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Fig.1 Mineral-fiber layers parallel to surface
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Fig.2 Mineral fibers circuitously rounding hole
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Fig.3 Composite model with non-circuitous fibers
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Fig.4 Composite model with circuitous fibers
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Fig.5 Ratio of strengths vs hole sizes under different widths
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Fig.6 Ratio of strengths vs hole size under different fiber strength
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Table 1 Results of tensile test
Strength of Strength of
Hole diameter specimen with ~ specimen with  Strength

/mm non-circuitous  circuitous fibers rate
fibers/MPa /MPa

358.4 465.3 1.30

285.6 410.5 1.44

225.8 367.6 1.63
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Circuitously-rounding-hole Structure of Mineral-collagen Fibers of Antler and Its
Biomimetic Research

Chen Bin, Li Miao, Nie Shuyan, Jiang Zhiping
(Chongging University, Chongging 400044)

Abstract: The cortical layer of antler was observed by SEM. Results show that it is a kind of nature bioceramic composite consisting of
mineral-collagen fibers and collagen-protein matrix, and there are many micro-holes in the cortical layer and that the strengthening
mineral-collagen fibers circuitously round these holes which compose a kind of the circuitously-rounding-hole structure of the
mineral-collagen fibers. The analytical models of the composites, respective with the circuitously-rounding-hole and
non-circuitously-rounding-hole structures of the fibers are built. The fracture strength of the composite model with the
circuitously-rounding-hole structure is analyzed and compared with that of the composite model with the non-circuitously-rounding-hole
structure. The results indicate that the fracture strength of the composite model with the circuitously-rounding-hole structure is remarkably
larger than that of the composite model with the non-circuitously-rounding-hole structure. Based on the results of the experimental
observations and model analyses, a kind of biomimetic composite laminate with the circuitously-rounding-hole structure is fabricated with
carbon fibers and epoxy resin. The fracture strength of the composite with the circuitously-rounding-hole structure was tested and
compared with that of the composite with the non-circuitously-rounding-hole structure. The testing results reveal that the fracture strength
of the composite with the circuitously-rounding-hole structure is much larger than that of the composite with the
non-circuitously-rounding-hole structure.

Key words: antler; circuitously-rounding-hole structure of fibers; fracture strength; model analysis; biomimetic fabrication
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