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Table 1 Experimental conditions.

Container Container

Barrier materials Pentolite Gross

Number diameter  weight Barrier materials VOl.uTe density weight weight
ratio”
(mm) (2 (g-cm™) (® (2
3 100 X None — 0 100.60 X
7 100 X None — 0 100.55 X
9 100 66 Water gel 10: 0 1 101.44 562
10 100 65 Water gel + foam polystyrene ~ 5: 5 0.55 9990 394
11 None — None — — 100.21 —
12 100 X Water gel + foam polystyrene ~ 1: 9 0.13 101.44 223
13 100 65 foam polystyrene 0:10 0.03 99.96 190
14 100 65 Water gel + foam polystyrene ~ 8 : 2 0.81 99.67 497
16 200 402.8 None — 0 101.17 5129
17 200 X Water gel 10: 0 0.97 100.67 4254.3
19 200 402.2 Foam polystyrene 0:10 0.03 100.30  636.3
20 200 402.5  Water gel + foam polystyrene ~ 1: 9 0.12 100.86  974.8
21 200 402.7  Water gel + foam polystyrene ~ 5: 5 0.54 100.83  2645.9
22 200 403.2  Water gel + foam polystyrene ~ 8 : 2 0.85 100.79 3627.9

“—” means that the value is not present, and “x” means that the value is not measured.
* “Volume ratio” corresponds to the mixed volume ratio of the water gel to the foam polystyrene.

Pentolite 100 g

Spherical PMMA container (¢100 or 200 mm) filled with barrier materials
Suspended using rope and net

Three pressure transducers
The distance from the explosive: 1.4 m, 1.9 m, 2.3 m
Hight: 1 m

I m
Polyurethane board

A
Floor (wire netting)

Fig. 1 Experimental setup.
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Fig.2 Pressure profiles of 200 mm-container
experiments. The distance from the charge was
R, = 4. Time zero corresponds to the ignition.
(a) “Standard”, container only, without barrier
materials (density of 0 g-cm). (b) Surrounded
by water gel and foam polystyrene mixture,
volume ratio of 1 to 1 (0.54 g-cm).
(c) Surrounded by water gel (0.97 g-cm).
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Fig. 3 (a) Relation between the peak pressure and
density of the barrier materials. (b) Relation
between the peak pressures divided by that of
“standard” and the density of the barrier
materials. The symbols in the figures
correspond to following conditions;

A :$100,R,=3,@ :¢100, R, =4,
V¥ : 100, R, =5, /\ : ¢200, R, = 3,
O :¢200, Ry =4, \/ : $200, R, = 5.
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Fig. 4 (a) Relation between the impulse and the density
of barrier materials. (b) Relation between the
impulse divided by that of “standard” and the

density of the barrier materials. The symbols in
the figures are used in the same manner as Fig. 3.
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Fig. 5 (a) Relation between the time of arrival and the
density of the barrier materials. Time zero
corresponds to the ignition. (b) Relation between
the duration and the density of barrier materials.
The symbols in the figures are used in the same
manner as Fig. 3.

FE R DOFEEI OB EKAAED R oh, 054-085 g-cm?®
DFIZ, D IEL oz FifleMIZ, FHE 100 mm%A 4
TiE, HF VB Lh o724 200 mmA LR T, HBEDS
FI EHRR R AR & I D o 720

Fig. 3B X 4ITIR Lz, ¥—=2FEH, 4 v 73V Ak
2, RIERD R AR K & 7 B OBEIAET 5 Z LW
S22 5720 FMLKFDOFIBA F 12 — ViR D H]
AW E, JJAOFENH L, BEM OIEMEIKE L
%bo DI, Hiikfid 7z ) OMBEITLMIC L 5T %
WE—NOEWRERDPRKEL b, —TF, FRFICHEEPRT
LTHEHEIWNEL b0, BIEOI AT =25 ME i O
BEZANF—ICEBINZEELWPTELEEZON
%o FEAF U —V/NROF G EFN 25 &, BFEL
AV X — SRME M O ME) T AL F — 1T I N D mAIHD
L, RO EIMET T2 LN SN D, B2 HWT
£ 0 BRI 2 T 5 7o ITiE, Ak, RRIEM R
DIENBREZFHAL, BEERO A=A L8%2 L DFHELL
MRBZEDVEETHLEEZOND, Tz, EHEHFER
B EITOVT BN OB RO T— 5 2 RDH L
DEETHLEEZOND,



186 T.Homae etal.

4. HEE
FWNROBRE LT, BEMEH TRV T4 MR

TR DWW T, RO %172,

@O 7 Mtk and/or A F T — VIMUNER Z RBEM & L
THWHGE, BEMORE I ZEVEABE—7EO
B EDPRKEDP -T2 4 V7OV AIZDWTIL, KK
RO SRR T3 2 2o 720

@ ¥—2EIICBE LT, 4 200 mm% % O 8% & 4
W 054 g-cm?® T, & D BEY — 7 E ORI R
WREL Y, RiED45-53 %FEE T TR S iz
A 7OV AICE L TUE, AME 100 mmB#H O A1,
I 055- 081 g-cm? TIRBAIED TR AL 2 ), KD
72-81 %I S Nz —H, FHE 200 mmA &
DAL, BE 012 g-cm3 TA V759V 2 DK ERIF A
KERD, HEDTI-T78 BRI SNz KK
BRIZOWTIE, BEMOERIRKE VT ERRIK
EVEWIbIF TR, 2 SHERE (2R bREER
NI RA—=FTHDHLIEDVRHLNI o720

@ ®EME A h, E—2FENZ, BBLRBHICE
WIT EIBRI R AR E Do £ 7OV A L T,
BEMORESITX ) BTz,

HE
AAHFEIL, SCHRFL A2 OFF BT IR B2 12 X 5 525E
MRROBRTH Y, BRSITICHEERL I,

References

1) J. Wadsworth, Nature, 204, 673 (1964) .

2) T. Saito, K, Futase, E. Kuroda, Y. Wada, K. Koide,
M. Hayashi, N. Kobayashi, and T. Yoshida, Kogyo
kayaku (Sci. Tech. Energetic Materials) , 50, 168 (1989) .

3) M. Maeda and T. Shindo, Kogyo kayaku (Sci. Tech.
Energetic Materials) , 54, 14 (1993) .

4) S. Kobayashi, H. Yoichi, Y. Ikeda, and K. Nakagawa,
Kogyo kayaku (Sci. Tech. Energetic Materials) , 54, 130
(1993) .

5) BE. Gel'fand, M.V. Sil'nikov, A. I. Mikhailin, and A. V.
Orlov, Comb. Expl. Shock Waves, 37, 607 (2001) .

6) D. Kim, Y. Nakayama, T. Matsumura, K. Okada,

A. Miyake, T. Ogawa, and M. Yoshida, Kayaku Gakkaishi
(Sci. Tech. Energetic Materials) , 63, 83 (2002) .

7) R. Raspet and S. K. Griffiths, J. Acoust. Soc. Am.,, 74, 1757
(1983).

8) R. Raspet, P. B. Butler, and F. Jahani, Applied Acoustics,
22, 35(1987).

9) T. D. Panczak, H. Krier, and P. B. Butler, J. Haz. Mat., 14,
321 (1987) .

10) Y. Wada, K. Koide, M. Tamura, N. Kobayashi, A.
Kunikawa, M. Ohashi, and T. Yoshida, Kogyo kayaku
(Sci. Tech. Energetic Materials) , 50, 174 (1989) .

11) Y. Wada, M. Ohashi, A. Kunikawa, K. Hashizume, R. Liu,
N. Kobayashi, T. Saito, and T. Yoshida, Kogyo kayaku
(Sci. Tech. Energetic Materials), 51, 22 (1990) .

12) Y. Wada, E. Kuroda, S. Kakuta, M. Tamura, M. Hayashi,
N. Kobayashi, and T. Yoshida, Kogyo kayaku (Sci. Tech.
Energetic Materials) , 49, 375 (1988) .

13) Y. Kaneko, Y. Wada, R. Liu, M. Tamura, and T. Yoshida,
Kogyo kayaku (Sci. Tech. Energetic Materials), 50, 119 (1989).

14) R. Raspet, P. B. Butler, and F. Jahani, Applied Acoustics,
22, 243 (1987) .

15) B. E. Gel'fand and M. V. Sil'nikov, Doklady Physics, 47,
37 (2002) .

16) J. M. Powers and H. Krier, J. Haz. Mat,, 13, 121 (1986) .

17) T.D. Panczak, H. Krier, and P. B. Butler, J. Haz. Mat., 14,
321(1987).

18) M. B. Liy, G. R. Liu, and K. Y. Lam, Shock Waves, 12, 181
(2002).

19) M. Cheng, K. C. Hung, and O. Y. Chong, Shock Waves,
14, 217 (2005) .

20) W. E. Baker, “Explosions in Air’, p. 148 (1973),
University of Texas Press, Austin and London.

Attenuation of blast wave using water gel

Tomotaka Homae®, Kunihiko Wakabayashi, Tomoharu Matsumura, and Yoshio Nakayama

Attenuation effect of mixture of water gel and foam polystyrene on blast wave was studied. Two sizes of spherical
PMMA container, of which diameter were 100 mm and 200 mm, respectively, were prepared. The density of the
mixture was varied from 0.12 g-cm™ to 1.0 g-cm™ by changing the mixed volume ratio. The containers were filled
with the mixture. Spherical pentolite (0.1 kg) was ignited at the center of the each container. Three pressure trans-
ducers were placed around the container and the blast pressure was measured. The scaled distance from the charge
to the three transducers were 3, 4, and 5 m-kg '3, respectively. The relation between the density of the surrounded
materials and the attenuation effect on the blast wave was discussed. In regard of the peak pressure, 200 mm-diame-
ter container was much effective. The attenuation effect was maximum at the density of 0.54 g-cm™. The peak pres-
sure in such a case decreased to 45-53 % of that in case without the surrounded materials. On the contrary, in regard

of the positive impulse, the maximum attenuation effect of two sizes of the containers was comparable, although the
most effective density was different. The impulses in such cases were about 70 % of that without the mixture. This
result shows that not only the mass of the surrounded barrier materials but also the porosity of the surrounded mate-
rials plays an important role for attenuation of the blast waves.

Keywords: Blast wave, Attenuation, Water gel, Foam polystyrene.
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