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ABSTRACT

Coal bumps pose a significant threat to the safe operation of coal mines. This study examines the coal
bumps incident at Tangshan Mine, focusing on the influences of various disaster-causing factors, including
structural stress, rock mass impact tendencies, and support and bearing capacity. To facilitate the safe
resumption of production at the 0250 working face, coal seam blasting and borehole pressure relief drilling
were conducted to dissipate the accumulated elastic energy within the coal seam, thereby effectively
mitigating the risk of bursting. Concurrently, the vibration and displacement of the roof were monitored.
The relevant monitoring data indicate that roof activity remains within a controllable range, suggesting a
relatively low likelihood of coal bump incidents.

Keyword: Coal bump; Monitoring Technology; Vertical Velocity;
1 Introduction

Coal bumps are dynamic phenomena resulting from the sudden release of elastic deformation in coal
bodies during mining operations. These events are destructive and can trigger additional geo-disasters,
making them one of the most severe hazards in coal mining. On October 20, 2018, a coal bump at the
Longyun coal mine led to 21 fatalities. Similarly, a coal bump at the Longjiabao coal mine on June 9, 2019,
resulted in 9 deaths. As underground resource exploitation progresses, coal bumps have significantly

hindered deep mining, presenting a critical challenge for the coal mining industry 4.



On August 2, 2019, a major coal bump occurred at the Tangshan coal mine, causing 7 deaths.
Investigative findings indicate that the causes of coal bump incidents can be attributed to four factors: (1)
Geological factors reveal that the geological structure of the Tangshan coalfield is complex, with elevated
tectonic stress. (2) The mechanical properties of the surrounding rock show that both the coal seam and the
roof of the working face exhibit a weak tendency for impact. (3) Regarding static load concentration,
peninsula coal pillars formed in the accident area after the surrounding coal seam was mined, resulting in
relatively high abutment pressure. (4) Dynamic load factors indicate that mining activities disturb the coal
rock structure.

Following the accident investigation, the Tangshan coal mine is undergoing a feasibility analysis for
resuming production. Resumption of mining operations can only occur if appropriate preventive measures
are implemented to eliminate and mitigate factors that induce bursts, thereby ensuring safety conditions in
the burst-prone mining area. The feasibility of resuming production can be assessed through four key
aspects. First, geological factors represent natural elements that contribute to high ground pressure and
geological disasters®®. Tectonic stress serves as a primary force behind certain geological disasters,
including coal bumps 515, Additionally, gas content and water seepage are linked to geological hazards!61°,
Geological structures, such as faults and folds, can lead to stress conceniration or abrupt changes in
geological conditions, making them significant contributors to geologicai disasters?>-2%. The inherent nature
of geological factors is challenging to modify on a large scale. To reduce static load stress concentration,
mining deployment will be optimized, and the stress concentration associated with the peninsula briquette
pillar will be alleviated. In response to the impact tendencies of the coal mass, blasting of the coal body
and pressure relief drilling will be conducted. Foliowing evaluation, it has been determined that mining
operations can proceed; however, monitoring of mining disturbances will be essential throughout the
mining process.

The monitoring and eaily warning of dynamic pressure disturbances remain a significant challenge in
the study of coal bumps. Unlike other monitoring parameters such as water, fire, gas, and dust, dynamic
disturbances are not physical phenomena and cannot be directly observed. Consequently, monitoring these
disturbances through parameterization presents a considerable challenge. Currently, commonly employed
methods for monitoring dynamic disturbances include drilling power, energy accumulation (EA), stress
monitoring, electromagnetic techniques, microseismic detection, and the recently developed computed
tomography (CT) monitoring technology. Although these technologies have found extensive application in
engineering practice, their indirect nature results in non-intuitive data and complicates analysis.
Furthermore, some methods measure the cumulative effects of dynamic and static loads, making it difficult
to isolate the contribution of dynamic loads. Therefore, developing a novel method for the direct
monitoring of the movement of the front roof under dynamic load disturbances is of paramount importance.

This paper focuses on the dynamic disturbance monitoring of the 0250 working face at the Tangshan
coal mine. It introduces a vibration instrument utilized in the machinery industry and slope monitoring to
directly observe the movement of the roof in front of the working face during mining operations. By

integrating roof subsidence monitoring, the study analyzes the movement of the roof under static stress and



the effects of dynamic disturbances on the coal and rock mass structure, thereby ensuring the safe
production of the 0250 working face. This research offers a novel monitoring approach for assessing mine
dynamic loads and provides new technical means for predicting impact ground pressure. The monitoring

data serve as a reference for the dynamic load analysis of similar mining operations.
2 Engineering background

The Tangshan coal mine is located in the southwest region of the northwest wing of the Kaiping
coalfield, with an annual production capacity of 4.2 million tons. The mine field contains eight mineable
seams, specifically seams 5, 8, and 9. The geological structure of the mine field is intricate, as illustrated in
Figure 1, with the primary structures being the FI and FV faults. The FV fault serves as the boundary of
the mine field, with an elevation exceeding 500 meters. This mining area is part of the Yuegezhuang wave
fold belt and is intersected by the FV fault in the southeast. Based on mining exposure, there are 16 faults
designated as f1 through 16 within the mining area.

The buried depth of 0250 working face is 697-835 m, the inclined length is 150m, and the strike
length is 568m. The south of the working face is the y257 roadway, the East is the 0251 goaf, the north is
the 8241, 8242, 8250 roadway, and the west is the coal transportation systemi, as shown in Figure 2. The
stoping line of working face is the fold axis.

The buried depth of the 0250 working face ranges from 697 io 835 m, with an inclined length of 150
m and a strike length of 568 m. To the south of the working face lies the y257 roadway, while the 0251
goaf is located to the east. The north is bordered by the 8241, 8242, and 8250 roadways, and the coal
transportation system is situated to the west, as illustrated in Figure 2. The stopping line of the working

face corresponds to the fold axis.
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Figure 1. Geological structure of Tangshan mine and study area.
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Figure 2. The studied area.

The coal seam at the 0250 working face exhibits a dip angle ranging from 4° to 35°, with an average
dip angle of 20°. The coal thickness varies between 1.8 m and 3.9 m, yielding an average thickness of 2.8
m. The coal quality is characterized by low ash and low sulfur contant. Regarding bearing capacity,
physical and mechanical test results indicate that the uniaxial compressive strength (UCS) of the coal
sample is 11.1 MPa, while the tensile strength measures 0.67 MPa. The immediate roof consists of
mudstone with a thickness of 0.2 m to 0.6 m, exhibiting an average UCS of 22.3 MPa. The main roof is
composed of siltstone, with an average thickness of 5.7 m and an average UCS of 115 MPa. A
comprehensive histogram of the 0250 working face is presented in Figure 3.

During the development of the rcadway, eight faults were identified: 0250-f1 measuring 1.4 m, 0250-
f2 at 2.9 m, 0250-f3 at 2.0 m, 0250-f4 at 0.9 m, 0250-f5 at 5.5 m, 0250-f6 at 3.8 m, 0250-f7 at 0.9 m, and
0250-f8 at 3.0 m. Overall, the stability of the mining roadway is satisfactory; however, the presence of

faults and a weak immediate roof adversely affects mining operations and coal quality.
3 Burst prevention flow chart

On August 2, 2019, a significant coal bump incident transpired at the Tangshan coal mine, leading to
the deaths of seven individuals. The underlying cause of the coal bump is attributed to a complex interplay

of geological factors, the properties of surrounding rock, abutment pressure, and dynamic disturbances.

The flow chart for burst prevention is illustrated in Figure 4.
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Figure 3. Comprehensive geological histogram of 0250 working face.
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Figure 4. The burst prevention flow chart.

The surrounding rock of coal seam 5 exhibits a weak tendency for impact. In terms of burst
prevention measures, the working face of the mining area is first deployed and optimized to mitigate the
abutment pressure exerted by the surrounding goaf on the working face. Despite this optimization, the
evaluation of burst proneness at the 0250 working face remains at a medium risk level. Consequently, prior
to the commencement of mining at 0250, it is essential to implement pressure release measures to diminish

the burst risk to a weak or negligible level. In instances of weak burst proneness, dynamic load monitoring



should be conducted to assess the effects of mining-induced disturbances on the surrounding rock structure,
thereby eliminating potential hazards and ensuring safe production.

Pressure relief through rib hole drilling constitutes a primary burst control measure in the Tangshan
coal mine. The borehole is designed with a diameter of 108 mm and a depth of 8 m, positioned 0.5 meters
above the floor. Although crawler drilling machines are employed for this task, the drilling schedule lacks
a stringent definition due to the absence of a theoretical guideline. Consequently, it is essential to
investigate the pressure relief procedure associated with the drilling hole to enhance mining safety and

optimize the economic viability of the 0250 working face.
4 Pre-mining prevention measures

The burst risk of 0250 working face is medium, so, coal blasting and borehole pressure relief are
adopted to reduce the impact risk. The construction scheme is as follows.
4.1 Coal seam blasting

Coal seam blasting serves as a method to alleviate stress concentration. The steps for implementing
blasting are as follows: (1) The stress within the coal body is assessed using the drilling powder method,
whereby multiple coal powder boreholes are drilled at locations identified as having burst risk to delineate
the risk area. (2) Blasting is conducted in the high-risk area. (3) Following the blasting, the coal powder
from the drilling holes is analyzed to evaluate the effectiveness of the biast in the vicinity of the blasting
hole. If the quantity of pulverized coal is below the critical threshold, it is determined that the coal seam
has achieved the desired unloading effect; otherwise, secoridary unloading blasting is performed.

The 0250 working face employs a single-row coal seam blasting scheme, as illustrated in Figure 5. In
this blasting operation, each cartridge weighs 300 g and measures 300 mm in length. The charge per hole
consists of 10 to 15 cartridges, with a minimum of two detonators required for each hole. Additionally, the
sealing length must be no less than one-third of the total hole depth. The construction area extends 15 m in
front of and 15 m behind the hazardous zone. The first borehole is positioned 15 m from the beginning of
the hazard area, with a spacing of 5 m, a depth ranging from 12 to 15 m, and a diameter of ® 42 mm. The
boreholes are aligned along the roadway, maintaining a distance of 0.5 m to 1.5 m from the floor.

4.2 Pressure relief drillings

Large diameter borehole drilling serves as a pressure relief measure aimed at mitigating or delaying
the onset of stress. This technique relies on the phenomenon of drilling impact during the drilling process.
When drilling occurs near a high-stress zone, energy accumulates in the coal, resulting in a high frequency
of drilling impacts and a significant increase in the amount of pulverized coal. Following the drilling
operation, a fracture zone develops around the borehole. The borehole gradually collapses, and the
proximity of the fracture areas facilitates the breaking of the coal seam, thereby relieving pressure.
Borehole pressure relief utilizes the elastic energy stored in the coal seam to fracture the surrounding coal,

releasing energy and reducing the risk of a burst under conditions of elevated ground stress.
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Figure 5. Layout of coal seam biasting. (a) Front view. (b) vertical view

The drilling pressure relief working range at the 0250 working face matches that of coal blasting,
extending 15 m in the burst hazardous zone, as well as 15 m ahead and 15 m behind it. The drilling
spacing does not exceed 1 m, with a minimum hole depth of 20 m and a diameter of ®110 mm. Boreholes
are positioned parallel to the coal seam dip, maintaining a distance of 0.5-1.5 m from the floor. If the initial
drilling does not mitigate the risk of impact, additional drilling is conducted until the risk is resolved. Refer
to Figure 6 for details of the drilling operation.
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(b)
Figure 6. Layout of drilling holes. (a) Front view. (b) vertical view.
Following coal blasting and borehole pressure relief, the burst risk at the 0250 working face has been
diminished to a low level. During the mining process, it is essential to conduct dynamic load monitoring,

and additional measures should be implemented as needed to ensure mining safety.
5 Monitoring arrangement

Roof movement induced by mining is a critical factor in the occurrence of coal bumps. The challenge
of effectively monitoring and predicting this movement through technological means has long been a
concern in coal bump prevention. The drilling powder method serves as an empirical approach, yet it is
highly sensitive to geological conditions. The monitoring results of support shield resistance at the
working face represent the sum of dynamic and static composite loads. However, the borehole stress meter
installed in the roadway rib can only capture relative values, rather than absolute measurements, leading to
poor data continuity and significant deviations. Consequently, a discrepancy exists between the monitoring
data and actual roof movement, with false positives emerging as a significant issue.

In this study, the TC-4850 vibration meter is employed for the first time to monitor roof movement at
various working face advance distances, including the velocity vector and vertical displacement. By
integrating these measurements with roof subsidence monitoring data, the analysis of roof movement
under dynamic stress is conducted to ensure the mining safety of the 0250 working face.

5.1 Instruments

Tc-4850 is a vibration monitor utilized in the machinery industry and for slope monitoring. The
instrument comprises a sensor, a collector, and a connecting cable, as illustrated in Figure 7. The relevant
parameters of this instrument are shown in Table 1. The TC-4850 Vibrometer operates by converting
vibration waves into voltage signals via its sensor. The conditioned analog electrical signal is then fed into
a high-precision A/D conversion module, which converts the continuous analog signal into discrete digital
signals. The probe has dimensions of 66 mm on each side. By employing various sensors, it is capable of

recording dynamic data, including acceleration, velocity, displacement, and pressure.



Table 1. The relevant of TC-4850 Vibrometer

TC-4850 Vibrometer

Number of channels:
Display mode:
Power supply mode:
Sampling rate:
A/D resolution:

Frequency response range:

Recording method:

Recording time:

Trigger mode:

Range:

Trigger level:

Storage capacity:
Recording accuracy:
Reading accuracy:

Clock accuracy:

Transmission mode:

Battery life:
Adapt to the environment:

Size:
Weight:

Parallel three channels
Full Chinese LCD display
Rechargeable lithium battery power supply
1 kHz ~ 50 kHz, multi-range adjustable
16 bit
0 kHz t010 kHz

Continuous trigger record, 128 to 1000 times can
be recorded
Adjustable in the range of 1 second to 160
seconds
Internal trigger or external trigger
Adaptive range, no setting required, maximum
input value 10 V/ (35 cmi/s)
0V to 10 V (0 cm/s to 35cm/s) can be adjusted
arbitrarily
1MB SRAM, 128 MB flash
0.01cm/s
1 %o

< 5 seconds / month

USB 2.0

> 60 hours
-10°Cto 75 °C, 0% to 95 % RH

168mm x 99mm x 64mm
1Kg




Figure 7. TC-4850 vibrometer.

To analyze roof displacement, the SDAK-20 multi-point displacement meter is utilized to monitor
changes during vibration assessments. The sensor is installed through roof drilling, with a depth of 10 m
and a diameter of 42 mm, achieving a measuring point density of 30 to 500 mm. Figure 8 illustrates the
schematic diagram of roof separation monitoring and the corresponding field installation.

T 10m

Meaau ¢ pant |

Data recorder

() Monitonng anangement (b) Sensor (<) Fidd work

Figure 8. SDAK-20 multi-point displacement meter and field installation. (a) Monitoring arrangement. (b)
Sensor. (c) Field work.

5.2 Monitoring layout

High stress can easily induce coal bumps in the 0250 working face. Based on mining experience, the
influence range of advance abutment pressure at the 0250 working face is estimated to extend
approximately 0-33 meters ahead. This range consists of a pressure surge area (3-13 meters), a pressure
slow rise area (13-22 meters), a pressure slow decrease area (22-33 meters), and a stable area (beyond 33
meters). The peak position of the pressure is located roughly 22 meters in advance.

The monitoring location is selected in the tailgate of the 0250 working face, with monitoring

equipment installed 7 meters from the working face, as illustrated in Figure 9.
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Figure 9. Monitoring deployiiient of 0250 working face. (a) vertical view. (b) Front view. (c) Side view.

Four vibration measurement points, designated Z1 through Z4, and three roof subsidence
measurement points, labeled L1 through L3, are positioned 1 meter apart. Roof drilling occurs 1 meter
from the rib on the mining side of the roadway. The installation depth of the holes ranges from 6 to 7
meters, with the cable anchored into the main roof. A U-shaped buckle secures the tray and nut at the
cable's end. The vibration sensor is affixed to the cable tray using cement (Fig. 9b). According to the
instrument manual, engineering vibration frequencies typically range around 100 Hz. To ensure
comprehensive signal acquisition while minimizing interference from high-frequency noise, the sampling
frequency should be set between 10 and 100 times the signal frequency, specifically between 1 kHz and 10
kHz. This strategy necessitates collecting 10 to 100 samples per vibration cycle to prevent distortion of the
measurement signal waveform. For routine vibration testing with this equipment, sampling rates of 8 kHz
or 16 kHz are recommended. In this experiment, the acquisition rate was established at 8 kHz. During coal
bump events, the movement velocity of coal and rock masses can exceed 1 m/s, while roof subsidence
rates during mining operations do not surpass 50 mm/day, even during the periodic pressure phase. This
field test aims to verify the vertical movement of the roof in a mine susceptible to coal bumps. Therefore,

this value can be regarded as an interval. The trigger threshold must exceed the sampling accuracy and
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demonstrate a clear distinction from conventional mining pressure activities. Consequently, the vibration
meter trigger threshold is set at 0.2 cm/s, with a fixed recording duration of 5 seconds.

Monitoring will commence at 00:00 on June 27, 2020, and conclude at 16:30 on June 28, 2020. The
initial distances from the four measuring points to the mining face are 7 meters, 9 meters, 11 meters, and
13 meters, respectively. The lonometer installation will begin at 18:00 on June 26, 2020. The distances
from the three measuring points to the working face are 8 meters, 10 meters, and 12 meters. The drilling
depths are 6.8 meters, 6.7 meters, and 6.7 meters, with the number of embedded anchor points being 13, 11,
and 11, respectively.

Monitoring commenced at 0:00 on June 27, 2020, and concluded at 2:45 on June 29, 2020. The
lonometer records data per cut, with each measurement point capturing 11 data points, resulting in a total
of 33 recorded data points.

Figure 10 shows the data comparison chart for Z1 to Z4. As illustrated in Figure 10, the vertical
velocity variations at the roof of the advancing working face display discrete and random characteristics as
the face progresses. Regarding the temporal distribution of the collected data, a substantial proportion is
concentrated between 00:00 and 14:00 each day. The box plot indicates that on the first day, data from all
four vibration sensors were predominantly clustered between 1 cm/s and 5 cm/s, whereas on the second

day, the measurements primarily ranged from 1 cm/s to 15 cm/s.
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Figure 10. Vertical velocity relation of roof vibration

6 Results and analysis

6.1 Roof vibration

The monitoring time of roof vibration is from 0:00 on June 27, 2020 to 16:30 on June 28, 2020,
during which the working face is advanced by 4 m. More than 1900 data were obtained after the
monitoring. Environmental factors may cause signal waveforms to superimpose interference signals. The
Blasting Vibration Analysis software (BVA), used in conjunction with the TC-4850 Blasting Vibration
Analyzer, processes collected data, including filtering analysis. Engineering vibration frequencies typically
fall within the low-frequency range around 100Hz. Therefore, during this application, a “low-pass filter”
was employed to eliminate high-frequency signals while preserving the low-frequency components. The
data are processed and the vibration wave curves are obtained. Because the dynamic load monitoring only
aims at the vertical movement of the roof, these data are screened to get the vertical movement. The typical

vertical vibration velocity curve is shown in Figure 11.
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Figure 11. Typical vibration velocity curve.

By comparing the data, the maximum vertical velocity distribution from four sensors over two days
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The maximum vertical velocity of roof vibration is typically observed to range from 2 to 15 cm/s,

which is lower than the horizontal velocity. Each vibration event exhibiied a short duration (1-2 s),
consistent with dynamic disturbances associated with mining activities. The active period of roof vibration
occurs daily around 0 and 13 o'clock, corresponding to the initiation and cessation of mining operations.

was obtained, as illustrated in Figure 12.
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Figure 12. Maximum vertical velocity distribution, from top to bottom Z1-Z4

6.2 Roof subsidence

The monitoring period for roof subsidence spans from June 27, 2020, to June 29, 2020, during which

the working face advanced by 5 m. The dispiacement variation diagram for a typical anchor point is

presented in Figure 13.

The first anchor point serves as the reference point for calculating the relative displacements of other

measurement points during the advancement of the working face. The results are illustrated in Figure 14.
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Figure 13. Typical anchor point movement.
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Figure 14. The relative displacement of each anchor point.
The results indicate that the relative displacement at each point within the three measurement holes is

minimal, with only slight changes observed. When L1 is positioned 3 m from the working face, the
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measured values at each anchor point exhibit a slight increase, suggesting roof rebounding. Notably, the
relative movement among the anchor points varies as the mining face progresses.
6.3 Roof Vertical displacement analysis

More than 700 data points were collected from roof vibration monitoring. After data screening, 96
vertical vibration-induced data points were retained. Blasting Vibration Analysis (BVA) software,
specifically designed for the TC-4850 Blasting Vibration Meter, facilitates direct integration calculations.
The operational steps for the software are as follows: 1) Open a data file and select the menu item Analysis
First-Order Differentiation/Integration to access an auxiliary window beneath the main time-domain
window. 2) Adjust the waveform curve by resizing and repositioning it using the toolbar located at the top
of the interface. 3) Close the differentiation/integration window by double-clicking the “Auxiliary
Window” button with the left mouse button to exit the interface. The vertical displacement of the roof was
calculated by integrating each velocity data over time. The results are presented in Figure 15, where the 1st,

2nd, and 3rd series correspond to three distinct data collection instances.
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Figure 15. The vertical displacement of the roof.

The results indicate that the maximum vertical displacement of roof vibration is approximately + 350
mm, occurring in an area 4-6 m in advance of the working face. Given the proximity of this area to the
working face, it is reasonable to conclude that the vibration is associated with coal cutting and the
movement of hydraulic supports. Engineering experience suggests that the region 4-6 m ahead of the
working face is not a primary site for coal bumps. Consequently, it can be inferred that the roof vibration
in this area reflects the overall movement of the surrounding rock, making it unlikely to trigger a coal
bump.

The section 7-16 m in advance of the working face is characterized by high abutment pressure, and
the impact of dynamic disturbances in this area constitutes the primary focus of the dynamic disturbance

analysis. Monitoring results indicate that the maximum roof displacement is within £ 100 mm. In working
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faces with a high propensity for coal bumps, the vertical displacement of the working face may exceed 200
mm. Drawing on the experiences from similar working faces, it can be concluded that the roof
displacement at the 0250 working face is within acceptable limits.

The preceding analysis yields several conclusions. Coal blasting and pressure relief drilling partially
release the accumulated elastic energy within the coal seam, which is essential for seam mining. During
the mining process, monitoring and analysis of dynamic load data reveal that the relative displacement of
the roof is minimal, indicating its structural integrity. Additionally, the vertical displacement data of the
roof demonstrate that vibrations near the working face primarily result from coal cutting and hydraulic
shield movement, suggesting a very low likelihood of inducing a coal bump. In the high abutment pressure
zone (7-16 m ahead), the monitored vertical displacement remained within £100 mm, indicating that the
pressure-relief measures effectively reduced the elastic energy concentration. The conclusion is that 0250

working face can be safely mined.
7 Problems and Prospects

The vibration meter is primarily utilized in the machinery industry and for slope monitoring. Due to
the brief duration of explosion waves, the monitoring period of the instrumerit is consequently limited. In
the context of dynamic load monitoring in underground coal mines, the exiended monitoring period
necessitates modifications to the equipment. Furthermore, the instrument generates a substantial volume of
data, complicating the data processing requirements. Therefore, it is essential to develop automated
processing software to meet the demands for rapid monitcring in underground coal mines.

This study focuses on monitoring the movement of the cable end, necessitating an examination of the
coupling relationship between the cable end and roof displacement to mitigate errors arising from
discrepancies in their respective displacements.

The vibration instrument is capable of directly monitoring both the velocity and displacement of the
roof, indicating significant potential for future applications in dynamic load monitoring and coal bump

prediction.
8 Conclusion

In light of the re-establishment of the 0250 working face following the coal bump disaster at the
Tangshan coal mine, pressure relief measures prior to mining and dynamic load monitoring during the
mining process were implemented. The following conclusions can be drawn:

(1) Coal blasting and pressure relief drilling can alleviate a portion of the accumulated elastic energy
within the coal mass, thereby effectively reducing the likelihood of a coal bump.

(2) Monitoring results for roof vibration and separation indicate that, following the implementation
of pressure relief measures, the influence of dynamic loads on the 0250 working face is manageable,
thereby facilitating safe production operations.

(3) Challenges including intermittent monitoring and external environmental interference in roof

separation and vibration assessments necessitate further optimization of the analysis of monitoring results.
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Data Availability

All data of this article has been included in this manuscript.
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