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Abstract: In underground mining, gas accumulation or gas content anomaly 
caused by geological structures often results in catastrophic coal and gas 
outburst accidents, this kind of outburst has already been reported for decades 
and caused thousands of casualties. However, so far there have been very few 
studies about how to conduct risk assessment for this kind of  
geological-structure-related outburst. In this study, our aim is to develop an 
approach to evaluate the risk of fault-related outburst. The approach developed 
in this study is a stress-based approach and it considers the associated factors 
including the gas pressure, the fault attitude and the tectonic stresses. The  
fault-related outburst index proposed in this work not only can be used for 
evaluating the fault sealing capability but also can be used for quantitatively 
assessing the risk degree of fault-related outburst. It is a practical approach and 
can be recommended to apply in more underground engineering. [Received:  
February 11, 2017; Accepted: August 17, 2017] 

Keywords: gas outburst; fault sealing; fault plane; seal capability; mine 
disaster. 

Reference to this paper should be made as follows: Zhou, Q.,  
Herrera-Herbert, J. and Hidalgo, A. (xxxx) ‘Development of a stress-based 
approach for achieving the risk assessment of fault-related coal and gas 
outburst’, Int. J. Oil, Gas and Coal Technology, Vol. X, No. Y, pp.xxx–xxx. 

Biographical notes: Qinglong Zhou is currently a PhD student in the 
Department of Geological and Mining Engineering at the Universidad 
Politecnica de Madrid, Spain. He received his BS and MS from the Liaoning 
Technical University and Taiyuan University of Technology in China in 2010 
and in 2013 respectively. His current research interests mainly focus on the risk 
assessment and safety management of underground mining activities. 

Juan Herrera-Herbert is a Professor of Mining Technology in the Department 
of Geological and Mining Engineering at Universidad Politecnica de Madrid. 
He received his PhD degree in 1995 and since 2000 he has been working on the 
teaching and the research of mining technology, mine design, mine project 
evaluation and drill technology. 



   

 

   

   
 

   

   

 

   

   2 Q. Zhou et al.    
 

    
 
 

   

   
 

   

   

 

   

       
 

Arturo Hidalgo is a Professor of Geological and Mining Engineering at 
Universidad Politecnica de Madrid with expertise in Applied Mathematics and 
Numerical Simulation. In recent years, he has conducted a number of 
researches in solving fluid-related climatological and engineering problems by 
using the finite volume framework. 

 

1 Introduction 

Coal and gas outburst, which involves the sudden, violent ejection of a huge volume of 
coal and gas into the mine workings in a short period of time (Xu et al., 2014), is a typical 
serious underground hazard occurred in the process of mining or excavating in mining 
and tunneling engineerings. Since the first documented outburst accident occurred in 
Issac Colliery, Loire coal field, France, in 1843 (Lama and Bodziony, 1996), to date, over 
30,000 outbursts have occurred all over the world in most of the coal-producing countries 
(Lama and Bodziony, 1998), a detailed historical account of the global incidence of 
outbursts can be seen in Beamish and Crosdale’s (1998) work. Among these coal-
producing countries China had the most serious situation and almost one third of the 
outbursts actually occurred in China, and since 2000 the situation has become more 
serious because the large-scale coal mining has to be implemented for supporting the 
rapid development of China’s economy. In Table 1, the statistics of the occurred coal and 
gas outburst accidents in China from 2001 to 2011 are listed. 

So far many factors have been proved to contribute in a greater or lesser degree to 
coal and gas outburst in previous studies, factors such as gas content (Bustin and 
Clarkson, 1998; Wang et al., 2011), gas pressure (Andreas et al., 2004), coal strength, 
coal rank (Faiz et al., 1992), hydrological conditions (Scott, 2002), geological structures 
(Shepherd et al., 1981; Shepherd, 1995; Wold et al., 2008), mining-induced stress 
(Durucan and Edwards, 1986), mining depth, etc. and among these factors geological 
structures is definitely a critical one. 

As early as 1967, based on a study conducted in west Wales outburst coal mines, 
Farmer and Pooley (1967) discovered that “geological conditions are an important factor 
in determining the site of an outburst since outbursts only occur in districts subject to 
severe tectonic movement – hence their association in many places with anthracite – and 
in association with such deformation and depositional structures as folds, faults, rolls and 
slips”. More early reports about outbursts and geological structures in coal mines can be 
seen in Shepherd et al.’s (1981) research, after investigating the outburst occurrences in 
the UK, Canada, Australia, Poland and France, he found that “mesoscopic and mine-scale 
geological structures form the loci for stress and gas concentrations, and that probably 
over 90% of significant outbursts have been at such sites”, in addition, a case study 
conducted also by Shepherd et al. (1980) in Collinsville, Queensland, Australia even 
suggested that “thrust and strike-slip faults have been common sites of outbursts, in 
contrast to normal faults, which were not outburst-prone”. In Japan, a huge coal and gas 
outburst accident occurred at Sunagawa coal mine, 1,600 m3 coal and 60,000 m3 gas were 
involved in the accident and outburst site was investigated in detail to clarify the 
geological features, a normal and a reverse fault existed at the site (Sato and Fujii, 1989). 
The Donets Basin, a major coal-mining district in eastern Ukraine, is also recognised as a 
high outburst region with frequent instantaneous outburst accidents, according to 
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Sachsenhofer et al.’s (2012) research, the reason for the high frequency of gas accidents 
in such region was mainly attributed to geological structures because strike-slip faults are 
recognised across the entire basin. According to a study conducted in Turkey (Fisne and 
Esen, 2014), coal and gas outbursts in Zonguldak Coal Basin are also influenced by 
faults, the authors discovered that a big portion of the outburst incidents (77%) actually 
occurred at fault zones or areas passing through the fault zones and the probability of the 
outburst occurrences is decreased to move away from the fault zone. 

In China, studies (Cao et al., 2001, 2003) over the past decades have also come to the 
similar conclusion, which is that the majority of outbursts actually occurred in long, 
narrow ‘outburst zones’ along the intensely deformed zones of strike-slip, reverse or 
normal faults. Among the 102 large state-owned coalfields, Pingdingshan coalfield, 
Huannan coalfield and Huaibei coalfield are three of them have the most serious 
situations in coal and gas outbursts. In Pingdingshan coalfield, where the studies (Zhai  
et al., 2016; Wang et al., 2016) conducted from both Zhai and Wang suggested that 
geological structure is the dominant factor in influencing the outbursts, a research from 
Cao et al. (2001) even pointed out that in Pingdingshan coalfield the coal and gas 
outbursts associated with reverse faults nearly always occurred in the footwalls. In 
Huainan and Huaibei coalfields, outbursts controlled by geological structures are also 
revealed from various studies (Wang et al., 2013a, 2013b; Xu et al., 2014; Guo  
et al., 2014). 

Although the geological-structure-related outburst has already been a very serious 
problem and there have already been so many reports on it (as described in the above 
paragraphs), there are just very few studies on the risk assessment of such hazard. In a 
earlier research, Shepherd et al. (1981) believed that fault types may be categorised in 
order of outburst proneness as strike-slip reverse normal; according to Lama and 
Bodziony’s (1998) view, fault throw and fault gouge can be used to determine the  
fault-related outburst risk, the similar view also can be seen in Cao et al.’s (2001) work, 
he discovered that the throw magnitude of a reverse fault is of great importance in 
assessing its outburst tendency; in recent years, using the damage degree of the 
technically deformed coal (TDC) as a key indicator (Hou et al., 2012) to evaluate the risk 
of fault-related outburst has been widely applied in China. 

Through carefully summarising all the traditional techniques given in the last 
paragraph, regardless of the fault type method, the fault throw method or the TDC 
method, actually they all use a common feature, which was named in Beamish and 
Crosdale’s (1998) research as coal seam disruption, to evaluate the fault-related outburst 
risk. However, the seam disruption is just a superficial phenomenon, the most basic factor 
is the stress conditions, it is the stress conditions that directly affect the degree of the 
seam disruption. If we want to develop a more basic method to achieve the risk 
assessment of fault-related outbursts, the stress analysis is very necessary. Therefore, in 
this study, our research goal is to develop a more basic stress-based approach to evaluate 
the risk of fault-related outbursts. 

The paper is organised as follows, in the following section, two typical examples of 
fault-related outburst accidents in China will be given to show what the exact  
fault-related outburst is. In Section 3, the detailed analysing algorithms of the normal and 
shear stresses of the fault plane will be given. In Section 4, a quantitative assessment 
index will be developed to achieve the risk assessment of the fault-related outburst. In 
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Section 5, a case study will be conducted by using our developed quantitative assessment 
approach. In the last section, some conclusions will be given. 
Table 1 The statistic of the coal and gas outburst accidents in China from 2001 to 2011 

Year Number of outburst accidents Total deaths 

2001 41 190 
2002 44 347 
2003 68 265 
2004 41 388 
2005 44 180 
2006 40 252 
2007 35 248 
2008 33 256 
2009 19 232 
2010 29 237 
2011 22 183 

Source: Li et al. (2013) 

2 Two typical examples of fault-related outburst accidents in China 

2.1 Panyi coal mine, Anhui Province, China 

Located in Huainan city, Anhui province, Panyi coal mine is a state-owned large-scale 
coal mine with annual output of 5.0 Mt coal and more than 10,000 employees. 

For years, Panyi coal mine has been threatened by frequent gas outburst disasters 
(Nan and Feng, 2004), the average relative gas emission rate in this mine is as high as 
12.55 m3/t. In Figure 1, the most serious geological-structure-related outburst area is 
shown. The hangingwall of the normal fault Fe8 and the hangingwall of the reverse fault 
F5 are two of the zones have the most frequent outburst incidents, to date, 24 times of 
recorded outburst incidents have occurred in these two zones. One of the most serious 
outburst accidents occurred in 2000, which was induced by a blasting and 226 tons of 
coal and 3,908 m3 of gas were involved in the accident, resulting in the death of 5 miners. 

2.2 Tianfu coal mine, Sichuan Province, China 

Located in the Baoding fold-Huayingshan reverse fault belt (Figure 2), Tianfu coal mine 
is another mine has the problem of fault-related outbursts. The Huayingshan reverse fault, 
extending several hundred kilometers, has a throw of 1,500 m and has developed a drag 
syncline in its footwall. Due to the shallow depth of the coal seam, adit mining method 
was applied in this mine. According to a report (2001) recorded by Cao, three large 
outburst incidents occurred near the reverse faults (F8 and F4) at 300 to 600 m depth. The 
first (no. 1 in Figure 2) is the largest outburst ever recorded in China, except the outburst 
of the largest volume of gas, up to 12,780 tons of coal and rock involved in this outburst 
event; no. 2 ejected 2,807 tons of coal and no. 3 ejected more than 5,000 tons of coal, and 
both were accompanied by large volumes of gas. 
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Figure 1 Geological structures and the distribution of outburst points in Panyi coal mine  
(see online version for colours) 

 

Source: After Nan and Feng (2004) 

Figure 2 Outburst locations (in circles) in the geologic cross-section of Tianfu coal mine  
(see online version for colours) 

 

Source: After Cao et al. (2001) 
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3 The analysis of the normal and the shear stresses of the fault plane 

3.1 Establishing a mathematical model for fault plane 

Anderson (1951) postulated a fundamental relation between the three basic fault modes 
(Figure 3) and the orientation of the causative stress tensor relative to the Earth’s surface. 
According to his view, the Earth’s surface is free boundary (no shear or normal traction), 
therefore, one principal axis of crustal stress tensors will commonly be vertical and the 
other two axes will be horizontal (Robert, 1997). 

Figure 3 The orientation of the causative stresses of the three basic fault modes (see online 
version for colours) 

 

Figure 4 Using a 3D Cartesian coordinate system to express the fault plane (see online version 
for colours) 
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In order to facilitate the stress analysis, a 3D Cartesian coordinate system (Figure 4) is 
established based on the fault plane extracted from Figure 3, in this coordinate system, 
the x-axis and y-axis represent two of the horizontal stresses (σh1 and σh2) respectively 
and the vertical stress σv is represented by z-axis. Assuming OP is the perpendicular line 
to the fault plane, θh1 is the angle between OP and σh1, θh2 is the angle between OP and 
σh2 and θv is the angle between OP and σv. 

What needs to be emphasised here is that in this study how the variation of thickness 
and lithology of the fault zone influence the stress of the fault plane will not be 
considered. 

3.2 Normal and shear stresses of the fault plane determine fault sealing 
capability 

For most of the fault-related outbursts, local gas accumulation near the fault zone caused 
by fault sealing is the most important factor. To assess the risk of a fault-related outburst, 
it is necessary to assess the fault sealing capability. In previous studies (Yielding et al., 
1997; Fulljames et al., 1997; Ciftci et al., 2013; Pei et al., 2015), scientists have 
considered that the permeability of the fault zone is closely related to fault rocks as they 
believed the structures of pores and fractures are only determined by rock types. 
However, in this study, we only partially agree with their point of view, we believe that 
the stresses of the fault plane rather than rock types is the most important factor to 
determine the structures of pores and fractures, and this is also to say that the stresses of 
the fault plane has the most impact on the fault sealing capability and has the most 
important impact on local gas accumulation, our arguments are as follows: 

1 If the normal stress of the fault plane is tensile stress, fractures and pores in the fault 
zone will be opened to facilitate gas transport, in this case the fault is open and it will 
not cause local gas accumulation or local gas content anomaly. On the contrary, if 
the normal stress of the fault plane is compressive stress, the closure of the fractures 
and pores will lead to fault sealing and then cause gas accumulation or gas content 
anomaly. 

2 How the shear stress of the fault plane affects the fault sealing capability depends on 
whether there is a mutual movement between the footwall and the hangingwall. If 
the shear stress is greater than the shear strength of the fault rock, a mutual 
movement between the footwall and the hangingwall will occur, and such movement 
will make the closure of part of the pores and fractures in the fault zone, thus 
decreasing the permeability of fault rocks and then increasing the fault sealing 
capability. On the contrary, if the shear stress is less than the shear strength of the 
fault rocks, only static friction exists between the footwall and the hangingwall, the 
fault sealing capability will not be affected. 

3.3 Stress analysis of the fault plane 

According to the trigonometric and geometrical relations established in Figure 4, the 
normal and shear stresses (σ and τ) of the fault plane can be obtained by using the 
principles of stress decomposition and superposition as follow: 

2 2 2
1 1 2 2cos cos cosh h h h v vσ σ θ σ θ σ θ= + +  (1) 
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2 2 2 2 2 2 2 2
1 21 2cos cos cosh h v vh hτ σ θ σ θ σ θ σ= + + −  (2) 

As the vertical principal stress is mainly determined by the depth H and the unit weight γ, 
hence we have: 

vσ γH=  (3) 

The horizontal stresses are mainly composed of two parts, the horizontal tectonic stresses 
(σx and σy) and the component ( )c

vσ  of the vertical principal stress. They are expressed as 
follows: 

1
c

h v xσ σ σ= +  (4) 

2
c

h v yσ σ σ= +  (5) 

c
vσ  is not only relevant to the vertical principal stress but also relevant to the lateral 

pressure coefficient: 
c
v vσ σ ξ=  (6) 

where ξ is the lateral pressure coefficient tied with the Poisson’s ratio (μ): ξ = μ / (1 – μ). 
With equation (1) and equation (2)– equation (6), the normal and the shear stresses of the 
fault plane can be comprehensively expressed as: 

( ) ( )2 2 2
1 2cos cos cosx h y h vσ γHξ σ θ γHξ σ θ γH θ= + + + +  (7) 

( ) ( )2 22 2 2 2 2 2
1 2cos cos ( ) cosx h y h vτ γHξ σ θ γHξ σ θ γH θ σ= + + + + −  (8) 

4 Quantitative assessment of the risk of the fault-related outburst 

In general, strike and dip usually are used for representing the orientation or attitude of a 
geologic feature, and in engineering practices the spatial position of the fault plane is 
usually represented by a strike and a dip angle rather than by angles (θh1, θh2, θv) that we 
used hereinabove, so here we need to convert θh1, θh2 and θv to the strike angle and the dip 
angle. 

By further developing the geometric relationships from Figure 4 to Figure 5, 
assuming α and β are the strike angle and the dip angle respectively and the length of OE 
is 1, the following trigonometric relations then can be derived: 

1cos sin sinhθ = α β  (9) 

2cos cos sinhθ = α β  (10) 

cos cosvθ = β  (11) 
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Figure 5 Geometric relationships between the angles (θh1, θh2, θv)  and the strike, dip angles  
(see online version for colours) 

 

Substituting equation (9)–equation (11) into equation (7) and equation (8), the final 
representations of the normal and the shear stresses of the fault plane then can be 
obtained as: 

( ) ( )2 2 2 2 2 2sin sin cos sin cosx yσ γHξ σ γHξ σ γH= + + + +α β α β β  (12) 

( ) ( )2 22 2 2 2 2 2 2 2sin sin cos sin ( ) cosx yτ γHξ σ γHξ σ γH σ= + + + + −α β α β β  (13) 

In the last section, we discussed that the fault sealing capability depends on the stresses of 
the fault plane, so here two indexes (I, Q) are further defined to represent the fault sealing 
capability by using the normal and shear stresses of the fault plane. 

σI
P

=  (14) 

c

τQ
τ

=  (15) 

where P denotes the gas pressure; τc denotes the shear strength of fault rock. These two 
indexes are very useful for the risk assessment of fault-related outburst: 

I < 0 means the normal stress of the fault plane is tensile stress and the fault is in a 
state of opening, the fault will not affect the gas transport through the fault zone, and 
there will be a low risk of outburst near fault zone. 
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0 ≤ I ≤ 1 represents that the normal stress of the fault plane is compressive stress and 
the fault is in a state of sealing, but the sealing capability is limited, high gas pressure still 
allows the gas to transport through the fault zone. 

I > 1 indicates the normal stress of the fault plane is compressive stress and the fault 
is in a state of sealing, the larger the value, the better the sealing capability, and the risk 
of outburst near fault zone will be increase with the increase of the index. 

Q > 1 means that the shear stress of the fault plane is greater than the strength of the 
fault rocks, and there will be a mutual movement between the footwall and the 
hangingwall and the fault sealing capability will be increased. 

Q ≤ 1 indicates that only static friction exist between the footwall and the 
hangingwall, the fault sealing capability will not be affected. 

In underground engineering, a fault that is capable of causing huge gas accumulation 
is generally a large fault (Creedy, 1988; Li, 2001). For such a fault, even in the case of 
mining disturbances or blasting disturbances, the mutual displacement between the 
footwall and the hangingwall caused by the shear stress is negligible, in this sense it 
means that actually index Q has a quiet small influence in fault sealing. Therefore, the 
fault sealing actually mainly depends on the normal stress of the fault plane and this 
means index I can be completely used for representing the fault sealing capability. As 
fault-related outburst is directly relevant to fault sealing capability, so index I also can be 
used for representing the risk of fault-related outburst (in this sense, we define index I as 
the outburst index). 

Next, we will continue to discuss how the outburst index (I) is affected by the 
associated parameters. By using the double-angle and half-angle formulas into equation 
(12), together with equation (14) the outburst index (I) can be further derived as: 

( )1 (1 cos 2 ) cos 2 1 cos 2
2 2 2

x y x yσ σ σ σ
I γH γHξ

P
⎧ + − ⎫⎛ ⎞= + + + − −⎨ ⎬⎜ ⎟

⎝ ⎠⎩ ⎭
β α β  (16) 

As can be seen from equation (16), all the associated parameters including the depth H, 
the strike angle α, the dip angle β and the tectonic stresses (σx and σy) directly affect the 
outburst index. In Figure 6, how the depth impacts on the outburst index is given, the 
outburst index increase with the increase of depth. How the dip angle affects the fault 
sealing can be seen in Figure 6 and Figure 7, the result is not simple as the outburst index 
will increase with the increase of dip angle, it depends on the scales of the vertical 
principal stress (related to H) and the difference between the two tectonic stresses  
(σx – σy); as shown in Figure 6, the outburst index decreases with the increase of the dip 
angle when the depth is small and increases when the depth is large. The similar situation 
also can be seen in Figure 7, how the dip angle impacts on the outburst index is 
determined by the difference between the two horizontal tectonic stresses (σx – σy), the 
outburst index will rise with the increase of dip angle when the tectonic stress difference 
is large and will decrease when the difference is small. In Figure 8, how the strike angle 
and the tectonic stress difference affect the outburst index is displayed, the larger the 
tectonic stress difference the higher the outburst index is and the outburst index increase 
with the increase of the strike angle. 
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Figure 6 The impact of the burial depth on the outburst index (see online version for colours) 

 

Figure 7 The impact of dip angle on the outburst index (see online version for colours) 
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Figure 8 The impact of strike angle on the outburst index (see online version for colours) 

 

Figure 9 The geological section of the reverse fault in Daping coal mine and the outburst 
location in roadway no. 21 (see online version for colours) 

 

5 A case study 

Daping coal mine, located in Dengfeng City, Henan Province of China, was initially 
constructed in 1986 with an annual output of 0.6 million tons of coal. In order to improve 
the mine production capacity from 0.6 million tons to 1.3 million tons, since 2000 a 
number of projects on the reconstruction of producing systems began to operate. On 
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December 20, 2004, a serious coal and gas outburst accident was occurred in the process 
of the excavation of a new roadway (roadway No. 21), after the coal and gas outburst (at 
22:09), the gas concentration increased rapidly since all the outburst gas rushed into the 
roadways and a gas explosion eventually was triggered by the electric spark at 22:40. A 
total of 148 miners were killed and 32 injured in this accident. 

It was a typical fault-related outburst accident. In Figure 9, we roughly depict the 
geological structure of the accident. In the process of the excavation of the roadway 
No.21, the heading face suddenly encountered a reverse fault (S217W, fault throw =  
10 m) at the depth of 612 m, resulting in large volumes of accumulated gas was released 
in a short period of time. As can be seen from Figure 9, the outburst hole, which is 
located in the mid-upper position of the heading face, is situated just right on the fault 
zone. 

According to Hou’s work (Hou et al., 2012), the outburst area of this accident lies in a 
structural belt with a concentration of horizontal tectonic stresses, the measured values of 
the horizontal tectonic stresses (σx and σy) are 5.3 Mpa and 3.4 Mpa, respectively. 
According to the accident report issued by the State Administration of Coal Mine Safety 
the gas pressure P = 2 MPa, the mining depth H = 612 m, the strike angle a = 37° and the 
dip angle β = 49°, by using all the above described data and equation (16) we then obtain 
the outburst index I = 6.69. 
Table 2 A comparison between the developed method and the previous proposed methods 

used in fault-related coal and gas outburst prediction 

Methods Content and parameter Prediction results 

I < 1: low risk in fault-related gas 
outburst 

Our method 

I ≥ 1: high risk in fault-related gas 
outburst 

I = 6.69, the fault has a high risk 
of fault-related outburst. 

Fault throw (10 m) > coal seam 
thickness (6.3 m); the thickness of 
the fault gouge is 10–15 cm. 

Lama’s method 
(Lama and 
Bodziony, 1998; 
Cao et al., 2001) 

A fault has a throw greater than the 
coal seam thickness can result in 
complete stoppage of gas flow and 
hence more dangerous in outbursts. 
Faults without any gouge are less 
dangerous, the greater the thickness 
of the gouge, the greater is the 
danger of outburst. 

According to Lama’s method, all 
the above two conditions indicate 
that the fault has a high risk of 
fault-related outburst. 

TDC method (Hou 
et al., 2012) 

The damage degree of the TDC 
(tectonically deformed coal) is a 
key indicator for coal and gas 
outburst. The greater the 
development of TDC, the greater 
the risk in coal and gas outburst. 

According to a previous 
investigation conducted by Hou 
(2012), due to the tectonic effects, 
in the juncture of the fault the 
TDC was developed in layer, 
powdered and deformed intensely. 
So the fault has a high risk of 
fault-related outburst. 

As can be seen from the results that the outburst index I is far greater than 1, this 
indicates the reverse fault encountered in roadway no. 21 has a very good sealing 
capability and has a very high risk in inducing outburst accidents. In order to verify our 
prediction result, in Table 2, a comparison between our developed method and the other 
previous proposed methods (Lama and Bodziony, 1998; Cao et al., 2001; Hou et al., 
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2012) is carried out. As can be seen from the table, the prediction result of our method is 
consistent with the predictions of the other two methods. 

6 Conclusions 

In this study, we developed a stress-based algorithm to assess the fault sealing capability. 
An outburst index was proposed for quantitatively achieving the risk assessment of the 
fault-related outburst, the larger the outburst index, the higher the risk of the fault-related 
outburst. According to the developed algorithm in this study, how the gas pressure, the 
dip angle, the strike angle and the tectonic stresses impact on the outburst index were 
obtained, they are as follows: 

1 The outburst index increases with the increase of the vertical principal stress. 

2 The greater the difference of the two tectonic stresses, the higher the outburst index. 

3 How the dip angle impacts on the outburst index depends on the scales of the vertical 
principal stress and the difference of the two horizontal tectonic stresses. 

4 The outburst index increase with the increase of the strike angle. 

In addition, although the approach developed in this work provides a new way of 
assessing the risk of fault-related outburst, what we still want to emphasise here is that 
instantaneous outbursts in underground is a complicated dynamic phenomenon induced 
by many factors. So we suggest that in the assessment of outburst risk, we should make a 
comprehensive assessment by considering all the relevant factors (coal rank, coal 
strength, hydrological conditions, mining methods, coal adsorption, mining-induced 
stresses, etc.) rather than just using our approach developed in this study. 
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