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Abstract

Periodic anticlastic surfaces can perform well for concrete structural applications due to their efficient
distribution of stress under compression and are possible for large scale construction through advanced
manufacturing technologies. Spanning structures designed using anticlastic surfaces, specifically dia-
mond triply periodic minimal surfaces, can reduce concrete volume while meeting performance metrics
set by design codes without requiring significant steel reinforcement. This work presents a design ap-
proach that generates and assesses spanning concrete, post-tensioned structures with embedded periodic
anticlastic surfaces. Each generated design is evaluated based on its flexural strength, applied post-
tensioning forces, concrete and steel quantities, and environmental impacts. The design and assessment
approach developed here is applied to a pedestrian bridge example ensuring that each design’s flexural
strength (nominal moment capacity) exceeds the bending moment caused by self-weight and applied live
loading as well as minimizing mass and emitted carbon dioxide. In comparison to a set of incumbent
structures, the generated periodic anticlastic designs achieve desired performance while reducing overall
materials as well as environmental impacts, achievable through the realization of complex geometries
with advanced construction technologies.
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1. Introduction
A comprehensive computational design approach, including form-finding, volumetric modeling, and
digital fabrication, was developed for a prefabricated, funicular concrete beam, DIAMANTI, recently
exhibited at the European Cultural Centre’s 2025 biennial exhibition [1, 2]. Through the beam’s design,
fabrication, construction, and testing [3] (see Fig. 1), DIAMANTI demonstrated that 3D-printed con-
crete, post-tensioned modular spanning structures can exceed flexural strength design standards as well
as achieve serviceability and resiliency. This type of structure and construction can be an economical
alternative through its reduction of materials, for example, reducing concrete and steel as well as elim-
inating the need for formwork. In this work, the design approach [1, 3, 4, 5, 6] is extended to generate
and assess structures for larger spans.

Polyhedral graphic statics (PGS), a geometry-based design framework ensuring equilibrium through the
reciprocal relationship between geometric form and forces, allows designers to visualize and control the
flow of forces across complex geometries [7, 6]. In prior work [1], unit cells derived from PGS provided
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Figure 1: Constructed 5-meter funicular concrete beam, DIAMANTI, with embedded anticlastic sur-
faces. Also constructed at 10 meters, DIAMANTI underwent flexural strength testing, demonstrating
how concrete 3D-printed, post-tensioned modular structures can offer an economical, less wasteful, and
lighter solution compared to conventional construction [3].

a flexible, modular approach in generating light-weight beam structures with embedded diamond triply
periodic minimal surface (TPMS) geometries. Advanced construction technologies, including concrete
3D-printing, allowed for the physical realization of the complex TPMS geometries and post-tensioning,
compressing the modular segments together, further enhanced structural performance [3]. Altogether the
workflow achieved a sustainable beam design (at 3, 5, and 10 meters in length) by reducing construction
material usage without compromising structural integrity, offering a strategy to generate light weight,
high performing concrete structures for architectural and civil engineering applications.

Here, the use of the PGS-TPMS workflow is further developed to generate structures with larger spans,
ideal for pedestrian bridge designs where achieving structural efficiency, material economy, and aesthetic
elegance are typical objectives. As such, the developed method generates and approximately assesses
multiple design alternatives. In particular, the flexural strength of the TPMS structures is assessed and the
amount of post-tensioning cables and required jacking force needed to meet strength and offset specified
loading is evaluated. This work establishes a basis for early conceptual design space exploration of such
concrete 3D-printed and post-tensioned TPMS spanning structures.

The paper is organized as follows: Section 2 provides an overview of generating designs with embed-
ded TPMS and assessing their flexural strength and post-tensioning requirements. In Section 3, six
pedestrian bridge designs are generated and compared to incumbent spanning structures. All designs
are assessed by their flexural strength as well as the amount of materials needed, including concrete
and post-tensioning reinforcement, contextualized by their environmental impact of carbon emissions.
Closing remarks are made in Section 4, discussing the promise of such designs resulting in lighter and
economical structures that have improved performance, serviceability and resiliency.

2. Spanning TPMS Structural Generation and Assessment
The following section discusses how triply periodic minimal diamond geometries are embedded in unit
cells derived from polyhedral graphic statics. Due to the complex geometry generated for the structure,
an approximate analysis of the nominal moment capacity and required amount of post-tensioning cables
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and applied jacking, tensioning force is developed. Capable of generating and assessing design alterna-
tives, a design goal, objective as well as variables and constraints are set to guide the design process in
generating desired solutions.

2.1. Structural Form-Finding and TPMS Embedding

Using PGS [7, 6] as a form-finding approach, unit cells are derived and populated with TPMS through
volumetric modeling. Rather than materializing individual edges or faces, PGS-derived volumetric cells
are treated as spatial hulls, force-informed boundaries, within which TPMS geometries are embedded.
This process is illustrated in Fig. 2. Initially, separate from the PGS unit cells, a diamond TPMS geome-
try, parametrically defined with a wavelength set to one, is bound within a set box. Scale transformations
are made to better populate the box with the TPMS geometry and further control preliminary porosity.
After centering and applying other operations, cutting and mirroring, to achieve symmetry, the TPMS
geometry is morphed via twisted box transformations to conform to the PGS unit cell while preserving
the minimal surface characteristics essential for uniform force distribution and high stiffness-to-weight

Figure 2: Structural form-finding through polyhedral graphic statics and volumetric modelling with
periodic anticlastic surfaces and volume generation. Diamond TPMS are geometrically manipulated
and transformed to conform within PGS unit cells. Mesh thickened surfaces are adapted to incorporate
post- tensioning conduits. Here, this approach is applied to three different unit cells derived from PGS
forms with different spans showcasing geometric differences, including the concrete-cross sections.
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