
Advanced Vibration Management™ - using Orica’s 
Monte Carlo Blast Vibration model 
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Abstract
The combination of innovative mine planning, blast hole design, accurate timing and 
some novel mining techniques will be used to reduce the blast-induced vibration by a 
massive 80% at points of interest outside a European quarry’s boundary.  This will 
then allow the quarry to access untouched reserves closer to houses and other 
significant points of interest, which otherwise would be effected by blast vibration. 

The key to achieving this reduction in vibration is being able to very accurately 
simulate the outcome of a number of mining scenarios without blasting.  Known as 
Advanced Vibration Management™ (AVM™), Orica’s Blast Based Services business 
has developed a process by which actual blast waveforms from the quarry can be used 
with the various mining scenarios and computer modelling to simulate, with a high 
degree of confidence, the actual outcome of the blasts in the area specified.  Many 
blast designs and techniques can be modelled, and the most effective vibration 
outcome is then adopted as the new blasting design. 

Using this design, the quarry will be able to demonstrate that they are able to mine 
with significantly lower vibration levels and satisfy their regulatory requirements. 

As this paper goes to print the quarry is preparing to fire the screen blast and test 
holes to validate the study’s predicted outcome. 

Introduction
The quarry management approached Orica in June 2005 seeking assistance to a long-
standing blasting vibration issues.  The major reason for the concern was the close 
proximity of the three main compliance locations.  Additional to reducing the blast 
vibration at the current face, the quarry also sought Orica’s assistance to reduce 
vibration in a new mining district west of the main quarry. 

The geology at the quarry was suspected as the major factor in the high vibration 
readings recorded.  The quarry and the compliance locations were located on a thin 
layer of limestone overlaying a thick layer of extremely competent basalt (whinstone). 
The basalt was the primary crusher feed material.  The basalt layer was largely 
massive, lacking faults and other discontinuities, which helped attenuate blasting 
generated vibration waveforms. 

After an initial site review Orica and the quarry management decided to deploy a new 
solution based service known as Advanced Vibration Management™, which has been 
used successfully in Australia for some time.  The service includes gathering data 
from a number of single-hole shots, which generate the seed blasthole waveforms. A 
proprietary Monte Carlo modelling program developed by Orica was used to model 
the behaviour of blast vibration using site-specific data.  This information has enabled 
Orica to test many different configurations of blastholes, charge weights and mining 
methods. The best solution is then developed from many iterations and changes to the 
blasting parameters. The selected blasting system included, creating a blast screen, 
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and unique delay sequence with accurate timing. The result aimed to produce blast-
generated vibration of less than 4mm per second at the points of interest. 

At the time of writing the paper, the firing of the blast screen was yet to take place. 

Advanced Vibration Modelling 
Orica’s Monte Carlo vibration prediction model was developed by Dr. Dane Blair 
(Orica - Senior Research Associate).  The model Dr Blair developed uses a variety of 
inputs as shown in Figure 1 below.  The inputs include the ground velocity from each 
signature blast hole to the point of interest, the initiation delay scatter, the blast 
design, and blast screening from previously blasted holes.  In this case the blast 
screening takes into account the vibration reduction that results from the blasted rock 
being in front of a detonating hole and therefore providing a screen, or dampener to its 
vibration.

Figure 1.  Monte Carlo model for blast generated waveform prediction 

The basis of Monte Carlo modelling of vibration is, to quote Dr Mike Noy (Orica’s 
Senior Research Physicist), “to simulate the vibration at a point of interest for a given 
blast design by linear superposition of a sequence of phase delayed single blasthole 
signatures”.  The output is in the form of a probability distribution for the likely peak 
vibration at the selected compliance location. 

The beauty of the system is that any number of strategies including hole design, 
timing and sequence can be accurately modelled with the site’s unique blast vibration 
waveform.  The use of site data provides the best opportunity to minimise vibration. 

Garbage in, Garbage out – “The Importance of Input 
data” 
An accurate prediction with the Monte Carlo model is entirely dependent on the 
accuracy of the input information.  Of most importance is the precise recording of the 
single blast hole seed waveform records.  These produce the unique site signature that 
determines the shape of the predicted vibration waveform at the point of interest. 
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In this study, sensitive Texcel micro-monitors were coupled to external PCB type 
accelerometer vibration sensors. An array of 5 g and single 0.5 g triaxial 
accelerometers were triggered using a wire break initiation.  This enabled the 
monitors to be triggered as the primer detonated providing the complete capture of the 
generated blast waveform.  By knowing the exact time of detonation and the exact 
distance from the monitor to blast hole, a very accurate P wave ground velocity could 
be calculated. 

Accurate recordings of the seed waveforms are dependant on the strong coupling of 
each accelerometer to the ground.  The team used two techniques to achieve this; one 
where the accelerometer was bolted to a circular disk that was in turn bonded to an 
outcrop of rock using epoxy cement, and the second where the accelerometer was 
bolted to a cylinder carefully inserted and compacted into the ground.  Blair (1995a) 
was able to show that if care was not taken in ensuring the strong coupling of 
accelerometer to the mount, and the mount to the ground, then significant errors could 
occur within the recorded vibration waveform. This awry waveform would then affect 
the rest of the blast modelling process. 

Results to-date 
At this point in time the model inputs have been calculated and the Monte Carlo 
model has been created and calibrated.  These inputs included (amongst many) the 
single hole site law and the calculation of the local P Wave ground velocity.  These 
are shown below in Figures 2 and 3 respectively 

Figure 2.  Single hole site laws for the various points of interest. 
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Figure 3.  Local P-Wave ground velocity measurements at the quarry. 

Blast Vibration Modelling 
Various scenarios have been developed and evaluated using the Monte Carlo model.  
These included blast screening techniques, mining sequence, blast design including 
charge weights and decks.  The selection of blast hole initiation timing was an 
important factor to consider. 

Delay scatter within the detonator can influence the resultant vibration as overlap 
between blasthole initiation times can occur.  Conventional delay element detonators 
have too much delay scatter to be used in this solution, therefore have been replaced 
by using Orica’s highly accurate i-kon™ electronic blasting system.  This allowed the 
use of much quicker hole-to-hole intervals, without any risk of initiation overlap that 
is possible with conventional pyrotechnic detonators. 

The result of the model and the multiple iteration of designs, is a blasting solution 
combining a series of blast screens and accurate timing using the i-kon™ electronic 
blasting system. 

After 1,000 simulations the predicted waveform had a mean vibration level of 3.1 
mm/s with a standard deviation of 0.4mm/s at the main point of interest.  This is 
shown in Figure 4 below. 
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Figure 4.  VPPV Histogram at point of interest 

The modelling also predicts the waveform and predicted envelope using data from all 
of the 1,000 simulations performed.  This is shown in Figure 5 below. 

Figure 5.  Predicted waveform and maximum envelope for 1,000 simulations. 

Conclusions
Orica has a unique capacity through its Advanced Vibration Management™ service to 
significantly reduce the vibration effects of blasting. AVM™ has been used 
extensively in Australia for many years to great effect and is now available to 
European quarry managers. The need for this service is increasing as urbanisation 
encroaches on quarries, restricting their ability to operate. 

Vibration restrictions also limit the mineable quarry assets, and consequently an 
improvement (read reduction) in blast vibrations would thus effectively increase those 
mineable assets for the quarry operators, a very valuable outcome in an environment 
of increasing urban encroachment and sensitivity to blasting operations. 

It has been shown that if site-specific data can be carefully gathered from a quarry, 
then a vibration model can be built and calibrated. The model can then be used to 
develop a blasting strategy that can be tested and ultimately implemented. 

At the time of printing, implementation of the discussed blasting strategy is scheduled 
to start in late February 2005. 
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