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Abstract

The structural performance of cellular polyhedral funicular geometries in 3D graphic stat-
ics(3DGS) relies heavily on the buckling performance of the system; if the edges of the form
diagram are immediately translated to structural members. In addition, the spatial geome-
try of the nodes makes the fabrication process quite challenging. This paper proposes a novel
approach to translate a cellular polyhedral geometry into a polyhedral surface-based structure
in 3DGS that is comparable to the widely known minimal surface geometries in the context
of structural design, bridging the gap between cellular polyhedral geometry and surface-based
structure. Using such anticlastic structures for materialization in place of polyhedral geome-
try in 3DGS improves the structural performance of the system and facilitates its fabrications
process (Figure 1). The proposed approach introduces a new typology of funicular spatial struc-
tures consist of a anticlastic surface for a given boundary condition. Followed by introducing
the computational procedure to generate such geometries, the paper concludes by evaluating
the mechanical performance of a cellular specimen and a funicular anticlastic surface structure,
based on the same polyhedral geometry with the same volume of construction material (see
Figure 1).
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1 Introduction

1.1 Mininal surface geometries and their structural applications

Minimal surfaces are a subset of anticlastic surfaces which have reliable structural performance
due to their specific morphology [17].They are surfaces of minimal area between any given
boundary conditions which cover the boundary with the least amount of material, weight and
area. In nature, we can find such geometries from an equilibrium of homogeneous tension, for
instance in a soap film, which have been an inspiration for designers and engineers to expand
the borders of light weight structures [9]. At each point on the minimal surface, if we consider
k1 and k2, the principle curvatures, the mean curvature would be zero (H = (k1 + k2)/2 = 0)
and the Gaussian curvature would be a negative value (G = k1 × k2 < 0). If we consider
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Figure 1: (a) Form and force diagram of a cellular polyhedral specimen in 3DGS; (b) form and force
diagram of a translated shellular polyhedral anticlastic surface.

a minimal surface's discretization as a pin-jointed net, at each interior vertex, two edges are
curved downwards (standing), and other two curved upwards (hanging) to make an anticlastic
curvature on the surface (Figure 3a).
In small scales, minimal surface geometries such as Gyroid, Schwarz P, or Schwarz W are used
as space-�lling, rigid micro-structures to produce light-weight and high-performance materials
[11, 17]. These are two-manifold, single-layer, spatial structures which lately have been named
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