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ENGINEERED WOOD ELEMENTS - Innovative design solutions for 
multi-storey timber buildings throughout the entire building process 
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ABSTRACT: “File-to-factory” processes of computer technologies is a contemporary way to both maximise efficiency 
throughout the building process, increase a building's performance, and be able to add interesting architectural 
possibilities throughout the design phase. Viewing the building as a parametric network of connected components that 
can be individually controlled through unique parameters may no longer be a novel architectural concept, but its 
application to multi-storey timber buildings is still a territory for which there are no maps. Allowing not only the notion 
of identicality in mechanically reproduced objects to be left behind, but replacing the idea of the object with that of the 
objectile, the authors investigate a novel approach that produces a set of building trajectories rather than a set of 
buildings, yet yields a series of buildable examples of those trajectories. This paper describes and evaluates how this 
series of stacked multi-storey timber buildings based on three Swedish timber structural systems can be both 
incorporated within a file-to-factory process, and how this gives rise to a range of new and interesting potentials to 
create innovative solutions throughout the entire design and manufacturing process. 

KEYWORDS: Wood architecture, multi-storey timber buildings, file-to-factory, parametrics, modular systems, 
objectile, gridshell, living capsules, Byggma Masonite Flexible Building System, Martinsons CLT Building System, 
Moelven Trä8 Modular System. 
 

1 INTRODUCTION 
Digital manufacturing per definition creates one-off 
objects. Serial variations tend to come at no additional 
cost. Digital processes tend to merge the two production 
modes of complex objects such as buildings: the initial 
phase of the design object as a collection of notational 
media representations are controlled using the same 
software that instructs the manufacturing machine to 
build the final physical object. While the digital design 
process brings contemporary architecture closer to its 
primeval mode (of simultaneous conceiving and 
making), the digitally controlled manufacturing process 
turns the factory into a computer-aided version of the 
artisanal workshop. Digital manufacturing makes it 
possible for standard building materials to become non- 
standard architecture. File-to-factory strategies can assist 
this operation. In this paper, we explore how such digital  
tools can be applied to a series of example buildings 
based on three Swedish timber structural systems, 
described in a previous paper.1 

 

 

2 DATA-TO-SITE FEEDBACK LOOPS 
In a 2011 essay, Hani Buri and Yves Weinand discuss 
how different technological ages have influenced the 
tectonics of timber structures, from the artisanal 
“wooden age” through to our present “digital age”. 
Having established that the “ability to control machines 
with the help of a computer code eliminates the need for 
serial production,” the authors continue to explain that 
the easy machinability of wood “makes it an ideal 
material for digitally controlled processing portals,” 
which has led to timber “taking on the status of a high-
tech material”.2  
Add to this digitally controlled processing of a high-tech 
material today‟s possibilities for having different 
systems communicate with each other, and we end up 
with a highly flexible process where computer-aided 
manufacturing (CAM) and computer numerically 
controlled (CNC) technologies are linked to parametric 
design software and, possibly, even live-fed contextual 
data from the site in question. This would form a file-to-
factory operation that would make it possible to 
manufacture individualised building components in a 
highly economical manner. The various parts would not 
only be adapted to fit perfectly together, forming a 
network of interlinked relationships, but would also 
acquire a new, time-based property: as it is analysed and 
tested before being inserted into the scheme, the 
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component adapts to analytical data; once it has been 
installed, if fitted with a sensor, it can continuously feed 
data back into the system, reporting on its on status 
within the framework of the building. Such a data-to-site 
feedback loop would not only maximise efficiency 
throughout the building process, but also increase the 
building's performance while adding interesting 
possibilities of influencing the architectural palette 
during the extended design phase over time. Eventually, 
architecture could literally be published into this 
information network. 
While this Internet of Things-based vision is beyond the 
scope of this paper, an exact file-to-factory system is 
particularly appealing when it comes to engineered 
timber architecture, as accuracy is of the essence. The 
design of a building that is to be constructed from 
elements that will be pre-cut off site must be finished 
when it leaves the architect‟s office. This suggests a 
production strategy in mass customisation (based on file-
to-factory processes). New manufacturing methods give 
rise to new structures, new ways of using those 
structures, new architectures. 
 
3 POST-SUSTAINABILE BUILDINGS 
The growing urbanization of the planet, visible in the 
fact that by the middle of this century some 70% percent 
of the population will live in cities,3 situates the urban 
question as a key issue for the global environment. As 
architects and engineers, we need to engage with the 
questions arising from current analyses of a world in 
which about 3.4 billion people are concentrated on 
roughly one percent of the earth‟s surface, consuming 75 
percent of the world‟s energy use and producing 80 
percent of our total CO2,5 and predictions that in 2050 
the world‟s population will increase to 9.3 billion and the 
urban population will double to 6.8 billion.4 Our 
metropolitan areas is where density can allow us to live 
extraordinarily energy efficient lives; as David Owen 
observed in an article in The New Yorker, “Eighty-two 
per cent of Manhattan residents travel to work by public 
transit, by bicycle, or on foot”.5 
We hesitate to call this a “sustainable” urbanist outlook, 
as we are rather seeking a post-sustainable condition. 
Humanity needs to move beyond practices that merely 
do no more harm, we need to readjust our environmental 
strategy to focus on continuous improvement rather than 
mere sustainability, and the city is the obvious place to 
start, not the least because the metropolis is where 
change is most easily implemented. To quote Edward 
Glaeser, urban density “creates a constant flow of new 
information that comes from observing others‟ successes 
and failures... Cities make it easier to watch and listen 
and learn. Because the essential characteristic of 
humanity is our ability to learn from each other, cities 
make us more human.”6  
In a provocative 2004 essay, David Schaller points out 
that “a typical coffee business uses 0.2 percent of the 
coffee bean to produce a cup of coffee. This means 99.8 
percent of the coffee bush becomes „waste‟”. According 
to Schaller, there is “an abundance to nature that, in our 

ignorance and even arrogance, we are only beginning to 
fathom... Our microbiologists, botanists, biologists, 
mycologists, wood chemists and geneticists are only now 
scratching the surface of this great diversity and plenty. 
What we don‟t understand, we can‟t possibly explain, 
value, or protect.”7 
The choice of timber for a tall structure of this massive 
scale is a modest proposal that could perhaps open up 
one line of inquiry into this unharvested natural 
abundance. The earth contains about one trillion tonnes 
of wood, which grows at a rate of ten billion tonnes per 
year.8 An abundant, carbon-neutral or even carbon-
negative renewable resource, timber is the only readily 
available building material that stores carbon dioxide, 
minimises or eliminates its carbon footprint, and hence is 
truly post sustainable.  
Urbanising literally means “burying,” but we are not 
interested in burying the agricultural or suburban 
landscape. Rather, we want to celebrate the ground 
datum as a counterpoint to the necessary further 
densification of our urban nodes. By having the structure 
undulate across the topography, touching the ground in 
as few places as possible, we can potentially achieve a 
dichotomy between landscape and urbanism allowing the 
project to reverse today‟s migration patterns, bringing 
the city to the people living in less densified areas. It 
redefines the notion of sprawl, turning it into a 
progressive tactics for linking the city infrastructure to 
the rural outskirts of our urban conglomerations, 
extending the metropolitan condition. 
The tall, sprawling, habitable timber network presented 
here is post sustainable in three major ways: through its 
reinterpretation of the urban condition and introduction 
of a new typology that can promote new ways of living, 
through its materiality as explained above, and through 
the systemic approach at its heart, which employs file-to-
factory processes to not only minimise waste but lower 
the degree of processing while creating a structure that is 
easily manufactured, assembled, and maintained. 
We also view it as being post parametric. A very brief 
commentary might be prudent. In 1967, Marshall 
McLuhan claimed that transformative new technologies 
eventually turn superseded technologies into “counter-
environments”.9 The counter-environment of the 
Romantic landscape, for instance, is the railroad and 
factory of the industrial age. Counter-environments 
change the nature of perception, and by extension the 
opportunities for intervention. Parametric techniques in 
architecture – geometric models whose geometry is a 
function of a finite set of parameters – have prevailed 
since at least the Bauhaus, or Gaudí, or the Baroque, or 
the Gothic, depending on how we choose to frame the 
concept.10 While still toted as the next big thing in 
architecture, parametric design as a conceptual 
framework (there is no design without parameters) 
should by now have been brought into a counter-
environment-like relief ready to be re-assessed. What we 
mean by calling this building post parametric is that it 
seeks to harness something completely different from the 
BIM models being celebrated by the corporate machine. 
Instead: an open-source system that acquires, processes, 
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and integrates data into a cloud environment that allows 
the building to “learn” from its context and inform the 
system that generates its next section about this 
knowledge in order to optimise its own performance; a 
signal network that could perhaps be likened to how the 
human peripheral nervous system connects the central 
nerve system to our limbs and organs. 
 
4 SCALE, STRUCTURE, PRECEDENTS 
The building presented here is massive. It‟s scale goes 
beyond that of the building or even the urban block, 
towards the city itself. It is a megastructure, an 
enormous, self-supporting artificial construct. It is a 
plug-in gridshell, a huge canopy weather-sealed by 
living units, an oversized tribute to that great traditional 
British form, the Pavilion in the Park. 
The hybrid structure combines three Swedish timber 
building systems: a CLT/glulam lattice from Martinsons 
(regular along the x and y axes but locally irregular 
along the z axis) are supported by large-scale L-beams 
from the Moelven Trä8 system, which also double up as 
circulation and service spaces. Within this timber lattice 
– a wooden gridshell somewhat reminiscent of a scaled-
up version of Frei Otto‟s 1975 Multihalle Mannheim 
structure, Buro Happold‟s 2006 Savill Building, or 
maybe Barkow Leibinger‟s Company 
restaurant/auditorium in Ditzingen11 – prefabricated, 
pod-like living units manufactured using the Byggma 
Masonite Flexible Building System are inserted, 
effectively hung from the gridded framework, thus 
challenging the notion of compressive or subtractive 
stacking (Fig. 1). 
It is impossible not to mention Jurgen Mayer H‟s giant 
latticed timber canopy, a part of their redevelopment of 
the Plaza de la Encarnacíon in Seville, Spain. This 
scheme, finalised and opened to the public in April 2011, 
includes an archaeological museum, a farmers market, 
an elevated plaza, an aerial walkway, as well as bars and 
restaurants, all contained beneath and within the 
parasol structure.  
Why is it so big? Mainly because it can be. Myron 
Goldsmith writes about the ultimate size for structures 
and the principles dealing with the effects of magnitude, 
going back to the teachings of Galileo and Sir D‟Arcy 
Wentworth Thompson, concluding not only that every 
structure has a maximum and a minimum size, but also 
that size and scale “have important implications 
environmentally and functionally. Engineering for 
efficiency is not the last and only determinant; it is 
possible to make a choice from several efficient schemes 
because of architectural, aesthetic, and environmental 
reasons. The human needs must give the directions”.12 
There are three other main reasons for the vast scale of 
this project. The first is that we are interested in 
investigating this new typology of upside-down stacking 
at the largest end of the spectrum, where the beams 
making up the lattice are large enough to hold circulation 
paths and other programmatic features, and principles of 
mass manufacturing and prefabrication can be 
challenged to exhaustion (for instance with entire living 

pods being manufactured under factory conditions). The 
second is a challenge to the prevalent romantic view that 
environmental or even social concerns are somehow 
connected to scenic pleasures and aesthetic appreciations 
of the picturesque: “nature” is not passive but has always 
been an active agent in the co-production of our 
civilization while co-developing with it.13 By creating a 
building large enough to hold nature – in the form of 
tree/forest plantations – within itself, we comment on 
this misapprehension. The third is an extension of the 
renewable material‟s properties: a building made from 
wood is a carbon dioxide store, and building with timber 
(for as many inhabitants as possible) can be viewed as a 
form of active climate protection. 

At the scale of the city, this building embodies the ideal 
of the Japanese Metabolists – never a group to hold back 
in terms of scale: a technological fervour bringing about 
future cities made from large-scale, flexible, and 
expandable structures that evoked the processes of 
organic growth.14 That basic unit of Metabolism, iterated 
to perfection by Kisho Kurokawa, the prefabricated 
capsule, is important also to this scheme. Kurokawa‟s 
1960 Neo-Tokyo Plan and grid system on stilts, 
Agricultural City, as well as his capsule-within-space 
frame 1969 Odakyu Drive-in Restaurant, and of course 
his 1972 Nagakin Capsule Tower, are all somehow 
related to the present project, as is other Metabolist 
proposals such as Arata Isozaki‟s 1960 Clusters in the 
Air and perhaps the 1961 elevated Disaster Prevention 
City by Kiyonori Kikutake.15 
 
5 SOME ASSEMBLY REQUIRED 
Prefabrication is often referred to as “architecture‟s 
oldest new idea”16 – and for good reason. Not only has it 
been around for thousands of years, it has also been 
touted as the next big thing in architecture for about as 
long. When the newly-weds played by Buster Keaton 
and Sybil Seely have their prefab timber house delivered 
in the 1920 silent short film One Week,17 they are 
already at the closing end of the first chapter in the 
history of prefabrication, following a long narrative of 
prefab projects including the wooden panelised buildings 
the British used to house their fishing fleet in the 17th 

Figure 1: The structural system. The black lattice is from 
Martinsons, the gray L-beams from Moelven, and the 
white living units from Byggma. 
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century; the Crystal Palace in 1851; the  kit house of 
numbered, pre-cut pieces sold by Aladdin Readi-Cut 
Houses from the early 20th century; the wildly popular 
Houses by Mail program established by Sears Roebuck 
& Co in 1908; Swiss architect Le Corbusier‟s structural 
frame Maison Dom-ino in 1914, and the same architect‟s 
short treatise Mass Production Houses, the penultimate 
chapter from his famous book Vers une architecture, 
which in 1919 introduced the idea of the house as “a 
machine for living in”.18 
Prefabrication fascinated the Bauhaus architects, and a 
year after Keaton‟s comedy premiered, prefabrication 
entered a second chapter with the Baukasten (building 
blocks) developed between 1922 and 1923 by Walter 
Gropius and Adolf Meyer.19 These were standardised, 
industrially produced building elements that functioned 
as a variable kit of parts, interlocking to form a near-
infinite array of configurations. The architects would 
guide the client through this ”oversized set of toy 
building blocks,” illustrating possible configurations 
with a scale model, assembling different “machines for 
living” according to the inhabitants‟ needs. 20 
Timber is a fitting material for prefabrication. The first 
prefabricated construction system was the wood-based 
balloon frame method developed in Chicago by builder 
Augustine Taylor around 1833, and soon after the timber 
units making up the Manning Portable Colonial Cottage 
for Emigrants started shipping from England to 
Australia. Other interesting timber prefabs include 
Juhani Pallasmaa‟s (with Kristian Gullichsen) 1969 
model industrial summer house Moduli 225, the Burst 
008 beach house by Jeremy Edmiston and Douglas 
Gauthier, Oskar Leo Kauffman and Albert Rüf‟s 2008 
System 3 unit,21 the Breckenridge Perfect Cottage 
mobile home by Christopher C Deam,22 and MH 
Cooperative‟s tiny Summer Container.23 
The use of prefabricated, mass-customised living units 
reduces construction times and minimises waste, thus 
decreasing the building‟s ecological footprint. 
 
6 SYSTEMIC DESIGN 
Just as the history of prefabrication traces the history of 
modernism in architecture, the history of digital iteration 
and the ability to respond to individual client needs 
through the linking of fabrication with computerised 
design is defining part of the current dialogue. 
Digital modes of production open up possibilities for 
designing with a much closer attention to innovative 
details, as we now know that (almost) whatever we 
create on our computer screens can be fabricated 
digitally at an affordable price. Design strategies, at the 
very intersection of architecture and engineering give 
rise to entirely new solutions within areas such as 
acoustics, ventilation, and lighting. The file-to-factory 
process also adds another layer of flexibility in that any 
grid element, structural support, or living capsule can (as 
long as this doesn‟t compromise the structure) be added 
or subtracted at any time. 
The act of measuring turns the territorial continuum of 
the site into an architectural element or system.24 This 

system is then carefully indexed and turned into a 
topographical network representation of the ground 
datum, which is raised above ground in a reversal of the 
typically predatory consumption of land by many 
urbanisation processes. The matrix canopy initiates a 
symbiotic relationship with the terrain below. 
Additions to this flexible grid call for further analyses. 
The system becomes a continuously moving factory, 
trawling the suburban and rural landscape to measure 
and survey it in preparation for the next stretch of the 
scheme. The diagram of the site topography that is the 
gridshell next becomes the basis for the computation of a 
set of operational rules, yielding the living capsules 
through mass customisation scripts, living units that are 
then “stacked” as they get hung within the structural 
matrix. The relationship between the local conditions of 
the grid and the various instantiations of living units is 
analogous to the way a single genotype might produce a 
differentiated population of phenotypes in response to 
diverse environmental conditions.  
Despite its scale, the scheme is not as dense as a city; 
instead of density, we get intensity: the idea of individual 
buildings holding collective housing gives way for a 
collective building holding individual housing. The 
lattice frame itself becomes programmable, holding 
aerial walkways, terraces, transportation routes. Where a 
beam changes direction within the lattice, new 
opportunities for spatial diversity is inserted. While the 
basic form of the gridshell is based on the site 
topography, we now add additional design parameters. 
Any material construct can be considered as resulting 
from a system of internal and external pressures and 
constraints, its physical form being determined by these 
pressures. Depending on the circumstances, we can 
decide to exert climate-related forces, apply 
socioeconomic pressures, or deploy formal variations 
and deformations at strategic points.  
The resulting combinations of lattice-supports-capsules 
iterate over time as the system keeps updating. Only 
once the building components have to be manufactured 
do we freeze the process and collate the data. Postponing 
the production until the very last minute guarantees that 
as much information as possible goes into the final, 
manufactured element and volume. Over time, this 
material system builds up a complex reciprocity between 
its materiality, site conditions, form, structure, and space, 
the related processes of mass customisation and 
prefabrication, as well as the resulting performative 
qualities of the structure itself. 
 
7 THE FILE-TO-FACTORY PROCESS 
The present scheme does not sit easily within a common 
typology. It is very likely that no structure of its kind has 
ever been built. Non-standard architectures call for non-
standard ideas about how to use strategies such as mass 
customisation and prefabrication in the manufacturing 
process, though, crucially, it does not necessarily call for 
non-standard building materials or building processes. 
While its expression, program, manufacturing process, 
and design approach are all atypical, it is still a building 
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that can be made by everyday builders from perfectly 
normal engineered wood. 
Recent technological advances enable the materialisation 
of architectural forms straight from a digital file. As the 
necessary equipment, machinery, infrastructure, and 
tools are becoming available to a larger part of the 
building industry, the manufacturing and fabrication of 
mass-customised elements according to specific 
instructions derived from modelling software is 
becoming increasingly popular. Data-driven fabrication 
is perhaps particularly appealing when it comes to 
architecture made from engineered timber, as accuracy is 
of the essence. Designing a building constructed from 
elements that are pre-cut, offsite, to the architect‟s 
specifications means everything must be finalised at the 
drawing board. New manufacturing methods give rise to 
new buildings, new ways of using the buildings, new 
architectures. 
The plug-in gridshell structure has been designed to 
contain a minimal amount of timber elements: beams 
make up the lattice, cross-laminated sheets add structural 
support, surfaces (boards) come together to form the 
living capsules. Nearly all of these components, 
however, differ from each other, as they are all 
interlinked through a system that constantly updates our 
3d model – a perfect representation of the building at any 
one moment in time – with new data. Since the building 
blocks are defined parametrically, they are able to be 
reprogrammed into essentially carrying out each other‟s 
functions. The machines in the factory don‟t know, and 
don‟t care, whether the boards they are instructed to 
manufacture is to fill the function of a wall or a floor. As 
Kas Oosterhuis describes it, “Architecturally, 
convergence sees the beauty in the purest solution, the 
new modern: one building, one detail”.25 
While our system doesn‟t quite go so far as to define a 
single, parametrically controlled detail, it does take the 
data from the system and collates it into instructions for 
the factory, which in turn manufactures the parts in 
accordance with a predefined time schedule. This makes 
for an extraordinarily agile building process, where parts 
can be immediately printed if needed, and new parts 
pushed to a new place within the work schedule if for 
some reason the construction program changes. 
It also completely does away with the need for 
conventional, two-dimensional drawings. As the design 
that goes into the centralised three-dimensional project 
model is converted into instructions that are sent straight 
to the factory, nothing gets lost in translation. An 
annotation system makes assembly a matter of simply 
lining up one marked-up panel against the next, and if a 
builder needs to double check its placement, he or she 
can always bring up the latest version of the 3d model on 
a computer or tablet. The file-to-factory process makes 
Alberti‟s orthographic projections and ideas of 
identicality redundant: plans and sections become 
useless descriptions. This enhances efficiency and 
speeds up the building process. As Mark Burry points 
out, significant economic benefits can also be derived 
from “automating routines and coupling them with 
emerging digital fabrication technologies, as time is 

saved at the front-end and new file-to-factory protocols 
can be taken advantage of”.26 
 
8 ARCHITECTURAL ANALYSIS 
Living “off the grid” is a trendy way of referring to a 
self-sufficient lifestyle that doesn‟t rely on public 
utilities (such as the main electricity transmission grid). 
The building presented here promotes the perhaps less 
trendy alternative of a communal lifestyle within the 
grid. Over and above the obvious environmental 
credentials – a carbon dioxide store that uses the 
relatively low density and very high degree of stability 
(greater, in relation to its mass, than that of steel) of 
wood to soar above the ground – the plug-in gridshell is 
a programmatically interesting alternative to rural or 
suburban lifestyles, which, as we have seen, are rarely as 
energy efficient as their urban counterparts. The 
systemic, adaptive variation and continuous 
differentiation arising from the dynamic design system, 
which anchors the project to the site as it continues to 
shoot through the landscape (in a way perhaps 
reminiscent of Superstudio‟s 1969 The Continuous 
Monument27) offers an interesting contrast between input 
data and output result, the model/building responding to 
external pressures according to its own predefined logic. 
We have called the capsules living units, but they may 
also hold other programs: orchards, libraries, shops. In 
the shade of the structure, planted seedlings grow over 
time into a stretch of forest. Trees are cut down to create 
this habitable canopy for trees to grow under. 
The building also creates its own, artificial landscape 
(Fig. 2), a play between structure and spatial unit that 
becomes as varied as the information fed to the system. 
In some places, the spatial unit will take formal and 
programmatic priority over the timber lattice, while in 
others, the matrix will come to the foreground. But this 
isn‟t the only way in which the system accommodates its 
local circumstances: it can also adapt to completely 
different contexts – urban, suburban, rural – and could 
just as well hug the skyscrapers of New York as climb 
across the Siberian tundra. 
It is an example of how file-to-factory processes can be 
used to drive the production of a massive structure, but 

Figure 2: Perspectival rendering showing the scheme 
from above, as it undulates across the landscape and 
creates its own topography high above the ground. 
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also showcases the possibilities of hybridising different 
timber building systems. The three Swedish systems we 
are working with complement each other, supporting an 
architectural vision that they were clearly never meant to 
provide for. 
 
9 CONCLUSIONS 
File-to-factory manufacturing processes can support and 
give rise to innovative designs that cater for specific 
contexts. While wood is already regarded as an excellent 
material for digital manufacturing, few schemes seem to 
utilise this fact as a structural way forward, at different 
scales and in order to create a constantly varying and 
incredibly flexible building. The timber gridshell 
presented here is an attempt to start filling this gap. 
It is also, of course, a provocation. However it is 
important to remember, in the face of what might at first 
view come across as a highly radical proposal, that there 
is nothing to suggest the building presented here cannot 
be built. All of the technologies we have described 
already exist, as do the manufacturing processes, the 
structural possibilities, and the assembly strategies. It is 
not even that hard to imagine how the financing might 
work, perhaps with a series of building groups being 
organised as new stretches of the scheme are created, 
cutting out the developer middlemen.28 
So what are the theoretical and current practical limits on 
this form of construction? How high could the lattice rise 
above ground? How many floors could we add inside the 
capsules? How would the services work, the circulation 
paths, the irrigation systems? Would inhabitants be able 
to customise their own living units? What external 
pressures should the system respond to? Where is further 
research needed?  
The only way forward is to corroborate those questions 
and the others outlined or implied in this paper with 
projects, prototypes, and eventually actual buildings. 
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