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Small external disturbances may destabilize the bearing pillar, which in turn will change the stress distribution of the pillar
supporting system, leading to its overall instability. Based on the engineering background of a mine and the mechanical analysis
of pillar under disturbed stress, this paper investigated the stress, strain, and plastic zone of the pillar supporting system under
different disturbed stresses. Then, the chain instability of the pillar supporting system was achieved. The law of stress transfer
and plastic development of the pillar supporting system was explored. The results showed that the greater the disturbed stress,
the faster the increase rate of the maximum stress of the pillar supporting system. As the width of the pillar increased, the
maximum stress of the pillar decreased, so its risk of damage decreased. As the disturbed stress increased, the maximum
principal strain and equivalent plastic strain of the 6m wide pillar increased approximately linearly, and their growth rates of
the 4m wide pillar gradually increased. In the process of chain instability of the pillar supporting system, the sides of the middle
pillar were destroyed first, and then the plastic zone gradually penetrated, causing the stress of the adjacent pillar to increase,
which in turn led to its destruction. By analyzing the monitoring data of stress, displacement, or plastic strain, the instability of
the pillar can be predicted.

1. Introduction

As the number of underground mines increases, so does the
number of mined-out areas [1–3]. The stability of the goaf
directly affects the structure of the overlying strata [4–6].
After the goaf is unstable, the overlying strata gradually
bends, sinks, and collapses and finally extends to the surface
[7–10]. So, the stability of the goaf directly affects the surface
buildings and the ecological environment, as shown in
Figure 1 (12.25 collapse accident of Pingyi gypsum mine).
At present, the overlying strata are supported by pillars
to prevent the instability of the goaf and surface collapse
[11–13]. So, the stability of the goaf is mainly determined
by the pillar and the roof strata. Many scholars have studied
the stability of the goaf through the elastoplastic theory [14],
catastrophe theory [15, 16], rheological theory [17, 18], fuzzy
theory [19], and limit equilibrium theory [3, 20].

A support system consists of multiple pillars and roof-
floor strata. The pillar supporting system is in a balanced
state when it is stable. However, many factors may cause
stress redistribution in the pillar supporting system, which
in turn may cause instantaneous goaf instability [21–23].
There are main self-factors and external factors that affect
the stability of the pillar. The self-factors include the mechan-
ical properties, internal cracks, size, and structural characteris-
tics of pillars [24–28]. The external factors include burial
depth, in situ stress, treatment method of goaf, overburden
stratum structure, water environment, and dip angle. For
example, Ghasemi et al. [29] put forward an intelligent
approach to predict pillar sizing in designing room-and-
pillar coal mines. Cording et al. [30] investigated the effect of
width-height ratio, stress slabbing, and slaking on pillar capac-
ity. Wagner et al. [31] evaluated the effects of panel dimen-
sions on loads in pillar systems. Yu et al. [32] investigated
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the stress and deformation of longwall coal pillars located in a
weak ground. Chen et al. [33] investigated the effects of origi-
nal macrocracks in coal on the rockburst tendency.

The pillar supporting system is a complex dynamic sys-
tem. Any change may cause the stress redistribution of the
pillar supporting system or even its failure [8]. So, it is neces-
sary to study the law of stress and strain distribution of the
pillar supporting system. The destruction of local pillars in
the system may cause the overall instability of the goaf.
Under the static and dynamic load of the overlying strata,
the stress concentration occurs locally in the pillar, which
may reach its maximum bearing capacity. The destabilized
pillar has little ability to support the roof rock. The load of
the roof strata layer is transmitted to the adjacent pillar. So
the adjacent pillar may be destroyed, which in turn may cause
the overall instability of the pillar supporting system. So, the
instability of a single pillar may cause the overall instability of
the pillar supporting system. This phenomenon is similar to
the domino effect, so it is called the domino instability effect
of the pillar supporting system.

Therefore, this paper took the pillar supporting system
under the engineering background as the research object.
Based on the mechanical analysis of pillar under disturbed
stress, the finite element software was used to study the
stress distribution of the pillar supporting system under
the initial in situ stress conditions. Then, the distribution
rules of the stress, strain, and plastic zone of the pillar
supporting system with 4m and 6m wide pillars under dif-
ferent disturbed stresses were investigated. Finally, the chain
instability of the pillar supporting system was achieved by
reducing pillar wide. In the process of instability, the stress
transfer and plastic development of the pillar supporting
system were explored.

2. Mechanical Model of Pillar under
Disturbed Stress

According to the static-dynamic load model of a single pillar
established by Li et al. [34], its force was analyzed, as shown
in Figure 2. The deformation modulus and Poisson’s ratio of
the pillar are E and μ, respectively. Under the influence of the
overburden, the pressure on the upper boundary of the pillar
was P. The change of disturbed stress with time t was PðtÞ.

According to Newton’s Second Law, the force motion
equation of the pillar under static-dynamic coupling
loading is

ma + R zð Þ = P + P tð Þ, ð1Þ

where m is the mass of the pillar, a is the acceleration
of the pillar under disturbed stress, and RðzÞ is the abil-
ity of the pillar to resist damage.

The disturbed stress propagates in the pillar as a wave.
The deformation of the pillar is mainly in the z direction,
so this article only analyzes the stress and deformation in
the z direction. Assuming that the pillar is still in an elastic
state under static and dynamic loads, the axial stress, strain,
and movement speed of the pillar are as follows:

ξz = ξ0 +
∂f z − ctð Þ

∂z
,

σz = σ0 +
E 1 − μð Þ

1 + μð Þ 1 − 2μð Þ ⋅
∂f z − ctð Þ

∂z
,

v = −c ⋅
∂f z − ctð Þ

∂z
,

8
>>>>>>><

>>>>>>>:

ð2Þ

where ξz is the axial strain of the pillar, σz is the axial stress of
the pillar, v is the axial movement speed of the pillar, σ0 is the
initial stress of the pillar under static load, ξ0 is the initial
axial strain of the pillar under static load, and c is the propa-
gation speed of the wave in the pillar.

It can be seen that the strain and stress of the pillar
are closely related to the disturbed stress. The force

p (t)
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Z

P

Figure 2: Static-dynamic load model of a single pillar.

Figure 1: 12.25 collapse accident of Pingyi gypsum mine.
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characteristics of the pillar is the key to determiningwhether it
is damaged. Under the static and dynamic loads, the surface
cracks of the pillars will develop internally, leading to the con-
tinuous expansion of plastic zone. The disturbed stress
increases the elastic strain energy inside the pillar, making it
more prone to dynamic disasters during the mining process.
So, this is a threat to the stability of the pillar supporting
system. Therefore, the influence of disturbed stress on the sta-
bility of pillar supporting system was investigated below.

3. Numerical Model and Scheme

For coal seams under villages, roads, and buildings, the strip
mining methods are the most widely used. The width of the
pillars in deep mines is often very large. Through numerical
simulation, it is extremely difficult to investigate the failure
rule of the wider pillars. So, the room-and-pillar mining

scheme of the shallow coal seam in a mine was selected.
The stability of the pillar supporting system under static
and dynamic loads was studied by numerical simulation.
The destruction of the pillars complied with the Mohr-
Coulomb criterion.

3.1. Numerical Model. According to a coal mine, the numer-
ical model of the pillar supporting system was established.
According to the data provided by the coal mine, we know
the basic parameters of coal and rock formations. The buried
depth of the pillar is about -165m. The average bulk density
of the overlying rock layer is 2.0 kN/m3. The self-weight
stress of the overlying rock layer on the pillar is 3.3MPa.
The thickness of the coal seam is 4m. The height and thick-
ness of the pillars are both 4m. The pillar width is 4m. In
order to investigate the failure rule of the pillars with different
sizes under disturbed stress, the pillar widths were selected to

Table 1: The mechanical parameters of the pillar supporting system in the numerical model.

Density (kg·m-3) Elastic modulus (MPa) Poisson’s ratio Cohesion (MPa) Internal friction angle (°) Compressive strength (MPa)

1471 2763.86 0.2521 1.34 25 14.80

z

x

Figure 3: Model division of pillar supporting system.
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Figure 4: Perturbation curve of stress wave.
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be 4m and 6m, respectively. The mechanical parameters of
the pillar supporting system in the numerical model are
shown in Table 1.

The numerical model included 9 pillars (3 × 3 layout).
The model was 40 × 14 × 20m. The size of the pillars was 4
× 4 × 4m and 6 × 4 × 4m, respectively. The size of the mine
house was 4 × 4 × 4m. The pillar model is shown in Figure 3.
The upper, left, and right boundaries of the model were free.
The cell grid type was C3D8I.

In the mine, the stability of the pillar supporting system
was affected by various dynamic loads. The effects of the dif-
ferent disturbed stress on the stress, strain, and plastic zone of
the pillar supporting system were studied. The load of 3.3
MPa was applied on the upper boundary of the numerical
model. According to the uniaxial compressive strength of
the pillar, the peak value of the stress wave was selected to
be 6MPa, 8MPa, and 10MPa, respectively. The disturbance
time was 4ms. The disturbance curve of the stress wave is
shown in Figure 4.

3.2. Static Characteristic of Pillar Supporting System. The pillar
supporting system was affected by both dynamic and static
loads. Firstly, the initial geostress was applied as the prestress.
Then, the pillar supporting system with a single pillar width of

4m and 6m was calculated, respectively. The stress distribu-
tion after in situ stress balance is shown in Figure 5.

It could be seen from Figure 5 that when the disturbed
stress was 0, the stress concentration occurred at the roof
and floor of the pillar due to the load of the overburden strata.
The stress concentration of the roof-floor rock layers of the
pillars with different widths was not alike. When the pillar
width was 4m, the maximum stress of the roof-floor rock
layers was 8.242MPa. The roof-floor rock layers had stress
concentration directly above and below the pillars. And the
stress distribution above the pillar was saddle shaped. The
local stress concentration also appeared at the top of the
model. The strata below the goaf had the lowest stress. When
the pillar width was 6m, the maximum stress of the roof-floor
rock layers was 6.265MPa. It can be seen from the comparison
that as the pillar width increased, the maximum stress
decreases, and then the risk of the pillar failure reduced. So,
the 6m wide pillar was more stable than the 4m wide pillar.

4. Results and Analysis

After the stress waves were disturbed, the maximum stress,
maximum principal strain, and PEEQ of the pillar support-
ing system were as follows.

z

x

(a) 4 m

z

x

(b) 6 m

Figure 5: Stress distribution of the pillars with the width of 4m and 6m.
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Figure 6: The stresses of the pillar supporting system with a single pillar width of 4m.
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4.1. Characteristics of Stress Distribution. After the stress
waves of 6MPa, 8MPa, and 10MPa were disturbed, the
stresses of the pillar supporting systemwith a single pillarwidth
of 4m and 6m are shown in Figures 6 and 7, respectively.

It could be seen that the internal stress of the pillar
increased with the increase of the disturbed stress. It showed
that the elastic energy inside the pillar increased with the
increase of disturbed stress. The higher the peak value of

the stress wave, the faster the elastic energy would increase.
Under the same disturbed stress, with the increase of the pil-
lar width, the stress of the pillar and its upper and lower rock
layers was reduced. And the stress reduction of roof rock was
the most obvious. It showed that 6m wide pillars could with-
stand greater disturbed stress than 4m wide pillars.

After the stress waves of 6MPa, 8MPa, and 10MPa were
disturbed, the maximum stresses of 4m wide pillars were

z

x

(a) 6MPa

z

x

(b) 8MPa

z

x

(c) 10MPa

Figure 7: The stresses of the pillar supporting system with a single pillar width of 6m.
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9.514MPa, 13.24MPa, and 18.90MPa, respectively. Com-
pared with the static maximum stress of 8.424MPa, the
maximum stress of 4m wide pillar increased by 1.09MPa,
4.818MPa, and 10.478MPa, respectively. With the larger dis-
turbed stress, the faster the stress value of the 4m wide pillar
increased, the greater the elastic energy inside the pillar.
When the peak value of disturbed stress increased by 2
MPa, the stress increments of 4m wide pillars were 3.726
MPa and 5.66MPa, respectively, with an average increase of
4.693MPa, and the stress growth rates of the pillars were
39.16% and 42.74%, with an average growth rate of 40.95%.

After the stress waves of 6MPa, 8MPa, and 10MPa were
disturbed, the maximum stress values of 6m wide pillars
were 8.71MP, 13.4MPa, and 18.50MPa, respectively. Com-
pared with the static maximum stress of 6.625MPa, the max-
imum stress of 6m wide pillar increased by 2.05MPa, 6.775
MPa, and 11.875MPa, respectively. With the larger disturbed
stress, the faster the stress value of the 6m wide pillar
increases, the greater the elastic energy inside the pillar.
When the peak value of disturbed stress increases by 2
MPa, the stress increments of 6m wide pillars were 4.725
MPa and 5.1MPa, respectively, with an average increase of
4.9125MPa, and the stress growth rates of pillars were
54.24% and 38.06%, with an average growth rate of 46.15%.

The increase of the maximum stress of the pillar caused
by the disturbed stress was nonlinear to the static stress.
The greater the disturbed stress, the faster the stress increase
rate of the pillar. The disturbed stress had the greatest influ-
ence on the central and upper apex angle of each pillar. When
the peak value of the disturbed stress was 10MPa, the stress
concentration of the pillar also appeared in the grid position
where the roof and the pillar were in contact, which may be
caused by the stress concentration in the grid calculation.

Figure 8 showed the growth curve of the maximum stress
inside the pillar supporting system. It could be seen that there
was an approximately linear relationship between the maxi-

mum stress of the pillar and the peak value of the disturbed
stress. So it was fitted by a linear formula. The fitting curves
of the maximum stress value and disturbed stress inside the
pillar supporting system with single pillar width of 4m and
6m were y = 0:4086x + 2:4676 and y = 0:4204x + 2:1654,
respectively. With the increase of the disturbed stress, the
maximum internal stress of the 6m wide pillar increases fas-
ter. When the peak value of disturbed stress increases by 2
MPa, the average growth rate of the internal maximum stress
value of 4m and 6m wide pillar was 40.95% and 46.15%.

Under the influence of less disturbed stress, the maxi-
mum stress of narrow pillar was greater than that of wide
pillar. At this time, the local plastic deformation occurred
in narrow pillars, but not in the wider pillar. As the disturbed
stress increased, the plastic zone of the narrow pillar gradu-
ally expanded, while the wider pillar gradually changed from
an elastic state to a local plastic state. The narrow pillar was
destroyed first. The maximum stress of the narrow pillar
was higher than that of the wide pillar.

4.2. Characteristics of Strain Distribution. After the stress
waves of 6MPa, 8MPa, and 10MPa were disturbed, the max-
imum principal strains of the pillar supporting system with
single pillar width of 4m and 6m are shown in Figures 9
and 10, respectively.

It could be seen that the maximum principal strain of 4m
and 6m wide pillars could be stable with the increase of the
disturbed stress. But the maximum strain value of 4m wide
pillars was greater than that of 6m wide pillars. The ability
of 6m wide pillars to resist damage was better than that of
4m wide pillars. So, the stability of 6m wide pillar was better.
After the stress waves of 6MPa, 8MPa, and 10MPa were
disturbed, the maximum principal strains of 4m wide pillar
were 1:188 × 10-2, 1:972 × 10-2, and 4:652 × 10-2, respec-
tively. With the larger disturbed stress, the faster the maxi-
mum principal strain value of the 4m wide pillar increased.
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Figure 8: The growth curve of the maximum stress inside the pillar supporting system.
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When the peak value of disturbed stress increases by 2MPa,
the maximum principal strain increments of 4m wide pillars
were 0.784 and 2.68, respectively, and the growth rate of the
maximum principal strain of the pillars were 65.9% and
135.9%. After the stress waves of 6MPa, 8MPa, and 10
MPa were disturbed, the maximum principal strains of 6m
wide pillars were 0:9803 × 10-2, 1:749 × 10-2, and 2:837 × 10
-2, respectively. When the peak value of disturbed stress
increased by 2MPa, the maximum principal strain incre-
ments of 6m wide pillars were 0.766 and 1.088, respectively,

and the growth rates of the maximum principal strain of
pillars were 78.13% and 62.2%.

Figure 11 shows the growth curve of the maximum prin-
cipal strain inside the pillar supporting system. It could be
seen that there was an approximately linear relationship
between the maximum principal strain of the 6m wide pillars
and the peak value of the disturbed stress. The growth rate of
the maximum principal strain of the 4m wide pillars was
increasing. When the peak value of the disturbed stress was
10MPa, the maximum main strain inside the 4m wide
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Figure 9: The maximum principal strain of the pillar supporting system with a single pillar width of 4m.
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pillar suddenly increased. It showed that under the dis-
turbed stress of 10MPa, the 4m wide pillar may be dam-
aged, and its growth value was exponential growth.
However, the maximum principal strain of the 6m wide
pillar could still maintain stable growth. This showed that
the 6m wide pillars were more resistant to destruction.
So, the load capacity of the pillar was limited. The greater
the disturbed stress of the pillar, the greater the maximum
principal strain growth rate.

The exponential fitting curves of the maximum principal
strain value and disturbed stress inside the pillar supporting
system with single pillar widths of 4m and 6m were y =
0:1693e0:28x and y = 0:1447e0:34x. It could be seen that the
maximum principal strain of 4m wide pillar was 1.21 times
that of 6m wide pillar under the disturbed stress of 6MPa.
The maximum principal strain of 4m wide pillar was 1.12
times that of 6m wide pillar under the disturbed stress of 8
MPa. When the peak value of the disturbed stress was 10
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Figure 10: The maximum principal strain of the pillar supporting system with a single pillar width of 6m.

9Geofluids



MPa, the maximum principal strain of 4m wide pillar was
1.63 times that of 6m wide pillar. Under three kinds of dis-
turbed stresses, the maximum principal strain of 4m wide
pillars was 1.32 times that of 6m wide pillars on average.
So, under the disturbed stresses with different peaks, the abil-
ity of 6m wide pillar to resist deformation was improved by
1.32 times than that of 4m wide pillar.

4.3. PEEQ Analysis. After the disturbed stresses of 6MPa, 8
MPa, and 10MPa, the equivalent plastic strains of the pillar
supporting system with single pillar width of 4m and 6m
are shown in Figures 12 and 13, respectively.

With the increase of the disturbed stress, the disturbed
range of the two pillars was enlarged. It could be seen from
Figure 13 that the disturbed range of 6m wide pillar was
larger than that of 4m wide pillar and the disturbed stress
would aggravate the destruction of the pillar supporting sys-
tem. Under the same disturbed stress, the support system of
6m wide pillar was more resistant to damage than that of 4
m wide pillar. When the pillar was disturbed, the distribu-
tions of the equivalent plastic strain and the maximum prin-
cipal strain were similar, both of which were distributed at
the upper part of the pillar. After the stress waves of 6MPa,
8MPa, and 10MPa were disturbed, the equivalent plastic
strains of 4m wide pillar were 6:395 × 10-2, 1:082 × 10-1,
and 2:579 × 10-1. When the peak value of disturbed stress
increased by 2MPa, the equivalent plastic strain increments
of 4m wide pillars were 0.4425 and 1.497, respectively, and
the growth rates of the equivalent plastic strain of the 4m
wide pillars were 69.1% and 138.3%. After the stress waves
of 6MPa, 8MPa, and 10MPa were disturbed, the equivalent
plastic strains of 6m wide pillar were 4:653 × 10-2, 8:49 × 10
-2, and 1:376 × 10-1. When the peak value of disturbed stress
increases by 2MPa, the equivalent plastic strain increments
of 6m wide pillars were 0.384 and 0.527, respectively, and
their growth rates were 82.46% and 62.07%.

Figure 14 shows the growth curve of the equivalent plas-
tic strain inside the pillar supporting system. It could be seen
that there was an approximately linear relationship between
the equivalent plastic strain of the 6m wide pillar and the dis-
turbed stress. The growth rate of the equivalent plastic strain
of the 4m wide pillar was increasing. From the comparison
between Figures 10 and 13, it could be seen that with the
increase of the disturbed stress, the growth curves of the
equivalent plastic strain of the pillar and the maximum
principal strain were similar. Under the disturbed stress
of 10MPa, the equivalent plastic strain of the 4m wide pil-
lar suddenly increased. This indicated that the 4m wide
pillar might have been damaged, while the equivalent plas-
tic strain of the 6m wide pillar could still maintain a stable
growth. The equivalent plastic strains of 4m and 6m wide
pillars could be fitted with straight lines and exponential
functions, respectively. The equivalent plastic strain formu-
las of the pillar supporting system with single pillar width
of 4m and 6m were y = 0:736e0:35x and y = 0:9332e0:27x,
respectively. It could be seen that the equivalent plastic
strain of 4m wide pillar was 1.37 times that of 6m wide
pillar under the disturbed stress of 6MPa. When the dis-
turbed stresses were 8MPa and 10MPa, the equivalent
plastic strain of 4m wide pillar was 1.27 and 1.87 times
that of 6m wide pillar, respectively. Under three kinds of
disturbed stresses, the equivalent plastic strain of 4m wide
pillars was 1.5 times that of 6m wide pillars on average.
After the peak value of disturbed stress was greater than
8MPa, the plastic strain velocity of 4m wide pillar was
much larger than that of 6m wide pillar. By comparing
the relationship between different disturbed stresses, the
maximum principal strain, and PEEQ growth, it could be
seen that smaller disturbed stress would make the internal
elastic energy of the pillar larger and larger, while larger
disturbed stress would increase the damage degree and rate
of the pillar.
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Figure 11: The growth curve of the maximum principal strain inside the pillar supporting system.
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5. Domino Instability Effect of Pillar
Supporting System

The cascading chain reaction caused by a small change, result-
ing in a huge range of effects, was called the domino effect. In
the process of mining, it was usually the single pillar under the

influence of multiple factors that was destroyed. This causes
the stress to retransfer, which in turn leads to an increase in
the stresses of multiple pillars. In an appropriate space and
time, the overall failure of the multiple pillars will occur,
which in turn triggers the domino instability effect of the
pillar supporting system. It might cause serious disasters.
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Figure 12: The equivalent plastic strain of the pillar supporting system with a single pillar width of 4m.
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It could be seen from the change law of stress, strain, and
plastic zone of the pillar supporting system under the dis-
turbed stress that the central part of the pillar was damaged
most seriously. The compression failure of a single pillar
occurs first in its upper part, thereby increasing its internal
stress, which in turn causes the overall instability. The follow-
ing was the numerical simulation to investigate the domino
instability law of the pillar supporting system caused by the
destruction of a single pillar.

Figure 15 shows the stress distribution of the pillar
before and after instability. After reducing the width of the
middle pillar by 0.5m, respectively, the results showed that
the stress concentration area of the overlying strata of the
middle pillar increased significantly. The maximum internal
stress of the pillar was 12.95MPa, which was 57.12% higher
than that of the 4m wide pillar. After the width of the mid-
dle pillar became 3.5m, the pillar supporting system was
destroyed.
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Figure 13: The equivalent plastic strain of the pillar supporting system with a single pillar width of 6m.
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It could be seen from Figure 15(b) that the instability
of the middle pillar caused the stress of the overlying
strata to be transmitted to both sides, and the stress of
the adjacent pillars also increased significantly. The stress
at the bottom of the pillars was the largest. The maximum
principal stress of the pillar supporting system reached
21.20MPa, an increase of 63.71% compared with before
the failure. During the destruction of the pillar, the stress
of the pillar would increase exponentially. So, the stress
monitoring meter was arranged to survey the internal
stress of the pillar supporting system to prevent the overall
failure.

During the destruction process of the pillar, its plastic
zone continued to expand. Figure 16 shows the destruction
process of the pillar supporting system. The equivalent plas-
tic strain of the system was 4.622. Firstly, the middle pillar
was destroyed. With the increase of the stress, the plastic area
inside the middle pillar was enlarged and gradually pene-
trated, causing it to be destroyed first. The load of the overly-
ing strata was transmitted to the adjacent pillar, which in
turn causes its stress to increase. The plastic zone of the adja-
cent pillar first appeared on the edge of the middle pillar.
The load transmission of the overlying strata was symmetri-
cal to both sides, so the plastic zone of the pillar supporting
system was symmetrically distributed. As the load gradually
shifted to both sides, the plastic zone of adjacent pillars grad-
ually penetrated. Furthermore, the adjacent pillars were
destroyed. The support system of the pillar had suffered
from overall instability.

It could be seen from the above analysis that the failure of
a single pillar may cause the instability of the adjacent pillars,
which in turn might result in the chain instability of pillar
supporting system. In the process of room-pillar mining,
the external disturbance had exacerbated the chain destruc-
tion degree of the pillar supporting system. This was because

external disturbances provided dynamic waves, which made
the pillars in equilibrium unable to bear the combined effects
of dynamic and static loads. For the mined-out area of room-
pillar mining, the destruction of a single pillar might cause
explosive destabilization of the surrounding pillars. It caused
large-scale collapse of the roof strata in the mined-out area,
which in turn may cause surface subsidence and environ-
mental damage.

6. Case Analysis and Monitoring Methods

It could be seen from the above analysis that the disturbed
stress with different peaks had increased the plastic zone
of the pillar, which in turn reduces its bearing capacity.
There were not many examples of the overlying strata
instability caused by the destruction of a single pillar. So,
it is necessary to prevent the overall instability of the
pillars.

6.1. Case Analysis. The instability of local mined-out areas
often caused the surface to sink slowly. When the large-
scale pillars were unstable, the instantaneous instability of
the overlying strata and the sudden collapse of the surface
often occurred. On June 9, 1986, the 800m2 roof of Beicun
Coal Mine in Datong, China, collapsed. Then, the nearby
Xiaonantou Mine, Jiucaigou Mine, and 51056 Troop Mine
successively suffered large-scale roof rock collapsed. The total
collapse area reached 89,425m2. On June 13, a sudden subsi-
dence occurred on the ground, covering an area of 80,500m2,
which caused significant economic losses [35]. This accident
was a typical domino effect caused by the local destruction of
the pillars, which caused the overall instability of the pillar
supporting system.

The local pillar instability in the Beicun Coal Mine caused
the gravity stress of the rock layer to shift to the adjacent
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Figure 14: The growth curve of the equivalent plastic strain inside the pillar supporting system.
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pillars, gradually leading to the large-scale pillar instability.
However, the large-scale movement of the roof strata caused
the gravity stress of the strata to be transferred to the adjacent
mines, which also resulted in the instability of the adjacent
goaf. During mining, the blasting will generate a lot of
disturbed stress. The disturbed stress with a lower peak value
would cause the elastic energy in the pillar to increase. The
disturbed stress with a larger peak value would aggravate
the damage degree of the pillar.

According to the rescued workers, there was no obvious
abnormality in the pillars and roof strata before the overall
instability occurred. When the overall instability occurred,
the vibration can be felt on the ground. A yellow column
erupted from the relevant wellbore, and a roar similar to
the takeoff of the aircraft was heard. After that, the cracks
and collapses appeared on the surface. There was a lot of
damage to surface buildings.

6.2. Monitoring Methods. According to the simulation
results, when the pillar was destabilized, its maximum stress,

maximum principal strain, and equivalent plastic strain all
had a leaping-up phase. It could be monitored and fore-
casted by the underground monitoring device to prevent
the instability of a single pillar from causing the overall
instability of the goaf.

Commonly used equipment for stress monitoring
includes borehole stress tester, stress pillows, and anchor
ergometer. The stability of the pillar supporting system can
be judged according to its stress growth trend. Commonly
used strain monitoring equipment usually includes conver-
gence gauge, multipoint extensometer, and sliding exten-
someter. The monitoring strain inside the pillar can
provide the most direct judgment standard for the instability
of a single pillar. In addition, by monitoring the stress wave
and electromagnetic radiation signal of the pillar, the possi-
bility of rock destruction and instability disasters can be
predicted.

According to the simulation results, the instability of the
pillar supporting system will first start from the central pillar.
So, the central pillar should be the key monitoring object. By
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Figure 15: The stress distribution of the pillar before and after instability.
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arranging stress monitoring points, displacement monitoring
points, or plastic strain monitoring points in the central pillar
and the roof-floor rock layers, the stability of the pillar can be
evaluated by analyzing the data recorded continuously for a
period of time.

7. Discussion

Zhou et al. [36] showed that after the weaker pillar failed,
the stress of the adjacent pillars and its roof-floor rock
layers would be redistributed. When the load of the roof
rock layer on the pillars is close to their bearing capacity,
the instability of a single pillar will inevitably cause the
overall instability of the pillar supporting system. In this
period, the average stress of the system remains almost
unchanged. When the bearing capacity of the pillars is
much greater than the load of the roof rock layer, the insta-
bility of a single pillar will not cause a chain instability of
the pillar supporting system. So, it is the premise of the
whole system instability that the load of the pillars is close
to their bearing capacity.

Based on this, the instability of a single pillar will
cause the redistribution of stress in the overlying strata,
making the acting load of the stratum easily exceed the

bearing capacity of the pillars. In addition, under the
external disturbed stress, the stress balance state of the
pillar supporting system may be broken. The external dis-
turbed stress first breaks the stable state of the weakest
pillars, which in turn leads to a chain instability of the
pillar supporting system. So, the external disturbed stress
is the fuse of chain instability of the pillar supporting
system.

The middle pillars in the system were selected to ana-
lyze the distribution of stress and strain at different loca-
tions. Because the response of 4m wide pillar to
disturbed stress was more obvious than that of 6m wide
pillar, the left-section and midsection of 4m middle pillar
were selected for analysis. Under the disturbed stresses of
6MPa, 8MPa, and 10MPa, the maximum stress and max-
imum principal strain of the left-section and midsection of
the middle pillar are shown in Figure 17. Under each dis-
turbed stress, the stress and strain at the edge of the middle pil-
lar were larger than that at themiddle. It showed that the stress
distribution of the middle pillar was uneven. A certain degree
of stress concentration appeared at the edge of the middle pil-
lar. So, the edge of the middle pillar was plastically destroyed
first and then gradually penetrated the entire pillar, causing
instability.
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Figure 16: The destruction process of the pillar supporting system.
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8. Conclusion

(1) The strain and stress of the pillar are closely related to
the disturbed stress. Without any disturbed stress
conditions, the stress concentration occurs at the roof
and floor of the pillar. The maximum stress values of
the 4m and 6m wide pillars were 8.242MPa and
6.265MPa, respectively. As the pillar width

increased, its maximum stress decreased, so its risk
of failure reduced

(2) The disturbed stress was nonlinear with the increase
of the maximum stress of the pillar supporting sys-
tem. The greater the peak value of the disturbed
stress, the faster the increase rate of the internal stress
of the pillar, which was more destructive to the pillar.
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As the width of the pillar increased, the stress of the
pillar and roof-floor rock layers decreased, especially
for the roof rock layer

(3) With the increase of the disturbed stress, the maxi-
mum principal strain and equivalent plastic strain of
the 6m wide pillar increased approximately linearly,
and the growth rate of the maximum principal strain
and equivalent plastic strain of the 4m wide pillar
gradually increased. Under the three disturbed
stresses, the maximum principal strain and equivalent
plastic strain of the 4mwide pillar were 1.32 times and
1.5 times that of the 6m wide pillar, respectively

(4) In the process of chain instability of the pillar support-
ing system, the sides of the middle pillar were
destroyed first. The self-weight stress of the overlying
rock layer was transmitted to the surroundings, which
caused the destruction of the adjacent pillars. The
external disturbed stress aggravated the degree of
chain instability of the pillar supporting system. By
arranging stress monitoring points, displacement
monitoring points, or plastic strain monitoring points
in the central pillar and the roof-floor rock layers, the
stability of the pillar can be evaluated by analyzing the
data recorded continuously for a period of time
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