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Coal and gas outburst is an important risk faced by coal seam mining in the Huainan region of China. In order to control gas
outburst, the gas is predrained by digging a floor gas drainage roadway. To study deformation due to dynamic pressure, the failure
characteristics of the floor, and their effect on the stability of the floor gas drainage roadway, a comprehensive monitoring method
combining Brillouin optical time-domain reflectometry- (BOTDR-) distributed fiber optics and self-potential exploration was
adopted. Dynamic data monitoring of the rock strata between the 11123 working face floor and the floor gas drainage roadway of a
mine in Huainan was carried out. )e field data obtained showed that, when stabilized by rock bolts and other fixed components in
the surrounding rock mass of the floor gas drainage roadway, under the influence of mining, the area of concentrated stress appeared
at a depth of 20.7m, when cracks eventually formed, but the overall structural stability of the surrounding rock mass remained good.
)e stress distribution and crack evolution of the bottom plate under the influence of dynamic pressure showed spatiotemporal
characteristics. Of these, the effect of the lead support stress was 107.48m, and the range of effect of the hysteresis stress was 34.42m.
When the working face mining position arrives and is far from the monitoring station, the failure depth of floor rock stratum shows
the following rule: unchanged in the early stage, deepened continuously in themiddle stage, and finally remained stable. It takes about
eight days for the dynamic adjustment of this process to finally stabilize. )e results of this study can provide guidance for devising
suitable procedures for carrying out intelligent green safety mining and for warning about the hazards of roadway damage.

1. Introduction

In coal and gas outburst mining areas [1], such as those
surrounding the city of Huainan, in north-central Anhui
Province, China, it is often necessary to design suitable floor
gas drainage roadways [2] in advance, at a certain depth
below the working face, and to carry out safety work related
to equipment system layouts, such as coal seam gas ex-
traction and ventilation. In the later stages of mining op-
erations, once the working face has been mined, the original
state of stress balance of the surrounding rock will be altered.
)e transfer of mining stress to the floor rock mass will

eventually lead to the deformation and destruction of rock
strata within a certain depth of the floor. At that time, if the
floor gas drainage roadway is located in the affected area and
the on-site support conditions are insufficient, this will
inevitably lead to the instability of the surrounding rock and
of the floor gas drainage roadway and even render the
operation of the roadway equipment system unsafe [3–5].
For these reasons, we chose to study and determine the
characteristics of floor failure under the influence of dy-
namic pressure and the effect on the stability of the rock
surrounding the floor gas drainage roadway. )e results
obtained in this study will be of great practical importance
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for safe and stable mining and for the support of roadways
under coal seam working faces in areas such as Huainan and
other high gas-rich mining areas.

In recent years, researchers in China and abroad have
carried out numerous studies of the damage and charac-
teristics of the floor under the influence of mining [6–12].
Song et al. [13] set up a mechanics calculation model of the
floor along the inclination of the working face against the
background of confined water mining in the 41503 working
face of a mine and derived, theoretically, the stress distri-
bution and failure characteristics of the floor. Zhang et al.
[14] used seismic computed tomography (CT) detection
technology to dynamically monitor the deformation and
failure of a floor during coal mining. Zhang et al. [15] used
the mutual verification method involving the field strain test
as well as numerical simulations to comprehensively study
the damage depth of a thick mined coal seam. By sorting and
analyzing a large quantity of field-measured data, Zhu et al.
[16] explored the different deformations and failure char-
acteristics of different lithologies and composite floor
structures under the influence of dynamic pressure.

)ere are also abundant research results relating to the
deformation and failure characteristics of rock structures
surrounding roadways [17–24]. Li et al. [25] used a numerical
simulation method to study the mechanism of roadway
failure caused by repeated caving in the Huaibei mining area
and proposed a new supporting scheme. Chen et al. [26] used
the true triaxial analog simulation method to study the
characteristics of strain evolution and fracture of the rock
surrounding a mining roadway under the gradient loading of
dynamic pressure. Hua and Yang [27] used a Brillouin optical
time-domain analysis- (BOTDA-) distributed fiber optical
sensor (DFOS) and close-range photographic technology to
monitor the deformation of the roadway floor during the
process of gob-side entry retaining (GSER) excavation, first
mining, retaining lane, and secondary mining. )e dynamic
evolution characteristics of the deformation of the floor of the
GSER with a large cross section in a deep mine were obtained.
Li et al. [28] used a high-precision microseismic monitoring
system and a roof dynamic monitoring instrument to de-
lineate the floor failure depth of the 2200 working face and
also studied the deformation and failure mechanism of the
4106 material roadway and transportation roadway below the
working face.

Based on the above research results, this study took the
11123 working face and the 11123 floor gas drainage
roadway of a mine in Huainan as an engineering case study.
Using the integrated monitoring method that combines
Brillouin optical time-domain reflectometry (BOTDR)-
DFOS and self-potential exploration, whole-process dy-
namic data monitoring was conducted. )e failure char-
acteristics of the 11123 working face floor were determined,
and the stability of the rock surrounding the 11123 floor gas
drainage roadway under the influence of dynamic pressure
was studied.

)e main contributions of this paper include the fol-
lowing: (1) a comprehensive monitoring technology con-
sisting of distributed strain fiber optics and spontaneous
potential tests was used to monitor the stability of the

surrounding rock under dynamic pressure, which over-
came the problems of single-test means and the small
quantity of measured data obtained in previous studies.)e
results obtained by comprehensive monitoring data are
self-verifying, which improves the reliability of the data; (2)
the response characteristics of the multiphysical field data
and the changes in the stability of the surrounding rock
under dynamic pressure were obtained, which will aid
future studies on the stability of the rock surrounding a
roadway; (3) it was found that the failure depth of floor
strata lags behind the secondary deepening of the coal wall
under the action of mining. According to the spatiotem-
poral evolution characteristics of floor fracture, the char-
acteristics of and time required from the moment of
dynamic adjustment to the formation of a stable stage were
determined.

2. Engineering Geological Conditions

)e 11123 working face of the mine is located in the
Huainan region, and the working face elevation was, at the
time of the study, in the range from −450 to −490m
(working face 11123 belongs to the #3 coal seam). )e
average buried depth of the working face was approximately
470m, the mining strike length of the working face was
approximately 1345m, and the inclined length was 155m.
)e average thickness of the coal seam was 5.5m, and the
average dip angle of the coal seamwas 10°.)e #3 and #1 coal
seams were both gas outburst seams. )e gas content of the
#3 coal seam was 6.6–7.7m3/t, the gas pressure was
1.76–2.44MPa, the gas content of the #1 coal seam was
5.2–6.5m3/t, and the gas pressure was 1.35–2.08MPa. In the
early stages of mining, gas pre-extraction treatment was
carried out for the #3 and #1 coal seams at the same time.
After the standard of gas extraction was reached, mining
operations on the #3 coal seam were carried out. Roof
management was strengthened during the initial caving
stage, and gas management and ventilation were strength-
ened during the mining process to prevent gas from being
trapped in the sandstone layer and causing the gas to exceed
the standard safety limit.

)e 11123 working face was mined to a thickness of
approximately 5m. )ere were no large faults or structures
in the working face. )e lithology and other related infor-
mation of the #3 coal seam are shown in Figure 1. )e 11123
floor gas drainage roadway was located in⑧ fine sandstone
and ⑨ sandy mudstone, with a width × height of
4600mm× 3500mm. )e top and bottom rock layers
consisted of hard and dense limestone. )e roadway was
used mainly for the placing and installation of safety
equipment and systems for gas drainage and ventilation.

)e support scheme of the 11123 floor gas drainage
roadway adopts the support form of “bolt + anchor
net + local anchor cable and grouting”. Some fractured or
weak surrounding rock sections are strengthened in ad-
vance. )e anchor is a strong pretensioned anchor, the
anchor is Φ20∗ 2500mm, the spacing is 700× 700mm, the
anchor cable is Φ21.8∗ 6500mm, and the spacing is
1900× 2000mm. )ree anchor cables are designed
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symmetrically in each roadway section according to the
central axis; the spray layer adopts C20 concrete with a
thickness of 100mm (Figure 2).

3. Integrated Monitoring Scheme

3.1. Distributed Fiber Optical Strain Monitoring Technology.
During the monitoring period, an AV6419-distributed op-
tical fiber tester was used for on-site data acquisition. )e
instrument realizes single-end measurements without a
double-end closed loop, which was very convenient and
meets the complex conditions of underground construction,
layout, and data acquisition.

When the fiber attached to the surface (or inside) of
the target is stretched or squeezed due to the deformation
and failure of the target, the frequency of the Brillouin
backscattered light reflected by the fiber in the strain
region will change. )e distributed optical fiber tester will
measure the received Brillouin backscattered light power

and then obtain the Brillouin frequency shift of each point
on the optical fiber. Finally, according to the linear re-
lationship between the Brillouin frequency shift and
strain, the strain distribution of each part of the target
body was obtained. When the temperature of the target
body changes by only a small amount during the moni-
toring period, the strain value of each point along the
optical fiber can be calculated by the following formula:

vB(ε) � vB(0) +
dvB(ε)
dε

ε, (1)

where ε is the strain value, vB(ε) is the Brillouin optical
frequency shift when the strain is ε, vB(0) is the Brillouin
frequency shift in the original state, and dvB(ε)/d(ε) is the
proportional coefficient, which is about 493MHz.

Some scholars [29–32] in China have introduced this
technology underground to study the deformation and
damage of the roof and the surrounding rock in the mining
process, and the test accuracy and data volume are better
than the conventional testing methods.

3.2. Self-Potential Monitoring Technology. )e data of the
geoelectric field during the monitoring period were tested
dynamically by the network parallel electrical instrument
[33], and the data of the self-potential change in the
monitoring section during the mining process of the
working face were obtained completely.

In the absence of an artificial power supply to the
geological body, the potential difference between any two
points can be observed by the instrument, indicating that
there was a natural electric field (self-potential field) inside
the geological body. However, the self-potential field in the
geological body will change dynamically due to the influence
of groundwater flow and rock mass deformation and
damage. It is believed that these effects will change the
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Figure 2: Cross-section design of the supporting scheme of 11123
floor gas drainage roadway.
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stability of the original charge structure inside the rock mass
and its distribution in space, accompanied by the separation,
movement, and aggregation of the charge at different po-
sitions of the rock mass and then form the dynamic change
of the self-potential field [34, 35].

3.3. System Construction. To understand the damage depth
of the 11123 working face under the influence of dynamic
pressure and its stability in relation to the lower floor gas
drainage roadway, site drilling was designed in the middle of
the⑧ fine sandstone rock layers on the sidewall of the floor
gas drainage roadway and inclined upwards to the initial
mining position of the working face (Figure 3 and Table 1).

Additionally, after the fiber optic cable and electric cable
were implanted into the hole to a predetermined depth by
means of the auxiliary tools, layered grouting was carried out
in the hole and allowed to set there for a period of time
(Figure 4 and Table 2). Each cable was then allowed to fully
couple and solidify in contact with the slurry and the sur-
rounding rock mass, and, once the slurry had reached the
desired strength, data acquisition began on-site.

4. Results and Analysis of Field Data

4.1. Field Data Collection. On-site monitoring took place
from October 31, 2018, to February 25, 2019. )e field data
were obtained during the entire monitoring period for a total
of 57 times and were of good quality.

According to the information provided by the mine
during the monitoring period and the observations of the
on-site personnel, there were no water leakages in the
working face and floor gas drainage roadway during the
entire monitoring period. We consider that the data col-
lected at the site were not disturbed by any seepage field,
such as groundwater. Because of the working shift of the coal
mining team and the interference due to the industrial
electric field, we chose to collect the field data at 2 p.m. each
day.

4.2. Characteristics of Floor Failure and Stability of the
Surrounding Rock in the Floor Gas Drainage Roadway

4.2.1. DFOS Monitoring Results. We selected 12 groups of
fiber optic strain data for processing during the monitoring
period and obtained the corresponding relationship between
the fiber optic strain distribution and the stratum (Table 3
and Figure 5). )e cloud diagram of the fiber optical strain
distribution during monitoring is shown in Figure 6. Fig-
ure 7 shows the cross section of the corresponding rela-
tionship between the support structure of the floor gas
drainage roadway and the stratum.

On October 31, 2018, the working face was still in the
nonmining stage, and at this time, the original stress state of
the surrounding rock had not changed. On November 12,
2018, the fiber optic data changed for the first time, and the
corresponding strain values were +416 and +347 με (areas I
and II). From the analysis of the stable composite rock beam
structure formed by the action of the anchor bolts and the

other fixed components in the surrounding rock of the floor
gas drainage roadway, it is considered that the stress dis-
tribution of the floor gas drainage roadway and its sur-
rounding rock mass under the mining position was changed
by the mining process on the working face. But, because the
floor gas drainage roadway and its surrounding rock mass
were strongly supported by anchoring, etc., they assumed a
combination of high-strength and damage-resistant char-
acteristics, which made the rock mass surrounding the floor
gas drainage roadway better able to transmit stress than the
other layers, over a greater distance, and with a greater
bearing capacity. On November 21, 2018, the tensile strain
values reached +3306 and +1003 με (areas I and II), indi-
cating that an area of concentrated stress had been formed in
the rock mass beyond the control range of the anchor bolts
above the floor gas drainage roadway. At the same time, the
internal stress of the ④ sandy mudstone layer (area III)
changed for the first time, and the tensile strain reached
+517 με. )is analysis shows that the mining lead stress of
the working face was transmitted to the monitoring area
through the ④ sandy mudstone layer under the mining
position.

As the working face advanced continuously and grad-
ually came closer to the monitoring section, the change in
stress of the bottom slate layer affected by mining gradually
increased. On December 12, 2018, the maximum strain
values reached +8149 and +2574 με (areas I and II) and the
strain value of the ④ sandy mudstone layer increased to
+1823 με (area III). )e internal stress of ⑤ fine sandstone
changed rapidly to +1005 με (area IV). According to the
analysis, the effect of the leading stress of the working face
mining position on the rock mass in the monitoring area
increased, and microcracks gradually emerged in the rock
mass. On December 22, 2018, the working face mining
position had just crossed the top of the monitoring hole at
5.9m. During this process, the changes in strain of areas V
and IV were the most obvious, increasing by 1173 and
1755 με, respectively, which showed that the evolution of the
floor crack under the influence of dynamic pressure had
spatiotemporal effects. )e tensile expansion of the floor in
the goaf was obvious.)emicrocracks in areas III, V, and IV
expanded further and joined together to produce macro-
scopic fractures. At the same time, the bottom drum ex-
pansion of the working surface was obvious. )e rock mass
in area I, with a significant concentration of stress, produced
a separation crack, which was developed in the upper part of
the control area of the anchor member (Figure 6). Although
the degree of strain in area II of the surrounding rock of the
roadway was large, it remained stable under the control of
the bolt member and no damage occurred. Further analysis
is carried out below in conjunction with the natural potential
and electrode current data.

Between December 22, 2018, and January 12, 2019, the
overlying rock mass of the goaf collapsed, and crushed and
squeezed the floor rock mass. Areas III and V rapidly de-
creased and stabilized at +601 με; the strain value of area IV
then decreased to +1304 με and remained stable. From
January 12, 2019, to February 25, 2019, the tensile strain in
the mudstone layer in area I gradually decreased and finally
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Figure 3: Plane layout sketch of the 11223 working face.

Table 1: Design parameters of the monitoring hole in the 11123 floor gas drainage roadway.

Technical parameter Monitoring hole Technical parameter Monitoring
hole

Angle with the roadway (°) 30 Drilling elevation angle (°) 20
Distance between orifice and initial mining position
(m) 129.18 Angle between borehole and inclined stratum (°) 24

Actual hole length (m) 46.2 Control vertical height (m) 18.79
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Figure 4: Schematic diagram of cable arrangement for the integrated monitoring system.

Table 2: Technical parameters of the integrated monitoring system.

Distributed optical fiber monitoring system Self-potential monitoring system
Diameter of fiber optic cable (mm) 5 Number of electrodes 32
Strain coefficient (MHz/%) 499.8 Electrode space (m) 1.5
Maximum break force (N) 2350 Effective length (m) 46.2
Strain fiber optic cable type High-strength metal-based fiber optic cable Control vertical height (m) 18.79
Effective length (m) 46.2 — —
Control vertical height (m) 18.79 — —
Electrode #32, which should be placed outside the monitoring orifice, was also fixed inside the orifice.

Advances in Civil Engineering 5



stabilized at +5923 με. In this process, the internal strain in
the rock layer controlled by the anchor rod changed little
and remained at +2844 με. During this period, the stress in
the rock mass under the influence of mining continued to
adjust dynamically and finally formed a new stress equi-
librium state.

Next, we analyzed the process of deformation and failure
during the entire monitoring period through the fiber optic
strain nephogram (Figure 7). From this, it can be seen that
the strain value of area I (the vertical depth was 19.5–20.5m)
was larger than that of the other vertical depth positions.
From an analysis of Figures 5 and 6, area 1 was found to be
located in the ⑥ mudstone layer. Due to the low elastic
modulus of mudstone, which was not in the actual control
range of the anchor bolts, this position was controlled only
by part of the anchor cable. )erefore, the rock mass in this
area was affected not only by the mining of the working face
but also by the surrounding rock support of the roadway,
which first caused the stress to change in this area and then

Table 3: Working face propulsion data record table.

Date of collection Working face mining length (m) Distance between mining location and orifice (m)
2018-10-31 0 129.18
11–12 18.9 110.28
11–21 38.3 90.88
12–02 54.9 74.28
12–12 78.7 50.48
12–22 94.3 34.88
2019-1-02 110.4 18.78
1–12 122.1 7.08
1–21 140.9 −11.72
1–29 153.8 −24.62
2–18 163.6 −34.42
2–25 178.1 −48.92
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Figure 5: Corresponding relationship between strain distribution of the optical fibers and the stratum.

Monitoring hole

I

II

Orifice

4400

4600

33
00

35
00

Sandy mudstone

Mudstone

Limestone

Limestone

Fine sandstone

15°

6

7

8

9

10

Figure 6: Sectional view of the corresponding relationship between
the supporting structure of floor gas drainage roadway and the
stratum.

6 Advances in Civil Engineering



formed an area of concentrated stress. When the stress in the
mudstone exceeded its bearing strength, the deformation
and failure of the rock mass in this area could not be
controlled and restrained effectively by the anchor cable.
Finally, it ruptured, producing stratified cracks. In area II,
however, which was also affected by many other factors, due
to effective control by the anchor bolts, even though the
internal strain in the surrounding rock that had a high elastic
modulus changed substantially, it still did not cause struc-
tural failure of the rock mass, and the surrounding rock
structure of the roadway as a whole remained relatively
stable [36, 37]. Areas III, V, and IV were only affected by
mining, and so, the strain amplitude of the rock mass was
relatively small.

4.2.2. Self-Potential Monitoring. Comparative analysis of
Figures 8(a) and 8(b) shows that the self-potential varied
considerably, both within and outside the range over which
damage occurred. )e current through each electrode in the
destruction zone decreased slowly as mining of the working
face continued during the monitoring period. When the
propulsion distance of the working face exceeded 58.9m, the
self-potential rose briefly and then dropped sharply, indi-
cating that microcracks had sprouted in the rock mass. )is
was followed by a large fluctuation in the continuous steep
rise and drop, with a maximum fluctuation of 600mA
(Figure 8(a)). When the rock mass was in a state of con-
tinuous damage, the development, penetration, and rupture
of the microcracks alternated and coexisted and the self-
potential signal generally decreased and fluctuated in a
pulse-like manner. Until the working surface advanced by a
distance of approximately 163.6m, that is, until it exceeded
the orifice of 34.42m, the whole structure was in a stable
state. In this process, the overall trend of each electrode was
clear and highly consistent. From Figure 8(b), it can be seen
that there was no obvious fluctuation due to the absence of
severe deformation and damage in the internal structure of
the rock mass, and the data in this range were less consistent
than the data shown in Figure 8(a).)e above results are also
consistent with the findings of researchers such as Liu et al.

[38] and Hao et al. [39]. )ese authors believed that the
amplitude of the self-potential field anomaly caused by the
crack tip discharge during rock rupture was much larger
than that caused by rock deformation. Judging from the self-
potential measured by the electrodes at different depths in
the borehole, the damage to the bottom plate was 0–20.7m
(electrodes #1–26 were inside the destruction zone). )e
self-potential data were basically consistent with the depth of
damage data, as measured by the fiber optics.

To further verify the above analysis, the electrode
current data obtained during monitoring were processed
into a cloud map (Figure 9). From this map, it can be seen
that as mining neared the monitoring hole, the electrode
current at the bottom plate at a depth of 0–20.5m de-
creased overall, indicating that the rock mass in this range
was deformed due to the difference in rock lithology.
)erefore, there were differences in how much the elec-
trode currents decreased in the various rock formations,
and stratification was obvious. By comparison with Fig-
ure 7, it can be seen that the electrode currents in areas I,
III, IV, and V begin to decrease, and the corresponding
fiber optic strain values begin to increase, which indicates
that the rock mass in this area was damaged by stress and
cracks; the strain value increased after the fiber optic was
pulled, and the electrode current decreased because of the
poor contact between the electrode and the rock mass.
With the mining of the working face exceeding the orifice,
the vertical depth of the floor was 0–20.5m in the failure
area, the electrode current increased, and the corre-
sponding strain decreased due to the collapse of the
overlying rock mass and the compression of the floor crack.
In the process of mining, the electrode current in area I
showed the largest decrease and the most obvious change
in the value of strain, which was caused by the concen-
tration of stress and the formation of separated layer
cracks. Compared with the electrode current data gathered
during the entire monitoring period, the electrode current
in the upper part of the floor gas drainage roadway was
increasing (area II). Although there was a certain amount
of stress in the surrounding rock of the bottom extraction
roadway, due to the anchoring effect of the anchor bolts, a
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composite rock beam with enhanced damage resistance
and bearing capacity was formed, which was pulled on by
the deep anchoring end of the surrounding rock of the
roadway [40, 41]. By limiting its degree of deformation and
failure, the electrode current and strain in that region
increased at the same time.

According to the monitoring data and the actual ob-
servations of field personnel, there were no fracture and
collapse of the surrounding rock of the floor gas drainage
roadway under the strong supports, and the entire floor gas
drainage roadway remained relatively stable under dy-
namic pressure.
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Figure 8: Self-potential curves at different depths.
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4.2.3. Range of Effects of “Leading” and “Lagging” Stresses of
theWorking Face. Measurement points were selected at the
fiber optic positions corresponding to the electrode posi-
tions on the cable in order to extract and process the data,
which were combined with the natural potential and strain
data in order to analyze the range of effects of the “leading”
and “lagging” stresses of the working face (Figures 8 and
10).

By using natural potential exploration technology and
BOTDR-distributed fiber optic testing technology, we were
able to accurately measure and verify the deformation and
failure characteristics as well as the evolution trend of the
floor rock mass during the mining process of the 11123
working face. Our analysis shows that the mining distance
of the 11123 working face of 21.7m did no effect on the
rock strata in the monitoring section. Until the mining
distance was more than 21.7m, the leading stress did not
affect the surrounding rock mass of the floor gas drainage
roadway in the monitoring area and gradually formed the
area of concentrated stress. )e distance of the mining
working face was within 58.9m, and there was no obvious
fracture in or other damage to the rock floor. When the
propulsion distance exceeded 58.9m, the self-potential of
the rock mass in the failure zone of the floor plate had a
cyclical fluctuating pattern of a steep rise followed by a
steep drop, while the strain value increased rapidly at the
same time. During this process, the floor rock mass pro-
duced cracks and rapidly developed into the deep. Until the
mining face exceeded the orifice, the overlying rock mass
collapsed to fill the goaf and transferred the stress to the
floor rock mass, causing the expansion crack generated by
the original tension to gradually shrink. When the working
face mining distance exceeded 163.6m, the fluctuations in
the self-potential and the strain data tended to be stable,
indicating that the crack in the rock mass in the monitoring
section shrank to reach its final degree of stability during
this process.

According to this comprehensive analysis, we consider
that the effect of the lead stress on the 11123 working face
was 107.48m, and the range of effect of the lagging stress
was 34.42m.

4.3. Variation in Multiparameter Data at Different Mea-
surement Point Depths. By analyzing the strain, self-po-
tential, and electrode current data, the failure of the floor
under the influence of dynamic pressure and the stability of
the surrounding rock mass of the floor gas drainage roadway
are discussed. )e floor failure depth of the 11123 working
face was 0–20.7m (electrodes #1–26 were located in it), and
the surrounding rock structure of the floor gas drainage
roadway was relatively stable (electrodes #27–32 were lo-
cated in it). Further analysis of the variation in and rela-
tionship of the multiparameter data at different depths
under the influence of dynamic pressure reveals the dif-
ferences in dynamic evolution and the mechanism of
changes in the rock mass of the destruction zone and the
floor gas drainage roadway during the mining process. We
selected six groups of data from different measurement point
depths for analysis (Figure 11).

)e changes in data at each measurement point located
within the damage range of the floor (Figures 11(a)–11(d))
were observed. In the early stage of coal mining, the values of
the self-potential data obtained at each measurement point
gradually decreased by approximately 250mV. )e overall
decrease in amplitude of the electrode current was not
obvious and was approximately 3mA only. However, the
strain at each measuring point increased, but the range of
values was different because of the different rock lithologies.

When the mining distance of the working face exceeded
58.9m, the data collected from different measurement point
depths changed gradually and by a significant amount. )e
self-potential fluctuated considerably, with a maximum
amplitude of 400mV, and then the fluctuation weakened
before it finally stabilized. )e electrode current, in contrast,
showed a rapid decrease. )is process continued until the
working surface mining distance reached 118m, and the
electrode current value dropped by 18mA. By this stage, the
mining position had crossed the measuring point by ap-
proximately 26m. Subsequently, the current value climbed
quickly to 73mA until the late monitoring period, while the
current value slowly decreased and eventually stabilized at
68mA. )e strain value rose rapidly and then slowly de-
creased (Figure 11(a)).
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Figure 9: Nephogram of the changes in electrode current during monitoring.
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)e values obtained for the measurement points at
depths of 9.18 and 13.45m were similar. Affected by mining,
the self-potential in the rock also showed large fluctuations,
and the maximum fluctuation was approximately 550mV.

)e decrease in electrode current in this depth range was
small, at approximately 10mA. Subsequently, there was only
a small increase before a steady state was reached. )e strain
value rose rapidly and then fell (Figures 11(b) and 11(c)).
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)e #24 measurement point was located in the stress
concentration area under the base plate, and the maximum
value was 5800 με. )e strain value decreased only slightly
and finally stabilized at 5100 με (Figure 11(d)).)e change in
amplitude of the same parameter at different measurement
point depths was different, which was affected mainly by the
differences in the rock lithology and the depth from the
floor.

Under the influence of dynamic pressure, the defor-
mation and failure of the rock mass in the range of floor
failure were violent and obvious, and the dynamic changes in
the self-potential, electrode current, and strain value were
captured effectively at each measurement point depth. It
should be noted that there were significant differences be-
tween the electrode currents obtained at the #3 measuring
points close to the bottom plate and those obtained at the
other positions. It is believed that the cracks in the rock mass
were still developing and penetrating as the mining position
exceeded the upper part of the measuring point. During this
period, the compressive stress induced by the collapse of the
overlying rock mass was not transmitted to the bottom slate
layer, so that the electrode current was significantly reduced.
When the mining distance of the working face exceeded

118m, the electrode current stopped falling and then rose
rapidly. )is phenomenon shows that the stress in the
overlying rock mass could be transferred effectively to the
bottom plate when this happened, and this process took
eight days to complete. From this, we infer that, after mining,
there is a process of secondary failure and deepening in the
floor rock mass. After a period of time, the downward stress
of the overlying collapsed rock mass can be completely
transferred to the floor, making the cracks in the shallow
rock mass of the floor squeeze or close until the floor is
finally stable, and this process can last for eight days or
potentially longer. )erefore, attention should not only be
paid to the deformation and failure of the floor rock mass in
front of the mining but the failure of the floor rock mass
behind the mining should also continue to be monitored.

Finally, we observed the changes in the parameters
captured at two measuring points near the surrounding rock
mass of the floor gas drainage roadway and then analyzed
and determined the stability of the surrounding rock mass
(Figures 11(e) and 11(f)). In contrast to the above four data
plots, there were significant differences in the data presented
in Figures 11(e) and 11(f). It is clear that the electrode
currents obtained from these two measuring points do not
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Figure 11: Multiparameter variation in the data obtained at different measuring point depths: (a) 6.13m; (b) 9.18m; (c) 13.45m;
(d) 18.94m; (e) 22.6m; (f ) 23.21m.
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show a slow decrease, then a significant decrease, followed
by an increase. In contrast, the electrode current shows a
step-by-step rising phenomenon. It should be noted that
each increase in electrode current is followed by a small
decrease. We believe this to be a dynamic self-adjustment
process of concentration and release of the stress in the
surrounding rock under the joint action of working face
mining and the roadway support structure. )e existence of
this process is an important indicator of the stability of the
surrounding rock structure of the floor gas drainage road-
way. In addition, the strain value during the entire moni-
toring period showed a slow rising trend, which finally
stabilized, and this process was basically controlled within
1000 με. Combined with the natural potential data, it can be
shown that the whole process fluctuated continuously within
a certain range, which was different from the changes in the
previous four measurement points.

5. Discussions

Based on the method using comprehensive monitoring of
BOTDR-distributed fiber optics and spontaneous potential
exploration, the floor failure characteristics and bottom
extraction roadway stability of the 11123 working face of a
coal mine in Huainan, Anhui Province, China were studied.
)e variations in the multiparameter data obtained at dif-
ferent depth measurement points were analyzed.

In summary, we find that the changes in the various
parameters of rock formation under the influence of dy-
namic pressure are obvious and can reflect the deformation
and failure process of the rock mass at different depths of the
bottom plate. )ere are still some differences between the
different depth measurement points in the failure range due
to the different lithologies of the rock strata and their lo-
cation relative to the floor. In the wake of coal mining, there
is a process of secondary failure and deepening of the floor
rock mass in the goaf. After a period of time, the downward
stress of the overlying collapsed rock mass can be fully
transmitted to the floor, making the cracks in the shallow
rock mass of the floor squeeze or close until the floor is
finally stable, and this process lasts approximately for eight
days. )e electrode current in the surrounding rock of the
floor gas drainage roadway showed a step-by-step rising
phenomenon. It should be noted that each increase in the
electrode current was followed by a small decrease. We
believe that this is a dynamic self-adjustment process of the
concentration and release of the stress in the surrounding
rock under the joint action of working face mining and the
roadway support structure. )e existence of this process is
an important indicator of the stability of the surrounding
rock structure of the floor gas drainage roadway.

Under the influence of dynamic pressure, the rock mass
will be deformed or even damaged macroscopically. Before
the macroscopic change, the microcosmic complex dynamic
process of physical and chemical fields will be formed in the
rockmass. It is difficult to effectively capture the information
in this stage by conventional testing methods (pressure
gauge, displacement gauge, borehole TV, etc.) [5, 42]. )e
comprehensive monitoring technology adopted in this study

can capture the change information of physical and chemical
fields of rock mass at macro- and microlevels
[8, 12, 29, 30, 34, 38]. Coal mining changes the original stress
field distribution in the rock body:

(1) In the stage of rock elastic deformation, the change of
stress field in rock mass is not obvious, but the
distributed strain sensing optical fiber can capture
the strain change greater than 25 με and can reflect
the compression or tension stress of rock mass
[12, 30, 31]. In addition, there are a large number of
primarymicrocracks in the deep rockmass under the
natural state. )e increase and decrease of the stress
change rate in the rock mass will cause the change of
the distance between the microcharges and then
cause the change of the density of the polarization
charge in the rock mass, forming the polarization
current, resulting in the movement of the free charge
and the change of the natural potential [34, 35, 38].

(2) With the increase of mining stress field, the rock
mass will have obvious deformation, the rock po-
rosity will also change, and the primary or secondary
microcracks will increase and expand. )e distrib-
uted strain sensing optical fiber and spontaneous
potential exploration can capture the macroscopic
and microscopic structural change characteristics of
rock mass in the whole process of stress [12, 30, 38].
Once the load of rock mass exceeds its bearing limit,
microcracks will connect with each other and pro-
duce macro cracks, that is, rock mass fracture and
instability. In this process, a large number of free
electrons leave the fracture area of rock mass in-
stantaneously, resulting in electrical property mu-
tation. When the rock mass is in a continuous
damage state, the spontaneous potential will form a
pulse-like fluctuation. During this period, the de-
formation and failure state of the rock mass can also
be captured by distributed strain sensing optical fiber
[35, 38, 39]. In addition, if there is fracture water flow
in the rock mass, the distribution range and flow
situation of the water body can be mastered by
means of electrical prospecting technology such as
spontaneous potential [43].

)e multifield monitoring method has the following
advantages compared with the conventional testing
methods: (1) the conventional test methods usually use a
single-test method, usually from the macromeasurement of
the movement and deformation of rock mass, the devel-
opment and fracture of rock mass, etc. Our research can
capture the response characteristics and change rules of
multifield data caused by deformation and damage of rock
mass in the process of mining from macro- and micro-
perspectives. Also, different sensors have their own ad-
vantages. )e results obtained by comparative analysis of
various data are more reliable. (2) )e conventional test
methods are mostly point acquisition, with less measure-
ment data and shorter sensor survival time, so it is difficult to
continuously obtain the data after the working face mining
exceeds the measurement point. In this study, the sensor has
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the advantages of strong anti-interference, high surviv-
ability, more data points, and large amount of data. It can
completely capture the multifield data information of rock
mass damage change in each stage of mining.

In this study, multiphysical field monitoring technology
is applied to monitor the stability of roadway surrounding
rock. In addition, this set of multifield monitoring system
can also be applied to the monitoring of roof and floor rock
deformation failure, protection of coal pillar stability, and
other related monitoring.

6. Conclusions

(1) )e extent of damage to the working face was
concentrated mainly in the upper mudstone layer of
the top anchor of the floor gas drainage roadway, and
the depth of damage was approximately 20.7m. )e
overall stability of the surrounding rock mass
structure of the floor gas drainage roadway was good.

(2) )e influence of mining pressure on the bottom plate
had the characteristics of “advance” and “lag” con-
tinuation over long distances. Of these, the range of
effect of the leading support stress of the 11123
working face was 107.48m and that of the lagging
stress was 34.42m.

(3) Under the influence of dynamic pressure, the evo-
lution of floor cracks showed spatiotemporal char-
acteristics. In the wake of coal mining, there is a
process of secondary failure and deepening of the
floor rockmass in the goaf. After a period of time, the
downward stress of the overlying collapsed rock
mass can be fully transmitted to the floor, making the
cracks in the shallow rock mass of the floor squeeze
or close until the floor is finally stable, and this
process lasts approximately for eight days.

(4) By installing a fiber optic cable and an electric cable
monitoring system in the monitoring hole, the
process of damage to the bottom plate was com-
pletely captured. A comprehensive technical evalu-
ation system with multiple physical fields and
parameters was designed and implemented. )e
results of this study can provide guidance for de-
vising suitable procedures, for carrying out intelli-
gent green safety mining, and for warning about the
hazards of roadway damage.

)e limitations of this study and the future direction of
this work are as follows: (1) only one monitoring hole is
designed on-site, and the data obtained can only objectively
reflect the actual situation of the area. )erefore, in the later
research work, it is necessary to design multiple monitoring
boreholes in different directions in the surrounding rock of
roadway, so as to obtain comprehensive and multiangle
deformation and failure of surrounding rock; (2) in the
study, the monitoring method of multiple physical fields is
used to obtain a large number of reliable data, but it still
needs to be compared with some traditional verification
methods. In the later research, we need to further strengthen

the relevant verification and comparison work; and (3) at
present, the field monitoring work generally relies on the
underground data collection of researchers, and the degree
of intelligent collection is not high. In the future, the un-
derground sensor monitoring system needs to be connected
to the ground remote automatic monitoring and early
warning platform through 5G network technology to realize
unmanned, automatic, intelligent and integrated data ac-
quisition, processing and analysis, forecasting, and early
warning.
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