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SPECIAL REPORT - DRILL & BLAST

FLYROCK PREDICTION

— FROM MYSTERY TO SCIENCE

When planning blasts, flyrock remains one of the most erratic factors in the explosives process.
John Butchart examines the predictive models that are available for estimating flyrock travel and
recommended clearance zones.

lyrock has always seemed
Funpredictable. One day nothing,

the next day a shower of travelling
stones. Traditionally, flyrock prediction and
the setting of exclusion zones has been a
dark art practiced by experienced shotfirers,
using mysterious methods and perhaps a
crystal ball.

Over the past 20 years, the art of flyrock
prediction has been de-mystified and
converted into science with the development
of models to estimate flyrock exclusion
zones. This science was discussed in Quarry
in November 2006 but it is probably time
to revisit the science and look at the latest
trends,

There have been various flyrock prediction
models proposed. For the most part, these
have been based on trajectory theory.

TRAJECTORY MODEL OF FLYROCK
The trajectory model proposed by Workman
and Calder (1994)@ was as follows:

L= (MZxSined)/audi)

where L is the horizontal throw of
flyrock,
in metres.
V, is the launch velocity in
metres/second.
0 is the launch angle from
horizontal, in degrees.
g is the gravitational constant, in
m.s2

This formula ignores drag, which is a
reasonable approximation in the range of
launch velocities commonly found with
blasting. Drag becomes a significant factor
when approaching supersonic velocities,
but is difficult to model due to the need
to assign a coefficient of drag to a large
number of irregular rock fragments.

As the sine function is greatest when the Flintstone Mining Services imports blast mats for use in urban blasting and sensitive areas.
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Figure 1. Graph showing the effect of blast hole diameter on recommended clearance radius.

TERROCK FLYROCK MODEL
Richards and Moore (2004)® of Terrock
Consulting Engineers in Eltham, Victoria,
combined formulae (2) and (4) above to
produce the Terrock Flyrock Model:

angle is 90° (Sin 26 = 1.0), it follows that
flyrock travel is furthest when the launch
angle 8 is 45°%

where Lmax is the maximum horizontal

flyrock throw, in metres.

This formula also ignores the elevation
difference between the launch site and
the target receptor, so it is reasonable to
improve the formula by adding +/- H:

This again ignores elevation difference, so
we may modify it accordingly:

Lo = (Kizg)x{mts /8 4L H (6)
Richards and Moore found that K varied
from blast to blast, but was generally not
more than 27 in competent rock. If we adopt
this value, we can simplify (K?/g)toa
numerical constant of 74.39, giving us a
working formula as follows: g

L=V 3Gy H @)

where H is the elevation difference
between launch and landing sites, in
metres.
This formula assumes the trajectory
is at 45° in a straight line, which is not
quite accurate, but is again a reasonable
approximation which aids in simplicity
without introducing significant error.
Workman and Calder (1994)® also
proposed a methodology to calculate launch
velocity. This model used a scaled burden
approach:

‘ x(ms/ B {4

where Kis a site constant which must
be

L= 7430 x{ M8 PS+EH (7)

This working formula assumes that K =
27. Although this is a reasonable starting
point for initial estimations, it must always
be remembered that K is a site constant,
and must be verified independently for each
new site by empirical measurements. The
final part of the Terrock Flyrock Model is the
clearance zones. Terrock recommends an
equipment safety radius of 2x L, and a
personnel safety radius of 4 x L. For the
rest of this article we will ignore the less-
restrictive equipment safety radius and
concentrate on the personnel safety radius.
The Terrock Flyrock Model was presented by
its authors in Quarry in 2006™.

Using a computer-based spreadsheet,
formula (7) can readily be turned into a table
and graph, using 89mm holes charged at a
density of 1.2g.cm™®;

determined empirically.

m is the charge mass per metre
of blasthole, in kilograms.

B is the burden thickness or
stemming depth, in metres.
M°#/ B is known as the “scaled
burden”
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Table 1: Flyrock table — Bulk emulsion in
89mm holes. For 8mm holes with column
charge of 7.5kg.m", and no elevation
difference.

Burden \ um
thicknes
stemming
depth

Ratioof i
blasthole flyr:
diameters tr

Recommended

To see the above table plotted as a graph,
refer to Figure 3 on page 17.

ROLE OF STEMMING AND BURDEN
It can be seen from the table that flyrock
travel starts to increase greatly once
stemming or burden get below about 40 blast
hole diameters. Indeed, this is a good rule of
thumb for urban or close-proximity blasting
situations, and allows a clearance radius of
about 150 metres, assuming flat ground.

Australian Standard AS2187.2 Explosives
— Storage and use - Use of explosives
recommends that stemming should be at
least 25 times the hole diameter. From Table
1, it can be seen that this would require a
clearance radius of over 500 metres. The
AS2187.2 recommendation should be taken
as a minimum, and be reviewed in terms of
actual site conditions.

The 40 x diameter rule and the 150m
clearance radius apply regardless of hole
diameter, as shown by the bold nurnbers in
Table 2. To see Table 2 plotted as a graph,
refer to Figure 1 above.
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Figure 2. Graph showing the effect of stemming on clearance radius, and the reduction achieved by using

blast mats.

Blast mats are constructed from steel-belted treads of used car tyres, woven with steel cable.

Table 2. Effect of hole ratio on clearance
radius. For blastholes with column charge
of bulk emulsion @ density 1.2g.cm™ and
no elevation difference.

Burden
thickness

102mm
hlastholes

89mm
blastholes
or
stemming
depth
(metres)

Clear
Hole ance

Clear

Hole ai Hole ance
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In some older textbooks there are
references to stemming depth being at least
20 times the hole diameter. This refers to the
minimum amount of stemming necessary
to contain the explosive gases long enough
to do useful work. It was never intended as
a flyrock mitigation recommendation, and it
isn't.

As can be seen from the above table,
stemming that is only 20 x hole diameter
requires a clearance zone of over 900
metres, which can be achieved on most
mine sites but in very few quarries.

BLAST MATS AS ADDITIONAL
PROTECTION

Adopting a stemming depth of 40 x hole
diameter can lead to excessive oversize

in the stemming zone, with secondary
breakage costs. This can be overcome by
using blasting mats as a secondary form of
protection, to replace some, but never all,

of the stemming. There are many types of
blasting mats available, made variously from
woven rope, woven steel cables, rubber
conveyor belt, plate steel, or woven tyres.

Blast mats supplied by Flintstone Group
Australia are made from the steel-belted
treads of used truck tyres, held together in
two overlapping layers by interwoven steel
cables.

These rubber tyre tread mats weigh at least
60 kg.m? and come in sizes up to 6m x 3m.
A typical mat will weigh between 400kg and
1200kg.

To quantify the effectiveness of a blasting
mat, it is useful to look at its equivalence
in stemming, ie how much the stemming
column can be shortened with a layer of
blasting mats on the surface.

Flintstone Group recommends that, as a
conservative estimate, divide the unit weight
of a blasting mat per square metre by 80
to derive the stemming equivalence. For
example, a mat weighing 60 kg.m? would
have a stemming equivalence of 60/80,
or 0.75m (750mm). For a given stemming
depth, this can halve the recommended
clearance zone, or more:

Table 3: Effect of blast mats on clearance
radius.
Burden

89mm hol ith emulsion

thickness @ 7.5 kg/m charge

or Equiv- Re-
stemming
depth
(metres)

Layers alent d
of blast stem- Clear:
mats ming ance

Hole Clearance
ratio radius

To see Table 3 plotted as a graph, refer to
Figure 2 above.

Similar tables can be constructed for other
hole diameters and other column charges,
but the message is the same: blasting mats
as recommended by the Australian Standard
can reduce the recommended clearance



SPECIAL REPORT - DRILL & BLAST

cEVERIEE S

Quarry February 2014 17




SPECIAL REPORT - DRILL & BLAST

A typical blast mat weighs about 60 kilograms per
square metre.

zones, and reduce the risk of an unwanted
and possibly tragic incident.

A final word of caution: these predictive
formulae are based on measurements
of worst case scenarios of flyrock throw: #
Flyrock is notoriously inconsistent and a
prediction of 200m does not mean that
flyrock will travel 200m from every blast.

Worst case occurrences generally
happen when a blast hole intersects a
fault zone or is collared in broken rock
which has been fractured during previous
blasting.

It is easy to use an observational
approach and keep on incrementally
reducing the stemming.

This might work for dozens of blasts,
and then there will be that one rogue blast
hole that proves the formulae correct. It
only takes one hole to-create enough wild
flyrock to create a possibly tragic situation,
and at the same time risk the loss of the
quarry licence, the shotfirer's licence and
the company's insurance policy.

The science for predicting flyrock travel
is there and we should all be using it. With
the available knowledge, there is simply no
excuse to prefer mystery over science, *

John Butchart is technical director of
Flintstone Mining Services Pty Lid.
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