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-e excavation of coal mine often encounters the fault problem. In this paper, the analytical study of the pressure of the fault that
the work face may cross is carried out. -e evolution of the stress and moment of the fault is investigated. Afterwards, a numerical
study is performed. -e stress and displacement of the rock mass near the work face and the fault are calculated under each
situation (the initial fracture and periodical fracture of the immediate roof, the forward direction fault, and the reverse direction
fault), and the changes in the contact pressure and stress near the fault during the excavation are analyzed. -e effect of searching
tunnel on the mining pressure is also studied. -e calculation results indicate that although the searching-tunnel can decrease the
stress at the roof of the fault (reverse direction fault), it may increase the stress at other positions. It can therefore be concluded
that, for the forward direction fault, the effect of the searching tunnel to decrease the contact pressure and dissipate the energy is
limited; on the contrary, it will aggravate the fragmentation degree and make the support more difficult, while, for the reverse
direction fault, the excavation of searching tunnel can not only provide a better understanding of the characters of the fault but
also have a positive effect on the ground control.

1. Introduction

Coal is one of the most important energy sources in the
world and one of the main energy sources used by human
beings since the eighteenth century and is known as the “real
staple food” in industry. China is the largest country in coal
consumption in the world, and coal accounts for more than
55% of the total primary energy consumption. Although the
proportion of clean energy sources, such as hydropower,
wind power, and nuclear power, continues to increase, the
dominant position of coal will be difficult to change in a
short period of time. -e coal-based energy structure sup-
ports the rapid development of Chinese economy. In 2021,
the total consumption of coal will stabilize at about 41.8
billion tons [1–4].

Ground pressure which is induced by the mining dis-
turbance is a major safety problem during coal mining. With

the continuous improvement of coal mining equipment,
technology, and the improvement of safety supervision
system, coal mine accidents have been effectively prevented
and controlled, and the number of safety accidents has
decreased year by year [5, 6]. However, the roof disaster can
be induced by many causes, and such disaster is easy to burst
and difficult to prevent and control. It is still an important
factor effecting the coal mine safety production [7–9]. -e
analysis of the characteristics of roof disaster and the study
of the law of roof activities are the key to the prevention and
control of surrounding rock disasters [10, 11]. Ground
pressure can be generally classified as the initial pressure and
the periodic pressure. -e initial pressure is dramatic, and it
may cause a step-like subsidence of the roof and serious
damage to the supporting. Compared with the initial
pressure, the periodic pressure is relatively moderate and the
ground pressure may increase periodically [12]. According
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to the different actual situation of coal seam, the mine
pressure produced by it is also different.

At present, many studies have been carried out to
exploration the problem of ground pressure. Yan et al.
adopted SOS microseismic monitoring system, numerical
simulation to study the microseismic law of fully-
mechanized work face with a fault [13]. Shi et al. analyzed
the special mine pressure law and put forward the me-
chanical model of special coal pillar [14]. Cai et al.
proposed a method of characterizing rock mass damage
near excavations based on microseismic event moni-
toring. And a damage numerical model, which takes the
microseismic data as input to determine the damage state
described by fracture density, was presented. It was found
that when damage related softening based on micro-
seismic data was considered, the predicted displacements
of the rock mass were in good agreement with exten-
someter measurements [15]. Suchowerska et al. identified
the relative magnitude of horizontal stress change below a
series of parallel longwall panels as a consequence of
multiseam mining; the key findings of this research are
that the maximum horizontal stress would approximately
have a 10% of the original in situ horizontal stress for the
case of isotropic rock strata [16]. Jiang et al. provided
treatment measures, such as design of the position of the
longwall panel, rational arrangement of roadways, stress
prereleasing, and enhancement of monitoring [17].
Meanwhile, there are many studies about the mining
induced deformation and failure behaviors of the rock.
Based on the physical model, Lou et al. pointed out that
the tensile principal stress is inversely arched before the
first breaking, and the breaking line forms an obtuse angle
with the advancing direction of the panel during the
periodic breaking [18]. With the mining/excavation
disturbance background, Hao et al. studied the crack
initiation and propagation under the static-dynamic
loading conditions, the evolution of the strength, crack
properties such as direction and type are studied with the
loading rate and the proportion of the static and dynamic
loads, and the anisotropy effected are detailed analyzed
[19, 20]. Zhang et al. proposed a comparison study of the
rock fracture network evolution under the three different
stress paths of mining disturbance (top-coal caving
mining—TCM, nonpillar mining—NM, and protective
coal-seam mining—PCM), and they pointed out that the
degree of fragmentation/fracture network complexity of
the rock increases by PCM, NM, and TCM conditions
[21]. In addition, the mining depth is also a key factor for
the properties of the rock; the deformation, damage
behavior, and the energy transformation and transition
mechanism are significantly different for different depth
[22].

A fault that exists in front of a work face will affect the
ground pressure greatly. It is necessary to investigate the
direction of the work face excavation. Based on a coal mine
of Yanzhou area, this paper presents a comparative study on
the law of ground pressure behavior of the working face of
under the forward direction fault and the reverse direction
fault. Based on the theory of material mechanics, the

mechanical model of the roof is established. -e initial
breaking distance and maximum tensile stress of the roof for
both of the forward direction fault and reverse direction fault
are studied. -e simulation of the working face crossing
through the fault is carried out. -e law of ground pressure
behavior of working face through the forward direction fault
and reverse direction fault is investigated via a numerical
method.

-e influence of the searching tunnel on the pressure
behavior of working face passing through fault is analyzed.
-e relevant models are established to study whether the
contact stress at the fault, displacement, and stress of roof are
improved if the searching tunnel is excavated. Here, the
concept of the searching should be stressed. It is different
from exploration roadway [23] which is used to find out the
geological conditions.

2. The Analysis of Mechanics Model of Work
Face Crossing the Fault

-e mechanical model of the work face with the fault is
shown in Figure 1. -e left and right ends of the model are
fixed, and a uniformly distributed force q is applied im-
mediately on the roof. -e overburden pressure is simplified
as q. -e faults in this paper are different from the normal
faults mentioned in coal geology. After the formation of a
fault, the hanging wall is relatively down; the floor that is
relatively higher than the fault is called normal fault [24].
Currently, an inclined fault occurs on the roof of the coal
seam (Figure 1). When the mining direction and the fault
dip angle are less than 90°, the fault is defined as the forward
direction fault; when the mining direction and fault dip
angle are greater than 90°, the fault is defined as the reverse
direction fault.

2.1. ForwardDirectionFault [25, 26]. -e schematic diagram
of the above fault structure is simplified as a cantilever beam
model. -e left end of the cantilever beam is the fixed end,
and the right end is the free end (Figure 2). -e upside of the
beam is subjected to the uniform load p1, and the underside
is subjected to the uniform load p2. -e action length of p2 is
a, the right end is subjected to the shear force F.-e length of
the beam is l, the height of the beam section is h, and the
breadth of section is b. According to the cantilever beam and
simply supported beam model, the stress of the immediate
roof in the initial and periodic fracture can be deduced.

2.1.1. Initial Facture. When 0≤ x≤ l − a, the bending mo-
ment at x can be written as

M(x) � F(l − x) +
P1

2
(l − x)2 − P2a l − x −

a

2
( ), (1)

M �
1

6
bh2σb, (2)

σ(x) �
6F(l − x)

bh
2 +

3P1(l − x)
2

bh2
−
6P2(l − x − (a/2))

bh
2 , (3)
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If l � 50m, a � 20m, h � 1m, P1 � 2000N/m, P2 �

4500N/m, F � 4000N, the evolution of the bending mo-
ment and the stress of the beam is shown in Figures 3 and 4.
Both the maximum value of themoment and the stress occur
about 7.5m to the left end.

Figure 3 is the variation of bending moment with the
assumption that fracture position is in the range of
0≤ x≤ l − a. Figure 4 is the variation of bending stress with
the assumption that fracture position is in the range of
0≤ x≤ l − a.

-e initial facture distance is calculated as

x �
F + P1l − P2a

P1

±

��������������������������
F − P2a

P1

( )2

+
bh2σb − 3P2a

2

3P1

( )
√√

,

(4)
-e cantilever beam produces the maximum bending

moment at x.
When l − a<x≤ l, the bend moment M(x) can be

written as

M(x) � F(l − x) + P1

(l − x)2

2
− P2

(l − x)2

2
, (5)

σ(x) �
6F(l − x)

bh2
+
3P1(l − x)

2

bh2
−
3P2(l − x)

2

bh2
, (6)

-e evolution of the bending moment and the stress of
the beam is shown in Figures 5 and 6.-emaximum stress is
produced on the cantilever beam during 0≤ x≤ l − a.
-erefore, the section in which the cantilever beam is broken
is 0≤x≤ l − a.

Figure 5 is the variation of bending moment with the
assumption that fracture position is in the range of
l − a<x≤ l . Figure 6 is the variation of bending stress with
the assumption that fracture position is in the range of
l − a<x≤ l.

Based on the results of stress and moment shown in
Figures 3–6, the maximum value of the moment and the
stress are at x� 7.5m, which is prone to instability and
failure.

2.1.2. Periodical Facture. Periodical facture can be simplified
as a simply supported beam mode (Figure 7). To set the
balance distance of rotation as l1, the moment equilibrium
equation can be written as

Fl1 + P1

l21
2
+ P2a l1 − a +

a

2
( ) � 0. (7)

-us, l1 can be expressed as

l1 �

���������������
P2

P1

a2 +
P2a + F( )2
P2
1

√√
−
P2a + F

P1

. (8)

-e periodical facture distance expression can be ob-
tained by replacing l in x expression with l1.

2.1.3. Mechanics Analysis of the Fault. -e fault is shown in
Figure 8. It is assumed that the upside of the working face is
subjected to uniform load P1, the underside is subjected to
uniform load P2 with length a, the angle θ between fault
plane and vertical direction is narrow, and the vertical di-
rection load is P3. When calculating the stress at the fault, it
can be regarded as a problem of variable cross section beam.

h(ξ) �
l′ − ξ
tan θ

, (9)

M(ξ) �
1

2
P2 − P3( ) l′ξ( )2, (10)

σ(ξ) �
M(ξ)

WZ(ξ)

�
(1/2) P2 − P3( ) l′ − ξ( )2

l′ − ξ( )/tan θ( )2/6
� 3 P2 − P3( )cot2 θ.

(11)

-erefore, the stress in the fault is a constant.
In this section, the theory of materials mechanics is

employed to present the equations of the stresses and
moments. -e basic equations and assumptions can be
found in any books or references of material mechanics.
Equations (1)–(10) are also listed in the previous work of our
group [25, 26].-e parameter calculation and the judgement
of the position of initial fracture based on the plots of
bending moment and bending stress is discussed in this
paper.

2.2. ReverseDirection Fault. Similar to the forward direction
fault, the reverse direction fault is also simplified to a
cantilever beam model. -e corresponding loads are applied
as in Figure 9.

q

Coal

Forward direction fault Reverse direction fault

Figure 1: -e mechanical model of the forward direction fault and
the reverse direction fault.

x

l

a

F

p1

p2

Figure 2: -e mechanics model of forward direction fault (the
initial fracture).
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2.2.1. Initial Facture. When 0≤x≤ l − a, the bending mo-
ment at x can be written as

M(x) � P1

x2

2
− P2

x2

2
− Fx,

σ(x) �
3P1x

2

bh2
−
3P2x

2

bh2
−
6Fx

bh2
.

(12)
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Figure 3: -e variation of bending moment (I).
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Figure 4: -e variation of bending stress (I).
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Figure 5: -e variation of bending moment (II).

–2.5 × 106

–2.0 × 106

–1.5 × 106

–1.0 × 106

–5.0 × 105

0.0

5.0 × 105

σ
 (

x
) 

(P
a)

35 40 45 5030

x (m)

Figure 6: -e variation of bending stress (II).
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Figure 7: -e mechanical model of forward direction fault (the
periodical fracture).
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Figure 8: -e mechanics model of the forward direction fault.
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Figure 9: -e mechanics model of reverse direction fault (the
initial fracture).
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If l � 50m, a � 20m, h � 1m, P1 � 2000N/m, P2 �

4500N/m, F � 4000N, the evolution of the bending
moment and the stress of the beam is shown in Figures 10
and 11. Figure 10 is the variation of bending moment with
the assumption that fracture position is in the range of
0≤ x≤ l − a. Figure 11 is the variation of bending stress
with the assumption that fracture position is in the range
of 0≤ x≤ l − a. Both the maximum values of the moment
and the stress occur about 20m to the left end.

Let M �Mmax; the initial facture distance can be
obtained:

x �
F

P1 − P2

+

���������������������
F

P1 − P2

( )2

+
bh2σb

3 P1 − P2( )
√√

. (13)

When a< x≤ l,

M(x) � P1

x2

2
− P2a x − a +

a

2
( ) − Fx,

σ(x) �
3P1x

2

bh2
−
6P2a(x − a +(a/2))

bh2
−
6Fx

bh2
.

(14)

Figure 12 is the variation of bending moment with the
assumption that fracture position is in the range of a<x≤ l.
Figure 13 is the variation of bending stress with the as-
sumption that fracture position is in the range ofa< x≤ l.

-e evolution of the bending moment and the stress of
the beam is shown in Figures 12 and 13.-emaximum stress
is produced on the cantilever beam during a<x≤ l.
-erefore, the fracture position of the cantilever beam
should be in the range of a< x≤ l.

Based on the results of stress and moment shown in
Figures 10–13, the maximum values of the moment and the
stress are at the position of 50m to the left end. -erefore,
such position is prone to instability and failure.

Let M �Mmax:

x �
P2a + F

P1

+

�����������������������
P2a + F

P1

( )2

−
3P2a

2
− bh2σb

3P1

√√
. (15)

-us, the bending moment at the coal wall is as follows:

M′ � P1

l2

2
− P2a l −

a

2
( ) − Fl. (16)

-e tensile stress at the coal wall is obtained as follows:

σmax
′ �

3P1l
2

bh2
−
6P2a(l − (a/2))

bh2
−
6Fl

bh2
. (17)

2.2.2. Periodical Facture. Similarly, the periodical fracture of
the roof can be simplified to a simply supported beam mode
(Figure 14).

To assume that, the rotation balance distance is l1, and
the moment at the support can be written as

P1

l21
2
− P2a l21 −

a

2
( ) − Fl21 � 0. (18)

It can be obtained that
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Figure 10: -e variation of bending moment (III).
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Figure 12: -e variation of bending moment (IV).
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l1 �
P2a + F

P1

−

����������������
P2a + F

P1

( )2

−
P2

P1

a2

√√
. (19)

2.2.3. Mechanics Analysis of the Fault. -e fault is shown in
Figure 15.

h(ξ) �
ξ

tan θ
,

M(ξ) �
1

2
P3 − P1( )ξ2,

σ(ξ) �
M(ξ)

WZ(ξ)

�
(1/2) P3 − P1( )ξ2
(ξ/tan θ)2/6

� 3 P3 − P1( )cot2 θ.

(20)

-erefore, the stress in the fault is a constant. And the
distribution of the stress on the reverse direction fault is the
same as that on the forward direction fault.

3. Numerical Analysis of Mining Pressure

-ree situations are the work face far from the fault, near
it, and under it, mainly simulated in the exploitation

process. For the actual fault situation, we can solve the
problem in two sections, forward and reverse fault. For the
different fault cases, the effect of exploitation to stratum is
different, although the mechanics model is the same. For
the same fault case, the mechanics behaviors of the roof or
the fault are different during the different fracture process.
-erefore, we may subdivide the problem as initial
fracture and the periodical fracture in the numerical
analysis.

3.1. Establishment of Simulated Mechanics Model.
According to the actual situation, the four models are
established. Every model can be modeled with the searching
tunnel or without it.

For the situation with the searching tunnel or not, the
same model can be used and the elements of the tunnel are
“killed” when the tunnel is needed. -e exploitation process
for every model is simulated; thus the exact exploitation
process and a result close to the actual situation can be
obtained. Material parameters are shown in Table 1. As
shown in Figures 16 and 17, the “support” is used to model
the hydraulic support which is used in mined out area. -e
sketch of the four models is shown in Figures 16–19.

-e length of model is 150 meters; the angle of fault is
60°. -e simulation is carried out by using the FEM software
ANSYS.

3.2. Result andAnalysis of SimulatedCalculation. -e results
of simulation are shown in Figures 20–25 and Table 2.
According to Figures 20–25, the roof above the mined-out
area is the most dangerous area; the stresses and defor-
mations at the site are significant. For the forward direction
fault case, the working face is under fault; the stress above
mined-out area redistributes continuously with the increase
of the mined-out area. For the reverse direction fault case,
the fault is far from the mined-out area and the stress is less
affected by mined-out area; the stress in reverse direction
fault is mainly in situ stress. -erefore, the difference of
contact pressure between forward direction fault and reverse
direction is great. Figures 20(a), 21(a), and 22(a) can also
been found in [25] or [26]. Meanwhile, the nephograms of
contact pressure in Figures 20–25 are the initial fracture
situation. For the periodical fracture situation, the nepho-
grams are not presented in this paper because of space; the
related nephograms can be found in [25].

As shown in Figures 26 and 27, the contact pressure of
reverse fault is generally more than that of forward fault.
When the initial fracture occurs, the pressure of the
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Figure 13: -e variation of bending stress (IV).
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Figure 14: -e mechanical model of reverse direction fault (the
periodical fracture).
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Figure 15: -e mechanics model of the reverse direction fault.
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immediate roof gradually increases with the excavation of
the working face. -e maximum contact pressure is about
14.253MPa when the working face is right under the fault.
In the case of periodic fracture, the contact pressure of the
upside is increasing as the work face is excavated. When
the searching tunnel is excavated, the contact pressure of
the upside roof does not decrease but increases slightly.
-erefore, it can be concluded that the contact pressure

cannot decrease with the excavation of the searching
tunnel.

In the case of the reverse direction fault, the contact
pressure of underside roof is increasing as the work face is
excavated and it comes to the maximum 28.94MPa. When
the searching tunnel is excavated, the contact pressure is
almost the same as before. In the situation of periodical
fracture, the distribution of the underside contact pressure is
nearly the same as it in the initial fracture, but the maximum
is decreasing to 23.975MPa. When the searching tunnel is
excavated, the contact pressure of underside roof is not
decreasing obviously but even increasing sometimes.

According to the calculation result as shown in Fig-
ure 28, for the initial fracture model of the forward direction
fault, to carve a searching tunnel increases the displacement
of immediate roof that above the exploitation center by 6.7%,
decreasing the maximal contact pressure, about 0.192MPa
less than before, and increasing the maximal stress of the
immediate roof, the maximal increment is about 4%.

As it is shown in Figure 29, for the periodical fracture of
the forward direction fault, to carve out a searching tunnel
increases the displacement of immediate roof by about
11.2%, and decreases the maximal contact pressure, about
0.386MPa less than before; it does not release the maximal
stress of the roof; on the contrary, the maximal stress in-
creases; the maximal increment is nearly 11.6%.

For the forward direction fault, the development of the
searching tunnel, whether the initial fracture or the peri-
odical fracture, has an increasing effect on the displacement
and stress of the roof and slightly reduces the contact stress
at the fault.-e influence on the periodical fracture is greater
than that of the initial fracture.

For the initial fracture model of reverse direction fault, as
it is shown in Figure 30, to carve out a searching tunnel, may
result in increasing of the displacement of immediate roof by

Table 1: Material parameters.

Material/property E (Pa) μ Height (m)

Main roof 3 × 1010 0.25 25
Immediate roof 4 × 1010 0.3 5
Coal bed 1.6 × 1010 0.15 4.5
Floor 3.5 × 1010 0.3 5
Support 2 × 1011 0.3 —

Figure 16: -e numerical model of forward direction fault (the
periodical fracture).

Figure 17: -e numerical model of reverse direction fault (the
periodical fracture).

Figure 18: -e numerical model of forward direction fault (the
initial fracture).

Figure 19: -e numerical model of reverse direction fault (the
initial fracture).
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Figure 22: -e nephogram of contact pressure when work face is under the fault (forward direction fault). (a) Without searching tunnel
[25, 26]. (b) With searching tunnel.
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Figure 20: -e nephogram of contact pressure when work face is far from the fault (forward direction fault). (a) Without searching tunnel
[25, 26]. (b) With searching tunnel.
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Figure 21: -e nephogram of contact pressure when work face is near the fault (forward direction fault). (a) Without searching tunnel
[25, 26]. (b) With searching tunnel.
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Figure 25: -e nephogram of contact pressure when work face is under the fault (reverse direction fault). (a) Without searching tunnel. (b)
With searching tunnel.
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Figure 23: -e nephogram of contact pressure when work face is far from the fault (reverse direction fault). (a) Without searching tunnel.
(b) With searching tunnel.
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Figure 24: -e nephogram of contact pressure when work face is near the fault (reverse direction fault). (a) Without searching tunnel. (b)
With searching tunnel.
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2%, it decreases the maximal contact pressure about
0.384MPa, and it also has the effect to release the
maximal stress of the immediate roof nearly 25.9% at
most. But to carve out a searching tunnel increases the
displacement or stress of the immediate roof in forward
direction fault.

As it is shown in Figure 31, for the periodical model of
reverse direction fault, to carve out a searching tunnel de-
creases the displacement of immediate roof by 19.54%, and
decrease the maximal contact pressure of fault about
0.662MPa, it also has the effect of release the maximal stress
of the immediate roof, nearly 38% at most.

For the reverse direction fault, in the case of the initial
fracture, the development of the searching tunnel has almost
no positive effect on the displacement of the roof and plays a
role in releasing the stress of the roof. In the case of periodic
fracture, the displacement and stress of the roof are greatly
reduced by the excavation of the searching tunnel. -e
contact stress at the fault is slightly reduced when the
searching tunnel is excavated.

-e optimal plan is the forward direction fault without
the searching tunnel or the reverse direction fault with the
searching tunnel. -erefore, in the process of coal seam
mining, it is not necessary to excavate the searching tunnel

Table 2: -e contact pressure of upside and underside of the roof.

Fracture situation
Work
face

Contact pressure of forward direction fault Contact pressure of reverse direction fault

— —
Upside of roof

(MPa)
Underside of roof

(MPa)
Upside of roof

(MPa)
Underside of roof

(MPa)

Without tunnel initial fracture
Far 5.116 3.019 9.893 8.317
Near 5.044 3.629 13.471 17.895
Under 0.000 0.000 14.253 28.939

With tunnel initial fracture
Far 4.924 3.673 9.579 8.379
Near 4.834 4.386 13.102 18.065
Under 0.000 0.000 14.707 28.555

Without tunnel periodical
fracture

Far 6.038 3.294 10.776 9.198
Near 6.409 4.074 11.972 14.234
Under 4.202 0.000 13.144 23.975

With tunnel periodical fracture
Far 5.842 3.958 10.576 9.651
Near 6.023 5.106 12.082 15.556
Under 3.575 0.000 13.372 23.313
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Figure 26: -e change of contact pressure of upside fault along with the breadth of mined-out area (WOTI-F denotes without searching
tunnel initial fracture, WTI-F denotes with searching tunnel initial fracture, WOTP-F denotes without searching tunnel periodical fracture,
and WTP-F denotes with searching tunnel periodical fracture). (a) Initial fracture. (b) Periodical fracture.
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when the forward direction fault is encountered, and it is
suggested to excavate the searching tunnel when the reverse
direction fault is encountered.

Table 3 summarizes the influence of searching tunnel on
the roof and fault plane. -e conclusion of the searching
tunnel can be obtained as follows:

(1) -e contact stress at the forward and reverse di-
rection fault is slightly reduced by the development

of the searching tunnel. It can therefore be concluded
that its effect to decrease the contact pressure and
dissipate the energy is limited.

(2) For the forward direction fault, the displacement and
stress of the roof are increased by the development of
the searching tunnel, especially for the periodical
fracture case. It will aggravate the fragmentation degree
and make the support more difficult.-erefore, for the
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Figure 28: Analysis of calculation of forward direction fault with initial fracture. (a) Subsidence of the roof. (b) Vertical stress.
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Figure 27: -e change of contact pressure of underside fault along with the breadth of mined-out area. (a) Initial fracture. (b) Periodical
fracture.
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forward direction fault, the excavation of searching
tunnel can provide a better understanding of the
characters of the fault, while it may not have the
positive effect for the ground pressure control.

(3) Unlike forward direction fault, for the reverse di-
rection fault, except that the displacement of the roof
almost does not change in the case of the initial

fracture, the displacement and stress of the roof are
well released by the development of the searching
tunnel. Especially during the periodic facture, the
maximum stress reduction reaches 38%. -erefore,
in the process of coal seam mining, it is suggested to
build the searching tunnel when the reverse direction
fault is encountered.
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Figure 30: Analysis of calculation of reverse direction fault with initial fracture. (a) Subsidence of the roof. (b) Vertical stress.
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4. Conclusion

In this paper, the analytical and numerical study of the work
face crossing a fault is carried out. -e stress distribution is
investigated with the searching tunnel for both the forward
direction fault and the reverse direction fault.

(1) Based on the analytical solution, the initial fracture
may occur outside the support range, and the contact
pressure is constant based on the beam model.

(2) For initial fracture model of forward direction fault,
the displacement of the roof may increase by about
6.7%, while the maximum contact stress may have a
reduction of 0.192MPa under the effect of the
searching tunnel. However, the maximum stress of
the roof also does not have a good release, and the
peak value may have an increase of 4%.

(3) For the periodical fracture model of forward di-
rection fault, the development of the searching
tunnel increases the displacement of the roof by
about 11.2%, while the maximum contact pressure
on the fault surface decreases by about 0.386MPa.
-e maximum stress of the roof was also not re-
leased, which was increased by nearly 11.6% at its
maximum.

(4) For the initial fracture model of reverse direction
fault, to carve out a searching tunnel may lead to

increasing of the displacement of roof by 2%, it
decreases the maximal contact pressure about
0.384MPa, and it also has effect to release the
maximal stress of the roof, nearly 25.9% at most.
But to carve out a searching tunnel may increase
the displacement or stress of the roof in most
time.

(5) For the periodical model of reverse direction fault, to
carve out a searching tunnel decreases the dis-
placement of the roof by 19.54% and decreases the
maximal contact pressure of fault about 0.662MPa; it
also has the effect of release the maximal stress of the
roof, nearly 38% at most.

(6) -e optimal plan is the forward direction fault
without the searching tunnel or the reverse direction
fault with the searching tunnel. -erefore, in the
process of coal seam mining, it is not necessary to
excavate the searching tunnel when the forward
direction fault is encountered, and it is suggested to
excavate the searching tunnel when the reverse di-
rection fault is encountered.
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q: Simplification of roof weight and overburden
pressure (MPa)

h: -e height of the beam section (m)
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Figure 31: Analysis of calculation of reverse direction fault with periodical fracture. (a) Subsidence of the roof. (b) Vertical stress.

Table 3: Influence of searching tunnel on roof and fault plane.

Fault direction Forward direction fault Reverse direction fault

Situation Initial facture Periodical facture Initial facture Periodical facture

Immediate roof displacement +6.7% +11.2% +2% − 19.54%

Maximum contact stress increase of fault plane (MPa) − 0.192 − 0.386 − 0.384 − 0.662
Maximum stress of immediate roof +4% +11.6% − 25.9% − 38%
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b: -e width of the beam section (m)
P1: Simplification of beam weight and overburden

pressure (N/m)
P2: Simplification of rock pressure (N/m)
F: Surrounding rock pressure (N)
a: -e length of action of P2 (m)
x: -e position of the beam model section (m)
l: -e length of the cantilever beam model (m)
l1: -e length of the simply supported beam model (m)
l′: -e length of the cantilever beam model at the fault

(m)
P3: Simplification of rock pressure at the fault (N/m)
θ: -e fault dip (°)
ξ: -e width of the fault in the model (m)
h (ξ): -e height of the fault in the model (m)
σb: -e stress of the beam section (N/m)
σ (x): -e stress of the beam section at x (N/m)
M: Bending moment (N·m)
M
(x):

-e bending moment of the beam section at x (N·m)

WZ: Section modulus in bending (m3)
E: Elastic modulus (Pa)
μ: Poisson’s ratio (dimensionless).
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