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Dynamic response of nacre-like structure under explosion load
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Abstract: Shell nacre is a nature material with high strength and toughness, and the excellent performance is mainly derived
from multi-scale, multi-hierarchy with “brick and mortar” structure. Inspired by the special structure of shell, a finite
element model of nacre-like brick and mortar structures was created and the explosion experiment was carried out. In the
experiment, the sample was destroyed catastrophically at the explosion impulse of 0.047 N-s, with the fall of the center.
Additionally, shear failure existed around the clamping end of the specimen, which is in good agreement with the numerical
simulation results. On this basis, the dynamic response of nacre-like brick and mortar models under explosive load was
explored. Five different failure modes were analyzed, including: mode 1, inelastic deformation without damage; mode 1I,
partial damage with damage in the back surface; mode IIl, through-wall failure in the center of specimen; mode IV, through-
wall failure in the center of specimen and shear failure at the clamping end; mode V, devastating damage with large drop
through in the center and shear failure. The thresholds critical of different failure modes were obtained based on the simulation

results. The threshold value for the one-layer brick and mortar structure was 0.019 N-s, and this value increased to 0.047 N-s

« WFREHER: 2022-04-07; {&[E1HHEA: 2022-05-24
HEEWMBE: EXKAARAEA(11902215)
F—1EE: R (1996— ), 55, Wi+, lizhiyang365@163.com
BIEEE: FHEML(1989— ), B, H1, leijianyin@tyut.edu.cn

083101-1


http://dx.doi.org/10.11883/bzycj-2022-0145
http://dx.doi.org/10.11883/bzycj-2022-0145
mailto:lizhiyang365@163.com
mailto:leijianyin@tyut.edu.cn

B2 AR, AF SRIERT T D e G50 1 2 i % 8 1

for the five-layer brick and mortar structure. When the impulse exceeds the threshold value, catastrophic damage occurrs. The
effects of the number of stacked layers on the response of the brick and mortar models were analyzed. With the increase of the
number of stacked layers, the failure mode of the structure changes from devastating damage to inelastic deformation.
Additionally, the threshold value for brick and mortar structure under explosion load increased with the increase of the number
of stacked layers. Finally, the toughening mechanism of nacre-like brick and mortar structure was given, including crack
deflection and microcrack.

Keywords: brick and mortar structure; explosion load; finite element simulation; toughening mechanism
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Fig. 1 Single-layer and multi-layer cell construction process of

nacre-like brick and mortar structure
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Fig. 3 Front view of the five-layer nacre-like brick and mortar
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