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ABSTRACT: Thin-walled beams are widely used in engineering due to 
their favorable stiffness-to-volume ratio, but they are also prone to complex 
mechanics such as buckling, warping, and fracture. Modeling these structures 
efficiently and designing their optimal behavior remains an open challenge in 
computational mechanics. In this seminar, I will present a new topology 
optimization framework for designing thin-walled beams manufactured by 
extrusion. We propose an extended/generalized finite element method (X/
GFEM) with global enrichment functions to overcome limitations of costly 
traditional 3D finite element models. We consider vibration and buckling 
modes, including corresponding higher-order modes to model displacements, 
as well as local discontinuous functions to model fracture. The goal is to 
minimize beam weight while satisfying displacement, stress, and buckling 
constraints. A density- and gradient- based optimization method is employed, 
with critical buckling loads computed through the eigenvalues of a linearized 
buckling problem. Sensitivity analysis is derived using the adjoint method. 
Case studies demonstrate the effectiveness and potential of the approach.
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