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Coal mine roof accidents are one of the main single risks faced by coal miners. According to the statistical data of coal mine accidents in China, there were 40 roof accidents and 55 deaths in 2020 alone, accounting for 32.8 and 24.4% of the total, respectively. Therefore, we can see its danger. To realize the comprehensive scientific assessment of coal mine roof accidents, first, through the collation and analysis of relevant literature reviews and accident investigation reports, combined with the expert investigation method, an assessment index system of coal mine roof accidents is constructed. Then, based on the analysis of the characteristics of the influencing factors of coal mine roof accidents, the assessment model of coal mine roof accidents is established by using the DEMATEL-ANP method. Finally, the established assessment model is applied to a coal mine to verify the rationality of the model.
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1 INTRODUCTION
Roof accident is the type of coal mine accident with the largest number of occurrences and deaths. No matter what the scale of the coal mine is, there will be a certain degree of roof safety hazards in the mining process (Zhu et al., 2018; Xu et al., 2021; Zhang et al., 2021). However, because the occurrence of roof accidents is affected by many factors, it is difficult to prevent and control them, which seriously restricts the safe production of coal enterprises. Therefore, analyzing the causes of roof accidents and determining the influence degree of various factors to formulate effective prevention and control measures is still an important work content of the coal industry.
Roof fall refers to the sudden and violent collapse of the roadway roof, resulting in the collapse of roof rock. Roof fall is different from the rockburst disaster in deep engineering (Feng et al., 2015; Feng et al., 2022; Yu et al., 2022a; Yu et al., 2022b). However, it is also very dangerous and causes serious economic losses. Early studies were mostly considered from the perspective of geology and considered that weak and defective roofs, changes in stress conditions, and bedding plane faults and folds were the main reasons for roof collapse (Molinda, 2003; Phillipson, 2003; Düzgün, 2005). In recent years, with the deepening of research, the vibration, humidity in the air, coal pillar stability, and roof rock hanging length after the use of explosives have also been found to have an obvious correlation with roof falling (Yasidu et al., 2019; Liu et al., 2018). Because of the obvious differences in geological conditions in different regions, some scholars have carried out research on the causes of roof accidents under specific geological conditions. For example, Wang et al. (2018) analyzed a roof fall accident in the Huangyanhui coal mine in the Taihang Mountain area of Shanxi Province, China, and found that tectonic stress and fault sliding caused by mining activities are the driving forces of roof fall; Fei et al. (2020) found that under the condition of a thin bedrock and clay roof, the movement of post-mining overburden is complex. The analysis of the causes of roof falls has laid a certain foundation for evaluating roof safety and putting forward control methods, and relevant research has also been carried out. Oraee et al. (2016) believed that the discontinuity of geological structures would lead to large-area roof collapse, and proposed a roof fall risk assessment method based on structural data and analysis of wedge geometry and stability in coal mines. Bai et al. (2021) took the roof separation and horizontal displacement as the key factors leading to roof falling and proposed that the horizontal displacement can be reduced by increasing the bolt pretension load. Xiong et al. (2021) combined the analytic hierarchy process and fuzzy comprehensive evaluation method and established the cloud model of roof fall risk evaluation by constructing a quantitative grade interval and calculating the weight of each index.
To sum up, the research on the causes of roof falls, roof evaluation, and control is very rich, and the relevant achievements have also played an important role in reducing roof accidents and realizing the scientific management of roofs. However, after further analysis, it is found that the existing research is mainly carried out from geological or closely related factors, and the occurrence of coal mine roof accidents is the result of the coupling of geological uncertainty, stress change, mining conditions, surrounding environments, and safety management (Shen et al., 2017; Tubis et al., 2020; Njock et al., 2021). There is a certain one-sidedness in analyzing only from the geological aspect, and in terms of safety management, because of China’s unique coal enterprise management mode and national policies, a roof safety management evaluation method based on China’s national conditions is needed.
The Decision Making Trial and Assessment Laboratory (DEMATEL) is a method to solve complex and difficult problems in the real world by using the graph theory and matrix tools. The Analytic Network Process (ANP) method is a decision-making method based on the Analytic Hierarchy Process (AHP), which is suitable for non-independent hierarchical structures. The combination of DEMATEL and ANP can effectively reduce the inconsistency and uncertainty caused by people’s subjective judgment in the evaluation of roof safety management. Therefore, first, through literature sorting and the collection and analysis of roof accident investigation reports in China in the past 5 years, find out the influencing factors involved in the coal mine roof accident, classify the influencing factors through expert interviews, establish the coal mine roof safety management evaluation index system, and then use the DEMATEL-ANP to establish the coal mine roof safety management evaluation model for empirical applications.
2 ESTABLISHMENT OF THE EVALUATION INDEX SYSTEM OF COAL MINE ROOF SAFETY MANAGEMENT
2.1 Identification of the Influencing Factors of Coal Mine Roof Safety Management
Identifying the influencing factors of coal mine roof safety management is an important step in establishing the evaluation index system. To achieve this goal, the following databases were searched: Elsevier Science Direct, CNKI, Google academic, and SpringerLink. The combination of search terms used is roof accident or event and influencing factors, roof accident or event and evaluation, and DEMATEL-ANP. References cited in the article are also used as additional sources for our search.
In addition, to make the research conform to the actual situation of China’s coal mine production and national supervision, the coal mine roof accident reports published in China in the past 5 years (2016–2021) were sorted and analyzed to determine the factors not mentioned in the literature. There are 96 accident reports in total, and each report is proposed by the official investigation team formed in accordance with the requirements of laws and regulations and includes the analysis of the influencing factors leading to the accident. Since the accident investigation report comes from different accident investigation teams, there may be inconsistencies in the description of the same influencing factor. Therefore, integrate the different descriptions of the same influencing factor. For example, the safety education and training work are not solid, the safety education and training are not effective, and the safety education and training are not in-depth unified into safety education and training. To sum up, through the literature review and sorting of accident investigation reports, representative evaluation indexes of coal mine roof accidents are obtained, as shown in Table 1.
TABLE 1 | Coal mine roof safety management assessment index.
[image: Table 1]2.2 Selection of Evaluation Indexes for Coal Mine Roof Safety Management
For the identified 26 evaluation indicators, five experts were invited to interview and classify the indicators, including three scholars who have long studied coal mine safety management and two managers engaged in coal mine safety management. During the interview, the experts defined the meaning of each index in detail and classified the index on the basis of fully understanding the connotation and value of the index. Finally, according to expert opinions, 26 coal mine roof accident evaluation indexes were established and divided into five dimensions: principal responsibility, site management, technical management, individual factors, and environmental change, as shown in Appendix 1.
2.3 Establishment of the Evaluation Index System of Coal Mine Roof Safety Management
To further determine the effectiveness of the selected indicators and the accuracy of classification, the expert investigation method is used to analyze the rationality of the evaluation indicators. When using the expert survey method, the number of members of the expert group is generally not less than 10, but not more than 20, because when the number is more than 20, it has little impact on the accuracy of the evaluation results (Lin, 2017). Therefore, a total of 15 questionnaires were distributed and recovered, with a questionnaire recovery rate of 100%.
Using a Likert scale to measure and count the importance of preselected indicators, they is divided into five levels: 1 indicates very unimportant, 2 indicates unimportant, 3 indicates average, 4 indicates important, and 5 indicates very important. The maximum and minimum values of each index score are counted and recorded as [image: image] and [image: image], respectively. The mean value, standard deviation, and coefficient of variation of each index score are calculated and recorded as [image: image], [image: image], and [image: image], respectively. The index meeting [image: image] and [image: image] is regarded as meeting the important requirements. At the same time, according to Wang et al. (2019), 2 subscale is used to measure the rationality of index classification. Unreasonable classification is represented by 0, 1 represents reasonable classification, and S is the proportion of the number of experts with 1 score in the total number of replies. When S-7, it is considered that the classification of the index is reasonable, which is expressed by √ and vice versa × express. Through the statistics of the questionnaire results, the index score results are obtained, as shown in Table 2.
TABLE 2 | Results of expert survey indicators.
[image: Table 2]It can be seen from Table 5 that the coefficient of variation of all indicators is less than 0.2, and the s value is greater than 80%, that is, the classification of all indicators is reasonable and does not need to be modified. To verify the rationality of expert opinions, the Kendall W synergy coefficient is used for the consistency test, and its calculation formula is as follows:
[image: image]
where [image: image] is the number of experts, [image: image] is the number of indicators, and [image: image] is the sum of the ranks of the [image: image] th indicator. The value of [image: image] is between 0–1. The larger the value is, the more consistent the expert opinion is, and the evaluation result is reasonable; otherwise, it means that the expert opinion is random and the evaluation result is unreasonable. Through spss25 0, calculate the [image: image] synergy coefficient of expert opinions, as shown in Table 3.
TABLE 3 | Expert synergy coefficient test.
[image: Table 3]It can be seen from Table 4 that the synergy coefficient of expert scoring is 0.621, indicating that the consensus of expert group members is strong, and the significance level [image: image] value of the synergy coefficient is less than 0.001, indicating that the synergy coefficient is significant. Therefore, the evaluation results are consistent. To sum up, the coal mine roof accident evaluation system is shown in Figure 1.
TABLE 4 | Relationship strength metric table.
[image: Table 4][image: Figure 1]FIGURE 1 | Coal mine roof safety management assessment system.
3 CONSTRUCTION OF THE COAL MINE ROOF SAFETY MANAGEMENT EVALUATION MODEL
3.1 Applicability Analysis of DEMATEL-ANP
The evaluation indexes of coal mine roof accidents affect each other, and the weight of each index is different. Enterprise managers need to not only know the evaluation results but also to clarify the influence relationship between various indicators and identify key factors, to take targeted measures for control and treatment. Using traditional evaluation and analysis methods, it is difficult to determine the complex relationship between indicators in a real situation, and the DEMATEL-ANP rule solves this defect well (Dehdasht et al., 2017). The DEMATEL has the advantages of not relying on big data samples and simplifying the factor correlation analysis. It can build a mapping structure with clear relationships between sub criteria for each criterion and establish a cause and effect diagram that can visualize the cause and effect relationship. In a network with relevant standards, the ANP can make the prediction more accurate through better priority calculation. At present, this method has been applied in many fields and received positive feedback (Chukwuma et al., 2021; Osintsev et al., 2021; Mubarik et al., 2021). Therefore, the application of the DEMATEL-ANP method for coal mine roof accident evaluation has the following applicability:
1) DEMATEL can clarify the relationship between evaluation indicators.
First, through the steps of determining the direct influence matrix, standardizing the direct influence matrix, and determining the comprehensive influence matrix, the influence diagram of coal mine roof accident evaluation indexes is drawn to intuitively show the interaction relationship between each index. Second, the ANP model of coal mine roof accidents is established by using the drawn influence relationship network diagram, to avoid the problem of being too subjective in determining the influence relationship of indicators. Finally, by calculating the influence intensity of the relationship between the indicators, the cause degree and centrality are determined. On this basis, the indicators are arranged according to the influence to identify the key factors affecting coal mine roof accidents and lay a foundation for formulating targeted control measures.
2) ANP determines the relative importance of the criterion layer and index layer of the index system.
After the DEMATEL identifies the relationship between coal mine roof accident indicators, the ANP can capture the interdependence between decision attributes to realize a more systematic analysis. First, compared with the AHP, which assumes that the relationship between indicators is independent, the ANP provides a more general decision-making model without assuming the independence between indicators at the same level and different levels. Second, by determining the index weight, enterprise managers can pay more balanced attention to the overall influence of various dimensions on roof accidents. Finally, when constructing the judgment matrix, the nine-level scaling method is used to assign the value, which greatly reduces the subjective influence caused by human reasons.
3.2 Evaluation Index Influence Relationship and Weight Establishment
3.2.1 Identifying the Impact Relationship Between Indicators

1) Determining the Direct Impact Matrix
To construct the network diagram of roof safety management evaluation, first, experts need to judge the influence relationship and degree of all indicators and form an influence relationship matrix. Among them, indicators [image: image] and [image: image] should be compared twice, which are the direct impacts of indicator [image: image] on [image: image]and the direct influence of index [image: image] on [image: image]. For the whole system, if there are [image: image] indicators, it needs to be compared [image: image] times. The index itself does not need to be compared, that is, the value on the diagonal of the matrix is usually represented by 0. The 5-point scale is adopted in the process of expert scoring, as shown in Table 4.
In actual decision-making, there will also be interactions between different dimensions and different indicators. It can be assumed that there is relationship between all indicators, but this assumption will lead to more complex problems. Therefore, this study assumes that the interaction relationship of 26 indicators is the same as that of five dimensions. The scoring results of each expert’s influence relationship are expressed in the matrix [image: image], where [image: image] represents the influence degree of dimension [image: image] on [image: image] considered by the [image: image] expert, and [image: image] experts form the 5-order matrix [image: image]. Treat the evaluation matrix of [image: image] experts according to the following equation:
[image: image]
The initial direct influence matrix [image: image] is obtained. The direct influence matrix represents the influence relationship and degree between the performance evaluation dimensions obtained by the arithmetic averaging of the opinions of each expert, as shown in Table 5.
2) Normalized Direct Impact Matrix
TABLE 5 | Direct impact matrix.
[image: Table 5]The normalized influence matrix can be obtained by standardizing the direct influence matrix [image: image] with Eqs (3), (4), as shown in Table 6.
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3) Determining the Comprehensive Impact Matrix
TABLE 6 | Norm influence matrix.
[image: Table 6]The comprehensive influence matrix [image: image] can be obtained by calculating the limit of the specification influence matrix [image: image] in Equation (5), as shown in Table 7. The comprehensive impact matrix shows all the direct and indirect impact relationships between the dimensions of the index system.
[image: image]
where [image: image] is the comprehensive influence matrix; the influence matrix is normalized into [image: image]; I is the identity matrix; and [image: image] is the inverse matrix of [image: image].
4) Calculating the Center Degree and Cause Degree of Each Index
TABLE 7 | Comprehensive influence matrix.
[image: Table 7]The sum of the values of each row and column of the comprehensive influence matrix [image: image] is calculated through Equations (6), (7) to represent the comprehensive influence value of the corresponding indicators of each row and column on all other indicators, that is, the influence degree and the affected degree, which are recorded as sets [image: image] and [image: image], respectively.
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[image: image]
Based on the calculation of centrality and cause degree, using Equation (8), add the influence degree and affected degree of index [image: image] to obtain the centrality of the index, which is recorded as [image: image], indicating the position of the index in the evaluation index system and its role. Use Equation 9 to subtract the influence degree and affected degree of index [image: image] to obtain the cause degree of this element, which is recorded as [image: image]. If it is greater than 0, it indicates that this index has a great impact on other indexes, which is called cause element, otherwise, it is the result factor.
[image: image]
[image: image]
5) Drawing the Network Diagram
To more clearly describe the relationship between indicators, an impact relationship diagram with a threshold is established, which is used to deal with the impact value in the overall relationship comprehensive impact matrix [image: image]. The impact graph only describes the impact beyond the threshold, which simplifies the decision-maker’s identification of important information. The drawing of the influence relation diagram can be used as the basis of the ANP analysis. The indexes have mutual influence, one-way influence, and no influence, which are represented by a two-way arrow, one-way arrow, and no arrow, respectively.
3.2.2 Determining the Index Weight
By determining the relationship between the criterion layers of the coal mine roof safety management evaluation index system, we can identify the criteria that have great influence or are easily affected. According to the DEMATEL analysis results, we can put forward scientific and reasonable improvement measures, but we should also clearly realize that the criteria closely related to other criteria are not necessarily the most important in the evaluation index system, and the weight of each index needs to be identified to determine the real key factors of roof safety management. Therefore, the ANP method is applied to further clarify the weight of each index.
1) Constructing the judgment matrix
According to the internal correlation of risk evaluation indexes in the DEMATEL model, the network hierarchy diagram of roof safety management evaluation is formed. For all indicators with a mutual influence relationship, the importance judgment is carried out by using the 1-9 scale method (Table 8), to construct the pairwise judgment matrix of the relative importance of indicators in a certain dimension with different indicators as the sub-criteria. Each group of judgment matrix is summarized to form the initial relative importance judgment matrix after checking the consistency through the consistency index [image: image] and consistency ratio [image: image].
[image: FX 1]
2) Getting the unweighted super matrix
TABLE 8 | Reference table for assignment.
[image: Table 8]Each group of pairwise comparison matrices is standardized and transposed to obtain the eigenvalue vector [image: image]. The matrix obtained by summarizing the eigenvalue vectors of all pairwise comparison matrices is the unweighted super matrix [image: image], as shown in Equation (11). If the index in [image: image] and the index [image: image] in [image: image] are independent of each other, then [image: image]. Each set of eigenvalue vectors of the unweighted super matrix represents the weight of each index in a certain dimension under a certain criterion. The unweighted super matrix can select the criteria of the judgment matrix and the element set of the judgment matrix. The correlation of all elements in all element sets will be quantitatively reflected in the way of this judgment matrix.
[image: FX 2]
3) Getting the weighted super matrix
Although each of the unweighted hypermatrices is normalized, the overall unweighted hypermatrix is not normalized. Therefore, by multiplying the standardized importance judgment matrix of each dimension with the unweighted super matrix, the standardization of the super matrix is realized, that is, the weighted super matrix is obtained.
Taking the safety evaluation of coal mine roof construction as the criterion and dimension [image: image] as the sub-criterion, the relative importance of the dimensions with an influence relationship with [image: image] is compared in pairs. After traversing all dimensions, the judgment matrix [image: image] of each dimension is obtained, as shown in the following equation:
[image: image]
The matrix [image: image] is standardized to obtain [image: image], and the weighted super matrix [image: image] is obtained by multiplying [image: image] with the unweighted super matrix [image: image]. As shown in Equation (13), the weighted super matrix constitutes the weight of the normalized coal mine roof safety management evaluation index, but the super matrix is unstable and needs further limit treatment.
[image: image]
4) Calculating local and global weights
To reflect the dependency between elements, it is necessary to stabilize the weighted hypermatrix, that is, calculate the limit matrix of the matrix. Calculate the multiple power of the weighted hypermatrix, and note that the [image: image] power of [image: image] is [image: image]. When [image: image] is in [image: image], the limit exists, that is, [image: image].
5) Determining the comprehensive weight
When the column vectors are equal, the hypermatrix converges to stability to obtain the limit relative ranking of the indicators in each dimension, that is, the weight of each indicator. The weight determined by the DEMATEL-ANP considers the relative importance determined by the influence relationship between indicators, so it can better adapt to the characteristics of mutual influence among coal mine roof safety management evaluation indicators.
4 CASE ANALYSIS
4.1 Data Collection
Based on the established risk evaluation index system and the DEMATEL-ANP risk evaluation model, 12 of the 15 experts were organized to conduct a five-day field investigation in the SL coal mine during the construction of the index system, meeting the requirements of 8–15 experts for the DEMATEL method (Mavi and Standing, 2018). Then, according to the present situation of roof management in the coal mine, a questionnaire survey was carried out among experts. The details of the members of the expert group are shown in Table 9.
TABLE 9 | Overview of the members of the group of experts.
[image: Table 9]4.2 Establishment and Analysis of Influence Relationships Among Indicators
According to the data collected by the questionnaire, first calculate the arithmetic average value from Equation 2 to form the initial direct influence matrix. Second, standardize the direct influence matrix according to Eqs (3), (4) to form a standardized direct influence matrix. Finally, calculate the comprehensive influence matrix [image: image] according to Equation (5), as shown in Table 10. After many expert discussions, it is agreed that the comprehensive impact matrix [image: image] ≤0.2 indicates that [image: image] indicates that [image: image] has no impact relationship; 0.2–0.4 indicates that the influence of [image: image] on [image: image] is weak; 0.4–0.6 indicates that the influence of [image: image] on [image: image] is general; 0.6–0.8 indicates that [image: image] has a strong influence on [image: image]; and 0.8–1 indicates that the influence of [image: image] on [image: image] is very strong.
TABLE 10 | Comprehensive impact matrix of dimensions.
[image: Table 10]It can be seen from Table 10 that each dimension of coal mine roof safety management evaluation has an impact on the five dimensions (including itself) and is also affected by the five dimensions (including itself). But the degree of mutual influence is different.
Based on the comprehensive influence matrix [image: image], the influence degree [image: image] and affected degree [image: image] are calculated according to Equations (6), (7), and the centrality and cause degree of each dimension of coal mine roof accident evaluation are formed, as shown in Table 11. By analyzing the centrality and cause degree, we can identify the key factors affecting the safety management of coal mine roofs, and each key factor will form its own influence relationship network through the influence relationship.
TABLE 11 | Importance and causes of dimensions.
[image: Table 11]Finally, according to the results of Table 10 and Table 11, the network relationship model between each dimension is obtained, as shown in Figure 2. To show the strength of the influence relationship between different dimensions, Figure 2 is distinguished by the color and thickness of the line. The drawing of this model can lay a foundation for the drawing of the network structure in the ANP analysis.
[image: Figure 2]FIGURE 2 | Network relation model (NRM).
4.3 Calculation and Analysis of the Evaluation Index Weight
Based on the final influence matrix and network relationship model determined by the DEMATEL, the ANP network structure diagram of coal mine roof safety management evaluation is constructed by using super decisions software, as shown in Figure 3. A loop indicates that there is an interactive relationship within each dimension.
[image: Figure 3]FIGURE 3 | ANP decision network model.
After determining the structural relationship of the ANP network, the 19-scale method (Table 9) is used to compare the relative importance of two risk factors to obtain the judgment matrix at the dimension level and the unweighted super matrix at the index level to further obtain the weighted super matrix and limit super matrix. Finally, the local and global weights of each dimension and each index are shown in Table 12. In the whole calculation process, the software will conduct a consistency inspection. The consistency ratio [image: image] is a measure of consistency. When [image: image], it shows strong consistency. In this study, [image: image] is less than 0.1, which meets the research requirements.
TABLE 12 | Weight of the roof safety management assessment index in coal mines.
[image: Table 12]5 DISCUSSION
Through sorting out and analyzing the influencing factors of coal mine roof accidents, this study puts forward a coal mine roof safety management evaluation model based on the DEMATEL-ANP method. The model evaluates the overall risk of coal mine roof management by determining the main aspects and key factors. According to the analysis of literature reviews and roof accident investigation reports and through expert interviews, 26 risk factors related to coal mine roof accidents in five categories are determined.
The DEMATEL can be used to determine the interdependence between influence dimensions and the results are shown in Tables 10, 11. The centrality of site management ([image: image]) is the highest, which is 7.508, while the individual factor ([image: image]) is not different from it, which also reaches 7.163, followed by the principal responsibility ([image: image]), environmental change ([image: image]), and technology management ([image: image]). Because of the complex underground environment of coal mines, the site management involves the technology, individual, environment, and other aspects, which makes the underground site management closely related to other dimensions. Statistics show that the deviation of human behavior is the main cause of coal mine accidents (Chang, 2016), and people are very vulnerable to the influence of surrounding factors in the process of work, so the relationship between individual factors ([image: image]) and other dimensions is also very close. Although the centrality of principal responsibility ([image: image]), environmental change ([image: image]), and technology management ([image: image]) is slightly lower than that of the site management ([image: image]) and individual factors ([image: image]), because coal mine safety management is a systematic project, involving many factors and will have a certain impact on each other, the relationship between these three dimensions and other dimensions is also very close.
In terms of the cause degree, the order from large to small is the principal responsibility ([image: image]), environmental change ([image: image]), technology management ([image: image]), individual factors ([image: image]), and site management ([image: image]). The first three dimensions are positive, which means they have a strong impact on the other dimensions. The latter two dimensions are negative, indicating that they are easily affected by the other dimensions, which is also consistent with the aforementioned analysis. Taking the principal responsibility ([image: image]) as an example, the reason degree is as high as 0.821, which is related to China’s national policy. China has attached great importance to safety production for a long time and has written the implementation of enterprise principal responsibility into the work safety law of the People’s Republic of China, which has formed a consensus that China’s government and enterprises attach great importance to the implementation of principal responsibility.
According to table 13, the order of the weight of the five dimensions is principal responsibility, technology management, site management, individual factors, and environmental impact. Among the 26 indicators, three indicators have relatively large weights, exceeding 0.1, including hidden danger investigation and treatment (0.165), safety investment (0.160), and legal mining (0.148), indicating that key attention should be paid to coal mine management. However, other influencing factors should not be ignored, such as the safety production responsibility system, operation procedures, and technical measures, which are more than 0.05, and can be used as the next level of concern. Other indicators are directly related to roof accidents, such as support setting, knocking on the top, construction arrangement, labor organization, and monitoring system, which also exceed 0.01, so the management should be strengthened. Although the weight of other factors is small, no more than 0.01, sometimes roof accidents will occur due to improper control. Therefore, these factors should be properly managed.
To sum up, the DEMATEL-ANP method can directly reflect the causal relationship between the influencing factors of coal mine roof safety management, and clarify the weight of each index. The determination of the influence relationship between factors can help coal mine managers accurately find out the root causes affecting coal mine roof safety management, and the determination of the index weight is conducive to coal mine managers quickly identifying the key factors affecting coal mine roof safety management. The combination of the two can effectively guide coal mine supervision and managers to improve the level of roof safety management.
6 CONCLUSION
Roof fall is one of the important dangers faced by workers during underground coal mining. To realize the comprehensive and scientific evaluation of roof safety management of coal enterprises, first, the evaluation index system of coal mine roof safety management is constructed by combining literature reviews, accident investigation report analyses, and expert interviews. The system includes five dimensions and 26 indexes. Second, to determine the relationship and action degree between the influencing factors of roof management, a coal mine roof safety management evaluation model is constructed based on the DEMATEL-ANP. The application of this method can effectively reduce the inconsistency in the judgment process and make the evaluation results more objective. Finally, the empirical application of the model shows that the influence degree of the dimensions on roof safety management from high to low is principal responsibility, technical management, individual factors, site management, and environmental impact, while in terms of specific indicators, it is proposed that hierarchical control should be given according to the degree of influence.
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