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Abstract - Strata control in underground mining is critical to ensuring the stability and safety of mine workings, impacting 

both operational efficiency and the well-being of personnel. This paper provides a comprehensive technical approach to strata control, 

focusing on innovative methodologies and technologies employed to manage ground stability in underground mines. It reviews the 

latest advances in monitoring and prediction techniques, including real-time ground movement sensors, geotechnical modelling. In 

view of the significant level of accidents due to roof and side falls in mines a Case study of Saoner Mine No.1, Nagpur Area of 

Western Coalfields Limited illustrate the practical applications and effectiveness of these approaches. By analyzing current practices 

and proposing new solutions, this study aims to enhance understanding of strata control mechanisms and contribute to the 

development of safer and more efficient underground mining operations. 

 

Index Terms - Roof fall, strata control, depillaring, geotechnical investigation. 

I. INTRODUCTION 

Strata refers to rock in all the possible forms that it may take from a high strength material to an extremely weathered, very 

low strength, essentially soil like material. Strata control refers to the methods applied to manage the risks associated with various 

forms of strata instability in underground coal mines. 

Mass exploitation of coal aims to achieve a balance between maximizing resource extraction and ensuring that the process is 

safe, cost-effective, and environmentally responsible. The current mining technology such as continuous miners, UDMs, blasting, 

SDLs, and LHDs is effective, there is a strong case for advancing to fully mechanized and automated underground mining 

methods. These advancements promise to enhance safety, increase productivity, and help the coal industry remain competitive on a 

global scale. The Bord and Pillar method remains a cornerstone of underground mining in India, with significant advancements 

through mass exploitation technology and semi-mechanized methods. These innovations have led to improved production, 

productivity, and safety, primarily through enhanced strata management. The ongoing focus on integrating new technologies and 

methods continues to drive improvements in the sector. Underground mining is impossible without proper ground control. Ground 

control deals with adaptation of a system by which we can control the strata movement to a desired level to make working safe and 

extracting minerals possible. Because the future of Indian mining lies in underground working, ground control is of prime 

importance. Ground control is important in development or final extraction, as well as bord and pillar, room and pillar, longwall or 

any other undergrounds mining method. In Indian underground coal mines around 61% of accidents are due to roof fall which 

accounts for around 28% of fatalities and among these roof falls 45% of roof fall observed in freshly exposed roof areas/green roof 

zone [1]. In most of the cases the fall extent is restricted to 1m (around 80% of cases) which signifies the importance of immediate 

roof strata monitoring. Assessment of roof fall particularly main fall is an imperative concern during depillaring. Monitoring of 

roof-floor convergence is an established practice for estimation of the roof fall [2]. 

II. LITERATURE REVIEW 

1. Types of Strata control: 

Workplace control – In the context of mining refers to the factors that the workforce can directly influence through 

their daily activities, with some level of guidance or input from mine design and geotechnical staff [3]. 

Mine wide control – Mine-wide control encompasses the planning, design, and management of factors that affect the 

stability and safety of the entire mining operation. This level of control is managed by mine designers and geotechnical 

staff who use their expertise to ensure that large-scale issues are effectively addressed, maintaining the integrity of the 

mine and safeguarding both the workforce and the environment [4]. 

 

2. Common Indications of strata movement in the depillaring area 

 A prop in the working area produces a dull sound when tapped with a stick. [10] 

 The lid placed over the prop may start to bend. [10] 

 The prop may buckle or break, usually in the middle or at a weak point along its length. [10] 

 In areas with a soft floor, the prop may penetrate into the ground. [10] 

 Indicator prop in the goaf may bend, break, or its lid may crack or bend. [10] 

 A rumbling sound may come from the goaf.[11] 

 Dust may fall from roof cracks due to grinding of strata, or existing cracks may widen. This can be checked by inserting a 

wedge in the crack, which loosens over time. [12] 
 Water may seep from roof cracks when they develop, and the flow may increase or stop due to rock movement. [9] 

 Rocks may intermittently fall from the roof in the goaf. [11] 

 A booming sound may come from the goaf, increasing in frequency and intensity. [11] 

 The floor may begin to heave upwards.[12]  
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3. Major Types of Problems associated with strata control are [13][14] 

 Roof Movement 

 Over-riding of pillars and premature collapse 

 Local Fall  

 Main Fall  

 Air Blast        

III. OBJECTIVES OF GROUND CONTROL STUDY: 

The primary objective of the study is to: 

 To assess the safety or stability of roof and ground during depillaring. 

 To determine the safe withdrawal limit. 

 To determine the factor of safety. 

 

To achieve these specific objectives the methodology adopted as mentioned below. 

IV. METHODOLOGY 

The above objectives could only be reached if acted upon with a planned approach. The first step towards a goal always 

starts with knowing everything about it. This was followed by selection of right location and collection of data from the  

underground Saoner Mine no.1 , in this paper the observations were done at two different places of underground mine namely 

Depillaring district (W9A Panel  IV(m) and  Depillaring district (W9 Panel IV(m)) because of the behaviour of the roof strata 

showing highly stressed condition, collection of other details were also done and shown in this paper for better representation of the 

actual condition of the mine like the geological data, location of seam, depth of seam, seam thickness etc and the mining data 

collected were borehole data, pillar dimensions etc. Some previous failed and stable case histories of the same mine were also cited 

in this paper to highlight the necessity of such type of study. Different experimentation work was also carried out and based on the 

observation’s   findings, factor of safety was calculated and depending on the safety factor, extraction ratio was evaluated without 

compromising the safety factor. 

V. INFORMATION OF THE STUDY AREA: 

A) Location:   

Saoner mine no. 1 is located in the Northern part of the block. The block lies between 21o 20’ 10” and 21o 23’ 30” 

latitude and 78o 52’ 0”, 78o 56’ 30” longitude. The Saoner town is connected with Nagpur by a National Highway No. 64 and 

is located at a distance of 37 KM from Nagpur. Saoner town ship is also connected by narrow gauge railway line.  

 

B) Short Description:   

Saoner mine no. 1 is a semi mechanized underground mine with two working districts.  

Area of mine: 5.62 Sq. km 

Date of opening: 12-03-1984 

 

Table 5.1: Mineable Reserves as per RPR (As on 01.04.2011) 

Seam V IV (T) IV (M) IV (B) Total 

Reserve (mill. tn) 8.728 0.996 6.152 0.274 16.150 

 

Grade of coal: C & D 

Gradient: Variable from flat to 1 in 4.5 

Production target: 0.35 mill. tn /year  

Customers: MSEB linked to Koradi & Khaperkheda Thermal power station.  

 

Table 5.2: Working seam & thickness 

Seam V IV (T) IV (M) IV (B) 

Thickness (In m) 5.20 2.00 (In patches) 5.60 1.80 (In patches) 

 

C) Accidents and dangerous occurrences due to disturbance in strata: 

 

Table 5.3: Fatal Accidents 

Sr. 

No. 

Year No. of 

accidents 

No. of persons Death rate 

per 1000 

persons 

employed 

Classification 

by cause 

Death rate per 

million tonnes 

of output 
Killed Seriously 

injured 

1 1988 1 1 - 1.33 - 17.17 

2 1989 1 1 - 1.35 - 9.83 

3 1993 1 1  1.01  3.86 

4 2001 1 1  0.99 Machinery 2.54 

5 2004 1 1  0.93 Roof Fall 2.46 
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Table 5.4: Serious Accidents 

Sr. 

No. 

Year No. of 

accidents 

No. of 

Persons 

injured 

Serious 

injury rate 

per 1000 

persons 

employed 

Classification by cause Serious 

injury rate 

per million 

tonnes of 

output 

Roof 

fall 

Side 

fall 

Haulage M/cs Others 

1 1987 3 3 0.13 - - - - 3 125.39 

2 1988 1 1 0.01 - - - - 1 17.18 

3 1989 2 2 0.02 - - - - 2 19.55 

4 1991 13 13 0.07 3 - - - 10 60.59 

5 1992 2 2 0.01 - - - - 2 8.15 

6 1993 3 3 0.02 - - - - 3 11.58 

7 1994 8 8 0.05 - - - - 8 32.04 

8 1995 4 4 0.02 - 1 - - 3 14.25 

9 1996 12 12 0.07 - - - 8 4 39.84 

10 1997 15 15 0.09 2 4 4 - 5 46.48 

11 1998 1 1 0.01 - - - - 1 3.06 

12 1999 6 6 0.03 - - - - 6 15.79 

13 2000 2 2 0.01 - - - - 2 4.69 

14 2001 5 5 0.03 - - - - 5 12.72 

15 2002 1 1 0.01 - - - - 1 2.44 

16 2003 2 2 0.01 - - 1 - 1 4.94 

17 2006 1 1 0.01 - - - - 1 2.51 

18 2007 1 1 0.01 - - - - 1 2.68 

19 2009 1 1 0.01 - - 1 - - 2.60 

20 2010 1 1 0.01 - - - - 1 3.01 

21 2011 1 1 0.01 - - - - 1 2.89 

 

Table 5.5: Minor Accidents 

Sr. 

No. 

Year No. of 

accidents 

No. of 

Persons 

Injured 

Serious 

injury rate 

per 1000 

persons 

employed 

Classification by cause Minor injury 

rate per 

million 

tonnes of 

output 

Roof 

fall 

Side 

fall 

Haulage M/cs Others 

1 1986 - - 0.19 -  -       - - - 0.00 

2 1987 - - 0.07 - - - - - 0.00 

3 1988 - - 0.13 - - - - - 223.33 

4 1989 - - 0.12 - - - - - 78.19 

5 1990 - - 0.15 - - - - - 100.50 

6 1991 22 22 0.18  1  1 20 102.54 

7 1992 27 27 0.14 - - - - 27 109.97 

8 1993 34 34 0.16 5 2 1 - 25 131.25 

9 1994 24 24 0.13 - - 1 - 23 96.11 

10 1995 27 27 0.14 - - - - 27 96.22 

11 1996 23 23 0.09 - - - - 23 76.36 

12 1997 24 24 0.19  4 - - 20 74.37 

13 1998 15 15 0.06   1  14 45.87 

14 1999 37 37 0.09 1 8 - - 28 97.39 

15 2000 12 12 0.08  2 - - 10 28.16 

16 2001 17 17 0.06 1 - - - 16 43.26 

17 2002 14 14 0.09 1 - - - 13 34.12 

18 2003 11 11 0.05 - - - 1 10 27.19 

19 2004 16 16 0.06 - 1 - - 11 39.41 

20 2005 8 8 0.08 1 - - - 7 19.54 

21 2006 10 10 0.03 - - - 1 9 25.15 

22 2007 14 14 0.01 - 3 - - 11 37.52 

23 2008 6 6 0.02 -  - - 6 15.18 

24 2009 1 1 0.01 - 1 - - - 2.60 

25 2010 4 4 0.02 1 - - - 3 12.04 

26 2011 7 7 0.034 1 - - - 6 20.23 
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Table 5.6: Dangerous Occurrences 

Sr. No. Date Cause of Dangerous Occurrence 

1 24.02.1998 Symptoms of first sign of spontaneous heating was in W4 - caving panel 

2 22.07.2007 Overriding of goaf on barrier pillars at E-13 (B) depillaring district, in working area along 

11 L between 16 & 17 D and along 16 Dip between 11L & 12L in which 2 SDLS buried. 

No injury occurred due to these falls. 

 

VI. GEOTECHNICAL IVESTIGATION IN UNDERGROUND MINE WORKING AREA 

Geotechnical investigations in underground mining areas are crucial for ensuring safety, efficiency, and cost-effectiveness. 

Here are some key benefits like Safety Improvement, Optimized Design, Cost Efficiency, Operational Efficiency, Environmental 

Protection, Long-Term Stability, Tailored Solutions, Risk Management, Regulatory Compliance etc. Overall, geotechnical 

investigations are a foundational aspect of modern underground mining, contributing significantly to safety, efficiency, and 

sustainability. [15] [16] 

 

For this purpose, two places were selected in underground mine working: - 1. Depillaring district (W9A Panel IV(m))  2. 

Depillaring district (W9 Panel IV(m)). 

 

For measuring the load during the depillaring operation in underground working, load cell with convergence meter is used to 

measure the undulating load of roof. From this geotechnical instrument we get the data regarding the maximum load of roof before 

roof-fall. And this value of load is registered and noted with the date and variation in load. 

 

 
            Fig. 6.1: Image of Convergence meter 

 

During the depillaring in underground working, load cell with convergence meter is used to measure the undulating load of 

roof. From this geotechnical instrument we get the data regarding the maximum load of roof before roof-fall. And this value of load 

is registered and noted with the date and variation in load. Following are the sketches of depillaring districts where these 

instruments are installed for the investigation:    

 

  
Fig. 6.2: Depillaring district (W9A Panel IV(m)) Fig. 6.3: Depillaring district (W9 Panel IV(m)) 
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From these sketches different values of load are found out from the required level and rise where the load cell is installed in 

depillaring district. The values are found by measuring the distance of depillaring progress in required level and this reading is 

tabulated with specifications showing the date, load and distance. With the help of the measured distance, load is found out and 

from these values different load cell graphs are made. 

 

VII. CALCULATION AND GRAPHICAL REPRESENTATION 

Now from the values of varying load we had made the graphical representation indicating local fall and main fall with 

respective dates. 

Following are the graphs showing date on X-axis and load on Y-axis: 

 

Table 7.1 Date wise values of Varying load  

Date Load Calculation 

18-12-2011 4 Setting load                                  = 4tn 

19-12-2011 4.25 Increase in load in 1 day              = 0.25tn 

20-12-2011 3 Increase in load on previous day = 0.25tn 

21-12-2011 3 Average increase in load             = 0.25/4 = 0.0625tn 

22-12-2011 3 

Ratio = increase in load on previous day/average increase in load              

= 0.25/0.0625  

         = 4tn 

23-12-2011 3 

24-12-2011 3 

25-12-2011 3 

26-12-2011 3 

27-12-2011 3 

28-12-2011 3 

29-12-2011 3 

30-12-2011 3 

31-12-2011 2.5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 7.1: Graphical representation of varying load from Date: 18-12-2011 to 31-12-2011 
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Table 7.2 Date wise values of Varying load  

Date Load Calculation 

31-12-2011 4 Setting load                                  = 4tn 

01-01-2012 3 Increase in load in 5 days            = 0.75tn 

02-01-2012 3 Increase in load on previous day = 1tn 

03-01-2012 3 Average increase in load               = 1/4 = 0.25tn 

04-01-2012 3.25 Ratio = increase in load on previous day/average increase in load              

= 1/0.25  

         = 4tn 
05-01-2012 4.25 

06-01-2012 4.25 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 7.2: Graphical representation of varying load from Date: 31-12-2011 to 06-01-2012 

 

Table 7.3 Date wise values of Varying load 

Date Load Calculation 

02-01-2012 3 Setting load                                  = 3tn 

03-01-2012 3 Increase in load in 5 days            = 2tn 

04-01-2012 3.25 Increase in load on previous day = 0.75tn 

05-01-2012 4.25 Average increase in load               = 0.75/3 = 0.25tn 

05-01-2012_1st 5 Ratio = increase in load on previous day/average increase in load              

= 0.75/0.25  

         = 3tn 
05-01-2012_2nd 5.75 

05-01-2012_3rd 4.75 
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Fig. 7.3: Graphical representation of varying load from Date: 02-01-2012 to 05-01-2012 

 

Table 7.4 Date wise values of Varying load  

Date Load Calculation 

07-01-2012 4.5 Setting load                                  = 4.5tn 

08-01-2012 4.5 Decrease in load in 11 days         = 0.6tn 

09-01-2012 3.2 Increase in load on previous day = 0.9tn 

12-01-2012 3.2 Average increase in load             = 0.9/4.5 = 0.2tn 

13-01-2012 3.2 

Ratio = increase in load on previous day/average increase in load              

= 0.9/0.2  

         = 4.5tn 

14-01-2012 3.3 
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Fig. 7.4: Graphical representation of varying load from Date: 06-01-2012 to 20-01-2012 

  

Table 7.5 Date wise values of Varying load  

Date Load Calculation 

11-01-2012 3 Setting load                                   = 3tn 

12-01-2012 2.75 Decrease in load in 1 day              = 0.75tn 

13-01-2012 2.5 Decrease in load on previous day = 0.75tn 

14-01-2012 2.5 Average decrease in load               = 0.75/3 = 0.25tn 

 

Ratio = decrease in load on previous day/average decrease in load              

= 0.75/0.25  

         = 3tn 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7.5: Graphical representation of varying load from Date: 11-01-2012 to 14-01-2012 
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Table 7.6 Date wise values of Varying load  

Date Load Calculation 

15-01-2012 3 Setting load                                  = 3tn 

16-01-2012 3.75 Increase in load in 03 days         = 0.75tn 

17-01-2012 3.75 Increase in load on previous day = 0.75tn 

18-01-2012 3.5 Average increase in load             = 0.75/3 = 0.25tn 

19-01-2012 3.25 

Ratio = increase in load on previous day/average increase in load              

= 0.75/0.25  

         = 3tn 

20-01-2012 2.75 

21-01-2012 2.75 

22-01-2012 3 

23-01-2012 3.25 

24-01-2012 3.25 

25-01-2012 3.5 

26-01-2012 3.75 

27-01-2012_1st 4 

27-01-2012_2nd 3.25 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7.6: Graphical representation of varying load from Date: 15-01-2012 to 27-01-2012 

 

Table 7.7 Date wise values of Varying load  

Date Load Calculation 

22-01-2012 5.25 Setting load                                  = 5.25tn 
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25-01-2012 5.5 Average increase in load               = 0.25/5.25 = 0.0476tn 

26-01-2012 5.5 Ratio = increase in load on previous day/average increase in load              

= 0.25/0.0476  

         = 5.25tn 
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28-01-2012 5.5 
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Fig. 7.7: Graphical representation of varying load from Date: 22-01-2012 to 28-01-2012 

VIII. CONCLUSION 

The study reveals that sudden increase/decrease in load indicates the load setting behavior of overlying strata above the 

excavated zone until it reaches a stable stress condition and after that a time period passes when there is no significant variation 

observed in loading condition until a sudden decrease in load occurs at the time of local failure occurs. 

From the study, we can conclude that the safety withdrawal limit during depillaring is approximately 3.5 tons (tn). This 

means that a Factor of Safety (FoS) of 3.5 is essential to prevent roof collapses and other potential accidents. The safety withdrawal 

limit indicates the point at which the pillars can no longer reliably support the load exerted by the overlying strata, and any further 

extraction of the pillars could result in structural failure, posing significant risks to the workers. 

The study further indicates that when the load on the pillars approaches 3 tons, safety measures must be immediately 

reinforced. At this point, the structural integrity of the pillars begins to approach critical limits, and the risk of roof falls in the goaf 

(the worked-out areas where the coal has been removed) becomes substantial. 

To avoid dangers and injuries, especially due to potential roof falls in the goaf, the following safety precautions should be 

undertaken when the load on the pillars reaches 3 tons: 

 Workers should be evacuated from the depillaring area and adjacent zones in the mine when the load reaches the threshold, 

as roof falls could occur unpredictably. 

 Reinforcement of the roof using temporary supports like hydraulic props, steel supports, or timber sets to prevent immediate 

collapse. 

 Conduct regular inspections of roof and pillar conditions, and maintain any support systems in place. 

IX. RECOMMENDATION 

It is recommended to approach such type of study of strata control through latest instruments and numerical modelling 

software for better understanding of strata control in a depillaring area in underground mines for future research. 
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