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 In this work, we employ the fuzzy logic technique to achieve and present, for the 
first time, a proper analysis of the actual intensity of the increase in the coal miners’ 
fatality rates in Pakistan from 2010 to 2018, compared with China and India, with an 
objective to minimize the impact of incidents on the miners’ fatalities. The average and 
yearwise fatality rates in Pakistan, compared with China and India, are used for the 
fuzzy logic technique in order to calculate the actual degree of flexibility for the 
surging fatalities. The findings show that both the average (2010-2018) and yearwise 
fatality rates in 2011, 2015, and 2018 are 2.44, 1.74, and 1.6, respectively. In the fuzzy 
logic technique, the variables whose membership function (µ) values are �Ë 1 represent 
the absolute truth. The membership function values for the years 2011, 2015, and 2018 
are alarmingly high for the fatalities of coal miners. Similarly, except for 2014 and 
2010, where 0 represents the absolute falseness, the results for the remaining years 
indicate high fatality rates with a flexibility (or small extent) of its corresponding 
membership function (µ) values such as 0.623, 0.739, 0.219, 0.173 and 0.115, and 
0.714, 0.24, 0.01, 0.324 and 0.317 using the average and yearwise analysis, 
respectively, compared with China. Likewise, the fuzzy logic membership function (µ) 
values compared with India in the remaining years are 0.704, 0.795, 0.386, 0.159, 
0.352 and 0.306, and 0.675, 0.795, 0.386, 0.186, 0.321 and 0.322, respectively. The 
proposed fuzzy logic analysis has been founded based on the theory of fuzzy sets to 
properly identify the miners’ fatalities, and also to suggest the implementation of 
appropriate recommendations to reduce the fatalities in the coal mines in Pakistan.  
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1. Introduction  

Mining is one of the oldest industries [1-3], and 
it is considered as a dangerous job among all 
occupations because of its insecure and hazardous 
working conditions [4-6]. Accidents have the 
potential to instigate damage or injury, and are the 
sources of threat [7]. Ensuring the coal mining 
industry’s safe production was founded upon ‘coal-
mine safety regulations’  [8]. Safety is the primary 
task in the underground coal mining, particularly in 
Pakistan, China, and India, especially due to the 
surging fatality rates [9-12]. A safe coal production 
is closely linked to a country’s economic and 
community development [13-14]. The safety 
production level in Pakistan has decreased 

continuously due to the laxity of safety supervision 
and practical actions. The mining sector 
particularly requires effective safety management 
policies to control the increased rate of fatal 
accidents. 

Boal [15] has analyzed the problem of per piece 
payment model related to safety problems. He 
calculated the speed or intensity of coal mine 
workers, and thus indicated that the prevention of 
accidents by taking into consideration different 
safety procedures and precautions reduces the 
production efficiency and thus becomes expensive 
for the coal miners. Wang et al. [15] have studied 
the fatal accidents in the coal mines of China from 
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2006 to 2010, finding that gas explosion has been 
the most significant cause of the coal mine-related 
deaths during the period. 

Based on the previous research works, most of 
the fatalities in underground coal mines during the 
coal production operations in Pakistan are the 
consequence of various types of fatal accidents, as 
shown in Figure 1 [17-18]. Various fatal accidents 
caused due to the shortage of safety measures have 
been reported. On 20th March 2011, 52 people died 
due to a mine collapse in the Sor-Range area in the 
province of Balochistan; the mine was run by the 
Pakistan Mineral Development Corporation; all the 
dead miners were aged between 18 and 25 years. 
On 9th February 2015, another fatal accident was 
reported, where a total of 19 people were killed by 
a mine collapse in a mine in Khyber Pakhtunkhwa. 
Likewise, on 13th August 2018, 18 deaths were 
reported on account of a mine collapse in Dukki, 
Balochistan. These major accidents resulted in 
enormous financial costs and fatalities. Therefore, 
such a working nature of coal mines appears to be 
undefined; as a result, it is essential to launch 
effective safety measures to hinder the effect of 
fatalities or fatal accidents [19]. 

Ghasemi and Ataei [20] have applied the fuzzy 
logic technique to predict the roof fall rate in coal 
mines. Their results indicated that ‘fuzzy model’ 
was quite suitable for predicting the rate of ‘roof 
fall’. Mohseni and Ataei [21], using the time series 
modeling, have predicted the “Tazareh coal mine”  
risks. The results obtained indicated a decrease in 
both the average number of accidents and the 
average number of work days. Ghasemi et al. [22] 
have presented a new method to evaluate the RFS 
(roof fall susceptibility) by employing the fuzzy 
method. They applied their new methodology to 

the ‘Tabas Central Mine’. As per their findings, 
this methodology is operational and proficient in 
evaluating RFS. Ataei et al. [23], using the fuzzy 
logic membership operations, have developed rules 
based on the fuzzy models to consider the main 
goal of ‘mechanization of mining’. ‘Takht coal 
seams’ were used as an example case. As per their 
findings, there existed a huge scope for the 
‘mechanization’ of most of the ‘Takht coal seams 
mines’. Sereshki et al. [24] have improved the 
‘RMR (rock mass classification system is a geo-
mechanics classification)’ methodology by the 
application of the fuzzy logic technique to present 
a better manner rock mass depiction. Daftaribesheli 
et al. [25] have described the employment of the 
‘fuzzy set theory’ in the SMR cataloguing by 
including the ‘fuzzy sets’. Khalokakaie et al. [26] 
have elaborated the fuzzy cataloguing method for 
assessing the rock mass resilience. Hosseini et al. 
[27] have provided a comparison of the coal mine 
fatalities in Pakistan with the fatalities in the coal 
mines of China and India. 

 This research work provides a comparative 
analysis of the fatalities in the coal mines in 
Pakistan from 2010 to 2018 in terms of its 
increasing rates, compared with China and India. 
In this work, we used the fuzzy logic technique to 
achieve a proper understanding of the actual 
intensity of the surging fatality rates still rarely 
employed and not considered in the past studies 
(only determining, in general, either the fatality 
rate is high or low but without any representation 
of uncertainty degree). Additionally, the effective 
safety management recommendations are hereby 
discussed to reduce the coal mine fatalities in the 
coal mines in Pakistan. 

 
Figure 1. Classification of accidents and fatalities in (%) from 2010 to 2018 in major coalfields in Pakistan. 
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Figure 2. Spatial location of Pakistan and its major coal fields (a modified version of [28]) 

 
Figure 3. Coal mining practices in Pakistan. [29-30] 

2. An Overview of Coal Mining Practices in 
Pakistan  

Pakistan is a coal-rich country and is ranked 7th 

among the top-20 countries around the globe in 
terms of coal potential [6] with Thar Coalfield as 
the main coal reserve. The total coal reserves in this 
country are about 200 billion tons. However, due 
to the lack of financial resources and technical 
skills, this specific sector has not been adequately 
focused on in the past years. As compared with the 
other countries like China and India, the Pakistan's 
mine management system is failing to fulfill the 
international safety standards, and as a result, there 
are more and more fatal accidents.  

The recent studies [31-32] have recommended 
more specific, economic, and safe coal production 
methods for the development of huge coal reserves 
at Thar Coalfield in Pakistan. The total annual coal 

production in Pakistan is approximately 4 million 
tons, and more than 4 million tons of coal are 
imported annually [33]. At the present time, coal is 
mostly produced by employing the traditional 
underground mining methods such as “longwall 
mining and room-and-pillar mining”  [18]. The 
common accidents in the Pakistan underground 
coal mines are accumulation of gases, gas 
explosion, mine blast, mine collapse, and falling 
stones. Accordingly, the maximum number of fatal 
accidents is caused by mine collapse, gas explosion, 
and mine blast (clearly presented in Figure 1.  

Due to the lack of technical skills and economic 
constraints, there is no effective mechanization 
system in the Pakistan coal mines; therefore, coal 
is extracted manually by applying human-work 
efforts with a traditional tool called pickaxe. 
Except for few mines, animals like donkeys and 
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mules are used as a source of conveyance (haulage) 
of coal from the underground to the surface. 

 Thus the high rate of fatalities in Pakistan is 
accounted for through such types of accidents, 
which is a key objective of this work. Furthermore, 
the working conditions develop a terrifying 
situation for the life of the coal mine workers. 
Therefore, Pakistan has to take major structural and 
safety management developments such as 
“application of engineering design, adoption of 
effective technologies, administration of safety 
laws, and additional efforts for workforce 
education-related safety” [11]. Figure 2 shows the 
locations of the major coalfields in Pakistan. Figure 
3 shows the coal mining practices in Pakistan. 

3. Materials and Methods 
3.1. Fuzzy Logic  

Fuzzy logic is a super set of Boolean logic, which 
is now considered as a very potential topic in 
artificial intelligence. Boolean logic is actually a 
conventional method of representation in the form 
of 0 and 1 that represent the actions in a discrete 
way, i.e. either the answer is completely true or 
completely false [34-36]. However, when the 
action is going to be represented in a continuous 
way, where the Boolean logic fails, for example, 
today I have eaten a meal (meaning the action is 

completely true or 1) or I have not eaten a meal 
(meaning the action is completely false or 0), 
which can completely correspond to the Boolean 
logic either the value is 0 or 1 [37]. To the contrary, 
fuzzy is an advanced representation of logic 
through which we can discuss firstly to represent 
the uncertainty that results and the details in a 
totally unknown extent; for example, simply today, 
I ate too much meal or I ate too little meal. In the 
same manner, tonight, I slept a lot or vice versa, 
which we do not know the actual intensity or 
degree of such actions. Therefore, the fuzzy logic 
method is essential here to quantify or represent the 
actual intensity (continuous value) of such 
uncertainties. In parallel, “in fuzzy” , the values are 
indicated by a number (called a truth value) in the 
range from 0 to 1, where 0 represents the absolute 
falseness and 1 represents the absolute truth. While 
this range evokes the idea of probability, fuzzy 
logic and fuzzy sets operate quite differently from 
probability” [37]. Secondly, representing the 
degree means, as mentioned in Boolean logic, I ate 
too much meal but we do not know the exact figure 
of meals like someone that can eat 1 meal, 2 meals 
or 3 meals are enough. Conversely, someone can 
eat 5 meals or more in a day, which may not be 
sufficient. Thus again, mentioning the fuzzy logic 
technique is important here, which gives us the 
actual uncertainty value of the overall situation.  

 
Figure 4. Differentiation between fuzzy logic and Boolean logic 

Furthermore, for better differentiation between 
the fuzzy logic and Boolean logic, presented In 
Figures 4(a) and 4(b), the x-axis coordinate denotes 
the speed of a truck and the y-axis coordinate 
denotes the membership function (µ). For the 
membership function (µ), we are actually talking 
about the data whose membership (here, 
membership means the value that belongs to 0 and 
1) belong to or not between; generally, we have 
values like 0 and 1; thus the membership value 
must fit in the range between 0 and 1 (such as 0.1, 

0.2, 0.3 or 1.1, 1.2, 1.3). However, Boolean logic 
only shows the membership value of 0 (meaning 
false or 1 (meaning true), and there will be no 
uncertain value like in the fuzzy logic technique. In 
addition, to better understand the Boolean logic, 
let’s take an example, in Figure 4 (a) when the 
speed of a truck is 30 means its membership value 
is 1. In the same manner, i.e. the speed of a car is 
50 means its membership value is 1. However, if 
the speed of a truck is in the range of 40-50, like 
39.1, 39.8 or 39.9 and 40.1, 40.5 or 40, the 
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immediate transition of consequences causes a 
huge misunderstanding. According to the rule, 
when a driver is driving a truck, he is required to 
press the brake if the speed of the truck is higher 
than 40 (here, may be 40.1, 40.2). Contrariwise, the 
driver is required to accelerate the truck when the 
speed is less than 40 (here, may be 39.1, 39.8 or 
39.9) and repetition of the same action can oscillate 
the speed value continuously. For a proper 
representation of the oscillated speed value, in 
other words, instead of immediate transition, there 

should be a little flexibility that is actually provided 
by the fuzzy logic [38]. In Figure 4(b), where the 
speed value is not going to immediately transit 
when about 40 as represented in the shaded small 
triangle zone means the speed of the truck is in the 
range between slow and fast, which is signified 
through a small extent of flexibility. Therefore, in 
Figure 4(b), the fuzzy logic technique is an 
accurate way to represent the data rather than in 
Figure 4(a) that shows problematic results.  

 
Figure 5. Flow chart 

3.2. Methodology 

Looking at Figure 5, the methodological 
approach used to accomplish the objective of this 
work is to reduce the coal miner’s fatalities by the 
fuzzy logic analysis of the data from 2010 to 2018 
for the fatality rate in the coal mines in Pakistan 
compared with China and India. Several data 
sources [12, 39-57] were used to collect the data on the 
fatality rates. There are many other approaches for 

such an analysis but in this work, we only used the 
fuzzy logic technique to achieve a proper 
representation and to calculate the membership 
function (µ) value for the fatality rate using Eqs. 1 
and 2 [31] for China and India, respectively, in order 
to clearly understand its effect on the fatality rate 
in Pakistan.  

The degree of low or high fatalities or the 
membership function (µ) value of the fatality rate 
can be determined as follows: 
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where:  

FR per million tons (x) is the fatality rate in 
Pakistan from 2010-2018, 

0.31 is the Avg. FR per million tons in China, 

0.12 is the Avg. FR per million tons in India, 

0.69 is the gap between 0.31 and 1,  

0.88 is the gap between 0.12 and 1. 

�)�L�Q�D�O�O�\�����O�H�W�������E�H���D���P�D�S�S�L�Q�J���R�I���D���U�H�I�H�U�H�Q�F�H���V�H�W���8����
��:U�Æ �>������ ���@���� �7�K�H�Q�� ���� �G�H�W�H�U�P�L�Q�H�V�� �D�� �I�X�]�]�\�� �V�X�E-set, 
denoted by A, in U; ���� �L�V��sometimes indicated by 
���$; ���$���X�����L�V���F�D�O�O�H�G���W�K�H���J�U�D�G�H���R�I���P�H�P�E�H�U�V�K�L�S���R�I������
�L�Q���$�����,�I�����$���X�����L�V���H�L�W�K�H�U�������R�U���������W�K�H���I�X�]�]�\���V�H�W���$���Z�L�O�O��
be understood as an ‘ordinary sub-set’. 

4. Analysis of Results and Discussion 

Based on the data from 2010 to 2018, the coal 
mine fatality rates in Pakistan, China, and India 
were statistically studied. As shown in Table 1, the 
results of this work reveal different values of 
fatality rate in each year. Based on Table 2, the 
average fatality rates in Pakistan, China, and India 

are 0.99 (~1), 0.31, and 0.12, respectively. 
Employing the fatality rates per 1000 persons, it 
was found that the accident rate in the Pakistan coal 
mines is high, as compared with China and India, 
which is very high and not acceptable for the safety 
of the coal miners in Pakistan. 

Table 1. Fatality rates per million tons in Pakistan, 
China, and India from 2010 to 2018. 

Year Pakistan China India  
2010 0.74 0.803 0.2 
2011 2.44 0.564 0.11 
2012 0.82 0.374 0.12 
2013 0.46 0.293 0.13 
2014 0.26 0.257 0.09 
2015 1.74 0.203 0.08 
2016 0.43 0.156 0.16 
2017 0.39 0.106 0.1 
2018 1.6 0.093 0.089 

Table 2. Average fatality rates per million tons in 
Pakistan, China, and India from 2010 to 2018. 

Year Pakistan China India  
2010-2018 0.99 (~1) 0.31 0.12 

 
Figure 6. (a). Flexibility value of fatality rate w.r.t China , (b). Flexibility value of fatality rate w.r.t India . 

The average fatality rates per million tons in 
Pakistan, China, and India were 0.99 (~1), 0.31, 
and 0.12, respectively, which were used for the 
fuzzy logic analysis in this work. Figure 7 and 
Table 3 refer to Figure 6 that represent the 
membership function (µ) values (flexibility v alue 
or degree of low or high fatality rate per million 
tons) in Pakistan with respect to China and India 
from 2010 to 2018. The findings show that the 
fatality rates in 2011, 2015, and 2018 are 2.44, 1.74, 
and 1.6, respectively, whose membership function 
(µ) values represent the absolute truth and denote 
that these values are alarming for the high fatalities 
of the coal miners. In the same manner, except for 
2014, where 0 represents an absolute falseness, the 

results for the remaining years indicate high fatality 
rates with a small extent of their corresponding 
membership function (µ) values with 0.623, 0.739, 
0.219, 0.173, and 0.115, respectively, compared 
with China. Likewise, the membership function (µ) 
values compared with India for the remaining years 
are 0.704, 0.795, 0.379, 0.159, 0.352, and 0.306, 
respectively.  

Furthermore, as shown in Table 1, the yearly 
fatality rate per million tons in Pakistan compared 
with China and India were also used for the fuzzy 
logic analysis. Similarly, Figure 8 and Table 4 refer 
to Figure 6 that represent the membership function 
(µ) values (flexibility value of fatality rate per 
million tons) in Pakistan with respect to China and 
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India from 2010 to 2018. Consequently, the fatality 
rates in 2011, 2015, and 2018 are 2.44, 1.74, and 
1.6, respectively, whose membership (µ) values �• 
1 represent the absolute truth and represent that 
these values are distressing for the growth rate of 
the fatalities of the coal miners. In addition, except 
for 2010, where 0 represents the absolute falseness, 
the results for the remaining years show rising 
fatality rates corresponding to the membership (µ) 
values with 0.714, 0.24, 0.01, 0.324, and 0.317, 
respectively, compared with China. Likewise, the 
membership (µ) values, compared with India, in 
the remaining years are 0.675, 0.795, 0.386, 0.186, 
0.321, and 0.322, respectively.  

Hence, comparing the fuzzy logic technique with 
the other relevant methods like Boolean or classical 
set theory, it is more advantageous for an accurate 
representation of the relevant results. Moreover, 
the results of this work guide us to pay more 
attention to the safety of coal mine workers in 

terms of strengthening the safety supervision, 
provision of personal protective equipment, and 
upgrading the latest mining methods, especially for 
the underground coal mines in Pakistan, to 
overcome such a mine safety crisis.  

Table 3. Membership function (µ) values for 
Pakistan with respect to China and India from 2010 
to 2018 by the fuzzy logic analysis using the average 

fatality rates. 
Year China (µ) India (µ) 
2010 (0.74, 0.623) (0.74, 0.704) 
2011 (2.44, 1) (2.44, 1) 
2012 (0.82, 0.739) (0.82, 0.795) 
2013 (0.46, 0.217) 0.386 
2014 (0.26, 0) (0.26, 0.159) 
2015 (1.74, 1) (1.74, 1) 
2016 (0.43, 0.173) (0.43, 0.352) 
2017 (0.39, 0.115) (0.39, 0.306) 
2018 (1.6, 1) (1.6, 1) 

  
Figure 7. Representation of the membership function (µ) 
values for Pakistan with respect to China and India from 

2010 to 2018 using the average fatality rates. 

Figure 8. Representation of the membership function 
(µ) values for Pakistan with respect to China and India 

from 2010 to 2018 using yearwise fatality rates. 
 

Table 4. Membership function (µ) values for 
Pakistan with respect to China and India from 2010 

to 2018 by the fuzzy logic analysis using yearwise 
fatality rates. 

Year China (µ) India (µ) 
2010 (0.74, 0) (0.74, 0.675) 
2011 (2.44, 1) (2.44, 1) 
2012 (0.82, 0.714) (0.82, 0.795) 
2013 (0.46, 0.24) (0.46, 0.379) 
2014 (0.26, 0.01) (0.26, 0.186) 
2015 (1.74, 1) (1.74, 1) 
2016 (0.43, 0.324) (0.43, 0.321) 
2017 (0.39, 0.317) (0.39, 0.322) 
2018 (1.6, 1) (1.6, 1) 

5. Conclusions  

Coal mining is considered as a very hazardous 
job because of its inherent hazardous working 

conditions that often result in fatalities or fatal 
accidents. Thus the fatality rate per million ton of 
coal is increasing, which is not acceptable for the 
safety of the mining workforces in Pakistan 
compared with its neighbouring countries like 
China and India.  Based on the fuzzy logic analysis, 
it was concluded that both the average and 
yearwise fatality rates in 2011, 2015, and 2018 
were 2.44, 1.74, and 1.6 respectively, in fuzzy logic 
whose membership function (µ) value is �• 1, which 
means that the situation is very alarming for the 
high fatalities of coal miners, especially in Pakistan. 
In addition, the fuzzy logic membership function 
(µ) values compared with India and China in the 
remaining years were also measured. Moreover, in 
this work, we considered the past research works 
that had not been properly focused on in depth. The 
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key factors for the growing rate of fatalties in 
Pakistan  are as follows: mine collapse and blast,  
accumulation of gas, gas explosion, and falling 
stones. Therefore, the effects of these distressing 
factors, which are the major causes of the miner 
fatalities must be reduced by effective safety 
measures.  

6. Recommendations 

As a result of the laxity of safety supervision and 
practical actions, the safe coal production level in 
Pakistan has decreased continuously. In this work, 
we suggested the following effective safety 
recommendations to control the increased rate of 
fatalities in the coal mines in Pakistan. 

i. Safety Education and Training: Lack of 
mine safety education at the managerial and 
worker levels is multiplying the dangers of 
coal mining in Pakistan. Special 
educational and training centers should be 
established. Additionally, more seminars 
and conferences should be held in Pakistan 
to raise the awareness about the 
international mining safety practices. 

ii. Child Labor and Illegal Mining:  Child 
labor and illegal mining is another major 
problem related to mine safety and fatal 
accidents in Pakistan. The authorities are 
required to be much more vigilant at 
stopping these dangerous illegal practices 
to the best of their ability. 

iii.  Lack of Technology:  Deficiency of an 
advanced technology is another hurdle 
faced by the coal mining industry in 
Pakistan. The government should make all 
the necessary efforts to import the latest 
safety equipment to safeguard the life of the 
poor coal mining working class. 

Also this work recommends the following 
essential points to reduce the fatalities caused by 
different types of fatal accidents: 

i. Mine Collapse and Blast: Mine collapse 
and blast are the major sources of life loss 
in the Pakistani coal mines. This implies 
that the structural integrity of the Pakistan 
coal mines is questionable. Major mine 
structures should be examined by the 
government, and the necessary 
maintenance and repairs should be carried 
out on an emergency basis. 

ii. Accumulation of Gas: Prevention of the 
accumulation of toxic gases in the coal 

mines can only be attained by employing a 
proper ventilation system to drain out the 
unwanted gases prior to or during the 
mining operations. Additionally, the mine 
inspectors are required to inspect the mine 
on a daily basis to ensure the safety of the 
mine workers from the higher quantities of 
harmful gases. 

iii.  Gas Explosion: Gas explosion occurs due 
to the presence of the methane gas 
associated with a heat source and an 
inadequate ventilation to dilute the gas level 
to below the explosion point. Therefore, the 
basic helpful approaches are to inhibit the 
presence and build-up of ignitable bodies of 
methane and to eliminate the sources of 
ignition such as open fires, fri ctional and 
electrical flashes, heat from spontaneously 
combusting coal, and heat from the mining 
equipment; however, this is not restricted to 
the hot exhaust manifolds and frictional 
heat (belts, brakes [17-18]. Additionally, a 
sufficient supply of ventilation is suggested 
to reduce the gas explosions in the coal 
mines. 

iv. Falling Stones: Falling stones is one of the 
significant sources of underground mining 
fatalities. The key preventative procedures 
to avoid such accidents by regular checking 
of rock faces and inspection of loose rocks 
and tension cracks to avoid stones falling 
from high walls are essential. 

Finally, more resources and budget should be 
allocated to mine inspection and relevant law and 
enforcement agencies so that they could perform 
their duties in ensuring abiding the mining safety 
laws and policies in Pakistan. 

7. Future work  

In the current work, we only used the fuzzy logic 
technique for a comparative analysis of the coal 
miner’s fatalities in Pakistan. However, this work 
can be expanded to collect more data and use the 
fuzzy fault tree analysis and fuzzy analytic 
hierarchy process (FAHP) to better understand the 
subject matter.  
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