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Fig.2 Stress-strain curve, strength and energy absorption of “staggered -crossed” composite structure
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Hybrid Bionic Design Based on the Internal Structures
of Nacre and Strombus Gigas Shell

HOU Zekai, LUAN Yunbo, LEI Keming, DONG Qianxi, NIU Tuyao, LI Yongcun
(College of Mechanical and Vehicle Engineering, Taiyuan University of Technology, Taiyuan 030024, Shanxi, China)

Abstract: Hybrid biomimetic structure design, which integrates the internal structure of a variety of
biomaterials, is a new strategy for strengthening and toughening materials in recent years. In this work,
carbon fiber reinforced epoxy resin was used to design a new type of “staggered-crossed” composite
structure material, which is composed of the “interleaved” structure of nacre shell and the “crossed” structure
of strombus shell. Through experimental and theoretical research, it was found that there is a significant
difference between the “interleaved” structure of nacre and the “crossed” structure of strombus in the internal
load transfer and stress distribution regulation. A simple hybrid mix of the two will produce adverse factors
such as local stress concentration and lead to material performance degradation. On this basis, a new type of
small angle continuous fiber “crossed” layered biomimetic structure was proposed by further optimizing the
composite structure. This structure can optimize the full field stress distribution inside the material, suppress
local stress concentration, and form a toughening mechanism that delays the overall structural fracture
failure, effectively solving the problem of material performance degradation. The research results are
expected to provide a useful reference for solving the contradiction between strength and toughness of
materials.

Keywords: nacre; strombus; bionic design; contradiction between strength and toughness; carbon fiber

reinforced epoxy resin

054204-8


https://doi.org/10.1016/j.jmbbm.2015.04.011
https://doi.org/10.1016/j.jmbbm.2015.04.011
https://doi.org/10.3390/nano11051239
https://doi.org/10.3321/j.issn:1000-324X.2006.02.001
https://doi.org/10.3321/j.issn:1000-324X.2006.02.001
https://doi.org/10.1016/j.matt.2019.03.012
https://doi.org/10.1080/15376494.2023.2218846

	1 样品设计和实验方法
	1.1 样品的设计和制备
	1.2 力学实验测试

	2 结果与讨论
	2.1 “交错-交叉”复合结构中局部损伤引起的失效破坏
	2.2 交叉结构对层内和层间变形破坏行为的调控机制

	3 结　论
	参考文献

