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Table 1 Explosives supplied to experiments
symbol Spegr D.V. Remarks
PBX P 1.65 7810m/s | RDX/nylon=95/5
Comp C—4 C—4 various 7165 type 70
Pentolite PL 1.67 7325 TNT/PETN = 50/50
Emulsion Ex. A 1.21 5400 manufacture by laboratory
” B 1.07 5125 B maker
” C 1.07 4950 C maker
Slurry Ex. D 1.24 4375 Super Energel
” E 1.15 4930 E maker
Carlit (No5) F various 3800 F maker
LVD explosive L-1 0.84 1345 powder explosive composited
§ $ § § AN
v L-5 0.99 2200 ”
Comp C—-4-G 4-G 1.43 5065 type 70 + Glass
2 Enoki Dy. 2-E 1.50 2520 B maker

D.V.: at 20C in VP-30

Table 2 Parameters of witness pipe

symbols formal name JIS No. schedule remarks
STPG 42 Carbon steel pipes for G 3454 80 for commercial
pressure service Explosives
STS 42 Carbon steel pipes for G 3455 160 for high
high pressure service Explosives
Table 3 Combination of experiments
material STPG 42 STS 42
schedule 80 schedule 160
Gap thickness . .
0 Experiment No. 1 Experiment No.5
5 v 4 v 6
PMMA 10 v 7 -
15 # 9 —
20 »# 10 -
Air 2 v 2 _
6 v 3 Experiment No.8

STPG 42 : Cabon steel pipes for pressure service (OD=34.0 ID=25.0)
STS 42 : Cabon steel pipes for high pressure service (OD=34.0 ID=21.2)
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Photo 1 Shape of witness pipes before
& after detonation

deformation mm

)

X
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—)
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Table 4 Results of double pipe test

inner pipe area

°n )

Fig. 4 Measuring positions of witness pipe

gap material witness pipe X 7 Y [ y4 @ area ratio A
No & length m | % | m | % | = estimated pressure
1 - STPG 0.113
Om schedule 80 ]30.0(88.2]17.6|51.8]|38.0]1.12 202.0 kbar
4 PMMA ” 0.226
5 29.0(85.3119.7(57.933.8]0.99 49.6 ~
7 ” ” 0.226
10 29.8|87.6|18.6154.7{38.3|1.13 40.9
9 ” ” 0.323
) 15 27.2(80.017.3|50.9{40.21.18 33.1 »
10 ” ” 0.677
20 15.8 146.5120.4 |1 60.0 | 41.6 | 1.22 27.0 »
2 air ” 0.129
2 29.5186.818.4|54.1(36.7|1.08 50~200kbar
3 ” ” more than 50kbar
6 29.8 187.618.3|53.8(38.7]1.14
5 - STS 0.031
0 schedule 160 |[24.2 |71.1(19.457.1(38.7(1.14 202.0 kbar
6 PMMA ” 0.708
5 12.2135.9124.7 |1 72.6 {38.2 | 1.12 49.6 ~
8 air ” more than 50kbar
6 19.5|57.4121.8 | 64.1 | 40.7 | 1.20

C.M. Lownds & ic X X BREHTEOHE -2 1 7 (]
OER (ALY o, ) LHBOHBRIZIL - TV B, &
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Table 5 Parameters of standard explosives

Explosive | Cartridge length D. V(m/s) charge theoretical
(em) density density
C-4-G 50 5050
” 150 5925 1.43 1.92
” 250 4220 (g/cd) (glcd)
cC—4 50 7245
” 50 7140 1.44 1.67
” 150 7080 (g/cd) (gled)
” 250 7195

ERHRIEEEM L L Tphoto 112k L, SHERIEEHL
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Photo 2 Shape of witness pipes suffered shock that
was reduced by PMMA (0,5, 10, 15, 20en
thickness)
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Table 6 Results of measurements

symbols sp.gr. |D.V. | dent | ratioD | swell | calc. p | esti. P | error
P | 4 A D M P ¥4

Al No charge glcc { m/sec | e o/ 30 oo Kbar Kbar %
27 COMP C-4 1.44 | 7405 | 10.38 | 1.843 | 2.27 | 197.40 | 188.80 | —4.36
14 ” 1.48 | 7340 | 10.44 | 1.855 | 2.24 | 199.34 | 190.65 | —4.36
35 ” 1.48 | 7340 | 11.46 | 1.888 | 2.15 | 199.34 | 204.05 | 2.36
29 ” 1.46 7270 | 10.44 1.857 2.23 192.91 190.65 | —1.17
46 ” 1.45 | 7270 | 10.91 | 1.863 | 2.28 | 191.59 | 198.05 | 3.37
75 ” 1.44 | 7210 | 9.98 1.787 | 2.18 | 187.14 | 172.26 | —7.95
39 ” 1.25 | 6775 | 8.23 1.783 | 1.91 | 143.44 | 147.42 | 2.77
40 ” 1.23 | 6775 | B.37 1.775 | 1.69 | 141.14 | 141.24 | 0.07
42 ” 1.26 | 6775 8.47 1.760 2.15 144.59 152. 52 5.49
41 ” 1.24 - 8.12 1.688 | 2.14 - 137.96 -
33 Explo, D 1.21 | 4375 | 5.24 1.518 1.00 | 57.90 66.64 | 15.09
28 ” 1.21 | 4370 | 4.37 1.533 | 1.00 | 57.77 61.04 | 5.66
10 4 1.26 | 4325 | 4.95 1.502 | 0.78 | 58.92 57.32 [ -2.72
3l ¥ 1.27 | 4325 | 5.17 1.523 | 0.96 | 59.39 65.54 | 10.35
9 v 1.27 | 4280 | 4.88 1.455 | 0.60 | 58.16 48.11 (—17.28
11 ” 1.28 | 4280 | 4.96 1.495 | 0.67 | 58.62 53.61 | —8.55
8 ” 1.21 | 4190 | 5.19 1.483 | 0.49 | 53.11 47.93 | -9.74
32 Explo, E 1.15 | 5000 | 5.84 1.540 | 1.12 | 71.88 76.18 | 6.00
55 ” 1.15 4935 5.56 1.517 1.12 70.02 71.90 2.69
56 ” 1.15 | 4935 | 5.30 1.527 1.1 70.02 70.57 | 0.79
57 ” 1.20 | 4935 | 5.63 | 1.533 1.14 | 73.06 74.46 1.91
13 v 1.14 | 4850 | 5.60 1.522 1.02 | 67.04 70.14 | 4.62
12 ” 1.17 - 5.61 1.548 1.03 - 72.87 -
58 ” 1.17 - 5.67 1.520 | 0.96 - 68.90 -
43 Explo, A 1.24 | 5630 | 6.89 | 1.583 | 1.55 | 98.26 99.53 | 1.29
44 ” 1.24 | 5630 | 7.00 | 1.583 | 1.43 | 98.26 97.51 | -0.77
45 ” 1.25 | 5630 | 6.87 1.590 | 1.48 | 99.05 98.47 | -0.59
64 ” 1.19 | 5515 | 6.47 | 1.560 | 1.13 | 90.49 83.00 | -8.15
66 ” 1.18 | 5515 | 6.57 1.583 | 1.32 | 89.72 91.33 1.79
65 # 1.18 | 5440 | 6.28 1.560 { 1.14 | 87.30 81.97 | -6.11
15 Explo, A 1.20 | 5520 | 6.65 1.597 | 1.44 | 91.41 96.46 | 5.52
(K] v 1.21 | 5480 | 6.65 1.583 1.22 | 90.84 89.33 | —1.67
78 ” 1.20 | 5480 | 6.68 1.603 1.40 | 90.09 96.46 | 7.06
61 v 1.20 | 5370 | 6.41 1.593 1.17 | 86.51 87.16 | 0.75
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63 Explo, A 1.18 | 5330 | 6.38 | 1.600 | 1.12 | 83.81 | 86.20 | 2.86
67 " 1.19 | 5330 | 6.44 | 1.610 | 1.32 | 84.52 | 93.17 | 10.24
77 ” .20 - |65 | 1.577 | 1.27 - 89.48 -
59 Explo, C 1.07 | 5030 | 5.44 | 1.540 [ 1.24 | 67.68 | 75.96 | 12.24
76 ” 1.06 | 5000 | 5.60 | 1.550 | 1.11 | 66.25 | 75.03 | 13.25
34 ” 1.08 | 4970 | 5.56 | 1.538 | 1.13 | 66.69 | 74.14 [ 11.16
16 ” 1.07 | 4910 | 5.56 | 1.537 | 1.09 | 64.49 | 72.98 | 13.17
70 ” 1.07 | 4905 | 5.69 | 1.523 | 0.99 | 64.36 | 70.15 | 8.99
72 ” 1.07 | 4905 | 5.64 | 1.507 | 0.87 | 64.36 | 65.03 | 1.05
69 ” 1.06 | — | 548 | 1.557 | 1.29 - 79.03 -
50 Explo, B 1.07 | 5300 | 5.20 | 1.497 | 0.97 | 75.14 | 63.79 [-15.11
60 ” 1.19 | 5515 | 5.14 | 1.480 | 0.89 | 90.49 | 59.96 |-33.74
71 " 1.05 | 5030 | 5.38 | 1.493 | 0.96 | 66.41 | 64.55 | —2.81
23 ” 1.07 | 5000 | 5.12 | 1.477 | 1.01 | 66.88 | 62.53 | —6.50
68 ” 1.06 | 4970 | 5.18 | 1.483 | 0.86 | 65.46 | 59.71 |-—8.79
62 ” 1.06 | 4940 | 5.16 | 1.517 | 1.09 | 64.67 | 68.12 | 5.34
22 ” .07 | - | 504 | 1.487 | 1.05 - 63.71 -
74 ” .05 | - | 4.98 | 1.463 | 0.73 - 53.25 -
2 Explo, F 1.23 | 3920 | 5.57 | 1.540 | 0.98 | 47.25 | 43.88 |-7.14
17 ” 1.28 | 3885 | 5.61 | 1.543 | 0.98 | 48.30 | 44.07 | -8.75
49 ” 1.23 | 3810 | 5.81 | 1.527 | 0.86 | 44.64 | 43.07 |-3.52
47 ” 1.10 | 3790 | 4.89 | 1.493 | 0.85 | 39.50 | 40.42 | 2.34
25 ” 1.13 | 3775 | 5.17 | 1.520 | 0.82 | 40.26 | 41.73 | 3.66
26 " 1.07 | 3720 | 4.42 | 1.470 | 0.82 | 37.02 | 38.65 | 4.42
36 » 1.10 | 3720 | 4.12 | 1.508 | 0.57 | 38.06 | 38.17 | 0.29
48 ” 1.23 | - | 560 | 1.543 | 1.05 - 44.37 -
51 ” 1.28 | - |57 | 1.553 | 0.95 - 44.46 -
52 " .32 | - | 551 | 1.523 | 1.19 - 43.98 -
20 Explo, 2~E | 1.50 | 2590 | 1.30 | 1.265 | 0.09 | 25.16 | 18.44 |-26.71
21 ” 1.51 | 2525 | 1.64 | 1.350 | 0.11 | 24.07 | 22.30 |-7.34
19 ” 1.51 | 2500 | 0.98 | 1.258 | 0.06 | 23.59 | 29.27 | 24.07
37 ” 1.49 | 2425 | 1.28 | 1.285 | 0.07 | 21.91 | 29.71 | 35.65
18 ” 1.52 - 0.97 | 1.267 | 0.06 - 29.62 -
53 ANFO 0.84 | 1790 [ 0.58 | 1.100 | 0.05 | 6.73 9.66 | 43.63
30 » 0.86 | 1445 | 0.56 | 1.167 | 0.05 | 4.49 10.60 |136.16
54 ” 0.86 | 1395 | 0.20 | 1.167 | 0.05 | 4.18 9.61 |129.73
38 ” 0.87 | 1340 | 0.59 | 1.133 | 0.07 | 3.91 10.86 |178.16
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Fig. 13 Results of deformation (X) induced by detonation on each point of witness
pipe (by normal initiation)
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Fig. 14 Results of deformation (X) induced by detonation on each point of witness

pipe (by inverse initiation)
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Fig. 15 Results of deformation (X) induced by detonation on each point of witness

pipe (by intermediate initiation)
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Characteristic Estimation Method for Industrial Explosives
by Using Double Pipe Test (1)

Ryoichi BANNO* Michio KOBAYASHI**
Toshihiro OKITSU** Masayuki KAWAHORI**

In the estimation method for power of explosives, so far there has been the
measurements by KAST or HESS brisance test.

These produce the informations with respect to shock pressure, but not to detonation
conditions.

We, therefore, have used the double pipe test for one estimation method of the ex-
plosive power.

This method produces informations that can estimate detonation pressure from traces
of explosion suffered on the witness pipe, and it whether steady state detonation or not.

As a result, we believe that this method can estimate the brisance of industrial ex-
plosives.

However, we have continued to review relationship between detonation pressure and
deformation and hoped to find the corelation detonation pressure to deformation on the
witness pipe.

(*Consulting section of Civil Engineering Department of Taisei Corporation.
**Research & Development Department of Shirakawa plant, Nippon Koki
Co., Ltd.)
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