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PREFACE 

Using several buildings uniquely designed as part of a wider investigation into the future of 
multi-storey timber buildings, this thesis exemplifies how such works of architecture can 
produce benefits to our future built environment on at least three different levels. At the urban 
scale, they act as vanguard works of architecture setting the scene for a future low-density 
city skyline. At the scale of the building, they embody an entirely new material strategy, 
pointing out the possibilities of a post-sustainable use of timber to an unparalleled extent. At 
the scale of the individual living unit, they make innovative use of modular tactics combined 
with contemporary CNC technology, opening up for a new era of mass customisation and 
investigations of that famous adage of beauty, “repetition with difference”.  

That definition would also be a fairly accurate account of the process of writing a licentiate 
thesis, as each new draft improves on its predecessor. No mass customisation strategy could 
have provided me with better company than the one I enjoyed during the making of this 
study. 

I would therefore like to deeply and sincerely thank my collaborator Magnus Larsson, with 
whom parts of the work have been carried out (whenever the word “we” is used in the text 
below, it refers to this working arrangement), and professor Ulf Arne Girhammar for his 
enduring and unwavering support for this project, which would never have been carried 
through had it not been for his unrelenting and sustained encouragement and advocacy.  

Luleå, November 2014 

Alex Kaiser 
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ABSTRACT 

This investigation applies architectural ideas of mass-customised difference and repetition, 
and tests them within the engineering paradigm of very tall timber buildings – taller than 
have ever been erected in the history of architecture. According to Edward Glaeser’s book, 
Triumph of the City, the cheapest way to deliver new housing (at least in the USA) is in the 
form of mass-produced two-storey homes, which typically cost only about $84 per square 
foot to erect. While building up is more costly, many of the costs – such as hiring a fancy, 
big-name architect – are fixed and won’t increase with the height of the building. In fact, 
once you’ve reached a height of about seven floors, building up has its own economic logic, 
since those fixed costs can be spread over more living units, writes Glaeser, before 
continuing: “The actual marginal cost of adding an extra square foot of living space at the top 
of a skyscraper in New York is typically less than $400”. 

If to this we add all the financial advantages of using stacked structures made from 
engineered timber – lower construction costs due to the simple geometry, and the speed of 
erection (four men built the nine stories of our primary precedent, the Stadthaus building in 
London, in nine weeks, reducing the entire building process from 72 weeks to 49); larger 
savings on the entire building (again, the Stadthaus came in at 15 percent less expensive than 
a concrete equivalent); and lower costs for transportation and foundations due to the lighter 
weight of the material – it soon becomes clear that timber developments make financial 
sense. Timber can also be precisely incorporated into different proprietary building systems: 
throughout this project, the systems of three Swedish manufacturers (Martinsons, Moelven, 
and Byggma) are used as structural frameworks. The trio of multi-storey timber buildings is 
based on conceptual notions of stacking, cutting, and slotting, respectively. These simple 
formal ideas (a variation on Deleuze’s thoughts on difference and repetition) are interpreted 
to align with the fundamental material logic of wood, as well as with the specific 
ramifications of these existing timber building systems.   

Methodologically, these buildings utilise a primary organisational principle to inform its 
volumetric massing, circulatory planning, arrangement of living units, fenestration 
configuration, and so on, while allowing for other principles to guide further aspects so as to 
avoid what Reiser + Umemoto call The Abuse of the Diagram: “Any one organizational 
model has limits. The ambition to carry a diagram through all levels of a single architectural 
project is exhaustive and reductive. To have one model determine all aspects of design is to 
simplify what is in reality a richer, more heterogeneous complexity. A true multiplicity 
requires that many different models be coordinated. A single model relentlessly deployed at 
all scales emerges as merely formal.” 
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Having said that, an initial investigation into simple formal moves at the outset of a project 
often yields a plethora of potential trajectories created by the self-imposed constraints that are 
carried through by the limiting conceptual framework we choose to adopt. There appears to 
be a certain psychology of limitation that are highly beneficial for devising new ideas, be they 
formal, spatial, or haptically driven. As neuroscience journalist Jonah Lehrer puts it in his 
book Imagine: How Creativity Works: “...the imagination is unleashed by constraints. You 
break out of the box by stepping into shackles”. The following is a study of such a break-out 
attempt. 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SAMMANFATTNING 

Den här avhandlingen undersöker idéer om “mass-customised” (ung. individuellt 
massfabricerad) skillnad och repetition och hur denna kan appliceras inom det 
ingenjörsområde som täcker mycket höga flervåningsbyggnader i trä – högre träbyggnader än 
som någonsin byggts. Enligt Edward Glaesers bok Triumph of the City är det billigaste sättet 
att leverera flerbostadshus (åtminstone i USA) att låta massproducera tvåvåningshus, vilka 
typiskt bara kostar $84 per kvadratfot (ungefär $904 per kvadratmeter, vilket i skrivande 
stund ungefär motsvarar 6 700 kronor). Medan det är dyrare att bygga på höjden är många av 
de associerade kostnaderna – som anställandet av en berömd arkitekt – fasta och opåverkade 
av byggnadens höjd. Faktum är att efter en höjd av ungefär sju våningar följer högra 
byggnader sin egen ekonomiska logik, då de fasta kostnaderna kan spridas över fler 
bostadenheter, skriver Glaeser, och fortsätter: “Den faktiska marginalkostnaden för att addera 
ytterligare en kvadratfot yta på toppen av en skyskrapa i New York är typiskt lägre än $400. 

Om vi till detta lägger att de finansiella fördelar som kommer med staplade strukturer av 
industriella träprodukter – en enkel geometri som ger lägre konstruktionskostnader, en 
snabbare konstruktionsfas (fyra män byggde de nio våningarna i vår främsta förebild, 
Stadthaus-byggnaden i London, på nio veckor, vilket reducerade den sammantagna 
byggprocessen från 72 veckor till 49); större besparingar över hela byggnaden (Stadthaus var 
15 procent billigare än en motsvarande betongbyggnad hade varit) samt lägre kostnader för 
transport och grund på grund av materialets reducerade vikt – står det snart klart att 
träbyggnader är smarta ur ett finansiellt perspektiv. Trä kan även enkelt införlivas i olika 
byggsystem: genom hela det här projektet använder vi tre svenska dylika (från Martinsons, 
Moelven och Byggma) som strukturella ramverk. Den trio av flervåningsbyggnader i trä som 
här presenteras bygger på konceptuella idéer kring staplande, skärning och 
“slitsande” (slotting). Dessa enkla formmässiga idéer (en variation på Deleuze tema om 
skillnad och repetition) tolkas så att de linjerar med den fundamentala materiella logiken hos 
trä, tillsammans med de specifika avgränsningarna hos de existerande träbyggnadssystemen. 

Metodmässigt använder de här byggnaderna en primär organisationsprincip som informerar 
deras volumetrik, cirkulationsplanering, bostadsenhetsarrangemang, fönstersättning coh så 
vidare, medan andra principer tillåts styra olika aspekter för att undvika det Reiser + 
Umemoto kallar The Abuse of the Diagram (Diagrammatiskt missbruk): “Any one 
organizational model has limits. The ambition to carry a diagram through all levels of a single 
architectural project is exhaustive and reductive. To have one model determine all aspects of 
design is to simplify what is in reality a richer, more heterogeneous complexity. A true 
multiplicity requires that many different models be coordinated. A single model relentlessly 
deployed at all scales emerges as merely formal.” 
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Med det sagt leder en undersökning av enkla formmässiga manipulationer i början av ett 
projekt ofta till ett övermått av potentiella vägar framåt, skapade av den självpåtagna 
bundenhet som kommer med att avgränsa det konceptuella ramverk vi väljer att utnyttja. En 
sorts begränsningens psykologi verkar vara ytterst fördelaktig när det gäller att hitta på nya 
idéer, oavsett om dessa handlar om former, rymder eller sensoriska upplevelser. Som 
neurovetenskapsjournalisten Jonah Lehrer skriver i sin bok Imagine: How Creativity Works: 
“...the imagination is unleashed by constraints. You break out of the box by stepping into 
shackles”. Det följande är en studie av ett sådant utbrytningsförsök. 
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1. INTRODUCTION 

The three buildings presented in this publication are unique on at least three different levels. At the 
urban scale, they act as vanguard works of architecture setting the scene for a future low-density city 
skyline. At the scale of the building, they embody an entirely new material strategy, pointing out the 
possibilites of a post-sustainable use of timber to an unparalleled extent. At the scale of the individual 
living unit, they make innovative use of modular tactics combined with contemporary CNC 
technology, opening up for a new era of mass customisation and investigations of that famous adage 
of beauty, “repetition with difference”.(1)  

We are interested in applying these ideas within the paradigm of very tall timber buildings, taller than 
have ever been erected in the history of architecture. So what’s the reasoning behind building tall to 
begin with? According to Edward Glaeser’s Triumph of the City, the cheapest way to deliver new 
housing (at least in the USA) is in the form of mass-produced two-storey homes, which typically cost 
only about $84 per square foot to erect. While building up is more costly, many of the costs – such as 
hiring a big-name architect – are fixed and won’t increase with the height of the building. “In fact, 
once you’ve reached the seventh floor or so, building up has its own economic logic, since those fixed 
costs can be spread over more apartments,” writes Glaeser, before continuing: “the actual marginal 
cost of adding an extra square foot of living space at the top of a skyscraper in New York is typically 
less than $400”.  

If to this we add all the financial advantages of stacked structures made from engineered timber – 
lower construction costs due to the simple geometry, and the speed of erection (four men built the 
nine stories of our primary precedent, the Stadthaus building in London, in nine weeks, reducing the 
entire building process from 72 weeks to 49); larger savings on the entire building (again, the 
Stadthaus came in at 15 percent less expensive than a concrete equivalent); and lower costs for 
transportation and foundations due to the lighter weight of the material – we soon realise the economy 
department’s vote will be with the timber development.(2) 

But there are other factors, aside from simple economics, that speak in favour of using timber. The 
material offers great design flexibility: it can be sawn and cut and milled and planed and drilled and 
fixed with nails or screws or bolts or tension rods or glue, and left untreated or painted, oiled, waxed, 
stained, and so on. A pine floor painted a creamy white and meeting a raw sheet of plywood is 
something rather different than a natural oak floor meeting a perfectly CNC-milled sheet of mdf 
painted a crisp white. Timber can also be precisely incorporated into different proprietary building 
systems: throughout this project, we investigate three of them, from three Swedish manufacturers: 
Martinsons, Moelven, and Byggma. 

Furthermore, timber is much more environmentally sound than alternative materials such as steel and 
concrete. The latter is an example we might wish to draw particular attention to. This substance, 
arguably the most important building material in the world, is environmentally questionable at best. 
Of all existing materials, humans use water (by volume) the most. In second place, at an extraordinary 
annual production rate of more than 3Gt, comes hydraulic cement, the material that serves as a binder 
for the aggregate in concrete. In other words, concrete is the second most consumed product on the 
planet after water.(3) In 2010, the cement output formed the basis for an annual global concrete 
production of around 23-30Gt, which at a global population of 6.85 billion people equals an annual 
production of roughly 1.6 cubic meters of concrete for each person on the planet.(4)  
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Making cement for concrete involves burning fuel to heat pulverised limestone, clay, and sand to 
1,450°c. The process generates a lot of carbon dioxide as the naturally occurring calcium carbonate 
goes through this chemical transformation: the production of a single metric ton of commonly used 
Portland cement releases 650 to 920 kilograms of co2. This energy-intensive industry (the equivalent 
of 60 to 130 kilograms of fuel oil and 110 kWh of electricity is typically required to produce one ton 
of cement(5)) accounts for around 5% of global anthropogenic emissions of carbon dioxide, affecting 
climate change, air and water emissions, natural resource depletion and worker health and safety.(6) 

Cement plants are huge sources of toxic pollution such as man-made mercury, and concrete is not a 
very renewable resource, as a lot of it ends up in landfills. Despite those shortcomings, each year we 
keep producing more than one and a half cubic meters of concrete for every human being on Earth. 
One alternative to this practice could be to use an abundant and environmentally logical resource: 
timber. For multi-storey buildings, wood is, in short, a solid, sound, and safe alternative to concrete.  

Here is another way to put it: as the only 100 percent renewable building material, wood is clearly a 
building material of the future. Possibly consuming less energy than any other existing material, wood 
construction is a potentially carbon-negative resource. Timber serves as a carbon sink by absorbing 
and binding carbon dioxide. One cubic meter of wood stores nearly one ton of carbon dioxide. The 
storage process of carbon dioxide continues inside the wood products through their entire life cycle. 
The production and refining process for timber is also a very energy-efficient one, with more than 
75% of used energy gained through the burning of forest industry by-products, such as woodchips and 
sawdust. Alternatively, recyclable wood products can either be directly re-used (through the simple 
process of cutting existing boards into new shapes) or burned to utilise their bio energy. The carbon 
returned to the atmosphere during combustion is equal to that absorbed during the growth of the tree – 
a perfect cycle.(7) 

The substitution effect of wood products has a significant impact on the carbon dioxide emissions of 
the construction industry. The use of wood products replaces other building materials that would have 
required fossil energy to produce.(8) The origin of wood products is easy to trace with the help of 
extensive certification systems. Forests can be chosen that meet the standards of an ecologically, 
socially and economically sustainable forest management. This environmentally-friendly wood can 
even be left untreated on the interior, allowing it to continue to breathe and automatically manage the 
humidity inside a space. 

An underdeveloped part of the architectural canon, the tall timber building utilises a lightweight 
material that has excellent rigidity and strength properties, in particular in the direction of the grains, 
and lends itself fairly well to having modular units piled up on top of each other. Understanding this, 
we set out to create an architecture based on the notion of stacking. Many different ways of using 
stacked arrangements of modular living units were explored, until we felt the area had been somewhat 
exhausted. By this point we had arrived at a few stacking arrangements that we felt (conceptually if 
not structurally) carried more weight than others, and so all three buildings herein are based on the 
same formal configuration: a T-shaped stacking system. During the design process, we soon begun to 
colloquially call them T scrapers.  

This T-shaped stacking configuration allows for a distinctive administration of programmatic spaces, 
in that contained spaces run in a somewhat labyrinthine fashion around the perimeter of the buildings, 
freeing up vertical courtyards that potentially run their full heights. These courtyard spaces can be left 
open (in order to truly promote the notion of low-density living), or they can carry floors that can be 
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programmed as interior or exterior, public or private, fully separate or partly conjoined platforms. The 
circulation might be carried partly by these surfaces, or it might be positioned entirely within the 
vertical volumes of one or several of the T shapes. As with the material combinations, the spatial 
system constitutes a rigid foundation for variation, a rostrum upon which improvisations can be 
played out.  

The three T scrapers presented here are individually different: the first is focused on the programmatic 
bridging between living units within the low-density paradigm, the second derives its organisation 
from a technological meditation on how timber can allow light to pierce through a building, and the 
third breaks out of the previous T arrangement to liberate the living unit and take full advantage of its 
building system. They are variations on a theme, carrying strategic departures from the logic 
underpinning their initial development, illustrating the potential within an architecture based on multi-
storey modular manoeuvres.  

The author would like to deeply and sincerely thank his collaborator Magnus Larsson, with whom 
parts of the work have been carried out (whenever the word “we” is used in the text below, it refers to 
this working arrangement), and professor Ulf Arne Girhammar for his enduring and unwavering 
support for this project, which would never have been carried through had it not been for his 
unrelenting and sustained support.  

Alex Kaiser, London, October 2014 

1.1 Why wood?  

Because you wouldn’t make a violin out of concrete. Because of the beautiful tongue and groove joint 
between log cabin members. Because it breathes, because it changes with the seasons, because it 
smells lovely, is warm to the touch, and exposes the traces of how it’s been worked.  

Because of Kengo Kuma’s investigations of Japanese timber traditions, because of the innovative 
Swiss wooden houses of Bearth & Deplazes, because of the tasteful Scandinavian timber pop of Tham 
& Videgård.(9)  

Those are some of the more poetic reasons for choosing to build with wood. But there are others, too: 
for the more financially minded, the more practically inclined, those with a health-oriented agenda.  

Wood has an excellent strength-to-weight ratio. It is strong, lightweight, and flexible, can achieve long 
spans and comparatively tall structures.  

Wood is durable. Many timber buildings are hundreds of years old. Proper drainage detailing and 
appropriate finishes will help ensure that timber buildings stand the test of time.  

The anti-timber arguments of fire and acoustics have been largely overcome. The charring 
characteristics of wood slow the spread of fire in larger members. The acoustic behaviour of wooden 
structures are now reasonably well understood.  

Timber buildings go up a lot quicker than concrete buildings. The production line can be fully 
industrialised so as to allow for complete pre-fabrication under factory conditions.  
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Wooden buildings are cost effective, timber is often easily sourced from forests local to the building 
site, wood products are versatile, timber buildings are adaptable, and building with wood supports 
regional economies. 

1.2 The nature of wood  

Enchanted forests are described in the oldest folklore from regions where forests are common, such as 
Sweden and Germany, and occur throughout the centuries leading up to present-day works within the 
Fantasy genre. They represent unknown places and moments of transformation: places of threatening 
danger, of refuge, or a chance at adventure.(10)  

The same can perhaps be said for buildings made from forests, and in particular never-before-seen 
timber skyscrapers: perhaps threatening, always adventurous refuges in the sky, places that give birth 
to transformative moments. Enchanted places.  

The connection between the forest and the finished building lives on in the materiality of the 
architecture. The oldest of construction materials, wood is an extraordinary and constantly renewable 
resource. Light-weight, resistant, warm and soulful, it is a living material that stray away from the 
uniform appearance of man-made synthetic materials.  

From the simple Japanese “geta” shoe to the Swedish wooden “träsko” clog, wood is a nice material 
to stand on. Bathing bridges, ladders, tree houses and handrails are all examples of wood being used 
in a tactile way as a method for introducing a notion of the traditional into these buildings. The 
structure of wood can be affected or altered by external agents such as the light of the sun, shifts in 
temperature, humidity, and daily use. Wood lives its own life.  

These buildings begin with an attitude to the tactile nature of wood as a highly workable yet hard 
material that comes in many guises: from the cool blackness of a parquet floor through to the soft 
swirls of a wood carving. They are strict and ornamental (or expressive) at the same time, and 
hopefully catch some of the simplicity and beauty of the wooden tradition. 

2. FORMAL AND TYPOLOGICAL DEVELOPMENT 

2.1 Formal matrix  

The investigation was begun with a formal study of different stacking alternatives. A formal matrix 
was produced, within which our different arrangements were placed. The initial sketching phase was 
divided into nine main areas within this matrix of 81 models for how to stack individual living units 
and building volumes, corresponding to scale (domestic/high-rise/masterplan) and context (landscape/
sub-urban/urban).  

At first we looked exclusively at stacking configurations that can be created without altering the wood 
panels, then moved on to possible configurations when allowing for the boards to be cut before 
assembly.  
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Letters of the alphabet were used as a shorthand for the different formal arrangements that arose from 
this study: i stacking, l stacking, h stacking, c stacking, and t stacking – a syllabary of methods for 
piling wooden boxes on top of each other.  

Moving fast from hand sketching to simple 3D modelling, we soon populated the matrix with a wide 
range of formal ideas that we could funnel our way through in order to find the most promising or 
appropriate alternatives within the catalogue, to be used as starting points for the next part of the 
exploration.  

While this grid could theoretically be extended almost indefinitely, several of the primary design 
directions within the matrix have now been exhausted. This gave us the confidence to further explore 
our preferred shortlist of options, and examine them from other points of view than mere formal 
aspects alone. 

2.2 Typology examples  

Leading on from the formal matrix, we started looking in further detail at the different arrangements 
we had come up with. What were their properties and strengths? What were their potentials and 
possibilities? In what environments and on what sites would they work the best?  

Fig. 1: The formal matrix

�
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This culling process could have proceeded along many different trajectories – the subjective choices 
made at this stage were based on a number of criteria: programmability, buildability, contextual 
adaptibility, organisational qualities, formal expression, architectural innovation, structural interest, 
interior/exterior spatial qualities, habitation/servicing features such as vistas, ventilation, light, and 
circulation. Furthermore, we wanted to continue working on typologies that seemed suited for 
environmentally intelligent models, so alternatives deemed too complicated from a constructional 
point of view were abandoned.  

At this stage, the models (or objects) were really still rather sculptural. While they had begun to 
suggest different promises with regards to the specifications mentioned above, we were choosing 
from a sequence of three-dimensional sketches rather than from a set of buildings. However, we soon 
found that they were developed enough for us to be able to make informed choices as to which 
typologies had the most potential.  

We thought a level of standardisation, of structural and constructional simplicity, would be beneficial, 
and yet some of the moments of these models seemed to hold great promises. Not satisfied with the 
simple answer of sticking to the tried and tested, we realised that the material logic of these buildings 
– the way we can design from an understanding of the nature of wood – actually allowed us to have 
our cake and eat it too: by utilising advanced CNC technology, we can keep some of the interesting 
characteristics of these initial sketch models while keeping the construction process highly consistent.  

Shown in the figures are six examples from the formal matrix, some of which were further 
investigated (these are presented a little further into this chapter). 

Fig. 2: A stacking model with a twist: the 
base module is cut off at an angle, making 
the building lean with a clear directionality. 
The cantilevered base element makes for an 
interesting entrance.

�
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Fig. 3: Cutting the blocks before stacking 
them gives rise to a range of interesting new 
possibilities, such as this model, with 
vertically arranged volumes cut off at the 
base to provide stability.

�

Fig. 4: A rigorously gridded structure that 
opens up vistas in all directions, including a 
not-so-usual view towards the ground. 
Resembling an egg crate in how it touches 
the ground in select places.

�
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Fig. 5: On the interior, this model has a 
similar formal logic as the previous example. 
On the exterior, however, it is orthogonally 
cut off along the site perimeter, providing a 
striking contrast.

�

Fig. 6: We have seen this simplest of 
stacking arrangements, a “mountain of 
containers,” before, but the contrast 
between modules being stacked and 
apparently hung off each other is an 
interesting update.

�
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2.3 Precedent study: the Stadthaus 

Despite the fact that the development of tall timber buildings, when done right, can be cheaper, 
quicker, and more sustainable than strategies based on the use of steel and/or concrete, few examples 
of truly tall multi-storey buildings made from wood exist. This part of the architectural canon remains 
curiously underdeveloped even in our day and age, in which environmental concerns are finally 
beginning to find their ways into the agendas of developers and home owners alike. While we could 
have picked any number of precedent structures to study had this project been about skyscrapers made 
from other materials, finding previous cases made from timber is rather a more complicated matter.  

At nine storeys, the already-mentioned Stadthaus development in Murray Grove, London, is the tallest 
mixed-use timber residential building in the world, and one of a very select few timber-based 
buildings with sky-piercing ambitions (at least on a foggy day with a fair bit of low-flying clouds 
around).(11)  

But not even this exemplary state-of-the-art development wears its timber heart on its sleeve: the 
external panelling is made from white and black eternit boards set in a pattern that creates a pixelated 
effect. While containing a percentage of timber, this material is of course a cement-based composite. 
Not even when designing the tallest timber building on the planet did the architects want to clearly 
express this material progress. Instead they opted to hide the wood inside a shell of almost-concrete.  

While we try to not be extreme material purists to the point of not using materials logically and in 
accordance with their properties, we found this to be an odd attitude, and therefore opted to use a 100 
percent timber cladding for the three buildings presented here. We see no reason why this wouldn’t be 
a feasible strategy: many buildings taking advantage of timber claddings withstand the elements in 
more extreme environments than can be expected from these urban skyscrapers.  

The cladding issue aside, we are of course still interested in learning from the Stadthaus. At nine 
storeys, and comprising a combination of private and affordable housing, it provides a total of 29 

Fig. 7: An interesting alternative: a datum of 
modules spread out on a grid is cut through to 
provide channels for circulation, vistas, and so 
on. Then the next floor is stacked on top and cut 
through.

�
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The building was assembled using a unique, cross-laminated structural system provided by KLH of 
Austria. Techniker were the structural engineers who integrated the technology without sacrificing 
any of the design principles laid down by the architects, Waugh Thistleton. The cross-laminated solid 
timber panels form a cellular structure of load-bearing timber walls, including all stair and lift cores, 
with timber floor slabs.  

The panels are prefabricated and include cut-outs for doors and windows. Panels were immediately 
craned into position as they arrived on site, dramatically reducing the construction time: the entire 
structure was assembled within a mere nine weeks.  

The sustainability argument prevails: the tower stores more than 181 tonnes of carbon. Getting rid of 
the concrete frame saved a further 125 tonnes of carbon from entering the atmosphere. That’s 
equivalent to 21 years of carbon emissions at this scale – or 210 years at the current requirement of 10 
percent renewable.  

Even the pixelated panels mentioned above turn out to not be as bad as we initially thought. 
Recording the changing light and shadows formed on the empty site by the surrounding buildings and 
trees gave rise to the pattern (created using a sun path animation) on the façade. The resulting image 
was pixelated, picked up, stretched and wrapped around the building. The exterior cladding forming 
this pixelat- ed image is made up of over 5,000 individual panels across the building in three shades: 

Fig. 8: The Stadthaus with its 
characteristically pixelated façade

�
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white, grey and black. The 1200x230mm panels are manufactured by Eternit and made up of 70% 
waste timber.(12)  

Regulations in Europe means there are few examples of similar schemes. Finland allows only three-
storey timber buildings. Austria prohibits timber housing above five floors.(13) For the moment, the 
UK remains the country to produce the tallest cross-laminated high-rises across the European 
continent, although Australia has the tallest timber building in the Forté development.(14) 

2.4 Post sustainability  

As architects, and humans, we stand on the shoulders of giants. Calculating, cunning, clever giants. 
The present world – our contemporary society – can be characterised as the sum of progress 
throughout all previous eras. Equipoise is not the driving force behind humanity’s great achievements, 
our technological accomplishments, our advances in art and science, the erection of our grandest 
monuments and cities. It is our capacity for accomplishing imbalance, our inexorable banking against 
entropy, that pushes the human race forward.  

It could be argued that in 1987, when the Brundtland Commission of the United Nations declared that 
“sustainable development is development that meets the needs of the present without compromising 
the ability of future generations to meet their own needs,” it laid the foundation for a focus on the 
capacity to endure rather than the capacity to excel.(15)  

We need to readjust our strategy on a planetary level to focus on continual improvement rather than 
mere sustainability. We need to safeguard our progressive imbalance; we need to substitute “need” for 
“potential”. This can be done by adopting a radically optimistic attitude and a post-sustainability 
motive, which is not the same as the anti-environmentalist agenda put forward by the world’s 
sustainability sceptics. We are not calling for less passive houses, but for more active houses. The 
three skyscrapers presented here are examples of such active houses.  

Science has moved from the visible to the microscopic to the molecular to the electronic to the digital, 
and this shift in dimensions has been parallelled by a greater understanding of the stronger and 
stronger bonds within the substructures of our world. Architecture and the construction industry, 
however indubitably linked to these substructures, is currently not keeping up with the progress made 
in other fields, which is surprising as the history of building materials is full of technological transfers 
from other fields: to stick with the example of concrete, had it not been for gardener Joseph Monier, 
who in 1867 patented his ideas for large concrete flowerpots reinforced with cages of iron wires, we 
may have had to do without one of the most far-reaching innovations in the history of building. But 
despite the fact that buildings made from a material such as rammed earth (which properly 
constructed can outlast those of traditional timber-frame construction) need ten or 20 times less 
energy to build than concrete or brick ones, in actual (non-vernacular) practice we still seem to be 
largely stuck with the usual suspects: concrete, glass, metals, brick, stone – and wood.(16) Any 
serious attempt to move away from this material palette will be met with suspicion or worse from an 
industry comfortably making its living off of today’s equilibrium rather than spearheading tomorrow’s 
post-sustainable continual improvement.  

It is only recently that wood has been added to the list above, at least when it comes to taller 
buildings. And yet the inclusion of intelligent materials such as wood is arguably the most important 
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change that the building industry can take in order to lessen its impact on the environment while 
beginning to create the potential to turn the built environment into a positive rather than a negative 
force in a post-sustainable future. An excelling industry, not an enduring one.  

How is it that this seemingly rash, or at least unequivocal, argument can be made? Because timber is a 
potentially carbon-negative building material. Carbon is, of course, present in all living materials. 
Photosynthesis converts solar energy, carbon dioxide and water into carbohydrates, and these provide 
the building blocks for the growth of plants, including trees. Forests thus bind carbon dioxide as they 
grow, and timber-based products continue to store carbon dioxide throughout their lifetime. The 
products of the forest industry can also replace other fossil-based materials, and when the products 
reach the end of their lifetime, they are used as fuel or composted, at which point the carbon dioxide is 
released. An equivalent amount of carbon dioxide is then taken up by the growing trees. The circle is 
closed and a new cycle can begin. This leads to the conclusion that our buildings can help to 
counteract the greenhouse effect.(17)  

The forest industry – already the largest producer and user of biofuel in a country like Sweden – is 
also going through a phase of massive improvement. In 2009, the Swedish Forest Industries published 
a report in which it states that by 2020, the annual growth in Swedish forests will have increased by 
some 20 million cubic metres. In the same time, the extraction of bioenergy from forests will be 
increased by 20 TWh, the emissions of fossil carbon dioxide from transportation reduced by 20 
percent and energy efficiency will be improved by at least 15 percent, while sawmills were set to 
produce carbon footprints for at least 80 percent of their products already by 2010. This is a 
particularly important example, as Sweden is the world’s second largest exporter overall of paper, 
pulp and sawn timber, with one fifth of the sawn timber used in EU countries coming from Swedish 
saw mills.(18)  

If the 19th century was the Steel Age and the 20th the Concrete Age, then the 21st century is the 
Timber Age. Renewable, hard, light, cheap, strong, easily shaped, flexible, and a good thermal 
insulator, wood is truly a material for a population that has finally begun to understand the impact of 
its actions on its planet.  

The three skyscrapers presented here are designed for an urban context on a scale at which they can 
provide ”the clearest path from poverty to prosperity”.(19) If we are serious about designing for a 
post-sustainable world, we need to gather the population together at dense urban nodal points rather 
than disperse them in individual pockets across suburban sprawls – the strength that comes from 
human collaboration “is the central truth behind civilization’s success and the primary reason why 
cities exist. To understand our cities and what to do about them, we must hold on to those truths and 
dispatch harmful myths. We must discard the view that environmentalism means living around trees 
and that urbanites should always fight to preserve a city’s physical past.”(20) In other words, we need 
to turn people into inhabitants of new kinds of cities and new kinds of buildings – which is what this 
architectural/engineering investigation is all about. 

2.5 Fire  

Being a combustible building material, timber burns on its surface in case of fire, releasing energy and 
thus contributing to the propagation of fire and the development of smoke.(21) The combustibility of 
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wood is one of the reasons why most building codes strongly limit the use of timber in buildings in 
particular by limiting the number of permissible storeys.  

Fire safety has to be regarded as a basic requirement for buildings equally important to the load-
bearing behaviour of the structure under normal conditions.(22) The most efficient way to control the 
effects of fire is to establish a comprehensive fire safety strategy. Various combinations of technical 
and organisational measures need to be in place, over and above the traditional structural fire safety 
measures.  

Fire safety is the main precondition for the use of wood in multi-storey buildings. In latter years, an 
increased level of knowledge within the area of fire design of timber structures, combined with 
technical measures including (in particular) systems for sprinkler control and smoke detection, have 
led to a widening of the field of application for timber as a building material.(23) 

Switzerland is a case in point. Until 2005, Switzerland limited timber structures to low-rise buildings 
of no more than two storeys. As a result of the advances in fire technology, together with 
improvements in the training and equipment of fire brigades, in 2005, the Swiss fire regulations were 
updated to allow for the use of timber in multi-storey, medium-rise residential buildings up to six 
storeys. Many other countries have liberalised the use of timber for buildings or introduced fire 
regulations that permit the use of timber on the basis of performance.(24) 

Sweden is one of them. While the country has a rich tradition of using wooden structures in dwellings, 
since 1994 it has permitted the use of wooden structures in multi-storey (defined as more than two 
storeys) buildings. Lately, a large number of new timber building systems have entered the Swedish 
market. Both industry and government are committed to increase the use of wood in multi-storey 
housing units. This work has increased the country’s knowledge of wood in building structures, yet 
much work remains to be done before the behaviour of wooden structures is completely understood 
and predictable. Other countries that have shown a major interest in wood as a structural building 
material includes forest-heavy nations such as Canada, usa, Austria, Norway, Finland, and New 
Zealand, all of which are carrying out research into timber structures with particular emphasis on fire 
control.(25) 

The UK is a country with less natural timber sources and a history of adverse attitudes to wooden 
structures principally due to fire issues, which has nonetheless come to embrace the material in latter 
years. The aftermath of the Great Fire of London in 1666 heralded in a new era of building regulations 
in the UK that lasted until recent years. Following the disaster, which saw a third of the largely 
wooden capital go up in flames, building with timber frames was banned in the years following Sir 
Christopher Wren’s London Rebuilding Act of 1667.(26) 

In 1999, however, the fire safety testers, BRE, carried out a test on a six-storey timber-framed 
building in the controlled conditions of an aircraft hangar. The report that followed stated that the fire 
was effectively contained, a finding that was soon picked up by the UK Timber Frame Association 
(UKTFA): “If you want to know how multi-storey timber frame buildings cope with fire there is one 
piece of research you must read”.(27) The report led to the widespread use of timber-framed buildings 
for large council housing projects.(28) 

Recent changes in building regulations point toward a future in which regular safety objectives – 
keeping occupants, neighbours, and the fire brigade safe in case of fire, while minimising financial 
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loss and environmental damage – can be achieved despite of the combustibility of timber. We are 
likely to see more fire regulations that permit the use of timber on the basis of performance being 
introduced in the near future. 

2.6 Acoustics  

After risks associated with fire, acoustic issues have been the second main historical argument against 
wooden buildings – an important performance characteristic for building with wood and a prerequisite 
for the acceptance of wooden buildings by all stakeholders.  

Acoustics concerns both sound and vibration. Some important features differ between timber 
buildings and those in concrete and other heavy constructions. The weight of a structure is an 
important parameter for its airborne sound insulation properties, especially for the lower frequency 
range (20–200 Hz). Wood constructions may have poor sound insulation at the lower frequencies, but 
solid wood elements may show better performance than lighter elements at these frequencies.(29)  

At higher frequencies, solid wood elements may have poor sound insulation, while wood frame 
elements and double layer elements can show better values. The sound insulation of façade elements 
becomes increasingly important as transportation intensifies and new apartments are built in central 
urban areas.  

Impact sound from people walking is the most common sound insulation problem for lightweight 
floors. Flanking transmission is another issue for lightweight constructions. Noise from installations is 
often dominated by low frequencies, and special consideration is needed for wooden constructions.  

The building industry has learnt that building in wood with high acoustic quality demands is 
connected with substantial risks since the acoustic behaviour shows large variability. At present, 
however, investigations into the variable acoustic properties of wooden buildings are being 
investigated, and acoustics is not generally viewed as an unsurmountable obstacle in the way of tall 
timber buildings. 

2.7 Formal shortlist  

The typology examples above showed samples of models from our formal matrix. From this grid of 
81 sketch alternatives, we produced the following shortlist of nine formal routes from which to pick 
our final contender: 

Fig. 9: Big Books
The name derives from the bookshelf-like 
formal appearance of this typology. The 
challenge is to soften up the strict 
hierarchies in order to create an 
environment that talks to the exhibitionist 
rather than the voyeurist.

�
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Fig. 10: Deep Façade
A typology based on the notion that the 
outermost interface between the building 
and its immediate environment is 
programmable through formal and 
geometrical manipulations. This creates 
interesting effects that are easily achieved 
through modular stacking.

�

Fig. 11: Double Model
Beginning with a parallelepiped, we use 
angled cuts to turn the initial volume into a 
new form, which is multiplied into a larger 
composition. Two of these (the second 
»double« of the name) are fused into a 
building that stretches out either horizontally 
or vertically.

�

Fig. 12: Park Rise
What happens if we think of parking lots not 
as wasted urban space, but as empty plots 
ready for development? Might we turn these 
vacant lots into tall timber buildings? This 
mutualistic relationship and its architectural 
possibilities could be interesting.

�

Fig. 13: T Scraper
Simple t modules stacked in diff erent ways 
create confi gurations that break with the 
tradition of the “rational” stacking of 
envelope-sized fl oor plates. The resulting 
building challenges predominant notions of 
the optimisation of space – rather than 
creating high-density architecture, the 
project argues the case for low-density 
buildings, in which new ways of living can be 
explored.

�
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2.8 Low-density living  

The three skyscrapers presented herein constitute an attempt to challenge the prevailing area-to-
footprint ratio paradigm that calls for close stacking of floor plates that extend to the edge of the 

Fig. 14: Plug-in Scraper
Precariously balancing on legs that seem 
spindly compared to the mass at the top of 
the building, these modular stacks “plug in” 
to their surrounding environments, picking 
up water here, gas there, heating here, 
electricity there.

�

Fig. 15: River Crossing
A building doubling up as a bridge across a 
stream of water. The roofscape of this 
building becomes a walkway upon which 
people can pass from one side to the other, 
while the base tapers so as to be carried on 
foundation piles that rise up from the river 
bed.

�

Fig. 16: Rational Parasites
These C-shaped volumes, stack up against 
each other. The resulting architecture can be 
freestanding, but the parasitical nature that 
gave these structures their name come from 
the notion of them being attached to other 
buildings.

�

Fig. 17: Stacked Cuts
A simple, regular stacking of blocks that are 
cut through for each layer in order to 
produce circulatory passages, give 
individual units programmatic potentials, and 
make possible a wide range of different 
formal arrangements.

�
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building envelope and has a continuous floor area, in order to maximise the rentability of the latter.
(30)  

In his Architecture of Density series, German-born photographer Michael Wolf documents the 
extreme densities and complex urban dynamics of Hong Kong, one the most densely populated cities 
on the planet. The photographs are at first sight strangely devoid of people, showing endless rows of 
windows and balconies and building elements as flat surfaces seemingly without the capacity to 
sustain human interaction. Only after a second or third viewing does the observer begin to note the lit 
windows, the clothes hung out to dry, the odd person peering out of a hidden corner.(31) While they 
are eerie pictures, they cary a sense of human grandiosity: we build these monstrous aggregations of 
anonymous architecture to cope with the ever-increasing influx of people to our cities. And the city is 
arguably our most successful invention to date as a species.  

Historically, tall buildings have been viewed as a symbol of power and a way to provide more space 
on a fixed amount of land. Famed Dutch architect Rem Koolhaas celebrates density: his favourite 
topic is the “culture of congestion” offered by cities from New York to Lagos. In his 1978 urbanism 
and architecture classic, Delirious New York, Koolhaas described the phenomenon of 
“Manhattanism” as the invention of stacked layers of program exploiting relatively tiny footprints, 
gaps in the fabric of New York.(32)  

The argument here is that there are other ways of exploiting such footprints while inserting new gaps 
in our city fabrics. High-density footprint arrangements can be coupled with low-density volumetric 
(spatial) organisations soaring high above this footprint. As the relative cost of building vertically is 
lower than that of buying more land in urban areas, and as living in the city is relatively “greener” 
than living in the countryside,(33) it makes economical and environmental sense to introduce low-
density living within the city, rather than spreading people out in rural areas. This low-density way of 
life is the backbone of our strategy for the spatial arrangement of the new typologies presented here. 

2.9 T-scraper  

The puzzle video game Tetris, released on 6 June 1984, was designed and programmed by Alexey 
Pajitnov in the Soviet Union. The name is derived from the Greek numerical prefix tetra- (all of the 
game’s pieces, known as tetrominoes, contain four squares that are connected orthogonally) and 
tennis, Pajitnov’s favorite sport. The game is incredibly popular and available for nearly every video 
game console and computer operating system, as well as on devices ranging from graphing calculators 
through to mobile phones.  

It is a game based on the formal manouvers of stacking and rotating pre-determined typologies. The 
tetrominoes are organised into seven such typologies, named after letters of the alphabet that they 
resemble: I, J, L, O, S, T, and Z.(34)  

The first phase of the present project soon also turned into a formal “game” of stacking blocks that we 
named after letters within the alphabet, albeit in three dimensions rather than two. With a bit of 
imagination, the tetrominoes of Tetris can be viewed as sections (or plans) of buildings, a blue 
“circulation path” falling on top of a purple “living unit” that is propped up on the edge of some red 
“outdoor space”. Or a green “bathroom” volume stacked on top of a yellow “kitchen” unit. And so on, 
and so forth.  
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Of those letters, the T ticked the most boxes. Not only did it give rise to our ideas about urban low-
density living (which we have already described and won’t discuss further here, save for mentioning 
that other letter-configurations – such as our trial C skyscrapers – also pointed towards low-density 
organisations, but seemingly without simultaneously providing as high a level of structural support 
and circulatory possibilities), it also allows for an internal arrangement of living units that see these 
volumes twisting around each other in a way reminiscent of another game, that of the Chinese Puzzle, 
whose mechanically interlinked pieces have entertained people since at least the third century BC.  

This ludic reference is actually architecturally valuable: when living units weave their way around 
each other, new opportunities arise for innovative programming and interior layouts. Residents 
suddenly occupy several floors at once, with flats dropping in level from one to several storeys below 
their top-floor suite. This provides ample space for experimentation, with a very high number of 
possible arrangements, and huge opportunities for the subtle orchestration of chance encounters and 
unexpected interpersonal meetings. It also means all living units can have vistas in different 
directions, double-height internal spaces, several entry points (and egress routes) at different levels, 
and a much more flexible interior layout than is customarily the case.  

The structural and proportional organisation of the T scraper strikes us as particularly elegant: a 
horisontal volume at a 1:4 ratio is lightly but resolutely lifted off the ground by two cubic units, only 
to in turn prop up another horisontal unit, which is given secondary support by its own column of 
three equilateral boxes, repeating the 1:4 relationship between the elements. This ingenious and 
symmetrically mirrored typology pushes the building into the sky seemingly without effort: a simple 
choreography of stacked boxes.  

This leads us to the final argument for the T scraper: efficiency in both construction and finance. The 
modular nature of the construction process, together with the utilisation of prefab montage under 
factory conditions, minimises the time spent on site – and therefore cost. What little we loose in 
rentable floor space we soon gain in popularity as the first T scrapers see the light of day – and are 
filled with young families playing Tetris. 

2.10 Typological experiments 

Leading on from the choice of the T configuration out of the possibilities outlined in the formal 
shortlist above, further typological experiments were carried out to gain a better understanding of the 
potentials inherent within this particular arrangement of volumes. While some of these held 
interesting promises, we decided against changing the initial organisation, as the harmonious 
proportions and slender volumes work well with the notion of low-density buildings. 

�18



Fig. 18: Maximising public space at 
ground datum, simple stacking 
configuration promotes rational 
statics, clear directionality: exterior 
space protected from wind.

�

Fig. 19: Light intake through storage/
circulation units, larger footprint, 
further internal vistas, possibility for 
interesting unit divisions, impression 
of hanging volume.

�

Fig. 20: Internal circulation 
configuration: strong core, all public 
space moved to the perimeter of the 
building, large (and potentially shared) 
internal outdoor space.

�
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Fig. 21: A central circulation core gives 
rise to directionality and possibilities 
for elevator shafts, as well as an 
outdoor space crossing the entire 
footprint axially.

�

Fig. 22: Larger units provide platform-
like exterior spaces as well as wider 
interior spaces that are easier to 
program. Wider columns at the base 
accommodate mass.

�

Fig. 23: A further storey added to the 
previous configuration and 
perpendicularly twisted opens up 
interesting programmatic possibilities 
as the building moves through space.

�
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2.11 Scale  

Based on a primary unit of 5 x 5 x 5 metres (with internal dimensions of 4 x 4 x 4 metres), connected 
either horizontally or positioned on top of each other to form vertical living columns, each level of the 
T scraper configuration reaches a height of 20 metres (four blocks). Allowing for this generous floor-
to-ceiling height, we should in theory be able to reach a total buildable and statically valid height of 
22 x 5 metres, or 110 metres.  

Not counting the 122-metre stupa erected in 301AD in Jetavanaramaya, Sri Lanka, those 110 metres 
would have made these the tallest buildings in the world until 1889, when the Italians constructed a 
167-metre masonry building in Torino. They would soar high above the 72-metre timber Church of 
the Holy Archangels in Şurdeşti, Romania, and would as timber structures go be surpassed only by the 
ATLAS-I (or trestle) building in Albuquerque, New Mexico – the world’s largest timber construction 
at 180 metres.(35)  

Fig. 24: Rotating the T to give it a 
directionality that goes in the same 
direction as the vertical core provides 
a new condition based on thinner T 
shapes.

�

Fig. 25: Combining the previous 
configuration and cantilevered T 
elements with vertical, free-standing 
columns adds circulation and storage 
potential.

�
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They would be tall, but not impossibly tall. And they would lead the way for buildings setting out to 
reach heights similar to that of Nikolai Sutyagin’s 44-metre (13 storeys) tall timber home in 
Arkhangelsk, Russia, the planned 17-storey tower in Kirkenes, Norway, and the 10-storey Forté 
Development in Melbourne, which was recently announced as Australia’s first high-rise timber 
building. 

3. ARCHITECTURAL PROJECT DESCRIPTIONS 

3.1 The final three timberscrapers: an overview 

Perch is a timberscraper that sees bridge-like private or public volumes literally perch out from the 
spatial envelope defined by the basic T configuration that holds its circulation and living spaces. But 
there is more perching going on here, in an almost recursive pattern: a grid of wood perches on top of 
solid sheets, programs perch on top of other programs, and living units are perched on each other. The 
programmable piers extending through the central open courtyard core connect vistas from all 
directions, balanced off the timber T shapes. Perched on top of the city below, Perch clearly lives up 
to its name. 

Porous is based on the paths of the Sun and Moon across the sky. These cycles of light are transposed 
into an innovative fenestration logic with holes drilled through the wood at angles corresponding to 
the lines of light. At its heart, Porous is a deconstruction of the window, allowing light to enter the 
building and opening up vistas from inside, while controlling the interior environment from exterior 
forces. The centre core is filled with programmable floor plates.  

Punch is a building that investigates an alternative way of organising the T-shaped volumes. In Punch, 
living units are allowed to slide up and down the vertical, stem-like T elements, setting the vertical 
rhythm free and allowing for spatial units to “slide” up and down during the design stage. The interior 
core is fully programmed into a collective (semi-public) experience, giving the inhabitants not only 
superior individual living units, but also the added benefit of a fully serviced backbone. The resulting 
building resembles a miniature vertical city with exterior living pods attached. 

Fig. 26: Scalar comparison

�
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3.2 Building A: Perch 

The first of the three buildings produced is called Perch. It is an initial investigation of the low density 
concept, with vertical volumes propping up horizontal units, leaving a large (10m x 10m) void space 
as a quadrangle running the entire height of the building. Furthermore, it challenges its initial 
boundary condition through a series of rotated bridges that cross through this open court- yard, 
stitching their way from one side of the building to the next, floating inside of the 100m2 vertical 
piazza. The bridges are an example of what we call semi-public spaces, that is, spatial volumes 
programmed to be shared by the inhabitants of the building: places to get together for a game of chess 
or a glass of wine, to tend to a collective garden, watch a film, or maybe (if you work from home) 
have a business meeting.  

This combination of two typologies – the T scraper configuration previously described and the 
habitable bridge, is perhaps not entirely dissimilar to one of us architect Steven Holl’s projects, the 
Gymnasium-Bridge in South Bronx, New York (1977). This project saw an enclosed pedestrian bridge 
shoot from the South Bronx to the park on Randall’s Island, condensing, as the architect puts it in his 
1989 book Anchoring, “the activities of meeting, physical recreation, and work into one structure”.
(36) (It is interesting to note that the same architect’s scheme from the year before, the Sokolov 
Retreat in St. Tropez, France, is based on a similar configuration as the T scraper – four legs inscribed 
inside a cube (though that building is cruciform in plan). Have we been subconsciously picking up 
ideas from more than 30 years ago?)  

This hybrid between levels of stacked modules and habitable bridges generate interest in what could 
have become a slightly anonymous (if still fairly unconventional) elevation. The living units are 
intertwined, forming snake-like patterns reminiscent, again, of a Chinese Puzzle. This leads to 
scenarios in which an inhabitant will occupy a volume that vertically spans some 15 or even 20 metres 
into the air, connected to two communal bridges that add a further potential 10 metres or so. While the 

Fig. 27: The final three timberscrapers
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living units at the smaller end of the spectrum – we have gone to great lengths to ensure we cater to 
residents of different ages and economic circumstances – might be fairly small in terms of square 
meterage, the floor-to-ceiling height and expansive feeling of living with the quadrangular void on 
one side and the city on the other ends up creating a great foundation for a very high living quality. 
Looking out the window in her flat on the 17th floor, a young student would probably be rather 
pleased with her accommodation, even if it were relatively small.  

This is an example of inside-out thinking, an empathic tool that we have tried to employ through- out. 
It is important to note that while we begun the project with a formal sketching exercise, we are not 
interested in building simple diagrams of a geometric/theoretical concepts: this is neither an exercise 
in the translation of formal abstractions into built form (as it might have been had Peter Eisenman 
been the architect in charge) nor the currently popular idea of modulating a vertical extrusion of the 
site boundary to define a volume or series of volumes from formidably simple ideas of visual 
connections or circulation patterns (as it might have been had this been a design by Bjarke Ingels and 
his studio BIG).(37)  

While we recognise the strength of simple formal moves, and are quite interested in the possibilities 
inherent in the physical expression of theoretical ideas, we aim to go beyond this and consider the 
actual (haptic/perceptual) qualities that are experienced by the inhabitants of our buildings. This 
points towards a continual dialogue between designing the building from the outside in (looking at 
large-scale aspects such as volumetric scale and proportion) and designing them from the inside out 
(looking at how a space is experienced by the inhabitant as he or she passes through it). There is a 
moment of phenomenological thinking here, a moment of scalar shift and reversal of views. The 
interior has to be as important as the exterior.  

Perch also features a timber lattice that runs in between its solid panels. An architectural jack of all 
trades, at times, this grid carries sheets of glass, at times it becomes a bookshelf, at times it holds 
lighting, at times it becomes a trellis for plants to grow on, at times it supports the servicing of the 
building. 

Fig. 28: Perch

�
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Fig. 29: Build-up concept diagram 
Perch is an exploration of one of our simplest variations on the theme of T stacking. Once 
the volumes have been stacked into the by now familiar pattern, bridges are inserted that 
cross the central courtyard void, opening up interesting new programmatic possibilities.

Fig. 30: Axonometric overview (Perch)
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Fig. 31: Construction (Perch)

�

Fig. 32: Programme (Perch)

�
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3.3 Façade material experiments (Perch) 

Material experiment 01: reclaimed wood  
This reclaimed wood panel is the first in our series of material façade experiments. Obvious 
sustainability credentials aside, the cladding is a reasonably successful attempt at giving the building a 
traditional and somewhat rustic, yet contemporary and urban, expression. For this trial render, the 
material was horisontally mounted across the main T elements and vertically arranged on the bridge 
volumes, creating an interesting contrast in directionality. 

Fig 33: Fenestration
Based on a grid lattice that seems to pierce through the entire building like a skeleton, the 
building’s fenestration is a result of the opening and closing of parts of this matrix. With the 
right planning, the surfaces can be made to stay within the allowed structural dimensions 
for openings in the wall.

�

Fig. 34: Reclaimed wood façade experiment
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Material experiment 02: Surfaces  
If the reclaimed wood was about directionality and texture, this experiment was about the treatment of 
the wood surface. How can the patternation of the surface rather than the manipulation of the 
individual members that make up the façade be expressed, and what effects might this give rise to? 

Material experiment 03: Coloured stripes 
The circus is in town. In an attempt to seriously liven up the building, we opted for trying out a 
radically and vividly painted alternative, featuring large stripes across the building. Not to everyone’s 
taste, but it would hardly go unnoticed in the city. 

Fig 35: Surfaces façade experiment

�

Fig. 36: Coloured stripes façade experiment
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3.4 Plan/section/elevation/axonometric (Perch) 

Fig. 37: Plan
Perch has a plan that features not only a double-sided balcony and 
a very tall bookshelf, but an outdoor “private garden in the sky,” 
which is reached via the bridge and opens up in dramatic fashion to 
reveal a marvellous 180° panorama across the city below.

�

Fig. 38: Section 
The Chinese Puzzle-like internal knotting arrangement is 
revealed in the section, with individual living units stretching 
across large vertical spans within the building’s envelope.
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Fig. 39: Elevation
The T arrangement makes for a strict yet playful symmetry on the building’s exterior.

�

Fig. 40: Axonometric
The axonometric representations begin to reveal the circulation 
paths through the building, including the rotated “bridges in the sky” 
that connect the living units while adding lateral bracing.
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3.5 Building B: Porous 

The Porous timberscraper is an exercise in systems architecture, the utilisation of a conceptual model 
that is allowed to spread throughout the building and give rise to system-wide effects, affecting the 
entire structure and the way it performs and functions. It is a building that feeds on and is given its 
form by light and the patterns traced of the Sun and the Moon – the celestial bodies giving rise to the 
phenomenon we call light – as they move along their trajectories and we along ours.  

Systems architecture or systemic architecture is an emerging theoretical field with traces back to at 
least the writings and theories of American critic Jack Burnham, who in 1968 published Beyond 
Modern Sculpture, attempting to establish a post-formalist discourse. With his technicist bias, 
Burnham’s aim was “a refocusing of aesthetic awareness – based on future scientific-technological 
evolution – on matter-energy information exchanges and away from the invention of solid artefacts”.
(38) To an extent, that is also the not-so-humble aim of this building.  

The chapter in the history of science on orbital paths (the gravitationally curved trails of objects 
around points in space) is fascinating: from epicycles, via Johannes Kepler’s elliptical approximations 
and Isaac Newton’s theory about gravitation and the orbits of bodies being conic sections, through to 
Albert Einstein’s relativity theory, which points out that orbits follow geodesic trajectories.  

Today, the paths of the Sun and the Moon across the sky are known well enough that we can map 
them accurately within the digital space of 3D modelling applications. We can relatively easily define 
their azimuth and altitude at any given time on any given date. This means we can put our three-
dimensional model at a particular site and investigate how the light from these bodies will interact 
with it.  

If we allow this light to become an active force in the design of our building, we have the beginning 
of a powerful architectural system based on some of the primary properties of any building: how it 
opens itself up to light from the outside, how it allows itself to be penetrated by rays of light, how it is 
oriented against vis-à-vis the cardinal directions and the Sun’s trajectory from east to west, how its 
vistas are positioned, how its fenestration is controlled, how it greets the morning sunrise and the 
evening sunset.  

This was the starting point for turning the initial T organisation into a structure that allows a systemic 
proliferation of openings that are defined by points along the orbital paths of these natural light 
sources at different times of day at different calendar dates. Several series of conical sections with 
their apex points intersecting predefined points within the building and tapering smoothly to bases 
defined by altitude/azimuth points within the sun and moon path diagrams. By controlling the 
positioning of these two points (and the radius of the base), the cone can be made to cut through the 
building fabric in different ways, producing differently-shaped openings at different angles.  
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Fig. 41: Porous

�

Fig. 42: Build-up concept diagram
The build up of porous is similar to that of Perch, with one main difference: the insertion of 
surfaces within the main core of the building. While this could be the end of the low density 
concept, it is not: we swivel the concept 90°, and tilt it to become horisontally rather than 
vertically spacious. 
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The material logic of wood – the fact that it can comparatively easily be drilled into at an angle – 
means that these openings are buildable design details. Using the combination of digital design tools 
(equipped with all sun and moon path diagrams that we might need) a large-scale drill or a computer 
numerically controlled (CNC) mill, panels can be cut off site under factory conditions and delivered to 
the site with openings that will exactly match the paths of the sun and moon when craned and hoisted 
into position. The effects of different openings – the light quality of a large oblique perforation 
compared to that of a small but perpendicular aperture, for instance – can be simulated before the fact, 
and changes made in the digital model that is then sent to the robotic machine that cuts the sheet of 
wood. The system provides the designer with a toolbox of effects to implement at different points 
within the envelope of the building.  

But Porous is not just a diagram turned into a building, or an example of the building as sun dial. It is 
also an architecture that constantly changes over time, as trickles of light give way to the play of 
shadows. It features a semi-public vertical city for its inhabitants, it opens up vistas in many different 
directions, it challenges our attitudes to voyeurism (at some points you don’t only see out, but also in), 
and it produces entirely novel, mesmerizing phenomonological experiences inside the building, as it is 
lit from unusual and intriguing angles. 

Fig. 43: Circulation
The circulation in Porous is based on an elevator shaft traversing the building vertically 
through one of the “legs” of the structure, supported with stairs on the interior of the 
communal courtyard space for convenience and egress.
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3.6 Fenestration (Porous) 

Porous is all about fenestration. The play of light and shadow, the opening of views and vistas, the 
visual connections between different parts of the building is the skyscraper’s raison d’être. In his 
seminal 1997 essay Sigurd Lewerentz and a Material Basis for Form, architect Adam Caruso writes 
about the great Swedish architect’s famous St Peter’s church at Klippan as a singular experience, with 
windows “where the glass passes over the brick wall assembly with seeming aloofness” and timber 
doors that are “similarly disengaged from their associated masonry openings” giving rise to a 
“strangeness of the enveloping brick fabric, the brutality with which openings are made in that fabric, 
[which] do not have a fetishising or iconographic intent, but rather effect an equivalence between the 
different parts that every inhabitable structure must have”.(39)  

Lewerentz clearly enjoyed this disengagement between glazed surfaces and the openings they cover, 
which reappear in his Flower Kiosk at the Malmö cemetery. On the interior, the glass runs absolutely 
flush with the wall, meeting the opening in the building’s fabric without any interior detailing, as if 
floating unsupported. On the exterior, the window element is broken down into its fundamental parts 
and functions: a membrane between the building’s interior and the forces of nature, an opening to 
allow vistas out and light in.  

In Porous, a similar window detail utilises sheets of glass mounted on the exterior of the building to 
cover the angled openings drilled into the timber panels. Simple metal components hold the glass in 
place. The sheets are cut to a size that goes a set distance beyond the diameter of the wall opening. 
The resulting patchwork of glazed panels on top of CLT panels gives the building an appearance of 
having logical layers overlaid onto each other: we drill holes into the panels in a logical fashion, and 
then cover those holes in a similarly rational way.  

The positioning of the glazing wasn’t obvious at first: we tried both placing the panels on the interior 
of the living unit, and having it sit in the middle of the drilled panel, before finally arriving at the 
exterior treatment, which makes sense from a functional point of view (it keeps the rain out) while 
simultaneously providing nice window alcoves on the interior.  

Fig. 45: Fenestration – light sequences 

In order to test the light shining in through angled openings, the architectural effect at the 
heart of the concept for Porous, we set up a series of controlled render simulations. We can 
use these digital experiments to get a better understanding of how light can be programmed 
to create unique spatial effects. The series shown here is a test to see how the light 
condition of the space changes with the sun’s path across the sky, when small openings are 
scattered along a wall. This kind of tests were crucial to the design to the final building.

�
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Fig. 44: Fenestration (Porous)

�

�35



Fig 46: Light sections
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Fig 47: Fenestration detail
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3.7 Plan/section/elevation/axonometric (Porous) 

Fig 48: Fenestration detail (connection point)

�

Fig. 49: Living unit plan
The plan reveals holes cutting through the floor as well as the walls.
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Fig. 50: Living unit elevations

�

Fig. 51: Building elevations
The elevations show the peculiar arrangement of holes –�a Swiss cheese turned into a 
building façade – that at first appears to have no legible underlying principle but on second 
appearance aligns with an invisible logic.
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3.8 Building C: Punch 

Our third foray into the T scraper typology is Punch, which begins to pull away from the formal 
stacking logic of the previous two T scrapers, toward its own, perhaps slighly Metabolist-inspired, 
coherence. As much based on the notion of slippage – the creation of a seemingly liminal spatial 
configuration – as on the stacking methodology put forward by its two elder siblings, Punch bends the 
rules to its own advantage, cutting through the initial volumes at will and allowing them to be 
reconfigured in new volumetric patterns.  

This in turn represents a shift from a three-dimensional to a four-dimensional experience, where the 
building can be read as a series of vertical cuts and moves, ups and downs, together withs and away 
froms – a new language of stacked parts, reassembled parts of deconstructed units; the building as a 
collage of splintered and shifted frames. What is the punch Punch packs? The fact that it is a building 
based on mischievous breaking of the rules, subversive acts of misbehaviour, a cunning sneer. While 
Perch and Porous patiently adhere to the framework out of which they are born, Punch cheekily eats 
the ice cream before asking if (s)he may eat it; the rigid 90-degree turns and mirrored symmetries of 
the T pattern is disobediently resisted as the living units are broken up and allowed to slide up and 
down the primary structural elements like elevators running up and down the exterior of some hi-tech 
building. 

Punch is, in short, a timberscraper that investigates an alternative way of organising the basic T-
shaped elements through the almost surgical act of splicing and transplanting the volumetric parts of 
the building into a more efficient version of itself. As the living units are allowed to glide up and 
down the vertical, stem-like T elements, the vertical rhythm is set free, with spatial units taking part in 
a choreography based on notions of slippage.  

Fig. 52: Punch
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One of the most important historical architectural acts of slippage was performed by conceptual artist 
Gordon Matta-Clark in his 1974 work Splitting, for which the artist decided to cut a suburban frame 
house in half. Matta-Clark used his famous incision strategy of the building cut to divide the house, 
then tilted it on its foundations and removed the four corners at the top of the building. The result was 
an eerily mutilated building replete of all the security that came with its initial status as a single-
family home. Its protective aura seemed to have literally slipped away, echoing the slipping-away of 
the building’s volumes from each other.(40) 

While Punch has none of the dark undercurrents of Matta-Clark’s project, it does use a similar 
strategy of making vertical incisions into the existing building volumes (as opposed, say, to Lucio 
Fontana, who sliced through the surfaces of his canvases, not the volumetrically contained voids of 
Matta-Clark). But where Matta-Clark simply slices through the building, we slice then move, shift, 
transplant, reassemble, reposition, rearrange, displace. These shifts imply that the volumes are on their 
way from and to somewhere: they are not at the edge of the gradient, but rather somewhere in 
between, bathing in the gray sea of the betwixt. 

We thus move towards a four-dimensional grid filled with in-between gray areas: architectural spaces 
that can hover between truth and illusion; that feed off the in-between knowing and seeing; places of 
disjunction, expectations, covert meanderings, surprise configurations. The building explores and 
exposes the tension, or slippage, between relationships of intention, perception, control, experience, 
behaviour, memory, knowing and the unexpected. It also adds a layer to the Chinese Puzzle typology 
that we used to configure the individual living units: half-storeys, or indeed any fraction of a storey, 
can now be used (bringing to mind Charlie Kaufmann’s and Spike Jonze’s plot in the 1999 comedy 
Being John Malkovich, in which John Cusack is taken to the 7 1/2 floor of the LesterCorp offices in 
the Mertin Flemmer Building) – the idea of a singular ground datum vanishes and gives way to a 
plethora of potential levels and sub levels within the building. 

Fig. 53: Conceptual build-up diagram
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Inside of this slippage façade, the interior core is fully programmed into a collective (semi-public) 
experience, providing the inhabitants not only with superior individual living units, but also the added 
benefit of a fully-serviced backbone. The resulting building resembles a miniature vertical city block 
(complete with all of the private and public programmatic features of such a block) with exterior 
living pods attached around its perimeter. 

Why the name, Punch? Because we puncture the initial volumes, of course, perforating our primary 
principles and breaking our own set of rules with a few bold moves right at the outset of the scheme. 
It’s cheating, of course, but life is pretty boring if you always do what you're supposed to do. 
Sometimes it’s best to give your inner drill sergeant a break, and when you do, you just might come 
up with a slippagescraper such as Punch. 

3.9 Program and circulation (Punch) 

In programmatic terms, Punch fuses three distinct elements into a coherent whole: the structural and 
circulatory cores (highlighted in red in the diagrams below), the semi-public (shared) spaces (blue), 
and the individual living units (yellow). 

Fig. 54: Program (exploded axonometric)
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Blending small living units with more vast expanses of spaces that are shared by the inhabitants of the 
building makes for a unique programmatic organisation: not so much a machine for living as a 
machine that produces unexpected meetings, chance encounters, the unplanned intersections of 
separate chains of events with their own causal determinants that occur fortuitously and either touch 
only lightly or leave more lasting effects on a person’s life path (you never know, of course, which of 
the two outcomes you are up for).(41) 

As the living units are free to slide up and down the core elements, they meet this already-labyrinthine 
common ground at different levels, providing an ever-changing series of transitional moments within 
the building, which becomes kaleidoscopically illegible in the best of ways, like the palimpsest 
scribbles of a Cy Twombly painting.(42) 

Fig. 55: Program 
(axonometric)

�

Fig. 56: Interior fenestration and circulation
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But the programmatic novelty doesn’t end there: even within each living unit, a new model is being 
tested, as the internal spaces are void of circulation, any traces of which have been lifted away from 
the interior only to be attached externally. Thus, the “local” circulation through the living unit is 
perfectly legible on the exterior of the living units, while the “global” circulation of the interior is 
hidden from view. This makes for a starkly “naked” space inside the living volumes, punctuated by 
heavily demarcated transition thresholds between the inside and the outside: you literally step out 
(seemingly into mid air) of the volume you’re in to get to the next space. 

Fig. 57: Interior “shared” space
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3.10 Plan/elevations/component/axonometric (Punch) 

Fig. 58: Plan
The plan shows how the “naked” 
space inside the living unit 
corresponds to the “global” 
circulation paths that have been 
lifted outside the domestic 
volume.

�

Fig. 59: Living unit plan and elevation
The organisation of the individual living unit 
is strictly organised in accordance with its 
underlying grid, which also governs the 
relative placement of the exterior circulation 
paths while opening up outdoors areas as 
terraces.
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Fig. 60: Elevation
Repetition with a difference is the credo (again) for these elevations, produced through 
strategic “slipping” of living units on the vertical axis.

�

Fig. 61: Punch living unit component test
One of many tests that were carried out to 
gain a better understanding of how the 
relative dispositioning along the vertical axis 
could produce interesting spatial qualities.
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Abstract: The authors present a logical outline for an innovative architectural stacking 
methodology based on three Swedish timber construction systems. They discuss the increased 
architectural–engineering quality, sustainable advantages, and cost effectiveness of those systems 
and their application in an exploration and a challenging of the limits of cross-laminated, panel-and-
stud, and post-and-beam timber construction, as compared to traditional buildings. A comparison 
with one of the tallest timber residential buildings in the world, the Stadthaus precedent in east 
London, provides an appropriate quantitative background for evaluating the decisions made 
throughout the project, while references to Edward Glaeser's study, Triumph of the City, form the 
theoretical backdrop for a discourse on what potential benefits an adoption of the scheme could 
have at the urban scale. Particular emphasis is placed on finding methods for obtaining new, 
avant-garde architectural expressions to simultaneously widen and deepen the current narrow-and-
shallow canon of multi-storey timber buildings. The final outcome is presented both as diagrams of 
stacking methods and a full drawing set of the final building examples, with notations describing 
the structural and constructional applications of the building systems chosen. Furthermore, the 
paper covers a comprehensive account of how these new modular buildings sit within their 
architectural context, and how the formal logic underpinning them can be assimilated further and 
used as the point of departure for future studies. 
 
KEYWORDS: Multi-storey timber buildings, timber skyscrapers, wood buildings, wood architecture, 
stacking, Martinsons, Byggma, Moelven 
 



 

 

 
Fig. 01: T Scraper A, perspective view. 
 
 
 
 
1. Introduction 
 
The cradle of construction as we know it was clearly cut from wood, the oldest of all building 
materials. From prehistoric times until today, the evolution of timber architecture has reflected the 
cultural and technical advances in different societies throughout the world. Progress in 
woodworking has led to a large variety of technical possibilities for creating highly functional and 
radically innovative wood structures.  
 
While seemingly contemporary applications such as laminated wood have been around at least 
since the early Egyptians (circa 2900 BC – cross-grained lamination has also been present in 
artifacts found in Egyptian and Chinese burial sites and tombs),(1) it is only in recent years that the 
vocabulary of contemporary timber engineering has been vastly extended through the addition of a 
wide range of new solid wood timber components at larger cross-sections and longer lengths than 
were previously available. These larger dimensions are accomplished through the strategic 
bonding together of several pieces into one. From simple sawn solid timber via structural veneer 
lumber through to cement fibreboards, there is no lack of engineered timber products on the 
market today.(2)  
 
However, the combination of the relative novelty of these elements and the conservative 
characteristics of the building market has led to a comparative shortage of interesting architectural 
applications using solid wood products. As the wide variety of technical and architectural 
possibilities remains largely unexplored, interesting possibilities for challenging the limits of 



 

 

engineered timber construction prevails. We seek to provide a logical outline for one such attempt, 
based on an innovative architectural stacking methodology based on existing systems and 
construction methods for multistorey timber buildings using prefabricated units. 
 
2. Timber high-rises today and tomorrow: the case for design fact 
 
The Eurocodes are European design standards of components and structures for buildings (closer 
to the building regulations than most other standards), which aim to standardise design rules within 
Europe and allow the calculation and verification of load-bearing capacity of components and 
structures for different materials. The Eurocodes have to be implemented by the national standard 
committees in all European countries. Eurocode 5: Design of timber structures was first published 
in 1995, and covers rules for buildings and bridges made out of wood, together with structural fire 
design solutions.  
 
In December 2003, UK-Based BRE (the Building Research Establishment) published a paper in 
which it concluded that there are no regulatory barriers to the use of wood or wood-based products 
in the construction of residential buildings (as governments cannot be prejudiced towards any 
particular material), but that there remain (predominantly regulatory) barriers to enhanced use of 
wood and wood-based products in residential buildings in European Union, in particular regulatory 
limitations for fire and acoustic performance in multi-storey dwellings.(3) In general, regulatory 
requirements are functional as opposed to prescriptive in almost all European countries, with any 
material being employable as long as the functional requirements can be met.(4) 
 
Countries are at different evolutionary stages as to the share of timber frame in their house 
building. This is true in particular with regards to the construction of multistorey buildings. France 
and the Netherlads appear to be in an introductionary phase, while England and Ireland have 
experienced tremendous growth in the share of timber frame houses; in Germany there are 
significant regional differences, while in Sweden (where the timberframe share of single-family 
house building has always been very high) the multi-storey housing sector has not historically been 
based on timber: before 1994, loadbearing timber structures were allowed in the construction of 
buildings up to two storeys only. Since then, there has been a rapid increase in demand for 
prefabricated wooden building components in Sweden, as the country’s share of multi-storey 
timber-frame buildings has grown to about 10 percent.(5)  
 



 

 

 
Fig. 02: A worm’s eye view through the low-density “open courtyard” structure, which features 
communal CLT bridges that connect the volumes, brings to mind Aldo van Eyck’s idea about 
“labyrinthian clarity”. 
 
 
The past decade have seen some interesting progress that has taken timber architecture above 
wood’s traditional three- or four-storey limits. At nine storeys, Waugh Thistleton Architects’ 2008 
Stadthaus building in London broke the mold not only by proving that a tall timber building could go 
through the planning and funding processes and actually get built,(6) but also because it turned out 
to be around 15 percent cheaper than if it had been made from concrete.(7) The Stadthaus 
building is described in further detail below.  
 
In 2012, the Stadthaus was beaten as the world’s tallest residential timber building by the Forté in 
Melbourne, at ten storeys and 32 meters.(8) Treet, or The Tree, designed by Artec and Sweco, has 
been named the next building in the world to become the tallest timber skyscraper: a 14-storey 
luxury apartment block in central Bergen, Norway, rising to 49 meters. Completion is expected in 
the autumn of 2015.(9) Swedish firm General Architecture, together with developer Folkhem, is 
planning a 63-meters-tall timber skyscraper to be erected in Stockholm by 2020,(10) while a Nordic 
team consisting of C.F. Møller and DinellJonsson, together with developer HSB, is planning 
another timber-framed skyscraper in Stockholm, at 34 storeys, due for completion in 2023.(11)  
 
Canadian architect Michael Green has been perhaps the most vocal advocate of tall timber 
buildings.(12) Tall Wood, Green’s open-source platform for wood tower construction (a structural 
system to engineer tall buildings 12, 20, or 30 storeys high), carried out while he worked at MGB 
(McFarlane Green Biggar Architecture + Design), has become a standard reference for timber 
architecture,(13) and his forthcoming Wood Innovation Design Center in Vancouver is allegedly “on 
time and on budget, working toward completion in the fall of 2014”.(14) Another conceptual 



 

 

framework for multistorey timber buildings was presented by international architecture firm SOM in 
2013: The Timber Tower Research Project is “a structural system for skyscrapers that uses mass 
timber as the main structural material and minimizes the embodied carbon footprint of the building”. 
The scheme was put forward as a proposal for a 40-storey timber tower with a concrete core 
based on a structural system designed by Fazlur Kahn in 1965.(15)  
 
The ready-to-build, flexible wooden construction system (a modular construction type) called 
LifeCycle Tower was proposed in 2011 by Cree/Rhomberg for high-rise buildings of up to 20 floors; 
the system is now offered by the Cree company, and an eight-storey building has been constructed 
in Dornbirn, Austria.(16) Also in Austria (but in Vienna this time around), a 60- to-75-metres-high 
building is currently carried out by the Kerbler group at a cost of 40 million euros.(17) 
 
But there have also been drawbacks: in August 2007, a huge fire at a block of flats in central 
Hatfield, UK, had construction industry officials arguing for a moratorium on multi-storey timber 
frame buildings, and on 3 May 2011, a structural fire at the job site of a six-storey wood building in 
Richmond, British Columbia saw the building burn to the ground. While these incidents are of 
course tragedies in their own right, a more problematic obstacle seems to be the relative lack of 
interesting architectural applications of timber at the multi-storey scale, which is at least partly 
guided by the conservative attitudes prevalent within the building industry.  
 
Let us look at the former issue first. While the schemes listed above are just a fraction of the 
proposed or actually built multi-storey timber-frame buildings that make up this particular sub genre 
of our built environment, it is clear to the initiated that very few of them offer architectural merit of 
the kind necessary to elevate them to an architectural category all of its own. There is very little in 
terms of novel thinking about a wide range of design-related topics, including but not limited to 
volumetric form, tectonics, massing, detailing, articulation, program, circulation, and concept – all of 
which arguably contribute massively to the success of an architectural project. In terms of 
architecture, most of them are little but material-based curiosities; essays in the application of a 
little-used (at this scale) material, rather than treatises on the architectural potentials inherent 
within this material shift. They are, in short, about engineering rather than architecture, purely 
utilitarian exercises in applied statics – a problemsolving way of doing things that can be 
predicated and measured, rather than its pure-study counterpart, the results of which can be 
analysed and appreciated, but not predicted. If the end goal is, as we believe it should be, to 
achieve a situation in which tall timber buildings can add to the fabric of architectural theory and 
practice, and not just be engineering études that begin and end with structural analyses of an 
anisotropic material, then at least some of the proposals put forward need to be of a different 
character: one that challenges the conceived wisdom and points the way to territories for which 
there are no maps, to paths less travelled, to potentially more interesting roads not yet taken. This 
is the background out of which the current project has been created, and if at first sight, some of its 
parts seem less than achievable using today’s prevailing attitudes, existing technologies, and 
standardised construction methods, then this is simply because those are precisely the kinds of 
arthritic preconceptions we wish to circumvent.  
 
Then for the latter issue. As Ragnar Jonsson has noted, the prospects for multi-storey timber-
frame buildings to become more than a niche construction method requires that the construction 
industry’s experience of timber frame construction “reaches a certain ‘critical mass,’ i.e., the main 
material specifiers; architects, developers and construction engineers, start to regard timber frame 
as a real alternative when deciding on structural material. This, apparently, takes a while to 
accomplish”.(18) 
 
Indeed it does, and this is where the concept of “design fiction” enters the picture. An approach to 
design that speculates about new ideas through prototyping and storytelling, the term was once 
defined by science fiction writer Bruce Sterling as “the deliberate use of diegetic prototypes to 
suspend disbelief about change,”(19) and, when interviewed about this idea further explained that 
“the important word there is diegetic. It means you’re thinking very seriously about potential objects 



 

 

and services and trying to get people to concentrate on those rather than entire worlds or political 
trends or geopolitical strategies. It’s not a kind of fiction. It’s a kind of design. It tells worlds rather 
than stories.”(20) 
 
A classic example of such a prototype, according to Sterling, is the iPad-resembling tablet 
computer shown in Stanley Kubrick’s 1968 film 2001: A Space Odyssey.(21) While it’s debatable 
whether this is a case of diegesis as opposed to mimesis (that is, something being told rather than 
something being shown), it was clearly design fiction at the time the screenplay was prepared, but 
has since been turned into what might be called design (or science, or product) fact by designer 
Jonathan Ive and the company for which he is Senior Vice President of Design, Apple Inc.  
 
This diachronic juxtaposition between the “imaginary” work of science fiction and the “real” work of 
science fact runs as a narrative backbone through the history of both science and science 
fiction.(22) Indeed, the conjecture known as a hypothesis is one of the basic steps of the scientific 
method, the history of which perhaps reaches back to the teachings of Muslim scholar Ibn al-
Haytham (965-1039) but undoubtedly has characterized natural science since the 17th century: 
scientific researchers propose hypotheses as potential explanations for different phenomena, and 
then design experimental studies to test these hypotheses via predictions which can be derived 
from them.(23)  
 
The idea of “design fiction” is essentially the same as London-based design duo Dunne & Raby’s 
notion of “critical design” – a concept neatly summed up as “speculative design proposals (that) 
challenge narrow assumptions,preconceptions, and givens about the role products play in 
everyday life (…) Its opposite is affirmative design: design that reinforces the status quo”.(24)  
 
The construction industry has a vested interest in reinforcing the current status quo within the 
options available for assembling our built environment: it makes its money by putting up buildings 
using tried-and-tested technologies and methods. While the quest for sustainability has “put the 
construction industry under immense pressure … to improve its unsustainable pattern of project 
delivery,”(25) much work remains to be carried out: the use of steel and, perhaps even more 
crucially, concrete – the latter unsustainably produced from cement which is manufactured in a 
process whereby a mixture of limestone and clay or shale is ground to make a fine “rawmix”, which 
is then heated in a cement kiln to sintering temperature (up to 1,450°C), after which the resulting 
clinker is ground to make the final cement powder – is still the standard material of choice for multi-
storey buildings.  
 
The fundamental aim of our work in the field of multi-storey timber buildings is to challenge this 
status quo and the construction industry that maintains it, by designing – from a diegetic/mimetic 
(in as much as we both tell the story of and show representations of the end products) design fact 
perspective – prototypical wooden buildings that make the imaginary leap ahead of their time, 
without any concern for the “entire worlds or political trends or geopolitical strategies” in Bruce 
Sterling’s comment above, and show what a truly sustainable future for multi-storey buildings might 
look like.  
 
3. Companies and systems 
 
The study is founded on cross-laminated, panel-and-stud, and post-and-beam timber construction 
systems from three Swedish companies. The Martinsons Group presents itself as “Sweden's 
largest producer of glulam, and ... the Nordic leader in wooden bridges and building systems using 
solid wooden frames,” Moelven claims to be “ the leading producer of glulam in Norway and 
Sweden,” while Byggma ASA states it is “a leading distributor of building components to the Nordic 
countries”. Masonite Beams AB, within the Byggma Group, produces wood-based I-beam systems 
and provides technical solutions to the building industry. 
 
3.1. Martinsons: CLT building system 



 

 

 
Martinsons's building system includes a comprehensive range of prefabricated building 
components that are divided into two mutually supportive tiers. The first of these features glulam 
frames made from finger-jointed boards that are glued together to form long structural members, 
and which are used for the post-and-beam construction of large open spaces. The second tier 
features pre-fabricated solid or cross-laminated timber (CLT) components that go together into 
multi-storey blocks of flats, and multi-layered wooden boards forming elements that can be 
prepared with electrical/ water pipe fittings and sound proofing (built-in sound insulators provide 
sufficient acoustic levels internally, while the finished elements satisfy sound transmission class B). 
This study focuses on Martinsons's Building System with CLT panels, with which the company has 
completed buildings up to eight storeys to date.(26) 
 
3.2. Moelven: Glulam modular system 
 
Moelven supplies both standardised solutions and constructions tailored to specific requirements. 
Their flexible system solutions are roughly divided into three tiers: laminated load-bearing timber 
constructions, interior systems, and different building modules. The latter are used for both 
temporary and permanent buildings, and are produced under ideal conditions indoors, reducing the 
workforce on the building site. Moelven are also able to fit their modules with electrical installations. 
Their interior systems are tailor-made and delivered ready to assemble. Moelven's Trä8 Modular 
System is a post-and-beam system with specially manufactured stabilising elements: box-type 
components made of glulam core members and laminated veneer lumber (LVL) sheathing. The 
stabilising elements act as a cantilever anchored to the foundation up to a height of four 
storeys.(27)  
 
3.3 Byggma: MFB system 
 
The Masonite Flexible Building (MFB) system is based on prefabricated units, and meets prevailing 
requirements regarding fire safety, moisture conditions, strength, stabilisation, thermal comfort, and 
acoustic insulation. The MFB system consists of prefabricated wall, floor and roof elements that 
come flat packed and are assembled on site. Lightweight timber I-beams are integrated with a 
composite laminated panel (plyboard) to form a rigid frame for wall and floor elements. Intended at 
present for buildings up to eight storeys and floor spans up to eight meters, the elements meet fire 
requirements of REI 60 and noise requirement class A. It is believed that the plyboard wall panels 
combined with I-studs and the suspended floor elements make the MFB system adaptable for up 
to 20-storey buildings.(28) 
 
4. Precedent study: Stadthaus 
 
When built in 2009, the nine-storey Stadthaus highrise in Murray Grove (east London, UK) was  the 
tallest mixed-use residential timber building in the world. Comprising a combination of private and 
affordable housing, it provides a total of 29 living units across nine storeys. The ground floor holds 
commercial space, there are three floors of social housing and five floors of private residential 
units.(29)  
 
The building was assembled using a unique, crosslaminated structural system provided by KLH of 
Austria. Techniker were the structural engineers who integrated the technology without sacrificing 
any of the design principles laid down by the architects, Waugh Thistleton. The cross-laminated 
solid timber panels form a cellular structure of load-bearing timber walls, including all stair and lift 
cores, with timber floor slabs. When completed, the multi-storey structure was marketed as the 
tallest pure timber building in the world.(30)  
 
 



 

 

 
Fig. 03: The Stadthaus mixed-use residential building in Murray Grove, photographed by the 
authors. 
 
 
Why timber? The first reason is to do with sustainability: timber absorbs carbon throughout its 
natural life and continues to store that carbon when cut. This tower stores more than 181 tonnes of 
carbon. Getting rid of the concrete frame saved a further 125 tonnes of carbon from entering the 
atmosphere. That’s equivalent to 21 years of carbon emissions at this scale – or 210 years at the 
current requirement of 10 percent renewable. Recording the changing light and shadows formed 
on the empty site by the surrounding buildings and trees gave rise to the pattern (created using a 
sun path animation) on the façade. The resulting image was pixilated, picked up, stretched and 
wrapped around the building. The exterior cladding forming this pixilated image is made up of over 
5,000 individual panels across the building in three shades: white, grey and black. The 
1200x230mm panels are manufactured by Eternit and made up of 70% waste timber.(31)  
 
The panels are prefabricated and include cut-outs for doors and windows. Maximum production 
dimensions are 2.95x16.5x0.5m. The production process is zerowaste: all off-cuts, wood shavings, 
sawdust, etc are reused, with KLH even manufacturing their own biomass pellets. The panels are 
cut using state-of-the-art CNC technology. The thermal emissivity of an exposed wooden surface is 
excellent at a value of 0.87.35  
 
The design is a honeycomb structure with rotated plans. Walls, floors, and core carry loads. Floor 
panels were designed to double span or cantilever under accidental loading. Simple “off-the-shelf”
brackets and screws were used to create effective ties between floors and walls. The cross 
lamination within the engineered material together with high in-plane stiffness provides “built-in”
redundancy. Walls and floors that are dimensioned to provide adequate acoustic separation and 
thermal performance have plenty of substance to also resist the levels of applied loading 
encountered.  
 



 

 

Over and above structural considerations, two other areas were of principal interest to the 
architects, engineers, and developers: fire and acoustics.  
 
The fire issue was split into two distinct phases: developing phase and fully-developed phase. 
During the developing phase, combustibility can be modified using retarding chemicals (though 
timber is, of course, still combustible). Solid timber is also not readily ignited: temperatures in 
excess of 400°C are required. In buildings of solid timber charring is relied on for structural fire 
resistance. During the fully-developed phase, while exposed surfaces initially burn fairly vigorously, 
they soon build up a layer of insulating charcoal. Timber is also a poor conductor of heat, with 
minimal transfer of heat into unburnt material (the char layer has 1/6 the thermal conductivity of 
solid timber). Timber is also highly predictive when exposed to fire.(32)  
 
Acoustics were controlled using three sandwiched layers on top of the solid timber core: 23mm 
insulation followed by 55mm screed followed by a 15mm timber floor. Between floors this kind of 
acoustic ceiling is adequate. Across party walls 2 layers of 9 millimetre thick plasterboard each 
side achieves building regulations requirements in the UK, while externally a 1- centimetre air gap 
is needed. For stairs and lift cores double wall construction is desirable with a 4-centimetre air 
gap.(33)  
 
The base cost of timber construction is currently about 10-20% more than that of a comparable 
reinforced concrete frame. At the construction stage, however, several compensations might offset 
this disparity in cost. For the Stadthaus development, panels were immediately craned into position 
as they arrived on site, dramatically reducing the construction time. The entire structure was 
assembled within nine weeks, one week per storey. Cross laminated panels arrived by lorry in 
erection sequence. There was no storage, no waste and no wet trades. The site remained 
completely tidy at all times, with operations being repetitive and safe. Erection times for a tall 
timber building are typically reduced by 30% with attendant savings in preliminaries. Secondary 
considerations include the simplicity and familiarity of surface fixing to timber. Errors can be 
relatively easily corrected on site with a skill-saw and holes added.(34)  
 
Regulations in Europe means there are few examples of similar schemes. Finland allows only 
three-storey timber buildings. Austria prohibits timber housing above five floors. For the moment, 
UK remains the country to produce the tallest cross-laminated high-rise across the continent.(35) 
 
5. Urban context: city triumphs  
 
The world population has experienced continuous growth since the end of the Bubonic Plague, the 
Great Famine and the Hundred Years Wars in 1350, when it was about 300 million.(36) While 
annual births have reduced to 140 million since their peak at 173 million in the late 1990s, and 
deaths are expected to increase from 57 to 80 million by 2040, current projections still show a 
continued increase of population to upwards of 10.5 billion by the year 2050.(37)  
 
This is a good thing.  
 
Not only does it mean there will be more intelligence in the world, more beautiful innovation, more 
valuable human capital, more education, more culture, more heartbreaking works of staggering 
genius.(38) We can also look forward to a future in which more of us will be living in larger and 
larger cities – indeed, according to a 2008 United Nations report,(39) more than half of the world’s 
roughly seven billion people now live in urban areas. There seems to be a great need for urban 
densification, for people coming together to experience that most beautifully intriguing of human 
inventions: the city. More and more people will find their way to our cities, taking up more and more 
space, turning these machines for living (in the true sense of the word) into close-packed human 
clusters. Emotional and intellectual playgrounds built on complexity and diversity, our great cities 
are humanity’s most successful invention for delivering prosperity and progress.  
 



 

 

The young and the poor don’t go to the countryside to make their fortunes. They go to cities. This 
migration towards metropolitan cores intensifies the urban experience but not, crucially, the 
heedless burning of fossil fuels. As David Owen points out,(40) in comparison with the rest of the 
USA, New York City is “a model of environmental responsibility”.  
 

 
Fig. 04: T Scraper A – night view. 
 
 
Since the 96m tall Latting Observatory went up in 1853, New York has given birth to 12 buildings 
that were the tallest in the world at the time of their completion. Most of them seeked to maximise 
livable space through an “exploatation of congestion”.(41) This won’t come as a surprise to 
Harvard economist Edward Glaeser, who argues that where land is scarce, density becomes vital. 
Cities that cannot build out must build up.(42) The resulting conurbations should be pinnacle 
achievements in the history of the world. And yet the resulting urban centres, based on capitalist 
doctrines of hyper-density, are perhaps too often, in the words of Rem Koolhaas, well on their way 
to “a grotesque saturation point of total extrusion”.(43)  
 
Glaeser is interested in the role cities play in the progress of human achievement, and his book 
essentially argues that “cities magnify humanity’s strengths.” With great enthusiasm for the 
possibilities inherent in the planet’s urban nodes, he writes about how the city is a facilitator for 
innovation through face-to-face interaction, an incubator for the relationships and communications 
systems necessary for everything from excellent restaurants to artistic innovation, a 
talentsharpening catalyst through competition, and an engine for economic growth. While he 
enjoy’s Jane Jacobs’s writings on the benefits of mixing residential and retail programs, he wastes 
no love on her small-scale neighbourhoods; indeed, he’d rather se neighbourhoods of skyscrapers 
than the explosion of suburban sprawl now associated with the outskirts of many great American 
cities. Glaeser clearly has issues with cities that don’t allow for vertically stacked densities, 



 

 

denouncing planners in cities like Paris and Mumbai and London, while promoting an ever-rising 
urban silhouette that goes up and up and up. 
 
6. Low-density timberscraper 
 
If we are to believe professor Glaeser, more people means more density means more possibilities. 
While this argument is largely true, it fails to take into consideration other metrics than people/area. 
In fact, it offers a rather two-dimensional idea of density – one seemingly inspired by the stacking 
diagrams of yesteryear’s architects and engineers rather than the three-dimensional digital models 
of today. Could it be that not only how many people you can squeeze into a specified footprint 
matters, but also how those people live, interact, and perform?  
 
With the present proposal for a tall timber building, we offer an alternative to the “grotesque 
extrusions” that Koolhaas writes about. A radical redefinition of the closely-stacked logic of 
contemporary urban typologies, our skyscraper is based on the notion of low-density mass 
housing.  
 
In architecture, “low density” is usually a term used to describe a suburban context or property: the 
expression conjures up thoughts of sprawl, of the suburban condition of programmatic thinning out 
until not much is left apart from oversized bingo halls and lowbrow malls. Seth Harry has defined 
the “suburban conundrum” as a ratio of size to distance: “road and box sizes typically increase in 
an inverse relationship to the decrease in connectivity and gross density”.(44) Another way of 
describing this theory is to say that the further away from the city (the lesser the urban density), the 
bigger the retail units, and the larger the distances in between them. With this background in mind, 
it is hardly surprising that most architects still hail high-density living as the only conceivable way 
forward. Surely, if we want to achieve a sustainable alternative to the sprawl, we need for people to 
live as close to each other as possible?  
 
This proposal argues that most architects could be wrong, that there are alternative ways of 
achieving architetural intensifications and favourable urban conditions than by relying on the 
monotonous repetition of identical floor plates evenly stacked on top of each other, with living units 
routinely separated by unvaried party walls. While high density is clearly a better alternative to 
suburban horisontal diffusion, we believe low-density volumes can be “plugged in” vertically into 
the urban fabric as volumetric and programmatic antidotes to higher-density buildings. This 
argument is based on the simple observation that while it is rarely possible to alter the distance 
between buildings in the city in the horisontal, and through that the footprint of the individual 
structure, it is often easier (planning laws permitting) to influence the height of the building 
envelope. If we can find economically feasible ways of exploiting less dense typologies, we can 
begin to experiment with spatial configurations that offer new and uncharted possibilities.  
 
So what if we could alter the idea of low density into being a serious architectural consideration 
rather than a planning feature? What if we could abandon the age-old paradigm of maximising the 
ratio of sellable-floor-areato- footprint by refusing to simply extrude the plot boundary vertically into 
the air and instead investigate the effects of breaking up the solid massing of today’s highrises in 
order to promote new ways of living, working, and building? Could such a focus on lower density 
lead to the invention of a new paradigm that promotes more sustainable communities, supporting 
healthier, pedestrian-oriented lifestyles? Could it help us reduce energy use, foster social 
interaction, and promote active living? And perhaps most importantly: could it actually be achieved 
in a way that is financially sustainable?  
 
We think so. Within the dense pockets of today’s Gotham, we would introduce shafts of light: a 
gradient of spatial use that begins with the existing, hyper-dense areas and moves up through the 
air towards somethign much more penetrable, light, even airy.  
 



 

 

And perhaps it will be possible to read this gradient within our capitalist everyday: real estate is 
already one of the world’s most sought-after products, and uniquely configured space that has not 
been ruined by the tyranny of repetitive floor plates might be one of tomorrow’s most cherished 
commodities. Chances are, those with the means will opt for low-density rather than high-density 
living. In the city, the important thing is not so much floor space as the interior of the living unit and 
its connection to the rest of the building and the city outside. Urban dwellers seek a refuge from the 
pressures of the density outside. They need not so much a living room as some breathing space, 
and this is what the lowdensity skyscraper offers.  
 
This reasoning acknowledges the need for vertical extrusions while arguing that many downfalls of 
the contemporary metropolitan condition, in particular in a non-western context – overcrowding, 
environmental stress, social inequalities, lack of light and air, food security, diseases – could be 
overcome through the controlled use of spatial redundancy.  
 

 
Fig. 05: A comparison between the three different concepts (T Scrapers A, B, and C) shows how 
different possibilities provided by the different commercially available structural systems used have 
been explored: in T Scraper A, the CLT system from Martinsons allows for an additive/subtractive 
transition from lattice to scaffold to sheet to element; in T Scraper B a drilling robot is instructed to 
perforate the building skin, which forms part of Byggma’s MFB system, with a site-specific pattern 
of strategically-placed and angled apertures; while in T Scraper C, prefabricated units are 
produced and stacked using the post-and-beam Trä8 system from Moelven, in a way that breaks 
up the rigid T-stacking present in the previous two schemes. 
 
This term, which we borrow from the world of data compression,(45) is used here in two ways. By 
using a stacking paradigm and prefabricated timber units, we achieve compression in the time and 
effort it takes to construct the building. And by shifting those units across the length of the 
skyscraper, we create de facto redundant spaces; bodies without organs; volumes without walls 
and floors; strategic perforations in the city fabric. This internal logic is based on a programmatic 
reconsideration of what it means (or should mean) to live in a skyscraper – smaller contained 
interior spaces are matched by exterior spaces that offer framed views of the streetscape below, 
with vertical volumes acting as supporting storage capacities; bridges in the sky allow for chance 
meetings on the 14th or 21st floor; at pavement level, the street is given back to the city’s 



 

 

inhabitants; at the top, a restaurant offers the public astonishing views of the inner circuits of the 
great computer for human interactions that is the metropolis.  
 
To live in a low-density “timberscraper” is to embrace a new mode of living. The units are smaller 
than they would be in a high-density building that seeks to maximise the walkable floor area. As 
opposed to this paradigm, a low-density building seeks to maximise the perceived living volume. In 
a city such as London or Paris or Stockholm, where very few buildings rise to a considerable 
height, even this kind of “light skyscraper” would introduce a higher level of density to the urban 
fabric. Interweaving this new typology with existing high-density floorplates might be one way of 
experimenting with different ways of inserting density without endlessly repeating the same 
inflexible search for maximising the value of developments in accordance with outdated standards.  
 
7. Architectural strategies 
 
7.1. Spectacle from redundancy 
 
The stacking methodology presented here can be seen as the latest point along the trajectory of 
modularity in timber construction. But it is also perhaps the latest point in another trajectory, that of 
stacking itself.  
 
As an architectural strategy, the idea of collocating volumes one on top of another perhaps began 
with the invention of the skyscraper in the late 19th century (perhaps with Arthur Gilman and 
Edward H. Kendall’s 1870 seven-floor Equitable Life Assurance Building in New York, engineer 
William Le Baron Jenney’s 1885 ten-storey Home Insurance Building in Chicago, or the same city’s 
Burnham & Root/Holabird & Rochedesigned 16-storey Monadnock Building in 1891), but arguably 
came to a climax with Moshe Safdie’s Habitat ’67 building in Montreal.(46) This model community 
of interlocking forms was in turn a building borrowing some of its basic ideas from the Japanese 
Metabolist movement, introduced at the World Design Conference in Tokyo in 1960, which saw 
avant-garde architects such as Kenzo Tange, Arata Isozaki, and Kisho Kurokawa design buildings 
such as the Kagawa Prefectural Government Hall (Tange, 1958), the Shinjuku Project: City in the 
Air (Isozaki, 1961), and the Nagakin Capsule Tower (Kurokawa, 1971).(47)  
 
Ever since, modular stacking of spaces has been a reoccuring theme throughout a wide array of 
architectural projects, ranging from housing schemes (MVRDV’s Sky Village, 2008) via iconic 
exhibition spaces (SANAA’s New Museum, 2007) through to the the series of stacked pitched-roof 
boxes that make up Herzog & de Meuron’s VitraHaus (2011) and the “stacked houses in the sky”
system that produced their 56 Leonard St project (underway), as well as the essay in mixed 
programs that is the Bryghusprojektet (OMA, projected for 2015). The mastermind behind the latter 
building, Dutch architect Rem Koolhaas, once talked about skyscrapers as “a stack of individual 
privacies”,(48) inferred that the stack-loving Metabolist architects “define(d) the contours of a post-
Western aesthetic,”(49) and wrote about one of his buildings that its stacking “maintains the 
independence of each block, optimizes views from the site and creates a dynamic relationship 
between the building and its surroundings: Spectacle from Convention.”(50)  
 
If this vision of spectacle being derived from convention – played out in a cityscape thriving on 
density and seeking to maximise vertical extrusions of limited footprints – is not just Koolhaas’s but 
all of contemporary urbanism’s norm of today, then the present proposal seeks to investigate a 
different kind of stacking: one that explores the potential for sectional variety inherent within our 
proposed formal system. The result is a seemingly infinite variety of spatial experiences, 
programmed sequences, and unexpected instances being created as extensions of a simple 
strategy: that of a more porous (selective, subtractive) series of stacking patterns, in which 
“implied” space (areas without habitable floors that are still experientially connected to individual 
living units) becomes as important as the more commonly calculated rentable floor space. By 
connecting the floor plans of the units sectionally, variety is added to move the building beyond a 
mere act of generic repetition without difference to a more tectonically adventurous structure 



 

 

enhanced through overlaps, superimpositions, and interpenetrations of the volumes themselves. 
Variations on a theme lead to a spatial difference, interest, connectivity, and variety rarely 
associated with this typology. Cumulative effects of variation play out on the different floors, 
highlighting the possibility of divergent dynamics, nonstandard configurations, alternative habitation 
patterns.  
 
This insistence on sectional variety opens up new possibilities for unconventional configurations, 
leading to the obvious insight that the most historically common methods of densification (the 
simple vertical repetition and extrusion of identical floor plates) is not the only way of intensifying 
the city. Intensification might also arise from a strategy that abandons traditional floor plate 
stacking in favour of vertical arrangements that allow for meticulously controlled perforations 
through its core: Spectacle from Redundancy. In his book, Content, Koolhaas writes that “the 
skyscraper has become less interesting in inverse proportion to its success. It has not been 
refined, but corrupted. (...) The intensification of density it initially delivered has been replaced by 
carefully spaced isolation.”(51) We hold that precisely a carefully spaced isolation (albeit of building 
volumes rather than entire buildings) might recover some of the interest supposedly lost in that 
presumed corruption of the skyscraper’s status.  
 
Furthermore, this unfolding of the densely stacked skyscraper into a low-density building promotes 
the creation of a transformative series of perspectives and outward vistas, offering visual 
integration with the changing site conditions, as well as inward connectivity to other units and 
inhabitants, composing a narrative of constant movement and transformation. Opening up the core 
of the building redefines the relationship between explicit and implicit space, while allowing 
connecting bridges to traverse the void introduces a connective tissue between private and shared 
volumes. The bridges, again, further detaches the project from the modernist tradition of simply 
stacking functions and programmatic features on top of each other, by catering to the need for 
direct (rather than technical) communication and allowing for new possibilities of having effects 
lead to affects: potential chance meetings and interesting moments, as public spaces, green 
spaces, and spaces for cultural events are introduced. The timberscraper is a truly mixed-use 
building because of the fact that it’s stacked, rather than despite its being stacked.  
 
While remaining rigidly repetitive in its exterior volumetric expression, the sectional approach turns 
the building into much more than a plain exercise in stacking on the interior, pushing this tall timber 
building towards a logic suggestive not so much of simply piled platonic solids as of Chinese 
puzzles (or rather Greek puzzles, as the first known ones appeared there in the 3rd century BC.), 
whose interlinked and interlocking pieces are mutually self-sustaining, or the elements – tricubes 
and tetracubes – that make up Danish architect Piet Hein’s Soma Cube puzzle (famously invented 
during a Werner Heisenberg lecture on quantum mechanics).(52) The sections of the resulting 
buildings exhibit potentials for programmatic interest and functional curiosities, engaging 
stratagems of continutity and discontinuity. 
 
7.2. Low-density typologies 
 
Having established our position with regards to stacking, we define strategies that allow for the 
production of 81 formal typologies, all based on different iterations of convex wooden polyhedra 
(cuboids) in couplings, heaps, stacks, mounds, and pyramids. On occasion we allow the cuboids to 
be transformed (cut, angled, truncated, skewed, incised, rotated) before being stacked with other 
volumes, creating alternative configurations. The formal manoeuvres are logged and saved for 
future development: the beginning of a catalogue of stacking tactics. Using this 9x9 typological 
matrix of formal experiments as our starting point, we proceed to craft the novel strategy at the 
heart of this proposal. We rearrange our 81 models and further subdivide them into categories 
based on stacking method, scale, and programmatic context, then funnel down the alternatives into 
a series of promising typologies from which to pick our final candidate. Pros and cons are weighed 
against a list of parameters derived largely from the precedent study of the Stadthaus (above), 
seeking to maximise architectural interest, sustainable credentials, and structural/ constructional 



 

 

potential. This yields a shortlist of nine typological models, which are further investigated using the 
three building systems outlined above.  
 
 

 
Fig. 06: The 9x9 typological matrix of formal experiments. 
 



 

 

 
Fig. 07: The shortlist of nine typological models that were further investigated. 
 
 
The nine typology models all have their advantages and disadvantages. The first (Big Books) is a 
strictly gridded, bookshelf-like configuration reminiscent of natural systems such as honeycombs, 
which some inhabitants might find ideal, others intrusive. The second (Deep Façade) is based on 
the notion that the outermost interface between the building and its immediate environment is 
programmable through formal and geometrical manipulations that create interesting effects easily 
achieved through modular stacking. The third (Double Model) begins with a parallelepiped that is 
parametrically cut at an angle into a new volume that is then mirrored/rotated/scaled into a new 
composition. The fourth (Park Rise) uses a programmatic concern as its catalyst, as it redefines 
parking lots as urban plots ready for development. The fifth (T Scraper) uses T-shaped modules to 
break up the rigidity of the building body, while the sixth (Plug-in Scraper) minimises the footprint 
by lifting its volumes off the ground on spindly legs. The seventh (River Crossing) is a hybrid 
between a horisontal skyscraper and a bridge, its roofscape a public walkway, while the eight 
(Rotational Parasite) sees volumes shaped as the letter C stack up against each other. The ninth 
and final typology (Stacked Cuts) is based on a perfectly regular and symmetrical stacking of 
blocks, but in layers that are cut through at diagonal angles, giving rise to interesting effects in both 
the horisontal and the vertical direction, or in both directions at the same time. Following this logic, 
vistas are created, circulatory passages cut out, and individual units given new programmatic 
possibilities. A wide range of different formal arrangements is made possible, and surprising local 
moments are created that could easily be harnessed for architectural functions.  
 
 



 

 

 
Fig. 08: Big Books. 
 

 
Fig. 09: Deep Façade. 
 



 

 

 
Fig. 10: Double Model. 
 

 
Fig. 11: Park Rise. 
 



 

 

 
Fig. 12: T Scraper. 
 

 
Fig. 13: Plug-in Scraper. 
 



 

 

 
Fig. 14: River Crossing. 
 

 
Fig. 15: Rotational Parasite. 
 



 

 

 
Fig. 16: Stacked Cuts. 
 
 
While tempted by this latter typology, we decide upon the T Scraper (Fig. 01) as our chosen 
candidate for further (final) development. This novel configuration breaks with the modernist 
tradition that calls for “rational” and equally spaced stackings of footprintsized floor plates, to 
instead use a combination of horisontally and vertically stacked cuboids on top of each other in an 
arrangement that somehow seems both rigid and flexible at the same time. The resulting building 
challenges predominant notions of the optimisation of space – it is the embodiment of the 
lowdensity principle delineated above. The T Scraper lifts its first few storeys off the ground, giving 
up the ground (street) datum to the public, and encapsulates a void of implied living space in its 
centre.  
 
The reasoning for choosing the T Scraper is based on several different factors, including 
orthogonality (a quality that is probably easier to achieve using the existing building systems than 
more sinuous alternatives would be), scalability, modularity, construction feasibility, ease of 
calculation, static properties, formal aspects, and programmatic rationale. We decide to test these 
conditions by designing three different versions of the T Scraper, each with its own underlying 
principles. These three final building types are then further explored through extensive sets of 
drawings and diagrams, including experiments based on scalar shifts, alternative façade 
modulations, fenestration strategies, and material manipulations.  
 
Timber is easily workable and offers potentials that are comparatively hard to achieve with other 
materials: wood can be drilled through (even at an angle), performs differently depending on the 
direction of its grains, and is easily modified on the surface level – in particular using CNC 
technologies. Timber elements can be fixed using a wide assortment of fasteners including screws, 
nails, glue, and bolts. This material logic was used as a starting point for the material 
experimentation at heart of our architectural investigation. Once the volumes were stacked, the 
typologies evaluated, and the T Scraper had emerged as our most promising formal alternative, the 
volumetric and typological studies gave way to a material one. 
 
7.3. Material logic 
 



 

 

As Mario Carpo recounts,(53) the power of identical copies arose at the beginning of the Modern 
Age from two parallel developments: as an extension of the intellectual ambitions of the 
Renaissance humanists and as the inevitable by-product of mechanical technologies. Leon Battista 
Alberti's (1404-1472) definition of architecture as an authorial, allographic, notational art persisted 
until quite recently, and still defines many if not all of the architectural principles that our present 
digital culture is currently unmaking. Alberti separated notation from construction, insisting that the 
final notation of an object (its blueprint) was to be materially executed without any change. This 
approach to design – the elaboration of form over its subsequent materialisation – has largely 
dominated architecture as a material practice. With the advent of digital fabrication methods, 
however, a curiously high-tech analog of preindustrial artisanal practices is being formed, through 
which today’s digital architects are increasingly designing and making at the same time.  
 
This becomes highly interesting in the context of tall timber buildings manufactured from 
prefabricated parts. Since engineered wood panels are easy to work with using ordinary tools and 
basic skills, as designers we are given a generous palette of possible surface manipulations and 
joining methods: wooden panels can be cut, carved, drilled, routed, fastened, jointed, sanded, 
planed, filed, scratched, grooved, pierced, marqueted, parqueted, scraped, scorched, weathered, 
steambent, rasped, gouged, engraved, moulded, kerfed, braced, charred, lacquered, laminated, 
veneered, burned, chiselled, glued, painted, stained, varnished, oiled, waxed, and so on. Different 
panels, even from different species of wood, can be sandwiched together. Wood has figure, grain, 
and colour. We can bend panels in a radius. We can work parallel to the structural axis of the 
panel, or across the grain. We can manipulate the wooden panel’s performative capacity in 
different ways, modulate its properties, and integrate different computationally driven processes in 
the design of the final elements. The possibilities are formidable.  
 
The performative capacity of wood is amplified further by the large panel sizes, which speeds up 
construction by reducing the number of pieces to be handled and installed, and while they should 
all have a low tolerancy and be a precise fit when they arrive, a new panel can fairly easily be cut 
on site, or an existing one adapted, if for any reason the design were to change.(54)  
 
Timber, as any building material, has a material logic that is uniquely its own. This natural 
composite of cellulose fibers, strong in tension, embedded in a matrix of compression-resisting 
lignin, is of course anisotropic: stronger with than against the grain (this dictates the directionality of 
the panels). The beauty and complexity of the fibre, grain and figure shows even when the wood is 
painted. Being an organic material, seasoned wood never completely stabilises, but continues to 
swell and shrink with seasonal variations in humidity and temperature. The material properties of 
wood – such as its relative hardness and fragility – vary with the species of the wood, as well as its 
age, and are dependent on temperature and moisture content.  
 
We explored the depth, plasticity, and surface effect of this underlying material logic in three ways, 
one for each of our final prototype buildings, allowing a certain degree of formal articulation to be 
derived from direct manipulations of the wood. In the first timberscraper, we were interested in the 
additive/subtractive transition from lattice to scaffold to sheet to element; in the second, we focused 
on how a computerised drilling machine could be utilised to perforate the building skin with a 
pattern of strategically placed and angled apertures; and in the third, on how prefabricated units 
can be stacked (Fig. 17). 



 

 

 
Fig. 17: Perspective renders of the three timberscrapers, showing the different façade 
manipulations. 
 
 
8. Wood system application and engineering considerations 
 
In order to make the prototypes buildable using the three different wood building systems, a series 
of iterative adaptations were carried out in accordance with their respective properties and rules. 
The internal logic of the three timber systems were thus translated into the chosen T Scraper 
configurations. This called for an initial analysis of the prefabricated cross-laminated timber of 
Martinson’s CLT system as compared to Moelven’s Trä8 glulam solution and Byggma’s MFB 
method, all of which share some standards (for instance the maximum transportable sheet size), 
but differ in others (for instance the maximum sheet size that can be cut).  
 
The systems also have slightly diverging tectonic advantages. The multi-ply cross-laminated timber 
boards from Martinsons provide a construction component with a stable form and a high 
loadbearing capacity relative to its own weight. The post-and-beam Trä8 system from Moelven 
provides an innovative stabilising system that frees up a building’s corners, and features elements 
that are fixed to the foundation by using special anchoring devices. The lightweight prefabricated 
MFB system from Byggma allows large free spans (up to 10 metres) and employs a unique steel 
hanging connection detail that intelligently eliminates compressive stresses between panels.  
 
We opted to test these systems by allowing them to have an impact on the actual design decisions, 
as opposed to simply forcing them to perform according to a predefined set of tasks. The end 
result of this strategy was that each or our three timberscrapers adopt one of the three systems: T 
Scraper A is constructed using the CLT system from Martinsons, T Scraper B (punctured by 
irregularly placed apertures in accordance with the sun’s path) uses the Trä8 system, while T 
Scraper C exploits the hanging concept offered by Byggma’s MFB system. 
 
9. Architectural analysis 
 
9.1. Less space becomes more valuable 
 



 

 

Historically, the essence of the skyscraper has been based on the discrepancy between the area 
of the footprint it occupies and the reproduction of this area in its vertically stacked floor plates.(55) 
While the ensuing simple extrusion of the site to a more or less arbitrary height and its traditional 
internal copy+paste arrangement of floor datums – skyscrapers comparable to enclosed and 
scaled-up versions of Sol Lewitt’s anonymously modular lattice sculptures – has undeniably been 
an effective tool for the creation of great urban density, T Scrapers A, B, and C are examples of an 
alternative framework that introduces sectional variety through a combination of implicitly and 
explicitly enclosed space. By breaking up the tyranny of the repeated plan configuration and 
instead allowing a more varied and sparsely stacked scattering of volumes, we achieve a perhaps 
oxymoronic (and in some respect almost alchemical) architectural sleight of hand through which 
less space becomes more valuable.(Fig. 18) Quality replaces quantity, a line is drawn between 
mere volume and architectural space. These timberscrapers open up the city fabric, offering a new 
kind of intensity by adding voids to the figure through a 90° tilting of the focal plane from plan to 
section, producing a density of vertical rather than horisontal configurations.(56)  
 
 

 
Fig. 18: Architectural sleight of hand: the high level of interior variation makes less space become 
more valuable. 
 
 
This conceptual and formal shift leads to an immense contrast between the layout of the 
timberscrapers’ living units as compared to the traditional arrangement of enveloping curtain walls 
and internal party walls. Instead we now have individual volumes stacked on top of and 
intersecting each other to form a varied Chinese puzzle of cuboids that cater to alternative 
habitation models: vertical volumes for storage support horisontal living spaces. In terms of 
circulation, the resulting interlocking structure with its communal bridges connecting cantilevered 
solaria to the stacked volumes brings to mind Aldo van Eyck’s idea of “labyrinthian clarity,” which 
softens the boundaries of space and time and facilitates casual encounters, relationships and 
conventions (Fig. 02). It favours the appearance of thresholds, indefinite spaces where 
relationships are formed, which are gradually given shape with use.(57) This is how we understand 
the intersections of movement patterns as habitants traverse the building: as junctions for 
transitory assemblies.  
 
 



 

 

 
Fig. 19: T Scraper A, close-up of vertical-horisontal intersection moment. 
 
 
That is also how we view the programmatic functions as well as the phenomenological and haptic 
aspects of experiencing the timberscraper’s spatial configuration and material palette, the complex 
reciprocity between basic materiality, overall form, stacking logic, and structural qualities: as a 
series of ephemeral points of systemic convergence. The boundaries soften in the same way that 
the thresholds between individual living units are to an extent blurred: the implied spaces between 
them are suspended between private and communal. The different strategies for fenestration and 
surface treatments help filter light into the building and modulate it to perform in accordance with 
environmental influences and forces. The resulting piece of architecture is a built diagram of its 
own production and assembly sequence, a force chart sweeped with a timber profile. It is radical in 
its raw materiality, urban concept, structural stacking methodology, labyrinthian program, and 
sectional configuration principles. 
 
 



 

 

 
Fig. 20: T Scraper A, interior view. 
 
 
9.2. Advantages 
 
It is also radically sustainable, in fact even post sustainable. The earth contains about one trillion 
tonnes of wood, which grows at a rate of 10 billion tonnes per year. As an abundant, carbon-
neutral renewable resource, woody materials have been of intense interest during the past 
decades as a source of renewable energy. In 1991, approximately 3.5 billion cubic meters of wood 
were harvested. Dominant uses were for furniture and building construction – though rarely for 
skyscrapers.(58)  
 
Skyscrapers are built using steel supported by what is arguably the most important building 
material in the world: cement. Of all existing materials, humans use water (by volume) the most. 
But in second place, at more than 17 billion tons consumed each year, comes concrete, usually 
made with Portland cement. As of 2006, about 7.5 billion cubic meters of concrete are made each 
year—more than one cubic meter for every person on Earth.(59) Today, the cement industry is one 
of two primary producers of carbon dioxide.  
 
There are two reasons why the manufacturers of cement have grown so big as to threaten the 
planet: habit and cost. Concrete is not only immensely strong but also omnipresent and easily 
obtained in large quantities for comparatively small amounts of money. To keep feeding humanity’s 
concrete habit, however, is obviously detrimental to the environment.  
 
Viewed in that light, the timberscraper becomes an attractive option indeed. As Stadthaus 
architects Waugh Thistleton point out, the energy produced during construction can account for a 
third of the overall carbon cost of a building over its lifetime. Replacing concrete and steel with 



 

 

wood reduces the environmental impact of the building during the construction process as the 
building programme is shorter, the foundations considerably reduced, and the need for tools and 
equipment such as cement mixers and tower cranes minimised.(60) Timber is one of the only truly 
sustainable structural building materials in existence. Since trees absorb approximately one tonne 
of CO2 for every cubic metre they grow, wood is carbon neutral and can even – this is what we 
mean by “post sustainable” – achieve a negative carbon footprint. According to the UK’s wood 
promotion campaign, Wood For Good, the amount of energy required to produce a tonne of brick is 
four times the amount for sawn softwood, concrete is five times, glass six times, steel 24 times, 
and aluminium 126 times. Using wood instead of other building materials saves an average 0.9 
tonnes of carbon dioxide per cubic metre.(61)  
 
Aside from the potential architectural advantages (which the right developer could capitalise on) 
and sustainability-related virtues, these timberscrapers might also be cost effective compared to 
their traditional counterparts. Potential savings might be made throughout the project, including 
during construction (as time is likely to be saved on site) – the Stadthaus development was 
completed for a total net cost of £3.8 million, or less than £1,400 per square metre.(62) It should be 
noted that this was for a scheme branded as being based on “groundbreaking material innovation,”
quite contrary to the well-established and comprehensive Swedish systems used here, which have 
already been used for the construction of many buildings. It seems likely that implementing these 
proven existing systems to build timberscrapers three times as tall as today’s buildings would only 
bring costs down further.  
 
10. Conclusions 
 
As has been shown, this first part of an ongoing research study has yielded a large variety of 
architectural forms applicable to multi-storey timber construction using the systems studied. Our 
results indicate a wide range of potential benefits of using these timber construction systems for 
buildings at the timberscraper scale, including augmented architectural–engineering qualities, 
sustainable advantages, and increased cost effectiveness.  
 
More strength capacity can be exploited in tall timber buildings. This typology has so far essentially 
been devoid of typological and architectural precedents and methodologies. While the Stadthaus 
development is a structurally, constructionally, and sustainably laudable initiative, it only rises to 
nine storeys and is far from architecturally groundbreaking. The stage is set for more interesting tall 
timber structures to be added to the urban fabric. Fairly basic improvements in detailing (for ties 
and bearings, for instance) could see 25-storey timber buildings being constructed that would still 
retain economic wall thickness.  
 
But that’s for a traditional, standard high-density skyscraper. Adopting a low-density approach such 
as that outlined in this proposal, we might be able to go higher than that, while avoiding issues with 
sight lines, illumination levels, and other planning/zoning restrictions. Prefabricated in storey-height 
units, the timber elements making up the proposed lightweight construction system could soar into 
the sky, not only as beacons of nonconformist ways of living, but points of departure for a future, 
post-sustainable urbanism.  
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CASE STUDY HOUSES 2.0: MASS-CUSTOMISED MULTI-STOREY TIMBER 
BUILDINGS – Competitive high-rise timber structures from an architectural and 
engineering point of view 
 
Magnus Larsson, Alex Kaiser, Ulf Arne Girhammar 
 
ABSTRACT: The authors present a rule-based system that applies to the architecture of 
innovative tall timber buildings, and provide examples of interesting multi-storey timber 
buildings that can be constructed through the application of those rules. In addition, they 
discuss how mass customisation is a driving force for this kind of architecture. Using the 
famous 1945-1966 Case Study Houses Program (CSHP) as a starting point for their 
investigations, they proceed to argue that the time has come for a new iteration of that 
program to be carried out: an updated, contemporary version that seeks to promote the 
virtues – from sustainability to cost effectiveness, from reduced foundations to flexibility 
and adaptability over time – of engineered timber architecture in general, and high-rise 
timber buildings in particular, in a way similar to the steel-and-glass structures 
advocated by the initiators of that original scheme. Following from this, the notion of 
mass customisation as a preferred method for the construction of these new “Case Study 
Houses 2.0” buildings is investigated in further detail, from its historical background via 
current-day applications through to informed speculations on how the technology could 
be used in the near future as part of a production chain that might support the 
construction of these mass-customised multi-storey timber buildings. Finally, examples 
of how contemporary digital technologies and manufacturing processes can further 
enhance the final execution of the building typologies through mass-customisation at the 
detail scale are discussed, showing how such implementations impact on the project. 
 
KEYWORDS: Wood architecture, multi-storey timber buildings, Case Study Houses, mass 
customisation, modular systems, Martinsons CLT 
 
1. Introduction: A systemic approach 
 
Focused on the amalgamation of highly ordinary concepts into new systemic models, the 
Case Study Houses 2.0 (CSH 2.0) project oscillates between notions of mass 
customisation and the construction of a rule-based system that can be used to generate 
architectural designs for innovative tall timber buildings. 
 
In the same way that the word systemic is used by biologists to denote the actions of a 
pesticide (or fungicide or similar) spreading through all parts of a plant and making it 
toxic to pests or parasites without destroying it, the speculative and prototypical model 
proposed here is presented as a provocation that could spread throughout the entire 
world of timber construction – and make it stronger in the process. 
 
An architectural call to arms for “better living” has become a cliché.1 However, the 
current state of global affairs seems to suggest that we are at a historical conjuncture of 
technological optimism and soaring housing demand similar to that prevalent at the time 
of the mid-century Case Study houses. Using the legacy of these iconic buildings as an 
instrument for future speculation allows interesting comparisons to be drawn between 
the present scheme and one of the most famous experiments in residential architecture 
ever undertaken. The aim of this paper is to investigate ways of updating and extending 
the Case Study House program into our day and age, using the three Swedish timber 
building systems outlined in our previous paper, Multi-storey modular manoeuvres.2  
 
2. The Case Study Houses Program (1945-1966) 
 
The Case Study House Program (CSHP) was an editorial experiment in modernist 
residential architecture commissioned by the avant-garde monthly magazine Arts & 
Architecture. The program ran intermittently from the announcement by the magazine’s 
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editor and publisher, John Entenza, in January 1945, until 1966. It aimed to introduce 
the Californian middle class to the modestly-scaled beauty of modernism: reductive 
attitudes and simplicity of form, rational planimetric organisations, natural lighting, 
industrial materials and construction methods, seamless connections between inside and 
out.  
 
Leading architects of the day were asked to design and build inexpensive and efficient 
model homes – expeirmental prototype buildings – for actual post-war clients, providing 
the building industry with models to be used in what Entenza viewed as an inevitable 
residential housing boom in the United States following the housing shortages of the 
Great Depression, the end of World War II, and the resulting return of millions of soldiers 
from Europe. The highly publicised program seeked to use materials donated from 
manufacturers to create low-cost modern housing prototypes for the general public. The 
ethos behind the program was thus firmly based on and framed by industrial materials 
and construction systems – new possibilities that opened up due to the increased 
economic prosperity and technological advances of the period. 
 
The first six houses were built by 1948 and attracted more than 350,000 visitors. While 
not all 36 designs were built, a majority was, and most of them in Los Angeles; a few are 
in the San Francisco Bay Area, and one was built in Phoenix, Arizona. A number of them 
appeared in the magazine in iconic black-and-white photographs by architectural 
photographer Julius Shulman. The best of them are windows into the future, strikingly 
contemporary-looking even today, more than half a century later. Few of them (if any) 
served their intended function as replicable prototypes. 
 
Entenza’s Case Study Program announcement stated that each “house must be capable 
of duplication and in no sense be an individual 'performance'... It is important that the 
best material available be used in the best possible way in order to arrive at a 'good' 
solution of each problem, which in the overall program will be general enough to be of 
practical assistance to the average American in search of a home in which he can afford 
to live”.3 
 
This clearly outlines the progressive agenda underlining Entenza’s initial goal of 
reinventing the house as a way of redifining the way of life in post-war USA, continuing 
the modernist tradition of viewing the residential building as a laboratory for 
experimentation with materials, program, construction techniques, and aesthetics as well 
as a testing ground for economic/social aspects of housing. However, the clients in many 
cases turned out to be affluent architecture buffs, and the Case Study houses became 
even more distinctive and influential in how they forecast the California lifestyle, 
explained (in a different context, about the house shared by the Schindlers and the 
Neutras) by architecture historian Kathryn Smith: “The outdoor courts were dining rooms 
and playrooms for their toddlers, who ran free under the sun year round. They slept in 
the open air, ate simple meals of fruits and vegetables by the fireplaces, and wore loose-
fitting garments of natural fibers closed with ties rather than buttons. At their parties, the 
terraces served as stages for musical and dance performances; in the audiences were 
many aspiring California artists, actors and writers”.4 
 
In spite of its name and the fact that it was presented as an integer set of experiments, 
the program was “clearly not monolithic or systematic, encompassing over its lengthy 
existence an astoundingly wide variety of types, sensibilities, and approaches” (including 
post-and-beam wood-framed houses).5 Nevertheless, the Case Study Houses came to 
define Mid-Century Modernism as a style and is therefore, despite its inconsistencies, to 
be viewed as a design research program. To quote architectural theoretician Patrick 
Schumacher: “Avant-garde styles might be interpreted and evaluated in analogy to new 
scientific paradigms, affording a new conceptual framework, and formulating new aims, 
methods and values. Thus a new direction for concerted research work is established. My 
thesis is therefore: Styles are design research programmes.”6 
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If despite its internal variations we are to describe the underlying conceptual framework 
of this design research program, we soon realise that it is based on a series of rules. The 
buildings designed during the program’s first three years are of comparatively modest 
scale, bearing in mind the wealth of the clients they were built for. They are simply 
constructed using or pretending to use modular systems and inexpensive materials 
(though this is also at times a matter of style – as William W. Wurster and Theodore 
Bernardi famously puts it in the description of their CSH#3: “...although plywood costs 
more than plaster, we like it better because it looks cheaper”7). They utilise extensive 
glazed partitions to achieve a relaxed and pronounced indoor-outdoor emphasis. They 
aim to employ modular, standardised parts and apply industrial construction methods 
and materials to residential architecture, and are to some extent conceived as prototypes 
for mass production. They are constructed using the best technology of the day, and 
designed for a maximum degree of flexibility on the part of the users. They try to 
integrate house, furnishings, and landscape into a coherent whole. 
 
In 1949, the designs of the Case Study House Program began to break away from the 
vocabulary of local Los Angeles modernism as defined by architects such as Irving Gill, 
Frank Lloyd Wright, R. M. Schindler, and Richard Neutra. To an extent, the times finally 
caught up with the architects: the economy turned and industrial materials such as steel 
were now widely available. The resulting CSHP buildings maximise and render overt the 
use of technology in their design and construction. A third phase is added in the 1960s, 
when the clients are more affluent and the buildings expand into expansive, generous, 
airy modernist homes that are almost sumptuous in their use of materials, clearly 
designed with little regard to Entenza’s initial vision of producing replicable prototypes. 
 
The present project started with an analysis of all 36 Case Study Houses. It soon became 
clear that it was in those golden years leading up to and just at the beginning of the third 
phase that the program came closest to not only investigate but actually build full-scale 
models of the new, the untried, and the unchartered; ideas about how an advanced and 
advancing residential architecture could respond to social issues as well as how to apply 
the new materials and techniques of the wartime economy, including rule-based mass 
production of prefabricated units, to the post-war era. Such ideas are embodied, in the 
works of three Case Study architects – the husband-and-wife team of Ray & Charles 
Eames, Richard Neutra, and Pierre Koenig – which we will now discuss in further detail. 
 
2.1 CSH#8 (Eames House) 
 
Charles and Ray Eames were themselves the clients for their own Case Study House, and 
they chose to make it an exercise in rule-based prefabrication and mass manufacturing. 
Designed to serve as their combined home and studio, it promoted a unique live-work 
lifestyle, with the couple living amongst their own projects at various states of 
completion. 
 
As Charles Eames (together with fellow architect Eero Saarinen) initiated the design 
process in 1945, the idea was to construct the building entirely from "off-the-shelf" parts 
from steel fabricators catalogues (elements not originally made with housing in mind). 
However, immediately after the war this ideal of experimentation with industrial 
materials (steel, glass, asbestos, and Cemesto board) and construction systems was 
impossible to complete. It would take until 1949 for the necessary parts to become 
available. During these years, the initial scheme was radically changed from a 
dramatically cantilevered box to its final, calmer expression. In fact, once the steel had 
been delivered to the site, Charles Eames decided to redesign the building, using the 
same components (in the end, a single beam had to be added). Architecture theoretician 
Beatriz Colomina has commented that this idea of rearrangement runs through the entire 
production of the Eames’s.8 
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Tucked sideways against a retaining concrete wall, the two-storey structure holds 
bedrooms on the upper level, overlooking the double-height living room. A courtyard 
separates the residence from the studio space, turning the building into a double-height 
pavillion cut into two two adjacent volumes. The bold façade – strictly divided into eight 
+ five bays separated by four bays of open space, and sitting on a perfect structural grid 
– holds a composition of brightly coloured panels between thin, black steel columns and 
braces, sharply contrasting with the surrounding landscape. Arguably it is this contrast, 
the programmatic live/work dichotomy, as well as the opposition between the formal 
stringency and the variety of textures, colours and materials introduces within its 
structural rigidity that makes this building a highly personal take on the prefabricated, 
mass manufactured catalogue house, and, in a way, a precursor to the mass 
customisation of our day. 
 
2.2 CSH#20 (Stuart Bailey House)  
 
While he was the most well-known of the CSHP architects, Richard Neutra’s early designs 
(the “Omega” and “Alpha” houses) had remained unbuilt. The Bailey House is extremely 
small, yet elegant in its simplicity. A rectangular or L-shaped plan split into sliding strips, 
a modest face to the street, and huge sliding glass walls opening up to the public space 
that is the leafy garden at the back. Glass, steel, wood, and brick. 
 
If the raison d’être of the Eames House is to showcase the potential for individualised 
serialised production using prefabricated components, the Bailey House is first and 
foremost a programmatic exercise. The clients – a young and small family with restricted 
means but anticipating the possibility of growth and increased resources – commissioned 
Neutra to design three additions to the house over the coming years. Future expansion 
was thus a key word right from the start, and the original design easily accommodated 
these additions. 
 
Neutra wrote himself in the accompanying Arts & Architecture article about how the 
smallness of the building “may be stretched by skill of space arrangement and by 
borrowing space from the outdoors in several directions”.9 This directionality makes for 
quite a rich diversity of different outdoor spaces. 
 
The roof is louvered over the car port, the interior panelled in “natural wood of variation 
in grain, colour, and finish,” and the square-section roof gutters are allowed to stick out 
at a liberal distance from the eaves of the flat roof. Another important feature is the 
prefabricated utility core, “a ready-delivered packaged mechanical unit that contains the 
centrally amassed plumbing and heating installations”.10 
 
While the Bailey House was designed for a middle class family, and while it has very little 
of the Eames House’s rearrangable modularity, it is still a good example of how a flexibly 
designed rectilinear arrangement of spaces answered to Entenza’s brief for housing that 
catered to the average American (doctor). It also shows how even a small plot can be 
divided, or cut, into programmatically interlinked spaces, and how the intelligent use of 
implied (exterior) space can be used to make a building feel more spacious than it is. 
 
2.3 CSH#21 (Walter Bailey House) and CSH#22 (Stahl House) 
 
Koenig designed his two Case Study Houses in 1960. Both CSH#21 and CSH#22 were 
constructed on dramatic sites offering great views of Los Angeles. 
 
The charcoal-painted framework of CSH#21 stands in stark contrast to its white walls (in 
fact curtain walls with an exterior steel decking combined with an interior gypsum 
board). An island core divides the living area and the two bedrooms. Water is used as an 
integral feature: "Brick terraces, spanning the pools, lead to the living areas, and the 
terraces add another plane and texture to the interplay between water and structure. 
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During the hot months the water is pumped hydraulically from the pool to the roof gutter 
to fall through the scuppers and circulate and aerate the pool.”11 The plan for this 
severely compact 120m2 steel-and-glass box is strictly gridded into a six-by-four-units 
bay system, revealing a strict, geometric arrangement of horisontal surfaces, the flooring 
materials – concrete, tiles, mosaic tiles, carpet, brick, gravel, water – clearly divided into 
overlapping island-like arrangements positioned within steel frames. A central utilitity 
core contains bathrooms and water heater, wile separating public from private spaces. 
The L-shaped contained space sits on a lot that implies a rectangular organisation. Prefab 
elements (“readily available steel shapes and products”) are used to demarcate the 
structure from white surfaces. All frames were shop-fabricated and then delivered to the 
site. 
 
This was the house that first defined Koenig’s super-clean, precise, industrial aesthetic, 
fusing steel construction with open-planning and an emphasis on interior/exterior 
relationships. Despite being conceptually similar to CSH#22, this building was quite 
different from its successor in that it was actually created as a prototype for affordable, 
mass-producible housing.  
 
That was not the case with CSH#22, which is a two-bedroom 204m2 one-off building. 
One of the most famous buildings in the US, it has appeared in more than 1,200 
newspaper and magazine articles, journals and books, not to mention a slew of films, TV 
shows and commercials. Indeed, for many this house is eternally frozen in the 1960 
moment when Shulman photographed two pretty girls sitting in the cantilevered section 
of the building, with the street lights of LA glittering in the distance.12 
 
The approach to the highly longitudinal Stahl House is devoid of fenestration, its regular 
corrugated steel modules unpunctured by any glazed partitions and window frames. The 
roof extends, supported on two columns, to become a covered walkway and a car port. 
The difference between this side of the building and the one overlooking the city of Los 
Angeles is massive: once inside the courtyard, the pavillion-like nature of the building 
becomes apparent, with an entire wing executed in glass. The plan is nominally L-
shaped, though it could be argued that the centrally located open courtyard living space 
it frames (including the swimming pool) should be counted as part of one single, 
predominantly rectangular, arrangement. Apart from the striking views, the use of vast 
expanses of sheet glass (apparently the largest available at the time) set within the 
tiniest of frames, and the excellent spatial arrangement, other details typical for Koenig 
resonate within the building: a series of horisontal platforms connected by bridges leads 
into the courtyard and on to the actual entrance, steal beams are extended beyond the 
roof overhangs, and the connection between interior and exterior is dramatically 
exploited. Koenig also plays with our perception: one of the iconic globe lights is actually 
placed on the exterior of the building. 
 
This Case Study House in the sky, a low-slung building creating its own universe high 
above the city below, is a study in planimetric composition, with overlapping spaces, 
implied areas, and incisions cut along grid lines to achieve a highly programmed 
arrangement and a radical design within the typology of the simple pavillion. It is also an 
example of how a rule-based system can be utilised to highly creative ends. 
 
 
CSHP 2.0 – The echo of the icon 
 
John Entenzas announcement of the case study houses in the January 1945 issue of Arts 
& Architecture opens with a syncopated call to arms in a time of newly won peace:  
 
“Because most opinion, both profound and light-headed, in terms of post war housing is 
nothing but speculation in the form of talk and reams of paper, it occurs to us that it 
might be a good idea to get down to cases and at least make a beginning in the 
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gathering of that mass of material that must eventually result in what we know now as 
“house–post war”. 
 
1945 was a peculiar time in the USA. The war ended, Roosevelt died in office, Percy 
Spencer accidentally discovered that microwaves can heat food, and Robert 
Oppenheimer’s team invented the atomic bomb. The average cost of a new house was 
$4.600, average wages per year $2,400.  
 
It was, at first sight, a completely different world from ours. But a few crucial things 
point toward there being similarities to the Case Study House postwar era and our 
political situation of today. 
 
Then as now, there was a big migration to the cities, as men returned home from the 
war. Today, more than half of the world’s seven billion people live in cities. The urban 
population jumped from 29% in 1950 to 50.5% in 2005.13 
 
Then as now, the world is a pessimistic and uncertain place. Demonstrations, uprisings, 
and revolutions sweep the globe, the Occupy movement clog financial arteries, the Arabic 
rebellions spread across the Middle East, Greece’s economy is again devastated (as it 
was after WWII), there are riots in London and clashes in Moscow. At the same time, 
then as now, we live in an optimistic time of unprecedented scientific and socioeconomic 
progress, with progress being made at an extraordinary rate.  
 
And then as now, new building technologies inspire architects to dream up new 
structures for new ways of living. 
 
However, that’s where the similarities stop. While we use the Case Study House Program 
as our starting point and willingly adopt some of its tenets (the house as reproducable 
prototype, brilliant spatial organisation within limited volumes, a stringency in the 
choices of materials and structural systems, a willingness to experiment with the lastest 
technologies), there are others that we have chosen to update. First, a Case Study House 
for today has to become a Case Study Housing project; we believe cities need higher 
densities than the original single-family houses (Fig. 1). Second, we have hopefully done 
away with the sexism latent (or obviously expressed) in the schemes of that generation. 
Third, environmental concerns put timber way ahead of steel. Fourth, the buildings need 
to become actual repeatable prototypes rather than one-offs. Fifth, we believe the main 
buzz word needs to change from mass manufacturing to mass customisation. 
 
 

 
Fig. 1: A matter of scale – as today’s cities need higher densities, a Case Study House 
for today has to become a Case Study Housing project. 
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Mass customisation: The building as service 
 
In his book The Philosophy of Andy Warhol (From A to B and Back Again), pop artist 
Andy Warhol glorifies mass consumption in an ode to Coca-Cola by stating that “America 
started the tradition where the richest consumers buy essentially the same things as the 
poorest (...) A Coke is a Coke and no amount of money can get you a better Coke than 
the one the bum on the corner is drinking. All the Cokes are the same and all the Cokes 
are good.”14 Today, however, Warhol’s age of mechanical reproduction has become an 
age of digital customisation. While we are not quite there yet, in another decade or so, 
maybe a Coke will not be a Coke, maybe no Cokes are the same (and all the Cokes are 
good because every Coke you drink is precisely produced to your own, individual taste).  
 
The term ‘Mass customization’ was coined by writer Stan Davis in his book Future Perfect 
but popularised by writer Joe Pine.15 Already ten years ago, in 2002, Bruce Sterling 
argued that the post-industrial model is not an assembly line, but an assembly swarm. 
The essence of his argument was that while in the industrial days of the factory, raw 
materials were banged into identical commodities, with the advent of the computer – “a 
flexible factory that makes ones and zeros” – the customer can be made to do the 
banging, as well as buying his or her own work as “consumer choice”. The more the 
product is “decomposed” into modular components or subsystems, the more it can be 
recombined and customised at mass-production price. “Millions of potential combinations 
have replaced the standard product,” writes Sterling, while also pointing out that a 
company like Dell “wisely gets its money before the machine gets made,” and that a 
product created for a market of one is no longer a product but “a service: a lasting 
intimate entanglement”.16 
 
In a post-industrial mass customisation society, consumers design their own products (or 
services) by choosing from a wide variety of features. Nothing is assembled until 
payment is received. The consumer becomes, in futurologist Alvin Toffler’s portmanteu, a 
prosumer (prosumption = production + consumption).17 
 
“Similarly, the task of design will also change,” writes Tim Crayton. “Clearly 
customization will have to be designed into products. The design task shifts from 
designing definitive invariable products to designing product platforms and architectures 
and the sets of design rules that define a range of product-solutions. Similarly, the new 
product design process will also include designing the design tools and interfaces for 
consumers as co-designers that will configure or determine the kinds of choices 
consumers will make and perhaps simulate the actual product.”18 
 
What is the implication for architecture? Will the inhabitant be able to design his or her 
own machine for living in? “The changing nature of machines and machine production, 
that is smarter, flexible and less mechanistic points to a new kind of machine aesthetic.”19 
While often constructed as one-offs, buildings are already created out of many ready-
made components. “We used to live in a world in which most things had to be made to 
be the same, but we are about to enter a new era where, if we want it, many things or 
perhaps all things can be different.”20 
 
This is a topic aligned to the thinking of architectural history professor Mario Carpo, who 
argues that the transition to a digital production chain is one from the production of 
identical copies of objects to mass customisation and design collaboration. Both the 
subject and the object of architectural design will have to change with the advent of 
digital technologies: the romantic notion of the designer in full control is dead, and the 
object need not be singular and specific. Designers must choose between either 
designing objectiles (four-dimensional algorithmic constructs with infite variational 
possibilities; a term borrowed from Gilles Deleuze via Bernard Cache) or objects 
themselves. The objectile route is the only one offering some kind of authorial control.21 
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The present project possibly represents a combination of all these three arguments, in 
that it is based on design rules that can be programmed to produce objectiles, and that 
could cater for a prosumer inhabitant. In fact, mass customisation would be a driving 
force necessary to produce an architecture such as the one proposed here. While Charles 
Eames could find all elements necessary to build CSH#8 within a steel manufacturer’s 
catalogue, no manufacturer will hold all of the different panels produced by our system 
as ready-cut boards. They will each have to be cut according to a specification, 
developed in line with today’s streamlined relations between designing and fabricating. 
 
Playing by the rules 
 
The Roman military architect and engineer Marcus Vitruvius Pollio is the author of the 
oldest research on architecture that has remained to our day, an extensive summary of 
all the theory on construction that had been written so far: De architectura.22 It is a 
highly normative theory, ten books of instructions and rules for how to create durable, 
practical, and pleasant buildings, beginning with measurements derived from the human 
(male) body and moving on to multiples of perfect geometries – squares, double 
squares, circles – arranged in precise proportions. While no earlier printed architectural 
rules exist, it is easy to see from ruins that architecture since well before Antiquity has 
been based on rules: repeating patterns, proportionally spaced layouts, the golden 
section; harmonies, rhythms, principles, protocols, orders, laws. 
 
In the Renaissance, Leon Battista Alberti and Andrea Palladio laid down their architectural 
rules, the latter basing his on 16th-century music theory – incorporating harmonic 
musical ratios into the physical proportions of his buildings according to systems that 
have been famously dissected by Rudolf Wittkower.23 In the 19th century, Eugène Viollet-
le-Duc, John Ruskin, and Owen Jones all created architectural rule systems, and in 1890, 
Brussels architect Victor Horta designed himself a house that broke with the rules of 
classic times and introduced new ones based on a formal syntax culled from the organic 
world of plants.24  
 
The early 20th century was obsessed with the manifesto and with rules: The Swiss 
architect Le Corbusier (Charles-Édouard Jeanneret) introduced the notion of the objet-
type to describe products designed as prototypes for series and industrial manufacture, 
of which his own Dom-ino structure of 1916 was one example.25 Le Corbusier was the 
only modern architect to prescribe architectural rules for his new architecture.26 The most 
obvious of these are his “Five Points,” published in 1926, a series of departures from and 
reversals of existing practice: it has been shown that each of the five points corresponds 
to a contradiction of a classic concept; Le Corbusier clearly learnt the rules before he 
started to break them.27 Following Le Corbusier, a string of architects invented rule 
systems – the formal inventions of Terragni, the strict grids of Mies van der Rohe, the 
prefab systems of the mid-Century architects discussed above, the material 
expressionism of the brutalists, the conceptual games of Peter Eisenman – leading up to 
today’s plethora of algorithmically inclined architects, who spin their forms and sculpt 
their volumes from mathematical systems of geometric rules.28 
 
Ordering our environment according to rules is a way of simplifying the world around us 
and making it comprehensible, but it is also a way of testing ideas, generating forms, 
and reaching conclusions. As artist Sol LeWitt wrote, “the idea becomes a Machine that 
makes the art”.29 
 
So far self-referential rules that have to do with architecture itself, the interiority of the 
practice. However, architecture is subject to socioeconomic and technological pressures 
that call for a continual rewriting of the rules. For instance, new materials, or 
technological progress, or increases in the profitability of land development have 
necessitated changes in architectural rules.30 It was a combination of those two factors – 
an internal need for organisation that would both help define forms and volumes, and 
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create the necessary framework for an efficient use of mass customisation, and the 
external pressures of designing for an age in which certain environmental and social 
stresses call for systemic responses – that made us create our own architectural rule 
system to produce the first Case Study Houses 2.0 building. 
 
CSH2.0 rules: the multifaceted cut 
 
The rule system that produces our CSH2.0 buildings is entirely based on the idea of the 
cut as spatial generator and alternative way of creating a stacked structure. While we 
have previously studied different stacking methods – an additive process – as our main 
strategy for creating tall timber buildings, we are now focusing on investigating a 
subtractive paradigm, cutting away sections of an imagined spatial block that fills up an 
entire floor volume in order to create different spaces, circulatory paths, and service 
connections, as well as providing means for the building to react to external forces of 
different kinds and at different scales. 
 
Just as the cut of the surgeon’s scalpel opens up the body, as the Argentine-Italian 
painter and theorist Lucio Fontana cut up his canvases, as a fashion designer cuts a piece 
of fabric, or as a film editor cuts together pieces of celluloid, the architetural cut is a 
strategic incision into a material mass (or indeed into a void) that simultaneously opens 
and connects. It is an incision of variable width that coincidentally fuses and separates, 
bridges and divides, connects and pulls apart. The cut is energetic, threatening, 
revealing. It can be explicit or implicit, making an obvious mark or leaving a faint trace. 
It splits an integer volume into two, creates new edges, new spaces, new surfaces, new 
possibilities for the flow of people, energy, and light between its newly-created entities. 
The cut also instigates movement, allowing one body to slip along a fresh edge. 
 
An acutely directed force, the cut as a conceptual tool is a constructive rather than a 
destructive action. The sculptor’s knife releases the form out of the stone. Taking away 
creates a new scenario, a new condition: the cut is nothingness, or the beginning of 
everything. The stress generated by a cutting implement is directly proportional to the 
force with which it is applied, and inversely proportional to the area of contact. Hence the 
sharper the cutting implement (the smaller the area), the less force is needed to make 
the cut. Smaller forces make smaller cuts, larger forces take out larger portions. The cut 
mass becomes a conceptual laboratory, where larger or smaller positive or negative cuts 
are made in order to hide or reveal, open or close, divide or converge. The cut becomes 
a seam running between volumes, demarcating their boundaries, linking them through 
their separation. Along the cut programmatic shifts occur, scales converge, physical 
thresholds obstruct and dividing lines facilitate; materials change, colours break, 
different phenomenological relationships materialise. 
 
While cuts can be undulating and soft, as we are working within the aesthetic context of 
the Case Study House Program, we are only utilising orthogonal cuts, and refraining from 
cutting at a vertical angle: all of our cuts are in one straight direction from top to bottom. 
Through manipulating the volume using varying incisions from our catalogue of 
architectural cuts, we achieve not only actual spatial differentiation but also possibilities 
for different implied demarcations of space that correlate to some of the Case Study 
Houses: slight shifts along the edge between horisontal surfaces call to mind the bridges 
and platforms in Pierre Koenig’s CSH#22, surface incisions made into the mass-
customised wall panels echo the vertical composition in the Eames House, repetitive cuts 
create louver-like elements reminiscent of Richard Neutra’s CSH#20. 
 
As one whole floor volume has been cut through, another is placed on top, and new 
incisions – possibly in new directions, at new sizes, responding to new and different 
external and internal pressures and forces – are made. This layering of cut volumes leads 
to an interesting spatial configuration as one cut is stacked on top of another, either 
lining up with each other or being offset against one another, turning the entire volume 
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into a vertical labyrinth of crisscrossing cuts. 
 
Our catalogue of architectural cuts for the first Case Study House 2.0 building 
corresponds to five external and five internal forces (stresses, pressures), onto the 
building. The external stresses are to do with how the building functions on a societal 
level, and seeks to incorporate factors such as environmental concerns, cost 
characteristics, social components, cultural considerations, and climate-related aspects. 
The internal forces are to do with how the building functions as an object, and integrates 
formal aspects, notions of functionality, material considerations, organisational principles, 
and aesthetic concerns. The three different cuts shown in (Fig. 2) are: 
 
1. Positive/negative cut 
In its negative form, a cut slicing through a volume, separating spaces from each other. 
In its positive form, a cut through a void, creating a tunnel-like space. 
 
2. Circulation cut 
A cut that opens up a circulation path between volumes.  
 
3. Tapered cut 
A cut that is wider at one end than at the other – producing private space at one end, 
public space at the other. 
 

 
Fig. 2: Examples of Positive/negative, Circulation, and Tapered cuts. 
 
 
Our layered approach means we can introduce different cut strategies on different floors, 
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and use the system to generate iterations of interesting moments of formal, 
programmatic, functional, and architectural significance into the building. The resulting 
configurations can be shifted up and down across the building envelope until we reach an 
optimal series of interacting levels, and the structure is vertically flexible in that it is easy 
to add another storey at any time. 
 
Using the Textured cut alteration listed above has an impact on the vertical sides of the 
panels that make up the building volumes. While the panelisation of the entire building is 
by necessity a mass-customised process whereby each panel is cut to size under factory 
conditions, CNC technology allows us to further customise those panels that have been 
textured by such a cut.  This not only introduces a high variety in formal terms, but 
allows panels to be individually manufactured in order to perform in certain ways. Some 
of them are prepared to produce evocative visual and acoustic effects, some function as 
maps of the building itself, others filter light through very thin layers of wood, yet others 
separates public from private space visually through the display of different patterns 
etched into the surface (Fig. 3). In this way, the cut becomes a performative conceptual 
tool in its own right, using the new possibilities offered by mass customisation to create 
features that might connect back to different internal or external forces: one panel might 
bring more light into the living unit, while another adds an ornamental layer to the sheet. 
 

 
Fig. 3: Patterns etched into surfaces. 
 
 
Another important way in which mass customisation is driving the project is in the 
attention to material waste. While digital fabrication allows architects to explore more 
complex organisations and geometries, one objectionable byproduct is a lack of attention 
to material waste. In a reversal of the too-frequent top-down scenario where typical 
material sheet sizes are plugged in to the system at the end of the design process, the 
CSH2.0 system starts from basic material dimensions and seeks to automatically 
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minimise material waste during the CNC cutting. 
 
7 ARCHITECTURAL ANALYSIS 
 
The first building to come out of our CSH 2.0 scheme is a peculiar beauty (Fig. 4). While 
the overall organisation is a direct translation of the cutting-and-stacking procedure, the 
detailing picks up elements from the original Case Study Houses scheme and rearranges 
them into a new and displaced composition. The expression is orginal, and can differ 
wildly between floors as some are cut through more often or with a wider conceptual 
blade than others. 
 

 
Fig. 4: the first CSH 2.0 building. 
 
 
The stacking of cuts is a particularly interesting architectural idea, as it presents an 
entirely new typology much in the same way that the Case Study Houses moved away 
from the prevalent LA style and promoted their own aesthetic, functional, and 
programmatic values. While structurally remaining a very simple system (essentially a 
volume balancing on top of another volume), the resulting spatial intersections and cut 
volumes give rise to new performative possibilities, including the layering of light across 
several storeys, the intermingling of programs and inhabitants where cuts intersect, the 
amalgamation of material effects along cut edges, the implied demarcation of functions, 
a flexible sectional configuration (including the possibility of effectively changing the 
order of the storeys as the build progresses), and innovative circulation logics. As is the 
case with some of the most successful Case Study Houses, it is based on a simple 
principle that gives rise to a wide array of intricate spatial formations. 
 
Using the Martinson’s solid wood building system31 means the CSH 2.0 buildings can be 
made using ready-to-assemble elements that are manufactured in a production 
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environment with low humidity, guaranteeing both consistent dimensions and quality – 
an absolute must when working with as precise a system as the one outlined here. On 
site, Martinson’s assembly system includes a weather cover that protects the entire 
building and creates ultimate conditions for both dry building of the cut floors, and a 
pleasant working environment. 
 
Mass customisation, finally, not only allows the scheme to become buildable and 
economically feasible, but also adds a seamlessness to the detailing, while providing a 
series of new opportunities for turning the building’s panels into performative screens. As 
with the prefabricated elements in the precedent schemes, this embrace of a novel 
building technology opens up new possibilities for perfect construction processes and 
economies of scale.  
 
8 CONCLUSIONS 
 
While this is still early days for the CSH 2.0 scheme, the initial results are highly 
promising. The system, with its own formal vocabulary and a distinctive connection 
between structural performance and aesthetic expression, is in place and ready for 
further investigations and future testing.  
 
The almost naïve stacking of cut storeys has been turned into a testing ground for our 
belief first and foremost that an updated version of the Case Study House has to be a tall 
building, capable of supporting not just one but many families that enjoy the advantages 
of urban density without compromising our planetary resources. The only way of 
achieving such a goal is to use carbon-negative building materials such as timber. If the 
CSH buildings were about protecting the family from the elements, the CSH 2.0 buildings 
are about protecting the elements as well. The optimism that comes with novel building 
technologies needs to be tempered with the pessimism of living in a fragile world, and 
vice versa. 
 
It is clear that rule-based systems such as the one presented here can be used to 
construct interesting multi-storey timber buildings. An updated, contemporary version of 
the original Case Study House program could fuse such a strategy with the virtues of 
mass customisation to yield a cost-effective and sustainable new building typology for 
the 21st century. 
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AGAINST THE GRAIN: REDEFINING THE LIVING UNIT –ADVANCED 
SLOTTING STRATEGIES FOR MULTI-STOREY TIMBER BUILDINGS 
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�
�
ABSTRACT: Using Charles and Ray Eames’s famous 1950s House of Cards slotting toy as both design metaphor 
and structural precedent provides the starting point for a novel building logic (utilising two existing Swedish timber 
systems) that allows volumetrically slotted units to stack inside of and support each other. Contemporary computer-
aided fabrication techniques based on evolutionary algorithms and CNC manufacturing strategies are used to 
produce a methodology for designing a kit-of-part system at the scale of the skyscraper, based on the slotting 
together of cross-laminated timber (CLT) panels. A five-tiered method is used to build up a catalogue of historical/
vernacular/potential slotting methods, identify a number of alternative slotted joint treatments that have good 
potential for further development, parametrically design and control volumes, understand the fabrication workflow 
and constructional sequence on site, and build prototypes of the chosen slotting configurations at scales ranging 
between 1:50 and 1:1. 

�
KEYWORDS: Wood architecture, multi-storey timber buildings, slotting, living units, cnc, evolutionary solvers, 
evolutionary algorithms, prototype, House of Cards, porosity, volumetric slotting, retrofitting, Moelven, Trä8, 
Martinsons, Byggma Masonite  �
�
�
1. INTRODUCTION _ 
In 1951, House of Cards was released onto the market.(1) This soon-to-be-famous paper toy was invented by 
celebrated husband-and-wife designer duo Charles and Ray Eames, whose unique synergy led to the production of a 
wide range of design classics, from their own house (perhaps the most radical of all contributions to the pioneering 
Case Study Houses scheme), via furniture and objects, through to experimental design films such as the instant 
classic Powers of Ten (1977). �
House of Cards is a modular picture card deck. Players can interlock the cards using six slots on each surface 
module, building up myriad configurations and structures at different scales. The decks soon became universal 
favourites among children and playful (or design-aware) adults alike. They are now represented in the famous 
collection of the Museum of Modern Art (MoMA) in New York, the ultimate sign that a design object has achieved 
the status of a classic.(2) Each card depicts a different familiar object, described by the Eames’s as being of “good 
stuff," chosen to celebrate "familiar and nostalgic objects from the animal, vegetable, and mineral kingdoms.” They 
also include images of vibrant patterns and fabrics from different cultures.(3) �
In total, the Eames Office actually produced five different sets of the House of Cards: The small house of cards is the 
original, made in 1952. It had two decks: a picture deck and a pattern deck. A medium House of Cards was then 
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made that is a set of selections from the pattern and picture deck. There was also a Giant House of Cards (1953), a 
Computer House of Cards (1970) and Newton House of Cards for the 1974 Nobel Laureates, created for IBM. The 
small set contains 54 cards. The medium set contains 32 cards. The giant set contains 20 cards.(4) Countless copies 
and iterations on the same concept of interlocking surfaces were later produced, including the Playplax Building Set 
(made form clear and brightly-coloured plastic pieces and designed in 1966 by the British industrial designer Patrick 
Rylands). �
Our thesis for the Against the Grain project (Fig. 01) is that this playful take on slotting can be translated to real-
world architecture, and scaled up from childrens’ toy dimensions to actual building scale using contemporary 
engineered wood products. This project is about slotting two-dimensional massive timber panels into three-
dimensional volumes, then slotting those volumes into each other, a formal move that creates countless opportunities 
for alternative and compelling layouts of living units, based on organisational principles that are directly derived 
from the internal logic of the system of slotted timber panels. We are also interested in finding ways of broadening 
this concept of slotting to internalise within the scheme other congruent ideas at different scales: not just the slotting 
together of the laminate boards that make up the CLT or the slotted joints prevalent within traditional timber 
construction, but the slotting of entire programmatic functions: a kitchen slotting into a bathroom, a terrace slotting 
into a bedroom, and so on. 

�  

Fig. 01: Against the Grain (perspective view). 

1. THESIS, OBJECTIVES, METHOD 
�
1. THESIS 
Our thesis has four tiers. Firstly, the shift from the large-scale gridshell slotting concepts presented in a previous 
paper(5) to the volumetric slotting concepts at the core of the present project – the idea of slotting two-dimensional 
elements into three-dimensional volumes that are then again slotted into each other – allows for unconventional 
hodological volumes (spaces opened up by paths(6)) to be present in the organisation of living units even within a 
strictly gridded spatial framework, so as to facilitate unexpected compositions and surprising junctures that make for 
novel phenomenological experiences: “for someone living in a complicated building, it is not possible at all to 
visualize fully the geometrical-spatial relationships”.(7) There is thus inherent within the present project an interplay 
between material considerations, spatial experiences, and psychological effects, the "genuine architectural purpose" 
defined by the architect Bernard Tschumi as “to permit new and hitherto unimagined situations and activities to 
occur”.(8) �



Secondly, the continuation of the structural theme of slotting also provides an opportunity to advance our work 
within the exciting framework of ingenious architectural design made possible by contemporary computer-based 
fabrication techniques. Digital fabrication offers an interesting hi-tech/low-tech aspect: the transfer of knowledge 
gathered from thousands of years of timber architecture history into computer-modelled designs that computer-
controlled machines can manufacture into actual building elements. To quote Lisa Iwamoto, such a process “not only 
enables architects to realize projects featuring complex or double-curved geometries, but also liberates architects 
from a dependence on off-the-shelf building components, enabling projects of previously unimaginable 
complexity.”(9) �
Thirdly, if that “previously unimaginable complexity” enabled by digital fabrication technologies makes the 
production of our building possible, then the previously unimaginable complexity of spatial planning and 
optimisation enabled by evolutionary algorithms and solvers makes possible its hodological volumetric organisation. 
This project is driven by an underlying evolutionary logic that allows notions of conflict and compromise to become 
active guiding principles in our search for architectural form. �
Finally, the retrofitting of a decommissioned urban structure – the architectural reclaiming of a ‘forgotten’ site – adds 
to the environmental credentials of an already highly sustainable scheme. If wood-based construction is a form of 
active climate protection(10) (the building as carbon dioxide store), then the proposal presented here, regenerating 
the city fabric through the palimpsestic reprogramming of an unsustainable energy storage unit into a sustainable 
housing scheme while utilising intelligent digital fabrication methods as outlined above, adds a pointedly symbolic 
dimension to the ongoing discussion about the validity of multi-storey timber buildings. �
1. OBJECTIVES 
From the timber blocks slotted together to form David Adjaye’s wooden Genesis pavilion at the 2011 Design Miami 
fair, via Peter Kostelov’s unusually slotted wooden patchwork tiles in his Volga House, to the huge vertical louvres 
seemingly slotted in place by FujiwaraMuro Architects to give a pleated appearance to a family house in Kyoto, 
slotted buildings or buildings that can be perceived as having been slotted together are an integral part of the 
architectural agenda of our day and age. Transforming this formal blueprint into an actual structural strategy and 
spatially generative device, however, is rarely if ever part of the contemporary debate. The objective of this study is 
to investigate how slotting in architecture could become a structurally and spatially valid approach and how it might 
be used as part of a constructionally intelligent procedure. �
As actual slotting of this kind and at this scale demands an extraordinary precision during the process of cutting and 
(pre-)fabricating the elements that make up the resulting building, we are fabricating our elements using CNC routers 
that cut out surfaces based on parametrically controlled digital 3D models. The shift from scale models to actual 
building dimensions calls for coordinated device descriptions that ultimately allow for design production at all 
scales, the end goal being an integrated system that shortens product development time for near-instant 
manufacturing from design models.(11)  �
Furthermore, we seek to evaluate different approaches to and find alternative plans of action for controlling material 
waste, which is a potential issue for all CNC-based timber construction, both in solid form as plywood skeleton 
cutouts, and as a powder in the form of sawdust. Other discussions that form part of the research include stabilising 
slot joints, slotted circulation organisations, and functional/performative slots and slots joints. Furthermore, using the 
House of Cards as a metaphor, or structural/architectural precedent, the present project also focuses on the joint 
between the panels: what are the ways in which two or more panels come together, what are the advantages and 
downsides of working with slotted joints, and how can we create exciting architectural proposals beginning with 
serious research into these mechanisms? �
1. METHOD 
Our method was divided into five parts. The first focused on investigating six architectural areas for which slotting 
has been instrumental (collectively describing a fragmented journey through the history of timber buildings): 1) 
traditional japanese temples, 2) log houses, 3) contemporary architecture examples, 4) pavilions, 5) digitally 
manufactured design projects, and 6) CNC-manufactured buildings. The resulting catalogue of historical/vernacular/
potential slotting methods was analysed according to create a hierarchy of performative results and architectural 
effects.  �
The second part used the outcome of this analysis to identify a number of alternative slotted joint treatments that had 
good potential for further development. The different methods of slotting were grouped together into interesting 



configurations, including for instance a wall-to-floor slotting joint, a beam-through-wall slotting joint, and a slotted 
glazing joint used for fenestration and daylight provision. Handmade study models were used in conjunction with 
drawings and diagrams to get a better understanding of the potentialities inherent within these different slotting 
configurations. The joints were then parametrically designed using the Grasshopper programming language, 
providing an iterative testing ground where parameters such as relative dimensions, type of slotting joint, tongue and 
groove proportions, surface treatments, spatial configurations, and so on could be analysed.   �
For the third part, the site was chosen, researched, and modelled. The historical and political background was 
mapped out, together with pertinent precedent studies of our chosen typology (the cylindrical courtyard housing 
scheme). �
The fourth part saw the consilient field of evolutionary biology being used as a framework to explore novel living 
unit configurations based on advanced optimisation strategies. An initial study of wooden toys and computer games 
led to ideas of how a hodological tactic could be developed using the notion of constructive compromises derived 
from conflicting variables. As this is a reasonably unexplored territory within the context of architecture, 
considerable time and effort was spent understanding and explaining the historical and conceptual background to 
evolutionary algorithms and solvers. �
The fifth and final part not only involved the production of the final proposal, but also attempts to understand the 
fabrication workflow and constructional sequence on site, including the discussion mentioned above about 
coordinated device descriptions and how these might allow for the same digital model to be used for both scale 
models and final output at the building element scale. This was also when the slotting methods were linked to 
existing timber building systems on the market to provide a connection to real-life practice, as in previous studies.12 
Conclusions and lessons learned were summed up, the final building modelled and rendered, and our chosen slotting 
configurations prototyped at scales ranging between 1:50 and 1:1. �
1. PRECEDENTS 

1. SLOTTED WOOD PRECEDENTS 

Our initial research on slotting in architecture was based on a loose chronology of four wood-based typologies that 
together describe a highly fragmented trajectory through the history of building in wood: traditional japanese temple 
architecture, log houses, small-scale research pavilions, computational/digital manufacturing design projects, and 
cnc-manufactured buildings. Below, we will go through these areas one by one, pointing out some major 
developments within each, and explaining how they informed our work. �
3.1.1 Traditional Japanese temples �
The master temple carpenter in Japan is traditionally known as a toryo. A toryo specialises in the elaborate carving 
and joining of temples, teahouses, homes and furniture, largely in an exposed fashion without the use of nails or glue.
(12) This calls for astonishing slotting skills, in particular when joining two elements together – books upon books 
are dedicated to the art of Japanese wood joinery.(13) The art of the toryo is clearly a dying one: already in the late 
1970s, there were only about 200 master temple carpenters left in Japan, and the refined workmanship they teach 
carries a sobering price – a Japanese-style wood house can cost 50 to 100 percent more than a typical custom-built 
house of the same size.(14) �
Various forms of wood (planks, straw, tree bark, paper) is the preferred material choice in traditional Japanese 
architecture. Carpenters honouring traditional methods work largely without the use of fasteners or power tools. The 
posts, beams and rafters of this vernacular architecture are fixed with interlocking joints, dovetails, mortises and 
tenons. Traditional Japanese slotting strategies is based on the joint, which broadly falls into two classes: the tsugite, 
or splicing joint, and the shiguchi, or connecting joint.(15) �
This meticulous focus on the intricacy of wood joinery begun during the Heian period (794-1185), when heavy 
materials such as stone, mortar, and clay were abandoned as building elements, giving way to simple wooden walls, 
floors and partitions. During the Kamakura period (1185–1333) and the following Muromachi period (1336–1573), 
Japanese architecture made technological advances that made it stand on its own, away from its Chinese counterpart. 
In response to native requirements such as earthquake resistance and capabilities to shelter against heat and sun as 
well as heavy rainfall, the master carpenters of the time responded with a unique architectural sensibility, creating the 



Daibutsuyo and Zen-shuyo styles. These were important to the development of the wooden joint, the art of slotting 
one piece of wood together with another. It was during the latter Muromachi period and its Zen-shuyo style, for 
instance, that tile roofs and their supporting “bracket complexes,” (multiple rafter systems), were developed in early 
Japanese Buddhist Temples, and later integrated into imperial usage.(16) �
Write David and Michiko Young, “at the technological level, the intricate joinery of a traditional (Japanese) building 
allowed it to be assembled without nails and to be disassembled periodically for repairs. At the design level, the 
interlocking eave supports of a Buddhist temple can be quite complicated. The basic pattern of the brackets, 
however, is repeated over and over again to create a visual rhythm that is well integrated and unified.”(17) The 
Toshodaiji temple, for instance, has a main frame that consists of 20,000 interlocking parts that “fit together like a 
jigsaw puzzle, without the use of nails, making it possible to take the building apart without serious damage”.(18) �
Responsible for such feats of engineering were the Miya-daiku: carpenters trained in the ancient art of Japanese 
shrine and temple carpentry, gatekeepers of the Japanese vernacular. They built the world’s oldest remaining wooden 
structures, found on the grounds of Japan’s seventh century Horyu-ji Buddhist temple, they built the largest wooden 
structures on the planet (at Todaiji), and many other legendary timber buildings that are still standing more than a 
thousand years later. And they did all of this using a catalogue of slotting methods handed down through the 
generations: the gooseneck-tenon-and-mortise joint called kamatsugi; the blind, stubbed, housed, rabbeted, oblique 
scarf joint called shippasamitsugi; the agokaki cogging joint; the shihouari dovetail splicing joint; the shikimen 
bench joint, and all the other slotting principles that form the basis of traditional Japanese architecture.(19) �
20,000 interlocking parts that fit together like a jigsaw puzzle. It will soon become clear why we felt this a 
compelling precedent for the present project. (Fig. 02) �

�  

�
Fig. 02: Against the Grain (exploded axonometric, showing the jigsaw puzzle-like organisation of parts). 



3.1.2 Log houses �
Roman architect Vitruvius Pollio describes construction with logs in his architectural treatise De Architectura 
(probably written around 10BC). He notes that in Pontus (modern-day Romania), dwellings were constructed by 
laying logs horizontally on top of each other and filling in the gaps with "chips and mud". This is essentially the 
Western version of the (more sophisticated) Japanese wood joint.(20)  �
Log cabins were first built in Scandinavia and eastern Europe. The first log structures seem to have been built in 
northern Europe during the Bronze Age (around 3500bc). c. a. Weslager, whose book on log cabins is considered a 
classic, writes: “The Finns were accomplished in building several forms of log housing, having different methods of 
corner timbering, and they utilized both round and hewn logs. Their log building had undergone an evolutionary 
process from the crude ‘pirtti’ (…) a small gabled-roof cabin of round logs with an opening in the roof to vent 
smoke, to more sophisticated squared logs with interlocking double-notch joints, the timber extending beyond the 
corners. Log saunas or bathhouses of this type are still found in rural Finland.  �
By stacking tree trunks one on top of another and overlapping the logs at the corners, people made the ‘log cabin.’ 
They developed interlocking corners by notching the logs at the ends, resulting in strong structures that were easier 
to make weather-tight by inserting moss or other soft material into the joints. As the original coniferous forest 
extended over the coldest parts of the world, there was a prime need to keep these houses warm. The insulating 
properties of the solid wood were a great advantage over a timber frame construction covered with animal skins, felt, 
boards or shingles. Over the decades, increasingly complex joints were developed to ensure more weather tight joints 
between the logs, but the profiles were still largely based on the round log.”(21) �
A log cabin can be erected very quickly – a family equipped with suitable (yet simple) tools would put one up from 
scratch in days. This was one of the reasons why it became a popular building type in extreme climate regions such 
as northern Scandinavia and the more mountainous parts of the United States and Canada. As with Japanese joinery, 
no nails were needed. Log cabins were sturdy, rainproof, and inexpensive. As no chemical reaction is involved, such 
as hardening of mortar, a log cabin could be erected in any weather or season. Many older towns in northern 
Scandinavia were built exclusively out of log houses, and today construction of modern log cabins as leisure homes 
is a fully developed industry in Finland and Sweden. �
Log cabins also have their own joinery language: logs can be V-notched, saddled, half-dovetailed, squared, or full-
dovetailed together.(22) Contemporary examples of log structures include Piet Hein Eek’s 2010 log house on wheels 
as study for music-entertainer Hans Liberg, which looks like a simple stack of log rounds, the 2008 Paper Tea House 
by Shigeru Ban, and Sou Fujimoto’s Jenga-like Final Wooden House (2005-2008), which consists of massive 
wooden blocks stacked together in a seemingly random fashion with irregularly-shaped openings covered in glass. It 
is perhaps this latter example, and in particular its fenestration strategy, that inspired the project at hand: the raw-yet-
sophisticated slotting of large members that produces an almost primal spatial experience. �



�  �
Fig. 03: Against the Grain (perspective render). 

�
3.1.3 Research pavilions �
While historically, a ‘pavilion’ used to be one of two things – either the accentuated ends of the wings of the corps de 
logis (the main central block) of symmetrically composed buildings in the classical style, or a free-standing structure 
situated a short distance from the main residence (French: pavillon, Italian: papilio) – a third class of pavilions has 
been added in recent years: the small-scale experimental research building. This might be a practice connected to the 
international World Fairs and Architecture Biennales, or it could have been initiated at the Architectural Association 
in the 1980s by tutors such as John Hejduk,(23) though it might also be said that folly-like experimental buildings 
have always been part of the architectural canon. �
The typology of the temporary pavilion is a good place to search for architectural innovation that has actually been 
built. This calls for different concerns to be taken into account from digital experimentation, where gravity is never 
an obstacle and materials (as well as their properties) may remain quite undefined. Since wood is such a cheap and 
easily worked material, and so simple to disassemble at the end of the building’s life cycle, many pavilions – in 
particular academic ones – have been made from wood. For this project, we studied three of them. They all deal with 
slotting and particular themes to do with the material logic and specific properties of wood as a building material.  �
The Dragon Skin Pavilion in Kowloon Park, Hong Kong, is made from 151 slotted pieces of “post-formable” 
plywood (upm Grada plywood, which incorporates layers of adhesive film to allow easy single-curved bending 
without the need for steam or extreme heat). A CNC mill divided 21 of these 8x4 plywood sheets into eight identical 
squares with very little waste, and accurately cut the unique connection slots that were programmed into the pavilion 
geometry by computer.  �
All panels were then bent into the same shape using a single mold. Within six hours the numbered shells were slotted 
into place without using any plan drawings, glue or screws. The underlying equilibrium surface geometry removed 
all internal forces and deformations from the pavilion, which became a self-supporting, free-standing, light-weight 
skin with highly tactile tectonic properties and unique lighting effects.(24) �
The skeleton of the ICD/ITKE Research Pavilion at the University of Stuttgart – designed, researched, fabricated and 
constructed by students under professor Achim Menges – is reminiscent of a sea urchin. Polygonal timber plates are 
used, with the exterior plywood panels being slotted together using finger joints, the same way that minute 
protrusions of a sea urchin’s shell plates notch into one another.  �



The glued and bolted finger joints of each cell, as well as the plates, were all produced using the university’s robotic 
fabrication system. Employing custom-programmed routines, the computational model provided the basis for the 
automatic generation of the machine code that controlled an industrial seven-axis robot. This enabled the economical 
production of more than 850 geometrically different components, as well as more than 100,000 finger joints freely 
arranged in space.(25)  �
The Endesa Pavilion is an experimental project from the Institute for Advanced Architecture of Catalonia. Erected in 
2012 for the Smart City Expo in Barcelona, Spain, it aims to “explore how technology can create architectures that 
are adaptive to particular environments, and particular conditions.”(26) �
Modular components are mounted (slotted) onto a timber box with a grid façade, following rules derived from an 
analysis of the building orientation and latitude. “Maps of insolation density” can then be created that allows façade 
components to be generated whose forms respond to “the precise conditions expected at that point on the building”. 
Moving across the façade, each component will be unique as its form is optimised to best meet the parameters to 
which it must respond. In the case of this pavilion that means providing shade and generating electricity from 
photovoltaic cells.  �
The components are manufactured using cnc technology, and assembly issues are resolved within the software so 
that components are pre-drilled and slotted when they arrive on site, and can be assembled like flat-packed furniture. 
Perimeter façade modules were produced and assembled at the factory, as to further increase the efficiency of 
construction.(27)  �
While for reasons of manageability and buildability we decided against the more avanced examples of material 
computations evident in these examples, we took with us ideas of slotting components/volumes within gridded 
structures, and to allow for scripted behaviours to influence the organisation of those volumes. �
3.1.4 CNC buildings �
A few CNC-milled buildings have been constructed and greeted with some attention from the press. We found three 
examples that are particularly interesting for the scheme at hand. However, a summary look back at the history of the 
cnc machine might be in order. nc (Numerical Control) was developed in the late 1940s and early 1950s by John T 
Parsons in collaboration with the MIT (the Massachusetts Institute of Technology). It was developed to help in the us 
post-war manufacturing effort – aircraft parts were becoming more complex and required a level of precision that 
human operators simply could not achieve.  �
At first machines were hardwired. In 1952, instructions could be given via punched tape. Five years later, NC 
machines were being installed in metal working production environments all over the United States. By the 
mid-1960s, NC technology was playing a dominant role in the industry. Isao Shoda claims to have made the first nc 
router in the world – the NC-111 – which he exhibited at the international Osaka Fair in 1968. Programs were 
recorded on a punched paper or aluminium tape until about 1980. The growth of microprocessor technology in the 
1970s and 1980s made it possible for computers to be connected directly to nc machines using cables, hence the term 
CNC (Computer Numerically Controlled) machines.  �
CNC machines were originally built for machining metal. they were subsequently adapted for other industries such 
as wood, fabric, foam, plastics, and so on. Common features for all of these different machines include a program 
(instructions), a controller, and a machine tool. nc drilling machines appeared in the wood industry in the late 1970s. 
They were called point-to-point machines because they moved a drill from one point to another and drilled a hole. 
The term point-to-point was coined from an electronics circuit assembly method from pre-1950, which required 
professional electronic assemblers to operate from books of photographs, and follow an exact assembly sequence to 
ensure that they did not miss any components.  �
Wood routers differ from their metal-working cousins in that they are not subjected to the same forces of load and 
vibration. They spin faster – up to 24,000 rpm – and have larger work tables. They use smaller tools and tool holders 
and work at faster machining speeds. They also don’t require the same level of accuracy. Metalworking applications 
usually require much greater precision and tighter tolerances than for machining wood.(28) �
The first of the cnc-manufactured buildings we studied comes from Danish architect duo Frederik Agdrup and 
Nicholas Bjørnda, who make up the team that is Eentileen. Using the slogan “We print your house,” they are racing 



to spearhead the cnc house building race. Their Villa Asserbo project is a built prototype house produced together 
with Facit Homes in London. Using a three-axis cnc milling machine to cut plywood into the necessary shapes, the 
two architects slotted together the 420 pieces of plywood by hand themselves.  �
“In addition to its ease of assembly, potential affordability, and sleek design, the home is also "the most sustainable 
house on the market," says Agdrup. The insulation is wood fiber. The plywood is all spruce form the Nordic Forrest. 
The material is printed as efficiently as possible to minimize waste. A three-layered window generates heat when the 
sun is out. Instead of resting on concrete, as most Danish homes do, Villa Asserbo sits atop screwpiles. The home can 
be assembled in the most remote location with minimal impact.”(29)  �
The second is the Tverrfjellhytta by Norwegian architects Snøhetta. With its curvaceous and sinuously flowing 
interior, made from slotted panels, this 90m2 building – or should that be sculpture? – is open to the public and 
serves as an observation pavilion for the Wild Reindeer Foundation educational programmes. “Using digital 3D-
models to drive the milling machines, Norwegian shipbuilders in Hardangerfjord created the organic shape from 10-
inch square pine timber beams. The wood was then assembled in a traditional way using only wood pegs as 
fasteners. The exterior wall has been treated with pine tar while the interior wood has been oiled. The pavilion is a 
robust yet nuanced building that gives visitors an opportunity to reflect and contemplate this vast and rich 
landscape.”(30)  �
The third and final built cnc house is called Draw.Cut.Build., and was proposed by then-students at the Architectural 
Association Keita Tajima and Zhi Xiong Chang. Their digital model essentially removes the need for representation 
in architecture, as it is to all intents and purposes the same as the realised building. The structure is a series of 
interlocking shelves slotted into each other to double up as both storage units and structural elements. Connection 
devices lock the panels in place, and the wood is covered in a transparent plastic façade material.(31) �
The simple system of regular notches at the heart of this latter example made an impact on us, and had us consider 
the simplicity and material stringency that might arise from a modularity strategy that seeks to minimise the number 
of components that go into the building. Since its cylindrical nature automatically makes it a typology prone to 
repetitive arraying of volumes in a fan-shaped manner, it should be enough to model the different parts that make up 
one segment, together with its connections to adjoining segments, to create the building system we need. 

�  

Fig. 04: Against the Grain (perspective render). 

�
1. TIMBER RETROFITTING PRECEDENTS 



Our cities have grown, shrunk and mutated over time whilst our buildings have evolved through these generations. 
However, the vast majority of buildings were designed and built at a time when sustainability did not have an 
agenda. Therefore existing on a linear system where resources and energy are distributed and used ineffectively._ At 
this present time, following food production, the building industry is the largest consumer of raw materials in the 
world today. But considering a more sustainable approach, as proclaimed by Girardet, requires a cyclical form of 
consumption as opposed to our customary linear metabolism._ Indeed, to achieve Girardet’s cyclical model, buildings 
are significant in the part played in both mitigating and adapting to this change. From Rachel Carson’s Silent Spring 
concerned with an ‘interest’ in world resources instead of human society living on its ‘capital,’ we focus on 
retrofitting existing buildings as a way to exist and stimulate a cyclical system. It will utilize energy up to one 
hundred percent more efficiently and reduce its energy and waste substantially. We develop an understanding of 
retrofitting through innovative thinking and argue the challenges faced with adapting existing buildings can present 
architects and engineers with inconceivable design solutions. �
We began our investigation into retrofitting with research into the pioneering Passivhaus retrofit of an abandoned 
farm building at the Stirley Community Farm in Huddersfield in 2013 by Green Building Store. The retrofitted 
building – a Victorian stone structure – has a new name, 'Cre8 Barn' centre, and is repurposed as an education centre. 
The building retains this old façade by inserting a new super-insulated timber frame structure that ensures stringent 
airtightness, insulation and stability for the existing building. The building will not only be significantly strengthened 
but will reduce its energy output because of the wood panels for flooring by using caberboard. We are intrigued, first, 
by this method of slotting a structure inside another structure and, second, by its use of recycled and sustainable 
wood, which allows for flexibility, easy construction and low energy consumption.  �
The Hill End Ecohouse by Riddel Architects offers a new prototype for sustainably retrofitted buildings by using 
almost entirely recycled materials.  It took 95% of the salvaged material from the house it replaced, with the other 
5% from locally sourced materials. The architect Emma Scraggs suggested: “Demolition of old houses to make way 
for bigger and ‘better’ modern homes has become commonplace. Buildings made of perfectly sound materials are 
either demolished and sent to landfills, but, more easily with our timber and tin heritage, could be taken off their 
stumps and relocated or dismantled with elements sold to salvage yards.” We agree with Scraggs on this and 
emphasize the longevity of buildings because it is not only environmentally beneficial but the recycled content of an 
existing building or site becomes a narrative in itself. The story is rich with potential; in Hill End the timber from the 
old house was saved, the patterned glass louvre blades were made into a leadlight window, the concrete stumps and 
slabs were crushed into aggregate and the windows and doors sent to salvage yards. 

�  

Fig. 04: Against the Grain (perspective render). 



1. CYLINDRICAL BUILDINGS PRECEDENTS 

Cylinders and their circular form offer designers and architects the absolute certainty of platonic form and 
aesthetically appealing contours. For many multi-storey cylindrical buildings they generate a feeling of urban 
monumentality and, at times, a hint towards equality and the communal. The brutal Ponte City building in 
Johannesburg, built in 1975 to designs by architect Rodney Grosskopff, has an iconic status, chiefly because of its 
circular plan and hollow core, and due to precarious history from luxury apartments as the most sought-after 
postcode to infamous vertical slum with its core stuffed and re-purposed as a trash landfill._ Despite this history, we 
see the building as a significant example of cylindrical form because of its hollow core running along the entire 
height. Designed to allow light into internal apartments and internalise circulation of the building, keeping the most 
external apartments free from obstructions. All units have an interesting wedged-shaped plan with appealing curved 
outer walls and extensive views of the city. We were also drawn to Pone City by its height, 54 stories, and an interest 
in multi-storey living. It has 467 apartments with a capacity of 4,000 residents. It was, when built, the largest 
residential structure in the Southern Hemisphere, and remains the tallest in South Africa. The ambition of its project 
was certainly not lost on us, a desire to include an indoor ski-slope on the core floor.  �
Lundgaard & Tranberg Architects designed the Tietgen Residence Hall in Copenhagen in 2006, with a circular form, 
as a student dormitory of 360 living units. These units run along the perimeter while shared spaces orientate towards 
the internal courtyard. Each living unit is expressed as a projected volume at different depths to give the building a 
distinctive exterior; internally units are larger protruding masses. This honest expression of the different 
programmatic elements is also evident in the materiality: a facade of copper alloy panels complemented with oiled 
American oak and a glass partition. But as a dormitory building it typically wants its residents to meet, collectively 
and individually, and it is certainly an inward-looking building. The courtyard and large communal areas at the 
ground level is central to this identity of how the accommodation can bring its residents together. Inspired by 
traditional southern Chinese Hakka walled villages, the cylindrical design responds not only to its residents but also 
to a new urban context and a desire to differentiate._  �
Karl Schwanzer’s BMW Headquarters in Munich opened in 1973 as the “biggest four-cylinder building in the 
world.” BMW required a building that matched its aspirational philosophy of technical precision and perfection. Its 
cylindrical building was designed for to achieve this precise aesthetic with a cloverleaf-plan tower of twenty-two 
storeys that rise at the centre of a collection of new buildings; its distinguishing shape is now very much an iconic 
landmark in Munich. But the cylinder also offers several other rational and functional benefits for this administrative 
building. The circular floor plan, separated into four segments by four individual suspended columns of the tower, 
fosters short lines of communication, offers maximum flexibility and close cooperation between teams. We think 
multi-storey density is crucial for enhanced conviviality and increased productivity. We were also interested by the 
building’s construction sequence, rather than raising the structure from the ground it was suspended from a cruciform 
steel-beam construction on the roof – a world’s first at this height (99.5m). All four cylindrical parts were 
prefabricated at ground level before hydraulically raised and completed in several stages. This top-down technique 
was incredibly fast with the entire shell complete after sixteen months and, not to mention, a tower of lightweight 
appearance despite its height and suspended weight of 16,800 tonnes.  �
For us, these cylindrical buildings are used as veritable and highly visible icons, and offer a strong connection 
between building and city. There appears to be a certain pride towards the cylindrical shape as a landmark and 
lookout, often with the expansive views it affords. Undoubtedly, the aesthetically appealing form gives us an 
impressive façade, an innovative and flexible spatial concept, and not only a clearly contoured exterior but also 
ergonomically compact interior. 
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Fig. 05: Against the Grain (perspective render). 
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1. APPLIED SLOTTING RESEARCH 
4.1. SCALAR SLOTTING 
The Against the Grain uses the concept of architectural slotting of two-and three-dimensional elements as a 
methodology for our design process. It has developed into an approach at scales that necessarily range from building 
to body. At these varying and interchanging frameworks of slotting, we focus on the slotting of an entire building, 
slotting of the living units and slotting of the unit panels. With this combined conceptual and practical knowledge of 
how each slot works and fits inside of each other, which has, in turn, another slot inside of it, we develop a holistic 
concept that enables us to design a scheme of previously unimaginable complexity. 

If we project from large to small, beginning at the scale of the building, our first slot is an entire building slotting into 
another building or site. To achieve this, we retain the residual structure, and then slot a new building inside. By 
virtue of the slotting concept, we respect the form and shape and preserve the scale and massing of the original 
structure. This notion of retrofitting is important to this kind of slot and, as we see it, pressing issues of sustainability. 
We are responding to a modern need to give new life to a redundant site and ultimately unlock the potential of a 
disused location. 

At the scale of the living unit, our second slot is slotting these units volumetrically into and around each other. We 
wanted to develop versatile, stackable living units that provide a unique design for apartments. We are interested in 
the mass-customisation of every apartment, and therefore the volumetric slot creates different typologies for all 
apartments. The angular shapes of units create a precise slotting sequence and with each unit a non-standard shape 
we generate vertical volumes, incidental spaces and surprising light sources.   

At the scale of the single unit, our third slot is slotting unit panels two-dimensionally. This slot is an opportunity for a 
self-build system and kit-of-parts approach from new forms of digital fabrication. The bespoke wall panelling of 
each unit will be prefabricated and then craned into place and slotted together. This convenient construction 
technique is achieved by CNC milling as bespoke panelling continues to become increasingly viable and affordable. 

�
1. TETRIS + SNAKE + CHIDORI = FIT LIVING UNITS 

1. CONCEPT 

The conceptual title of our paper – against the grain – suggests doing something contrary to its natural inclination. 
There are two tracks to this argument: first, the customary practice of demolishing existing structures to build new 
facilities, as argued against in chapters 3 and 4 and, second, the preference towards repetitive multi-storey projects. 
Rather than the normal way of designing multi-storey residential schemes, which would be relatively 



straightforward, we are proposing a totally maverick idea.  �
Conventionally or, to say, with the grain, in vertical construction, units (discrete apartments or floors) are arranged in 
the same logical sequence to define a repetitive pattern. For the purposes of convenience, construction flow and 
servicing of the building this repetitive technique remains favorable._ Whilst we appreciate the inherent logic to this 
often prefabricated, stacked sequence, we take the view this monotonous architecture severely restricts its residents, 
and propose something very different.  �
The organisation of our cylindrical skyscraper is based on the notion of interlocking living units. This, we believe, 
goes against the grain. Our proposal ensures that every apartment is unique in size, shape and form focusing on a 
sensuous concern of architecture and engaging the inhabitant’s imagination. Living units will move or extend 
between and around each other with the twisting motion of a snake, involving several level changes with double- or 
triple-height spaces. These spatially interesting units ensure its residents or their visitors will no longer be passive 
observers but active participants, the unpredictable geometries of units mean there is always the possibility for 
surprise.  �
1. WOOD PUZZLES 

�
Our investigation began with a study of interlocking structures at quite a different scale from that of a building: 
traditional wooden toys. Going back to the 18th century we were curious about the earliest families of mechanical 
interlinking wood puzzles, known as burr puzzles and commonly referred to as Chinese knots. In 1928, Edwin 
Wyatt’s book Puzzles in Wood popularized these puzzles and introduced the term ‘burr’ for their finished shapes. A 
burr puzzle is an interlocking three-dimensional puzzle, typically a symmetrical object, made of notched sticks. What 
attracted us to these toys was that they are made of wood and their three-dimensional arrangement. �
Burr puzzles are precision-made for easy sliding and exact fitting of the stick-based pieces. The most commonly 
known burr is the six-piece burr. The six-piece burr is part of a large family of designs that allows the designer the 
freedom and extensive choice for how to notch each piece. Bill Cutler, in 1978, published a paper focusing solely on 
the solid six-piece burr and offered twenty-five notchable pieces to make a six-piece burr. Cutler also discovered that 
there are 314 ways to do this. Moreover, he identified 369 general pieces for making solid burrs and from this there 
are 119,979 methods. Since Cutler, several other people have designed higher-level six-piece burrs, but it is Stewart 
Coffin’s abstract geometrical forms that we found the most exquisite reinterpretation. To return to Cutler’s definition, 
we understand that starting with separate pieces and adding these pieces in legal moves achieves a full assembly – its 
solution.  �
In these interlocking puzzles, the pieces hold the rest together, or indeed the pieces are mutually self-sustaining. For 
our project these puzzles become a conceptual architectural device. The underlying concept behind these puzzles is 
logical and mathematical rather than just basic mechanics. This is an important consideration for designing the living 
units by a rule-based and numerical genetic algorithm. In many ways, the final assembly of a burr is a solved shape, 
which is a similar process of finding fitness in the visual programming language Grasshopper.  �
1. COMPUTER GAMES 

�
Our concept of interlocking units also led us to puzzle video and mobile games, such as tetris and snake. These 
games consist of predetermined rules, where players manipulate game pieces into specific patterns and onto a grid or 
network._ Designed and programmed in 1984 by Alexey Pajitnov, tetris is arguably the most popular puzzle game 
ever. To date, more than one hundred million copies of the game have been sold for mobile phones alone. There is 
good reason for this, and why our building strategy identifies with the game’s falling-block, tile-matching puzzles. 
The game is based on a straightforward premise that random sequences of tetrominoes – geometric shapes composed 
of four blocks – fall onto a playing field, known as the matrix or well. The player will then manipulate these 
tetrominoes moving sideways or rotating by 90 degrees to generate a horizontal line of blocks without any spaces in 
between. The player will continue to make these lines, and with every ten lines created, the game will enter a new 
level. However, as the game progresses, tetrominoes begin to fall faster, the playing field is fully stacked with 
tetrominoes and the game reaches its end.  �



The mobile-game Snake, first played as a two-dimensional, monochrome game in 1997, is widely considered as the 
original mobile game. Like tetris, the game grew in popularity because of its simplicity: the player directed a pixel – 
dot, square or object – on a bordered plane. As these pixels move forward it left behind an ever-increasing trail to 
resemble a meandering snake. The player controlled the snake to collect objects by running over them with the head 
of the snake, but with each object they collected the snake also increased in length and its maneuvering grew in 
difficulty. In a similar way, we see the living units of our building mirroring the processes involved in the sequence 
of falling tetrominoes and snaking pixels. The act of manipulation in the game-player is useful to think about the 
hugely custom design and handling of the living units. The mix of these computer games allowed us to think about 
the individual units of our building in a way that is highly original: each unit must find their way to the most ideal 
location, within a common framework, by twisting and turning to maximize the quality and surprise for its 
inhabitants.  �
5.4 CIDORI 
�
Cidori systems, popularised in a contemporary design context by architect Kengo Kuma in 2011, are based on a 
traditional Japanese wooden toy. Constructed of square-sectioned pieces of wood with a square section, and 
connected through joinery alone (without mechanical fasteners or adhesives). Inifinitely expandable, variable and 
reconfigurable, the system becomes a grid that divides and demarcates space, while potentially becoming structural. �
While initially basing furniture designs on the strategy, in 2012, Kuma used a cidori system – essentially an 
oversized interlocking wooden puzzle – as the guiding principle for his 626.5m2 Prostho Museum Research Center 
in Kasugai-shi, Japan. The resulting building is an ethereal essay in cross-shaped modules, wooden sticks with their 
end edges painted white, space defined as void inside a highly regimented grid of lightweight elements. �
Explains the architect in an accompanying statement: “Cidori is an assembly of wood sticks with joints having 
unique shape, which can be extended merely by twisting the sticks, without any nails or metal fittings. The tradition 
of this toy has been passed on in Hida Takayama, a small town in a mountain, where many skilled craftsmen still 
exist. �
For this building (cidori) was transformed (to) form a grid of 50cm square. Jun Sato, structural engineer for the 
project, conducted a compressive and flexure test to check the strength of this system, and verified that even the 
device of a toy could be adapted to ‘big’ buildings. This architecture shows the possibility of creating a universe by 
combining small units like toys with your own hands. We worked on the project in the hope that the era of machine-
made architectures would be over, and human beings would build them again by themselves.”(32) �
While we’re not sure about ruling out machine-made architecture, a version of this system is used within the Against 
the Grain scheme, as our living units are slotted into a cidori-like grid that supports single volumetric modules. 
Living spaces are ‘free’ spaces are left unoccupied within the building, to allow for interesting rearrangements of 
programmatic function, and these spaces are also created and demarcated through the cidori grid.  �
While the mechanical ingenuity of the vernacular precedent is commendable, our scaling up the wooden toy (and of 
Kuma’s 500mm grid) to perform as a building system at a larger scale makes it harder to stick to joinery alone as 
construction method. Instead, we allow for these frames to be fabricated using normal fasteners and/or adhesives.    �
5.5 POROSITY PRECEDENTS 
�
We suddenly shift from these conceptual handheld devices to the size of buildings. The permeability developed 
through our theoretical approach is best identified as the potential porosity of contemporary buildings. We are 
interested in an architecture that is easy to penetrate, accessible and ultimately open. In organic chemistry, porosity is 
characterised in plants and animals as the existence of small openings. Buildings have been designed to be 
characteristically porous and you can go back as far as the tradition of constructing stereotomic walls , such as, 
Hadrian’s Pantheon in the second century, for early porous structures. The permeability offered by this morphology 
can produce improved accessibility and visibility and new relationships between interior and exterior spaces.  �
The Sliced Porosity Block in Chengdu by Steven Holl was driven by a micro-urbanism, a desire to create valued 
public space, establish human scale and a sense of neighbourhood rather than object-icon skyscrapers. The building’s 
exoskeletal concrete-frame is sliced – with careful precision – at angles where a minimum exposure to light is 
required. These cuts are positioned by a set of rules and local codes on minimum sunlight coverage to neighbouring 



buildings. We find this rule-based system fascinating and the resulting sculptural composition and poetic sensitivity 
these pores, expressed as fully glazed walls or openings, can offer the building. We take solace in Holl’s attitude to 
do something different and go against usual residential compound designs with heavily gated peripheries. This is 
certainly not a Chinese skirt building, instead slices into the building at ground level create five entrances onto a 
wide generous public plaza, and in upper levels these deep cuts exploit daylight and ventilation strategies. The 
building’s five towers is an example of mixed-use design with office, retail, hospitality and residential units. This 
may not appear unusual, but in China most mixed-use schemes include just office-retail, offering up also another 
interpretation of porosity, in which, the extended mix of activities and functions give the building an extended and 
penetrable twenty-four-hour life. �
1. PROPOSAL: BUILDING THE RETROFITTED CYLINDER 
�
Within the debate of lowering of emissions, where currently over 200 million buildings in Europe do not comply 
with building standards and more than 270 billion Euros are being lost on wasted energy, the case for the integration 
of retrofitting – sustainably – is crucial. As Claus Bugge Garn of Rockwool International acknowledged, “Less than 
two million new buildings [in Europe] are constructed every year. So the greatest potential for energy and CO2 
efficiency gains obviously lies in existing buildings.” This untapped potential of retaining existing buildings is 
inherently sustainable because of the retention of embodied energy from existing materials on site, keeping intact the 
history of the building and extending its lifespan.  �
As often the case, retrofitting need not be confined to historic building, as buildings deemed less exceptional can 
have a perfectly stable form of construction and still offer aesthetic and communal value for a design response 
unimaginable without an existing site from which to build on. The retrofitting of existing buildings and sites is not 
only the most efficient option available within the sustainability criteria but has the advantage of revitatlising an 
associated infrastructure, such as improved transport, amenities and entertainment facilities. Retrofitting can be the 
catalyst for change; it can bring new commercial and social vitality to an abandoned part of the city.  �
1. SITE AND EXISTING BUILDING STUDY 

Ever since the Victorian era, gasholders, often referred to as gasometers, have been iconic silhouettes in almost every 
British town. The telescopic gasholder, a large metal tank for storage of purified and metered gas, was invented in 
1824 and first erected in northern town, Leeds._ They may, at first, appear to be a simplistic structure, but its 
cylindrical profile and framework is an example of excellent ingenuity and complex engineering design, refined and 
improved over many years and across various gasholders. Whilst operating on the same principal of vessels or 
pistons, rising and falling, the method employed to guide this movement of vessel differed between gasholder 
technologies.  �
The most familiar gasholder has a permanent lattice-type frame and a sectional storage tank that rises and falls 
depending on the volume of gas stored. Generally, in summer months the storage tank would be empty and its frame 
would stand vacant, whereas in winter months a full tank would rise and fall gently within its container. Today, 
operational gasholders have rapidly decreased with very few gasholders providing an active service to the gas 
industry as low-pressure gas storage has been superseded by improved storage capacity within the gas network. In 
the 1970s, gas was discovered in the North Sea and changed significantly the storage and delivery of gas, causing the 
sharp decline of gasholders usage._ Last year, National Grid announced a plan to demolish 76 gasholders, at a cost of 
£79m._ We see that as 76 potential sites for 76 beautifully retrofitted buildings, across the country.  �
Our project was born out of a certain intrigue with a gasholder site, located just five-minutes from our east London 
studio. The Bethnal Green gasholders are an industrial feature, intact and unlisted, surviving from the late-19th 
century. The smaller gasholder was built in 1866 with a guide frame of 16 pairs of superimposed classical cast-iron 
columns, whilst the larger gasholder was built in 1889 with 22 tapering standards and four tiers of girders on a lattice 
guide frame._ As remnants from the former days of the canal when gas companies prioritised canal-side sites for easy 
and reasonable transportation of coal to operate their gasholders. Today, there remain the site boundary and 
placement of four gasholders at this site, although just two gasholders have their container-frame. We think the 
gasholders offer a pressing need for renewal, revitalisation of the area and an opportunity for a strong architectural 
design solution. This site has several strengths that make it exemplary for retrofitting and incorporating existing 
structures into current building projects.  �



It is a forgotten space within the city, a decommissioned site, owned by the National Grid, and there is no longer any 
gas stored on site. With its retrofitted scheme it would deliver new public and open space, enhanced public realm and 
activated waterspace, connecting two significant networks, the waterway, Regents Canal, and main high street, 
Cambridge Heath Road. It will breathe new life into an abandoned space. The significance of the canal site as a 
public amenity and reference to its industrial legacy should be cherished. At present, it is a resource for leisure with 
frequent walkers and cyclists along its towpath and boat traffic in the canal. It is important ecologically to the 
borough and recognised as a Site of Metropolitan Importance for Nature Conservation, which augers the enjoyment 
of this resource._  �
The gasholders offer a great cultural and historical significance, with several other redeeming features. They are 
large structures with a sizeable boundary that makes them open and flexible. They are, indeed, clearly visible from 
Regents Canal and the surrounding area. The cylindrical skeleton of columns and girders enable us to work with a 
guide frame and a point of reference for structural and aesthetic design features. It appeals to a prevalent aesthetic of 
exposed and rough existing shells, if left intact. We also think these gasholders are a sort of architectural avatar 
having populated central and iconic locations throughout the country. Indeed, gas historian Brian Sturt believed that 
before nationalisation they were the central focus of every town._ At Bethnal Green, this no exception, the site is 
notably located contiguous to the canal and close to Broadway Market. This efficient connectivity with the rest of the 
city makes the site a desirable location for many programmes, especially residential schemes.  �
Our argument is not only confined to retrofitting of an individual structure, but in the case of the gasholder, we 
believe in the retrofitting of a site programmatically and therefore an adaptation of the urban locale. We think it is 
fundamental that architects realise the potential in existing urban fabric and are willing to meet the challenge it 
presents them: introducing new urban interventions and new buildings that will co-exist and thrive within older, finer 
and existing structures. Architecture that is innovative, healthy and resourceful can be achieved with derelict 
buildings.  ��

�  

Fig. 06: Against the Grain (perspective render). 

�
1. PROGRAM AND PARAMETERS 

In its current configuration, Against the Grain holds 108 living units (18 units per three-storey section) and “"free 
spaces” – open volumes that have the potential to be permanently infilled as extensions to present living units, or 
temporarily filled with a wide variety of programmatic functions, potentially ranging from concept stores to art 
galleries, pop-up cinemas to bars and restaurants. The positioning of these free spaces is based on adjacency: each 



living unit abuts at least one shared unit. While this is not the envisioned purpose of these spaces, technically 
speaking the entire building volume could be filled with just residential living units. Structurally speaking, the free 
units also add some lateral stability to the voids within the building. �
6.3. EVOLUTIONARY SOLVERS IN ARCHITECTURE 
All mammals have seven cervical vertebrae. Yet it is obvious that those of a giraffe have grown longer – over a 
period of many generations – than those of a human. The population of giraffes has evolved based on selection; in 
competition with each other and their environment, individuals with the fittest genetic make up have contributed the 
most progeny to the next generation, members of which have in turn taken with them these inherited subsets of 
genes, and therefore the properties that gave them the advantage in the first place (a longer neck).(33) �
Just as a longer neck might be beneficial on the savanna, so a building might benefit from better views (or a larger 
thermal mass, or an increase in solar exposure, or cheaper façade panels). Some qualities will always be in conflict 
with others, just as the potential for modification will always be constrained; the evolvability within the population 
will inevitably be limited.(34) Given today’s computing power, however, the possibility exists to borrow principles 
and processes from evolutionary biology and allow them to inform and guide our search for form and function in our 
buildings. Fitness is the result of a million conflicting forces; evolutionary fitness is the ultimate compromise.(35) �
The Galapagos evolutionary solver natively available within the Rhino Grasshopper visual programming language 
(both developed by David Rutten) is a component that allows a ‘genome’ (a range of variables or values that is 
allowed to change) to be calibrated by small, gradual amounts while keeping track of a number generated by a 
‘fitness function’ and try to make that number larger or smaller over time (depending on the settings chosen; the 
process can also be specified to use either an evolutionary solver logic or a simulated annealing method).  �
‘Fitness’ is “whatever we want it to be”(36)– it changes with our ambitions and preferences. The organisation of 
living units in the present scheme was entirely controlled through Galapagos and its underlying evolutionary solver 
logic: several competing genomes introduced an initial conflict from which the solver worked its way toward the 
final compromise.. �
6.4. LIVING UNITS CONFIGURATIONS BASED ON GENETIC ALGORITHMS 
�
The building was parametrically modelled using Grasshopper and Galapagos. The process was essentially carried out 
in three steps. During the first step, the outer ring of the gasholder was a guide to create the basic units. Using this 
perimeter, and a 20-m offset, determined the diameter of the central courtyard. The resulting doughnut-shaped plan 
was then divided into forty-four radial segments, two segments per bay of the gasholder. With an addition of three 
concentric bands (inner, middle and outer) a total of 132 units were generated. Each of these units were extruded to 
an individual height of 3.66m, and then copied upwards two times for a total height of 11m. This also generates 396 
units per vertical band of the gas tower. �
In the second step, the living unit paths were generated. To begin, we identified the three-dimensional centroid of 
each unit and connected these points into a new mesh, where each point is a vertex of the mesh. The edges of this 
mesh then described the possible routes by which to connect the units. Then the number of living units to be created 
was defined (-x). Initially, the script struggled to resolve more than twenty units. But by randomly selecting (-x) 
vertices from the inner band of the centroid mesh, at any of the three levels, and a partner vertex from the outer band, 
the chosen partner vertex can be varied with a slider so each inner vertex can choose from any of the outer vertices. A 
path of shortest distance from the inner vertex to the outer vertex for each pair is created, whilst ensuring that this 
path can only follow the edges of the centroid mesh. The language Galapagos should be allowed to manipulate the 
outer vertex paired to each inner vertex until the paths created result in zero intersections. This is the primary fitness. 
This ensures that living units do not cross over each other or try to share units. Once this has been achieved, 
Galapagos will try to maximise the total length of the paths without creating any new intersections. This is the 
secondary fitness. For each path, the units that have been intersected by the path should be booleaned to create a 
joined living unit. On the other hand, all of the units that have not been intersected become potential ‘shared units’. 
The entire system is then moved vertically by 11m and repeated to calculated the next layer of units. The system was 
set with a limit of three units in height for each calculation to prevent very high living units being created, and allow 
Galapagos to find more efficient solutions as the number of potential solutions is significantly reduced. This can be 
repeated to the desired final height for the building. In this case, there are six layers (18-floors), four contained 
within the proportions of the gasholder skeleton and two above it. �



In the final step, the position of the shared units can be optimized to resolve any unsuitable conditions, such as large 
unsupported and unattainable cantilevers. This results from very irregular shaped units and a need to support and 
maintain structural integrity of our proposal. In the script file, all the shared units are ‘turned on’ alongside the living 
units to create a totally solid stack of units. All of these units are then plugged into Karamba for loading analysis. 
Living units were awarded a mass appropriate to their size, whilst shared units were given zero mass. This meant 
shared units are able to support living units, and transfer load from living units to shared units, but do not contribute 
any load themselves. A structural analysis of the system is carried out using Karamba to find the load applied to each 
shared unit. The shared units with a loading below a certain threshold can be culled as they were performing a 
negligible structural role. In this way, only the shared units supporting key parts of living units remain. An alternative 
method to this application could be the use of a gravitational force to the living units, and specify the shared units 
and other living units as support points. Karamba could then be used to measure the stress in each living unit in the 
given setup. Galapagos would systematically remove shared units, constantly re-evaluating the stress in the living 
units. If a shared unit is culled it results in a large cantilever, this will result in a big increase in the maximum stress. 
If a shared unit is culled it is performing a negligible role and this will not affect the maximum stress. In this way, 
Galapagos could be used to find the arrangement of shared units that provides the best support to the living units. �

�  �
Fig. 07: Against the Grain (perspective render). 

��
1. FINAL SCHEME 
�
The 18-storey cylindrical mixed-use Against the Grain skyscraper establishes a benchmark for sustainable design in 
its use of timber as a primary retrofitting material. This provides a foundation for the creation of a highly energy-
conscious production of structural elements (columns, frames) as well as prefabricated living units made from cross-
laminated timber. The high level of prefabrication combined with the low weight of the material allows for a swift 
and efficient construction process. Properly insulated, cross-laminated (CLT) panels offer exceptional heat-retaining 
capabilities, which together with triple-glazed windows make for a low overall energy consumption in the building. �
Fulfilling the potential and promise of this empty and abandoned gas holder, an iconic silhouette already punctuating 
the skyline next to the east London river running below it, while adding a covered market for the general public and 
a collective courtyard for the inhabitants of the tower, the skyscraper connects to the scale and fabric of the city. The 
scheme can be said to broadly focus on three primary objectives: the sustainable development of a material 
retrofitting strategy as outlined above, the programmatic redefinition of a decommissioned structure, and the novel 
process of using a slotting strategy together with evolutionary solvers to design a high level of variation within the 
spatial organisation of the building’s interior, which introduces the new paradigm of hodological volumetrics. 



�
7.1 Material, building systems, structure 
�
Towering 66 meters above the ground, Against the Grain is essentially a massive carbon store in the shape of a 
building. While it is true that carbon is stored more securely in long-lived forests than in short-lived wood products 
(as logging processes transfer a lot of the carbon to the atmosphere as logging slash, mill waste, and processing 
emissions),(37) it is equally true that wood is likely to be the greenest building materia in existence: a renewable 
resource that absorbs carbon dioxide as it grows, which is sequestered in the wood when it is cut into building 
materials. To quote architect Michael Green: �
“Wood is the most significant building material we use today that is grown by the sun. When harvested responsibly, 
wood is arguably one of the best tools architects and engineers have for reducing greenhouse gas emissions and 
storing carbon in our buildings.(38) (…) Wood is typically the best principal material available for building 
structures with respect to embodied energy use, carbon emissions and water usage. Sustainable forest management 
and forest certification are a necessary precursor to the increased use of wood. The ability of the public to embrace 
an increase in wood buildings comes with a strong understanding of the overall impact on (…) the world’s forests. 
Deforestation is a critical contributor to anthropogenic climate change. The concept of using more wood will only be 
fully embraced when the harvesting of wood is understood to be truly sustainable and responsive to the 
environment.”(39) �
One recent life cycle comparison on carbon for wall and floor components showed that replacing steel I-joists in a 
floor with joists made from plywood and engineered wood products reduces carbon emissions by 10kg of CO2 for 
each kg of wood fiber used.(40) �
Building with wood is building sustainably. Retrofitting with wood adds another dimension to this statement. We are 
no longer simply not using unsustainable materials for our building, or even just using an actively sustainable 
material to build it, but reclaiming a lost site within the urban fabric, thereby increasing housing supply while 
regenerating the local economy. Reusing an old building (or site) almost always has less of an impact on the 
environment than tearing it down, disposing of the debris, clearing the site, crafting new materials and putting up a 
new replacement building from scratch. According to one study, retrofitting an existing building to make it 30 
percent more efficient will make it a better bet for the environment than a new building built tomorrow with the same 
efficiencies. Take the new (highly environmentally efficient) building and compare its life cycle to an average 
existing structure with no retrofitting, and it could still take up to 80 years for the new one to make up for the 
environmental impact of its initial construction.(41) �
The UK has around 1.8 million non-domestic buildings, accounting for around 17% of the country’s carbon 
emissions. The majority of these buildings will still be standing in 2050. This means a massive programme of green 
retrofit and energy demand reduction is necessary in order to meet climate change goals, improve energy security, 
tackle fuel poverty, and create green jobs. From 2018 it will be illegal to rent out poorly performing commercial 
property.(42) Retrofitting infrastructure such as decommissioned gas holders is also a way of updating buildings that 
wastefully no longer supply a function in order to create new living areas. At the time of writing, using timber to 
retrofit such buildings is the most sustainable response to the challenges ahead (the carbon savings made from the 
950m3 of wood used in the Stadthaus development by Waugh Thistleton Architects are equivalent to taking 1,615 
passenger vehicles off the road for a year, or enough energy to operate a standard home for 803 years.(43) �
The scheme is based on three existing Swedish timber systems: the Trä8/Wood8 system from Moelven, the Masonite 
Beams system by the Byggma Group, and massive wood panels from Martinsons.(44) �
The combination of cross-shaped multiple columns on a radial grid together with the stabilising walls of the living 
units would make for a stable configuration. Horisontal floor panels act to further stabilise the building. There’s no 
need for additional cross-bracing in between columns (even though there is space to run cables or similar should the 
need arise; in theory, the entire building could be post tensioned once all of the units have been inserted). The steel 
frame of the existing gas holder is not actually used other than to support one of two main egress routes. The (non-
listed) steel frame is disassembled, refurbished, and reerected on site. �
The large columns that make up the radial column grid upon which the entire scheme is based are made from L-
shaped Moevlen columns that have been combined into a “planimetrically Miesian” (cross-shaped) multiple column.
(45) Each arm of the cross (each L) measures 500mm from centre to edge, with a 50mm gap from the centre to the 



member, and each member being 100mm thick. The columns are made of double-sheathed LVL Kerto-Q boards 
glued and screwed to a glulam frame. Geometrically, the column grid is culled by half on the perimeter facing the 
courtyard, so that the 44 columns on the exterior are echoed by 22 columns on the interior of the cylinder form. This 
accommodates the inner courtyard spaces (including entrance/exit routes), which otherwise wouldn’t be functional. �
The living units are made from Martinsons 70mm massive wood panels, which, adding a 100mm insulation layer and 
a 30mm cladding panel, ends up being 200mm thick.  �
The free units are made from Moelven's glulam frame columns (160x160mm, with 115x180mm beams running 
between them). Walls are constructed using the Byggma Masonite Beams system. Before being filled in, these open 
frames add a level of porosity to the building that aesthetically echoes the open geometric ›structures‹ that artist Sol 
Lewitt began making in the mid-1960s (albeit based on a rectangular polyhedron following the radial grid rather than 
a perfect cube).(46) Vertically pulled apart by the frames, the resulting units reap the benefits of being acoustically 
and structurally separated from each other. Sylomer vibration isolation pads are fitted between, but not within, living 
units. �
Construction begins with foundations being refurbished and/or poured in place. The central elevator shaft is also 
constructed, following which the L columns get delivered in sections of x meters. They are bolted together with steel 
plates, and also overlapped and spliced (vertically) to make the connections stronger. Once three floors worth of 
columns have gone up, the Martinsons panels arrive on site, meticulously precut to a satisfying tolerance. Within the 
wider site area (but outside the building perimeter), a factory in miniature is created around a unit jig, which is used 
to quickly build the units needed. Six types of modules make up the structure (three living units, three free spaces), 
based on a family of surfaces comprised of 15 types: nine distinct panel shapes (three for side walls, three for middle 
walls, three for floors), eight of which have alternatives that open up to a neighbouring panel. Each surface can either 
be closed or connect to another surface. The outward-facing panels are always glazed. Small cranes are used to make 
the individual pie chart-formed units, with a larger crane lifting them in place within the building envelope. The “free 
space” frames are also prefabricated and included in the mounting sequence. The cross columns are the primary 
structural components: as the iving units do not carry any loads other than their own weight, their dimensions can be 
much smaller than would otherwise be the case. �

�  �
Fig. 08: Against the Grain (perspective render). 

�
7.2 PROGRAM 
�
The final scheme fills in the volume of the existing gasholder while extending the project vertically upwards to tower 



four storeys above its present height. Densifying and enlivening the urban fabric of its immediate context, the 
scheme also connects the previously unaccessible site to the local community as the entire ground floor, including 
the courtyard at its centre, is given up to form a covered market, which opens up to the surrounding streets along all 
four cardinal axes. In the basement below this is a huge event space, extending across the entire footprint of the 
building, and extending the creation of an urban landmark that engages with the local community. Separating public 
from private, above the covered market, the building’s inner courtyard holds a “centripetal plaza” dedicated to the 
communal life of the people inhabiting the building. �
Piercing through the centre of this plaza is the circulation core, holding both an elevator and stairs, which feeds the 
different floors through connected wire mesh walkways in the sky. Designed to maximise the daylight conditions at 
the core of the building, these walkways attach to the different levels presented by the terraced slope of the building’s 
interior section. Parking areas within the building are deemed unnecessary, as the extended site provides ample space 
for safe and convenient parking. �
The “free spaces” (as discussed above) could for instance be used for short-term ‘pop-up’ rentals, whereby 
businesses would benefit from being associated with the new development – the building advertising itself as a 
generator of sustainable economic activities and a benefactor of local economies. Pop-up “free spaces” sharing their 
ground datum with the centripetal plaza could offer communal services for the inhabitants, including for instance a 
childcare centre, a daycare centre, and a fitness centre. �
While until recently concerns about fire hazards limited the use of timber to low-rise structures, it has been known 
for centuries that heavy timber performs better in fire than structural steel. A layer of insulating and fireproof char 
forms on the outside of the timber member when it burns, protecting the structural integrity of the wood. Still, in a 
building of this size, means of escaping from a potential fire remains a paramount part of the design. Egress routes 
have been placed both on the courtyard-side of the structure and on the exterior, both provided as 1220mm wide wire 
mesh walkways circling the perimeter of the building and being connected by steel stairs. The exterior route is an 
entirely separate fire escape untouched by the new structure and supported by the historical gas holder structure. �
7.3 Hodological internal organisation 
�
Big buildings are boring. That is to say, many tall buildings tend to be tedious – the obvious importance of optimal 
structural design comes at the price of variation and diversification. The end result is more often than not a vast 
expanse of repetition at the expense of difference. Planimetrically constrained organisations (monotonous series of 
unvarying spaces unimaginatively positioned one after another inside a perfectly symmetrical grid) makes for mind-
numbingly characterless floor layouts and dulled architectural experiences. While this might make sense in a 
discussion on lateral stability, it is clearly not the whole truth about what our encounters with the gradual unfolding 
of space might bring about: “For a building to be motionless is the exception; our pleasure comes from moving about 
so as to make the building move in turn, while we enjoy all combination of its parts. As position varies; the column 
turns, depths recede, galleries glide: a thousand visions escape from the monument, a thousand harmonies”.(47) �
There are of course exceptions to the rule: at 11 storeys (56 meters), the Seattle Central Public Library showcases a 
series of floor plans that, while utilising a column grid, is almost as vital as the scheme’s remarkably idiosyncratic 
sections. The design team at offices OMA and LMN allegedly introduced internal variety by changing the structure 
of the floor planes, then “simply wrapped the assemblage in a net of glass and steel”.(48) �
That is one way of allowing for variety in a building’s organisation, and one that sensibly begins with the journey of 
the human body through space. The phenomenologist philosopher Otto Friedrich Bollnow, in his 1963 study of how 
we experience space, translates psychologist Kurt Lewin’s concept of “hodological distance” to that of “hodological 
space” – ‘the space opened up by paths’ – preambled by a discussion about the difference between mathematical and 
“we must consider that the straight line by no means represents the shortest connection between two points, that 
detours may be necessary or appropriate in order to reach a destination”.(49) �
Hodology (from the greek word hodos, way, route) is the study of pathways. In brain physiology, it is the study of the 
interconnections of brain cells. In philosophy, the study of interconnected ideas. In geography, the study of paths. 
When it comes to architecture, it has predominantly been used (after Bollnow) to define the lived space as opposed 
to the geometric or rationally measurable one.(50) Essentially describing paths in a human’s "life space", the concept 
is centred around the notion of “possibilities of movement (that) unfold like a system of lines of force, which extends 
from within, across the corridors and stairs, into the rooms”.(51)  



�
We propose a slightly different reading of this phenomenon. The traditional aim of the designer to use the same 
structural frame for all functions was sustained by what we believe is a valid principle of economy. The 
unimaginative aspect only enters the picture when this grid is utilised in an oversimplified fashion, often in two 
dimensions, rather than as the open-ended indicative lattice it could be. The strategy we’ve adopted adds variety 
within a structurally uncompromised, repetitious (radial) grid: our hodological spaces are created as the result of a 
series of pathways through different spatial units within this three-dimensional framework; pathways that are in turn 
the results of productive compromises between conflicting objectives. As with Sol Lewitt’s structures, they are the 
outcome of a process that is governed by rules set out beforehand, in line with architect Thom Mayne’s comment that 
“I’ve always been interested in the processes of architecture that are imbedded in the invention of something that you 
couldn’t get to without that process, and of course the computer really advances those ideas. The tools we now utilize 
simplify these potentialities and make them logical, allowing us to produce spaces that even ten years ago would 
have been difficult to conceive, much less build. Anything that is possible is realizable.”(52)  �
Rather than merely being a formal exercise, due to the conflict/compromise relationship underpinning the parameters 
fed to the evolutionary solver, the resulting spaces can be tuned to provide certain programmatic relationships and 
functional features: providing views, multiple egress routes, and access to outdoor space from all living units, 
making for dynamic interior spatial relationships, allowing daylight to enter even the smallest of apartments, and so 
on. The process also means it is possible to adjust the ratio and relative floor area of smaller to larger living units 
(which in the current example has been set to be between 50 and 400m2). �

�  �
Fig. 09: Against the Grain (perspective render). 

�
1. ARCHITECTURAL ANALYSIS 
Our building is a mixed-use scheme combining residential housing and commercial units. It offers a new hybrid and 
retrofitted typology organised around a central core courtyard. Conceived conceptually as a slotted building – a cross 
breed between wooden toys, computer games and porous morphologies – it presents itself as an open, permeable and 
re-invigorated addition to the east London local urban regeneration process. This is a building that is utterly site-
specific. Its strategic location within two main arteries, the watercourse, Regents Canal, and high street, Cambridge 
Heath Road, demands the built form to be a new standard for architectural excellence and London’s most sought 
after residential address. It has everything that will endear itself to the public: an industrial past, a sustainable future, 
a radical shape, a mix of old and new materials, and a commanding silhouetted form to complement Hawksmoor, 
Wren, Foster and Rogers in the city’s skyline.  �
The newly slotted building traces the gasholder’s cylindrical skeleton without touching it, set apart by 500mm. The 



contrast between the existing steel structure and the new timber frame addition celebrates the difference. This 
relationship in materiality is fundamental, within the topic of sustainability, the building’s longevity and its 
contextual response to the contiguous canal. The existing gasholder’s proportions and apertures provide an important 
framing device for the inserted tower; within a single band of horizontal members we have slotted three storeys. This 
logic is carried throughout the building, although extending for an additional six storeys beyond the gasholder’s 
height.  �
The commercial programme occupies the base of the building while the apartments are placed from the first floor 
onwards. Yet, the various shared spaces, which we term “free units,” are not divided up into their different functions 
but have been interspersed throughout the building. These free units become, in essence, the basic building blocks of 
the building and consist of common programmes, such as, a crèche, a school, a health clinic, a gym, supermarkets, 
cafes, design studios, and other laboratories. This sense of communal familiarity is reflected again in the central core 
courtyard, which could become a private urban refuge.  �
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