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Introduction

surrounding environment. High damping can mitigate vibrations, enhancing
the comfort and safety of occupants. Numerical simulations often incorporate
o ) o o ) damping coefficients derived from experimental data or literature, enabling the

Bionic design has garnered significant attention in architecture and prediction of the ceiling’s response to transient or steady-state excitations.
engineering due to its ability to mimic natural forms and functions, resulting The bionic design can inherently improve damping by introducing geometric
in innovative and efficient solutions. Among these applications, bionic raster  faatures that disrupt and absorb vibrational energy. External loads, such as
ceilings have emerged as a promising architectural element. These structures those caused by seismic activity or wind pressure, are key factors influencing
are inspired by natural pattemns and aim to optimize performance in various  the gynamic behavior of bionic raster ceilings. Numerical models simulate
aspects, including acoustics, airflow, structural integrity, and aesthetics.  hege Joads to assess the structural integrity and performance of the ceiling.
Understanding the dynamic properties of bionic raster ceilings is crucial for For instance, in seismic analysis, time-history simulations are conducted to
their effective design and application. This report presents a comprehensive evaluate how the ceiling responds to ground motion. The bionic geometry
numerical analysis of the dynamic performance of such ceilings, focusing  often exhibits superior performance under such conditions, as the distributed
on their vibrational behavior under various conditions. Bionic raster ceilings pattern can enhance load-bearing capacity and reduce stress concentrations.
typically consist of repeating patterns that resemble natural structures such  gimilarly, wind-induced vibrations are studied using fluid-structure interaction

as honeycombs, leaves, or shells. Thes_e pattems not oply contribu?g tothe  simuylations, where aerodynamic forces acting on the ceiling are coupled with
visual appeal but also enhance the functional characteristics of the ceiling. For i structural response [2].

example, the unique geometries can improve energy efficiency by optimizing

light diffusion or airflow. Additionally, the structural configuration can reduce In addition to structural performance, the acoustic properties of bionic
material usage while maintaining high strength and durability. Despite these ~ raster ceilings are often analyzed as part of their dynamic behavior. The
advantages, the dynamic behavior of bionic raster ceilings under external interaction between sound waves and the ceiling’s surface geometry can

excitations, such as wind loads, earthquakes, or mechanical vibrations, must  influence noise reduction and sound absorption. Numerical simulations, such
be thoroughly examined to ensure safety and performance. as those based on the boundary element method or acoustic finite element

method, predict how the ceiling modifies sound propagation within a space.
P The bionic patterns can create favorable acoustic effects by scattering sound
DeSCI'IPtIOH waves or creating localized regions of high absorption, contributing to better
acoustic environments in buildings. The practical implementation of bionic
Numerical analysis serves as a powerful tool to study the dynamic properties  raster ceilings requires careful consideration of fabrication methods and
of bionic raster ceilings. Finite Element Analysis (FEA) is commonly employed ~ material choices. Advanced manufacturing techniques, such as 3D printing
to simulate and evaluate their vibrational responses under various scenarios. and Computer Numerical Control (CNC) machining, enable the precise
The process begins with creating a detailed computational model of the ceiling  realization of complex bionic geometries. However, these methods also
structure, incorporating its geometric, material, and boundary conditions. The  introduce constraints, such as limitations in material compatibility or geometric
materials used in bionic raster ceilings, often composites or lightweight metals, fidelity, which must be addressed during the design phase. Numerical analysis
exhibit complex mechanical properties that must be accurately represented in -~ helps optimize the design for manufacturability by simulating how fabrication
the model. For instance, anisotropy in composite materials or nonlinearity in processes affect the structural and dynamic properties of the ceiling. The
stress-strain behavior can significantly influence the dynamic response. The  results of numerical analyses provide valuable insights for improving the
natural frequencies and mode shapes of the ceiling are critical parameters in -~ performance of bionic raster ceilings. For example, parametric studies can
the dynamic analysis. Natural frequencies indicate the characteristic vibration identify how changes in geometric parameters, such as pattern size, thickness,
rates at which the structure tends to resonate, while mode shapes reveal the or curvature, affect the dynamic behavior. Such studies reveal trade-offs
deformation patterns associated with these frequencies. By identifying these  between competing objectives, such as maximizing strength while minimizing
parameters, designers can avoid resonance, which can lead to excessive  material usage. Optimization algorithms can then be applied to achieve the
vibrations, noise, or even structural failure. For bionic raster ceilings, the  best possible design within the given constraints. The numerical findings can
intricate patterns often result in unique vibration characteristics that differ also inform guidelines for installation and maintenance, ensuring long-term
significantly from conventional flat or grid-like ceilings. These differences can performance and reliability.
be advantageous, such as by dispersing vibrational energy across multiple
modes, thereby reducing the impact of external forces [1].

Experimental validation is an integral part of verifying numerical
simulations. Physical prototypes of bionic raster ceilings are subjected

The damping properties of bionic raster ceilings are another essential  to dynamic testing, where their responses to controlled excitations are
aspect of their dynamic performance. Damping refers to the dissipation  measured. Techniques such as modal analysis, laser vibrometry, and
of vibrational energy within the material or through interaction with the  accelerometer measurements are used to capture natural frequencies, mode
shapes, and damping characteristics. The experimental data is compared
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dynamic performance. Additionally, the analysis can inform the development
of adaptive or smart ceilings that respond to environmental changes, further
expanding the potential applications of bionic designs.

Conclusion

In conclusion, the numerical analysis of the dynamic properties of hionic
raster ceilings plays a pivotal role in advancing their design and application.
By leveraging advanced computational techniques, engineers and architects
can gain a deeper understanding of how these structures respond to various
dynamic loads, ensuring their safety, performance, and durability. The bionic
approach offers unique advantages in terms of structural efficiency, acoustic
performance, and aesthetic appeal, making it a promising solution for modern
architectural challenges. As research in this field continues to evolve, the
integration of bionic principles with cutting-edge numerical methods is expected
to unlock new possibilities for sustainable and innovative building designs.
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