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Semi-natural  & artificial seismic excitations

• rockkbursts (from deep mining or reservoir seismicity)
• nuclear underground explosions
• distant conventional explosions (e.g. from quarries)
• close (to structure) explosions of underground ammunition storages
• pile hammering
• traffic ground motion etc.



Dominating frequency bands in various seismic effects



Rockburst induced 
ground effects 

• chain reaction of pillar bursts
• slipage on preexisting tectonic fault
• earthquake triggered on a nearby fault
• etc... 

See e.g. Johnston, Rockbursts from a global 
perspective, in: Induced Seismicity, 
edited by Knoll, Balkema 1992

Some of them are triggered directly by 
underground explosions, but the strongest 
occur randomly

may exceed ML=5
with hipocentral distance 1-3km
energy released may reach 10^10J

depth 1 to 3 km
deep 
mining



Modes of ground failure during rockbursts



How strong and 
how intensive 

can be a rockburst?



Polkowice, Poland  February 20th 2002 
Energy E=1.5×109 J, Richtera magnitud ML≈ 4.0,  MSK64=VI+



Polkowice May 21st 2006 
Energy E=1.9 ×109 J, Richtera Magnitud ML ≈ 4.3  MSK64=VI+



Kalgoorlie, Western Australia  21 IV 2010 –Richtera Magnitud ML =5.0



Stilfontain, South Africa, March  9th 2005
Richter Magnitud ML =5.3    MSK64=VIII

Couertesy of Dr Artur Cichowicz 
From the Council for Geoscience South Africa)



Seismological  clasification of rockbursts (Johnstone 1991)
a) type I – frequent, less intensive, similar to strong blasts,
b) type II – rare, more intensive (similar to shallow earthquakes,  
magnitude similar to strong, underground nuclear explosions)



Clasification of of rockbursts based on surface ground motion records 

after ZEMBATY Z., Rockburst induced ground motion - a comparative study, 
Soil Dynamics & Earthquake Engineering, vol.24, no.1, January 2004, pp. 11-23.

1. Type 1 (similar to blast effects)
Quite frequent (return period 1-3 months), short duration  1-2s, 
Rather high horizontal peak accelerations  PGA=200-
300cm/s^2  low velocities PGV<2cm/s), very low 
displacements  PGD=1-2mm 
almost no structural damages

2.    Type  2 (similar to shallow earthquakes)
Not too frequent (return period 1-2 years), longer duration  4-5s, 
Moderate PGA= 50-150 cm/s^2 
Higher peak ground velocites PGV=10-20cm/s
Higher peak ground displacements PGD=1cm

Peak Ground Velocities can serve as measures of 
rockburst surface intensity for both types of rockbursts while 
accelerations are often misleading
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Comparison of 
rockbursts 
type I and II like a blast like a shallow earthquake



Record of the strong type II rockburst May 21st 2006, Polkowice, Poland



1. Surface mine effects are monitored and forecasted

2. With the return period of 1-2 years one can expectrockbursts with high intensities

MM=VI (in LGOM basin Poland)

MM=VII to VIII in South Africa

3. One can easily record strong (!) rotations of MM VI to VII

using just well located 3-4 instruments in the areas

of radii 5-10km during 2-3 years

4. Strong rockburst areas are good test fields 

to acquire strong rtations

Conclusion:

MM=VI to VIII

Focus depth 1 to 3km
ML =4 to 5+

radius of  1 to 5km

strong near field effects



List of rockbursts:



List of rockbursts continued :



List of rockbursts continued:




