted 

direction of coal seam shows that the lateral abutment pressure’s

concentration factors and peak positions on both sides of the 

tilted workface change with the workface width and coal seam’s 

dip angle. The change laws are described in Figs. 9 and 10. The 

change laws show that the concentration factors of the lateral 

abutment pressure on both sides of the workface decrease as coal 

seam’s dip angle increases. However, the concentration factor of 

the lateral abutment pressure at the lower side of the tilted

workface is always larger than that at the upper side. For different 

workface widths, the peak values of the lateral abutment pressure 

Fig. 9. Concentration Factor of the Lateral Abutment Pressure on Both Sides of the Tilted Workface: (a) Upper Side, (b) Lower Side

Fig. 10. Distance from Peak Position of the Lateral Abutment Pressure to the Roadway on Both Sides of the Tilted Workface: (a) Upper 

Side, (b) Lower Side
Vol. 23, No. 9 / September 2019 − 3803 −
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on both sides of the workface and the distance between the peak 

positions and the roadway decrease as the dip angle increases.

For same dip angle, the concentration factors and the peak values

of the lateral abutment pressure on both sides of the workface, 

and the distance of peak positions from the roadway increase 

with the increase in workface width.

The workface floor’s shearing stress contour along the tilted 

direction of coal seam shows that the peak values of shearing 

stress on both sides of the workface first increase and then 

decrease for different workface widths. When the dip angle is 

30° – 35°, the shearing stress reaches the maximum value. Thus,

workface floor strata with the dip angle of 30° – 35° suffers the 

most serious shear failure. For same coal seam’s dip angle, the 

peak values of shearing stress on both sides of the workface do 

not show significant change as workface width increases.

The plastic failure zone contour inside the workface floor 

along the tilted direction of coal seam shows that workface 

floor’s plastic failure depth first increases and then decreases as 

the dip angle increases for different workface widths. When the 

dip angle is 30°, the workface floor’s plastic failure depth is the 

largest. So workface floor strata with the dip angle of 30° – 35°

suffers the most serious shearing stress and is susceptible to the 

shear failure. For same dip angle, the floor plastic failure depth 

increases with workface width, and its evolution law is described 

in Fig. 11.

5. Effect of Buried Depth on the Stress Distribution
and Failure Characteristics for the Tilted
Workface Floor

Using the coal seam’s buried depth of 600 m and 700 m, and 

the numerical calculation parameters for the tilted workface of 

coal seam presented in Table 1, simulation analysis was performed 

on the workface floor’s vertical stress, shearing stress, and plastic 

failure zone in longwall mining with different dip angles (0°, 

15°, 20°, 30°, 35°, 40°, 45°, and 50°) in workface width of 

120 m. The simulated results are compared with those at the 

buried depth of 500 m and workface width of 120 m. The details 

of the simulated contour are not provided in this study due to 

space limitation.

Compared with the workface floor’s vertical stress contour at 

the buried depth of 500 m, the comparative analysis on workface 

floor’s vertical stress, shearing stress, and plastic zone along the 

tilted direction of coal seam show that the workface floor’s stress

relief degree and range, stress concentration degree, and the 

influential scope on both sides of the workface increase after the 

buried depth increases. The lateral abutment pressure on both 

sides of the workface and the stress concentration factor also 

increase with the increases in the buried depth of coal seam. 

Compared with the shearing stress contour of workface floor at 

the buried depth of 500 m, the shearing stress on both sides of the 

workface increases after the buried depth increases, and reaches 

the maximum value when the dip angle is 30° – 35°.

The variation law between the maximal plastic failure depth 

inside the workface floor and the dip angle of coal seam is 

studied at the buried depth of 600 m, 700 m, and compared with 

the 500 m, the workface floor’s plastic failure depth and range 

increase after the buried depth of coal seam increases, as shown 

in Fig. 12. The failure depth reaches the maximum value when 

the dip angle is 30°. Notably, the workface floor’s plastic failure 

depth and range below the coal body on both sides of the 

workface increase after the buried depth increases and the failure 

depth exceeds the workface floor’s maximum failure depth. 

Therefore, when the tilted coal seam is mined above confined 

aquifer, the lower area of workface floor becomes the risky areas 

of water inrush.

6. Conclusions

A mechanical model for the tilted workface floor along the 

tilted direction of coal seam in longwall mining was proposed 

according to the occurrence characteristics of the tilted coal 

Fig. 11. Maximal Plastic Failure Depth inside the Workface Floor 

with the Dip Angle for Different Workface Widths
Fig. 12. Maximal Plastic Failure Depth inside the Workface Floor 

with the Dip Angle for Different Buried Depths
− 3804 − KSCE Journal of Civil Engineering
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seam. According to the elasticity theory, the stress expressions of 

an arbitrary point inside the tilted workface floor strata were 

deduced. On this basis, the maximum failure depth expression 

for the lateral floor strata of the tilted workface was also deduced 

according to the Mohr–Coulomb yield criterion. Using the 

FLAC3D software, the workface floor’s stress distribution, and 

failure depth and shape along the tilted direction of coal seam 

were simulated and analyzed for different dip angles, buried 

depths, and workface widths of coal seam.

For different workface widths, the concentration factors of the 

lateral abutment pressure on both sides of the workface decrease 

as the dip angle increases, whereas those in the lower side of the 

tilted workface are always larger than those in the upper side. 

The peak values of the lateral abutment pressure and the distance 

of peak positions from the roadway on both sides of the workface 

decrease as the dip angle increases. For similar workface widths, the 

concentration factors of the lateral abutment pressure on both sides 

of the workface increase as the buried depth increases. For

similar dip angle, the concentration factors and the peak values 

of the lateral abutment pressure, and the distance of peak 

positions from the roadway on both sides of the workface increase 

as the workface width increases.

After mining, a stress relaxation area is formed in workface 

floor strata, a stress concentration area is formed below the coal 

body on both sides of the workface, and two areas are separated 

by the contour line of the primary rock stress. The vertical stress 

contour lines of the tilted workface floor display “spoon-shaped”

distribution form along the tilted direction of coal seam, which is 

large in the lower side and small in the upper side. The vertical 

stress contour lines below the coal bodies on both sides of the 

workface display the “bubble-shaped” distribution oblique to the 

coal body. The obliqueness degree to the coal body increases as 

the dip angle increases.

After mining, a “bubble-shaped” shearing stress is formed on 

both sides of the workface, and the influential scope of shearing 

stress on both sides of the workface increases as the dip angle 

increases. When the dip angle is 30°, the shearing stress on the 

upper side of the workface can affect the entire areas of workface 

floor. For different workface widths, the peak values of shearing 

stress on both sides of the workface first increase and then 

decrease as the dip angle increases. When the dip angle is 30°–

35°, the shearing stress reaches the maximum value. For similar 

dip angle, the peak values of shearing stress on both sides of the 

workface do not show significant change as the workface width 

increases but increase as the buried depth of coal seam increases.

After mining, the stress relief degree and concentration degree 

on both sides of the workface floor decrease as the normal depth 

of workface floor increases. Moreover, a plastic failure zone 

covering large areas is formed in the workface floor, and two

plastic failure zones with certain depths and areas inside the floor 

strata below the coal body on both sides of the workface are

formed. Under the lateral abutment pressure of workface, the 

floor plastic failure zone below the coal body on both sides of the 

workface can be connected to the plastic failure zone inside the 

workface floor strata to form a plastic failure zone wider than 

workface width. Moreover, the plastic failure depth and range 

increase as the buried depth increases.

The plastic failure zone inside the horizontal and the tilted 

workface floor along the tilted direction of workface is symmetrically 

and asymmetrically distributed in the “arched” and “spoon-

shaped” form, respectively. The workface floor’s plastic failure 

depth first increases and then decreases as the dip angle increases. 

When the dip angle is 30°, the plastic failure depth inside the 

workface floor is the largest. For similar dip angle, the plastic 

failure depth inside the workface floor increases as the workface 

width increases. While the position of the maximum plastic 

failure depth gradually deviates from the middle of the workface 

toward the lower side as the dip angle increases.
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