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Paper Tube Project in Darcspace

The Paper Tube Project is a project developed in the Dublin School of Architecture at the Dublin 
Institute of Technology by a research group investigating the implications of using computers in the 
process of architectural design.

New modes of production and their effects on the design professions
The modern power of the identical came to an end with the rise of digital technologies. All that is 
digital is variable, and digital variability goes counter to all the postulates of identicality that have 
informed the history of Western cultural technologies for the last five centuries. In architecture this 
means the end of notational limitations, of industrial standardization, and, more generally, of the 
Albertian and authorial way of building by design. 
Mario Carpo The Alphabet and the Algorithm

Mass customisation is the use of flexible computer-aided manufacturing systems to produce 
individually customised goods and services. Those systems combine the low unit costs of mass 
production processes with the flexibility of individual customization. For architecture this means the 
end of modularity and grid based repetitive systems.

Geometries based on grid are no longer applicable as systems based on connectivity and inter-
relations are much more efficient. A good example is the nesting problem – how to minimise the 
amount of scrap material produced by a process of manufacturing parts from flat raw material. The 
solution based on grid is much less efficient than using proprietary algorithms that determine how 
to lay these parts out in such a way as to produce the required quantities of parts, while minimizing 
the amount of raw material wasted.

The principle of computer aided architectural design and manufacture is to extend the role of the 
computer from a passive digital drawing board to a tool that actively supports design and as such 
this approach has a capacity to embrace the above mentioned phenomena.

In the computer aided design process architects, engineers and fabrication experts provide rules, 
interrelations and objectives, which the computer matches in many variations due to its computing 
power. This methodology relies on structures broken down into smaller parts that are all connected 
together. A change in the overall geometry results in the whole system where all the parts change 
to adapt accordingly.

The role of the architect shifts from form designer to process designer. The result is the code to 
control the CNC (computer numerically controlled) machine. Modern CNC machines give the pos-
sibility of producing complex and unique products at the price point of mass-produced products. 
These manufacturing systems do not require a regular grid, but are based on logic-driven manu-
facturing and assembly processes which allow for a great diversity of forms. Designers develop 
building systems, which consist of parametric components, which are then ‘printed’ by CNC 
machines. 

The word parametric means that the geometry of building components is identical from the point 
of view of construction and structure but the components differentiate themselves in the final form 
according to the defined parameters. 

The digital chain uses the computer for processing data in the design process, and then translates 
the design directly from CAD to CAM (computer aided manufacturing) CNC machines for manu-
facturing. Digital tools at all process stages are linked together in order to ensure the uninterrupted 
flow of information and the overall speed of the process.

The Paper Tube Project is an example of parametric structure where in the process of design-
ing all joints for the tubes are changing according to the geometry of the overall form. The initial 
conditions -- that are the room dimensions, shape and circulation lines affect the formation of the 
structure that is fully automated. The parameters affecting the change of the joint are the resulting 
angles between the tubes. The angles and position in space inform the joints how to adapt.
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Simple joint and not simple configurations
The joint consists of two simple easy to produce elements. Using a specific algorithm the neces-
sary geometries are generated to accommodate various angles and tubular elements of different 
lengths and diameters necessary to produce a 3 dimensional structure. 

The joint is optimised for the technology used. The ‘flat’ elements of the joint can be produced 
using a CNC milling machine. To streamline this process the joint is designed so that only a single 
sided cut is needed.

The structure’s aim is to test and present the capabilities of our system. The spatial organisation of 
the structure follows the logic of the joint that is capable of accommodating 4 tubes only. The ge-
ometry is based on three dimensional cells build on hexagons and Voronoi diagrams as these have 
the capacity of accommodating 4-way joints in 3-dimensions contrary to a regular 3d grid.
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Hi-tech solutions for low-tech materials
Paper Tube Project as a project following the strict sustainable development ethics required an 
abundant, cost-effective, environmentally friendly and recyclable but lightweight, durable and 
machine-able material. It was chosen to work with simple, unassuming and widespread paper 
tubes and corrugated card. Through the use of high-tech approach it was made possible to pro-
duce a sturdy structure of a very small if not none environmental impact and at a very low cost. The 
machining time of the parts amounted to 28 hours. The assembly on site took 14 hours. 
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