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Rockbursts can be traumatic 
phenomena



  

Objectives of seismic 
monitoring in rockburst prone 

mines

■ Potential rockburst detection
■ Long term hazard assessment

 Back analysis
 Calibrated models

■ Medium term hazard assessment
 Spatial detection of potential instabilities

• Essentially using the asperity model for spatial prediction

 Monthly hazard ratings

■ Short term hazard assessment
 Time history analyses for the detection of unstable 

processes



  

Definitions

■Basic seismic source parameters
■Derived parameters



  

Definitions

■Basic seismic source parameters
Time (t0)
Space (x,y,z)
Seismic potency – i.e. moment/G
Radiated seismic energy

■Derived parameters
Energy Index
Apparent volume
Seismic Schmidt number



  

The E-M relation
log(E) = c + d⋅ log(M)

log

log 

} 

EI = E/(avgM for given E)



  

The E-M relation:
EI at work



  

The E-M relation:
EI at work



  

The E-M relation:
EI at work



  

Apparent volume

Seismic source volume scales with 

moment/stress drop

Replacing stress drop with 
apparent stress:

moment/(E*G/M)



  

Apparent volume

Apparent volume, [m3] 

c3 – scaling factor ~2. 

The apparent volume scales the volume 
of rock with co-seismic inelastic strain of 
an order of apparent stress over rigidity. 
The apparent volume VA is less model 
dependent than the source volume V. 
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A creepy fault



  

Subsequent fault creep 
and Σ VA



  

More derived parameters



  

More derived parameters



  

Seismic Schmidt number



  

EI, Apparent Volume

Mendecki & van Aswegen, 
1997



  

Short term seismic hazard 
assessment

Through time history analysis



  

Time history analyses



  

Simplistic time history 
analyses

Seismic Schmidt no.

Energy Index

Vertical broken lines depict events ≥ mag 1.8



  

Useful parameters for short 
term stability assessment

Parameter Measures

Energy Index Stress

Apparent volume – the 
slope of the 
cumulative curve

Strain rate

Seismic Schmidt 
number

Turbulence of seismic 
deformation

Seismic activity rate Number of seismic 
events per time



  

RRoSH - rules

  Parameter \Rating 0 1 2

Cum. Apparent 
volume

       No tendency 
towards power 
law behaviour

      Weak tendency to 
power law 
behaviour

Strong tendency to 
power law 
behaviour

Log(Energy Index) Absolute value of 
change < .25

0.25 ≥ absolute value of 
change ≤ 0.25

absolute value of 
change  ≥ 0.5

Log(seismic 
Schmidt no.)

  Absolute value of 
change < 0.5

drop in value 
≥ 0.5 
≤ 1.0; 
increase in value ≥ 0.5

drop value ≥ 1.0

Activity rate Average Above average, < 75% 
of 100 day peak

> 75 % of 100 day 
peak

In addition, anomalous spatial patterns judged 
(qualitatively) and rating the increased by 1 or 2



  

Example: 120-55-E



  

The E-M relation
log(E) = c + d⋅ log(M)



  

Upper Truncated GR



  

120-55-E TH



  

120-55-E TH



  

Night shift report 
(after blasting, before night shift):

robot system (18h30 – 21h00)



  

Mine 1: P(mag>=1.5, rating>=5) 
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If the flag is up 1, 2 or 3 days consecutively prior 
to a bump, these are considered 'true'. If the flag 
is up 1, 2 or 3  days consecutively after a bump, 
these are neither considered 'false' nor 'true'.

Flag up
26.6%

Flag down
2.8%

In any case
6.2%



  

P[mag. >=1 ON SHIFT within 2 days of rating >= 5 
 Mponeng 2003 - 2004
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Hazard assessment success 
rate: example case 1 - 2002

Phenomenon Probability

The occurrence of a mag.≥ 1 event on-shift 05.28%

The occurrence of a mag. ≥1 event on-shift if 
the RRoSH ≥ 3 during the 60 hours before, i.e.  
FLAG UP

14.18%

The occurrence of a mag. ≥ 1 event on-shift if 
 the RRoSH < 3 during the 60 hours before, i.e. 
FLAG DOWN

00.23%



  

Phenomenon Probability

The occurrence of a seismic event ≥ 1.0 on-
shift

10.30

The occurrence of a seismic event ≥ 1.0 on-
shift if the RRoSH ≥ 4 during the two days prior – 
FLAG UP

36.97

The occurrence of a seismic event ≥ 1.0 on-
shift if the RRoSH < 4 during the two days prior - 
FLAG DOWN

02.52

Hazard assessment success 
rate: example case 2 - 2002



  

Australian mine: m2.3 
fault-slip event



  

Australian mine: EI, cum. 
apparent volume



  

Australian mine: Sc, cum. 
apparent volume



  

Australian mine: 
seismic activity



  

Conclusions

■We get more information from the 
seismic data ..

■Translate data into rock mechanics 
language

■Consider stability in term of stress, 
strain rate, turbulence, spatial patterns

■Last step is to integrate all this with on-
line numerical modeling
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