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ABSTRACT 
Effective pillar design is crucial for the safety and efficiency of underground coal mining operations. This study 

evaluates the predictive accuracy of three established pillar design methodologies—CMRI, Bieniawski, and 

Obert-Duvall—under the specific conditions prevalent in Indian coal mines. The analysis involved a comparative 

assessment of safety factors predicted by each method at various depths and pillar dimensions. Data from several 

coal mines across India were used to calculate theoretical safety factors, which were then refined through 

regression analysis to develop predictive models. The study found that the CMRI method generally provides the 

highest safety factor predictions, often exceeding the minimum safety standards, while the Bieniawski method 

tends to underestimate safety factors, potentially compromising pillar stability. The Obert-Duvall method offers a 

balanced prediction, aligning closely with the practical requirements of mine safety. The findings highlight the 

necessity for mine operators to adapt pillar design practices based on specific geological and operational 

conditions to ensure safety and optimize resource extraction. Recommendations include further research 

incorporating a broader dataset and the development of hybrid models that merge the strengths of existing 

methodologies. The study contributes to the field of mining engineering by enhancing the understanding of how 

different pillar design formulas can be applied and adjusted for optimal safety and efficiency in underground coal 

mines. 
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INTRODUCTION 
The structural integrity and safety of underground mining operations are critically dependent on the design of 
mine pillars. These pillars not only support the overburden but also dictate the overall safety and productivity of 
the mining operations. The conventional approach to designing these structures often involves balancing between 
resource extraction and ensuring adequate safety margins, influenced by a variety of geotechnical factors. 

This study provides a comprehensive evaluation of three prevalent methodologies in pillar design: the Central 
Mining Research Institute (CMRI) method, the Bieniawski method, and the Obert-Duvall method. Each method 
offers different perspectives on safety factors, which are essential for ensuring the stability of mine structures 
under various operational conditions. The effectiveness of these methods is assessed by examining their response 
to changes in mining depth, pillar dimensions, and other geotechnical parameters in the context of Indian 
underground coal mines. 
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Figure-1: Location of Field Investigation mine site 

A significant aspect of this analysis involves the regression equations derived for each method, which predict 
safety factors based on depth, width-to-height ratio of the pillar, and other mining conditions. These formulas are 
critically analyzed to determine their reliability and applicability in real-world mining scenarios, addressing the 
specific requirements of safety as mandated by Indian mining regulations and the practical conditions encountered 
in the field. 

The study aims to bridge the gap between theoretical models and their practical application, providing valuable 
insights that could lead to more effective and safer mining practices. Through this comparative analysis, the 
research not only underscores the variations in predicted safety factors across different methods but also suggests 
improvements in the existing models to enhance their predictive accuracy and utility in mine planning and design. 

 

Figure-2: Part plan of investigation panel S-1, R-6 mine site 
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LITERATURE REVIEW 
The design of mine pillars remains a focal point of research in mining engineering due to its critical role in 
ensuring the safety and structural integrity of underground mining operations. Historically, several methodologies 
have been developed and refined to predict the stability and performance of mine pillars under varying geological 
and operational conditions. This review explores significant contributions in the field, focusing on three 
predominant methodologies: the CMRI, Bieniawski, and Obert-Duvall approaches. 

1.  Central Mining Research Institute (CMRI) Method: The CMRI method, often employed in Indian mines, 
utilizes empirical formulas to calculate the safety factors of pillars based on specific mining conditions (Singh 
et al., 2003). This method has been widely recognized for its tailored approach to the geotechnical properties 
prevalent in Indian coal mines, offering a balance between safety and economic extraction (Mishra and Das, 
2010). 

2. Bieniawski's Method: Developed by Z.T. Bieniawski in the 1970s, this methodology provides a formulaic 
approach based on extensive case studies and mining operation analyses worldwide (Bieniawski, 1976). It is 
renowned for its application in a variety of geological settings, allowing for adjustments based on empirical 
data and providing a robust framework for pillar design (Kumar and Deb, 2014). 

3.  Obert-Duvall Method: The Obert-Duvall method, derived from extensive field data and laboratory testing, 
emphasizes the role of width-to-height ratio and depth of cover in determining the stability of a pillar (Obert 
and Duvall, 1967). This approach has been particularly useful in assessing the safety factors in deeper mining 
operations, adapting to the increasing stresses encountered at greater depths (Li and Peng, 1992). 

Recent studies have sought to integrate these traditional methods with modern computational tools and statistical 
models to enhance predictive accuracy and reliability. For example, regression analysis and machine learning 
techniques have been applied to refine the safety factor calculations and adapt them to complex mining conditions 
(Chen et al., 2018). These advancements underscore the dynamic nature of mine pillar design, highlighting the 
need for continuous evaluation and adaptation of existing models. 

Moreover, the implementation of these methods in the field has revealed discrepancies between theoretical 
predictions and actual performance, often attributed to varying geological conditions and operational practices 
(Nelson et al., 2016). This has led to calls for more comprehensive models that incorporate a wider range of 
variables, including material heterogeneity and real-time monitoring data (Jones et al., 2020). 

The literature consistently indicates that while each method provides valuable insights, there remains a substantial 
scope for improvement in terms of integrating more accurate geotechnical data and real-world mining conditions 
into the design process. This study builds on the existing knowledge base, aiming to critically analyze and 
compare the effectiveness of these methods in predicting pillar stability in Indian coal mines. 

METHODOLOGY: 
This research employs a comparative analysis approach to evaluate and contrast the effectiveness of three widely 
used pillar design methodologies (CMRI, Bieniawski, and Obert-Duvall) in predicting the safety factor of mine 
pillars under varying conditions prevalent in Indian underground coal mines. The study is structured to assess 
each method's applicability and accuracy through a series of empirical validations and regression analyses. The 
following steps outline the methodology used in this study: 

1. Data Collection: Data for this analysis was primarily sourced from operational records of several underground 
coal mines across India. Parameters such as mining depth, pillar dimensions (width and height), gallery opening 
widths, and geological conditions were collated. Historical data regarding pillar performance and failure incidents 
were also included to provide a comprehensive basis for analysis. 
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2. Application of Pillar Design Formulas: For each collected data set, the safety factors were calculated using 
the formulas prescribed by the CMRI, Bieniawski, and Obert-Duvall methods. This process involved inputting the 
respective variables into each formula to determine the theoretical safety factors under specified conditions. 

3. Regression Analysis: To refine the predictive power of each method, regression analysis was conducted on the 
outcomes obtained from the theoretical calculations. This step involved deriving new regression equations that 
could more accurately predict safety factors based on observed data. The regression models were validated 
through a statistical approach, assessing the R^2 values to determine the fit of the model to the data. 

4. Comparative Analysis: The results from the regression models were then compared to ascertain the relative 
effectiveness of each method in predicting pillar stability. This comparison focused on: 

 The accuracy of safety factor predictions at various depths and pillar dimensions. 

 The responsiveness of each method to changes in mining conditions. 

 The practical applicability of each method in terms of ease of use and reliability in the field. 

5. Validation with Real-World Data: The newly derived equations were further tested against a set of real-world 
mining operations not included in the initial data set. This validation aimed to test the robustness and 
generalizability of the regression models under diverse mining conditions. 

6. Sensitivity Analysis: A sensitivity analysis was conducted to examine the impact of variations in key 
parameters (e.g., mining depth, width-to-height ratio of the pillar) on the predicted safety factors. This analysis 
helped identify critical thresholds beyond which the predicted safety factors would fall below acceptable safety 
standards, as per Indian mining regulations. 

7. Assumptions and Limitations: The study acknowledges certain assumptions, such as uniform material 
properties and consistent operational conditions across different mine sites. The limitations concerning geological 
variability and operational discrepancies are also 

RESULTS AND DISCUSSION: 
The comparative analysis of the CMRI, Bieniawski, and Obert-Duvall methods revealed distinct variations in the 
predicted safety factors under similar conditions, which are critical for designing stable mine pillars. The 
regression analysis results are summarized below: 

 CMRI Method: This method consistently predicted higher safety factors across various depths and pillar 
dimensions, with an R^2 value of 0.980, suggesting a strong predictive accuracy within the model's scope. For 
instance, at a mining depth of 200 meters, the CMRI approach showed a safety factor variation from 2.78 to 
3.60, which is above the minimum required safety factor of 1.5 as per Indian mining regulations. 

 Bieniawski Method: The predicted safety factors using this method were generally lower, with safety factors 
ranging from 0.70 to 1.35 at the same depth, indicating a potential underestimation of pillar stability. This 
method's R^2 value was 0.926, indicating a good but slightly lesser fit compared to the CMRI method. 

 Obert-Duvall Method: This approach yielded moderate safety factor predictions, which were more 
conservative than CMRI but less so than Bieniawski. It showed a maximum safety factor of 4.187 at a depth of 
150 meters for a specific width-to-height ratio, aligning more closely with realistic and safer mining practices. 
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Figure- 3: Pillar Extraction-Slicing Sequence with dimensions 

DISCUSSION 
The findings suggest that while the CMRI method may offer overly conservative estimates leading to potentially 
reduced extraction efficiency, the Bieniawski method might risk underestimating the necessary safety margins, 
potentially compromising pillar stability. The Obert-Duvall method appears to provide a balanced approach, 
aligning better with actual conditions in Indian mines. 

The discrepancies between methods underscore the necessity for mine operators to consider multiple approaches 
and adapt pillar design formulas based on specific mine conditions and regulatory requirements. Moreover, the 
variations in R^2 values indicate the importance of choosing a method that best fits the geological and operational 
complexities of a mine. 

The sensitivity analysis further highlights the critical impact of depth and pillar dimensions on safety factors, 
affirming the need for dynamic modeling that incorporates real-time data and variable mining conditions to 
optimize pillar designs effectively. 

CONCLUSION 
This study critically evaluated the CMRI, Bieniawski, and Obert-Duvall methods for designing mine pillars, 
highlighting significant differences in their predictive capabilities and implications for mine safety. The 
regression models developed through this analysis offer improved predictability and can serve as robust tools for 
mine planners and engineers seeking to optimize safety and efficiency. 

However, the study's limitations, including assumptions about uniform material properties and operational 
consistency, suggest the need for further research incorporating a broader range of data, including material 
heterogeneities and real-time monitoring outputs. 
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RECOMMENDATIONS: 
1. Future studies should aim to integrate more comprehensive datasets, including varying geological conditions 

and operational discrepancies. 

2. Development of hybrid models that combine the strengths of existing methodologies could potentially offer 
more accurate predictions. 

3. Implementation of real-time monitoring technologies to dynamically adjust pillar designs in response to 
changing mine conditions. 

In conclusion, while each method provides valuable insights into pillar stability, a hybrid approach tailored to 
specific mine conditions and continuous data integration may enhance safety outcomes in underground coal 
mining operations. 
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