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 This paper describes a method for the design and fabrication of complex fu-
nicular structures from discrete precast concrete elements. It has a critical look over 
conventional casting methods and proposes a parametric casting mold to produce 
concrete blocks with custom shapes. 
The research proposes that through the integration of digital form-finding tech-
niques, computational file-to-fabrication workflows, and innovative sustainable 
casting techniques, complex funicular structures can be constructed using prefabri-
cated elements in a practical, affordable, and materially efficient manner. 



An Inquiry for the Fabrication of Funicular Structures:

1. Project Aims and Objectives

2. Precedents Studies

3. Methodology:
 3.1. Form Finding Through Rhino Vault
  3.1.1 Analysis of Forces

 3.2. Component Generation with Grasshopper
  3.2.1 Panelization
  3.2.2 Optimization

 3.3. Fabrication
  3.3.1 Flexible Formwork
  3.3.2 3d Printing Joints PLA
  3.3.3 Casting
  3.3.4 Assembly



Question and Objectives:

How computational design|fabrication can propose an integrated methodology which organizes 
Matter, Form and Structure into one hybrid system?

The research aims to propose that through the integration of digital form-finding, computational 
file-to-fabrication workflows, and innovative sustainable casting techniques, complex funicular 
structures can be constructed using prefabricated elements in a practical, affordable, and materi-
ally efficient manner. 
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Precedents:

Sagradafamilia Catenary ModelChurch of Colonia Guell
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Sagradafamilia Catenary ModelChurch of Colonia Guell
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MLK Jr. Park Stone Vault, Austin, Texas

Timbrel Vaulting, ETH, Switzerland



Mill to Fit Andreas Trummer, Felix Amtsberg, Stegan Peters (Rob|Arch 2012)

Side view of an “robarch”- variation influenced by the thrust line of 
uniformly distributed form

Rendering of the Rob|Arch Bridge

The contact zone (red) and the negative diamond (green) form 
one segment

Simulation of Robotic Fabrication



Flexible Formwork Mark West, University of Manitoba    Stella Dourtme, Claudia Ernst, Manuel Garcia, Roberto Garcia, Architectural Assiciation

Mark West, “Cast Models” at the Center for Architectural Structures and Technology (CAST)

Structurally rated cable tie connectionsSecond Assembly



Methodology:
Form-Finding:

The form-finding methodology is based on the principles for generating optimized vault struc-
tures, employing Rhino’s plug-in “rhino vault” to design a funicular structure. Rhino vault is 
based on the Thrust Network Analysis and analyzes the equilibrium of the structure in two steps, 
first, solving horizontal equilibrium and second, solving vertical equilibrium.

CP1 and CP2 are the Control Points for Supports CP3 and CP4 are the Control Points for Open Edges

Supports are making Convex Curves and Open Edges are Concave Curves



Reciprocal Diagrams: these diagrams visually express the force dependencies between different parts of the structure

Vertical and Horizontal Equilibrium



This Diagram shows the distribution of dead load along the structural elements

Load distribution along the shell



Component Generation
 Panelizing

This research has developed a Grasshopper script to panelize the surface generated with Rhino 
Vault and these segments are parametrically controllable along U & V axis on the surface.









 Optimization

In order for the shell structure to make a undulated form, the angle of the joints between compo-
nents is a determining factor. Thus, an optimization algorithm has been developed through grass-
hopper to calculate the angle and that angle will be used for 3d prints of the Joints.







Fabrication
 Flexible Formwork

In order to fabricate components using a casting technique, a flexible formwork has been devel-
oped which enables us to fabricate all the pieces within a certain size variation from one form-
work.

Variables                                                               Tools

inside angles                                                         Hinges
dimensions                                                      laser cut rullers
height                                                              Tubes + Hinges



Laser Cut Rulers

For each form-work there is a set of rulers which enables the user to adjust it with different dimen-
sions and make various components with different dimensions, still within the range of form-work 
size.

pieces with different dimensions

Adjustable edges of the form-work



Height Control

1- Changing the height of hinges 
2- Tilting the form-work during the casting process

Formwork has been angled during the casting process



Parametric Formwork



Parametric Formwork’s Exploded Diagram 4” Bolts

Laser Cut Plexiglass

Steel Plate

Perforated Plexi

Hand Cut Polystyrene

3d Printed Joints

Balloon

Aluminum Tube

3d Printed Joint

Plexi Sheet

LaserCut Plexi Guides

Nut



Casting

The grasshopper script reads the volume of each sphere and converts it to air pressure based on 
the formula PV= nRT. Then the volume is change to the seconds based on which the Air pump 
works and Arduino turns on the Air Pump for that duration to inflate the balloons.





Alternatives

The alternatives are developed based on the citeria of having components with contact faces and 
open space between them to minimize the dead load of the structure. The open space between two 
elements varies along the arch and depends on the force flow. The shape of this opening results as 
a negative of two assembled elements.



Alternative I









Alternative II









Alternative III







Alternative IV









Performative Skins

This research also looks at the performative skins as a secondary condition for the structure. The 
mechanism for actuation of the skin could be Mechanical or based on the Material Properties.




