
ETH Library

DFAB and Challenges of Smart
Dynamic Casting

Presentation

Author(s):
Gramazio Kohler Research; Flatt, Robert; NCCR Digital Fabrication; Lloret-Fritschi, Ena

Publication date:
2020-10-02

Permanent link:
https://doi.org/10.3929/ethz-b-000388171

Rights / license:
In Copyright - Non-Commercial Use Permitted

This page was generated automatically upon download from the ETH Zurich Research Collection.
For more information, please consult the Terms of use.

https://doi.org/10.3929/ethz-b-000388171
http://rightsstatements.org/page/InC-NC/1.0/
https://www.research-collection.ethz.ch
https://www.research-collection.ethz.ch/terms-of-use




DFAB and Challenges of Smart Dynamic Casting 

Gramazio Kohler Research  & Physical Chemistry of Building Materials

ETH Zurich

Gramazio Kohler Research, Chair of Architecture and Digital Fabrication, ETH Zurich 

Prof. Robert Flatt, Institute for Building Materials, ETH Zurich

NCCR Digital Fabrication, ETH Zurich

Speaker: Ena Lloret-Fritschi



The World Is Changing

World Economic Forum 2016: Mastering the Fourth Industrial Revolution



The way we produce is changing 

100 x schnellerer 3D Druck mit Carbon UV3D Drucker (Foto: Spencer Lowell) 



The way we produce is changing 

100 x schnellerer 3D Druck mit Carbon UV3D Drucker (Foto: Spencer Lowell) 



Will the way we build buildings also change?

Foto: Hilti 



Will you control this change?

(Foto: Jules Spinatsch)
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Facts and Figures
Switzerland‘s initiative to lead the development and

integration of digital technologies within architecture

Date of initiation: June 2014

Home institution: ETH Zurich

Partner institutions: EPF Lausanne, Empa, Bern University 

of Applied Sciences

Funding period 1: 2014 – 2018 (CHF 13.4 Mio SNSF)

Funding period 2: 2018 – 2022 (CHF 14.4 Mio SNSF)

Researchers:

• 47 Postdoc + PhD + researchers

• 28 Principal Investigators

• 12 Technicians and management personnel

• Over 50 associated researchers + scientific assistants

Total: Over 150 people network

Group image of NCCR Digital Fabrication, 2016



Robotic Fabrication Laboratory, Arch_Tec_Lab, ITA, ETH Zürich
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Robotic Fabrication Laboratory, Arch_Tec_Lab, ITA, ETH Zürich



Rolex Learning Center, SANAA, EPFL Lausanne, 2010
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Conventional Non Standard Formwork

Formwork of EPFL Rolex Learning Centers 

Gramazio Kohler Research 

ETH Zurich



Standard formwork: Cost distribution  
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Concrete materials 
22%

Concrete labour 
8%

Reinforcement 
materials 

9%

Reinforcement labour
8%

Formwork materials 
6%

Formwork labour 
47%

53%

H. Robert, Structure Magazine, April 2007



Non-Standard formwork: Cost distribution 
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Concrete 
materials 

4%

Concrete labour 
5%

Reinforcement materials 
1%

Reinforcement 
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Formwork materials 
73%
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H. Robert, Structure Magazine, April 2007



Standard Architecture 
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China completed 

7.72 million units 2015

Courtesy Michael Wolf 



DFAB HOUSE

Img.:K. Graser,  NCCR Digital Fabrication

Digital Fabrication and Living



Spatial Timber Assemblies

Translucent Façade (Aero Gel) 

Smart Slab

Smart Dynamic Casting

Mesh Mould

In Situ Fabricator

DFAB HOUSE



In situ Fabricator (IF) & Mesh Mould

Left: Conventional fabrication method, Right: Innovative fabrication process

Gramazio Kohler Research, ETH Zurich
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Bespoke Design

digital building technologies, ETH Zurich, 2017



Voxeljet, 2018

Large-Scale 3D-Sand Printing



NFS Digitale Fabrikation

ETH Zürich

Abb. (nächste 5 Folien): NFS Digitale Fabrikation / digital building technologies, Prof. Benjamin Dillenburger, ETH Zürich, 2018



Installation of Smart Slab Elements

NCCR Digital Fabrication

ETH Zurich



NFS Digitale Fabrikation

ETH Zürich

NCCR Digital Fabrication

ETH Zurich

70 % Material Reduction
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‘Smart Dynamic Casting - A digital fabrication method for non-standard concrete structures’ 

(PhD Thesis by Dr. Ena Lloret Fritschi) 



Introduction Formwork types
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DFAB House design challenge
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Fabrication Setup
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Scotto et al. “Adaptive Control System for Smart Dynamic 

Casting: Defining fabrication-informed design tools and 

process parameters in Digital Fabrication processes”
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Fabrication Parameters
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Fabrication
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Formwork
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Formwork – Shell
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Formwork – Shaping Strip
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Formwork - Actuators
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Material Mix



Material properties

Too soft Too hard
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Lloret et al. “Smart Dynamic Casting: A robotic fabrication system for complex structures”, In conference proceedings, of 1st Concrete Innovation Conference, 

(Oslo, Norway, 2014)  
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L. Reiter et al ‘The role of early age structural build-up in digital fabrication with concrete’, 2018 
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Reinforcement



Wind loads & structural requirements

Bending verification

Shear verification

Ductility after cracking

100 mm

IBK – Concrete Structures and Bridge Design

ETH Zurich
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Eggshell

Research Project 2016-2022

In cooperation with: Physical Chemistry of Building Materials group (Prof. Dr. Robert J. Flatt)

Collaborators: Joris Burger (PhD), Dr. Ena Lloret-Fritschi, Fabio Scotto, Nizar Taha, Bruno 
Pinto Aranda, Dr. Thibault Demoulin, Dr. Sara Mantellato, Andi Reusser, Michael Lyrenmann, 
Philippe Fleischmann



Concept
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Classic concrete filling
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Scale-up
Basler & Hofmann case study
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Phase II: Scale-up
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Starting point



Reinforcement
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Imprimer le Monde, Centre 

Pompidou, 2017

Conclusions

• Hydration control (set-on-demand ) is key in digital casting to: 

• Re-think formwork for concrete 

• Open up new design space (standard elements will rarely pay off)

• Interlink design with fabrication and fabrication limits

• Material aware fabrication 

• Added value, functionality or integration will pay off

• New horizon for design tools informed by material and new construction methods
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