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ABSTRACT
The material characteristics of a unit cell model are of great interest to engineers as the model
appears in various materials, such as porous medium and periodic composite. In this study,
we introduce a geometric parameterization technique to effectively analyze the linear elastic
behavior of a square unit cell model through certified reduced basis (RB) approximation. The
proposed approach is twofold: (i) a nonaffine mapping function that represents the volumetric
changes of a fiber in a unit cell with a fiber radius, and (ii) the empirical interpolation method
(EIM), which approximates the nonaffine mapping function as a sum of affine terms. Using the
two techniques, we may quickly express different unit cell configurations as varying the fiber
radius, thanks to the offline-online decomposition strategy in RB approximation. To evaluate
the benefit of the proposed approach, we compared the runtime of a parameterized RB unit
cell model to that of its corresponding finite element (FE) model. Although the RB model
took nearly 1.81 hours for the offline construction, it ran almost instantaneously for the online
evaluation. In sum, the RB online model was about 65 times faster than the FE model. The
comparative results convey that the proposed approach is suitable for many-query applications
requiring thousands of simulations.
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