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Abstract
Coal mining in areas with deep confined water is very dangerous; to ensure safety, it is necessary to
clarify the damage characteristics of the working face floor. To directly reflect the failure characteristics
of the working face floor under the coupled effects of mining stress and confined water pressure, this
study takes the II633 working face of the Hengyuan coal mine in the Huaibei mining area as the
engineering background. With the use of a self-designed monitoring system for confined water diversion
and a similar material simulation experimental method, the mining stress distribution patterns, the
deformation and failure characteristics of the overburden, and the diversion characteristics of the
confined water in the working face floor are studied. The combined use of a confined water loading
system and a confined water lifting system can directly reproduce the floor confined water lifting
characteristics affected by floor failure during coal mining. The results show that the floor undergoes
three stages of deformation in the horizontal direction: premining stress concentration compression (1015 m ahead of the working face), postmining floor pressure relief expansion, and roof collapse stress
recovery (the distance of the lagging working face is 15-20 m). In the vertical direction, a soft rock layer
blocks the continuous transfer of mining stress to deeper layers and produces an important cushioning
effect. In the process of coal mining, shear cracks easily develop in the coal wall in front of and behind
the working face. After the coal seam is excavated, the length of the fractures that develop in the model is
27 cm. The confined water loading system can visually reproduce the hydraulic characteristics of the
confined water during the mining process; that is, the confined water easily bursts at the front and back
ends of the coal wall in the goaf. The error, as determined by comparison between the field measurement
and the theoretical calculation results, is only 0.617 m, verifying the reliability of the similar simulation
method.

1 Introduction
With the increasing shortage of shallow coal resources in China, the mining level of mines has extended
to greater depths at 10–20 m/a (Li 2011; Sun et al. 2019). The high stress and high confined water
pressure in deep areas can easily lead to water inrush accidents (Longqing et al. 2014; Zhou et al. 2019),
which seriously threaten the safety of production personnel (Duan et al. 2012). According to incomplete
statistics, China's important coal-producing areas are threatened by floor confined water to varying
degrees, and the area and severity of confined water damage in China are the highest among the world's
major coal-producing countries. For example, the coal fields in northern China are generally threatened by
bottom plate karst water damage (Rui et al. 2013; Pang et al. 2014; Wu et al. 2013), and there are more
than 230 threatened wells, preventing approximately 40% of the coal resources, and threatening reserves
of up to tens of billions of tons, from being exploited normally. In recent years, a number of floor water
accidents have occurred, such as the water seepage accident in the 101 return air structure along the
trough in the northern wing of the Wangjialing mine in March 2010, the water seepage accident of the
Yongfeng sector of the Zhengzhou coal mine in Xinmi in May 2017, and the water seepage accident in
the A302 track driving face in the Yongxin coal mine in April 2018. In the past 20 years, floor water inrush
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accidents have caused more than 1700 deaths and economic losses of hundreds of millions of RMB. The
occurrence of these accidents is largely due to the unclear failure behavior of the floor under the coupled
effects of mining and confined water.
To explore the characteristics of floor failure in the mining process, many experts and scholars have
carried out considerable research by means of numerical simulation, theoretical research and similar
simulation methods (Guo et al. 2018; Lu et al. 2015; Zhao et al. 2020; Sun et al. 2018; Yu et al. 2020).
Song Wencheng et al. (2016) used FLAC3D simulation software to study the failure pattern of the bottom
plate and found that the working face has a "near scoop" shape along the coal seam strike and an
inverted saddle shape along the inclination of the coal seam. Meng Xiangrui et al. (2010) studied the
distribution of mining stress in the floor and the influence range of mining stress on the floor. Li
Chunyuan et al. (2018) studied the relationship between the failure depth in the floor and the unloading
stress in the floor, and they concluded that the deeper the mining depth, the greater the unloading stress
of the floor is, but the amount of unloading stress tends to decrease. Furthermore, Liu Weitao et al. (2017)
treated the confined water pressure as an additional stress and obtained the distribution of mining stress
in the floor, which was used as the basis for judging the risk of water inrush. Li Hailong et al. (2018) used
the similar simulation method to study the evolution of a floor rock fracture under a dynamic load, and
they found that the floor is impacted by the first roof collapse and the fracture failure depth exhibits
lagging and deepening phenomena. Finally, Huang Qisong et al. (2017) analyzed the role of variations in
lithology in the floor, considering different lithologies and different lithologic combinations in the floor.
Most of the abovementioned research focused on the failure characteristics, failure depth and range of
the floor damage (Xu et al. 2020; Zhang et al. 2019), and the research methods adopted could not directly
reproduce the characteristics of confined water diversion and the failure process of the floor. To visualize
the floor failure characteristics and the pattern of confined water diversion in the mining process of the
working face, this paper takes the II633 working face of the Hengyuan coal mine as the research object,
uses a similar material simulation experimental method, and, with the help of an independently designed
confined water diversion monitoring system, visualizes the floor failure characteristics and the
characteristics of confined water diversion under the coupled effects of mining and confined water. The
research results can provide a theoretical basis for the grouting reinforcement of the floor as well as the
prediction and prevention of water damage.

2 Materials And Methods

2.1 Engineering Conditions
The Hengyuan coal mine is located in Huaibei city, Anhui Province, China (Fig. 1). The main coal seam
being mined is at a depths of -655 m to -778 m, the length of the working face is 182 m, and the
advancement length is 2058 m. The coal seam is 3.0 m thick on average, and the floor aquiclude is 54 m
thick on average. The lithologies of the roof and floor of the #6 coal seam are shown in Fig. 2. The coal
seam floor is mainly composed of dense and brittle mudstone, foliated sandstone with horizontal
Page 3/29

bedding and hard siltstone. The water pressure in the coal seam floor is 3.85 MPa, and the corresponding
water inrush coefficient is 0.08 MPa/m (which is greater than the maximum value of the water inrush
coefficient for an incomplete floor of 0.06 MPa/m). The limestone in the entire working face features high
water pressure, and there is a high potential for water inrush from the floor, which has occurred in the
production history of the mining area. Serious floor water inrush accidents cause serious economic
losses and casualties.
Therefore, it is necessary to conduct an in-depth study on the floor deformation, failure characteristics
and failure depth during the mining process of the II633 working face in Hengyuan coal mine, and clarify
characteristics such as confined water lifting height, to provide a theoretical basis for floor damage
prevention and water inrush prevention.

2.2 Failure mechanism of the floor during mining above confined
water
The mechanism of water inrush caused by the coupled effects of mining and confined water on the
working face floor can be explained by the lower three zones theory (Meng et al. 2018; Sun et al. 2017;
Jiang et al. 2011; Ji et al. 2018). The floor failure model is shown in Fig. 3.
Before the floor is disturbed by mining, it is part of a relatively complete low-permeability rock mass, but
with the mining of the working face, the floor undergoes three stages: concentrated stress compression,
expansion and pressure relief, and stress recovery, resulting in a mining-related fracture zone. In the rock
layer near the aquifer, due to the pressure relief in the goaf, the floor bulges upward under the action of
the confined water, producing cracks. Confined water can exist in these cracks, forming a confined water
diversion zone. Between the mining fracture zone and the confined water diversion zone, there are
relatively complete strata with strong water-resistant properties; this section is known as the complete
rock zone. In the process of advancing the working face, damage to the bottom plate accumulates, the
water diversion fracture zone and the confined water diversion zone develop, and the thickness of the
complete rock zone gradually decreases. When the mining fracture zone and the confined water lifting
zone become connected, the complete rock zone disappears, and the confined water rushes into the
working face or goaf along water-conducting fractures in the floor, causing a water inrush accident. The
mining process above confined water is as follows. Mining and the disturbance of the confined water
lead to the development of cracks in the bottom plate. Once the mining fracture zone and the confined
water lifting zone become connected, a water inrush accident occurs in the bottom plate.

2.3 Similar simulation design of coal mining above confined water
2.3.1 Confined water simulation system
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Based on the abovementioned floor failure mechanism, to intuitively reproduce the failure characteristics
of the floor under the coupled effects of mining disturbance and pressurized water as well as the pattern
of pressurized water diversion, a homemade pressurized water diversion and loading system (as shown
in Fig. 4) is adopted to advance research on the basis of similar material simulation experiments.
1) Confined water diversion system
The confined water diversion system is composed of a flexible water bag, a rubber lifting pipe and a
drainage pipe. The water bag is specially manufactured and made from polyurethane, has good pressure
resistance and flexibility, and can effectively bear the overlying rock load. The size of the water bag is 2.0
m × 0.15 m. When the model is arranged, the water bag can be covered completely in the model. The
opening spacing is 15 cm (on the premise of not affecting the excavation of the model, the pilot pipes are
densely arranged in order to accurately monitor the development position of the confined water pilot
channel). Finally, a high-strength synthetic adhesive is used for bonding to ensure that the bag is sealed.
A reducer is used to connect the bag to the lifting pipe. The diameter of the soft elastic rubber lifting pipe
is 1 cm. It can be compacted and closed when the model is constructed, and it can restore its shape when
the floor is damaged and cracks are generated, providing a channel for the inrush of pressurized water.
This arrangement intuitively reproduces the cracks caused by floor damage and the formation of water
inrush paths in the floor. The drainage pipe is a common infusion pipe, with a spacing of 5 cm, through
which the inrushing water from the floor can be discharged. On the one hand, different drainage pipe
arrangements can be constructed. On the other hand, the discharged water softens and collapses the
model. Some parts of the pressurized water diversion system are shown in Fig. 5.
2) Confined water loading system
The confined water loading system is composed of a water inlet pipe and a return pipe. The water inlet
pipe system is composed of a water tank, pressure pump, regulating valve, one-way valve and pressure
gauge. Among these components, the pressure pump provides a water pressure equivalent to the
simulated water pressure value for the system, and the regulating valve controls the flow rate of the water
inlet pipe. The one-way valve controls the flow direction of the water to prevent insufficient pressure in the
pipe and return flow of the water back along the water inlet pipe. The pressure gauge displays the water
pressure of the inlet pipe in real time. The return water pipe system is composed of an overflow valve and
a pressure gauge. The combination of the overflow valve and pressure gauge can ensure that the water
pressure in the flexible water bag is kept at a constant value. When the water pressure in the water bag
exceeds the initial set value, the water in the water bag enters the water tank through the return water
pipeline.
The combination of the water inlet pipe and return pipe systems allows water recycling and the ability to
maintain a constant water pressure in the water capsule. The pressure range of the pressure pump used
is 0~1000 kPa, and the accuracy of the pressure gauge is 1 kPa. The overflow valve is a mechanical
digital disc with a range and accuracy of 100 kPa and 1 kPa, respectively. These experimental
instruments are shown in Fig. 6.
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In field geological conditions, the confined water in the floor exists in a stable hydraulically connected
system. Therefore, the combined use of the designed pressurized water lifting and loading system can
produce a constant pressure for the pressurized water in a similar material simulation experiment. In
addition, according to the geological conditions, the pressure on the bottom plate of working face II633 is
3.85 MPa, corresponding to a pressure of 25.6 kPa in the experiment (according to the pressure similarity
ratio). Therefore, this pressure is imposed with a manual pressure pump.

2.3.2 Constructing the model
This simulation experiment should ensure that the model and the actual engineering geology are similar
in the following six aspects (Guo et al. 2019; Wang et al. 2006; Yuan et al. 2019): geometric similarity
ratio, C1=1/100; bulk density similarity ratio, Cp=1/1.5; strength similarity ratio, Cn-1/150; time similarity
ratio, Ct=1/10; elastic modulus similarity ratio, CE=1/150; and Poisson's ration similarity ratio Cμ=1.
In this similar material simulation experiment, sieved river sand is selected as the aggregate, calcium
carbonate and gypsum are selected as the cementation agent, and mica powder is selected as the layer
stratification agent. The amounts and proportions of the lithologic materials in each layer are shown in
Table 1.

2.3.3 Arrangement of stress and displacement collection equipment
and measurement points
To determine the transfer behavior of mining stress in the vertical and horizontal directions in the process
of working face advancement, a stress monitoring network composed of four columns and five rows (20
stress measurement points in total) is designed, and the arrangement of the stress measurement points
is shown in Fig. 8. The DH3815N static test system is used for stress monitoring. The monitoring system
is shown in Fig. 9.
To accurately monitor the movement and changes in the floor strata, the grid method is adopted to
densify the displacement survey line near the floor of the coal seam, and the layout of the densified
displacement survey line is shown in Fig. 10.

3 Analysis Of The Simulation Results

3.1 Transfer pattern of mining stress at the bottom of the working
face
(1) Transfer pattern in the horizontal direction
A comparison of the stress sensor data from horizontal survey lines 1 and 4 (line 1 is located closest to
the floor in the mining fracture zone, and line 4 is located closest to the confined aquifer in the confined
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water diversion zone) yields the stress change in the bottom plate, as shown in Fig. 11. Fig. 11 shows
that on the same horizontal measurement line, along the advancing direction of the working face, the
compressive stress of each measurement point first increases gradually (corresponding to negative
values in Fig. 11). When the working face is approximately 10-15 cm from each measurement point, the
compressive stress at the stress measurement point is the greatest, and then, it starts to decrease. The
values in Fig. 11 increase to positive values, and the measurement point gradually changes from
compression to tension. When the working face passes each measurement point by 15~20 cm, each
stress measurement point reaches the peak unloading point. Beyond this point, there is a small stress
drop. Therefore, the coal seam floor has three stages: premining stress concentration compression,
postmining floor pressure relief expansion and roof collapse stress recovery. The influence range of the
leading compression is 10~15 m in front of the working face, and the influence range of the lag is 15-20
m behind the working face.
Fig. 12 shows that the pattern of the transfer of and changes in the mining stress in the floor is not
directly proportional to the depth of the coal seam floor; that is, the closer the coal seam, the more
obvious the changes in the stress value of the measurement point. The peak stress measured at the
stress measurement point 25 cm from the coal seam floor is greater than that measured at points at
other vertical depths. The stress responses of measurement points 3 and 7 at a depth of 25 cm from the
coal seam floor in the vertical measurement lines are the most obvious, and the maximum concentrated
stresses of these two measurement points are 0.14 MPa and 0.15 MPa, respectively. According to the
sequence of each stratum and the layout of the stress measurement points in the model, the stress
measurement points at a depth of 25 cm from the coal seam are located in a sequence of siltstone,
mudstone, and fine sandstone, corresponding to interbedded soft and hard strata in the floor. The mining
stress accumulates in the mudstone, which exhibits the most obvious stress concentration. However, the
stress value measured at the stress measurement point 36 cm from the coal seam floor is obviously
lower, which shows that the mudstone has an adsorption effect on the stress in the interbedded strata in
the floor and exerts a certain cushioning effect on the upper strata. This phenomenon reduces the stress
intensity in the underlying strata to a certain extent and plays an important buffering role.

3.2 The pattern of stress change in the floor near the aquifer
Here, the data measured by measurement point sensors #17 and #18 are compared with the data
measured by measurement point sensors #4 and #8 closest to the same vertical measurement line, and
the changes in the stress measurement points near the aquifer during the model excavation process are
analyzed (due to the broken signal lines of sensors #19 and #20, no relevant data were collected, and the
sensors failed), as shown in Fig. 13.
Fig. 13 shows (taking the comparison of sensors #4 and #17 as an example) that the peak pressure of
sensor #4 is 0.08 MPa, and the peak pressure of sensor #17 is 0.03 MPa. The two measurement points
are close to each other, and both are in the hard rock under the mudstone; however, the pressure of sensor
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#17 is less than that of sensor #4 because it is offset to some extent by the upward water pressure of the
confined water. In addition, due to the existence of the hard rock above, the unloading of the floor is
restrained. The changes between sensors #8 and #18 are similar to those of #4 and #17, so we do not
discuss them here.

3.3 Pattern of displacement change
The displacement survey lines 1 and 3 (for the densification part of the survey line) are considered in
order to analyze the displacement changes in the bottom plate, and the displacement change curves are
shown in Fig. 14.
Fig. 14 shows that different displacement measurement lines have similar displacement changes as the
working face advances, but for a given advancement distance in the same measurement line, the
displacement change measured at the corresponding displacement measurement point at the depth of
15 cm from the bottom plate is smaller than that at the depth of 5 cm from the bottom plate. The main
reason for this phenomenon is that the measurement point on the displacement measurement line 5 cm
from the floor is relatively close to the coal seam and is therefore strongly affected by the mining stress.
After the coal seam is mined, the degree of unloading of the floor is large, and the floor heave
phenomenon is obvious. However, the displacement measurement line at a depth of 15 cm is far from the
coal seam, and the transfer of mining stress is blocked. After the working face passes the measurement
point, the degree of unloading and floor heave amount are small due to the constraints imposed by the
upper strata.

3.4 Observation and analysis of floor damage during coal mining
Based on the observation and analysis of the damage characteristics of the coal seam floor in the
process of working face advancement, it is found that when 20 cm of the coal seam is excavated, the
floor rock near the confined aquifer (flexible water bag) bends upward to a certain extent, and small
cracks develop (Fig. 15(a) and (b)). These processes occur because when the coal seam is excavated by
20 cm, the roof does not collapse, and there is now a 20 cm goaf, which provides space for the floor to
bend upward. Under the action of confined water, the floor bends upward and produces a small number
of vertical cracks. When the working face advances to 45 cm, the floor of the square coal wall in front of
the working face is compressed by the concentrated pressure, while the floor of the goaf is uplifted due to
the pressure relief, and the huge pressure difference causes floor shear failure and generates shear
cracks, providing a surge channel for water in the floor (Fig. 15(c)). As the working face continues to
move forward, the mining stress is gradually transferred downward, and fractures in the floor gradually
develop. When the working face advances to 75 cm, fractures gradually develop from the mudstone
upward, and the fractures extend to the hard rock (siltstone) close to the mudstone (Fig. 15(d)). In the
middle part of the goaf, the most serious damage is caused by mining and confined water, and finally,
there is a 27 cm long crack (Fig. 15(e)). When the model is excavated, cracks in the floor near the coal
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wall develop, and the roof of the rear goaf is broken and compacted. Furthermore, the stress state of the
floor tends to be stable, and some cracks in the soft rock in the floor are closed under pressure (Fig.
15(f)).
In summary, under the influence of mining, the coal seam floor is not strictly destroyed from shallow to
deep; that is, the floor failure zone is not completely continuous. Due to the coupled effects of mining and
confined water pressure, the soft rock near the confined aquifer is the first to become damaged and
produce cracks. When the roof fully collapses, some cracks are closed.

3.5 Analysis of the pressure rise characteristics of confined water
In the simulation of similar materials, the change in the confined water level in the three aqueducts buried
in the aquiclude is analyzed, and the pattern of confined water generation in the process of working face
advancement is obtained, as shown in Fig. 16 below.
Fig. 16 shows that in the initial stage of mining, the initial water level of the three water pipes is 5 cm, and
with the advancement of the working face, the three water pipes exhibit sharp increases in the water level
of the confined water at a certain position, followed by slight decreases in the water level. When the
working face advances to 35 cm, the water level of the L1 riser increases from 11.8 cm to 37.6 cm, which
indicates that the fracture is relatively well developed and provides a direct channel for the ascent of the
confined water. After 40 cm of mining, the confined water level in the L1 water pipe drops slightly, and the
water level of the pipe remains at a certain height until the end of mining. This is because with the mining
of the working face, the location of the L1 water guide pipe (28 cm from the cutting hole) is repeatedly
affected by stress concentration, floor uplift and pressure relief, which cause serious damage to the floor,
resulting in a sudden increase in the water level in the L1 water guide pipe. Then, with the advancement
of the working face, the roof collapses, thereby filling and compacting the goaf. Under this action, the
floor cracks are compressed and closed, so the water level in the L1 riser drops slightly and then remains
at a certain height. Similarly, the water level in the L2 riser suddenly increases when the working face
advances to 70 cm, and then, it starts to decrease slightly as the working face advances beyond 75 cm.
The water level in the L3 riser suddenly increases when the working face advances to 90 cm, and then, it
falls slightly as the working face advances beyond 95 cm. In addition, comparison of the positions of the
three risers, the highest position of water level rise and the amount of water level drop shows that the
maximum water levels in the L1 and L3 risers are significantly greater than that in the L2 riser, while the
water level drop in the L2 riser is greater than those in the L1 and L3 risers. This pattern develops because
locations closer to the cut hole (coal wall) are more significantly impacted by concentrated stress, and the
shear failure of the nearby floor is relatively serious, resulting in a large number of cracks; thus, the water
level is relatively concentrated. In the middle of the goaf, the collapsed roof first contacts the floor, and
the collapsed roof fills and compacts the goaf. The number of cracks in the floor under compression is
large, which is consistent with the failure pattern of the floor mentioned before.

Page 9/29

In summary, in the process of working face advancement, the position most prone to the inrush of
confined water from the floor is the square coal wall ahead of and behind the goaf. During the production
process, workers should pay close attention to any abnormalities at this position and strengthen the floor
in advance to prevent water inrush accidents.

4 On-site Monitoring Of The Floor Failure Depth And Discussion Of
The Results

4.1 On-site monitoring of the floor failure depth
The floor strain method is used to monitor and analyze the floor failure depth of the II633 working face in
the Hengyuan coal mine and is compared with the simulation results of similar materials to reveal the
influence of the floor rock mass structure on the mining effect.
Three boreholes are designed in the #JZ10 drill area, and the strain gauge (Zhou et al. 2019) is used to
analyze the changes in the floor failure depth and failure shape associated with the mining face.
According to the design drill length and the installation position of the sensor, the installation parameters
of the drilling lines are shown in Table 2. The design drawings of the strain monitoring boreholes are
shown in Fig. 17 and Fig. 18.
In the process of advancing the working face, the variation curves of the strain monitored by sensors at
different distances from the working point are shown in Fig. 19.
The following conclusions can be drawn from the analysis of Fig. 19:
(1) During the advancement of the working face, the strain changes in sensors #1-3 and #3-2 are obvious,
while the strain changes in the rest of the sensors are minimal. Combined with the working face distance
and vertical depth of each sensor, the influence of mining is observed. The deformation and failure
strength of the floor gradually decrease with increasing floor depth.
(2) For sensors #1-3, #2-3 and #3-2, the strain peaks at distances of 20 m, 35 m and 12 m between the
working face and the sensor, respectively, which indicates that the deeper the sensor is buried, the earlier
the change in the strain occurs in time and space. Under the coupled effects of mining at the working
face and confined water, the failure of the floor often starts in the deeper part.
(3) The advancement of mining stress in the floor occurs as the coal seam is destroyed. At the early
stages of destruction, the failure of the floor rock mass is elastic. In the later stages of destruction, the
floor rock mass is destroyed. The #1-3 measurement point curve at a depth of 20 m from the bottom
plate shows that the strain reaches its maximum value 35 m from the working surface, but the change is
small as a whole. For sensor #3-2, the stress of the sensor reaches its maximum value approximately 13
m from the working surface. Then, when the working face advances to 20 m, the tensile strain vanishes,
and the tensile strain value exceeds 1/10 of the compressive strain, indicating that there is no obvious
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damage to the rock at the measurement point. Therefore, the failure depth of the coal seam floor is
18.83~20 m.

4.2 Theoretical calculation of the floor failure depth
According to relevant literature (Gu et al 2011; Hu et al. 2019), the traditional formula for calculating floor
failure is applicable only to the mining of shallow coal seams (less than 400 m). For deep coal seam
mining, the traditional empirical formula has some limitations, and the influence of the depth and height
on the floor failure depth is not considered. Therefore, to accurately reflect the depth of floor failure in
deep coal seam mining, a series of studies and verifications have been carried out, and the following
calculation formula has been deduced (Yan-chun and Yang. 2013):

The term H represents the mining depth, in this case corresponding to a drill site depth of 756 m; α
represents the coal seam dip, which is assumed to be 10 degrees; L represents the length of the working
face, equal to 182 m; and M represents the coal thickness, equal to 2.93 m. These values are input into
the formula to calculate the floor damage depth, and a value of 27.614 m is obtained.
In summary, the failure depth measured by similar material simulation is 27 m, and the theoretical
calculation value is 27.614 m, with a difference of 0.614 m. Therefore, the results are basically consistent
and provide mutual verification. However, the on-site monitoring results show that the floor failure depth
is between 18.83 m and 20 m, which is quite different from the simulation and theoretical calculation
values. This is due to the enhanced floor strength of the II633 working face after grouting reinforcement.
The failure depth of the bottom plate decreases with increasing depth.

5 Conclusions
The combined use of a confined water loading and lifting system and similar material simulation test
directly reveals the floor deformation and failure characteristics under the coupling effect of mining
stress and confined water pressure in the process of coal mining. The water inrush channel formed by
floor damage leads to confined water lifting characteristics, which provides certain guidance for the
prevention and control of mine floor damage and confined water inrush prevention. The main
conclusions are as follows:
1) The homemade confined water lifting device allows not only real-time monitoring of the development
of floor cracks during working face advancement but also direct observation of the formation process of
water passages and changes in the lifting height of confined water with the advancement of the working
face. Thus, this model provides a reference for floor grouting reinforcement and water disaster
prevention.
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2) With a similar material simulation experiment, the deformation and failure characteristics of an
interbedded floor affected by mining can be analyzed. The results show that under the influence of
mining, the change in the mining stress value of the floor is not directly proportional to the depth of the
floor, but the mining stress concentration is most obvious in the mudstone at a depth of 25 cm.
Furthermore, the downward transmission of stress is hindered by the mudstone, indicating that soft rock
has an adsorption effect on stress in a floor composed of soft and hard interbedded strata, thereby
producing a cushioning effect on the upper strata.
3) In the process of coal seam mining, the floor at both ends of the coal wall easily forms shear damage
cracks in front of and behind the working face, while the floor in the middle of the goaf easily forms
tensile damage cracks due to the self-bearing structure of the collapsed roof and the pressure of confined
water. This results in the uneven distribution of the vertical load in the floor and can form channels
exploited by ascending confined water. The confined water then easily bursts from the coal wall.
4) The failure depth of the floor is monitored by the strain method. Through analysis and monitoring, it is
found that there is a rule that the bottom plate strain decreases gradually from shallow to deep. The
comprehensive analysis shows that the floor failure depth is between 18.83 m and 20 m. After combining
the floor strain pattern with the roadway surrounding rock displacement, the working resistance of
working face support and the roof separation, it is concluded that the range of influence of the mining
effect is approximately 35 m, and the periodic weighting step distance of the roof is approximately 20 m.
These findings are basically consistent with the field data and demonstrate the accuracy and
effectiveness of floor strain monitoring.
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Tables
Table 1 Lithology ratio and dosage of each layer
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Rock
stratum

Lithology

Rock
thickness/cm

Material
ratio

River
sand/kg

CaCO3

Gypsum/kg

Water
/kg

/kg
R9

Siltstone

6.15

7:5:5

24.45

1.75

1.75

2.79

R8

Fine
sandstone

20

7:8:2

75.45

8.61

2.16

8.62

R7

Mudstone

4

8:6:4

13.70

1.03

0.68

1.54

R6

Medium
sandstone

14

7:7:3

48.20

4.82

2.06

5.50

R5

Siltstone

24

7:5:5

97.82

7.00

7.00

11.16

R4

Mudstone

6

8:6:4

16.57

1.24

0.83

1.86

R3

Siltstone

4

7:5:5

11.28

0.80

0.80

1.29

R2

Fine
sandstone

4

7:8:2

10.93

1.25

0.31

1.24

R1

Mudstone

3

8:6:4

7.18

0.27

0.38

0.86

C

6 coal

3

8:6:4

6.77

0.51

0.34

0.76

F1

Mudstone

2

8:6:4

4.86

0.36

0.24

0.54

F2

Foliated
sandstone

17

7:6:4

41.12

3.52

2.35

4.70

F3

Siltstone

16

7:5:5

34.47

2.46

2.46

3.93

F4

Mudstone

15

8:6:4

27.23

2.04

1.36

3.06

F5

Limestone

2.5

8:7:3

4.48

0.39

0.16

0.50

F6

Mudstone

17.15

8:6:4

24.05

1.80

1.20

2.70

Table 2 Technical parameters of each sensor
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Borehole number

Installation number

Vertical depth of cable hole/(m)

JT10-1

JT10-1-1

24.63

JT10-1-2

23.29

JT10-1-3

20.00

JT10-2-1

25.20

JT10-2-2

22.60

JT10-2-3

21.00

JT10-3-1

21.82

JT10-3-2

18.83

JT10-2

JT10-3

Figures

Figure 1
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Layout of the II633 working face in the Hengyuan coal mine. Note: The designations employed and the
presentation of the material on this map do not imply the expression of any opinion whatsoever on the
part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.

Figure 2
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Comprehensive stratigraphic column based on drilling

Figure 3
Mining stress state of the floor rock mass

Page 19/29

Figure 4
Confined water simulation system

Figure 5
Confined water diversion system
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Figure 6
Components used in the confined water loading system
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Figure 7
Model laying process

Figure 8
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Layout of stress measurement points

Figure 9
Stress monitoring system

Figure 10
Layout of displacement measurement points
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Figure 11
Stress change of each measurement point in different horizontal measurement lines with the
advancement of the working face

Figure 12
Stress change of each measurement point in different vertical lines with the advancement of the working
face
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Figure 13
Stress change pattern near the aquifer

Figure 14
Stress change of each measurement point in different displacement measurement lines
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Figure 15
Observation of the floor damage during coal mining
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Figure 16
Water level change diagram of the pressurized water diversion riser
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Figure 17
Plan design of the drill holes for the #JZ10 II633 working face

Figure 18
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Drill hole profile of the #JZ10 drill field

Figure 19
Strain patterns of various sensors during the advancement of the working face
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