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Abstract: The mussel byssal is a high-performance biological device that provides adhesion between the mus-
sels and solid surfaces in different environments. In recent years, researchers paid increasing attention to the
quantitative effects of the composition and macro/microstructure of the mussel byssal on its adhesion perform-
ance, with insights for the design of biomimetic adhesive devices. Here, the 3D printing technique was com-
bined with the detachment test and the finite element method to systematically investigate the effects of shapes
and geometric parameters on the detachment modes and adhesive properties of biomimetic mussel byssal struc-
tures. The results reveal the detachment mechanism of the mussel byssal and show that, the mussel byssal has
an optimal thread direction angle resulting in optimal adhesion. The effects of the thread-plaque junction posi-

tion and the plaque bottom shape on adhesion properties were explored. Furthermore, the simulated complete
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detachment process of the bundle-like mussel byssal array under vertical traction, and the obtained sawtooth
force-displacement curve indicates that, the bundle model has a relatively stable ability to resist detachment.
These findings help understand the detachment behavior of the mussel byssal in nature and provide a theoretical

guidance for the optimization design of biomimetic adhesive devices.
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Fig. 1 The morphological structures of mussel byssal
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Fig. 3 The detachment experiment of biomimetic mussel byssal samples with adjustable loading angles
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Table 1  Material properties used in the finite element simulation'”’

parameter value
Young’ s modulus of thread E, /MPa 50
Young’ s modulus of plaque EP /MPa 2 600
stiffness of cohesive contact K /( MPa/mm) 5
maximum nominal stress of cohesive contact T /MPa 0.35
cohesive energy of cohesive contact G /(N/mm) 0.09
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