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Architects, artists, and designers are drawn to complex free-form geometries, utilizing their expressiveness
to solve sophisticated design problems, create unique spatial experiences, and leverage structural performance
to increase material efficiency. However, doubly curved building envelopes remain costly to realize, as standard
fabrication routes are often slow, wasteful, or prohibitively expensive. We examine material-driven design
approaches alongside geometric and computational strategies to mitigate these limitations.

We explore the interdependencies between architectural design workflows, material properties, and geometry.
While many efficient building systems impose constraints on the design space, these limitations can serve as
a creative catalyst, as demonstrated by Frank Gehry’s work. However, such constraints make it significantly
harder to navigate the design space, often resulting in lengthy, iterative design processes. The co-design of
geometric descriptions, optimization methods, and user interface metaphors is essential to address this. We
discuss novel interactive, optimization-driven design workflows for developable surfaces and cold-bent glass
facades that provide real-time feedback on structural feasibility.

An alternative solution is to develop efficient fabrication systems that minimize design space limitations.
To overcome the constraints of developable surfaces, one can move from isometric deformations of the plane to
isometric deformations of doubly curved surfaces. This approach is surprisingly efficient; a small set of molds
with constant Gaussian curvature is sufficient to approximate smooth, general free-form facades.

We can further generalize this by allowing large non-isometric deformations. Although materials that un-
dergo significant stretching are generally unsuitable for permanent building envelopes, they can serve as adaptive
molds for the fabrication of rigid panels. By controlling only the 1D boundary conditions of an elastic silicone
membrane, it is possible to achieve significant control over the resulting 3D shape. Our Flexible Mold System
builds on this concept, demonstrating a method to approximate free-form shapes with high accuracy while being
significantly more cost-effective than traditional CNC-machined solid molds.

Figure 1: Scale models of doubly curved facades: (left and center) 3× 3 cast gypsum panels fabricated using
the Flexible Mold System [1]; (right) 3× 3 cold-bent borosilicate glass panels mounted on steel frames [2].
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