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To further explore the crack evolution of floor rock mass, the mechanism of fault activation, and water inrush, this paper
analyzes the crack initiation and propagation mechanism of floor rock mass and obtains the initiation criteria of shear
cracks, layered cracks, and vertical tension cracks. With the help of simulation software, the process of fault activation and
crack evolution under different fault drop and dip angles was studied. The results show that the sequence of crack
presented in the mining rock mass is vertical tension cracks, shear cracks, and layered cracks. The initiation and
propagation of the shear cracks at the coal wall promote the fault activation, which tends to be easily caused at a specific
inclination angle between 45° and 75°. The fault drop has no obvious impact on the evolution of floor rock cracks and
will not induce fault activation. However, the increase of the drop will cause the roof to collapse, reducing the possibility
of water inrush disaster. Research shows that measures such as adopting improved mining technology, reducing mining
disturbance, increasing coal pillar size, and grouting before mining as reinforcement and artificial forced roof can
effectively prevent water inrush disasters caused by deep mining due to fault activation.

1. Introduction

Mine water disaster is an important factor threatening the
safety in coal mining and is only after gas outburst as the
dangerous factor to mining whereas the water inrush disas-
ter is particularly outstanding in the deep mining with high
confined water. The field measurement of water inrush
shows that most of water inrush accidents in deep mining
are caused by the conduction of primary channels with
delays of different time spans [1, 2], while water inrush
due to fault activation is more common [3]. Water inrush
induced by fault activation means that the fault does not
conduct water in the initial state, but under the action of
mining disturbance, in situ stress, confined water, and other
factors, the fault structure is dislocated and activated to
conduct aquifer and induce water inrush [4, 5]. The
research shows that the evolution from crack of floor rock

mass to water inrush due to fault activation is a process
from quantitative change to qualitative change [6]. There-
fore, study on the crack evolution from quantitative change
to qualitative change in floor mining rock mass is of great
significance for prevention of water inrush caused by fault
activation [7, 8].

With increasing mining depth, the gap between the
coal-mining seam and the Ordovician thick limestone is
getting closer with some of the water pressure exceeding
20MPa, increasing the possibility of fault activation con-
ducting aquifers to induce water inrush disasters. At the
same time, the deep complex environment makes the
expansion of rock cracks more irregular [9–11]. In recent
years, scholars have conducted laboratory experiments
[12–18], theoretical analysis [19–21], numerical calculations
[22–24], and field measurements [25–27] on fault water
inrush mechanism, time-dependent characteristics, and risk
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assessment methods. Numerous achievements have been
achieved such as quantitatively deriving the water inrush issue
from faults based on mechanics and mathematics, thus
obtaining the criteria for the occurrence of water inrush from
the floor under different conditions [2, 28–30]; in terms of
numerical calculations, structural analysis has conducted to
study fault activation with water seepage by FLAC3D. It is
proved that COMSOL Multiphysics shows high applicability
for the fluid-solid coupling problem of floor fault water inrush
with promising application; in terms of field measurement, the
field water detection and release equipment and the research
and development of key governance technologies were
strengthened to achieve a high-precision description of the
development of rock mass fissures, which is of great signifi-
cance for evaluating the risk of water inrush.

Nowadays, most scholars have studied the water inrush
hazards with fault from a macro perspective, ignoring the
essential impact of crack evolution on fault activation. How-
ever, the fault activation and water inrush are the result of
quantitative changes in microscopic crack evolution in rock
mass. To this end, this paper takes the perspective of deep
rock mass crack evolution with fault, explores the evolution
characteristics of deep floor, and obtains the initiation and
expansion criteria for different cracks in the seam floor; the
mining simulation is carried out on the floor with fault to
analyze the influence of fault dip and drop on the rock mass
crack evolution and fault activation. At the same time, rele-
vant measures to prevent fault activation and water inrush
disasters are also proposed.

2. Criterion Analysis of Crack Initiation of
Floor Rock Mass with Faults

The cracks in the mining rock mass are mainly formed
under the tensile shear and compression shear. Based on
the “Three-zones” Theory [31, 32] and according to the for-
mation mechanism and location of the cracks, this paper
divides the floor rock mass crack into shear crack, stratified
crack, and vertical tension crack [8]. The following offer
respective analysis on the initial cracking criterion of the
three types of mining rock fractures.

2.1. Initial Cracking Criterion of Shear Fracture. Assuming
that the floor rock mass develops any weak fracture surface
ab, the angle between the outer normal line n and the hori-
zontal direction is α, and it is affected by the principal stress
σ1, σ3, and the seepage pressure P. If there is no seepage
pressure, then P is 0.

According to the Mohr-Coulomb strength criterion, if the
normal stress σα and shear stress τα were imposed on the frac-
ture surface of the rock, then its shear strength would be:

τ = c + σ tan φ, ð1Þ

where c is the bonding force of the crack surface and φ is
the internal friction angle of the crack surface.

The analysis shows that effective stress on the crack sur-
face is τ′ = τα − ðc + σα tan φÞ. If τ′ > 0, the shear cracks in
the seam floor rock mass will initiate cracking, namely:

σ1 >
sin 2α − cos 2α tan φ − tan φð Þσ3 − 2P tan φ + 2c

sin 2α − cos 2α tan φ + tan φ
:

ð2Þ

When σ1 and σ3 are imposed on the fracture and P is
qualified for formula (2), the rock mass shear fracture will
crack. Therefore, formula (2) is the initiation criterion of
the shear fracture of the rock mass containing the fault floor.
The initiation of the fissure promotes the formation of the
water channel as the initiation direction is generally at a cer-
tain angle with the horizontal rock formation; it will change
the path of the confined water leading up the working sur-
face along the fissure.

2.2. Criterion of Initiation of Layered Cracks. The floor rock
mass will undergo different degrees of bending deformation
under high stress, high confined water, and strong mining
disturbances, resulting in the formation of normal opening
and horizontal shear layered cracks between rock layers.
Once the fault is activated, water channel is highly easy to
be formed in the weak areas of fissures, creating the space
for the high-pressure aquifer to flow into the stope or goaf.

2.2.1. Normally Opening Layered Cracks. Normally opening
layered cracks is mainly caused by the repeated
compression-expansion-compression of the seam floor rock
mass after coal seam mining and the difference in rock prop-
erties, as shown in Figures 1 and 2. Under stress, when the
flexural rigidity of the upper rock layer of the curved rock
mass is smaller than the flexural rigidity of the lower rock
layer, a normal opening layer crack will occur between the
upper and lower rock layers. The horizontal component σh
and vertical component σv of ground stress follow the Gin-
nick hypothesis, and the horizontal component of ground
stress is dominated by compression stress, and the degree
of bending of the seam floor rock can be expressed as:

K = σh1
δ

= σh sin β

δ
= μσv sin β

1 − μð Þδ = μγz sin β

1 − μð Þδ : ð3Þ

Therefore

δ = μγz sin β

1 − μð ÞK , ð4Þ

where K is the stiffness index of the rock formation, σh1 is
the stress of σh perpendicular to the direction of the curved
rock face, β is the angle between the tangent of the curved rock
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Figure 1: Stress state of fracture surface of floor.

2 Geofluids



face and the horizontal plane, μ is the Poisson’s ratio of the
rock formation, δ is the bending displacement of the rock for-
mation under σh1, γ is the bulk density of the floor rock, and z
is the buried depth of the floor, as shown in Figure 2.

It can be seen from equation (4) that when the same rock
layer is bent under external force (where μ, γ, z, and K have
the same values), the higher the β, the higher the δ and the
more likely the rock layer will be bent and deformed. β
reaches its biggest value at both ends of the bottom curved
rock layer and drops to 0 at the top of the curved surface,
indicating that during the coal mining process, the continu-
ous bending of the bottom rock layer starts from both ends
of the rock layer, not the top. It can be seen from equation
(3) that when the stiffness of the upper rock layer is weaker
than that of the lower rock layer (Kupper < K lower, then the
stresses on the upper and lower adjacent rock layers are
approximately equal at this time), the bending displacement
of the upper rock layer is greater than the bending displace-
ment of the lower rock layer (Δup > δdown). At this time, the
upper and lower strata will have normal opening and strati-
fication cracks, and the expression of the bending displace-
ment of the strata is

δ = ωmax = ε
γ1L

4

32Em2 , ð5Þ

where ωmax is the maximum deflection of the floor rock
and ε is the determination coefficient of the beam support
conditions. The fixed beam is 1, and the simply supported
beam is 5; γ1 is the bulk density of the floor rock; L is the
bending span of the floor rock; E is the elastic modulus of
the floor rock (the upper and lower ones are expressed as
Eupper and Elower, respectively); m is the thickness of the floor
rock layer (the upper and lower rock layers are expressed as
mupper and mlower, respectively).

It can be seen from equation (5) that, without consider-
ing the difference in bulk density of adjacent rock forma-
tions on the floor, if δup > δdown, then Eupm

2
up < Edownm

2
down

. Therefore, the conditions for the generation of the cracks
in the normal expansion layer are Eupm

2
up < Edownm

2
down.

The generation of this type of cracks is related to the elastic
modulus and thickness of the upper and lower adjacent rock
layers. The greater the difference between the product of the
upper and lower rock layers’ elastic modulus and the square
of the thickness, the more conducive to the formation of
normal open cracks. From the actual situation of the site,
the conditions for the formation of cracks in normal open-
ing layers are relatively easy to achieve, so fault cracks are
very easy to develop and expand between rock layers.

2.2.2. Layered Cracks in Horizontal Shear. According to the
literature [32], when the shear stress at the interface of adja-
cent floor rocks is greater than its maximum allowable shear
stress, shear slip will occur at the interface of the rock forma-
tions, resulting in horizontal shear fissures. Compared to
normal opening layers, this crack has a smaller opening. If
the shear stress difference in the thickness direction of a cer-
tain floor rock layer is neglected, the shear stress of the rock
layer on the layer section can be approximated as the tan-
gential stress σh2 of σh. The shear stress on the section of
adjacent upper and lower strata can be approximated by
the following formula:

τup ≈ σh2 up = σh1 up cos β,
τdown ≈ σh2 down = σh1 down cos β,

(
ð6Þ

where τ up and τ down are the shear stresses of the
upper and lower strata in any upper or bottom layer, σh up
and σh down are the horizontal components of the ground
stress on the upper and lower strata, respectively, and
σh2 up and σh2 down are the tangential stresses of the horizon-
tal components of the ground stress on the upper and lower
strata, respectively, as shown in Figure 3.

The shear stress τ boundary at the interface of adjacent
rock formations is not equal to the shear stress of the
upper and lower rock formations on the layer-direction
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Figure 2: Sketch map of normal opening layer to fissure formation.
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Figure 3: Sketch of formation of horizontal shear layer to fissure.

3Geofluids



section. Take a tiny element on the interface, as shown in
Figure 3, and with the physical equation of elasticity, we
could get [33]:

γup =
2 1 + μup

� �
Eup

τup,

γdown =
2 1 + μdownð Þ

Edown
τdown,

γboundary =
2 1 + μboundary

� �
Eboundary

τboundary,

8>>>>>>>>>>><
>>>>>>>>>>>:

ð7Þ

where γup, γdown, and γboundary are the shear strains of the
upper and lower strata section and the interface, respectively,

γup, γdown, and γboundary are the Poisson’s ratios of the upper
and lower strata section and the rock mass at the interface,
respectively, Eboundary is the rock masses at the interface and
the modulus of elasticity, and τboundary is the shear stress at
the interface.

Since the unit body taken is small, the size can be repre-
sented by the absolute value of the difference between and

γboundary

��� ��� = γup − γdown

��� ���: ð8Þ

Substituting equations (6) and (8) into equation (7), the
shear stress ∣τboundary ∣ at the interface of adjacent rock for-
mations can be obtained as:

where Gup, Gdown, and Gboundary are the shear modulus of
the upper and lower rock formations and their interfaces,
respectively.

Suppose the ultimate shear stress of the rock interface is
½τboundary�, when ∣τboundary ∣ is bigger than ½τboundary�, shear
slip will happen in the adjacent rock layers, forming a shear
layered crack. It can be seen from equation (9) that the big-
ger the difference between the ratio of the horizontal stress
and the shear modulus of the upper and lower rock forma-
tions and the shear modulus at the interface, the more likely
the adjacent rock formations are to undergo shear slippage
to form a shear layered crack. In addition, β angles at both
ends of the curved rock layer are the largest, and the top of
the middle of the curved surface is 0. Under certain condi-
tions of other influencing factors, the shear stress at the
interface between the two ends of the curved floor rock is
smaller than that on the top of the curved rock layer, indicat-
ing that at the end and top interface, shear slip is most likely
to occur and form horizontal shear layer cracks after coal
mining, which requires special attention.

2.3. Vertical Tension Crack Initiation Criterion. Vertical ten-
sion cracks are caused by the bending stress of the floor rock
mass that exceeds the tensile strength of the rock under the
combination of horizontal compression stress and confined
water. Cracks usually appear in the middle section of the
curved rock, as shown in Figure 4. When rock’s tensile stress
σx total > ½σs�, a vertical tensile crack appears [21], and ½σs� is
the ultimate tensile strength of the floor rock.

Vertical tension cracks will induce vertical rising of pres-
surized water along the crack surface, and the stress acting
on the crack surface is in the same direction as the bending

stress received by the crack, which further promotes the
opening of the crack surface and accelerates the formation
of the water channel on vertical evolution of the crack.

3. Analysis of Mining Crack Propagation in
Floor Rock Mass

3.1. Crack Propagation in Mining Rock Mass. According to
fracture mechanics, the rock mass fissures are divided into
types I, II and III. When the stress field at the crack tip is
constant, the strength of the tip crack is completely deter-
mined by the stress intensity factor. If the stress intensity
factor of a rock mass crack is greater than its fracture tough-
ness, the crack will expand forward.

Fault activation causes the confined water to flow up
along the fractured zone of the fault, and the fractures in
some rock masses are filled with confined water, which
mainly exists on the surface of the fracture in the form of
hydrostatic pressure. At this time, the stress intensity factor
at the tip of the rock mass fracture is

K Pð Þ = αΙP
ffiffiffiffiffiffi
πa

p
, ð10Þ

where αΙ is the geometrical factor of type I fracture and a
is the length of the major axis of the fracture.

For the fractures filled by confined water, the fracture
surface is stretched outward by the confined water. There-
fore, the stress intensity factor at the tip of a water-filled
fracture near the fracture zone should be:

KI sum = KI + K Pð Þ, ð11Þ

γboundary

��� ��� = 2 1 + μup

� �
/Eup

� �
σh up − 2 1 + μdownð Þ/Edownð Þσh down

��� ���Eboundary cosβ

2 1 + μboundary

� � =
σh up
Gup

−
σh down
Gdown

����
����Gboundarycosβ = γboundary

��� ���Gboundary,

ð9Þ
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where KI is the stress intensity factor of type I (open
crack).

In the formation of the water channel in the seam floor
with faults, there are three main types of crack propagation
in rock mass: (1) the tip of the crack with propagation
between unfilled cracks is mainly affected by the mining dis-
turbance with no hydraulic pressure; (2) the propagation of
water-filled fissures and non-water-filled fissures mostly
occurs at the confined water rise top interface, the water flow
top interface of the fault water conduction fracture zone, and
the tip of the rock mass water-filled fissure; and (3) the prop-
agation and penetration between the water-filled cracks are
mainly affected by water pressure and mining disturbances
and mostly occur in the water-filled area of the fracture after
the confined water is lifted, which is conducive to the mutual
penetration and outward propagation of the water-filled
fractures, as shown in Figure 5.

3.2. Mining Rock Crack Propagation Criterion. If the influ-
ence of water filling of rock mass cracks is not considered,
the circumferential stress at the tip of type I and type II
cracks [30]:

σθ =
1ffiffiffiffiffiffiffi
2πr

p cos θ

2
KI

2 1 + cosθð Þ − 3KII

2 sin θ

� �
, ð12Þ

where ðr, θÞ is the local polar coordinate with the crack
tip as the origin.

According to the theory of maximum circumferential
stress, the angle θ0 of the crack propagation direction of rock
mass should satisfy:

∂σθ

∂θ θ=θ0 = 0, ∂
2σθ
∂θ

�����
�����
θ=θ0

< 0: ð13Þ

Therefore, when θ ∈ ½0, π/2�, cos ðθ/2Þ ≠ 0, the following
equation is sure to happen:

KI sin θ0 + KII 3 cos θ0 − 1ð Þ = 0: ð14Þ

And then

θ0 = arc cos 3K2
II ±

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
K2

I + 8K2
I K

2
II

p
K2

I + 9K2
II

: ð15Þ

According to formula (15), the rock fracture will expand
along the θ0 direction. When θ = θ0, the circumferential
stress of the crack reaches the maximum

σθmax
= σθ r0, θ0ð Þ = 1ffiffiffiffiffiffiffiffiffi2πr0

p cos θ0
2

KI

2 1 + cos θ0ð Þ − 3KII

2 sin θ0

� �
:

ð16Þ

Therefore, when σθ max = σθc (σθc is the ultimate stress
for crack propagation), the fracture of rock mass containing
faults will expand along the θ0 direction; that is, the criterion
for the propagation of rock mass cracks is

KIc = cos θ0
2 KI cos2

θ0
2 −

3KII

2 sin θ0

� 	
: ð17Þ

It can be seen from equation (17) that the continuous
propagation of rock mass cracks in the fault floor is related
to the stress intensity factor and the crack dip angle of the
rock mass cracks. The larger the stress intensity factor, the
closer that crack dip angle to θ0 and the easier for rock
mass cracks to propagate. According to equation (17),
three methods are proposed to prevent the cracks in the
fault-bearing rock mass from propagating and forming
water channels:

(1) Improve the coal mining method and mining tech-
nology in the working face, reduce the force of the
supporting pressure on the fault surrounding rock
and the seam floor, reduce the stress intensity factor
of the fault surrounding rock and floor rock mass
cracks, such as backfill mining, etc.

(2) Dynamic monitoring of the fracture development of
the fault-bearing rock mass should be carried out in
time to avoid the inclination of the mining rock mass
fracture approaching to θ0

(3) Improve the strength of the fault rupture zone and
those weak zones and reduce the possibility of water
inrush caused by the crack propagation by increasing
the fracture toughness of the mining rock mass frac-
ture, such as grouting on the fault rupture zone and
surrounding rock before coal mining

4. Simulation Analysis of Crack Evolution of in
Floor Rock Mass

In order to reveal the law of evolution of fractures in rock
mass in seam floor with fault and to explore the influence
of fault occurrence on the development process and activa-
tion of fractures in floor rock masses, the paper used the
RFPA software to simulation the evolution process of frac-
tures in rock mass in seam floor with fault.

L L
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Y

Figure 4: Formation of vertical tension crack.
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4.1. Establish the Model. Based on the hydrogeological
characteristics of the water-bursting mine in the Jibei mining
area, Shandong Province, China, a model for the crack
evolution is designed, as shown in Figure 6. The model is
divided into 500 × 260 = 130000 equal area units. Equivalent
uniform load is applied to the top of the model with 4MPa
water pressure transmitted to the aquifer through the
boundary. The conditions for the boundaries of the model
are as follows: the left and right boundaries are horizontally
constrained and movable vertically and fixed bottom, and

the top and bottom ends are water-proof boundaries. The
simulation is solved according to the stationary problem,
and the plane-strain model is used to analyze the evolution
process of the cracks in the mining rock mass of the floor.

The simulated design coal seam mining thickness is 5m
with mining the full height at one time and advancing step
by step as main mining method. The coal seam is excavated
from left to right. The cut hole is 110m away from the left
boundary of the model, and 60m of fault-proof coal pillars
is reserved. The excavation step is 5m. Fault dip and drop
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Figure 5: Crack propagation in rock mass with fault.
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are important parameters for water inrush disasters which
have been extensively researched by scholars [33]. In order
to further clarify the influence of fault drop and dip on fault
activation and water inrush and verify the accuracy of the
rock crack evolution criterion, this paper designs five sets
of simulation schemes with different fault dips and dips, as
shown in Table 1.

4.2. Simulation Result Analysis Overlying Strata
Separate Appear

4.2.1. The Influence of Different Fault Dips on the Evolution
of Fractures in the Mining Rock Mass with Fault. (a)–(d) in
Figures 7–9 are diagrams of the evolution state of the cracks
in the floor rock mass with the fault dip angles of 45°, 60°,
and 75° when the working face advances. During the on-
site coal seam mining process, floor water inrush often
occurs on the eve of the initial fracture of the basic roof,
and the collapse of the basic roof can restrain the further
destruction of the floor rock mass and slow down the for-
mation of water channels. Therefore, in the process of coal
seam advancement, the break of the roof is the final simu-
lation state.

It can be seen from Figures 7–9 that when the working
face is advanced by 50m, the supporting pressure of the
overburden rock acts on the coal and rock mass in front of
the working face, resulting in greater stress concentration.
Vertical tension cracks appear in the floor when the floor
is damaged. As the working face continues to advance to
75m, shear cracks appear at the junction of the coal wall
and the floor. At the same time, floor is being further dam-
aged. Vertical tension cracks extend deeper, and some minor
number of layered cracks are produced at 75° fault dip. As
shown in Figure 9(b) when the working face advances to
105m, the shear fissure at the coal wall expands to the fault
zone, forming a weak area, and the fault zone is disturbed
but not activated. Layered cracks in the floor continued to
evolve whereas the vertical tension cracks mainly develop
in depth, ending up with crack propagation and penetration
gradually, as shown in Figure 8(c). When the working face
advances to 140m, the shear fissure at the coal wall further
evolves into the fault zone. The roof collapses show up for
the first time, and the shear fissure in the weak area of the
coal wall further expands to the fault zone, but cracks under
the goaf will stop expanding to the depth, as shown in
Figure 9(d). When the dip angle of fault is 60°, cracks ini-
tially appear and then develop toward the fault along with
the process of compression-expansion-compression. These
cracks, such as shear crack, layer crack, and tensile crack
propagate and coalesce, forming the water inrush channels
from goaf to fault. Besides, due to the concentration stress
loaded on the fault safely pillar, which produce great ten-
sile stress on the overlying strata, and shear stress along
the fault plane, which is induced by compression, the fault
slips, and activate gradually is presented with the increase
of two stress above.

The analysis shows that cracks in the coal floor rock
with fault locate in different positions. In the seam floor,
the vertical tension cracks are mainly developed in depth

with little impact on water inrush when special structures
do not exit. Layered cracks are more difficult to form and
not easy to propagate. But once formed, they usually have
a greater impact on the formation of fault water channels.
At the junction of coal walls and the floor, the shear fissures
are mainly developed towards the fault zone, coupling with
layered fissures, thus accelerating the formation of fault
water channels.

Further comparative analysis of the crack evolution pro-
cess of coal floor rock with fault in Figures 7–9 shows that
when the working face advances to 140m, only the fault with
a dip of 60° is activated, and the shear fracture propagation
speed and extent at the coal wall are the strongest, accompa-
nied by crack penetration, as shown in Figure 8(d). This
indicates that there is a specific dip in the range of
45° ~75°making the fault easier to activate. This is consistent
with previous conclusion that “the dip is at the adjacent
value of θ0, and the fault fracture zone is prone to activa-
tion.” However, the relationship between the dip angle of
the particular fault and θ0 still needs to be further studied.

4.2.2. The Influence of Different Fault Drop on the Fracture
Evolution of Coal Floor Rock with Fault. The (a)–(d) in
Figures 7, 10, and 11 are diagrams of the evolution of the
cracks in the coal floor rock with fault with the fault drop
of 10m, 30m, and 50m when the working face advances for-
ward. In the simulation test, when the fault drop was 50m,
the roof broke for the first time when the mining reached
105m. Therefore, there is no diagram when the working face
advances to 140m in Figure 11. Figure 11 (c1 and c2) shows
the intermediate change state and final state when the work-
ing face advances 105m (the middle step of the simulation
step is different).

It can be seen from Figures 7, 10, and 11 that under dif-
ferent fault drops, the initiation and propagation evolution
of the floor rock mass cracks are roughly the same as those
in Figures 8 and 9 as the working face advances. This indi-
cates that the fault drop has little influence on the floor rock
mass crack evolution, and the fault has not been activated
throughout the simulation process. In addition, as the fault
drop increases, the roof bends and breaks become quicker.
As shown in Figure 11 (c2), when the drop is 50m, the
working face only needs to advance 105m to have the first
roof collapses (when the drop is 10m, the working face
advances 140m when the roof collapses for the first time).
After the collapsed rock mass compacts the mined-out area,
the damage of the bottom rock mass is suppressed, and

Table 1: Simulation design schemes.

Project
Buried

depth H/m
Fault
dip α/

°
Fault

drop h/m
Hydraulic pressure

P/MPa

1 1000 45 10 4

2 1000 60 10 4

3 1000 75 10 4

4 1000 45 30 4

5 1000 45 50 4
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Separation layer appears

Fault

45°

Floor is damaged and bulged

Coal wall stress concentration,
rock mass are initially damaged

(a) Advancing 50m of working face

Increased floor damage Fault

45°

Crack propagation of separation layer

Shear cracks extend to the
mined-out area at the junction 

(b) Advancing 75m of working face

Fault

45°

Shear cracks extend to fault areas

No cracks in the lower part

The upper vertical crack continues to
expand, and laminar cracks appear

(c) Advancing 105m of working face

Crack propagation to fault

Fault

45°

The middle part of the roof is
broken and lapped to the goaf 

The end is about to break, and
the stress concentration increases

(d) Advancing 140m of working face

Figure 7: Mining crack evolution process (45°, project 1).
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Creating vertical cracks and bottom drum

Stress concentration area

60°

Fault

(a) Advancing 50m of working face

Separation layer expands

The fissure extends to the depth

Shear slip line

Shear slip line

60°

Fault

(b) Advancing 75m of working face

Roof overlap goaf, compressed floor

Increased stress concentration

60°

Fault
Increased fissure range, crack penetration
and aggregation appear 

(c) Advancing 105m of working face

Fault

60°

Fault activation

Seriously developed shear fissures

(d) Advancing 140m of working face

Figure 8: Mining crack evolution process (60°, project 2).
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Separation layer appears

Internal damage

Floor bulge appears

Vertical opening cracks appear

75°

Fault

(a) Advancing 50m of working face

Laminar fractures appear for the first time

The curved roof is about to collapse

75°

Fault

Tensile fissure

Increased concentration of stress

(b) Advancing 75m of working face

Weak area

75°

Fault

The roof is bent more and
gets in touch with the floor,
but there is no break

(c) Advancing 105m of working face

75°

Fault

Roofs fracture and
compress floor 

Vertical opening cracks increase
horizontally and no longer expand
to the depth 

(d) Advancing 140m of working face

Figure 9: Mining crack evolution process (75°, project 3).
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Separation layer appears

Fault

45°

Shear stress area
Vertical cracks and floor
bulge appear

(a) Advancing 30m of working face

Fault

45°

The degree of separation cracks increases

Increased concentration of stress

The crack expands further and the
bottom plate damage deepens. 

(b) Advancing 75m of working face

Fault

45°

The roof is bent without breaking,
the floor bulge is restricted. 

Shear fractures extend
to fault zones. 

The open cracks continued to expand,
Destruction of the bottom plate deepens. 

(c) Advancing 105m of working face

Shear crack propagates 

Fault

45°

Crack expansion and penetration
of the floor plate reach the limit 

The first roof collapsed  
and compacted the goaf

(d) Advancing 140m of working face

Figure 10: Mining crack evolution process (30m, project 4).
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Fault

45°

Overlying strata separation phenomenon appears

Vertical cracks

Shear at the boundary

(a) Advancing 30m of working face

Crack propagation of separation layer

Vertical opening cracks continue to expand to the depth

45°

Fault

(b) Advancing 75m of working face

Increased coal wall stress concentration

Fault

45°

The crack continues to expand and
penetrate and floor bulge increases

(c) Advancing 105m of working face

Fault

45°

Laminar fissures appear
and gather through

Shear cracks aggravate
and expand through

The first roof collapsed
and compacted the goaf

(d) Advancing 140m of working face

Figure 11: Mining crack evolution process (50m, project 5).
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water inrush disaster will be mitigated afterwards. It is help-
ful to the prevention for the delayed water inrush in deep
buried faults.

The collapse of the roof can effectively restrain the fur-
ther damage of the seam floor. But whether the damage is
aggravated or not during the collapse requires further inves-
tigation. Through analysis on Figure 11 (c1 and c2), it can
be seen that when the roof collapsed for the first time, no
sign of further damage of the seam floor is found but only
some increased heaving floor volume. The seam floor prop-
agates and penetrates into the cracks and shear cracks but
not into depth. It can also be seen from Figure 11 (c2) that
the broken rock mass after the roof collapse exerts pressure
on the seam floor, reducing the stress intensity factor of the
fault surrounding rock and the cracks of the seam floor rock
mass, so that the deformation of the heaving floor weakens.
This shows that the roof not only has almost no effect on

the seam floor during the process but also mitigating the
damage on the seam floor.

The comprehensive analysis shows that the fault drop
has little impact on the crack evolution of the floor rock
mass with fault but will exert an outstanding impact on
the roof failure rate. When the fault drop increases to a cer-
tain value, the roof will be broken for the first time during
the mining process, restraining the destruction of the seam
floor. Therefore, the artificial forced roofing is used on site
to effectively reduce the damage of the seam floor. When
the real geological conditions have a small fault drop or
the roof is difficult to install, artificial forced roofing should
be actively adopted. However, it is worth noticing that this
article only simulates the fault drop of 10m, 30m, and
50m based on the actual situation. Relationship between
time and mechanical of the fault drop and the roof breakage
should be further studied.

1.
1m

Steel belt

No.2 blast hole

Pilot hole

0.05m

No.1 blast hole
14141 working face transportation lane

1.8m

0.9m

Frame
Frame
Frame
Frame
Frame
Frame

(a) Flat

12
m

90°

1.1m

(b) Profile

Figure 12: Arrangement of presplitting blasting holes in transportation lane of 14141 working face.

Advancing direction

Monitoring station

Pipe

Cable

A319 A112

B117
A117

B319 A319

B218

B112

D = 48m D = 36m D = 32m D = 26m D = 20m

9.
8m

Figure 13: Schematic diagram of floor failure depth.
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5. Field Application Analysis

5.1. Mine Overview. The strike length of 14141 working face
of Jiulishan Mine of Henan Coking Coal Group is about
748m, and the slope length is about 111m. The average
thickness of the mined II1 coal seam is 6.9m, and the aver-
age dip angle is 9.5°. The thickness of the L8 limestone in the
floor is about 7.5m, the water pressure is about 1.5MPa, and
the thickness of the floor water barrier is about 21.5m. The
water inrush coefficient is 0.07MPa/m, which is bigger than
the critical value of water inrush coefficient with tectonic
blocks. So it is dangerous to mine normally. In the field,
the working face adopts comprehensive mechanized coal
mining with inclined stratified long wall, and the roof is
treated by all caving methods.

In order to solve the force of the concentrated pressure
of the roof on the surrounding rock and floor of the fault
after mining in the 14141 working face and to reduce the
stress intensity factor of the crack evolution of floor rock
mass, an open cut was made at the 14141 working face,
and the roof of the transport roadway was precracked with
a blasting top cut, as shown in Figure 12. The blasting layout
takes references from literature [34].

5.2. Seam Floor Blasting Analysis. Before mining at 14141
working face, evenly distributed special cables are preem-
bedded in the floor borehole, and the floor failure is moni-
tored by the change of apparent resistivity. The monitoring
station was set up in the upper transportation gateway
about 170m away from the 14141working face, shown in
Figure 13. It can be seen from Figure 13, the solid-line
curve is the floor failure boundary contour, and the region
of floor failure is above the curve, gradually decreasing from
the shallow to deep areas, which conforms to the shape
characteristics of inverted saddle. The results indicate that
the maximum depth of floor failure is 9.8m, located in
the measuring point A117.

The floor failure depth obtained by statistical and theo-
retical methods is 12.6m, 11.6m, and 10.6m, respectively,
but 9.8m of actual measurement, shown in Figure 14. It
can be seen that the blasting top cut compared to the uncut
top causes the seam floor damage depth to decrease by
22.2%, 15.5%, and 7.5%, respectively, indicating that after
the blasting and topping of the roof on 14141 working face,

the initial pressure and cycle pressure of the working face are
significantly shortened. The concentrated stress from the
roof to the seam floor also weakens as well as the propaga-
tion and penetration of the floor rock mass cracks. This ver-
ifies that in theoretical analysis and numerical simulation, by
reducing the stress intensity factor of the seam floor rock
mass cracks to mitigate the damage on the floor, thus ensur-
ing the safety of coal mining.

6. Conclusions

The paper carried out mechanical analysis on the initiation
and propagation of shear cracks, layered cracks, and vertical
tension cracks generated by floor rock mass. The initiation
and propagation criteria were obtained, and the nature of
the rock crack evolution mechanism was revealed. The evo-
lution of floor mining rock mass cracks is mainly related to
the stress intensity factors, crack dip angles, and seepage
water pressure of type I and type II cracks. The larger the
stress intensity factor, the closer the crack dip angle to θ0,
the easier for cracks to propagate.

The sequence of the formation of cracks in deep floor
rock mass with fault is vertical tension cracks, shear cracks,
and layered cracks. The locations of the three types of cracks
are different. The initiation and propagation of the shear
cracks in the coal wall promote the activation of the fault,
whereas the vertical tension cracks and the layered cracks
have almost no impact on the activation of the faults.

There is at least one certain value between the inclination
of the fault between 45° and 75°, which makes the activation
degree of the fault reach the maximum; the fault drop has no
obvious impact on the crack evolution of the floor mining
rock mass and will not cause the activation of the fault and
the increase of the drop. Increasing drop causes roof’s first
collapses in advance, reducing the possibility of water inrush
before that and can effectively lower down the risk of contin-
uous damage and water inrush disaster.

Data Availability

Data are obtained from the experiment.
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