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Because of daily maintenance, equipment damage, gas overrun, and other force majeure factors, the continuous stopping of the
working face causes the roof pressure to accumulate, which leads to causing accidents such as coal wall spalling and roof falling. To
address the roof safety problem caused by continuous stoppages, the 620 working face in the Huanglingmining area is taken as the
research object..rough field measurement, theoretical analysis, numerical simulation, and other researchmethods, the influence
and mechanism of stopping pressure under different rates of advance are studied. .e results show that the velocity factor of roof
load transfer is positively correlated with the advancing velocity of the working face; the reasonable length of the suspended roof is
mainly affected by the number of caving holes and the effect of pressure relief; and comparing the two stages of advance speed of
4.8m/d and 12.8m/d, the periodic weighting step distance of the latter increases by 24.4% compared with the former, and the rate
of increase of support load caused by stopping mining increases by 42.1% compared with the former. .e roof pressure ac-
cumulation caused by stopping mining is increased. Taking appropriate measures for local forced caving of the working face can
release the roof pressure and reduce the risk of local caving of the working face. .e study can provide a theoretical basis for roof
control of continuous stopping under similar engineering conditions.

1. Introduction

Due to force majeure factors such as daily maintenance of
working face, equipment damage, special geological struc-
tures, and gas overrun, the continuous stoppage of mining in
the normal advancing process of working face is inevitable,
and the characteristics of ground pressure show obvious
differences under different rates of advance [1]. In this
regard, Xie [2–4] analysed the failure field and stress field of
the fully mechanised top coal caving face under different
rates of advance through numerical simulation and similar
simulation methods. .e results show that when the unit
mining depth increases, the extent of failure zones in the
rock around the working face decreases, but a large amount
of energy accumulates inside the rock mass, and the pos-
sibility of local rock burst increases; according to Yang and
Liu [5, 6], the integrity of surrounding rock and the volume

of broken rock block are positively correlated with the rate of
advance of working face in shallow coal seams; S. Yang and
J. Yang [7–13] believed that, in high-intensity mining, the
rate of occurrence of coal and rock disasters is affected by the
rate of advance and the working face length. .e greater the
coal rock disaster rate, the greater the first weighting step of
the working face roof; Zhu and Xu [14, 15] analysed the
damage to a coal and rock mass under different geological
conditions by combining numerical simulation and field
measurement methods. .e analysis results show that the
faster the working face advances, the greater the stress
concentration on both sides of the working face, and the
extent of the plastic zone is reduced. .ese research results
used weighting characteristics of working face and coal and
rock catastrophes under different rates of advance but fail to
reveal the ground pressure on the working face when the
mining is stopped. Due to special reasons, if the advance
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distance has not reached the collapse step distance, a large
amount of energy accumulated in the roof cannot be re-
leased, the risk of a roof fall in the working face is greatly
increased, and, at the same time, the hydraulic support
movable column shrinks and the hydraulic pipe bursts. In
view of this kind of engineering problem, the author, by
means of numerical simulation and field measurement, took
the 620 working face of a mine in the Huangling mining area
as the research background and investigated the ground
pressure behaviour upon continuous stoppage at the
working face in the process of high-speed advance thereof.

At present, the 620 working face of No. 2 Coal Seam in
Huangling coal mine is being mined. .e average thickness
of the coal seam is 2.4m, the dip angle is 0° to 6°, the average
burial depth of the working face is 380m, the width is 235m,
the advancing length is 2267m, the current daily rate of
advance is 12.8m/d, the working face relies on the ZY6800/
11.5/24d hydraulic support to automatically support the
roof, the rated support resistance is 6800 kN, and the support
is equipped with a PM32 electrohydraulic control system,
which can record the live column load in real time. .e roof
and floor of the coal seam are thus as follows: the main roof
is siltstone and fine sandstone and the thickness is 11.8m;
the direct roof is fine sandstone and the thickness is 8.7m;
and the direct bottom is mudstone and the thickness is
2.8m. Due to force majeure factors such as daily mainte-
nance, equipment damage, and gas overrun, the phenom-
enon of continuous stoppage affects mine safety. For face
620, the phenomenon of support pressing and hydraulic
pipe bursting occurs regularly during the stoppage of the 620
working face (Figure 1). .e table of rock mechanics pa-
rameters is shown in Table 1.

2. The Influence of Working Face Ground
Pressure under Different Rates of Advance

To analyse the influences of ground pressure and the per-
formance characteristics of stoppage pressure under dif-
ferent rates of advance, two different advancing sections of
the 620 working face are selected for in situ testing (Table 2
and Figure 2). .e stoppage points marked in Figure 2 are
caused by local gas overrun of the working face. According
to an investigation of the mining area, when the rate of
advance is 4.8m/d and 12.8m/d, the basis for the judgment
of periodic weighting is as follows: the end resistance of
circulation reaches 35MPa and 25MPa, respectively, the
high-level gas drainage concentration increases instanta-
neously, and the coal wall spalling is severe. When the
working face stops mining, the bearing degree of the support
increases, but it has not reached the average load for periodic
weighting. After stopping mining, the roof pressure will be
released with the continuous advance of the working face.

Combined with the load conditions of support in
Figures 2(a) and 2(b), the measured weighting character-
istics are listed in Table 3. .e measured results show that
when the rate of advance is 4.8m/d and 12.8m/d, the pe-
riodic weighting step distance of the latter is 24.4% higher
than that of the former, and the support load rise rate caused
by stoppage of the latter is 42.1% higher than that of the

former, and the risk of roof fall of working face is greatly
increased. .erefore, avoiding the fluctuation of the mining
speed of the working face can decelerate the accumulation of
dangerous roof pressure on the working face and play a
positive role in the control of the rock strata; by comparing
the rise of the support load when stopping mining under the
two rates of advance, it is found that when the rate of ad-
vance is large, the accumulated pressure on the roof is also
high, and the risk of a local roof fall in the working face is
relatively low. Appropriate measures should be taken to
release the roof pressure to ensure safe production at the
working face.

3. Theoretical Analysis

3.1. Speed Factor of Load Transfer. Some research results
show that, with the increase of the rate of advance, the peak
load increases andmoves forward [16–18]; and when the rate
of advance is rapid, the mining failure caused by the direct
roof is incomplete, the roof load increase caused by mining
cannot fully act on the support, and the support load re-
mains low [19, 20]. On the other hand, when the main roof
collapses, the main load is provided by the load layer on the
top of themain roof..e load transfer process and the rate of
advance have a time effect. .at is, when the working face is
advancing normally, the load transfer characteristics of the
main roof are such that it unloads first, then arches, and after
that unloads, until the original state of stress in the rock is
restored. However, when the rate of advance is decelerated
due to special reasons, secondary unloading will occur. For
this reason, some scholars have proposed a time transfer
factor KT [21–25], as given by the following:

Kt �
Pz

Krh1lρg
, (1)

where PZ is the load acting on the key block; Kr is the li-
thology factor; h1 is the thickness of the loading layer; L is the
length of the key block; and ρ represents the average bulk
density of the key layer.

At the same time, the author thinks that the time factor
Kt will change with time in the transformation process of the
key blocks of themain roof..erefore, the following formula
can be obtained:

Kt � mt, (2)

where m is the time factor.
Based on the above results, a velocity transfer factor KV

suitable for the main roof load in the Huangling mining area
is proposed. .e velocity transfer factor KV will change with
the speed, and the following formula can be obtained:

Kv � nv, (3)

where n is the velocity factor.
During the periodic weighting of the main roof, when

the rate of advance is kept constant, the periodic weighting
step length is quasiconstant; therefore, it is considered that
the periodic weighting step is a constant SZ, and the load
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speed transfer factor Kv at this time is deduced, as shown in
the following formula:

Kv �
mnSzKrh1lρg

Pz

. (4)

When the rate of advance changes, the periodic weighting
step distance of themain roof also changes..e greater the rate
of advance, the larger the periodic weighting step distance;
therefore, the correction coefficient m is introduced.
According to the measured results of periodic weighting step
distance of working face in the Huangling mining area, the
value of correction coefficientm is set (it is positively correlated
with the rate of advance of the working face). Taking the
advance speed of the 620 working face as an example,m� 1.2,
therefore, the load transfer speed factor Kv1 applicable to the
620 working face is shown in the following formula:

Kv1 �
mn1.2 · SzKrh1lρg

Pz

. (5)

Taking the load of the key block of the main roof, the
extreme value of the speed factor Kv0 for load transmission
can be deduced as follows:

Kv0 � 1.2SzKrmn. (6)

It can be seen from formula (6) thatKv0 is jointly affected
by periodic weighting step SZ and lithologic factor Kr as
determined by the thickness of load layer, lateral pressure
coefficient, and internal friction angle, that is, given Kr, m,
and n being constant, it can be considered that Kv0 is
positively correlated with periodic weighting step SZ. At the
same time, periodic weighting step SZ is positively correlated
with the rate of advance of the working face and load transfer
factor Kv0 is positively correlated with the rate of advance.

3.2. Reasonable Suspended Roof Length for Roof Pressure
Relief. After the first fracture of the roof, with the contin-
uous advance of the working face, one end of the roof rock
beam is fixed on solid coal, and the other is suspended,
showing a cantilever beam structure, and with the contin-
uous advance of the working face, the roof periodically
collapses [1, 26, 27]. If the roof load is evenly distributed,
roof pressure will accumulate when stoppage occurs. Based
on previous research results [28–30], the design relies on the
drilling of several caving holes in the direct roof of the

(a) (b)

Figure 1: A failed support and hydraulic pipe explosion.

Table 1: Rock mechanics parameters.

Serial
number

Rock
properties

.ickness
(m)

Shear modulus
(GPa)

Bulk modulus
(GPa)

Density
(g/cm3)

Cohesion
(MPa)

Internal friction
angle (°)

Tensile strength
(MPa)

1 Medium
sandstone 28 6.23 5.07 2450 6.25 39 1.20

2 Siltstone 11.8 7.13 5.13 2350 4.24 37 1.12

3 Fine
sandstone 8.7 5.78 4.70 2320 4.05 35 1.10

4 Coal 2.1 2.81 1.68 1347 0.64 32 0.32
5 Mudstone 2.8 4.87 3.06 2100 1.32 34 0.66

Table 2: Comparison of rate of advance of working face in different periods

Advance time (2019) Advance duration (d) Advance speed (m/d) Advance distance (m)
6.1∼6.18 18 4.8 86.4
7.23∼7.29 7 12.8 89.6
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gateway to release the roof pressure and assist the roof
caving. Two sections are made along the gateway and the
working face, and the mechanical model of roof pressure
relief fracture is drawn, as shown in Figure 3 [31–33].

It can be seen from Figure 3 that the load layer above the
main roof exerts a uniform load Q on the main roof. If there
are I caving holes under construction and the load released
by each caving hole is Q, the support resistance provided by
the support to the working face is the allowable support
resistance [P]. According to the fact that the support can
bear all the loads within the roof control area, then

1
2

[P]a
2

�
1
2

(Q − iq)L
2
,

[P] �
(Q − iq)(a + b)

2

a
2 ,

(7)

where a is the distance of support control, L is the distance of
hanging roof, and L� a+ b.

Forced caving is used to ensure that the working resistance
P provided by the support is not greater than the allowable
support resistance [P] in case of periodic roof fracture. .en,

P≤ [P] �
(Q − iq)(a + b)

2

a
2 ,

b≥ a

������
[P]

Q − ip



− 1⎛⎝ ⎞⎠.

(8)

.e reasonable length of the suspended roof based on the
pressure relief of the caving hole and the allowable support
resistance [P] of the support can be calculated:

L≤ a

������
[P]

Q − ip



. (9)

According to formula (9), after the working face is
determined, the roof control distance of the support and the
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Figure 2: Load distribution on the support at different rates of advance. (a) Load distribution on the working face support when the rate of
advance is 4.8m/d. (b) Load distribution on the working face support when the rate of advance is 12.8m/d.

Table 3: Measured pressure characteristics.

Advance speed (m/d) Times of periodic
weighting (frequency)

Average periodic
weighting step (m) Stoppage time (h) Load rise (MPa) Load rise rate (MPa/h)

4.8 11 7.2 6 5.7 0.95
12.8 9 8.96 3 8.4 2.8
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allowable support resistance of the support are determined,
and the main roof load is also determined. .erefore, the
reasonable hanging roof length is mainly affected by the
number of caving holes and the pressure relief effect.

4. Numerical Simulation Study

4.1. Establishment of Model. FLAC3D finite difference sim-
ulation software is used here: theMohr–Coulomb constitutive
relationship is set for rock stratum and a strain-softening
constitutive relationship is applied to model the coal seam.
.e mechanical parameters of rock mass are provided by the
mine. To simplify the stratum, the strike direction is 345m,
the advancing direction length is 300m, the vertical thickness
is 81m, and the thickness of the coal seam is 3m. A total of
354,960 elements and 371,124 nodes are established. We limit
the displacement around the model, fix the bottom, apply a
5MPa uniform load to the top of the model, and assume a
lateral pressure coefficient of 1.2. .e numerical simulation
model is shown in Figure 4. .e numerical simulation mainly
analyses the distribution of advance abutment pressure after
the working face reaches a stable rate of advance. After the
working face is advanced by 100m, three measuring lines are
established to monitor the abutment pressure distribution
characteristics within 50m ahead of the working face. .e
three monitoring lines are located on both sides of goaf and
the middle of goaf, respectively. When simulating the ad-
vancing process of working face, the unit mining depth of the
working face is replaced by time steps, and the difference of
rate of advance is characterised by the difference in total
operation steps [2, 7, 8]. Among them, the same excavation
step distance and different excavation steps are used to replace
the propulsion speed. .e specific advancing scheme is
summarised in Table 4 .

4.2. Analysis of Simulation Results

(1) Analysis of advance abutment pressure distribution
under different rates of advance:
Figure 5 shows the distribution diagram of abutment
pressure on the advancing (by 100m) mining face
under different rates of advance. Combined with the

data in Figure 4, the characteristics of roof pressure
at different rates of advance are plotted, using data in
Table 5. .e analysis shows that, with the contin-
uous increase of the rate of advance, the bearing
pressure first decreases and then decelerates. When
the rate of advance of the working face reaches
15m/d, the weakening trend of the advanced
abutment pressure will diminish. Compared with
the rate of advance of 20m/d, the stress concen-
tration in each case is similar. Compared with the
slow rate of advance, the stress concentration is
smaller when the rate of advance reaches 15m/d; at
the same time, it is concluded that, in a certain
range of rate of advance, increasing the rate of
advance reduces the working face pressure, but
when the rate of advance reaches a certain value, the
change in the rate of advance has little influence on
the weighting of the working face.

(2) Analysis of advance abutment pressure distribution
in different times of stopping mining under different
rates of advance:
Taking survey line 1 as an example, the difference in
abutment pressure at different stopping times under
different rates of advance is analysed. Figure 6 shows
the distribution of advanced abutment pressure at
different stopping times at different rates of advance
of line 1, and Table 6 shows the concentrated
characteristics of stopping production pressure at
different rates of advance of line 1. Accordingly, the
peak position of advanced abutment pressure ap-
pears at about 12m from the coal wall, and the
abutment pressure first increases and then decreases
with the distance of the leading coal wall; at the same
time, the degree of concentration of abutment
pressure also increases with the extension of the
stoppage time. According to the data in Table 6, the
range of pressure change is not large when the
mining is stopped for 2 days or 3 days, so it is
speculated that the roof pressure concentration had
stabilised.

(3) Analysis of maximum eigenvalue variation of
abutment pressure at different rates of advance:

Coal

Immediate roof

Main roof A

B C

Top coal caving hole

Goaf

Q

L

a b

P

(a)

Immediate roof

Main roof

Haulage
gateway

Coal Return
gateway

(b)

Figure 3: Mechanical model of roof pressure relief.
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Figure 7 shows the variation in the maximum ei-
genvalue of different rates of advance. It can be seen
from Figure 6 that the maximum eigenvalue grad-
ually decreases with the increase of the rate of ad-
vance, and the increment of the stress peak value
changes to a significant extent in the process of the
gradual acceleration of the rate of advance.When the
rate of advance reaches 15m/d, the peak stress in-
crease presents a downward trend. Compared with
the four curves in Figure 7, it can be seen that, with
the continuous increase of the rate of advance of the
working face, the increase of the maximum eigen-
value is significant: the rate of change of abutment
pressure increment at different stoppage times is also
accelerated. When the working face stops mining for
1 day, the increment of abutment pressure changes
most, then, with the increase of stoppage time, the
increment of abutment pressure gradually decreases
and finally diminishes; therefore, it can be concluded
that the faster the rate of advance of working face, the

greater the roof pressure caused by stopping mining.
When the rate of advance reaches a certain value, the
roof pressure will increase and the increment of
abutment pressure then will decrease.

5. Engineering Application

Combining with the characteristics of support load distri-
bution in the 620 working face with different rates of ad-
vance in the past, it is necessary to take some pressure relief
measures according to the pressure accumulation phe-
nomenon when stopping mining at different rates of ad-
vance in the 620 working face, so as to release the roof
pressure and maintain the safety and stability of the working
face. Taking the stoppage of 620 working face on 8 August
2019 as an example, the current daily rate of advance is
12.8m/d, and the method of constructing a caving hole is
adopted to release roof pressure locally to assist goaf caving.
.e MQT-120T pneumatic drill pipe machine is used for
construction. .e first row is 3m from the coal wall of the

81m

300m
345m

Goaf

Advance 
distance 

(100m)

Boundary pillar

Boundary pillar

Measuring 

distance (50m)

XY
Z

Medium sandstone
Siltstone
Fine sandstone
Boundary pillar
Working face and boundary pillar
Mudstone

Figure 4: Numerical simulation model.

Table 4: Design of different face-advance schemes.

Serial number Programme Unit mining
depth (m)

Advance
speed (m/d) Advance time steps of primary mining Total steps

1 Advancing 100m 5 5 2000 40000
2 Advancing 100m and stopping for 1 day 5 5 4000 42000
3 Advancing 100m and stopping for 2 days 5 5 6000 44000
4 Advancing 100m and stopping for 3 days 5 5 8000 46000
5 Advancing 100m 10 10 2000 20000
6 Advancing 100m and stopping for 1 day 10 10 4000 22000
7 Advancing 100m and stopping for 2 days 10 10 6000 24000
8 Advancing 100m and stopping for 3 days 10 10 8000 26000
9 Advancing 100m 15 15 2000 14000
10 Advancing 100m and stopping for 1 day 15 15 4000 16000
11 Advancing 100m and stopping for 2 days 15 15 6000 18000
12 Advancing 100m and stopping for 3 days 15 15 8000 20000
13 Advancing 100m 20 20 2000 10000
14 Advancing 100m and stopping for 1 day 20 20 4000 12000
15 Advancing 100m and stopping for 2 days 20 20 6000 14000
16 Advancing 100m and stopping for 3 days 20 20 8000 16000
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Figure 5: Distribution of advance bearing pressure of the working face under different rates of advance. Advance speed of (a) 5m/d,
(b) 10m/d, (c) 15m/d, and (d) 20m/d.

Table 5: Roof pressure characteristics at different rates of advances.

Advance speed (m/d)
Abutment pressure peak value (MPa) Peak stress concentration factor

Survey line 1 Survey line 2 Survey line 3 Survey line 1 Survey line 2 Survey line 3
5 8.48 11.6 10.2 1.37 1.87 1.65
10 8.28 11.2 9.99 1.34 1.81 1.61
15 8.14 11.0 9.77 1.31 1.77 1.58
20 8.14 10.9 9.03 1.31 1.76 1.45
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goaf, with 13–15 rows in each row. .e spacing between
rows is 300× 4000mm, the hole depth is 8m, and the hole
diameter is 28mm. At the same time, a discharge top hole is
constructed at a spacing of 300mm from the side slope of the
solid coal (Figure 8).

As shown in Figure 9, the two instances of the sudden
drop of support load to zero are due to the decline of
working face support and the separation of support top
beam and roof, resulting in no load above the support.
Periodic weighting occurs at the working face at about 06 :
00, and the peak load on the support is 36.2MPa. .e roof
then collapses and the support load decreases..e time from

peak weighting to stoppage is about 6 h. During this period
of time, at about 11 : 00, the top beam of the support dropped
and separated from the roof, resulting in a sudden drop of
the support load to zero, and at 15 : 07, the working face
suffers from tile failure. At this time, the support load in-
creases slowly, the peak load is 23.8MPa, the load increase is
6.3MPa, and the duration of pressurisation is 1.8 h. At the
same time, forced caving measures are taken to release the
roof pressure. At this time, the support load drops sharply,
the final load decreases to 11.7MPa, and the cumulative load
decreases by 12.1MPa. Compared with the support load
before and after pressure relief, the load rise rate caused by
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Figure 6: Distribution of advance support pressures at different stoppage times at different rates of advance. Advance speed of (a) 5m/d,
(b) 10m/d, (c) 15m/d, and (d) 20m/d.

8 Advances in Civil Engineering



5–1 5–2 5–3 10 10–1 10–2 15–1 20–35 15–2 15–3 20 20–1 20–210–3 15

Advance speed and stoppage time of working face

8.1

8.2

8.3

8.4

8.5

8.6

8.7

8.8

Ab
ut

m
en

t p
re

ss
ur

e (
M

Pa
)

5m/d and stoppage
10m/d and stoppage

15m/d and stoppage
20m/d and stoppage

Figure 7: Maximum characteristic value changes for different rates of advance.

Haulage gateway of 620 working face

Return gateway of 620 working face

500

300

3000

300

4000

Figure 8: Caving hole layout parameters.

Table 6: Concentration characteristics of stoppage pressure at different rates of advance: line 1.

Advance
speed (m/d)

Abutment pressure peak value (MPa) Amount of abutment pressure increase
(MPa) Rate of increase (%)

Stop
mining for

1 day

Stopmining
for 2 days

Stopmining
for 3 days

Stop
mining for

1 day

Stopmining
for 2 days

Stopmining
for 3 days

Stop
mining for

1 day

Stopmining
for 2 days

Stopmining
for 3 days

5 8.67 8.72 8.73 0.19 0.24 0.25 2.24 2.83 2.95
10 8.62 8.71 8.73 0.34 0.43 0.45 4.11 5.19 5.43
15 8.58 8.70 8.73 0.44 0.56 0.59 5.41 6.87 7.25
20 8.69 8.72 8.73 0.55 0.58 0.59 6.76 7.12 7.25
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stopping mining is 3.5MPa/h, that caused by forced caving
is 23.4MPa/h, the load drop rate is 6.68 times the previous
rate of rise, and the forced caving pressure relief effect is
obvious.

6. Conclusion

(1) .e load transfer velocity factor Kv of a working face
is affected by lithology factor Kr and the periodic
weighting step. After the working face is calculated,
Kv is determined accordingly; that is, the load
transfer speed factor applicable to the working face is
positively correlated with the rate of advance of the
working face.

(2) .e reasonable hanging roof length based on the
allowable support resistance of the support is mainly
affected by the number of caving holes and the
pressure relief effect.

(3) With the continuous increase of the rate of advance
of working face, the advance abutment pressure first
decreases and then tends to be stable. At different
stoppage times, the incremental trend of roof
abutment pressure varies: with the continuous ex-
tension of stoppage time, the increment of roof
abutment pressure decreases, but when the rate of
advance increases to within a certain range, the trend
of abutment pressure increment decreases.

(4) .e roof has accumulated part of energy after the
working face has been excavated continuously after
normal cycle weighting. If a stoppage then occurs,
the roof pressure accumulation is significant, so it is
necessary to take forced roof caving measures to
control the roof pressure.
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.e data used to support the findings of this study are
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