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Abstract

In view of the inherent limitations of traditional artificial reefs in terms of ecological compatibility,
structural function and aesthetic value, this study, from the perspective of interdisciplinary inte-
gration, proposes “Jiao Yi Yuan Sheng”—an artistic design system for artificial reefs based on 3D
printing technology. The project takes “Technology Reshaping Ecology, art Engaging in Dialogue with
the Ocean” as its core concept, deeply integrating parametric bionic design, ecological materials sci-
ence and Marine engineering. Through systematic research and development of cement-based gra-
dient pore permeable concrete materials and optimization of its 3D printing process path, the pre-
cise and mold-free construction of complex internal cavities and external bionic surfaces has been
successfully achieved. In terms of structural design, two models, namely “nested sorting structure”
and “fluid profiling surface”, were innovatively proposed. The former simulates the heterogeneity
of the natural reef microhabitat through the mathematical gradient change of pore size, effectively
avoiding intraspecular prefabrication. The latter, after being optimized through computational fluid
dynamics simulation, significantly reduces the vortex-induced vibration of water flow. This research
goes beyond the traditional paradigm of regarding artificial reefs as mere engineering facilities and
redefines them as “growable Marine ecological artworks”, aiming to provide innovative solutions
that are both academic at the forefront and practical feasible for the low-carbonization, intelligence
and sustainable development of Marine ranches through technological innovation and aesthetic
empowerment. Preliminary experiments and model verification indicate that this design system
demonstrates significant potential in enhancing the efficiency of biological attachment, optimizing
the local flow field, and improving visual integration.
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Figure 1. Nested sorting structure reef
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Figure 2. Fluid-shaped curved surface structure reef
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