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Series Firing of Electric Detonators

Teruhiko Suzuki, Kazumoto Yamamoto, Yasutosi Wasio

It is said that the excitation time and the
breaking time of bridge wire of electric
detonators are normally distributed at any
given current.

Measuring these times, we confirmed thro-
ugh our experiments that each distributions
are normal, then obtained mean excitation
time and breaking time of bribge wire and
their variances to compute the probability
of miss fire at series firing of electric deto-
nators by means of Monte Carlo method.
Now, if the excitation time X and the
breaking time of bridge wire Y comply nor-
mal distribution N(ge=, %), N(py,0%) respe-
ctively, miss fire should occur at series firing
of n clectric detonators whenever following
equation is given :

{ max X; > min
1sksn 1sksn

The probability of miss fire a is written as

"

Probability of miss fire

-1-0 d

Oow % Y ;m -
- Cartont - (az3)
Pig ¢
_ max X; > min Y,
a=P (| 2px A 2 I, T
=P { max X: — min Y.>0}
“fr\sksEn 1sksn

So a is the function of the firing current

and the number of electric detonators and
the result is shown in above figure.
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Table t Conditions of experiment

Blast | Charge Delay Trace 1 Trace 2 Trace 3 Trace 4
No. weight time . compo- N compo- . compo- - compo-
distance nent distance nent distance nent distance nent
kg msec m m m m
1 0.9x4 0 1 Vertical 3 vertical 5 vertical 10 vertical
transve- transve.
2 ” 30 10 ” 10 Ise " " 5 rse
3 " 10 " " " " " " " "
4 ] 200 " " " ” " ” n "
5 " 0 " " " ” " ” " "
6 " 10 " ”n " ”n " ” ] "
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Fig. 3 Examples of seismo grams
of experiment

(5) instantaneous blasting

(6) 10msec blasting

(2) 30msec blasting

(4) 200msec blasting
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Table 2 Results of simultaneous and

delay blasting
] [ Vibrations
Bt No. | Dy e ey e

msec]
{ 1.00 1.00
9 30 0.17 0.30
3 10 0.09 0.16
4 200 0.27 0.21
5 0 1.01 1.00
6 10 0.10 0.21
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Fig. 4 Superposition of vibration based
on interference theory

(4) single blasting
(1) instantaneous blasting

(5) s
(3) 10msec-delay blasting
(6) 2

(2) 30msec-delay blasting
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Table 3 Blasting conditions for scismograms in Fig.8

Delay Charge Weight
Record | oo
1 2 ' 3 4 5 6 7 8 total
msec kg
a 200 3.3 1.5 1.5 2.3 2.5 1.4 2.2 2.2 16.9
b 30 4.0 1.5 2.3 2.4 2.4 1.0 1.0 2.0 16.6

¥, WEBE, v 27y A ICETLHOEV S—
4HRR) T OBhEBH (BHRGET. Scps) AL

Table 4 Recording conditions for
scismograms in Fig. 8

trce | Ppimee | T e o
shot point | shot point geophone

1 10m 55m ground
2 110 59 floor
3 80 62 ground
4 155 57 floor
5 T 155 57 ground
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Fig. 8 Seismograms of routine blasting operations

a) 200msec-delay blasting
b) 30msec-delay blasting
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Ground Vibrations from Millisecnod Delay Blasting

by K. Nawa and H. Honda

The investigation deals with a theoretical
and experimental treatment concerned with
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the reduction of ground vibrations in the
case of millisecond delay blasting.



The result of the analysis of seismograms
in the experiment shows that the mechanism
of the reduction of ground vibrations can be
interpreted by the interference theory (Fish,
Langefors et al, etc.) and not by the divison
theory (Hartmann et al, Leet (1960)., etc),
or the decoupling theory (D’Anselm, Deffet et
al,, Leet (1949), etc.).

The interference theory can be transformed
in the frequency domain. In this case, the
reduction ratio of ground vibrations, which

are assumed to take sine-wave form, is:

K(w)=fz=:"n' C™ exp (—jwide)

where C; is the charge weight of the ith
shot, 4t is the delay time botween shots, @
is the angular frequency, and m is a const-
ant. The reduction ratio increases with the
decrease of 4t or the increase of N.

The theoretical K(w) agrees with the K(w)
calculated from experimental seismograms. In
routine operations, this theory is also effecti-
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