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Aiming at the large deformation problem of gob-side entry in solid filling mining, the roof subsidence of gob-side entry
retaining (GER) was studied under the influence of gangue filling, by taking a deep filling working face in Shandong Province as
the engineering background and using theoretical derivation as well as FLAC3D numerical simulation. Research shows that the
stiffness of the gangue filling body in the gob and the stiffness and width of the entry protection coal and rock mass (EPCARM)
are positively correlated with the GER roof subsidence, which is much less affected by the EPCARM parameters than by the
GER stiffness. )e GER failure to meet the application requirements is mainly attributed to the insufficient stiffness of the
gangue filling body and excessive advance subsidence, which inhibit the roof stress transfer. )e GER replacement by the gob-
side entry driving (GED) scheme, which implies replacing the entry protection gangue bag wall with the coal pillar with a width
of 5m, will reduce the roof subsidence to 0.114m, according to the proposed equation. )e results obtained are considered
quite instrumental in deformation control of the gob-side entry filled with gangue, as well as substantiation of GED and GER
applicability options.

1. Introduction

With increasing coal mining intensity and gradual ex-
haustion of shallow resources, deep mining became a global
trend [1, 2]. However, due to the high frequency of deep
mining disasters, it is faced with severe challenges, and some
scholars have also done much basic research [3–6]. Gangue
solid filling is one of the main technologies used to solve the
deep mining problems: it plays a significant role in the
control of rock strata and effective utilization of the gangue,
effectively controls the surface deformation and stratum
fracture, reduces the ground damage, consumes the gangue
on the ground and underground, and abates the gangue
occupation and pollution [7–11]. In particular, the gob-side
entry retaining (GER) has been widely used in China due to
its great contribution to improving the stress environment of
the entry and increasing the coal resource recovery rate
[12–15]. Moreover, with the global expansion of the filling
technology, the GER has gradually been applied in the deep
filling face [16–20].

At present, many scholars have analyzed the GER with
gangue filling from the aspects of strength and width of the
roadside filling mass, entry support measures, and filling rate
of the gob. For example, Ju et al. [21] analyzed the stress
characteristics of roadside filling mass under compaction
conditions and used the numerical simulation to assess the
GER, the strength of the gangue belt, and the width-to-
height ratio. Deng et al. [22] studied the deviatoric stress
evolution characteristics of surrounding rock of the gob-side
entry and optimized the GER parameters under different
values of buried depth, gob filling ratio, width, and strength
of the roadside filling mass. Huang et al. [23] considered that
reasonable selection of mining, filling, and retaining tech-
nology, reliable support form, and reasonable combined
support scheme are the key to the successful GER imple-
mentation. Gong [24] analyzed the deformation charac-
teristics of the entry retaining roof and the roadside support
body, proposed the flexible roadside support scheme of
“gangue belt + reinforcement + guniting,” and verified the
correctness of this support scheme on-site. Chen et al. [25]
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proposed the entry retaining technology combining the
gangue belt with the grouting while considering the diffi-
culties of filling the GER and determined the reasonable
width of the gangue bag by numerical simulation. Yu et al.
[26, 27] carried out a series of mechanical tests of rock-coal-
bolt (RCB) composite system for the complex nonlinear rock
mechanics characteristics of deep coal mine and considered
that the combination angle and bolt have a great influence
on the combination system.

Since the roadside filling body and coal pillars are used
for the gob-side entry protection, they are jointly referred to
as “entry protection coal and rock mass” (EPCARM). )e
solid backfill mining involving gob-side entry is generally
divided into gob-side entry driving (GED) and gob-side
entry retaining (GER) techniques [28, 29]. Although the
former (GED) technique combines the advantages of filling
and entry retaining, the most frequent stress environment of
the EPCARM is not favorable for its application, and the
current research efforts are mainly focused on the GER. A
field investigation of the GER in 2305S-2# and 1302N-2#
working faces of a particular coal mine in the Shandong
Province of China revealed several sections with serious
deformation, despite the application of such preventive
measures as support strengthening and increased EPCARM
width. A simple and accurate roof subsidence prediction
model is topical to guide the deformation control of the gob-
side entry in the gangue filling face, comprehensively study
the deformation mechanism of the gob-side entry under the
filling condition, and substantiate the effective control
countermeasures. Given this, this study was aimed to de-
velop and validate a mechanical model of gob-side entry for
the EPCARM parameters determined in the above mine,
which integrated deep mining, dressing, and filling tech-
niques. )e influencing factors of the gob-side entry de-
formation were analyzed to provide a reference for
surrounding rock control of the deep gob-side entry.

2. Project Overview

)e 1302N-2# filling face of deep mining, dressing, and
filling integrated mine in Shandong Province of China was
used in this study as the engineering background. )e mine
layout featured the 1303N-1# working face in the west, the
gob of the 1302N-2# filling face in the east, the old gob of the
1302N working face in the north, and the village protection
pillar in the south.)emining depth of the working face was
736m, which corresponded to deep mining conditions. )e
minable coal seam was No. 3 upper coal seam, with an
average thickness of 2.7m. )e working face was mined
along the strike, with a strike length of 482m, an inclined
length of 85m, and a seam dip angle ranging from 1° to 12°.
)e gob of the filling face was filled with solid gangue, the
upper entry was retained along the gob, the entry was driven
along the roof of the coal seam, and the mudstone floor was
broken. )e entry cross-section was rectangular, with actual
width of 4.7m and a net height of 3.7m. )e “bolt + anchor
cable + steel belt” support scheme was adopted. )e 20m

thick immediate roof was siltstone, the 4m thick main roof
was fine-grained sandstone, and the 1.5m thick immediate
floor was mudstone. Besides the gob-side entry, a stacked
gangue bag wall, installed cement pier column, and anchor
cable support were employed. )e building width ranged
from 2 to 3m, and the entry layout is depicted in Figure 1.

)e entry deformation was mainly manifested by large-
angle rotary subsidence of the roof, bulging and falling of the
gangue wall, and strong floor heave. )e latter was the most
prominent feature of the entry, exhibiting the largest de-
formation among mining entries in this mine. However,
after the floor leveling and implementation of the monorail
crane technology in the mine, the floor heave was mitigated
and had little impact on the mine production. )e large-
angle rotary subsidence occurred in the sections with a lower
filling rate, accompanied by the gangue wall bulging and
falling. )e gangue bag for entry protection was not used in
some sections due to their large rotary subsidence. Note-
worthy is that the large depth and rotary subsidence of the
mine made it quite problematic to improve the filling rate in
front of the gob. )is paper mainly analyzes the roof sub-
sidence and the deformation of entry protection coal and
rock mass based on the above field investigation.

3. Analysis of Factors Influencing the Gob-Side
Entry Roof Subsidence

3.1. Mechanical Model Elaboration. Large deformation of
EPCARM affects the gob-entry side stability, strongly de-
teriorates its stress and strain state, and can result in the
entry roof collapse.)erefore, deformation characteristics of
the EPCARM should be considered to analyze the sur-
rounding rock stability. In the integrated mine, shortage of
gangue supply, untimely filling, and low advancing speed of
the working face, resulting in the insufficient filling rate of
the gob, may lead to breaking the immediate roof. )e latter
phenomenon can be analyzed using the conventional me-
chanical model of the gob-side entry. )erefore, further
theoretical analysis only considers the situation where the
immediate roof is not broken. )e mechanical model of the
gob-side entry, which envisaged the interaction between the
roof and filling body under the filling condition, was
elaborated, as shown in Figure 2.

)e original model was simplified as follows. )e
EPCARM right roof was taken as the coordinate origin, and
the overlying strata load on the roof was assumed to be
uniformly distributed. Insofar as the right gangue filling area
approximately satisfied the Winkler elastic foundation re-
quirements, it was treated as a beam model on the elastic
foundation. Taking the gob length along the entry direction
as the unit length, the EPCARM current deformation as Δh0,
and the under top-filling amount between the gob roof and
filling body (relative to EPCARM) as U0, the total gob
subsidence can be derived as Δh�Δh0 +U0. According to
the elastic foundation beam theory, the deflection equation
of roof subsidence has the following form:
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− αx

(A cos αx + B sin αx) +
q
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where α �
������
kc/4EI4


; β �

������
kh/4EI4


; kc and kh are elastic

foundation coefficients of the gob and the coal and rock
mass, respectively; E and I are the elastic modulus and
moment of inertia of the immediate direct roof, respectively;
q is the overlying load of the immediate roof; and A, B, C, D,
E, and F are unknown constant coefficients.

According to available research results, there is little
difference between the strength of EPCARM and that of the
coal body. )erefore, to simplify the above formula, the
EPCARM was considered equivalent to the coal body. )e
gob portion with x≤ 0 was regarded as a semi-infinite elastic
foundation beam, with zero E and F coefficients. Since w(x)

measures the magnitude of a disturbance (i.e., deformation)
that is traveling in an elastic material, at x� 0, the distur-
bance of equation (1) is Δh0. Using the above boundary
conditions, the unknown coefficients can be derived.

)e deflection curve equation of roof subsidence can be
obtained by substituting w(0) �Δh0 into equation (1). )us,
at x� 0, we have

Δh0 �
q

kh

+
α2q
β2kc

. (2)

At x≤ 0, it is quite problematic to determineU0. According
to the field investigation, the roof of the gob-side entry filled in
the deformation control zone is characterized by uniform
subsidence without obvious bending, so the deflection varia-
tion of the gob-side entry roof in the above zone can be
regarded as linear. )erefore, according to the geometric
considerations, the compressive deformations of the two sides
of the entry after compression of the EPCARM are as follows:

Δh1 � x0 + d( tan θ,

Δh2 � x0 + d + l( tan θ,
 (3)

where Δh1 is the roof subsidence at the entry side of the coal
and rock mass, Δh2 the roof subsidence at the gob side of the
coal and rock mass, θ the rotation angle of rock stratum, x0
the width of the plastic zone at the solid coal side of the gob-
side entry, d the width of entry, and l the width of the coal
and rock mass. At x� 0, we get Δh0 �Δh2. Combining
equations (2) and (3) yields

Δh1 �
q x0 + d( 

x0 + d + l

1
kh

+
1

����
kckh

 . (4)
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Since the filling body in the gob is loose medium with
small thickness, its elastic foundation coefficient can be
approximately assessed as follows:

kh �
Eh

h0
,

kc �
Ec

h0
,

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(5)

where Eh and Ec are the foundation stiffness values (elastic
moduli) of the EPCARM and the gob filling body [30],
respectively, whereas h0 is the foundation thickness. By
substituting equation (5) into equation (4), the following
relationship between the entry side roof subsidence of the
EPCARM and the foundation stiffness values of the
EPCARM and the gob filling body can be obtained.

Δh1 �
q x0 + d( h0

x0 + d + l

1
Eh

+
1

����
EcEh

 . (6)

3.2. Analysis of Factors Influencing the Roof Subsidence and
Gob-Side Entry Deformation. For the filled gob-side entry
under study, the plastic zone width x0 in the solid coal wall
can be calculated as follows [31]:

x0 �
λh

2 tan φ0
ln

kcH + c0/tan φ0( 

c0/tan φ0(  + p0/λ( 
 , (7)

where λ is the lateral pressure coefficient equal to 0.41; φ0 and
c0 are the internal friction angle and cohesion, respectively,
of the interface between the coal seam, roof, and floor, which
are assumed to be 25° and 2MPa, respectively; k is the stress
concentration factor, which is equal to 1.7; c is the average
unit weight of the overlying strata; H is the buried depth of
entry (736m); and p0 is the support strength of entry
protection (0.2MPa). Substitution of the above values into
equation (7) yields x0 � 3.4m.

)e entry width d, the overlying load q of the im-
mediate roof, and the actual mining height H generally
exhibit slight variations. )erefore, according to equa-
tion (6), the maximum subsidence of the entry roof is
related to foundation stiffness values of the EPCARM
(Eh) and gob (Ec), and the width l of coal and rock mass.
Using the field mining conditions, namely, d � 5 m,
q � 18.4 ×106 N/m, H � 3.7 m, Eh � 0.5 GPa, Ec � 0.1 GPa,
h0 � 3.6 m, and l � 2 m, we get the roof subsidence of
0.346 m, which is consistent with the deformation in
most areas of the site, indicating the accuracy of equation
(6). )e effects of human-controllable factors Eh, Ec, and l
on the roof subsidence of the gob-side entry are depicted
in Figure 3.

As shown in Figures 3(a) and 3(b), the maximum roof
subsidence of the gob-side entry is negatively correlated with
the foundation stiffness of the EPCARM and the filling body
in the gob. Given the variety of materials that can be applied,
the foundation stiffness of the EPCARM varies widely. If this
value is less than 1GPa, the roof subsidence ranges between

0.223 and 0.552m. If Eh is increased from 0.25 to 1.0 GPa,
the roof subsidence becomes quite significant. If Eh is
increased from 1 to 4 GPa, that is, by four times, the roof
subsidence drops from 0.223 to 0.098m, which corre-
sponds to a 22% decline, which is quite small. Similarly,
the roof subsidence of 0.35 m is observed at Ec � 0.1 GPa
versus 0.45 m at Ec � 0.05 GPa, which implies a difference
of 0.1 m and a strong effect of Ec variation on the roof
subsidence. If Ec is increased by 300%, from 0.1 to 0.4 GPa,
the roof subsidence drops from 0.346 to 0.227m, that is,
by 34%. In this case, a variation of the foundation stiffness
of the filling body in the gob has a weaker effect on the roof
subsidence of the gob-side entry than that of the coal and
rock mass. When the foundation stiffness values of the
filling body in the gob and the EPCARM exceed a certain
level, their effects on the deformation control of the roof
are no longer significant. With an increase in the width l of
the coal and rock mass, the roof subsidence decreases
linearly, but slightly; when the EPCARM width is in-
creased from 1 to 4m, the roof subsidence drops from
0.383 to 0.290m, that is, only by 24%, as shown in
Figure 3(c).

4. Deformation and Stress Distribution of Gob-
Side Entry

4.1. Numerical Simulation. According to the field investi-
gation, roofs of some sections experienced large subsidence
in advance, and the roof was severely deformed before entry
retaining. After retaining, high rotary stresses act on the coal
and rock mass, resulting in large deformation. At this time,
increasing the foundation stiffness of the EPCARM and the
gob filling body could not effectively control the sur-
rounding rock deformation. Additionally, the advance roof
subsidence effect was not considered in the above analysis.
)e numerical simulation method was adopted to verify the
accuracy of the proposed equation and assess the roof
subsidence effect.

)e FLAC3D software was used to establish a three-
dimensional numerical model simulating the 1302N-2#
working face of the mine under study. )e model dimen-
sions were 300m× 200m× 73.5m, the coal seam dip angle
was 11°, and the working face length was only 85m.
)erefore, the effect of the working face dip angle was
negligible and could be ignored.

)e common Mohr–Coulomb criterion was applied for
rock mass [32, 33]. Considering the compaction charac-
teristics of the rock mass in the filling area, the double-yield
model or the elastic model are generally used for simulation
[34]. However, since the double-yield model parameters are
complex, and their adjustment is quite cumbersome, the
elastic model is employed for simulation. )e elastic
modulus of the filling body was not constant during com-
paction and, therefore, had to be adjusted twice in calcu-
lations via the elastic model.

Numerical simulations via FLAC3D adopted the well-
known relationships between the elastic modulus E, bulk
modulus K, shear modulus G, and Poisson’s ratio μ, namely,
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K �
E

3(1 − 2μ)
,

G �
E

2(1 + μ)
.

⎧⎪⎪⎪⎪⎪⎪⎨
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(8)

According to the Salamon theory [35, 36], the stress-
strain relationship of the gangue filling body during com-
paction is as follows:

σ �
E0ε

(1 − ε)/εm

, (9)

where σ is the vertical stress of the gob, E0 the initial
foundation stiffness of the gangue filling body, ε the current
vertical strain, and εm the maximum vertical strain.

According to the study conducted by Yavuz [37], εm can
be expressed as follows:

εm �
(b − 1)

b
, (10)

where b is the comprehensive crushing expansion coefficient
of the filling body, which is equal to 1.3, according to the field
conditions.

By combining equations (9) and (10), the elastic modulus
E can be derived:

E �
dσ
dε

�
b(b − 1)E0

(bε − b + 1)
2 ε −

E0(b − 1)

(bε − b + 1)
. (11)

It is assumed that Poisson’s ratio μ� 0.2 [38]. Based on
equations (8) and (11), the relationship between the bulk
modulus K, shear modulus G, and vertical strain ε can be
obtained.

Since the filling material is bulk material, the elastic
modulus should be reduced when the elastic model is ap-
plied. According to the study by Mitri et al. [39], the rela-
tionship between rock mass and elastic modulus of the
laboratory specimen is as follows:

Erm

Elab
� 0.5 1 − cos π

GSI + 5
100

  , (12)

where Erm and Elab are elastic moduli of rock mass and
laboratory specimen, respectively, and GSI is the geological
strength index. According to the study by Hoek et al. [40],
the GSI of gangue bulk is 10, so the elastic modulus of the
gangue filling body in the numerical simulation is 0.054
times the initial one, and the rock parameters are as shown in
Table 1.

Using the software with code in the FISH language, the
vertical strain was monitored for each time step (of the total
100 steps used in this study), and its value was substituted
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Figure 3: Effect of human-controllable factors on roof subsidence of gob-side entry. (a) EPCARM. (b) Filling body in the gob. (c) Width of
EPCARM.
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into equations (7) and (10) to derive the bulk and shear
moduli of the gangue filling body, and then it was readjusted.
)e elastic model was refined to realize the calculation of the
filling gob compaction theory. )e numerical simulation
scheme is shown in Table 2. After the working face was
advanced by 100m, a monitoring line was set in the im-
mediate roof at 10, 50, and 90m, respectively, behind the
working face, and each line was numbered 1#, 2#, and 3#, as
shown in Figure 4.

)e stress and roof deformation on the measuring lines
were taken as indices to analyze the gob-side entry roof. Data
analysis shows that the deformation and stress variation
patterns of the three measuring lines were the same. Since
the deformation of 1# measuring line was not stable and 3#
measuring line exhibited a certain boundary effect, the data
of 2# measuring line were selected for analysis.

4.2. Analysis of Numerical Simulation Results. As shown in
Figure 5, with an increase in the foundation stiffness of the
filling body, the vertical stress of the entry protection side
and the coal wall side decreases, reflecting an obvious stress
transfer effect. Among them, the filling body in the gob is
subject to the most pronounced stress transfer effect. During
the increase of the foundation stiffness of the filling body, the
stress of the filling area increased by 2MPa, and the vertical
stress of the EPCARM dropped by about 1 and 0.5MPa for
the coal wall side. )e effect of enhancing the foundation
stiffness of the filling body implied the stress transfer from
the EPCARM and the coal wall side to the filling body.
Similarly, with an increase in the foundation stiffness of the
gangue filling body, the roof deformation of both sides was
reduced, and the roof reduction of the filling area turned out
to be the most significant, followed by that of the entry
protection. )e deformation variation of the coal wall side is
smaller, which is consistent with the roof stress transfer
variation.

As shown in Figure 6, with an increase in foundation
stiffness of coal and rock mass, the vertical stress of
EPCARM gradually increased, and the maximum value was
about 25MPa, which exceeded the strength limit of general
coal and rock mass, while the stress release effect in the stress
concentration area of the coal wall side was limited. As for
the deformation control, the improvement of foundation
stiffness of EPCARM exerted an obvious control effect on
the entry roof subsidence, and the roof subsidence at the
entry protection side was reduced from 313 to 204mm.

)erefore, a larger foundation stiffness of EPCARM can
limit the entry roof subsidence, but with higher require-
ments for material properties (compressive strength). An
appropriate foundation stiffness of EPCARM can effectively
control the entry roof deformation and stress concentration.

As shown in Figure 7, the EPCARMwidth has little effect
on the roof stress variation. An increase in width enables the
stress to transfer to the gob side. )e EPCARM width effect
on the roof subsidence is also not obvious, which is con-
sistent with the theoretical prediction, judging from the roof
subsidence at the entry gob side, which further confirms the
accuracy of equation (6).

As shown in Figure 8, an increase in the advance roof
subsidence can reduce the vertical pressure of EPCARM to a
certain extent. When the advance roof subsidence was in-
creased from 0m to 0.4m, the maximum vertical stress of
EPCARM dropped from 2.7 to 0.97MPa, while that of the
coal wall side decreased from 33.8 to 28.2MPa. Since the
roof subsidence increases with advance subsidence, no ex-
cess advance subsidence is recommended.

5. Industrial Applications

5.1. Control Measures. According to the above analysis,
when the EPCARM is a weak gangue bag wall, an adequate
improvement of the EPCARM foundation stiffness can
effectively control the roof subsidence, while the EPCARM
width has relatively little influence on it. A change of
foundation stiffness of gob filling body imposes less in-
fluence than that of coal and rock mass, and there is an
obvious stiffness effect between the EPCARM and the gob
filling body. )e foundation stiffness of the EPCARM and
the gob filling body significantly influence the roof de-
formation and become the key factor of roof deformation.
)erefore, the following measures can be taken in practical
engineering:

(1) From the perspective of foundation stiffness effect, it
is recommended to optimize the following param-
eters: (i) filling process and particle size ratio of filling
materials, (ii) support structure and selection of
filling materials to ensure the filling effect, and (iii)
advance direction of the working face to ensure
smooth implementation of the filling technology.

(2) Either the support design should be optimized to
strengthen the coal and rock mass, or the enhanced
EPCARM material should be used to effectively

Table 1: Rock mass parameters.

Lithology Bulk modulus
(GPa)

Shear modulus
(GPa)

Density
(kg•m−3)

Cohesion
(MPa)

Internal friction
angle (˚)

Tensile strength
(MPa)

Mudstone 0.9 0.6 2600 1.5 28 0.8
Fine-grained
sandstone 21.5 16 2600 3.2 35 1.8

Siltstone 5.7 4 2550 2.5 28 1.3
Coal 1.3 0.7 1350 1.7 25 0.4
Medium-grained
sandstone 16 15.5 2650 3.8 35 1.9
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Figure 5: Continued.

Table 2: Numerical simulation scheme.

Scheme Foundation stiffness of
EPCARM (GPa)

Foundation stiffness of filling body in
gob (GPa)

Width of EPCARM
(m)

Roof subsidence in
advance (m)

Reference
scheme 0.5 0.1 2 0

Scheme 1 0.5 0.1–0.5 2 0
Scheme 2 0.5–8.0 0.1 2 0
Scheme 3 0.5 0.1 2–5 0
Scheme 4 0.5 0.1 2 0–0.4
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Figure 4: Numerical model.
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increase the foundation stiffness of the coal and rock
mass to control the roof subsidence.

(3) )e EPCARM width, despite its weak effect on the
roof subsidence, plays a certain role in ensuring the
integrity of coal and rock mass and can transfer the
roof stress to the gob side to a certain extent.
)erefore, the EPCARM width should be optimized
based on the stiffness values of the gangue filling
body in the gob versus coal and rock mass.

(4) )e advance roof subsidence should be controlled in
a small range to prevent the rotary roof subsidence,
otherwise increasing the surrounding rock stress
around the entry and producing large deformation.

5.2. Engineering Practice. According to the field investiga-
tion and above analysis, insufficient foundation stiffness of
the gob filling body and excessive advance roof subsidence
are the main reasons for poor maintenance of the GER. Due
to the large deformation of the 1302N-2# working face, the
GER technique should not be used to mine the next working
face. Generally, the foundation stiffness of the coal body is
larger than that of the gangue bag, and, therefore, the
foundation stiffness of 2GPa was selected. Although the coal
pillar width exerted little influence on the entry deformation,
the width value of 5m was selected and substituted into
equation (6), according to the engineering experience and
numerical simulation analysis considering the integrity of
the coal pillar. )e roof subsidence was estimated to be
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0.114m, which met the respective requirements. Assuming
that concrete was utilized, the foundation stiffness generally
exceeded 8GPa [41], and the internal stress was larger as

indicated by the numerical simulation, which raised higher
requirements for material characteristics. Additionally, the
technology of entry protection with concrete materials is
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complex, including many devices, so it was recommended to
adopt the GED technology of narrow coal pillars’ retaining,
which made it possible to optimize the entry support design,

improve the support strength, and determine that the ad-
vance roof subsidence exceeds 0.2m according to the nu-
merical simulation. Backstopping started after entry
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excavation until the next working face. )e surrounding
rock control effect of the gob-side entry is shown in Figure 9.
As indicated by the six deformation monitoring points, the
maximum subsidence of the entry roof was 0.294m, and

most of it reached 0.1m, which was consistent with the
theoretical calculation results. )us, the gob-side entry
deformation fully met the requirements of safe mine
production.
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6. Conclusions

)e deformation characteristics of the surrounding rock
with the gangue filling the entry retaining in the gob were
analyzed. )e mechanical model of the gob-side entry roof
subsidence in backfill mining was established. Combined
with numerical simulation and field investigation results, the
following conclusions were drawn.

(1) Based on theWinkler elastic foundation assumption,
a mechanical model of roof subsidence of gob-side
entry filled with gangue was established. )e effects
of stiffness values of EPCARM and filling body in the
gob, the EPCARM width, and the advance subsi-
dence of filling on the entry deformation were an-
alyzed. )e calculation equation for roof subsidence
of the filled gob-side entry was derived. )e results
show that goaf stiffness and advance roof subsidence
significantly influence the entry deformation. )e
coal and rock stiffness had a relatively slight influ-
ence on the entry deformation, and the effect of coal
and rock width on the entry deformation was weak.

(2) Using the numerical simulation method, the stress
transfer pattern of gob-side entry with the deep
filling was obtained. Increasing the foundation
stiffness of the filling body in the goaf could transfer
the stress of the coal rock mass and coal wall to the
gob while increasing the foundation stiffness of the
EPCARM.)us, it could effectively control the entry
roof subsidence, but it would also increase the stress.
)erefore, to control the entry deformation, it is
necessary to reasonably control the foundation
stiffness of the gob filling body and the coal and rock
mass so that the stress of the entry surrounding rock
induces no large stress concentration.

(3) )e engineering practice shows that the replacement
of the entry protection gangue bag wall with the coal
pillar yields the maximum roof subsidence of entry
deformation of 0.294m at the pillar width of 5m and
the advance subsidence of 0.2m, andmost of the roof
subsidence is about 0.1m, which is within a rea-
sonable range and consistent with the predicted roof
subsidence value. )e accuracy of the proposed
equation is confirmed, which provides a reference for
the surrounding rock control of gob-side entry filled
with gangue.
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