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Abstract: This paper aims to investigate the coal thickness change area of the combined rock strata energy 

accumulation law. The method of connecting a uniaxial compression experiment with a theoretical analysis is 

used in this work. We employ a combination of coal and rock to carry out our studies. We investigate how 

different lithologies and ratios of coal-rock height affect the mechanical properties of the mixture and the law 

governing energy accumulation. We have determined the following facts: (1) The combination's peak strength 

and elastic modulus exceed that of coal and are inferior to that of rock but are nearer to that of coal. (2) When 

the coal-rock height ratios are dissimilar, the peak strength and modulus of elasticity of the combination show 

a negative correlation with the coal-thickness share, and the pre-peak energy accumulation and impact energy 

index of the combination shows a positive correlation with the coal-thickness share. (3) For the combination 

with the same coal-rock height ratio, the peak strength, elastic modulus, pre-peak energy accumulation, and 

impact energy index all increase with greater rock strength and elastic modulus. The presence of a hard rock 

layer affects the accumulation of pre-peak energy. ( 4 ) The stress in the surrounding rock gradually decreases 

as the coal thickness increases. In the area where coal thickness declines, the stress in surrounding rock is higher 

than that in the region where it thickens. The energy stored in the surrounding rock is directly proportional to 

the coal in the zone. Conversely, areas with thinner coal deposits exhibit a lower energy storage capacity in the 

surrounding rock than those with thicker coal deposits. The stress distribution of surrounding rock in coal 

thickness change is abnormal; substantial energy accumulation can swiftly initiate dynamic disasters, such as 

rock bursts. This study has important reference significance for preventing and controlling rock burst in coal 

thickness change areas. 

Keywords: coal thickness change; combination; combined rock strata; energy accumulation; rock 

burst 

 

1. Introduction 

With the intensification of coal mining, the dynamic disaster caused by coal rock is becoming 

increasingly severe. Rock burst poses a significant threat to the safe and efficient production of coal 

mines, given its rapid occurrence, high level of harm, and extensive damage range [1-3]. Rock burst 

is a dynamic event. It is caused by the sudden release of elastic energy stored in coal and rock 

formations. This phenomenon is influenced by the variation in coal thickness as well as the stress 

state of the coal seam and rock strata in the stopes [4-5]. Relevant research shows that the probability 

of rock burst is related to the change in coal thickness. During the mining period, the energy 

accumulation degree of the coal thickness change area is high, which can potentially lead to 

catastrophic events such as rock burst [6-7]. 

To investigate the impact of coal thickness variation on rock burst, several scholars utilize the 

coal-rock combination to conduct research. The impact of changes in coal thickness on the strength 

and deformation characteristics of coal-rock combinations was analyzed in studies [8-10]; results 

demonstrate that the strength of combinations is negatively correlated with coal thickness changes. 

Cheng Zhanbo et al. [11] revealed the relationship between coal thickness changes, parameters at the 

coal-rock interface, and the strength of the combination. Zuo Jianping et al. [12] compared the energy 

accumulation differences of various coal-rock combinations and identified a correlation with coal 

thickness variations. Chen Guangbo et al. [13,14] identified the key layer where energy for rock bursts 
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accumulates within the coal seam. And the degree of energy accumulation was related to the change 

in coal thickness. The above-mentioned researchers have discussed the association between the 

strength and energy accumulation behavior characteristics of the combinations and the variation in 

coal thickness, but they have not sufficiently investigated the evolution of the surrounding rock stress 

and energy in the region of the variation in coal thickness. 

To this end, Bai Xianxi et al. [15] analyzed the surrounding rock's stress and energy distribution 

characteristics in the roof thickness change area. They concluded that the greater the roof thickness 

change, the greater the initial stress in the coal seam thinning area. Wang Jianchao et al. [16] analyzed 

the stress distribution characteristics of the surrounding rock of the coal thickness change area. They 

concluded that the working face was close to the parting area of the coal seam, and the abnormal 

stress in the parting area and the advance abutment pressure were superimposed, which was prone 

to rock burst. The stress distribution characteristics of the surrounding rock in the coal thickness 

change area of the longwall working face are analyzed. Reference [17-20] examines the impact of coal 

thickness fluctuations on rock stresses in the surroundings, revealing that coal thickness fluctuations 

can bring about atypical surrounding rock pressures; this achievement was accomplished by utilizing 

a highly accurate numerical calculation model. Wang Changbin et al. [21] pointed out that high-stress 

concentrations in coal and rock strata will increase the possibility of rock burst. Zhao Tongbin et al. 

[22] discussed the mechanical mechanism of mining rock burst in coal thickness change area. 

The above scholars took the coal-rock combination layer as the object. Through indoor 

experiments and numerical simulation, they discussed the combined rock strata's stress and energy 

distribution law in the coal thickness change area. However, the research on the relationship between 

the change of coal thickness and the stress and energy of the combined rock strata is relatively scarce. 

Therefore, this paper uses the weak impact tendency of 33 # layer coal seam in Jixi Pinggang Coal 

Mine as the research background. Taking the combined rock strata as the research object, the strata 

in the coal thickness change area are regarded as the change of the coal thickness, investigating how 

coal thickness and lithology impact the combination's strength and energy accumulation 

characteristics. Based on our analysis, we have established a correlation between the stress and 

energy of the combined rock strata and the subsequent change in coal thickness, enabling us to 

identify the areas where stress and energy accumulate in the surrounding rock formations as the coal 

thickness changes. This valuable insight can serve as a guide to effectively prevent and manage rock 

bursts in the affected areas. 

2. Uniaxial compression experiment of coal-rock combination 

To thoroughly examine the combined structure's stress and energy accumulation characteristics 

within the coal thickness change area, which change is regarded as the thickness change of the coal-

rock combination. Therefore, in this experiment, the combination of different lithology and coal 

thickness was made, and the uniaxial compression experiment was carried out by using an RMT-150 

testing machine to obtain the axial stress-axial strain curve of different combinations. 

2.1. Samples making 

The samples taken in this experiment are from Pinggang Coal Mine in Jixi, Heilongjiang 

Province. According to the field conditions, the roof fine sandstone, floor shale, and coal seam of the 

working face are sampled. The samples are combined according to the experimental requirements, 

and the combination method is shown in Figure 1. Among them are fine sandstone ( F ), shale ( S ), 

and coal ( C ). The size of coal and rock monomer and combination is a cylinder with a diameter of 

50 mm and a height of 100 mm. To reduce the influence of the binder between the composite layers, 

the experiment was carried out by direct contact. The physical diagram of some samples is shown in 

Figure 2. 
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Figure 1. Combination model. 

 

Figure 2. Part of the sample physical picture. 

2.2. Stress-strain curve of coal-rock combination 

After the sample was made, the 0.05 mm / s loading rate was used to experiment, and the 

corresponding σ-ε curves of F, S, C monomers and CS, CF, and FCS combinations were obtained. The 

σ-ε curves for various structures formed from the combination of coal and rock are displayed in 

Figure 3. Here, σ is the axial stress, and ε is the axial strain. 
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Figure 3. σ-ε curves of different coal-rock combinations. (a) Coal and rock monomer; (b) SC 

combination; (c) FC combination; (d) FSC combination. 

We extracted and compared the mechanical parameters of the monomer and combination in 

Figure 3, resulting in Table 1. 

Table 1. Mechanical parameters of the combination. 

Sample Peak strength 
/MPa 

Elastic modulus 
/GPa 

Pre-peak 
energy 

 /102MJ·m-3 

Post-peak 
energy  

/ 102MJ·m-3 

Impact 
energy  

index 

F 74.50 7.48 36.9 4.15 8.90 

S 33.10 2.70 19.83 4.61 4.30 

C 12.72 0.96 9.36 2.45 3.82 

CS1:3 17.7 2.28 8.04 2.16 3.72 

CS1:2 16.62 1.98 8.22 2.37 3.46 

CS1:1 16.05 1.8 8.39 2.55 3.29 

CS2:1 14.49 1.63 8.61 2.07 4.15 

CS3:1 13.66 1.07 8.71 2.15 4.05 

CF1:3 25.3 2.35 15.82 3.43 4.61 

CF1:2 23.69 2.05 16.22 2.96 5.48 

CF1:1 22.36 1.85 16.27 2.08 7.82 

CF2:1 21.12 1.73 15.89 2.18 7.28 

CF3:1 19.94 1.52 17.93 2.66 6.74 

FCS1:1:1 22.24 1.81 14.53 3.38 4.30 

FCS1:2:1 20.25 1.63 14.67 3.92 3.94 

FCS1:3:1 18.46 1.42 14.96 2.87 5.21 

3. Strength and elastic modulus analysis of combination 

The correlation between the strength and elastic modulus of the coal-rock monomer and 

combination can be ascertained through the analysis of the mechanical parameters outlined in Table 

1, which allows us to examine the effect of the coal thickness and lithology on the strength and 

modulus of the combination. 

3.1. Relationship between strength and elastic modulus of coal-rock combination and coal-rock monomer 

The peak strength and elastic modulus of various coal-rock combinations are displayed in Figure 

4, demonstrating their distribution characteristics. Here, σ1 denotes the peak strength, and E 

represents the elastic modulus. 
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Figure 4. Distribution characteristics of peak strength and elastic modulus of different combinations. 

Table 1 and Figure 4 demonstrate that the monomer's peak strength and elastic modulus follow 

the order of F > S > C. The binary combination of peak strength and elastic modulus demonstrates 

that CS is greater than C and less than S, and CF is greater than C and less than F. The ternary 

combination FCS peak strength and elastic modulus as a whole is greater than C and less than F and 

S. This indicates that the coal-rock combination peak strength and elastic modulus are both between 

the coal and the rock strengths but are closer to the coal monoliths. 

3.2. Influence of coal thickness on the strength of combinations 

To analyze the impact of the coal thickness on the strength of the combination, we extracted the 

combination's peak strength and elastic modulus data in Table 1. We established the correlation 

between the peak strength, elastic modulus, and height ratio of the coal-rock combination, as 

illustrated in Figure 5. 
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Figure 5. The relationship between peak strength, elastic modulus, and coal-rock thickness ratio of 

the combination. (a) Combination σ1; (b) Combination E. 

The data presented in Figure 5 shows that as the C thickness ratio increases, the peak strength 

and elastic modulus of CS, CF, and FCS decrease. The peak strength and C thickness of the 

combination CS, CF, and FCS are in accordance with the expressions y=19.48-7.58x, y=27.37-9.82x, 

and y=26.87-13.76x, respectively, and the elastic modulus of the combination CS, CF, and FCS are in 

accordance with the ratios of the thicknesses of the combinations to the thicknesses of the C. The CS, 

CF, and FCS to the thicknesses of the C are in accordance with the expressions y=1.19x-0.49, y=1.43x-0.34, 

and y=1.15x- 0.40 expressions; this is mainly because the larger the proportion of C in the combinations, 

the smaller the axial pressure required for the combinations to undergo axial deformation, and thus 

the smaller the peak strength and modulus of elasticity of the combinations. Therefore, it can be 

concluded that the peak strength of the combination is directly linked to the proportion of coal 
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thickness. At the same time, the elastic modulus exhibits an inverse relationship with the ratio of coal 

thickness. 

3.3. Influence of lithology on the strength of combinations 

From Figure 5, it can be seen that the ratio of CS, CF peak strength, and C thickness of the 

combination conforms to the expressions of y = 19.48-7.58 x and y = 27.37-9.82 x, respectively; the ratio 

of CS and CF elastic modulus to C thickness of the composite conforms to the expressions of y = 1.19 

x-0.49 and y = 1.43 x-0.34, respectively. The variations in peak strength and elastic modulus reduction 

rate of combinations are primarily due to differing rock strength and elastic modulus of various 

lithologic combinations. When the coal thickness is constant, the peak strength and elastic modulus 

of CS and CF combinations are as follows: CF1 : 3 > CS1 : 3, CF1: 2 > CS1: 2, CF1: 1 > CS1: 1, CF2: 1 > 

CS2: 1, CF3: 1 > CS3: 1. This demonstrates that the more significant the strength and modulus of 

elasticity of the rock, the more significant the peak strength and modulus of elasticity of the 

combination of various combinations of equal coal thickness. 

4. Energy accumulation law of coal-rock combination body 

The patterns of variation in pre-peak energy, post-peak energy, and impact energy index were 

examined to determine the influence of lithology and coal thickness on the energy accumulation 

behavior of the combination. 

4.1. Energy accumulation characteristics of combination body 

The data were extracted from Table 1 and subsequently utilized to derive the energy distribution 

law of various combinations. The derived law is illustrated in Figure 6. The abbreviations used in the 

graph are A1 for pre-peak energy, A2 for post-peak energy, and KE for impact energy index. 
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Figure 6. Energy variation of different coal-rock combinations. 

From the data presented in Figure 6, it is evident that the energy accumulation of the monomers 

is different from that of the combinations, and the pre-peak energy of the monomers is F＞S＞C, 

indicating that the pre-peak energy accumulation of the rock is more significant than that of the coal. 

The pre-peak energy exhibited by binary combinations suggests that CS exceeds C and is below S, 

while CF surpasses C and is lower than F. These findings indicate that the lithology significantly 

impacts the pre-peak energy of the combination. The peak energy of the ternary combination of FCS 

is greater than that of C but less than that of S and greater than that of CS. It is slightly less than that 

of CF, indicating that F has a certain effect on the buildup of pre-peak energy in the ternary 

combination of FCS. Furthermore, due to F's significant strength and modulus of elasticity compared 

to S and C, F can be considered a hard rock layer, suggesting that the hard rock layer plays a role in 

the buildup of pre-peak energy in the combination. 

No apparent pattern is discernible in the post-peak energy of the combinations. The energy 

impact index of the combinations shows that CF is more significant than CS, and FCS is greater than 
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CS, indicating that the greater the rock strength and elastic modulus, the more significant the energy 

impact index of the combination. 

4.2. The influence of coal thickness on the energy accumulation characteristics of the combination 

When the coal thickness varies, we extract the relevant data from Table 1 and depict the resulting 

energy change profile for different combinations of coal thickness, as shown in Figure 7. 
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(c) 

Figure 7. The energy variation of the combinations with different coal thicknesss. (a) pre-peak energy 

distribution; (b) post-peak energy distribution; (c) Impact energy index. 

Figure 7(a) demonstrates that the CS and CF pre-peak energy of the binary combinations are 

arranged in descending order as CS1:3 < CS1:2 < CS1:1 < CS2:1 < CS3:1 and CF1:3 < CF1:2 < CF1:1 < 

CF2:1 < CF3:1, respectively. In addition, the FCS pre-peak energy of the ternary combination is 

arranged in descending order as FCS1:1:1 < FCS1:2:1 < FCS1:3.1. This observation suggests a gradual 

increase in the pre-peak energy of the combination as the percentage of C thickness is augmented.  

As indicated in Figure 7(b), as the C thickness percentage increases, the post-peak energy of the 

combination shows the trend of CS and FCS increasing and then decreasing; on the contrary, CF 

shows the direction of decreasing and then expanding, and the fluctuation range of post-peak energy 

of the combination CS, CF and FCS are 2.07~2.55 (102MJ·m-3), 2.08~3.43 (102MJ·m-3), and 2.87~3.43 

(102MJ·m-3), respectively. There is no apparent regularity in the post-peak energy of the combination 

with the more significant coal thickness percentage; the range of post-peak energy fluctuation of the 

CF combination is larger than that of the CS combination, which shows that the larger the rock 

strength and elastic modulus are, the larger the range of post-peak energy fluctuation of the 

combination. 

According to Figure 7(c), binary combination CS and CF exhibit a fluctuation range of impact 

energy index between 3.29 to 4.15 and 4.61 to 7.82, respectively. Additionally, ternary combination 

FCS shows a fluctuation range of impact energy index between 3.94 and 5. 21. The impact energy 

index of combination is affected by the lithology, with greater peak strength and modulus of elasticity 

in rocks resulting in a wider fluctuation range. The lithology affects the combination's impact energy 

index, with greater peak strength and modulus of elasticity in rocks, resulting in a wider fluctuation 
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range. Generally, an increasing trend in the impact energy index of the combination is observed with 

a more significant proportion of coal thickness. 

The results suggest that a higher percentage of coal thickness in the combination leads to an 

increase in the pre-peak energy accumulation. The post-peak energy displays no clear patterns, while 

the impact energy index indicates a rising trend. 

4.3. The influence of lithology on the energy accumulation characteristics of the combination 

We extracted energy data from CS and CF combinations of equal coal thickness and plotted 

different combination energy change curves, Figure 8. 

When the coal thickness is constant, Figure 8(a) shows that the pre-peak energy of CS and CF 

vary as follows: CF1:3＞CS1:3, CF1:2＞CS1:2, CF1:1＞CS1:1, CF2:1＞CS2:1, and CF3:1＞CS3:1. In 

addition, the pre-peak energy of the CF combination is more significant than that of the CS 

combination. As the F peak strength and elastic modulus are more significant than the S, this indicates 

that the more significant the peak rock strength and elastic modulus, the greater the pre-peak energy 

build-up of the combination. 

Figure 8 ( b ) shows that the post-peak energy of the combination CS fluctuates in the range of 

2.07 ~ 2.55 ( 102 MJ · m-3 ). The CF post-peak energy of the combination fluctuates in the range of 2.08 

~ 3.43 ( 102 MJ · m-3 ). The post-peak energy fluctuation range of the CS combination is significantly 

smaller than that of the CF combination. It shows that the larger the rock monomer's peak strength 

and elastic modulus, the larger the post-peak energy fluctuation range of the combination. 

  

(a) 

  

(b) 
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(c) 

Figure 8. Energy variation of different lithologic combinations. (a) Average pre-peak energy; (b) 

Average post-peak energy; (c) Impact energy index. 

As shown in Figure 8(c), when the coal thickness is equal, the CS and CF impact energy index of 

the combinations are CF1:3＞CS1:3, CF1:2＞CS1:2, CF1:1＞CF1:1, CF2:1＞CS2:1 and CF3:1＞CS3:1, 

and the fluctuation range of the CS and CF impact energy index of the assemblage is 3.29~4.15, 

respectively, 4.61~7.82. In addition, the rock's peak strength and elastic modulus directly affect the 

impact energy index, with larger values suggesting a higher impact potential. 

5. Coal-rock combination structure model 

5.1. Mechanical model of coal-rock combination structure 

Under the assumption that the coal-rock structure is in an elastic state before the damage occurs, 

the coal-rock structure is represented as a spring structure consisting of two elastic elements 

connected in series[16], as the model shown in Figure 9. 

 

Figure 9. Coal-rock combination model. 

Under mining stress P, coal and rock are subject to deformation to a certain extent, while their 

stress distribution is equivalent. Assuming that the overall elastic modulus of the combination is E, 

the height of coal and rock is hc and hR, respectively, the deformation is hc and hR, respectively, and 

the elastic modulus is Ec and ER, respectively. 𝑃 = 𝐸𝑅𝜀𝑅 = 𝐸𝑐𝜀𝑐                             （1） 𝜀𝑐 = ∆ℎ𝑐ℎ𝑐             𝜀𝑅 = ∆ℎ𝑅ℎ𝑅                            （2） 𝜀 = 𝜀𝑐 + 𝜀𝑅 = 𝑝𝐸                              （3） 

1𝐸 = 1𝐸𝑅 + ( 1𝐸𝑐 − 1𝐸𝑅) ℎ𝑐𝐻                            （4） 

Formula (4) can be obtained by substituting formula (1) and (2) into formula (3). It can be seen 

that when the total height of the coal-rock combination remains unchanged and the elastic modulus 

of coal and rock remains unchanged, the overall elastic modulus of the combinations decreases with 

the increase of coal thickness hc. 

5.2. Relationship between combinations stress and coal thickness 
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Assuming that the same strain ε occurs after the coal and coal rock structures are stressed, it can 

be seen from the elasticity [24] : 𝑃𝑐 = 𝐸𝑐𝜀                             （5） 𝑃𝑐𝑅 = 𝐸𝜀                             （6） 

The stress of coal-rock structure is compared with that of coal [16, 25], that is 𝑃𝑐𝑃𝑐𝑅 = 𝐸𝑐𝐸𝑅 + (1 − 𝐸𝑐𝐸𝑅) ℎ𝑐𝐻                          （7） 

As can be seen from formula (7), Ec＜ER, Ec/ER＜1, hc/H＜1, Ec/ER+（1-Ec/ER）hc/H＜1, that is, Pc＜

PcR. When the coal and rock strain is the same, the stress on the coal-rock structure is more significant 

than that on coal. Meanwhile, the stress of surrounding rock in the coal thickness thinning region is 

more significant than that in the coal thickness changing region, and the more significant the 

proportion of coal thickness, the smaller the stress in the coal thickness changing region. 

5.3. Relationship between combinations of energy and coal thickness  

There is a commonly held belief that the coal body is destroyed when mining stress reaches its 

maximum and the stress of the coal-rock combination reaches its peak. The minimum energy theory 

of rock mass failure posits that the energy consumed by coal and rock mass failure is the energy 

under a unidirectional stress state. The energy expended during coal and rock mass failure is typically 

associated with a unidirectional stress state[26]. 𝑈 = 𝑃𝑚𝑎𝑥22𝐸 = 𝑃𝑚𝑎𝑥22 × [ 1𝐸𝑅 + ( 1𝐸𝑐 − 1𝐸𝑅) ℎ𝑐𝐻 ]                    （8） 

From the laboratory determination of mechanical parameters and the field test of Pinggang Coal 

Mine and the results, the elastic modulus of coal, fine sandstone, and shale are 0.96GPa, 7.48GPa, and 

2.70GPa, respectively, and the stress concentration coefficients under the influence of mining are 

2~2.5, corresponding to stresses of 35.0MPa and 43.75MPa. The graph in Figure 10 demonstrates the 

correlation between energy accumulation and coal thickness. 
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Figure 10. Relationship between the energy of coal-rock combinations and the ratio of coal 

thickness. 

Equation (8) and Figure 10 show that for constant coal and rock elastic modulus, the energy 

accumulated before the destruction of the formation is directly related to the coal thickness hc. In the 

case of constant coal and rock thickness, the greater the modulus of elasticity of the rock, the more 

energy is accumulated and the greater the possibility of impact hazard. These observations 

corroborate the results of the experiment. 

6. Discussion 

In coal mining, rock bursts occur due to the stress state of the coal seam and rock stratum and 

their occurrence conditions. The thickness of the coal seam varies significantly in the local area, and 
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the stress state of the surrounding rock in this area is correlated with the variation in coal thickness 

and the mechanical properties of the roof and floor. 

The above 4.2 research shows that the surrounding rock stress is negatively correlated with the 

percentage of coal thickness, and the surrounding rock stress is more significant than that in the area 

of thinning coal thickness than in the area of thickening, which indicates that during the process of 

coal seam changing from thick to thin, the degree of concentration of surrounding rock stress in the 

area of coal thickness change gradually increases, which is easily induced the rock burst.  

The law of energy accumulation in combined strata is influenced by coal thickness, rock 

strength, and elastic modulus. Higher coal thickness proportion increases energy accumulation 

before the combination peak. A thick coal seam area accumulates more energy compared to a thinner 

one and thus is more likely to experience rock burst. The positive correlation between the combined 

rock strata's energy accumulation and the rock's strength and elastic modulus indicates that the 

bigger the strength of the roof and floor, the more the combined rock strata's energy accumulation is, 

and the more prone to rock burst. 

In summary, the stress distribution in the area where the thickness of coal changes shows 

abnormality. There is a significant stress concentration in the region where the coal thickness is 

thinning. The energy accumulation in thick coal seams is higher than in thin coal seams. 

Consequently, the surrounding rock where the thickness of the coal changes and in the thick coal 

seam area is more likely to accumulate energy, leading to dynamic disasters such as rock bursts, as 

illustrated in Figure 11. 

 

Figure 11. Coal thickness change model. 

7. Conclusions 

This paper takes the coal-rock combination as the object, analyses the impact of different coal 

thickness and lithology on the mechanical parameters and energy accumulation behavior of the 

combination, reveals the change of coal thickness and the combination of rock layer stress and energy 

between, and reaches the following conclusions: 

(1) The coal-rock combinations' peak strength and elastic modulus are between coal and rock but 

closer to the coal monomer. As the coal thickness ratio increases, the peak strength and elastic 

modulus of combinations gradually decrease, except for strength, which has a clear linear 

relationship to the coal thickness ratio, and elastic modulus, which has a clear inverse 

relationship to the coal thickness ratio. The combination's strength and modulus of elasticity 

with the equal percentage of coal thickness are positively correlated with the rock's strength and 

elastic modulus. 

(2) The pre-peak energy lies between coal and rock, while the post-peak energy and impact energy 

index does not show any apparent regularities with coal and rock. The combination's pre-peak 

energy and impact energy index shows an apparent positive correlation with coal thickness, 

while post-peak energy shows no obvious regular pattern. 

(3) Coal thickness accounted for the same percentage, the pre-peak energy of the combination, 

impact energy index, and rock strength and modulus of elasticity showed a positive correlation, 
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the post-peak energy and coal thickness changes have no obvious regularity and hard rock 

stratum help the combination pre-peak energy accumulation, the greater the likelihood of its 

occurrence of impact. 

(4) The stress distribution of surrounding rock in coal thickness variation is abnormal. Surrounding 

rock stress shows a negative correlation with percent coal thickness, and surrounding rock 

energy shows a positive correlation with percent coal thickness, indicating that surrounding 

rock stress is more significant in the thinning coal thickness region than in the thickening coal 

thickness region and surrounding rock energy accumulation is less in the thinning coal thickness 

region than in the thickening coal thickness region. The abnormal stress distribution and high 

energy accumulation of surrounding rock in the area of coal thickness change are easy to induce 

dynamic disasters such as rock burst. 
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