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Table 1 Composition and performances of sample explosives A.
Sample ComPOSi(t::tl;)f Sample [;nitifll Ds(teigl‘ag?;n Shock Wave| Bubble | Ballistic
Explosives ensity Energy Energy [Mortar Value
Emulsion | Ajuminium [Microballoon (8/c) | sirmg | 50mmg | MI/K8) | (MITke) | (FTNT)
A-1 98. 86 0 1.4 1.10 | 3390 | 4190 0.80 1.95 110
A-2 94.15 4.76 1.09 1.14 3390 | 4170 0.90 2.10 120
A-3 79.90 20.00 0.91 1.22 | 3360 | 4140 1.08 3.30 135
A-4 56.91 33.33 0.76 1.38 | 3100 | 3860 1.19 3.90 130
A-5 56.90 42.86 0.65 1.47 | 2890 | 3750 1.09 4.35 98
A-6 49.43 50.00 0.57 1.55 | 2690 | 3610 0.87 4.32 87
Average particle size of aluminium=30gm
Particle size of microballoon= 400~500¢m
Table 2 Composition and performances of sample explosives B.
Sample Composition of S_a““"e (wt3%) Initia Dytonation | Shock Wave| Bubble | Ballistic
Explosives| Emulsion Microballoon Density (m/s) Energy Energy {Mortar Value
Matrix [~ 5 B C (8 /c) 25am | 50mg (MJ/kg) | (MJ/kg) | (%TNT)
B-1 99.60 | 0.40 | - - 1.10 | 5100 | 5320 0.78 1.68 109
B-2 99.10 | 0.16 | 0.74 | — 1.10 | 4110 | 4690 0.80 1.85 109
B-3 98.86 - L4 | - 1.10 | 3390 | 4190 0.80 1.95 110
B-4 99.24 - 10.32]0.44 1.10 | 2620 | 2790 0.79 1.98 110
B-5 99.37 - - | 0.63 1.10 1630 | 2520 0.82 2.00 110

Particle size of microballoon A= 15~40pm
Particle size of microballoon B= 400~500zm
Particle size of microballoon C= 1500~2500%m
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Fig. 1 Schematic diagram of blast noise measurements.
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Fig. 2 Typical waveforms of sound pressure and frequency spectrum of low
frequency blast noise for sample explosives A.
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Fig. 3  Correlation between sound pressure level

and bubble energy for sample explosives A.
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Fig. 5 Typical waveforms of sound pressure and frequency spectrum of low
frequency blast noise for sample explosives B.
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Table 3(z) Multiple regression analysis(blast noise) .

Vorables | coutbeient " | ogremmoneoeticient | tvalue
Eb 4.3833 1.0467 33. 546%
Es 0.0903 0.0030 0.099
Dv 1.8691 0.3763 18. 351 %%
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Table 3(b) Variance analysis(blast noise).

: Sum of Degree of Unbiased Variance
Fluctuations squares fregsom variance ratio
Regression 189. 459 3 63.153 889. 697X
Residual 0.426 6 0.07098
total 189. 885 9
Table 3(c) Correlation coefficient (blast noise).
Multiple correlation coefficient 0.9989
Coefficient of determination 0.9978
Multiple correlation coefficient 0.9983
adjusted for the degree of freedom :
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Table 4(2) Multiple regression analysis (low frequency blast noise) .

Predictor Partial regression standard partial
variables coefficient regression coefficient t value
Eb 4.5977 1. 0657 20. 774%6%
Es —0.6953 —0.0222 -0.448
Dv 1.7525 0.3424 10. 143
Table 4(b) Variance analysis(low frequency blast noise).
. Sum of Degree of Unbiased Variance
Fluctuations squares freedom variance ratio
Regression 209.324 3 66.775 326. 9470
Residual 1.225 6 0.20424
total 201.549 9
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Table 4(c) Correlation coefficient(low frequency blast

noise).
Multiple correlation coefficient 0.9970
Coefficient of determination 0.9939
Multiple correlation coefficient 0.9954
adjusted for the degree of freedom

Table 5 Performances of sample explosives C and comparison between calculated
and measured blast noise and low frequency blast noise.

S, | Do | shokppae | Bty Fatan | SRR
mmg(m/s)| (MJ/kg) | (MJ/k&) [ Calculation [Measurement | Calculation |Measurement
C-1 2520 0.76 2.30 117.1 117.0 115.2 115.3
C-2 2780 1.08 2.4 118.0 117.9 115.7 115.8
C-3 6000 0.85 1.98 122.3 122.0 119.8 119.6
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Correlation between blast noise and performances of explosives
Blast noise by plaster shooting

by Koichi KUROKAWA®*, Kenji HASHIMOTO*, Minoru KAWAMURA*
and Yukio KATO*

It is not known the correlation between blast noise and performances of explosives ;
for example, shock wave energy, bubble energy, detonation velocity and ballistic mortar
value etc.,

We used two types of sample explosives. One is an aluminized emulsion explosive whose
bubble energy is varied from 1. 95 to 4.35MJ/kg and other performances are maintained
nearly constant. The other is an emulsion explosive with microballoons of different size
whose detonation velocity is varied from 1630 to 5100 m /s and other performances are
maintained nearly constant. We measured the blast noise caused by plaster shooting of sam-
ple explosives, and investigated the correlation between blast noise and performances of ex-
plosives.

It is shown that blast noise has the strong correlation with bubble energy and detona-
tion velocity. Blast noise increases proportionally with the increase of bubble energy and
detonation velocity. For example, blast noise is increased 9.5 dB (FLAT) and low frequen-
cy blast noise is increased 9.7 dB (SPL) when bubble energy is increased from 1.95 to 4.35
M]J/kg . Both blast noise and low frequency blast noise are increased 4.8 dB (FLAT, SPL)
when detonation velocity is increased from 1630 to 5100 m /s. Blast noise has no correlation
with shock wave energy.

As a result of multiple regression analysis, it is shown that the degree of effect of bub-
ble energy is about three times greater than that of detonation velocity, and shock wave
energy does not affect blast noise. It is shown that the correlation between blast noise per-
formances of explosives is also applicable to gelatine dynamites.

(*Chemicals & Explosives Laboratory, Nippon Oil & Fats Co., Ltd.

82 Nishimon, Taketoyo-cho, Chita—gun, Aichi-ken 470—23)
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