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Table 1 Computational conditions and numerical results

g O REKIEE/mm W48 3/ 48 1 iy AR AL Re /K]
THHs W/g n s

VEN f b { b c f b c foam
HP-1 166 121 F — — i 1 [3s] W 16.644  9.460  4.088  2.424
HP-2 166 121 U — - i j3s] W 16.744 8.176  3.604  1.556
HP-3 166 121 L — - e 1 38| i 1 15.920 7.416  4.068  0.812
HP-4 0 121 F — — it W W 15.824 8.972  3.848  2.240
HP-5 166 0 F — 19. 15 W W LV 6.404  7.240 2.056 1.916
HP-6 111 121 F — 23.12 W W LV 14.304 8.044 3.180 2.104
HP-7 111 121 u — 23.47 i 1 W il 14.600 7.328 2.516  1.336
HP-8 111 121 L — - i f3s] W 13.756  6.412  3.180  0.624
HP-9 0 121 F — 22.98 % 38| i1 13.600 7.276  3.012  1.924
HP-10 111 0 F — 15. 40 i 1 j3s] EEiil 5.140  6.308 1.488 1.776
HP-11 55 121 F - 15.97 i 1 WE 0,420 9.616  5.376 1.184  1.556
HP-12 55 121 U — 16. 61 s W i 9.472  4.652  0.896 1.024
HP-13 55 121 L — 17.21 il 1 3] vl 9.100  4.384 1.348 0.612
HP-14 0 121 F — 15. 60 ranl W 0.395 9.544  5.284 1.084  1.492
HP-15 55 0 F 22.57 7.60 0.420 Wi 0.289 2.568  3.904  0.548  1.476
EP-1 166 121 — — — 1 i 1 it 1 16.052  7.344  3.356 —
EP-2 111 121 — - 23.16 il 11 f3n] eVl 13.160  6.200  2.280 —
EP-3 55 121 — — 15. 82 [gn W 0.273 9.096  3.560  0.868 —
GP-1 166 121 — - - il 11 o — 20. 244 — 5. 852 —
GP-2 111 121 — — 32.28 i e — 16. 828 — 5. 204 —
GP-3 55 121 - — 22.07 WH 0,394 — 11.892 — 1. 840 —
SP-1 166 121 — — — i — — 28. 584 — — —
SP-2 111 121 — — — i A — — 23. 744 — — —
SP-3 55 121 — 23.41 — k] — — 13.876 — — —
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Fig. 2 Failure of solid plate under combined blast and fragment loadings
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Fig. 3 Propagation of detonation
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(a) t=70 us (b) t=85 us (c) t=120 pus (d) t=1 000 ps
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Fig. 5 Response process of hybrid corrugated sandwich plate

3.2 MERERREBRAER TR SR R E WA 3him R Xt b 5 4
K6 45t 1 55,111 1 166 g 45 =kl 24 24 &5 8 AN [ 8y Conb ol 0 B A D VB8 R B 4 D o il
e 55 8 BRA VR FID AR TR 2% 32 e JE A 3 0 197 45 28 4% T 00 1) T A A8 JE BB A I AR O 45 R L3 1

111 g TNT - l66gTNTl

111 g TNT 166 g TNT ,%

“ v
lllgTNT' 166gTNT!I

& 6 W8 38 Ie J= AR 1 R
Fig. 6 Failure patterns of hybrid plate

(a) Bare blast loadings

55 g TNT
(b) Bare fragment cluster loadings

55 g TNT

(c) Combined loadings
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Fig. 7 Failure patterns of different structures under combined blast and fragment loadings
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Fig. 8 Effect of filling strategy on the failure patterns of hybrid corrugated sandwich plates
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Numerical research on response of hybrid corrugated sandwich plates
subjected to combined blast and fragment loadings

LI Yong', XIAO Wei’, CHENG Yuansheng', LIU Jun', ZHANG Pan'
(1. School of Naval Architecture and Ocean Engineering » Huazhong University of
Science and Technology » Wuhan 430074, Hubei, China;

2. China Ship Development and Design Center ,» Wuhan 430064, Hubei, China)

Abstract: The dynamic response of hybrid corrugated sandwich plates subjected to combined effects of
blast and fragment loading was analyzed using finite element analysis code LS-DYNA. The effects of
charge mass, loading type and filling strategy on deformation/failure pattern of hybrid corrugated
sandwich plates were investigated. The comparison of anti combined loadings performance to three e-
quivalent structures (solid plate, double-layered plate and corrugated sandwich plate) was made. Fi-
nally, the energy absorption characteristics of hybrid corrugated sandwich panels were discussed. Nu-
merical results show that the damage extent of hybrid corrugated sandwich plates under bare fragment
cluster loading or combined blast and fragment loading is more severe than that caused by bare blast
loading. When the charge mass is small, the performances of corrugated sandwich plate and hybrid
corrugated sandwich plate are superior to equivalent solid plate and double-layered plate. The corruga-
ted sandwich panels with fully filling configuration possess the best damage resistance, followed by
that with upper space filling configuration, and that with lower space filling configuration has the
worst. All the structures fractured catastrophically when the charge mass is large. For energy absorp-
tion, the corrugated core is the main energy absorption part under bare blast loading, while the front
face becomes the main energy absorption part under the other two loading conditions.
Keywords: anti combined loadings performance; blast and fragment; hybrid corrugated sandwich
plate; failure pattern; LS-DYNA
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