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During the extraction of coal seam, the evolution pattern of the rock is an important element for controlling the rock seam and
preventing water damage to mine. In order to obtain the deformation and damage of weakly cemented coal seam footings under
dynamic pressure, the stability of the footings was studied using a combination of various methods, including rock mechanics
testing, field testing, and numerical simulations. By sticking distributed optical fiber on the surface of rock samples, the degree
and location of rupture on the surface of rock samples could be obtained using the strain response correlation for optical fiber.
Two monitoring holes were arranged in the bottom plate of coal seam at 12307 working face of a mine in Ordos Basin, China.
Moreover, a distributed optical fiber sensor was implanted in the hole. The results show that the failure depth was 16.5m. On
the other hand, the numerical simulation results show that the failure depth of the bottom plate was 16.0m, which agreed well
with the measured value. The distribution characteristics of the maximum principal stress of the bottom slab during the
advancement of working face were obtained using three-dimensional (3D) numerical model. Based on the distributed optical
fiber strain tests in the two boreholes in the same vertical profile and combined with the natural proximal interpolation
method, the interhole strain increment distribution profile was obtained. The research results provide a reference for the safe
mining of coal resources and the prevention and control of water damage in the mine floor.

1. Introduction

The stress concentration caused by coal seam mining can
lead to the redistribution of regional rock stress, which in
turn leads to changes in the stress state of the coal seam floor
rock, deformation, damage, and movement [1]. In the hun-
dreds of meters deep quarry space, the rock material has
the characteristics of nonhomogeneity, irregularity, and
anisotropy. Coupled with the complex geological conditions
and hydrogeological conditions, the deformation and break-
age of surrounding rock under dynamic pressure may result
in the development of hydraulic fissures and the destabiliza-
tion of the bottom water barrier to induce sudden water,
which poses a great threat to safe and efficient mining of coal
mines [2]. The distribution of stress-strain field and the

deformation characteristics of the bottom slab rock are one
of the primary conditions for studying the depth and extent
of damage of the bottom slab. Therefore, monitoring the
variations in the geophysical field of coal seam bottom slab
and mastering the damage characteristics of bottom slab
during coal mining are important elements of mine contain-
ment and water damage prevention [3].

At present, many scholars have conducted a lot of
research on the evolution of mining damage in coal seam
floor. Theoretical studies by Meng et al. [4] obtained the
mechanical analytical correlation of any point of the bottom
plate by establishing the mechanical model of the bottom
plate. Wang et al. [5] considered the stress characteristics
of the strike and tendency of the working face and estab-
lished a spatial semi-infinite body model. They also deduced
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the iterative correlation for calculating the vertical stress of
the bottom plate. Lu et al. [6] established the mechanical
model under the joint action of mining and confined aquifer
and obtained the distribution of vertical stress, horizontal
stress, and shear stress along the strike of stope floor. Con-
sidering the influence of mining pressure and nonuniform
hydraulic pressure, Liang et al. [7] proposed two-
dimensional hydromechanical calculation model and key
layer stability analysis model. By solving for the analytical
solution, the methods could help in studying the failure
depth and failure characteristics of coal seam mining floor.
However, the stope environment is complex, under which,
it is difficult to comprehensively consider all the factors.
The analytical solution is helpful in studying the damage
depth and damage characteristics of the coal seam mining
floor. However, the complex environment of the mining site
makes it difficult to consider all variables in a comprehensive
fashion. Liu et al. [8] conducted numerical simulations on
the failure characteristics of the floor of 3306 working face
to determine the sensitivity of each major factor that con-
tributes to the failure depth of the floor. Kmab et al. [9] used
RFPA (rock failure process analysis) that considers the het-
erogeneity of the coal rock to simulate the progressive failure
process of coal seam floor during mining. Zhang et al. [10]
implanted distributed optical fiber sensors in the material
model to detect the characteristics of the strain response
during mining. Du et al. [11] implanted distributed optical
fiber and FBG in the roof of the model and analyzed the
deformation and failure of overburden according to the
parameter response characteristics. Based upon customized
confined water simulation equipment, Jiang et al. [12] con-
ducted similar simulation tests on the fracture and instability
characteristics of the roof and floor of the mining face above
the aquifer and obtained the variation patterns of the stress
of the roof and floor during the mining process. Compared
with the field test, the similar model has the features of easy
operation, short time consumption, and outstanding effect.
Most of the existing similar models are mainly the two-
dimensional models, whereas only a handful of three-
dimensional models are developed due to the limitations of
test equipment and sites. Field tests of the deformation dam-
age of the quarry rock include seismic wave lamination
method [13], microseismic monitoring method [14], high-
density electrical method [15], and borehole television [16].
Field testing is the most direct testing method to capture
the deformation of a rock and the damage under complex
geological environment and variables.

In recent years, fiber optic sensing technology has found
its way into geological hazard monitoring due to its high
accuracy, insulation, and anti-interference features. The
technology has been used to monitor the development of
the fracture of surrounding rock and accurately reflect its
deformation characteristics according to the correspondence
between the fiber optic strain and the rock collapse move-
ment [17, 18]. The related research only applies the distrib-
uted optical fiber sensing technology to the stope rock
stratum test, which cannot be used to comprehensively study
the response characteristics of strain to rock stratum defor-
mation and fracture process. Based on distributed fiber, the

rock mechanic test is used to compare the deformation
and failure stages of rock samples with the fiber strain data.
The results provide basis for the analysis and interpretation
of field test data. Meanwhile, two one-dimensional borehole
datasets in the same plane are combined, and the natural
adjacent point interpolation method is used to obtain the
two-dimensional strain profile between the layers, which
provides a new method for optical fiber data processing.
This paper takes the coal seam mining floor in 12307 work-
ing face of a coal mine in Ordos Basin (Figure 1) as the
research object. Two floor drilling holes are arranged, and
distributed optical fiber sensors are implanted in the holes.
The disturbance characteristics of coal seam floor rock mass
at different depths during the mining process are monitored
by drilling distributed optical fiber sensors. Based on distrib-
uted optical fiber rock mechanics test, the measured data are
analyzed to obtain the mining failure depth of the floor.
Meanwhile, the finite difference software, FLAC3D [8], is
used to build a three-dimensional (3D) numerical model,
whereas further analysis is carried out according to the
regional distribution of plastic zone of coal floor.

2. Experiments

The rock uniaxial loading test was performed using the MTS
816 instrument [19]. Figure 2(a) shows the schematic of the
testing system and includes loading device, optical fiber, dis-
tributed fiber demodulator, jumper, and lighting device. The
rock sample was made up of sandstone and obtained from
the field monitoring hole with the dimensions of 50mm ×
100mm (diameter × height) (Figure 2(b)). The loading rate
was 0.005mm/s for strain dynamic testing of uniaxially
loaded rock samples. Under indoor conditions, the variation
in room temperature was very small, and the effect of tem-
perature on the distributed fiber was negligible.

Figure 3(a) shows the axial strain record of MTS 816.
During the first 214 s of loading, the rock sample underwent
original pore compression and linear elasticity. When it was
loaded to 214 s and the axial pressure became 141.9 kN, local
cracks appeared on the surface of the rock sample. The first
inflection point appeared in the time axial force curve. Dur-
ing the continuous pressurization of MTS 816, the local frac-
tures were closed. Meanwhile, the rock sample continued to
bear, and the bearing pressure continued to increase. When
the pressure increased to 279 s and the axial pressure became
134.4 kN, the local cracks of the rock sample were pene-
trated. The fracture was formed, and the bearing capacity
disappeared. The second inflection point appeared in the
time axial force curve. The results presented in Table 1 show
the whole process. Figure 3(b) shows the cloud diagram of
distributed optical fiber test results. It can be seen that,
before the formation of local fractures, the microstrain
increment of rock sample became positive, and the optical
fiber accumulated large tensile strain. After the local cracks
were generated, the energy at the fracture position was
released, and the strain value decreased. Based upon the pre-
vious high increment in strain, it suddenly dropped and
even appeared to have negative value. After continuous pres-
surization, the fracture was closed, and the rock continued to
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Figure 2: Schematic of the testing system (a) and rock sample and fiber winding method (b).
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bear until it was completely destroyed. At this time, the
energy accumulated by the rock sample was completely
released. Combined with the optical fiber strain increment
nephogram, the strain increment had a second obvious
change, indicating the characteristics of rock fracture.

The strain burst observed by distributed optical fiber
corresponded clearly to the spatial spread of cracks on the
specimen surface, which could reasonably circle the location
of the area where rock damage occurred and sensitively cap-
ture the information of rock rupture precursors.

3. Numerical Simulation

3.1. Engineering Geology Overview. Figure 4 shows the
spread of the mining area. Mining is mainly conducted in
3-1 coal seam, which belongs to the upper 3 coal group of
the Jurassic Middle and Lower Eolian section. The geological
conditions of the coal seam in this working face are relatively
simple. The thickness of the coal seam in the working face

varies greatly, and the average thickness of the coal seam
mined in the retrieval range is about 2.2m. It is a near-
horizontal coal seam, and the dip angle of the stratum is
0~ 2°. The coal seam is black, with black-brown stripes and
dull luster, dominated by dark coal and silk charcoal, and
contains a small amount of bright coal with exogenous fis-
sure development. The direct bottom of its bottom plate is
sandy mudstone with more developed fissures, and the old
bottom is siltstone. The substrate as a whole consists of
weakly cemented rock layer. No large fractures and folding
structures are found in the area. However, vertical microfis-
sures are developed, which make the back mining face prone
to sudden water threat.

3.2. Numerical Model. According to the stratigraphic divi-
sion of the study area and the comprehensive bar chart of
the borehole (Figure 4), the mechanical parameters of the
bottom slab rock were obtained using indoor rock mechan-
ics tests (Table 2). The numerical calculation model was
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Figure 3: Pressure time-axial stress curve of MTS 816 (a) and strain evolution nephogram of axially pressurized distributed optical fibers
(b).

Table 1: Loading process of the rock samples.

Loading time (s) Axial pressure (kN) Degree of rock sample damage

0~ 214 141.9 Initial pore compression and linear elasticity stages

214~279 98.8~ 134.4 Local fissures

>279 <134.4 Completely destroyed
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established, as shown in (Figure 5). Surrounding pressure
was applied to the model, and all calculations were com-
pleted using the generalized Mohr-Coulomb damage crite-
rion [20]. Mohr-Coulomb theory is more in line with the
fracture mechanism of mine surrounding rock and can accu-
rately reflect the mining failure depth of coal seam floor.

As shown in Figure 5, the model was 300m long in the x
-direction, 360m wide in the y-direction, 80m high in the z
-direction, and 2.2m thick in coal seam. The 3D model was
divided into 206719 units and 194400 nodes. The mechani-
cal boundary conditions of the model are as follows: the fully
constrained boundary conditions are adopted at the bottom.
The free boundary is adopted at the top of the model, and
the surface force is applied to replace the rock stratum that
cannot be simulated by the model. Free boundary condition
is adopted for coal seam roof. The front, rear, left, and right
boundaries of the model are fixed in X and Y directions.

3.3. Simulation Results and Analysis. By simulating the pro-
cess of advancing the working face along the strike, the cloud
diagram of the maximum principal stress distribution and
the variation trend of the range of plastic zone affected by
disturbance at different depths of the coal seam floor are
studied. The variation patterns of deformation and damage
to the bottom slab during mining are summarized. The sim-
ulation process and the corresponding results are shown in
Figure 6.

As can be seen from Figure 6, with the advance of the
working face, the maximum principal stress of the floor
strata of coal seam was affected by abutment pressure, and
the value of the maximum principal stress changed accord-
ingly. The 0~ 10m in front of the work was significantly

affected by the advance bearing pressure, and the surround-
ing rock appeared to undergo stress concentration, which is
similar to the conclusion on the stress distribution in the
front of the work obtained by Liang [21]. During the mining
process, the maximum principal stress in the stress concen-
tration area reached -22.1MPa. The area below the goaf was
a pressure relief area, and with the advancing of the working
face, the pressure relief area gradually increased, and the
rock stratum produced large deformation after unloading.
There was a large range of tensile stress area in the floor of
goaf, and the integrity of the rock stratum in the floor of goaf
was damaged, which resulted in a continuous increase in the
tensile stress area. The floor rock stratum in goaf changed
from initial shear failure to tensile bending failure. With fur-
ther intensification of stress concentration, the tension bend-
ing failure occurred in the floor strata of goaf. The
distribution of maximum principal stress reflected the fail-
ure pattern of floor rock stratum to a certain extent [22].

Figure 7 shows the distribution of bottom plate’s failure
plastic areas with different excavation distances. It can be
seen that, under the action of advance support pressure,
the floor rock stratum mainly underwent compression shear
plastic failure, and tension failure occurred in the front of
the work. With the mining of the working face, the rock
mass of the floor of the goaf underwent tensile failure under
the action of unloading, forming a certain range of active
plastic area. The mining fissures increased with the continu-
ous advancement of the working face, and the failure range
of the rock mass increased. There were positive and negative
shear stress variation zones in the rock mass under the floor
near the elastic-plastic junction at both the ends of the work-
ing face. The existence of the shear stress variation zones
could promote crack propagation and form compression
shear or tension shear failure. This is similar to the conclu-
sion of floor damage obtained by Li [23]. The collapse of
the upper strata of the coal seam and recompaction of the
goaf weakened the unloading effect of the floor rock mass,
so that the development of the floor fault zone slowed down
until it completely stopped. At the end of the excavation, the
results of plastic zone show that the maximum failure depth
of the bottom plate was 16.0m, while its failure boundary
was shear failure mode.

4. Technology Principle

4.1. BOTDR Principles. Fiber optic sensing technology is a
direct, continuous, real-time monitoring of the physical
parameters at the location of the fiber and makes use of geo-
metrically one-dimensional characteristics of the fiber and
the Brillouin scattered optical power frequency shift with
the measured temperature or strain parameters as a function
of the fiber position length. The effect of strain and temper-
ature on the Brillouin frequency shift can be expressed using
Equation (1) [24].

VB ε, Tð Þ = VB 0ð Þ + dVB εð Þ
dε

ε + dVB Tð Þ
dT

T , ð1Þ

where VBðε, TÞ represents the Brillouin frequency shift value
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under temperature and pressure, VBðεÞ/dε represents the
Brillouin frequency shift-strain coefficient, dVBðTÞ/dT rep-
resents the Brillouin frequency shift-strain coefficient, T is
the temperature (°C), and ε is the fiber axial micro strain
(με). When the change in test temperature was less than
5°C, the Brillouin frequency shift due to the temperature
change could be ignored; however, the Brillouin frequency
shift of the fiber axial strain was considered. By measuring
the Brillouin frequency shift of the stretched fiber
(Figure 8), the strain of the fiber can be obtained by the lin-
ear relationship between the amount of change in the fre-
quency shift and the strain of the fiber. Moreover, L
represents the distance from the location where scattering
occurred to the incident end of the pulsed light. The value
of L can be calculated by Equation (2) using optical time
domain analysis.

L = ct
2n , ð2Þ

where c denotes the speed of light in vacuum, n is the refrac-
tive index of the fiber, and t is the time interval between the
emitted pulsed light and the received scattered light.

4.2. Fiber Optic Strain Test Base Rock Deformation Principle.
The distributed monitoring of mining bottom deformation
is to implant fiber optic cables in the coal seam and bottom
rock. When any deformation occurs in the coal seam, the

sensing optical fiber responds to the strain parameters of
the bottom rock seam under different mining conditions at
the working face. Based upon the results obtained using
Equations (1) and (2), the strain value of each point along
the sensing optical fiber is obtained. Furthermore, the
stress-strain distribution information in the coal seam floor
is continuously monitored to realize the dynamic monitor-
ing of the deformation and damage of the floor rock with
the progress in the mining process. Additionally, the
stress-strain distribution helps in obtaining the state of the
development of fracture of the floor or the failure depth of
the rock, which provides a basis for mastering the evolution-
ary pattern of the actual working face floor damage. The out-
standing advantage of this monitoring method is that it
makes up for the shortage of point monitoring and can
obtain continuous distribution information of the measure-
ment in space and time, thus realizing the purposes of
real-time, long-distance, and distributed monitoring.

5. Field Testing

5.1. Test Program. The optical fiber testing system was con-
structed with the help of rock borehole at the bottom of the
coal seam. As shown in (Figure 9), the measurement bore-
holes were arranged at the working face’s backwind chute
towards the bottom of the roadway. The optical fiber sensors
were arranged through the boreholes and drill boreholes
downhole. The monitoring hole 1# was at an angle of 13.0°

Table 2: Mechanical parameters of rock mass in the model.

Lithology
Modulus of elasticity

E (GPa)
Modulus of shear G

(GPa)
Cohesion C

(MPa)
Angle of internal
friction ψ (°)

Tensile strength Rm
(MPa)

Density Y
(kg/m3)

Coal 7.6 0.6 2.7 31.4 0.35 1460

Siltstone 15.6 2.5 3.1 35.2 1.45 2650

Fine
sandstone

15.2 1.52 3.2 36.0 1.65 2675

Medium
sandstone

13.7 4.3 3.0 35.4 1.6 2697

Coarse
sandstone

12.7 5.8 2.8 34.9 1.55 2705

Sandy
mudstone

10.2 2.56 2.9 37.5 1.3 2659
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Figure 5: Three-dimensional numerical model.
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to the working face, with a depth of 78.0m and a vertical
depth of 17.5m. The monitoring hole 2# was at an angle of
30.0° to the working face and had the depth and vertical
depth of 68.0m and 34.0m, respectively. The stress charac-
teristics of the coal seam before and after the mining process
were studied, and the data were processed, imaged, and
interpreted.

5.2. Analysis of the Results. The on-site data was collated
and counted. The collected data from the distance of
97.6m from the monitoring hole at the retreating footage

of the back mining face was taken as the initial value. Fur-
thermore, the variations in the increment in the strain of
the optical fiber in holes 1# and 2# were plotted, as shown
in Figure 10.

Drill hole 1# was relatively shallow and had a large
horizontal length. It was affected by mining before drill
hole 2#. There was an overriding effect of dynamic pres-
sure on the rock formation, and the nonlinear response
characteristics of rock deformation in the bottom slab
were generally inversely related to the depth of the floor
[25]. At the distance of 80m from the orifice, a slight
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strain change in the rock layer began to appear. At the
distance of 50m from the hole, the variation in the strain
of the rock layer intensified and the local compressive
stress of the rock layer increased significantly. Meanwhile,
the rock layer started to produce microfractures. When the

recovery face was located above the drill hole, the coal
mining face showed an increase in the compressive strain,
and the rock beneath the mining void showed an increase
in the compressive strain. As shown in Figure 10(b), the
optical fiber data fluctuated significantly at the hole depth
of 33m, which was analyzed as a rock breaking feature.
During the whole process of recovery, when the recovery
workface was 33.4m away from the hole and was located
at the vertical depth of -8.4m in monitoring hole 1#, the
maximum value of the pressure-strain increment of mon-
itoring hole 1# was -1098με. The tensile strain increased
with the maximum value of 893με, which is when the
retrieval face was directly above the hole and was located
at the vertical depth of -7.2m in the 1# monitoring hole.
Themaximum value of the increase in pressure-strain inmon-
itoring hole 2# was -2055με. At this time, the retrieval face was
48.0m away from the hole opening and was located at the ver-
tical depth of -16.5m in monitoring hole 2#. The maximum
value of the increase in the tensile strain was 669με. Mean-
while, the retrieval face was directly above the hole opening
and located at the vertical depth of -15.2m in monitoring hole
2#. Table 3 lists the maximum values of the distribution of the
fiber strain.
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Figure 7: Distribution of plastic zone along the strike in the middle floor of the working face.
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In order to further analyze the relationship between
stress and deformation damage of the bottom slab rock,
the relationship between the advancing distance of the work-
ing face and the maximum change in strain under different
measurement points is shown in Figure 11.

Figure 11 shows the vertical depths of the monitoring
points 1~ 5 in borehole 1#, which are at the distances of
10.7m, 13.7m, 16.2m, 17.1m, and 17.4m, respectively.
The monitoring point 1 was located in the middle of the fine
sandstone, whereas the support pressure reached its maxi-
mum value when the working face was close to the hole
opening (at the distance of 33.4m). After that, the pressure
strain value decreased due to the unloading of the mining
area. The monitoring point 2 was further away from the hole

than the monitoring point 1, and the peak bearing pressure
was reached at 63.9m near the hole, after which the tensile
strain increased under the unloading effect of the mining
area. The monitoring points 3~ 5 were less affected by the
process of mining because of their relatively large burial
depth, and the reason that their strain changes were rela-
tively small. This indicates that the rock formation where
monitoring points 3~ 5 were located was relatively stable.
Figure 12 takes the vertical depths of monitoring points
6~ 10 in hole 2# as 10.5m, 16.5m, 18m, 22.5m, and
31.5m, respectively. Except for monitoring points 7 and
10, the peak bearing pressure of monitoring points 6, 8,
and 9 were 12.6m, 23.0m, and 48.0m in front of the hole,
respectively, which is consistent with the results reported
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Figure 10: Optical fiber strain increment curve of hole 1# (a) and optical fiber strain increment curve of hole 2# (b).

Table 3: Distributed fiber strain maximum distribution.

Borehole
Extreme value of strain increment

(με)
Floor vertical depth

(m)
Layer

Distance between working face and orifice
(m)

1#
-1098 -8.4

Fine
sandstone

33.4

893 με -7.2
Fine

sandstone
0

2#
-2055 με -16.5 Siltstone 48.0

669 με -15.2 Siltstone 0
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in some previous works [26, 27]. Under the effect of
dynamic pressure, with the movement of “shell stress,” the
peak value of bearing pressure in front of the working face
moved forward. This resulted in the peak value of the com-
pressive stress in the borehole near the working face in the
monitoring hole and the peak value of stress in the bore-
hole far away from the monitoring point of the working
face. The monitoring point 10 was located in the upper
part of the fine sandstone formation with a vertical depth
of 31.5m, which remained almost unaffected by mining
due to the deeper formation. The increase in peak strain
at monitoring point 7 increased steeply from -641με to

-2055με at 56.0m before the hole opening, and the strain
recovery under the subsequent unloading of the mining
area was also very small, which is in line with the typical
characteristics of rock damage that states that the strain
changes drastically and in the shape of a “cliff.” The strain
cannot be recovered after unloading. It can be adjudged
that the rocks in this formation had broken and lost their
bearing capacity [28, 29].

Based upon a comprehensive analysis, the maximum
failure depth of the bottom slab of working face 12307 was
16.5m. The distributed optical fiber was sensitive to the
change of disturbance displacement, had the accuracy of
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Figure 11: Strain cloud map of hole 1# (a) and strain curve of measuring point in hole 1# (b).
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capturing strain data in the borehole, could restore the actual
variation pattern of the increase in strain in the monitoring
area, and had the capability of realizing the strain change sit-
uation of the rock formation in space.

The maximum depth of floor failure is 16.0m in numer-
ical simulation and 16.5m in field monitoring, which are
similar. According to the research results, key attention
should be paid within 16.5m of the coal seam floor of the
working face. Strengthening the floor treatment within this
depth range, increasing the number of monitoring bore-
holes, and reasonable grouting are effective means to main-
tain the safety of the floor.

6. Discussion

Natural neighbor interpolation (NNI) is one of the most
common and effective methods in function approximation
theory [30]. NNI is based on computational geometry that
is used as the theoretical basis and fully reflects the geomet-
ric properties of Voronoi cells and Delaunay triangles and
accurately expresses the discrete data [31] between local cor-
relation between the discrete data. Let there be M natural
neighbors of point x, which are p1, p2, ..., pM . The interpola-
tion correlation given by Equation (3) can be constructed.
The interpolation results of the point are calculated
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Figure 12: Strain cloud map of hole 2#(a) and strain curve of measuring point in hole 2# (b).
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Figure 13: Continued.
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according to the rate of contribution of each natural neigh-
bor to point x to be interpolated. It is widely used in 3D geo-
logical models containing complex geological phenomena
(such as folds, fluids, and force extrusion zones) constructed
using boreholes as data sources.

f xð Þ = 〠
M

i=1
wif pið Þ, ð3Þ

where f ðxÞ is the interpolation result at point x to be inter-
polated, f ðpiÞ is the value at the natural neighbor pi, and
wi represents the weight coefficient occupied by the natural
neighbor pi.

Figure 13 shows the strain data of monitoring holes 1#
and 2# into a map using the natural neighbor interpolation
method and reflects the distribution of inter-hole strain
increment profiles. Initially, the strain in the hole increased
slightly. When the mining workface was approaching, the
recovery surface was directly above the hole. The compres-
sive stress was concentrated in the bottom plate in front of
the workface, whereas the tensile strain increased in the bot-
tom plate below the extraction area. When the mining face
was 23.0m from the hole, the increment in the compressive
strain increased significantly, and the rock layer below the
working face received extrusion and was influenced by the
disturbance. With the emergence of the mining hollow area,
the support pressure moved forward. Meanwhile, the rock
body in the data characteristics showed the transformation
of tensile strain, while the compression and release of rock
body under the action of force will result in the development
of rock fissures, indicating that the formation of rock struc-
ture’s deformation and damage. Meanwhile, the upper part
of the coal seam collapsed and recompacted the mining hol-
low area. Furthermore, the unloading effect of the bottom
rock body weakened. Therefore, the development of the bot-
tom fracture zone slowed down until it stopped. The charac-

teristics of the two-dimensional joint drilling profile could be
a good analysis of the evolution of the bottom-slab rock
damage. In the later work, the exploration and application
of 3D compositions and new algorithms will be one of the
few future research directions.

7. Conclusions

(1) The distributed optical fiber test system was con-
structed on the rock sample surface based on MTS
816. The cumulative pressurization was 268 s under
the displacement control of 5 × 10−3 mm. The dis-
tributed strain response results of the whole process
of pressurization were obtained. The high-precision
strain test of distributed optical fiber sensitively cap-
tured the whole process starting from the generation
of local fracture to the penetration of the local frac-
ture of the rock. The obtained results provide refer-
ence for the analysis of field data

(2) By arranging two monitoring holes with different dip
angles at the bottom plate of 12307 to monitor the
evolution of the deformation field of the bottom
plate under the influence of dynamic pressure, the
failure depth of the bottom plate was 16.5m, which
was located near the partition interface of siltstone
and fine sandstone. The result was close to the
numerical simulation result of 16.0m, whereas both
the techniques adjudged that the failure depth of
the coal seam mining floor was 16.5m. This way,
the two verify each other

(3) The three-dimensional numerical model calculated
the distribution of the maximum principal stress of
the bottom plate and the distribution of the plastic
zone of the bottom plate under different excavation
distances. The maximum principal stress of the
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Figure 13: Working face is 86.7m away from the orifice (a). Working face is 48.0m away from the orifice (b). Working face is 23.0m away
from the orifice (c). Working face is 12.6m away from the orifice (d).
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bottom plate reflected the depth and range of the
bottom plate failure. The working face was subjected
to stress concentration, and the stress in the goaf was
unloaded within a certain range and transmitted to
the depth of the bottom plate

(4) Two-dimensional nephogram of strain increment
between the monitoring holes 1# and 2# was
obtained using natural neighbor interpolation
method. The algorithm has advantages in describing
the irregular strain change in the floor rock layer,
intuitively reflects the distribution characteristics of
floor deformation and failure, and provides a novel
idea for borehole optical fiber data analysis
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