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efficiency in tools capable of simulating the time-dependent behavior of materials like rubber,
concrete, and polymers. The standard elastic analysis is not capable of modeling such advanced ' ]
materials, and thus, viscoelastic formulations emerge as a more efficient option. The new method 2D Viscoelastic problems
incorporates the Kelvin—Voigt rheological model and the weighted residual approach to Boundary element method
constitute the governing equations, and finally uses complex Fourier shape functions to perform Radial basis functions
boundary variable interpolation. In the classical BEM, kernel functions are the fundamental complex Fourier elements
solutions of the governing differential equations, and the field of interest is transformed to its
boundary, leading to a significant reduction in the number of degrees of freedom. However,
classical BEM accuracy can be finite, especially when employing conventional Lagrangian shape
functions. To overcome such shortcomings, this contribution develops and applies sophisticated
Fourier-based RBFs that are capable of meeting exponential, trigonometric, and polynomial field
behavior simultaneously. The shape functions of these RBFs have Kronecker delta-type
characteristics, partition of unity, and piecewise infinite continuity, which collectively enable
enhanced convergence and satisfaction of boundary conditions. The contribution first develops
the enriched formulation for boundary viscoelastic problems, achieving consistency through the
extension of complex Fourier shape functions, with algebraic techniques for their use in
boundary discretization. A major innovation is the hybridization of complex exponential and
trigonometric terms into a radial form, enabling a more general approximation of boundary field
variables.
For the validation of the proposed method, three classic problems are analyzed: (1) a simply
supported beam with a time-varying load, (2) a fixed beam with a central point load, and (3)
radial deformation of a viscoelastic rocket motor case due to constant internal pressure. In all
cases, the solutions from the complex Fourier BEM are compared with the classical BEM
solutions and available analytical solutions. The evaluation includes displacement-time history
plots and mesh plots, which show the increased accuracy and convergence of the new approach.
Notably, the Fourier BEM always produces results very close to analytical benchmarks, even
with fewer elements, while classical BEM deviates significantly from the analytical results over
time. The results indicate that the new method possesses several advantages: reduced degrees of
freedom, higher accuracy, and computational efficiency. This is owing to the spectral richness of
complex Fourier RBFs and their ability to approximate a wide range of physical responses.
Furthermore, the formulation remains stable for creep and stress relaxation calculations over time
owing to the stability of the implemented shape functions. In summary, the new Fourier
boundary element method provides an exciting alternative to the traditional numerical methods in
viscoelastic simulation. It benefits from the dimensional reduction property of BEM and high
accuracy of spectral interpolation, thereby being particularly beneficial for simulating time-
dependent mechanical properties in engineering materials. Further work can focus on
generalizing the method to three-dimensional problems or anisotropic viscoelastic materials.
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