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Effect of Incomplete Detonation of Explosives
on its Underwater Explosion Characteristics
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Abstract: 1In a2 mx2 mx2 m water tank,two detonation methods were used to conduct underwater explosion ex-
periments on 2.5 g,5 g and 10 g cylindrical TNT charges. The pressure-time history curves with corresponding respon-
ses of shock wave and bubble pulsation under different working conditions were obtained. The experimental results
showed that when the main charge was detonated by an electric detonator,the explosive was not completely detonated,
and the peak pressure of the shock wave was less than the theoretical value calculated by the empirical formula, with
the average error of 25.92% among them. After the main charge detonated by an electric detonator and a booster grain,
the explosive was completely detonated ,and the average error between of the peak shock pressure obtained from the ex-
periment and the empirical formula was reduced to 4.37% ,which was relatively stable overall. Comparing the data of
the two detonation methods, it is found that when the explosive is not fully detonated,the bubble pulsation period and
the maximum bubble expansion radius are reduced,and the peak wave pressure,shock wave energy and bubble energy

are decreased obviously,but the effect on the peak pressure of bubble pulsation is not obvious.
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Table 1 Size of explosives

Kegh Mik/g ®E/(g - em ™) HAR/mm HE/mm
2.5 11.5
TNT 5.0 1.654 15.0 18.0
10.0 20.4
experimental
0.3,4x0.1, 0.3 holder _3:2_
\
-=q4-Frt{---1t-----------1 cold light source
of LED
<
o high-speed camera
el 03 __~
D S . ~
pressure explosive
sensor charge
| 2.0 |

B SEB0e v s PP (B 2 m)

Fig. 1 Schematic diagram of experimental equipment( unit;m)
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Table 2 Experimental arrangement

P MR YR (Rt g AR B/ m

1 2.5 - 0.3/0.4/0.5/0.6/0.7
2 2.5 - 0.3/0.4/0.5/0.6/0.7
3 2.5 - 0.3/0.4/0.5/0.6/0.7
4 2.5 - 0.3/0.4/0.5/0.6/0.7
5 2.5 - 0.370.4/0.5/0.6/0.7
6 5.0 - 0.4/0.5/0.6/0.7
7 5.0 - 0.4/0.5/0.6/0.7
8 10.0 - 0.4/0.5/0.6/0.7
9 2.5 0.3 0.3/0.4/0.5/0.6/0.7
10 5.0 0.3 0.4/0.5/0.6/0.7
11 10.0 0.3 0.4/0.5/0.6/0.7
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Fig. 2 Pressure histories measured by sensor
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Fig. 3 Pressure histories of shock wave
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Table 3 Error between experiment and empirical formula of P,

SEH, ZRA L e 1]

g wm KRV EER wem (L
0.3 16.08 21.38 24.79
0.4 9.91 15.45 35.86

1 0.5 7.96 12.01 33.72 31.16
0.6 6.67 9.77 31.73
0.7 5.77 8.21 29.72
0.3 15.40 21.38 27.97
0.4 11.05 15.45 28.48

2 0.5 8.60 12.01 28.39 27.55
0.6 6.91 9.77 29.27
0.7 6.27 8.21 23.63
0.3 14.21 21.38 33.54
0.4 10.39 15.45 32.75

3 0.5 8.37 12.01 30.31 31.03
0.6 6.73 9.77 31.12
0.7 5.96 8.21 27.41
0.3 16.53 21.38 22.68
0.4 12.04 15.45 22.07

4 0.5 9.87 12.01 17.82 19.93
0.6 7.99 9.77 18.22
0.7 6. 66 8.21 18. 88
0.3 18.26 21.38 14.59
0.4 11.53 15.45 25.37

5 0.5 9.53 12.01 20. 65 19.19
0.6 7.83 9.77 19.86
0.7 6.94 8.21 15.47
0.4 16. 64 20. 06 17.05
0.5 13.92 15.59 10.71

6 0.6 11.61 12.69 8.51 11.95
0.7 9.43 10. 66 11.54
0.4 9.94 20. 06 50.45
0.5 8.35 15.59 46.44

7 0.6 6.72 12.69 47.04 47.22
0.7 5.87 10. 66 44.93

0.4 19.25 26.04
0.5 16.05 20.24 20.70
0.6 13.92 16.47 15.48
0.7 11.67 13.84 15.68

26.08

0.3 21.85 21.38 2.20
0.4 13.07 15.45 15.40
9 0.5 11.44 12.01 4.75 6.15
0.6 9.15 9.77 6.35
0.7 8.38 8.21 2.07
0.4 18.96 20.06 5.48
0.5 15.55 15.59 0.26
10 0.6 13.18 12.69 3.86 3.32
0.7 11.05 10. 66 3.66
0.4 24.31 26.04 6.64
0.5 20.09 20.24 0.74
11 3.18
0.6 16.54 16.47 0.43

0.7 14.52 13.84 4.91
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Table 4 Experimental result

J¥% R/m P,/MPa P,/MPa E/(MJ-kg) E/(MJ-kg ') T/ms  R,./em
0.3 16.08 2.30 0.92
0.4 9.91 1.66 0.87

1 0.5 7.96 1.25 0.49 .76 37.00 19.37
0.6 6.67 1.01 0.69
0.7 5.77 0.84 0.68
0.3 15.40 2.16 0.94
0.4 11.05 1.69 1.00

2 0.5 8.60 1.21 0.67 .82 37.40 19.57
0.6 6.91 0.97 0.79
0.7 6.27 0.78 0.78
0.3 14.21 2.05 0.81
0.4 10.39 1.56 0.91

3 0.5 8.37 1.17 0.62 .86 37.70 19.50
0.6 6.73 0.92 0.73
0.7 5.96 0.78 0.74
0.3 16.53 2.25 0.95
0.4 12.04 1.70 0.97

4 0.5 9.87 1.23 0.66 .66 36.30 18.98
0.6 7.99 0.98 0.80
0.7 6.66 0.81 0.84
0.3 18.26 2.14 1.04
0.4 11.53 1.63 1.07

5 0.5 9.53 1.22 0.70 .80 37.30 19.55
0.6 7.83 0.96 0.86
0.7 6.94 0.80 0.89
0.4 16. 64 1.58 1.17
0.5 13.92 1.18 0.80

6 0.6 11.61 0.93 0.85 4 43.30 25.12
0.7 9.43 0.79 0.89
0.4 9.94 1.73 0.45
0.5 8.35 1.25 0.25

7 0.6 6.72 1.04 0.37 83 36.33 23.51
0.7 5.87 0.85 0.37
0.4 19.25 1.68 0.76
0.5 16.05 1.26 0.68

8 0.6 13.92 0.97 0.61 07 49.82 28.29
0.7 11.67 0.87 0.66
0.3 21.85 2.03 1.51
0.4 13.07 1.64 1.29

9 0.5 11.44 1.20 1.10 .10 39.20 21.39
0.6 9.15 0.95 1.17
0.7 8.38 0.78 1.24
0.4 18.96 1.60 1.41
0.5 15.55 1.24 1.06

0 06 13.18 0.92 1.04 52 44.40 25.71
0.7 11.05 0.78 1.08
0.4 24.31 1.62 1.20
0.5 20.09 1.10 0.94

0 16. 54 0.90 0.92 A 50-41 28.33
0.7 14.52 0.68 0.94
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Fig. 4 Comparison of shock wave peak pressure
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Fig. 5 Comparison of bubble pulsation peak pressure
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Fig. 8 Electric detonator experimental pictures of bubble pulse
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Fig. 9 Booster grain experimental pictures of bubble pulse
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