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Experimental study of isotropic circular plates' responsed to underwater
explosive loading, created by the conic shock tube
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Nowadays, in order to reduce costs and increase safety, utilizing test devices like conic shock tube has
Received 04 April 2016 been popularized to investigate the explosion under-water phenomenon and its impact on constructions.

Accepted 22 June 2016

Available Online 23July 2016 A shock tube is designed, manufactured and utilized in the mechanic of explosion laboratory of

mechanic faculty of K.N. Toosi University of Technology to study the effect of isotropic metal plates’
material in this research. The source which creates the shock in the utilized shock tube is explosive

Keywords: . . L . . . . .

Sho”;”k Tube material and the positive point is that in such tube a high pressure can be produced with a tiny explosive
Under Water Explosion charge. In order to investigate the effect of the material and the geometry of the utilized metal plate,
Shock Wave three materials with two different thicknesses are considered in the experimental tests. The behavior of

Deformation of metal sheet the plate can be measured when the amount of the pressure produced by the explosive charge and the

amount of plate’s transformation is specified. From the results of the experimental tests, in order to give
a semi experimental relation, the behavior of plate under explosion load with water interface is utilized.
Finally, with the combination of experimental and theoretical results, the effect of material and
thickness change are studied separately and with increase in weight parameter of the load, equations are
given to predict the transformation of the metal plates.
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Fig. 1 Amplifying the explosive charge in a conic shock tube [1]
[2] ospee wogs SLi o o 0ymite oole Cugis 1 S5

osle S 3l oy e SzoS Lidu > 4 0yziaine Slge 0,5 > S
a5 Sgd o 0dell ol oy Jolee Cad Gl @dygl Cawd ) oymiie
2 4358 eld oy ST L (65,5 @55 (3 S 5 el e
oS wylei oo sl 1) o les low ofjT Lases 13 55,5 g5 45 g Sl
o w8 e Sl Gg S o ) Jlad les 5 gl ol
J17] st oagn 5 a1 (1) abad ) yo (5,05
1

AF =—
sin2Z (1)

4

Mo & (ABly Cosl cord olgen o wBd o Gl (08 @l

5 @ @l eyp b S 695 e )l
card 5998 L g el (698 Lush Gy Mol @ giluand
ol Lid acwlxe gy 1y (2 alad)) (Bly Cogii cupo o] & oumal
[16] 55 s soliiad Jolas pyo i3l (sl abaly cpldsled oo 48l o

1
AFpeq = 0-25“1721 )
4
b Yol -3
x5 bl g oSl Yolee -1-3
T 3 sledil (226 Loy -1-1-3
Oype & Shiaggul 5 Js5 Lawgs MPa w1y b 55 adsl goe JLas 2Slos
[19,18] cosl s il (3) abad,

1M
Pmax = Kl (%) (3)
iy Lol polie TNT (gl oS aiten o205 glocli 4, 5 K
il 0 1.16 452,16
JSlyshS aoly b1, (1) ghaw a2ly p sl e (pizman S
Soles so i ye (4) alaly ©jg0 4 4l o
1, A3

1=k (WT) (@
iy Ll polie TNT (glp oS siiws )2 slaculi A 5K,
3l 0 0.891 4 5.76
e gomg b el iy e 4 jlmiil o (6 JAS il (yuild
s aslys e bl Ly Las Sl a8 558 e

Z=— (5)

7 o )leits16 093 1395 e (w30 SulSe Lwire



ULLEe 9 lodiaa Ylye

b9 r%e ags5 Sl Jawgs 03w Ll an T p0)y il 51 Jools GHIITHls A 3955331 S9 113 SLBG Y Fawly 5275 Anlllae

B\ y e, Y
Fig. 3 The real view of the explosive shock tube
Soloeil g Sl adly sles 3 S

- |
Fig. 4 The utilized capsule and charge for the explosive charge
il g3 sl oslistal 3,50 (2l 5SS 4 JSD

lagstalejl s o ealitl (5318 (slosys (SeilSle ol 1 Jyur
Table 1 Mechanical properties of the used metal plates in the
experiments
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2720 4 175 139 1206 Al 2

7872 46 320 198 1046 St12 3

Fig. 5 Circular copper plate before the loading
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Table 3 Mechanical properties of the steel, used in the body of the
shock tube [5, 15]

7850 (kg/m®) J5>
350 (MPa) ol 25
210 (MPa) £, Jsous Sl ply>
0.3 Oglyy o o
28% Jsb sbojl as s

Fig. 6 Ripping 0.5 millimeter aluminu plate during loading 1.5 gram
T.N.T
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Fig. 7 Deflection of 0.5 mm copper plate during loading 1 gram T.N.T
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Fig. 8 Deflection of 1.5 mm steel plate during loading 1.5 gram T.N.T
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Table 2 Designed and performed tests
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Table 4 The results of experimental tests

@25 ol mli 4 Jgux

@ (275) B9 3y ke JS5 i Pas z (MM) 5y5 cwles G5 iz (INoymito oolo e Llalejl ojlas
871.78 24 2295.1 38.11 0.5 0.5 1
1451.01 30.6 3820 30.25 0.5 1 2
2006.65 34.73 5282.8 26.43 0.5 15 3
217.95 16.92 2295.1 38.11 1 0.5 4
362.75 26.68 3820 30.25 1 1 5
501.66 30.29 5282.8 26.43 1 cu 15 6

96.86 15.27 2295.1 38.11 15 0.5 7
161.22 23.61 3820 30.25 15 1 8
222.96 29.02 5282.8 26.43 15 15 9
54.49 9.32 2295.1 38.11 2 0.5 10
90.69 17.61 3820 30.25 2 1 11
125.42 23.92 5282.8 26.43 2 15 12
1582.62 15.7 2295.1 38.11 0.5 0.5 13
2634.13 23.75 3820 30.25 0.5 1 14
3642.82 fail 5282.8 26.43 0.5 15 15
395.65 13.22 2295.1 38.11 1 0.5 16
658.53 19.66 3820 30.25 1 1 17
910.71 25.33 5282.8 26.43 1 Al 15 18
175.85 9.94 2295.1 38.11 15 0.5 19
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Fig. 10 Diagram of the deflection of the circular copper plate’s center
with 1 mm thickness under the loading of explosive charges with
different weights
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Fig. 9 Diagram of the deflection of the circular copper plate’s center
with 0.5 mm thickness under the loading of explosive charges with
different weights
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with 1.5 mm thickness under the loading of explosive charges with
different weights
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Fig. 13 Diagram of deflection of circular copper plate’s center with
different thicknesses under the 1.5 gram T.N.T loading
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under the loading of 1 gram explosive charge for different thicknesses
and materials
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Fig. 17 Diagram of deflection of circular plate’s center with different
materials and the 1.5 mm thickness under the 0.5 gram T.N.T loading
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under the loading of 1.5 gram explosive charge for different thicknesses
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