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Scale similarity model of internal explosion in closed field
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Abstract: The damage parameters of internal explosion in closed field were analyzed by using the dimension
analysis principle, and the scale similarity model of internal explosion in closed field was established based on the
similarity theory. The internal explosion according to the original model under seccessively incremental charging until
structural damage and the scale model under critical charging of structural crack appearance with different scale coefficient
values of 0.8, 0.6, 0.4, 0.2 and 0. 1 respectively were simulated by using LS-DYNA code. The results show that, when
the structure size maintains constant and the explosive quantity is changed, the arrival time of shock wave on the wall
obeys similarity law; the shockwave overpressure also obeys similarity law when the wall is considered seperately and the
effects of one wall, two walls and three walls were inspected respectively; however the impulse does not fit similarity law
due to the influence of structural damage. The shockwave overpressure, scale pulse width T/Q " and scale impulse i/
Q7 on the wall in the scale model and original model obey similarity law when the scale coefficient is not less than 0. 1,
and the maximum relative errors of shockwave overpressure, scale pulse width and scale impulse between the scale model
and original model are less than 3. 3%, 4. 96% and 5. 1% respectively. As the scale coefficient decreases, the
shockwave overpressure, scale pulse width and scale impulse on the wall show a discrete distribution and the similarity
degree decreases gradually. So if the scale coefficient is within the scope of this study, it is feasible to predict the damage
effect by the original model of internal explosion by using the results of scale mode experiments.

Key words: explosion mechanics; similarity law; closed field; internal explosion; shockwave overpressure

S AT RS L S P 0 B SO B R R, 85 PR P Tk S [ O, o U o 0 B
HOPAERR RS . 5 SR R, DO A SR, RO 2 AR T 0 Pl P0G (4 G
i i P PRI XESSHI A B A S e, R
VAT, 2012 211219 BRI L2013 =01 19 ) AR T T B 2 A A

B—1EE WA 5 A, 1979 44
I\ E e TR T A T I S DR AR Sl B
S S S 1960 £ S8 T e R M A T S T PR o IS 4R




w2

WHMEAREE DAY 2 () P9 R 408 LA DU R F 5 129

BRI R X 5 ) v o 1 R AL X6 P R A AT 1 5
il USSR IR AR © R ST s . Baker 251 FT4R
PR K i 28R 7 AR A PR DA A i S DB 8 R D 55, L ARG =
ANkt 3, g FURGH I ; Beshara ! 11 %) b2 1
SREEAR e N TR KE AT 5, Al &5 4 A 48 R 7 2
H BN FE 7 B0 25 7= W B K 7 A ) o R S R T I 4
Ji ; Remennikov ™ 5% FHl 2 Fh B {H 117 B 7 3 T91 0 3% DA 445
PR 2% T PO BRI 5 L 250 0o 2 2 A TRk 1 485
A SR20 FOE P )RR K B AT IR 5T, B IE 5 S IR AR 45
BT AR A TT 0 TR EE 454 P AR I RO
TR 205 R 2 4500 AR08 [ P B kA S
AT 3 A T 4050 S8 8 1 20 5 2R B T =X T A
Fika T LB R IR ST . BRSNS TR
SRR 2 AL 45 F P A IR I 5T, R B T A
FAE RS AR T R, HE Sy iRl £k S —
AWhE F K5 LA R G Sk i 4L A o

AR A P2 2% KR 56 8 01 45 2% ol 24,
IR S A R AT D RUST PR BB 3 6 X B e K, i P
95 ORI AR T AT SE Bz o R /N PR K IR T BE
T4 RE P 0 A S o 1, g e 3R Y
PRI RER KR S04 5 P R i PR 2%, 4 7 I 0 1 4 b 0 A
ARLHEI X 25 AT 235 g PR 4 0 L 5 2 5 ik A )R
T PS5 P R 4 LA R I8 T2 75 A2 RT3 R
Wi SR AR A0, TR A S R L

AR SCAE TR A0 B 5 LR HE SR A5 F PR e A A
RLRILAE , 37 2 DA 28 o) P9 A KA AL B A Y, 76 B8
ST IR DR A7 2 i 5o 3 L A A5 R R IR 1)
B RS 24 B AR AR 25 1) S8 475 5% ), 5 DA SR A 45
P 7= 480 1) 2 24 S A Al 1A T 46 LU AR R 5
IR 45 AR TR B T SR A7 b ol 90k 2 S5 8 1 72 A R
BN 45 L R B0 PR KE S5 2 5 ), 36 UE 46 EL A
RS MR, O PR KER I ST 4R 5%

1 ZA=ENERERMRE

L1 ZFAZENBRERGSERHES

R oo DR T 285K 1 1 R 1 ) 2 2 ey P A B
O MEHATAEHRE R b R Ap; @ whi kb
i PIRRIE AR R A

(1) YEASHCHEL TR Qs ELIHE p, 5 PR IR
EVEZIREIIIAL A RE o JIE =W IR L .,

(2) BRBBCAIRREIE ST pos B HTE p, 3 25
SYPIEE y, o ZWEANZS RGP AL P Ras SR
HEWENE,

(3) Z5MSHCAK L TE b, by SRE o by IO I
EsMBHEEE p.o

(4) BEMISEROEEE R,

1.2 FAZENREERNSH
DI i Bl M, L, T HEAREN, &
Py A LR 1,
R1 HNBREEEXSEREER

Tab. 1 Parameters and dimensions for internal explosion
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Fig. 1 Numerical model and meshes
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Fig. 3 Structure damage effect under different charges
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Fig. 4 The shockwave overpressure and impulse distribution on roof and sidewall
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Fig. 5 Local breaches on the wall
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Tab. 4 Shockwave overpressure, pulse width and specific impulse at different test points
ik 48 HE A P/MPa fk i FE R T/ms Lo i/ (MPa. ms)
A A B C D E A B C D E A B C D E
1 0.656 0.468 0.572 0.303 0.367 4.2 579 12.5 6.799 8.099 3.496 2.708 3.388 2.375 4.981
0.8 0.655 0.462 0.57 0.29 0.371 3.289 4.523 9.976 5.43 6.399 2.818 2.166 2.734 1.9 3.985
0.6 0.65 0.46 0.574 0.309 0.358 2.459 3.493 7.793 4.138 4.919 2.076 1.649 2.069 1.449 3.019
0.4 0.666 0.462 0.575 0.303 0.373 1.72 2.346 4.848 2.68 3.165 1.406 1.047 1.311 0.91 1.96
0.2 0.643 0.457 0.579 0.309 0.378 0.866 1.133 2.396 1.395 1.573 0.713 0.526 0.692 0.487 0.966
0.1 0.638 0.454 0.582 0.313 0.379 0.438 0.553 1.188 0.699 0.78 0.362 0.257 0.349 0.248 0.482
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Fig. 10 The effect of scale coefficients on shockwave overpressure, scale pulse width and scale impulse
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