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                  Definition of a coal burst 

• Rapid propulsion of a significant volume of coal from a face or ribside into 
the mining area 

 

 

 

 

 



                  Definition of a coal burst 

• Rapid closure of a roadway  



      Estimation of   burst  velocity 

Block trajectory for various velocities 



            Requirement for a burst 

 

• Energy  stored , potential or applied to the material about the excavation 

 

 

• Enough energy available to fail and  rapidly displace / propel  the material 
about the excavation 

 

 



 Approach to Study and Prediction 
 

• Descriptive analysis 

      based on case histories looking for common factors   

         depth, structures, rock type and thickness, mine layout 

 

• Energy source analysis 

       based on the type , magnitude and availability of energy about                                 

          excavations and structures to displace material 



Descriptive         

• Based on circumstantial factors associated with burst locations 

• Multi-variate analyses or subjective assessment to determine “weighting factors” and “ranking factors” 

• Data can be “trained” with weighting and ranking factors to match experience at a site or district impacted by similar circumstances 

• Risk profile based on summation of factors and training factors 

 

 

 

• Very difficult to transfer from one site to another due to the local training of the 
data weighting and ranking. 



Example of a trained data set 



 Approach to Study and Prediction 
 

• Descriptive analysis 

      based on case histories looking for common factors   

         depth, structures, rock type and thickness, mine layout 

 

• Energy source analysis 

       based on the type , magnitude and availability of energy about                                 

          excavations and structures to displace material 



Energy source analysis        

• How much energy is “locked up” or can be transmitted to the ground about an 
excavation 

      faults, bedding planes, rock material,  seismic events, gas , stress and  mine geometry effects 

 

•  How much energy is needed to cause a burst 

 

• What energy sources are likely in various circumstances ( risk factors) 



Energy source analysis        

Sources of energy 

 

•   Strain energy  ( stress locked up in rock mass and released at failure) 

 

•  Seismic energy ( vibration from major rock failure event) 

 

•  Gas     ( stored in pore volume or potential energy within adsorbed gas in coal) 

 

• How is this energy translated into a body force to propel 



Energy source analysis       

  Strain energy  ( stress locked up in rock mass and released at failure) 

 

• 𝐸𝑛 =
𝜎2

2𝐸
    𝑜𝑟 𝑑𝑒𝑟𝑖𝑣𝑎𝑡𝑖𝑣𝑒𝑠.  A function of stress and Youngs modulus of the rock           

•      The energy released is the  stress change   
Δ𝜎2

2𝐸
  associated with rock failure and 

          
Δ𝑡2

2𝐺
   for slip along bedding or fault planes 

 

• Where the rock is confined a significant part of the strain energy is taken up in the fracture process 
and  is transferred to heat and vibration. 

•  Bursts commonly occur when additional energy is provided to the system from movement or 
unloading  of adjacent rock.  

• Tℎ𝑒 𝑒𝑛𝑒𝑟𝑔𝑦 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑒 𝑡𝑜 𝑎 𝑏𝑢𝑟𝑠𝑡 = Δ𝜎2/2  ∗  
1

𝐸𝑟
−  

1

𝐸𝑐
  

 

 

 

 



Strain energy in pillars 

• Major strain bursts are typically associated with low adjacent 

     ground stiffness 

• Pillar failure  near goaf edges or between goafs is a 
classic example of large scale overburden movement 
providing energy for a pillar or ribside burst 

Energy in isolated pillars in the 
goaf  > 3 MJ 𝑚−3 is possible 

Overburden stiffness 



Seismic  Energy 

 

 

 

Energy = 
Δ𝑡2

2𝐺
  and variants 

Seismic vibration from caving fractures 

Small scale vibration from rock failure 

Seismic events indicating rock fracture  



Seismic  Energy 

 

 

 
 

Scale of energy is typically reported as Richter Magnitude. A function 
of stress drop and surface area of the fracture surface 

<10 KJ 

MJ 



Energy / vibration reduces rapidly from source 

Events need to be located relatively close  . Longwall 
caving and fault activation most likely factors. 
Amplification in broken ground to be investigated 
further 



Gas Energy 

• Energy of expansion of compressed gas within the coal (rock). 

• Gas within the pore volume and adsorbed onto surface area of coal micro 
fabric 



Gas within pore volume                                         Gas within pore volume and desorption from fracture system 

630 kJ @ 2MPa                                                                                          3000 KJ 

Energy created by rapid expansion from pore volume and desorption 
from surface area caused by micro / macro fracture of coal structure  
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Gas within pore volume                                         Gas within pore volume and desorption from fracture system 

3000 kJ  ?? @ 2 MPa                                                                                          3000 KJ 

Energy created by rapid expansion from pore volume and desorption 
from surface area caused by micro / macro fracture of coal structure  
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Gas Pressure (kPa) 

Energy relative to gas pressure and "porosity" 
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How much energy 
is required 

• Resistance to movement must be 
overcome 

• Resistance includes confinement, 
in-situ strength , reinforcement 



                                              
 
 

Floor 
Resistance 

Roof and floor 
Resistance 

No Resistance 

Velocity  = 2 ∗
(𝐸𝑛𝑒𝑟𝑔𝑦−𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒)

𝑚𝑎𝑠𝑠
  

Energy 

Options. 
 
1. Unconstrained ribside ( no resistance) 
2. Moderate confinement ( floor and clay band) 
3. Full confinement ( floor and roof) 

Burst velocity dependent on resistance and energy 

Note.  Different seams will have different 
energy thresholds 



Burst velocity – resistance relationship 



Resistance to be overcome in the rib 

Gives an estimate of 
the volume of burst 
relative to energy 
 
 
Note. i. Relationship is 
geology –stress dependent 
           ii. Ribside fractured     
to 2.5m 



Energy form 

dur ing 

Development  

M echanism 
Energy M agnit ude 

(KJ) 
Comment s 

St rain 

 
Rock fr act ure about  a 

r oadway 
< 5/m3 

St iffness of 

sur rounding 

ground high 

 Fract ure of coal < 10/m3  

St iffness of 

sur rounding 

ground high 

 Slip on bedding 

< 16/m roadway 

(5MPa st ress 

drop along 2m 

lengt h coal/st one 

cont act ) 

Limit ed dept h int o 

r ibside. 

conservat ive 

est imat e 

 
Loss of confinement  

in Aust ralia 
t ypically low 

Unlikely unless 

locally elevat ed 

st r ess 

 

Loss of confinement  

in yielded r ib 

(deep European / 

Chinese mines) 

> 400  /m3  

(see example in 

t ext ) 

Commonly 

associat ed wit h 

ext ract ion 

 Pillar  failure NA 

Not  r elevant  wit h 

pillar  geomet r ies 

used in Aust ralia 

 

 Summary of energy available during development driveage 

 

Loss of confinement 



 Summary of energy available during development driveage 

 

Seismic 

  Rock fracture < 10/m3   

  Fracture of coal <100/m3 

Typically a “gradual” 

process. Not 

dynamic 

  
Bedding plane shear 

(stick slip mechanism) 

<25/m roadway 

(5MPa stress drop 

along 2m length) 

Typically not 

dynamic unless an 

undulating cohesive 

contact. 

  
Fault slip on existing 

plane 

< 1 /m2 

(assume 1MPa 

cohesion) 

Pre-existing rupture 

surface. 

Conservative 

estimate. 

  
Fault rupture or 

extension 

Unlikely to cause 

fresh rupture of rock 

in development 

May have fresh 

rupture in an active 

tectonic zone  

Energy form 

dur ing 

Development  

M echanism 
Energy M agnit ude 

(KJ) 
Comment s 

 



Gas 

 Pore volume 
60-700/m3  

(see Figure 22) 

Funct ion of pore 

volume and gas 

pressure 

 Rapid diffusion > 2000 /m3 1-2MPa pressure 

 

Energy form during 

Development 
Mechanism 

Energy Magnitude 

(KJ) 
Comments 
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 Summary of energy available during development driveage 

 



Energy form 

dur ing 

ext ract ion 

M echanism Energy M agnit ude (KJ) Comment s 

St rain 

 
Failur e of large 

massive unit s 
Lit t le excess energy 

Energy radiat ed 

as seismic 

energy 

 

Normal 

abut ment  

fr act ures 

Lit t le excess energy 

Energy radiat ed 

as seismic 

energy 

 

Isolat ed pillar s 

(excess energy 

fr om overburden) 

 2000/m2  
Typically not  

used in Aust ralia 

 

Loss of 

confinement  in 

int act  coal zones 

<  100 /m3   (based on 

2MPa confinement  and 

35MPa ver t ical) 

Damaging if 

associat ed wit h 

loss in r ib 

r esist ance 

 

Loss of 

confinement  in 

yield zones 

250/m3                          (10MPa 

excess st r ess in yield zone 

see example in t ext ) 

Requires 

par t icular  

geology t o occur  

 

Dynamic Failure 

and movement  of 

large massive 

unit s ahead of 

t he face (excess 

energy fr om 

overburden) 

Moderat e t o Large 

…Depends on sit e 

condit ions. Not  common in 

Aust ralia 

Over load face 

coal due t o lower  

st iffness in 

overburden 

 

 Summary of energy available during extraction 

 



Seismic 

 
Failur e of large 

caving unit s 
 2000  

Large rupt ure 

event s 

 
Normal abut ment  

fr act ures 

<  90/m3 for  

individual fr act ures 

Fract ures about  

t he roof and floor  

 Fault  r eact ivat ion 

< 1/m2 fault  plane 

act ivat ed (1MPa 

cohesion) 

No addit ional 

r upt ure 

 Fault  ext ension 

< 13/m2 of new 

rupt ure sur face 

Can be very large 

Assume 5MPa 

cohesion and 1GPa 

shear  modulus 

(conservat ive) 

 

Energy form during 

extraction 
Mechanism Energy Magnitude (KJ) Comments 

 Summary of energy available during extraction 

 



Gas 

 Pore volume 
60-700/m3  

(see Figure 22) 

Funct ion of pore 

volume and gas 

pressure 

 Rapid diffusion > 2000 /m3 1-2MPa pressure 

 

Energy form during 

Development 
Mechanism 

Energy Magnitude 

(KJ) 
Comments 
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: Coal Burst  M echanism and Likelihood in Aust ralia 

 

Phenomenon 
Development  

operat ions 

Ext ract ion 

operat ions 

Energy 

source 
Comment  

Pillar  failure unlikely unlikely 
St ored 

st r ain 

Largely engineered 

out  in Aust ralia 

St rong 

cont act s t o 

coal  

Unlikely Possible 

St ored 

st r ain or  

seismic 

required Loss of 

confinement  

mechanism  

Fault s 

(cont inuous) 

Unlikely 

(slumps and 

low level 

eject ion 

possible) 

Possible Seismic 

Uncommon unless 

associat ed wit h 

fault  ext ension at  

t he per iphery 

Fault  

Terminat ion 

zones 

Unlikely but  

possible 

Slumps and 

low level 

eject ion 

possible 

possible Seismic 
Associat ed wit h 

fault  ext ension 

Dykes, 

mylonit e zones 

and fault s 

possible Possible Gas 

Undrained pocket s 

of high gas cont ent  

coal t oget her  wit h 

high fr act ure 

densit y and 

enhanced porosit y 

Massive unit s 

eg sandst one 
Most  unlikely Possible Seismic 

Dynamic caving of 

t hick unit s close t o 

t he face 

Undrained coal possible possible 
Gas/st ored 

st r ain 

Associat ed wit h 

macro and micro 

mining induced 

fr act ur ing of coal in 

high st r ess areas 

 

Burst risk based on energy 
and mechanisms 



We are getting much closer to having a quantifiable 
risk approach. 

 
Combined energy sources may be additive 

 

Prediction and definition of key aspects is still challenge 

  i. Definition of structural properties and location 

  ii. Location of isolated gas sources 

 

Sites will have different threshold ( resistance) values based on geology 

 

Sites will have different combinations of factors to consider 

 

 Research is ongoing  sponsored by mining companies and ACARP 
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