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Aiming at the problem of surrounding rock control during the 52,102 working face passing through 
the roof fall area of return air roadway in lijiahao coal mine. Through on-site investigations, numerical 
simulations, and engineering practices, we analyzed the characteristics and causes of roof fall along 
the rib of the goaf. Based on the Mohr–Coulomb criterion, a numerical model was established, 
identifying influencing factors, and proposing an early intervention pressure relief control technology 
centered on "proactive avoidance." Determined the starting position and the staggered distance of 
the avoiding roadway. The study indicates that: (1) The deformation of the surrounding rock in the 
roof fall roadway is mainly affected by high static loads, mining pressure, mechanical properties of 
the surrounding rock, and the effect of pressure relief. The optimal timing for implementing the best 
prevention technology is to stop mining and excavate an avoidance roadway when the working face 
is 20 m away from the roof fall area. At the same time, based on safety and economic principles, 
determine the distance between the avoiding roadway and the original roadway is 20 m to shorten 
the length of the working face. After passing through the avoidance roadway, resume the use of 
the original roadway to ensure economic benefits. (2) Early proactive intervention pressure relief 
technology effectively reduces the deformation of the roadway surrounding rock, decreasing the 
amount of deformation on both sides by about 11%, verifying its effectiveness and practicality.

Keywords  Stress distribution rule, Surrounding rock control, Roof fall of mining roadway in working face, 
Scheme of passing through roof fall area

The formation mechanism of roof falls is complex, involving factors such as geological structures, rock 
mechanical properties, and mining techniques. Scholars have made progress through theoretical analysis and 
numerical simulations. However, in specific scenarios such as the working face has passed through the roof 
caving area of the return airway, the evolution patterns of roof falls have not been systematically elucidated, 
hindering effective prevention and control.

Wang et al. identified high horizontal tectonic stress and fault slip induced by mining as the driving forces 
behind roadway deformation and roof collapse; Gao et al. proposed controlling roof collapse by enhancing 
surrounding rock shear strength and reducing fracture permeability; Zhang et al. established calculation 
formulas based on the collapse size of the surrounding rock fracture zone, revealing the relationship between 
boundary horizontal force distribution and burial depth1–3. Pan et al. propose the concept, mechanism, and 
classification of rock burst and roof collapse composite disasters in deep roadways, revealing their occurrence 
mechanism and highlighting the importance of softening and rupture zones in stability control for dynamic 
disaster prevention4. Wang et al. and other scholars have found that the main influencing factors of roof caving 
and spalling include fissure water, damaged rock mass, and human error5–7. Liu et al. study revealed that the 
method of evaluating the hidden dangers of roof collapse through roof structure detection and exploration 
technology is highly similar to the actual situation of underground roof strata8. Ray et al. and other scholars 
identified that the “cutting” phenomenon of surrounding rock before roof caving and the influence of upper coal 
seam mining on the periodic weighting step distance of the lower coal seam are critical factors leading to poor 
roof stability in close-distance coal seam groups9,10. Fattahi et al. predicted roof caving rates using algorithms, 
highlighting coal mine roof rating’s importance; Bieniawski et al. demonstrated geomechanical classification’s 
effectiveness in roof quality evaluation; Park et al. identified rock mass quality and humidity changes as critical 
factors influencing circular roadway roof caving risks11–14. Wang et al. and other scholars research put forward a 
range of methods that could be used to evaluate the risk of coal mine roof collapse, and at the same time, these 
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methods could help identify the main risk factors15–17. Jin et al. proposed a semantic modeling system for sharing 
and reusing roof fall accident knowledge to enable intelligent decision-making, while Ding et al. highlighted the 
significant impacts of backfill mining, roof beam disturbance, and gob-side entry retention on roof collapse 
and coal seam stability under varying mining conditions18–22. Huo et al. investigated the evolution of top coal 
drawing characteristics to improve recovery rates, while Jia et al. studied collapse column failure, surrounding 
rock control, overburden fracture development, roadway over-excavation prediction, column stability, and 
induced caving technology, providing theoretical and technical support for safe mining23–28. Du et al. developed 
an analysis model and methods to enhance the accuracy of evaluating surrounding rock pressure and rock 
mass strength in shallow-buried and biased roadways, including solutions for deflection functions, movement 
laws of artificial roofs, and an optimized Hoek–Brown criterion29–32. Hu et al. proposed a new method for roof 
control using induced caving, Li et al. validated designs for pillar stability, backfill unloading warning models, 
and the impact of coal seam dip on pillar strength33–36, Shi et al. improved mining efficiency through optimized 
layout and techniques, offering theoretical and practical guidance for safe and efficient mining37,38. Wang et al. 
study focused on simulating rock mechanical properties and improving parameter calibration methods using 
enhanced particle swarm and jellyfish swarm algorithms. It also developed a prediction model for rock strength 
and analyzed the impact of fractures, joints, and holes on rock behavior through compression experiments, 
offering insights for rock mass stability and fracture analysis39–45.

In summary, this review highlights various aspects of underground coal mine roof fall accidents and large 
roadway deformation, including geological conditions, tectonic stresses, fault movements, support methods, 
and compound disaster mechanisms. Each study contributes valuable insights into understanding these complex 
issues but requires further verification and refinement. Future research should focus on detailed experimental 
methods and results descriptions, cross-disciplinary collaborations to achieve more comprehensive prevention 
strategies.

The mining roadway of the working face at Lijiahao Coal Mine employs a double roadway excavation method. 
Following the completion of mining at the 52,101 working face, the adjacent 52,102 working face is required to 
utilize the pre-completed roadway. However, upon opening this roadway, a significant issue was identified: it had 
been adversely affected by the mining activities at the 52,101 working face, resulting in a substantial roof collapse 
within the mining roadway. The collapsed area measured 10 m in length, 9 m in height, and 5.5 m in width, 
exhibiting an irregular triangular prism shape, as illustrated in Fig. 1. This occurrence has severely impacted the 
mining operations at the 52,102 working face. This article examines the deformation and failure mechanisms of 
the surrounding rock within the roof collapse area of the mining roadway, particularly as the mining working 
face progresses through the roadway. The study employs theoretical analysis, numerical simulation, and on-site 
monitoring methods to investigate the evolution model of the roof failure zone during the advancement of 
the working face, as well as the factors influencing the occurrence and development of roof collapse damage. 
Ultimately, a rational mining plan is proposed based on these findings, which offers valuable guidance for the 
successful mining operations at the working face.

The evolution pattern of surrounding rock stress and plastic zone as the working 
face advances through the roof fall area
This paper uses the FLAC3D software to simulate and analyze the roof fall disaster in the 51,109 return air 
roadway of Lijiahao Coal Mine, establishing a numerical calculation model of mining face, and analyzed the 
changes of stress field, displacement field and plastic zone in the roof fall area during the mining process.

Fig. 1.  Layout diagram of the working face and roadway.
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Establishment

	(1)	 Geometric model.

In geological engineering, accurate and reasonable model establishment is crucial for numerical simulation 
calculations and analysis. The choice of model size must consider actual conditions, as its dimensions and 
internal division strategy affect computational efficiency and precision. The roof fall disaster at Lijiahao Coal 
Mine affected stope work, with the shape and size of the roof fall area shown in Fig. 1, and the site situation 
depicted in Fig. 2.

In the study, overlying rock layers above 200 m were simplified to a vertical stress of 10.35 MPa, acting at the 
200 m depth in the model. The model dimensions were set to 300 m × 404 m × 150 m to balance computational 
precision and efficiency, ensuring reliable analysis results. The geometric model is shown in Fig. 3.

	(2)	 Determination of mechanical parameters

The roof fall zone in Lijiahao Coal Mine occurs at the 51,109 return airway, serving the 52,102 working face’s 
ventilation. Coal seam: + 1280 m elevation, 4.2 m thickness, 2° dip, 570 m depth. Surrounding rock properties 
tested (Table 1), with stratigraphic column distribution shown (Fig. 4).

Experiments revealed rock mass mechanical properties. The Mohr–Coulomb model incorporated internal 
friction angle/cohesion parameters to simulate complex behaviors and characterize stress–strain relationships, 
establishing an engineering-reliable numerical model (Fig. 4) for design/safety evaluation.

Simulation conditions and analysis plan
According to the relative position of the working face and the roof caving area, the stress variation in the middle 
part of the roof caving area when the working face is pushed to be tangent to the roof caving area is selected 
as the research object. This position can comprehensively observe the overall trend of stress variation, explore 
the interaction between the advancement of the working face and the concentrated stress of roof caving under 
different stress conditions, so as to provide strong data support for engineering design-related work and safety 
evaluation. At the same time, select the roadways where no roof caving has occurred as the comparison group, 
so as to accurately identify the specific impact of roof caving on stress distribution.

Analysis of simulation results
Stress evolution pattern as the working face advances through the roof fall area

	(1)	 Analysis scheme model.

Study on the influence of roof fall on the stress distribution of roadways, select the middle position of the roof fall 
area and the vertical section of the roadway trend and the vertical section of the roadway trend without roof fall 
as the observation objects, by comparing the stress changes with the working face advancing towards the above 
two sections, reveal the influence degree and law of roof fall on the stress state of roadways, and provide scientific 
support for preventive measures and response strategies (Fig. 5).

Fig. 2.  On-site situation of roof fall area.
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Number Bed
Bed 
thickness/m Density/kg/m3

Bulk 
modulus/
GPa

Shear 
modulus/GPa Cohesion/MPa

Internal friction 
angle/(°)

Tensile 
strength/
MPa

1 Coarse-grained mudstone 4 2314 0.042 4.67 2.2 1.3 0.046

2 Medium-grained sandstone 20 2074 9.8 0.46 0.15 1.955 5.21

3 Coarse-grained rock 30 2400 4.13 4.67 2.2 1.24 5.26

4 Sandy mudstone 50 2468 5.94 0.47 0.22 1.905 4.13

5 Fine-grained sandstone 20 2311 9.32 4.67 2.2 1.18 1.56

6 Sandy mudstone 30 2468 5.94 0.47 0.22 1.905 4.13

7 Medium-grained sandstone 36 2074 9.8 0.46 0.15 1.955 5.21

8 Sandy mudstone 10 2468 5.94 0.47 0.22 1.905 4.13

9 Coal seam 4 2400 0.37 0.46 0.22 1.34 0.12

10 Sandy mudstone 20 2468 5.94 0.47 0.22 1.905 4.13

11 Fine-grained sandstone 60 2311 9.32 4.67 2.2 1.18 1.56

12 Coarse-grained sandstone 40 2314 0.042 4.67 2.2 1.3 0.046

13 Sandy mudstone 50 2468 5.94 0.47 0.22 1.905 4.13

14 Fine-grained sandstone 30 2311 9.32 4.67 2.2 1.18 1.56

Table 1.  Physical and mechanical parameters of surrounding rock.

 

Fig. 3.  Numerical simulation geometric model diagram.
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	(2)	 Analysis the impact of roof falls on the surrounding stress field.

In the control group, stress development extends outward, whereas this phenomenon was not observed in the 
roof fall group and the range was shortened by 4 m. Preliminary analysis shows that roof falls lead to stress 
concentration, shifting stress to the roof fall area, affecting its stability and the stress state of surrounding rock 
masses. The vertical impact range increases due to the rise in roof fall, adding to the support burden and effecting 
the stability of the roadway. In the numerical model, 15 stress measurement points were distributed within the 
stress reduction range of the caving roadway and the non-caving positive side, and the observed stress evolution 
trend is shown in Fig. 6. The stress evolution of the caving roadway is more unstable compared to the non-caving 
roadway and produces stress concentration.

As the working face nears the collapsed zone, increasing pressure causes rock deformation and instability. 
This alters stress distribution patterns: the collapsed area shows a small V-shaped stress concentration (> 10 m) 
on the working face side, while the intact area exhibits a larger U-shaped pattern. Distinct stress elevation zones 
and symmetrical reduction zones emerge post-collapse, as shown in Fig. 5a–c.

In the stress analysis of Fig. 7, when the working face is 20 m away from the roof fall area, the stress impact 
is gradual. When the distance is less than 20 m, the superposition effect of the stress field significantly increases 
complexity, potentially threatening the stability and safety of the working face. Therefore, in practical engineering, 
measures should be taken before advancing the working face to within 20 m of the roof fall area to mitigate the 
impact, reduce the adverse effects of stress superposition, and ensure safe and stable advancement.

Evolution pattern of the plastic zone in the roof fall area during working face advancement
To study plastic zone evolution, cross-sections at the mid-collapse zone were analyzed when the working face 
became tangent to the collapsed area. Comparative modeling with intact roadways revealed collapse-induced 
mechanisms governing plastic zone development.

Main conclusions on the impact of roof falls on the plastic zone: As the working face advances, the plastic 
zone expands toward the sidewall, with significant outward expansion in the collapsed group but none in the 
control group; the vertical height of the plastic zone increases, showing a 1:1 relationship with the height of 
the roof fall area; the surrounding rock of the roof fall area is continuously affected by shear stress, showing a 
significant difference from the control group. The area and disturbance range of the plastic zone expand, forming 
an approximately elliptical disturbance circle in the roof fall group; the rocks around the roadway do not form 
a traditional stress reduction zone; instead, the development of the plastic zone may exacerbate the risk of roof 
falls and trigger rock bursts and other mine pressure problems, as shown in Fig. 8.

The development of the plastic zone and stress concentration are key factors affecting roadways in roof fall 
events, leading to rock deformation, crack propagation, strength reduction, and structural damage to the roof. 
These changes exacerbate the risk of mine pressure disasters in roadways, such as rock bursts. To prevent and 
control such disasters, it is necessary to avoid the core impact of the plastic zone, ensuring the stability and safety 
of the roadway.

Fig. 4.  The distribution of rock stratum histogram.
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Fig. 7.  Longitudinal section between working face and roof falling zone.

 

Fig. 6.  Collapsed vs. intact roadway sidewall stress distribution.

 

Fig. 5.  3D comparison of roadways at roof fall tangency.
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Principles of surrounding rock control in the roof fall area during working face 
advancement
Monitoring points arranged via cross-shaped layout at mid-axis positions of the collapsed zone and equivalent 
control group. Point A in the collapsed zone was positioned at the roof collapse apex, with three groups (each 
containing two measurement pairs across both roadways, comprising points A/B/C/D) detailed in Fig. 9.

Based on the measurement points in Fig. 9, as the working face advances 20 m from the original roof fall 
area, analyze the changing trend of the relative displacement of the top and bottom plates and both sides under 
different coal pillar widths measured in the model. Create deformation trend graphs as shown in Fig. 10.

Analysis of stress distribution diagrams suggests: stress redistribution caused by roof collapse events during 
working face advancement. A “proactive avoidance” centered prevention and control technology is proposed: 
suspend mining activities and excavate new roadways to avoid impact. At the same time, coal pillars are retained 

Fig. 9.  Observation point distribution map.

 

Fig. 8..  3D comp of plastic zones in roadways at roof fall tangency.
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for support. Observations indicate small stress fluctuations at the working face 10 m away, requiring special 
attention to the stability of this area.

Technology for surrounding rock control during working face advancement through 
the roof fall area
Analysis of the deformation and failure mechanism of surrounding rock in roadways within 
roof fall areas
The analysis model reveals the displacement field, stress field, and load redistribution of the arch structure under 
advanced support pressure. The stress concentration in the roof fall area, the trend of displacement changes, 
and load redistribution are influenced by high static loads, mining pressure, surrounding rock mechanical 
properties, and the effect of pressure relief. Comparing the load distribution at different positions can analyze the 
redistribution situation. An increase in load near the working face side may indicate that the failure is extending 
in that direction. Failure extension is caused by a reduction in the strength and stability of the rock or coal body, 
which may lead to an increase in the area of the roof fall area, reduce stability, and increase safety risks. It is 
necessary to adjust the mining strategy to ensure safe passage.

Proposal of control technology

	(1)	 Goals and factors to consider.

Aiming to assure mine gallery stability, mitigate the risks associated with roof collapses, and sustain financial 
viability; key considerations encompass geological circumstances, patterns of roof fall propagation, interactions 
between existing and newly constructed passages, along with an evaluation of the shortcomings inherent in 
conventional shoring techniques. As mining fronts approach regions with prior roof falls, the formation of plastic 
zones under significant compression and concentrated stresses could lead to neighboring rock masses giving 
way or exacerbating roof fall incidents, wherein inadequate support systems might precipitate safety incidents.

	(2)	 Simulation steps and methods.

Construct a three-dimensional geological model to ascertain the physical characteristics of the rock strata. On 
the basis of this model, choose the locations to avoid tunnels and their spacing, for example, 5 m, 10 m, 15 m, 
and 20 m, and evaluate the stability of these arrangements. Employ FLAC3D software to emulate the tunnel 
excavation process, as shown in Fig. 11.

	(3)	 Conclusions and recommendations.

In the design, select areas with minimal deformation and uniform stress distribution to ensure reasonable 
spacing. As the working face progresses, the extent of damage to the rib side and roof increases, posing a risk 
of toppling due to the use of supports in the original roadway. It is recommended to implement a new strategy: 
cease mining activities 20 m in front of the goaf area, excavate a new roadway at least 20 m away from the old 
one, while retaining a coal pillar wider than 20 m, and resume mining after reducing the length of the working 
face by 25.5 m. This solution has been proven effective, but monitoring should be intensified and construction 
plans adjusted according to geological conditions.

Fig. 10.  Change of relative displacement of working face with different pillar widths.
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Engineering practice
With the reduction of the working face, to prevent the repeated excavation of the roadway, new plastic failure 
zones appear in the surrounding rock, which overlap with the effects of the old roadway. Deformation analysis 
identifies roadway damage depth/distribution, evaluating current support efficacy and guiding future designs. 
On-site stress/deformation monitoring captures roadway sidewall convergence and roof subsidence. Baseline 
points at centerline and waist positions (Fig. 12) enable tri-daily data collection. Monitoring points divided into 
three groups, each containing three pairs distributed across three roadways, with each pair comprising four 
points (A/B/C/D).

The monitoring results indicate that the stress evolution pattern from the numerical simulation is consistent 
with the actual situation. The trend of on-site roadway deformation is shown in Fig. 13, demonstrating that the 
proposed control scheme has achieved good results in practical applications. It effectively reduces the relative 
displacement of surrounding rock deformation, stabilizes the surrounding rock stress, and minimizes the 
amount of deformation on both sides by approximately 11%, verifying the effectiveness and practicality of this 
technology.

Conclusion

	(1)	 When the working face advances to the roof fall area and crosses its range, under high static loads, due to 
the development of plastic zones on both sides of the roof fall area and stress concentration towards the 
working face side, the impact load from the stope will trigger the release of accumulated stress concentra-
tion in this area. Additionally, the rotation of old roof rock blocks will lead to the dumping of surrounding 
rocks or further roof falls and other disasters. If support is used in the roof fall roadway within the roof fall 
area, it may lead to the occurrence of support dumping accidents. The solution proposed in this paper is 
safer and more effective, better ensuring economic benefits.

	(2)	 To effectively control the impact of working face mining on the roof fall area, an active intervention pres-
sure relief prevention and control technology centered on the concept of “active avoidance” is proposed. By 
excavating an avoidance roadway to circumvent the high stress concentration effect of the roof fall area, the 
avoidance roadway performs the functions of the original return roadway, ensuring the smooth progress of 
mining activities.

	(3)	 The working face should stop mining operations at least 20 m away from the roof fall area. After the work-
ing face stabilizes, excavate an avoidance roadway and shorten the working face. The avoiding distance 
should be no less than 25 m to avoid the high stress concentration effect of the roof fall area. Simultaneously, 
excavating the avoidance roadway will form a coal pillar, which can play a role in bearing and isolating, 
protecting the safety of the newly excavated roadway and working face.

Fig. 11.  Stress distribution at different spacing between old and new roadway.
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	(4)	 Avoidance Roadway Stability Monitoring and Waiting Period: After the completion of the avoidance road-
way excavation, strict stability monitoring must be implemented, and a reasonable waiting period should 
be set, recommended to be no less than 20 days. This ensures the full stabilization of the roadway structure, 
providing safety assurance for the initiation of subsequent mining activities.

	(5)	 Future research should integrate roadway avoidance and roof support advantages, investigating their syn-
ergistic effects to develop integrated control strategies that mitigate surrounding rock deformation and 
secondary disasters, establishing theoretical foundations for field operations.

Fig. 12.  On-site measuring point distribution map.
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Data availability
Data is provided within the manuscript or supplementary information files. The datasets generated and analysed 
during the current study are not publicly available due commissioned by Lijiahao Coal Mine for confidential 
research and processing by Professor Shi Zhanshan but are available from the corresponding author on reason-
able request.
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