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Brick. A simple object, but one that has been a base unit of architecture for over 6000 years. It carries connotations of 
labour, of energy, of the fundamental desire of humanity to give form to the substance of the Earth. However, current 
tendencies in manufacturing and construction are challenging the prevalence of the traditional brick-and-mortar 
system. Automated manufacturing, large-scale prefabrication, and digital simulation are becoming standard practices. 
This thesis posits that although brick must adapt to a changing architectural climate, contemporary construction should 
also learn from the versatility and poetics of this timeless material. Starting from clay, I make and inhabit a shelter of 
brick. My interaction with the material serves as grounding for a wider discussion of its role in architecture today. 
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This book is about brick, but it is also about construction. It is about 
the physical and philosophical challenges of transforming raw 
material into habitable space. I worked through the entire process, 
from material extraction to inhabitation, and the issues I had to 
face during that journey were the same ones facing not only brick 
construction but the construction industry as a whole. Normally, the 
processes of material transformation that enable the construction of 
buildings are ignored or accepted as convention due to their complex 
logistics and large investments in machinery. Personal experience 
reveals the tangible reality of these hidden processes, exposing 
their difficulties and potentials. The full environmental and cultural 
impacts of construction can be understood only by considering the 
entire life cycle of material.

A brick is a fired clay masonry module of dimensions that can be 
handled by one worker. It is also much more than that. Brick is 
embedded in our cultural consciousness as one of the fundamental 
symbols of architecture. No other material has such an extensive 
history, widespread application, and depth of association. However, 
building with brick also foregrounds questions regarding the value of 
human labour, the meaning of craft, even the relevance of permanent 
construction in our increasingly transient society.

A studio term in Rome, Italy, and a personal fascination with 
Warsaw, Poland, led me to extensive investigations of brick in those 
two places. I visited brick manufacturing operations near those cities 
as well as in Chesham, UK, and Burlington, Ontario. These varied 
studies culminated in the fabrication of bricks and the construction 
of a single-occupant brick shelter at Grymsdyke Farm in Lacey 
Green, UK. The unique set of resources available at the farm – its 
clay soil, extensive digital fabrication and workshop equipment, 
and community of makers – provided an ideal environment for 
experimentation. Formerly an agricultural property, Grymsdyke 
Farm was purchased in 2004 by founders Guan Lee and Paul 
Starr with an intent to test an alternative model of architectural 
practice and education. Its facilities have grown to include a full 
wood workshop, kiln, laser cutter, 3d printer, and CNC router. The 
emphasis on craft and material investigation references the farm’s 
situation in the county of Buckinghamshire, famous for its history 
of manufacturing operations that included furniture, cabinets, and 
ceramics. Past projects at Grymsdyke Farm have drawn from its 
heritage as well as concerns in current architectural research. The 
results of tests in concrete, plaster, and milled wood are found 
all across the site. The shelter, which I have named the Terracott, 
extends these themes into the matter of brick. 

introduction  |
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The chapters of this book are structured according to the processes 
that produced the Terracott. Each relates a phase in the life of a 
brick to a issue in contemporary construction. Part 1, Clay, examines 
the nature of humanity’s plastic imagination and its manifestation 
in virtual media. Part 2, Forming, addresses the legibility of 
manufacturing processes in constructed objects. Part 3, Firing, 
attempts to define ‘embodied energy’ in a way that is not purely 
quantitative. Part 4, Assembly, questions the issue of tolerance. 
Part 5, Performance, looks at the current trend of performative 
architecture and the shift towards low-tech, passive solutions. Part 
6, (Dis)association, discusses the relationship between materials and 
their meaning, taking the city of Warsaw as a case study. Part 7, 
Inhabitation, concludes with a reflection on my experience in the 
Terracott.

The questions that underlie these investigations are: what can 
contemporary construction learn from brick? And, what can brick 
learn from contemporary construction? This pairing positions 
architecture as the product of physical operations, both at the scale 
of the individual designer and at the scale of industry. By engaging 
with these operations, we can affirm that brick is not governed solely 
by the nostalgia for earth and fire nor solely by the economy of mass-
production. Instead, it provides a fertile basis for the exploration of 
new relationships between hand, machine, and material. 
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For in order to create, some kind of clay is always needed, some 
plastic matter, some ambiguous matter in which earth and water 
can come together and unite. –  Gaston Bachelard1 

In Water and Dreams, Gaston Bachelard states that working 
with clay is an intimate and vital reverie, one that is profoundly 
embedded in humanity’s subconscious material imagination. This 
desire to sculpt in plastic matter has been expressed architecturally 
in various media throughout history, most recently in the propensity 
for freeform digital modelling.  Clay and virtual space can both seem 
like ideal substances that respond infinitely and pliably to the will 
of the designer. In reality, both are controlled by the nature of their 
constituent particles. Both require continuous input – one of energy, 
the other of information – to retain their fluidity and coherence. 

Both ancient Greek and Judeo-Christian creation myths describe 
man as being formed from clay. Book 1 of Ovid’s Metamorphoses 
reads:

So Man was born, it may be, in God’s image, 
Or Earth perhaps, so newly separated 
From the old fire of Heaven, still retained

1.2.   Clay  — the ideal 

substance?

Some seed of the celestial force which fashioned
Gods out of living clay and running water.2

These qualities conferred upon humans- formed in the image of 
God, made from earth- are repeated in the book of Genesis in the 
Bible:

And now, from the clay of the ground, the Lord God formed man, 
breathed into his nostrils the breath of life, and made of man a 
living person.3

Thus, mythically, human beings are made of clay, but they also have 
that spark of divinity that inspires them to test their own creative 
will on other matter. In both these examples, however, the truly 
god-like capacity exists not in the forming but in the ability to 
control the life of the material. The makers must acknowledge the 
changeable properties of the basic substance and harness them for 
their own purposes.

The complications of mutable materials are addressed by Gilbert 
Simondon.4 Writing about the genesis of objects, Simondon focuses 
on the technical operations that unite an abstract matter and an 

CLAY |  Matter and the Plastic Imagination
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1.3.  The molecular 

structure of kaolinite, a 

common clay mineral.

ideal form as conceived by a maker. Using a brick as an example, he 
explains how both the substance and the mold must be prepared to 
receive this union. Simondon introduces a necessary third concept 
to the duality of form and matter, that of energy. In the most direct 
process, this energy is supplied by the same maker that holds the 
ideal form in mind. Then, the execution is straightforward; the mold 
must be made to a certain shape. The clay must be worked to obtain 
a homogenous and consistent substance that can take the form of 
the mold and retain it without distortion. Energy must be applied 
to push the clay into the mold so that it fills it completely. The order 
and purpose of these operations are easily intuited by the material 
imagination; however, their implementation is not so easy. Every 
shovelful of raw clay extracted, every bucket of clay mixed, every 
handful rolled in sand requires the physical investment of the worker.

The behaviour of clay is conditioned by the substance’s relationship 
with water.  There are two forms of water contained within clay: 
adsorbed water, which can evaporate, and chemically bound water, 
which is only driven out at temperatures above 350º.5 An adsorbed 
solution of water and metal ions holds the clay particles together. 
The small size of the particles increases the surface area available for 
this adhesion. The material can accept and retain shape because of 

this interaction; the fluidity of water allows the particles to slip past 
each other, and its surface tension binds them together. The ions 
in the solution are constantly being exchanged with ones attached 
to the clay crystal.6 Clay is not inert but is in a state of dynamic 
equilibrium, its surface continuously dissolved and recrystallized.7

The small particle size that is responsible for clay’s water-retentive 
properties is also the cause of a sluggish and uneven response to 
water in the substance. If a bucket of freshly dug clay is soaked in 
water overnight, the smaller clods will disintegrate or become fully 
saturated, while the larger clods resist permeation. As it dries, the 
differential shrinkage between the surface of a piece of clay and 

The silicon atoms 

(violet) are bound into 

tetrahedrons with oxygen 

atoms (orange). This 

forms a planar layer. One 

oxygen atom of each 

tetrahedron is shared 

with an octohedron that 

has an atom of aluminum 

(grey) at its centre. This 

is the second planar layer. 

These tetrahedrons and 

octahedrons are actually 

one of the simplest and 

most stable states for 

these elements.
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1.4.  Clay at Grymsdyke Farm.
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the thickness underneath will cause this surface layer to crack. This 
shrinkage is caused by the loss of water molecules and consequent 
reduction of the interstitial gap. Below a certain moisture content, 
clay is no longer plastic. When it cannot be rolled into threads 
of a diameter of 1/3 of a centimetre, it is said to have reached its 
plastic limit.8 Conversely, as more water is added, it reaches its 
‘liquid limit’, at which its behaviour changes to that of a liquid. The 
particles remain in suspension and often take a day or more to settle 
in still water. Retaining the plasticity that is clay’s remarkable trait 
demands the constant application of consolidating forces – hands, 
feet, pugmills – and knowledge of its interaction with water. 

The clay at Grymsdyke Farm is characterized by its marriage with 
flint. The clay itself is yellow-brown, streaked with red, grey, and 
black, becoming a uniform ochre yellow when mixed with water. 
This substance wraps itself around the bone-white flint, which is 
often chipped to reveal a purple, translucent interior. To separate 
the flint from the clay, I added water and mixed it to make a thick 
suspension, then passed this mixture through a sieve. The hardest 
part of the process was drying the sieved clay, given the propensity 
of English weather to pour rain intermittently. I set up a shelter with 

The multiple states of clay.

Left to right:

1.5.  Soaking.

1.6.  Mixing.

1.7.  Settling.

1.8.  Sorting.

1.9.  Spreading.

1.10.  Mixing.

1.11.  Drying.

1.12.  Cracking.

12 
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1.14.  (opposite) 

a tarp roof, which reduced the amount of air flow and slowed down 
the drying, but prevented loss by washout. The drying clay, spread on 
boards, had to be regularly turned; otherwise it would develop a hard 
crust under which it would still be too wet. Often, I would forget 
and the hard layer would have to be resoaked. I also relied on the 
force of my feet to homogenize the clay at different stages of drying. 
Clay saturated my life. It clung to my skin and clothes and took all 
the energy I had. 

During those days, the free space of the computer screen was 
a welcome relief. The brick forms as I was designing them could 
be manipulated with the click of the mouse and could be deleted 
without a trace. They did not change if I left them, and did not have 
the constraints of physics or chemistry. This suggests that the virtual 
world had less limits and was more suited to my imaginings. I was 
frustrated, though, by the necessity of reducing the dimensions of 
the modelled object in order to change it. Working directly in 3D 
quickly increased the number of points needed to define the object, 
and reduced its manageability. Instead, the shape had to be projected 
onto a plane, one curve taken and modified, and then re-extruded. 
The digital world was still conditioned by basic laws arising from its 
underlying nature. 

1.13.  Exhaustion.

“Puddling” — mixing clay 

with sand.

Every form produced or represented digitally is the outcome 
of mathematical operations that define the coordinates of its 
boundaries. These coordinates can be generated either through 
splines or polylines; most modelling software supports both. In all 
cases, complex geometry is subdivided into sections. Each section of 
a spline is defined by an equation that identifies “points of influence” 
and a vector that governs how one piece will be related to the next.9 
These points of influence do not necessarily lie on the curve. Instead, 
they act as attractors that pull on the spline, creating a specific shape 

14 
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according to their position and the extent of their influence. A shape 
can also be approximated by joining a series of points on a curve 
with straight lines. The precision and smoothness is then related to 
the number of points. 

Besides being subdivided at a macro level, the form is ultimately 
broken down into a series of zeroes and ones, the ‘bits’ of data that 
are the base units for every binary system and thus the atoms of the 
virtual world. Bits are discrete and scalar; they have no properties 
except magnitude. These two characteristics make themselves 
manifest even as the amount of data increases exponentially. 

The discreteness of data both facilitates and reduces plastic 
operations. The interaction of elements and any semblance of 
uncertainty are illusions, since each basic unit has only two absolute 
states. Building Information Modelling (BIM) is increasing the 
amount of information that can be contained in a digital model, but 
this increase does not include a synthesis of that information. Each 
property – material, finish, fabrication – is assigned separately. At 
the same time, however, this discreteness is a great advantage when 
information must change from one form into another. Absolute 
states are easy to convey and nothing gets lost in translation when 

1.15.  Spline drawn in 

Rhino.

the messengers are binary. A massed shape can become a stress-
and-strain analysis, a structural model, a fastening schedule, and 
cut sheets for a CNC router without losing its integrity. Solid turns 
into surface turns into wireframe turns into spreadsheet – but each 
metamorphosis requires the input of yet more information. The 
function of the digital imagination is the management of these 
different states and how they will eventually relate. Just as the clay 
former must be the master of water, the digital modeller must be in 
control of the data that informs the virtual world.  

This control is derived from rational and logical thought.  When 
I work with clay I might be thinking, “This clay is sticking to my 
hands. It will most definitely be too sticky for molding” – although 

16 
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1.16.  Freshly dug clay.
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of course I would not be thinking this in words, but in sensations. 
Working digitally, in contrast, the thoughts might proceed “If 
I revolve this profile around this axis, it will produce a three-
dimensional object having these proportions”. Bypassing rationality 
allows the clay former to understand immense complexity and 
interdependence through the fingers. Digitally, though, complexity 
is only managed through the multiplication of information. This is 
most obvious in parametric software, for example in the program 
Grasshopper that creates parametric geometries for the modelling 
program Rhino 3D. A form in Grasshopper is created by starting 
with very simple inputs and performing successive operations until 
the desired result is achieved. The entire process is mapped out in 
a flow chart that displays each transformation. The discreteness of 
data is an asset because the effects of each step can be traced or 
reversed. When I was forming bricks, some would develop cracks 
while drying. This occurred at random intervals and affected 
around one brick in twenty. These cracks could have occurred for 
any number of reasons, from the amount of sand in the mixture, to 
the way I filled the mold, to the way it was set down to dry, to the 
temperature and ambient humidity. It was impossible to determine 
the true reason for the cracks because each factor interacted with 
every other. A failed Boolean operation, however, has definite causes 

– the adequacy of the geometry, the nature of the intersection –  that 
can be corrected separately. 

The only thing that gives a measurement to the virtual model is 
the amount of information it conveys. Dimensions are notional 
only, and the sense of space is abstract and relational. The model 
is not defined by its scale but by its scope, which normally reveals 
itself in the amount of bits a file contains. We use the language of 

1.17.  Brick cracks.

18 
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1.18.  A Grasshopper program to parametrically create 

the solid shape of mortar between two bricks at 

different angles.
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space to describe this characteristic, calling it the “size” of a file. The 
measure that determines our relative understanding of this property 
(what we would call a “big” versus a “small” file) is the processing 
capabilities of the computer. The processing capability is the rate at 
which electronic impulses can be detected, each electronic impulse 
representing the information of one bit. This means that the digital 
world is measured, ultimately, by speed. 

In the physical world, we usually measure by scale of the body. 
Objects and tasks are all ultimately related to the human’s capacity 
and dimensions. Clay is hard to work with if it cannot be deformed 
by hand, is brittle if it can be snapped easily by a person, is gritty if 
the skin registers the sand particles. We can evaluate the substance 
through our muscles and our senses. These multiple channels deepen 
and broaden our knowledge of matter.  

The possible intersections between digital modelling and clay are 
only just beginning to be explored. At a workshop held in Lisbon in 
April 2013, computer numerically controlled (CNC) machines were 
used to mill out blocks of hardened earth, as well as to make molds 
that were subsequently filled.10 Currently, machines act on clay like 
it is an ideal, uniform substance, suppressing its multiple conditions 

and inconsistencies. To do otherwise would require constant and 
extensive inputs of information. Only the human imagination is 
just as alive and dynamic as the material. Only the mind working 
with the hand can adapt to state changes, errant stones, weather 
conditions, and all the ambiguities of physical matter. 

Presented here are two worlds: two fundamentally different 
conceptions of the role of the plastic imagination. Both have 
challenges and advantages when applied to construction. Clay invokes 
the tangible scale and weight of matter, necessary because buildings 
are necessarily physical, whereas digital modelling facilitates the 
managing and transmission of information. The plastic imagination 
of the 21st-century designer must operate in the gap between these 
two worlds, because the distance between them is both a liability 
and a lost opportunity. When I am modelling digitally, I must know 
how the shape can be made in clay, and when I am working in clay, 
I think of how its behaviour could possibly be predicted with the 
help of digital tools. To foster connections between unpredictable, 
ambiguous matter and mathematical, rigourous virtual space would 
be a noble goal for contemporary architecture.
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1.19.  Clay too sticky for molding is dried on boards.
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2.2.  At Fornace 

Bernasconi in Castel 

Viscardo, Italy, each brick 

is hand-formed in a metal 

mold.
2.3.  (opposite) The fired 

bricks.

My first introduction to the craft of brick-making occurred on a 
hilltop in Umbria. There, I watched in awe as a brick-maker pulled 
off a loaf of clay, rolled it in sand, slapped it into a metal mold, scraped 
the top and smoothed it, and tipped the mold onto the warm sanded 
floor. The floor of this warehouse was almost completely tiled with 
the flat bricks in varying stages of moistness. Intrigued and moved 
by the beauty of the process, I asked to try. The clay was smooth and 
sticky, but the practised motions of the brick-maker turned awkward 
under my novice hands. I must use the edge of the stick, and not its 
surface, for even scraping. The mold must be carefully slid off the 
angled work surface and carried perpendicular to the floor. My first 
brick was misshapen and ugly, and the worker laughed and told me I 
should write my name on it. The fired bricks retained the entire story 
of their fabrication. The bottom and sides were rough and sandy, and 
the top bore the marks of the hand that had smoothed it.

Months later, I was searching for an operational brickworks in 
the outskirts of Warsaw – a surprisingly difficult task. After a few 
wrong turns and stumbling with my non-existent Polish, I was 
finally directed to a seemingly deserted yard, the only sign of activity 
being a thin plume of smoke from the kiln chimney. I wandered in 
tentatively, and came across a long shed lined with rows of drying 

bricks, one set of train tracks in the middle. I had the uncanny 
impression of having stepped into a mechanism that had been frozen 
in time and could recommence at any minute. These bricks, made 
by extrusion, were unapologetically machinic. They were aligned in 
military rows, stamped with the rolling stamp of the factory. The 
cut faces were rough, with stones that had been dragged across the 
surface, whereas the outside faces were even and subtly streaked from 

FORMING |  Skeuomorphism and Legibility
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2.5.  (right)  

2.4.  These bricks clearly bear the marks of their 

extrusion.
Brick-drying shed, Radzymin, Poland
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the die. A set of rails disappeared under a closed fence door at one 
end of the shed. A glimpse past this fence revealed the extruder, 
drying clods dripping off hoppers, feeders poised to pour, everything 
enveloped in an unnatural stillness. 

From these experiences, I came to the conclusion that bricks are 
honest records. The clay retains the traces of its manipulation. It is 
possible to read the process by observing the object. I thought that 
this was important for architecture, because construction processes 
are an aspect of culture that would otherwise be invisible and 
voiceless.

I subsequently visited a brick factory in Burlington, Ontario. There, 
the mechanism runs continuously and smoothly from the quarry 
to pallets ready for shipping. Clay is transported with conveyor 
belts, crushed, mixed with water, extruded, cut, and stacked on cars 
that move slowly through the long tunnel kilns. I expected to read 
this precision and automation in the finished product. This factory, 
however, deliberately employs devices to disguise the manufacture 
of its bricks and to evoke the irregularities of hand-formed products. 
It makes use of rolling stamps to dimple the surface and dull the 
cut edges. It drenches the outside surfaces with uneven pulses of 

multicoloured sand to produce more variation. Although the only 
humans who actually touch the bricks in the factory are the quality 
control workers who pull out unsound specimens before they are 
automatically packaged on pallets, the bricks are marketed with 
words such as “historic feel”, “classic”, and “traditional”: 

With both light and dark colours, the Signature Series is 
appropriate for both contemporary and traditional designs. It 
features simulated tumbling and rolled edges to give the bricks a 
handmade look.1 

Brick is associated with stability and tradition, and yet this 
permanence is undermined by the desire for choice and self-
expression. Only a handful of factories make brick that is shipped 
throughout the country. Instead of reflecting the soil of an area, 
colours and textures can be chosen out of a catalogue. It can be 
part of the package of options offered by builders who allow their 
clients to choose paint colours and finishes in a “spec” home.2 The 
brick wall is no longer a solid mass. It is a thin veneer that wraps 
a wood-framed house. The change of function as well as change in 
production methods have not been translated into the form and 
expression of the brick. This phenomenon is called skeuomorphism. 

2.6.  A rotating stamp 

in the brick factory in 

Aldershot	 imprints ‘hand-

marks’ in an extruded 

column of clay.
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2.8.  (opposite) The 

factory in Burlington 

produces bricks that are 

shipped all over North 

America.

2.7.  “Hand-made”? Skeuomorphism occurs when there is a disconnect between the 
reality of an object and its cultural significance; in order to retain 
the significance, the object is superficially altered to conform to 
cultural expectations. The sign is detached from the substance. We 
are accustomed to reading deeper meanings from very shallow signs 
– words on paper, for example. In that sense, all art participates in 
two realities, the reality of its physical creation and the reality of 
the world it represents. Architecture, however, is charged with the 
synthesis of these two realities. Its physical manifestation influences 
the way we live. It shapes the world through the way it is shaped. 

In Surface Architecture, David Leatherbarrow and Mohsen 
Mostafavi declare that “production and representation are in conflict 
in contemporary architectural practice”.3 For them, the display of 
mechanical fabrication as well as the “picturing of historic profiles in 
nostalgic recollection” are both problematic.4 They advocate instead 
for a remaking of the prefabricated object through appropriation 
and site-specific deployment.5 However, to say that the life of an 
object begins only with its use on site denies the importance of the 
processes that produced the object. Every object that arrives on a 
construction site has mobilized a system of infrastructures that have 
removed material from the earth, transformed it, and transported it. 

Whether or not we are aware of it, this system determines the nature 
of our interaction with the physical environment. As the story of the 
three bricks demonstrates, each object has its own particular history. 
Skeuomorphism masks that particular history by substituting it for 
a general one. 
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2.7.  “Hand-made”? 
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This general history could also be called mythology or “wish images”, 
to use Walter Benjamin’s phrase.6 Benjamin argues in The Arcades 
Project that masking an object’s technical origin also conceals the 
labour conditions under which it is produced.7 The manipulation 
of the mythologies of society is a privilege of the ruling class. The 
danger, for Benjamin, is that the propagation of one history prevents 
the present from engaging dialectically with the past.8 Although 
Benjamin saw these mythologies as symptomatic of 19th century 
capitalism, the continuity of forms through changing technologies is 
as old as architecture itself. Each time a new material is introduced, 
it is assimilated into culture by styling it according to previous 
traditions. Greek stone temples were carved to imitate their wood 
predecessors. When iron was first introduced, it was given the forms 
of classical Hellenic orders. Reinforced concrete was made to look 
like stone.9 According to Luis Fernandez-Galiano, these formations 
“are not functional, technical or expressive archaisms, but manifest 
the economy derived from the symbolic persistence of places and 
forms.”10 

However, this economy can only exist if we can understand the 
symbol. Every object necessarily bears signs of its making. We 
choose to either acknowledge or ignore them. In fact, the bricks 

produced at the plant in Burlington look nothing like hand-made 
bricks. The imprecise edges are mechanical in their unevenness. The 
imprecisions do not have the direction, location, or shape they would 
if they were made by hand. It is only comprehensible because our 
imagination replaces its reality with an idea. As production processes 
increase in capacity, these ideas become ever more simplified in 
order to be legible to a greater amount of people. The complex logic 
of production is suppressed to achieve universal appeal. 

Brick is especially susceptible to simplification.  Due to its use in 
all parts of the world, it acts metaphorically as the Rosetta Stone 
of culture, everywhere symbolizing earth, fire, and the human hand. 
Part of the richness of language, though, is its constant evolution 
and regional specificity. By uninhibitedly expressing the processes 
that generate an object, we can encourage an interpretation that 
is based in the specific realities of its situation. The situation of a 
built object not only comprises its manifestation in a particular 
place but also its participation in a system of construction and its 
significance in the minds of its inhabitants. Benjamin’s dialectical 
approach involves examining the situation of the present alongside 
the past, using the comparison as a catalyst for action.11 Examining 
the current possibilities for brick in relation to its extensive history 
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2.9.  Hand-formed Buckinghamshire brick.

2.10.  Metal brick molds.

2.11.  Traditional brick forming.

2.12.  Collection of special molds.
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is one way of applying this approach. If this method of working is 
combined with a profound attention to the situation of the material, 
then it might be possible to create a dialect as well as a dialectic: a 
language of brick, particular to a location, that addresses the past 
through juxtaposition as well as affinity. In a globalized world, is 
there still a place for architectural dialects? 

When designing brick at Grymsdyke Farm, it was important 
for me that the brick was not simply a sign but in its substance 
acknowledged both the heritage of the farm and the current 
architectural climate. The county of Buckinghamshire has a long 
history of brick construction, beginning during the Roman empire 
and continuing until the present.12 Today, the solid brick walls of the 
past are no longer viable; they have been superseded by multi-layer 
cavity walls, although the expression of the brick facing remains the 
same. I wanted to question the standard aesthetic of brick while still 
valuing the craft of bricklaying and the high-quality clay of the soil. 

The choice of hand-forming bricks in a digitally fabricated mold was 
made on the basis of the resources available at Grymsdyke Farm. The 
CNC router expanded the potential for making wooden molds, and 
the clay from the ground provided the raw material. A visit to local 

brick factory provided a precedent for the forming process. There, 
clay is thrown into five-sided molds, the top scraped smooth, and 
the mold inverted to release the bricks. I modified this process to 
suit the unusual shape of the brick. Using a four-sided mold, I could 

2.13.  The first mold was 

fabricated in two pieces 

using the CNC router and 

subsequently assembled.
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2.14.  Traditional brickwork of Buckinghamshire: The 

Cottage at Grymsdyke Farm.
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2.15.  The forming process.
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more easily control the contoured profile of the brick by scraping 
both the top and the bottom. The smaller profile of the brick made 
it very difficult to throw clay accurately into the mold, so instead 
I pressed the clay into the ends and then filled the middle. I also 
used a secondary frame to demold the bricks, instead of inverting 
the mold. Tapping the mold lightly on its corners, then knocking it 
on the other frame, released the brick with minimal distortion. Just 
as in the traditional method, the use of sand as a mold release was 
necessary, both on the mold and on the clay. 

All of these actions are registered in the finished bricks.  I did not 
realize that the sand I was using would change colour in the kiln 
from gold to dark red. This altered the appearance of the fired bricks, 
slightly masking their bright orange colour. I later switched to a sand 
that remained inert in the kiln. The sides of the brick that were open 
in the mold have a very different texture than the sides that were 
closed, with the sand coating. The open sides are smoother because 
they were scraped and wiped with water. Creases in the body of the 
brick indicate the pressing method I used to fill the mold. 

The first mold I designed was milled in two pieces that were then 
permanently joined. Using the CNC machine to rout out the inside 

2.16.  The finished brick.
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2.17.  In the first mold I made, the inside corners were 

rounded from the radius of the CNC drill bit. This 

formal quirk was imprinted on all bricks made from 

that mold.

2.18.  The second mold was made from four pieces 

assembled into two angles and held in place by a 

retaining ring.

2.19.  Pattern and cast: a test of sand-casting aluminum.   

2.16.  The finished brick.
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form resulted in the corners of this form being rounded from the 
drill bit radius, a mark that was preserved in all the bricks made 
using that mold. To test a different process, I made a second mold 
in four pieces, assembled into two angles that could come apart. It 
soon became apparent that the additional time and effort needed 
to disassemble this mold were not compensated by a more precise 
brick, and the first process was in fact more efficient. 

 The third mold was developed out of the desire to eliminate the 
need for sand in the forming process. I thought, perhaps, that the 
rough texture of the sand, if cast into the side of the mold, would 
act the same way as the sand itself. Mold 3 was therefore designed 
to be made of metal. Gommes Forge, about two kilometres from 
Grymsdyke, produces pieces in milled sheet metal, wrought iron, 
and cast metal. I created a plywood form for use in the process of 
sand casting aluminium, where a fine sand is packed around the 
positive pattern, which is then removed and the void filled with 
molten metal. The cast failed, however, because the initial form 
was too thin. I was informed by the blacksmith that although sheet 
metal can be very thin and strong, cast metal must be almost as 
bulky as wood to have the same strength. As well, since the clay 
adhered even to the metal, sand would still have been necessary. It 

2.20.  The rows of sand 

support the drying bricks 

from underneath.

2.21.  The drying racks.
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2.22.  Creases. 
They are one indication of the forming process of the 

brick. Creases show that the original mixture was stiff, 

not liquid; their direction indicates the force applied, and 

their unevenness reflects the imprecision of hand-thrown 

clay. Normally, they occur horizontally from gravity, but 

the way I filled the narrow ends of the mold, and then the 

centre, produced unusual diagonal lines.
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was not the texture of the sand but its mobility that provided the 
releasing properties. 

The unusual brick shape also posed a challenge for drying, since 
the curve required support from underneath. A profile matching 
that of the brick was laser-cut and used as a rake to shape rows of 
sand, onto which the raw bricks were placed during the first day of 
drying. Once they had dried enough to hold their shape, they could 
be moved out to the covered passageway, where open shelves and 
continuous air flow aided the evaporation of moisture. Initially, the 
horizontal slats used as shelves were making marks on the bricks, 
but I realized that shimming each slat on an angle allowed the brick 
to rest evenly. The fired bricks gain additional significance through 
their relationship to the existing constructions of the farm. In colour, 
they are similar to the walls of the stables and cottage. The clay from 
which they are made is under and around them. The production of 
the Grymsdyke bricks is profoundly embedded in the place of the 
farm, and yet, the bricks also express more universal values of labour 
and energy. 

2.23.  Rethinking the 

tradition: the Grymsdyke 

brick experiments inhabit 

the old brick farmhouse.
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The parallels between bricks and bread are extensive. The raw 
materials, wheat and clay, must be ground and mixed with water 
to produce a dough, which is shaped to produce rectangular loaves. 
These units are then baked. When bricks are firing, the kiln even 
exudes a moist, yeasty smell comparable to that of baking bread. The 
similarities between these two substances speak of the primordiality 
of these two basic units, their roles as sustenance of civilization. 
The product as well as the process are fundamental expressions of 
culture; control of fire is one of the mythological conditions for 
human society.1 

These archaic associations are lost in an industry driven by the 
urgency of the market economy. Environmental impacts are 
magnified by the sheer quantity of worldwide brick production – 
China alone produces 900 billion bricks per year, burning 100 million 
tons of coal to do so.2 Brick burning is a process that consumes 
large amounts of combustible fuel, often produces toxic emissions, 
and requires the transportation of the heavy green bricks from the 
drying area to the kiln. Especially in developing areas, reducing the 
amount of energy needed to produce brick has been a continuing 
preoccupation of corporations, governments, and aid agencies.3 This 
often involves introducing more efficient kiln technologies and fuel 
sources. Human work is one form of energy that seems insignificant 
compared to the combustion fuel. And yet, it is the most important 
input. Technology is only efficient if it is correctly exploited. 

The energy expended to make brick is not completely lost; it is 
preserved in the durability of the material. This balance is expressed 
by the distinction between “initial embodied energy” and “recurring 
embodied energy”. The initial embodied energy of a substance is 
the energy per unit needed to produce and install the product.4 This 
includes quarrying the raw material, transporting the material to 
the manufacturing facility, manufacturing the material, transporting 

3.2.  Baking tiles, 

Grymsdyke Farm.
3.3.  (opposite)

FirING |  Embodied Energy

 	          Bricks 

stacked in an updraught 

kiln, Castel Viscardo, Italy
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it to its final destination, and installing it according to its purpose.5 
It is often evaluated in parallel with the recurring embodied energy 
needed to maintain the material over the course of its useful life.6 
Embodied energy is a helpful measure for construction because it is 
a property of a material and not of a building; as such, it accounts 
for processes that are not directly related to the assembly of the 
building. As buildings become more energy-efficient, that is to say, 
use less operating energy, the embodied energy of their materials 
will become an increasingly important indication of construction’s 
environmental impact.7

Firing clay produces irreversible chemical changes in the substance. 
A firing cycle can take anywhere from 24 hours to 3 weeks and 
normally achieves temperatures of around 1000ºC. Up until around 
500ºC, the bricks are dried, and the clay’s moisture content is reduced 
to zero.8 Often, manufacturers will set up a preliminary drying kiln 
that recycles the waste heat from the firing cycles, reducing the 
amount of energy needed for this first phase. From 500-800ºC, the 
hydrate groups contained within the molecular structure of the clay 
are driven out in the chemical process of dehydration. At 573ºC, 
quartz inversion occurs, when the molecules of silicon dioxide 
straighten and rearrange themselves. Finally, at around 900ºC, 

vitrification occurs, when crystals of mullite sinter and interlock 
to produce a lattice that binds the whole brick.9 This needle-like 
compound is what gives fired clay its distinctive durability and 
resonance. 

Durability is also a key characteristic of Hannah Arendt’s definition 
of “work”.10 For Arendt, work and labour, two fundamental human 
activities, are differentiated by the lifespan of their outcomes. 
Labour produces goods that are consumed by the process of living, 
whereas work produces the durable objects of human artifice – its 
tools and constructions.11 This durability also permits the objects to 
store energy as information and future economies of effort. As Luis 
Fernandez-Galiano writes, “there are hence two senses in which 
expended energy is actually conserved [in construction materials]: 
as material organization making for a more efficient subsequent use 
of energy, and as mental organization resulting from a process of 
acquiring experience, which likewise leads to increased efficiency.”12 
These future economies are contained in the tools, in the object, and 
in the mind of the worker. 

Kiln workers must know how to load the bricks to make efficient 
use of space while still permitting air flow. They must know when to 

3.4.  (opposite) 	          Kiln cars 

loaded for firing in a tunnel 

kiln, Burlington, Ontario.
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introduce fuel and in what quantity. They must know for how long 
the bricks should remain in place to be properly fired. This knowledge 
manifests itself differently depending on the kind of kiln. In Castel 
Viscardo, Italy, the updraught kiln at the Fornace Bernasconi is 
essentially the same as the ones used by the ancient Romans. Wood 
off-cuts from a nearby sawmill are loaded underneath the firing 
chamber. The hot air passes through the stacked bricks until the 
entire column glows red. The overseer of a completely automated 
plant in Burlington, Canada draws firing profiles as graphs on a 
computer. The profiles are then translated into natural gas flow in 
the tunnel kiln. In Chesham, UK, the kilns are fired with either 
wood, coal, or oil. The workers judge temperature by the colour of 
the flame, or by comparing the colour between different batches of 
bricks. The firing is only successful if there is synergy between the 
capabilities of the operator and the potentials of the equipment. 

Brick kilns can be divided into two categories, intermittent and 
continuous, the former being often less energy-efficient and having 
less capacity than the latter. The simplest structure for intermittent 
firing is a clamp. The green bricks are stacked so that they make their 
own kiln. The entire stack is often plastered with raw clay for extra 
insulation; still, the outer layers of bricks are often sacrificed because 

3.5.  Diagram of an 

updraught kiln

Dimensions:

approx. diameter 4m

Output Capacity: ~17,000 

bricks every three weeks 

(around 800 bricks per 

day)

Fuel: Wood

Efficiency: ~ 3.0 mJ per kg

Employees in factory: 13
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3.6.  View into an updraught kiln, Castel Viscardo, Italy.
The walls of the kiln are massively thick for insulation.
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of insufficient heat. Emissions are high and often contain toxic fine 
particulate matter. A clamp firing can take up to three weeks and 
requires a lot of labour for loading, feeding the fire, and unloading.13 
Another kind of intermittent kiln is the updraught kiln, which takes 
the form of a simple enclosure, often with a vaulted roof. The fuel 
is loaded in chambers at the bottom and the hot gases pass through 
the bricks and into a chimney. 

Continuous kilns can be divided into those where the fire moves and 
the bricks remain stationary, and those where the bricks move and 
the fire remains stationary. Tunnel kilns, the most popular example 
of the second type, are now the favoured method in developed 
countries. Bricks are loaded onto kiln cars which move slowly first 
through a drying tunnel and then through the firing tunnel. In the 
most advanced operations, the entire process is automated. The 
vertical shaft brick kiln is another example; green bricks are loaded 
at the top of a stack and fired bricks removed from the bottom. The 
entire stack is moved using jacks. Conversely, in the Hoffman kiln, 
the fire is moved continuously around a permanent circular or oval 
structure. Bricks are loaded and unloaded from the loop’s various 
chambers accordingly, and fuel is poured in through holes in the 
roof.14 The same concept, but linear, is used for the Bull’s Trench kiln, 
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3.7.  Diagram of a 

Hoffman kiln

Dimensions:

approx. 30m x 45m

Output Capacity: ~ 10 000 

bricks per day

Fuel: Coal

Efficiency: ~1.6 mJ per kg

Employees in factory: 

unknown (only 1 seen)
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3.8.  Top level of a Hoffman kiln, Radzymin, Poland
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popular in the developing world due to its simplicity of construction 
and high output.15 

Calculating the exact embodied energy of a brick is very difficult 
due to the varying efficiencies of kilns and the moisture content 
and properties of the clay at the start of the firing cycle. The vertical 
shaft kiln is cited as being the most efficient, using as low as 0.7 
megajoules per kilogram of fired brick.16 In contrast, a clamp kiln 
can use between 3 and 8 megajoules per kilogram.17 Interestingly, 
the vertical shaft kiln is even more efficient than modern tunnel 
kilns, which normally use between 1.1 and 2.5 megajoules per 
kilogram.18 However, the overall environmental impact also depends 
on the kind of fuel. Natural gas is used most often in tunnel kilns; it 
burns cleaner than coal or other solid fuels. Wood, coal, and oil are 
also widely used, with coal being the most popular, but the burning 
of car tires, plastics, and other waste products in kilns in developing 
countries is generating concern about health and environmental 
effects.19 

In North America, a few large companies supply the bulk of the 
material for the entire continent.20 Brick production in India, 
China, and other developing countries remains unconsolidated and 

3.9.  Diagram of a tunnel 

kiln

Dimensions: 

approx. 6m x 150m

Output Capacity at 100%:

264 000 bricks per day

Fuel: Natural Gas

Efficiency: ~ 2.3 mJ per kg

Employees in factory: 

14 hourly + 6 staff
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3.10.  A modern tunnel kiln, Burlington, Ontario.
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includes hundreds of thousands of small and medium enterprises.21 
The simplicity of the raw materials and their preparation contributes 
to brick’s popularity; as well, rapid urbanization in these areas 
fuels the demand for construction materials. These small factories 
are the greatest contributors to air pollution and greenhouse gas 
emissions, since most do not have the capital to invest in better 
kiln technologies. And yet, they also provide benefits in the form 
of local jobs and reduced transportation for the finished product. 
Brick-making can also contribute to social empowerment by 
enabling independent groups and communities to build their own 
assets.22 In Harun Farocki’s film Zum Vergleich, a group in India 
fires a domed brick structure in place. The structure becomes the 
rooms of a school, and the bricks that were fired inside can be sold to 
help finance the school’s activities. This kind of project creates very 
different conditions than the monotonous menial labour of many 
low-tech brick factories. 

Unfired bricks, compressed using a small amount of cement, lime, 
or fly ash as stabilization, are acclaimed as a possible alternative.23 In 
reality, they remain unpopular due to a combination of technical and 
cultural factors. They normally have less compressive strength, water 
resistance, and durability.24 Raw earth is regarded by many cultures 

3.11.  Diagram of a vertical 

shaft kiln

Dimensions: 

approx. 6m x 6m

Output Capacity:

4560 bricks per day

Fuel: Coal

Efficiency: ~ 0.8 mJ per kg

Employees: variable
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3.12.  Diagram of 

Grymsdyke Kiln

Dimensions: 

approx. 1m x 1.7m

Output Capacity:

120 bricks every 2 days

Fuel: Electricity

Efficiency: ~2 mJ per kg

Employees: 1
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as an inferior or second-class building material for that reason.25 As 
well, a lower durability makes them much harder to transport and 
reduces their exchange value. Given that fired brick has too many 
benefits to be easily abandoned, improvements must be made to the 
current industry. 

It would be both impossible and undesirable to imagine that for 
questions of energy efficiency, all brick making must be consolidated 
into large-volume automated plants. Arendt cautions against 
uninhibited mechanization, warning that it turns  activities of 
“work” into activities of “labour”, with a corresponding sense of 
futility.26 The difference does not lie in the amount of physical effort 
required, but in the mental attitude of the worker. Indeed, when 
watching Zum Vergleich it is hard not to compare the African village 
that builds itself a school, singing and dancing the whole way, to the 
expressionless face of a worker in a German factory who must simply 
watch the bricks coming off the production line. In The Outliers, 
Malcolm Gladwell describes the three criteria for meaningful work: 
it must have autonomy, complexity, and a relationship between 
effort and reward.27 He describes the work of Chinese rice paddy 
farmers as meaningful because they could, through work and the 
thoughtful application of technique, directly influence the yield of 

their land. Would it be possible to imagine the same attitude in 
brick manufacture, where each facility works to develop the most 
efficient firing process for its location and production? In this way, 
the quantity of embodied energy would decrease as the quality of 
human input increases. 

The success of this approach would depend on the dissemination 
of knowledge and the availability of affordable solutions. Increasing 
the insulation kiln walls is one way that energy use could be lowered. 
Another possible strategy is to mix small amounts of fuel into the 
clay mixture, allowing the bricks to self-fire.28 The stacking pattern 
of bricks inside the kiln might also be a factor. The molding process 
and drying strategy could become unique to each brickworks. In 
some areas, there might be opportunities for co-operation with 
other industries for recycling heat and sharing fuel. The reward for 
this optimization work would be more cost-effective and locally 
specific bricks. 

Brick-making in the developing world will need to undergo some 
modifications to decrease fuel use and pollution. Hopefully, it will be 
possible to introduce more efficient kiln technologies and molding 
processes without compromising the diversity and distribution of 
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3.13.  Kiln unloading, Grymsdyke Farm.
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the industry. The transformation of local materials into durable 
construction products remains an important process for the 
economic and cultural sustainability of a region. 

At Grymsdyke Farm, I was lucky enough to have the help of Jessie 
Lee, a former professional ceramicist, for the operation of the kiln. 
Instead of requiring multiple tests to determine the speed and 
temperature of firing, I could rely on her years of experience. We 
chose a firing profile that began very slowly, in order to dry out the 
bricks without risking cracks from escaping steam. The temperature 
was held steady for one hour once it had reached 200°C for that 
reason. At 600°C, it was held again for one hour for the process of 
quartz inversion – the change in formation of silicon crystals. It then 
finished its cycle by heating to 1000°C. This profile was chosen after 
the failure of a first test where the kiln was fired to 1100°C. During 
our visit to the H.G. Matthews brickworks in Chesham, they had 
told us that their kilns reach that temperature. Considering the 
similarity of their clay to the one at the farm, we believed that extra 
heat might improve the strength of the brick. However, it caused 
a reaction in the sand that I had added to prevent shrinkage. The 
bricks came out dark red and very friable. 

3.14.  Kiln stacking, 

Grymsdyke Farm.
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3.15.  Stacking for storage after firing.
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In traditional brick firing, the bricks must be carefully arranged to 
ensure air flow between them, but the shape I had designed for the 
module easily accommodated this condition. I used a wheelbarrow 
to bring bricks from the outside shelves to the kiln, and then from 
the kiln to a pallet outside. The versatility of the module was apparent 
when I stacked the bricks after firing. Unlike the kiln arrangement, 
the stacking pattern could be very dense, permitting the efficient 
storage and transport of the units.

The quantity of energy per unit embodied in the Grymsdyke Farm 
bricks is relatively high, since there are no economies of volume and 
the kiln is small and intermittently fired. However, it also embodies 
a high quality of human input. The worker (me) was deeply invested 
in the outcome and it has had a profound effect on the small 
community where it is located. In many manufacturing operations 
in the developed world, this quality and investment is lacking. This 
is partly due to the high volume of output and the complexity of the 
equipment, which forces the worker into specialization and reduces 
their control over the process. This project is a prototype, and as such 
the process is not optimized. Instead, it serves to open discussions 
on the potentials of small-scale operations.

3.16.  Sand traces left in 

the kiln.
3.17.  (opposite)	            Brick 

loading.
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Bricks and mortar have been a pair since prehistory; the evolution 
of one will undoubtedly affect the other. The future of brick must 
therefore be considered concurrently with the future of mortar. 
Lime and sand were historically the primary ingredients of mortar, 
although additives such as crushed brick, ash, clay, or even rice were 
used to improve strength and workability.1 At the beginning of the 
twentieth century, Portland cement gradually started to replace 
lime. It is harder and sets faster. This hardness, though, is limiting; 
it requires the introduction of expansion joints and hinders the 
reuse of the bricks. Today, cement and sand mortars remain most 
prevalent, although epoxy resins can also be used. All mortars, 
however, share some characteristics: they are thick fluid substances 
that bind solid modules. Mortar allows a rigid system to become 
flexible, but this flexibility requires skill and craft to manage. The 
concept of construction tolerance is made manifest in a mortar joint. 

Construction tolerances can be divided into two categories: 
material tolerance and assembly tolerance. Material tolerance 
reflects the accuracy to which a part can be made. This can vary 
due to inconsistencies within the material, such as wood warping or 
clay shrinkage, or due to the way it has been machined. Assembly 
tolerances arise when a part is installed. Time constraints, part 

suitability, and worker skill level can all affect the precision with 
which parts are fit together. In much of North America and Europe, 
the cost of work now greatly surpasses the cost of materials. This 
is leading towards the development of “fool-proof ” systems that 
compensate for unskilled labour with more precise parts. Masonry 
units can now be found with interlocking knobs, like a Lego brick2, 
or with profiled edges that nest the units to each other.3 These 
systems, however, resist any configurations that were not designed 
into the units.

assembly |  The Space of Tolerance

4.2.  A brick chipped to fit 

an acute corner.
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4.3.  Some proprietary masonry systems.

1 Novabrik Siding. The shingle-like brick assembly 

requires no mortar.

2 Habitech interlocking bricks. Intended as a low-cost 

compressed-earth system for developing countries. 

Mortar is not needed for every course.

3 Porotherm insulating clay blocks. These are assembled 

1 2 3 4

with a thin layer of adhesive (~1mm) between each 

layer.

4 Cercorp Flexlock mortarless wall system. The blocks 

are fed onto rods which are subsequently post-

tensioned. Mortar is required only on the bottom 

course.
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The unpredictability of working with clay creates tiny variations 
even among the most carefully controlled bricks. Even in completely 
automated production, the dimensions of finished bricks can vary by 
around 2%.5 This means that the calibration process must occur only 
after the modules have been fired. In some systems, this calibration 
is refined to an extent that no mortar is needed at all ‒ the blocks 
are simply threaded on rods and post-tensioned, forming a stable 
and rigid wall system.6 In other systems, the adhesive is applied 
with a roller, eliminating the skill needed to judge the amount and 
distribution of mortar.7 The joints between units can be carefully 
controlled; however, adapting a system with tolerances to the 
fraction of a millimetre to site construction, with tolerances in the 
centimetres, remains a challenge. In thin-joint systems, the bottom 
course of brick must still be laid with conventional mortar in order 
to prepare a level surface.8 

Here, the first real purpose of tolerance becomes apparent. Although 
a dimensionally perfect building that hovers over its site might be 
incredibly efficient, architecture, in reality, requires at least some kind 
of involvement with the ground. To assume that the wild and unruly 
earth could be controlled with precision would be a sign of both 
hubris and wishful thinking. Tolerance, therefore, serves to negotiate 

Tolerance outside of construction and machine fabrication 
has a positive connotation. It evokes a spirit of openness and 
acknowledgement of the other. It is with this spirit that mortar 
accommodates the inconsistencies of bricks and existing conditions. 
Increased precision in construction could potentially reduce costs 
and time by reducing the amount of corrections that must be 
made on site.4 Nevertheless, the widespread application of parts 
prefabricated with robotic exactitude should prompt an evaluation 
of the disadvantages as well as the benefits of small tolerances.

Mortar has many practical disadvantages. Like on-site welding, 
mortaring is an expensive and messy “wet” process, requiring 
specialized labour, tools, and working conditions. It cannot be 
done in temperatures below zero degrees. Only a certain number 
of courses can be laid at a time before it must be left to dry. The 
mix must be made as the worker uses it, to ensure best strength 
and workability. The worker must have knowledge of the substance’s 
capacity and the skill required to work with it. 

For structural applications, the construction industry is moving 
increasingly towards thin-joint masonry systems, in which precision-
ground units are assembled with only a few millimetres of adhesive. 
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4.4.  The first courses of bricks of the Terracott.
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between a necessarily imprecise world and a precisely made object. It 
is this form of tolerance that allows for the naturalisation of the built 
object as described by David Leatherbarrow in Uncommon Ground. 
Leatherbarrow describes all constructions as alien to their sites. 
Even supposedly vernacular processes, such as the whitewashing 
of Greek village houses, imply a resistance to and a rupture from 
nature.9 In this way, he justifies the use of prefabricated assemblies 
and modern construction materials. However, he maintains that the 
integration of the object into its topography should be the end goal 
of design. This can be achieved in two ways:

the modification of technical objects in building construction, so 
that they can be reconciled with the territorial exigencies of a 
project, and the appropriation of these things into the practices of 
practical life by individuals who reside in their midst.10 

Tolerance is that capacity for modification and adjustment ‒ the 
fitting together of two pieces with room to breathe.

The city of Rome is an eloquent example of the responsiveness of 
brick and mortar to “territorial exigencies”. The brickwork of the 
Vatican City Wall was built over many centuries under the rule of 

multiple Popes. And yet, it retains a level of coherence, each addition 
fitting in to the system by the variability of the joints. Repairs are 
made easily since they also follow this system of unit and binder. 
The masonry units are made of both stone and brick of varying 
dimensions, but they are all linked by the binding capacity of 
mortar.  This dynamic persistence of the built object endows it with 
an almost biological resilience. 

The introduction of robotic technologies is adding significant digits 
to the achievable dimensions of a built object. Glued brick panels 
can now be prefabricated off-site. In Harun Farocki`s film Zum 
Vergleich, the filmmaker captures a robot in Austria assembling 
clay blocks for partitions; another particularly famous example is 
the robotic arm R-O-B used by Swiss architects Gramazio and 
Kohler. This robot applies glue and lays bricks in complex patterns, 
generating beautifully expressive screen walls. Reyner Banham’s 
words of 1973 are becoming obsolete: 

I repeat, machines are not all that accurate. They shed their 
accuracy with time, and furthermore, they must not be made all 
that accurate in the first place. We are in a civilization which 
depends heavily on interchangeable parts, and the basis of the 
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4.5.  Mortar is used to accommodate changes in material.

4.6.  The Vatican Wall system easily accepts anomalies.



72 

assembly | 

interchangeable part [...] is low finish, what is called “tolerance.”11 

The kind of crude, high-tolerance machinery to which Banham 
refers is being replaced with automated manipulation processes that 
can achieve both assembly and material tolerances in the fractions 
of a millimetre. Incompatibilities occur only when the two kinds 
of tolerance are not balanced. Bricks and mortar complement each 
other because the imperfections of the bricks are accommodated by 
the fluidity of the mortar, and the amorphous nature of the mortar 
is structured by the shape of the bricks. Using mortar, a mason can 
produce a plumb and level wall even with the most irregular bricks. 
In contrast, the R-O-B robot could not cope with industry standard 
bricks as these were not precise enough to be laid with glue; it 
requires precision-ground modules.12 

The acceptance of anomalies is an intuitive process for any 
skilled worker, but in robotics, it is currently at the forefront of 
technological development. At the 2012 ACADIA conference, 
Volker Helm presented research from the ETH Zurich in the use 
of mobile robotic units on construction sites. Four digital “skills” 
were outlined: first, the ability of the robot to work with materials of 
varying dimensions. The robot was programmed to scan each layer 

of modules and adjust all subsequent layers accordingly. Second was 
the scanning of human hand movements and gestures that would 
outline the robot’s working area. Third was the recognition of its 
own position with respect to the construction. Using 3d scanning 
tags, it could reposition itself and continue working with the same 
pattern. Fourth, the fabrication of custom components to fit existing 
elements. The test used an integrated Styrofoam cutter and blocks 
were cut to fit exactly to given constraints.13

The success of these experiments depended on the integration of a 
3d scanning tool with the robotic arm. The information obtained 
from 3d scanning technology could virtually eliminate the concept 
of tolerance in the construction workflow. Even error and material 
defects can be given highly precise dimensions which then affect the 
fabrication of subsequent components. 

Presently capable of capturing distances up to 6000m in radius 
(or more if launched from airborne positions) and generating 
3D point clouds to an accuracy of less than 1mm, such tools offer 
unprecedented accuracy for the development and interrogation of 
design strategies before, during and post production.14
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4.7.  Wall laid by the ROB robot.
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This immensely powerful capability will release robotic fabrication 
from its normal industrial context and extend its applicability even 
to renovations and restoration. With enough information, even 
qualitative observations can be codified, processed, and programmed. 
However, the “sublime dexterity and meticulous craft”15 made 
possible through robotic technology has the corollary of eliminating 
indeterminacy and improvisation. 

Is the ideal world one in which a drone can scan a site, produce 
a topographic map to an accuracy of 1mm, and then feed the 
information into a robot that fabricates a building where every joint 
fits with the precision of a Swiss watch? Or is it better, perhaps, 
to have a slightly looser attitude, allowing for the interpenetration 
of building and site with a degree of slip? 3d scanning does not 
project or infer, it samples a condition at a particular point in time. It 
handles momentary given conditions but not future possibilities or 
even different states of the present. To do so would require multiple 
scans, perhaps continuous scanning, predicting future states based on 
present ones. As discussed previously, the amount of data required 
to be truly precise becomes too unwieldy to be useful. It is better to 
leave a certain amount of indeterminacy.

 With digital fabrication, this indeterminacy must be imagined from 
the very beginning, so that its flexibility can be an integral part of 
either the manufactured component, in the case of prefabrication, or 
the computer program, in the case of on-site robotics. Consequently, 
the powers of the human mind are a necessity. The designer must be 
familiar with the qualitative and temporal aspects of a site, so that 
these intangible qualities can be translated into a language that is 
understood by machines. 

It is possible that mortar will become obsolete, but flexible 
assembly between prefabricated units will remain necessary in the 
construction process. Architects need to design the gap between 
their components, a non-prescriptive gap that can be filled in and 
rendered meaningful by the place in which the components are 
installed. By providing and designing the space of tolerance, we can 
affirm the continued relevance of place and user in concordance 
with automatic construction. 

It was hot and sunny the day I poured the slab that would be the 
foundation of the shelter. I had preassembled the formwork cut 
using the CNC router. Paul the gardener and I marched it across 
the field and laid it in the prepared hole. The flexibility of wood 



75 

| assembly

4.8.  Assemblies used in the Terracott.

1 Wall 1

2 Wall 2

3 Roof

4 Floor

1 2 3 4
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connections allowed it to rest evenly on the tamped clay. We filled 
the bottom with flint pieces left over from the clay excavation. On 
top we balanced the wire mesh, and then poured in the concrete. 
Just as we finished, the first drops of rain started to fall. We were 
soon packing up in a downpour. When I came back two days later 
to remove the formwork, I found the slab had absorbed some of the 
characteristics of its site. It had adopted its gentle slope to the south 
as well as its rain-pocked texture. The mortar under the first course 
of bricks compensated for the slope and filled in the rough surface.

4.9.  Pouring the slab.

4.11.  (opposite) Joint 

finishing.

4.10.  Design for a mortar 

mold.

The mortar joints in the Terracott are not simply extrusions of the 
face of one brick; instead, they have a form and identity that is 
particular to them. Each surface that I built required me to learn 
a new aspect of the craft of mortaring. Before I started, I thought 
I could make a tool that had the shape of the joint, place it on 
the brick, fill it with mortar, and then remove the mold. I made a 
prototype for one kind of bond and tested it. Although the tool did 
not fit every brick exactly, it seemed like it would be quite accurate. 
Then I started Wall 1. I realized that such a tool would never work 
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for this wall, because every brick is angled differently. I adapted the 
technique and instead used a partial frame. About halfway through 
the wall, I had a lesson with a bricklayer. He thought that my mortar 
mix was much too dry and that I was not using enough of it. He 
demonstrated that the bricks stick better and the joint is cleaner if 
a very wet mix is used, but left to dry before cleaning the joint. The 
mortar has to be generously applied so that it ‘squishes’ out with the 
pressure of the brick. I had to learn the correct amount of pressure 
to apply. Sometimes, I did not add enough mortar at the beginning, 
and I found I could barely place the brick before it was level with 
its neighbours. Other times, I needed a hammer to tap it down into 
place. 

When I started Wall 2, I had decided not to use a mold, even though 
the joints in the wall were all of the same shape. Instead, I worked on 
my joint finishing technique. Following the advice of the bricklayer, 
I applied mortar and laid the bricks of an entire course before 
going back to clean up the joints. Both Wall 1 and Wall 2 are laid 
in patterns that reveal the thickness of the assembly. Although this 
was my intent, it meant that all sides of the joint would be visible. I 
developed a system where I had a tool in each hand, using whichever 
was most convenient for the side where I was working. 

Mortaring the roof provided a different challenge. I had to prevent 
the mortar from dropping out the bottom of the open joint. I found 
that unfired clay was very useful for this task. When moist, it stuck 
to the brick and I could shape it by hand to fit the crevices between 
the pieces of the scaffolding. After a few days, it would dry and 
shrink away from its gap so I could collect the pieces for reuse. After 
discovering this system, I used it to make custom bricks that fit 
between the roof and the wall. I could bring the molding process to 
the site; the clay took on the exact shape of the gap, and then shrunk 
just enough during drying and firing that a thin layer of mortar 
could bond it back into place.

4.12.  The bricklayer 

demonstrates the proper 

consistency for mortar.
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4.13.  Roof mortaring.
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For the floor, I found a way to use the ‘belly’ of the brick to make a 
wedge-shaped joint. This joint was useful in two ways – it prevented 
the mortar from dropping, and locked the brick into place. The bricks 
interlock so that each one acts as a keystone for its neighbours. The 
mortar provides friction for this locking action. It is designed, just 
as any other connection or fastener is designed, but its advantage is 
that it can also accommodate variations in pattern, assembly angle, 
and module shape. Tolerance should not be the unfortunate result of 
two pieces that do not fit but should be a designed space ‒ designed 
yet indeterminate.

4.14.  Interlocking 

assemblies used for the 

floor of the Terracott.



81 

| assembly

4.15.  A Wall 2 joint.
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5.2.  Overlapping tiles create a 

Catalan vault.

Today, progress itself must be designed [...] Instead of 
adding ever-increasing layers of intricacy, specificity, 
and coordination, architects should question the 
complexity that dominates our buildings and lives. 
‒Kiel Moe1 

It is no longer enough for a building envelope to simply be solid 
and durable. There are increasing demands on its ability to control 
climate, adapt to changing environmental conditions, capture 
energy, etc. The typical response to these challenges has been 
a multiplication of systems and technical solutions, from the 
ubiquitous multi-layer wall to double-skin facades and photovoltaics. 
However, the shortcomings of these strategies are revealed when 
they are evaluated with consideration for the entire life cycle of 
material. For example, glass has over six times the embodied energy 
of brick.2 If resource use is examined holistically, including material, 
energy, labour, and maintenance, it becomes clear that a simpler 
approach to construction will perform better overall. Performance 
could be defined as the capability of responding dynamically to 
external conditions.  Achieving this responsiveness with a minimum 
of means is an approach that would increase the care used during 
design and construction. Within this approach, brick can affirm its 

role as a vital and enduring construction material. With appropriate 
manufacturing methods and applications, it has the capacity to be 
part of the next generation of performative materials: an “intelligent 
mongrel of both the archaic and contemporary”.3

Eladio Dieste, the Uruguayan structural engineer, was a pioneer and 
an advocate for material economy in the design of brick structures. 
His constructions derive their elegance from the exploitation, as he 

performance |  On Using Less
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5.3.  The Catalan vault at Grymsdyke Farm.
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writes, of the “possibilities” of brick:

It is not enough to use brick because we like its texture and the fact 
that it is a material full of historical references. It is not that this 
is bad in and of itself, but we can take much better advantage of 
its possibilities. -Eladio Dieste4 

The small modular forms of brick allow it to wrap around undulating 
geometry, a property that Dieste employs to create rigid structures 
from very thin shells. He uses the technique of Catalan vaulting 
(overlapping multiple layers of tiles) to achieve long spans and 
stiffness with minimal material. As well, brick vaults require less 
formwork than concrete since much of the matter comprising the 
vault is solid. 

Despite the efficiency and advantages of this structural system, it has 
not been widely adapted for three main reasons. First is the economic 
necessity of flat floor plates, which limits its application. Second, it 
requires skilled labourers that need to be familiar with the system. 
Third, the geometries resist calculation and representation ‒ two 
elements that have become necessary in an industry where design 
and construction are severed. To work around these limitations, 

Dieste had to train his own workers, and he owned a construction 
company. He “worked outside of conventional regulations” to make 
his projects feasible.5 Today, advanced three-dimensional modelling 
could be used to bring this kind of vaulting into mainstream 
construction. For complex geometries, it quite possible to imagine 
that the engineer and builder would have a tablet with them on 
site containing the 3d model, which could be orbited, sectioned, 
dimensioned, and examined at will. The use of portable technology 
would also result in an economy of paper, with information being 
transmitted electronically and real-time from the office to the 
construction site. 

Dieste’s work seems novel from the point of view of architecture, 
but the versatility of ceramic has long been known and exploited by 
the electronics, automotive, and aerospace industries. The properties 
of ceramic materials can be engineered for specific applications; 
they can be conductive or non-conductive, dense or porous, hard 
or ductile. If building ceramics could perform even the minutest 
fraction of the tasks that industrial ceramics perform today, they 
would be considered among the most technologically advanced 
architectural materials. The material research in brick, however, 
has mostly been focused on simply lowering the density of the 
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5.4.  Screenshot from the RhinoVault catenary vault 

modelling plugin.

Developed by Philip Block and teammates at the ETH 

Zurich, this script can be used to model compression-

only vaulted structures.
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substance. A less dense unit can be larger and still be handled by one 
worker, as well as having increased thermal insulation properties. 
Wienerberger, the world’s largest clay brick and block supplier, is 
one of many companies that include sawdust as an additive in their 
insulating modules, which burns off during firing to produce small 
pores.6

Wienerberger is working to achieve a monolithic wall system. A 
wall comprised of a single layer and material would facilitate both 
the assembly and disassembly of buildings. In cold climates, though, 
the monolithic wall is not a viable option; as the density of the 
material is lowered, the wall must get thicker in order to compensate 
structurally. To achieve an adequate thermal insulation as well as 
structural strength, the thickness becomes prohibitive. Blocks of 
over 40cm thick are both unwieldy for the worker and inefficient in 
terms of space. Currently, the Porotherm block has a U-value of 0.31 
w/m2k with a thickness of 36 cm.7

 The manufacturing process of co-extrusion could be valuable for 
the development of the monolithic wall. This process is standard 
in the electronic industry and has been applied to bricks, but for 
aesthetic reasons. Facing bricks are produced using a higher quality 

clay for the outside layer and a cheaper, lower quality clay for the 
inside. These two materials are extruded separately but bound 
together as they come out of the machines.8 If the two materials 
are chosen and modified so that their shrinkage is similar, they can 
be fused together before firing. Perhaps a multi-layer brick could 
be extruded, combining a structural layer with an insulating layer 
and a facing layer. To take this idea further, what if a brick could 
be extruded to include not only facade, insulation, and structure, 
but also a conductive layer for electricity distribution and hollow 
tubes for the passage of air or water? If the same base clay could be 
modified to have different shapes and properties, it is possible that 
the demands on the building envelope could once again be met by a 
single material. Both the material and the shape of the brick could 
be tailored to its situation and use. 

Unlike Dieste, who uses the joints between standard rectangular 
modules to create larger curves, Alvar Aalto specified uniquely-
shaped bricks to accommodate the geometry of his project for 
the House of Culture in Helsinki. Using a sculpted module, Aalto 
achieved walls with a very tight curvature. This module also had the 
advantage of containing an inherent radius; with a consistent joint, 
the brick would structure the emergence of a larger form. For Aalto, 
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5.5.  A Wienerberger Porotherm block.
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example, facilitate the creation of ‘self-shading’ masonry units for 
hot climates.11 Wrinkles and deep indents in the units prevent them 
from absorbing the sun’s heat, allowing the interiors of buildings to 
remain cool. The use of daylight simulations allows these pockets to 
be optimized for the latitude and existing conditions. Similarly, the 
surfaces could also be designed to increase heat capture and storage 
in cold climates. One of the reasons for Aalto’s fascination with 
brick was its thermal retentive properties, important in the severe 
winters of Finland.12 

Brick’s thermal mass regulates heat; the porosity of the assembly 
can modulate light and winds. Using rectilinear bricks twisted at 
incremental angles, Gramazio and Kohler Architects designed 
a performative facade for the Gantenbein winery in Fläsch, 
Switzerland. The advantages of the masonry screen are clearly 
described by the architects: 

The masonry acts as a temperature buffer, as well filtering the 
sunlight for the fermentation room behind it. The bricks are offset 
so that daylight penetrates the hall through the gaps between the 
bricks. Direct sunlight, which would have a detrimental effect on 
the fermentation, is however excluded.13 

brick was an example of “flexible standardization”; like the cells of a 
plant, the modules adapt and combine fluidly to respond to external 
conditions.9 This concept is being developed today in the idea of 
“mass customization”. 

Mass customization, both of the brick shape and the pattern in 
which it is laid, can increase the performance of brick in relation to 
its site. Existing industrial forming processes such as extrusion and 
wire cutting could be adapted for custom fabrication.10 Combining 
control over the speed of the extrusion and the angle of the wire 
would allow for great freedom in the resultant forms. It would, for 

5.6.  The brick designed by 

Alvar Aalto for the House 

of Culture

5.7.  (opposite) The 

sun-filtering screen of the 

Gantenbein winery.

	  has skewed 

sides that imply a curve 

radius.
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Although the pattern does perform in this way, specific 
environmental responsiveness was sacrificed in favour of an image 
that would be legible from a distance. An image of stylized grapes 
was used to determine the exact placement of the bricks. A brick 
screen, however, offers the flexibility to incorporate site data such as 
prevailing winds, sun, and views.

The facade panels for the winery were preassembled by the R-O-B 
robotic arm and installed using a crane on site. This system still 
requires improvement, since prefabricated panels negate many of the 
advantages achieved by using bricks. Smaller units require less on-
site machinery. These units can be packaged tightly and efficiently 
for transport and then deployed on the site. The robot itself is housed 
in a shipping container, so it would be possible to combine the 
potentials of robotic assembly with the efficiency of small modular 
construction. In fact, the architects quote the mobility of R-O-B as 
one of its key innovations. They envision using the robot as a tool to 
work on site and with local materials.14

Small modular construction processes must also take into account 
the way in which the modules will be joined. For the winery facade, 
synthetic adhesive was used, providing a structural joint that allowed 

the panels to be lifted after assembly. However, stronger joints are 
not necessarily better. In Warsaw, it was possible to rebuild the 
city only because many bricks could be salvaged from the rubble, 
something that could no longer happen due to the widespread use of 
cement-based mortar and synthetic adhesives. If performance also 
incorporates the ability of the material to be recycled and reused, the 
prevalence of cement mortar must be reconsidered. Any research in 
brick should happen concurrently with research in mortar and other 
joinery. 

Automated fabrication is one way of achieving performance, but it 
must not be forgotten that there is no tool more adaptable or versatile 
than the human hand. Its potential has been largely forgotten, 
quashed by the prescriptive processes of construction that currently 
dominate the industry and privilege quantity over quality. Using less 
material, layers, and technical systems would refocus architecture on 
the craft of assembly. Some of the costs saved could be re-invested 
to improve the quality of construction and the skill of the worker. 

When I arrived at Grymsdyke Farm, I had in my mind the work 
of these masters of brick and the performance achieved by their 
respective uses. I had participated in a workshop where we began 
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5.8.  The Gantenbein winery facade patterns.
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exploring brick’s structural performance, using, like Dieste, the 
technique of Catalan vaulting. We created an ascent that achieved 
maximum strength with minimum material, both for the vault and 
for its formwork. This was the first trial of firing the clay from the 
ground. I returned to the farm because I felt that I should continue 
exploring the possibilities of this versatile material. I wanted to 
construct something that would take advantage of the heat and 
light capturing qualities of terra cotta, as well as experiment with 
the performance of a non-standard module. I decided to construct a 
shelter that worked on the principle of the Chinese kang, or stove-
bed: a brick sleeping surface that also acts as a fireplace flue. As hot 
air moves underneath the surface towards the chimney, it warms the 
thermal mass of the brick.

Material economy was an absolute necessity. I was the only labourer 
for the project, and I had to sort and process every kilogram of clay 
that I used. The practicality of a lean module was further reinforced 
by the reduced drying time. I tested some modules with holes, 
but the forming process proved too complicated to be viable. The 
desire to reduce the amount of material as well as provide a way of 
interlocking the assemblies led to the concept of a notch. Taking 
this idea as a basis, I produced many iterations of modules, which 

5.9.  The chosen module.

I tested using the farm’s 3d printer. Manipulation of the scaled 
modules allowed me to test assemblies, geometries, and appearances. 
This physical interaction was of utmost importance. It was very hard 
to evaluate the modules on the screen, because they were not affected 
by laws of physics and materiality. I would often place modules 
so they were floating in space or so they were penetrating each 
other. I also understood Dieste’s frustration with two-dimensional 
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5.10.  3d printed module iterations
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5.11.  The bricks are 

assembled to create a 

permeable screen.

representation15, for neither the module or the pavilion shape were 
easily adapted to a flat plane. Instead, I worked extensively with 
the digital and physical models, as well as testing mock-ups of the 
pavilion shape at full scale in its site.

I took some time to decide on the final shape of the module. Even 
after I had chosen a basic concept – a curve in plan, and its inverse in 
elevation – there were many small decisions to be made. I wanted it 
to be an interesting object, assemble in multiple different ways, and 
somehow imply a larger geometry. This last criteria proved to be the 
most difficult; I ended up abandoning it. Any larger geometry (such 
as a curve radius) resulted in such a small skew of the individual 
unit that, accounting for tolerances in forming, drying, and firing, 
it would probably be unnoticeable. As well, building an inherent 
geometry into the brick removes a lot of the flexibility that a 
more generic module has. The final module is symmetrical in all 
axes. This allows a greater freedom of assembly, since flipping or 
inverting the module does not affect its geometry. It is fairly even in 
thickness throughout its length, which eases the processes of drying 
and firing. The curvature increases the apparent size of the module 
while minimizing its use of material. It can be assembled either very 
densely, or very loosely, depending on its orientation and placement. 

Finally, the unusual form is intriguing both on its own and in 
combination. As I proceeded with construction, I discovered other 
benefits that I had not predicted, such as the way it comfortably fit 
in my hand. 

Constructing solo really sharpened my sense of the value of material 
and labour, and revealed the necessity of being as simple as possible. 
The shape of the shelter was derived from these preoccupations. 
The minimum amount of sides needed to enclose a space is three; 
therefore a roughly triangular plan was chosen. A curved wall adds 
rigidity with only minimum added material. A vaulted roof can 
take the place of some of the wall. The dimensions were chosen 
roughly based on my length when lying down. The offset bonding 
patterns, as well as providing depth and modulating light and 
views, permitted less bricks to cover more surface area. All of these 
decisions, however, did not manifest themselves as restrictions, but 
instead as opportunities to express architecture in its essence: as the 
product of human interactions with nature. To perform is to respond 
efficiently and eloquently to the exigencies of construction.
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6.1.  Ulica Waliców 14. I revisited this abandoned 

tenement often. 
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A brick is both generic and unique. Its usefulness as a building 
material depends on its existence as one of a multitude of similar 
objects. Yet the material inconsistencies of clay, the action of 
weathering forces and the association of the material with events in 
individual and collective memory all contribute to the distinction of 
one brick from another. All three of these forces register themselves 
in the substance of the object. The first two have obvious material 
implications. The third is not so evident, but it is perhaps the most 
powerful. It can determine whether a wall or building is maintained, 
ignored, or demolished. 

For example, take two walls in Warsaw, Poland. Both are ruined. 
Both are built out of red brick, the outside surface of which is 
darkened by grime, soot, and moss. Both have mortar joints that 
crumble into dust when touched. But one is neglected, and one is 
kept meticulously preserved in its ruined state. The reason for this 
difference is found only in the history of the city and the memories 
of its inhabitants.

Arriving as an outsider in Warsaw, I found the different attitudes 
towards similar built objects both confusing and intriguing. At 
different points in the city’s history, brick has represented opposing 

(Dis)Association |  Valuing Surface, Evaluating Substance

concepts: freedom and oppression, solidity and ruin, humanization 
and monotony, and legislation and self-organization. It was 
appropriated by different groups under different guises: as an icon, 
as an item, and as a record of labour and energy. As such, Warsaw is 
an ideal case study to explore the spectrum of ways in which invisible 
values can affect visible constructions; more specifically, how brick 
can acquire meaning.

I spoke with some of the city’s street artists in order to gain a 
current perspective of brick that challenged the usual concepts of 
value. A graffiti artist and an architect perceive a city from inverse 
perspectives. To an architect, walls indicate interior, contained 
spaces, and owe their existence to an overarching order. The graffiti 
artist understands the logic of walls from their physical appearance 
– their texture, size, and relationships –  as well as their importance 
in the minds of local inhabitants. The position of a piece of street art 
must be carefully considered, since there is the possibility of legal 
consequences or immediate erasure. 

During a conversation with a street artist, he told me that for him, 
there is a distinction between “new” brick - perhaps mixed with 
concrete block, generally poorly executed - and “old” brick, solid 
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6.2.  Ulica Waliców 14. I revisited this abandoned 

tenement often. 
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and noble, “a hundred years old or more”. He would not dream 
of painting on “old” brick: “To me, this wall has soul”. In Warsaw, 
however, these classifications are meaningless, since the city was 
almost entirely rebuilt in the 1950s and many of the old buildings 
that remain are regarded as slums and worthless ruins. Nazi forces 
deliberately destroyed the city in 1944; 85% of its buildings were 
reduced to rubble.1 Instead of aerial bombing, charges of explosives 
were placed at key points of the most important structures to ensure 
their complete collapse.2 After the retreat of the hostile army, 
returning Poles spontaneously organized themselves to salvage 
bricks from the rubble and to begin rebuilding.3 For this task, the 
generic nature of brick was essential. As a modular unit of a size 
that can easily be handled by one worker, and as discrete blocks 
that could be salvaged from the wreckage, brick allowed all citizens 
to contribute their labour to the reconstruction. It is perhaps this 
expression of work and care, and not the actual age of the wall, that 
imparts it with “soul”.

Warsaw’s Old Town has the charm and kitsch to rival any other 
medieval European burgh. The red brick city walls are a favourite 
place for tourists and locals, where they can catch some sun and eat 
lody, ice cream. Only after long observation do the artfully ruined 

walls start to appear slightly strange, slightly too perfectly crumbled, 
capped with new brick to provide ideal places for sunbathing. In fact, 
the wall was rebuilt in the 1950s using bricks recovered from the 
surrounding area. Large Gothic-era bricks are mixed with smaller, 
newer ones. The various ages, sizes, and states of the bricks creates a 
mottled texture that adds depth and interest to the wall. The entire 
Old Town is a source of pride for Varsovians. Despite having been 
reconstructed barely 60 years ago, it has earned the status of Unesco 
World Heritage site.4 

The celebration of the citizen-led reconstruction conceals the 
political climate of that time. The Soviet government, which had 
taken power after the war, saw in the spontaneous rebuilding efforts a 

6.3.  The Old Town Wall, 

Warsaw.                Broken bricks 

recovered from the rubble 

are laid chipped side out 

for added texture and 

colour.
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6.4.  Plac Zamkowy, the main square at the entrance to 

Warsaw’s Old Town.
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chance to gain legitimacy and acceptance among the Polish people.5 
They adopted an ambitious six-year plan for the reconstruction of 
Warsaw. The shortage of building materials available after the war, 
coupled with the ambitious schedule for reconstruction, resulted in 
an artificial inflation of the economic value of brick.6 The collection, 
donation, and construction of bricks became a nationally organized 
activity. Warsaw was meant to act as a showcase of Communist 
Poland; as such, all resources went towards the capital. In lesser cities 
such as Wrocław, for example, many buildings with only minimal 
damage were deconstructed to send bricks to the capital.7

The Soviets permitted sentimentality to dictate the reconstruction 
of the Old Town. In other parts of Warsaw, they razed what was 
left of the city to create monumental squares and boulevards.8 These 
were designed in their chosen style of Social Realism, which made 
use of applied ornament as propaganda to forward the interests of 
the Party.  Choosing the iconic properties of sculpture instead of the 
subtler, indexical nature of the brick walls, they immortalized the 
bricklayer in oversized statues while hiding his work beneath panels 
of stone. The nature of communist labour privileged quantity over 
quality, and the fastest teams of bricklayers were praised in public 
ceremonies.

The district of Praga, on the opposite bank of the Vistula river from 
the medieval city, was not touched either by the Nazis or by the 
Soviets. Its collection of basic brick tenement buildings and factories 
was not deemed of enough cultural importance to merit destruction 
during the war.9 After the war, the Soviets left the neighbourhood 
because the sparse efficiency of the buildings aligned well with 
their Communist ideals.10 Today, Praga’s tenements are caught in 
a stalemate between the municipality, developers, and residents.11 
Their physical reality is often deplorable. The courtyards receive very 
little light, and the uninsulated brick walls are an energy drain in 
the cold Polish climate. If the brick was covered by a layer of render, 
the crumbling plaster reveals sloppily executed construction, and if 
brick was also used for facing, it spalls. Often, a skirt of netting 
is suspended just above ground level to prevent the pieces from 
dropping on unsuspecting pedestrians. These conditions have led 
to the perception of these tenements as slums: a perception that is 
linked to their material. However, Praga is the only district where 
so much of the pre-war fabric is left intact. The municipality wishes 
to preserve the apartments as heritage buildings, but has no funds 
to maintain them, whereas developers are seeking to revitalize the 
area, which received much attention during the hosting of the 2012 
Euro Cup.12 
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6.5.  Statue of a bricklayer on a Social Realist building.
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6.6.  Provisional solutions 

to crumbling brick.

Community street art projects in Praga quietly protest both 
uninhibited gentrification and the apathy that currently afflicts 
the residents. The neighbourhood’s underprivileged youth work in 
collaboration with established artists to create murals. This action 
reconnects the youths with their environment and creates landmarks 
affirming the existence of life in this half-deserted cityscape. 

Unlike the tenements, the factories in Praga were durably constructed 
and maintained, out of necessity, by their respective companies. As 
a result, some of the most poignant spaces of Warsaw’s industrial 
heritage are crafted of finely detailed brick. Some of these remain 
abandoned, but the high quality of construction has made them 
targets for developers seeking to market their raw aesthetic for 
loft living and cultural events. Brick, in this case, increases their 
value. The adaptive reuse of industrial brick buildings has become 
internationally fashionable; the conversion of the Bankside power 
station in London into the Tate Modern gallery is a well-known 
example. In Praga, the Koneser vodka factory is currently the site of 
a €97.8 million investment to convert it into a complex with “centres 
of culture, luxury lofts, modern office buildings and retail and service 
premises”.13 In its present state, though, partially demolished, mostly 
abandoned, it is already a small cultural node. A theatre and gallery 
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6.7.  The Koneser factory.
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occupy two different buildings on the site; a third houses a small 
Museum of Praga.  These independent operations will most likely 
not survive the renovation and its corresponding increase in rent. 
The museum will move to a nearby renovated tenement complex – 
plastered white to hide the brick construction.

The Koneser factory is being reused whole, as a building. The Old 
Town reconstruction made use of whole reclaimed bricks. A different 
level of reuse happened in the district of Muranow. Since this district 
was the location of the Jewish Ghetto during the Second World War, 
it was attacked multiple times.14 At the end, its devastation was so 
complete that whole brick recovery was impossible.15 Instead, brick 
pieces were used as an aggregate in concrete for the construction 
of new apartment blocks. Despite efforts at reuse and recycling, 
the sheer volume of material in Warsaw after the war meant that 
most bricks ended up as landfill. In the parks, the paths are studded 
with buried pieces. The streets are built on a bed of crushed brick. 
Although the surface is smoothed out with asphalt, plaster, or grass, 
this skin is often worn away to reveal the red underbelly of the city. 

In a place that is so saturated with brick that it even forms the ground, 
it is surprising that this material still has importance as an icon. Yet 

collapsing brick is used as a symbol of the Warsaw Uprising – the 
civilian-led counterattack against the city’s Nazi occupiers in 1944.  
At that time, partially collapsed brick walls were a daily reality for 
Varsovians, since their city was damaged by successive attacks and 
air raids. Today, it is cast in metal, drawn as an image, or arranged 
to mimic a ruin, acting as memorials to the Poles’ fight for freedom. 

6.8.  A fragment of 

crushed-brick concrete 

from the MuranÒw district 
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6.9.  Warsaw’s red underbelly.
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Brick’s power as an icon also permeates street art culture. Physically, 
brick resists the work of street artists. It absorbs much more paint 
than concrete or plaster, and it fragments the reading of the image. 
However, it is this very resistance that increases its popularity as a 
symbol. Many artists will paint a backdrop of brick onto a smooth 
surface before applying their design. It is the raison d’être of a graffiti 
artist to paint on walls, to take the city as a canvas, to provoke a 
revaluation of a surface. The pattern of brick immediately directs 
the mind towards the idea of wall and therefore to the artist’s 
transgressive relationship to it.

Return to the example of the two walls. They are both found in 
Warsaw’s Midtown, a neighbourhood where new skyscrapers and 
office towers are being built amongst ruins left from the war.  Similar 
to Praga, most of the remaining pre-war constructions are brick 
tenement houses. One fragment of tenement wall is treated with the 
utmost care and respect. Instead of broken glass and plastic bags, its 
base is strewn with candles and flowers. It has become precious to the 
point of becoming a relic, for the simple reason that it once marked 
the border of the Jewish Ghetto. Mr. J., who lives in an apartment 
just beside the memorial, keeps scrapbooks of the visitors who come 
to pay their respects. He says that many Jewish tour groups come, 

6.10.  Brick sculpted in metal 

at the Monument to the 

Warsaw Uprising.

as well as individuals who pray or leave tokens. Some of the bricks 
in the wall have been removed for installation in Jewish historical 
museums around the world. The fastidious maintenance of this piece 
of wall, from the outside, appears quite arbitrary. When viewed 
from the perspective of the Jewish people, it becomes necessary for 
the transmission of memory. It is important for them to relate the 
suffering of their ancestors to physical material. At the time of my 
first visit to this memorial, I was interested in collecting fragments 
of brick. I found none there – unusual for such a damaged surface. 
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6.11.  Graffiti with a brick backdrop.
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The wall had been picked clean by pilgrims. The bricks of this wall 
are both specific and symbolic: they come from a particular place, yet 
they represent the persecution and loss of freedom experienced by 
the entire Jewish population during the Holocaust. 

The second wall, although ruined and ignored, is not entirely 
abandoned. It has become the location of a large mural. Facing a 
gravel parking lot, surrounded by apartment towers, the brick wall 
was painted entirely white with the words ‘kamien i co’. I only later 
realized the subtlety and irony of the artists’ work. The words are 
a pun: taken together, kamienico means ‘apartment house’, and 
separated, the phrase becomes ‘stone and what’. The question sums 
up the ambiguous role of brick in the city. 

Bricks are archaeological records of a city’s evolution. The destruction 
of the city in 1944 unexpectedly benefited archaeologists and 
historians by exposing parts of buildings that had been subsumed 
by centuries of accreted constructions. Warsaw’s Gothic persona 
and subsequent growth could be inferred by making detailed 
measurements, down to the millimetre, of the bricks in a particular 
wall. Using a graphic tool to map and compare sizes of bricks, 
historians identified which walls were constructed at the same 

time, using bricks from the same yard, and which bricks had 
been reused from previous constructions.16 Today, brick is again a 
primary medium of construction in Warsaw, but it takes the form 
of large insulating clay modules that infill a poured concrete frame. 
Every construction site I visited had multiple pallets of Porotherm 
blocks. Poland is affirming its participation in the European and 
global markets; the strong presence of international companies such 
as Wienerberger proves this fact. Although made from local clay, 
the blocks are made to standard shapes and sizes.17 They are then 
covered with exterior insulation and cladding. Future archaeologists 
will perhaps identify Poland’s liberation from Communism by the 
proliferation of internationally standardized bricks.

6.12.  Porotherm blocks.
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6.13.  Bricks removed from the Jewish Ghetto wall are 

placed in museums around the world.

6.12.  Porotherm blocks.
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Warsaw’s brick sublayer is unusually dense with meanings. However, 
consciously or unconsciously, human society is always preserved 
in the minerals it produces. Not just the soil of one city but the 
composition of the Earth’s crust and atmosphere are subject to 
human influence. If we relate the scale of our actions to the scale of 
our senses, we will understand better the interdependency between 
us and our environment. Terra cotta, as a form of metamorphic rock, 
is evidence of humanity’s capacity to control geological forces. Yet a 
brick can easily be grasped both literally and conceptually.

Bricks are a base unit of culture. They encode information and 
communicate it through their substance. Unlike the binary bits 
of digital information, they have infinite states. Each one alone is 
simple. In quantity they can build walls, buildings, cities, civilizations. 
With this humility and this power, they embody the diversity and 
subtlety of human experience. 

6.14.  (opposite) “Stone 

and What”: Mural at Ulica 

Waliców 14
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It starts with gravity. Or rather, continues. Gravity causes the 
accumulation of clay. It is the force that drives the process of disintegration, 
but also the processes of sedimentation and metamorphosis. 

Building the Terracott was a careful dance with gravity. There were 
times when I would hate this relentless force: when I had to carry yet 
another bucket of clay, or when the mortar kept dropping out, or when the 
bricks started to slide down the slope of the scaffolding. But it is through 
the work of gravity that the shelter stands, solidly compressed by its own 
weight. 

Sometimes, it seems like gravity is the enemy of architects. They design 
installations to be suspended with fishing line. They try to create the 
impression of floating planes and weightless boxes. This effort to conceal 
the physical force of gravity also indicates a reluctance to interact with the 
true gravity of construction’s impact on the earth – gravity in the sense of 
depth and extent. 

The Terracott is my attempt to engage the entire construction process. I 
wanted to determine how architectural problem-solving could be applied 
to all phases of a building’s life. I wanted to understand the material 
transformations that shape the world. When I look at it now, I see the 
result of my physical and mental effort to address these issues.

I see its flaws. I could have designed a better intersection between the 
walls and floor. I had to chip some bricks to make them fit. The mortar 
stained the fired clay. I forgot to come back and strike off a joint before 
it set. The courses do not exactly align. I remember the frustration and 
the exhaustion, the times where I would fling myself onto the grass and 
question why I was even trying.

Then, I remember the small triumphs. I remember the pride of a well-
struck joint. I remember removing the scaffolding from the roof and 
standing under the vault for the first time. I see the difference in quality 
between the first batch of bricks that I made and the last. I remember 
opening the kiln and holding a new brick, still warm. I remember seeing 
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the smoke come out of the chimney for the first time, knowing that hot air 
from the fire was being drawn under the floor and up. And now, I wake 
up in the home that I have built. 

I walk on the path I have worn through the field. Instead of a load 
of bricks, my trowel or the ladder, this time I carry only firewood and 
matches. The sun is setting in the opposite corner of the field. It casts its 
light on the bricks, sharpening their shadows and intensifying their 
orange colour. The wood is dry. The flames catch quickly, and I rejoice to 
see the thin plume of smoke trailing from the chimney. Later that night, 
when the fire has burned down, the bricks retain its heat. In the cooler 
night air I try to press myself closer to the surface. My hands reach for 
the material again; this time not to form or place it but to feel how this 
building’s warm skin relates to my own.

In the Terracott, the mass of the bricks complements the lightness of 
fire. The bricks absorb heat; the fire remains sheltered. In the same way, 
the lightness of design and digital work benefits from a pairing with 

the physical weight of material. The first addresses the inspiration of 
architecture, the second its gravity.

Gravity is a constraint, but it is also an anchor. It is a constant, dependable 
force that can be understood. And understanding leads to inspiration.  To 
inspire is to draw in breath; it is a gathering of substance into the body. 
When a profound understanding of existing conditions is gathered into 
the mind, the potentials of the situation are revealed. For this reason, 
despite all of my mistakes, I could not have worked any differently. I was 
testing my capabilities and the capabilities of the material. Inevitably, 
adjustments had to be made. My failures allowed me to acquire a material 
intuition that I can now use to inform future designs. 

From the Terracott, I have learned to design without taking anything 
for granted – to connect every gesture to its origin and its outcome. To 
know the environmental, cultural, and physical weight of material, and 
to make it my inspiration.
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Brick today is generally understood in one of two ways: as a 
surface with aesthetic properties, or as a volume with structural 
properties. However, if the material is taken to have not only 
spatial implications but temporal ones, its potential for architecture 
increases exponentially. Adding the dimension of time to the 
understanding of brick – either through its manufacture, its assembly, 
its performance, or its eventual disintegration – is equally applicable 
at the scale of a small prototype such as the Terracott and the scale of 
the entire industry. Brick’s material properties can address changing 
conditions of light, heat, and moisture. Its metamorphosis, instead 
of being driven by temperature only, could perhaps be achieved with 
a combination of temperature, pressure, and time. Through its shape, 
it can imply or facilitate certain methods of assembly and transport. 
Its design can acknowledge the worker or machine that will handle 
it. Once laid, it can direct weathering patterns. It can influence the 
behaviours and memories of the people who design it, built it and 
experience it. These properties are just some of the ways that the 
duration of brick can be purposefully designed. 

If brick can offer to construction its ability to react over time, then 
construction can offer to brick the technology and techniques to make 
this dynamism possible. Research and development have created 

options. Bonding can be more than just stacking. The bonding agent 
does not have to be mortar. The clay can be mixed with additives 
that change its properties. A fluid interaction between information 
and a material response to that information is now achievable.  

In this scenario, handcraft would be evaluated as one of many 
options, with strengths and weaknesses that make it more suitable 
for certain situations than for others. As well, with the increasing 
portability and flexibility of automatic tools, it will be possible to 
use hybrid methods of construction that make use of machines for 
repetitive tasks and allow the worker to concentrate on details and 
joints.  Ideally, neither machine nor hand is used as an end in itself. 
Instead, they are techniques that produce certain outcomes in the 
material. 

In any case, the intervention of the human mind is necessary for the 
selection of the tool and the desired outcome. Human intelligence 
can holistically grasp the ensemble of conditions to which a built 
project must respond – conditions that affect the choice of technique. 
Without the mind’s ability to synthesize and evaluate information, 
the relationship between tool and material would quickly become 
redundant. This ability to address a situation holistically differentiates 

conclusion |  
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architectural research from other disciplines such as material science. 
Brick is not just a substance with certain properties; it has meaning 
and value. It is associated with concepts that might have very little to 
do with its reality. It is the task of the architect to know all the levels 
at which a material operates to therefore use it to its best advantage. 

How, then, can one get to know a material? I started with this 
question at the very beginning of the thesis, when I had the entire 
city of Rome to explore. I chose to conduct my research empirically. 
I decided that it would be my experience and my body that would 
be the mediators of my discoveries. Indeed, every picture in this 
book is one that I have drawn or taken myself. This method lends 
specificity and legitimacy to the challenges of working with material. 
Architecture is incredibly complex; no amount of information can 
fully convey all the nuances that make up our lived reality. A large 
percentage of what I learned is not transcribed, but is preserved in the 
associations of my mind and the skills of my hands. This intangible 
knowledge, however, profoundly affected the lasting outcomes of 
my work: this text, and the building. 

Embodied knowledge is often undervalued for the simple reason 
that it cannot be shared. It can be proven or demonstrated, but it 

always belongs only to the person whose experience it is. For me, 
film was a way of making my experience accessible to others. It is 
still only a shallow summary of what actually took place. A more 
revealing experience would be to go to Grymsdyke Farm and stay a 
night in the Terracott. This is why embodied knowledge is essential 
to the practice of architecture: architecture will, in turn, influence 
the embodied knowledge of its inhabitants. 

The dynamic variability of brick could be understood as the embodied 
knowledge of the material. Just as each person’s experiences are 
different, every instance of a material has the potential to embody 
different knowledge. For this reason, the specific qualities of the 
Terracott brick belong to that place and that building. The research 
interests, such as material economy, depth of assembly, thermal 
mass, and localization, could be more generally applied. However, 
architectural research should also address the interchange between 
human and material embodied knowledge. By treating research 
not only as technical experimentation but also as a study of 
culture, labour, and place, research and practice become integrated. 
Both affirm the value of human experience for the creation and 
inhabitation of architecture.
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Appendix | “Building the Terracott”  

This appendix is a documentary video of the construction process of the Terracott.
The name of this file is Building_the_Terracott.mpg

If you accessed this thesis from a source other than the University of Waterloo, you may not have access to this file. You 
may access it by searching for this thesis at http://uwspace.uwaterloo.ca .


	predocs
	Oswald_Samantha
	Oswald_Samantha
	oswald_samantha



