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Summary

This paper shows a statistical method of calculating
the risk of throw in rock blasting. The method is
based on the fact that a round gives a certain distri-
bution with distance of the blasted rock masses. By
extrapolating to greater distance it is possible to

calculate the probability of flyrock in each area.



Introduction

In earlier papers /2, 3/ the maximum throw of flyrock
versus boulder size and borehole diameter was calculated.
This result is shown in fig. 1. In reality, however,

this is not exactly true as there is always a small pro-
bability that some boulders will be thrown a longer dis-
tance. In the following a method is described where it is

possible to calculate this probability at long distances:

Statistical Distribution

When a round is blasted the rock mass is thrown away in
different directions (mostly forward). The rock mass is
in this way distributed radially following a mathematical
distribution function (see fig.2). Let us assume that

the distribution follows the Weibull function

-(R/R)™
S = 1-e (1)

where Ry and m are parameters,S is the cumulative distri-
bution of the rock and R is the distance from the round.
Fig. 3 shows experimental values of the distribution from
a blast in a 1" hole with the specific charge of 0,87 kg

dynamite per cubic meter rock blasted /1, 2/.

Fig. 4 shows the cumulative distribution of the boulders
(indicated o) and the Weibull distribution fitted to the
experimental values of using the least square method. As

seen from the figures the correlation is extremely good.

The probability that one particular boulder should fall
inside the distance R is given by (1), where Ry=15.309

metres and m=1.056.



The probability that N boulders all should fall inside
R is consequently
m_N

N

-(R/R )
S = [l—e ©

(2)

and the probability that one or several boulders will

fall outside R becomes
S, = 1-8 (3)

Fig. 5 shows logSR versus R where N has the parameter
values 1, 10°, 100 and 10°.
‘The probability that a boulder will fall between R and
R + AR is according to (1)

m-1

m
ds = o (R/RHT m (R/R) AR (1)

ar Ro
From this we can derivate the probability that one
or several boulders should fall in the area between
R and R + AR

This gives for AR = 1

m e—(R/RO)m]N (5)

= m-1
s, = 1 - [1-(r/RH™ T E

1 o

Fig. 6 shows this relation for the same values of Ry, m

and N as in fig. 5.

If we finally assume that the boulders are equally distri-
buted in all directions we can calculate the probability
of a boulder to fall within a certain area for example

one sqguare metre.

The probability for one particular boulder to fall in

this area is 7%? %% - 1. The probability for the boulder
to fall outside the area is 1- §%§ g% and the probability

that one or several boulders should fall in the area is



1 m-1 (6)

_ R,y . m
Sp = 1- [1- =% (ﬁo) R

.e—(R/Ro)m]N
TR

o

Fig. 7 shows the probability for some boulders to fall
within a square metre with the number of boulders as a
parameter, and as before Ro = 15.309 metres and m = 1.056.
As comparison some probabilities of causes of death per

year in Sweden are seen in the figure.

'In most cases the distribution, as in fig. 3 is different
in different directions, whereas this has to be taken

into account when calculating the probability.

Earlier works (see fig. 1) has given the maximum throw

from a 1" bore hole to 260 metres. From the present work
we get from (3) and fig. 5 the probability for a boulder
to fall outside 260 m to be 1/10°°
for a boulder to fall in the area of one square metre to
1/10%3.,

If we however calculate with 109 boulders in a certain

, and the probability
These are very small risks.

period, for example one year, the probability that some
boulders will fall outside 260 m is 90% and the probabi-
lity that one or several boulders will fall in the area
of one square metre is 1/8900. This is still a smaller
risk than being killed during one year?®s car driving
(1/6000) but would probably not be accepted by people

working or living in the area.

Conclusion

It is a common practice to define a safe area where no
risk of flyrock exists. I believe that such an area exists
but this safe distance may be so long that most blasting
work become impossible. By calculating the risk, however,
we can compare with other risks and costs and are in this

way able to decide a 1limit where the risks could be accepted.
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Fig. 1. Calculated maxium throw versus boulder size and
borehole diameter as a parameter. /3/.



Fig. 2 Distribution of the rock mass after blasting.
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Fig. 3 Throw from blasting in a 1" borehole
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Fig. 4 Accumulated number of boulders versus distance in
metres.
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Fig. 5 The probability for one or several boulders to fall
cutside R with the number of boulders as a parameten
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Fig. 6 The probability for one or several boulders to fall
within R and R+1 with the number of boulders as a
parameter,
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Fig. 7 The probability for one or several boulders to fall
in the area of one square metre. For comparison
some other probabilities are shown in the diagram.
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