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We determine the key issues of the reasonable supporting capacity of a shield

and the shield selection in the panel face in a deep and thick coal seam. The

No.232204 panel face of the Meihuajing mine in the Yuanyanghu mining area is

taken as the research background. Using theoretical analysis, numerical

simulation, and field measurement, the fracture characteristics and instability

forms of roof structure of the panel face were studied. A mechanical model of

roof fracture structure was established to calculate the reasonable supporting

capacity of the shield, which guided the shield selection for the panel face. Also,

a calculation and analysis system of the supporting capacity of the shield in a

deep and thick coal seamwas developed to realize the dynamic calculation and

analysis of the supporting capacity of the shield. The results are as follows. 1)

when the first weighting of the main roof appears, the broken rock block is

hinged to form a “three-hinged arch” balanced structure. When the periodic

weighting of the main roof appears, the broken rock block forms a “voussoir

beam” balance structure. Also, the supporting capacity of the shield is stable

between 8,900 and 9,600 kN. 2) The theoretical calculation showed that the

supporting capacity of the shield in the No.232204 panel face was 9,581.04 kN,

and the ZY10000/28/62D shield with supporting capacity of 10,000 kN is

selected in the No.232204 panel face. 3) Through self-developed calculation

software, the thickness and bulk density of the immediate roof had little

influence on the supporting capacity of the shield, and the main roof

thickness and bulk density have considerable influence on the supporting

capacity of the shield. 4) The field measurement showed that the maximum

supporting capacity of the shield in the panel face was distributed between

9,000 and 10,000 kN, which accounted for 77.58%. The loading utilization rate

was more than 90%, and therefore the selected shield was reasonable. The

research results provide a theoretical basis for the selection of shield supports

for a deep buried and thick coal seam in the Yuanyanghu mining area.
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1 Introduction

The base reserves of China’s coal resources amount to

279.58 billion tons, of which the reserves of thick coal seams

account for 44%, and annual underground mining of thick coal

seams accounts for more than 45% of total coal production (Xie

et al., 2011; Wang, 2013). In recent years, with the continuous

mining of shallow coal resources, these reserves are gradually

decreasing. Consequently, the deep mining of coal resources has

become a research hotspot. However, the ground pressure

behavior is violent when mining deep buried and thick coal

seams due to the large space for coal excavation and large extent

of overburden damage. Therefore, the reasonable selection of

shields plays an important role in safe and efficient production on

the panel face (Qian and Xu, 2019; Xie, 2019; Xu, 2019; Zhang

et al., 2020a; Li et al., 2020; Rajwa et al., 2020; Klemetti et al.,

2021).

In recent years, the broken roof structure of coal seammining

has been widely studied by domestic and foreign scholars, and

numerous research results have been achieved. Some scholars

have based their research on the mechanical analysis of a

masonry beam structure, and the S-R stability theory of

surrounding rock structure in stope is established. This theory

provides a quantitative analysis of the influence of overlying rock

layers in the panel face, pressure changes, and the extent of rock

layers to be controlled during mining (Qian et al., 1994). On this

basis, the surrounding rock of stope as an organic whole is

proposed, structures that play a skeletal role in the movement of

the surrounding rock can be considered voussoir beams, and the

stress of the voussoir beamstructure and the stability of key

blocks have been analyzed (Miao, 1989; Miao and Qian, 1995).

To understand the main mode of roof fracturing movement of

thin bedrock, the roof fracturing movement and the control of

movement after fracturing are discussed. The influence of

bedrock thickness, mining height, and advancing speed on

roof fracture is further analyzed (Shi and Hou, 1996). For the

structural characteristics of the roof in longwall mining,

mechanical analysis and simulation experiment have been

used to explore the particularity of a broken roof structure in

longwall mining. A simplified model of a broken roof structure

has been built, and the fracture mechanism and formation

mechanism of the roof have been revealed (Shen et al., 2011;

Pang et al., 2020; Lu et al., 2021a). In thick coal seammining with

large mining height, it is easy to form a cantilever beam structure.

Consequently, scholars have established a cantilever beam-

voussoir beam structure model of a hard roof fracture in a

large cutting height panel face and have explained the

structural characteristics and fracture mechanism of this type

of roof (Ju and Xu, 2013; Tan and Guo, 2015; Osouli and

Bajestani, 2016; Liu et al., 2017; Zhao et al., 2020).

At present, the main methods for determining the supporting

capacity of a shield in a panel face include voussoir beam theory,

transfer rock beam theory, the estimation method, the experience

method, the dynamic load method, and so on (Zhao, 1988; Kou,

1996). Some scholars have proposed a dynamic load calculation

method for determining the supporting capacity of a shield in

view of the impact of main roof instability on the shield (Wang,

2009; Wang et al., 2015). Scholars have addressed the problem of

calculating and predicting the supporting capacity of a shield in a

longwall mining panel face. Early prediction of severe roof

weighting can be achieved by establishing a prediction model

based on a decision tree algorithm, which provides a reference for

roof weighting prediction and shield selection for a longwall

mining panel face (Cheng et al., 2018; Lu et al., 2021b; Zhu et al.,

2022). Also, the adaptability of a shield in a deep buried and super

long longwall mining panel face has been studied, and analysis

and research on the supporting capacity of a shield by have been

carried out by calculation of ground pressure theory, field

dynamic real-time monitoring and numerical modeling , and

a calculation formula of supporting capacity of the fully

mechanized shield with large mining height (Yan et al., 2011;

Peng et al., 2019; Ding et al., 2021; Li et al., 2021).

In summary, many experts and scholars have conducted a lot

of research on the roof fracturing characteristics and movement

mechanism of the panel face. Many research results have been

achieved in roof instability and fracturing, deformation and

movement mechanism, judging criterion of roof weighting,

and a calculation method for the supporting capacity of the

shield. However, there is still lack of relevant research on the

fracturing characteristics of a hard roof in the panel face, and a

method for determining the reasonable supporting capacity of

the shield in a deep buried and thick coal seam is required.

Therefore, in this study, the No.232204 panel face of the

Meihuajing mine in the Yuanyanghu mining area was used as

the background of the study. Numerical simulation, theoretical

analysis, field measurements, and system development were

used. The fracturing characteristics of the roof of the panel

face, the calculation method of reasonable supporting capacity

of the shield, and the influencing factors of the supporting

capacity of shield in a deep buried and thick coal seam were

studied. The reasonable supporting capacity of the shield of the

No.232204 panel face was determined. The shield selection was

reasonable, as verified by field measurement.

2 Engineering overview

The No. 232204 longwall mining panel face is the second

panel face in 23# mining district of the Meihuajing coal mine in

the Yuanyanghu mining area. The north and the south of the

No.232204 panel face are the No.232201 panel face, which has

been extracted, and the DF3 fault, respectively. The east and west

of the No.232204 panel face are the solid coal and the main

entries of 23# mining district, respectively. The panel length is

1,616 m, and panel width is 302.7 m. The average depth of the

No.232204 panel face is 600 m, The in-suit stress test has been
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measured in the No.2 coal seam in theMeihuajing coal mine. The

measured results show that the three-dimensional stress is

basically equal when the coal seam mining depth is greater

than 600 m. The No.232204 panel face mainly extracts the

No.2 coal seam with good stability. The average thickness and

the dip angle are 5.5 m and 5.6°, respectively.

The immediate roof of the coal seam is silty sandstone,

with a thickness of 5.04 m; the main roof is gritstone, with a

thickness of 9.02 m; and the immediate floor is fine sandstone,

with a thickness of 5.03 m. The longwall coal mining method

is used in the No.232204 panel face. Also, the generalized

stratigraphic column of the No.232204 panel face is shown in

Figure 1.

3 Evolution characteristics of a
broken roof structure and loading
variation of supporting capacity

Based on the occurrence characteristics of coal and rock in

the No.232204 panel face, UDEC7.0 numerical simulation

software was selected to analyze the fracture characteristics of

a broken roof structure and loading variation of supporting

capacity after a thick, deeply buried coal seam has been mined.

3.1 Model development

AUDEC numerical model was established, whose length and

height are 400 and 130 m, respectively, as shown in Figure 2.

Because the dip angle of No.2 coal seam is a horizontal coal seam,

the dip angle of rock strata was simplified as 0° in the numerical

model. The Mohr–Coulomb criterion was used in the whole

model, and the model parameters are shown in Table1. The left

and right boundary of the model denoted limited horizontal

displacement (Gao et al., 2014; Zhang et al., 2020b; Vergara et al.,

2020; Wu et al., 2021; Kim and Larson, 2022). The lower

boundary was limited to vertical displacement. To the upper

boundary was applied a uniform load with q0 = 500 × 0.027 MN/

m3 = 13.5 MPa. Also, a 100-m coal pillar was left on the two sides

to eliminate the boundary effect. The model advances 10 m

each time.

FIGURE 1
Generalized stratigraphic column of the No.232204 panel face.

FIGURE 2
Numerical model.

Frontiers in Earth Science frontiersin.org03

Li et al. 10.3389/feart.2022.961646

https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2022.961646


TABLE 1 Physical and mechanical parameters of rock strata.

Serial
number

Rock name Density/
(kg·m−3)

Bulk
density/GPa

Shear
modulus/GPa

Cohesion/
MPa

Tensile
strength/MPa

Internal friction
angle/(o)

1 Gritstone 2,358 10.15 8.85 5.45 5.10 42

2 Medium
sandstone

2,450 6.89 7.74 6.12 4.54 40

3 Silty sandstone 2,489 6.75 5.32 5.20 3.85 38

4 No.2 coal seam 1,349 4.51 3.10 0.89 1.14 32

5 Fine sandstone 2,548 5.34 4.95 4.53 3.53 41

6 No.3 coal seam 1,349 4.51 3.10 0.89 1.14 32

FIGURE 3
Broken roof structure and supporting capacity of the shield at different advancing distances in the panel face.
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3.2 Simulation results

The evolution of the broken roof structure and supporting

pressure of the shield are shown in Figure 3.

When the panel face advances to 10 m, the roof remains

intact without collapsing, and the supporting pressure of the

shield is about 8,900 kN at this time, as shown in Figure 3A.

When the panel face advances to 20 m, the immediate roof

reaches the limit span, and the whole fracturing and collapsing at

both ends of the stope are observed, as shown in Figure 3B.

However, the gob is not filled up with the collapsing immediate

roof. The supporting pressure of the shield is still maintained at

8,900 kN, as in the previous step.

When the panel face advances to 40 m, the immediate roof

collapses in the gob with coal seammining. At the same time, the

main roof reaches the limit span and fractures, with the first

weighting appearing, as shown in Figure 3C. Therefore, the first

weighting interval of the main roof is 40 m. The broken rock of

the main roof is hinged to form a three-hinged arch balanced

structure. The supporting pressure of the shield increases to

9,000 kN.When the broken rock of the main roof bite point shear

force is greater than the friction force, the structure experiences

sliding instability, which will cause the roof of the panel face to

sink in steps and increase the supporting pressure of the shield.

When the panel face advances to 60 m, the main roof is

separated from the overburden, and the main roof fractures and

rotates with periodic weighting observed, and the periodic

weighting interval is 20 m. At this time, the shield of the

panel face should balance the load imposed on the shield by

the main roof rotation to prevent it from falling off along the coal

wall. The supporting capacity of the shield continues to increase

to 9,200 kN. The main roof forms a voussoir beam balanced

structure at this moment, as shown in Figure 3D.

When the panel face advances to 100 m, the main roof will

still form a stable voussoir beam balanced structure, with the

third periodic weighting appearing. The supporting capacity of

the shield continues to increase to 9,600 kN, as shown in

Figure 3E.

When the panel face advances to 160 m, the main roof

continues to be a voussoir beam balanced structure, with the

sixth periodic weighting observed, as shown in Figure 3F. The

supporting capacity of the shield no longer increases and is

maintained at 9,600 kN. During the periodic weighting, the

shield has no deformation or crushing, with good roof support effect.

4 Calculation and analysis of a shield’s
reasonable supporting capacity

Through the previously mentioned numerical simulation

analysis, it can be seen that the broken rock blocks are hinged to

form a voussoir beam structure during periodic weighting of the

main roof. The load on the shield is generated when the voussoir

beam structure of the main roof is instable. Therefore, it is necessary

to analyze the instability form of the structure and then determine

the supporting capacity of the shield through theoretical calculation.

4.1 Instability form of a broken roof
structure

The stability of the voussoir beam structure formed by the

main roof is mainly controlled by the hinged blocks. When the

rotation angle (θ) of hinged blocks is small, the structure may be

subjected to sliding instability. When the rotation angle is large,

the structure may be subjected to rotation instability (Qian et al.,

2010), as shown in Figure 4.

The rotation angle (θ) can be expressed as follows:

sin θ � 1
L
[m − h1(KP − 1)] (1)

where L is the length of broken rock, m;m is the thickness of coal

seam, m; h1 is the thickness of immediate roof, m; and Kp is the

bulking coefficient of immediate roof collapsing rock, 1.4–1.7.

The main roof experiences periodic weighting, and therefore,

the length of the broken rock block is the periodic weighting

interval of the main roof (L):

L � h2

����
2RT

q

√
(2)

where RT is tensile strength of the main roof, MPa and q is the

load of the main roof, MPa.

FIGURE 4
Movement forms and force of broken roof rock.
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In Formula 2, q can be expressed as follows:

(qn)2 � E2h32(γ2h2 + γ3h3 +/ + γnhn)
E2h32 + E3h33 +/ + Enh3n

(3)

where γn is the bulk density of each rock stratum, kN/m3 and En is

the elastic modulus of each rock stratum, MPa.

According to the S-R stability theory of a voussoir beam

structure, the formation conditions of structural sliding

instability are as follows:

h2
L
− 3
4
sin θ > tan α (4)

where h2 is the main roof thickness, m and tanα is friction

coefficient between rock blocks, 0.3.

The formation conditions of structural rotation instability

are as follows:

2q(h22
L + 1

2 L sin
2 θ − 3

2h2 sin θ)σc > η (5)

where η is the extrusion coefficient of the broken rock blocks at

the corner, 0.3 and σc is the compressive strength of the broken

rock blocks, MPa.

Through calculation, the results of the broken rock blocks

of the deep buried and thick coal seam is in line with Formula

3, and the voussoir beam structure will undergo sliding

instability.

4.2 Calculating a shield’s reasonable
supporting capacity

The previously mentioned analysis shows that in the mining

process of the No.232204 panel face, the immediate roof collapses

in the gob with coal seam mining, and the main roof will form a

voussoir beam balanced structure, as shown in Figure 5.

Therefore, during the deep buried and thick coal seam

mining, the interaction system between the shield and

surrounding rock of the panel face is composed of the

shield, immediate roof cantilever beam structure, and main

roof voussoir beam balanced structure(Qian et al., 2010). Also,

the supporting capacity of shield (P) can be expressed as

follows:

P � Q1 + F (6)

In Formula 5, Q1 can be expressed as follows:

Q1 � γ1 × h1 × l1 (7)

where γ1 is the bulk density of immediate roof, 23 kN/m3; h1 is

the thickness of immediate roof, 5.04 m; and l1 is control distance

of immediate roof, 9 m.

Combining knowledge of ground pressure and rock stratum

control, the load applied on the shield due to sliding instability of

the main roof (F) can be expressed as follows:

F � QA+B − l0Qi0

2(h2 − δ) tan(φ − θ) (8)

where QA+B is the weight and load of rock blocks A and B, kN; l0 is

the length of rock block B, m; Qi0 is the weight and load of rock B,

kN; h2 is the thickness of main roof, 9.02 m; δ is the subsidence of

rock block B, m; φ is the internal friction angle,38°; and θ is the break

angle of the rock block.

The weight and load of rock blocks A and B (QA+B) are

calculated as follows:⎧⎪⎨⎪⎩ QA+B � QA + QB + qn0
QA � γ2 × h2 × lA
QB � γ2 × h2 × lB

(9)

where QA is the weight of rock block A, kN/m3; QB is the weight of

rock block B, kN/m3; qn0 is the load on rock blocks A and B, kN; γ2 is

the bulk density of main roof, 25 kN/m3; lA is the length of rock

block A, m; and lB is the length of rock block B, m.

FIGURE 5
Mechanical model of a roof fracture structure.
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The subsidence of rock block B (δ) and the fracture angle of

rock block (θ) are calculated as follows:⎧⎪⎪⎨⎪⎪⎩
δ � h1 +m −Kph1

θ � arctan
δ

lB

(10)

where m is the thickness of No.2 coal seam, 5.5 m and Kp is the

bulking coefficient of immediate roof collapsing rock, 1.5.

According to the calculation, the supporting capacity of shield P

is 9,581.04 kN. Combined with mine production experience, a

ZY10000/28/62D shield is selected to support the roof. The rate

supporting capacity of the ZY10000/28/62D shield is 10,000 kN,

which can meet the requirements of support.

4.3 Analysis of the factors that influence
the supporting capacity of a shield

Combining the results of numerical simulation and

theoretical analysis of the supporting capacity of the shield, it

shield mainly bears the load of the immediate roof and the load

applied on the shield due to sliding instability of the main roof

within the roof control range of the shield. Among them, the load

of the main roof slide instability acting on the shield is mainly

related to the horizontal thrust formed by the rotation of the

main broken roof rock blocks and the weight and load of the rock

blocks. Based on the previously mentioned analysis, using the

GUI module in MATLAB software, a calculation and analysis

system of the supporting capacity of shield in a deep buried and

thick coal seam is developed. The influence of bulk density,

thickness, and control distance of immediate roof and bulk

density, thickness, and length of the rock block generated by

the main roof on the supporting capacity of a shield are studied.

4.3.1 Development of calculation and analysis
software system

The calculation and analysis software system of the

supporting capacity of the shield in a deep buried and

thick coal seam has been developed. The intelligent

calculation and real-time analysis of the supporting

FIGURE 6
Interface of the calculation and analysis system.
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capacity of the shield are realized. The system mainly

includes three interfaces: home cover, supporting capacity

of shield calculation cover, and sensitivity analysis cover (as

shown in Figure 6). The system includes two functions:

supporting capacity of shield calculation and sensitivity

analysis. Using the system, the calculation process of the

supporting capacity of the shield is simplified, and the

calculation efficiency of the supporting capacity of the

shield is improved. Moreover, the sensitivity analysis of

the supporting capacity of the shield is realized.

FIGURE 7
Influence of related parameters of the immediate roof on the shield’s supporting capacity. (A) Influence of bulk density and roof control distance
on the shield’s supporting capacity. (B) Influence of thickness and roof control distance on the shield’s supporting capacity.
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4.3.2 Sensitivity analysis

1) The influence of the immediate roof

Figures 7A,B shows the influence of bulk density, thickness, and

control distance of the immediate roof on the supporting capacity of

the shield. As can be seen from Figure 7, when the control distance

remains constant, the supporting capacity of the shield increases as

the bulk density and thickness increase. In detail, when the bulk

density increased from 20 to 28 kN/m3, the supporting capacity of

the shield increased from 8,456.14 to 9,091.18 kN, which is an

FIGURE 8
Influence of related parameters of the main roof on the shield’s supporting capacity. (A) Influence of bulk density and length on the shield’s
supporting capacity. (B) Influence of thickness and length on the shield’s supporting capacity.
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increase of 7.5%. When the thickness increased from 8 to 10 m, the

supporting capacity of the shield increased from 9,766.54 to

10,491 kN, which is an increase of 7.4%. Otherwise, with the

increase of the control distance of the immediate roof, the

supporting capacity of the shield increases accordingly. Therefore,

it can be considered that the influence of the bulk density and the

thickness of the immediate roof changes on the supporting capacity

of the shield are not obvious.

2) The influence of the main roof

Figures 8A,B shows the influence of bulk density,

thickness, and length of the rock block generated by the

main roof on the supporting capacity of a shield. As can

be seen from Figure 8, when the length remains constant, the

supporting capacity of the shield increases with the bulk

density and thickness increases. In detail, when the bulk

density increased from 20 to 28 kN/m3, the supporting

capacity of the shield increased from 7,320.57 to

9,518.51 kN, which is an increase of 30%. When the

thickness increased from 8 to 10 m, the supporting

capacity of the shield increased from 5,785.90 to

11,271.30 kN, which is an increase of 94.8%. Therefore, it

can be considered that the influence of the thickness of the

main roof change on the supporting capacity of a shield is

much greater than the bulk density of main roof change.

In addition, when the bulk density and thickness are

26 kN/m3 and 9 m, the length increases from 0 to 25 m and

the supporting capacity of the shield first increases from

1825.74 to 9,464.88 kN and then decreases to 8,585.61 kN

with the length of the rock block, showing a trend of first

increasing and then decreasing. This happens because the

rock block is generated by the main broken roof, so the length

of the rock block is approximately the period weighting

interval. When the length of the rock block is short, its

weight is small. In other words, the load applied on the

shield due to the sliding instability of the main roof is small.

FIGURE 9
Three-dimensional surface diagram of the influence of
thickness change on the shield’s supporting capacity.(A)
Comparison chart of a change in the shield’s supporting capacity.
(B) Isoline chart of the shield’s supporting capacity.

FIGURE 10
Three-dimensional surface diagram of the influence of bulk
density change on the shield’s supporting capacity.(A)Comparison
chart of a change in the shield’s supporting capacity. (B) Isoline
chart of the shield’s supporting capacity.
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As the length of the rock block increases, the load also

increases, and this causes the support capacity of the

shield to increase. However, the load does not increase

indefinitely. When the length of the rock block exceeds a

certain limit length, the support capacity of the shield does

not increase. This happens because the horizontal thrust

formed by rock block rotation increases, which causes the

friction between two adjacent rock blocks to also increase. As

the length of the rock block continues to increase, the friction

increase is greater than self-weight increase.

3) Influence comparison of related parameters

It can be seen from Figures 9, 10 that bulk density and thickness

of the immediate roof and main roof are positively correlated with

supporting capacity of the shield. When the bulk density of the

immediate roof and main roof increases from 20 to 28 kN/m3, the

supporting capacity of the shield increases by 9.0% and 31.0%,

respectively, with the same other parameters and change of bulk

density. Compared to the growth rates, it can be seen that the

influence of the bulk density of the main roof on the supporting

capacity of the shield is much greater than that of the bulk density of

the immediate roof. Similarly, when the thickness of the immediate

roof and main roof increases from 8 to 10m, the supporting capacity

of the shield increases by 10.6% and 80.0%, respectively, with the same

other parameters and change of thickness. Compared to the growth

rates, it can be seen that the influence of the thickness of themain roof

on the supporting capacity of the shield is much greater than that of

the thickness of the immediate roof.

In addition, the parameters of the immediate roof have little

influence on the supporting capacity of the shield, while the

parameters of the main roof have a considerable influence on the

supporting capacity of the shield. Among these parameters for

the immediate roof and main roof, the thickness of the main roof

has the greatest influence.

To reduce the influence of thickness of the main roof, the

horizontal pre-splitting roof technical method was proposed and

employed in the same coal mine. Namely, horizontal directional

pre-splitting drilling is arranged in the main roof, which leads to

stratification of the thick roof by means of external force and

reduces the thickness and integrity of the main roof. At the same

time, it can reduce the period weighting interval of the panel face,

thus reducing the supporting capacity of the shield (Liu et al.,

2015; Zhang et al., 2017; Zhang et al., 2018).

5 Field measurement of the
supporting capacity of the shield

To verify the reasonable of support selection, the field

measurement results of the supporting capacity of the shield are

analyzed during coal seammining. The ZY10000/28/62D shield was

selected to support the roof in the No.232204 panel face. The

supporting capacity of the shield is 10,000 kN with 8,000 kN

setting load. Also, the ZY10000/28/62D shield is shown in Figure 11.

FIGURE 11
ZY10000/28/62D shield.

FIGURE 12
Station arrangements of the supporting capacity of a shield in the panel face.
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5.1 Measurement scheme for the
supporting capacity of a shield in the panel
face

Five groups of stations are arranged in the panel face from

headgate to tailgate, as seen in Figure 12. The first group

measurements are 15#, 16#, and 17# shields. The second

group measurements are 55#, 56#, and 57# shields. The third

group measurements are 95#, 96#, and 97# shields. The fourth

group measurements are 135#, 136#, and 137# shields. The fifth

group measurements are 165#, 166#, and 167# shields. The

supporting capacity of the shields was measured and recorded

using a shield pressure meter in each station in the panel face.

Also, the data were then summarized and analyzed.

5.2 Analysis of the measurement results of
the supporting capacity of the shield

The supporting capacity of shield in No.232204 panel face

has been measured since 15 February 2020. Figures 13, 14 show

the measurement results from February 15 to April 31. During

the measurement period, the first weighting interval of the

immediate roof and main roof is 17.2 and 40 m, respectively.

FIGURE 13
Measurement results of the shield’s supporting capacity.

FIGURE 14
Measurement results of the supporting capacity of a shield station in the No.232204 panel face.
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The panel face has experienced periodic weighting six times, and

the period weighting interval of the main roof is 16 m.

The supporting capacity of the shield has been measured

since the setup-entry was prepared. The total days and the

distance of measurement are 77 and 161.3 m, respectively. It

can be seen from Figures 13, 14 that the maximum supporting

capacity of the shield during the weighting of the panel face is

8,000–9,846 kN during the measurement period. Also, the

supporting capacity of the shield in the station 1 is between

6,538 and 9,846 kN. During the periodic weighting of the main

roof, the supporting capacity of the shields in the stations

increases with a maximum dynamic load factor of 1.4. At

the same time, the maximum supporting capacity of the

shield can reach 9,846 kN, and the rib spalling in the area

near the headgate is serious. The main reason for this is the

influence of the DF3 fault and the strong ground pressure

behavior of roof weighting. In addition, the measurement

results show that the load utilization rate of the shield is

more than 90% during the periodic weighting. There is no

shield crushing in the mining process of the No.232204 panel

face, which shows that the shield has enough setting load and

excellent adaptability.

5.3 Analysis of the maximum supporting
capacity of a shield in the panel face

The total advance of the No.232204 panel face is 678.6 m in

2020. So, the distribution of the maximum supporting capacity of

the shield in the five stations is summarized for analysis, as shown

in Figure 15.

From the analysis, the maximum supporting pressure of the

shield is mainly distributed between 9,000 and 10,000 kN, with a

proportion of 77.58%. There are only 9.09% shields whose load

utilization rate does not reach 80% and 1.2% shields whose

supporting pressure exceeds the supporting capacity (10,000 kN).

Therefore, it shows that the shield selected in the No.232204 panel

face is reasonable with sufficient setting load and high load

utilization rate, which can meet the requirements of support. In

addition, no shield crushing phenomenon is observed.

6 Conclusion

1) The immediate roof and the main roof both reach the limit span

with fracturing and collapsing. When the first weighting of the

main roof is observed, the broken rock block is hinged to form a

three-hinged arch balanced structure. When the periodic

weighting of the main roof is observed, the broken rock block

forms a voussoir beam balance structure. The supporting

capacity of the shield increases with the sliding instability of

the two adjacent broken rock blocks. Also, the supporting

capacity of the shield is stable between 8,900 and 9,600 kN.

2) Based on voussoir beam theory, combined with the numerical

simulation results, the mechanical model of roof fracture

structure is established. The calculation formula of the

supporting capacity of the shield is proposed, and the

reasonable supporting capacity of the shield is obtained as

9,581.04 kN, which is consistent with the numerical simulation

result. The ZY10000/28/62D shield with supporting capacity of

10,000 kN is selected in the No.232204 panel face.

3) Based on theoretical analysis, the calculation and analysis

software system of supporting capacity of the shield in deep

buried and thick coal seam is developed using MATLAB. The

bulk density, thickness, and control distance of the immediate

roof and the bulk density and thickness of the main roof are

positively correlated with the supporting capacity of the shield.

The supporting capacity of the shield first increases and then

decreases with the length of the rock block generated by themain

roof. Also, the parameters of the immediate roof have little

influence on the supporting capacity of the shield, while the

parameters of the main roof have great influence on the

supporting capacity of the shield. The thickness of the main

roof has the greatest influence among the parameters studied.

4) The field measurement results show that the periodic

weighting interval of the immediate roof and main roof is

17.2 and 40 m, respectively. The load utilization rate of the

ZY10000/28/62D shield generally reaches more than

90%.The maximum supporting pressure of the shield is

mainly distributed between 9,000 kN and 10,000 kN, with a

proportion of 77.58%. The shield selected in the

No.232204 panel face is reasonable with a sufficient setting

load and high load utilization rate.
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FIGURE 15
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