
Digitalized 
Circular Dome

The Circular Engineering for Architecture (CEA) lab develops methods for tackling 
the problem of construction and demolition waste (CDW). With the construction 
industry generating over a third of all solid waste produced in Europe, methods 
for the reuse of building material waste are desperately needed. These 
considerations affect all parts of the building lifecycle, from design, procurement, 
construction, maintenance, and the final disassembly before a new use. At each 
affected phase, digital tooling has the capability to increase the reliability and 
efficiency of the system.  

The Digitalized Circular Dome is a human-scale reuse project demonstration, 
built with reclaimed materials, and designed to ensure minimal additional waste 
is produced in the process. Throughout, digital tools are applied and tested to 
work with the individuality and lack of standardization of the reclaimed materials. 

First, materials were recovered from an active demolition site in Geneva, 
Switzerland. Documentation on-site was carried out using digital scanning 
and reconstruction techniques, creating a digital twin of the relevant areas for 
recovery. Building components were chosen based on their usefulness for new 
construction, accessibility, and visual quality. The dissassembly of the structure 
was then carried out in collaboration with industry deconstruction partner 
Materiuum. After recovery, we measured each component and cataloged them 
in a material database, while also preparing them for transport to the final 
production site in Zurich. The recovered inventory included timber beams, steel 
beams, OSB flooring and PVC water pipes. 

For the construction, a geodesic dome form was chosen due to its inherent 
structural quality, openness to allow appreciation of the reclaimed material 
character, and a design requiring minimal different types of parts. The design 
tools developed were based on the two complementary concepts of circular 
design with reused materials: making the materials fit the design, and making the 
design fit the materials. This took a two-phase approach, where the design was 
gradually optimized to work best with the available materials, with each iteration 
being evaluated with a component matching system. The matching system 
attempted to fulfill the design with the least material lost to cutoff and waste, 
while ensuring that any necessary cutoffs would be of a possible usable length 
in the future. During the material optimization of the design, individual element 
characteristics such as warping or cracking were taken into account, as well as 
emergent effects on efficiency and accuracy when producing the components as 
specified by the system. 

The design system produced graphical layouts through which specific elements 
were then fabricated from a piece of stock. This involved both cutting down 
to cross sections that would balance overal weight and structural capabilities, 
as well as cross cutting to produce the specified lengths and angles. Upon 
production, each piece was marked with a laser-engraved QR code representing 
it’s ID in the total design, and a link to a database of the materials. QR codes were 
chosen for their simplicity of application and data redundancy, as well as the ease 
of accessibility for users to read them. This database set a structure for recording 
the geometric and material details of each piece, as well as tracking its history in 
future constructions after the dome. 

The connective components between each wooden edge were produced from 
water pipes, also recovered from the demolition site. The pipes were cut into a 
series of rings, providing a surface to screw into each connected timber piece. 
To bring structural rigidity to the system and to unify the structure aesthetically, 
circular insets were produced from OSB panels that made up the original floor 
system. These were fabricated by CNC at 0.5mm increments, to cover the 
variety of loading conditions across the face of the dome. The final assembly 
was performed semi-modularly, with each layer being built from a series of pre-
fabricated units alongside individual pieces. 

The dome demonstrates a concentrated investigation of the major steps in reuse-
based construction, and the applicability of digital tools at each phase. The work 
brings a new life to materials assumed to be at end-of-life, with considerations 
for many future lifetimes beyond. 
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DIGITAL PROCESSING: Using photogrammetry and point cloud analysis, the available 
inventory was estimated  and located

STOCK CLEANING - Recovered beams were processed to remove original connective 
hardware and other artifacts from the original use

DISASSEMBLY - Relevant materials were chosen considering transport and storage, and 
were removed using nondestructive methods. 

ASSEMBLY - All assembled connections were made using wood screws and friction fit, for 
future disassembly. 

MODULE PRODUCTION - Assembly was performed semi-modularly, with combinations of 
pre-assembled units and individual connecting pieces. 

CNC PRODUCTION - For increased rigidity, recovered OSB was used to produce 
reinforcement disks at each of the connection points

FINAL DOME CONSTRUCTION

BEAM CUTTING - Beams were first cut to the structurally defined cross section, then cross 
cut to produce each component of the design

SCANNING - 360 Cameras and Mobile Lidar systems were used to gather geometric data 
about the site

CONNECTOR DRILLING - Connectors at the  vertices of the dome were produced from  
pipes also recovered on site. Each connector was pre-drilled to match the associated 
wooden components

QR CODING - Each design component was assigned a unique ID, and marked with a laser-
engraved QR code to connect to an online database. 

DIGITAL DESIGN - The design was optimized to produce the largest possible dome with the 
least additional waste during the new construction process

RECOVERED STOCK - The final recovered inventory was measured and catalogued
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