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Abstract: This paper presents the roof fall collapse of a coal mine that occurred, causing 20 deaths
and 1 injury, in Qinghai Province, China, on 14 August 2021. After the primary investigation of this
incident and a brief description of the rescue action undertaken, this report discussed the possible
reasons behind this disaster. The fissure water and damaged rock mass are the dominant triggering
factors of this incident. Little concern for risk assessment and monitoring systems is one of the main
man-made mistakes. Consequently, the reflections and suggestions are put forward to reduce or
prevent the occurrence of roof fall incidents in coal mines. The noteworthy actions that are necessary
in coal mine projects are conducting risk assessments based on geological condition and building
proper support systems for coal mines considering he situation in situ.

Keywords: roof fall collapse; rescue measures; incident; risk assessment; coal mine

1. Introduction

Although the clean energies, such as wind, solar, and water, are booming in the
modern age, coal is still the largest source of energy for generating electricity in the world.
With the rapid development of megacities, the demand for coal resources is increasing.
Nevertheless, underground coal mines suffer many hidden hazards during the coal mining
process, such as roof fall, gas explosion, surface subsidence, and so on [1–3]. As can be seen
from Table 1, roof fall is the most frequent and serious hazard, causing injuries and fatalities,
and is a great concern for underground coal miners [4]. Some authors [1,5] reported that
roof falls threaten the life of miners directly and have the potential to result in the loss
of coal mine companies’ property, which includes damage to underground equipment,
downtimes, etc. Given the serious destruction of roof falls, many researchers [6–8] made
great efforts on the occurrences of roof falls associated with underground coal mines. Some
scholars [9–11] summarized the main contribution factors of the development of roof fall
hazards, and these factors include geological uncertainty, stress change, mining condition,
the surrounding environment, and enterprise safety management.
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Table 1. Casualties of coal mine roof fall accidents in various regions of China in recent years.

Date Site Casualties References

4 January 2017 Defeng County of Henan province 12 deaths [12]
17 January 2017 Shuozhou City of Shanxi province 10 deaths [13]

11 November 2017 Shenyang City of Liaoning province 10 deaths and 1 injury [14]
12 January 2019 Shenmu County of Shaanxi province 21 deaths [15]

19 June 2019 Ningwu County of Shanxi province 6 deaths [16]
28 October 2019 Nandan County of Guangxi province 2 deaths and 11 missing [17]

29 February 2020 Qujing City of Yunnan province 5 deaths [18]
26 May 2021 Weishan County of Shandong province 3 deaths and 3 injuries [19]

Through appropriate mine design, the stress condition and mining condition can be
estimated during the mining process. However, geological uncertainty is the nature of un-
derground space and is very difficult to estimate. The uncertainty in geology would change
the stress condition and increase the risk of roof falls. The risk assessment is a necessary
task during the whole mining process. Some researchers [20–22] realized the importance
of risk assessment for engineering projects and performed lots of interesting studies in
different fields, such as water resources [21,23], underground constructions [20,24–26],
infrastructures [27–31], etc. Additionally, the surrounding environment of the mine is
complicated, and the seepage of water is one significant impact on the stability of a mine’s
roof. The seepage of water in the rock fissure may weaken the strength of the roof and
trigger the collapse of the roof [32–34]. It is necessary to have clear knowledge on the
development of a roof fall during the mining process. The geological survey and numerical
simulation [9,35,36] are essential. The combination of digital models and an appropriate
monitoring system is a reasonable choice to assess the possible risks associated with coal
mining [37–39].

This study investigates a roof fall, and the following rescue is reported as well. The
potential reasons for this roof fall disaster were discussed, and some reflections were
presented. Based on this roof fall, some suggestions were put forward for future coal
mining control.

2. Materials and Methods
2.1. Overview of Collapse Event

On 14 August 2021, the roof fall collapse of a coal mine occurred in Haibei Prefecture
of Qinghai Province, China (see Figure 1a). Figure 1b depicts the disaster site. The accident
occurred in the Chaidar coal mine, located in Gangcha County (see Figure 2a). The accident
was caused by the mixing of fissure water and coal ash in the upper part of the working
face to form coal slime, which poured into the working face. The mine was an open pit,
160 m deep, and had been backfilled to 80 m when this accident occurred. The backfill part
is mainly sandy soil, and the geological conditions are complex and extremely unstable.
The accident trapped the victims at a location about 1.2 km from the mine’s entrance, the
vertical distance between the accident site and the ground surface is 90 m, and the mud
flow backward is 70 m. At the time of the accident, 21 miners were working in the mine,
1 person was dead, 1 person was injured, and other 19 workers were trapped in the mine.
Due to weather and seasonal factors, there was a constant seepage around the pit (see
Figure 2b). The accident occurred at a high altitude and in the frozen soil, the coal mine
roof is poor, and the coal seam is powdery. The rescue was extremely difficult. During the
progress of drainage and desilting (see Figure 2c), the internal pressure of fluid changes, the
unstable balance of coal slime in the upper part of the working face is broken, and coal slime
continues to flow into the working face, resulting in secondary disasters (see Figure 2d)
of coal slime gushing twice in two hours during the rescue and desilting the rescue team.
By the early morning of September 13, the accident rescue work had essentially ended;
all 19 trapped people had been found, no vital signs. According to the notice issued by
the emergency management department of Qinghai Province (http://yjt.qinghai.gov.cn/

http://yjt.qinghai.gov.cn/Mobile/Article.html?lmid=1&sjid=6712&type=0
http://yjt.qinghai.gov.cn/Mobile/Article.html?lmid=1&sjid=6712&type=0
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Mobile/Article.html?lmid=1&sjid=6712&type=0, accessed on 16 January 2022), all mining
enterprises have learned the lessons from the roof fall accident of the Chaidar coal mine,
and comprehensively carried out the general survey and treatment of potential disaster-
causing factors in coal mines. The legal representative of coal mining enterprises is the first
person in charge. All coal mining enterprises are required to strengthen risk analysis, to
find potential danger, and to propose treatment measures. Experts from inside and outside
the province are called together to investigate the reason behind the collapse and to propose
countermeasures to maintain coal mine safety. The final report should be presented to the
provincial emergency management department before 31 May 2022.
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2.2. Data Source

To analyze the event, the weather data records of Gangcha County were collected
from the public records (https://www.tianqi.com/gangcha/, accessed on 16 January 2022),
which included the monthly average highest temperature, the monthly average lowest
temperature and the daily rainfall recorded by the weather channel in August.

2.3. Recuse Effort

After the accident, based on the principle of “life first and full rescue”, Qinghai
Province quickly set up an on-site headquarters to take urgent action, transfer rescuers and
rescue equipment from all over the country, and comprehensively organized emergency
rescue. At that time, 140 firefighters from the surrounding counties arrived on the scene
immediately. A total of 121 vehicles were on duty, and more than 7720 pieces of rescue
equipment arrived as well. Additionally, 26 members from the national mine emergency
rescue team, together with two high-pressure underground mud pumps, reached the
scene to carry out the rescue. Furthermore, 38 national mine emergency rescue team
members, 9 rescue vehicles and 3 high-pressure downhole mud pumps were dispatched
by the national work safety emergency rescue center to the scene at 6:00 on 13 August
to participate in this rescue. At the same time, 12 experts on coal mines participated in
the technical guidance of the emergency rescue, nine of whom are from Qinghai Province.
Since then, more than 1000 emergency, fire, medical, public security, health and other rescue
workers have continued to rescue at the accident scene at an altitude of more than 3800 m
for nearly 30 days. By the early morning of September 13, the rescue work had essentially
ended, and all 19 trapped people had been searched for and found without vital signs (see
Figure 3).
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3. Analysis and Discussion

The roof fall accident was caused by the complex geological conditions and the coal
slime formed by the upper fissure water and coal dust gushing into the working face. The
strength of coal mine roof is weak, the roof is extremely fragile, and the joints and fissures
are richly developed. The coal seam is powdery, and the water inflow of the working face
is large, so that the rock mass is damaged under the action of accumulated pressure (see
Figure 4). Secondly, the effective management at the working place is insufficient. The
support system was not well designed and did not have a comprehensive understanding
of the geological condition of the roof, especially on the formed coal slime. This meant that
the working resistance of the designed support system was too weak to bear the pressure
from the coal roof. Additionally, managers did little to ensure the quality of the monitoring
system and personnel safety management during the mining process.

https://www.tianqi.com/gangcha/
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Figure 4. Mechanism of roof fall: (a) normal excavation face; (b) roof damaged, coal slime into the
working face; (c) complete collapse of roof.

3.1. Environmental Factors
3.1.1. Complex Geological Conditions

The Chaidar mine field in Haibei Prefecture, Qinghai Province, is mainly composed
of nappe structures, which are generally tongue-shaped and shovel-shaped wedges from
coal-bearing strata that overlap with each other. The properties of each nappe are the same,
but the shapes are different. Its genesis is related to the uneven pushing of the fault into
the mine field, resulting in the local stress concentration and the formation of a series of
imbricate slip bodies [45]. The rest of the nappe bodies are in the process of formation,
the residual energy is released, and the stress diffuses along the arc surface of the nappe
to M1 (see Figure 5), resulting in the weakness and deformation of the coal seam and the
sharp change in the occurrence of the roof and floor in a local range. Therefore, the nappe
structure can affect the coal seam, roof and floor. The slope in the same working face
changes many times, the mining process is blocked, and the safety factor is reduced [46].
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3.1.2. Climate Change

The Chaidar coal mine is dominated by alpine landform with discontinuous distri-
bution of island frozen soil and seasonal frozen soil. The thickness varies from tens of
centimeters to about 60 m. In summer, the thawing depth is only 1–2 m, and the local
low-lying surface layer is mostly swamped. July–August in Gangcha county is the highest
temperature period of the whole year (see Figure 6. data from https://www.tianqi.com/
qiwen/city_gangcha/, accessed on 16 January 2022). Climate change causes seasonal
frozen soil melting, changes soil moisture, and then affects the water runoff process. The
water runoff at the ground surface and the upper part of underground soil would change
as well. In addition, the mining of the coal mine breaks the process of water and heat
exchange in the active layer and changes the surface water, shallow groundwater, and
their migration. These can accelerate the melting of the frozen soil layer and increase the
infiltration of surface water. Consequently, large-area ponding may occur in the pit [47,48].
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3.1.3. Rainfall

The groundwater in the mining area is mainly supplied by atmospheric precipitation
and deicing water. Figure 7 (data from https://www.tianqi.com/gangcha/, accessed on 10
January 2022) shows the daily rainfall in August in Gangcha county. It can be observed that,
before this accident, there were seven days of light rain in the two weeks. These rainfalls
can change the pore water pressure of the surrounding soil, which may weaken the unstable
roof. After the accident, the daily rainfall on the 18th, 22nd and 30th exceeded 10 mm.
These can further reduce the strength of the surrounding soil and make the situation more
unstable. These post-accident rainfalls may be the reason for the secondary disaster, which
caused great difficulties and delayed the rescue time.

3.2. Extral Factors
3.2.1. Support Structure

To ensure the personal safety and work needs of on-site staff, it is necessary to
strengthen the supporting system in time for the exposed roof after coal mining. Neverthe-
less, this coal mine was in the maintenance stage and needed rectifying before the collapse
of roof fall. Sludge was observed at the coal mining face, which was probably caused by
untimely coal seam roof support or insufficient support strength.

https://www.tianqi.com/qiwen/city_gangcha/
https://www.tianqi.com/qiwen/city_gangcha/
https://www.tianqi.com/gangcha/
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3.2.2. Organization and Management

Many coal mining enterprises in China have weak management teams, which is ur-
gently in need of improvement. The Chaidar coal mine was required to be rectified on
2 August [49]. At the time of the accident, some workers were still working at the site, indi-
cating that the mine workers had an insufficient understanding of the risks associated with
the coal mine and did not make a correct judgment. The low level of safety management
and the lack of safety education for workers are two of the reasons for this serious disaster.

3.3. Reflections

Roof fall accidents are the most common type of accident in coal mines. The Chaidar
coal mine has a high altitude and complex geology. Although the coal mine was ordered
to stop production for rectification by Qinghai coal regulatory bureau on 2 August, this
coal mine still caused heavy casualties, which attracted public attention and criticism
from China and the rest of the world. Due to the lack of effective exploration means for
roof lithology change and fracture development, it is difficult to realize the continuous
change in roof conditions, resulting in this serious roof fall accident. Preventing roof falling
accidents and reducing the potential risk as much as possible have become two of the most
urgent problems, which should be the concern of the authorities. On the other hand, great
problems also exist in the production organization and management of enterprises, and the
safety management system needs to be improved [50].

3.4. Suggestions

Complex geological environments have always been a difficult problem in coal mining.
If there is no perfect detection means and monitoring system, it will lead to heavy casualties.
The roof fall accident of the Chaidar coal mine in Qinghai has brought a painful lesson
to the Chinese people (20 people died). For future coal mining in complex geological
environments, this paper puts forward the corresponding countermeasures from three
aspects: monitoring, protection and management:

(1) Geological conditions, climate change, mining methods and many other factors
will have an impact on coal mining. Therefore, it is necessary to conduct risk analysis
on the local environment and the situation of the coal mine, classify the risk level, and
formulate a safe and reasonable mining plan to ensure the safe and effective mining of the
coal mine. The available risk analysis methods include analytic hierarchy process, fault
tree analysis, etc.

(2) It is suggested to strengthen the monitoring frequency of both ground pressure
and coal seam water content distribution and to summarize the dynamic ground pressure
and coal seam water content distribution in time. With the continuous excavation of the
working face, the direct roof strata collapse for the first time, causing the loss of the arch



Appl. Sci. 2022, 12, 1184 8 of 11

effect. This process produces an increase in ground pressure and then the roof collapse
may happen at the working face. On the other hand, the disturbance of secondary stress
leads to the development of cracks in roadway-roof-surrounding rock, resulting in the
increase in water content. With the increase in water content, the strength and elastic
modulus of mudstone show a downward trend, which further weakens the strength of the
roof-surrounding rock. Some new coal-mine-monitoring systems can be developed, e.g.,
the neuro fuzzy system, optical fiber sensing technology, etc. [51]. These new monitoring
systems can deal with the influencing factors related to roof fall accidents so that the
potential changes in ground pressure and water content can be predicted [52–54].

(3) Some novel roof support system could be adopted in combination with the field
situation of the construction site. According to the existing research, the transportation
and layout of anchor mesh in the permanent support operation of the coal mine roadway
mainly rely on workers’ operation, which has the problems of low work efficiency, high
labor intensity and high risk. Recently, an anchor net transportation robot system with
automatic net operation has been proposed [55]. A three-dimensional model is established
by SolidWorks in the robot system, and the mechanical analysis of the structure can be
conducted. The working process includes establishing the operating mechanism of the
system, establishing the kinematics model, analyzing its workspace and solving the motion
trajectory. The robot system has strong reliability, high stability and high transportation
and placement efficiency [56]. In addition, other new techniques, e.g., the Internet of Things
(IoT) technique, can also be used to monitor the mechanical response of support systems in
real time, which could provide effective information for the assessment of the safety of the
support system.

(4) It is necessary to strengthen the training of miners and to improve the safety
awareness of construction personnel. It is essential to regularly conduct safety construction
training and education activities for construction personnel and management personnel,
so that everyone in the mining area can establish a correct safety concept, enhance safety
skills and improve safety awareness.

4. Concluding Remarks

This paper reports the roof fall collapse that took place on 14 August 2021, in Qinghai
Province in China. According to the preliminary investigation and analysis of the roof fall,
some conclusions can be described as follows:

1. The roof fall accident in the Chaidar coal mine in Gangcha County, Qinghai Province,
killed 20 people and injured 1. The disaster was caused by the influx of coal slime
formed by fissure water and coal dust in the upper part of the coal seam pouring into
the working face.

2. Complex geological conditions, climate change, rainfall and other environmental
factors are important reasons affecting coal mining. In the mining process, the ground
pressure changes constantly under different geological conditions, and the mining
difficulty is different. Temperature change and rainfall will change the water content
of the soil, as well as the runoff direction and runoff of surface water and shallow
groundwater, thereby changing the ground pressure of the coal mine roof.

3. For roof fall collapse, it is suggested to develop a new ground-pressure-monitoring
system. Reasonable support methods shall be adopted during construction. Addi-
tionally, it is essential to strengthen training and improve the safety awareness of
construction personnel.
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11. Tubis, A.; Werbińska-Wojciechowska, S.; Wroblewski, A. Risk Assessment Methods in Mining Industry—A Systematic Review.
Appl. Sci. 2020, 10, 5172. [CrossRef]

12. Xinhua Daily Telegraph. The Death Toll of Roof Fall Accident in Dengfeng Coal Mine in Henan Province Rose to 12. Available
online: http://www.xinhuanet.com/mrdx/2017-01/07/c_135962368.htm (accessed on 16 January 2022). (In Chinese)

13. Tencent News. The Cause of the Coal Mine Roof Fall Accident in Shuozhou, Shanxi Province Was Announced, Killing 10 People.
Available online: https://news.qq.com/a/20170123/022609.htm (accessed on 16 January 2022). (In Chinese)

14. Liu, W.B. “11.11” Major Roof Accident in Hongyang No. 3 Mine of Shenyang Coking Coal Mine. Mod. Group 2019, 4, 29. Available
online: http://qikan.cqvip.com/Qikan/Article/Detail?id=67747176504849574852485149&from=Qikan_Search_Index (accessed
on 16 January 2022). (In Chinese)

15. Global Network. A Roof Fall Accident Occurred in a Coal Mine in Shenmu City, Shaanxi Province, Killing all 21 Trapped Miners.
Available online: https://baijiahao.baidu.com/s?id=1622489749531651842&wfr=spider&for=pc (accessed on 16 January 2022).
(In Chinese)

16. Global Network. Preliminary Investigation on 6 Deaths Caused by Roof Fall in Ningwu Coal Mine, Shanxi Province: It Is Related
to Insufficient Anchoring Force. Available online: https://baijiahao.baidu.com/s?id=1636906902610407192&wfr=spider&for=pc
(accessed on 16 January 2022). (In Chinese)

17. Guangxi News Network. Nandan Major Mining Accident Investigation Results Announced: The Heads of Many Enterprises
Were Sentenced and 18 Public Officials Were Dealt with. Available online: http://www.gxnews.com.cn/staticpages/20201208
/newgx5fcec5c8-19986953.shtml (accessed on 16 January 2022). (In Chinese)

18. Chinanews. Five People Were Killed in a Coal Mine Roof Accident in Yunnan. The Cause of the Accident Is Being Investigated.
Available online: https://www.chinanews.com/sh/2020/03-01/9109525.shtml (accessed on 16 January 2022). (In Chinese)

19. Xinhua Net. The Search and Rescue of the “May 26” Roof Fall Accident in Xin’an Coal Mine of Shandong Jujube Mining Group
Ended and Three People Were Killed. Available online: http://www.xinhuanet.com/2021-06/08/c_1127541348.htm (accessed on
16 January 2022). (In Chinese)

20. Lyu, H.M.; Zhou, W.H.; Shen, S.L.; Zhou, A. Inundation risk assessment of metro system using AHP and TFN-AHP in Shenzhen.
Sustain. Cities Soc. 2020, 56, 102103. [CrossRef]

http://doi.org/10.1080/17480930.2016.1200897
http://doi.org/10.1016/j.engfailanal.2021.105724
http://doi.org/10.1061/(ASCE)CO.1943-7862.0001757
http://doi.org/10.1051/e3sconf/20187100001
http://doi.org/10.1016/j.coal.2005.03.008
http://doi.org/10.3390/app9245315
http://doi.org/10.1093/jge/gxz124
http://doi.org/10.1680/jgeot.16.P.159
http://doi.org/10.1016/j.jrmge.2021.05.009
http://doi.org/10.3390/app10155172
http://www.xinhuanet.com/mrdx/2017-01/07/c_135962368.htm
https://news.qq.com/a/20170123/022609.htm
http://qikan.cqvip.com/Qikan/Article/Detail?id=67747176504849574852485149&from=Qikan_Search_Index
https://baijiahao.baidu.com/s?id=1622489749531651842&wfr=spider&for=pc
https://baijiahao.baidu.com/s?id=1636906902610407192&wfr=spider&for=pc
http://www.gxnews.com.cn/staticpages/20201208/newgx5fcec5c8-19986953.shtml
http://www.gxnews.com.cn/staticpages/20201208/newgx5fcec5c8-19986953.shtml
https://www.chinanews.com/sh/2020/03-01/9109525.shtml
http://www.xinhuanet.com/2021-06/08/c_1127541348.htm
http://doi.org/10.1016/j.scs.2020.102103


Appl. Sci. 2022, 12, 1184 10 of 11

21. Kardani, N.; Zhou, A.; Shen, S.L.; Nazem, M. Improved prediction of slope stability using a hybrid stacking ensemble method
based on finite element analysis and field data. J. Rock Mech. Geotech. Eng. 2021, 13, 188–201. [CrossRef]

22. Zheng, Q.; Lyu, H.M. Risk assessment of geohazards along Cheng-Kun railway using fuzzy AHP incorporated into GIS,
Geomatics. Nat. Hazards Risk 2021, 12, 1508–1531. [CrossRef]

23. Lin, S.S.; Zhang, N.; Zhou, A.; Shen, S.L. Time-series prediction of shield movement performance during tunneling based on
hybrid model. Tunn. Undergr. Space Technol. 2022, 119, 104245. [CrossRef]

24. Lyu, H.M.; Shen, S.L.; Zhou, A.; Yang, J. Risk assessment of mega-city infrastructures related to land subsidence using improved
trapezoidal FAHP. Sci. Total Environ. 2020, 717, 135310. [CrossRef]

25. Liu, X.X.; Shen, S.L.; Zhou, A.; Xu, Y.S. Non-linear spring model for backfill grout-consolidation behind shield tunnel lining.
Comput. Geotech. 2021, 136, 104235. [CrossRef]

26. Shen, S.L.; Wang, Z.F.; Yang, J.; Ho, C.E. Generalized approach for prediction of jet grout column diameter. J. Geotech. Geoenviron.
Eng. 2013, 139, 2060–2069. [CrossRef]

27. Chai, J.C.; Shen, S.; Ding, W.Q.; Zhu, H.H.; Cater, J.P. Numerical investigation of the failure of a building in Shanghai, China.
Comput. Geotech. 2014, 55, 482–493. [CrossRef]

28. Elbaz, K.; Shen, S.L.; Zhou, A.; Yin, Z.Y.; Lyu, H.M. Prediction of disc cutter life during shield tunneling with AI via the
incorporation of a genetic algorithm into a GMDH-type neural network. Engineering 2021, 7, 238–251. [CrossRef]

29. Chin, Y.T.; Chen, J. Foundation Pit Collapse on 8 June 2019 in Nanning, China: A Brief Report. Safety 2019, 5, 68. [CrossRef]
30. Shen, S.L.; Atangana Njock, P.G.; Zhou, A.; Lyu, H.M. Dynamic prediction of jet grouted column diameter in soft soil using

Bi-LSTM deep learning. Acta Geotech. 2021, 16, 303–315. [CrossRef]
31. Shen, S.L.; Lyu, H.M.; Lu, L.H.; Li, G.; Hu, B.B. Automatic control of groundwater balance to combat dewatering during

construction of a metro system. Autom. Constr. 2021, 123, 103536. [CrossRef]
32. Lyu, H.M.; Shen, S.L.; Zhou, A.; Yang, J. Perspectives for flood risk assessment and management for mega-city metro system.

Tunn. Undergr. Space Technol. 2019, 84, 31–44. [CrossRef]
33. Wang, Z.F.; Shen, S.L.; Modoni, G.; Zhou, A. Excess pore water pressure caused by the installation of jet grouting columns in clay.

Comput. Geotech. 2020, 125, 103667. [CrossRef]
34. Wu, H.N.; Shen, S.L.; Chen, R.P.; Zhou, A. Three-dimensional numerical modelling on localised leakage in segmental lining of

shield tunnels. Comput. Geotech. 2020, 122, 103549. [CrossRef]
35. Lyu, H.M.; Sun, W.J.; Shen, S.L.; Arulrajah, A. Flood risk assessment in metro systems of mega-cities using a GIS-based modeling

approach. Sci. Total Environ. 2018, 626, 1012–1025. [CrossRef]
36. Wang, Z.F.; Shen, S.L.; Modoni, G. Enhancing discharge of spoil to mitigate disturbance induced by horizontal jet grouting in

clayey soil: Theoretical model and application. Comput. Geotech. 2019, 111, 222–228. [CrossRef]
37. Shen, S.L.; Wu, H.N.; Cui, Y.J.; Yin, Z.Y. Long-term settlement behavior of metro tunnels in the soft deposits of Shanghai. Tunn.

Undergr. Space Technol. 2014, 40, 309–323. [CrossRef]
38. Zhang, K.; Shen, S.L.; Zhou, A.; Yin, Z.Y. Evolutionary hybrid neural network approach to predict shield tunneling-induced

ground settlements. Tunn. Undergr. Space Technol. 2020, 106, 103594. [CrossRef]
39. Lyu, H.M.; Shen, S.L.; Zhou, A. The development of IFN-SPA: A new risk assessment method of urban water quality and its

application in Shanghai. J. Clean. Prod. 2021, 282, 124542. [CrossRef]
40. Chinanews. Direct Access to Qinghai Chaidar Coal Mine Mud Collapse Rescue Site. Available online: http://www.chinanews.

com/sh/2021/08-14/9543607.shtml (accessed on 16 January 2022). (In Chinese)
41. People’s Daily Online. Rescue of Roof Fall Accident in Chaidar Coal Mine: Race Against Time and Do Everything Possible.

Available online: http://qh.people.com.cn/n2/2021/0816/c378418-34869916.html (accessed on 16 January 2022). (In Chinese)
42. Chinanews. Visit the Rescue Site of the Roof Collapse Accident in Chaidar Coal Mine, Qinghai Province. Available online:

http://www.chinanews.com/sh/2021/08-16/9544840.shtml (accessed on 16 January 2022). (In Chinese)
43. Chinanews. Visit Rescue Site of Chaidar Coal Mine Accident in Qinghai Province. Available online: http://www.chinanews.

com/tp/hd2011/2021/08-16/996822.shtml (accessed on 16 January 2022). (In Chinese)
44. People’s Daily Online. Coal Mine Roof Caving Accident in Qinghai: Race against Time to Rescue 900 People. Available online:

http://qh.people.com.cn/n2/2021/0815/c378418-34868307.html (accessed on 16 January 2022). (In Chinese)
45. Wen, H.J. Structural Assemblage Forms in Cetar Minefield, Reshui, Qinghai. Coal Geol. China 2006, 18, 14–16. Avail-

able online: https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjEwOTA5Eg96Z210ZHoyMDA2
MDMwMD (accessed on 16 January 2022). (In Chinese)

46. Huo, C.S.; Wang, S.Z.; Wang, Y.K.; Xv, S.F.; Gao, G.B. Influence of nappe structure on coal seam and selection of mining method in
qaidar coalfield. Qinghai Guotu Jinglue 2007, 1, 46–47. (In Chinese) [CrossRef]

47. Cao, W.; Sheng, Y. Permafrost environment problems and countermeasures in the process of coal mining. Hydrogeol. Eng. Geol.
2013, 5, 91–96. (In Chinese)

48. Wang, Y.J.; Guan, Q.C.; Duan, S.R. Investigation and analysis on the geological environment problems of Chaidar coal mine.
Miner. Explor. 2018, 9, 1031–1036. (In Chinese) [CrossRef]

49. Beijing Business Today. What happened to Qinghai Chaidar Coal Mine. Available online: https://www.bbtnews.com.cn/2021/0
815/407052.shtml (accessed on 16 January 2022). (In Chinese)

http://doi.org/10.1016/j.jrmge.2020.05.011
http://doi.org/10.1080/19475705.2021.1933614
http://doi.org/10.1016/j.tust.2021.104245
http://doi.org/10.1016/j.scitotenv.2019.135310
http://doi.org/10.1016/j.compgeo.2021.104235
http://doi.org/10.1061/(ASCE)GT.1943-5606.0000932
http://doi.org/10.1016/j.compgeo.2013.10.001
http://doi.org/10.1016/j.eng.2020.02.016
http://doi.org/10.3390/safety5040068
http://doi.org/10.1007/s11440-020-01005-8
http://doi.org/10.1016/j.autcon.2020.103536
http://doi.org/10.1016/j.tust.2018.10.019
http://doi.org/10.1016/j.compgeo.2020.103667
http://doi.org/10.1016/j.compgeo.2020.103549
http://doi.org/10.1016/j.scitotenv.2018.01.138
http://doi.org/10.1016/j.compgeo.2019.03.012
http://doi.org/10.1016/j.tust.2013.10.013
http://doi.org/10.1016/j.tust.2020.103594
http://doi.org/10.1016/j.jclepro.2020.124542
http://www.chinanews.com/sh/2021/08-14/9543607.shtml
http://www.chinanews.com/sh/2021/08-14/9543607.shtml
http://qh.people.com.cn/n2/2021/0816/c378418-34869916.html
http://www.chinanews.com/sh/2021/08-16/9544840.shtml
http://www.chinanews.com/tp/hd2011/2021/08-16/996822.shtml
http://www.chinanews.com/tp/hd2011/2021/08-16/996822.shtml
http://qh.people.com.cn/n2/2021/0815/c378418-34868307.html
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjEwOTA5Eg96Z210ZHoyMDA2MDMwMD
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjEwOTA5Eg96Z210ZHoyMDA2MDMwMD
http://doi.org/10.3969/j.issn.1671-8704.2007.01.014
http://doi.org/10.3969/j.issn.1674-7801.2018.05.030
https://www.bbtnews.com.cn/2021/0815/407052.shtml
https://www.bbtnews.com.cn/2021/0815/407052.shtml


Appl. Sci. 2022, 12, 1184 11 of 11

50. Lin, S.S.; Shen, S.L.; Zhang, N.; Zhou, A. An extended TODIM-based model for evaluating risks of excavation system. Acta
Geotechnica. 2021, in press. [CrossRef]

51. Farid, M.; HosseinAbadi, M.M.; Yazdani-Chamzini, A.; Yakhchali, S.H.; Basiri, M.H. Developing a new model based on
neuro-fuzzy system for predicting roof fall in coal mines. Neural Comput. Appl. 2012, 23, 129–137. [CrossRef]

52. Zhang, N.; Zhou, A.; Pan, Y.T.; Shen, S.L. Measurement and prediction of tunnelling-induced ground settlement in karst region
by using expanding deep learning. Measurement 2021, 183, 109700. [CrossRef]

53. Yan, T.; Shen, S.L.; Zhou, A.; Lyu, H.M. Construction efficiency during shield tunnelling in soft deposit of Tianjin. Tunn. Undergr.
Space Technol. 2021, 112, 103917. [CrossRef]

54. Zhang, N.; Shen, S.L.; Zhou, A.; Jin, Y.F. Application of LSTM approach for modelling stress-strain behavior of soil. Appl. Soft
Comput. 2021, 100, 106959. [CrossRef]

55. Gao, J.C.; Ma, H.W.; Wang, C.W.; Xue, X.S.; Yao, Y. Structure design and motion planning of bolt mesh transport robot for coal
mine tunneling. Coal Eng. 2021, 53, 175–180. (In Chinese) [CrossRef]

56. Mark, C.; Stephan, R.C.; Agioutantis, Z. Analysis of Mine Roof Support (AMRS) for US Coal Mines. Min. Metall. Explor. 2020, 37,
1899–1910. [CrossRef]

http://doi.org/10.1007/s11440-021-01294-7
http://doi.org/10.1007/s00521-012-1271-0
http://doi.org/10.1016/j.measurement.2021.109700
http://doi.org/10.1016/j.tust.2021.103917
http://doi.org/10.1016/j.asoc.2020.106959
http://doi.org/10.11799/ce202111033
http://doi.org/10.1007/s42461-020-00301-x

	Introduction 
	Materials and Methods 
	Overview of Collapse Event 
	Data Source 
	Recuse Effort 

	Analysis and Discussion 
	Environmental Factors 
	Complex Geological Conditions 
	Climate Change 
	Rainfall 

	Extral Factors 
	Support Structure 
	Organization and Management 

	Reflections 
	Suggestions 

	Concluding Remarks 
	References

