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Fig. 1 Outline and sampling diagram of the horn sheath
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Fig. 2 A photograph of the miniature material test system
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Fig. 3 Microstructural images of the cattle horn sheath, SEM images: (a)the longitudinal direction; (b)the
radial direction; (c)the transverse direction; (d)the transverse fractograph. CT images: (e)the 3D distribution

of initial pores(z is the longitudinal direction); (f)the projection of pores on the xy section
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Fig. 4 Engineering stress-strain, and strain hardening curves of the horn sheath along the three directions
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Fig.5 Stress-strain curve (a) and sample morphology evolution images (b) of the horn sheath under
compression along the longitudinal direction (the arrow indicates compression direction)
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Fig. 6 Stress-strain curve (a) and sample morphology evolution images (b) of the horn sheath under

compression along the transverse direction (the arrow indicates compression direction)
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Fig. 7 Stress-strain curve (a) and sample morphology evolution images (b) of the horn sheath under

compression along the radial direction (the black arrow indicates compression direction)
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Fig. 8 Relationship between the loading direction and the internal pore orientation for the horn sheath:
(a) loading the longitudinal direction; (b) loading along the radial and

transverse directions (the arrows indicate compression direction)
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Study on the anisotropy of horn sheath of buffalo

ZHAO Jinhong', XU Mingju', XIE Honglan?, HUANG Junyu'
(1. Department of Materials Science and Engineering, Southwest Jiaotong University, Chengdu 610031, Sichuan, China;
2. Shanghai Institute of Applied Physics, Chinese Academy of Science, Shanghai 201204, China)

Abstract: The horn sheath of buffalo is a type of biomaterial with excellent mechanical properties. The
anisotropy of its mechanical properties and deformation/damage mechanisms is studied in this paper.
First of all, the three-dimensional structures and the micro surface morphologies along three different
directions (longitudinal, transverse and radial) of the horn sheath are obtained using synchrotron-
based computed tomography and scanning electron microscopy, respectively. The horn sheath consists
of wavy lamellae stacked along the radial direction, and a large number of long strip-shaped pores
growing along the longitudinal direction are randomly distributed between them. Then, quasi-static
compression experiments are carried out on the horn sheath along three directions by the self-made
micro material testing system. The deformation and damage process of the samples are characterized
via quasi-in-situ SEM. The macro stress-strain curves indicate that the horn sheath shows pronounced
anisotropy, namely, the yield strength is the highest along the longitudinal direction while the
maximum plastic hardening rate appears in the radial direction. The SEM images reveal obvious
differences in the nucleation and growth of cracks in different directions. In the longitudinal direction,
the initial pores are expanded transversely via the buckling of lamellae, and coalesced into macroscopic
inter- lamellar cracks. In the transverse direction, the wavy lamellae are bent toward the radial
direction under compression, which induces inter-lamellae slip and shear cracking. In the radial
direction, the initial pores are compacted by mutual extrusion between layers, and X-shaped shear
bands along the 45° direction appear in the compacted sample. The difference in deformation
mechanisms is essentially attributed to the unique microstructures of horn sheath, i. e. , wavy lamellae
and long strip-shaped pores arranged in single direction, which consequently leads to the anisotropy in
macroscopic mechanical properties. The results above not only clarify the physical basis of the
excellent mechanical properties of the horn sheath, but are also of significance to biomimetic material
design.
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