Neapolis University
HEPHAESTUS Repository

http://hephaestus.nup.ac.cy

School of Architecture, Land and Environmental Sciences

Conference papers

2016-06

A new methodology, extending the
inversed catenary form finding method
of Antonio Gaudi to generative space shells
Georgiou, Ioannis
Eccomas
http://hdl.handle.net/11728/6656
Downloaded from HEPHAESTUS Repository, Neapolis University institutional repository

Ioannis Georgiou, Dimitrios Antoniou, Nikolaos Bakas
ECCOMAS Congress 2016
VII European Congress on Computational Methods in Applied Sciences and Engineering
M. Papadrakakis, V. Papadopoulos, G. Stefanou, V. Plevris (eds.)
Crete Island, Greece, 5–10 June 2016

A NEW METHODOLOGY, EXTENDING THE INVERSED CATENARY
FORM FINDING METHOD OF ANTONIO GAUDI TO GENERATIVE
SPACE SHELLS
Ioannis Georgiou1, Dimitrios Antoniou2, Nikolaos Bakas3
1,3

Neapolis University Pafos
Danae 2 Avenue, Pafos, Cyprus
e-mail: {g.georgiou.2, n.bakas}@nup.ac.cy
2

University of Patras
26504 Rio Achaia, Patra, Greece
antonioud@upatras.gr

Keywords: form finding, genetic algorithms, shell elements, structural response, inversed catenary
Abstract. This work aims to constitute an algorithmic framework for the automatic creation
of compression only forms of generative space shells. In particular the case of concrete dams
is investigated, where the loading is non-uniform –of typical dome shells-, but triangular. The
hanging models have been used by several research works [1] as a conceptual approach to
the structural optimization of space structures [2]. In the current study, the conceptual form
of the shell is derived from the parametric components of the surface, while the design variables are the curvature at each control point and a subset of the boundary curves, not including the constrained ones. The final designs accomplished are compared with the
corresponding hyperbolic surfaces of the inversed problem: the form finding of the consistent
membrane structure. The automatic creation of a membrane form receiving pure tension, is
characterized by simplicity in comparison with the structural optimization of the topology of a
dome in compression. In conclusion, the resulting designs of the two approaches are analyzed
and discussed.

REFERENCES
[1]. Xie, Y. M., et al. "Form finding for complex structures using evolutionary structural optimization
method." Design Studies 26.1 (2005): 55-72.
[2]. Pugnale, Alberto, and Mario Sassone. "Morphogenesis and structural optimization of shell
structures with the aid of a genetic algorithm." JOURNAL-INTERNATIONAL ASSOCIATION
FOR SHELL AND SPATIAL STRUCTURES155 (2007): 161.
[3]. Lagaros, Nikos D., Nikolaos Bakas, and Manolis Papadrakakis. "Optimum design approaches
for improving the seismic performance of 3D RC buildings."Journal of Earthquake Engineering 13.3 (2009): 345-363.

