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ELECTRONIC DELAY CIRCUIT

IGNITION CURRENT

SVITCHING CIRCUIT

== I I T o
Fig. 1 Block diagram of EDD.
Table 1 Delay time date.
E DD Pyrotechnic detonator
Nominal Average | Standard | 30/x } Nosminal Average | Standard 30/x
&5 e |0 | 103 | (o o | %" | oo's
20 19.74 0.23 3.19 20 19.63 1.54 23.47
10 39.88 0.44 - 3.31 40 40.64 3.07 22.69
100 99.67 0.84 2.53 100 100.82 3.09 17.52
200 199.02 1.04 1.57 200 205.84 7.63 11.12
500 503.82 1.33 0.79 500 4517.25 11.59 7.6t
1000 999.70 3.70 1.10 l900 1090.0 48.50 13.30
Table 2 Properties of EDD.
Test itees Test conditions Results
Valer proofness 20 kg/ca? , 5 hours good
Static-electricity 2000 pF , 25 kv non destructive
Drop impact 1.5 a, 250 rounds non destructive
Vibration shock 50 gal , 40 Hz , € hours non destructive
Thersal shock -30C+—+20C+-—80T . 10 cycles good .
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Table 3 Evaluation method of vibrations and airblasts.

For Structure

For Human

Vibrations

Peak particle velocity

Vibration level

Airblasts

Peak sound pressure level

Sound expousure level

| vibration velocity pick up 0C Amplifier

(NEC SANEI 6L02)

(1MY VP3131D)

(TEAC MR-30)

ﬁou frequency sound level seter =
(RION NA-1T)

Fig. 2 Block diagram of mesurement.
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Single hole shot
waves measureaent

Input of single hole
vaves from data Tecorder
to computer with A/D
converter

Prediction of production

Production shot waves
measureaent

I Production of EQQAJ

Selection of the optimum

shot waves from single
hole vaves vith computer

delay tice and shot design

Fig. 3 Schematic diagram of prodBuction shot waves prediction and control system.
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Fig. 4 Seismograms recorded for three different charge weigths at two locations.
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Vertical vibration

predicted

measured

Sound pressure level

predicted

measured

A

Fig. 5 Comparison of predicted and measured seismograms and air-
brasts for a five hole shot with 20 ms intervals.

Table 4 Comparison of predicted and measured values for three five hole shots.

Vibrations Airbrasts
Peak particle Vibration level Peak sound pressure Sound exposure
Delay time velocitly (kine) (dB) level level (dB)
Bs
Predicted |Measured {Predicted|Measured |[Predicted|Heasured |[Predicted|Measured
20 0.296 0.336 66.6 66.2 102.1 101.5 9.7 88.7
( 88.1) (100.6) (100.6) (103.4)
35 0.301 0.301 65.6 66.6 99.2 97.2 87.1 85.1
€109.0) ( 98.5) €102.1) (102.9)
50 0.296 0.368 67.0 67.1 99.1 99.6 88.1 86.9
 80.4) ( 59.9) ( 99.5) (101.4)

IREEOEL2ENKEL, FENERETODE
REFERL TETLE, 4, RAREREOMKE
FitrMEIR2HEYELILEND S,

5. REES - *EXRB

SEMZ L-REIRE - HTOTFREXRFEICESE,
R ARABEILNIC 3 TERRR LT~ OB
HTixfEk Table 5 KR+ RBERH CDSTLABH O
1, 3, SE¥ix2, 4, 6, BxAVCCRYH 3
~4REAERL, 2ILEECARYTH->TV 3, £
ZTR~x1, EDDEF o 2% 4 — % OFR L TR
B8 - FOBRRROCRRFIMAOEMR LRI,

5.1 HRBEREER

FFFRC LB BRBERONELT >, 4EIX

Kdgyd Kayaku, Vol. 49, No. 6, 1988

FodFr—CbBALTERETIEVITLT,
Table 62"+ RgaRat ¢, LEBE TERIZ600ms DR
ﬁ&&&wrm%&%omt&ﬁagoinﬁﬁm?
» ¥ F ¢ — VRAIC L 3 BEBRE XS i, BT
RERH COMBEBONEY Totc, #&R% Table
TICRT, CORREABBRITIE, hi-TTF s+
F = CERACEINRBRUCERETRCKEL
2 TEY, FoddFe—CILLHEY)ORRRIIC
5 BRSO, COFERE LT3, HF
REVERRCERBETFORECKE(HELT3
BN, COBABRTT 25+ -2t X3%
R+ 30RBTHLLELBRS,

5.2 BIEPHERINET

—371—



Table 5 Laying out of conventional blast.

lole depthlinctination|Hole diameler{ Burden | Spacing Explosive Detonator
18.5m 70 ° 165.0 om 650 | 7.00 Column charge,ANFO 175 kg Ds-1,3,5 or
each hole Ds-2,4,6
Table 6 Laying out of EDD blast.
Hole depth|inclination|Hole diaceter| Burden | Spacing Explosive Detonator
18.5 m 70 ° 165.0 o 6.5 n 7.0nm Deck charge,ANFO,Upper 37.5 kg E0D
Bottom 112.5 kg cach hole
Table 7 Results of single hole shot measurment.
Laying out of blasting [Dist.from Peak particle Peak sound pressure
face (o) velocily (kine) |level (dB)
Convenlional blasting, 100 1.034 128.0
130 0.435 122.9
E0D blasting with 100 1.200 130.5
dech charge 150 0.525 127.6
Table 8 Optimum delay times and results of prediction.
Subject of |Optirua delay predicted values
reduction |tioe (ams)
Between|Between Peak particle Yibration level |Peak sound pressure| Sound exposure
decks |holes velocity (kine) (C1)) tevel level (dB)
Vibration 15 20 1.228 80.5 140.5 128.0
Airbrast 30 50 1.868 90.9 190.3 125.6
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Table 9 Results of reduction confirmation test.

Laying out of Dist. Vibrations Airblasts
brasting from
face Peak particle Vibration level IPeak sound pressure| Sound exposure
(e) velocity (kine) (d8) level (dB) level  {dB)
Conventional 100 2.000 86.7 141.7 128.4
Conventional 100 2.628 88.3 143.7 126.1
EDD for vibration 100 1.031 79.8 144.4 128.8
reduction (1.228) (80.5) (140.5) (128.0)
EOD for airblast 100 2.017 89.5 138.9 125.7
reduction (1.868) (90.9) (140.3) (125.6)
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Prediction and Control of Ground Vibration and
Airblast from Bench Blasting Designed with EDD

by Masaaki YAMAMOTO®*, Kiyoshi ICHIKAWA*

The development of high accuracy delay detonator have enabled to blast with precision
timing. We have developed a method for predicting ground vibrations and airblast from
bench blasting designed with electronic delay detonator (EDD), one of the high accuracy
delay detonator.

In this method, single hole shot waveforms are superposed with various delay intervals
based upon linea superposition, and the optimum delay interval is selected accordance with
predicted results.

In this report, the reliability of this method was tested and the following conclusions
were obtained.

1) It is possible to predict ground vibrations and airblasts from production shot by
means of linea superposition.

2) Itis possible to control ground vibrations by means of EDD and predicted op-
timum delay interval.

3) More developments about blasting method are necessary to reduce airblasts.

4) There is a good possibility that EDD and predicted delay interval will produce
good fragmentation.

(*Industrial Explosives Section, Explosives’ Laboratory, Asahi Chemical Industry

CO., LTD., 304 Mizushiri, Nobeoka-shi, Miyazaki, 882)
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