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Abstract

A fluid—solid coupled numerical simulation was carried out for the Zhaolou coal mine using Flac3D software. The results
showed that: (1) when the failure depth of the floor exceeded the extension depth of the floor rock mass and the hydrostatic
seepage pressure of the fractured structure surface exceeded the stress state of the fractured element, floor water inrush will
occur. (2) With other factors being equal, if the footwall is mined first, the pore pressure concentration near the fault is more
obvious, and the floor-confined water is lifted 10-25 m higher than when the hanging-wall is mined first. Mining the floor
adversely affects its plastic zone, and the failure depth is ~ 10 m greater than when the hanging wall is mined first. (3) When
advancing against the fault dip, the pore pressure concentration near the fault is more obvious, and the floor confined water is
lifted 5-20 m higher than when the mine advances along the fault dip. Again, mining the floor first disrupts the floor plastic
zone, and the failure depth is approximately 5 m greater than when the mine is advanced along the fault dip. (4) The risk of
floor-water inrush is minimized when the hanging-wall is mined first and the mine advances along the fault dip; the risk is
greatest when the footwall is mined first and is advanced against the fault dip. These results provide a theoretical basis for
preventing mine water inrush.
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Introduction

As mining depths and intensity have increased, the encoun-
tered hydrogeological conditions have become more com-
plicated (Lamoreaux et al. 2014). Therefore, coal-mine floor
water inrush accidents have increased year by year. A spe-
cific type of inrush is a lagging water inrush in which the
water floods into an opening space from aquifers through
fractures within the fault zones, usually with a time delay.
Such events are a huge threat to the coal mines in China, and
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difficult to prevent (Wu et al. 2011). There are many factors
influencing water inrush from a coal-mine floor, such as the
stress of the original rock, the geological structure, and the
effects of mining, with fault activation being one of the key
factors (Liu et al. 2017; Miao et al. 2004; Wang and Liu
1992; Zhang et al. 1997). However, mining is what activates
the faults and induces water to flow along the fractured zone
(Lu et al. 2009). Mining affects the secondary stress distribu-
tion and deforms and damages the rock to a certain depth
below and above the mine (Wu 2007). Multiple factors affect
the scale of the problem, such as face size, mining height,
mining mode, and geological structure.

Study of excavation-induced water inrush has evolved
over the past decades. In general, it is clear that excavation-
induced changes in stress and deformation of rock masses
can alter the permeability in existing weak structures (e.g.
faults, joints, fractures) that are connected to aquifers. In
general, a fluid-saturated porous or fractured rock mass can
deform due to changes in the external load and the internal
pore-fluid pressure (Rutqvist and Stephansson 2003). It is
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therefore reasonable to investigate the processes of mining
lagging water inrush by considering the coupling between
fluids and deformation.

Jiang et al. (2015) studied the evolution of mine stress and
the activation of faults during the process of hanging-wall and
footwall advancement against the fault dip, and Li et al. (2005)
studied the failure of the subsurface aquifer in a similar simula-
tion test. Xu et al. (2012) reported that the necessary condition
for water conduction by fault activation should be greater water
pressure than normal stress in the original water conduction
zone around the fault, according to hydrodynamic theory of
fractured media. Jia et al. (2009) analyzed the damage caused
by excavation of boom clay influenced by the evolution of pore
pressure and plastic strain based on the theory of continuum
damage mechanics.

However, this research has been limited to stress analysis;
the interaction between the seepage field and the stress field
has rarely been considered. Instead, the coal-seam floor stress
was studied separately from the confined water. Also, few water
inrush studies have studied the effect of mining on fault acti-
vation in detail. We studied how mining sequence, fault dip,
and the direction mining advancement affected floor rock fail-
ures. To carry out the investigation, the Zhaolou coal mine was
selected for a research demonstration, and a fluid—solid coupled
numerical simulation was carried out using Flac3D software.

Seepage Stress Coupling of the Fractured Rock Mass

Influence of the Seepage Field on the Stress Field
of the Fractured Rock Mass

The effect of water flow in fractures affects the mechanical
behavior of fracture faces in two ways: the hydrostatic pressure
of water flow has a normal expansion effect on the fracture
surface, while the flow of the water has a tangential extension
effect on it. When a fracture is unfilled (i.e. fractures are open),
the tangential force of fracture water on fracture structure is
as follows:

7, = —308b2, (1)
where 7,, is the tangential force of fracture water flow to the
fracture structure (in MPa); p is the density of fracture water
(in kg m™3); g is the gravitational acceleration (in m s™); b is
the fracture width (in m), /4 is the total seepage head (in m);
and 0h/ ox is the hydraulic gradient of fracture flow along
the x direction. At the same time, the normal force on the
unfilled fracture is:

o, = pg(h —2), 2
where o, is the infiltration hydrostatic pressure of fracture
surface (in MPa); & is the height of the water level (in m);

and z is the potential head (in m); other parameters have the
same meaning as above.

Influence of the Stress Field on the Seepage Field
in Fractured Rock

According to the cubic theorem of single-fracture seepage, the
single width flow of the joint rock mass is:
yb? Jy

_ 3
1= Tou ©)

where ¢ is the single width flow of the joint rock mass; yis
the bulk density of fracture flow (in N m™3); b is the frac-
ture width (in m); u is the dynamic viscosity coefficient of
fracture flow (in N s m~2); and J;is the hydraulic gradient
of fracture flow. It was assumed that the fluid flow in the
hydraulic fractures was laminar flow between two parallel
plates, and the shape of the fracture was oval (Yuan et al.
2012). The pressure drop equation is:
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Combining Eq. (3) with Eq. (4), the pressure-drop equa-
tion in a single-fracture structure is:
3

yzb
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where £, is the fracture depth (in m); wy is the widest width
of the fracture(in m); w is the width of the fracture at any
position (in m); p, is the aquifer water pressure of the floor
(in MPa); o, is the closed stress of the fracture surface (in
MPa); and other parameters have the same meaning as
above.

As can be seen from Eq. (5), after floor mining, the
deeper that fractures penetrate near the fault zone above the
Ordovician limestone aquifer, the greater the pore pressure
in the fracture, and the higher the water will be lifted along
the fault zone, increasing the risk of water inrush.

Mechanical Analysis of a Floor Water Inrush
Single-Fracture Extension Mechanics Model
Based on the mechanism of fluid—solid coupling, the hydro-

dynamic pressure generated by water flow in an open frac-
ture causes shear structural extension, which can further
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extend the length of the fracture structure in the permeation
direction. According to elastic mechanics, a single-fracture
extension mechanics model and force-state diagram of a
single-fracture split tetrahedron is established, as shown in
Figs. 1 and 2.

In the figures, ¢, 0,, and o5 are the maximum, intermediate,
and minimum principal stresses of the body element in the
coal-seam floor, respectively (in MPa); o, is the normal expan-
sion force of fracture flow on the fracture, 7,, is the tangential
force of fracture flow on the fracture surface (in MPa), ar’l is the
normal expansion force of the separating element body to the
fracture when stress-seepage coupling occurs in the fractured
rock mass; 7/ is the tangential force of the separating element
body on the fracture when stress-seepage coupling occurs in
the fractured rock mass (in MPa); ¢, is the normal expansion
force of the separating element body on the fracture regardless
of the fluid—solid—coupling effect of the fractured rock mass;
andr,, is the tangential force of the separating element body on

Fig. 1 Mechanical model of fracture extension

Fig.2 Segmentation tetrahedral stress state of fracture
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the fracture regardless of the fluid—solid—coupling effect of the
fractured rock mass (in MPa).

According to the theory of elasticity mechanics (Chen
et al. 1977; Shen et al. 2014; Xu et al. 2007), considering the
fluid—solid—coupling effect of the fractured rock mass, the
force of the separation element on the fracture surface is:

r_p 2 2
o, =10, +mo, +n"o;+2mnt,

+ 2nlr, + 2mit,, -0,

(6)

7, = [(lo} + mz,, + nt,)? + (mo, + nt,, + lﬂrxy)2

+ (no3 +1Ir, + mryz)z]l/2 -

w

where m is the cosine of the fracture-plane normal vector
and the direction of the x axis; n is the cosine of the fracture-
plane normal vector and the direction of the y axis; [ is the
cosine of the fracture-plane normal vector and the direction
of the z axis; Tyys Tazs and 7, are the respective shear-stress
components on the coordinate plane (in MPa); and the other
parameters have the same meaning as above.

A change in the permeability of a rock mass is the essence
of water inrush. Stress-seepage three-axis rock experiments
have shown that the fracture structure is closed under the
effective stress of a detached element (that is, 6/#0 and 7/
#0). Although the fracture has been formed, the perme-
ability of the rock does not increase. Instead, it decreases
as stress increases, and the jump point of its permeability
is delayed to the strain softening stage after the stress peak,
according to Zhang and Pang (2010). Therefore, the expan-
sion and penetration of a jointed rock fracture may not lead
to a sudden increase in rock permeability; the relationship
between the stress state of a fractured rock mass and the
strong seepage of confined water is the key to any sudden
jump in permeability. When the hydrostatic pressure of the
confined water and the tangential force of the confined water
flow to the fissure wall is greater than the effective stress of
the separation element on the fracture surface, changes in
rock mass permeability can occur. According to Griffith’s
strength theory, the fracture expansion of a jointed rock mass
is mainly caused by the normal expansion of confined water;
and the tangential force of seepage is less obvious and can be
ignored. Therefore, the general condition for the permeabil-
ity mutation of a fractured rock mass under stress-seepage
coupling is:

0, > 0,* + oym® + o3n° + 2(mnz, +nlr, +mity)  (7)

Mechanics Criterion of Floor Water Inrush

The existing theories and exploration methods make it dif-
ficult to accurately predict and explore the expansion of
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fracture rock because the development, expansion, and trans-
fixion location of floor fractures are complicated. Therefore,
Zhang and Pang (2010) established the maximum failure
depth calculation formula of horizontal coal seam floor
based on elastic theory, which can be applied to calculate
the expansion and transfixion depth of floor fractures:

(k+ DHH T
2r (cot 2 o) y tan @

by —H, @
where h;is the penetration depth of the floor (in m); & is the
support pressure concentration factor of the lateral face, H
is the depth of the coal seam (in m); ¢, is the average inter-
nal friction angle of the coal-seam floor (in deg); C is the
average cohesion of the coal-seam floor (in MPa); y is the
average bulk density of the coal seam floor (in N m~); and
H,, is the caving height (in m).

A number of rock specimen uniaxial compression tests
have shown that only a specimen with less than a 60° angle
between the fracture and the axial compressive stress can
develop a regular crack extension, and that the fracture struc-
tures of other specimens are not extended along the original
crack direction in uniaxial compression tests with different
inclination initiation cracks. Therefore, if the angle between
the fracture-damage surface direction and the maximum
principal stress (o) direction is 0°, while the angles between
the fracture-damage surface direction and the intermediate
stress direction (o0,), minimum principal stress (o5) direc-
tions are both 45°. In this case, in Eq. (7), [=0,
m:n:\/z / 2, Combining Eq. (2) with Egs. (7, 9) is derived,

pgh—2) > (62+G3>/2+Tyz. )

Combining Eq. (8) with Eq. (9), the mechanical criterion
of water inrush in the mine floor is derived:

k+ 1H
hy = ;(C(’t% - % + o) -

—H gt;h
2 y tan ¢, m - Mup

0, = pg(h — 2)gt:(0,+03) /2 + 1,

(10
where o, is the intermediate principal stress of pressure
relief floor of the goaf (in MPa); o5 is the minimum principal
stress of pressure relief floor of the goaf (in MPa); h,, is the
lifting distance between coal seam and floor confined water
(in m), which can be determined by the existing detection
methods; and the other parameters have the same meaning
as above.

Based on this analysis, the risk of a floor water inrush is
related to the failure depth in the floor, the confined water
pressure, and the stress of the fractured unit caused by the
mining. Therefore, even if the failure depth of floor caused
by the mining is greater than the thickness of the floor

aquifuge, floor water inrush will not necessarily occur. Only
if the floor fracture penetration depth and the stress state of
fractured unit caused by the mining have met the above-
mentioned condition at the same time will a coal seam floor
water inrush occur.

Numerical Simulation of Floor Mining
Failure

Engineering Background

The average elevation of the 11,301 working face, which
is located in the southeast part of the Zhaolou mine,
is +42.9 m; the average elevation of the downhole is
—921.3 m; the thickness of the coal seam is 6.5 m; the
length of the working face is 270 m; and the width of the tilt
is 190 m. The geological structure of the face is complicated
and there are five combined faults: FD13, F11103, F11102,
F11104, and F11106. Among these, there are two faults with
a fall head of 5~ 10 m and three faults with a fall head of less
than 5 m. FD13 is a normal fault with a fall head of 9 m, the
fault dip is 70°, extending 373 m in the working face, which
greatly affects the mining.

Numerical Simulation

Using the mining conditions of the 11,301 working face as
an example, a numerical model was established based on the
constitutive model of Mohr—Coulomb mechanics (Fig. 3).
The lengths of the model’s x, y, and z axis are 350, 300,
and 260 m respectively, with a total of 178,500 units and
188,292 nodes. The working face in the model adopts long-
wall step excavation, and on both sides of the working face

260 m

TP NT ARAARARRRRRITTN

Ordovician aquifer 8 MPa

)
X
350 m

Fig. 3 Numerical calculation model of confined water coal mining
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Table 1 Rock mechanics parameters of the coal-seam roof and floor rocks

Stratum Density (kg/m®)  Volume Shear Cohesion Strength of Internal fric- Permeability Porosity

modulus modulus (MPa) extension tion angle (°) coefficient

(GPa) (GPa) (MPa) (cm/s)
Kern stone 2300 5.0 4.8 4.7 4.2 42 3e—13 0.8
Sandstone2 2400 4.1 24 3.6 1.8 35 4e—-14 0.5
Mudstone2 2200 35 25 2.3 29 32 le—23 0.2
Sandstonel 2200 2.5 22 2.1 3.1 26 le—22 0.5
Siltstone 2400 3.8 25 32 2.1 34 2e—-15 0.3
Coal seam 1500 2.7 3.6 2.1 23 30 2e—-16 0.4
Post stone 2200 3.1 23 22 32 28 2e—6 0.3
Sandy mudstone 2200 3.8 2.1 2.1 22 29 4e—14 0.3
Mudstone 1 2050 22 2.5 22 2.8 25 3e-7 0.4
Limestone 2450 4.8 3.8 2.8 32 38 9e-7 0.5
Mesograin Sandstone 2250 4.9 3.0 3.7 33 38 le—14 0.6
Fag sandstone 2200 52 4.3 4.5 3.8 40 2e—13 0.8
The aquifer in Ordovi- 2600 5.1 6.9 6.8 7.1 31 4e—16 0.7

cian limestone

40 m protective coal pillars remain. Each step along the coal
seam excavates 15 m, totaling 16 excavation steps to move
the face forward 240 m. The boundary conditions of the
front, back, left, and right are fixed along the x and y direc-
tion, and the bottom is the entire boundary. The top bound-

Mining direction

ary of the model is equivalent to the upper-layer weight of (a)
the rock mass with a'certaln load; a calculated surface force Mining direction
of 9 MPa was applied at the top. The seepage boundary Mining direction ki —
conditions were defined as: the bottom adopts a constant — L

P e

water pressure to simulate the confined water value of the
Ordovician limestone aquifer. The initial water pressure of
the floor changes according to the gradient water pressure (b)
and the rest are watertight boundaries. The goaf is the drain-

age boundary after the working face mined. The water in the

goaf is not considered, and the constant water pressure at the Mining direction
boundary is 0. The rock mechanics parameters of the coal
seam roof and floor rocks are shown in Table 1.

Four sets of mining models were designed in this simu-
lation, with 24 monitoring points (Fig. 4). Six monitoring
points were set up 10 m under the floor of the hanging-wall ()
working face of the coal seam, with each adjacent two moni-
toring points spaced 15 m apart. Twelve monitoring points . L
were set up under the working face floor of the hanging wall Mining direction ,JJ; oweereere) |

il

Mining direction
LA

HAAREH
LA

11

Mining direction

o e

on the coal seam 10 m at the horizontal position, with each
adjacent two monitoring points spaced 15 m apart. 6 moni-
toring points were set up along the fault dip.

In the figures, a is hanging wall mining first, footwall
mining later, advancing along the fault dip; b is hanging-
wall mining first, footwall mining later, advance against the
fault dip; c is footwall mining first, hanging-wall mining

@

Fig.4 Schematic models of fault dip and mining sequence
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later, advancing along the fault dip; d is footwall mining first,
hanging-wall mining later, advancing against the fault dip.

Discussion

Analysis of the Floor Plastic Zone along the Working
Face

The distribution cloud pictures of the floor plastic zone along
the working face using the devised simulation scheme were
obtained (Fig. 5). From the four groups of cloud pictures,
the following conclusions can be drawn:

1. After mining, the depth of the plastic failure zone in the
four mining models is #,=30 m, #,=35 m, 7,.=40 m,
and h,=45 m, respectively. It can be seen that when the
footwall is mined first and the hanging wall later, mining
has a greater influence on the floor’s plastic zone. This
is because the hanging-wall is closer to the aquifer than
the footwall, and the effect of the confined water on the
mine floor is obvious.

2. When the mining sequences are the same, advancing
against the fault dip can increase the failure depth of
the plastic zone, because this produces both lateral andh
longitudinal extension destruction in the fault. In addi-
tion, to a certain extent, the rock mass on both sides of
the fault is destroyed.

3. After mining, the plastic zone of the coal seam roof
and floor is mainly affected by shear failure. When
the hanging wall is mined first and the footwall later,
the failure range of the plastic zone of the coal seam
roof is uniform, and advancing against the fault dip can
slightly increase the failure range of the roof’s plastic
zone. When the footwall is mined first and the hanging
wall later, the plastic zone of the roof is roughly “saddle
shaped”, and advancing against the fault dip increases
the failure range of the roof plastic significantly com-
pared to advancing along the fault dip. This is because
advancing against the fault dip concentrates the pressure
on the advance supports, while the upper part of the fault
zone impedes mine pressure transmission, which exacer-
bates the damage to the upper part of the fault zone and
the nearby roof.

Analysis of the Floor Pore Pressure Advance
Distribution cloud pictures of the floor pore pressure along

the working face according to the devised simulation
scheme show the different effects of mining (Fig. 6). Two
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basic phenomena underlie the poroelastic behavior: solid- Fig.5 Cloud pictures of the floor plastic zone in different mining
to-fluid coupling occurs when a change in applied stress  effects
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Fig. 6 Distribution cloud pictures of the floor pore pressure in differ-
ent mining effects

produces a change in fluid pressure or fluid mass. Fluid-
to-solid coupling occurs when a change in fluid pressure or
fluid mass produces a change in the volume of the porous
material (Wang 2000). In the FLAC3D numerical simula-
tion, the variables describing fluid seepage in porous media
are the three components of pore pressure, saturation, and
specific drainage. The equations relate strain and fluid-mass
changes to stress and fluid-pressure changes. After setting
CONFIG fluid in the calculation command, the simulation
state is seepage mode. The pore pressure changes with the
the infiltration line. Solid-to-fluid coupling in the FLAC3D
simulation included two aspects: relative time scales can be
estimated by the ratio between the coupling process and the

@ Springer

feature time of the non-draining process, and the characteris-
tic time of the undrained mechanical process can be obtained
using saturated mass density and undrained volume. Pore
pressure is set by INITIAL or PROPERTY commands. In
the Flac3D simulation, effect stress, diffusivity, fluid to solid
coupling, and specific storage can be set with an INITIAL
or PROPERTY command.

The following conclusions can be drawn from the four
groups of distribution cloud pictures of the floor pore pres-
sures along the working face:

1. Before the working face is mined, the height of the
original conducting zone is 15 m, which is above the
Ordovician limestone aquifer and near the fault. The
initial pore pressure is substantially layered vertically,
and the pore pressure of the lower slice of the aquifer
presents a tendency to decrease from both sides to the
middle. Since the hanging wall is closer to the aquifer,
the confined water has a greater effect on the coal pillar.
Therefore, the pore pressure of the lower slice of the
aquifer decreases faster.

2. After mining, stress is concentrated on both sides
of the lower slice of the aquifer, and the relationship
of the lifting heights of the aquifer near the fault are:
h,=35m,h,=40m, h, =45 m, and h, = 65 m. It can
be seen that when the hanging-wall is mined first and
the footwall later, the lifting height of the floor-confined
water advance along the fault dip is more obvious. This
is because, when the footwall is mined first, the rock
mass near the fault releases stress, and fault reactiva-
tion caused by mining leads to the obvious increase in
permeability.

3. When the mining sequences are the same, advancing
against the fault dip causes the floor-confined water to rise
along the direction of the fault, and increases the fault’s
seepage pressure. This is because advancing along the
fault dip mainly causes longitudinal extension destruction
of the fault zone, while advancing against the fault dip
causes both longitudinal and lateral extension destruc-
tion of the fault zone. In addition, the rock mass on both
sides of the fault is destroyed to a certain extent, which
increases the permeability of the fault and the rock.

4. The pore pressure variation curve of each monitoring

point at 10 m under the coal seam floor are shown in
Fig. 7. It can be seen that in the four sets of mining
models, the relationship of the seepage pressure of the
fault is as follows: spy > sp, > sp;, > sp,. That is, when
the mining mode is “a”, the seepage pressure of the head
at the same position is the smallest. While the mining
mode is “d”, the seepage pressure of the head at the
same position is the largest.
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Fig. 7 Pore pressure variation curve of each monitoring point

Analysis of the Stress State of Fractured Floor Rock
Mass

The stress states of the fractured rock mass along the work-
ing face was obtained for the different mining effects as dis-
tribution cloud pictures of (62 +63)/2 + tyz (Fig. 8).

After the working face is mined, the fractured floor of
the goaf is in a state of discharging. The stress relief range
of the four types of fractured rocks is: ry > r, > 1y > 1,.
The rock mass near the goaf has various degrees of stress
concentrations, and the stress peaks are, respectively:
peak, = 3.88 MPa, peak, = 3.75 MPa, peak, = 3.28 MPa,
and peaky = 3.19 MPa. It can be seen that when the min-
ing mode is “a”, the stress state of the fractured rock mass
in the goaf is minimized, while when the mining mode is
“d”, the stress state of the fractured rock mass in the goaf
is most affected.

Hazard Analysis of the Floor Water Inrush

The simulation results show that when the mining mode
is “d”, the mining damage of the floor and the transfixion
depth of the coal-floor fracture and the seepage pressure of
the floor-confined water are all maximized. In addition, the
stress state of the fractured rock mass in the goaf is most
affected by the mining, and its stress peak is a minimum.
Therefore, when the mining mode is “d”, a water inrush
of the floor is more likely to occur, since the fracture pen-
etration depth of the floor is greater than the thickness of
the aquifer, and the seepage pressure of the confined water
exceeds the stress peak of floor fractured rock mass. Accord-
ing to the water inrush criteria, the relationship of the floor
water inrush risk is: risky > risk, > risk; > risk,.
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Fig. 8 Floor fractured rock mass stress state cloud pictures

Prevention of Water Inrush

For the high Ordovician confined water layer, dewatering of
the area is very necessary for safe mining. Dewatering can
reduce the water level to the mining level or make the con-
fined water pressure less than the mechanical strength of the
aquifer, which makes mining safe. The Zhaolou coal mine is
a basic enclosed hydrogeological unit, while the three grey
aquifer and Ordovician limestone are water-filled aquifers.
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The confined water of the coal seam floor is the main water
source, and fractures in the floor and a small fault are the
main water inrush channels. There was no substantial change
in the supply and recharge conditions of the mine for several
years, as the mine was dewatered. Due to the limited volume
of water, the well-developed fractures, and the good con-
nectivity, dewatering of the mine area was relatively easy.
In addition, a dewatering experiment conducted in the early
stage of the construction well, found that the karst in the
mining area has good dredging ability. Based on that, dewa-
tering of the mine area is main water control technology
in the Zhaolou mine. The working face has been arranged
with a large number of dewatering and dewatering holes,
and there are six dewatering pumps in the dewatering road-
way. The combined dewatering capacity is at least 580 m*/h.
After years of dewatering, the water level of the limestone
has decreased greatly, and mining have preceded safety.

Conclusions

1. A floor water inrush model was established and the floor
water inrush criteria were derived. When the failure
depth of floor exceeds the extension depth of the floor
rock mass, and the hydrostatic seepage pressure of the
fractured structure surface exceeds the stress state of the
fractured element, floor water inrush will occur.

2. Assuming the same advancing direction, mining the
footwall first increases the pore pressure near the fault
and the floor-confined water can be lifted 10-25 m
higher than when the hanging-wall is mined first. The
floor mining is more destructive to the floor’s plastic
zone, and the failure depth is = 10 m greater than when
the hanging wall is mined first.

3. When the sequence of mining is the same, advancing
against the fault dip increases the pore pressure near the
fault, and the floor-confined water can be lifted 5-20 m
higher than when advancing along the fault dip. Again,
floor mining is more destructive to the floor plastic zone,
and the failure depth is approximately 5 m greater than
when advancing along the fault dip.

4. The simulation results show that when the mining mode
is “a”, the risk of floor water inrush is minimal and min-
ing is safer. Using mining mode “d” increases the risk of
floor water inrush and therefore, should be used as little
as possible.
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