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Damage characteristics of U-shaped sandwich plates
under combined action of shock wave and fragment

WANG Jia—xia, YANG Jun—jie, LIU Kun, WANG Zi—li
(School of Naval Architecture and Ocean Engineering, Jiangsu University of Science and Technology,
Zhenjiang 212100, China)

Abstract: In order to improve the anti—explosion protection performance of ships and explore the damage
mechanism of marine sandwich structure under impact load, the close-range air explosion test of U-shaped
folded sandwich plate was designed and carried out. The deformation and failure mode of the sandwich plate
under shock wave load were analyzed, and the finite element simulation analysis was carried out. On this ba-
sis, the damage characteristics of sandwich plates under the combined action of shock wave and fragments
were studied by prefabricating fragments at the bottom of explosives. The influence of panel thickness and
detonation distance on the anti—explosion performance of sandwich plates was discussed from three aspects:
panel break size, vertical displacement and energy absorption. The results show that the failure modes of the
upper panel of the sandwich plate under the combined action of shock wave and fragment are large deflec-
tion, boundary tearing, plug break and scattered perforation. The bottom panel is dominated by large deflec-

tion and pits, and the shape of the upper panel break changes from’ butterfly’ to” circular’ with the increase
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of the thickness of the upper panel. At this time, the upper panel and the core layer are the main energy ab-

proportion of each part.

sorbing components. The deformation of the central region of the sandwich plate is more sensitive to the de-
tal energy absorption of the sandwich plate, the energy absorption and proportion of the lower panel and the

1743
crease of the detonation distance, while the deformation of the edge region has no significant change. The to-

T

core layer increase with the decrease of the thickness of the upper panel. The change of the thickness of the

lower panel and the core layer has little effect on the overall energy absorption of the sandwich plate and the
0 5
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Fig.1 Explosion model of sandwich plate
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Fig.3 Comparison of cross section deformation profiles of corrugated sandwich panel
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Tab.1 Calculation conditions of sandwich plate

T ZERZHY /mm ﬁﬁ
T THiAR )2 TR TNT /g % A5 JRIE Jem
M1 1 1 1.5 500 177 30
M2 1.5 1 1.5 500 177 30
M3 2 1 1.5 500 177 30
M4 2.5 1 1.5 500 177 30
M5 1.5 1 1.5 500 177 20
M6 1.5 1 1.5 500 177 10

3.3.1 B TR/
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Fig.13 Deformation appearances of sandwich plate under Cases M1 and M4
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Fig.14 Deformation appearances under different working conditions (1/4 model)

3.3.2 Mt [ W (RS RS A

P15 2 AN [7] JE2 B8 R T SJe S L T Th SRS i1 T 40 2 62 A% it 2k, 0 i e BT 305 Z miTAR ]
2T AR S R N e SR AR LT TS B4 AR A R L AR O DIt 2R R AR AR R, 1 4
BN, DL 15 Ca) 5 10T TR A9 AR BTG E , WL 15(b) o 0 phy T L T AR R DX T 52 5
(R 2T I AR S A TR E ELAE TR o SRR N e AR LR AR AR it 2 AR A SRR, R AR
G X f 3, ELth 2R e, iy b T TR A % XA I B BEA PR AN S, ILIET 15(c)

N(d)o
FASE o

100 4

Deflection(mm)
[~} £ =) =)
=] =] =] =]

=)

XU WA — 7 Y P N, S JZ A R o DX A2 B 18 582 e g SRR, T 0 5% DX S 1 3 6 DU R A

30
M T
M2 ——
A—M3 E —v—M4
—v—M4 §
g1
S
]
0 104
A
54
B T T T T T
-50 40 30 20 -10 0 10 20 30 40 50 0 T T T T T T T T T i
-50 -40 -30 -20 -10 0 10 20 30 40 50

Location(cm) Location(cm)

(a) AN[F]JSE B2 1 Th At 751 v (o2 B (b) AN[R]JE 2 I ThT A A ) T 07 %



11 TS AR B AE T UL - 1753

—=—M2 —=—M
_ 100 o— M5 0] : xé
é 80 ——M6 z
= E 304
£ 60 8
8 .
& 40 %= 201
fat a

20 10

0 T T T T T T T T T 1

50 40 30 20 10 0 10 20 30 40 50 [ A A AR o 20 30 40 s0
Location(cm) Location(cm)
(c) AR T AR 5 T 3 8% (d) AR RBE I 1T A ) 1 325

K15 AR 00T e 2 M b T Bt 7o 43 A% 1 £ (174 6578 )
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