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Room-and-pillar mining is a commonly used mining method in previous practice in northwest China mining area. Due to priority
selection of high-quality resources, coal mines in northwest China generally have to face upward mining above goaf. Thus, the
stability of a floor coal pillar influenced by mining activities plays an essential role in upward mining above goaf. The results
indicated that a floor coal pillar kept stable before coal excavation in the no. 6107 working face in the Yuanbaowan coal mine;
however, the plastic zone in the floor coal pillar expanded sharply and the elastic core zone reduced suddenly on the influence
of abutment pressure. Finally, the floor coal pillar supported failure. Accordingly, the paper proposed a floor coal pillar
reinforcing technique through a grout injection filling goaf area. As physically limited by a different-height filling body on the
double sides, the plastic zone scope and horizontal displacement and loading capacity of the floor coal pillar were studied,
working out that the critical height of the filling body should be about 6m which can ensure safe mining when upward mining
above goaf. Case practice indicated that the fractures induced by mining in the floor coal pillar, filling body, and floor can be
restrained effectively when the filling body height is 6m, which can ensure floor coal pillar stability and safe mining of the no.
6107 working face in the Yuanbaowan coal mine. The research can provide theoretical and technical guidance for upward
mining above goaf and have a critical engineering practice value.

1. Introduction

As the largest coal production base and a well-known
demonstration project of a modern mine with production
capacity over 10 million tons per year in China [1], the north-
western mining area’s coal production accounts for 68% of
the coal production of the whole country according to 2018
statistics. In the northwestern mines, a room-and-pillar min-
ing method was widely used in the early stage of coal mining
practice [2, 3], leaving abundant coal pillars in the goaf,
which puts a huge hidden threat to the safe mining of long-
wall working faces of adjacent coal seams. The spatial rela-
tionship between coal pillars and the longwall working
faces of adjacent coal seams is mainly divided into two types:
roof coal pillars and floor coal pillars, as shown in
Figures 1(a) and 1(b), which indicates that the coal pillars
are located above the longwall working faces and below the

longwall working faces, respectively. The research results on
roof coal pillars are mainly focused on the following four
aspects: the occurrence mechanism of support crushing acci-
dents in the longwall working faces under the roof coal pillars
and its control measures [4–6], the stress distribution pattern
of the roof coal pillars and its influence on the mining and the
layout of roadways in underlying coal seams [7, 8], the calcu-
lation methods of dynamic and static loading on roof coal
pillars [9–12], and the analysis and evaluation of coal pillar
stability [13–16]. The research on floor coal pillars is mainly
focused on their stability under the influence of the front
abutment pressure to avoid the collapse of the working face
and the coal and rock mass ahead caused by the failure of
the floor coal pillar [17, 18]. Therefore, the key to safely min-
ing of the longwall working face above the room-and-pillar
goaf is to ensure that the floor coal pillars remain stable under
the influence of mining-induced stress.
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With regard to the theory and technology of safe mining
of the longwall working faces above the room-and-pillar
goaf, many scholars have conducted massive researches. Liu
studied the influence of lithological combinations between
coal seams on ascending mining [19]. Sun andWang demon-
strated the feasibility of ascending mining by adopting
methods such as mining influence multiples, method of bal-
ancing the surrounding rocks, and mathematical statistical

analysis [20]. Huang analyzed the stability of the floor strata
of the longwall working faces above the strip goaf by using
similar simulations and numerical simulations [21]. Feng
et al. considered that the failure scope of the floor strata is less
than the thickness of the rock interlayers as the prerequisite
for safe mining of longwall working faces, and the method
for determining the feasibility of ascending mining in the
strip mining area was given [22–24]. Bai et al. studied the
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Figure 1: The location of the Yuanbaowan coal mine and the schematic diagram of mining above the goaf: (a) roof pillar; (b) floor pillar; (c)
geographic location; (d) schematic diagram of no. 6107 working face mining above the goaf.
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Figure 2: The control effect of the key stratum: (a) before the breakage of KS1; (b) after the breakage of KS1; (c) before the breakage of KS2;
(d) after the breakage of KS2; (e) before the breakage of PKS; (f) after the breakage of PKS.
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distribution law of the mining-induced stress on the middle
coal seam when above and below the working face lie the
room-and-pillar mining goafs by applying a numerical simu-
lation method [25, 26]. By reviewing the existing literature, it
can be found that the research results above are mainly
focused on the feasibility evaluation of mining above goaf
and that the failure scope of the floor rock is less than the
thickness of the rock interlayers, which has been considered
as the standard for mining above goaf. However, the mining
damage scope of the floor strata is significantly greater than

the thickness of the interlayer strata when mining in
extremely close coal seams, and few studies have given safe
mining techniques under such conditions. Therefore, the safe
mining technology of the upper coal seam needs further
study in the case of extremely close-distance coal seams.

Based on the mining conditions of the Yuanbaowan coal
mine in Shanxi Province, this article proposes a new engi-
neering technology to safely mine the upper coal seams by
strengthening the bearing capacity of the floor coal pillars
with the method of backfilling the room-and-pillar mining
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Figure 3: Location of key strata of the no. 6107 working face.
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goaf. The filling body formed by the concretion of the cement
slurry has a lateral clamping effect on the floor coal pillars.
And the effects of difference in filling bodies’ heights on the
suppression of the expansion of the floor coal pillars’ plastic
area and on strengthening the bearing capacity of the floor
coal pillars are also different. Accordingly, the critical height
of filling bodies to ensure the stability of the floor coal pillars
is given in this paper. The research results can provide impor-

tant theoretical and engineering technical support for the safe
mining of longwall working faces above the goaf.

2. Geological Conditions

2.1. General Situation of the Working Face. The Yuanbaowan
coal mine is located in Shuozhou City, Shanxi Province,
China, of which the no. 6107 working face is the first coal
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Figure 4: Schematic diagram of no. 6107 working face mining above the room-and-pillar goaf.
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Table 1: Parameters in FLAC3D numerical simulation.

Layers Bulk modulus b (Pa) Shear modulus s (Pa) Cohesion c (MPa) Internal friction angle f (°) Tensile strength t (MPa)

Soft rock 5:00E + 09 3:40E + 09 3:40E + 06 24 1:80E + 06
Coal seam 4:00E + 09 3:00E + 09 2:20E + 06 18 1:50E + 06
Key strata 7:50E + 09 4:50E + 09 4:30E + 06 32 2:50E + 06
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Figure 6: Continued.
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mining face in the first panel. The no. 6107 working face is
deployed in the no. 6 coal seam. The no. 6 coal seam dip angle
is 0°–6°, with an average mining height of 3.6m. The width of
the no. 6107 working face is 240m, with an accumulated
advancement distance of about 600m. Below the no. 6 coal
seam lies the no. 9 coal seam, with an average thickness of
about 8.0m. As of May 2005, the no. 9 coal seam had been
fully mined out by the room-and-pillar mining method. In
the no. 9 coal seam appears the room-and-pillar mining goaf
when the no. 6107 working face advances between 200m and
400m. Affected by both the early mining design and plan-
ning and the unauthorized cross-border mining, mining
above the room-and-pillar goaf is not a specific case for the
Yuanbaowan coal mine but a relatively common type of min-
ing conditions for shallow coal seams in northwestern China.
Achieving safe mining of the longwall working faces above
the room-and-pillar goafs is a major technical problem
remaining urgently to be solved not only in the Yuanbaowan
coal mine but also in most mines in northwestern China.

For the room-and-pillar goafs below the no. 6107 work-
ing face in the Yuanbaowan coal mine, the width of the coal
pillar is about 10-12m and the space between pillars is about
25-30m. The geographical location of the Yuanbaowan coal
mine and the mining situation of the no. 6107 working face
are shown in Figures 1(c) and 1(d).

2.2. Columnar Overburden Stratum of the Working Face

2.2.1. Key Stratum Theory. The stratification of the coal sys-
tem strata leads to differences in the motions of each stratum;
In particular, thick and hard strata control these motions,
while thin and soft strata act as loads. Based on the recogni-
tion of these facts, the Chinese scientist Minggao Qian pro-
posed the “key stratum theory in ground control” in 1990.
The theory treats the stratum that controls some or all of
the strata above it up to the ground surface as the key stra-

tum. This implies that deformation or breakage of the key
stratum would simultaneously cause deformation or break-
age of the strata under its control. One or more key strata
exist in the overlying strata of a coal mine. Because the top-
most key stratum controls the stratum movement up to the
ground surface, it is referred to as the primary key stratum
(PKS), while all other key strata are referred to as a subkey
stratum (SKS). This “controlling effect” of the key strata is
illustrated in Figure 2. The key stratum theory provides a
sound foundation on understanding the progressive caving
behavior of strata. The strata behavior is primarily controlled
by the breakage and movement of the KS. The theory has
been widely used and demonstrated in the mining industry
in China [27–32]. This study is also preceded on the basis
of this theory.

2.2.2. Key Stratum of the No. 6107 Working Face. According
to the key stratum theory of stratum control, the key strata in
the overlying strata of the no. 9 coal seam are identified with
the help of key stratum identification software. The results
are shown in Figure 3. It can be seen that there are altogether
5 key strata in the overlying strata of the no. 9 coal seam. From
bottom to top, they are fine sandstone with a burial depth of
151.90m and a thickness of 5.4m, coarse sandstone with a
burial depth of 136.10m and a thickness of 7.5m, coarse sand-
stone with a burial depth of 110.40m and a thickness of 5.5m,
siltstone with a burial depth of 86.95m and a thickness of
8.05m, and fine sandstone with a burial depth of 57.80m and
a thickness of 5.8m, respectively. The distinguishing method
of the key stratum in overburden can be seen in Reference 29,
which is limited to space and will not be repeated here.

3. Numerical Simulation

3.1. Modelling and Mining Scheme. The FLAC3D numerical
calculation model is established, as shown in Figure 4,
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Figure 6: Initial stability of coal pillars below the no. 6107 working face before mining: (a) elastic-plastic regional distribution of the no. 4 coal
pillar; (b) heave of the left and right side of the no. 4 coal pillar; (c) proportion of elastic core areas of each coal pillar.
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according to identification results of the key strata in the
overlying strata. And the KS1, KS2, KS3, KS4, and PKS in
the figure refer to the key strata of the overlying strata of
the no. 9 coal seam.

The simulation research work is carried out in the follow-
ing three steps. First, room-and-pillar goaf is formed in the
no. 9 coal seam in the model under the premise of the balance
of the geostatic stress field. Secondly, the stability of the floor
coal pillars with the condition that its goaf is unfilled in the
no. 9 coal seam is investigated under the influence of mining
of the no. 6107 working face. Finally, the stability of the floor
coal pillar, during the advancement of the no. 6107 working
face, was studied with the condition that room-and-pillar
goaf has been filled in the no. 9 coal seam. Based on this,
the effect rules of difference in filling bodies’ heights on the
suppression of the expansion of the floor coal pillars’ plastic
area and on strengthening the bearing capacity of the floor
coal pillars were revealed. Accordingly, the critical height of
filling bodies for the no. 9 room-and-pillar goaf is obtained
to ensure safe mining in view of the geological conditions
of the no. 6107 working face.

3.2. Calibration of Coal Seam Simulation Parameters. Cor-
rectly selecting material parameters in numerical simulation
is not only a key prerequisite for accurately investigating the
stability of the coal pillars below the no. 6107 working face
but also the basis for ensuring that the numerical simulation
results are consistent with the actual situation. Accordingly,
the no. 9 coal seam is sampled and the physical and mechan-
ical parameters are obtained through laboratory tests. In the
uniaxial compression experiment, according to the interna-
tional rockmechanics test experiment specification, a cylindri-
cal specimen with a geometric size of φ50mm × 100mm was
selected, and the loading speed of the electrohydraulic servo
universal testing machine was 0.02mm/s~0.05mm/s. And
then, uniaxial compression curve experiments are performed
in FLAC3D, and the strain softening model is applied to
obtain simulated parameters relatively consistent with the lab-
oratory test results. As shown in Figure 5, the red curve is the
uniaxial compression curve (obtained from the laboratory
tests) of the coal sample of the no. 9 coal seam and the blue
curve is the numerical simulation result of FLAC3D, and the

simulation parameters are shown in Table 1. There is much
consistency in the elasticity modulus and peak strength of
both. It can be seen that the simulated parameters of the blue
curve can be used as the parameters of the no. 9 coal seam,
which can accurately reflect the stress evolution, elastic and
plastic expansion, and failure modes of the coal pillars in the
no. 9 coal seam under the influence of mining-induced stress
of the no. 6107 working face.

4. Stability of Floor Pillars

4.1. Stability of Floor Pillars before the Mining of the No. 6107
Working Face. The vertical stress, horizontal displacement,
and elastic-plastic area of the coal pillar in the goaf of the
no. 9 coal seam before mining of the no. 6107 working face
are shown in Figures 6(a)–6(c), respectively. It can be seen
that the no. 4 coal pillar has the largest horizontal side heaves
among all the coal pillars, and its value is 145mm. The elastic
core area of each coal pillar accounts for 98%, 76%, 63%,
60%, 63%, 71%, and 95% of the total volume of the coal pillar,
as shown in Figure 6(c). It is worth noting that both the pro-
portion of the elastic core area of coal pillars in the room-
and-pillar goaf in northwestern China and its relationship
with the stability of the coal pillars have been carefully stud-
ied in literature [33]. It has been pointed out that when the
elastic core area of the coal pillars accounts for 40% of the
total volume, the coal pillar is considered to be in a stable
state. In order to ensure the safety mining of the no. 6107
working face to the greatest extent, the identification stan-
dard, where the elastic core area makes up 40% of the total
volume of coal pillars, for the stability of the coal pillar has
been set. It can be known that the coal pillar of the no. 9 coal
seam was in a stable state before mining of the no. 6107
working face.

4.2. Stability of Floor Pillars during the Mining of the No. 6107
Working Face. During the mining of the no. 6107 working
face, both the horizontal side heave and the plastic area of
the coal pillar further expanded due to the influence of the
abutment pressure, and the proportion of the elastic core area
of the coal pillar further reduced. According to the existing
research results, it is generally considered that the peak value
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Figure 9: The elastoplastic expansion and the amount of the horizontal bulge of each coal pillar with a filling body height of 4m.
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of front abutment pressure is located 0-10m in front of the
coal mining working face [34–36]. Therefore, the floor coal
pillar is most likely to be destroyed when it is at the position
of the peak value of front abutment pressure. The proportion
of elastic/plastic areas, horizontal side heaves, and bearing
capacity of each coal pillar are studied in this case. The evo-
lutionary process of both elastic-plastic area expansion and
the horizontal side heave of each floor coal pillar is shown
in Figures 7(a)–7(g) during the advancing of the no. 6107
working face.

It can be seen from Figure 7 that under the influence of
the abutment pressure of the no. 6107 working face, the
proportions of the elastic area of each floor pillar have been
reduced to 46%, 27%, 20%, 18%, 14%, 12%, and 12%,
respectively. And the volume of the horizontal side heave of
each floor coal pillar increases from 220mm, 241mm,
268mm, 275mm, 271mm, 247mm, and 220mm to
476mm, 616mm, 769mm, 922mm, 1063mm, 1372mm,
and 1543mm, respectively. The dramatic reduction of the
elastic core area will definitely cause the instability of the coal
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15Geofluids



pillars. If certain reinforcement measures for the coal
pillar are not taken, instability of the coal pillars below
the no. 6107 working face will occur, causing the collapse
of the no. 6107 working face and posing a huge threat to
safe mining. Therefore, it is necessary to take reasonable
measures to ensure the safe mining of the no. 6107 work-
ing face.

4.3. Influence Law of Filling Bodies on the Stability of Coal
Pillars. Considering the mining conditions of the Yuanbao-
wan coal mine, the proposal of drilling on the floor of the
no. 6107 working face and then grouting the goaf below the
no. 6107 working face through these boreholes has been
put forward. In order to ensure the safe mining, the effect
of different heights of filling bodies on the stability of coal
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Figure 11: Vertical stress of coal pillars with different filling heights.
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pillars is studied. The research is mainly divided into two
aspects: (1) the effect of different filling bodies’ heights on
the suppression of the expansion of the coal pillars’ plastic
area and (2) the effect of difference in filling bodies’ heights
on strengthening the bearing capacity of the coal pillars.
The grouting filling material used in the Yuanbaowan coal
mine was encapsulated and brought to the laboratory to con-
duct the measurement of the physical and mechanical
parameters. At the same time, to accurately reflect the inter-
action between the floor pillars and the filling bodies, the
parameters of the filling materials in the numerical simula-
tion are also calibrated to ensure that the mechanical proper-
ties reflected by the simulated parameters are consistent with
the true mechanical characteristics of the grouting material.
And the calibration results are shown in Figure 8.

4.3.1. Suppressing Effect of Filling Bodies on the Expansion of
the Coal Pillars’ Plastic Area. Under the influence of the
clamping effect of the filling bodies, the proportion of the
plastic zone and the horizontal side heaves of coal pillars
are effectively suppressed. The suppression effect when the
height of the filling body is 4m is shown in Figure 9.

The elastoplastic expansion law of the coal pillars below
the no. 6107 working face and the change law of the horizon-
tal side heaves corresponding to different grouting heights
are shown in Figure 10. As shown in Figures 10(a) and
10(b), the proportion of the plastic zone of the no. 1 to no.
7 coal pillars has been reduced to 18%, 36%, 45%, 47%,
46%, 44%, and 25% rapidly when the height of filling bodies
reaches 2m, 3m, 4m, 5m, 6m, and 7m, respectively, com-
pared to the unfilled state. The horizontal side heave of the
no. 1 to no. 7 coal pillars rapidly has been reduced from
476mm, 616mm, 769mm, 622mm, 1063mm, 1372mm,

and 1543mm to 223mm, 253mm, 278mm, 290mm,
280mm, 256mm, and 230mm, respectively, as shown in
Figure 10(c). With the increase in the height of the filling
bodies, the lateral clamping effect of the filling bodies on coal
pillars below the no. 6107 working face tends to be more
obvious, and the filling bodies have a significant suppressing
effect on the expansion of both the plastic zone and the hor-
izontal side heave of the floor coal pillars.

4.3.2. Strengthening Effect of the Filling Body on the Bearing
Capacity of the Coal Pillar. The filling bodies of different
heights form different clamping pressures on the coal pillars,
which effectively improves the bearing capacity of the coal
pillars, as shown in Figure 11.

In view of the limited space, taking the no. 4 and no. 7
coal pillars as examples, the strengthening effect of different
heights of filling bodies on the bearing capacity of the floor
coal pillars will be illustrated, as shown in Figure 12. It can
be seen that before the mining of the no. 6107 working face,
the vertical stresses of the no. 4 and no. 7 coal pillars are
12.10MPa and 10.30MPa, respectively, and the elastic core
area accounts for 60% and 95%, respectively. Thus, the coal
pillars are in a stable state. When mining is conducted with-
out filling, the vertical stresses of the no. 4 and no. 7 coal pil-
lars increase to 20.83MPa and 21.34MPa, respectively, and
during which time, the proportions of the elastic core area
of the two dramatically drop to 18% and 12%, causing insta-
bility for both these two coal pillars. While if the mining work
of the working face 6107 is carried out after filling, the filling
bodies support the overlying strata to a certain extent, reduc-
ing the overburden load of the coal pillars and increasing the
proportion of the elastic core area of coal pillars, then the
bearing capacity of coal pillars will be effectively improved.
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The strengthening effect of the filling bodies on the bearing
capacity of the floor pillars becomes more obvious with the
increasing height of the filling bodies.

5. Engineering Practice

Based on the research results above, it can be found that
when the height of the filling bodies reaches 5m, 6m, or
7m, the coal pillars can be kept stable under the influence
of abutment pressure of the no. 6107 working face. However,
when the height of the filling body is 5m, the elastic core area
of no. 4 and no. 5 coal pillars accounts for 40.625%, which is
in a critically stable state. The filling body may suffer from
certain shrinkage in size during the consolidation process,
causing fissures between the body and the coal pillar, and
the lateral clamping effect of the filling body on the coal pillar
will be weakened. When the height of the filling body is 6m
or 7m, the proportion of the elastic core area of each floor

pillar is higher than 50%, which can maintain the stability
of the floor pillar. In summary, to ensure the safe mining of
the no. 6107 working face with minimum filling cost, the
height of the filling body is finally determined to be 6m,
and accordingly, on-site filling experiment work has been
carried out.

5.1. Observation Hole Layout and Observation Equipment.
Drilling on the floor is applied to test the on-site filling result
and to evaluate the disturbance and damage caused by the
mining-induced stress during the mining process of the no.
6107 working face. A floor sight borehole (hereinafter
referred to as the D1 borehole), whose diameter and length
are 65mm and about 99m, respectively, has been arranged
in the transporting roadway in the no. 6107 working face.
The angle between the D1 borehole and transporting road-
way is about 50°, and the horizontal angle of the drilling hole
is about 11°. To ensure that the probe can be smoothly
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lowered and determine the lowering distance of the probe,
the connectable push rod is used to connect with the televi-
sion borehole camera. As each part of the push rod is 1m
long, the lowering distance can be measured by the number
of rods pushed into the drilling hole. The position of the
borehole, D1, and drilling observation equipment are shown
in Figure 13.

5.2. Field Observation Results.After the completion of the fill-
ing work and the consolidation of the filling slurry, develop-
ing rules of mining-induced fissures of the floor of the no.
6107 working face, the coal pillars, and the filling bodies have
been investigated by using the borehole D1 and TV observa-
tion equipment, and their stability has been evaluated. On
September 19, 2019, the underground borehole TV observa-
tion was conducted. At this time, the no. 6107 working face
was about 30m away from the borehole. The borehole suc-
cessively goes through the floor, filling bodies, and coal pil-
lars. The development conditions of fissures at different
depths in the borehole D1 have been shown in Figure 14.
The wall of the borehole D1 remains intact in the floor pillars
and the filling bodies. There is much water in the bottom of
D1, of which the seepage flow is relatively slow, and there is
no obvious damage or water-conducting fissures. This also
confirms that although the positions of the floor coal pillars,
filling bodies, and floor coal pillars are located in the influence
area of the peak value of abutment pressure of the no. 6107
working face, their stability is still maintained. It can be seen
that the safe mining of the no. 6107 working face can be
ensured when the height of the filling bodies reaches 6m.

6. Discussion

(1) On the basis of ensuring that the physical and
mechanical parameters of simulated materials are
consistent with those of coal pillars and the filling
bodies, the effects of difference in filling bodies’
heights on the suppression of the expansion of the
coal pillars’ plastic area below the no. 6107 working
face and on strengthening the bearing capacity of
the coal pillars have been mainly investigated, and
the influence laws of different grouting heights of fill-
ing bodies on the stability of coal pillars have been
revealed. However, the consolidation process of the
filling slurry, the degree of adhesiveness/bonding
between the filling bodies and the side wall of the coal
pillars, and the size of the clearage between the two
remain to be studied. In addition, the variation of
the lateral clamping of coal pillars with different
bonding levels needs to be further studied.

(2) The filling materials of the Yuanbaowan coal mine
are used, and accordingly, parameter calibration
and simulation research is conducted in this paper.
The effects of difference in the materials and the
material ratio of filling bodies on the suppression of
the expansion of the coal pillars’ plastic area and on
strengthening the bearing capacity of the coal pillars
also remain to be investigated. Accordingly, research
on the materials will be performed to find out the
optimal combination of mining economic benefits
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(a) Floor of the no. 6107 working face (b) Coal pillar

Water at the bottom
of the borehole 

Grouting material
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Figure 14: D1 borehole TV observation results at different depths.
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and coal pillar’s controlling effects. The economic
investment of the filling process will be minimized
on the premise of ensuring safe mining.

7. Conclusion

(1) Before the mining of the no. 6107 working face, the
elastic core areas of no. 1 to no. 7 coal pillars, which
are all stable, accounted for 98%, 76%, 63%, 60%,
63%, 71%, and 95%, respectively. When mining is
conducted without filling the goaf, the plastic zone
of the no. 1 to no. 7 coal pillars expands rapidly as
influenced by the front abutment pressure, and the
proportions of the elastic core area of the seven dra-
matically drop to 46%, 27%, 20%, 18%, 14%, 12%,
and 12%, respectively, causing instability for no. 2
to no. 7 coal pillars. Thus, filling the goaf in the no.
9 coal seam is the prerequisite for safe mining of the
no. 6107 working face.

(2) The filling bodies have a certain lateral clamping
effect on the coal pillars, which can effectively
improve the stability of the coal pillars under the
influence of the mining-induced pressure of the no.
6107 working face. The filling body has not only a
suppressing effect on the expansion of the plastic
zone of the coal pillars and the horizontal side heave
but also a strengthening effect on the bearing capacity
of the coal pillars. This phenomenon becomes more
obvious with the increasing height of the filling bod-
ies. When the height of the filling bodies reaches 6m,
the proportion of the plastic zone declines from 88%
to 25% and the amount of the horizontal side heave
reduced from 1534mm to 230mm. So the suppres-
sion effect on the plastic zone and the amount of
the horizontal side heave is as high as 72% and
85%, respectively.

(3) Drilling on the floor of the no. 6107 working face and
then grouting the goaf have been carried out. The
research shows that when the height of the filling
bodies is 6m, the occurrence and expansion of
mining-induced fissures in the floor strata, filling
bodies, and the floor pillars below the no. 6107 work-
ing face have been effectively restrained. So the floor
pillars remain stable under the influence of the front
abutment pressure, and the safe mining above the
goaf of the no. 6107 working face can be ensured by
grouting the goaf first.

Data Availability

Research data can be seen in the relevant images and tables in
the text.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

Financial support from the National Natural Science Founda-
tion of China (No. 51904201), Fundamental Research Program
of Shanxi (201901D211035), and Scientific and Technological
Innovation Programs of Higher Education Institutions in
Shanxi (2019L0245) is greatly appreciated.

References

[1] J. H. Wang, “Present status and prospects of modernized
mining technology and equipment in China coal mine,” Coal
Science and Technology, vol. 39, no. 1, pp. 1–5, 2011.

[2] J. F. Ju, J. L. Xu, and W. B. Zhu, “Longwall chock sudden clo-
sure incident below coal pillar of adjacent upper mined coal
seam under shallow cover in the Shendong coalfield,” Interna-
tional Journal of Rock Mechanics and Mining Sciences, vol. 77,
pp. 192–201, 2015.

[3] J. L. Xu, J. F. Ju, and W. B. Zhu, “Support crushing types in the
longwall mining of shallow seams,” Journal of China Coal
Society, vol. 39, no. 8, pp. 1625–1634, 2014.

[4] J. F. Ju, J. L. Xu, W. B. Zhu, and K. Liu, “Influence of cut-hole
position on support crushing during mining out coal pillar at
the side of upper goaf in close distance of shallow seams,”
Chinese Journal of Rock Mechanics and Engineering, vol. 33,
no. 10, pp. 2018–2029, 2014.

[5] J. F. Ju,Mechanisms and Prevention of Support Crushing Disas-
ter while Mining out of the Upper Coal Pillar in Close Distance
Shallow Seams, China University of Mining and Technology,
Xuzhou, China, 2013.

[6] J. F. Ju, J. L. Xu, and W. B. Zhu, “Hydraulic powered support
jammed mechanism and prevention technology of fully mech-
anized coal mining face 22103 in Daliuta mine,” Coal Science
and Technology, vol. 40, no. 2, pp. 4–7, 2012.

[7] B. Yu, C. Y. Liu, J. X. Yang, and J. R. Liu, “Mechanism of strong
pressure reveal under the influence of mining dual system of
coal pillar in Datong mining area,” Journal of China Coal Soci-
ety, vol. 39, pp. 40–46, 2014.

[8] T. Xiao, B. Jianbiao, X. Lei, and Z. Xuebin, “Characteristics of
stress distribution in floor strata and control of roadway stabil-
ity under coal pillars,”Mining Science and Technology, vol. 21,
no. 2, pp. 243–247, 2011.

[9] B. A. Poulsen, “Coal pillar load calculation by pressure arch
theory and near field extraction ratio,” International Journal
of Rock Mechanics and Mining Sciences, vol. 47, no. 7,
pp. 1158–1165, 2010.

[10] R. Singh, T. N. Singh, and B. B. Dhar, “Coal pillar loading in
shallow mining conditions,” International Journal of Rock
Mechanics and Mining Sciences & Geomechanics Abstracts,
vol. 33, no. 8, pp. 757–768, 1996.

[11] A. K. Singh, R. Singh, J. Maiti, R. Kumar, and P. K. Mandal,
“Assessment of mining induced stress development over coal
pillars during depillaring,” International Journal of Rock
Mechanics and Mining Sciences, vol. 48, no. 5, pp. 805–818,
2011.

[12] R. Singh, A. K. Singh, J. Maiti, P. K. Mandal, R. Singh, and
R. Kumar, “An observational approach for assessment of
dynamic loading during underground coal pillar extraction,”
International Journal of Rock Mechanics and Mining Sciences,
vol. 48, no. 5, pp. 794–804, 2011.

20 Geofluids



[13] A. Jaiswal and B. K. Shrivastva, “Numerical simulation of coal
pillar strength,” International Journal of Rock Mechanics and
Mining Sciences, vol. 46, no. 4, pp. 779–788, 2009.

[14] G. Murali Mohan, P. R. Sheorey, and A. Kushwaha, “Numeri-
cal estimation of pillar strength in coal mines,” International
Journal of Rock Mechanics and Mining Sciences, vol. 38,
no. 8, pp. 1185–1192, 2001.

[15] Z. L. Zhou, Y. Zhao, W. Z. Cao, L. Chen, and J. Zhou,
“Dynamic response of pillar workings induced by sudden
pillar recovery,” Rock Mechanics and Rock Engineering,
vol. 51, no. 10, pp. 3075–3090, 2018.

[16] W. B. Zhu, L. Chen, Z. L. Zhou, B. T. Shen, and Y. Xu, “Failure
propagation of pillars and roof in a room and pillar mine
induced by longwall mining in the lower seam,” Rock Mechan-
ics and Rock Engineering, vol. 52, no. 4, pp. 1193–1209, 2019.

[17] M. L. Wang, H. X. Zhang, and G. Y. Zhang, “Safety assessment
of ascending long wall mining over old rib pillar gobs,” Journal
of Mining & Safety Engineering, vol. 25, no. 1, pp. 87–90, 2008.

[18] Z. L. Zhou, X. B. Li, and G. Y. Zhao, “Evaluation of cascading
collapse for private mined zone groups,” Journal of Natural
Disasters, vol. 16, no. 5, pp. 91–95, 2007.

[19] T. Q. Liu, “The possibility of mining using the upward
method,” Journal of China Coal Society, vol. 3, no. 1, pp. 18–
28, 1981.

[20] G. J. Sun and Y. T. Wang, “Upward mining to improve com-
plex roof control of seam,” Coal Science and Technology,
vol. 32, no. 5, pp. 15–18, 2004.

[21] Q. X. Huang, “Analysis of floor stability of ascending mining
in the contiguous seam,” Journal of Xi'an Mining Institute,
vol. 16, no. 4, pp. 291–294, 1996.

[22] G. R. Feng, X. Yan, X. X. Wang, L. X. Kang, and Y. D. Zhai,
“Determination of key positions of strata controlling in rocks
between coal seams for upward mining,” Chinese Journal of
Rock Mechanics and Engineering, vol. 28, no. 2, pp. 3721–
3726, 2009.

[23] G. R. Feng, X. Y. Zhang, J. J. Li, S. S. Yang, and L. X. Kang,
“Feasibility on the upward mining of the left-over coal above
goaf,” Journal of China Coal Society, vol. 34, no. 6, pp. 726–
730, 2009.

[24] G. R. Feng, J. Zheng, Y. F. Ren, X. X. Wang, L. X. Kang, and
H. F. Liu, “Decision theory and method on feasibility on the
upward fully mechanized mining of the left-over coal above
gob area mined with caving method with pillar supporting
method,” Journal of China Coal Society, vol. 35, no. 11,
pp. 1863–1868, 2010.

[25] J. W. Bai, G. R. Feng, S. Y. Wang et al., “Vertical stress and sta-
bility of interburden over an abandoned pillar working before
upward mining: a case study,” Royal Society Open Science,
vol. 5, no. 8, article 180346, 2018.

[26] J. W. Bai, G. R. Feng, M. Zhang et al., “Influence of upper-
bottom pillar mining on temporal and spatial evolution of
stress in rock strata around middle residual coal seam,” Jour-
nal of China Coal Society, vol. 41, no. 8, pp. 1896–1903, 2016.

[27] M. G. Qian, X. X. Miao, J. L. Xu, and X. B. Mao, Study of Key
Strata Theory in Ground Control, China University of Mining
and Technology Press, Xuzhou, China, 2003.

[28] Z. Li, S. C. Yu, W. B. Zhu et al., “Dynamic loading induced by
the instability of voussoir beam structure during mining below
the slope,” International Journal of Rock Mechanics and
Mining Sciences, vol. 132, article 104343, 2020.

[29] J. F. Ju and J. L. Xu, “Surface stepped subsidence related to top-
coal caving longwall mining of extremely thick coal seam
under shallow cover,” International Journal of Rock Mechanics
and Mining Sciences, vol. 78, pp. 27–35, 2015.

[30] Z. Li, J. L. Xu, J. F. Ju, W. B. Zhu, and J. M. Xu, “The effects of
the rotational speed of voussoir beam structures formed by key
strata on the ground pressure of stopes,” International Journal
of Rock Mechanics and Mining Sciences, vol. 108, pp. 67–79,
2018.

[31] Y. Li, C.’. Tang, D. Li, and C. Wu, “A new shear strength crite-
rion of three-dimensional rock joints,” Rock Mechanics and
Rock Engineering, vol. 53, no. 3, pp. 1477–1483, 2020.

[32] T. J. Kuang, Z. Li, W. B. Zhu et al., “The impact of key strata
movement on ground pressure behaviour in the Datong coal-
field,” International Journal of Rock Mechanics and Mining
Sciences, vol. 119, pp. 193–204, 2019.

[33] Z. Li, J. L. Xu, S. C. Yu, J. F. Ju, and J. M. Xu, “Mechanism and
prevention of a chock Support failure in the longwall top-coal
caving Faces: a case study in Datong Coalfield, China,” Ener-
gies, vol. 11, no. 2, p. 288, 2018.

[34] W. B. Zhu, J. L. Xu, L. Chen, Z. Li, and W. T. Liu, “Mechanism
of disaster induced by dynamic instability of coal pillar group
in room-and-pillar mining of shallow and close coal seams,”
Journal of China Coal Society, vol. 44, no. 2, pp. 358–366, 2019.

[35] J. L. Xie, J. L. Xu, and F. Wang, “Mining-induced stress distri-
bution of the working face in a kilometer-deep coal mine—a
case study in Tangshan coal mine,” Journal of Geophysics
and Engineering, vol. 15, no. 5, pp. 2060–2070, 2018.

[36] Y. Pan and S. T. Gu, “Analysis of bending moment, shear
force, deflection and strain energy of hard roof at initial stage
of cracking during periodic pressures,” Chinese Journal of Rock
Mechanics and Engineering, vol. 33, no. 6, pp. 1123–1134,
2014.

21Geofluids


	Research on the Influence of Slurry Filling on the Stability of Floor Coal Pillars during Mining above the Room-and-Pillar Goaf: A Case Study
	1. Introduction
	2. Geological Conditions
	2.1. General Situation of the Working Face
	2.2. Columnar Overburden Stratum of the Working Face
	2.2.1. Key Stratum Theory
	2.2.2. Key Stratum of the No. 6107 Working Face


	3. Numerical Simulation
	3.1. Modelling and Mining Scheme
	3.2. Calibration of Coal Seam Simulation Parameters

	4. Stability of Floor Pillars
	4.1. Stability of Floor Pillars before the Mining of the No. 6107 Working Face
	4.2. Stability of Floor Pillars during the Mining of the No. 6107 Working Face
	4.3. Influence Law of Filling Bodies on the Stability of Coal Pillars
	4.3.1. Suppressing Effect of Filling Bodies on the Expansion of the Coal Pillars’ Plastic Area
	4.3.2. Strengthening Effect of the Filling Body on the Bearing Capacity of the Coal Pillar


	5. Engineering Practice
	5.1. Observation Hole Layout and Observation Equipment
	5.2. Field Observation Results

	6. Discussion
	7. Conclusion
	Data Availability
	Conflicts of Interest
	Acknowledgments

