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Fig. 1 The fabrication of specimens
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Fig. 2 (a)The tensile strength; (b) the typical stress-strain curves; (c) the toughness

of the composites of different length of “brick” element with 50% overlap ratio
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Fig.4 (a)Diagram of the tension-shear chain model; (b)the distribution of

horizontal principal stress S11 and shear stress S12 in the model
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Fig.5 (a)The tensile strength; (b) the typical stress-strain curves; (c) the toughness of

two groups composite with different overlap ratio and the composite without element
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Fig.6 (a) Diagram of the assembly structure, (b) the distribution of horizontal principal stress S11,

(¢) the stress distribution curve on dangerous section of composite with the overlap ratio of 10%, 33% and 50%
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Experimental study on the toughening mechanism and performance
optimization of carbon fiber/epoxy based nacre-like structure

ZHENG Yi-hao', ZHANG Hao*, LUAN Yun-bo', JIA Huai-ming®,
LI Yong-cun', XU Feng’. ZHANG Xing-yuan'

(1. National Demonstration Center for Experimental Mechanics Education of Mechanical and Vehicle Engineering, Taiyuan University of
Technology, Taiyuan 030024, China; 2. CAS Key Laboratory of Mechanical Behavior and Design of Materials, University of Science and
Technology of China, Hefei 230026, China)

Abstract: The lightweight design of materials is of great significance in production practice. The
structure characteristic of shell nacre can be applied to the existing high performance synthetic
materials to obtain the lightweight and high strength materials with better performance. In this
paper, the carbon fiber/epoxy resin composites were used as raw materials to prepare a variety of
nacre-like composites with regular “brick-mortar” staggered lamination structure. The mechanical
behavior of these composite materials with different length and overlap ratios of lamellar elements
under tensile loading was studied by means of mechanical property test experiment, microstructure
characterization and mechanical analysis, and the influence of microstructure on the strength and
toughness of materials was also explored. The results show that the length of the “brick” element in
the “brick-mortar” staggered lamination structure is a key factor that may affect the strength and
toughness of materials. On this basis, through the optimal design of the overlapping form of lamellar
elements, the internal stress distribution and load transfer can be further improved, so as to realize
the further enhancement and effective regulation of their strength and toughness.

Keywords: nacre-like structure; carbon fiber/epoxy composite; microstructure; toughening mecha-

nism



