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)e impact ground pressure in coal mining is closely related to the fault structure, and the fault activation pattern is different when
the working face advances along the upper and lower plates of the fault, respectively. In this paper, the F16 positive fault in the
southern part of Yima coalfield is used as a prototype to carry out the physical similar model test simulating the process of the
working face advancing from the upper and lower plates of the fault, and PPP-BOTDA optical fiber sensing technique is used to
study the overburden deformation law and fault activation law when the working face is located in the upper and lower plates of
the fault, respectively. )e study shows that the key stratum breakage is closely related to the fault movement, and the shear stress
concentration range occurs within the key stratum. )e additional shear stress concentration at the fault surface caused by the
working face advancing in the lower plate is much larger than that at the upper plate, which is the reason for the serious fault
destabilization phenomenon at the lower plate. )e upper rock layer on the fault face is affected by the mining action of the
working face before the lower one, and the working face is affected by the fault in a larger range when advances in the lower plate
than that in the upper plate, and the risk of fault activation instability occurs earlier when the working face advances in the lower
plate than that in the upper plate. )e distributed optical fiber sensing technology is used to verify the basic conclusions that the
impact of the working face advancing from the lower plate is much greater than that from the upper plate, which is more likely to
cause fault activation. )e preferential placement of the working face in the upper plate in the fault area will be beneficial to mine
pressure control. )e results of the study provide an experimental basis for the application of distributed optical fiber sensing
technology to the study of fault activation law.

1. Introduction

Impact ground pressure caused by coal and rock mass faults
is a phenomenon of the violent release of energy due to
sudden relative misalignment of the upper and lower plates
of fault caused by coal mining activities, which is charac-
terized by high release energy and high seismic level and has
become one of the major geological hazards of mining in the
world, affecting the safe and efficient mining of underground
mineral resources [1, 2]. Fault activation is an important
cause of impact ground pressure induced by structural in-
stability of coal rock in the fault area and associated disasters
such as mine water breakout, roof accident, and coal and gas

protrusion [3, 4]. )erefore, it is of great theoretical sig-
nificance to study the mechanism of fault misalignment-type
impact ground pressure occurrence and fault activation
characteristics.

Many scholars have conducted a lot of research on the
mechanism of mining-induced fault activation instability
[5, 6]. Ji et al. [7] studied the variation characteristics of
stress near the fault by numerical simulation for the working
face under the fault parallel and perpendicular to the fault.
Zhang et al. [8] conducted the experiment of thrust fault
slipping under unloading. )e differential stress variation
was studied and the evolution of displacement and strain
field along the fault. Jiang et al. [9] constructed the Coulomb
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shear model and analyzed the degree of fault activation
hazard under the conditions of different coal mining
methods.Wang et al. [10] analyzed the stress environment in
the tectonic zone from the perspective of tectonic formation
mechanism and concluded that the superposition of fault
tectonic stress and mining stress that would induce impact
ground pressure disaster; Alber et al. [11] analyzed the re-
lationship between excavation location and fault tangential
displacement increment by using two-dimensional finite
element means. Wang et al. [12] studied the evolution of the
contact stress state of the two disks of the fault under dif-
ferent advancement methods by numerical simulation. Li
et al. [13] studied the influence of slip instability on impact
ground pressure at the fault surface by using similar sim-
ulation tests and numerical simulation. )e current research
on the fault stress-strain distribution law is based on nu-
merical simulation, and the selection of boundary conditions
and intrinsic model affects the accuracy of numerical
simulation.

Physical model experiments can visually reflect the
interaction process between the surrounding rock and the
engineering body, and distributed fiber optic sensing
technology can respond to the changes of external strain,
stress, and other parameters in a timely manner. )e fiber
itself has the advantages of good durability, high sensi-
tivity, and internal stress-strain measurement, which is
widely used in various fields. Chai et al. [14, 15] applied
BOTDA distributed fiber optic sensing technology to
three-dimensional model test monitoring, proposed the
concept of distributed fiber optic frequency shift average
change degree, and concluded that the fiber optic fre-
quency shift average change degree can reflect the over-
lying rock layer deformation, incoming pressure, and its
changes. Piao et al. used Brillouin optical time-domain
analysis (BOTDA) optical fiber distributed sensing tech-
nology. )is paper studied the strain distribution rule and
movement characteristics of strata under reamer-pillar
mining [16]. Moffat et al. [17] used a distributed fiber optic
sensing monitoring system based on BOTDR to dis-
placement monitoring of the top of the tunnel and the two
gangs to achieve rock deformation assessment during
mining activities. Buchoud et al. [18] carried out DOFS-
based surface settlement displacement monitoring using
artificial collapse pits to simulate surface collapse pits and
achieved submillimeter level surface vertical displacement
measurements. )e application of distributed fiber optic
sensing technology enables real-time, wide-area, fully
distributed monitoring.

In this paper, the coevolutionary characteristics of the
overlying rock movement and fault movement in the
quarry under different advancement methods under pos-
itive fault conditions and the interaction mechanism be-
tween the two are studied through similar material
modeling experiments with fiber optic sensing monitoring
technology as the main monitoring means to analyze the
fault activation characteristics caused by different ad-
vancement methods and explore the feasibility of fiber
optic sensing technology in similar simulation tests of fault
activation.

2. Fault Activation Test Principle

2.1. Principle of PPP-BOTDA. )e propagation of light in an
optical fiber produces three scattering signals: Rayleigh
scattering, Raman scattering, and Brillouin scattering.
Brillouin scattered light is caused by nonlinear interactions
between incident light and phonons that are thermally
excited within the light propagation medium. )is scattered
light shifts in frequency by a Brillouin shift and propagates in
the opposite direction relative to the incident light [19–21].
Figure 1 shows the monitoring principle of BOTDA.

Compared to BOTDA, PPP-BOTDA (i.e., Pulse-Pre-
pump-Brillouin Optical Time Domain Analyzer) [22],
higher spatial resolution can be obtained. )is is done by
loading an appropriate pulse-prepumped light to preexcite
phonons before introducing the pulsed light (pumped light.)
)e PPP-BOTDA has a smaller half-value full width and
higher frequency resolution of the Brillouin gain spectrum,
achieving a spatial resolution of 10mm and 0.0025% strain
test accuracy.

It has been found that there is a relationship between
Brillouin frequency shift (BFS) vB and temperature T or
strain ε; the relationship can be expressed as follows [23]:

VB2 � VB1 + CT T − T0(  + CεΔε, (1)

where vB2 is Brillouin scattered frequency shift with strain at
a certain temperature T, vB1 is Brillouin scattered frequency
shift without strain at temperature T0, CT is the sensitivity
coefficient of the fiber to temperature, Cε is the sensitivity
coefficient of the fiber to strain, and T0 is the initial tem-
perature. It is worth noting that the temperature-induced
Brillouin frequency shift is much smaller than that caused by
strain (0.002%/°C). )erefore, when measuring the Brillouin
frequency shift caused by strain, if the temperature changes
within 5°C, the temperature can be ignored.

2.2. Fault Destabilization Mechanism under the Influence of
Mining. Before the coal seam is mined, the rock bodies
above and below the fault are in equilibrium; after mining,
the additional shear stress is generated at the fault face under
the superposition of ground stress and mining disturbance
stress [24]. When the working face is far away from the fault,
the fault is weakly affected by the mining and the additional
shear stress is small. At this time, the stress values of the rock
bodies above and below the fault are within the peak strength
and in a stable state. As the working face gradually ap-
proaches the fault, the overlying rock fracture development
leads to the reduction of bearing capacity. )e load is
transferred to the surrounding rock, and the additional shear
stress of the rock near the fault surface increases. When the
working face is mined to a certain position, the total stress is
greater than the peak strength, the fault becomes unstable,
and the fault will be destabilized and activated.

Taking the positive fault as the object of study, the
working face is located in the upper plate advancing toward
the fault, and the equilibrium structural mechanical model
of the top plate in the fault-affected area is shown in
Figure 2(a). When the working face advances toward the
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fault, the overlying rock layer collapses toward the mining
area. )e uncollapsed part of the hard rock layer forms the
masonry beam structure, and the mutually cemented rock
blocks in the masonry beam structure can not only transfer
the vertical force, thus playing a supporting role for the
overlying rock layer, but also can transfer the horizontal
force, which has an impact on the fault [25]. Under the
influence of mining overburden load, the lower rock “block
B” is subjected to the combined horizontal force Fh and
vertical force Fv. A tiny unit at the fault face is taken to
establish a fault plane mechanical model, as shown in
Figure 2(b). )e fault activation is determined by the re-
lationship between the positive and shear stresses at the fault
face, and the positive stress τn and shear stress σn are
functions of the maximum principal stress, the minimum
principal stress, and the fault dip angle, which can be
expressed as follows:

τn �
1
2

σv − σh( sin(2θ),

σn �
1
2

σv + σh(  +
1
2

σv − σh( cos(2θ),

(2)

where θ is the fault dip angle, σv is the maximum principal
stress of the fault, and σh is the minimum principal stress of
the fault.

According to the Moore Coulomb yield criterion, the
Mohr circle 1 is far from the fault sliding envelope when it
implies that no-fault sliding will occur [26], as shown in
Figure 2(c). As the coal seam is mined, the overburden load
above the mining area is transferred to the fault, which
makes the fault positive stress increment |Δσn| continuously
larger [27], prompting theMohr circle to move, and the fault
reaches the limit equilibrium state when Mohr circle 2 is
tangent to the fault sliding envelope. Activation and sliding
of the fault occur when the fault shear and positive stresses
satisfy the following conditions:

Δτr � τr − τ|≤ |Δσn


tan φf, (3)

where Δτr is the fault shear stress increment, τr is the shear
stress corresponding to the increase in positive fault stress by
Δσn, and φf is the internal friction angle of the rock mass.

From the above analysis, fault activation is the shear
deformation of a fault under shear stress. )e fault surface
shear can be obtained indirectly by measuring the maximum
principal stress, minimum principal stress, or positive stress
at fault, or by directly measuring the shear to assess the
activation state of the fault. Due to the complexity of the fault
configuration, all the above parameters are difficult to test.
)erefore, the direct measurement of fault face shear strain
using a distributed fiber optic sensing method offers the
possibility to study the activation pattern of faults.

3. Similar Material Model Experiments

3.1. Similar Material Model Construction. )e experimental
prototype was selected to simulate the 21221 header
workings of the 2# coal seam of the Qianqiu coal mine in
Yima, Henan Province, and the F16 positive fault located in
the southern part of the Yima coalfield, which has an ex-
tended length of 24 km, an east-west orientation, a tendency
of 160∼170°, an inclination of 15∼35°, a drop of 50∼450m,
and a horizontal misalignment of 120∼1080m. )e break
and drop tend to increase gradually from east to west. )e
break and drop have a gradually increasing trend from east
to west. In this paper, two two-dimensional plane stress
models with the same lithological parameters and fault
structure are built for comparison experiments, and the
model dimensions are 150× 70× 20 cm
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(length× height×width). Model I simulates the working
face advancing from the lower plate of the fault to the fault;
model II simulates the working face advancing from the
upper plate of the fault to the fault. )e model geometric
similarity constant is 200, the capacity similarity constant is
1.67, and the stress similarity constant is 334. )e experi-
ment simulates the overlying rock thickness of 137m, the
coal seam thickness of 10m, the fault dip angle of 60°, and
the height drop of 8m between the upper and lower plates.

Similar material model experiments for the selection of
model similarity ratios are often determined by the study
object, the purpose of the experiment, and the size of the
experimental bench [28]. According to the above principles, the
geometric similarity constant Cl for this experimental model
was first determined to be 200. According to the similarity
criterion, the displacement similarity constant Cs is 200.

)e time similarity constant Ct is as follows:

Ct �
tp

tm

�
��
Cl


� 14.14. (4)

)e unit weight similarity condition CP is as follows:

Cp �
cp

cm

� 1.67, (5)

where cP is the 2# average unit weight of overlying strata of
the coal seam, taken as 2.5 g/cm3, and cM is the average bulk
density of similar material model, taking 1.5 g/cm3.

Stress similarity constant Cσ is as follows:

Cσ � ClCp � 167. (6)

According to the actual rock strength parameters shown
in Table 1, river sand is selected as the aggregate, and the
large white powder (CaCO3) as well as gypsum (CaSO4) as
the cementing material, and the dosage ratio of the above
three is reconciled based on the similarity criterion to
simulate different rock layers. Based on the cross-sectional
area of the model frame and the thickness of the rock (coal)
seam in the model, the volume of each similar material
required can be calculated, and then the weight of each rock
(coal) seam similar material can be calculated based on the
capacity and proportion of similar materials.

3.2. Experimental Test System and Experimental Procedure

3.2.1. Optical Fiber Test System. Two distributed fiber optic
sensors perpendicular to the rock layer and one inclined
distributed fiber optic sensor along the fault surface were

buried in models I and II to test the overburdened vertical
strain and fault tangential strain.)e sensing fibers in Model
I are numbered V11, V12, and F11, and the sensing fibers in
Model II are numbered V21, V22, and F21, where F11 and
F21 are arranged along the fault plane, and the distributed
sensing fiber system and the specific arrangement are shown
in Figure 3. )e specific locations of sensing fibers in the
fiber test system are shown in Figure 4, and the lengths of the
test systems are 18.553m and 25.523m. )e spatial location
of fiber sensing in the model was determined by the wa-
tershed heating method before the experiment.

In order to accurately obtain the deformation infor-
mation inside the rock formation, the parameters of the
NBX-6055 strain analyzer were set as 5 cm spatial resolution,
2×1016 averaging times, and 1 cm sampling interval. 2mm
diameter single-mode polyurethane tight-sleeve fiber was
selected for the experiments, with an elastic modulus of
300 kPa, a shear modulus of 3.3 kPa, and a density of 25 g/
cm3. )e strain calibration coefficient of the fiber is
0.0497MHz/με.

3.2.2. Displacement Test. )ree sets of percentage meter
measurement points A, B, and C were arranged at 10.06 cm,
27.32 cm, and 44.64 cm faults above the lower coal seam, and
each set of two percentage meters with a vertical fault surface
spacing of 10 cm was used to test the relative slip of the fault
surface, the percentage meters in model I were numbered
B-11∼16, the percentage meters in model II were numbered
B-21∼26.

3.2.3. Experimental Process. Both models I and II were
excavated after leaving a 10 cm boundary coal pillar with a
mining height of 5 cm. Model I advanced 3 cm at a time and
completed 26 mining cycles for a total advance of 78 cm.
Model II completed 30 mining cycles for a total advance of
90 cm.

4. Distributed Optical Fiber Strain
Monitoring Results

4.1. Fault Surface Strain Monitoring. With the advancement
of the working face, the strain changes obtained by the
distributed optical fibers laid on the fault face are shown in
Figure 5, the lower horizontal coordinate indicates the
length along the fault face, and the upper horizontal co-
ordinate indicates the height of the model overburden, the
strain values of the monitoring fibers on the fault face at

Table 1: Similar model lithology parameters.

Lithology Density
(kg/m3)

Compressive strength
(MPa)

Elastic
modulus (GPa) Poisson’s ratio Angle of internal

friction (°)
Matching number (quartz

sand : gypsum : lime)
Medium
sandstone 2440 53.21 30.02 0.40 35.0 8 : 4 : 6

Mudstone 2461 25.56 8.85 0.26 30.0 9 : 4 : 6
2# coal 1440 22.45 3.42 0.16 26.9 9 : 2 : 8
Siltstone 2707 35.19 23.85 0.19 29.5 8 : 2 : 8
Fine
sandstone 2873 45.03 17.66 0.14 29.2 8 : 3 : 7
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different advancement distances are distributed differently,
and the strain tends to increase gradually with the contin-
uous advancement of the working face, indicating that
additional shear stress is generated on the fault face under
the influence of mining.

4.2. Overburden Deformation Monitoring. )e strain vari-
ation curves of the overlying rock layer on the working
surface derived from the test results of model I fiber V12 and
model II fiber V22 are shown in Figure 6, with the vertical
coordinates indicating the model height. )e fiber is positive
for tension and negative for compression. )e model
temperature change in this experiment is within 5°C, and the
temperature-induced Brillouin frequency shift of the fiber
can be neglected, so the strain measured by the fiber optic
sensor is the strain generated by the rock mass.

In Figure 6(a), at the stage of 0–51 cm advance of the
working face, the fiber is negative; i.e., the overlying rock is in
the state of compressive strain; at the stage of 57∼69 cm
advance, the strain on the V12 monitoring fiber gradually
changes from the original compressive strain to the state of
tensile strain; at the stage of 69∼72 cm advance, the tensile

strain growth of the V12 monitoring fiber in the range of
31.80∼42.80 cm above the coal seam decays rapidly.
According to a large number of tests, this change in the optical
fiber reflects that the overburden rock is in the fallout zone at
14.80 cm and the upper part is in the mining fracture zone.

In Figure 6(b), the optical fiber is in negative value at the
stage of 0∼51 cm of working face advancement; i.e., the
overburden rock is in the state of compressive strain; at the
advancement of 57∼69 cm, the V22 monitoring optical fiber
still maintains a slow growth of compressive strain; at the
advancement of 69∼78 cm, the strain curve of the V22
monitoring optical fiber shows an inverse S-shape; i.e., the
rock seam at the lower position is in the state of compressive
strain, and the rock seam at the upper position is in the state
of tensile strain; at the advancement to 84 cm, the tensile
strain of V22 monitoring fiber is greater than 1500 με in the
range of 18.80∼42.80 cm above the coal seam; the corre-
sponding overburden range is in the bubble fall zone, and
the upper part is in the mining fracture zone. Although the
curves in Figures 6(a) and 6(b) have differences, their change
laws are basically the same, indicating that the overburden
rocks of models I and II move with the same law during the
mining process.
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5. Analysis on Deformation Law of Overburden

Figure 7 shows the cloud of strain evolution at the
interrupted level during mining at the working face of the
lower plate of the similar model I fault, and Figure 8
shows the cloud of strain evolution at the interrupted
level during mining at the working face of the upper plate

of the similar model II fault. )e vertical coordinate
indicates the similar model height, and the horizontal
coordinate indicates the distance of the working face
from the fiber; negative values indicate that the working
face has not been pushed through the fiber, and positive
values indicate that the working face has been pushed
through the fiber.
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As can be seen from Figure 7, the similar model I
working face is −50∼4 cm away from the fiber V12, at this
time, the working face is pushed 0∼54 cm, the coal wall in
front of the working face is affected by the oversupport
pressure, the fiber is in negative value that the overlying rock
is in the state of compressive strain; when the working face is
pushed through the fiber V12 7 cm, the key stratum 1 breaks,
and the overlying rock collapses to the mining area with the
key stratum; as shown in Figure 7(a), the fiber changes from
compressive strain to tensile strain. As the working face
moves away from the fiber, the overlying rock gradually
collapses upward, as shown in Figure 7(b), and the tensile
strain on fiber V12 gradually increases. When the working
face advanced 69∼75 cm, the rock in the mining area where

fiber V12 was located was gradually compacted, and the
growth of tensile strain in the range of 31.80∼42.80 cm above
the coal seam decayed rapidly and gradually changed to
compressive strain. According to a large number of test
studies [29], this change in the optical fiber reflects that the
corresponding overburden rock 14.80 cm range is in the
bubble fall zone at this time, and the upper part is the mining
fracture zone.

From Figure 8, it can be seen that similar model II
working face advances from 0 to 51 cm stage, fiber V22 is
negative; i.e., the overburden is in a state of compressive
strain. When the working face advances 57 cm, 33 cm away
from the fault, the key stratum 1 breaks, as shown in
Figure 8(a), and the fiber V22 compressive strain increases
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under the influence of overtopping support pressure. When
the working face was advanced 57–69 cm from the fiber, the
V22 monitoring fiber still maintained a slow growth of
compressive strain; when the working face was advanced to
78–81 cm, the working face passed the fiber, key stratum 2
broke, and the value of tensile strain in the middle of fiber
V22 reached the maximum. When advancing to 84 cm, the
tensile strain of V22 monitoring fiber in the range of
18.80∼42.80 cm above the coal seam was greater than
1500 με; the corresponding overburden range was in the
bubble fall zone, and the upper part was the mining fracture
zone. At 90 cm, the overburden collapsed to the upper end of
the model, and the upper part of the seam structure was
relatively intact, forming an obvious articulation structure,
and the fault did not show obvious instability, as shown in
Figure 8(b).

6. Analysis of Fault Deformation Evolution Law

6.1. Analysis of the Strain State of the Fault Face. )e strain
evolution cloud diagram of the fault surface during the
working surface advance is shown in Figure 9. In Figure 9(a),
when the working face of model I is 48 cm away from the
fault, the strain of the fiber gradually increases to −326.57 με,
indicating that the additional shear stress at the fault face
increases; when it is 33 cm away from the fault, key stratum 1
breaks, and the strain of the fiber increases to −1437.89 με in
the range of 9.14∼29.06 cm above the lower coal seam, this
position corresponds to the range of key stratum 1, indi-
cating that key stratum 1 of breaking has an effect on the
fault, making the shear stress at the fault face increase. When
21 cm from the fault, the key stratum 2 breaks, and the strain
of the optical fiber in the range of 16.07∼19.53 cm above the
coal seam increases significantly to −1984.13 με, this position
corresponds to the range of key stratum 1, which indicates
that the shear stress on the fault surface increases gradually
with the mining of the coal seam, and the breakage of key
stratum 2 has an impact on the fault. When the working face
is 25 cm from the fault, the overburden collapses to the
upper end of the model and the maximum strain in the
monitoring fiber decreases to −1053.42 με. )e decrease in
strain value at this time is due to the fact that the upper and
lower discs of the fault have produced weak cracks and the
stress has been released and the stress concentration has
been reduced, which makes the strain decrease significantly.
However, the overall increase in shear stress at the fault
surface is obvious, indicating the possibility of fault slip and
the fault entering the “unlocked” instability.

In Figure 9(b), the maximum strain of fiber optic in-
creases to −161.01 με when the working face of model II is
36 cm from the fault; the strain of fiber optic increases to
−574.04 με at the height of 8.99 cm above the upper coal
seam when the working face is 21 cm from the fault; the
strain of fiber optic reaches the extreme value of −710.29 με
when the working face is 12 cm from the fault and the key
stratum 2 breaks for the first time, which is located at the
height of 7.99 cm above the coal seam. At the height of
7.99 cm above, this position corresponds to the range of key
stratum 1, indicating that the breakage of key stratum 2 has

an effect on the fault. When the working face is 0 cm from
the fault, the fiber strain drops to −411.691 με, and the lo-
cation of the shear stress change at the fault face corresponds
to the range of the location of key stratum 1, and the overall
trend is gradually increasing, indicating that the fault face is
in a certain stress state. It indicates that there is an impact on
the fault during the advance of the working face, but it is less
affected by mining than in the advance of the lower plate of
Model I. )is is related to the formation of a stable artic-
ulated structure by the breakage of the overburden in
Figure 9(b).

As the distance between the working face and the fault
decreases, the change curve of the peak strain of the fiber
optic at different advancing distances and the overburden
height corresponding to the position of the peak strain are
shown in Figure 10. As the distance between the working
face and the fault decreases, the peak strain of the fiber optic
strain of both the lower plate advance and the upper plate
advance of the working face shows the law of first in-
creasing and then decreasing. When the distance between
the working face and the fault is 48 cm, the peak fiber optic
strain increases, indicating that additional shear stress is
generated at the fault surface, and the fault is affected by
mining to the fault surface 30.1 cm above the coal seam, so
the influence of the fault on the working face is at 48 cm in
front of the fault; the peak fiber optic strain reaches the
maximum at 21 cm from the fault, which is −1984.13 με.
)e peak fiber optic strain reaches its maximum at 21 cm
from the fault, which is −1984.13 με, indicating that the
shear stress concentration of the fault reaches the maxi-
mum here, and the fault is most likely to be activated, and
its location is 15.38 cm above the coal seam, where the risk
of fault activation and destabilization is higher; the over-
burden height where the maximum fiber optic strain is
located gradually decreases as the working face approaches
the fault, and the upper part of the fault face is affected by
mining before the lower part, which is consistent with the
measured results of the fault seismic characteristics during
the advance of the working face in the literature [25]. It is
consistent with the measured results of the fault seismic
characteristics during the advance of the working face.
When the working face was advanced, the influence of the
fault on the working face was 33 cm in front of the working
face, and the fault was affected by mining at 20.24 cm above
the coal seam; the peak strain reached the maximum at
12 cm from the fault at the working face, which was
−710.29 με, and the higher risk of fault activation desta-
bilization was located at 8.99 cm above the coal seam.

From the above analysis, it can be seen that the key
stratum breakage is closely related to the fault movement,
and the shear stress concentration range occurs within the
range of key stratum 1; meanwhile, when the lower plate
advances, the additional shear stress generated at the fault
surface is about 2.2 times that of the upper plate advance,
and the concentration degree is much greater than that of the
upper plate advance, which is the reason why the fault
destabilization phenomenon of model I is much more se-
rious than that of model II; therefore, the fault is more likely
to be activated when the lower plate of the working face
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advances. )e lower plate advancing working face is affected
by the fault before the upper plate advances, and its influence
range is about 1.5 times of the upper plate advancing. )e
height of themost easily activated position of the fault face in
the lower plate advance is 1.7 times that of the upper plate
advance; when the fault has a higher activation destabili-
zation hazard, the distance between the working face and the
fault in the lower plate advance is about 1.8 times that of the
upper plate advance, indicating that the activation desta-
bilization hazard occurs in the lower plate advance before
the upper plate advance.

6.2. Analysis of the Relative Slip of Fault Surfaces.
Figure 11 shows the variation curves of the relative dis-
placement of the fault at the three percentage meter

measurement points A, B, and C during the advance of the
working face from the upper and lower plates to the fault,
respectively. )e relative slip of the fault appeared when the
working face of the similar model I and similar model II was
51 cm and 36 cm from the fault, respectively; as the working
face advanced, the slip of the fault increased gradually in both
models, and the slip rate and amount of the fault increased
significantly when the working face advanced to 12–33 cm
and 0–18 cm from the fault, respectively, which was basically
consistent with the results of fiber optic strain monitoring on
the fault surface. )e maximum relative displacements of the
three measurement points A, B, and C of the similar model I
are 0.29, 4.33, and 5.20mm respectively, while the three
measurement points of similar model II are 0.24, 0.97, and
0.62mm respectively, and the difference between the corre-
sponding point displacements is 1.2–8.4 times.
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Figure 10: Variation of peak shear strain at the fault surface at different distances between the working surface and the fault. (a) Physical
model I. (b) Physical model II.

90 80 70 60 50 40 30 20
0

10

20

30

40

50

60

70

M
od

el
 h

ei
gh

t (
cm

)

Distance between face to fault (cm)

-1990

-1689

-1388

-1086

-785.0

-483.8

-182.5

118.8

420.0
Strain (με)

(a)

M
od

el
 h

ei
gh

t (
cm

)

90 80 70 60 50 40 30 20 10 0
0

10

20

30

40

50

60

70

Distance between face to fault (cm)

Strain (με)

-715.0

-595.6

-476.3

-356.9

-237.5

-118.1

1.250

120.6

240.0

(b)

Figure 9: Variation of fault plane strain distribution during coal mining. (a) Physical Model I. (b) Physical model II.
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)e relative displacement of the fault in the upper region
of the similar model I is larger, and the shear stress is re-
leased due to slip, which decreases the fiber strain value at
the corresponding fault location, explaining the decrease of
the peak fiber strain curve at the fault surface when it is close
to the fault; meanwhile, the relative displacement of the fault
in the lower region is small, indicating the concentration of
shear stress in the lower part, which increases the corre-
sponding fiber strain value, which corresponds to the fiber
test where the peak fiber strain location is shifted to the lower
part of the fault surface. )is corresponds to the fiber test
result that the peak position of fiber strain shifts to the lower
part of the fault surface. Comprehensive analysis of the
relative displacement between the faults and the fiber optic
stress at the fault surface, similar to model I in which the
picking motion makes the fault enter the activation state.

Comparative analysis shows that whether mining from
the upper plate of the fault or the lower plate, the closer the
working face to the fault, the greater the relative displace-
ment between the faults, indicating that the mining dis-
turbance affects the fault movement; the maximum relative
displacement of the fault when the working face advances to
the fault from the upper plate is much smaller than the
displacement when the working face advances to the fault
from the lower plate, indicating that the impact of the
working face advancing to the fault from the lower plate on
the fault structure is much greater than that when advancing
from the upper plate impact, which is more likely to cause
fault activation.

7. Conclusions

In this paper, similar model tests were carried out using the
F16 positive fault in the southern part of the Yima coalfield
as a prototype, and PPP-BOTDA was used to study the
overburden deformation law and fault activation law for the

working face located in the upper plate of the fault and the
lower plate of the mining respectively. To sum up, the
following conclusions are obtained in this paper.

(1) )e key stratum breakage is closely related to the
fault movement, and the range of shear stress con-
centration occurs within the key stratum. )e ad-
ditional shear stress concentration at the fault surface
caused by the lower plate advance is much greater
than that at the upper plate advance, which makes
the fault more prone to instability during the ad-
vancement of the lower plate.

(2) )e risk of fault activation and destabilization occurs
in the lower plate advancement before the upper
plate advancement. )e rock layer on the upper part
of the fault is affected by the mining of the working
face before the lower part; the range of the working
face affected by the fault is larger when the lower
plate advances than when the upper plate advances.

(3) )e distributed fiber optic sensing technology is used
to verify the basic conclusion that the impact of the
working face advancing from the lower plate to the
fault is much greater than that when advancing from
the upper plate, which is more likely to cause fault
activation. )e working face in the fault area is
preferentially arranged in the upper plate, which is
conducive to mine pressure control and ensures safe
and efficient mining. It provides an experimental
basis for the study of fault activation law using
distributed fiber optic sensing method.

Data Availability

All the data, models, or codes that support the findings of
this study are available from the corresponding author upon
reasonable request.
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Figure 11: Relative displacements at the level of interruption of the extraction process. (a) Physical model I. (b) Physical model II.
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