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Taking the geological conditions of a coal mine in Liupanshui City, Guizhou Province, as the background. The fracture law of the
roof in the coal face and the height of the “Two zones” were obtained through theoretical analysis and empirical formula
calculation, and the results were verified using similar simulation experiments. Through numerical simulation were researched
the stress distribution characteristics of the overlying strata on the working face under the influence of multiple faults. The results
showed that in the early stage of mining, F1 undergoes activation under the influence of the main roof weighting, leading to an
increase in the degree of plastic damage to the coal seam and strata behind the working face, causing a redistribution of the behind
abutment pressure. Finally, under the influence of the F1 barrier effect, the vast majority of the behind abutment pressure is
transferred to the lower strata of F1, leading to a continuous increase in stress concentration there. But as the working face
continues to advance, the blocking effect of the roof plastic zone above the goaf on the transmission of the behind abutment
pressure of the working face begins to appear and continues to increase, leading to a decrease in the peak stress at the lower strata of
F1. The stress change process on the F2 side is similar to that on the F1 side, the front abutment pressure is initially distributed in
the strata in front of the working face, but as the activation degree of F2 continues to intensify, it gradually shifts to the lower strata
of F2, and ultimately the majority of the front abutment pressure is borne by the lower strata of F2.

1. Introduction

The international situation is complex and changeable, and
the importance of energy is becoming increasingly promi-
nent, resulting in the demand for coal worldwide increasing
yearly. In order to meet the needs of national construction
and improve coal output, it is necessary to study coal mining
under complex geological conditions. Many scholars have
conducted research in different directions, such as deep coal
mining [1–3], coal mining in fault-affected areas [4–6], under-
ground mining of thin coal seams [7–9], and mining under
hard roof conditions [10–12]. In these mining conditions, the
fault is exceptional. The existence of faults can cut through
the original strata, causing a diminution in the integrity and

continuity of the strata. Moreover, the density of the rock
mass in the fault area is small, and there are many cracks,
which will make its barrier effect more visible, resulting in
abnormal stress concentration in the overburden of the coal
face, the deformation and destruction of the roof intensi-
fied, roof fall, spalling, rock burst, and other disasters occur
frequently.

In order to solve some problems encountered during the
mining process in areas affected by faults, many scholars
have done much research. Bai et al. [13] obtained two stages
of delayed water inrush evolution in fault fracture zones by
analyzing examples of delayed water inrush from faults.
Zhang et al. [14] used UDEC to assay the impression of
distinct fault spacing and mining directions on the variant
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of overlying strata during mining in a dual fault area. The
relationship between fault activation and dynamic response
was obtained, and the experimental results were verified
through microseismic monitoring data. Jiao et al. [15] obtained
through numerical simulation that the coal mass around the
fault will accumulate elastic strain energy due to the influence
of the fault and thick roof and increase the rock burst vitality.
Lan et al. [16] revealed the relationship amid fault construc-
tion and mining engineering by classifying the fault construc-
tion forms of rock bursts and establishing geological structure
models. Zhang et al. [17] investigated the danger dimension of
water inrush from faults at different locations by establishing
a fluid–structure coupling analysis model and a numerical
model. Wang et al. [18] verified the characteristics of roof
stress sudden change under the joint action of double faults
employing field monitoring and similar simulation and
revealed the mechanism of irregular fracture of roof strata.
Danesh et al. [19] used numerical simulations based on actual
situations to obtain several factors that can predict the final
stress state. Kong et al. [20] found that the high normal stress
level of the reverse fault during coal mining will cause an
increase in the shear strength of the reverse fault, and the
sliding displacement of faults is affected by the size of the
coal pillars. Guo et al. [21] investigated the factors that
exacerbate fault activation and found that fault activation
increases the barrier effect on stress distribution. Kruszewski
et al. [22] developed a static 3D geomechanical model using a
large amount of raw data obtained during long-term mining
processes to prognosticate the spatial consecutive distribution
of unmolested in situ stress states and assess the reactivation
danger of themain fault zone. Islavath et al. [23] provided two
practical methods for dividing the panel into two subpanels to
transmit faults and proposed that in order to elevate the fixity
of the coal face, it is needful to avoid the emergence of the goaf
when the long wall face is close to the fault. Wang et al. [24]
investigated the movement particularities of hard and thick
strata under the influence of faults and the impact of mining
direction on fault slip and obtained two rock burst-induced
modes and occurrence mechanisms. Also, the construction of
the overlying layers on the two fault walls will be involved by
fault cutting and fault dip angle. Zhang et al. [25] obtained the
rock mass parameters of fault zones that have a significant
impact on fault activation through numerical simulation
methods, as well as the degree to which changes in the size
of these parameters affect fault activation. Tan et al. [26]
researched the impact of faults on crustal stress at different
positions of faults through hydraulic fracturing tests and
revealed the reasons for the different distribution of crustal
stress near faults through numerical simulation. Finally, the
focal mechanism solution was verified. Dou et al. [27] studied
the earmarks of the initial stress realm and the mining stress
realm, as well as the coupling effect between them. Also, ana-
lyzed the connection between the regional stress field and
earthquake events and coal explosions and proposed stress
field control methods for preventing coal and rock explosions.
Chen et al. [28] utilized numerical simulation to obtain the
range of fault dip angles that can easily cause fault activation,
as well as the nexus between fault drop and water inrush

disasters. Zhang et al. [29] obtained the mechanical parame-
ters of the rock samples through indoor experiments and used
numerical models to analyze the relationship between coal
seam thickness and wave shape, as well as several factors
affecting wave formation. Wang et al. [30] identified several
main factors leading to roadway instability through research
on mine monitoring data and examples, and a new support
scheme was proposed based on adherence to the support prin-
ciples, which was verified through on-site testing afterward.

Most previous studies considered the influence of a single
fault, but the study on the migration law and stress distribu-
tion characteristics of roof strata in multifault-affected areas
is relatively small. In order to solve this problem, this paper
studies the collapsed shape, fracture rule, and vertical stress
distribution characteristics of overlying strata in multifault-
affected areas by theoretical calculation, similar simulation
experiments, and UDEC numerical simulation. It provides a
reference basis for mining under the influence of multiple
faults.

2. Project Overview

The mining area of a coal mine in Liupanshui City covers an
area of 1,45,526m2, and the selected coal face is situated in
the western region of Mining Area 21. Its starting point is the
212 and 213 transportation cross-cuts in the east, and its
endpoint is the setup entry in the west, and the upper section
is 21,127 goaf. Other mining does not influence the mining
of this coal face. No buildings are on the surface, and no
other projects are affecting the stopping.

There are two layers of coal in this mining area. The main
minable coal seam is 12#, with a maximum burial depth of
360m and an average buried depth of 326m. The average
thickness of the coal seam is 5m. It pertains to a flat seam.
The coal face adopts the long wall mining. Full-thickness
mining at one time. Using the full collapse method to man-
age the roof. The 12# coal seam is stable in occurrence,
simple in structure, layered—massive in structure, grayish
black, semibright, brittle, loose, and fragile at the bottom.
The coal face is penetrated by two faults that are relatively
close to each other. These two faults are reverse fault F1 with
a dip angle of 45° and throw height of 5m and normal fault
F2 with a dip angle of 45° and throw height of 5m. See
Figure 1 for the distribution of strata in the mining area.

3. Migration Characteristics of Roof Strata in
Multifault Areas

3.1. Breaking the Law of the Main Roof. Assuming that the
overburden load is uniformly distributed, the magnitude of
the main roof overburden load q can be obtained according
to the combined beam theory [31].

qnð Þ1 ¼
E1h31 γ1h1 þ γ2h2 þ⋯þ γnhnð Þ

E1h31 þ E2h32 þ⋯þ Enh3n
: ð1Þ

There are often several thick and hard strata in the over-
burden of the working face, due to the deflection of thick and
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hard strata is smaller than that of the lower strata [31], the
strata below it no longer needs to bear the load brought by
other strata above it. Therefore, according to the composite
beam theory, assuming that the load in the strata is uni-
formly distributed, if the n+ 1 layer is a thick and hard
stratum, then:

qnþ1ð Þ1 < qnð Þ1: ð2Þ

First, starting from the first strata above the coal seam,
calculate the parameters in Table 1 by substituting them into
Equation (1) to determine the position of the first thick and
hard stratum. Because the main roof is located above the
immediate roof, it is generally thick, hard, and has strong
integrity. Its characteristic is that it does not collapse on its
own after returning to the column and often only slowly
sinks. The first thick and hard stratum precisely conforms
to these characteristics of the main roof, so this article will
use it as the main roof for research. After determining the
main roof, use Equation (1) to recalculate from the first thick
and hard stratum, and use Equation (2) to distinguish, find
the second thick and hard stratum, and the magnitude of the
overlying load q of the main roof studied in this study can be
obtained, thus obtaining the fracture law of the main roof.
The specific calculation steps are as follows:

Substituting the parameters in Table 1 into Equation (1)
can obtain the self-load of the first layer of silty mudstone
above the coal seam as follows:

q1 ¼ γ1h1 ¼ 19:8 × 4¼ 79:2  kPað Þ: ð3Þ

The loading action of the second layer on the first silty
mudstone is as follows:

q2ð Þ1 ¼
E1h

3
1 γ1h1 þ γ2h2ð Þ
E1h31 þ E2h32

¼ 103:5  kPað Þ: ð4Þ

The loading effect of the third layer on the silty mudstone
of the first layer is as follows:

q3ð Þ1 ¼
E1h31 γ1h1 þ γ2h2 þ γ3h3ð Þ

E1h31 þ E2h32 þ E3h33
¼ 35:05  kPað Þ < q2ð Þ1:

ð5Þ

From the above calculation results, it can be seen that the
third layer of fine sandstone above the coal seam has no
effect on the load of the first strata and can be regarded as
the first thick and hard stratum (the main roof). The next
calculation starts from the first thick and hard stratum and
repeats the above process to determine the magnitude of the
overlying load on the first thick and hard stratum. The spe-
cific calculation steps are as follows:

By incorporating the parameters into Equation (1), the
self-load of the first thick and hard stratum can be calculated
as follows:

q1 ¼ γ1h1 ¼ 212:8  kPað Þ: ð6Þ

Kunming

Chengdu
Lhasa

Beijing

Tianjin

Undefned

1: 32 000 000

Capital

Province-level
administration centre
International boundary
Boundary of province, autonomous
region, or municipality directly
under the central government
Boundary of special
administrative region

Xining

Ürümqi

Lanzhou

Yinchuan

Xi'an

Taiyuan

Jinan

Tianjin

Shijiazhuang

Zhengzhou

Hefei Nanjing
Shanghai

Hangzhou

Nanchang

Taibei

Fuzhon

Nanning Guangzhou

Haikou

Hainan Dao

South China Sea

South China Sea

East China Sea

Yellow Sea

Bo Hai

Ta
iw

an
 H

aix
ia

Dongsha Qundao

Lan Yu

Taiwan Dao

Diaoyu Dao

Chiwei Yu

Xisha Qundao
Hainan Dao

Haikou

Guangzhou
Nanning

Macau
Hong kong

Dongsha Qundao

Taiwan
Dao

Yongxing Dao
Zhongsha Qubdao

Huangyan Dao

Nansha Qundao

Zengmu Ansha

Hong Kong

Changsha

Guiyang

Chongqing
Wuhan

BEIJING

Sichuan

Shaanxi

Qinghai

Xinjiang Uygur Zizhiqu

Gansu

Hubei

Hehan

Shanxi

Hebei Tianjin Shi

Liaoning

Jilin

Heilongjiang

Beijing ShiNei

Mongol

Zizh
iqu

Jiangsu

Chongqing
Shi

Shandong

Ningxia Huizu
Zizhiqu

ZizhiquXizang

Hunan Jiangxi

Guagdong

Hong Kong SarMacau
Sar

Hainan

Fujian

Taiwan

Zhejiang

Anhui Shanghai Shi

Hainan

Hong Kong
SarMacau

sar

Guangdong Fujian Taiwan
Guangxi Zhuangzu

Zizhiqu

Guangxi Zhuangzu
Zizhiqu

Hohhot

Shenyang

Changchun

Harbin

Coal mine location: Liupanshui City 

NANHAI ZHUDAO
1 : 64 000 000

Columnar Lithology Tickness (m)

Siltstone
Fine

sandstone
Calciferous

sandy
claystone

Calciferous
sandy

claystone

Calciferous
sandy

claystone

Siltstone

Fine
sandstone

Fine
sandstone

Siltstone
Silty

claystone

Silty
claystone

Coal
seam 12#

Coal
seam 13-2#

20

26

5

7

5

5

4

3

8

6

22

4

5

Guizhon

Macau

Yunnan

FIGURE 1: Geological histogram.

Advances in Civil Engineering 3



When calculating to the second layer, the load of the first
thick and hard stratum is as follows:

q2ð Þ1 ¼
E1h31 γ1h1 þ γ2h2ð Þ

E1h31 þ E2h32
¼ 240:85  kPað Þ: ð7Þ

When calculating to the third layer, the load of the first
thick and hard stratum is as follows:

q3ð Þ1 ¼
E1h31 γ1h1 þ γ2h2 þ γ3h3ð Þ

E1h31 þ E2h32 þ E3h33
¼ 38:9  kPað Þ < q2ð Þ1;

ð8Þ

where E—elastic modulus of rock layer; h—depth of stra-
tum; γ—unit weight of rock layers.

From the calculation results, it can be seen that the third
layer of siltstone has high strength and thick stratum, which
have no effect on the load of the first thick and hard stratum.
It can be regarded as the second thick and hard stratum.
Therefore, only the load effect of the second layer (calcifer-
ous sandy clay stone with a height of 6m) on the first thick
and hard stratum needs to be considered. From this, it can be
determined that the overlying load of the first thick and hard
stratum (the main roof) is q= 0.24085MPa.

During the mining duration of the coal face, the main roof
will be in a suspended state after the immediate roof is entirely
collapsed. Although the overlying strata are cut by F1 and F2
and become discontinuous, our research object is the rock
stratum between the two faults, and during mining, the pro-
tective coal pillars with specified lengths are reserved on both
sides of the coal face, so the main roof can still be regarded as a
beamwith two ends constrained. The fracture of the main roof
is analyzed by using the fixed beammodel in elasticmechanics.

As shown in Figure 2, the stress distribution of the fixed
beam is symmetrical, so in the middle of the beam, the shear
stress is zero, the normal stress on the transversal surface of the
beam is the transverse principal stress σ1, and the tensile stress
σ1 reaches the maximum at (0, h/2) [32] as follows:

σ1max ¼ σx
0;
h
2

� �
������� ¼ q

5
þ ql2

h2
: ð9Þ

According to the maximum tensile stress criterion, the
ultimate span of a beam that does not undergo fracture must
meet the following:

σ1max ¼
q
5
þ ql2

h2
≤ σ½ �: ð10Þ

From this, it can be seen that the ultimate safe span for
the first break of the fixed beam is as follows:

Ls ≤ 2h

ffiffiffiffiffiffiffiffiffiffiffiffiffi
σ½ �
q
−
1
5

s
¼ 45:5  mð Þ; ð11Þ

where Ls—first weighting interval of the main roof; h—
height of the main roof, 8m; [σ]—ultimate tensile strength
of the main roof, 2.0MPa; q—load on the main roof.

After the main roof is broken, the roof strata will be in a
state where one end is constrained, and the other end is
suspended, so the cantilever beam model in elastic mechan-
ics can be used to analyze the roof breakage.

As shown in Figure 3, the expression of the stress com-
ponent in the cantilever beam is the same as that of the fixed
beam, but the boundary constraint conditions are different,
so the safety limit span of the cantilever beam can be
obtained by substituting the boundary conditions of the fixed
end and free end of cantilever beam [32] as follows:

TABLE 1: Calculation parameters of rock stratum load.

Rock stratum Lithology Thickness (m) Body force (kN/m³) Modulus of elasticity (GPa)

1 Silty claystone 4 19.8 14.2
2 Siltstone 3 24.6 16.1
3 Fine sandstone 8 26.6 15.9
4 Calciferous sandy claystone 6 19.8 14.2
5 Siltstone 22 24.6 16.1
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FIGURE 2: Force analysis of fixed beam model.
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−
q
2
−

6Te
h2

−
3ql2

h2
−
3T
h

−
3q
10

� �
−
T
h
≤ σ½ �: ð12Þ

From this, it can be seen that the safety limit span for
cantilever beam breaking is as follows:

LZ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
5h2 σ½ � þ qh2 þ 30Te − 10Th

15q

s
¼ 13:6  mð Þ; ð13Þ

where Lz—periodic weighting interval of the main roof; T—
horizontal thrust, here 0.

3.2. The Height of the “Two Zones”. When using the full
collapse method to manage the roof, the overburden can
be divided into three zones pursuant to the movement and
destruction degree of the overburden, in which the strata
with irregular caving and significant loose coefficient are
the caving zones. The rock stratum above the caving zone,
regularly broken and with a small coefficient of breaking
expansion, is called the fractured zone.

The saturated uniaxial compressive strength of the rocks
in the overburden is 20–40MPa, belonging to medium hard
rock, which can be calculated pursuant to the following
formula [33]:

Hc ¼
100Mh

4:7Mh þ 19
Æ 2:2¼ 9:56 − 13:96  mð Þ; ð14Þ

Hf ¼
100Mh

1:6Mh þ 3:6
Æ 5:6¼ 37:5 − 48:7  mð Þ; ð15Þ

where Hf—height of the fractured zone; Hc—height of the
caving zone; Mh—mining height, the value here is 5m.

4. Similarity Simulation Experiment of
Overlying Strata Migration

4.1. Experimental Equipment and Similarity Constants.
According to the experimental conditions, amultifunctional plane
and 3D similar material simulation test bed with the size of
length×width×height=2,500×300×1,500mm were selected.
The model laying height was 1,200mm, and the overlying non-
simulated strata were replaced with bricks of the same weight.

According to the actual needs of the study and the simi-
larity law, the similarity constant of this test is determined as
follows: the geometric similarity constant is 100, the time
similarity constant is 10, the volume weight similarity con-
stant is 1.5, and the stress similarity constant is 150. Leica
TZ12 total station is used for displacement monitoring, and
the DH3816N strain gauge is used for the stress monitoring
system. All instruments are tested before the experiment to
ensure no error. The equipment used in this experiment is
shown in Figure 4

4.2. Experimental Materials and Proportions. The 2D similar
model established in the background of mine geological con-
ditions can well reflect the deformation law of the overbur-
den. The proper and reasonable option of similar materials
and material proportions is the critical condition for the
success of the experiment. By summarizing the research of
other scholars and combining the characteristics of the mate-
rial itself, this experiment finally selects river sand as aggre-
gates and lime and gypsum as cement. In that proportion, the
main strength index is the compressive strength. The main
deformation index is the elastic modulus and Poisson’s ratio.
Pursuant to the study of Wu et al. [34], the proportion of
materials and rock mechanics parameters that can meet the
experimental requirements are shown in Table 2.

According to the determined ratio, calculate the amount
of each layer of material, mix all kinds of materials evenly,
add water with a weight of 1/10 of the material weight, and
quickly stir evenly to prevent caking. Pour the mixed mate-
rial into the model, scrape and compact the surface to a
thickness that meets the calculated layer thickness, and

Stress monitoring system

Leica TZ12 total station

Similar simulation test-bed

FIGURE 4: Experimental equipment.
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sprinkle a layer of mica powder on each material layer to
simulate the joint surface between strata. Due to the faults in
the model, the steel plates were adjusted to the required angle
and fixed when laying the model and the middle part was laid
first, and then the steel plates were removed and laid on both
sides. After standing for one week, remove the baffle and
start the test after 20 days.

4.3. Monitoring Plan. In order to facilitate monitoring of
changes in roof layer displacement, the model’s surface was
painted white, and the coal seam was painted black after the
model was laid. Using the upper boundary of the coal seam
as the benchmark, we use the ink box for popping up uni-
form grid lines in the horizontal and vertical directions on
the model surface, and the intervals between the lines are
10 cm. The reflector is pinned at the intersection of the grid
lines to observe and record the displacement of the strata.

To study the alterations of front abutment pressure dur-
ing the mining process, place the strain gauge in the strata
2 cm above the coal seam for registering, start placing at 5 cm
to the right of F1, strain gauge spacing 20 cm, placed a total
of 11, from left to right in accordance with the 1–11 number,
this step should be completed in the laying model, stress
sheet wrapped with plastic wrap to prevent water damage.
See Figure 5 for a specific arrangement.

4.4. Model Mining and Analysis of Experimental Results. In
the experimental model, 30 cm protective coal pillars are
reserved for both F1 and F2. The length of the coal seam
mined in the simulation experiment is 150 cm, and the actual
mining length is 150m. Starting mining at 30 cm on the right
side of F1. Each time is advanced by 5 cm, and the excavation
is carried out 30 times. The interval of each excavation is
0.5 hr. The time effect of surrounding rock deformation is
considered. The deformation of overlying strata during min-
ing is shown in the figure below.

Figure 6 shows the movement of overburden and the
expansion of fractures at different mining stages. From the
figure, we can see that when the coal seam is excavated for
20m, there is no variant of the roof, but fissures have been
generated in the overburden, and the expansion height of the

fissures is 4m. When the coal seam is excavated for 25m, the
immediate roof collapses for the first time, the initial caving
step is 25m, the caving height is 5m, and the goaf can not be
filled entirely. Later, as the excavation of the coal seam
reaches 25–45m, the immediate roof collapses with mining,
the caving height reaches 7m, and the cracks in the overbur-
den develop continuously upward. When the coal seam is
excavated for 45m, the main roof is broken, and the first
weighting interval is 45m. Because of the rain for several
days before the experiment, the model becomes damp and
its strength decreases, so the main roof did not form an
apparent masonry block structure after the first weighting.

When the coal seam is excavated for 62m, the first peri-
odic weighting occurs on the main roof, and the weighting
interval is 17m. After the main roof breaks, the apparent
masonry block hinge structure is formed, and the transverse
crack appears 5m above the main roof and extends to the
front of the working face. When the coal seam is excavated
for 105m, the main roof appears the fourth periodic weight-
ing, and the strata subsidence at 5m above the main roof
leads to strata separation with a length of 30m. The coal
seam continues to be excavated, and the fracture continues
to expand forward, but the length of the separation layer does
not increase. Also, with the overall subsidence of the overly-
ing strata, the separation layer gradually closes, and the
length of the separation layer gradually decreases. When
the coal seam was excavated for 150m, the mining was com-
pleted. During this period, the main roof was periodically
weighted seven times. The maximum weighting step was
17m, the minimum was 13m, and the average periodic
weighting interval was 15m.

Figure 6(e) is the final state of the model. It can be seen
that the coal rib support area is formed above the unexcavated
coal seam, the separation area is formed on both sides of the
excavated part, and the collapsed rock is recompacted in the
middle part due to the downward movement of the roof
strata, and the original cracks are closed to form the recom-
paction area. A 90m-long separated layer fracture appears
40m above the coal seam. The strata below the fracture
form a fractured zone and a caving zone from top to bottom.

Displacement monitoring point

F1 F2Pressure monitoring point

Propulsion direction

FIGURE 5: Location of measuring points.
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The height of the caving zone is 11.5m, and the height of the
fractured zone is 43.2m. As shown in Figure 7, the displace-
ment fluctuation of the measuring points on the 47m moni-
toring line is significant, and the change is highly irregular,
which indicates that the rock stratum in this layer belongs to

the caving zone. However, the displacement curves of the
measuring points at 57, 67, and 77m are relatively continu-
ous. The rock layers of the three layers change cooperatively
with little difference, which conforms to the change earmarks
of the strata in the fractured zone.

The breaking span of the main roof and the height of the
“Two zones” obtained by the similar simulation experiment
are accordant with the theoretical calculation results, which
can furnish a reference for the production of mines under
analogous circumstances.

5. Numerical Simulation Analysis of Mining in
Multifault Area

5.1. Modeling. Based on the geological data of a coal mine in
Liupanshui City, the vertical stress distribution characteris-
tics of the surrounding rock under the influence of multifault
are analyzed using the UDEC, and the Mohr–Coulomb yield
criterion and Coulomb slip model of surface contact are
adopted. Themodel size is set as length×height= 250× 120m
(see Figure 8), including reverse fault F1 and normal fault F2
from left to right, the dip angle of the fault is 45°, the offset is
5m, and the fault in the model is represented by a weak frac-
ture belt with a width of 1m. In this experiment, the mining of
12# coal seam is simulated, the inclination angle is set to 0, and
the buried depth is H= 326m, so apply a gradient in situ
vertical stress of 5.6–8.4MPa from top to bottom inside the
model. Also, set the lateral pressure coefficient to 1.2 based on
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First weighting of main roof

First collapse of immediate roof

Crack appears and is about to break

ðbÞ

First periodic weighting of main roof

Second periodic weighting of main roof

ðcÞ

Separation occurs

ðdÞ
Separation fissure

Fractured zoneCoal wall
support area

Caving zone

First weighting 1 6 75432

Recompaction Abscission
Broken into a

hinged structure
of masonry blocks

areazone

11.5 m

43.2 m

ðeÞ
FIGURE 6: Coal seam advancing process: (a) excavated 20m; (b) excavated 60m; (c) excavated 75m; (d) excavated 105m; (e) end of
excavation.
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the burial depth and apply gradient in situ horizontal stress of
6.7–10.1MPa from top to bottom inside the model.

Apply a downward force of 5.6MPa to the margin at the
top of the research model to replace the unmodeled strata.
Both sides of the model can move vertically but not horizon-
tally, and the margin bottom of the research model can move
horizontally but not vertically. The rock mechanics parame-
ters used for numerical analysis are the same as in Table 2.

5.2. Vertical Stress Distribution Characteristics of Overburden
in Working Face

5.2.1. Vertical Stress Nephogram and Monitoring Line
Location. According to the experimental needs, the vertical
stress cloud chart of the surrounding rock of stope under six
different advancing lengths of 20m, 25m (first caving of the
immediate roof), 45m (first weighting of the main roof),
62m (first periodic weighting of the main roof), 105m
(fourth periodic weighting of the main roof), and 150m
(completion of mining) is selected (see Figure 9, Unit: Pa),
to analyze the variation law of vertical stress of the
overburden.

A 200m long stress monitoring line is arranged in the
12# coal seam, starting from the setup entry and ending at
the right boundary of the model. Export the obtained data to
obtain the change curve of the front abutment pressure of the
coal face (see Figure 10). According to the curve, the remit
and peak position of the front abutment pressure can be
obtained.

5.2.2. Numerical Simulation Results.With the advance of the
coal face, the overburden in the goaf will appear as an evident
stress zoning phenomenon, which is generally divided into
tensile stress area, compressive stress concentration area,
pressure relief area, and compression area [35]. In the pres-
sure relief area, the vertical and horizontal stresses are below
the in situ stress level. Nevertheless, in the compression
region, the vertical stress decreases, and the horizontal stress
increases. Therefore, the height of the pressure relief arch
above the goaf can be determined by the changes in the
magnitude of vertical and horizontal stresses.

Combining Figures 9 and 10, it can be seen that when the
coal seam is excavated to 20m, the roof above it does not
collapse, and the stress concentration phenomenon occurs
on both sides of the goaf. The stress concentration of the
strata on the left side exceeds that on the right side, and
the stress concentration phenomenon is more evident for
the strata close to the fault. In the lower strata of F1, there
is also an extensive range of stress concentration phenomena.
The pressure relief arch is 15m from the upper boundary of
the goaf, and the influence limit of the front abutment pres-
sure is 60m in front of the working face.

When the coal seam is excavated to 25m, the stress con-
centration degree on the left hand of the goaf decreases, the
stress begins to accumulate in the rock layers near the fault,
and at the same time, the stress concentration in the lower
layer of F1 increases and distributes in a concentric circle.
Among them, the stress concentration amplitude in the
lower end of F1 is the highest, with a stress concentration
coefficient of 1.94, and the outer ring decreases in turn. The
height of the pressure relief arch is 33m at the upper bound-
ary of the goaf, and the influence limit of the front abutment
pressure is 78m in front of the coal face. At this time, F2 has
not yet been affected by mining, and the surrounding rock
layers are still in the original rock stress state.

When the coal seam is excavated to 45m, the immediate
roof collapses with mining, the stress concentration degree at
the lower strata of F1 continues to increase, and
the stress concentration coefficient reaches around 2.9. The
stress concentration at the left protective coal pillar in the
goaf disappears, and the pressure of the surrounding strata is
relieved. The pressure relief arch is 54m away from the
margin top of the goaf, and the influence extent of the front
abutment pressure is 80m in front of the working face. At
this point, F2 began to be affected by mining and became
more active. Some of the strata below it near the coal seam
underwent plastic failure and pressure relief, and the stress
concentration occurred on the right side of F2.

When the coal seam is excavated to 62m, the coal and
rock mass on the left side of the goaf still appear to be
pressure relief, the stress concentration degree of the lower

5.6 MPa

Coal seam

Fault

Fine sandstone

Siltstone

Silty claystone

Calciferous
sandy claystone F1 F2

α1 α2

FIGURE 8: Numerical model diagram.
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strata in F1 continues to increase, and the stress concentra-
tion coefficient reaches 3.06. The peak stress at the right
strata of F2 is also continuously increasing. The pressure
relief arch is 58m away from the margin top of the goaf,
and the influence extent of the front abutment pressure is
83m in front of the working face.

When the coal seam is excavated to 105m, the separation
layer appears 19m above the gob. The stress concentration
coefficient of the lower strata of F1 decreases to 2.66. How-
ever, there is a large-scale stress concentration in the lower
strata of F2, and the peak stress continues to increase. The
pressure relief arch is 69m away from the margin top of the
goaf, and the influence extent of the front abutment pressure
is 51m in front of the working face.

When the coal seam is excavated to 150m, the mining is
finished, most of the roof and floor are in a state of pressure
relief, and the pressure relief arch is 76.5m away from the
margin top of the gob. At this time, the stress concentration
area at the lower strata of F2 is similar to that at the F1 side
and presents concentric circular diffusion. However, the
stress peak and strata pressure relief range on the F1 side
are higher than those on the F2 side.

5.2.3. Analysis of Experimental Phenomena. After analyzing
the experimental phenomena described above, it can be
obtained that after the main roof stratum is broken, a portion
of the mining-induced stress is transmitted to the rear of the
working face. However, due to the influence of F1 activation
and coal seam mining, a large area of plastic damage occurs
in the strata behind the working face. Resulting in a redistri-
bution of the behind abutment pressure and transfer to the
strata on the left and lower of F1, where plastic failure did not
occur. However, the former is affected by the blocking effect
of F1, and only a small part can be transferred to the left
strata of F1. So, ultimately, the majority of the behind abut-
ment pressure is transferred to the lower strata of F1, result-
ing in a sharp increase in stress concentration at that
location.

However, due to the continuous deformation and frac-
ture of roof strata, the scope of the plastic zone above the goaf
is increasing, and the plastic zone also has a blocking effect
on the transmission of the mining-induced stress on the
working face. After the working face is advanced to a certain
distance, the blocking effect begins to appear, causing the
peak stress at the lower strata of F1 to decline. With the
continuous advance of the working face, the impact of mining
on F2 is becoming more and more obvious, and its activation
level is increasing, exacerbating the plastic deformation and
damage of the coal seam and strata in front of the working
face. Resulting in a redistribution of the front abutment pres-
sure, transferring to the strata on the right and lower of F2
where plastic failure did not occur. However, the former will
also be affected by the blocking effect of F2, so eventually,
most of the front abutment pressure is transferred to the lower
strata of F2, resulting in the scope of stress concentration area
is continuously expanded and the peak value of stress is con-
tinuously increased. Throughout the entire mining process,
F1 and F2 have gone through three stages of initial

stabilization–activation–restabilization, and the lower strata
of both faults bear a portion of the mining-induced stress of
the working face. Among them, the stress borne by the lower
strata of F1 is large and long-lasting, playing a major role.

It ought to be heeded that when the coal seam is exca-
vated to the 25–62m section, the stress concentration degree
at the lower strata of F1 continues to increase. In combina-
tion with the above, the presence of F1 and F2 will flare the
metamorphosis and damage of the roof, so under the joint
influence of severe surrounding rock movement and large
area and high-strength stress concentration, It is highly likely
to intensify the activation of faults, increase their slip amount
and release a large amount of energy to provide dynamic
loads, and finally lead to the occurrence of rock burst. There-
fore, attention shall be paid to predicting and preventing
rock bursts during mining. Prevent accidents from
happening.

6. Conclusions

(1) The height range of the “Two zones” in the overbur-
den was calculated through empirical formulas and
verified in similar simulation experiments. Finally,
the height of the caving zone was determined to be
11.5m and the height of the fractured zone to be
43.2m

(2) A similar simulation experiment obtained the caving
law of overburden in the multifault areas. In the
mining process, the first caving step of the immediate
roof is 25m, the first weighting interval of the main
roof is 45m, and the average periodic weighting
interval is 15m, which is consistent with the theoret-
ical calculation results. During the mining period,
there are seven times periodic weightings. After min-
ing, the overburden of the coal seam formed “Two
zones” in the vertical direction and “three areas” in
the horizontal direction.

(3) In the early stage of mining, F1 undergoes domesti-
cation under the influence of main roof weighting,
leading to an increase in the degree of plastic damage
to the coal seam and strata behind the working face,
causing a redistribution of the behind abutment pres-
sure. Finally, under the influence of the F1 blocking
effect, the vast majority of the behind abutment pres-
sure is transferred to the lower strata of F1, leading to
a continuous increase in stress concentration there.
But as the working face continues to advance, the
blocking effect of the roof plastic zone above the
goaf on the mining-induced stress of the working
face begins to appear and continues to increase, lead-
ing to a decrease in the peak stress at the F1 lower
strata. The stress change process on the F2 side is
similar to that on the F1 side. The front abutment
pressure is initially distributed in the strata in front of
the working face, but as the activation degree of F2
continues to intensify, it gradually shifts to the lower
strata of F2, and ultimately, the majority of the front
abutment pressure is borne by the lower strata of F2.

Advances in Civil Engineering 11



During the entire mining process, the lower strata of
F1 plays a major role in bearing the mining-induced
stress of the working face.

(4) When the coal seam is excavated to the 25–62m
section, the stress concentration degree at the lower
rock stratum of F1 continues to increase, and the
existence of F1 and F2 can aggravate the deformation
and failure of the overlying strata. Finally, under the
joint action of high stress and severe surrounding
rock deformation may induce rock burst in the work-
ing face or adjacent roadway, so the prediction and
prevention shall be strengthened.
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