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[1] G. VANTYGHEM, W. DE CORTE, E. SHAKOUR, O. AMIR, 3D PRINTING OF A POST-TENSIONED CONCRETE GIRDER
DESIGNED BY TOPOLOGY OPTIMIZATION, AUTOMATION IN CONSTRUCTION (2020)

This project, thoroughly discussed in [1], presents the development of a post-tensioned digitally-fabricated concrete girder (4 m span) that
was constructed at Ghent University, and resembles a lab-scale footbridge. The 2D shape of this girder was optimized using topology
optimization techniques developed at Technion - Israel Institute of Technology. For this girder design, not only the concrete distribution was
optimized using general topology optimization, but also the optimal shape of the post-tension cable was determined. The optimization
algorithm seeks a design that minimizes the displacements at the top surface of the beam, due to the combined action of the external

loads and the post-tensioning tendon.
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DESIGN VALIDATION

As the implementation of the optimization procedure was so far available in 2D only, some design post-processing was necessary, and a 3D
finite element analysis was performed. The production of the 3DCP elements was realized in collaboration with Vertico, and the different
parts were assembled at Magnel-Vandepitte Laboratory for concrete research. Finally, the girder’s structural performance was
experimentally verified using digital image correlation and its deflection was compared with the numerical results (see bottom left figure)
In the referenced paper, also a comparison is made with a traditional T-section girder with the same total deflection, claiming material

savings of roughly 20%!
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CONCLUSION

In the end, this project showcases that a combined approach of
design optimization and digital manufacturing is key to unlocking
material savings in construction, reducing CO2 emissions while
simultaneously increasing customization of products.
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