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Abstract: The coal mining industry is characterized by high-risk environments where labor protection is critical for worker safety
and operational efficiency. This study presents a comprehensive framework to calculate the effectiveness of labor protection
measures specifically tailored for coal mining. By employing quantitative and qualitative assessment methods, including incident
frequency analysis, risk mitigation factors, and employee feedback, the study aims to measure the impact of labor protection policies
and procedures on worker safety and productivity. Findings highlight key variables influencing protection effectiveness, such as
equipment modernization, training frequency, and compliance with safety regulations. The results indicate a positive correlation
between improved labor protection measures and reductions in workplace injuries and accidents. This research underscores the
importance of continuous improvement in labor protection strategies to enhance safety standards in coal mining and provides
actionable recommendations for policy adjustments.

Keywords: Labor protection; coal mining industry; occupational safety; risk assessment; workplace safety measures; effectiveness
calculation; safety compliance; worker health; injury prevention; mining safety standards.

Introduction. The coal mining industry is widely recognized for its hazardous working conditions, where workers are exposed
to numerous risks that endanger their safety and health. These risks include structural hazards like roof collapses, explosions due to
gas accumulation, and injuries related to the use of heavy machinery, all of which contribute to high rates of work-related injuries
and fatalities. Consequently, labor protection measures are of paramount importance to minimize these occupational risks and
improve the overall safety of coal miners [1][2].

The effectiveness of labor protection in this sector can be evaluated by assessing safety protocols, hazard mitigation
technologies, and training programs that aim to reduce accident rates. Advances in safety technology, such as the integration of real-
time monitoring systems, have been shown to enhance hazard detection and response times, significantly lowering injury rates in
mining operations. For example, using the Internet of Things (10T) technology, mining companies can monitor environmental factors
and equipment conditions in real time, alerting workers and supervisors to potential hazards such as toxic gas leaks or structural
instabilities [3][4]. This has been particularly beneficial in preventing incidents that commonly occur in confined spaces, where
hazards are not always immediately apparent [5].

Another critical factor influencing the effectiveness of labor protection is human error. Research indicates that human factors,
such as decision-making errors and perceptual mistakes, contribute substantially to mining accidents. In some cases, the physically
demanding nature of mining work, combined with limited safety training, exacerbates these risks. For instance, studies conducted in
countries with extensive mining industries, such as China and South Africa, suggest that comprehensive training and risk-awareness
programs are essential for reducing injury rates and enhancing safety culture among workers [6][7].

Furthermore, environmental and temporal factors, including seasonal variations and shift lengths, play a role in workplace
safety. It has been observed that injury rates in the mining sector tend to peak during specific times of the year, potentially due to
environmental stressors or fatigue caused by extended work shifts. Analyzing these trends can offer valuable insights for optimizing
work schedules and safety procedures to reduce seasonal fluctuations in accident rates [8].

This study seeks to evaluate the effectiveness of labor protection measures in the coal mining industry by examining a variety
of factors, including technological safeguards, training programs, and external influences like seasonal changes. By calculating the
impact of these variables on worker safety, the study aims to identify strategies for improving labor protection frameworks, ultimately
contributing to a safer working environment for coal miners.

Materials and Methods. This section outlines the methodology used to calculate the effectiveness of labor protection measures
in the coal mining industry. The study applies a mixed-methods approach, combining quantitative data analysis of injury and accident
reports with qualitative assessments through worker surveys and expert interviews. The research aims to identify the key factors
impacting labor protection effectiveness and evaluate the efficiency of current safety protocols and technological interventions within
the mining environment.

1. Data Collection. Data collection focused on obtaining comprehensive information on occupational safety incidents, safety
protocols, and labor protection practices. The following sources were utilized:

» Occupational Incident Reports: Data on work-related injuries and fatalities were collected from mining companies’
internal records and national regulatory bodies, such as the Mine Safety and Health Administration (MSHA) and the International
Labour Organization (ILO) database [9][10]. Incident reports included details on the nature of injuries, environmental factors,
equipment used, and possible human errors.
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» Safety Protocol Documentation: Documentation on safety protocols, including training procedures, emergency response
plans, and technological monitoring systems (e.g., loT implementations for real-time gas and structural monitoring), was reviewed
from mining companies’ internal policies and public safety guidelines [11][12].

» Survey and Interviews: A structured survey was conducted among mine workers to gather insights into their perceptions
of safety practices, awareness levels, and familiarity with emergency procedures. In addition, semi-structured interviews were
conducted with safety managers and technical experts to obtain qualitative data on the effectiveness and challenges of current safety
protocols [13].

2. Quantitative Analysis. To assess the effectiveness of labor protection measures quantitatively, data from incident reports
were analyzed to calculate key safety metrics, including:

» Injury Frequency Rate (IFR): The IFR was calculated as the number of injuries per 1,000 workers over a specified time
period. This metric was used to compare safety performance across different mines and identify trends based on shifts, seasonal
variations, and equipment usage [14].

» Severity Rate of Incidents: The severity of each incident was classified based on the injury outcome (e.g., minor injury,
major injury, fatality) to evaluate the risk levels associated with specific mining activities. The severity rate provided insight into the
effectiveness of specific labor protection measures in preventing serious injuries [15].

» Technology Efficacy: 1oT and monitoring technology efficacy were assessed by analyzing response times to detected
hazards, frequency of alerts issued, and correlation with reduced injury rates. Data were extracted from company logs and technical
reports on equipment performance, as well as safety monitoring records [11][16].

3. Qualitative Analysis. Qualitative data from worker surveys and interviews with safety managers were analyzed using
thematic coding techniques to identify common patterns in responses. Key themes included perceived adequacy of training,
adherence to safety protocols, and workers’ confidence in protective measures. The responses were used to contextualize quantitative
findings, offering a deeper understanding of behavioral and cultural factors influencing labor protection effectiveness [17][18].

4. Statistical Tools and Models. Statistical analysis was conducted using SPSS software to calculate the correlation between
incident rates and various labor protection measures. Multivariate regression models were applied to assess the impact of different
variables (e.g., worker experience, shift duration, seasonal changes) on safety outcomes, providing insight into the effectiveness of
specific interventions [19].

This mixed-methods approach enabled a comprehensive assessment of the effectiveness of labor protection measures in the
coal mining industry, integrating quantitative metrics with qualitative insights to inform recommendations for enhancing workplace
safety.

Results. The results of this study provide a quantitative analysis of labor protection effectiveness in coal mining by evaluating
key metrics, such as injury frequency rate (IFR), severity rate, and the efficacy of real-time monitoring technologies. Additionally,
survey and interview data offer qualitative insights into workers' perceptions of safety protocols and the adequacy of training. The
data are presented in tables to enhance clarity and facilitate comparison.

1. Injury Frequency Rate (IFR). The IFR, calculated as the number of injuries per 1,000 workers annually, served as a primary
metric for assessing safety performance across different mining sites. The study examined IFR data over three years, segmented by
seasonal trends and shift duration to capture potential variances in safety outcomes.

| Year || Injury Frequency Rate (IFR) (per 1,000 workers) || Winter IFR (%) || Summer IFR (%) |
| 2021 | 15.4 I 14.1 I 16.8 |
| 2022 | 147 | 13.5 | 159 |
| 2023 | 13.1 | 124 | 145 |

Table 1 shows that the IFR consistently decreased over the three years, indicating an improvement in safety practices. However,
a seasonal fluctuation was noted, with higher IFRs in summer months, likely due to increased environmental stressors such as heat,
which may contribute to worker fatigue and elevate accident risks [20][21][22].

2. Severity Rate of Incidents. The severity of incidents was classified based on outcomes, including minor injuries, major
injuries, and fatalities. This classification provided insight into which types of incidents were most common and their implications
for labor protection strategies. The severity rate calculation focused on incidents involving direct contact with machinery, roof
collapses, and toxic gas exposure.

| Incident Type |[Minor Injuries (%)||  Major Injuries (%) || Fatalities (%) |
| Machinery-Related | 62 | 25 | 13 |
| Roof Collapse | 48 | 32 I 20 |
| Toxic Gas Exposure || 56 | 30 | 14 |
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The data in Table 2 indicates that roof collapses led to a higher percentage of fatalities and major injuries compared to other
incident types. These findings underscore the need for enhanced monitoring and structural reinforcement to address hazards related
to tunnel stability [23][24].

3. Efficacy of 10T Monitoring Technology. The implementation of 10T technology to monitor gas levels and structural
integrity was evaluated based on incident response times and alert frequency. Mines equipped with 10T technology demonstrated a
marked improvement in response time to hazardous situations, reducing the likelihood of severe incidents.

| Metric ||Without loT Monitoring” With 1oT Monitoring |
|Average Response Time (minutes)|| 125 | 4.3 |
| Alerts Issued per Month | 5.1 | 13.4 |
| Reduction in Major Incidents (%) || N/A | 276 |

Table 3 shows a significant reduction in response times for mines with 1oT monitoring systems, along with an increase in the
number of alerts issued, allowing for more proactive safety management. This improvement was associated with a 27.6% reduction
in major incidents, highlighting the value of technology in enhancing labor protection effectiveness [25][26].

4. Worker Perceptions and Training Adequacy. Survey and interview responses provided qualitative data on workers'
perceptions of safety measures. A majority of respondents (72%) reported confidence in technological safety systems, though some
(28%) expressed concerns about the adequacy of training on new safety protocols. Furthermore, 65% of surveyed workers noted that
their training sessions were only conducted annually, suggesting a need for more frequent safety education.

Summary of Key Findings:

» Injury Frequency Rate (IFR) has shown a declining trend, though seasonal variations remain a challenge, with higher
rates in summer months.

» Severity Rates indicate that roof collapses pose a greater risk of fatal and major injuries compared to other incident types.

» loT Monitoring significantly reduces incident response times and major accidents, underscoring its importance for
enhancing safety.

» Worker Feedback reveals a gap in training adequacy, suggesting that increased frequency and focus on technology-based
safety protocols could further improve safety outcomes.

Discussion. The findings of this study underscore the significant role that comprehensive labor protection measures play in
reducing incidents and improving safety outcomes in the coal mining industry. By analyzing injury frequency rates (IFR), severity
rates, and the efficacy of advanced monitoring technologies, this study provides a nuanced understanding of how various
interventions can enhance labor protection for workers in high-risk environments. This section explores the implications of these
results, highlighting both the successes and areas for improvement in current safety protocols.

1. Impact of Seasonal Variations on Injury Rates. The seasonal fluctuations observed in the IFR data reveal critical insights
into how environmental conditions affect worker safety. The higher rates of injuries in summer months align with previous studies
that suggest environmental stressors, such as heat and increased dust levels, can exacerbate fatigue and impair concentration among
workers [22][23]. These findings suggest that labor protection programs need to incorporate season-specific safety protocols, such
as additional hydration stations, modified shift schedules, and enhanced ventilation systems during summer to mitigate the risks
associated with environmental stressors [24].

2. Severity of Incidents and Key Risk Factors. The analysis of severity rates shows that certain types of incidents, particularly
roof collapses, are associated with higher percentages of major injuries and fatalities. This pattern emphasizes the need for enhanced
structural support systems and regular inspections to identify potential hazards before they lead to severe incidents [25]. Structural
failures remain a persistent risk in coal mining, and studies indicate that a proactive approach to tunnel reinforcement could
significantly reduce fatality rates [26]. Furthermore, the higher severity of incidents involving toxic gas exposure highlights the
importance of maintaining effective ventilation systems and continuous gas monitoring as critical components of labor protection
[27].

3. Effectiveness of 10T Monitoring Systems. The implementation of 10T-based monitoring technologies has proven to be a
valuable addition to the safety infrastructure in coal mines. The data demonstrates that mines equipped with real-time gas monitoring
and structural sensors had substantially shorter response times to hazardous conditions, which correlates with a reduction in major
incidents by 27.6%. These findings align with recent literature that highlights the effectiveness of 10T in enabling quicker decision-
making and reducing the likelihood of severe accidents [28][29]. However, the cost and maintenance of these systems pose
challenges, particularly for smaller mining companies with limited budgets. Future research should explore ways to make loT
technologies more cost-effective and accessible for a wider range of operations in the mining industry [30].

4. Worker Perceptions and Training Gaps. The feedback obtained from worker surveys and interviews points to a notable
gap in training frequency and adequacy. While a majority of workers reported confidence in the technology-based safety measures,
a significant proportion indicated that annual training sessions were insufficient, especially in light of frequent updates to safety
protocols and technology implementations. This finding suggests a need for more frequent, focused training sessions that not only
cover emergency response but also include regular refreshers on new safety technologies and procedures [31]. Research has shown
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that effective training programs are essential for reinforcing safety protocols and enhancing workers' situational awareness in high-
risk environments [32].

5. Implications for Future Labor Protection Strategies. The results of this study have several implications for enhancing
labor protection in coal mining. First, a seasonal approach to safety planning, informed by the observed injury rate fluctuations,
could help mining companies address risks specific to different times of the year. Second, investing in 10T technologies and structural
reinforcements can reduce incident severity and ensure quicker response times, ultimately saving lives. Third, revisiting training
schedules and improving the frequency of safety education for workers would address existing gaps in knowledge and readiness for
emergency situations. These strategies, when implemented together, would create a safer working environment and increase the
overall effectiveness of labor protection in coal mining.

Conclusion. In conclusion, this study demonstrates that labor protection effectiveness in coal mining is influenced by a
combination of environmental, structural, and technological factors. By addressing seasonal risks, investing in advanced monitoring
technologies, and enhancing training practices, the industry can make substantial improvements in safety outcomes. The study's
findings highlight the value of adopting a comprehensive, multi-faceted approach to labor protection, providing a foundation for
future policies aimed at safeguarding the health and well-being of coal miners.
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