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Mechanism and control of deformation
in gobh-side entry with thick and hard
roof strata

by J.S. Guo', L.Q. Ma? and I. Ngo®

Synopsis

Deformation of gob-side entries has always been a critical concern for ensuring stability in
longwall coal mines. This paper addresses the significant deformation and support challenges that
arise in thick and hard roof longwall faces (THRLF) due to dynamic pressure. The study aims to
elucidate the characteristics and mechanisms of deformation during the retreat of the longwall
face. The research findings indicated that the primary cause of deformation was the combination
of advanced abutment stress resulting from longwall face mining and the movement of the lateral
roof over the chain pillar. To mitigate this issue, we propose a deformation control method known
as cutting off the lateral roof (COLR) over the chain pillar. Simulation results demonstrate a
significant reduction in roof stress and deformation of the gob-side entry after implementing the
lateral roof-cutting technique. These findings provide valuable guidance for effectively managing
deformation in gob-side entries, particularly when dealing with thick and hard roof strata.

Keywords

thick and hard roof longwall face (THRLF), gob-side entry deformation, roof structure; control
method, cutting off the lateral roof (COLR).

Introduction

Thick and hard roof strata are strata that are characterized by great thickness, high strength, and the
absence of joints or fractures. These strata accumulate a significant amount of elastic deformation energy
during the post-mining of the coal seam (Coggan et al., 2012). When fractures occur in the thick and hard
roof, the accumulated energy is suddenly released, resulting in substantial deformation (Guo et al., 2017).
Traditionally, gob-side entries are situated within a range of 0-50 m (the width of the chain pillar) from the
last mined-out panel, which is determined by the layout of the longwall face (Li et al., 2015). As a result,

the gob-side entry experiences both the primary mining impact (PMI) from the last face and the secondary
mining impact (SMI) induced by the active mining face (Li et al., 2017; Hua et al., 2018). This is particularly
significant for entries located in thick and hard roof longwall faces (THRLEF), as the stress and deformation
effects are more pronounced, increasing the likelihood of dynamic failure (Islam and Shinjo, 2009; Elmo
and Stead, 2010).

Tannacchione and Tadolini, 2016) have shown that the hard roof plays a significant role in inducing
deformation at the gob-side entry. (Lawson et al., 2016) have further emphasized that the thickness of
the roof and its distance from the coal seam are important factors contributing to the development of
deformation. Building upon this, (Lou et al., 2016) highlighted that the deformation in the entry is caused
by a combination of the advanced abutment stress from the longwall face and the fractures occurring in the
thick and hard roof.

To control deformation in the gob-side entry, two main approaches are commonly used: passive support
and active prevention (Liu et al., 2012). Passive support focuses on reducing deformation through the
strengthening of support systems. (He et al., 2011) proposed a support scheme using intensive cable trusses
and small-diameter anchors with high pre-stressed tension. Wang et al., (2014) suggested the use of high-
strength bolts with high pre-stress tension as a support scheme. However, the passive support method was
found to be ineffective and disrupted regular production of the longwall face (Wang et al., 2015). On the
other hand, active prevention aims to address the main cause of deformation by adjusting the width of the
coal pillar to maintain entry stability. Bai et al. (2015) and Feng et al. (2018) proposed locating the entry
in a stress reduction zone, achieved by reducing the coal pillar width (the lateral stress of the surrounding
rock can be divided into three zones: the stress reduction zone, stress increase zone, and original rock
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stress zone). However, designing a small chain pillar requires
careful consideration of multiple factors to prevent more serious
deformations. Xu et al. (2017) prevented deformation by increasing
the width of the chain pillar to isolate the mining effects of two
adjacent faces. However, wider coal pillars result in coal resource
wastage. In recent years, the ‘cutting off roof strata method’ has
been adopted in various mines to maintain entry stability with the
development of related technologies (He et al., 2017). This method
involves arranging a cutting line at the edge of the gob along the
strike of the entry. By blasting or hydraulic fracturing, the hanging
part of the lateral roof strata is removed, eliminating its impact on
the entry.

This paper analyses the deformation events of 11215 tail entry
in the Xiaojihan coal mine. The mechanism of deformation of the
gob-side entry in THRLF was investigated. Finally, the deformation
control method was proposed to eliminate or weaken the
deformation of the gob-side entry.

Geological conditions of the study area

Mining geological conditions

The coal seams in Northern Shaanxi are part of the Jurassic
coalfields, which contribute approximately 7% of China’s total
annual coal output. These coalfields can be further divided into
Yushen and Yuheng fields. The Yushen field is characterized by
shallow coal seams that range from 40-200 m in depth. Due to
this relatively shallow depth, the coal seam in this area has been
extensively exploited on a large scale. On the other hand, the
Yuheng field consists of deeper coal seams, with depths ranging
from 300-500 m.

The Xiaojihan mine, located in the Yuheng field, is the first
modern mine in the area and has a production capacity of
10 Mt/a. Due to its significance, the mining experience gained from
Xiaojihan is of great importance for the design and operation of
subsequent mines in the region. Within Xiaojihan mine, the 11215
longwall face is situated in Panel 11. It is adjacent to the 11213 gob,

as shown in Figure 1. The chain pillar between these two faces has

a width of 20 m. The 11215 face extends 4,888 m in the direction

of mining and has a width of 280 m. The 11215 headentry and tail
entry serves the 11215 longwall face. It should be noted that the
11215 tailentry, which is the gob-side entry, experiences disturbance
due to the mining activities on both the 11213 faces (PMI) and the
11215 faces (SMI). In Figure 1, the region of SMI is highlighted by
the red ellipse, with a length of 3588 m. This paper primarily focuses
on analysing and understanding the deformation events that occur
in the region of SMI within the 11215 tailentry.

Roof geological conditions

Taking the 11215 longwall face as an example, four geological
boreholes were arranged along the advancing direction of the face
(Figure 2).

he distances from the 11215 open-off cut were 00 m, 1455 m,
3000 m, and 4000 m, respectively. The roof strata of the 11215 face
exhibit an alternating layered structure composed of arkose and
mudstone. Notably, arkose layers with a thickness exceeding 5 m
constitute 58.2% of the total thickness, indicating a predominant
presence of intact arkose in the roof strata.

Characteristics of deformation in gob-side entry

Deformation of the 11215 tailentry

Before the 11215 face advanced to the 11213 gob (PMI), the
deformation of the 11215 tail entry occurred mainly within the
range of 0-40 m preceding the 11215 face. The maximum recorded
roof subsidence was 295 mm, accompanied by a width reduction of
585 mm. After the 11215 working faces advanced to the 11213 gob
(SMI), the deformation was characterized by severe convergence m
of the whole section. The deformation was mainly within the range
of 0-60 m preceding the 11215 face. Maximum roof subsidence and
width reduction were 610 mm and 956 mm, respectively. An anchor
cable in the roof and an anchor bolt in the chain pillar were broken
within the range of 0-20 m preceding the 11215 face (Figure 3).

11215 N
longwall
face
N

L) No. 14 panel

longwall

face No. 12 panel

No. 11 panel
(a)
Shaanxi
No. 13 panel
ZK15A09 ZK1509 ZK 1309 ZK1209
11215 headentry X} ‘

Secondary mining
impact (SMI)

‘ N

11215 tailentry

\
11215 longwall face «
|

s

open-off cut

Figure 1—Schematic diagram of the coal mine and working faces. (a) Location of Xiaojihan coal mine. (b) 11213 and 11215 working face layout
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Figure 3—Deformation of the 11215 tailentry. (a) Roof subsidence. (b) width reduction

Deformation events

During the advance of the 11215 face towards the 11213 gob, a
series of significant failure events were observed. To analyse these
events, four typical incidents were selected and are documented in
Table I and illustrated in Figure 4.

Mechanism of deformation in gob-side entry

Advanced abutment stress caused by longwall face mining

FLAC3D software was used to simulate and analyse the stress and
deformation patterns during the mining operations of

longwall working faces. FLAC3D is a renowned finite difference
numerical simulation software package that incorporates diverse
material models to accurately replicate the stress and deformation
behaviors of elastic-plastic media, including rock and soil. It enjoys
widespread adoption and recognition within the domains of rock
mechanics, soil mechanics, and mining engineering.

Parameters of the model

Geometric dimensions

A model with dimensions of 640 x 200 x 114.5 m was constructed
to simulate the strata movement (Figure 5). Strata 114.5 m thick
were modelled and the rest of the overburden stress was exerted
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on the top boundary as pressure (Jaiswal and Shrivastva, 2009;
Sherizadeh and Kulatilake, 2016).

Boundary conditions

Displacement constraints were applied to the front, back, left, right,
and bottom boundaries. To eliminate the disturbance effect caused
by coal seam mining, the boundary of the model should exceed

the boundary of the basin formed when the surface above the goaf
subsides. In this modelling scenario, the rock strata movement angle
was assumed to be 75° (Qian et al., 2003; Xu et al., 2017).

After calculations, it was determined that leaving 22.7 m coal
pillars on both sides would ensure sufficient mining. Therefore, a
boundary of 26 m and 28 m was left on both sides of the inclined
direction, while a boundary of 25 m was left on both sides of the
strike direction, satisfying the requirements.

Rock/coal strata properties

The Mohr-Coulomb failure criterion was used in the model. The
detailed physical and mechanical parameters for each rock layer
and coal seam in the model can be found in Table II, providing
comprehensive information for the analysis and modeling process.

Monitoring points layout
To monitor the stress and deformation of 11215 tail entry, four
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Table I
Deformation events in 11215 tailentry
Distance to
Date 11213 Field situation
open-off cut
1 Roof subsidence of 11215 tailentry was up to 1.2 m in the advanced section and the hydraulic props were bent. The
April 12 264m junction of 11215 faces and tailentry was blocked.
The floor heaved 0.8m; the rib spalled 1.1m on the chain pillar side and 0.9 m on the panel side in the advanced
May 11 396 m section of 11215 tailentry, which stopped production at the face.
The roof subsidence was up to 1.3 m and the roof beam was broken. The rib spalled 1.5m in the chain pillar side and
June 4 583 m knocked down supporting hydraulic props.
Rib bulged 1.2 m in the sidewall of the chain pillar side. The anchor cable in the roof and the anchor bolt in the
July 21 1124 m chain pillar were broken.

“4.12” event “5.11” event

( _‘: Hydraulic prop bent 1
/ { ’

N

Floor heaved

Figure 4—Field situation of deformation events

114.5m
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Arkose
Mudstone
Arkose

Silty mudstone

Silty mudstone
#2 coal seam
Silty mudstone
Mudstone
Silty mudstone

Arkose
Silty mudstone
Arkose

Figure 5-Numerical model

monitoring points were created. P1 is monitoring the variation of
stress, P2 is monitoring the variation of roof subsidence, and P3 /P4
are monitoring the variation of width reduction.

Excavation steps

The excavation process of the model follows the actual mining
sequence. It begins by mining the mining roadway, followed by
excavation of the 11213 working face, and finally the 11215
working face. The progression of the mining process aligns with the
real-time mining progress, which was typically at a rate of 10 m/d.
The excavation was carried out every 10 m in accordance with this
mining schedule. This approach ensures that the model accurately
represents the sequential excavation process observed in practical
mining operations.
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Simulation results

To analyse the excavation process in detail, five stages were selected
for analysis:

Stage 1: Extraction of the 11215 tailentry.

Stage 2: Mining of the 11213 face (PMI).

Stage 3: Advancement of the 11215 face to the location of the
11213 open-off cuts (SMI).

Stage 4: Advancement of the 11215 face to a location approximately
20 m away from the 11213 open-off cut (SMI).

Stage 5: Advancement of the 11215 face to a location approximately
40 m away from the 11213 open-off cut (SMI). These stages
were chosen to closely examine the specific steps and
events during the model excavation process. In this section
‘measured’ means ‘as calculated by the model.
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Table IT
Rock physical and mechanical parameters
Numb e Thickness | Density | Bulk modulus Shear Cohesion | Friction | Tensile strength
umber rata (m) (kg/m3) (GPa) modulus (GPa) | (MPa) | angle (°) (MPa)
1 Silty mudstone 7.6 2566 1.4 0.4 54 32.9 1.6
2 Arkose 10.1 2630 5.0 2.4 13.5 30.2 4.3
3 Mudstone 10.9 2550 1.3 0.3 5.1 28.0 1.2
4 Arkose 10.6 2630 5.0 24 13.5 30.2 4.3
5 Mudstone 3.7 2550 1.3 0.3 5.1 28.0 1.2
6 Arkose 9.9 2630 5.0 2.4 13.5 30.2 4.3
7 Silty mudstone 5.7 2566 1.4 0.4 5.4 32.9 1.6
8 Arkose 19.8 2630 5.0 2.4 13.5 30.2 4.3
9 Silty mudstone 6.5 2566 1.4 0.4 5.4 329 1.6
10 #2 Coal seam 4.5 1467 0.5 0.3 2.1 24.0 1.9
11 Silty mudstone 42 2566 1.4 0.42 5.4 329 1.6
12 Mudstone 2.5 2550 1.3 0.3 5.1 28.0 1.2
13 Silty mudstone 5.0 2566 1.4 0.4 54 32.9 1.6
14 Arkose 6.2 2630 5.0 24 13.5 30.2 43
15 Silty mudstone 3.2 2566 1.4 0.4 54 32.9 1.6
16 Arkose 4.6 2630 5.0 24 13.5 30.2 43
These stages were chosen to closely examine the specific steps ——Stge1]
and events during the model excavation process. In this section — gzzz §
‘measured’ means ‘as calculated by the model. e Stage4 [9
After the excavation of the 11215 tail entry (Stage 1), the vertical -
stress measured was 5.9 MPa. This stress increased to 8.0 MPa after oeoreere] o 3
the mining of the 11213 faces (Stage 2, PMI). As the 11215 faces =
advanced to the location of the 11213 open-off cuts (Stage 3, SMI), , g
the peak abutment stress in the advanced section of the 11215 tail 2
entry reached 8.5 MPa. Further advancement of the 11215 face 40m Initial stress B
to a location approximately 20 m away from the 11213 open-off -6
cuts (Stage 4, SMI) resulted in a peak abutment stress of 9.3 MPa P Advarkcing directian
in the advanced section of the 11215 tail entry. Finally, when the [ - 5
0 10

11215 face advanced to a location approximately 40 m away from
the 11213 open-off cuts (Stage 5, SMI), the peak abutment stress in
the advanced section of the 11215 tail entry reached 9.8 MPa (as
depicted in Figure 6 and summarized in Table III).

After the excavation of the 11215 tail entry (Stage 1), the roof
subsidence in the advanced section was measured at 126.8 mm,
and the width reduction of the two sidewalls was 44.0 mm. Upon
mining the 11213 working face (Stage 2, PMI), the roof subsidence
of the 11215 tail entry increased to 244.9 mm, and the width
reduction of the two sidewalls increased to 143.7 mm. When the
11215 face advanced to the location of the 11213 open-off cut
(Stage 3, SMI), the maximum subsidence of the roof and the width
reduction of the two sidewalls in the advanced section reached
265.7 mm and 181.7 mm, respectively. Further advancement of
the 11215 face to a location approximately 20m away from the
11213 open-off cut (Stage 4, SMI) resulted in a maximum roof
subsidence of 318.5 mm and a width reduction of the two sidewalls
of 235.1 mm. Finally, as the 11215 face advanced to a location
approximately 40 m away from the 11213 open-off cut (Stage 5,
SMI), the maximum roof subsidence in the advanced section of the
11215 tail entry reached 360.3 mm, with a width reduction of the
two sidewalls of 286.7 mm (as depicted in Figure 7 and summarized
in Table III).
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Figure 6—Variation of roof stress at different mining stages

Table ITI
Stress and deformation data of 11215 tailentry at different
mining stages
Deformation
Stage Peak abutment : : :
8 stress (MPa) Roof subsidence | Width reduction
(mm) (mm)

1 5.9 126.8 44.0

2 8.0 2449 143.7

3 8.5 265.7 181.7

4 9.3 318.5 235.1

5 9.8 360.3 286.7

Ultimately, it is important to note that the roof stress and
deformation experienced by the simulated 11215 tail entry during
the SMI phase were markedly greater compared to the PMI phase

VOLUME 123
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Figure 7—Deformation of 11215 tailentry at different mining stages (a) Roof subsidence, (b) width reduction
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Figure 8—Structure of lateral main roof. (a) Fracture line on the unmined coal side, (b) fracture line above the entry, (c) fracture line on the chain pillar side

As a result, it becomes evident that the intensified abutment
stress resulting from the mining of the 11215 longwall face stands
as a significant contributing factor to the deformation observed in
the gob-side entry. This highlights the profound impact of longwall
face mining on the stability and structural integrity of underground
mining systems.

Movement of the lateral roof over chain pillar

Relationship between lateral roof and entry’s stability

Roof strata were subjected to bending subsidence along the
inclined direction of the longwall face, resulting in Blocks A, B,
and C that were hinged to each other. Investigations indicated that
the deformations of gob-side entry under three different spatial
positions of the main roof fracture line were different (Zha et al.,
2014; Yin et al., 2016; Xu et al., 2017). The position of the main
roof fracture line can be categorized as follows:

»  The fracture line was located on the side of the unmined coal
(Figure 8a)

»  The fracture line was directly above the gob-side entry
(Figure 8b)

»  The fracture line was located above the chain pillar (Figure
8¢c).

Numerical simulations and on-site data have provided evidence
that when the fracture line was situated on the side of the unmined
solid coal, it resulted in the greatest length of the suspended roof.
This, in turn, leads to the highest bending moment, as well as the
VOLUME 123
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most severe stress and deformation in the rock surrounding the
entry. On the contrary, when the fracture line is positioned above
the coal pillar, it results in the shortest length of the suspended roof,
the lowest bending moment, and the most stable surrounding rock
in the entry.

Mechanical model of lateral roof

As mentioned above, the stability of 11215 tail entry was mainly
dependent on the structure of the lateral main roof over the
chain pillar. Therefore, the structure of the cantilever beam was
established (Figure 9).

The main roof stratum can be considered as a semi-infinite
beam, subjected to vertical force P and axial force N, as described
in previous studies (Qian et al., 2003; Pan and Gu, 2015). Based on
the principles of Timoshenko beam theory, the deflection curve
equation for the main roof can be expressed as follows:

ER""+Ny"=P [1]

where P + -ky.

where: E is the elastic modulus of roof strata; y is the vertical
displacement of the main roof; k is Winkler bed coefficient.

According to boundary conditions, the deflection curve
equation can be obtained as follows [Qian et al., 2003]:

Herein:

M, +2aQ,
El(r-ys)

2arM + 50,

2 P 2l

cos Bx—
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Figure 9—Mechanical model of lateral roof strata. (a) Structure of cantilever beam, (b) distribution of forces

N
bh* (o, +) a= r_S

M, 4
6 r S
=gL'+Q' = Jo+2
O, =qL'+0 B .

r= i S:l

where: h is the main roof thickness (19.8 m); E is the elastic
modulus of the main roof (7.36 GPa); I is the section moment of
the main roof (I=bh*/12, where b=1); As is the vertical displacement
of Block B (As=h/6); L is the length of Block B; L is the length of
the hanging part of Block B (11.7 m in this case, more details in the
next section); Q is the shear force between fractured rock blocks
(Q'=Lg(yh+q)); y is the bulk density of main roof (23 kN/m? in this
case); q is the loads on strata above the main roof (9.25x10° kN/m
in this case); N is the axial force (N=LB Q’/2(h-As)); k is the bed

coefficient of coal and immediate roof (k¥ =1/>"4/E, ), immediate

roof thickness coal seam thickness i1 = 4.5 nfEl =1.06 GPa,
h2=6.5 m, E2=1.67 GPa, k = 1.23x103 kN/ m.

Hanging length of Block B

To determine the actual length of the hanging part of Block B, a
hydraulic drilling technique was employed. By monitoring the
leakage of flushing fluids in the drill-holes, the development of
fracture zones in the overburden strata could be determined. The
drill site was situated at a distance of 520 m from the 11213 open-oft
cut. The drill holes were arranged in a fan pattern. The layout and
parameters of the drill-holes can be seen in Figure 10 and Table IV.

The detection results suggested that starting points of complete
leakage of flushing fluids in 30°, 35° and 40° drill holes were D, E,
and F, respectively. The horizontal distances from D, E, and F to the
boundary of the chain pillar, namely the length of the roof hanging
part (L"), were 9.4 m, 11.6 m, and 14.1 m respectively. The average
value was 11.7 m.

Fracture line location of the main roof

The bending moment at the cross section of the cantilever beam can
be calculated by (Wang et al., 2014; Xu et al., 2017):

M=EN"=Me ™ {cos PBx+ Msin ﬁx} (3]
Br=15)

Substituting the parameters of 11215 face into Equation (3), the
bending moment of the cantilever beam could be obtained (Figure
11). The maximum value of the bending moment was calculated at
x =30 m and the fracture line of the main roof was located at 30 m
outside the chain pillar.

In conclusion, the core reason for deformation in 11215
tailentry was the superimposition effect of the advanced abutment

The Journal of the Southern African Institute of Mining and Metallurgy
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Figure 10—Measured lengths of hanging part of the lateral roof

Table IV
Parameters of drill holes
Inclined | Horizontal | Depth | Diameter Distance
Hole angle (°) angle (°) (m) (mm) between
& & holes (m)
#1 30 0 45 93
#2 35 0 50 93 1
#3 40 0 60 93
500
4504 e
400 !
3501 # Fracture li e:
1
300 \I
g I
Z 250+ : 20
§ 200 . 4.5m-3m 2m
150 oo :
I 11215 longwall face 11215 tailehtry [Chain pillar
100 g\\ AN p\\
50+ :
O T T T L T
100 80 60 40 20 0

x/m

Figure 11—Distribution of bending moment in the cantilever beam

stress caused by 11215 face mining and the bending of the lateral
roof over the chain pillar.

Control method of deformation in gob-side entry

Due to the inevitable advancement abutment stress generated by
mining activities, the feasible approach is to regulate the lateral
movement of the main roof. As a result, the ‘cutting off the lateral
roof” (COLR) method was implemented to manage the fracture line
in the roof situated at the chain pillar side, as illustrated in Figure
12. The effectiveness of COLR primarily hinges upon optimizing
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11213 gob

11215 tailentry

Figure 12—Schematic of COLR method

the cutting height and cutting angle parameters. To achieve this,
numerical simulations were conducted to refine and optimize these
parameters, ensuring enhanced outcomes for the COLR technique.

Simulation scheme

This section of the simulation builds upon the numerical model
discussed in Section 4. To simulate the cutting line, separate unit
groups are set in the model, as illustrated in Figure 12. The primary
focus of this study is to examine the impact of two factors: the
height of the cutting seam (0 m, 5 m, 15 m, 25 m) and the angle (0°,
15° 30°, 45°) on the stress and deformation of the surrounding rock
in the 11215 tailentry.

Cutting height

The determination of the cutting height primarily depends on
practical geological conditions, as indicated in previous studies
(Poulsen, 2010; Jawed and Sinha, 2018). In the case of the 11215
tailentry, the immediate roof had a thickness of 6.5 m, while the
main roof had a thickness of 19.8 m. Therefore, simulations were
conducted to assess the variations in roof stress and deformation in
the 11215 tailentry for different cutting heights: 5 m (approximately
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(b)

equal to the thickness of the immediate roof), 15 m, and 25 m
(approximately equal to the combined thickness of the immediate
roof and main roof).

Variation of the roof stress

As the cutting height increased, the stress release zone above the
11215 tailentry expanded accordingly. This can be observed in
Figure 13, where the scope of the stress release zone becomes larger
with the increase in cutting height.

Analysis of the roof stress in the 11215 tail entry revealed the
following results: When the roof was uncut, the average roof stress
was 8.1 MPa. With a cutting height of 5 m, the average roof stress
decreased to 7.0 MPa, representing a reduction of 15%. When the
cutting height was increased to 15 m, the average roof stress further
decreased to 6.2 MPa, showing a reduction of 24%. With a cutting
height of 25 m, the average roof stress dropped significantly to 4.4
MPa, indicating a reduction of 45.7%. These findings are visually
represented in Figure 14 and summarized in Table V.

/ 1213 open-off cut Lo
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Figure 14— Variation of roof stress with different cutting heights
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Figure 13—Contours of roof stress with different cutting heights. (a) Uncut, (b) cutting height 5m, (c) cutting height 15m, (d) cutting height 25m
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Table V
Stress and deformation data of 11215 tailentry with different
cutting heights
Cutting Deformation
Peak abutment
height Roof subsidence Width
stress (MPa)
(m) (mm) reduction
Uncut 8.1 251.7 138.1
5 7.0 234.9 133.5
15 6.2 228.0 128.0
25 4.4 2235 119.4

Variation of the deformation

Figure 15 illustrates the variations in roof subsidence resulting from
different cutting heights employed in the 11215
tail entry.

Without any cutting, the average roof subsidence in the 11215
tail entry was 251.7 mm. When the cutting height was set at 5 m,
the average roof subsidence decreased to 234.9 mm, representing a
reduction of 6.7%. With a cutting height of 15 m, the average roof
subsidence further decreased to 228.0 mm, showing a reduction
of 9.4%. By increasing the cutting height to 25 m, the average roof
subsidence dropped to 223.5 mm, resulting in a reduction of 11.2%.

Additionally, the average width reduction also decreased as the
cutting height increased. Specifically, the average width reduction
decreased by 3.3%, 7.3%, and 13.5% when the cutting height
increased from 5 m to 15 m and finally 25 m. These results are
visualized in Figure 15a (roof subsidence) and Figure 15b (width
reduction) and summarized in Table V.

In conclusion, the results of COLR were best when the cutting
height was 25 m, that is when the cutting height can ensure cut off
of the main roof.

Cutting angle

For the convenience of construction, the cutting angle was usually
taken as an integer multiple of 5°. Therefore, the variation of the
roof stress and the deformation of 11215 tailentry were simulated
for cutting angles if 0°, 15°, 30°, and 45°.

1121 ff 300
3 open-off cut Uncut
. . 290
—=— Cutting height=5m
—o— Cutting height=15m 280
—o— Cutting height=25m L 270 gv

P Advancing direction
(a)

T T T T T T T
0 10 20 30 40 50 60 70 80 90 100
Advancing distance/m

Variation of the roof stress

With the increase of cutting angle, the scope of the stress release
zone in the surrounding rock above the 11215 tail entry increased
(Figure 16).

When the roof remained uncut in the 11215 tail entry, the
average roof stress measured at 8.1 MPa. However, with different
cutting angles, significant reductions in roof stress were observed.
For a cutting angle of 0°, the average roof stress decreased to 4.4
MPa, representing a reduction of 45.7%. Similarly, at a cutting
angle of 15°, the average roof stress reached 4.4 MPa, resulting in
a decrease of 46.2%. When the cutting angle was set at 30°, the
average roof stress measured 4.5 MPa, reflecting a decrease of
45%. Lastly, with a cutting angle of 45°, the average roof stress was
recorded at 4.5 MPa, showing a decrease of 45.1%. (refer to Figure
17 and Table VI).

It is obvious that the cutting angle had only a minor effect on
the roof stress. But the scope of the stress release zone became larger
as the cutting angle increased.

Variation of the deformation

When the roof was left uncut, the 11215 tailentry exhibited an
average subsidence of 251.7 mm. However, when the cutting angle
was set to 0°, the average roof subsidence decreased to 223.5 mm,
resulting in an 11.2% reduction. Interestingly, as the cutting angle
increased beyond this range, namely to 15°, 30°, and 45°, the average
roof subsidence showed consecutive increases of 2.6%, 13%, and
23.6% respectively (Figure 18a).

Similarly, when the cutting angle was set to 0°, the average roof
subsidence of the 11215 tailentry decreased by 13.5%. However,
as the cutting angle increased from 15° to 30° and 45°, the roof
subsidence showed consecutive increases of 5.3%, 27.4%, and
44.2% respectively (refer to Figure 18b and Table VI). This can be
attributed to the fact that as the cutting angle increased, the length
of the hanging lateral roof above the 11215 tailentry also increased.
Consequently, the deformation of the surrounding rock of the 11215
tailentry became more severe, leading to increased roof subsidence..

Based on the simulation results, it is observed that the
deformation of the 11215 tailentry decreased when the cutting angle
was set to 0° and slightly increased when the cutting angle was 15°.
Considering both the roof release results and the deformation of
the 11215 tailentry, it is recommended to maintain a cutting angle
within the range of 0° to 15°.
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Figure 15—Variation of deformation with different cutting height. (a) Roof subsidence, (b) width reduction
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Figure 16—Contour of roof stress with different cutting angles. (a) Cutting angle 0°, (b) cutting 15°, (c) cutting 30°, (d) cutting height 45°

Table VI
Stress and deformation data of 11215 tailentry with different cutting angles
Deformation
Cutting angles (°) Peak abutment stress (MPa)
Roof subsidence (mm) Width reduction
Uncut 8.1 251.7 138.1

0 4.4 2235 119.4

15 4.4 258.3 145.9

30 4.5 2843 175.9

45 4.5 311.1 199.1
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Figure 17— Variation of roof stress with different cutting angle

Discussion

»  The COLR method involves two primary techniques: borehole

blasting and hydraulic fracturing (Huang et al., 2017). The

» 432 AUGUST 2023 VOLUME 123

borehole blasting technique generally yields superior stress
release results, although it carries a relatively higher hazard
level. Mishandling of this technique can lead to significant
accidents (Liu et al., 2017). On the other hand, the hydraulic
fracturing technique is considered safe and easily manageable.
However, it may not be as effective as borehole blasting

in achieving stress release for certain thick and hard rock
formations.

The simulation results demonstrate that the COLR method
yields optimal outcomes with a cutting angle of 0°. However, in
practical situations, an excessively small cutting angle can lead
to roof crushing and pose challenges for support. Hence, it is
crucial to consider the geological strata and support conditions
when determining the appropriate cutting angle.

The advancing rate of the longwall face is also an important
factor affecting the deformation of the gob-side entry.
Statistical results show that deformation events in 11215

tail entry occurred when the advancing speed of 11215 face
exceeded 10 m/d. For instance, 5 days prior to the ‘4.12 event,
the average advancing speed of the working face was recorded
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Figure 18— Variation of deformation with different cutting angles. (a) Roof subsidence, (b) width reduction

as 11.5 m/d, peaking at 14.4 m/d. Similarly, 5 days leading up
to the 5.11" event, the average advancing speed averaged at
10.1m/d, with a maximum speed of 12.7 m/d. Three days prior
to the 6.4” event, the average advancing speed measured

12.0 m/d, with a peak speed of 13.35m/d. Finally, 4 days before
the 7.21" event, the average advancing speed was documented
at 12.0 m/d, reaching a maximum of 14.7 m/d. Therefore,

it can be considered that reducing the advancing speed of

the longwall face will reduce the possibility of deformation
occurring in the gob-side entry.

Conclusions

»  The roof stress and deformation of the gob-side entry
were analysed through field observations and numerical
simulations, revealing notable variations. The findings
highlighted that the impact of secondary mining resulted
in greater roof stress and deformation compared to that of
primary mining.

»  The mechanism behind deformation in the gob-side entry of
a thick and hard roof longwall face was analysed. The primary
factor was identified as the combined effect of advanced
abutment stress resulting from longwall face mining and the
lateral movement of the roof over the chain pillar. To further
understand this phenomenon, mechanical structure models
employing a cantilever beam approach were developed.
Through calculations, it was determined that the fracture line
of the roof was located approximately 30 m outside the chain
pillar.

» A deformation control method for cutting off the lateral roof
was proposed. The effectiveness of this method was evaluated
by simulating stress release results under various cutting
heights and cutting angles. The simulation revealed that
the optimal outcome was achieved when the cutting height
ensured the complete cut-off of the main roof, combined with
a cutting angle ranging from 0° to 15°. This finding suggests
that careful consideration of both cutting height and angle is
essential for successful lateral roof deformation control.
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