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Abstract  

Schemas in a Design Problem: Building in Seismic Regions Diversely Considered 

Dissertation Advisor: Professor Peter G. Rowe      By: Yun Fu 

Keywords: Schema; design problem, design thinking; design process; seismic; earthquake; 

disaster; architecture; structure. 

        

In most design problems, there are multiple schemas, or ways or orienting and organizing the 

knowledge content in the problem domain, and which by extension defines the range and bearing 

of solutions. This dissertation examines the properties of individual and clusters of schemas in a 

problem domain through the highly specific problem of building in seismic regions, a persistent 

class of design problem found around across diverse cultures and geographic regions. 

Using case studies, mostly of exemplary historical and contemporary building projects from 

seismic regions, as well as examples from a wider range of genera and disciplines, including 

artworks, literature, religious texts, and academic papers, this dissertation identifies and traces six 

prominent schemas in contemporary design practice, examining its conceptual origins, historical 

development, and opportunities and limitations in design applications. 

The six schemas are: 1) lightness, or the subtraction of weight, 2) quickness, or the maintenance of 

readiness, 3) exactitude, or the need for approximations, 4) visibility, or the rendering of invisible 

problems, 5) multiplicity, or the curation of diversity, and 6) consistency, or the assurance of a 

predictable sameness. The general schemas structures, if not the specific know-how of seismic 

engineering, appears to be widely applicable across problem domains. 
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Introduction 

a. Schemas in a design problem. 

Q. How many Poles does it take to change a light bulb? 

A: Three - one to hold the light bulb and two to turn the ladder. 

Just as there are many ways to replace the proverbial lightbulb, depending on the trait or mindset 

of the person or group in question, there exists in most problems multiple schemas, or ways of 

organizing and orienting the knowledge content in a problem domain, and which by extension 

defines the range and bearing of possible solutions. This inherent diversity may be best 

understood via Kant’s Critique of Pure Reason,  which presents the hypothesis that all knowledge 1

begins with our experience. If we accept this hypothesis, then in so far as any single event or thing 

generates a diversity of subjective experiences, multiple schemas would and must exist for every 

problem. 

A schema is essentially a way to frame, orient, and organize a problem - in order to make it 

tractable and solve-able. A useful way to understand a schema is to use Marshall’s definition,  as 2

clusters of knowledge ranging in scale and abstraction: from broad philosophical outlooks, the 

general structure of the schema, specific disciplinary knowledge, and the detailed technical know-

how for implementation. It is, in other words, everything and anything that one may need to know in 

order to frame and solve a problem in a particular way. 

 Kant, Immanuel, and J. M. D. Meiklejohn. Critique of Pure Reason. Translated from the German of Immanuel Kant. Bohn's 1

Philosophical Library. London: Bohn, 1860.

 Marshall, Sandra P. Schemas in Problem Solving. Cambridge [England] ; New York, NY: Cambridge University Press, 1995.2
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While the diversity of schemas in problem domains is generally celebrated, as in most design and 

creative disciplines, or sometimes carefully concealed, as in the not uncommon attempts to 

present the facade of a definitive resolution to specific classes of problems, for example fossil 

fuels as the only viable energy source; the properties and interactive dynamics between and 

amongst schemas in a problem domain is rarely examined with rigor. Are there universal classes of 

schemas that span across multiple or all problem domains, for instance? Amidst the current trend 

to celebrate all diversity, is and to what extent is a diversity of schemas in a problem domain 

useful? What is the characteristic of individual and clusters of schemas, and how should one 

choose when several schemas are available, particularly in an otherwise well-known general class 

of problems.  

b. Building in seismic regions. 

Discussions of schemas in broad and abstract generalities, tho often waxing and useful for 

detecting resonance across different fields and milieus, lacks the specificities necessary to register 

and examine subtle nuances and dynamics - limiting the precision and actionability of its insights. 

As such, this dissertation proposes to study the properties of individual and interactive clusters of 

schemas through the highly specific problem of building in seismic regions.  

Building in seismic regions is a persistent design problem that may be found across diverse 

cultures and spans of history, continuing to the present day. The underlying problem is composed 

of two basic parts: 1) building and 2) seismic regions. The first, building, both as a verb and a noun, 

is amongst the oldest and most universal human pursuits, along with the instinct to seek 

nourishment and clothing, for instance, and may be detected in some form or another in almost all 

civilizations. The intimacy between building and life itself allows it to registers in observable 

physical form the intangible traits of the building process and the broader cultural milieu in which it 

2



exists with uncanny precision and clarity. The second part of the problem, seismic regions, is a 

fuzzy demarcation of geographic territories that are or may be prone to earthquakes. While the 

underlying cause of earthquakes was first correctly identified by Alfred Wegener's Plate Tectonic 

Theory in 1912,  and the primary fault lines between the major tectonic plates that make up the 3

earth’s crust are now mapped with some precision, earthquakes can and often do occur across a 

far wider territory of secondary and independent fault lines that are more difficult to detect 

precisely. 

The unpredictable and long timescales of seismicity, which makes it difficult to register by the 

human psyche better attuned to regular circadian, lunar, and seasonal cycles, combined with the 

fact that seismically active geographies often produce fertile soil, oceans rich in marine life, and 

notable geological features such as islands, coasts, and mountain ranges that attracts human 

settlements; building and seismic regions often converge, and have done so across diverse 

historical and cultural contexts. At the most basic level, earthquakes shake the ground, while 

buildings need to stand up. That the two somewhat incompatible things must occupy the same 

space and time require degrees of resolution, and have over time generated a rich and diverse 

repository of cases from which to draw from in studying the properties of individual and clusters of 

schemas in the design problem of building in seismic regions. 

c. The hyper-objectivity of earthquakes. 

In the contemporary world, the earthquake is often considered something that is well understood 

and ‘solved’, at least in the advanced world endowed with the necessary scientific and technical 

capacities. This is perhaps partially true, at least in the sense that we can now, hypothetically, build 

directly on a fault line with common construction systems and the guidance of a typical structural 

 Wegener, Alfred, and John George Anthony Skerl. The Origin of Continents and Oceans. 3d ed. New York: Dutton, 1924.3
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engineer, and be relatively confident in the capacity to assure the safety of the occupants in the 

event of an earthquake. 

In this context, suggestions that a range of profoundly different conceptions of the earthquake, 

and by extension the existence and validity of diverse schemas for framing and resolving the 

problem of building in seismic regions exists, is often met with a mix of perplex, in the sense of why 

anyone would want to revisit a well-resolved problem, and confusion, in trying to imagine, akin to a 

fish trying to see water, what alternative solutions could exist when the one in use is already 

perfectly workable and pervasive. The presumed universality of the predominant schemas in each 

context is particularly useful for this study, as it is allowed to sit unobtrusively in the background of 

design processes, from where it can foreground implicit assumptions. Across contexts, it also 

generates a diversity of convergent and parallel solutions to what are often similar underlying 

problems in building, for example to achieve a certain residential density, or accommodate a 

diversity of different programs in close proximity. 

A concept that is useful for bridging the tangible realness of the earthquake and the diversity of 

subjective experiences arising from it, and by extension the existence and validity of multiple 

solutions, is the hyperobject. Hyperobject is a term coined by Timothy Morton in 2010  to describe 4

things that are real and tangible, but which due to the large scale and multi-dimensionality of its 

existence, cannot be holistically seen or conclusively understood through local experiences, just as 

the tangible experience of feeling the rain falling on one’s face does not impart a definitive 

understanding of the climate. The hyperobjectivity of the earthquake may be illustrated in at least 

three ways, which together offers a useful primer and entry into the highly specific problem domain 

of building in seismic regions. 

 Morton, Timothy. Hyperobjects : Philosophy and Ecology after the End of the World. Posthumanities ; 27. Minneapolis: 4

University of Minnesota Press, 2013.
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First is the evolving paradigms for understanding natural disasters in human history, which in 

different periods have advanced distinctly different, if not directly contradictory, interpretations, 

and by extension prescribed correspondingly diverse modes of resolution. Historians generally 

identify three distinct paradigms for understanding natural disasters; beginning with the divine 

paradigm up to the Age of Enlightenment, which transitioned into a natural paradigm around the 

1755 Lisbon Earthquake and the contemporaneous Scientific Revolution, and then shifting into a 

social paradigm in the aftermath of WWII from 1945 onwards.  The shifting interpretation of 5

earthquake disasters, from the manifestation of divine will, a natural phenomenon best understood 

and resolved through science, and the surfacing of underlying social vulnerabilities, are essentially 

different schemas in the same problem domain that orient towards distinctly different modes of 

resolution. 

Second is the diversity amongst the specific category of museums and memorials dedicated to 

earthquake disasters, both in the form and appearance of its architecture, and the orientation of its 

content. That a museum dedicated to what is essentially the same underlying geological 

phenomenon can range from a museum of earth science, a religious place of worship, a memorial 

for the casualty and victims, and a celebratory monument to the political regime behind the 

reconstruction effort; and the architecture ranging from nondescript boxes, landform buildings 

symbolically representing seismicity, to the perfect preservation of ruins; is perhaps one of the 

most direct illustration of the possible variety of modes for perceiving an earthquake and its 

effects, and schemas towards its resolution. 

Third are the diverse and sometimes contradictory approaches to solving the earthquake problem 

that continues to co-exists in contemporary practice, even with the establishment of universal 

measures of performances based on quantifiable engineering metrics. Perhaps unsurprisingly, 

practitioners tend to promote the benefits of the things they are most familiar with and are good at 

 Lauta, Kristian Cedervall. Disaster Law. New York: Routledge, 2015.5
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doing. Specialists in reinforced concrete, timber, bamboo, steel, and composites, for instance, all 

espouse the unique advantages of their material for building in seismic regions. Similarly, 

proponents of urban density argue for the advantages of pooling resources to achieve economies 

of scale in seismic resilience strategies, while advocates of de-densification foreground the 

exacerbation of earthquake risks in dense urban circumstances. Most curious perhaps is that all of 

the solutions proposed seem to make logical sense within the particular schema of the problem in 

which it is formulated, despite its obvious contradiction when considered independently. 

d. A dissertation in six parts. 

This dissertation is organized in six chapters, each of which attempts to define and examine a 

distinct schema in contemporary design in the problem domain of building in seismic regions. Each 

chapter is structured in four parts: with 1) an overview of the schema that traces its historical 

evolution and key traits, 2) an examination of the schema's historical development in building 

cultures from the pre-modern to the modern era, tentatively up to the year 2000, 3) a detailed 

illustration and examination of the schema in contemporary practice from 2000 onwards, with a 

particular focus on design opportunities and applications, and 4) speculations of future directions 

and emerging trends.s 

The schemas are illustrated and examined through case studies, of which there are at least 50 in 

each chapter. Cases in the first parts of each chapter, tracing the schema's conceptual basis and 

historical evolution, necessary draw from a broad range of disciplines and genres, ranging from 

academic papers, artworks, religious doctrines, stories, amongst others, in order to best illustrate 

and track pivotal moments in the evolution of schemas, which often falls outside the discipline of 

architecture. The cases used to illustrate and examine the schema's architectural application in 

pre-modern, modern, and contemporary circumstances, in the second and third parts of each 
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chapter, are usually exemplary building projects in the typical sense of an independent structure or 

scheme, tho occasionally extending to speculative as well as infrastructural projects. Cases in the 

fourth part pointing to emerging trends of each schema again venture beyond typical building 

projects when necessary. Broadly, the cases are organized chronologically to clearly illustrate the 

schema's evolution, and then by clusters to foreground distinctive traits and converging 

proclivities.  

The six schemas/chapters may each be usefully introduced as simple descriptions of the complex 

problem of building in seismic regions. Chapter 1, lightness, or the subtraction of weight, frames 

the problem of building in seismic regions as the imposition of extra loads on the structure. A 

straightforward response, at least from the perspective of structural engineering and the insight of 

F=ma, is to subtract the building mass (m) so the same earthquake movement (a) exerts less force 

(F) on the structure. Historically, the idea that the subtraction of weight, both in a physical and 

metaphorical sense, could be deployed to minimize the effect of unavoidable negative influences, 

finds many resonances, for example in Buddhism and Taoism. In architecture, the subtraction of 

weight from building structures first developed in response to the scarcity of materials, but was 

soon deliberately applied in pursuit of structural efficiency and specific aesthetic qualities. 

Chapter 2, quickness, or the maintenance of readiness, foregrounds the problem of unpredictable 

time when dealing with earthquakes, and in particular, the incompatibility between the capricious 

timescales of seismicity, which range from centuries of dormancy to seconds of occurrence, and 

the organization of most building cultures around regular and slow-moving cycles. In order to 

remain ready to respond quickly and effectively to rare events across the vast geological 

timescales of seismicity, cultures often deploy narrative devices, such as the fable and building 

codes, to link and organize widely dispersed resources and incubate knowledge that may 

otherwise be forgotten within a generation. In building cultures, narratives are most often 

organized around particular construction materials or modes of mobilizing the community in 
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construction; with recent explorations moving towards alternative narrative structures that are less 

prescriptive and more open-ended. 

Chapter 3, exactitude, or the need for approximations, is centered on seismicity's resistance to 

precise modeling, given its fundamental unpredictability and the diverse range of primary and 

secondary effects, from the ground shaking, tsunamis, fires, damaged infrastructure, and shifts in 

the collective memory and perception the affected societies. The schema of exactitude may be 

usefully understood within the broader subject of how to approximate or model complex problems 

in order to reach Pareto optimal solutions that are not perfect but 'good-enough' and actionable. In 

architecture, strategies of exactitude first took advantage of proxies that are convenient and at 

hand, such as modeling domes and arches with weighted chains, and gradually moved toward 

more consciously curated sets of proxy elements that capture real-world dynamics with higher 

fidelities and for specific applications. 

Chapter 4, visibility, or the rendering of invisible problems, may be usefully understood through the 

axiom that to see is to know, and that the central problem of the earthquake is that it cannot the 

seen. In this schema, the resolution of the problem hinges on how the invisible problem may be 

rendered in a comprehensible and tractable way; a process that raises pertinent issues of what and 

how should an invisible thing be represented visually, and which amongst the various dimensions 

of the invisible thing should be prioritized within the two dimensions of graphical representation 

and visual perception. In architecture, this primarily concerns the rendering of loads and its effects 

on buildings structures, and in particular the opportunities and limitations of vectors, i.e. segments 

of lines describing magnitude and direction, which has been the dominant mode of rendering 

forces in static physics and structural engineering since its relatively recent introduction in 

Euclidean mathematics in the 19th century. 
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Chapter 5, multiplicity, or the curation of diversity, tackle front-on the volatility of the probability of 

earthquake risk, especially when perceived within the constraints of the human experience. As 

described by the Law of Large Numbers, the expected and actual outcome of probability tend to 

converge as the number of trials increases. Given that each individual or building tend to 

experience only a very small number of earthquakes throughout its lifetime, the manifestation of 

earthquake risk is often highly unpredictable. In the schema of multiplicity, the name of the game is 

to increase the number of trials, by dividing limited resources amongst several places, as one is 

often advised to do with eggs amongst baskets. In the case of architecture, this often translates to 

dividing one building structure into several parts. Further to rote division, the diversity amongst the 

parts may also be curated towards a wider range of considerations when the technical capacity for 

evaluating the diversity is available. 

Last but not least, chapter 6, consistency, or the assurance of a predictable sameness, focuses on 

the tendency for earthquakes to disrupt things that we'd like to be consistent, triggering our 

instinctive fear of the unknown, and upsets a key usability principle. Humans are often willing to 

incur extra costs or forego significant upside potential to assure a predictable sameness of 

outcomes by building up redundancies that buffers diverse and unpredictable scenarios. The 

strategy of consistency is interested in more efficient ways of distributing and utilizing the 

resources embedded in this buffer redundancy. In architecture, the redundancy often takes the 

form of conservatively dimensioned or duplicate structures, which in both a metaphorical and 

physical sense offers the designer extra material to deploy and play with. 
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Chapter 1 

Lightness 

1.1 Lightness, or the subtraction of weight. 

From the perspective of modern structural engineering, lightness, or the subtraction of weight, is 

perhaps the most rational design strategy for mitigating the effects of earthquake movement on 

buildings. It responds directly to the principle of F=ma, where F, the force experienced by the 

building, is proportional to m, the mass of the building, and a, the acceleration of the earthquake 

movement. Of the three factors involved, to subtract mass is often the easiest and most expedient 

way to increase a building's seismic resistance, even if at first it may not appear to be the most 

intuitive without some knowledge of engineering principles. Application of this design strategy may 

be found across a wide range of developmental contexts, and at both the top and bottom end of 

technological sophistication - from grassroots efforts to substitute heavy traditional tiled roofs with 

lightweight steel roofs in the poorer seismic regions of Indonesia, Nepal and Western China, to 

highly optimized structures with exceptional strength to weight ratios in pursuit of novel forms and 

transparency at the cutting edge of architectural design. 

The basis for understanding the engineering principles of lightness as a building design strategy 

emerged relatively recently with the discovery of Newton’s Laws of Motion in 1678 and the 

development of modern civil engineering in the early 1800s. The conscious application of lightness 

as a building design strategy to mitigate earthquake movement emerged a century later, around 

the early 1900s, constituting a key insight in the newly emerging field of earthquake engineering.  1

While many examples of historical buildings in seismic regions with qualities of lightness may be 

 Reitherman, Robert K. Earthquakes and Engineers: An International History. ASCE Press. Reston, VA: American Society of Civil 1

Engineers, 2012.
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cited, and are often presented as evidence of a certain building culture's advanced understanding 

of seismic principles predating modern engineering; as Kunio and Frampton conclude from their 

study of historical Japanese architecture, even the most credible claims are at best the 

unintentional accumulation of advantageous traits through Darwinian mechanisms - in the sense 

that fewer buildings survive than are built in the longue duree, combined with the tendency for 

traits of surviving examples to be imitated in the next generation of buildings.   2

While the understanding of lightness as an engineering principle and building design strategy 

emerged relatively recently, in its broader connotations related to qualities of nimbleness, easiness, 

delicacy and a lack of seriousness, it has a far longer historical lineage as a problem-solving 

strategy; appearing in a diversity of fields and cultures. Even though this study is predominantly 

interested in lightness as a building design strategy in seismic regions, which necessarily 

foregrounds the more contemporary engineering dimensions, the section below will examine five 

historical cases of the strategy of lightness in the broader sense, aiming to understand its evolution 

and key traits. 

1.1.1 The Fable of Perseus (c.900BC) Greek Mythology 

One of the earliest examples of lightness as a problem-solving strategy appears in the Fable of 

Perseus from Greek Mythology, records of which date to c.900BC.  The plot describes Perseus’s 3

quest to behead the monster Madusa, whose gaze turns those who looked directly at her into 

stone. Central to the story are the five objects Perseus acquires for the quest: 1) hermes, a pair of 

winged sandals allowing flight, 2) the cape of Hades, which conferred invisibility, 3) a harpe, with 

 Frampton, Kenneth., Kudo, Kunio, and Vincent, Keith. Japanese Building Practice : From Ancient times to the Meiji Period. New 2

York: Van Nostrand Reinhold, 1997.


 Erik Gregersen. "Perseus." Britannica Online Academic Edition, 2019, Encyclopædia Britannica, Inc.3
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which to swiftly behead Madusa, 4) a kibisis, the sack in which to conceal and carry the head, and 

5) a polished shield, whose clarity of reflection offered a way to locate the target while avoiding its 

petrifying gaze. Each of the objects bestowed the carrier with a literal quality of lightness, and 

together facilitated Perseus’s victory. 

As the writer Italo Calvino observes in his reflections on the persistent theme of lightness in 

literature,  the Fable of Perseus is an archetype of the lightness versus heaviness plot, and in 4

which the former is a solution to the latter. Of particular note is the detail and consistency with 

which the opposition is constructed metaphorically, from the petrifying heaviness of Madusa’s 

gaze to the lightness of Perseus’s movement, wit, and manner. Crucially, while the five magical 

objects with literal qualities of lightness may at first appear to be the sole key of success, 

ultimately it is the cerebral lightness of Perseus’s mind, in the sense of being insightful and quick-

witted, that delivered the victory. In other words, the strategy of lightness is primarily an approach 

to problem-solving that is often conceptually nimble and delicate, thereby giving the impression 

and imagery of lightness. 

1.1.2 Nirodha/Wu Wei (500BC) Buddhism/Taoism 

The strategy of lightness also finds strong resonances in the Buddhist and Taoist traditions, which 

emerged around 500BC in ancient India and China respectively. Today, more than one billion 

people identify as Buddhists or Taoists in its various forms, most of whom are in East and 

Southeast Asia, constituting a major cultural milieu in seismic regions. The two traditions share 

many cultural influences, exchange ideas frequently, and address similar core problems concerned 

with the best way to live well in an apparently discordant world.  5

 Calvino, Italo. Six Memos for the next Millennium. 1st Vintage International ed. Charles Eliot Norton Lectures ; 1985-86. New York: 4

Vintage Books, 1993.

 Chad Hansen. "Taoism". Stanford Encyclopedia of Philosophy. Metaphysics Research Lab, CSLI, Stanford University.5
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The central problem in the Buddhist worldview, as outlined in The Four Noble Truths, is dukkha, or 

the universality of suffering in the world, which is caused by samsara, or the human nature to 

become attached and weighted down by things in an impermanent world. The solution, quite 

elegant and simple in theory, is nirodha, or to lighten our attachment to impermanent things, which 

can be achieved through, magga, or a set of principles for living lightly, i.e. in moderation, which 

are collectively known as The Eight Fold Path or The Middle Way.  The Taoist worldview sees an 6

underlying harmony in the world guided by the Dao, or the way of the world, which all individuals 

are part of and should live in harmony with through Wu Wei, or effortless action. Similar to the 

Buddhist concept of samsara, Wu Wei is essentially the recalibration of an individual’s outlook to 

ameliorate disappointment when reality inevitably falls short of expectation by lightening one’s 

attachment to specific outcomes.  7

As with the case of Perseus, while the literal imagery of lightness persists throughout Buddhist and 

Taoist literature and art, with enlightened characters often depicted in a levitated pose, it is the 

underlying cerebral quality of lightness, in the sense of insightfully identifying and sidestepping the 

core problem, that constitutes its key insight and innovation; the recognition that suffering is a 

subjective human perception and that, in the absence of tractable solutions to affect change in the 

broader context, a recalibration of outlook to accept existing circumstances would be the most 

efficient and effective solution to ameliorate discontent. A categorical strength of the strategy of 

lightness appears to be its pragmatism, with its focus on addressing only the most easily 

accessible elements of the problem. 

1.1.3 Wabi Sabi/Taichi (8th/12th Century) Zen Buddhism/Taoism 

 Mitchell, Donald W. Buddhism : Introducing the Buddhist Experience. New York: Oxford University Press, 2002.6

 Creel, Herrlee Glessner. What Is Taoism? And Other Studies in Chinese Cultural History. Chicago: University of Chicago Press, 7

1970.
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Both the Buddhist and Taoist traditions are notable for propagating the strategy of lightness 

beyond a religious doctrine to a diversity of martial, artistic and folk traditions. Taichi, which 

emerged around the 12th century during the Song Dynasty, is perhaps one of the most well known 

cross-disciplinary applications of the strategy of lightness, in this case to the martial arts. While 

the modern form of Taichi, popularized around the 20th century, is primarily concerned with the 

health benefits of regular practice, it was originally conceived as a form of self-defense in combat 

focused on the study of the appropriate response to outside force; yielding to and redirecting 

attacks instead of meeting it with opposing force, which would harm both parties.  Taichi was one 8

of the first applications of the strategy of lightness to a physical discipline, and as such may be 

considered a precursor of its application in physical buildings, continuing architecture’s long 

anthropomorphic tradition. Today, Taichi jargons are still often cited as shorthand for explaining 

building engineering principles related to lightness and flexibility. An example is the Taichi maxim of 

Yi Rou Ke Gang, or ‘using softness to conquer strength,’ as an accessible and intuitive explanation 

for the seismic advantage of more flexible steel an timber structures over rigid masonry ones, 

particularly in East Asia where the Taoist tradition is most ingrained. 

Another example is the Zen tradition, which emerged around the 8th century during the Tang 

Dynasty, with heavy influences from Taoism and Mahayana Buddhism, and is today most prevalent 

in East Asia, particularly in Vietnam, China, Korea, and Japan. Zen is also notable for its cross-

disciplinary application of the strategy of lightness beyond a religious doctrine, this time to various 

artistic disciplines, including the tea ceremony and the aesthetics of wabi-sabi, which loosely 

translates to an appreciation for the transient and imperfect.  A key innovation of the Zen tradition 9

is the elevation of the strategy of lightness to an aesthetic regime, a concept presented by 

Jacques Rancière to describe frameworks of perception that define what can and cannot be seen 

 Douglas Wile. "Taijiquan and Daoism. From Religion to Martial Art and Martial Art to Religion." Revista De Artes Marciales 8

Asiáticas 3, no. 1 (2012): 8-45.

 Koren, Leonard. Wabi-sabi for Artists, Designers, Poets & Philosophers. Berkeley, Calif.: Stone Bridge Press, 1994.9
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and appreciated by society.  In the sense that ‘before Turner there was no fog in London,’ a 10

conjecture presented by Oscar Wilde  to illustrate the key role Turner’s ephemeral paintings 11

played in foregrounding the fog as an appreciable phenomenon in itself instead of just the absence 

of vision, we may also say that ‘before Zen there was no beauty in lightness.’ The aesthetic regime 

established by Zen helped define lightness, by attuning the senses to the associated qualities of 

transience and imperfection, as a perusable ideal in its own right, instead of just an absence of 

weight. 

1.1.4 The Unbearable Lightness of Being (1984) Milan Kundera 

A more recent citing of lightness appeared in Milan Kundera’s novel, The Unbearable Lightness of 

Being, written in 1982 and published in 1984.  It captures a zeitgeist in Cold War Europe, where 12

the unprecedented scale and abstraction of modern warfare renewed the debate about the 

lightness of lives, in the sense of being inconsequential and transient. The novel consists of three 

overlapping narratives at different scales. First, it follows a quartet of interacting characters from 

the late 1960s to early 1970s in Europe, centering on the Prague Spring of 1968, a liberalization 

and mass protest movement that was brutally repressed. Second, the novel is a commentary on the 

Cold War - a study of how societies cope with pervasive yet intangible risks. Third, the novel 

engages the age-old debate of heaviness versus lightness, reacting most directly to Frederick 

Nietzsche’s concept of the eternal recurrence - the idea that all events in the universe are infinitely 

recurring and therefore meaningful, i.e. the heaviness of life - by positing the alternative that each 

event is singular and therefore incomparable and insignificant, i.e. the lightness of life. 

 Rancière, Jacques. The Politics of Aesthetics : The Distribution of the Sensible. London ; New York: Continuum, 2004.10

 Wilde, Oscar. Decay of Lying. Richmond: Oneworld Classics, 2008.11

 Kundera, Milan, and Michael Henry Heim. The Unbearable Lightness of Being. 1st ed. New York: HarperCollins, 2004.12
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Kundra’s novel may be understood as a systemic examination of the pros and cons of the strategy 

of lightness. Like an experiment with four samples, the four main characters are set up with varying 

degrees of ‘lightness,’ and examined before, during, and after the traumatic event of the Prague 

Spring, in order to illustrate and evaluate their relative success and resilience. While it may be 

difficult to draw definitive answers from the book, judging by the fate of the four characters, with 

the ‘lightest,’ Sabina, and the ‘heaviest,’ Franz, suffering the most tragic endings, while Tomas and 

Tereza, the married couple whose extreme positions were moderated by each other, lived to a more 

amicable outcome; Kundra seems to conclude that extreme lightness (or heaviness) was 

unbearable, as suggested in the title, and that a balance is possible and desirable, for the reason 

that it resonates more closely with the fundamentally hybrid quality of human nature. 

1.1.5 Asset Light Model (1990s) 

More recently, the strategy of lightness has emerged with vigor in business in the form of the 

asset-light model, which entered the mainstream in the 1990s and has since become a staple of 

the modern economy.  In essence, the asset-light model aims to make the most efficient use of 13

capital by focusing on a business’s core expertise and to outsource all non-core activities. This 

approach has the duo advantages of 1) increasing the core business as a proportion of revenue 

and 2) reducing capital assets, thereby reducing risk. While many traditional activities may be seen 

as precursors to the asset-light model, such as businesses renting instead of buying office space, 

rapid improvements in computing power and the popularization of the sharing economy since the 

2000s has greatly lowered the transaction cost and increased the flexibility of the asset-light 

model, facilitating its recent boom across numerous industries. 

 Kachaner, Nicolas, and Adam Whybrew. “When ‘Asset Light’ Is Right,” Boston Consulting Group. September 30, 2014. https://13

www.bcg.com/publications/2014/business-model-innovation-growth-asset-light-is-right.aspx.
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The asset-light model illustrates the reciprocal dance between technological advancements and 

the recalibration of subjective expectations in the continuous push towards lightness, constantly 

challenging and redefining the minimum. As technological advancements allow more business 

activities to be outsourced, legal frameworks and consumer expectations also need to be 

constantly recalibrated to recognize the minimum core of a business. Whereas a business in the 

past may need at least a physical address and product, modern start-ups can simply be an idea on 

a website. The question of the minimum is even more interesting when applied to architecture, 

which appears to have a stable, tangible and familiar physical form. 

Summary  

Looking back across the five historic episodes, four insights may be observed. First, while the 

strategy of lightness originally emerged as a general rule-of-thumb for dealing with challenges in 

life, the principles are sufficiently abstract to be applicable across vastly different disciplines, from 

religious teaching, aesthetic regimes, business models and, as the following sections will illustrate, 

architectural design and the mitigation of earthquake risk in buildings. Second, in the pursuit of 

lightness, the minimum is continuously redefined through the reciprocal negotiation of 

technological advancements and the readjustment of subjective expectations. In the example of 

the asset-light model, while technological advancements may allow businesses to function with 

just an idea and a website, it is also necessary for the customers to recalibrate their understanding 

of what constitutes a business. Third, the strategy of lightness is not just the perusal of a physical 

quality or imagery, but an informed and nimble approach to problem-solving that often intervenes 

in a minimal way, thereby giving the impression of lightness. Lastly, while the strategy of lightness 

is highly pragmatic by targeting only the most accessible dimensions of a problem, it may also be 

guilty of putting off difficult but necessary changes. 
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1.2 Precedents – From the Conservation of Material to Living Inside Frames 

Many historical building cultures in seismic regions, particularly those in warmer climates and 

which use timber as the primary building material, claims lightness as a distinct quality of their 

vernacular architecture, and often present it as evidence of advanced knowledge that predates the 

emergence of modern engineering in the late 1800s. However, few examples have a sustained 

record of earthquake resilience, and even the more credible candidates, while of interest to this 

study, are at best the unintentional accumulation of seismically advantageous building elements 

over time. 

The modern discipline of earthquake engineering emerged around the early 1900s following three 

particularly devastating events, the 1906 San Francisco Earthquake, the 1908 Messina Earthquake, 

and the 1923 Great Kanto Earthquakes.  In all three earthquakes, the failure of heavy masonry 14

buildings, built for their perceived strength and fireproof-ness, was duly noted by post-earthquake 

surveys and became a foundational insight of modern earthquake engineering. However, the early 

decades of the discipline were primarily focused on the strengthening and adjustment of existing 

building types, including the prescription of symmetrical structural configurations, steel 

reinforcements, and squat proportions. It was not until the mid-20th century that lightness was 

systematically applied as a distinct design strategy for mitigating earthquake risk. 

The following section will look at five canonical building case studies that together trace the 

development of lightness as a building design strategy in seismic regions from the historical to the 

modern period. Broadly, the strategy of lightness as a building design strategy for mitigation 

earthquakes seems to have first emerged as an unintentional side effect in efforts to economize 

the use of limited materials, both in historical and modern circumstances. As the discipline of 

 Reitherman, Robert K. Earthquakes and Engineers: An International History. ASCE Press. Reston, VA: American Society of Civil 14

Engineers, 2012.
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seismic engineering developed, the structural advantages to be gained from the subtraction of 

mass was soon noted and actively pursued. In the pursuit of material efficiency and lightness, 

designs converged on the space frame configuration around the 1970s. The space frames also 

increased in size to reach an inhabitable scale, reversing the traditional space-structure 

relationship. Towards the end of the 20th century, two new trends emerged, the first pursuing the 

aesthetic of lightness, as opposed to its engineering definition, and the second deploying 

lightweight structures towards a more diverse set of symbolic, visual, and sensorial effects. The 

survey below aims to understand the emergence and evolution of lightness as a building design 

strategy; providing the context in which to understand and evaluate more contemporary projects. 

The Conservation of Material 

1.2.1 Geppa-ro at Katsura Rikyu (1600s) Prince Hachijo Toshihito 

1.2.2 Case Study Hosue No.8 / Eames House (1945) Charles and Ray Eames  

A pre-modern yet credible case of the strategy of lightness is the Sukiya style of building, which 

emerged in medieval Japan during the Azuchi-Momoyama period (1568-1600). It achieved 

significant improvements in seismic performance through the systematic reduction of structural 

weight, although awareness of the correlation at the time was unclear. Specifically, this study will 

focus on the Geppa-ro, or the Moonwave Pavilion, located in the Katsura Rikyu, an imperial garden 

palace compound in the western suburbs of Kyoto.  The Geppa-ro was part of the original 15

configuration commissioned by Prince Hachijo Toshihito in the 1600s and is considered a canonical 

piece of Sukiya architecture. 

The Geppa-ro is composed of four spaces: two interconnected rooms oriented towards the view of 

the moon and the pond, a tea ceremony space, and an elevated outdoor preparation area. 

 Naitō, Akira, and Takeshi Nishikawa. Katsura : A Princely Retreat. 1st ed. Tokyo ; New York: Kodansha International, 1977.15
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Structurally, the building is a rigid lightweight timber frame, with thin and closely spaced columns 

sitting on approximately 40 stone footing. Like a table, the structure is free to rock and lift up in the 

event of an earthquake to absorb and dissipate excessive movement. Without diagonal bracing in 

the vertical planes, the building relies on rigid joints to brace against lateral loads, utilizing the 

natural flexibility of timber to dampen movement. Sizing of structural beams and columns range 

from 120mm deep sections for primary members, to less than 50mm for secondary members, a 

step function lighter than the previous generation of buildings. 

As described by William Coaldrake, the improved seismic performance of Sukiya architecture, 

otherwise known as the ‘teahouse style,’ due to its lightweight was an unintentional side effect of 

the effort to economize material use.  Around the 1500s, the stock of native pine and larch, a 16

slow-growing timber preferred for construction due to its straight grains, was depleted after almost 

three centuries of building boom, interspersed with frequent fires, around the medieval capitals of 

Kyoto, Nara, and Uji. As the preferred material grew scarce, it became necessary to utilize smaller 

and thinner timbers, resulting in lighter structures. As further proof that the shift was not driven by 

earthquake concerns, buildings based on Tang Chinese designs from as early as the 7th century 

had survived earthquakes well. The shift towards lighter structures was facilitated by two key 

technological advancements; 1) the standardization of constructional lumber, and 2) refinements in 

timber joinery. The first increased the precision and predictability of structures, thereby reducing 

the necessary margin of safety, while the second increased the rigidity of joints, allowing 

earthquake movement to be mitigated through the accumulative flexibility of the structural 

configuration, as opposed to relying on the self-weight for stabilization. 

As a mature example of Sukiya architecture, the Geppa-ro demonstrates two distinct design 

opportunities that emerge with the subtraction of mass from the structure. First, by skeletalizing 

the structure, a poché of void is created, disassociating internal spaces from each other and from 

 Coaldrake, William Howard. The Way of the Carpenter : Tools and Japanese Architecture. 1st ed. New York ; Tokyo: Weatherhill, 16

1990.
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the exterior volume. With the extra wiggle room, it was possible for two sides of the same wall or 

ceiling to be different, and for a higher degree of differentiation between spaces to emerge. For 

instance, the tea ceremonial space is surrounded by a poché of space, making its interior 

dimension and quality impossible to anticipate before one enters. Second, as the poché becomes 

increasingly porous, it may be deployed towards new visual effects or functional applications. In 

the Geppa-ro, the space within the roof frame, although not accessible, is exposed to view, 

expanding the sense of spaciousness within the modestly sized rooms. 

A more recent example of lightness emerging from an effort to conserve material is the Eames 

House, designed by Charles and Ray Eames. It is located on a coastal site in Pacific Palisade near 

Los Angeles, United States. Completed in 1945, it is perhaps better known as Case Study House 

No.8, having been commissioned by and developed for the Case Study House Program sponsored 

by the pioneering Arts & Architecture magazine, which produced 35 designs in total, of which 23 

were built.  The program’s aim was to promote modern design in residential architecture and the 17

application of technology developed for wartime purposes towards solving the anticipated post-

war housing shortage. Key features of the Case Study Houses include lightweight steel frame 

structures, open plans, and large amounts of fenestration - elements that the Eames House 

exemplified. 

The Eames House is composed of two rectangular volumes semi-embedded into an embankment, 

housing the studio and living spaces respectively. Structurally, the building is composed of 13 

prefabricated steel frames 5.3m high and 6.1m wide, set 2.3m apart per bay. The frames are cross-

braced with steel cables on the south elevation and stabilized by the concrete retaining wall on the 

north, into which the frames are embedded up to the first of two floors. The majority of the usable 

area, i.e. load, is placed directly on the ground. The frame’s light weight, flexibility, and low center 

of gravity allow it to perform well in earthquake scenarios. 

 Steele, James, Charles. Eames, and Eames, Ray. Eames House : Charles and Ray Eames. Architecture in Detail (London, 17

England). London: Phaidon, 1994.
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The Case Study House program is notable as one of the first concentrated production of cutting-

edge architecture with an explicit awareness of earthquake risk and seismic engineering principles 

- the discipline having emerged less than three decades earlier in California, along with Japan and 

Italy. While it was known at the time that heavy buildings performed poorly in earthquakes, the first 

decades of seismic engineering had focused on the prescription of symmetrical structural 

configurations, squat building proportions, and the addition of steel reinforcements - approaches 

that were considered more pragmatic and effective amidst the vogue for masonry buildings at the 

time.  Examples include Tachu Naito’s building for the Industrial Bank of Japan in Tokyo from 1923, 18

which survived the Great Kanto Earthquake three months after its opening. 

The lightness of the Case Study Houses was in large part a response to material shortage; both of 

1) the actual shortage during wartime, the period in which the houses were designed and 

constructed, and 2) the projected shortage in the anticipated post-war construction boom. The 

improved seismic performance of the lightened structures was a secondary, although not 

unnoticed, side effect. In a now well-known anecdote, during the extended delays in material 

delivery, the original design of the Eames House was significantly modified from a cantilevering 

volume to two semi-embedded structures - a move that doubled the usable space while using the 

same amount of prefabricated parts already on order. The insight seems to support the hypothesis 

that the notable lightness of the design was primarily a by-product of the pragmatic pursuit of 

material efficiency, as opposed to being driven by an aesthetic vision. 

The Eames House also foreshadows the two significant design opportunities that emerge with the 

use of the modular lightweight frames it popularizes. First, as structures become more porous and 

transparent, the distribution of fenestrations is freed from structural concerns, allowing more 

abstract, asymmetrical and aesthetically driven compositions. For instance, aside from the thin 

 Arnold, Christopher, and Reitherman, Robert. Building Configuration and Seismic Design. New York: Wiley, 1982.18
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steel profiles, the facade of the Eames House is non-structural and free to be composed with any 

combination of transparent, translucent and colored panels. Second, the high strength to weight 

ratio of lightweight frames, particularly in steel, reduces self-weight as a limiting factor of the 

structure, freeing it from traditional formal and proportional constraints. In the case of the Eames 

House, as most of the load is placed directly on the ground, the scale of the steel frame is only 

limited by its own insignificant weight, facilitating the elegantly slender proportions and 

extravagant use of double-height spaces. 

Living Inside Frames 

1.2.3 Big Roof at Expo 70 (1970) Kenzo Tange 

In terms of scale and popularization, the development of lightweight structures reached an apex 

with Kenzo Tange’s Big Roof for the 1970 World Expo in Osaka. With the theme of Progress and 

Harmony for Mankind, Expo 70 showcased a new conceptualization of architecture and the city as 

a constant metabolic process of renewal and decay, an idea that has been incubating in avant-

grade Japanese architecture since the 1950s.  The Symbol Zone prototyped at an unprecedented 19

scale the idea of a relatively permanent urban-scale structural frame embedded with inhabitable 

pods that may be replaced frequently to keep up with technological advancements and the 

fashions of lifestyle. 

Structurally, the Symbol Zone is a rectangular space frame 100 wide and 300m long, composed of 

half-octahedron modules, elevated 35m off the ground by six space frame column to form a 

covered plaza below for formal events and casual gathering. The space frame itself, 7.7m deep, is 

accessible through escalators and stairs; and houses a sequence of inhabitable spaces, including 

11 prototype living pods. Designed to be temporary, all structural components are reusable. The six 

 Koolhaas, Rem., Hans Ulrich. Obrist, Kayoko. Ota, James Westcott, and Office for Metropolitan Architecture. AMO. Project 19

Japan : Metabolism Talks. Koln ; London: Taschen, 2011.
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columns sit on top of steel disk footings 15m in diameter, minimizing the need for below-ground 

concrete foundations. The structure’s lightness, indeterminacy, and the accumulative flexibility 

across the many rigid joints allow it to perform well in earthquakes despite its size and height. 

The development of lightweight structures has converged towards the space frame configuration 

since its adoption into architecture in the 1950s. Originally pioneered by Alexander Graham Bell for 

aeronautical applications around 1898, early appearances in architecture include Buckminster 

Fuller’s Geodesic Dome prototype in North Carolina in 1949, Konrad Wachsmann’s Aircraft Hanger 

for the American Airforce in 1951, and Mies van der Rohe’s Convention Hall for Illness in 1953. In 

1957, MERO, the first prefabricated space frame construction system composed of steel tubes 

counted by steel nodes, was presented at the Berlin Construction Fair, greatly lowering its cost and 

technological barrier, and foreshadowing its widespread adoption in mainstream architecture. 

The space frame was formally introduced to Japan by Konrad Wachsmann, who in 1955 was invited 

to give a seminar at Tange Lab at Tokyo University, then the incubator of young metabolist 

architects. In the accounts of Arata Isozaki, then a student, although Wachmann’s research had 

focused on the space frame’s rapid deployability and large spans, its structural suitability to the 

seismic context was soon apparent to its Japanese audience. Further, the structural frame as 

occupiable space resonated strongly with the nascent ideas of metabolism, soon appearing in a 

range of projects, and culminating in the Big Roof at Expo 70. 

The Big Roof was the first large-scale prototype to showcase the design opportunities 

foreshadowed by a lineage of speculative schemes inspired by the space frame, including Cedric 

Price’s Fun Palace of 1964 and Yona Friedman’s Ville Spatiale of 1967, in which the increasing scale 

and porosity of lightweight structures finally become an inhabitable environment. Perhaps more 

profoundly, it presents a vision of spatial organization applicable at the urban scale in which the 

structural support and seismic resistance are pre-programmed into the tectonic and can be 
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provided as a universal utility, akin to piped water and electricity, freeing the design of living 

environments from structural constraints. 

Beyond the Space Frame 

1.2.4 Tokyo Kasai Park Visitors Center (1995) Yoshio Taniguchi 

1.2.5 Centre Culturel Jean-Marie Tjibaou (1998) Renzo Piano 

In the decades between 1970 and 2000, the space frame came to dominate the market for 

lightweight structures, with a range of commercially successful prefabricated construction systems 

that made it cost-effective, easy to construct, and adaptable to a wide range of designs. Examples 

include various iterations of the original MERO system (now with disc, bowl, cylindrical and block 

node), the space deck system developed in England, the Triodetic developed in Canada, the 

Unistrut System developed in the United States, the Unibat System developed in France, and the 

Nippon Steel Space System from Japan. Architectural production from this period include the 

Sainsbury Centre for Visual Arts in Norwich by Norman Foster in 1978, the Crystal Cathedral in 

California by Philip Johnson from 1981, the Jacob B. Javits Center in New York by I.M. Pei from 

1986, the Grand Louvre Modernization in Paris by I.M. Pei from 1993, and the Eden Project in 

Cornwall by Nicholas Grimshaw from 2001. The space frame system became a panacea of sorts, 

capable of solving a diversity of structural problems in one sweep, many specific to seismic 

contexts, but ultimately created a high-level equilibrium trap that made further experimentation 

difficult. It was only towards the end of the 1990s that two new directions in the development of 

lightweight structures emerged to disrupt the stasis.  20

 Araya, Masato, and Yoshihara Kanebako. "Conversation: Embracing Diverse Rationalities and Values." The Japan 20
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A breakthrough project was the Kasai Park View Point Visitors Center, completed in 1995 to 

commemorate the long-term land-reclamation project undertaken by the Tokyo Metropolitan 

Government since the end of WWII.  The architect, Yoshio Taniguchi, was well known for his 21

expertise in the aesthetic refinement of the orthodox modernist style, as opposed to the 

technological and urbanistic preoccupations of his mentor, Kengo Tange, and peers. The project 

was amongst the first to go beyond the lightness of space frames, at least in the visible parts of 

the building above ground, through the extravagant use of solid steel elements and labor-intensive 

fabrication techniques. Whereas the space frame represented a logical endpoint in the technical 

pursuit of lightness in the sense of engineering efficiency, Taniguchi’s project surpasses it in the 

pursuit of the aesthetic of lightness. 

Located at the edge of Kasai Park where the plateau slopes into Tokyo Bay, the building is 

composed of two parts: 1) a concrete volume 5.9m deep mostly embedded into the slope as to be 

invisible from the park, housing a cafe and back of house functions, and 2) an almost transparent 

volume above ground 7m high, 11m wide, and 75m long, containing a promenade architecturale par 

excellence, composed of long, gentle ramps with carefully curated views of the park and the 

ocean. Structurally, the building is a lightweight rigid steel cage anchored on top of a robust 

concrete base. In the event of an earthquake, the slender steel cage is capable of absorbing some 

movement, while the rest is transferred to the base. 

The building contradicts the rational pursuit of structural, materials and spatial efficiency. By 

material distribution, 79.8% of the building is underground, as is 58.3% of the usable space. The 

steel cage, compose of 5x12cm steel beams thinner than the typical non-structural mullion, is 

painstakingly welded then sanded to create rigid joints while maintaining clean lines. The use of 

solid steel columns and beams is also expensive while providing only incremental improvements in 

structural strength. Whereas the development of lightweight structures up to now had mostly been 

 Riley, Terence., Yoshio Taniguchi, Museum of Modern Art, and Tōkyō Opera Shiti Āto Gyararī. Yoshio Taniguchi : Nine Museums. 21
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in pursuit of structural efficiency and material economy, Taniguchi’s building identifies a new goal - 

the pursuit of the aesthetic of lightness. 

The Kasai Park Visitor Center revealed two design opportunities with a lasting influence on 

contemporary practitioners such as Toyo Ito, Kazuyo Sejima, Ryue Nishizawa, Sou Fujimoto, and 

Junya Ishigami. First is the use of solid steel in architecture, previously thought impossible due to 

its structural inefficiency, prohibitive cost, and poor thermal insulation properties. Taking 

advantage of the landmark project with a generous budget, Taniguchi was amongst the first to use 

solid steel in a building at this scale, setting a precedent for designers, engineers, regulators, and 

contractors. The second was the shift to a more ad-hoc approach of achieving lightness that 

embraces idiosyncrasies and ameliorates issues with highly tailored solutions. For instance, in 

response to the difficulty of fully air-conditioning the slender glass and steel volume, the design 

concentrates fresh air delivery to zones through which people pass most often – challenging 

preconceptions about the acceptable standard of building performance in the pursuit of a new 

minimum. 

The second direction in the development of lightweight structures to emerged in the late 1990s 

was its imbuement with symbolic meaning and form, coinciding with the larger disciplinary shift 

towards post-modernism. A breakthrough project in this category was the Centre Culturel Jean-

Marie Tjibaou in Noumea, New Caledonia, designed by Renzo Piano and completed in 1998.  22

Commissioned by the French Government as a gesture of goodwill amidst decolonization 

negotiations, the project was symbolically and politically loaded. The design, celebrated as a 

sensitive interpretation of a contemporary vernacular, demonstrates the capacity for lightweight 

structures to convey nuanced symbolic meaning, and a more general shift away from the singular 

focus on structural efficiency towards a more diversified set of architectural goals. 

 Piano, Renzo. Nouméa : Centre Culturel Jean-Marie Tjibaou. Genoa, Italy: Fondazione Renzo Piano, 2008.22
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The Centre Culturel Jean-Marie Tjibaou is located on a coastal peninsular, organized along a gently 

arcing linear axis. On the convex side, which faces prevailing southeast winds from the Pacific 

Ocean, are ten cylindrical ‘cases’ housing the main exhibition spaces. On the concave side, facing 

a lagoon, are four low and horizontal buildings cascades down a gentle slope, housing the offices, 

a performance hall, secondary exhibition spaces and back of house functions. Structurally, the 

building is composed of 14 independent parts; ten cylindrical timber-steel-hybrid frames forming 

the cases, and four timber-steel-hybrid grid frames forming the horizontal buildings. By dividing 

the expansive project into smaller, structurally independent parts, each is small, elastic and 

lightweight enough to perform well in earthquakes. 

Of particular interest is the multiple and overlapping interpretations of the iconic cases. At various 

points in the design and construction process, the architect has described it as 1) a reference to 

vernacular building typologies, 2) a reinterpretation of traditional village arrangements, 3) a 

response to prevailing wind conditions, facilitating natural ventilation, 4) a sensorial instrument for 

making audible the omnipresence of the wind, and 5) an optimal environment for the exhibition of 

local art and artifacts. The diversity of interpretations marks a clear departure from a singular 

pursual of material lightness to a more open-ended exploration of sensorial and perceptual effects, 

as well as a wider range of performance measures. 

The symbolic capacity of lightweight frames may be attributed to two qualities of the structural 

medium, both aptly deployed in the case study, and which foreshadows further exploration in 

contemporary practice. First, lightweight frames are formally malleable and adapt easily to 

different shapes. Given seismic and real-world constraints, it is often the most pragmatic way of 

constructing non-standard shapes, although often at the cost of thick structural depth and spatial 

inefficiency. As such, idiosyncratic elements are often used sparingly as singular elements in a 

larger complex of regularly structured buildings to house secondary functions. For instance, the 

iconic cases of the Centre Culturel Jean-Marie Tjibaou are exclusively visible from afar due to their 
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scale and profile, but only contains a small proportion of the overall useable area. Second, the 

reputation of lightweight structures as the efficient and rational use of material imbues the 

structural medium with notions of sustainability, forward-thinking, and pragmatism. These qualities 

are further enhanced by the project’s pioneering use of engineered timber in the structural frame, 

which while in terms of technological advancement may be as far away from local timber as steel or 

concrete, creates resonances with the vernacular building tradition. The structural medium is 

imbued with certain values, which interestingly appears to be informing its design applications, 

creating a reciprocal relationship. 

1.3 Contemporary Cases – To Skeletonize and the Super Thin 

Since 2000, a nominal beginning of the contemporary period, lightness has persisted as a popular 

building design strategy in seismic regions. The cost of skeletonizing structures, traditionally a 

labor-intensive and therefore expensive process, is continually reduced by advancements in 

prefabrication and additive manufacturing technology – allowing lighter, larger and increasingly 

non-modular designs to be realized within the resources of typical building projects. Its advantage 

of material economy also resonates well with rising concerns for sustainability.  23

Contemporary applications of lightness as a building strategy may be broadly grouped into two 

categories. The first is characterized by a focused persistence to further skeletonize the structure 

in pursuit of even lighter configurations and to enhance the associated aesthetic qualities, such as 

transparency and porosity. A notable trend foreshadowed by the Centre Culturel Jean-Marie 

Tjibaou is the increasingly popular use of timber as a substitute for steel despite its inferior 

strength, often for its cheaper cost, lighter environmental footprint, and material tactility. 

 Araya, Masato, and Yoshihara Kanebako. "Conversation: Embracing Diverse Rationalities and Values." The Japan 23
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The second category is characterized by the use of super-thin wall panels as the primary structural 

elements, often as a strategy to maximize usable space within a limited building volume in tight 

urban circumstances. As foreshadowed by the Tokyo Kasai Park View Point Visitors Center, solid 

steel has become a go-to material for designs pursuing thinness, although other advanced 

materials such as engineered glass are also being utilized. Thin sheets are prone to buckling, and 

often need to be deployed in specific structural configurations to overcome this limitation, such as 

cellular and symmetrical arrangements with limited fenestrations. In turn, these produce 

converging design proclivities bordering on a recognizable architecture language. 

The following section will look at ten contemporary cases built between 2000 and 2016 to illustrate 

and examine how the building design strategy of lightness has developed in contemporary 

practice. The cases are roughly organized by size, from the smallest to largest, to illustrate the 

scalar range of the design strategy. 

1.3a To Skeletonize 

Functional the Poche 

1.3.1 Kogakuin University Archery Hall (2013) FT Architects  

1.3.2 Church Sun-Pu (2008) Taira Nishizawa 

The Kogakuin University Archery Hall is a campus project driven by its specific set of constraints 

and economics; 1) low budget, 2) latitude for material experimentation and 3) freedom from typical 

planning constraints. As described by Katsuya Fukushima and Hiroko Tominaga of FT Architects, 

the brief boiled down to the design problem of how to maximize space and span while minimizing 

material cost.  The low budget constrained the material choice to small timber sections usually 24

 Katsuya Fukushima and Hiroko Tominaga, interview by author, Tokyo, June 5, 2017.24
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reserved for interior and furniture uses. Spatially, the building is centered on a 10.8 x 7.2m archery 

hall, the function of which requires it to be column-free and entirely open on the long side facing 

the target area. Smaller adjacent spaces contain the entrance hall, umpires seating, and storage 

spaces. Structurally, the building is composed of a rigid timber space frame sitting on top of 

timber-framed walls reinforced with steel cross bracing. The space frame, made up of small timber 

sections ranging from 36x36mm to 50x24mm, occupies the entire volume of the simple pitched 

roof, and is 3.7m thick from the ridge to the ceiling. 

The space of the roof is entirely visible, taking advantage of the timber spaceframe’s transparency 

to expand the sense of spaciousness inside an otherwise modestly sized building. It demonstrates 

the tendency for skeletonized structures to be used near the top of buildings, where fluctuations in 

occupancy loads are low and the weight saving is most valuable. Based on the physics of scaling 

material, skeletonized structures tend to have improved strength-to-weight ratio as they get 

lighter, with the tradeoff of reduced overall load capacity; making it more malleable formally but 

less resilient to load fluctuations. The design of the Kogakuin University Archery Hall takes 

advantage of this quality to achieve the necessary structural depth within the roof for a 10.7m 

span, without making the building top-heavy and unstable.  

The economics of the project also encourages thinking about the costs of lightness, and its 

transferability between material, fabrication, spatial efficiency, and visual effects. Tectonically, the 

Kogakuin University Archery Hall is an exercise in joining smaller, more affordable structural 

elements to achieve long spans, reminiscent of Sukiya architecture and the development of 

advanced joinery to compensate for the timber shortage in 1500s Japan. Viewed abstractly, it is 

the shifting of cost from material to fabrication and spatial inefficiency, the first ameliorated by the 

sophisticated but low-tech method of bolt-and-nut assembly, and the second by the flexibility of 

campus planning, which is perhaps uniquely accommodating of the building’s highly inefficient 

1:1.68 useable space to exterior volume ratio. 
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Church Sun-Pu, similar in scale and material to the Kogakuin University Archery Hall, further 

demonstrates the aesthetic diversity of skeletonized structures. In the account of Taira Nishizawa, 

the design process centers on the mediation between site and program, which at first seemed 

incompatible.  On the one hand, the site is in a dense suburban area of Tokyo next to a train line, 25

with poor access to light and exposed to noise. On the other hand, Protestant Churches have an 

architectural proclivity towards natural light based on their interpretation of Genesis, and an oral 

tradition of reading aloud in the local language, requiring a high degree of acoustic performance.  

Spatially, the project is composed of two parts; a single cubic volume roughly 10.7x10.7m in plan 

and 9.1m high containing the chapel, and an adjacent building containing ancillary functions on the 

ground floor, including smaller spaces for meeting and study, and the chaplain’s residence above. 

Structurally, the chapel volume is a timber cage composed of trusses, while the ancillary building is 

a more regular rigid timber frame. The two parts are structurally connected, with the shorter 

ancillary building acting as lateral bracing for the taller chapel volume. In the event of an 

earthquake, the relative lightness and rigidity of the taller chapel volume, and the material elasticity 

of timber allows the building to perform well. 

Perhaps most notably, the thick layer of skeletonized structural poche that envelopes the chapel, 

760mm deep in the walls, and 1335mm deep in the ceiling, is almost entirely invisible. Instead, the 

thick poché of space is used to enhance the sensorial qualities of the chapel in two ways. First, the 

structural porosity is used to introduce and filter natural light into the chapel space, not only 

facilitating a workable level of luminosity, but also expanding the perception of spaciousness by 

implying space beyond the interior surfaces. Second, the invisible space within the structure helps 

dampen exterior noise, while regulating the interior reverberation time to one suitable for spoken 

 Nishizawa, Taira. Nishizawa Taira Mokuzō Sakuhinshū 2004-2010 = Taira Nishizawa Wooden Works 2004-2010. 初版. ed. 25
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words. In other words, the site and program are mediated through the useful deployment of the 

space in the skeletonized poche. 

Spaces in a Volume 

1.3.3 Pilotis in a Forest (2010) Go Hasegawa  

Whereas the two preceding cases demonstrated the diversity of aesthetic explorations, Pilotis in a 

Forest highlights the spatial design opportunities of skeletonized structures. The case is a 

weekend house in the dense forests around Karuizawa, a mountainous resort town near Tokyo. In 

Hasegawa’s account, the design aimed to facilitate a more mindful way of living with the forest, 

resulting in the staking of indoor and outdoor spaces to mirror the stratified arrangement of the 

forest.  26

Spatially, the building is composed of two elements, a tall outdoor patio at the level of the forest 

floor, and a house elevated 6.2m above. The house, 10x9.1m in plan, is divided into equal quadrants 

containing 1) an outdoor patio with stairs leading down to the covered outdoor space below, 2) a 

bedroom and bathroom, and 3+4) a kitchen and living area. Structurally, the building is a timber 

frame built on top of a lightweight steel frame. The timber frame is braced by sheets of plywood, 

which also serve as the walls, floor, and roof surfaces. The steel frame is braced by steel cables. 

Although the building is somewhat top-heavy, the relatively wide elevational aspect ratio of 1:1, 

overall symmetry, and the light weight allows it to perform well in the event of an earthquake. 

The project foregrounds a common design opportunity that arises from the curious combination of 

contemporary building regulation and the physics of skeletonizing structures. First, the maximum 
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allowable building volume is often more than the maximum allowable area within the typical range 

of floor-to-floor heights, i.e. ~3m*AreaMax < VolumeMax. Second, the strength of skeletonized 

structural configurations typically increases with depth, as suggested by Rg^2=I/A, where the 

rigidity of the system increases with the distribution of material away from the central axis. 

Consequently, within the scale and constraints of a typical house, skeletonized structures often 

ballon out to the maximum allowable volume in pursuit of strength, which in turn allows a high 

degree of freedom in how the limited floor area may be to be distributed within. In the case of 

Pilotos in a Forest, the floor area has been concentrated at the top. 

Further, the design demonstrates the perusal of ‘relative dimensions’, as opposed to an absolute 

minimum. In the architect’s account of the design process, while a variety of column configurations 

were studied, some with even thinner dimensions than the one realized, the final scheme was 

chosen for the column’s visual similitude to the thickness of the surrounding tree trunks. The 

anecdote is indicative of a broader shift towards a more nuanced and design-oriented 

understanding of lightness, as distinct from optimization towards a single metric. 

Large Scale Applications 

1.3.4 Sendai Mediatheque (2000) Toyo Ito  

1.3.5 De Young Museum (2005) Herzog & de Meuron 

The Sendai Mediatheque, with a total floor area of 21,000m2 and volume of 123,000m3, is a 

magnitude larger than the previous cases and demonstrates several design opportunities enabled 

by the increased scale. The original competition brief called for a community building to house four 

distinct programs; 1) a library, 2) an art gallery, 3) a visual image center, and 4) a service center for 

people with visual and hearing difficulties. In Toyo Ito’s account,  their winning scheme aimed to 27

 Itō, Toyoo. Sendai Mediatheque. Barcelona: Actar, 2003.27
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reconstitute the programs into a hybrid ‘mediatheque.’ The highly skeletonized structural 

configuration was developed in pursuit of open plans that could accommodate a diversity of uses 

while maintaining maximum visual and circulatory fluidity across and between floors. 

Spatially, the building is composed of six stacked floors, each 50x50m in plan, and interconnected 

vertically by 13 skeletonized columns housing stairs, elevators, light shafts, and mechanical 

services. Structurally, the building is composed of a rigid steel frame sitting on top of a concrete 

base, connected by isolators to allow movement in the event of an earthquake. Despite the visual 

similarity, the thirteen columns can be divided into two types; four double latticed columns on the 

four corners of the plan with a higher capacity to resist lateral loads, and nine single latticed 

columns that primarily support vertical loads. The floors are steel honeycombs slabs, 45cm thick, 

and welded directly onto the columns to maximum rigidity while keeping a thin profile. Maximum 

spans between columns are up to 20m. 

The building is perhaps most notable for the extent of its skeletonization, as if the Maison Domino, 

Le Corbusier's prototype of modern architecture and itself a skeletonized version of traditional 

architecture, has been subjected to a further round of skeletonization. As described by Matsuro 

Sakaki, the project’s engineer, the structure is a lattice of a lattice.  Metrics suggest that the 28

building is a step function lighter than predecessors, achieving a space to volume ratio of 1:1.27, 

(compare to Tokyo Kasai Park View Point Visitors Center’s 1:1.71). The new dimension of 

skeletonization also allowed the typological reinvention of traditional elements, such as the column, 

from static points in space to the element of connection between floors and to natural air and light. 

The project also foreshadows the architectural potential of monocoque structures or, to use a more 

contemporary term, a unibody, which appears to be a logical convergence point in the pursuit for 

radically skeletonized structures as technological advancements in prefabrication and additive 

 Sasaki, Mutsurō, Itō, Toyoo, and Isozaki, Arata. Morphogenesis of Flux Structure. London: AA Publications, 2007.28
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manufacturing continue to lower the cost skeletonized structures, challenging the economics of 

traditional building fabrication based on the assembly of mass-produced parts. While the Sendai 

Mediatheque had not quite made the technological leap, itself being painstakingly welded together 

from steel tubes for the column, and steel honeycomb slabs for the floor plates, it does aspire to 

and approximate the result of a unibody. In the architect’s own reflection, the new structural 

typology has allowed the design to rethink many traits embedded in the material medium of 

modern architecture, allowing it to eliminate joints, beams, walls, and rooms in the conventional 

sense.  

The final and largest example of the strategy to skeletonize is the De Young Museum, located in 

San Francisco’s Golden Gate Park. The commission itself is embroiled with the seismic history of 

the city, the museum having lost two buildings to earthquake damage since its founding in 1894, 

the first in the 1906 San Francisco Earthquake, and the second in the 1989 Loma Prieta 

Earthquake. In Jacque Herzog’s account,  the design embraces its seismic context and principles 29

of seismic engineering to reimagine the museum typology, producing a scheme that is open to the 

park and uniquely suited to the encyclopedic collection. 

Spatially, the museum is composed of three parallel bands of exhibition spaces divided by planted 

courtyards and pinched together at intervals to create circulatory connections, a shaded outdoor 

area facing the sculpture garden on the west, and an eight-floor education tower on the northern 

corner, with a lookout at the top. The configuration is a curatorial statement foregrounding the co-

existence and connection between diverse artistic traditions, and the museum’s relationship to the 

park and city beyond. Structurally, the building is composed of five distinct parts; three rigid steel 

frames constituting the main building and exhibition spaces, a steel truss cantilever on the west 

side of the building, and a tall concrete tower on the northern corner. The entire building sits on 

top of seismic isolators, allowing each part to move independently in the event of an earthquake. 

 "Herzog & De Meuron 1998-2002." El Croquis., no. 109 (2002): El Croquis. , 2002, (109).29
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The De Young Museum aptly demonstrates the scalar limit of buildings in seismic regions, and the 

design opportunities that arise from it. While the building appears to be a singular monolith, the 

structural separation between constituent parts allow planted courtyards to penetrate deep within 

the building, bringing in light and air. In addition, the compositional approach allows the building to 

contain a diversity of structural typologies that would otherwise be difficult to integrate. Notably, 

the scale of each steel frame structure, approximately 130x25m in plan, seems to be a recurring 

dimension in comparable projects, appearing in Foster + Partner’s Clark Center on the Stanford 

Campus (100x30m), Renzo Piano’s California Academy of Science (100x35m), and Herzog and De 

Meuron’s Dominus Wintery (130x25m), all of which are located in the Bay Area of California – 

suggesting it to be the upper dimensional limit in this particular constructional and seismic context. 

The building also showcases the increasingly sophisticated exploration of aesthetic effects 

enabled by skeletonized structures since the late 1990s, away from the straightforward display of 

transparency towards more sensorial and metaphorical applications. The structural frame of the De 

Young is clad in copper, pressed and drilled with parametrically generated patterns to produce 

visual effects reminiscent of dappled light beneath a forest canopy. As the first prominent 

contemporary case of skeletonization outside Japan, a context which enjoys a uniquely proficient 

construction industry, the project also demonstrates its wider applicability and rendering of the 

strategy in a more ‘typical’ constructional context. 

Summary  

At the end of the five contemporary case studies demonstrating the design strategy of 

skeletalization, two observations may be made. First, the strategy of skeletonization is essentially 

the shifting of material cost to fabrication cost. In other words, either an increase in material cost 

or a decrease in fabrication cost may induce further skeletonization. Given recent technical 
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advancements in fabrication and mounting concerns for the ecological footprint of building 

material, buildings are likely to become more skeletalized in the near future. Second, skeletalized 

structures have specific physical properties; notably, the approach works best when physcial 

material is subtracted but volume is maintained, resulting in a more porous structure with less load 

capacity. This presents the distinct design problem of how to use more space in the poché in 

interesting and productive ways, particularly as the straightforward display of transparency 

becomes less of a novelty. 

1.3b Super Thin 

Steel Panel Boxes 

1.3.6 House in a Plum Grove (2004) Kazuyo Sejima 

1.3.7 Moriyama House (2005) Ryue Nishuzawa 

While the Tokyo Kasai Park View Point Visitors Center of 1995 had foreshadowed the use of solid 

steel in pursuit of thinness, in the first decade, its application had largely been limited to public 

buildings, hindered by technical costs and its foreignness to the domestic landscape. Kazuyo 

Sejima, who had likely developed a familiarity with the material during her time at Toyo Ito’s office 

while the Sendai Mediatheque was being developed, was amongst the first to use solid steel in thin 

panel form in residential architecture, a program to which the material proved to be well suited due 

to its short spans, spatial constraint, and constraint on the size of fenestrations.  30

Spatially, the building is composed of 17 rooms of various proportions, contained within an 

approximately cubic volume 6.1x6.2m in plan and 7.1m in height. The rooms are organized on three 

floors around a central staircase, with two larger double-height spaces on the first and second 

 "SANAA: Kazuyo Sejima Ryue Nishizawa 1998-2004 (Part 1)." El Croquis., no. 121 (2004): El Croquis. , 2004, (121).30
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floors. Privacy increases with height. Rooms are visually connected with small but carefully 

composed fenestrations. Structurally, the building is a three-dimensional corrugated frame 

composed of 16mm thick steel panels, prefabricated and welded on-site, employing the expertise 

of a shipbuilding crew. The rigidity and lightness of the structure, in addition to its compact and 

approximately symmetrical configuration, are assets in an earthquake. 

The Plum Grove House was the first canonical building of its type, which soon became a niche but 

non-trivial category in contemporary architecture. It foreshadowed many of the design 

opportunities and limitations associated with this structural category. For instance, the need to 

buttress the thin steel panels at close intervals, as they are prone to buckling, has been developed 

into the architectural language of interlocking rooms. In the Plum Grove House, the household 

activities are sub-divided into smaller constituent parts, and each given an individual room. The 

limited scale of each room is compensated with the quantity and diversity of spatial experiences.  

The physics of opening fenestrations on steel panels is also relatively unique, with a high degree of 

compositional freedom and little efficiency or economy to be gained from alignments. Due to 

steel’s tensile strength, panels can accommodate a larger number of smaller fenestrations but may 

be significantly weakened by a large opening, particularly if they are close to unbraced edges. In 

short, the Plum Grove House balanced the lack of overall transparency with 42 carefully curated 

fenestrations, 14 to the outside and 28 within the house – in the process developing a nuanced 

architectural language responding directly to the physical metrics of the structural type. 

The Moriyama House, developed around the same time as the Plum Grove House but completed 

one year later, was another pioneering project in the use of thin steel panels. In the account of 

Ryue Nishizawa,  the project responded to the single-family houses' effective monopoly in the 31

suburban environment and aimed to propose to new residential typology that is more 
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accommodating of diverse contemporary lifestyles, which tend to be less defined and stable. As 

with the Plum Grove House, the steel panel structure was primarily justified as a space-saving 

device, then explored for its interesting architectural potentials. 

The Moriyama House is composed of 10 small buildings, ranging from one to three floors high. Four 

buildings have an additional basement floor. Arranged like a small neighborhood of rooms, the 

design can accommodate a diversity of residents and lifestyles, ranging from a single occupant to 

a community of three to four small families. The careful arrangement of open spaces and 

fenestrations provides the necessary privacy and openness. Structurally, the building is composed 

of ten boxes constructed from 5mm thick steel panels, prefabricated and welded on site, anchored 

onto robust concrete foundations. In the event of an earthquake, the small scale of each building, 

in addition to the material strength of steel, allows it to perform well.  

As described earlier, thin steel panels are primarily limited by its tendency to buckle and need to be 

braced at short intervals. Responding to a similar program and material constraints, the Plum Grove 

House and the Moriyama House have a similar number of rooms, 17 and 19 respectively, with 

comparable dimensions. However, whereas the Plum Grove House utilized interlocking rooms to 

provide the necessary density of bracing, the Moriyama House is a composition of small parts, 

each within the dimensional limit of the structural type. The two are different means to the same 

end; demonstrating the diversity of architectural deployments within a seemingly converging set of 

constraints. 

The Sense of Thinness 

1.3.8 House with Plants (2013) Junya Ishigami 

1.3.9 Steve Jobs Theater (2017) Foster+Partners 
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A more recent example in the super-thin category is the House with Plants, completed in 2013. 

Built almost a decade after the Plum Grove House, the project demonstrates a clear shift towards 

the exploration of more diverse sensorial qualities of thinness, as opposed to the early focus on 

visual and spatial innovations. Most likely, Junya Ishigami had developed a familiarity with thin steel 

panel structures during his time at the SANAA office while the two earlier cases were being 

developed. In Ishigami's account,  the project was an experiment in blurring the house and the 32

garden through the dematerialization of the structure. 

Spatially, the house is composed of a small two-floor building nestled within a 7.3m tall envelope, 

within an abundance of in-between space. The envelope extends to the volumetric boundary of the 

site. The two-floors building contains a living room on the ground and a bedroom above. The in-

between space is a hybrid between a garden and living spaces, with a range of domestic furniture 

and appliance dispersed amongst plants planted directly into the soil floor. Structurally, the 

building is composed of two independent rigid steel frames. The outside envelope is composed of 

6mm thick steel bars, L shaped columns on the four corners, and 300mm deep beams concealed 

within the ceiling. The smaller frame too is composed of thin columns and thick beams. 

Notably, while the Moriyama and Plum Grove House had laminated the thin steel walls with thermal 

insulation to ameliorate its high conductivity, resulting in a somewhat compromised solution 

between thinness and thermal performance, the House with Plants embraced the microclimate of a 

super-thin steel shell to redefine a new relationship between the inside and outside of a house. In 

the House with Plants, only the living room may be closed off and heated or cooled in a controlled 

way, while the conditions inside the larger volume of the house fluctuate with the climate, albeit 

with dampened amplitudes.  

 Ishigami, Jun'ya. Ishigami Jun'ya : Chiisana Zuhan No Matomari Kara Kenchiku Ni Tsuite Kangaeta Koto = Small Images. 初版. 32

ed. Contemporary Architect's Concept Series ; 2. Tōkyō: INAX Shuppan, 2008.
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While super thin structures have mostly been associated with Japanese architecture, driven by its 

combination of spatial constraints, a relatively mild climate, and a distinctly refined and detail-

oriented construction industry, it is certainly not unique to it. The Steve Jobs Theater in California, 

complete in 2017, demonstrates a convergent evolution towards super-thin structures in an equally 

seismic context driven by a different set of factors. Designed by Foster + Partners, the building is 

currently the largest all-glass supported structure. In the account of the architect,  it was the 33

pursuit of transparency and material abstraction, as opposed to the maximization of space within a 

limited volume, that produced the resulting thinness. Revealingly, the glass structure has a 

perfectly circular plan, a structurally advantageous but spatially inefficient shape. 

The building is composed of two parts, the iconic circular glass lobby above ground, and a vast 

underground concrete structure containing the namesake auditorium, an exhibition space, and 

back of house functions. While the construction first appears to have needed extensive 

excavations, in reality, it was built mostly above ground, then covered with landscaping to give the 

impression of a glass pavilion on top of a small hill. Structurally, the building is composed of a 

carbon fiber disc roof 47m in diameter, supported on a 6.6m tall glass cylinder composed of 5cm 

thick curved glass, anchored onto the concrete base. The rigidity and lightness of the carbon fiber 

roof minimize lateral loads on the glass panels, while the curved geometry and large size of each 

glass panel help to avoid and reduce stress points. The symmetry and relatively small size of the 

pavilion allow it to perform well in an earthquake. 

As discussed earlier, the development of super-thin structures in the Japanese context had been 

closely associated with the adaption of steel construction from shipbuilding and was foreshadowed 

by its use in the Tokyo Kasai Park View Point Visitors Center in 1995. In the same way, the Steve 

Jobs Theater seems to foreshadow a new category of glass-based super-thin structures, 

facilitated by advancements in glass technology and driven by the design pursuit for seamless 

 Foster+Partners. “Steve Jobs Theater.” Accessed January 15, 2020. https://www.fosterandpartners.com/projects/steve-jobs-33

theater/.
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transparency. It seems fitting that Apple should pioneer the use of super-thin glass structures, 

having already spearheaded the development and design applications of advanced glass in its 

consumer electronic products. 

Scalar Limits of Thinness 

1.3.10 Tama Art University Library (2004) Toyo Ito 

The Tama Art University Library is the final and largest projects to be discussed in the super-thin 

category, demonstrating the design challenges and opportunities of scaling up a structural type 

more typically associated with small-scale buildings. Located in the outer-city Hachioji Campus of 

the Tama Art University, the project brief called for a combination of iconic recognizability and 

community center in addition to its namesake function as a library. In Toyo Ito’s account,  the 34

distinctive arch profile was chosen both as a reference to the classical forum and for structural 

rigidity, blurring the line between architectural and structural design. 

Spatially, the building is composed of two open-plan floors, with a similar grid of colonnade lightly 

demarcating zones for different activities. The ground floor is applied with a three-degree slope, 

following the existing topography of the site, and houses more extroverted, socially-oriented 

programs, including a cafe and gallery. The second floor houses the book stacks and core library 

programs. Structurally, the building is a steel frame with rigid capitals and pinned bases, composed 

of 12mm steel plates with 75mm wide flanges, sitting on a seismically isolated concrete basement 

and foundation. The iconic arch profile acts as bracing between the column and ceiling beams, 

contrary to its traditional funicularity. The steel is then encased in concrete for fire protection and 

to prevent buckling, resulting in a 200m thick wall that is still distinctly thin in proportion. 

 "Toyo Ito 2005-2009." El Croquis., no. 147 (2009): El Croquis. , 2009, (147).34
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Perhaps most notably, the building demonstrates the scalar limit of super-thin structures and the 

creative reinterpretation of the traditional arch form as bracing between the column and beam. 

Even with thick flanges and concrete casing, the maximum span of the building does not exceed 

12m. The larger building is composed of smaller structural modules to provide the necessary 

density of bracing, similar to the strategy observed in the Plum Grove House. The braced capital 

and pinned joint configuration allow columns to taper down to a 400mm cross at ground floor, 

maximin openness at floor level within the grid of columns. 

Summary 

At the end of the five cases in the super-thin category, two conclusions may be drawn. First, super-

thin structures perform well in earthquakes due to their lightness, but are limited by their 

propensity to buckling. Design strategies are mostly concerned with the different ways of 

combining small spans, typically ranging from 5-12m in steel, into larger wholes while alleviating 

the feeling of constriction. Second, super-thin structures require substantial bases, which are often 

utilized to house programs that cannot be accommodated in light structures, resulting in a binary, 

light/heavy configurations. This trend is more pronounced in larger, public programs, in which the 

users as less adaptable and functions have more specific spatial demands.  

1.4 Future - Levitation and the Bearable Lightness of Architecture 

Moving forward into the next decades, lightness is likely to become a mainstream building design 

strategy in seismic regions, as it remains an expedient and convenient strategy in many seismic 

contexts adding to or replacing their existing building stock. Light structures tend to be more easily 

transportable, materially frugal, and compatible with timber building traditions; making it an 

obvious choice in developing parts of the world, where most construction in seismic regions is set 
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to take place. Examples of this trend include the government-sponsored programs to replace 

traditional heavy tiled roofs with lightweight steel roofs in Indonesia and western China, and the 

adoption of easy-to-assemble steel construction systems intended for post-earthquake housing 

and long-term uses. 

At the cutting edge, the pursuit of lightness in architecture appears to be approaching an 

asymptotic limit on the account of three factors. First, while even lighter structures may be 

possible from a technological perspective, they are often prohibitively expensive to apply at the 

architectural scale. Second, the singular pursuit of physical lightness in architecture is no longer a 

novelty for contemporary designers. Instead, the focus is directed to diverse design applications 

and the exploration of more sophisticated aesthetic effects. Third, despite the general proclivity 

and shift towards lightness in contemporary architecture, many building types remain resistant to 

light structures for functional or perceptual reasons - theaters and religious spaces are examples 

of this, because of the need for specific acoustic performance or enclosed atmosphere. Even 

within a single building, programs and structures are increasingly divided into light and heavy 

parts, in order to accommodate functions unsuited to light structures and to enhance the 

experience of lightness through contrast. 

The following section will examine five building prototypes that offer some insights about the 

direction of future development in the building strategy of lightness. The cases are all built 

between 2007 to 2017, and range from architectural pavilions, structural prototypes, and art 

installations. Three broad trends may be observed. First, as the design strategies associated with 

skeletonized and super-thin structures mature, they will increasingly develop into an aesthetic 

sensibility more broadly associated with Japanese architecture, where most cases are located. 

Indeed, the super thin and skeletonize aesthetic is already been exported to non-seismic contexts 

as a distinct design sensibility independent of and often detached from its early structural 

rationale. Second, in the continuous pursuit of lightness, designers and engineers are beginning to 
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make the inevitable leap to floating structures, often with the aid of helium gas. With realized cases 

still limited, it remains to be seen whether the trend will take off or die out, although its appearance 

in serious competition entries and building schemes demonstrates its practical applicability. Third, 

as structures become lighter and more ductile, it is beginning to approach a bearable weight for 

the human body, thereby eliminating the primary cause of injury and death in an earthquake; falling 

buildings. Again, research is in the early stages, but the implications may be profound. 

Lightness as Style 

1.4.1 Serpentine Pavilion (2009) SANAA  

1.4.2 Serpentine Pavilion (2013) Sou Fujimoto 

While the strategy of lightness had initially proliferated in seismic regions due to its specific 

structural advantages, as the design approach matures, it is increasingly becoming a style more 

generally associated with the Japanese context, an early pioneer of seismic engineering where 

cases of light structures are most common and highly developed. This trend is clearly 

demonstrated in the forum of the Serpentine Pavilion, a prestigious annual commission for a 

temporary summer pavilion by a leading architect who has yet to build in the United Kingdom. In 

the program’s 17 year history, four Japanese architects have been selected; Toyo Ito in 2002, 

SANAA in 2009, and Sou Fujimoto in 2013. Predictably, all three have continued their domestic 

architectural preoccupations, which are inevitably embroiled in issues of seismicity, to produce 

designs that are probably structurally redundant for the context of London but is perceived to have 

a uniquely Japanese aesthetics. 

While Toyo Ito’s pavilion is perhaps best understood through the design strategy of visibility, with 

its abstraction of cross-bracing elements, and will be discussed in a later chapter, SANAA and 

Fujimoto’s pavilions are almost casebook examples of the super thin and skeletonize structure 
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types that have been incubating in the domestic Japanese context since the late 1990’s. SANAA’s 

2009 Serpentine Pavilion  is composed of an expansive and irregular amoebic shaped roof, 35

supported on approximately a hundred irregularly placed columns. Both the roof and columns are 

exceedingly thin - with a thickness of 25mm and a diameter of 60mm respectively. Along with the 

mirror finish on all surfaces, the pavilion is ethereal; blending into the surrounding landscape. Sou 

Fujimoto’s 2012 Serpentine Pavilion  is composed of three-dimensional crosses welded from 36

2x2cm solid steel rods, each forming a 40x40x40cm module that is then aggregated into a cloud-

like form with a relatively enclosed central area and a diversity of seating, climbing and overhang 

conditions at its irregular periphery. Structurally, both pavilions are rigid steel frames that rely on 

its lightness and the collective rigidity of joints to remain stable and absorb movement - a 

configuration highly effect in seismic contexts but somewhat redundant for the context of London. 

Interestingly, both pavilions have been reviewed as exhibiting uniquely Japanese aesthetics, such 

as ephemerality and an ambiguous distinction from nature. The cloudlike forms are seen as a 

continuation of the motif from traditional woodblock prints, while the high number of minimally 

expressed structural joints have been compared to traditional Japanese architecture, particularly in 

the Sukiya style, which was also noted for its refined joinery and thin structural elements. Indeed, 

the design strategies originally developed to ameliorate the limitations of the super thin and 

skeletonized structural type appear to have evolved into a sensibility, bordering on a style, 

independent of its material origin and are both being exported to non-seismic contexts and 

adopted by foreign designers working in the Japanese context. 

Levitating Buildings 

1.4.3 Serpentine Pavilion (2006) Rem Koolhaas/OMA  

 "SANAA 2008-2011." El Croquis., no. 155 (2011).35

 Fujimoto, Sōsuke, Sophie. O'Brien, and Serpentine Gallery. Sou Fujimoto : Serpentine Gallery Pavilion 2013. London: Köenig, 36

2013.
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1.4.4 Balloon (2007) Junya Ishigami 

1.4.5 Meeting Point (2009) Smiljan Radic 

In the continual perusal of lightness in architecture, it seems inevitable that designers and 

engineers will make the leap to levitating structures, thus eliminating architecture’s attachment to 

the ground, and by extensions, the effects of seismic movements. While schemes of floating 

architecture have appeared in various fictional proposals, including the flying island of Laputa in 

Jonathan Swift's Gulliver's Travels from 1726, and more recently with Archigram’s Instant City from 

the 1960's, in which the untethered structure represents freedom from the ails of geographic 

constraints, it is only since late 2000 that floating structures have made consistent appearances in 

architecture, facilities by technical advancements and the persistent interest in lightness in 

contemporary architecture. 

One of the first significant realized buildings to have a floating component was the 2006 

Serpentine Pavilion by Rem Koolhaas and Cecil Balmond.  Composed of an ovoid-shaped 37

inflatable canopy floating above a circular steel frame pavilion, the roof is ‘tied-down’ to the 

ground, reversing the typical relationship between building structures and gravity. The roof, 

essentially a pneumatic balloon structure, is lit from within and is raised or lowered in response to 

weather conditions. The floating roof makes few concessions to the functional requirements of the 

pavilion, retaining its natural and platonic spherical form, while all functions are contained within 

the more typically structured building below.  

In the following year, Junya Ishigami’s Cuboid Balloon,  an art installation project, was realized in 38

the Museum of Contemporary Art in Tokyo. It is perhaps most notable as one of the first floating 

structures to depart from the natural ovoid form. Instead of relying on air pressure to define the 

 Balmond, Cecil, Jannuzzi. Smith, and Christian. Brensing. Informal. Munich ;: Prestel, 2002.37

 Balloon, Contemporary Art Museum, Tokyo, Japan, 2007-2008: [Junya Ishigami].” Croquis, no. 182 (2016): 212–17.38
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shape of the floating structure, the cuboid balloon is a four-story tall aluminum truss frame covered 

in aluminum panels and filled with helium gas. The one-tonne weight is precisely balanced by the 

noble gas, allowing the entire structure to float weightlessly in the five-story-tall gallery space. In 

the architect’s account, the rectangular volume, reminiscent in scale and form of the typical 

building in Japan, was chosen to test the architectural potentials of lighter than air structures, 

foreshadowing its design applicability in more typical urban contexts. 

More recently, floating structures have been applied directly to seismic contexts - recognizing its 

superior resistance to earthquake movements in addition to the usual advantages of easy 

deployability and material efficiency. An example in this category is Smiljan Radic’s Meeting Point, 

designed in the aftermath of the 2007 Quillagua Earthquake in Chile and prototyped in 2009 at an 

Emergency Architecture workshop in Beijing.  The structure is composed of an inflatable ovoid 39

sphere tethered to three weighted tripods, and is intended to be a rapidly deployable shelter 

following earthquake events. The upper half of the ovoid is a membrane of flexible photovoltaic 

modules, which can provide a permanent source of power to the community throughout and 

beyond the emergency period, while the lower half is transparent ETEF. The overall visual effect is 

of a floating dome, providing a sheltered community space. As with the Cubic Balloon, the adoption 

of more familiar architectural forms foreshadows its transition into permanent and mainstream 

architecture. 

Last but not least, floating structures are also appearing with increasing frequency in stadium 

design competition schemes, where its lightness, transparency, and capacity to cover long spans 

without adding significantly to the structural load on the structural below makes it particularly 

attractive. While non of the schemes have yet be successfully realized, given the frequency of its 

appearance even amongst the more mainstream and establish practices, such as in Herzog & de 

 "Smiljan Radic 2003-2013." El Croquis., no. 167 (2013): El Croquis. , 2013, (167).39
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Meuron's original competition scheme for the Allianz Arena in Frankfurt, it seems levitation at a 

grand scale is imminent. 

The Bearable Weight of Structures 

1.4.6 Nebuta Tectonic/Preventing Death in the Event of Collapse (2015) Jun Sato 

1.4.7 Poured Sticks Structure (2014) Jun Sato 

At the cutting edge of the perusal for lightness, designers and engineers are beginning to 

speculate about the possibility of structures that are light enough to limit injuries even in the 

scenario of a total collapse. This hypothesis has revolutionary potentials for seismic engineering, 

as it reframes the earthquake problem to foreground the main cause of injuries in an earthquake; 

falling buildings. In many ways, it may be seen as the natural endpoint of the paradigm shift in 

structural engineering from permissible stress design towards limit state design since the late 

1950s, which designed structures backward from the ultimate limit to ensure that it failed in a 

gradual and predictable way, as opposed designing forward from the expected loads and sizing 

elements to not fail. 

A pioneer in this category is Jun Sato,  a specialist in aggregate and super-thin structures, and 40

the engineering brain behind some of the more remarkable projects in this study, including Junya 

Ishigami’s Cubic Balloon, Sou Fujimoto’s House NA, and Kengo Kuma’s Kawartana Onsen 

Community Center. Since the early 2010s, Sato’s Laboratory at the Tokyo University has 

systematically pursued a line of research titled ‘Nebuta Tectonics - Preventing Death in the Event 

of Collapses,’ and has so far produced two pavilion-scale prototypes. The research draws 

inspiration from the traditional crafts of the Wagasa, the Japanese paper umbrella made from 

timber, string and oiled paper; and the Nebuta, the large-scale floats at the Aomori Festival Parade 

 Jun Sato, interview by author, Tokyo, May 8, 2017.40
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built from paper and thin wire. Research involves the systematic structural testing of the paper and 

steel wire frame tectonic to develop a workable building methodology. The latest prototype, 

completed in 2015, is more than 5m high and houses a diversity of domestically scale-spaces. 

Several parallel research projects in the Sato Lab also appears to be moving towards the grail of 

structures with a bearable weight. One approach is to make the structure from small components, 

thus dividing the weight of the building into manageable fragments in the event of a collapse. An 

example is the Poured Stick Structure, first prototyped in 2014. As the name suggests, the 

structure is made from chopstick sized sticks connected simply by touching. The soft and weak 

material develops rigidity and structural strength through thick volume and the aggregation of 

complex 3D angles and connecting points. Thin steel cable rings are interwoven into the structure 

to provide additional safety, particularly during the construction process.  

In Jun Sato’s account, the most promising direction is the new dimension of skeletonization made 

possible by technological advancements in additive manufacturing. In the same way that the 

industrialization of the construction industry facilitated the mass production of architectural 

trusses, which is a skeletonized version of the classical column and beam, it may soon be 

economically feasible to produce a lattice of a lattice at the architectural scale. The associated 

improvement in ductility and lightness may finally present the possibility of a bearable structure.
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1.2.1 LIGHTNESS

Precedents – 
From the Conservation of Material to Living Inside Frames

PROJECT

Geppa-rō, in the Katsura Rikyu

DATE

1600s

LOCATION

Kyoto, Japan

ARCHITECT

Prince Hachijō Toshihito
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Precedents – 
From the Conservation of Material to Living Inside Frames

PROJECT

Case Study House No.8

DATE

1949

LOCATION

Los Angeles, USA

ARCHITECT

Charles and Ray Eames

1.2.2 LIGHTNESS
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Precedents – 
From the Conservation of Material to Living Inside Frames

PROJECT

Big Roof at Expo 70

DATE

1970

LOCATION

Osaka, Japan

ARCHITECT

Kenzo Tange

1.2.3 LIGHTNESS
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Precedents – 
From the Conservation of Material to Living Inside Frames

PROJECT

Kasai Park View Point Visitors Center 

DATE

1995

LOCATION

Tokyo, Japan

ARCHITECT

Yoshio Taniguchi

1.2.4 LIGHTNESS
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Precedents – 
From the Conservation of Material to Living Inside Frames

PROJECT

Centre Culturel Jean-Marie Tjibaou

DATE

1998

LOCATION

New Caledonia

ARCHITECT

Renzo Piano

1.2.5 LIGHTNESS
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Contemporary Cases – 
To Skeletonize and the Super Thin

PROJECT

Kogakuin University Archery Hall

DATE

2013

LOCATION

Tokyo, Japan

ARCHITECT

FT Architects

1.3.1 LIGHTNESS
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Contemporary Cases – 
To Skeletonize and the Super Thin

PROJECT

Church Sun-Pu

DATE

2008

LOCATION

Tokyo, Japan

ARCHITECT

Taira Nishizawa

1.3.2 LIGHTNESS
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Contemporary Cases – 
To Skeletonize and the Super Thin

PROJECT

Pilotis in a Forest

DATE

2010

LOCATION

Karuizawa, Japan

ARCHITECT

Go Hasegawa

1.3.3 LIGHTNESS
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Contemporary Cases – 
To Skeletonize and the Super Thin

PROJECT

Sendai Mediatheque

DATE

2000

LOCATION

Sendai, Japan

ARCHITECT

Toyo Ito

1.3.4 LIGHTNESS
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Contemporary Cases – 
To Skeletonize and the Super Thin

PROJECT

De Young Museum

DATE

2005

LOCATION

San Francisco, USA

ARCHITECT

Herzog & de Meuron

1.3.5 LIGHTNESS
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Contemporary Cases – 
To Skeletonize and the Super Thin

PROJECT

House in a Plum Grove

DATE

2004

LOCATION

Tokyo, Japan

ARCHITECT

Kazuyo Sejima

1.3.6 LIGHTNESS
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Contemporary Cases – 
To Skeletonize and the Super Thin

PROJECT

Moriyama House

DATE

2005

LOCATION

Tokyo, Japan

ARCHITECT

Ryue Nishuzawa

1.3.7 LIGHTNESS
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Contemporary Cases – 
To Skeletonize and the Super Thin

PROJECT

House with Plants

DATE

2013

LOCATION

Tokyo, Japan

ARCHITECT

Junya Ishigami

1.3.8 LIGHTNESS
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Contemporary Cases – 
To Skeletonize and the Super Thin

PROJECT

Steve Jobs Theater

DATE

2017

LOCATION

Cupertino, USA

ARCHITECT

Foster+Partners

1.3.9 LIGHTNESS
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Contemporary Cases – 
To Skeletonize and the Super Thin

PROJECT

Tama Art University Library

DATE

2004

LOCATION

Tokyo, Japan

ARCHITECT

Toyo Ito

1.3.10   LIGHTNESS
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Future - 
Levitation and the Bearable Lightness of Architecture

PROJECT

Serpentine Pavilion

DATE

2006

LOCATION

London, UK

ARCHITECT

Rem Koolhaas/OMA

1.4.1 LIGHTNESS
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Future - 
Levitation and the Bearable Lightness of Architecture

PROJECT

Serpentine Pavilion

DATE

2013

LOCATION

London, UK

ARCHITECT

Sou Fujimoto

1.4.2 LIGHTNESS
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Future - 
Levitation and the Bearable Lightness of Architecture

PROJECT

Serpentine Pavilion

DATE

2006

LOCATION

London, UK

ARCHITECT

Rem Koolhaas/OMA

1.4.3 LIGHTNESS
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Future - 
Levitation and the Bearable Lightness of Architecture

PROJECT

Balloon

DATE

2007

LOCATION

Tokyo, Japan

ARCHITECT

Junya Ishigami

1.4.4 LIGHTNESS
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Future - 
Levitation and the Bearable Lightness of Architecture

PROJECT

Meeting Point

DATE

2009

LOCATION

Chile

ARCHITECT

Smiljan Radic

1.4.5 LIGHTNESS
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Future - 
Levitation and the Bearable Lightness of Architecture

PROJECT

Nebuta Tectonic

DATE

2015

LOCATION

Tokyo, Japan

ARCHITECT

Jun Sato

1.4.6 LIGHTNESS



73

Future - 
Levitation and the Bearable Lightness of Architecture

PROJECT

Poured Sticks Structure

DATE

2014

LOCATION

Tokyo, Japan

ARCHITECT

Jun Sato

1.4.7 LIGHTNESS



Chapter 2 

Quickness 

2.1 Quickness, or the maintenance of readiness. 

A central complexity of the earthquake problem is the unpredictable element of time, with 

recurrence intervals and occurrences operating on vastly different temporal scales - the former 

measured in decades and centuries, and the latter in seconds and minutes. This chronological 

contrast is particularly problematic when it intersects with building cultures, which tend to be 

organized around consistent and slow-moving cycles, such as a building stock’s natural rate of 

obsolescence, demographic shifts, the process of urbanization, or the cycles of boom and bust in 

real estate markets. Even in regions with frequent seismic activities, the conventional process for 

construction, repairs, and rebuilding are often overwhelmed by major earthquakes; requiring a 

category of design strategy better attuned to the bipolar and precarious timescale of seismicity. 

In this study, quickness, or the maintenance of readiness, refers to a category of design strategy 

that responds most directly to the element of unpredictable time in the earthquake problem. It 

uses the agility of narratives, which can link events dispersed across space and time and present 

them simultaneously to reveal patterns and prescribe responses to rare and irregular events. When 

applied as a building design strategy in seismic regions, it is primarily concerned with the effective 

management of large-scale human and material resources, so that a coherent intention or strategy 

is maintained in rapid deployment and over long periods of dormancy. The ability to anticipate and 

make preparations, for example by stockpiling building material or establishing a response 

protocol, creates the impression of quickness when the anticipated event occurs. Strategies of 

quickness may be found across the developmental spectrum during periods of stress, for example 

after a major earthquake, when conventional building activities are disrupted. However, it is in 
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underdeveloped regions with poor infrastructure where strategies of quickness may have the most 

impact, with post-disaster reconstructions potentially serving as an occasion for concentrated 

knowledge transfer and the establishment of frameworks capable of accommodating and guiding 

longer-term developments beyond the initial stages of recovery. 

As with lightness, the strategy of quickness is not an exclusively modern invention, nor is its 

application limited to the problem of building in seismic regions. As a broader approach to 

mitigating the risks of unpredictable timescales that deploy the agility of narratives to reveal 

patterns and maintain a state of readiness, it has a far longer historical lineage. Examples range 

from pre-modern myths that link geological phenomenons to specific actions, allegories that 

foreground abstract principles applicable across different scales and contexts, to public 

information campaigns that make perceivable otherwise abstract and intangible risks in the modern 

world. The section below will examine five episodes that resonate with the qualities of quickness, 

aiming to trace the evolution and key traits of the strategy from historical to the contemporary 

period. 

2.1.1 Earthquake Myths, Peru (c.1250BC) 

Early examples of quickness as a risk mitigation strategy may be found in the genre of pre-modern 

myths in seismic cultures, which aim to explain the cause of earthquakes and, by extension, 

prescribe the appropriate modes of response. A particularly notable case is the Peruvian myth, 

which attributes earthquakes to Gods walking around the earth tallying the population; to which 

the appropriate response is to run outside with raised hands while shouting loudly, thereby 

expediting the counting. Written records of the myth date to the 13th century Incan deity of 

Pachamama, although it is almost certain to have emerged in earlier cultures in the highly seismic 

Andean region, evidence of which date to 1250BC. Modern observers will recognize the practical 
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usefulness of the Peruvian myth; which links with a concise story the phenomenon of an 

earthquake to an evacuation protocol. While the hypothesis is scientifically inaccurate, the myth is 

able to memorably prescribe an effective response to a rare geological phenomenon that may 

otherwise be forgotten in a generation.  

As Guidoboni and Ebel observe in their survey of earthquakes and tsunamis from the past, almost 

all seismic cultures have myths to explain the mechanism of earthquakes.  Myths are particularly 1

effective for linking two specific things without a logical connection. However, they are also 

difficult to adjust or recall once established, meaning that in the long term, myths are either 

specific but out of date, or valid but too general to be practically useful. Consequently, most 

surviving myths only espouse general principals such as teamwork, as in the Gabrielino Indian myth 

of the six turtles supporting the world, whose periodic arguments and parting of ways cause 

earthquakes, or helps to alleviate the terror of incomprehension by attributing the earthquake to 

more familiar natural phenomenon, as in the case of Namazu, the mischievous catfish under the 

islands of Japan. The Peruvian case is extremely rare for its specificity and illustrates the 

limitations of quickness through myths - while running outside in an earthquake may be 

advantageous in historically rural circumstances, the opposite is true in contemporary cities with 

modern constructions; often requiring extensive re-education campaigns to readjust established 

notions amongst rural-urban migrants. 

2.1.2 Da Yu Zhi Shui, or Yu the Great Controls the Waters (94BC) Shiji 

The strategy of quickness also finds strong resonances in allegorical traditions.  An early canonical 2

example is the allegory of Da Yu Zhi Shui, or Yu the Great Controls the Waters, from China. Yu is a 

 Guidoboni, Emanuela, and John E. Ebel. Earthquakes and Tsunamis in the Past; a Guide to Techniques in Historical 1

Seismology. New York, NY: Cambridge University Press, 2009.

 Monroe, Paul. A Text-book in the History of Education. New York: Macmillan, 1914.2
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quasi-mystical figure who lived between 2200-2100 BC and systematic records of whom date to 

the Shiji, or Records of the Grand Historian, from 94BC. Originally a folklore that chronicled the 

overcoming of the disaster of flooding, it was later adopted into the Confucian canon and is today 

an indispensable part of primary school curriculums across the Sinosphere. Through various 

adaptations, the story has maintained its basic two-part plot: 1) following his father’s unsuccessful 

attempts, Yu works tirelessly for 13 years to curb the periodic flooding around the Yellow River, so 

dedicated that he is unable to visit his wife and child for the duration of the project, and 2) 

following his ultimately successful implementation of innovative flood control measures, which 

focus on dredging and redirecting floodwater to irrigate fields as opposed to reinforcing dikes, Yu 

rose to the throne of the Xia Dynasty, inaugurating dynastic rule in China. 

While myths establish highly specific links, often without logic, allegories present a complex web of 

actions and outcomes simultaneously, that together reveal sets of abstract principles applicable to 

different contexts and scales. This general applicability is demonstrated within the story itself, with 

the same set of Confucian principles guiding Yu to success both in water engineering and 

government. Further, the story of Yu foregrounds the microcosmic quality of allegories, in the 

sense that it conveys a comprehensive world view, as opposed to fragmented instructions. A close 

reading of the terse plot reveals a surprisingly broad spectrum of Confucian ideals, including, 1) 

meritocracy as the basis of rule, 2) the advantages of centralized government, particularly in 

disaster-prone China, 3) continuity of duty across generations and filial piety as the paramount 

social obligation, notably above those to the wife and child, and 4) the conception of nature as a 

capricious force that may be tamed through the strategic and persistent application of human will. 

Allegories are effective strategies of quickness, as a single story can convey fulls set of ideas, 

while multiple stories serve to reinforce ideas, and may be cross-referenced to correct 

misinterpretations; both useful qualities when trying to communicate with limited means and 

fidelity. 
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2.1.3 'Keep Calm and Carry On' Campaign, United Kingdom (1939) Ministry of Information 

As an elemental component of many early cultures, the basic framework of the strategy of 

quickness was relatively well developed by the first millennium, with the emergence and maturity of 

the major literary traditions and world religions. As Alain de Bottom observes in his broader study 

of religions and its applicability in secular modern societies, the most persistent cultural traditions 

converge towards similar devices of allegory and recapitulation, the combination of which, as now 

unveiled by modern neuroscience, maximize the reception and retention of ideas by the human 

mind.  While the allegorical frameworks of quickness remain relatively unchanged through the 3

second millennium AD, it is periodically re-rendered and magnified through new mediums of 

communication, driven by the need to mitigate the increasing scales and abstraction of risk in a 

globalizing world. By WWI and WWII, public information campaigns such as the ‘4 Minute Men’ 

videos produced by the United States’s Committee on Public Information and the ‘Keep Calm and 

Carry On’ posters produced by the British Government’s Ministry of Information were at the 

forefront of utilizing film and graphic design for rapid and mass communication of critical 

knowledge in response to the new scale and abstraction of modern warfare. 

2.1.4 Human Interference Task Force (1981) U.S. Department of Energy and Bechtel Corp 

The scale of risk, both in terms of timespan and devastation, reached an apex with the onset of the 

nuclear age in the second half of the 20th century; testing the chronological limits of the strategy 

of quickness. A particularly interesting episode revolves around the development of warning 

markers for nuclear waste storage sites in the Yucatan Desert for Uranium-234, a fatally 

 De Botton, Alain. Religion for Atheists : A Non-believer's Guide to the Uses of Religion. 1st U.S. ed. New York: Pantheon 3

Books, 2012.
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radioactive material with a half-life of 25,000 years. The facility itself is planned for an operational 

period of 10,000 years - twice the length of recorded history.  The problem was first systematically 4

examined by the Human Interference Task Force, a team of engineers, nuclear physicists, 

anthropologists, linguists, science function authors and other experts invited by the U.S. 

Department of Energy and Bechtel Corp in 1981 for the project in the Yucca Mountains. Quickly 

realizing that obvious solutions based on languages, icons, and infographics would succumb to 

cultural drift and lose their meaning within 10,000 years, the project became an investigation into 

ways of communicating and incubating messages, or maintaining readiness, at the scale of 

geological time.  

Solutions mostly revolved around magnifications of existing tropes. Thomas Sebeok, inspired by 

the longevity of the Catholic Church, proposed an atomic priesthood that would preserve and 

perpetuate knowledge of the atomic site. The team of Françoise Bastide and Paolo Fabbri, 

observing the persistence of myths and the cat’s long history of cohabitation with humans, 

suggested engineering and releasing a breed of cats that would change color when exposed to 

radiation while perpetuating myths about the dangers of color-changing cats through specifically 

written songs and stories. Vilmos Voigt proposed a process of periodically installing warning signs 

concentrically around the site in contemporaneous languages, offering warning and accumulative a 

way to translate back into the older languages. Emil Kowalski’s solution is perhaps the most 

straightforward, with a proposal to raise the technical difficulty of accessing the site, which 

hopefully ensures future breaches would be accompanied by high technical capacity, including the 

ability to detect radioactivity. In contrast, the final solution of stone pillars around the site and an 

entombed library containing relevant information in eight languages is somewhat underwhelming. 

The extreme scale of time foregrounds the limitations of the strategy of quickness - the difficulty 

of prescribing solutions to anticipated problems, which inevitably preclude future insights, and the 

natural bias in balancing limited resource between current and future needs. 

 99% Invisible. “Ten Thousand Years.” May 12, 2014. https://99percentinvisible.org/episode/ten-thousand-years/.4
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2.1.5 TED Conference (1984) Richard Saul Wurman 

A current frontier of the strategy of quickness may be found in the genera of open-source online 

lectures, a medium popularized and perhaps most synonymous with the TED conference. Founded 

in 1984 as a platform for ‘ideas worth sharing,’ the conference has since diversified from its Silicon 

Valley origins and focus on technology to cover a wider range of topics, including science, culture, 

and design.  TED Talks are perhaps best known and most frequently consumed as freely 5

accessible online videos, with 1.2 billion views in 2015. As of 2018, 2600 talks have been published 

online. The videos are optimized for the modern online audience, with a standard length of 18 

minutes, rich visual aids, and extensive coaching of the speakers to give ‘structured, concise and 

clear’ presentations of their topic. Although at times criticized for perpetuating simplistic 

renderings of nuanced and complicated topics, TED and similar platforms have defied the 

conventional logic that mass communication must be general and conform to the lowest common 

denominator.  

The emergence of digital and open-sourced platforms such as TED promises to profoundly 

transform the strategy of quickness by significantly altering the basic economics of scale for the 

first time since the first millennium. Advancement in computing power and the proliferation of 

smart personal devices have together lowered the cost of creating and storing content, and 

allowed this content to be distributed and consumed in highly customizable ways. The new 

precision of communication and live updatability of information lowers the critical mass for 

messages to be self-sustaining, allowing general principles to be replaced by clusters of precise 

instructions for specific problems. While strategies in the pre-modern world may be limited to 

broadly applicable principles, such as carpe diem, in order to reach critical mass, digital platforms 

 Anderson, Chris, and TED. TED Talks : The Official TED Guide to Public Speaking. Boston: Houghton Mifflin Harcourt, 2016.5
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allow highly specific solutions to find critical mass on a global scale. A cursory search of the TED 

Talks catalog reveals at least 17 specific applications of carpe diem, including 1) how to avoid 

procrastination, 2) how to stay motivated, 3) how to leverage stress productively, 4) how to find 

meaningful work, and 5) how to deal with spam emails, all of which have accumulated at least 37 

million views each. 

Summary 

Looking back across the historical episodes, four insights may be observed. First, central to the 

strategy of quickness is the use of narratives to link elements beyond direct human perception, 

which allow patterns to be discerned and coherent strategies to be prescribed across vast and 

irregular timespans. Second, the strategy of quickness may be understood as the prescription of 

solutions to future problems. The impression of quickness arises from maintaining a state of 

readiness for anticipated events. Third, strategies are static once prescribed, and are limited by its 

preclusion of future insights. Without edit-ability, it would become outdated and ineffective over 

time. Fourth, in effective strategies of quickness, what is said is as important as what is unsaid. By 

focusing on communication only the most critical information, and allowing secondary details to be 

filled in in-situ, the strategy is both more concise and adaptable. Finally, while the core repertoire 

of quickness has remained relatively constant since the first millennium on account of its 

effectiveness in communicating and retaining ideas in the human mind, recent developments in 

personalized digital media are changing significantly the way we communicate and access 

information. The full implication for the strategy of quickness is not yet clear, but current trends 

suggest a fragmentation of general principles into clusters of specific instructions converging 

around values, but no longer with a clearly discernible and static worldview. 
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2.2 Precedents - From the Fable to the Keynote  

Before significant urbanization and economic specialization, construction was a major undertaking 

that involved whole communities and significant logistics. In order to effectively coordinate social 

and material resources beyond immediately perceivable territories and timespans, many building 

cultures first emerged as anecdotal traditions, relying on narratives in the form of fables to 

prescribe specific sets of actions, which are executed whenever the activation conditions are met. 

Examples include the periodic migration of Nipa Huts in the Philippines, where houses are moved 

and reassembled seasonally by the community to avoid floods, and the tradition of Barn Raising, 

the collective construction of agricultural buildings common in the UK and North America. For 

smaller and isolated communities in seismic regions, where earthquakes may be a serious nuisance 

but do not occur with enough frequency to register a discernible pattern or warrant specialized 

responses, the fable mode of transmitting building knowledge is an effective approach to 

managing a general range of risks, and still persists in many rural regions today. 

In both the east and the west, a major impetus for codifying informal building traditions was the 

process of urbanization. As settlements became larger and denser, risks of fire, epidemics, graft, 

and vulnerability to natural disasters increased. Improved record-keeping and communication over 

larger geographic areas also revealed discernible patterns of seismicity. The codification of 

informal building traditions is often sponsored by the state, who sees it as a way to mitigate public 

discontent and its destabilizing effects. For instance, Marcus Vitruvius Pollio’s De Architectura was 

published under the patronage of Caesar Augustus as Rome first reached its peak population of 1 

million around 10AD.  Likewise, Li Jie’s Yingzhao Fashi, or the Treatise on Architectural Methods, 6

was commissioned in the Song Dynasty by Emperor Zhezong as Kaifeng, the capital, reached its 

peak population of 1 million.  The Yingzhao Fashi was then revised and republished in the Siku 7

 Morgan, M. H. Vitruvius: The Ten Books on Architecture. New York: Dover Publications, 1960.6

 Li, Jie, and Ch₋i-chien Chu. Li Mingzhong Ying Zhao Fa Shi. Shanghai: Shang Wu Yin Shu Guan, 1929.7
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Quanshu, or the Complete Library in Four Sections, during the Qing Dynasty when the population 

of Beijing again reached 1 million around 1800. The basic approach of building codes, to abstract 

exemplary practice into prescriptive principles that may be more widely deployed and consistently 

enforced, remains to the present day. 

Developments of quickness as a building design strategy in the last century have mostly revolved 

around technological innovations, first with industrialization and the capacity to mass-produce and 

transport building components, and later with the information revolution and the speed of 

communication. In the same period, the increasing complexity of modern buildings and the 

specialization of the construction industry have limited the scope for mass mobilization in 

construction; historically a latent source of speed. Since the late 1990s, the proliferation of 

personal digital devices is disrupting the traditional association between scale and speed by 

providing more precise and customized modes of communication. As strategies of quickness no 

longer need to conform to the lowest common denominator to achieve a critical mass, issues 

concerning a building’s cultural and contextual specificity, as well as its long-term adaptability, are 

foregrounded. The section below will investigate five-building case studies from the historical to 

the modern period, which together aims to traces the development of quickness as a building 

design strategy. 

Rhythm 

2.2.1 Neiku at the Ise Jingū, Mie, Japan (4BC) 

An early example quickness as a building design strategy is the Ise Jingu, or the Ise Grand Shrine 

in Japan.  Founded in 4BC, it is the preeminent site of the indigenous Shinto religion. Of particular 8

interest to this study is the institution of Shikinen Sengū, which periodically removes and 

 Tange, Kenzō, and Noboru Kawazoe. Ise, Prototype of Japanese Architecture. Cambridge, Mass.: M.I.T. Press, 1965.8
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reconstructs the two principal shrine complexes, Naiku and Geku, every 20 years. The periodic 

renewal is symbolic of impermanence and the cycles of life and death - central beliefs in the Shinto 

tradition. More practically, it facilities the transfer of building knowledge to the next generation of 

craftsmen, keeping alive the Yuitsu-shinmei-zukuri style of building, which dates to 538BC and is 

exclusively reserved for the main sanctuary buildings. This study will focus on the Neiku, the oldest 

complex at the Ise Jingu, which will be reconstructed for the 62nd time in 2030. 

As opposed to a single building, the Neiku is a collection of structures and buildings organized 

loosely along a path from the banks of the Uji River to the Main Sanctuary. It consists of the Uji 

Bridge, two gates along the approaching path, two smaller shrines, roughly eight ancillary 

buildings, and the inner precinct. The inner precinct is centered on the main sanctuary building, an 

elevated timber structure roughly 10.9 x 5.5m in plan and 10m tall. The inner precinct is enclosed 

by three layers of fences - the outermost of which is roughly 100m x 50m in plan. Directly adjacent 

to the inner precinct is the Kodenchi, the alternate site with almost identical dimensions on which 

the previous iteration of the inner precinct once stood, and where the next iteration will be built. 

Structurally, the buildings are timber frames connected by rigid joints, with no diagonal bracing. 

Unlike more modern buildings, the large thatched roof is independently supported by dedicated 

pillars, allowing parts of the building to move independently in an earthquake. Columns are also 

significantly thicker than the beams, enabling the latter to absorb excessive force beyond the 

elastic range before collapse. 

The Ise Jingu demonstrates the use of a rhythmic narrative to make sense of and manage the 

unpredictability of future events in time. While the primitive building type consisting of untreated 

timber and pillars set directly into the grounds usually has a short lifespan of 30 years in the humid 

and warm climate of Ise, the experience of the Neiku, if not the original buildings, has been 

faithfully preserved for over 2000 years; surviving natural disasters, wars, changing governments, 

and religious hegemonies. It also reveals the inefficiencies of this blanket approach, despite its 
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effectiveness in transmitting a design with the highest degree of fidelity through time. For instance, 

in order to provide the 10,000 cubic meters of high-quality Japanese cypress timber necessary for 

each cycle of rebuilding, about 3000 hectares of forests around Ise, collectively know as the Jingu 

Forests, have become secondary forests exclusively dedicated to supplying timber for the temples. 

Further, as the construction dictates timbers of particular sizes, ranging from 60cm diameter, or 

about 200 hundred years old, to 1m diameter for the roof supporting pillars in the main sanctuary 

buildings, or about 400 hundred years old, the management of the forest is itself a complex and 

multi-generational undertaking. 

As one of the oldest surviving examples of a rhythmically rebuilt architecture, the Ise Jugu 

demonstrate two core design opportunities associated with the strategy of quickness. First, 

maintaining the capacity to respond quickly often entails large contingencies, which may be 

usefully deployed to generate a dividend beyond its primary function. The Jingu Forest, for 

instance, in addition to assuring a reliable supply of building material, also buffers encroaching 

developments and preserves the woodland environment of the Shinto temples. The Royal Parks of 

London, which serves as a land bank for critical war-time functions while facilitating recreational 

activities, is a similar case. The added value helps to offset the expense of creating and 

maintaining such contingencies, contributing to its long-term sustainability. Second, the capacity 

for periodic renewal allows the qualities of newness and decay to be foregrounded as an aesthetic 

pursuit. Whereas most architecture is only built once and maintained whenever necessary until it is 

demolished, in rhythmic rebuilding, the process decay becomes a controlled process instead of 

signaling poor maintenance, allowing it to be calmly appreciated. The fragile and crisp newness of 

the freshly constructed temples at Ise, and the rapid erosion of the untreated timber and thatch 

roofs, serve as ornamentation; signaling a greater underlying institutional capacity and expertise 

that is maintaining the readiness to rebuild. 
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Protagonist Material 

2.2.2 Yingzao Fashi , Kaifung, Song China (1100) Li Jie 

A major impetus for the codification of anecdotal building traditions is the process of urbanization. 

Looking at historical trends in both the east and west, building treaties tend to emerge as cities 

approach a critical mass of 1 million people. A notable example is the Yingzhao Fashi, or the or the 

Treatise on Architectural Methods, publish in China in 1103. Authored by Li Jie, the Directorate of 

Buildings and Construction in the Song Court, based on revisions of existing building treaties and 

documentation of inherited building traditions, the Yinzhao Fashi was commissioned by the 

Emperor Zhezong in response to the ails of rapid population growth and urbanization.  Between 9

the 10th to 11th century AD, the population of China grew from approximately 120 million to 200 

million, made possible by advancement in rice cultivation. Kaifeng, the capital, saw its population 

triple from approximately 400,000 in 960AD to 120,000 in 1100AD, and was by then plagued by 

frequent fires, a typhus epidemic, and graft in construction works - all sources of public discontent 

and political upheaval. 

The Yingzhao Fashi consists of 34 chapters, covering topics ranging from the accounting of labor 

and building materials, measurement units, instruction for different constructional systems and 

building types, manufacturing standards for building components, and formulas for paints, glazes, 

and ornaments. Of particular interest to this study is the detailed instruction for timber bracket 

structures; the predominant construction system that serves as the organizational framework for 

the planning, accounting, and construction of buildings. The base structural module is the bracket 

joint, which connects the columns to beams, and aggregates to form a table-like rigid timber frame 

that stands freely on masonry or stone foundations. Lacking diagonal braces, the bracket structure 

relies on the rigidity of the bracket joints for lateral stability. As structures become larger, the 

 Li, Jie, and Ch₋i-chien Chu. Li Mingzhong Ying Zhao Fa Shi. Shanghai: Shang Wu Yin Shu Guan, 1929.9
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complexity of joints, i.e. the number of brackets, also increases; collectively providing a degree of 

flexibility advantageous in the event of an earthquake. 

The key innovation of the Yingzhao Fashi centers on the codification of the timber bracket system, 

a base unit that may be aggregated to form larger structures and building complexes. On the one 

hand, it is an easy-to-fabricate material unit with a well tested structural performance. On the other 

hand, and perhaps more profoundly, the bracket joint is a protagonist element in the narrative of 

construction, establishing continuity and translatability across the building as a conceptual 

diagram, process, and artifact; which occupy vastly different timescales. The ensuing transparency 

of the building process makes it easier to account for material and labor costs, eliminating the 

scope for graft, while allowing the construction to be prescribed and observed at a more abstract 

and efficient level.  

As one of the earliest, if not the most influential example of a building code, the Yingzhao Fashi 

illustrates two design opportunities of quickness through standardization. First, it demonstrates 

the use of a protagonist element to facilitate translation between the building as an idea, process, 

and object, allowing disparate elements to be computed simultaneously. The bracket in the 

Yinzhao Fash, which is both a constructional component and a conceptual tool to think about the 

building as a composition of connections, is one such example. A similar example may be the unit 

of tatamis mats used to measure floor areas in Japan, which is simultaneously a unit of flooring 

material, an indication of size, and a proxy for the number of people that may sleep in the space; 

providing direct translatability between the three. Second, the Yingzhao Fashi demonstrates the 

use of strategic voids, with the design strategy presented in abbreviated form to increase its 

circumstantial adaptability. Measurements in the Yingzhao Fashi are given in relative terms, as 

opposed to precise dimensions, allowing fundamental features such as the span of structural bays 

to be adjusted to different timber dimensions across the Chinese geography; giving rise to regional 
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variations without sacrificing its primary aim of rapid communication and the enforcement of 

consistent construction quality. 

Instant Delivery 

2.2.3 Maison Demountable 6x6 (1944) Jean Pouve 

The application of industrialization to architecture around the first half of the 20th century 

catalyzed major developments in quickness as a building design strategy. With the new capacity to 

mass-produce and transport building components, the ‘quickness’ of a building is no longer 

constrained by the number of people or amount of material that can be mobilized towards 

construction, historically the limiting factor, but by the design’s optimization to a new set of 

fabrication and logistics metrics. Several schemes for prefabricated housing with global ambitions 

emerged around this time, including the Sears Catalogue Homes, over 700,000 of which were sold 

in North America between 1900 and 1940.  More technically advanced examples include 10

Buckminster Fuller’s Dymaxion House from 1927 and the series of Maison Demontables designed 

by Jean Prouve between 1938 to 1962, the focus of this study.  As distinct from earlier 11

applications of industrial processes to architecture focused on optimizing specific segments of the 

construction process, Prouve’s scheme was notable in deploying the technical advancements to 

streamline the conceptual narrative of the building process. 

The Maison Demontable was originally developed for the French Air Ministry for deployment to 

overseas territories, which presumedly included the seismic regions of Indochina and the 

Mediterranean Coast. The most iconic model, the 6x6, emerged in 1944 in response to the post-

 Sears, Roebuck Company. Small Houses of the Twenties : The Sears, Roebuck 1926 House Catalog. Philadelphia : New 10

York: Athenaeum of Philadelphia ; Dover Publications, 1991.

 Coley, Catherine, and Jean Prouvé. Jean Prouvé : Maison Démontable 6 X 6 = 6 X 6 Demountable House. Jean Prouvé 11

Architecture ; 1. Paris: Galerie Patrick Seguin, 2013.
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war housing shortage in Europe. The name 6x6 refers to the plan dimension of the design, which 

conforms to the housing standards of 36m2 stipulated by the Ministry of Reconstruction and Town 

Planning following WWII. The design had two notable features. First, responding to the post-war 

material shortage, the structure consists of a steel skeleton, into which modular timber panels with 

various functions, such as windows and doors, may be inserted. Second, components of the house 

were scaled to be assemble-able by two people within a day, allowing a typical family to arrive on 

site with the kit and move in the same evening. Structurally, the building is a lightweight steel 

frame, braced laterally by the axial portal frame at the center of the house - the key tectonic 

innovation of the design. The lightness of the overall structure and the accumulative flexibility of 

the many pin-joints provides the Maison Demontable with a high degree of seismic resilience; even 

before considering its convenient repairability. 

As a building that in theory can be delivered and assembled almost instantaneously, the Maison 

Démontable approximates the simultaneity of narrative time in reality - reaching a logical endpoint 

in the development of quickness as building design strategy. This was made possible by the 

improved technical capacity of manufacturing processes, which allow factors limiting the speed of 

construction, such as the precision of assembly and the integration of building components, to be 

resolved efficiently in the prefabrication process. Whereas the timber bracket structures stipulated 

in the Yingzhao Fashi left significant leeway for in-situ adjustments, the design of the Maison 

Demontable is ‘baked into’ the prefabricated components, utilizing accuracies of the industrial 

manufacturing process to help reduce the time and difficulty of assembly. However, just as Henry 

Ford’s customers can have a car painted any color that he wants so long as it is black, the 

downside of speed through mass production is conformity. As the problem of absolute speed is 

resolved through industrial mass production, new issues of individual expression and long-term 

adaptability are foregrounded. 
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Representing an early example of the prefabricated kit home that has since become a recurring 

theme in reconstruction proposals, Maison Demontable illustrating two design opportunities that 

continue to be explored by contemporary practitioners. First, it showcases a new type of design 

narrative centered on specific technical innovations; promising to solve problems quickly and 

resolutely. While the utopic aspiration of such pronouncements inevitably disappoints, the idea of a 

miracle solution, technological or otherwise, has since become a recurring trope in the strategy of 

quickness - providing the necessary focus and momentum to realize projects in urgent and chaotic 

circumstances. Second, Pouve's design is an early example of the recurring idea of a platform or 

framework into which independently developed modules may fit, allowing it to keep up with and 

integrate technological advancements and be customized to individuals or circumstantial needs. 

Again, while such aspirations inevitably over-projects the scale of its adoption, and by extension 

the incentive to manufacture a diversity of compatible components, it indicates a re-orientation of 

focus from the maximization of speed to creating diversity within the logic of industrial mass 

production. 

Collection of Parts 

2.2.4 Whole Earth Catalogue (1968-1972) Stewart Brand 

Advancements in information technology in the second half of the 20th century further improved 

the speed and precision of communication, catalyzing correspondingly significant developments in 

quickness as a building design strategy. A breakthrough case is the Whole Earth Catalogue, a 

magazine published by Steward Brand in Silicon Valley between 1968 and 1972 that explores the 

idea of instant access to information - often cited as a precursor to the modern internet search 

engines.  A product of the broader 1960s anti-establishment counterculture, the Whole Earth 12

 Portola Institute. The Last Whole Earth Catalog; Access to Tools. Menlo Park, Calif.: Portola Institute; Distributed by 12

Random House, New York, 1971.
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Catalogue is a manifesto on empowering the individual through the democratization of information. 

The magazine functioned as a mail-order catalog for a curated diversity of ‘tools’ defined it the 

broadest sense, including physical tools and machines, and ideas in the form of books and manuals 

that would ‘empower the individual to conduct his own education, find his own inspiration, shape 

his own environment, and share his adventure with whoever is interested.’ 

The first edition of the Whole Earth Catalogue published in 1968 is divided into seven sections, the 

second of which focuses on shelter and land use. Content range from speculative manifestos to 

technical instructions; the latter consisting of guides for DIY home builders to construct lightweight 

structures and repair existing buildings, and strategies for occupying land sustainably, including 

passive energy strategies and the planning of sanitation systems. Building designs converge 

towards the lightweight, tensile, and modular; on account of their material economy and 

constructibility without heavy machinery. Construction systems presented in the manual include 

Fuller’s Dymaxion structures, space frame structures, Otto’s tensile structures, as well as Henrich 

Engel’s study of Japanese timber houses and Leubin’s book on Indian Tipis - all structural 

configurations generally advantageous in seismic regions given their light weight, flexibility, and 

symmetry.  

While Pouve’s Maison Demountable and the category of prefabricated architecture it represents, 

despite its speed of delivery, is still organized around a linear narrative, the Whole Earth Catalogue 

may be usefully understood as a deconstruction of the singular narrative into clusters of 

simultaneous fragments. Individuals are free to compose their own narrative, including a risk 

mitigation strategy, from the catalog of elements that may be ordered and delivered in real-time; 

with the assumption that individuals are the best judge of their own interests. Perhaps 

unsurprisingly, the availability of options did not guarantee its effective selection and 

implementation. Amidst the saturation of information, the opposite appears to be true; with a 

strong narrative increasingly critical for recognizing patterns and prescribing coherent strategies. 
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As a precursor to the internet, the case demonstrates two design opportunities for strategies of 

quickness in the information age. First is the devolution of decision making to the individual, which 

facilitates a reciprocal relationship between the designer and users. In a sense, this has revived the 

historical trope of speed through mass participation, but the individuals can now contribute more 

than physical labor and material, but also their cerebral capacity to generate and review ideas. 

Second is the possibility for collaborative frameworks to generate diversity that is organic and 

authentic; a key problem for quickness as a building design strategy since the onset of industrial 

mass production. The designer no longer has to invent diversity by anticipating all possible 

permutations, but recedes to the role of a curator providing a basic framework for interpretation 

and within which diversity may be accommodated. 

Open Source Fables 

2.2.5 TED Talk: Emergency Shelter made From Paper (2013) Shigeru Ban 

Until now, neither mass prefabrication nor the open-source depository of ideas demonstrated by 

the two preceding cases has yet to realized their theoretical speed. In the former, the singular 

narrative of the Maison Demountable’s one-size-fits-all approach has been resisted by concerns 

for individual expression and contextual specificity. In the latter, the fragmentary narratives of the 

Whole Earth Catalogue’11z anything-goes approach have failed to produce cohesive results at 

scale. In the last decade, approximating the proliferation of digital fabrication and digital media, a 

new approach to quickness has emerged, of which Shigeru Ban’s 2013 TED Talk, Emergency 

Shelter Made From Paper, is an illustrative case.  Taking advantage of the new precision and 13

customizability of digital technology, a singular idea can be devolved into diverse and overlapping 

 Ban, Shigeru. “Emergency Shelters Made from Paper.” TED, May 2013. https://www.ted.com/talks/13
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narratives, each tailored for individual stakeholders, allowing collaboration and economies of scale 

without sweeping generalizations. 

Shigeru Ban is a Japanese architect well known for his exploration of paper tubes as a building 

material, which he has systematically developed and tested since 1989. Ban’s 11m32s TED Talk 

covers a series of 10 projects designed for post-earthquake contexts between 1994 and 2013, 

including the 1995 Kobe Earthquake, 1999 Quqi Earthquake, and the 2012 Great Eastern Japan 

Earthquake, amongst others. The building programs include housing, churches, community 

spaces, offices, and interior subdivisions. Structurally, the buildings range from lightweight paper 

tubes frames braced with tension cable elements to heavier configurations that deploy larger 

diameter paper tubes in rows as solid structural walls. Given the flexibility and lightness of paper 

tubes, and its ability to undergo fireproof treatment, the structures are generally advantageous in 

earthquake scenarios. 

The digitization of the design and fabrication process has allowed multiple considerations to be 

negotiated more fluidly, and for the same project to be presented under in many different guises 

simultaneously. Ban's TED Talk has been viewed over 1.6 million times as of 2018, a scale 

reminiscent of old fables. However, as opposed to providing a single official narrative around which 

people and resources may be rallied, Ban gives a diverse range of sometimes overlapping 

explanations for the same building material across the portfolio of projects; each appealing to 

different contexts and audiences. To cite just five, the paper tube is explained as 1) a standardized 

industrial product that is cheap and readily available, 2) a low-tech material that can be mass-

produced locally with just a small upfront investment in machinery, 3) a recyclable and 

environmentally friendly material well suited for short-term structures, 4) a lightweight and pliable 

structural component that can minimize injury in the event of a collapse, and 5) an adaptive 

structural system capable of producing complex architectural forms.  
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Ban’s work demonstrates two design opportunities of quickness as a building design strategy for 

contemporary practitioners. First, it re-recognizes the narrative with a protagonist element as an 

important tool for organizing design strategies, particularly amidst the disarray and confusion of 

most post-disaster contexts. While narratives have historically been used to reveal patterns by 

linking elements across long timespans, in contemporary practice it is more often use to expand a 

tangle of simultaneous events into a coherent sequence. As Ban’s work reveals, a curated narrative 

helps to give meaning to the often opaque process of contemporary reconstructions. Second, 

Ban’s work illustrates the emerging trend for multiple and sometimes overlapping narratives to be 

bundled together in a single project. This is in large part made possible by the digitalization of the 

design process, which allows multiple narratives to be efficiently negotiated and rendered on-

demand. The customizability of narratives is particularly effective in appeasing multiple 

stakeholders and reaching wide political consensus, a critical factor of successful implementation 

in contemporary projects. 

Summary 

In summary, the development of quickness as a building design strategy in seismic regions from 

the historical to the contemporary period may be broadly divided into four stages. First, in the pre-

modern context of small and relatively autonomous settlements, many building cultures relied on 

the periodic reconstruction of structures to establish a dominant rhythm amidst otherwise 

unpredictable cycles of risk and disasters. The approach is broadly effective but inefficient given 

the necessary redundancies. Second, the process of urbanization and the intensification of 

associated risks catalyzed the codification of building practices as a way to provide and enforce 

more widely an acceptable building quality. These often revolve around key protagonist elements, 

such as the bracket in the Yingzhao Fashi, which provides continuity and translatability across the 

complex process of building - allowing designs to be prescribed at an abstract, strategic level 
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across large timespans or geography without loosing its practical actionability. Third, the 

application of industrial processes to architecture in the early 20th century made possible the 

virtually instantaneous delivery and assembly of buildings. As quantitative speed approached its 

asymptotic limits, qualitative issues such as a building’s adaptability to different and shifting needs 

are foregrounded. Fourth, while advancements in information technology and the democratization 

of knowledge in the late 20th century aspired to empower individuals with the tools to dictate their 

own narrative, the availability of options did not guarantee its accurate selection or effective 

implementation. Fifth, in the recent decade, designers are again organizing designs around strong 

narratives to help discern and prescribe patterns amidst the over-saturation of information in 

contemporary life. Compared to historical precedents, which reinforce a singular narrative to 

achieve economy of scale, digital tools have lowered the critical mass for strategies of quickness, 

allowing narratives to be more localized and specific. 

2.3 Contemporary Cases - Narratives of Material and Community 

As earthquakes continue to elude precise predictions and overwhelm ordinary building processes 

even in regions with frequent seismic activities, quickness persists as a frequently deployed 

building design strategy across contexts of various technical sophistication. That said, it is often in 

developing contexts that strategies of quickness has had the largest impact, serving as a conduit 

for the transfer of knowledge and helping to establish basic frameworks for longer-term 

development. The proliferation of personalized digital technology, for which the introduction of the 

first iPhone in 2007 is often cited as a watershed moment, has arguably also had the most 

profound impact in developing regions, allowing them to leapfrog over the previous generations of 

hardware and infrastructure. Everywhere, digital technology is challenging the traditional 

association between quickness and economies of scale by lowering the costs of customization in 

two ways. First, the move from analog to digital modes of fabrication has homogenized the cost 
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producing diverse designs within given parameters, for example milling differently shaped timber 

panels within the same milling bed. Second, the ability for individuals or small communities to 

actively seek out and consume information allow highly specific designs that may otherwise be 

unviable in traditionally scaled spheres of communication to find a customer base of critical mass 

in the global market. 

Contemporary cases of quickness as a building design strategy may be broadly divided into two 

categories based on the main protagonist of the design narrative. The first, described here as 

narratives of material, usually centers on an innovative construction system or building material 

that profess to be sustainable, affordable, and adaptable to a diversity of building forms and 

programs. The use of paper tubes in the work of Shigeru Ban across diverse designs arising from 

local needs and conditions is an illustrative example. Narratives of material are more often found in 

developed contexts, where it most directly address the primary limiting factor of the high labor 

cost, as opposed to material costs, and the shortage of professional construction workers amidst 

periods of high demand during post-disaster reconstructions. 

The second category, described here as narratives of community, usually center on an innovate 

framework of collaboration that is able to mobilize and utilize local expertise or labor to enhance, 

develop and construct the project quickly. An illustrative example is Alejandro Aravena/Elemental’s 

Quinta Monroy Housing, which provides the basic framework of half a house, which the resident 

community may incrementally expand and complete by donating their labor and design. Narratives 

of community may also be seen in the lineage of site and services projects pioneered by John 

Turner and others at MIT in the 1970s,  which focuses on providing well-serviced building plots on 14

which residents can build shelters incrementally within their economic means. Narratives of 

 Turner, John F. C., and Robert Fichter. Freedom to Build; Dweller Control of the Housing Process. New York: Macmillan, 14

1972.
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community are most often found in developing contexts, where less stringent regulations and 

simpler building types more easily accommodate construction by non-professionals. 

The section below will look at ten building case studies completed between 1999 and 2015, aiming 

to illustrate and examine quickness as a building design strategy in contemporary practice. The 

first five cases, which illustrate narratives of material, are roughly organized by the scale of the 

material, from a scaleless foam to the aggregation of building scale modules. The second five 

cases, which illustrate narratives of community, are roughly organized by the extent of the initial 

phase of construction, ranging the provision of a primary structural frame to complete buildings. 

Both aim to reveal the scalar range and formal implications of quickness as a contemporary 

building design strategy in seismic regions. 

2.3a Narratives of Material  

Human Scaled Components 

2.3.1 Hai-Tech, Japan (2011) Ensamble Studio 

2.3.2 New Bud School at Xiasi Village, Sichuan, China (2009) Zhu Jingxiang/CUHK 

An illustrative example of a contemporary narrative of material is Hai-Tech, a housing prototype 

developed for the aftermath of the 2011 Tokohu Earthquake.  The circumstance required housing 15

units to be constructed at low cost and high speed, with the brief calling for 100 units to be 

constructed in 100 days at a budget of 1 million yen (~9000USD) per unit. The scheme builds upon 

an existing line of material research by Antón García-Abril at MIT into the architectural potential of 

expanded polystyrene - a material often found in insulated boxes for refrigerated foods. The design 

 García Abril, Antón. Antón García-Abril & Ensamble Studio. 1.st ed. Monoespacios ; 7. Madrid: Fundación COAM, 2005.15
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envisioned prefabricated components delivered and assembled on-site by non-professionals with 

rudimentary tools.  

Spatially, the housing units are tubes, roughly 7x5m in plan and open on the opposite short ends. A 

bathroom in the center divides the unit into a 2x5m sleeping area on one end and a 4x5m living/

kitchen area on the other. Structurally, the units are composed of seven polystyrene frames, each 

built from four 300mm thick polystyrene planks - two walls, the floor and the roof. The corners of 

the frames are rigid joints, connected with box-frame detailing and construction glue. The frames 

are connected longitudinally with metal plates and glue. The thickness of the polystyrene planks 

affords large contact areas between components, maximizing the structural performance of the 

glue. The material's lightness and rigidity are advantageous in an earthquake scenario. 

A key function of narratives of material is in accommodating unpredictable contextual variations. In 

this case, the tight timeframe and uncertainty about the site prevent the prescription of highly 

specific designs, particularly concerning the final formal outcome. Instead, the Hai-Tech scheme is 

organized around the protagonist material of expanded polystyrene, which professes to be mass-

producible, easily transportable, cheap, lightweight, thermally insulating, structurally rigid, easy to 

assemble, and recyclable; resolving almost all design constraints in one sweep. While the kit of 

parts is delivered with illustrated assembly instructions, it also allows for and encourages 

significant in-situ adjustments, and envisions the material to be recycled and reused, for example 

as insulation in the walls of subsequent and more permanent buildings. Essentially, the design is 

organized around a singular insistence of material, which is able to convey the design intentions 

regardless of the final form. 

Hai-Tech demonstrates two advantages of a singular material narrative. First, a reduced material 

pallet simplifies logistics and accounting, allows smaller projects to capture economies of scale 

and reduce redundancy, as the same material contingency can cover multiple issues. For instance, 
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included in the Hai-Tech kit are two extra blocks of expanded polystyrene with unspecified 

purpose, which may be used 1) to amend mistakes in the construction, 2) as extra building 

components, or 3) to build simple furniture. Second, by curating the material pallet, the designer is 

able to exert some control over the aesthetic outcome of the overall project despite having almost 

no control over the construction process. While issues of appearance may seem superfluous in 

such contexts, the imagery of reconstruction projects, which contributes directly to the clarity of 

the design narrative, is increasingly recognized as an important element to its long term success. 

Examples of early modern prefabricated architecture are usually composed of parts at the scale of 

familiar tectonic elements, such as columns, beams, and doors. A contemporary example that 

operates at a similar scale is the New Bud-Eco School. Originally developed for the village of Xiasi 

to replace a school building lost in the 2008 Wenchuan Earthquake, Zhu Jingxiang, Xia Heng and 

their team at CUHK responded to the remote location of the site and the associated difficulties of 

monitoring the construction process by proposing a lightweight construction system that may be 

prefabricated in factory conditions, transported to site and assembled by students and local 

residents.  The project is part of a longer series of design research by the team into prefabricated 16

lightweight building systems, with the intention of making affordable and high-quality construction 

with reliable structural performance available to rural contexts. 

Spatially, the New Bud-Eco School in Xiasi consists of four buildings arranged near the four 

corners of a 27 x 32m site. They are connected by a 2.4m wide covered walkway, which frames two 

courtyards while serving as the main circulation between the six rooms in the four buildings. The 

programs are divided amongst the four buildings, with two containing two classrooms each, and 

the third and fourth containing offices and toilets respectively. Structurally, the buildings are 

lightweight steel portal frames with 6m spans and 1.4m bays, braced with prefabricated infill 

panels. The building is anchored onto a concrete foundation. The relatively small spans of the 

 Zhu Jingxiang, interview by author, Hong Kong, Oct 18, 2016.16
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structural configuration and the subdivision of the larger program into smaller buildings allow the 

building to perform well in earthquake scenarios. 

While the scheme is reminiscent of early modern prefabricated architecture, the New Bud-Eco 

School demonstrates two key innovations. First, the building is mass-customized, as opposed to 

mass-produced - with the digitization of the fabrication process allowing even smaller projects to 

be industrially fabricated and capture economies of scale. In the case of the school in Xiasi, 

components were designed in Hong Kong and prefabricated industrially but in small quantities in 

multiple locations in Shenzhen and Chengdu, selected in consideration of each factory's capacities 

and distance to the building site. The supply chain is ad-hoc and pragmatic, allowing each iteration 

of the same building system to be customized to context. Second, the New-Bud Eco-School in 

Xiasi demonstrates the conscious and careful arrangement of the prefabricated elements in urban 

configurations to create effects and values beyond the sum of the parts. For instance, while the 

school in Xiasi essentially consists of four identical building with indistinguishable interior spaces, 

it has been arranged on the site to 1) frame four interconnected outdoor spaces, 2) mitigate 

programmatic conflicts and disparate adjacencies, notably between the classrooms, offices and 

toilets, and 3) create a layered and sequenced spatial experience in an otherwise small and open 

site.  

Building Scaled Components 

2.3.3 Rolling Huts, Washington, United States (2008) Olson Kundig 

2.3.4 Container Temporary Housing, Japan (2011) Shigeru Ban 
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Moving up in scale, a building scaled material module may be found in the Rolling Huts, a mountain 

retreat located in Washington State’s Methow Valley, approximately 3 hours drive west of Seattle.  17

Occupying a historic ranch with strict building restrictions, Tom Kundig and his team took 

advantage of the property’s existing license and infrastructure to accommodate recreational 

vehicles, legacies of its past life as a caravan park, to create six residential units intended for 

short-term stays. In the architect’s account, the units are elevated and placed on large steel 

wheels to 1) help preserve the meadow landscape, 2) allow the scheme to slipstream within 

existing building permits, and 3) to take advantage of changing views and climate across the 

seasons. 

Currently, the units are arranged in an east-west row, slightly staggered to maximize privacy and 

views to the meadow on the north. The units are accessed from the south side, where a communal 

hut containing toilets, showers, and a kitchen is located approximately 50m away. Each unit 

consists of a large balcony and one interior space partially divided into a sleeping nook in the south 

and living space in the north. Structurally, the buildings are welded steel frames, within which a 

secondary plywood structure encloses the interior space. In the event of an earthquake, the large 

steel members and low center of gravity, courtesy of the large steel wheels, allow the building to 

remain stable. While the building is unanchored and at risk of tipping over, the steel structure 

would retain its integrity regardless of orientation, preserving the space, and therefore life, inside -  

while allowing for a straightforward repair. 

The idea of an all-inclusive building scaled module on wheels that may be mass-produced and 

moved at will has been a recurring trope in modern architecture and is often proposed as a 

panacea for high-risk regions. An entire chapter of the Whole Earthquake Catalogue is dedicated 

to the nomadic lifestyle, with reviews for trailers homes and instructions for converting old school 

 Olson Sundberg Kundig Allen Architects: Delta Shelter, Mazama, Washington, USA 2005.” 2008. A & U: Architecture & 17

Urbanism, no. 11 (November): 50–[55].
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buses into mobile homes.  The Rolling Huts in Mazama may be considered in this lineage. In Jim’s 18

Olson’s own description of the design, the units are intended to be moved around the ranch 

seasonally to take advantage of microclimates and views. However, practical accounts reveal the 

huts to be built on-site, and rarely, if ever, moved; tied in place by its reliance on fixed electricity 

and plumbing outlets, and the logistic difficulty of maneuvering the heavy structures. 

The Rolling Huts reveal the persistent cultural fascination with metaphors of mobility in 

architecture - empowering individuals to move quickly in response to changing conditions. The 

theoretically functional wheels, although rarely used, endows an otherwise typical hut scheme with 

a narrative quality; an autonomous unit for living lightly, responsively, and sustainably on the land. 

The scheme also reveals the practical limitations of mobile architecture, in particular, the 

inefficiencies of deferring decisions about location, the logistic complexity of maneuvering building 

scaled modules, and the immobility of infrastructure. 

Another example of aggregating building scaled modules is the Container Temporary Housing in 

Onagawa, built in the aftermath of the 2011 Tohoku Earthquakes to accommodate the displaced 

population.  In Shigeru Ban’s account, the project is an evolution of the post-disaster housing 19

typology; making three important breakthroughs through the utilization of shipping containers as 

the structural and building module. First, the container’s stackable design facilitates multi-story 

arrangements to accommodate higher residential densities on the limited flat land. Second, the 

cellular structural arrangement eliminates the need for foundations, and allow the project to be 

easily dismantled if needed. Third, the cost savings of utilizing an existing industrial systems 

allowed the project to maximize apartment sizes, common spaces, and fenestrations within the 

limited budget. 

 Portola Institute. The Last Whole Earth Catalog; Access to Tools. Menlo Park? Calif.: Portola Institute; Distributed by 18

Random House, New York, 1971.

 Shigeru Ban: Social Beauty.” 2017. AV Monografías = AV Monographs, no. 195.19
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The project consists of nine bar buildings, organized in five east-west rows on a local school’s 

baseball field - a rare piece of flat land in the otherwise mountainous area. Dimensions of the 

building are derived from the standard shipping container: 2.4m (8ft) wide per structural bay, 2.6m 

(8.5ft) high per floor, and 12.2m (40ft) deep. The length of the bar building range from 15 to 19 

structural bays. Circulation consists of stairs at the two ends of the building, and exterior walkways 

on the north elevation. Unit types range from studios (1.5 structural bays), one-bedroom 

apartments (2 structural bays), and two-bedroom apartments (3 structural bays). Structurally, the 

buildings are rows of shipping containers stacked three high sectionally in a checkerboard pattern, 

sitting on steel plate footings. The generous dimensioning of the container’s internal frame as 

architectural structure, squat proportions, and the accumulative flexibility of the stacked 

connections, allow the overall structural configuration to perform well in earthquake scenarios. 

 The idea of standardizing containers to facilitate intermodal cargo transport first emerged in the 

1830s, with the first international standards established in 1933.  The now-ubiquitous design for 20

stackable steel containers was developed by the US military and commercial shipping lines in the 

1950s and reached critical mass through extensive use in the Korean War. Already in its earliest 

military applications, the empty containers were used at the point of delivery as architectural units 

for storage or mobile facilities. As a building scaled module that is easily transportable, stackable, 

affordable, and ecologically sound when re-purposed, the shipping container has since become a 

persistent trope in contemporary architecture.  

The category of container architecture is today amongst one of the most successful narratives of 

material with a building scaled module, which also includes the various habitable pods, units, and 

capsules. As a canonical work in this lineage, the Container Temporary Housing demonstrates two 

key innovations that have expanded the possibilities for contemporary practitioners. First, despite 

the rugged steel facade, containers can only be stacked and lifted from the reinforced corners, 

 Kramer, Sibylle. The Box : Architectural Solutions with Containers. First ed. Salenstein]: Braun, 2015.20
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limiting possible arrangements without additional reinforcements. Ban’s design utilized a 

straightforward but non-obvious checkerboard arrangement that conforms to the highly specific 

logic of stacking containers, while doubling the useable space with the same number of units. 

Second, containers are often perceived as temporary, industrial, and foreign to the domestic 

landscape; limiting their use to niche building types. However, the same perceptions can also be 

leveraged towards the project’s advantage, for example in post-disaster contexts were where 

speed, robustness and guarantee of an easy disassembly is critical to gain political support. 

Familiar Materials 

2.3.5 Cardboard Cathedral, Christchurch, New Zealand (2013) Shigeru Ban 

One of the most high-profile narratives of material in recent practice may be the lineage of projects 

by Shigeru Ban beginning in 1986 that explores the architectural potential of paper tubes, which 

included private houses, small chapels, temporary housing, emergency tents, offices, and 

exhibitions. This study will mostly focus on the Cardboard Cathedral, constructed in the aftermath 

of the 2011 Christchurch Earthquake to provide a temporary replacement for the damaged gothic 

cathedral.  As the largest, and perhaps most visible and iconic building to use paper tubes as a 21

building material, the Cardboard Cathedral demonstrates the formal and programmatic versatility 

of material narratives as a strategy of quickness, and its effectiveness in providing the momentum 

to realize projects in post-disaster contexts. 

Spatially, the building is organized symmetrically along a central axis, with a large congregational 

space in the center and four smaller spaces on either side containing ancillary functions. 

Structurally, the building is composed of 39 triangular portal frames, each with two 60cm diameter 

paper tubes connected at the apex. The paper tubes have water and fireproof surface coatings and 

 Shigeru Ban: Social Beauty.” 2017. AV Monografías = AV Monographs, no. 195.21
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contain a laminated timber core. Sectionally, the frames gradually shift from a 21m tall isosceles 

triangle on the alter side, reminiscent of the damaged cathedral’s gothic proportions, to an 

equilateral triangle on the entrance side - creating overall a perspectival foreshortening to 

exaggerate the scale and depth of the space inside. The portal frames are reinforced with external 

steel frames on the two ends and anchored along the two edges by the steel shipping containers. 

The arrangement’s low center of gravity and squat stance allows the building to perform well in 

earthquake scenarios. 

Ban’s paper tube projects may be broadly categorized into three types by the structural role of the 

protagonist material. In the early works, such as the Paper Log House (1995) and the Paper Church 

(1995), paper tubes were the primary structure, arranged as a solid wall of densely packed column. 

In subsequent works, such as the Paper Emergency Shelter for the UNHRC (1999) and the Paper 

Temporary Studio (2004), paper tubes were used as compression members in hybrid structures, 

usually in combination with steel cables in tension - forming a more efficient overall configuration 

in which the paper tubes serve an important but secondary structural role. The Cardboard 

Cathedral (2013) represents a third category, in which the cardboard tubes, reinforced by a 

laminated timber core and external steel frames, is essentially a fireproof cladding with no direct 

structural function. The persistence of paper tubes despite its receding structural role reveals its 

primary value as a material protagonist in the design narrative - a device for organizing and 

carrying the design intents. 

2.3b Narratives of Community 

The Frame for In-Fill 

2.3.6 Thao Community Reconstruction, Taiwan (1999) Hsieh Ying Chun 

2.3.7 Khumjung Secondary School, Nepal (2015) Shigeru Ban 
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A narrative of community in which the architect acts as an almost invisible facilitator of self-

construction by the residents is the reconstruction of the Thao Community, whose village was 80% 

destroyed in the 1999 Jiji Earthquake.  Located in central Taiwan near Sun Moon Lake, the village 22

is home to the Thao people, the smallest aboriginal tribe in the region with 281 remaining members 

in 2000, but which has a well preserved and distinctive cultural tradition, including a living 

language and religious practice. In Hsieh’s account, he was invited by anthropologists who had 

been studying the area to help reconstruct the village in a way that would be sensitive to the fragile 

cultural legacy. The brief also presented the difficulty of an extremely low budget, of approximately 

25-50% of the market price, due to the high rate of under-employment amongst the villagers. 

The new village plan, devised with extensive community consultation, consists of 36 housing units, 

an office, workshop, and factory building, loosely arranged along the main axial road. The village 

plan provides seven distinct public spaces designated for specific cultural rituals, including prayers 

to ancestors, tribe meetings, and rituals for hunting, fishing, and seeding, amongst others. The 

housing units are single floor and semi-detached. Each unit has a large covered entry porch, living 

room, three bedrooms, and one bathroom. Structurally, the buildings are lightweight steel frames, 

utilizing u-section beams and hollow section columns, into which cement is poured once 

assembled to help reinforce and fireproof the structure. The architect only provided the primary 

structural framework and basic infrastructure, which guarantees a basic level of safety, particularly 

in an earthquake, while leaving the rest of the building to be infilled, clad, roofed and completed by 

the community. 

In Heish’s account, the main goal of the project was to facilitate self-construction by the local 

community for two reasons. First, it would lower the upfront cost of the project by enlisting the 

under-employed villagers to donate their labor and utilize materials at hand. Second, the process 

 Heish Ying Chung, interview by author, May 21, 2017.22
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of rebuilding is seen as a therapeutic activity for victims of the disaster, helping them to regain a 

sense of control and ownership. The key insight of Hsieh’s scheme is to identify structural safety 

as the limiting factor of community involvement in construction, given its complexity and morbid 

safety implications. To this end, the scheme centered on the development of a reinforced 

lightweight steel framing construction system that could be industrially produced and assembled 

on-site; providing a precise and reliable framework to which the community poor in cash but rich in 

social capital and handcraft skills may incrementally add to and complete over time. 

Viewed abstractly, Heish’s scheme provides the guarantee of structural safety without a defined 

form, facilitating quickness through a narrative of community involvement with a high degree of 

freedom. The reinforced lightweight steel framing system pioneered in the Thao Community has 

since been patented and commercialized, providing a cost-effective way to structure buildings 

under 4 stories tall and with spans within 5m. In the same period, Hsieh’s practice has transitioned 

from a design studio into a material manufacturer selling construction systems with the option of 

in-house designs. It suggests a new mode of architectural practice, perhaps more akin to utility 

companies, which would act as the facilitator of self-building by the community by providing a 

basic level of structural safety. 

A comparable case of a narrative of community in which the architect provided only a structural 

module without a distinct form is the Khumjung Secondary School, a reconstruction project by 

Shigeru Ban in Nepal following the 2015 Earthquakes.  It is an outcome of a research project that 23

aims to develop a new building prototype for the Nepalese context that could be provided to 

communities affected by the earthquake; ensuring structural safety while utilizing local skills and 

material to lower the cost and increase the speed of rebuilding activities. The Khumjung Secondary 

School, one of the higher-profile projects in the series due to the school’s association with Sir 

 Shigeru Ban: Social Beauty.” 2017. AV Monografías = AV Monographs, no. 195.23
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Edmond Hillary, who had established it in 1961, is the most complete expression of the timber 

frame construction system developed by Ban’s team. 

Spatially, the building consists of three square classrooms, each 5.4x5.4m in plan, arranged in a 

row. A 1.4m wide covered porch on the south elevation serves as the main circulation and entrance 

to the classrooms. While the building is relatively low, with floor to ceiling height of 2.1m, a sense of 

spaciousness is maintained by revealing the space within the steep timber-framed pitch roof 

optimized for shedding snow, which reaches a maximum height of 4.25m. Structurally, the building 

is a timber frame, with 0.2m deep columns spaced 0.9m apart, braced by plywood sheets on the 

interior surface. The frame is infilled with non-structural insulation and stone. 

As with Heish’s reconstruction of the Thao Community, Ban faced the question of how to ensure 

structural safety while utilizing as much as possible local material and labor, which are largely 

unprofessional and difficult to regulate. Ban’s design takes advantage of the local expertise in 

carpentry to develop a timber frame module that could be aggregated to form the primary 

structural frame, and then infilled by the local community with available material, including rubble 

bricks recycled from collapsed houses. The modules are 1.1m high, 0.9m wide, and 0.2m deep; 

designed to be 1) stacked two tall to reach a typical single-story hight, 2) dimensioned to be easily 

integrable with typical doors and windows, and 3) maneuverable without heavy machinery. The 

flexible module has since been used in a diversity of building types, including homes, temples, and 

schools. 

The Half House 

2.3.8 Quinta Monroy Housing, Chile (2004) Alejandro Aravena/Elemental 

2.3.9 Kirinda Reconstruction, Sri Lanka (2007) Shigeru Ban 
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A narrative of community that demonstrates a middle ground between stipulations by the architect 

and freedom for incremental development by the residents may be the Quinta Monroy Housing, a 

social housing development in Chile intended for lower-income households.  In Elemental’s 24

statement, the design aimed to maximize the long-term value of the government subsidy of 7,500 

USD per household. Instead of building small and inflexible units within the limited budget, the 

scheme opted to build ‘half a house’ at a higher quality that contained essential amenities and 

could be occupied immediately, while providing the framework for the residents to expand the 

house incrementally by approximately 50%. The scope for expansion allow the houses to 

accommodate different and shifting needs of each family, and provide a platform for the 

sustainable accumulation of real estate wealth through small improvement projects, to which the 

residents can donate their labor and design. 

The project consists of two unit types with base areas of 36 and 27 sqm, which can be expanded 

to a maximum of 70 and 72 sqm respectively. The first unit type occupies two 3m structural bays 

on the ground floor, with space to expand into a third bay and the back gardens. The second unit 

type occupies one structural bay over the second and third floor, with space to expand across into 

the adjacent bay. The two units are stacked to form the basic module of the 3 floors tall 6m deep 

row house typology. A total of 93 units are arranged around four common courts. Structurally, the 

buildings are reinforced concrete frames with robust dimensions. By completing all party-walls and 

primary structures in the initial phase of the development, the design reduces the complexity and 

safety risk of the self-constructed additions - a critical consideration in the highly seismic region. 

The idea of enlisting the collective labor and acumen of a community to build their own 

environment has been a recurring trope in architecture history. The modern incarnation, succinctly 

presented in John Turner’s 1972 essay Housing as a Verb, is primarily focused on deciding what 

 Aravena Mori, Alejandro., Andres. Iacobelli, and Elemental. Elemental : Manual De Vivienda Incremental Y Diseno 24
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needs to be provided upfront, and what is best left to the community to complete incrementally - a 

critical issue given the increasing complexity of modern buildings.  The Quinta Monroy Housing 25

may be considered a work in this lineage. A key decision of the design was the scoping of the initial 

phase of development, which was set at roughly 50% the final anticipated building volume based 

on available funds, and the scaling of elements, i.e. to build half of each housing unit, as opposed 

to half of the neighborhood, or the half of building elements. This allowed all utilities and the 

primary structure to be provided upfront for each unit, resolving the most complex elements of the 

building to lower the technical difficulty of subsequent self-building, and allow urban gestures, 

such as the arrangement of public spaces and its relationship to the housing units, to be 

established and enforced. 

The success of the Qunita Monroy Housing development and the half house typology may be 

attributed to the diagrammatic clarity with which it reveals what is provided and what is added, 

especially when considered in relation to the longer lineage of site and service projects. 

Specifically, it allows the design intentions to be clearly discerned, while accommodating a 

diversity of incremental additions. Akin to the constant bass beat underpinning Jazz 

improvisations, the consistency of the former facilities variations in the latter while preserving a 

coherent whole. While at times criticized for the limited degree of freedom afforded the residents, 

particularly when compared to schemes that allow more flexibilities in the building form, 

Elemental’s scheme seems to have found a critical mass of design intention that allows both the 

initial and eventual state of the project to convey coherent architectural intentions. 

An example of community involvement operating at both the constructional and programmatic level 

is the Tsunami Reconstruction project in Kirinda, developed for a small community of Islamic 

fisherman located on the southern coast of the island country devastated by the 2004 tsunami.  26

 Turner, John F. C., and Robert Fichter. Freedom to Build; Dweller Control of the Housing Process. New York: Macmillan, 25

1972.

 Shigeru Ban: Social Beauty.” 2017. AV Monografías = AV Monographs, no. 195.26
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The masterplan plan consists of roughly 67 housing units, a mosque, and rubber tree plantations to 

provide an alternative and sustainable source of income for the village. This study will focus on the 

housing component, which responded to the remote location and low budget by enlisting the 

community in the construction and programming of the building; the former through the 

development and knowledge transfer of a new brick module that may be fabricated locally and 

easily assembled by non-professional, and the latter by providing a housing typology with almost 

half of the covered areas designated for flexible uses. 

The houses are loosely arranged along existing village roads, interspersed amongst existing 

buildings. On plan, the Kirinda House consists of two adjacent parts roughly equal in size. The first 

contains three adjoining rooms, each with a window and direct access to the exterior to facilitate a 

diversity of living arrangements. The second half contains a covered outdoor area with two small 

storage spaces, which may accommodate transitional functions such as a workshop for repairing 

fishing nets or community gatherings. It may also be sealed off to double the interior size of the 

house. Structurally, the building is masonry reinforced with steel bars and cement. The specially 

developed brick modules use the local clay and have LEGO like grooves that interlock to increase 

rigidity and facilitate construction by non-professionals. The roof is a lightweight timber frame built 

from local teak and coconut trees. The symmetrical building arrangement, reinforced walls, and low 

center of gravity allow the building to perform relatively well in earthquake scenarios. 

The Kirinda House taps into the capacity of the local community to generate speed in two ways. 

First, by developing a building material that could be manufactured on-site, the friction of material 

logistics is eliminated. Additionally, the easy-to-assemble brick modules allow the local community 

to donate their labor, further reducing the cost. Second, half of the house is intentionally left un-

programmed, so that it may accommodate various transient uses, and in extreme cases be 

enclosed to double the interior area. The deliberate loose fit between space and program reduces 
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the friction of specificity, allowing the design and construction to capture economies of scale while 

accommodating a diversity of lifestyles, including specific needs of the Muslim community. 

A Sense of Community History 

2.3.10 Home for All in Rikuzentakata, Japan (2012) Kumiko Inui 

The final case of narratives of community is also the closest to a typical building, in the sense that 

it was entirely constructed by professionals contractors in a single phase. The Home for All in 

Rikuzentakata is a community center for a small town devastated by the tsunami in the 2011 Great 

East Japan Earthquake.  It is the flagship project of the Home for All initiative, a volunteer group 27

led by prominent architects Toyo Ito, Kazuyo Sejima, and Riken Yamamoto that work with young 

architects to realize small community buildings in disaster areas. To date, the initiative has realized 

17 projects, with programs ranging from gathering spaces in temporary housing neighborhoods, 

play spaces for children, and bases for rebuilding local agricultural and fishery industries. The 

Home for All in Rikuzentakata is a community gathering space, occupied in part by the designated 

owner’s business, a hair salon. 

Often described as a treehouse, the building consists of three stacked volumes dispersed amongst 

an irregular grid of 19 timber columns. The stacked volumes are sectionally linked and contain two 

levels, a kitchen and living space on the ground, and a tea-room in the mezzanine above. An 

exterior stair system wraps around the volumes, providing vertical circulation and linking three 

large exterior balcony areas. Structurally, the building is a rigid timber frame composed of columns 

interconnected by a network of beams. A secondary structure of lightweight timber frame enclosed 

 Itō, Toyoo, Kumiko Inui, Sōsuke Fujimoto, Akihisa Hirata, and Naoya Hatakeyama. Koko Ni Kenchiku Wa Kanō Ka = 27

Architecture. Possible Here? "home-for-all". 初版. ed. Tōkyō-to Minato-ku: TOTO Shuppan (TOTO Kabushiki Kaisha), 2013.

112



the interior space. The oversized dimensions of the primary structure, as logs recycled from local 

pine trees damaged by the tsunami, provide a high level of safety in earthquakes. 

As the only building in the category that does not enlist the physical labor of local residents in 

construction, the Home for All approach illustrates the intangible values of narratives of community 

and its applicability in developed contexts contexts where strict building regulations and an 

advanced construction industry usually preclude DIY projects by non-professionals. In the case of 

the Home for All in Rikuzentakata, the narrative of community performs at least two functions. 

First, it helps to contextualize the project in an area physically erased by the earthquake and 

tsunami. Specifically, the narrative of how the damaged pine trees from the previously well-visited 

local forests were discovered and re-used as columns in the new building helps to link new 

developments to a local history. 

Second, while narratives historically reveal patterns dispersed across large timespans, in this case, 

it is deployed to make sense of the instantaneous and opaque process of contemporary 

reconstructions. The narrative, if not the practice, of the extensive consultation process, in which 

the community was involved in the development of the design, invites projections of ownership and 

license for interpretation to the otherwise foreign object that appears to pop up almost 

instantaneously. In this light, the building’s role as a record of the extensive consultation process 

and the integration of diverse viewpoints is perhaps more critical than the physical structure itself. 

Consequently, the final building form consisting of an agglomeration of distant and iconoclastic 

elements, a rarity in contemporary Japanese that usually prizes abstraction and simplicity, can be 

usefully understood as the record of a process, as opposed to a static end. 

Summary 
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In summary, we may make three observations about the strategy of quickness in contemporary 

architectural practice. First, the structural safety of the cases discussed almost always rely on 

conservatively over-dimensioned structural elements, as opposed to pursuing highly optimized and 

materially efficient solutions. However, the cost of the redundancy is usually more than offset by 

the low cost of the material or fabrication, which are donated or sourced locally and cheaply. 

Second, while most protagonist material or element around which narratives are organized are 

often originally a key structural component, and whose presence served as an indicator of 

structural integrity, over time the correlation have become less clear. The paper tube in Shigeru 

Ban’s work, for instance, continue to be used despite its receding structural function. 

Third, strategies of quickness often challenges the designer to redefine what should be designed 

and constructed upfront, and what may be left for incremental additions and modifications. 

Abstractly, it is shifting the scope of architectural practice upstream, with less emphasis on the 

construction and site supervision and more on research in material systems and constructional 

approaches. While many architects have been able to manage this within the setup of a typical 

practice, some are also beginning to adjust the professional framework of practice to better suit 

this need, for example by establishing consultancies or structural frame manufacturers. 

2.4 Future – Towards Open-Ended Narratives 

The development of quickness as a building design strategy may be broadly understood to have 

gone through three distinct phases. First, in the historical period, quickness was primarily focused 

on the pursuit of quantity and speed, with narratives enforcing consist and often converging 

outcome. This pursuit of speed reached an asymptotic limit around the early 20th century, with the 

application of industrial mass production to architecture facilitating the effectively instantaneous 
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delivery and assembly of buildings. An illustrative example is the Sears Catalogue Homes, over 

700,000 of which was sold between 1904 and 1940.  In the second phase, the focus of quickness 28

shifted to the qualitative diversification of designs. Many of the contemporary cases may be 

understood in this light; as different ways of generating diversity and specificity within the logic of 

industrial mass production. In the last decade, the pursuit of diversity too seems to be have been 

mostly resolved, with the development and proliferation of digital technology facilitating new 

degrees customizability in design and fabrication.  

In the currently emerging third period of quickness, the success of a design strategy will 

increasingly be measured by its long-term value and adaptability. Abstractly, this may be 

understood as the pursuit of more open-ended narratives, or the maximization of future options. 

While still in its nascent stage of development, a few experimental projects reveal two emerging 

approaches. The first involves the reframing of necessary short-term projects, such as clearing of 

rubbles in the immediate aftermath of an earthquake, as a facilitator of subsequent projects, akin 

to movie episodes in a loosely organized, non-sequential, series belonging to the same fictional 

universe. An example is Liu Jiakun’s Rebirth Brick Project, which leverages the necessary clearing 

process to produce bricks from the rubble, thereby creating local employment in the immediate 

aftermath of earthquake disasters and a stockpile of building materials for the subsequent 

rebuilding process without prescribing a design. The second involves the bundling of narratives at 

different timespans in rapidly implemented but more permanent structures, such as the first 

generation of buildings in a reconstruction process, so that it may continue to be relevant and 

resonate with the stakeholders beyond the initial heroic period of reconstruction. An illustrative 

example may be the Post-Earthquake Reconstruction Project in Guangming Village, which utilized 

the period of rapid reconstruction to transfer and establish best building practices that would 

remain in the community. 

 Sears, Roebuck Company. Small Houses of the Twenties : The Sears, Roebuck 1926 House Catalog. Philadelphia : New 28

York: Athenaeum of Philadelphia ; Dover Publications, 1991.

115



The section below will examine the two emerging approaches through built cases from the last 

decade, most of which are experimental pavilions or smaller-scale pilot projects.  

Material Flow 

2.4.1 Swiss Pavillion, Hanover, Germany (2000) Peter Zumthor 

2.4.2 Rebirth Brick Project, Sichuan, China (2008) Liu Jiakun 

Given the often short life of the first generation of stop-gap projects implemented in the immediate 

aftermath of earthquakes, a key criticism has been the inefficient and often profligate use of 

materials. Interestingly, similar problems also exist in the category of temporary architectural 

pavilions, which provides a more generous and less morbid context for resonant design concerns 

and explorations. While most do not go beyond finding an alternative use for the pavilion after the 

exhibition period, aspiring to be acquired by a museum collection for example, or limiting the 

material pallet to those that are bio-degradable, or at the very least, recyclable; some 

distinguished cases have been able to achieve the holy grail of actually adding value to the output, 

most often in the form of delivering high-quality material that may be used in subsequent 

construction with little or no constraint on the design. 

An early pioneer of this exploration is the Swiss Sound Pavilion, constructed for the 2020 World 

Expo in Hanover.  Designed by Peter Zumthor, the building takes as its inspiration the timber 29

yards often found in the Swiss landscape, and in particular the geometric forms of timber planks 

stacked in highly precise ways, separated by precisely placed batons, forming skeletal walls that 

transition between opacity and transparency as the view’s perspective shifts. Taking advantage of 

 Zumthor, Peter., Thomas Durisch, and John Hargraves. Peter Zumthor : Buildings and Projects, 1986-2013. Zurich: 29

Scheidegger & Spiess, 2013.
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the three month lifespan of the pavilion, which roughly coincides with the drying period for 

processing freshly sewn timber into construction lumber, the project is both an architectural folly, 

and part of a material supply chain for subsequent construction. Adhering to the necessary parallel 

geometry of timber drying stacks, the pavilion is composed of 12 distinct areas, each containing 

4-11 rows of equal length. Together with the engineer Jurg Conzett, a clamp-like, screwless, spring 

loaded steel reinforcement is developed to provide the necessary lateral stability throughout the 

duration off the expo as the timber dries and shrinks, but also without damaging the timber and 

therefore compromising its constructional potential. 

A more recent project that is closer to the realities of post-disaster construction is Liu Jiakun’s 

Rebirth Projects, initiated during and in response to the aftermath of the 2008 Sichuan 

Earthquake.  As a central figure in contemporary architecture in Western China, Liu was deeply 30

affected by the Earthquake center on Sichuan, his base of practice. The Rebirth Brick Project 

began as a material research project that aimed to recycle the rubbles into material for the 

rebuilding, providing both employment in the immediate aftermath of the disaster, but also 

providing in-situ a stockpile of construction material. Perhaps as a legacy of his parallel career as a 

novelist, Liu is particularly interested in issues of memory, and in particular the erasure of memory 

through the reconstruction process. The Rebirth Brick project is a reaction against motif based 

associations with the past but allows subsequent project to maintain a material connection with the 

history of the place without imposing constraints on the modernity of the design - allowing the 

memory of the event and the place to simultaneously be more present and abstract than the 

alternative. 

Bundled Narratives 

 Liu, Jiakun, and Aedes Galerie Für Architektur Und Raum. Now and Here - Chengdu : Liu Jiakun, Selected Works. Berlin: 30

Aedes Am Pfefferberg, 2017.
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2.4.3 Post-Earthquake Reconstruction Project in Guangming Village (2017) CUHK/Edward Ng 

2.4.4 Better Shelter (2015) Ikea & UNHCR 

Astute readers may notice that the two previous cases illustrating the material flows approach to 

creating open ended narratives achieves its success in large part by deferring the construction - 

utilize the time of material production to incubate and develop the final design to which the 

materials maybe deployed towards. This luxury of time is not always available - in fact, in most 

post-disaster circumstances, the rapid erection of shelter is often the primary concern. Further, 

the designs put in place, often necessary optimized for quick deployment to the detriment of 

quality and long-term considerations, very frequently remains in place permanently. As the heroic 

period of reconstruction passes, the building continued viability requires it to resonate with the 

values and considerations of each subsequent generation of residents and users. Projects 

optimized only for the immediate rapid construction often perform poorly in this regard. 

A notable approach that has emerged in recently in contemporary practice is the bundling of 

narratives of different length and openness into projects that are necessarily urgent. Akin to 

composing the top, middle and base notes of a fragrance so that the scent evolve over time as 

different elements emerge and recede with time, the bundling of multiple narratives allows 

immediately deployed projects to remain relevant and take on different lives beyond. A illustrative 

example is the Post-Earthquake Reconstruction Project in Guanming Village in China, by Edward 

Ng at the Chinese University of Hong Kong.  While the project is at first glance a simple single 31

family house for an elderly couple displaced by a recent earthquake, close reading reveals at least 

four parallel strands. First is the reinforced rammed earth construction, which is developed with 

and transferred to the local community through the process of the projects, thereby inflicting 

profound changes to the local building culture, as well as creating new local employment in 

 "Post-Earthquake Reconstruction Project in Guangming Village / The Chinese University of Hong Kong & Kunming 31

University of Science and Technology" 05 Jan 2017. ArchDaily.
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construction. Second is the economic model facilitated by the simple design of the house, which 

by providing a semi-outdoor corridor-room and several spare rooms with individual access and 

loosely defined programs, provides the elderly couple with the potential of developing a restaurant 

or homestay business. Third, the choice to rebuild in-situ, as opposed to relocating the elderly 

residents to a more urban circumstance, makes it a showcase for a new mode of aging in place that 

is socially and economically more sustainable. The single projects is embedded with multiple 

narratives that would be foreground at different points of its lifecycle, supporting its continued 

relevance and viability. 

A project that also demonstrates the shift to bundled narratives is the Better Shelter, developed by 

the United Nations High Commissioner for Refugees in collaboration with IKEA, the Swedish 

furniture maker noted for its expertise in streamlined manufacturing and logistic supply chain.  32

Like the Post-Earthquake Reconstruction Project in Guangming Village, the Better Shelter is first 

and foremost responding to the immediate need for rapid deployment and the provision of basic 

shelter during moments of crisis. Where the shelter professes to be ‘better,’ as implied by its name, 

is in its capacity to reveal and affect different benign influences over time. Leveraging IKEA’s 

expertise in developing flat packed and self-assembled products, the Better Shelter is designed to 

be assembled on site, utilizing the abundance of under deployed labor in most refugee 

circumstances, and creating employment on-site. The modularized panel system is designed to be 

easily exchangeable and capable of integrating independently manufactured components, thereby 

facilitating the emergence of a secondary market, both second hand and self-manufactured parts - 

potentially tapping into local expertise. Lastly, the individual units of shelter may be joined into 

various configurations, facilitating the organic emergence of diverse building types that 

correspond to the range of living arrangements - endowing the project to grow and evolve beyond 

the initial period of crisis. 

 “Better Shelter.” Better Shelter. Accessed January 16, 2020. https://bettershelter.org/. 32
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2.2.1 QUICKNESS

Precedents - 
From the Fable to the Keynote 

PROJECT

Neiku, in the Ise Jingū

DATE

4BCE-

LOCATION

Ise, Japan

ARCHITECT

N/A
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2.2.2 QUICKNESS

Precedents - 
From the Fable to the Keynote 

PROJECT

Yingzao Fashi

DATE

1103-

LOCATION

Song China

ARCHITECT

Li Jie



122

2.2.3 QUICKNESS

Precedents - 
From the Fable to the Keynote 

PROJECT

Maison Démontable 6X6

DATE

1944

LOCATION

France and Colonies

ARCHITECT

Jean Prouve
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2.2.4 QUICKNESS

Precedents - 
From the Fable to the Keynote 

PROJECT

Whole Earth Catalogue

DATE

-1972

LOCATION

Menlo Park, USA

ARCHITECT

Stewart Brand
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2.2.5 QUICKNESS

Precedents - 
From the Fable to the Keynote 

PROJECT

Emergency Shelter Made From Paper

DATE

2013

LOCATION

TED Talk

ARCHITECT

Shigeru Ban
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2.3.1 QUICKNESS

Contemporary Cases - 
Narratives of Material and Community

PROJECT

Hai-Tech

DATE

2011

LOCATION

Japan

ARCHITECT

Ensamble Studio
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2.3.2 QUICKNESS

Contemporary Cases - 
Narratives of Material and Community

PROJECT

Newbud Eco-School

DATE

2009

LOCATION

Xiasi, China

ARCHITECT

Zhu Jingxiang & CUHK
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2.3.3 QUICKNESS

Contemporary Cases - 
Narratives of Material and Community

PROJECT

Rolling Huts

DATE

2008

LOCATION

Mazma, USA

ARCHITECT

Olson Kundig
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2.3.4 QUICKNESS

Contemporary Cases - 
Narratives of Material and Community

PROJECT

Container Temporary Housing

DATE

2011

LOCATION

Onagawa, Japan

ARCHITECT

Shigeru Ban
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2.3.5 QUICKNESS

Contemporary Cases - 
Narratives of Material and Community

PROJECT

Cardboard Cathedral

DATE

2013

LOCATION

Christchurch, NZL

ARCHITECT

Shigeru Ban
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2.3.6 QUICKNESS

Contemporary Cases - 
Narratives of Material and Community

PROJECT

Thao Community Reconstruction

DATE

2000

LOCATION

Nantou, Taiwan

ARCHITECT

Hsieh Ying Chun
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2.3.7 QUICKNESS

Contemporary Cases - 
Narratives of Material and Community

PROJECT

Khumjung Secondary School

DATE

2015

LOCATION

Khumjung, Nepal

ARCHITECT

Shigeru Ban
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2.3.8 QUICKNESS

Contemporary Cases - 
Narratives of Material and Community

PROJECT

Quinta Monroy Housing

DATE

2004

LOCATION

Iquique, Chile

ARCHITECT

Alejandro Aravena/Elemental
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2.3.9 QUICKNESS

Contemporary Cases - 
Narratives of Material and Community

PROJECT

Tsunami Reconstruction Project in Kirinda

DATE

2007

LOCATION

Kirinda, Sri Lanka

ARCHITECT

Shigeru Ban
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2.3.10  QUICKNESS

Contemporary Cases - 
Narratives of Material and Community

PROJECT

Home for All in Rikuzentakata

DATE

2012

LOCATION

Rikuzentakata, Japan

ARCHITECT

Kumiko Inui
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2.4.1 QUICKNESS

Future – 
Towards Open-Ended Narratives

PROJECT

Swiss Sound Pavilion

DATE

2000

LOCATION

Hanover, Germany

ARCHITECT

Peter Zumthor
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2.4.2 QUICKNESS

Future – 
Towards Open-Ended Narratives

PROJECT

Rebirth Brick Project

DATE

2014

LOCATION

Sichuan, China

ARCHITECT

Liu Jiakun 
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2.4.3 QUICKNESS

Future – 
Towards Open-Ended Narratives

PROJECT

Guangming VIllage

DATE

2017

LOCATION

Guangming, China

ARCHITECT

Edward Ng/CUHK
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2.4.4 QUICKNESS

Future – 
Towards Open-Ended Narratives

PROJECT

Better Shelter

DATE

2015

LOCATION

Various

ARCHITECT

Ikea/UNHCR 



Chapter 3 

Exactitude 

3.1 Exactitude, or the need for approximations. 

Building in seismic regions is a classic wicked problem. It is difficult to solve definitively because 

the problem itself is difficult to define precisely. The earthquake and its effects occupy multiple 

scales and dimensions, ranging from primary and secondary physical phenomenons, such as the 

ground shaking, soil liquefaction, and tsunamis, to more intangible impressions on the affected 

individual and society’s psyche. When seismicity intersects with building cultures, which itself 

consists of a range of structural, functional, economic, and aesthetic considerations, to name just 

a few, the complexity is compounded. Together, it presents a multi-objective optimization problem, 

where the many interrelated elements inevitably present incomplete, contradictory and changing 

requirements, resisting a stable formulation of the problem, and therefore a definitive resolution. 

In this study, exactitude, or the need for approximations, refers to a category of the design strategy 

that responds most directly to the intractability of wicked problems. Faced with a problem that may 

be too difficult or incomplete to grasp fully, it finds approximate, or Pareto optimal, solutions, by 

starting with a more exact solution to a related but simpler proxy problem. Common examples 

include using 3.14 as a shorthand for π, or approximating the earth as a perfect sphere in simple 

calculations of its circumference and diameter. As the effectiveness of the solution is largely 

dependent on the quality of the approximation, the strategy of exactitude refers to ways of 

balancing precision and actionability, taking into account at least four factors: 1) the information 

available, 2) the problem’s sensitivity to the data, 3) the necessary degree of accuracy in the 

solution, and 4) the amount of time or effort available or saved through the approximation. A 

developing context with limited engineering and constructional capacities, for instance, may be 
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inclined to approximate roughly the effect of earthquakes movement on buildings as a maximum 

lateral load in order to simplify calculations and implementation, while more advanced contexts 

may be able to consider and act upon a wider range of dynamic forces that together represent a 

more precise rendering of the phenomenon. 

When applied to the problem of building in seismic regions, the strategy of exactitude is primarily 

concerned with ways of approximating the physics of building structures and earthquake 

movement in order to anticipate their interaction. The aim is to produce actionable design solutions 

that are not necessarily perfect but effective enough. The earthquake problem for buildings is 

typically simplified to a proxy problem consisting of three elements: what is the best way to a) 

provide specific spans or heights to accommodate particular programs or design intent, b) within a 

set of load cases, and c) using a model of approximations that facilities calculation and translation 

to construction. While strategies of exactitude may be found across the developmental spectrum, 

for example as anecdotal rules of thumbs or safety factors in building codes, cutting edge 

examples that push the limits of precision and high-fidelity translation from design to construction 

are largely constrained to a limited number of contexts endowed with the necessary engineering 

and construction capacities. In the early 20th century, canonical cases tend to cluster around 

Western Europe, before shifting to the US in the mid-20th century and are today mostly found in 

Japan, London, and California - three centers of cutting edge architectural and structural design 

practices. 

While the modern strategy of exactitude as a building design strategy in seismic regions is closely 

associated with earthquake engineering, a field that did not emerge until the early 20th century,  as 1

a general approach to mitigating the risk of intractable problems by bringing it within the 

actionability of existing capacities through approximations, it has a far longer historical lineage. 

 Reitherman, Robert K. Earthquakes and Engineers: An International History. ASCE Press. Reston, VA: American Society of 1

Civil Engineers, 2012. 
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The following section will examine five historical episodes that resonate with the strategy of 

exactitude, aiming to understand its development and key traits. 

Convenience and At Hand 

3.1.1 Peacock’s Tail, Secondary Sexual Characteristics (5.33-2.58M BC / Pliocene Period) 

A pre-historic example of the strategy of exactitude may be found in evolutionary biology in the 

form of the Peacock’s Tail, which functions as a secondary sexual characteristic in sexual selection, 

a process first described by Charles Darwin in On the Origin of Species by Means of Natural 

Selection (1859),  and later elaborated in The Descent of Man, and Selection in Relation to Sex 2

(1871).  Sexual selection is a mode of natural selection, in which members of one sex select mates 3

from the opposite sex based on specific characteristics. The aim of sexual selection is to select the 

fittest mate, therefore maximizing the fitness of the offspring. However, as fitness, or an 

individual’s capacity to contribute to the next generation’s gene pool, is difficult to define and 

observe, secondary sexual characteristics often serve as proxy indicators for genetic fitness. For 

the peahen, a predilection for peacocks with the most ‘eyes’ on its tail feather approximate 

selecting the fittest mate.  

The Peacock’s elaborate and unwieldy tail, which seems to lower the overall fitness of the 

individual who possessed it, presented a paradox for Darwin, as it appears to contradict the 

functionally-oriented elegance of natural selection. For us, the case demonstrates the advantages 

and limitations of reducing complex problems to simple proxies. On the one hand, a wicked 

problem can be made tractable. By devolving the complex task of selecting the fittest mate to a 

straightforward task of selecting the peacock with the most elaborate tail feather, it is brought 

 Darwin, Charles. The Origin of Species by Means of Natural Selection : Or, The Preservation of Favoured Races in the 2

Struggle for Life. 6th Ed., with Additions and Corrections. ed. London: J. Murray, 1888.

 Darwin, Charles. The Descent of Man, and Selection in Relation to Sex. Princeton: Princeton University Press, 2008.3
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within the cerebral capacity of the peahen, and takes advantage of the bird’s sharp vision. On the 

other hand, even valid proxies are merely approximations, and a simplistic reduction of a complex 

problem may lead to unintended and unuseful solutions. As Ronald Fisher observes in The 

Genetical Theory of Natural Selection (1930),  while the Peacock’s ornamental tail may have 4

originally signaled greater potential fitness, for example by offering the potential camouflage, the 

oversimplification of fitness to a single trait has led to a runaway selection, also known as a 

Fisherman Runaway, where the result no longer correlates with the original aim. 

Curated and Abstract 

3.1.2 Weiqi (Go), Warring State Period China (400 BC) 

The history of games also resonates strongly with the strategy of exactitude. An illustrative 

example is Weiqi, or Go in Japanese, which is today one of the oldest games that have been 

continuously played.  First described in the Zhou Zhuan, or The Commentary of Zuo, in the 5th 5

century BC during the Spring and Autumn Period, Weiqi has over 40 million registered players 

today, most of whom are in East Asia. In game-theory terms, Weiqi is a non-chance, combinatory 

game with perfect information, meaning that the sequence and location of pieces are known to 

both players at all times. While the game claims the mystical provenance of being commissioned in 

the 22nd century BC by Emperor Yao to favorably influence his son and successor, Shun, it most 

likely emerged from military models that marked positions on maps with stone pieces. Since at 

least the Tang Dynasty in the 8th century, Weiqi has been one of the four arts of the Chinese 

scholar, along with Qin (music), Shu (calligraphy), and Hua (painting). Specifically, Weiqi was seen 

as a means to develop strategic thinking and mental skills amongst the political and military elite. 

 Fisher, Ronald Aylmer. The Genetical Theory of Natural Selection : A Complete Variorum Edition. A Complete Variorum ed. 4

Oxford: Oxford University Press, 1999.

 Shotwell, Peter, The Game of Go: Speculations on its Origins and Symbolism in Ancient China, American Go Association, 5

2008.
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Compared to the Peacock’s Tail, which is a simplistic and somewhat accidental approximation a 

complex problem using convenient proxies that happen to be at-hand, Weiqi is a more considered 

and conscious composition of elements that intends to approximate real-world dynamics, albeit 

with a high degree of abstraction to remain within the capacities of analog calculations. As such, 

Weiqi may be considered a more exact approximation of the original problem, and ability in the 

game is routinely accepted as an indicator of intelligence, temperament, and excellence in 

strategic thinking - for example constituting part of the civil service examination system of Imperial 

China in operation between 2nd century BC and 1905. Weiqi perhaps most notably demonstrates 

the advantages and limitations of highly abstract proxy models of problems, which sacrifices 

specificity for a more general, universal applicability. While the real-world application of Weiqi is no 

longer obvious, the implied usefulness still persists today, with Weiqi being the application of 

choice for Alphabet Inc’s high profile artificial intelligence unit, Google Deepmind, whose AlphaGo 

program defeated the top-ranked human player, Ke Jie, in May of 2017.  While uses for the AI is 6

only beginning to penetrate mass culture, the program’s mastery of the abstract game seems 

widely accepted as evidence of its general usefulness in the real world. 

Realistic Renderings 

3.1.3 The Allegory of Good and Bad Government, Siena, Italy (1338) Ambrogio Lorenzetti 

The strategy of exactitude was largely confined to the realm of abstract patterns and convenient 

proxies, as in the two preceding examples, until the development of more sophisticated and 

accurate representational tools in the early 14th century. An illustrative case is The Allegory of 

Good and Bad Government, a composition of three frescos in the main salon of the Palazzo 

 Gibney, Elizabeth. "What Google's Winning Go Algorithm Will Do Next: AlphaGo's Techniques Could Have Broad Uses, but 6

Moving beyond Games Is a Challenge." Nature 531, no. 7594 (2016): 284-285.
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Pubblico in Siena, where the nine elected officials deliberated on the matters of state.  Painted by 7

Ambrogio Lorenzetti between 1338-1339, it consists of six scenes on three walls. The central 

fresco is The Allegory of Good Government, which depicts the ideal government, composed of 

virtues such as justice and peace, mechanisms of accountability, and a degree of equality amongst 

different levels of society. The fresco to the right is The Effects of Good Government in the City 

and Country, which depicts an idealized scene of Siena and its surrounding landscapes, with 

prosperous commerce, merry activities, and fertile agriculture. The fresco to the left is The 

Allegory and Effects of Bad Government, which depicts a government composed of vices, such as 

tyranny and cruelty, and its result in a desolate city and landscape. 

The precision with which complicated problems and their solutions can be approximated 

graphically advanced rapidly with the development of perspectives and other systematic 

representational techniques in early Renaissance Italy. Associated with the technical breakthrough 

that allowed real environments and objects to be depicted with a high degree of precision and 

realism was the emerging belief that sight was not only the act of seeing, but also an act of 

understanding. In other words, the realistic rendering of an ideal government and its effects on the 

city and countryside was not just an empty wishlist, but is in itself a proof of concept and 

instruction for implementation, in the same way that an architectural rendering may verify a design 

and guide the construction, as both are understood to be systematic representations of a more 

complex reality. 

Precise but Static 

3.1.4 Mississippi River Basin Model (1943) US Army Corps of Engineers 

 Lorenzetti, Lorenzetti. Allegory of Good and Bad Government, 1337.7
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The strategy of exactitude may be usefully understood as creating approximate models of complex 

problems in order to gain traction in its resolution. Before the wider availability of computers in the 

second half of the 20th century, which greatly enhanced the possible complexity of mathematical 

models, the methodology of modeling often entailed physical models, which could be constructed 

to a high degree of precision. One of the largest and most complex examples may be the 

Mississippi River Basin Model, a 1:2000 horizontal and 1:100 vertical scale hydraulic model of the 

roughly 3,220,000 km2 Mississipi Basin constructed by the US Army Corps of Engineers between 

1943 and 1966.  Composed of contoured concrete panels and a system of water tanks and 8

plumbing, a gallon of water in the model represents 1.5 million gallons in the river system, and a 

day of flow could be simulated in approximately 5 minutes. The model was built to understand and 

coordinate flood control measures, notably offering insights into the systemic effects of local 

interventions. 

A physical model is effective in approximating physical phenomenons because it automatically 

simulates a range of complex processes, dispensing with the need for mathematical models that 

may be difficult to formulate and compute. As hydraulics and sediment dynamics is often noted as 

one the most complex branch of engineering, a sentiment perhaps most famously expressed by 

Albert Einstein when his son Hans declared his interested in pursuing a career in the field, the 

Mississippi River Basin Model represents an extreme case both in terms of scale and necessity. 

However, while physical models allow highly precise approximations, it is only of a singular state, 

and the speed of calculation cannot be multiplied. Consequently, while physical models remain 

widely used for dealing with aspects of complex physical systems, computer models offering 

comparable accuracy with superior speed and editability have largely replaced it. Physical models 

are now mostly used at critical junctures as a more direct, and presumedly more intuitive and fool-

proof way of verifying solutions, in a spirit akin to the aeronautics engineering adage of ’if it looks 

right, it will fly right.’ For instance, major buildings with non-standard structural configurations, 

 99% Invisible, America’s Last Top Model, July 19, 2016.8
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such as the CCTV in Beijing and the Tokyo SkyTree, are still tested on a shaking table, at 1:35 scale 

in the case of the former, to verify baseline levels of safety.  9

Multiple and Dynamic 

3.1.5 An Analysis of the Finite Element Method (1973) Gilbert Strang, George Fix 

A more recent development in the strategy of exactitude is the Finite Element Method, a numerical 

method for solving problems in engineering first systematically described by Gilbert Strange and 

George Fix in An Analysis of the Finite Element Method in 1973.  Initially developed to compute 10

complex shell structures by approximating it as a lattice composed of individual segments that may 

be calculated separately, the method essentially entails the division of large problems into smaller, 

simpler parts that may be individually solved and re-aggregated to present a total solution. As the 

grain of subdivision can be varied over the problem domain to the desired level of precision, the 

Finite Element Method is particularly effective in describing complex geometry, registering 

different materials, capturing local effects, and approximating a total solution even if the overall 

problem domain lacks smoothness.  

The finite element method may be regarded as a brute force approach to approximating and 

solving wicked problems, substituting a holistic resolution with an aggregation of local solutions. It 

is fundamentally limited by computing power, with the number of calculations increasing 

exponentially with each further subdivision of the problem. For this reason, while the method has 

been around since the 1970s, it has only become widely and affordably available to architectural 

designers in the last decade or so with the advancement and proliferation of personal computers. 

 Koolhaas, Rem., Ole. Scheeren, and Office for Metropolitan Architecture. CCTV by OMA. Kenchiku to Toshi. Extra Edition. 9

Tokyo: A+U, 2005.

 Strang, William Gilbert, and George J. Fix. An Analysis of the Finite Element Method. Prentice-Hall Series in Automatic 10

Computation. Englewood Cliffs, N.J.: Prentice-Hall, 1973.
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Specifically, the improved speed, if not the precision, of entry-level finite element analysis software 

such as Multiframe or Millipede, which are capable of calculating around 200 elements in near real-

time, has significantly changed the way structures can be designed, facilitating more open-ended 

explorations and minute refinements with the possibility of rapid iterations.  11

 

Summary 

In summary, the development of exactitude as a strategy for approaching wicked problems can be 

broadly described in four distinct periods. In the prehistoric period, approximations were based on 

conveniently available proxies, often stumbled upon by trial and error. As the casualty is ill-

understood, it is difficult to reverse engineer, and inevitably evolves in unpredictable and often un-

useful ways over time. In the second period, the emergence of strategic thinking, particularly in the 

military field, that paralleled the development of more complex social orders in the east during 

Warring State Period around the 4th century BC, created the need for more precise models of 

approximations. Abstract models are consciously composed to reflect real-world dynamics, albeit 

with a high degree of abstraction to simplify calculations. In the third period, the development of 

systematic representational tools allowed more direct translations between approximations and 

reality. An architectural perspective from the Renaissance, for instance, is a more precise 

approximation of the final building than abstract formulas for construction found in earlier building 

treaties. Approximations have become increasingly precise since, with physical models generally 

regarded as the gold standard for dealing with physical problems, as it automatically simulates a 

wide range of phenomenons without the need for prior knowledge of what to look for. The shaking 

table, for instance, is widely used to test the seismic performance of structural configurations. The 

transition into the fourth period, which tentatively began around 1990 with the proliferation of 

personal computers into architectural practice, has significantly improved the speed, if not the 

 Jun Sato, interview by author, Tokyo, May 8, 2017.11
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absolute accuracy, of approximations. It is no longer necessary to work around well established 

structural types in a top-down manner when it is possible to quickly test the structural implication 

of schematic iterations. For instance, while a classically trained architect in the late 20th century 

may begin a plan by establishing a regular grid of columns, the presupposition of a regularized 

structural framework is now less necessary and often resisted. With the grunt work of resolving 

structural problems taken up by quick and efficient computers, the merit of design is now judged 

by the interest and insightfulness of the model of the problem established in the first place. 

3.2 Precedents - From Convenient Analogies to Calculatetable Forms 

The strategy of exactitude and the need for approximations seem to arise naturally in problems 

concerning the built environment, given its scale and complexity. For instance, the common trope 

of approximating cities as a two dimensional grid of streets and blocks to facilitate the rational 

arrangement of functions may be found in examples ranging from the Wang Cheng Plan, or 

instructions for laying out the Imperial City in the Kaogong Ji, or The Artificer’s Record, from 

Warring State China circa 500BC, to Ildefons Cerda’s Plan for the Extension of Barcelona in 1859. 

When the strategy of exactitude is applied to the problem of building in seismic regions, an 

effective approximation is contingent upon four factors: 1) knowledge of structural engineering 

principles, 2) understanding of earthquake movement and seismicity, 3) capacities of the building 

industry, and 4) programmatic requirements and design proclivities. As these factors advance in 

time and shift across contexts, approximations of the problem of building in seismic regions are 

also diverse and constantly redefined. 

A key issue in applying the strategy of exactitude to buildings is scaling, or how abstract models 

can be translated to full-size construction; given that material properties do not scale up 

proportionally. To use a common analogy, while an ant is able to carry 20-100 times its body 
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weight, a giant tortoise can barely sustain its own body weight, because an animal's mass, roughly 

corresponding volume, does not scale up at the same rate as strength, roughly corresponding to 

the cross-sectional area of its muscles. Similarly, a column would need to take on a much squatter 

proportion as it becomes taller, making the isomorphic scaling of smaller structures to larger 

structures, as is often done in historical times, inconsistent with the square-cube law described by 

Galileo Galilei in 1638.  Consequently, before the development of modern physics and a better 12

understanding of such scalar relationships in the latter half of the 18th century, approximations of 

the earthquake problem in buildings are necessarily based on full-scale proxies or convenient 

analogies found in daily life. The Portuguese, for instance, marched soldiers beside full-size 

prototypes of new building designs developed for the Pombalino Baixa reconstruction following the 

1755 Lisbon Earthquake to approximate earthquake moment and test for its seismic resistance.  13

With the development of modern engineering and geology, and a more scientific understanding of 

structural principles and seismicity from the 19th century onwards, strategies of exactitude 

converged towards a few convenient structural types that are simpler to approximate, calculate 

and scale to construction. These include funicular geometries, symmetrical configurations, 

arrangements composed of elements in pure tension or compression, and determinate structures 

that could be calculated within the realm of static physics. The use of catenary arches in Gaudi’s 

La Sagrada Familia, which could be easily approximated and computed in an analog way with 

weighted chains, is an illustrative example.  The industrial production of steel and the development 

of welding technology in the mid-20th century further increased the advantages of tensile 

structures, which were not prone to buckling, with the high tensile strength of steel allowing 

scaling-up without significant shifts in proportion. Since the 1990s, a new direction in the strategy 

of exactitude has emerged with the proliferation of computational power and its integration in 

design, for which the launch of ArchiCAD 1987 is often cited as a marker. The ability to make more 

 Kakalios, James. The Physics of Superheroes. New York: Gotham, 2005.12

 Braun, Theodore E. D., and John B. Radner. The Lisbon Earthquake of 1755 : Representations and Reactions. SVEC ; 13

2005:02. Oxford: Voltaire Foundation, 2005.
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accurate approximations of messier problems, such as those not conforming to the limited catalog 

of simple structural types, and to consider a wider spectrum of factors, such as the internal stress 

of indeterminate structures and dynamic accelerations, increasingly allow designers to resolve 

imposed forms. The result is the privileging of non-structural considerations, often imposed in 

pursuit of specific architectural effects. The associated ability to rapidly asses the structural 

implication of design iterations has also catalyzed a shift towards less generic structural solutions 

characterized by a finer and more precarious balance of elements. 

The following section will examine five building case studies between 1883 and 1998, a period 

roughly spanning the inception and development of modern civil engineering up to the 

contemporary period, aiming to illustrate and examine the development of exactitude as a modern 

building design strategy in seismic regions. 

Convenient Physical Analogy 

3.2.1 La Sagrada Familia, Barcelona (1882) Antoni Gaudi 

An illustrative example in recent history of approximating structures using a conveniently simple 

physical analogy is La Sagrada Familia, a Roman Catholic basilica in Barcelona.  The Pyrenees 14

region in which the city is located in is highly seismic, as demonstrated by the 1428 Catalan 

Earthquake. The building is regarded as the magnum opus of the Catalan architect Antonio Gaudi, 

who served as the project’s chief architect between 1883 and 1926. Aside from brief interruptions 

during the Spanish Civil War, construction has been relatively continuous for almost a century, and 

anticipates completion in 2026. The building may be usefully considered in the long lineage of 

Gothic Cathedrals, with its cruciform plan, extensive use of arches, the pursuit of a cavernous and 

 Burry, Mark. Expiatory Church of the Sagrada Familia: Antoni Gaudi. Architecture in Detail. London: Phaidon Press, 1993.14
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light-filled interior, slender proportions, and great height. The central spire, at 172.5m, would make 

La Sagrada Familia the tallest church in the world upon completion.  

Historically, Gothic Churches presented significant engineering challenges. Without a precise and 

easily accessible model of approximation, historically they were incrementally adjusted in the 

process of construction, often after incidents of failure. While retrospective analysis often marvels 

at the final form’s close correlation to modern engineering insights unknown at the time, for 

example the precision with which the flying buttresses is angled so its weight can counter the 

lateral thrust of the weight of the roof; the process is costly and inefficient. The Duomo in Milan, 

for instance, took nearly 6 centuries of experimentation to reach its current form. In this light, 

Gaudi’s design conceived in the early days of modern engineering clearly benefited from the new 

scientific understanding of structural principles and the capacity to approximate structural 

configurations at a much smaller and abstract scale. The relative scalability of the catenary curve, 

the base module from which the building’s structure is composed, was well known at least since 

the late 17th century when Robert Hooke noted the shape of a hanging weighted chain as the 

inverse of an ideal arch.  In both documented and anecdotal accounts, Gaudi made extensive use 15

of weighted chain models to approximate and derive the building design. Specifically, the physical 

model allowed the systematic effects of local adjustment to be computed almost instantaneously, 

so long as the design remains a catenary system. 

La Sagrada Familia reveals two design opportunities associated with the strategy of exactitude that 

will be explored by subsequent practitioners. First, to state the obvious, is the ability to 

approximate complex and potentially costly problems at a smaller and more abstract scale, such as 

that of a highly simplified physical model. While this may have initially confined designs to a limited 

number of easily modeled structural types, such as the catenary curve in the case of Gaudi, the 

 Hooke, Robert. Lectiones Cutlerianæ, Or, A Collection of Lectures, Physical, Mechanical, Geographical, & 15

Astronomical :made before the Royal Society on Several Occasions at Gresham Colledge : To Which Are Added Divers 
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repertoire has since expanded significantly with advancements in engineering and computing 

power. Second is the ability for approximations to evoke memorable images or analogies, as it 

presents an intuitive understanding of the design process as well as the final outcome. In the case 

of La Sagrada Famila, for which Gaudi’s original drawings and models were lost in a fire in the 

1950s, the clarity of the vision throughout the century-long construction process can be in large 

part attributed to the original design’s persistence adherence to simple analogies that are intuitive 

to understand, recreate, and expand upon. 

Composition of Simple Structural Module 

3.2.2 Tensegrity Structure (1960s) Buckmeister Fuller 

3.2.3 Yoyogi National Gymnasia, Tokyo (1964) Kenzo Tange 

Two cases from the mid 20th century illustrate how exactitude as a building design strategy has 

evolved since the early days of modern engineering. The first is the tensegrity structure model and 

its architectural applications. Initially developed and described by Buckminster Fuller and Kenneth 

Snelson, amongst others, in the late 1940s, the term tensegrity, a portmanteau of ‘tensional 

integrity’ coined by Fuller in the 1960s, straightforwardly describes the structural prototype 

consisting of 1) members in either pure compression or tension, 2) preloaded to retain rigidity, and 

3) arranged to maintain mechanical stability under load.  As structural members in a tensegrity 16

configuration are theoretically experiences no bending moment, it is easily scalable and can 

achieve extremely high weight to strength ratios. One of the first architectural applications was in 

the roof of the Spodek, a multipurpose stadium in Katowice, Poland completed in 1971, designed 

by Maciej Gintowt and Maciej Krasiński in collaboration with the engineer Wacław Zalewski.  

 Wang, Binbing. Free-standing Tension Structures : From Tensegrity Systems to Cable-strut Systems. London ; New York: 16

Spon Press, 2004.
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The second case is the Yoyogi National Stadium in Tokyo, commissioned for the 1964 Tokyo 

Olympics.  The design by Kenzo Tange in collaboration with engineer Yoshikatsu Tsuboi, an expert 17

in shell structures, may be described as a nested composition of funicular curves. The central 

structural spine, spanning the length of the stadium, is defined by two parallel steel cables 

suspended from two structural piers and anchored into the ground, akin to a suspension bridge. A 

series of secondary cables are then suspended off the main cables at a perpendicular angle in 

plan, draping towards concrete piers on the circumference of the stadium to provide cover. 

Both buildings responded to similar programmatic needs for long spans with the innovate use of 

tension elements, a converging proclivity that may be at least in part attributed to innovations in 

steel construction, both in the industrial production of elements and development of welding 

technology, in the early 20th century. Also notable is that the two designs are both compositions of 

simple structural modules that, despite its initial overall appearance of complexity, remain 

determinate and easily computable within the realm of statics physics. One the one hand, the 

cases illustrate the increasing proficiency amongst architects and engineers in deploying well 

understood structural types. On the other hand, it reveals the formal constraints of the practical 

need to adhere to easily computable models, and the exhaustion of more obvious configurations. 

The Yoyogi Stadium, for instance, despite the architect’s insistence on it being an expression of a 

uniquely Japanese sensibility, is more often noted for its formal similarity to Le Corbusier’s Philips 

Pavilion and Eero Saarinen’s Hockey Stadium at Yale University, both of which share the same 

underlying structural model. 

The cases illustrate two design opportunities associated with the strategy of exactitude that 

emerged in the mid-20th century. First is the advantageous scalability of tension structures. 

Elements in tension, freed from the risk of buckling and aided with modern material innovations, 

 Koolhaas, Rem., Hans Ulrich. Obrist, Kayoko. Ota, James Westcott, and Office for Metropolitan Architecture. AMO. Project 17
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first in steel and later in composites, can be made extremely thin yet strong. In contrast, elements 

in compression, such as a column, will need to become significantly thicker as it is scaled up. The 

clear division of tension and compressional elements, as in the tensegrity structure, allows simple 

calculations and high degrees of optimization. In Fuller’s speculation, for instance, the island of 

Manhattan may be easily encased under a highly transparent tensegrity dome, given the high 

theoretical strength of tensegrity structures. Second is the ability for tension elements, and often 

tensional configurations, to self-align from deformations, akin to a guitar string. This is particularly 

advantageous in seismic contexts, where load direction is unpredictable. The failure of tension 

elements also tends to be less sudden and more easily observable, if we were to compare the 

ductile elongation of cables to the buckling of columns. Funicular configurations such as the 

Yoyogi Stadium, theoretically, would be able to self-stabilize to its intended configuration after an 

earthquake, as long as the piers remain undamaged and cables unsnapped. 

Dynamically Balanced Configurations 

3.2.4 Expo'98 Portuguese National Pavilion, Lisbon (1998) Alvaro Siza 

3.2.5 Bordeaux Villa, France (1998) Rem Koolhaas/OMA 

Two cases from the late 1990s illustrate more recent developments in the strategy of exactitude 

associated with the proliferation of personal computers in design practice. The first is the 

Portuguese National Pavilion, constructed for the 1998 World Exposition in Lisbon.  The design, by 18

Alvaro Size and Eduardo Souto de Moura in collaboration with the engineer Cecil Balmond from 

Arup, consists of two parts: a covered plaza and an adjacent building containing the indoor 

exhibition spaces. The engineering feat centers on the plaza, a 50x70m outdoor area connecting 

the main expo entrance on the west to the ocean on the east, and dramatically covered by a 0.2m 

 Balmond, Cecil, Jannuzzi. Smith, and Christian. Brensing. Informal. Munich ;: Prestel, 2002.18
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thin concrete canopy draping between two deep porticos on the northern and southern edge of the 

plaza. 

The second case is the Maison à Bordeaux, a private residence located on the outskirts of 

Bordeaux, France. Designed by Rem Koolhaas and the Office for Metropolitan Architecture, also in 

collaboration with the engineer Cecil Balmond, the three-level house consists of three distinct 

parts stratified in section: a base embedded into the earth, a floating box above, and a transparent 

space sandwiched in-between.  In Balmond’s account, the main engineering challenge was to 19

interpret the architect’s intention for a floating box, which takes advantage of views. Aiming to 

challenge the conventional structural arrangement with four columns supporting the four corners 

of the box, akin to a table, the design shifts the columns in plan, then in section (see diagram), to 

disrupt the typically uniform layout of columns grids - creating the effect of a floating box by 

refusing a straightforward reading of how it is supported. 

Since the 1990s, there has been a shift in strategies of exactitude away from archetypical 

structural types and uniform configurations, towards more dynamic and asymmetrically balanced 

equilibriums. This may be attributed to two factors. First is the advancement in computing power, 

which allows less straightforward configurations, such as indeterminate structures with internal 

bending moments and stress, to be approximated and resolved. Second is the proliferation of 

personal computers in design practice, which allow the structural implications of iterations to be 

studied accurately and rapidly. The Maison à Bordeaux for instance, replaced in section the typical 

arrangement of a box supported by two columns, one on each side, with the box supported by an 

off-centered column and held from tipping by a cable tied to the ground. The purposefully 

disrupted equilibrium, in which the weight of the box must stabilize itself against a cable in tension, 

takes advantage of the newly available computational capabilities to create a more dynamic 

configuration. 

 Balmond, Cecil, Jannuzzi. Smith, and Christian. Brensing. Informal. Munich ;: Prestel, 2002.19
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Sitting at the cusp of the contemporary period, the two cases reveal two design opportunities that 

will be explored further. First is the ability to approximate and resolve less straightforward 

structural configurations. This newfound freedom seems to have translated to a design proclivity 

towards intentionally un-uniform configurations, which then takes advantage of the resolution 

process to developed interest and nuance in the final design configuration. The intentional offset 

and inversion of the column in the Maison à Bordeaux to create the need for a diversified range of 

structural elements is an illustrative example. The second design opportunity is associated with the 

diverse structural uses of steel, which allow designs to move away from the clear tectonic 

expression seen in the early modern projects towards the blurring of tension/compression 

elements. Consider the catenary curve in the La Sagrada Familia from the early modern period, 

which was a pure compression structure, and the Yogoyi Stadium from the mid-20th century, a 

composition which retains relatively clear distinctions between tension and compression members; 

the catenary curve in the Portuguese National Pavilion is no longer a tectonic component with a 

singular structural role, but a hybrid where the weight of the concrete and the tensile strength of 

the steel cables are precisely and precariously balanced in a stable but high tension equilibrium. 

3.3 Contemporary Cases - High Tension Equilibrium and Funicular Configurations 

Since 2000, the nominal beginning of the contemporary period, exactitude as a building design 

strategy in seismic regions has developed rapidly from a low base, facilitated by the proliferation of 

digital tools in design practice. Broadly, the new tools have made it easier to make more precise 

approximations of messier problems, allowing designs to depart from the limited number of 

idealized, easy-to-calculate structural models that had constrained the previous generation of 

practitioners. Structural consideration can and, therefore, are negotiated more flexibly and 

reciprocally in relation to other factors, such as spatial efficiency and relationship to its context. 
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The key advancement is in the speed of approximation and analysis, as opposed to its absolute 

accuracy, and the multiple rounds of iterations it allows. With modern software, the structural 

implication and validity of design iterations can be verified quickly, often in-house, instead of 

waiting for the next scheduled meeting with a certified structural engineer. The non-rote, fine-grain 

negotiation of structural issues is further enabled by the recent trend in structural design practice 

towards smaller offices, or at least smaller teams.  20

Recent explorations of exactitude as a building design strategy may be usefully organized into two 

broad lines of investigation. The first, described here as high-tension equilibriums, may be 

considered a continuation of the proclivity since the mid-20th century towards resolving loads in 

tension, in part enabled by and taking advantage of the high tensile strength of steel. The 

tensioning of elements is often achieved in a roundabout way, for example by setting up elements 

within a system to pull against each other. While this may at times resemble the logic of a Rube 

Goldberg machine, where a simple task is achieved in an indirect and overly complicated way, 

structural members in tension eliminate the risk of buckling and are often self-aligning; both of 

which are particularly advantageous qualities in dealing with earthquake movements. While 

precursors to high-tension equilibriums, such as the tensegrity structure, faced significant formal 

constraints, new computational capacities allow these to be more flexibly negotiated in relation to a 

wider range of design concerns. 

The second category, described here as funicular configurations, continues the historical 

exploration of load derived forms, particularly the catenary curve - the natural shape of a hanging 

chain in pure tension, or when deployed up-side-down, an arch in pure compression, both 

optimized for a uniform vertical load. Here, improved computational capacity has allowed 

advancements on two fronts. The first is concerned with applications of the hanging catenary 

 Araya, Masato, and Yoshihara Kanebako. "Conversation: Embracing Diverse Rationalities and Values." The Japan 20
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drape, an efficient structure with an awkward and dynamic shape often difficult to reconcile with 

common programs, which usually prefers the predictability and efficiency of rigid, orthogonal 

configurations. The curved horizontal planes also make multi-story configurations difficult. limiting 

its density and efficiency. The second issue is concerned with transformations of the idealized 

catenary arch in response to a wider array of considerations beyond a uniformly distributed vertical 

load, including lateral and dynamic forces, as well as specific programmatic requirements and 

design proclivities. 

The following section will examine ten building case studies between 2003 and 2018, five from 

each of the two categories outlined above. The high tension equilibrium cases are organized 

chronologically, in order to illustrate the sequence of progression of rapid developments in recent 

times. The funicular configurations are organized by formal proclivities, in order to highlight the 

diversity of explorations. 

3.3a High Tension Equilibriums 

Relatively Oriented Elements 

3.3.1 Tsuda Veterinary Clinic (2003) Kazuhiro Kojima  

3.3.2 NYH, Nagoya (2006) aat+Makoto Yokomizo 

Two emergent examples of a high tension equilibrium may be found in the early 2000s. The first, 

Tsuda Veterinary Clinic from 2003, is a single practitioner animal hospital located outside Osaka.  21

Designed by Kazuhiro Kojima in collaboration with the engineer Jun Sato, the small building is 

roughly 10x10m in plan, with a flat rigid roof supported by five steel waffle shelves constructed 

from 6mm steel plates without backboards. The design intention was to maximize useable space 

 Jun Sato, interview by author, May 8, 2017.21
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and to provide visual transparency in the small building. In Sato’s account, the key engineering 

challenge was to control for 3-dimensional buckling, given the thin shelves without backboards. 

The final design consists of shelves carefully arranged in plan to 1) accommodate the specific 

programmatic requirements of a clinic, while 2) avoiding converging on an axis of rotation, and 3) 

conforming to a roughly radial arrangement. The latter two increases the overall buckling strength 

fourfold compared to a parallel arrangement, by allowing loads from any direction to be resisted by 

optimally oriented elements. 

The second case is NYH from 2006, a small terrace house located in Nagoya.  Designed by 22

Makoto Yokomizo, also in collaboration with the engineer Jun Sato, the building volume is a simple 

extrusion of the roughly 4x9m site, with four 2.9m tall floors above ground and one below. In an 

effort to maximize useable space within the long and narrow site, the structure consists of 9mm 

thick steel plate walls, stacked over four levels, which also serve as the only interior partition. In 

Sato’s account, the primary engineering challenge was to control for buckling, achieved by curving 

the thin walls in plan to increase its buckling strength. The final design consists of walls with 

various curvature radius and orientation, distributed across and welded to the four floors, which 

accumulatively create a stable configuration that is omnidirectionally rigid, while also 

accommodating the programmatic requirements of the house. 

Before the 1990s, structures incorporating tensile elements were mostly constrained to a small 

number of calculatable models, limiting its use to large span, symmetrical buildings. The two 

contemporary cases, both of which are located in constrained urban sites, and contain highly 

subdivided spaces, represent a significant departure from this norm. In both cases, radically thin 

structural elements were proposed in order to maximize the useable space, surfacing the risk of 

bucking as the primary engineering challenge, particularly in the seismic context. To increase the 

buckling strength, the designs aimed to resolved loads from any direction with optimally oriented 

 Jun Sato, interview by author, May 8, 2017.22
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elements, i.e. those able to resist the load in tension. This is further complicated by the need for 

non-uniform configurations, necessary as the structure doubles as the spatial partition, which is 

rarely uniform. The ability to approximate and calculate the non-uniform configurations precisely 

allows a wider range of Pareto optional options to be explored. In Sato’s account, specialized 

software was developed for the architects to use in-house, allowing iterations of otherwise 

disparate elements to be considered as a carefully composed structural equilibrium. In both cases, 

the designs settled on a roughly omnidirectional arrangement of elements that served both 

structural and spatial functions. 

The projects illustrate the two contemporary factors that have enabled the new design 

opportunities in high-tension equilibriums. First is the advancement of steel fabrication in 

architecture, which with welded connections allows loads to be efficiently transferred amongst 

disparate structural elements, and to function as a cohesive and integrated whole. While 

industrially produced steel has been used in architecture since the 20th century, it is only since the 

early 2000s that more refined and precise steelwork, primarily borrowed from shipbuilding and 

fine-art fabrication in the context of Japan, has been generally available to domestic scale 

architecture. The super-thin metal shelves in the Tsuda Veterinary Clinic for instance, which need 

to resist building structural loads while maintaining furniture-quality finishes and proportions, 

would have been difficult to achieve until recently. The second enabler of new design opportunities 

is the improved accuracy of approximations. This can be attributed to the increasing capacity of 

computers found in design offices. Together with an associated shift towards finer-grained modes 

of collaboration between engineers and architects, particularly in centers of structural design 

practice, it has become easier to realize tailor-made engineering solutions, as opposed to simple 

adjustments to off-the-shelf systems. 

Steel Across Diverse Structural Roles 
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3.3.3 KAIT Workshop (2008) Junya Ishigami 

A breakthrough case of the high tension equilibrium category is the KAIT Workshop, a 

multipurpose building at the Kanagawa Institute of Technology, intended for independent and 

open-ended projects, ranging from pottery workshops to student clubs working on human-

powered airplanes.  The project was designed by Junya Ishigami, in collaboration with the 23

engineer Yasutaka Konishi. In the architect’s account, the client wanted a building with seemingly 

incompatible qualities - flexibility and specificity. The design response pared the building back to a 

single architectural element, the column, which is then deployed in loosely organized clusters 

within the otherwise open plan to demarcate a diversity of spaces accommodating the 

unforeseeable range of activities it aspires to house, while avoiding the rigidity and separation of 

defined rooms. 

The building contains one single space, a roughly 45x45m square in plan with a flat roof sloping 

imperceptibly from 5m on the north elevation to 4m on the south elevation, and surrounded by full-

height curtain walls. A grid of skylights offers generous illumination in the deep plan. The columns 

constitute the only architectural and structural element in the otherwise bare space. Structurally, 

the 305 columns both support and brace the building. The vertical support is provided exclusively 

by 36 columns distributed evenly across the plan in a 6x6 grid, with spans of roughly 6m. The 

remaining columns, which function as super shallow shear walls active in only one specific 

direction, accumulatively provide the lateral bracing. The thinness of columns, some with profiles 

of less than 3cm, is prevented from buckling by permanently keeping the vertical support column 

in pure compression and the lateral bracing columns pure in tension. Constructionally, this is 

achieved by pre-loading the roof with the maximum expected vertical load from snow when the 

 Ishigami, Jun'ya. Ishigami Jun'ya : Chiisana Zuhan No Matomari Kara Kenchiku Ni Tsuite Kangaeta Koto = Small Images. 初23
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lateral bracing columns are tied between the roof and the floor, which then remain in tension when 

the weight is released. 

The KAIT Workshop pushes to an extreme the two contemporary factors underlying high tension 

equilibriums: 1) the ability to connect disparate elements into a cohesive structural system with 

improved steel fabrication, and 2) the capacity to approximate and compute multiple structural 

elements in un-uniform configurations. In particular, the possibility of using steel across a diverse 

range of structural roles while maintaining similar proportions has allowed the structure to be less 

explicitly expressed and more closely integrated with the design. To illustrate this, the KAIT 

Workshop may be usefully conceptualized as the fragmentation of more generic configurations 

found in earlier design schemes of the project, with a flat roof supported by 36 columns and 

braced by three shear walls arranged in different directions. In the pursuit of thinness, the shear-

walls are fragmented into 269 pieces, thin enough to resemble the proportions of columns. To 

prevent the excessively thin shear walls from buckling, each is kept in pure tension and dedicated 

to resisting load in one direction, to the extent that the building only is omnidirectionally stable 

when it functions as an accumulative whole.  

In addition to the steel fabrication, the unusual arrangement of the columns in plan is made 

possible by advancements in computation and collaborative practice, which allow the structural 

interactions between the multiple elements to be approximated more precisely. The positioning of 

the columns was studied and developed over a 5 year-long iterative process with successive 

revisions and adjustments, taking into account the distribution of programs, circulation, visual 

effect, and structural implications. As all columns serve critical and highly specialized functions in 

a finely balanced structural equilibrium, local adjustments have systemic impacts. The sheer 

workload of calculation would not have been possible without the computing power recently 

available to smaller-scale design practice, and the finer-grained collaboration with engineers. In 

anecdotal accounts, the engineer made daily visits to the architecture office during the early 

162



stages of design, working alongside the architects to validify the structural soundness of 

speculative studies. Subsequently, an in house software was developed to approximate the 

structural interactions between the 300 or so elements, pushing the boundary of the 

computational capacity available to the office at the time. 

Diversified Applications 

3.3.4 Ribbon Chapel, Hiroshima (2013) Hiroshi Nakamura/NAP 

3.3.5 Joshu Tomioka Station, Gunma (2014) Makoto Takei + Chie Nabeshima/TNA 

Given the unique set of circumstances required to realize high tension equilibriums, including a 

collaborative model of practice, advanced engineering knowledge, and precise construction, 

particularly in steel, early cases have revolved around a limited number of practices, most of 

whom, such as Junya Ishigami and Jun Sato, belong to the same lineage of architect/engineer 

collaborators in Japan that may be traced back to Kenzo Tange and Yoshikazu Tsuboi's 

collaboration in the Yoyogi National Gymnasium. While many early high tension equilibrium projects 

in the 2000s revolve around Sato’s expertise in approximating the structural behavior of non-

uniform configurations composed of super-thin elements, as precedents accumulate, the design 

strategy is slowly entering the mainstream, taken up by mid-sized and corporate architecture   

offices, and applied to larger and programmatically diverse projects. Two cases illustrate this 

recent development.  

The first is Ribbon Chapel from 2013, a wedding chapel in Hiroshima.  Foregrounding the 24

procession in the traditional wedding ceremony, the design developed by Hiroshi Nakamura of NAP 

Architects, in collaboration with the engineer Ikuhide Shibata of Arup's Tokyo Office, is composed 

of two spiral staircases joined at the top, intended for the groom and the bride to walk on as part of 

 "Hiroshi Nakamura & NAP." JA, no. 114 (2019): JA , 2019, (114).24
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the ceremony, which encloses a roughly conic space of the chapel below. Structurally, the two 

stairs spiraling in opposite directions are connected at four points in the four cardinal directions to 

brace against outward swells and lateral loads, creating a mutually supporting configuration. A 

series of 100mm diameters steel columns connected to the inner spiral offer additional vertical 

support. Vibration, both from walking and potential earthquakes, is further controlled with three 

tuned mass dampers embedded in the spiral. The design also accounts for the rotational 

sedimentation of the spirals under its own weight by offsetting the building at the corresponding 

angle in constructing. 

The second project is the Joshu Tomioka Station from 2014, a local station near Guama for a 

private railway line.  Designed by Makoto Takei and Chie Nabeshima of TNA, in collaboration with 25

the engineer Yasutaka Konishi, the building consists of a 90x10m flat roof, supported by 20 

columns arranged in a 2x10 grid with spans of approximately 8m. The steel columns, which are 

roughly 6m tall, have exceedingly thin proportions for a building of this size, at 125x125mm. To 

prevent buckling and to provide lateral bracing, each column is tied to the ground by a diagonal 

steel brace. The direction of the braces are different on each column, and accumulatively provide 

omnidirectional rigidity for the whole building, with the loads transferred via the rigid roof. The 

diagonal braces are then encased in brick to provide shelter and useable surfaces within the 

station, and to prevent a straightforward reading of the structure. 

While the tectonic purity of the KAIT Workshop as a high tension equilibrium is yet to be 

surpassed, the two recent cases from the 2010s suggest alternative directions of exploration, 

particularly in the strategy’s efficiency and robustness, and application in a wider range of projects. 

The Joshu Tomioka Station, for instance, is notable for realizing a cutting edge structural model in 

a usually conservative public building typology. The tensioning of elements, i.e. the diagonal 

bracing and its masonry encasement, is usefully integrated with the normal and demanding 

 “Makoto Takei + Chie Nabeshima/TNA, 2004-2016.” 2017. JA, no. 98 (Spring).25
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functions of a train station, as opposed to expressed for the sake of structural and conceptual 

clarity. The Ribbon Chapel can also be seen in this light, as an exploration of multi-story 

configurations and adherence to a more narrative-based design concept, potentially increasing its 

spatial efficiency and appeal to a wider spectrum of audiences. 

3.3b Funicular Configurations 

Hanging Timber Canopies 

3.3.6 Nagoya C Office Building (2004) FT Architects 

3.3.7 Chiryu Afterschool (2016) Mount Fuji Architect 

The hanging funicular curve has many advantages in a seismic region. It is self-aligning, and when 

paired with the tensile strength of steel, easily scalable. Since its high-profile appearance in a 

seismic region with the Yoyogi National Gymnasia in the 1960s, the hanging funicular curve has 

made rare but distinct appearances in seismic regions. However, until recently, designs are mostly 

constrained to the classic, symmetrical catenary in pure tension, which are easier to approximate 

but also limits its application to long-span programs able to accommodate the sectional 

inefficiency and imposed form. Advancements in computation since the 2000s have allowed more 

precise approximations of departures from the classic shape, allowing a wider range of design 

considerations to be negotiated. As the two cases below illustrate, the increased adaptability has 

allowed the hanging funicular to be applied in a wider range of projects, notably in tight urban 

contexts. 

The first project is the C-Office Building in Nagoya, Japan, completed in 2004.  As a branch office 26

for a timber processing company, the design by Katsuya Fukushima and Hiroko Tominaga of FT 

 Katsuya Fukushima and Hiroko Tominaga, interview by author, May 6, 2017.26
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Architects is an exploration of innovative timber construction using the dried Douglas pine and 

laminated lumber produced by the client. In Katsuya’s account, the project was driven by three 

seemingly incompatible factors: 1) the client's wish for a large and open showroom space, 2) the 

modest scale of the building, and 3) the relative weakness and small dimension of their timber 

products intended for domestic houses. The solution was to deploy the timber components as a 

hanging roof approximately 120x60m in plan, draped asymmetrically in section between a two-

story bar building on the north and a one-story bar building on the south. Notably, the hanging roof 

is not a classic funicular curve in pure tension, but a much flatter and compact hybrid outcome of 

the vertical load and the timber’s own rigidity. The design took advantage of the softness of the 

wood, using square section elements in the hanging roof, and allowing its natural compression and 

deformation under load to create a smooth yet rigid structure that is advantageous in seismic 

scenarios. 

A second and more recent case is Chiryu Afterschool, a community facility offering introductory 

classes in the natural-sciences aimed at after school children and their parents, in Aichi, Japan, 

completed in 2016.  The design by Mount Fuji Architects Studio, in collaboration with the engineer 27

Jun Sato, consists of a 48m long draping roof with two apexes, and two timber frame structures 

below, containing classrooms and services. The open sectional space between the hanging roof 

and the roofscape of the timber frame building below is occupied by more open-ended community 

programs. In Sato’s account, the draping roof was conceived by the architect in response to the 

residential neighborhood, which mostly consisted of pitched roof single-family houses. Particularly 

notable is the draping roof’s asymmetrical plan, which tapers from 10m to 3m wide to fit within the 

infill urban site, and the asymmetrical section, with the height of the apexes mirroring adjacent 

structures - of single-story houses and five-floor apartments respectively.  

 Jun Sato, interview by author, May 8, 2017.27
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The two cases corroborate to suggest a shift in applications of the hanging funicular away from a 

singular focus on structural efficiency to a wider range of functions and readings. Recent 

explorations seem to have focused on increasing the spatial efficiency, as opposed to structural 

efficiency, of the structural type, with experiments in more compact and multi-floor configurations. 

Both the C-Office Building and Chiryu Afterschool have asymmetrical configurations that conform 

to programmatic efficiencies. More interesting perhaps is the evolving readings of the draping 

funicular curve. While early cases were exhibitions of engineering prowess, contemporary cases 

are beginning to deploy the funicular shape for is iconographic and formal qualities, such as its 

uncanny resemblance to the pitched roof. The use of timber as opposed to steel, in both cases 

attributed to its aesthetic qualities, is also illustrative of the shift away from structural efficiency 

towards more qualitative considerations rooted in the user's perception. 

Squat Arches and Domes 

3.3.8 Yokohama International Passenger Terminal (2002) Foreign Office Architects 

3.3.9 Teshima Art Museum (2010) Ruye Nishizawa 

It may be observed that the arch has been largely absent from the highly seismic region of the 

Pacific Rim until its importation by western influences in the late 1800s, for example with the 

Spanish style Baroque churches in the Philippines, and the English style brick buildings in Meiji 

Japan. This may be in part attributed to the shape’s incompatibility with timber construction, which 

dominates traditional building cultures in the region. However, it may also represent a mismatch 

between the classical arch optimized for a uniformly distributed vertical load, and the messy 

omnidirectIonality of earthquake movement. While the funicular shape has made occasional but 

regular appearances in seismic regions since the 1960s, it is almost exclusively in the hanging, 

tensile configuration. Two contemporary cases illustrate the more recent appearance and evolution 

of the funicular arches and domes in seismic regions. 
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The first case is the Yokohama International Passenger Terminal, completed in 2002 in Japan.  28

Cited by many as the breakthrough project of a new, topologically driven architecture, the design 

by Foreign Office Architects may be usefully understood as a series of interwoven planes attuned 

to the distinctive flows of people and things in the international port of entry, as opposed to 

presenting a recognizable image of a terminal building. Amongst its many innovations was the use 

of steel arched trusses, nested at two scales. The first scale is composed of steel trusses spanning 

the width of the building, transforming sequentially to create long spans spaces and the smooth 

transition of surfaces to facilitate movement. These accumulatively form a larger scale arch in the 

long direction of the building, spanning almost its entire length, in part to minimize the number of 

expensive underwater footings. Both scales of arches, constructed from large steel sections and 

trusses, are extremely shallow, with an approximate width to height ratio of 1:9. The elements do 

not function as a classical funicular arch, where elements are in pure compression. Instead, the 

quasi-arch shapes allow the structure to capture a degree of efficiency, while also accommodating 

other considerations, such as the need to remain stable against lateral loads, and the economic 

use of sectional space. 

The second and more recent case is the Teshima Art Museum, the permanent location of a large 

scale art installation work by Rei Naito, and which is part of a larger cluster of art venues across 

islands in the Seto Inland Sea aimed at invigorating the depopulated region.  Completed in 2010, 29

the building is composed of a single concrete shell, rising 6m tall and spanning approximately 

60x42m. Two large apertures on the shell create an elemental relationship between the inside and 

the outside. In the architect Ryue Nishizawa’s account, the squat dome shape was developed for 

its reminisce of a water droplet, the central element of Rei Naito’s installation, and the 

characteristic soft shape of islands in the Seto inland sea. The structural implications was an 

 28
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important but secondary consideration, as confirmed by early studies of the projects, which 

maintained a gently swelling form but varied wildly in its implied structural system.  

Despite the different program and scale, the use of the arch and dome in the two projects 

converge towards similar technical adaptions to the seismic context, including squat proportions, 

and the non-classical way of resolving loads in a combination of stress and compression, utilizing 

the high tensile strength of steel, either as trusses or embedded in concrete. More interesting 

perhaps is to consider the two projects in sequence, which reveals the gradual contextualization of 

the arch and dome since it's high-profile appearance in contemporary architecture in the Pacific 

Rim in the early 21th century, not just in terms of technical adjustments, but in its design 

applications and connotation. In the Yokohama Port Terminal, the arch was deployed in service of 

an a-contextual hypermodern design, signaling a kind of international engineering expertise. Even 

here, by the admission of the architect, the swelling form of the arch and its naval context was 

quickly associated with the Hokusai Wave, a convenient post-rationalization promptly adopted by 

the architect.  The Teshima Art Museum, in which the gentle dome is intuitively conceived by the 30

architect as a natural and organic addition to the landscape, confirms the speed and extent of the 

arch's assimilation into the architecture culture of Japan, if not the wider Asia Pacific region. 

A-Contextual Hypermodernity 

3.3.10 Heydar Aliyev Center, Baku (2012) Zaha Hadid Architects 

In the broader international context, a third category of projects applying the funicular shape in 

seismic contexts can be observed. An illustrative case is the Heydar Aliyev Center, a cultural 

complex in Baku, Azerbaijan, completed in 2016.  By the client’s own statement, the project 31

 Zaera, Alejandro. The Sniper's Log : An Architectural Perspective of Generation X. Barcelona: Actar, 2012.30
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aspired to be a landmark building in the vein of Sydney Opera House, with a hypermodern style 

that demonstrated the international outlook of the host city and its sponsors. The design by Zaha 

Hadid Architects, in collaboration with the engineering firm AKT II, is a study of free form and 

continuous surfaces, resembling a billowing wave that rises seamlessly from the carefully 

contoured plaza. To construct the free forms efficiently, a hybrid structural system composed of a 

space frame system and concrete cores is devised. The freeform skin of the building resembles a 

composition of arch-like shapes, tho they do not function as a classical funicular arch as the 

elements are not in pure compression. Instead, the rigidity of the space frame system allows the 

shapes to depart in degree from the idealized arch in response to a wider range of design 

considerations, including programmatic requirements of the performance halls, and the formal 

sensibilities of the architect. 

This category may also be understood to include a crop of high-profile projects currently under 

construction, including the new Google Campus in the Bay Area of California, designed by 

Heatherwich Studios and BIG, in collaboration with the engineers at AKTII.  A hypermodern and 32

willfully a-contextual design ethos prevails, with the funicular configuration used to distinguish the 

technical prowess of international practices from local capacities. While it remains to be seen 

whether a similar process of assimilation will contextualize the design language introduced by 

these projects as in the earlier cases, the often lack of knowledge transfer suggests this may a new 

and distinct category. 

3.4 Future - Self Stabilizing Configurations and Non-flat Surfaces 

In the past two decades, explorations of exactitude as a building design strategy in seismic regions 

has flourished, both in its application to a wider range of building types, particularly those in urban 

 Hanif Kara, interviews by author, various dates 2016-2019.32
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contexts, and the pursuit of new formal expressions. As approximations become more precise with 

the aid of computational advancements and a general move towards more collaborative modes of 

practice in structural design, it has allowed increasingly accurate approximations of non-standard 

problems; in effect giving designers more capacity to depart from established structural 

archetypes and impose their own design inclinations. Here, analogies may be made to recent 

developments in the field of Big Data, where improvements in computational capacity have allowed 

the ‘what’ to replace the ‘why’. In other words, if correlations can be established through sheer 

quantity, an explanation may not be necessary at all for its application. When applied to buildings, if 

a structure can be tested to satisfy all conceivable conditions, it is no longer necessary to follow an 

idealized archetype. As the same technical capacities proliferate to developing contexts, which 

constitutes large swaths of seismic regions, it seems likely that the diversity of exploration will 

continue, as local practitioners undertake their own experimentations. However, while applications 

of the strategy seem set to increase significantly, it is from an admittedly low base. Widespread 

applications of the strategy of exactitude, particularly of the cutting edge type discussed in this 

study, remains difficult, limited by the high technical capacity needed for precise construction, and 

the incompatibility of finely balanced structures with the need for robustness in the majority of 

building types, such as urban housing and offices.  

Some recent projects, mostly in the form of art installations or experimental architectural pavilions, 

reveal two possible trajectories for future development in the strategy of exactitude at the cutting 

edge. The first, described here as self-stabilizing configurations, pursue the holy grail of structures 

that can perfectly realign itself from any deformations. It takes advantage of the speed of 

calculations to make multiple approximations of sequential states, combining them to develop a 

dynamic understanding of structural behavior. Here, self-stabilization may be usefully understood 

as creating structures where the desired configuration occupies a low entropy state of equilibrium, 

from which nearby higher-entropy-states will fall back to. Beyond the obvious advantages of a self-

stabilization structure in seismic regions, it also presents potentially profound implications for 
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construction by non-professionals. If an imprecisely constructed building can automatically align 

itself to the correct configuration, it may be widely disseminated without the constraint of local 

constructional capacity. 

The second, described here as non-flat surfaces, is a more focused exploration of the higher and 

better use of funicular configurations, particularly the sloped surface as experience at human 

scale, which remains a uniquely efficient model of approximation from a structural perspective. 

While funicular shapes offer almost unrivaled degrees of material efficiency, by allowing large, 

horizontal structural elements to remain in tension, it comes with the constraint of an imposed, and 

often necessarily non-rigid and non-flat shape that is difficult to reconcile with the orthogonality 

that dominates most urban contexts and architectural types. Here, a series of more permanent and 

everyday scale buildings are exploring new ways of using funicular configurations in familiar 

contexts, attracted by the combination of radical thinness and material efficiency. 

Self Stabilizing Configurations  

3.4.1 Moom/Membrane Oom (2011) Kazuhiro Kojima & Jun Sato 

3.4.2 Tape Tokyo (2013) Numen/For Use 

3.4.3 Quake Column (2014) Emerging Objects 

Three recent projects showcase pursuits of the holy grail of self-stabilizing configurations along 

two distinct lines of investigation. The first, Moom, was the output of a studio class in 2011 at the 

Tokyo University of Science by Kazuhiro Kojima and Jun Sato.  It builds upon a line of research in 33

Sato’s Lab into 'omission' as an engineering technique. Driven by the low budget and construction 

capacity available to the students, the design was based on a simple structural model with only a 

few critical aspects verified; while leaving the rest as a broad approximation. Constructionally, the 

 Kojima, Kazuhiro. 2014. “MOOM, Tokio, Japón: Kazujiro Kojima, 2011.” ARQ, no. 87 (August): 40–43.33
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building is an adaptation of the tensegrity section, with the tension elements replaced with a piece 

of elastic fabric, creating a structurally active skin and allowing the sectional diagram to be 

extruded into a three-dimensional volume. The construction is also notably low-tech, with 

aluminum rods slotted into pockets pre-sewn into the fabric. As a final form of the building would 

emerge naturally in the process of construction, readjusting itself to a state of equilibrium, a 

precise design or installation process is not necessary. 

A similar approach may be found in Tape, a series of contextual installations by Numen/For Use, an 

art collective founded in Croatia.  Of particular interest to this study is the iteration in Tokyo, 34

Japan, installed at the Wacoal Art Center between November and December of 2013, as it presents 

the design in a consciously seismic context. The design is reminiscent of a human-scaled silk 

cacoon or spider web, composed of tensile membranes anchored into the walls of the gallery to 

suspend a habitable tunnel system. Like Kojima and Sato’s Moom, the design is based on a simple, 

approximate structure model without a precise preconceived shape. The construction, involving 

the repeated application of packing tape, is notably low tech - an arrangement that was valid and 

workable as the final form emerges as the natural state of equilibrium. 

The third example, Quake Column, illustrates a line of investigation in compression structures. 

Developed by Emerging Objects, a San Francisco based architecture office pioneering the use of 

3-D printed elements in construction, quake column is a structural prototype of earthquake 

resistant brick construction.  The design takes inspiration from ancient Incan ashlar structures, a 35

type of mortar-free masonry construction with precisely fitted stones blocks that are able to move 

freely in an earthquake scenario, helping to avoid resonate frequencies and to dissipate energy in a 

controlled way. Taking advantage of modern fabrication capacities, quake column showcases a new 

brick design that interlocks with broad, triangular teethes, providing enough mechanical stability 

 Golub, Marko. 2013. “Numen: Tape - Ni Na Nebu Ni Na Zemlji = Numen: Tape - Neither in Heaven nor on Earth.” Oris 15 34

(80): 44–53.
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without adhesives, while also allowing a degree of movement in an earthquake scenario. Notably, 

the prototype was printed from sand and optimized to be lightweight, lowering the risk of injury in 

the event of a collapse.   

While still in its early stages, a few speculations may be made about self-stabilizing configurations. 

First, the precision of the design is often embedded physically into the components, as to allow a 

wide threshold of play in the construction process. Second, while the proportions and scale of 

space of the first two examples seem adequate for inhabitation, the often flexible and not 

predetermined shapes make them difficult to integrate with existing building systems. Tensile 

configurations are also reliant on external anchors, meaning the systems are often not 

independent. In this sense, while investigations of self-stabilizing compressional structures such as 

the quake column have not yet reached the scale of the tensile models, its rigidity may offer more 

potential, compared to the tensile examples, for integration into existing urban systems and 

architectural types. 

Non-flat Surfaces 

3.4.4 KAIT Multi Purpose Plaza (2008) Junya Ishigami 

3.4.5 Fukita Pavilion, Kagawa (2013) Ryue Nishizawa 

Funicular configurations remain a uniquely efficient structural model, able to be approximated 

precisely using physical models, and allowing extremely large horizontal elements to remain in 

tension. However, as the shapes are often necessarily flexible and non-flat, it has so far been 

largely relegated to the roof of cavernous buildings, using void space to mitigate the difficult 

transition between flat/useable surfaces and the non-flat roof. Two recent projects reveal new ways 

of occupying the non-flat surfaces associated with funicular configurations that hint at application 

to a wider range of uses, and potentially in higher density and multi-story configurations.  
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The first case is KAIT Multi-Purpose Plaza, a semi-outdoor area with an adjoining food court at the 

Kanagawa Institute of Technology in Tokyo, Japan.  Under development since 2008, the design by 36

Junya Ishigami in collaboration with engineer Jun Sato is an exploration of long-span structures. 

The engineering feat centers on the roof spanning the entire 100m x 60m area of the building, 

constructed from 12mm thick steel panels. Given its thinness and lack of columns, the roof drapes 

naturally under its own weight to form a hanging funicular curve, with a height difference of 2.7m 

between the lowest point at the center and the highest points at the corners. The roof is welded to 

steel walls on the periphery of the building, approximately 2.1m tall, which are in turn anchored by 

substantial concrete footings. The key innovation of the design is the shape of the floor, which is 

contoured to the same slope as the roof to form a consistently 2.3m tall space throughout the 

building. The large scale of the building allows the slope to be gently and easily navigable, while 

the subtle and parallel bulge of the roof and floor surfaces work together to create a horizon-like 

visual effect, akin to the views concealed by the curvature of the earth. In the account of the 

architect, the building is a delicate-megastructure, a hybrid between the scale of a domestic 

Japanese house in the vertical dimension, and that of an expansive landscape in the horizontal 

dimension. 

The second case is the Fukita Pavilion, a contemplative space within the Fukia Temple compound 

on Shodoshima Island, Japan, completed in 2013.  Designed by Ryue Nishizawa, the modestly 37

sized building is composed of two curved metal sheets, roughly 15x10m in plan, the first resting on 

the ground with uplifted corners, and the second suspend from the four corners, together 

sandwiching a bowl-shaped space. An existing tree penetrates the building through circular 

openings. Two details are of particular note. First, the two surfaces are similar in material and 

shape, and are both accessible, suggesting the possibility of a multi-story configuration and 

 ‘Junya Ishigami’ (2016) Croquis, (182), pp. 152–287.36

 “Pabellón Fukita En Shodoshima: Kagawa, Japón = Fukita Pavilion in Shodoshima: Kagawa, Japan, 2012-2013 [Ryue 37

Nishizawa].” 2015. Croquis, no. 179: 322–25.
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further extension in the vertical dimension. This marks a profound departure from the terminality of 

funicular curves up to this point. Second is the way in which furniture, a long serpentine bench, is 

integrated with the non-flat surfaces through different length legs. Up to this point, a series of 

projects had already explored the occupation of sloped surfaces, such as the Rolex Center in 

Lausanne, completed in 2010. However, the adaption is almost always of the floor itself, with 

different terracing techniques to create flat areas for standard furniture. In a small way, the Fukita 

Pavillion points to a more flexible way of occupying sloped surfaces, with the furniture as the key 

mediation element between the non-flat surface of the architecture and the flat surfaces for use. 
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3.2.1 EXACTITUDE

Precedents - 
From Convenient Analogies to Calculateable Forms

PROJECT

La Sagrada Familia

DATE

1882-

LOCATION

Barcelona, Spain

ARCHITECT

Antoni Gaudi
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Precedents - 
From Convenient Analogies to Calculateable Forms

PROJECT

Tensegrity Structure

DATE

1960s

LOCATION

N/A

ARCHITECT

Buckmeister Fuller

3.2.2 EXACTITUDE
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Precedents - 
From Convenient Analogies to Calculateable Forms

PROJECT

Yoyogi National Gymnasia

DATE

1964

LOCATION

Tokyo, Japan

ARCHITECT

Kenzo Tange

3.2.3 EXACTITUDE



180

Precedents - 
From Convenient Analogies to Calculateable Forms

PROJECT

Portuguese National Pavilion

DATE

1998

LOCATION

Lisbon, Portugal

ARCHITECT

Alvaro Siza

3.2.4 EXACTITUDE
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Precedents - 
From Convenient Analogies to Calculateable Forms

PROJECT

Maison à Bordeaux

DATE

1998

LOCATION

Bordeaux, France

ARCHITECT

Rem Koolhaas/OMA

3.2.5 EXACTITUDE
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Contemporary Cases - 
High Tension Equilibrium and Funicular Configurations

PROJECT

Tsuda Veterinary Clinic

DATE

2003

LOCATION

Tokyo, Japan

ARCHITECT

Kazuhiro Kojima

3.3.1 EXACTITUDE
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Contemporary Cases - 
High Tension Equilibrium and Funicular Configurations

PROJECT

NYH

DATE

2006

LOCATION

Nagoya, Japan

ARCHITECT

Makoto Yokomizo

3.3.2 EXACTITUDE
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Contemporary Cases - 
High Tension Equilibrium and Funicular Configurations

PROJECT

KAIT Workshop

DATE

2008

LOCATION

Kanagawa, Japan

ARCHITECT

Junya Ishigami

3.3.3 EXACTITUDE
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Contemporary Cases - 
High Tension Equilibrium and Funicular Configurations

PROJECT

Ribbon Chapel

DATE

2013

LOCATION

Hiroshima, Japan

ARCHITECT

Hiroshi Nakamura/NAP

3.3.4 EXACTITUDE



186

Contemporary Cases - 
High Tension Equilibrium and Funicular Configurations

PROJECT

Joshu Tomioka Station

DATE

2014

LOCATION

Tomioka, Japan

ARCHITECT

TNA

3.3.5 EXACTITUDE
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Contemporary Cases - 
High Tension Equilibrium and Funicular Configurations

PROJECT

C Office Building

DATE

2004

LOCATION

Nagoya, Japan

ARCHITECT

FT Architects

3.3.6 EXACTITUDE
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Contemporary Cases - 
High Tension Equilibrium and Funicular Configurations

PROJECT

Chiryu Afterschool

DATE

2016

LOCATION

Chiryu, Japan

ARCHITECT

Mount Fuji Architect

3.3.7 EXACTITUDE
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Contemporary Cases - 
High Tension Equilibrium and Funicular Configurations

PROJECT

International Passenger Terminal

DATE

2002

LOCATION

Yokohama, Japan

ARCHITECT

Foreign Office Architects

3.3.8 EXACTITUDE
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Contemporary Cases - 
High Tension Equilibrium and Funicular Configurations

PROJECT

Teshima Art Museum

DATE

2010

LOCATION

Teshima, Japan

ARCHITECT

Ruye Nishizawa

3.3.9 EXACTITUDE
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Contemporary Cases - 
High Tension Equilibrium and Funicular Configurations

PROJECT

Heydar Aliyev Center

DATE

2012

LOCATION

Baku, Azerbaijan

ARCHITECT

Zaha Hadid Architects

3.3.10  EXACTITUDE
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Future - 
Self-Stabilizing Configurations and Non-Flat Surfaces

PROJECT

Moom (Membrane Oom)

DATE

2011

LOCATION

Chiba, Japan

ARCHITECT

Kazuhiro Kojima

3.4.1 EXACTITUDE
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Future - 
Self-Stabilizing Configurations and Non-Flat Surfaces

PROJECT

Tape

DATE

2013

LOCATION

Tokyo, Japan

ARCHITECT

Numen/For Use

3.4.2 EXACTITUDE
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Future - 
Self-Stabilizing Configurations and Non-Flat Surfaces

PROJECT

Quake Column

DATE

2014

LOCATION

San Francisco, USA

ARCHITECT

Emerging Objects

3.4.3 EXACTITUDE
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Future - 
Self-Stabilizing Configurations and Non-Flat Surfaces

PROJECT

KAIT Multi Purpose Plaza

DATE

2008-

LOCATION

Kanagawa, Japan

ARCHITECT

Junya Ishigami

3.4.4 EXACTITUDE
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Future - 
Self-Stabilizing Configurations and Non-Flat Surfaces

PROJECT

Fukita Pavilion

DATE

2013

LOCATION

Kagawa, Japan

ARCHITECT

Ryue Nishizawa

3.4.5 EXACTITUDE



Chapter 4 

Visibility 

4.1 Visibility, or the rendering of invisible problems. 

To see is to know, as the axiom goes. With the dominance of the visual sense in humans, seeing is 

intimately connected with understanding. That we know more about the surface of Mars, which is 

visible but very far away, than the bottom of the ocean, which is nearer but not directly visible, 

illustrates the bias of vision for comprehension. Consequently, invisible problems present distinct 

difficulties, and their resolution is almost always preceded by the development of the means to 

render the problem visible. The risks associated with bacteria and radiation, for instance, were ill-

understood and out of mind until they were rendered visible with the invention of the microscope 

and fluorescent imaging respectively. Abstractly, rendering the invisible may be usefully 

understood as the projection of multidimensional phenomenons to the two dimensions of graphical 

representations directly visible to the human eye at a single moment, which inevitably requires a 

degree of subjective interpretation and translation. In turn, the way in which the problem is 

rendered is critical, as it fundamentally determines the range of solutions. How we see is how we 

know. 

In this study, visibility, or the rendering of invisible problems, refers to a category of design 

strategy that aims to visualize problems that cannot be seen directly in an accurate and actionable 

way. It consists of three related parts. First, the process of rendering the invisible determines what 

can and cannot be seen, and by extension defines the possible range of responses. Second, a key 

challenge presented by invisible problems is the incomplete feedback loop between input and 

output, i.e. the resolution of an invisible problem cannot be visually verified. Hence, the rendering 

of the solution is also a critical and integral part of the strategy, as it acts as a signifier to indicate 
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the presence and effectiveness of the solution. Given the distinction between the actual solution 

and its rendering, problems often arise when the latter is imitated without the former, resulting in 

only the superficial appearance of a solution. Third, as renderings can only ever be limited 

interpretations of an invisible and more complex reality, they will over time and in different contexts 

be subject to diverse and overlapping reinterpretations. 

When applied to the problem of building in seismic regions, the strategy of visibility is primarily 

concerned with the rendering of seismicity and its effects on structures. In pre-modern times, 

seismicity was often rendered as supernatural entities, giving rise to equally anthropomorphic 

solutions, from figural charms places around the building to appease or ward off the culprit, to 

structural elements with figural connotations, such as the Shinbashira, the central pillar of timber 

pagodas in Japan.  Since the relatively recent introduction of vectors in Euclidean geometry in the 1

19th century, it has become the default mode of rendering forces in modern engineering.  In this 2

way of rendering the invisible problem of building in seismic regions, the addition of bracing, 

particularly of the diagonal kind, becomes the obvious and straightforward solution to providing 

lateral stability. Today it is applied almost universally across the developmental spectrum, from 

cutting edge projects pursuing the highest degree of structural efficiency, to dilapidated contexts 

looking for the most straightforward way of providing safe shelter at quickly and cheaply. 

While visibility as a contemporary building design strategy in seismic regions inevitably 

foregrounds modern engineering’s rendering of forces as vectors, and the corresponding solution 

of adding bracing to increase a structure's lateral stability, in its broader connotation as a strategy 

for mitigating invisible problems by creating a visible and actionable rendering, it draws upon a 

longer lineage of the reciprocal development between ways of seeing and understanding the world. 

 Weisenfeld, Gennifer S. Imaging Disaster : Tokyo and the Visual Culture of Japan's Great Earthquake of 1923. Asia--local 1

Studies/global Themes ; 22. Berkeley: University of California Press, 2012.

 Salvadori, Mario, Saralinda. Hooker, and Christopher. Ragus. Why Buildings Stand up : The Strength of Architecture. 1st 2

McGraw-Hill Pbk. ed. McGraw-Hill Paperbacks. New York: McGraw-Hill, 1982.
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The section below will investigate five historical episodes that resonate with the strategy of 

visibility in this broader connotation, aiming to understand its key traits and evolution. 

Renderings Define Solutions 

4.1.1 Geographika, Alexandria, Roman Empire (200BC) Eratosthenes of Cyrene 

An early example of the strategy of visibility, and in particular of how the rendering of invisible 

problems defines the range of solutions, may be found in the field of cartography. In many early 

civilizations, where geographic adjacencies played a major role in military, trading, and political 

strategies, an accurate rendering of the world was critical to its success navigation. While 

fragments of the geography are directly visible, the overall shape of the world remained elusive 

until recent history, with the entire earth in daylight captured in a single photograph from space 

only in 1972.  A key challenge for early cartographers was to establish an overall shape of the 3

world from fragmentary observations. A key advancement in this pursuit was the scientific 

estimation of the earth’s circumference around 200BC by Eratosthenes of Cyrene, a polymath and 

chief librarian at the Library of Alexander; who is often cited as the first geographer. The 

circumference was deduced from the length of shadows observed at a given time at two cities in 

Egypt, Alexandria, and Syene. 

The insight of the earth’s circumference was applied in Eratosthenes’s Geographika,  a map of the 4

world and treaties on cartography, appearing in the forms of meridian and parallel lines, which 

subdivide the spherical earth into referenced sectors, acting as an accurate base for charting 

maps. Perhaps more profoundly, it provided a spherical rendering of the world that was scaled and 

holistic, even if large sectors remained uncharted. The visibility of the spherical world gave rise to 

 Potter, Christopher. The Earth Gazers. London: Head of Zeus, 2017.3

 Roller, Duane W., and Strabo. Eratosthenes' "Geography". Princeton: Princeton University Press, 2010.4
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specific ways of formulating and solving problems. Eratosthenes, for instance, correctly deduced 

the existence of horizontal climatic bands that were symmetrical around the equator, with a torrid 

zone in the middle and two frigid zones at the north and south extremities. The ability for 

renderings of an invisible problem, which may or may not be accurate, to define the possible range 

of solutions is perhaps most clearly demonstrated by Geographia, a later work in the same 

cartographic lineage by Claudius Ptolemy in 150AD. While maintaining the same spherical model of 

the world, Ptolemy miscalculated the earth’s circumference by 50%, giving the Eurasian continent a 

180-degree span - providing the false basis for Christopher Columbus’s misjudged expedition to 

look for a shorter and more direct route to India across the Atlantic Ocean. 

Shareable is Useful 

4.1.2 Clock Tower, or the Big Ben, Westminster, London (1289/1859) 

The subjectivity of vision is perhaps best summarized by the adage that beauty is in the eye of the 

beholder - people often look at the same object and see different things. Visibility as a problem-

solving strategy, however, derives its value from being shareable. An illustrative example may also 

be found in the history of timekeeping devices. As the capacity to accurately determine time was 

critical to early agrarian civilizations and religious practices, almost all cultures claim the invention 

of some form of timekeeping devices that visualized time, most of which were either based on 

observations of celestial bodies, the controlled flow of a liquid or fine particles, or the consistent 

combustion of a fuel. As observed by Rafael Nunez, a professor in cognitive science, while time 

itself is invisible, humans rarely think about time in an abstract and general way, but visualize it 

spatially to organizing a sequence of events.  Moreover, the shape and appearance of the mental 5

timeline is specific and diverse across cultural milieus; and is often based on familiar physical 

 Walker, Esther J, Benjamin K Bergen, and Rafael Núñez. "The Spatial Alignment of Time: Differences in Alignment of 5

Deictic and Sequence Time along the Sagittal and Lateral Axes." Acta Psychologica 175 (2017): 13-20.
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analogies. Written language plays an important role. Occidental cultures, for instance, tend to 

spatialize time egocentrically, with the past on the left, and the future on the right, while oriental 

cultures tend to follow the opposite direction, conforming to the format of the written text in the 

local language. Allocentric examples may also be found. The aboriginals in Australia, for example, 

organize time from east to west, following the rise and fall of the sun, whereas the Yupno people in 

Papua New Guinea organize time by the direction of flow in the local river, regardless of their own 

orientation.  

Despite the long history of timekeeping devices, it was not until the development of mechanical 

clocks and their placement in clock towers from the 13th century onwards that time in a modern, 

widely shareable sense became visible. A classic, if not the earliest, example is the Clock Tower in 

Westminster, London, more commonly known as Big Ben.  The original clock tower at this location 6

was erected in 1289, while the current version designed by Augustus Pugin was rebuilt after a fire 

in 1859. With four backlit clock faces and rising 94m tall in an otherwise mid-rise neighborhood, 

the Big Ben is perhaps most notable for its visibility, both physically and in popular culture. 

Visibility of a widely reference-able time, even if not absolutely precise, serves many obvious and 

practical uses, for example allowing the synchronization of activities before the ubiquity of 

personal clocks and watches in the mid-20th century. More interesting perhaps is the visibility of 

the Big Ben itself in popular culture, either as a visualization of the stereotypical British punctuality 

and the precisions of the Industrial Age, or when it is out of order, as in more than one James Bond 

movies depicting moments of crisis, of deep discord.  7

Of particular interest to this study is Big Ben’s physical adjacency to Westminster Palace and 

association with the British Parliament, continuing the historical role of authorities as the sponsor 

and keeper of time, a tradition that may be traced back to Egyptian Pharaohs, Chinese Emperors, 

 Macdonald, Peter. Big Ben : The Bell, the Clock and the Tower. Stroud: History Press, 2005.6

 "Big Ben in films and popular culture". The Daily Telegraph. 8 November 2016.7
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and the Roman Catholic Church, and which have subsequently passed onto the US Government, 

the keepers of GPS time, and global scientific institutions such as the International Bureau of 

Weights and Measures, the keepers of atomic time. The association with authority serves at least 

two functions. First, the rendering of an invisible reality is difficult to verify for accuracy, so the 

clock’s association with authority serves as an implicit guarantee, if not for absolute accuracy then 

at least for its financial and technical upkeep. Second, noting that vision is only of practical value 

when it can be shared, the association with a powerful institution helps to amplify the visibility of a 

particular rendering of time, both directly by placing the clock in a prominent location, and 

indirectly by implying that the host institution operates on the displayed time. For this reason, 

railway authorities often serve as the de facto keeper of time, not because of its absolute accuracy, 

although it often is, but because it is highly visible and corresponds with a widely used 

transportation service. 

Enhanceable Vision 

4.1.3 Microscope/Discovery of Bacteria (1676) Antonie van Leeuwenhoek 

Since the Italian Renaissance in the 14th century and the shift to a more human-centric world view, 

emphasis in the search for knowledge has been placed on what is visually observable, as opposed 

to feelings or convictions that emerge from internal contemplations, or interpretations of classical 

cannons, for example, the concept of providence, or the belief all events are divinely ordained. 

Many inventions in this era and the ensuing Age of Enlightenment, such as the development of 

mathematically accurate ways of drawings perspectival space in the 15th century, and Galileo 

Galilei’s refracting telescope in the 16th century, may be usefully understood as ways of enhancing 

the human vision to see better and more systematically; supported by the emerging belief that 

seeing is closely associated with understanding. A key episode in this lineage is the development 

of the modern microscope in the 1620s and the ensuing discovery of the bacteria in 1676 by 
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Antonie van Leeuwenhoek, a Dutch businessman and scientist often cited as the father of modern 

microbiology.  8

While the discovery of bacterias and microbial life came to serve many practical purposes, for 

example in debunking the then prevalent theory of spontaneous generation, the belief that the 

more basic forms of life emerged directly from inorganic matter, such as fleas from dust and 

scallops from sand, which led to more systemic ways of observing and mitigating infectious 

diseases; it arguably had a more profound influence in challenging a conception of reality that is 

limited to what we can see directly. The human vision is no longer understood as something that is 

created with and perfectly calibrated for perceiving the world, in the Biblical sense of ‘all that you 

see…I give to you,’ the moment in Genesis when God gave man stewardship to the newly created 

world; but as something that is somewhat reliable but limited, and which could be further 

enhanced to expand the scope of knowledge. 

Rendering a Wider Spectrum of Reality 

4.1.4 Nude Descending a Staircase, No. 2 (1912) Marcel Duchamp 

Around the beginning of the 20th century, several philosophical, mathematical, scientific and 

artistic efforts began to challenge the limits of static, three-dimensional representations of the 

world, converging around the possibility of representing four-dimensional space. The philosophical 

issue is perhaps most clearly laid out by the French philosopher Henry Bergson in his 1903 article 

Introduction to Metaphysics,  which challenges the classical rendering of time as successive static 9

three-dimensional states as being overly simplistic. An elastic band that is being stretched, 

 Lane, N. "The Unseen World: Reflections on Leeuwenhoek (1677) 'Concerning Little Animals'." Philosophical Transactions 8

of the Royal Society B-Biological Sciences, 2015, Philosophical Transactions of the Royal Society B-Biological Sciences , 
370 (1666) (2015).

 Bergson, Henri, John. Mullarkey, Michael. Kolkman, and T. E. Hulme. An Introduction to Metaphysics. Henri Bergson 9

Centennial Series. Basingstoke [England] ; New York: Palgrave Macmillan, 2007.
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Bergson posits, could not be understood through successive static states, as it fails to capture the 

indivisible unity and sequentiality of the mechanism of time. The proliferation of complex, dynamic 

machines in the industrial age also created in the discipline of engineering the need for new 

graphics tools to represent things in motion. The mathematical basis for the graphic representation 

of four dimensions was pioneered by Esprit Jouffret, a French mathematician, who’s 1903 

publication Elementary Treatise on the Geometry of Four Dimension presented descriptions of 

four-dimensional polyhedrons, the most iconic being the hypercube, and its projection in two 

dimensions.  Jouffret’s work directly inspired Cubism, an avant-garde art movement pioneered by 10

Pablo Picasso, Georges Braque, and Marcel Duchamp, amongst others, centered around Paris in 

the 1910s. 

Cubism’s aim may be broadly described as the visualization of four dimensions, or a subject in 

multiple states/perspectives, in a single static composition. A work that has come to represent the 

ambitions of Cubism is Nude Descending a Staircase, No. 2, a painting by Marcel Duchamp 

completed in 1912. The painting, as straightforwardly described by its title, depicts the movement 

of a female figure descending a staircase in a static, two-dimensional composition. Utilizing 

common graphic elements of the Cubist movement, the nude figure is simplified as a composition 

of primary shapes, which are then multiplied and assembled rhythmically across the canvas to 

imply movement. Movement is further emphasized and described with precision through the use of 

motions line. As observed by John Berger, an English art critic known for his study of art as ways of 

seeing, a key innovation of Cubism was the refinement of the diagrammatic mode of rendering, 

which uses visual symbols to systematically represent invisible forces, processes, and structures.  11

The additional layer of information allows the artists to go beyond simply rendering the appearance 

of things, but to convey visually a wider spectrum of the experience of life and reality in four 

dimensions. 

 Jouffret, E. Traité élémentaire De Géométrie à Quatre Dimensions Et Introduction à La Géométrie à N Dimensions. Paris: 10

Gauthier-Villars, 1903.

 Berger, John. The Moment of Cubism, and Other Essays. 1st American Ed.] ed. New York: Pantheon Books, 1969.11
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The Resonance Between Things 

4.1.5 Waiting for Godot (1953) Samuel Beckett 

A more recent development in the strategy of visibility may be found in the minimalist aesthetic 

that emerged in the 1950s. The shift may be observed across a diversity of artistic disciplines and 

is generally seen as a reaction to the chaos of the world wars and the sensorial saturation of 

modern life. Whereas the Cubist movement may be usefully understood as the expansion of the 

visual vocabulary to render visible a wider spectrum of reality, the minimalist movement is about 

the subtraction of non-essential details to reveal certain relationships between things. The 

comparison is perhaps akin to the difference between an encyclopedia and poetry, with the former 

offering detailed and comprehensive knowledge, yet unable to capture the intuitive resonances 

between diverse things found in better examples of the latter. A canonical work in this lineage is 

Waiting for Godot, a play by Samuel Beckett written between 1948-49 and first premiered in 

London in 1953.  In the play, two characters converse with each other and three passersby while 12

waiting beside a leafless tree for a person called Godot, who fails to arrive by the end of the play. 

The play is perhaps most famously summarized by Vivian Mercier of The Irish Times, who 

described it as having ‘achieved a theoretical impossibility…a play in which nothing happens…yet 

keeps the audience glued to their seats.’   13

In Beckett’s own reflection, his work since 1945 were experiments in impoverishment and 

subtraction as an insightful way of engaging the world - a direct reaction to the work of Joyce, a 

peer and close confident, who’s work Beckett sees as representing the perpetual quest to know 

 Beckett, Samuel. Waiting for Godot; a Tragicomedy in Two Acts. London: Faber and Faber, 1959.12

 Mercier, V., "The Uneventful Event" in The Irish Times, 18 February 1956.13
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more as a way to understand and control the world.  As the steady outpouring of interpretative 14

and critical work based on Waiting for Godot can attest to, the minimalist aesthetics is not about 

blindness to the world, but the stripping back of superfluous distractions to reveal the essential 

structure of things. To paraphrase a familiar aphorism, it is about seeing more in less, with the bare 

imagery of the play inviting diverse and overlapping interpretations, ranging from the philosophical, 

ethical, religious, social, political, sexual, and autobiographical, to name just a few. Further, the lack 

of detail and context for the content of the play actively induces the audience to look for meaning. 

In other words, the critical thing rendered visible by Waiting for Godot is not a specific piece of 

information, but the resonance between dimensions - offering ways to visualize things that are 

fundamentally invisible. 

4.2 Precedents - The Expression of Necessary Structural Configurations 

Since the relatively recent introduction of vectors in Euclidean mathematics in the 19th century, it 

has become a default mode of rendering and computing forces in static physics and structural 

engineering.  In this way of rendering earthquake movement and its effect on building structures, 15

variations of the diagonal bracing become an obvious and straightforward, if not nearly inevitable, 

solution to adding lateral stability. As a composition of straight segments and requiring only pin 

joints to achieve rigidity, it is also conveniently compatible with modern construction, particularly in 

steel or timber. The widespread adoption of diagonal bracings across modern buildings is further 

catalyzed by the trend in the construction industry towards standardization, in large part driven by 

the global supply chain of industrially produced steel components, and convergence towards 

similar building standards and goal of maximizing capital return.  

 Knowlson, James. Damned to Fame : The Life of Samuel Beckett. New York: Simon & Schuster, 1996.14

 Crowe, Michael J. A History of Vector Analysis; the Evolution of the Idea of a Vectorial System. Notre Dame: University of 15

Notre Dame Press, 1967.
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That a building should express how its structures work, or would work, against anticipated loads 

has been a central concern for architects at least since Vitruvius’s stipulation in De Architectura for 

buildings to express its firmness and function with beauty, (utilitas, firmitas and venustas), and 

more recently, tho perhaps only adjacently, affirmed by the modernist motto of ‘form follows 

function.’ As observed by Mario Salvadori, author of a definitive structural textbook, 'it seems to 

give people comfort to see and understand how a building stands up.'  Akin to the proverbial fallen 16

tree in a forest that may or may not have been heard, a conundrum in applying the strategy of 

visibility to the invisible problem of building in seismic regions is whether the problem can be 

considered solved unless the solution is visibly expressed. Through architectural history, the 

design and expression of structures have mirrored the evolving rendering and understating of 

forces, ranging from metaphorical analogies borrowed from nature to more diagrammatic 

representations. Since the development of modern earthquake engineering the early 1910s, the 

expression of structural elements and configurations that conform to well-known earthquake 

engineering principles, such as deep buttresses, symmetrical configurations, and smaller 

fenestrations, serves to affirm the presence and effectiveness of a seismically resilient structural 

solution.  17

Since the latter half of the 20th century, variations of the diagonal bracing have become a default 

structural solution for mid to large scale buildings in seismic regions and beyond in all but the most 

boutique project. While early examples often express the composition of diagonal elements 

straightforwardly on building facades, in line with the modernist sensibility for structural honesty, 

diagonally braced configurations have over time developed into a distinct aesthetics imbued with 

new meaning and function. Akin to a solution in search of a problem, the pre-determination of 

 Salvadori, Mario, Saralinda. Hooker, and Christopher. Ragus. Why Buildings Stand up : The Strength of Architecture. 1st 16

McGraw-Hill Pbk. ed. McGraw-Hill Paperbacks. New York: McGraw-Hill, 1982.

 Reitherman, Robert K. Earthquakes and Engineers: An International History. ASCE Press. Reston, VA: American Society of 17

Civil Engineers, 2012.
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diagonally braced configurations from the earliest stages of design has catalyzed new formal and 

figural experimentations beyond its original structural functions. 

The following section will look at five key case studies that together trace the development of 

visibility as a building design strategy in seismic regions in the modern era, and in particular the 

development of diagonally braced configuration and its reciprocal influence on architecture in 

seismic regions in the latter half of the 20th century, leading up to the contemporary period. 

The Diagonally Braced Tube 

4.2.1 The Tall Building: the Effects of Scale (1953) Myron Goldsmith 

4.2.2 Alcoa Building, San Francisco (1967) SOM 

While the use of diagonal bracing may be found in several historical timber building cultures, it was 

notably absent in the early ‘International Style’ of modern architecture in the first half of the 20th 

century. This absence may be attributed to several factors, including the smaller scale of early 

modernist projects, and the relatively low seismic risk in its early cradles of Western Europe and 

eastern United States. It may also be a conscious effort to avoid diagonal motifs, at the time 

perhaps more commonly associated with traditional timber buildings, in favor of the perceived 

efficiency and abstraction of orthogonal compositions. The absence largely persisted until several 

developmental trends converged in Chicago around the mid-20th century to propel diagonal 

bracings to the forefront of modern architecture. Chief amongst these was the development of the 

modern skyscraper, a critical mass of which was approaching the limits of moment frame 

construction, the standard method at the time for constructing tall buildings, where the amount of 

extra structure needed to build higher no longer made economic sense in relation to the additional 

floor area gained.  18

 Goldsmith, Myron, and Werner Blaser. Bauten Und Konzepte = Buildings and Concepts. Basel ; Boston: Birkhäuser, 1986.18
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The need for the new scale of modern buildings to be matched with a correspondingly new 

structural system was articulated in Myron Goldsmith’s 1953 thesis, The Tall Building: the Effects 

of Scale. The thesis presented the optimal scalar range of different structural configurations in 

steel and reinforced concrete, and points to the diagonally braced tower as the optimal 

configuration for a hypothetical 84 story building. Supervised at the Illinois Institute of Technology 

(IIT) by the newly arrived Ludwig Mies van der Rohe, the study may be seen in the lineage of the 

modernist exploration of steel construction and structural efficiency. The revolving door between 

IIT and Skidmore, Owings & Merrill (SOM) at the time meant the idea was soon tested in practice. 

Here, the engineer Fazlur Kahn was a central figure in reconceptualizing the skyscraper problem as 

being primarily about the resistance of lateral loads, as opposed to vertical loads, and pioneering 

the development of diagonally braced tube frame, which brought the structure form the core to the 

facade of the building to maximize structural depth and overall strength. 

Diagonally braced tube frame buildings began to appear in number in the 1960s, and is perhaps 

most iconically represented by the John Hancock Center in Chicago completed in 1970, the second 

tallest building in the world at the time.  The diagonally braced tube frame proved to be highly 19

efficient, using only around 75% of steel compared to a moment frame building of similar scale. 

Amongst the buildings from this era, the Alcoa Building in San Francisco completed in 1967 is of 

particular interest to this study.  While the design is typical of SOM buildings at the time, 20

composed of a symmetrical rectangular volume wrapped in a diagonally braced tube frame, it is 

one of the most visible, if not the earliest, example of a diagonally braced building in a consciously 

seismic context. A key design element in the Alcoa Building is an 18-inch detachment between the 

external tube frame and the curtain wall, meant to prevent damage during earthquake movement. 

Beyond its stated function, more interesting perhaps is the foregrounding of the structural lattice 

 Kahn, Fazlur R. "100-story John Hancock Center in Chicago: A Case Study of the Design Process." IABSE Journal 6, no. 19

J-16 (1982): IABSE Journal, 1982, Vol.6.

 “Seismic Sculpture.” 1968. Progressive Architecture 49 (December): 84–[91].20
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as a distinct visual element detached from the habitable volume of the building. The pattern like 

quality is further amplified by the building’s prominent location on the first row of buildings in the 

Embarcadero, and the elongated proportions of the plan, expressing four repeated columns of 

cross-bracing on the long facade. 

Structural Efficiency as Style 

4.2.3 Framework Houses (1957-1977) Bernhard and Hilla Wobeser 

4.2.4 Center George Pompidou (1977) Renzo Piano/Richard Rogers 

While diagonal bracing reached prominence in modern architecture with the tall building around 

the 1960s, it was soon adapted to a wider range of building types for its efficiency. As built cases 

proliferated, the expression of diagonally braced structures became more sophisticated and 

diverse, shifting from a matter-of-fact statement of configuration to a celebration of efficient 

structural solutions. The emergence of a distinctive aesthetics regime for the appreciation of 

diagonal bracing, and the underlying ethos of functionally derived design, may also be observed in 

the larger cultural milieu, as the developed world contemplates the physical remnants of the 

industrial age with some critical distance, and often with nostalgia. A canonical work that catalyzed 

and illustrates this shift is Framework Houses, a photographic series by Bernhard and Hilla 

Wobeser.  Taken between 1957 and 1977, the work catalogs in medium format black and white 21

photography the half-timber framework houses around the Siegen industrial region outside 

Cologne, Germany. Most of the houses were built between 1870 and 1914, and converge towards a 

highly economic use of timber elements due to strict local codes that aimed to preserve timber as 

fuel for the local steel industry by limiting its use in buildings to the bare essential structure. Using 

a photographic style that later gave rise to the Dusseldorf School, which aim to render the subject 

objectively by extracting the photographer for the composition, multiple structures of the same 

 Becher, Bernd, and Becher, Hilla. Framework Houses of the Siegen Industrial Region. Munich: Schirmer/Mosel, 2001.21
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typology are documents from the same vantage point and exhibited in groups, confronting the 

viewer with the intricate geometric composition and aesthetic value of the otherwise mundane 

functionally derived structures. 

The expression of diagonally braced structures as a celebration of function and efficiency reached 

a flamboyant climax with the Center George Pompidou in Paris, completed in 1977.  Designed by 22

Renzo Piano and Richard Rogers in collaboration with the engineering Peter Rice of ARUP, the 

Center Pompidou is often described as an inside-out building, with the structure and services 

completely taking over the exterior of the building, under the rubric of creating open and adaptable 

spaces within. Here, the building is both a solution to the problem of the brief, and an expression of 

the solution. In particular, the structure is no longer a two-dimensional motif, but fully articulated 

as a three-dimensional tectonic configuration. Akin to a math exam that awards points for the 

working process as well as the solution, the expression of the structure took on a didactic 

dimension, with tectonic elements obsessively engineered beyond practical necessity in the pursuit 

of a clear and elegant rendering of the otherwise invisible interplay of dynamic forces. The iconic 

gerberettes, or cast iron rocker beam, at the connection between the floor trusses and vertical 

beams on the north and south facades, for instance, are carefully tapered and skeletalized to 

express the invisible dimensions of freedom and distribution of loads to emphasize the specificity 

and elegance of the structural solution. 

The Center Pompidou may be usefully compared to ambitions of the cubist movement in rendering 

visible a wider spectrum of invisible dimensions. While the success of the Center Pompidou 

popularized the idea of a building expressing itself as a technical solution and gave credence to the 

broader category of high-tech architecture, it also revealed limitations of the approach. Most 

critically, a highly efficient technical solution assumes a precisely defined problem, an impossible 

 Jodidio, Philip., and Renzo Piano Building Workshop. Piano : Renzo Piano Building Workshop 1966-2005. Köln ; London: 22

Taschen, 2005.
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proposition given the complexity of architecture. Piano and Roger's interpretation of the complex 

brief for a mixed-used building as a simple structural problem of how to maximize adaptable, open 

span interior spaces, tho elegant, is frequently criticized for being overly simplistic. The 

convergence of high-tech architecture towards similar open plan configurations regardless of 

context or function further exposes the fiction of buildings as a precise solution to a problem, and 

therefore the need, or indeed possibility, for building structures to be an efficient and precise 

solution. Further, the Center Pompidou highlights the chasm between practical functionality and 

clarity of expression, and the high costs often necessary to bridge the gap. Given the complexity of 

building cultures, an intuitive and elegant solution to a problem is rarely also the most efficient and 

practical. 

Bracing Beyond Efficiency 

4.2.5 House in Uehara (1976) Kazuo Shinohara 

While diagonally braced structural configurations proliferated in mainstream architecture in the 

latter half of the 20th century, its professed goal of the singular pursuit of structural efficiency has 

been called into question at least since the late 1970s. A key work that illustrates and indeed 

catalyzed a more open-ended approach to the use of diagonal bracing is the House in Uehara, a 

small three-story house in the suburbs of Tokyo completed in 1976.  Designed by Kazuo 23

Shinohara in collaboration with the engineer Toshihiko Kimura, the building is perhaps most notable 

for its use of oversized concrete piers and diagonal braces for its spatial and semiotic qualities, as 

opposed to structural efficiency. Indeed, the structure is a significant intrusion in the interior space 

that impeded efficient movement through the house. The house is organized around a 2x3 grid of 

 Dehli, Christian, Andrea Grolimund, and Kazuo Shinohara. Kazuo Shinohara : 3 Houses. First Edition = 初版. ed. Lucerne: 23

Quart Verlag, 2019.
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piers, which branch out diagonally in the second-floor space to support the external walls and the 

beam-less roof slab.  

The House in Uehara is perhaps most usefully understood in the light of Shinohara’s manifesto that 

‘a house is a work of art,’ a direct challenge to the contemporaneous Metabolist Movement and its 

approach to architecture as a perfectible machine, almost always through the use of highly 

efficient diagonally braced structures to provide open, adaptable plans.  In Shinohara’s account, 24

while the thick diagonal concrete piers are advantageous in the highly seismic context of Tokyo, it 

was not a functional necessity, and even presents a degree of inefficiency in the compact house. 

The structure follows its own logic, providing a metaphorically contextual framework around which 

the house is organized. It calls into question the singular convergence towards function, 

particularly as the first generation of high-tech architecture fails to live up to its proclaimed 

efficiency and adaptability, and by extension the need for the structures to be totally subservient to 

function. Most critically, Shinohara does not dismiss the functionality of structure, but reveals the 

possibility of a looser fit between structure and function that facilitates more diverse 

interpretations and nuanced design negotiations. 

4.3 Contemporary Cases – Bracing as Pattern and as Space 

As earthquakes and its effects on buildings remain difficult to understand through direct visual 

observation alone, the strategy of visibility, or the rendering of invisible problems, remains useful 

and well deployed. In particular, the rendering of forces as vectors, the norm in modern 

engineering, has become more widespread, as the developing world, where the majority of 

construction in seismic regions occur, largely adopts the developmental path established a 

generation earlier, particularly in the fields of engineering and construction. Variations of bracing, 

 Shinohara, Kazuo. A Theory of Residential Architecture. 1967.24
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the obvious and straightforward, if not almost ineviteable solution to providing lateral stability in 

this mode of rendering earthquake movement and its effects on structures, remains popular, 

particularly as factors that catalyzed its proliferation in the late 20th century, including its 

compatibility with modern construction and computation, largely persists into the contemporary 

period. 

Amongst the factors catalyzing recent innovations in the application of diagonally braced 

structures in architecture, two are distinctly contemporary. First, as cities become denser and 

buildings are increasingly considered as financial assets, the efficient use of space becomes a 

primary driver of design. The contemporary focus on value, i.e. maximizing the usability of interior 

space, in part installed by the succession of economic downturns beginning with the 1992 bursting 

of the Japan asset bubble, the 1997 Asian Financial Crisis, and border global financial crisis of 

2007, has largely disqualified the more profligate expressions of structure popular during the post-

modern era in the late 20th century. Instead, the pursuit of spatial efficiency has ushered in a 

closer integration of structure and space. Second, with the accumulation of diverse built cases and 

advancements in engineering and construction, most notably in computational capacity and 

digitally enhanced modes of fabrication, the repertoire of bracing has diversified significantly; with 

options to realize designs that are more delicate, less symmetrical, and in a wider range of 

materials. 

As a contemporary building design strategy in seismic regions, visibility is primarily concerned with 

the design opportunities and implications associated with bracing, the default solution for lateral 

stability in the current aesthetic regime. Contemporary cases may be broadly divided into two 

categories. The first, Bracing as Pattern, is primarily interested in the two-dimensional visual 

effects of braced structures, an issue that has preoccupied modern architects at least since the 

development of tube frames in the 1950s brought the structure from the core to the periphery of 

the building. In addition to the new design latitude afforded by improved construction capacities, 
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the exploration of bracing as pattern is further energized by the more recent trend of specialization 

in the building industry, where the role of the architects in mid to large scale commercial and civil 

projects is increasingly constrained to the facade, while the rest of the building is divided up 

amongst specialist consultants. This creates intense design pressure within the shallow depth of 

the building periphery, in which issues of structure, outwards shape and appearance, and access 

to light and air with fenestrations must be resolved. The second category, Bracing as Space, looks 

at the increasingly reciprocal negotiations between a building’s spatial configuration and structural 

logic, driven by the pursuit of efficiency as clients look to maximize the utility of space, and to 

generate design diversity in a disciplined and systematic manner. A key complexity in the closer 

integration of structure and space is in negotiating the specific geometries of bracing and the 

efficiency of orthogonal space. 

The following section will investigate ten contemporary building case studies, five in each of the 

two categories outlined above. The cases in both Bracing as Pattern and Bracing as Space are 

organized by converging design proclivities, often across buildings of different scale and programs, 

with the aim to demonstrate recurring themes and scalar implications. 

4.3a Bracing as Pattern 

Specificity of Bracing 

4.3.1 Prada Aoyama, Tokyo (2003) Herzog & de Meuron 

4.3.2 CCTV, Beijing (2012) OMA 

A key development in the exploration of bracing as pattern in contemporary architecture is the 

pursuit of more specific renderings of force; a distinct departure from precedents in the latter half 

of the 20th century, which mostly assumed a generic and universally constant range of loads, for 
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example of the building’s self weight and symmetrical lateral wind loads. The move towards 

specificity may be considered part of the broader shift in contemporary architecture towards 

critically regional expressions, a reaction both to the perceived arbitrariness of the post-modern 

sensibility and the homogeneity of modernist dogmas. Akin to the early Cubist’s efforts to 

represent a more specific version of reality by rendering visible in a static composition the 

additional dimension of time, the expression of a highly customized structural solution that takes 

into account and makes visible additional dimensions of a project, such as its seismic context or 

design process, emerged as a productive generator of design in the pursuit of idiosyncratic yet 

disciplined, i.e. not arbitrary, expressions in architecture. More specific structural solutions also 

emerged out of necessity in order to maintain efficiency as contemporary projects increasingly 

took on non-symmetrical and non-standard forms in reaction to urban in-fill sites and pursuit of 

iconic shapes. 

A breakthrough project in the pursuit of specificity in Bracing as Pattern is Prada Aoyama, the 

Italian fashion house’s flagship store in Tokyo completed in 2003.  Occupying a dense 25

neighborhood, the design by Herzog de Meuron aimed to maximize the building volume on the 

eastern corner of the site, which rises up six stories to push against the overshadowing planes 

specified by the zoning regulation, in order to create a public outdoor space on the western side. 

Of particular interest to this study is the rhomboid structural grid that wraps the building volume. In 

the Swiss engineer Jurg Conzett's analysis of the project, while the structure may at first seem 

unintuitive and wasteful, with only approximately 1/4 of the exoskeleton directly supporting the 

vertical load due to the open corners and staggered floors, further analysis reveals it to be highly 

effective in resisting and dissipating earthquake movement.  In other words, the distinctive quality 26

of the structural pattern arises from capturing an often ignored but significant dimension of the 

 Celant, Germano., Herzog & De Meuron, and Fondazione Prada. Prada Aoyama Tokyo : Herzog & De Meuron. Milano: 25

Fondazione Prada, 2003.

 Conzett, Jürg., and Mohsen Mostafavi. Structure as Space : Engineering and Architecture in the Works of Jürg Conzett 26

and His Partners. London: Architectural Association, 2006.
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project's seismic context; and consequently is perceived as novel and distinctive to the modern 

sensibility better attuned to the effective resistance of generic and predominantly vertical loads. 

The pursuit of specificity by making visible in the structural pattern additional dimensions the 

project may also be found in large scale institutional projects, as in CCTV, the headquarters of 

China’s state television cooperation located in western Beijing, completed in 2012.  Designed by 27

the Office for Metropolitan Architecture in collaboration with Cecil Balmond of ARUP, the building 

form is often described as a loop, with two counter leaning 50 story towers linked at the bottom 

and top, culminating in a 75m cantilever. In the architect’s account, the distinctive form of the 

building is both to facilitate the circuit of interconnected activities involved in TV-making, and a 

response to the singular pursuit of height in modern skyscrapers by proposing a volumetric form 

that participates more actively in the urban context. As is common in modern skyscrapers, the 

facade is wrapped in a diagonally gird. However, the grid is not uniform, but adjusted to local 

stresses, becoming denser in areas requiring more bracing and vice versa. In Balmond's account, 

given the complexity of the form, a range of Pareto optimal solutions exist, and the final solution is 

heavily dependent on the designer's initial instinct and successive inputs in the optimization 

process. Akin to the shading on a drawing, the varied density of the structural pattern and its 

correlation to the distinctive building form not only amplifies the specificity of the design by 

revealing the dynamics of invisible forces, but also like a palimpsest reveal traces of the singular 

and unseen process of design.  

Motifs of the Tree 

4.3.3 Tod’s Omotesando, Tokyo (2004) Toyo Ito 

4.3.4 Diu Diu Dang Forest, Yilan (2007) Fieldoffice Architects 

 Koolhaas, Rem., Ole. Scheeren, and Office for Metropolitan Architecture. CCTV by OMA. Kenchiku to Toshi. Extra Edition. 27

Tokyo: A+U, 2005.
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A recurring subcategory in the exploration of bracing as pattern is the motif of the tree. While the 

use of diagonal elements in buildings, particularly in historical timber building cultures, are 

oftentimes poetically alluded to trees or forests, as in Marc-Antoine Laugier's Primitive Hut, overtly 

figural references appear to be a distinctively contemporary phenomenon - possibly a legacy of the 

post-modern sensibility. This is in part facilitated by improved computational and fabrication 

capacities, which allow asymmetrical and complex designs that evoke the image of the tree more 

than structure to be constructed within reasonable cost. That the tree should emerge as a popular 

motif in diagonally braces structures is perhaps not a surprise, given the scalar and formal 

similarities between the composition of diagonal bracing in modern buildings and the branching 

structure of trees, which allow the effect to be pursued without significant conflicts. Further, as 

observed by the Chinese architect Liu Jiaqun in summarizing his approach to landscape 

architecture, ’everybody loves trees.’  Indeed, references to trees, even in the form of a motif, 28

appears to be universally well-received, particularly in dense urban contexts, in addition to the 

benefit of offering an intuitive way to understand dynamic forces in a building. 

An influential example of the tree motif in contemporary architecture is Tod’s Omotesando, the 

Italian leather goods maker’s flagship store in Tokyo, completed in 2004.  In the early 2000s, 29

Omotesando emerged as a battleground for global luxury brands, with numerous high profile 

flagship store commissions. Due to the specific set of constraints presented by the local building 

code and real estate market, the buildings converged towards slim, mid-rise volumes of 

approximately 10x20m in plan and 5-7 stories tall. Further, due to the need for interiors to be highly 

flexible for seasonal fit-outs, the 'architectural design' was largely constrained to the narrow zone 

at the periphery of the building, within which the structure, expression, and fenestration must be 

resolved, creating immense design pressure. While these conditions may be generally true of 

 Liu Jiakun, interview by author, Oct 9, 2016.28
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recent developments in high-density cities, the conditions at Omotesando was particularly intense. 

Aiming to develop a single system that could simultaneous negotiate the diverse design constraints 

and goals within the limited depth of the building skin, the design by Toyo Ito took inspiration from 

the iconic Zelkova trees, or Japanese elm, that line Omotesando to develop a facade pattern by 

overlapping abstracted silhouettes of the tree trunk and branches. When translated to a 0.3m thick 

reinforcers concrete wall that wraps the building, it provides 1) a densely braced structure capable 

of resisting significant earthquake loads, 2) diverse interior fenestrations effects across otherwise 

similar floor plans, and 3) a cohesive and contextual image of the buildings beyond the narrow 

street frontage. Akin to the minimalist aesthetic in Beckett's play, Ito's design achieved the 

necessary economy of means, given the spatial constraints, by developing a highly abstract and 

sparse design that was open to diverse interpretations. 

The motif of the tree is also frequently found in larger civil and institutional projects, due to its 

popular appeal and compatibility with basic construction systems. An illustrative example is the Diu 

Diu Dang Forest, a plaza canopy in Yilan, Taiwan, completed in 2007.  Designed by Fieldoffice 30

Architects, the Diu Dui Dang Forest is part of a series of acupuncture urban transformations in the 

city. The structure consists of a 58x24m canopy, approximately 10m off the ground, supported on 

a 2x5 grid of steel columns. In the architect’s account, a steel frame structure was basically 

predetermined by the low budget of civic projects, with little scope for ‘design’ beyond the 

utilitarian functions of providing cover. Taking advantage of Taiwan’s fabrication capacities, the 

design elaborates on the necessary bracing of columns to develop a tree-like column design that 

branches out as it rises; providing lateral rigidity and helping to distribute loads evenly across the 

structure. As interviews with a broader group of design practitioners in seismic regions have 

revealed, the bundling of design and structure, i.e. deploying the necessary structure to achieve 

the desired design effect, or allowing the design intentions to slipstream under seemingly 

indispensable structural requirements, appears to be a widely understood but rarely discussed 

 Huang Sheng-Yuan of Fieldoffice, interview by author, Cambridge MA, 2019.30
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strategy to protect the design against the adverse effects of value engineering and the whims of 

politics. 

Structural Pattern and Interior Space 

4.3.5 Villa in Hayama (2010) Kazuyo Sejima 

A third direction in the contemporary pursuit of bracing as pattern is the nuanced interplay 

between structural patterns and interior spaces. While the early developers of tube frame 

structures had already noted the significant effect a peripheral structural system would have on 

the interior space, it was mostly considered in the general terms of ensuring a certain percentage 

of glazing. The interruption of the structure on the interface between the interior space and the 

exterior, as in some apartment units in the Hancock Center that coincides with a fragment of the 

diagonal bracing, was mostly considered a necessary but minor nuisance. As the current price 

premium for apartment units with fragments of iconic bracing reveals, the architectural potential of 

structural patterns on the interior was significantly undervalued. The contemporary interest in the 

nuanced interplay between fenestration patterns and the interior space may be attributed to three 

factors. First, as braced systems make their way into smaller projects, the surface to volume ratio 

amplifies its effect on interior space. Second, advancements in fabrication and computational 

capacities allow braced structures to depart from standard solutions, increasing the latitude of 

design. Third, as the mass production of efficiently identical plans is increasingly seen in a 

detrimental light, associated with the developer's insatiable pursuit of profit as opposed to the 

early modernist's egalitarian ambitions, bracing as pattern offers a convenient way to generate 

distinct interior spatial effects across otherwise similar spaces. 
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These qualities are aptly demonstrated in the Villa Hayama, a small seaside holiday home in 

Kanagawa, Japan, completed in 2010.  Designed by Kazuyo Sejima, the building consists of two 31

floors with identical plans. The structure is a lightweight steel frame, fully glazed apart from an 

opaque belt of bracing around its waist, at the transition between the ground and first floor. While 

the project is modestly sized, the refined design reveals key insights into the contemporary 

exploration of the interior effects of structural bracing. In the architect’s account, while the ground 

and first floors are effectively identical in plan and height, the deliberate placement of the 

necessary bracing, which accounts for 33% of the facade, creates two distinct spatial experiences. 

The ground floor has glazing on all four sides from the floor up to 2.9m and opaque walls up to the 

ceiling hight at 3.3m, creating a sheltered space that flows freely into the garden, while the first 

floor has glass that begins at shoulder level and stretches upwards towards the sky. Abstractly, the 

design may be usefully understood as the deliberate misalignment of different scales, with the 

building scale bracing deliberately placed in relation to the interior scale of a floor to maximize 

registrations of difference. 

4.3b Bracing as Space 

The Triangulated Spaces of Bracing 

4.3.6 Seattle Public Library (2004) OMA 

4.3.7 New Kyoto Townhouse 2 (2014) Alphaville Architects 

In the contemporary pursuit of efficiency in design, driven in part by the increasing value of land in 

cities and the need to maximize its utility in both public and private projects, the closer integration 

of structure and space is particularly useful, as it reduces the need for non-structural components 

and the loss of useable space to the structural poche. A central issue in the closer integration of 

 Sejima, Kazuyo, Ryūe Nishizawa, Ryue Nishizawa, and Mohsen Mostafavi. 2011. “Sanaa 2008-2011.” Croquis, no. 155.31
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structure and space is in negotiating the typically triangular geometry of bracing, and the 

efficiencies of orthogonal space. The triangular geometry is advantageous structurally because it 

can achieve rigidity without rigid joints, which are typically more complex and expensive to build. 

When considered as a vector, diagonal elements in steel that are not perfectly aligned to the 

vertical axis also allow it to have horizontal components capable of resisting lateral loads efficiently 

in tension.  

A pioneering project in the exploration of bracing as space in contemporary architecture is the 

Seattle Public Library, located in the highly seismic west coast of the United States.  Designed by 32

the Office for Metropolitan Architecture in collaboration with the engineer Cecil Balmond of Arup in 

2004, the design emerged in an unusually collaborative competition and development process with 

the librarians, who served as the client group, which deconstructed and reorganized the 

contemporary library to live up to its implicit role as an one of the few remaining interior public 

space in the city. The design organizes the archival and office functions into five highly efficient 

orthogonal volumes, which are stacked vertically and staggered in response to contextual 

considerations and features, such as a particular view corridor to the ocean and the gradient of the 

site. In Balmond's account, the design takes advantage of the staggered volumes to create a zig-

zagged external skin constructed from a glazed steel diagrid that acts as braced planes. It 

encloses large volumes of irregularly shaped and well-lit spaces at the periphery of the building, 

which is designated for the library’s more public programs. In other words, the misfit between the 

highly efficient orthogonal volumes inside and the triangulated geometry of the bracing outside is 

deliberately amplified to generate significant amounts of interstitial spaces that may be occupied 

by the library's public and informal functions; allowing the institution a degree of programmatic 

maneuverability without constriction. 

 Kubo, Michael., and Ramon. Prat. Seattle Public Library, OMA/LMN. Barcelona: Actar, 2005.32
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While the Seattle Public Library demonstrates the popular approach of beginning with a 

composition of efficiently orthogonal volumes inside and wrapping it in diagonal bracing outside to 

create interstitial spaces on the periphery of the building, the inverse may also be observed, as in 

the New Kyoto Townhouse 2, a small residence in Kyoto, Japan, competed in 2014.  Designed by 33

Alphaville Architects, the building takes the form of a typical three-story row house, as defined by 

the strict building code in the historical core of the city. In the architect’s account, given the narrow 

and constrained site, the aim was to avoid solid partitions in the interior, both to allow cross 

ventilation and visual transparency. Instead of shear walls, the lateral bracing is provided by two 

diagonal timber elements in the middle of the house that extends the full three-floor height, around 

which a spiral stair is organized, generating the unusual and highly specific spatial arrangement of 

5 staggered floors, three at the front of the house, and two at the back, as well as diverse 

interstitial spaces and surprising cross-views at the middle of the compact house. 

Space of Bracing in Plan 

4.3.8 Cathedral of Our Lady of the Angels (2002) Rafael Moneo 

4.3.9 Niyang River Visitor Center (2009) ZAO/standardarchitecture 

While bracing is perhaps most directly visible in the vertical dimensions of elevation or section, it 

can also manifest in plan, as in the form of a buttress. The specific structural logic that governs the 

form and arrangement of buttresses, such as the need for depth, frequency, and diversified 

orientations, have significant implications on the spatial layout of buildings that employ it. As the 

necessary depth and solidity of buttress precludes the common pursuit of transparency and 

openness in contemporary architecture, cases are less common, and tend to appear only when 

unreinforced masonry construction is the only option available, or in buildings where a thickened 

 Kentaro Takeguchi of Alphaville Architects, interview by author, Kyoto, May 18, 2017.33
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envelope offer significant design advantages, such as to provide shading in sunny climates or for a 

program that requires a degree of acoustic isolation or visual solidity. 

An illustrative example is the Cathedral of Our Lady of the Angels, home of the Archdiocese of Los 

Angeles, completed in 2002.  The commission was highly conscious of seismic risk, as the 34

building replaces a predecessor damaged in the 1994 Northridge Earthquake. The larger campus 

of related buildings occupies an entire downtown block adjacent to the major Holywood Freeway, 

while the cathedral itself is located at the highest point of the site on the northwestern edge. In the 

account of Rafael Moneo, the architect, the design was driven by two design intuitions. First is that 

the cathedral should face the east towards Rome, following ecclesiastic traditions. The second is 

that the plan should have the traditional cross shape. Interestingly, the pursuit of a traditional 

orientation and plan created an un-traditional building typology, where the congregation enters the 

cathedral from the alter on the southeast side, and must progress northwest down one of the two 

ambulatories before turning around 180 degrees to enter the nave at its base. A concrete structure 

was selected, both for its durability to satisfy the 500-year lifespan of the brief, and its consistency 

in material finish. The plan is dominated by a series of buttresses that form a thickened periphery, 

particularly along the northeast and southwest sides. The necessary structure is elaborated to 

creates a series of chapels and niche spaces along the long ambulatories, while helping to regulate 

and diffuse natural light. Further, the buttresses culminate at an illuminated cross at the front of 

the cathedral, offering an elegant resolution to the unusual geometry, and elevates the necessary 

structure to a symbolic dimension. 

A second and more recent example is the Niyang River Visitor Center, a tourist facility at the 

entrance of the Brahmaputra Canyon in Tibet, completed in 2009.  Designed by Zhang Ke and 35

Zhao Yang of ZAO/standardarchitecture, the modestly sized building is composed of three 

 Moneo, José Rafael., Michael Moran, and Laura. Martínez De Guereñu. Rafael Moneo : Remarks on 21 Works. 1st ed. New 34
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programs, a bathroom, a ticketing center, and a cafeteria, organized around a central courtyard. In 

the architect’s account, a key challenge of the project was the remoteness of the location, which 

limited the available construction methods. While the local government promotes concrete 

construction based on its perceived seismic resilience, it is often of poor quality due to the local 

builder's unfamiliarity with the recently imported material. Instead, the design takes advantage of 

the local expertise in stone construction, historically the dominant form of building in the area. In 

order to ensure a high degree of seismic resilience, the plan is highly articulated, with a 

composition of short segments of thick walls and deep fenestrations that functions as buttresses. 

Furthermore, a distinctive geometry of alignments was developed to highlight the monolithic 

quality of the heavy stone walls, elevating a simple structural necessity to a distinctive design 

element. 

Shortened Columns and the Staggered Floor 

4.3.10 Shibaura House (2008) Kazuyo Sejima 

If bracing may be broadly understood as ways of increasing a structure’s strength with strategically 

placed components, in addition to the more common diagonal bracing, it can also be achieved with 

elements that shorten the actual or effective length of columns. This may entail 1) lowering the 

floor to ceiling height, 2) changing the end conditions of a column from pin to rigid joints, which 

alter the bending shape, or 3) adding bracing that subdivides columns it into shorter segments, 

often with a beam that connects two columns rigidly. All three reduces the risk of buckling. The 

rigid horizontal bracing is commonly found in historical timber building cultures in the Sinosphere, 

where sophisticated carpentry allowed joints to perform as rigid connections, and interior activities 

mostly unfolded at the sitting level, therefore requiring less ceiling height.  However, in modern 36

 Braudel, Fernand. The Structures of Everyday Life : The Limits of the Possible. 1st U.S. ed. Braudel, Fernand. Civilisation 36

Matérielle, économie Et Capitalisme. English ; v. 1. Y. New York: Harper & Row, 1981. 
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construction, the rigid joint has not been as popular, given its relative expense in construction, and 

the almost universal proclivity for higher ceilings in modern life. That said, the shortened column 

seems to be enjoying a revival of sort in contemporary architecture, in part driven by 1) 

advancements in steel fabrication, which lowers the cost of fabricating rigid joints, 2) the pursuit of 

spatial efficiency, in which diagonal elements inevitably presents a degree of obstruction, and 3) a 

renewed interest amongst Japanese practitioners in the structural basis and spatial proportions of 

historic timber buildings. As with the other forms of bracing, the specific logic of reducing the 

effective length of columns have catalyzed equally distinct spatial effects in projects that deploy it. 

An illustrative case is Shibaura House, a mid-rise office building for a media company in Tokyo, 

completed in 2008.  The design by Kazuyo Sejima is composed of seven staggered floors 37

distributed across the tall and slender volume of the building, approximate 14x14m in plan and 30m 

in height. None of the floors occupy the entire plan, but have organically-shaped cutouts to create 

a diversity of double-height spaces distributed in the building and interesting sight-lines that span 

multiple floors. As is the norm in Sejima’s work, the project pursues an aesthetic of lightness, 

pushing for the highest degrees of transparency and the thinnest possible structural elements. The 

structure is composed of 12 columns on the periphery of the building, organized in a 4x4 grid, 

which allows the floor plans to evolve freely in the interior without complicated structural 

implications. A series of diagonal bracings distributed across the facade provide the lateral 

bracing. The columns, with 250x250mm sections, are notably thin, foregrounding the risk of 

buckling as the primary structural challenge. In this light, while the staggered floors are primarily 

discussed in the rubric of creating visual transparency and spatial diversity, it also plays a critical 

structural role by subdividing the columns into shorter segments, thereby reducing the risk of 

buckling.  

 Sejima, Kazuyo, Ryūe Nishizawa, Ryue Nishizawa, and Mohsen Mostafavi. 2011. “Sanaa 2008-2011.” Croquis, no. 155.37
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4.4 Future – Beyond Orthogonal Configurations 

Moving forward, the modern rendering of force as vectors and the corresponding structural 

response of adding bracing for stability seems set to persist and proliferate further, as the 

developing world, which constitutes the majority of seismic regions, largely follows the well-

establish developmental path towards modern engineering and construction. Akin to a fish who is 

unable to see the water that surrounds it, the imposition of a single way to visualize earthquake 

movement and its effects on structures is unlikely to pose a significant sense of limitation on 

practitioners who have known nothing else, particularly with advancements in engineering and 

construction facilitating an ever-expanding repertoire of design variations to satisfy most needs for 

idiosyncratic expressions. The Waka House in Wellington, New Zealand, and the Sliced Porosity 

Block in Chengdu, China, for instance, are two recent projects that profess diametrically different 

design goals, the former a high-tech reinterpretation of the vernacular Maori architecture, and the 

latter a triumph of high density commercial mixed-use development, while applying what is 

essentially the same rendering of force and structural solution. 

If the strategy of visibility as a building design strategy in seismic regions may be usefully 

understood as ways of rendering visible the invisible dynamics of earthquake forces and its effect 

on building structures in an actionable manner, and the translations of this rendering into 

architecture, there seem to be at least two possible trajectories for future development. 

Interestingly, both appear to be moving beyond the orthogonal configurations advocated by the 

modernists under the guise of efficiency. In the first trajectories, the current rendering of force as 

vectors would persist and become more ubiquitous, and buildings would increasingly shift from the 

abstract composition of orthogonal planes towards the specific geometries of braced 

configurations. In particular, while the specific geometries of bracing are already regularly 

expressed in the walls and roofs of buildings, the floors have so far largely remained largely 

resistant, if only due to issues of practicality. However, this too is beginning to be challenged, with 
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a small but distinct number of recent projects exploring alternative floor configurations that align 

more closely with the specific logic of the structure; potentially opening up a vast new area of 

design opportunities. In the second trajectory, an alternative mode of rendering force would 

emerge and point to an entirely different family of structural solutions. Amongst the likely 

candidates, a topological rendering of force and structural dynamics seems to have the most 

potential, given its compatibility with emerging modes of additive manufacturing and hybrid 

materials, and resonance with the more nuanced and non-binary understanding of things in the 

modern world, such as the spectrums of risk. 

The following section will look at five recent cases, ranging from experimental pavilions to 

starchitect projects that provided opportunities to realize radical ideas previously rejected in more 

conservative contexts. The aim is to expand upon the two possible trajectories for future 

development outlines above with tangible examples and to identify key traits in each. 

Fragmented Floors 

4.4.1 House NA, Tokyo (2012) Sou Fujimoto 

4.4.2 Naoshima Pavilion (2015) Sou Fujimoto 

As variations of bracing become increasingly ubiquitous, and the trend towards the closer 

integration of space and structure persists, it seems inevitable that architecture will move away 

from orthogonal configurations towards the specific geometries dictated by structure. In particular, 

while it is not uncommon for the roof and walls of a building to depart form orthogonal planes to 

facilitate or express a structural system, the floor has so far largely resisted this trend. This is 

beginning to waver, with a small but distinct number of recent projects challenging the flatness and 

continuity of the floor, for example in the Shibaura House from 2008 discussed earlier, which 

distributed floor plates sectionally to help brace the excessively thin columns at multiple levels, 
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effectively shortening each segment of unbraced column. The move towards fragmented floors is 

reminiscent of Claude Parent’s concept of Oblique Functionalism that emerged in the 1960s - the 

last major effort to challenge the ubiquity of orthogonal floors in modern architecture, albeit with 

little practical justification beyond the pursuit of diversified architectural experiences.  Whether 38

the current trend towards fragmented floors in architecture, this time driven by more tangible 

structural concerns, will gain traction beyond niche projects, remains to be seen. 

An illustrative example is House NA, a small single-family residence in Tokyo.  Designed by Sou 39

Fujimoto in collaboration with the engineer Jun Sato, the design may be usefully understood as an 

infill-development, occupying a constrained site in a densely built-up neighborhood. In the 

architect’s account, the design aimed to create in the context of an urban jungle a tree-like space 

for living, where the traditional rigidity of floors and walls are replaced with a looser composition of 

multiple levels, amongst which the daily lives of the residents can unfold fluidly. The key 

engineering challenge was the pursuit of transparency and thinness, in an effort to maximize 

useable space and to reduce the sizing of building elements to the scale of domestic furniture. The 

steel structure is composed of 65mm deep beams and 55mm square section columns, foreground 

the risk of bucking as the primary limitation. In Sato’s account, while the staggered floor is 

primarily described as a design decision, it is closely informed by engineering necessity - with the 

multiple levels of floors effectively subdividing the rigidly connected column into shorter segments, 

significantly reducing the risk of bucking and therefore allowing the radically thin dimensions. 

A more radical example is the Naoshima Pavilion, an architectural folly on Naoshima Island, Japan, 

completed in 2015.  Again designed by Sou Fujimoto in collaboration with the engineer Jun Sato, 40

the pavilion is part of a larger cluster of projects oriented to art tourism on the island. Reminiscent 

 Johnston, Pamela., Claude Parent, Paul. Virilio, and Architectural Association. The Function of the Oblique : The 38

Architecture of Claude Parent and Paul Virilio 1963-1969. AA Documents ; 3. London: AA Publications, 1996.

 Fujimoto, Sōsuke, and Ryue Nishizawa. 2010. “Sou Fujimoto 2003-2010.” Croquis, no. 151.39

 Jun Sato, interview by author, Tokyo, May 8, 2017.40
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of a translucent and faceted crystal, the pavilion is a polyhedral volume roughly 7x7x7m in 

dimension, composed of a triangulated steel frame wrapped in a thin white steel mesh. The main 

interest of the design is the immersive space inside, from where the surrounding is viewed through 

a translucent filter of the white metal mesh, an effect evocative of standing inside a fog or cloud. A 

key design element is the articulation of the floor, which takes on the same faceted triangular 

geometry as the rest of the pavilion - in Jun Sato’s account to maintain structural consistency in 

the delicate equilibrium, but also creating a non-flat surface for the inhabitants to navigate. The in-

situ experience is profoundly striking, with people inside the pavilion seemingly floating, as the 

non-flat floors disrupt our sense of visual perspective. The interesting ways in which people 

navigate the faceted surfaces, which present different degrees of resistance to movement and the 

possibility of diverse ways of occupation, reveals a new dimension of design opportunities yet to 

be fully explored. 

Fields and Blobs 

4.4.3 Qatar Convention Center, Doha (2011) Arata Isozaki 

4.4.4 Renovation of Kanban Style Building (2016) Rei Mitsui 

4.4.5 Monolith (2017) Panagiotis Michalatos 

The second possible trajectory for further development is emergence and shift to a new regime of 

visualizing earthquakes and its effect on structures, which may point to a new class of structural 

solutions. While vectors have been the default mode of rendering and computing forces in modern 

engineering since the 19th century, there are dimensions of material property that are difficult to 

capture, such as hybrid materials, or clusters of elements. These limitations were largely 

overlooked given the immense upside of its simple calculability and compatibility with industrial 

modes of construction. However, as computational capacities improve and digitally augmented 

modes of fabrication enter the mainstream, the vector's practical advantages are diminished, 
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creating room for a new upstart. The prime candidate is a more topological mode of visualizing 

forces and material properties, which seems better attuned to represent dynamic loads in hybrid 

configurations and field conditions. Akin to the paradigm shift from classical to quantum physics, 

the new mode of visualization could reveal previously invisible but critical dimensions of our built 

environment and physical reality, such as spectrums of risk as opposed to the binary of safety/

failure. It would also be more poised to take advantage of the potential of emerging modes of 

fabrication. Recent 3D printed structures, for instance, often inherit the familiar form of diagonally 

braced trusses, despite deriving no material advantage in building with a composition of straight 

segments. 

An early and influential articulation of an alternative rendering of force may be the idea of flux 

structure presented by Mutsuro Sasaki around 2007.  It may be broadly understood as an 41

optimization process, in which a structural form is generated by successive rounds of analysis and 

addition of material. While the idea was first developed for Arata Isozaki’s unsuccessful scheme for 

the Florence Train Station in 2003, it was eventually realized in the Qatar Convention Cente in Doha 

in 2011. On first impression, the structure is uncanny, with a tree-like form that is highly elegant 

and efficient, but also unlike conventional construction composed of standardized components. In 

particular, while the process of optimization developed by Sasaki relied on vectors, the fidelity was 

such that it resembled a topographic field more than a composition of segments. More profound 

perhaps is the assumption of a material medium without a predetermined shape in the optimization 

process, allowing dynamic forces to be rendered more accurately in the form of the structure. 

While Qatar Convention Center was eventually realized with conventional construction techniques, 

albeit in a roundabout way by wending together custom steel sections, the potential compatibility 

with additive manufacturing, where structural material is accrued instead of assembles, is clearly 

displayed. 

 Sasaki, Mutsurō, Toyoo Itō, and Arata. Isozaki. Morphogenesis of Flux Structure. London: AA Publications, 2007.41
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A more recent case that illustrates a surprising way of rendering force in structural design in 

architecture is the Renovation of a Kanban Style Building in Tokyo, from 2016.  The Kanban-style, 42

or billboard architecture, is a type of timber shophouse building popular during the Showa Period 

(1926-1989), characterized by an open ground level for retail, and two or three residential levels 

above, typically with a billboard on the facade. In the account of Rei Mitsui, the architect, the 

project aimed to bring the building up to the modern standards of earthquake resistance, while 

preserving the characteristics of the historical building typology. In particular, as the original 

building had no earthquake-resistant elements on the ground floor, the key design challenge was 

to add seismic bracing while maintaining the characteristic openness. Resisting the typical 

solutions of a shear wall or diagonal bracing, which would be too opaque, a series of cast iron 

bracing elements were developed for the column-beam joints. While the structural analysis 

process in which the bracing design was developed still relied on the rendering of forces as 

vectors, it is heavily augmented by parametric controls, allowing a spectrum of solutions to be 

visualized and combined. The final design, a parabolic arch for each structural bay composed of 14 

segments, may be usefully understood as a blurred solution that is optimized for a spectrum of 

load conditions. It may be further observed that the unusual form of the monocoque structural 

element would have been difficult to manufacture at a reasonable cost without recent 

advancements in digitally augmented modes of fabrication. 

One of the most recent and potentially profound developments in the pursuit of an alternative 

rendering of forces and structure is the concept of a voxel, or volume pixel, developed by 

Panagiotis Michalatos, an engineer and professor at the Harvard Graduate School of Design.  The 43

idea of a voxel, which describes both the spatial location and material attribute, was developed in 

reaction to limitations of existing 3D modeling software developed for solid objects, which were 

incapable of handling non-binary spatial variations in material properties. In particular, the voxel 

 "Renovation of "KANBAN-style" / Rei Mitsui Architects" ArchDaily. 16 Aug 2016.42

 Michalatos, Panagiotis. "Material Distributions: Tectonic/Atectonic." GSD6425 Digital Material Distribution, 43

Massachusetts, Cambridge, September 2016.
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was developed to take advantage of the latest generation of 3D printers, which could print multiple 

materials in infinite combinations, opening up entirely new dimensions of design and engineering 

opportunities. Early experiment already reveals category-defying potentials, such as objects that 

expand when pushed, or a solid piece of material that is rigid in one dimension but flexible in 

another. This development has already expanded the ways in which we see our material reality. 

However, whether these advantages will trigger a paradigm shift in the way buildings are 

constructed remains to be seen.
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PROJECT

The Tall Building: the Effects of Scale

DATE

1953

LOCATION

Chicago, USA

ARCHITECT

Myron Goldsmith

4.2.1 VISIBILITY

Precedents - 
The Expression of Necessary Structural Configurations
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PROJECT

Alcoa Building

DATE

1967

LOCATION

San Francisco, USA

ARCHITECT

SOM

4.2.2 VISIBILITY

Precedents - 
The Expression of Necessary Structural Configurations
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PROJECT

Framework Houses

DATE

1957-77

LOCATION

Germany

ARCHITECT

Bernhard and Hilla Wobeser

4.2.3 VISIBILITY

Precedents - 
The Expression of Necessary Structural Configurations
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4.2.4 VISIBILITY

Precedents - 
The Expression of Necessary Structural Configurations

PROJECT

Center George Pompidou

DATE

1971-77

LOCATION

Paris, France

ARCHITECT

Renzo Piano/Richard Rogers
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4.2.5 VISIBILITY

Precedents - 
The Expression of Necessary Structural Configurations

PROJECT

House in Uehara

DATE

1976

LOCATION

Tokyo, Japan

ARCHITECT

Kazuo Shinohara
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4.3.1 VISIBILITY

Contemporary Cases – 
Bracing as Pattern and as Space

PROJECT

Prada Aoyama

DATE

2003

LOCATION

Tokyo, Japan

ARCHITECT

Herzog & de Meuron
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4.3.2 VISIBILITY

Contemporary Cases – 
Bracing as Pattern and as Space

PROJECT

CCTV

DATE

2012

LOCATION

Beijing, China

ARCHITECT

Rem Koolhaas/OMA
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4.3.3 VISIBILITY

Contemporary Cases – 
Bracing as Pattern and as Space

PROJECT

Tod’s Omotesando

DATE

2004

LOCATION

Tokyo, Japan

ARCHITECT

Toyo Ito
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4.3.4 VISIBILITY

Contemporary Cases – 
Bracing as Pattern and as Space

PROJECT

Diu Diu Dang Forest

DATE

2007

LOCATION

Yilan, Taiwan

ARCHITECT

Fieldoffice Architects
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4.3.5 VISIBILITY

Contemporary Cases – 
Bracing as Pattern and as Space

PROJECT

Villa in Hayama

DATE

2010

LOCATION

Kanagawa, Japan

ARCHITECT

Kazuyo Sejima
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4.3.6 VISIBILITY

Contemporary Cases – 
Bracing as Pattern and as Space

PROJECT

Seattle Public Library

DATE

2004

LOCATION

Seattle, USA

ARCHITECT

Rem Koolhaas/OMA
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4.3.7 VISIBILITY

Contemporary Cases – 
Bracing as Pattern and as Space

PROJECT

New Kyoto Townhouse 2

DATE

2014

LOCATION

Kyoto, Japan

ARCHITECT

Alphaville Architects
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4.3.8 VISIBILITY

Contemporary Cases – 
Bracing as Pattern and as Space

PROJECT

Cathedral of Our Lady of the Angels

DATE

2002

LOCATION

Los Angeles, USA

ARCHITECT

Rafael Moneo
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4.3.9 VISIBILITY

Contemporary Cases – 
Bracing as Pattern and as Space

PROJECT

Niyang River Visitor Center

DATE

2009

LOCATION

Tibet, China

ARCHITECT

ZAO/standardarchitecture
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4.3.10  VISIBILITY

Contemporary Cases – 
Bracing as Pattern and as Space

PROJECT

Shibaura House

DATE

2008

LOCATION

Tokyo, Japan

ARCHITECT

Kazuyo Sejima
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4.4.1 VISIBILITY

Future – 
Beyond Orthogonal Configuration

PROJECT

House NA

DATE

2012

LOCATION

Tokyo, Japan

ARCHITECT

Sou Fujimoto
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4.4.2 VISIBILITY

Future – 
Beyond Orthogonal Configuration

PROJECT

Naoshima Pavilion

DATE

2017

LOCATION

Naoshima, Japan

ARCHITECT

Sou Fujimoto
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4.4.3 VISIBILITY

Future – 
Beyond Orthogonal Configuration

PROJECT

Qatar Convention Center

DATE

2011

LOCATION

Doha, Qatar

ARCHITECT

Arata Isozaki



252

4.4.4 VISIBILITY

Future – 
Beyond Orthogonal Configuration

PROJECT

Renovation of Kanban Style Building

DATE

2016

LOCATION

Tokyo, Japan

ARCHITECT

Rei Mitsui
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4.4.5 VISIBILITY

Future – 
Beyond Orthogonal Configuration

PROJECT

Monolith

DATE

2017

LOCATION

Tokyo, Japan

ARCHITECT

Panagiotis Michalatos



Chapter 5 

Multiplicity 

  

5.1 Multiplicity, or the curation of diversity. 

The injunction to diversify, or to not put all of your eggs in one basket, is perhaps the most often 

recited modern risk mitigation strategy. Put simply, diversification is the pursuit of safety through 

redundancy; and may operate at several levels of sophistication. First, at its most basic, 

subdividing the eggs reduces the risk of losing it all in one go. Second, through the Law of Large 

Numbers, which sees the convergence of the expected and actual outcome of probability across a 

large number of trials, the volatility of risk is stabilized across multiple baskets, making it more 

predictable and efficiently manageable. Third, if relevant information and technical capacities were 

available, such as the ability to compute the cost and performance of different types of baskets 

and the necessary freshness and speed of delivery for the egg’s intended uses, the distribution 

may be further optimized from rote division to balance safety and utility. 

In this study, multiplicity, or the curation of diversity, refers to an expanded definition of 

diversification as a risk mitigation strategy that encompasses not only the rote division of things 

into a larger number of redundant parts to reduce the volatility of risk, but also the curation and 

deployment of this redundancy towards a wider range of considerations. If the management of risk 

is framed as a purely abstract problem, multiplicity would appear to be a highly logical solution, if 

not also the most efficient and computable. As such, it is the dominant risk mitigation strategy of 

the modern world; underpinning large parts of the modern economy, most notably in insurance and 

finance, where it allows risks to be pooled, priced, and traded; and permeating more general areas 

of contemporary life, such as attitudes towards romance and employment, for example.  Its 1

 Schrager, Allison. An Economist Walks into a Brothel : And Other Unexpected Places to Understand Risk. New York, NY]: 1

Portfolio/Penguin, 2019.
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contemporary ubiquity, however, belies its relative youth. While notions of safety in numbers may 

be detected in evolutionary biology and ancient proverbs, the objective understanding of 

probability and scientific methods for evaluating diversity was only developed in the 17th century; 

acting as a key catalyst in the shift from a divine paradigm to a scientific paradigm of 

understanding risk in the Enlightenment.  2

When applied to the problem of building in seismic regions, complications arise as the abstract 

elegance of the strategy of multiplicity confronts the practical realities of architecture and the built 

environment. Two issues are foregrounded. First is the problem of scale. While the units of 

currency in most risk problems are relatively abstract, infinitely divisible and conceptually 

scaleless, the grain of building typologies and urban forms are much coarser; with distinctive 

scales of efficiency and critical mass necessary for function. Second is the problem of the part-to-

whole relationship. While the logic of multiplicity assumes a high degree of exchangeability 

between parts, it cannot be easily applied to buildings due to its direct interface with human life. 

For example, while a 20% volatility in an investment portfolio may be acceptable to most, to lose 

one in five lives in an earthquake due to collapsing buildings is less palatable, and surfaces deeper 

veins of ethical and political considerations, particularly as perfectly uniform assignments and 

distribution of calculated risk is impossible in practice. 

While the discussion of multiplicity as a building design strategy in seismic region inevitably 

foregrounds the engineering dimensions of buildings, particularly as it relates to the division and 

diversification of structures and materials to prevent systematic collapse and the spread of fire, it 

is perhaps better known and more widely applied in its broader connotation as a strategy for 

mitigating risk through redundancy and the curation of diversity. The following section will 

investigate five historical episodes that resonate with the strategy of multiplicity in this border 

connotation, aiming to understand its key traits and evolution. 

 Lauta, Kristian Cedervall. Disaster Law. New York: Routledge, 2015.2
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Safety in Numbers 

5.1.1 Schooling in Fish, Collective Animal Behavior (383-359 million years, Late Devonian Period) 

An evolutionary example of multiplicity may be found in the schooling of fish, a collective animal 

behavior dating back at least to the late Devonian Period, when fossils of predatory fish with 

anatomies optimized for eating shoals are recorded. While general hypothesis such as the Allee 

Effect from the 1930s,  which observes the correlation between individual health and population 3

size and density in schooling fishes, and the Optimal Foraging Theory,  which assumes the most 4

economic foraging/survival strategy to emerge from the process of natural selection, already 

suggest the effectiveness of schooling behavior, the specific mechanisms of this correlation is still 

a point of debate. Amongst recent studies, a promising hypothesis is offered by Pitcher and Parish 

in Functions of Shoaling Behaviors (1993),  which foregrounds defense against predators through 5

the coordinated patterns of collective movement as the critical factor of the strategy’s success. In 

other words, while the aggregation of fish is a double-edged sword, both helping to better detect 

and confuse predators, but also making the population more conspicuous; it is the highly 

choreographed patterns of collective movements that gives schooling behavior its distinct 

advantage as a strategy for mitigating the risk of predatory attacks. 

Key to Pitcher and Parish’s study is the careful distinctions made between a swarm, shoal, and 

school of fish, which are progressively more complex and dynamically interactive, with higher 

 Allee WC, Bowen E (1932). "Studies in animal aggregations: mass protection against colloidal silver among goldfishes". Journal 3

of Experimental Zoology.

 Werner, E. E.; Hall, D. J. (1974). "Optimal Foraging and the Size Selection of Prey by the Bluegill Sunfish (Lepomis macrochirus)". 4

Ecology. 55 (5): 1042.

 Pitcher TJ, Parrish JK (1993) Function of shoaling behaviour in teleosts. In: Pitcher TJ, editor. Behaviour of teleost fishes. London: 5

Chapman & Hall.
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densities and polarity (i.e. fishes with aligned directions). The school, they note, correlates with 

increased effectiveness against predators. Of particular interest to our study is the broad range of 

social and physical adaptations that facilitate schooling, which requires refined and rapid 

adjustments of movement to avoid collisions. These include practice behavior amongst younger 

fish in pairs or smaller groups to hone their innate dynamic senses, and specialized markings of 

prominent lines on the shoulder and base of tails in schooling species, to enhance the visual 

detection of relative motion and distance. It points to a highly curated and specific relationship 

between parts in strategies of multiplicity that goes well beyond the laissez-faire agglomeration of 

similar elements. 

Step Function in Accumulative Strength 

5.1.2 The Old Man and His Sons (600 BC) Aesop’s Fables 

Resonance with the strategy of multiplicity may also be detected in The Old Man and His Sons, an 

Aesopic Fables from ancient Greece dating to 600BC.  The plot describes an old man troubled by 6

his quarrelsome sons who, nearing death, gathers his progeny and asks them to break a bundle of 

sticks. When they fail to do so, the old man unties the bundle, and easily breaks the individual 

sticks, thereby conveying the lesson of their strength combined and weakness apart. The fable is 

amongst the most frequently retold from classical antiquity, perhaps most notably so in modern 

times with Pieter de la Court’s citation and summary of the fable as ‘unity makes strength, strife 

waste’ in 1658 during the foundational period of the Dutch Republic, and the subsequent adoption 

of ‘unity makes strength’ as a political motto by numerous states, entities and trade unions since, 

 Keating, L. Clark, John Esten. Keller, and Aesop. Aesop's Fables :With a Life of Aesop. Studies in Romance Languages 6

(Lexington, Ky.) ; 34. Lexington, Kentucky: University Press of Kentucky, 1993.
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including the modern states of Haiti, Malaysia, and Greece, to name a just few examples in seismic 

regions.  7

While the fable is most often discussed within the framework of social relationships, whether at the 

scale of family dynamics or statecrafts, it may be interpreted more abstractly as an observation on 

the potential accumulative strength of otherwise weak individual elements. Notably, the 

accumulative configuration achieves a step function in its overall performance, where under stress 

the individual parts do not simply sustain a fraction of the total damage, as a straightforward 

deduction using a linear correlation might suggest, but is able to elude damage altogether. The 

bundle of sticks in the story are not partially damaged by the attempts to break it, but completely 

resists permanent deformation. A modern observer may also note the story's singular focus on 

accumulation, with no reference to the need for diversity amongst the parts. The pursuit of 

quantity without diversity appears to be a distinctive characteristic of strategies of multiplicity 

before the development of modern probability theory in the Enlightenment and the understanding 

of the natural distribution of variations. 

From Chance to Probability 

5.1.3 Liber de Ludo Aleae, or the Book on Games of Chance (1564/1663) Gerolamo Cardano 

Before the development of probability theory in the late 16th century, the concept of chance was 

inextricably associated with supernatural notions of luck or the wills of divine powers in the sense 

of the biblical idea of providence, i.e. that everything happens for a reason as part of a greater, 

unknowable plan. Early works on probability theory and the development of a modern, objective 

understanding of risk emerged from the study of gambling, a pioneering work of which was Liber 

de Ludo Aleae, or the Book on Games of Chance, by the Italian polymath and enthusiastic gambler 

 “Unity Makes Strength.” Wikipedia. Wikimedia Foundation, December 14, 2019. https://en.wikipedia.org/wiki/7

Unity_makes_strength#References.
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Gerolamo Cardano.  Libre de Ludo Aleae is essentially a manual on gambling, with sections 8

devoted the etiquette, ethics, and description of common games of chance, with a specific focus 

on permutations of games involving the six-sided dice. Cardano’s key contribution is in determining 

the odds of winning by calculating the ratio of factorable outcomes over the total number of 

diverse possible outcomes. 

The critical insight of Cardano’s work is in supplanting the idea of an elusive supernatural order of 

chance with an equally universal but consistent system of probabilities, based on which an 

informed guess can be made, and will generally be correct given a large enough sample size. In 

other word, it assumes an idealized mathematical order of probability which, like the divine order, 

also cannot be comprehensively observed, but in this case may be logically deduced. Interestingly, 

as a transitional work between a divine and scientific paradigm of understanding risk, the notion of 

equality central in Caldano’s work was not based on the belief of scientific objectivity in modern 

sense, but derived from Aristotle’s idea of justice, or that all things being equal the distribution of 

favorable outcomes will be fair. The Liber de Ludo Aleae may be usefully understood as the 

maintenance of justice through mathematics. In recognizing that the accuracy of predictions tends 

to increase with the number of trials, Cardano also foreshadows the Law of Large Numbers (LLN) 

described by Jacob Bernoulli in 1713;  underpinning the modern strategy of multiplicity with the 9

promise of stable, long term results amongst short-term observations that may appear random and 

arbitrary. 

Curated Diversity 

5.1.4 Three Little Pigs (1840) James Orchard Halliwell 

 Cardano, Girolamo. The Book on Games of Chance (Liber De Ludo Aleae). New York: Holt, Rinehart and Winston, 1961.8

 Bernoulli, Jakob. Ars Conjectandi. Basileae: Imprensis Thurnisiorum, 1713.9
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The paradigm shift from undifferentiated agglomerations towards curated diversification is perhaps 

most evocatively illustrated by the Three Little Pigs, a well known and relatively modern children’s 

story, printed version of which dates back to James Orchard Halliwell’s Nursery Rhymes of 

England, published in 1840.  The traditional version begins with the mother sow sending his three 10

sons out to the world with the advice to ‘seek out their fortune.’ The three little pigs proceed to 

build their own houses out of different materials. The oldest pig, described as being the laziest, 

builds his house out of straw, citing its lightness. The second pig, implied as being only interested 

in superficially bettering the oldest sibling, builds his house out of timber sticks. The third pig, 

praised as being the most diligent and farsighted, builds his house out of brick. The villainous wolf, 

in pursuit of pork, easily blows away the straw and timber stick houses. The first and second pigs 

escape to the house of the third and youngest pig which, being built out of bricks, resist the wolf’s 

attacks. Frustrated, the wolf enters the house through the chimney, below which the pigs have a 

pot of building water waiting. 

While the story is most often discussed under the rubric of the detriment of shortsighted laziness, 

with the third and youngest pig’s larger upfront investment in a brick house ultimately saving the 

day, it may be more usefully interpreted as advocating for the value of curated diversity, with the 

differentiated construction systems, a result of diverse character traits amongst the sibling pigs, 

producing at least one house that is able to resist an unforeseeable situation, i.e. wolf attack, and 

saving the lives of all three pigs. In this broader interpretation, the trio of houses are able to resist 

not just a carnivorous predator, but a wider range of risks, including for instance earthquakes, 

which would arguably favor the flexibility of timber construction, and high energy prices, which 

would prefer the insulation performance of the straw house. The naturally diverse character traits 

of the pigs are no longer good or bad, but all becomes a critical part of a diversified composition 

that increases the overall resilience of the group. The story also makes the age-old attempt to 

define the optimal number of parts in an effective strategy of multiplicity, albeit the number three is 

 Halliwell-Phillipps, J. O. The Nursery Rhymes of England : Collected Chiefly from Oral Tradition. 3rd Ed., with Illus. ed. London: 10

J.R. Smith, 1844.
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perhaps less based on practical calculations and more closely aligned to concerns of literary 

elegance, conforming to the rule of three succinctly summarized by the three worded aphorism, 

omne trium perfectum, or that everything that comes in threes is perfect. 

How Many is Enough? 

5.1.5 Modern Portfolio Theory (1952) Harry Markowitz 

A more recent and refined description of the strategy of multiplicity may be found in the Modern 

Portfolio Theory, presented in 1952 by the economist Harry Markowitz.  Conducted at the 11

University of Chicago’s economics department, the work is based on the mathematical analysis of 

risk in the stock market which, surprisingly, had previously not been quantified and only considered 

anecdotally. Specifically, Markowitz’s work developed a mathematical model for asset selection 

within a portfolio that would maximize return for a given risk, or minimize risk for a given return, i.e. 

optimizing the consumption of risk, as one would any other assets. A Markowitz-efficient portfolio, 

as the optimized result has come to be known, could, in theory, provide the same level of return for 

less risk, eliminating the downside while maintaining the full potential of the upside. 

The key insight of the Modern Portfolio Theory is to assess the risk of assets not by itself, but in 

terms of how it correlates to other assets in the same portfolio. Simply, the model aims to select 

assets within an investment portfolio that do not move together, but are optimally de-synchronized 

to minimize volatility. While the resilience of diversity seems to be innately understood and can be 

observed in ecosystems, genetic pools, and military strategy, for example, the Modern Portfolio 

Theory marks the first instance in which the benefits of curated diversity amongst parts, as 

opposed to an agglomeration of safe but similar parts, is mathematically proven and systematically 

optimized. However, as with other theoretically perfect models, its effective implementation in the 

 Markowitz, H. Portfolio Selection : Efficient Diversification of Investments. Monograph (Yale University. Cowles Foundation for 11

Research in Economics) ; 16. New Haven: Yale University Press, 1970.
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real world is limited by pragmatic considerations. In its native environment of the stock market, for 

instance, practical constraints of liquidity, the discontinuous distribution of stocks, and non-

uniform taxes, inevitably limit real-world applications to sub-optimal results, requiring trade-offs 

between exposure to risk and potential returns. The Markowitz-efficient portfolio, or the idea of a 

perfectly curated diversity that eliminates risk, therefore remains a theoretically possible but 

elusive goal to which strategies of multiplicity aspires in practice. 

Summary 

In summary, the development of multiplicity as a risk mitigation strategy may be broadly 

understood to have gone through two distinct periods of development, divided by the discovery of 

probability theory in the late 16th century and the ensuing paradigm shift from a divine to a 

scientific understanding of risk during the Enlightenment. In the pre-modern period, strategies of 

multiplicity relied on the logic of safety in numbers, as it lacked systematic ways to generate and 

evaluate diversity. Even in cases where diversity contributed to resilience, as in ecosystems or 

gene pools, it can only be the result of randomized processes. Progress in this period concerned 

ways to accommodate large aggregations of things, for example, with specialized markings on 

schooling fish to aid navigation in high densities, or social customs in traditional villages to facility 

co-habitation in close proximities. By accommodating a larger number of parts, these strategies 

helped to reduce the volatility of risk, thereby making it more predictable and efficient to manage. 

In the modern period, with the availability of scientific methods and tools to generate and assess 

variations, the focus in strategies of multiplicity shifted to the curation of diversity amongst the 

parts towards a wide range of considerations. While early modern examples assessed elements 

individually and aimed for collections of individually safe and often similar elements, later modern 

examples developed a more sophisticated understanding of the interactive dynamics between 
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elements, and pursued the combination of diverse and complementary elements to achieve a 

higher performance than the sum of its parts. 

5.2 Precedents - From safety in numbers to curated diversity. 

Multiplicity, as an efficient risk mitigation strategy that is able to function at a basic level without 

advanced technical capacities, may be found in multiple historical building cultures in seismic 

regions, and still persists in many contexts where modern technology has been slow to arrive. Its 

evolution as a building design strategy has largely mirrored the developmental trajectory of the 

broader strategy as a whole, beginning with undifferentiated agglomerations to take advantage of 

safety in numbers, as in the cluster configurations of traditional villages, and gradually moving to 

more carefully curated diversity amongst parts, facilitated by the better understanding of material 

and structural properties, both discretely and in interactive combinations. The latter has given rise 

to progressively more specific and complex organizations of materials and structures, such as the 

bundled tube frames of modern skyscrapers, which rely on specific ways of combining distinct 

structural parts to achieve a collective configuration with superior performance. 

Multiplicity as a building design strategy relies on increasing the number of parts in a scheme to 

reduce the volatility of risk, with the expectation that a proportion is necessarily lost, or at least 

negatively affected, in an extreme scenario such as an earthquake. The predictability of loss across 

a larger number of parts allows the damage to be managed with efficiency. In more advanced 

contexts endowed with the necessary engineering and constructional capacities, diversity amongst 

the parts may be strategically managed to further reduce risk, and towards a wider range of design 

goals. While this is a logical and efficient risk mitigation strategy when considered abstractly, 

difficulties arise in its practical application to building cultures. For example, how should damage 

be distributed and reimbursed when it is a calculated part of the plan. The issue of scale is 
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foregrounded, particularly as it relates to what constitutes an acceptable unit of loss. For instance, 

while the loss of a few rooms in each house during an earthquake may seem reasonable to a 

modern observer, perhaps as it does not directly infer casualty, the calculated loss of city blocks, 

as implied in the firebreak planning of Tokyo, with dense timber houses in the interior of blocks 

surrounded by a fireproof periphery of concrete towers, or even of entire cities, as in wartime 

scenarios, is more unsettling.  12

The development of multiplicity as a building design strategy from pre-modern circumstances to 

the present may be usefully understood through the dialectic oscillations in the typical number of 

parts in a scheme. In pre-modern circumstances, defined by the lack of technical capacity to 

understand and manage structural diversity as opposed to a specific period of history, safety 

correlates directly with the number of parts. As such, cases tend to converge towards 

undifferentiated swarm configurations. Early modern cases then swung to binary configurations, as 

the aspiration to scientifically manage structural diversity is constrained by limited technical 

capacities to simplistic negotiations of contrasting qualities, such as placing lighter things on top 

of heavier things. As technical capacities advanced in the modern period and became less of a 

constraint, the number of parts slowly converged around the range of 3 to 30 - generally 

concurring with recent cognitive studies that point to 7±2 as the number of ideas a single person 

can effectively process simultaneously,  as well as the general consensus in investment that 13

actively managed portfolios containing approximately 10-30 stocks balances the benefits and 

practical costs of diversification.  However, given the complexity of analyzing hybrid structural 14

systems, modern practitioners were constrained to either a) structurally connected compositions 

of similar parts or b) structurally independent compositions of diverse parts. Only in the late 1990s 

 Kitayama, Koh, Yoshiharu Tsukamoto, Ryūe Nishizawa, and International Architectural Exhibition. Tokyo Metabolizing = [Tōkyō 12

Metaboraijingu]. Tokyo, Japan: TOTO Pub., 2010.

 Miller, George A. The Magical Number Seven, plus or minus Two : Some Limits on Our Capacity for Processing Information. 13

1956.

 “Why Simple Rules Are Best When Spreading Your Investment Bets.” The Economist. July 26, 2018.14
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did the means to analyze diverse and connected structures become more widely available, opening 

up new design opportunities for contemporary practitioners. 

The section below will examine five historical building case studies spanning the Paleolithic Period 

to the recent past, ranging from incrementally developed urban form to single building projects, 

aiming to trace the evolution of multiplicity as a building design strategy for mitigating seismic and 

structural risks. 

Swarm and Binary Configurations 

5.2.1 Namasaro, a traditional Papua village, Indonesia (3.3M-10M BC, Paleolithic Period) 

5.2.2 Jakarta Cathedral (1891-1901) Antonius Dijkmans SJ 

Two cases that respectively illustrate the pre-modern and early modern approaches to multiplicity 

as a building design strategy may be found in Indonesia. As a populous country where modernizing 

influences have been slow to arrive and governance is traditionally laissez-faire, Indonesia is 

representative of the vast majority of contexts where building in seismic regions take place and 

demonstrate the persistence of historical design approaches in the modern world where 

technological developments have been slow. In the pre-modern condition, characterized by the 

lack of modern engineering knowledge, safety correlates with numbers. Pre-modern settlements 

converge towards the loose aggregation of similar and structurally independent parts, each usually 

at the scale of a small house, to mitigate the volatility of seismic risk. In contrast, the early modern 

approach is characterized by the aspiration, if not the corresponding technical capacity, to 

scientifically curate an optimally diversified structural configuration - in most cases limiting 

designs to simplistic, binary compositions. 
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An illustrative example of the pre-modern strength in numbers approach to multiplicity is 

Namasaro, a typical vernacular village located in the mountainous core of Papua Island.  As noted 15

by David Wade, a resident reporter at National Geographic, the island of Papua is one of the most 

isolated and least affected by modernism, with life in some villages remaining largely unchanged 

since the Paleolithic Period. The village is composed of variations of a single building typology, the 

elevated timber hut with a tall pitched roof, which are loosely organized around a central path. The 

buildings are small and conceptually outwards facing, as indicated by the direction of the 

ornamentation, and daily life largely takes place in the outdoor space between the buildings. 

Notably, the buildings do not correspond to specific families, but are occupied fluidly by all 

members of the community, roughly clustered by age and gender. In the account of Eko Prawoto, 

an architect and educator based in Jogyakarta, a proportion of huts in the village are expected to 

fail in the not infrequent event of an earthquake.  The ease of evacuating the small and open 16

building reduces the risk of casualty. The combination of a temperate climate and communal 

lifestyle allows the displaced population to be absorbed in the remaining buildings with ease. The 

maintenance of the population, as well as the abundance of material in the environment, then 

allows the rapid repair of the communally built structures. As with schooling behavior in fish, while 

buildings in the village are not consciously diversified, the method of its aggregation is highly 

precise, with specialized social customs that enhances the building's collective performance as a 

village. 

An early modern example of multiplicity as a building design strategy, with the characteristic binary 

composition of complementary material properties, is the Jakarta Cathedral, completed in 1901.  17

As a key building in the Dutch Colonial Government’s shift to more ‘ethical policies’ in the end of 

the 19th century after extended period of segregation and exploitation, the Jarkata Cathedral was 

 Rushby, Kevin. “Papua New Guinea: a Trek to the Village Time Forgot.” The Guardian, January 31, 2014.15

 Eko Prawoto, interview by author, Jogyakarta, Feb 13, 2017.16

 Jakarta Cathedra, visit by author, Jakarta, Feb, 2017.17
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intended as a symbol of investment in Indonesia, showcasing the importation of modern 

construction and its application towards resolving the local issue of seismicity.  Designed by 18

Antonius Dijkmans SJ, the building is a typical Roman Catholic Cathedral articulated in the Neo-

gothic style. Structurally, the building is rather more unusual, with walls constructed out of 

masonry bricks and plastered in faux-stone patterns, a common cost-saving measure that aspired 

to the perceived prestige of stone construction. The most distinct features are the 60m tall spires, 

the tips of which are constructed from skeletonized cast iron, a material alien to the Neo-gothic 

style but chosen for its structural advantage in the seismic context of Indonesia. While the number 

of parts, i.e. two, is constrained by limited capacities to calculate and realized more complex 

designs, the division of the structure and the curation of material is informed by engineering 

knowledge, albeit only at the simple level of differentiating the distinct load conditions of the walls 

and tall spires. However, it does reveal the grand but curtailed ambition to systematically curate 

structural diversity. More interestingly, the curation of diversity is deployed towards design 

considerations beyond the primary goal of mediating seismic risk, for example in maintaining an 

iconic profile while evoking the woven quality of tropical forest canopies. It foregrounds the 

deployment of curated diversity, under the alibi of improving seismic resistance, towards a wider 

range of design goals. 

Similar and Connected or Diverse and Independent 

5.2.3 Palazzo del Lavoro, Turin (1961) Nervi & Bartoli 

5.2.4 Sears Building, Chicago (1970) SOM/Fazlur Khan 

From the swarm and binary configurations at the beginning of the modern period, multiplicity as a 

building design strategy developed rapidly in the 20th century, propelled by advancements in 

modern engineering and the improved understandings of material and structural properties. By the 

 Coté Joost, Hugh ONeill, Van Roosmalen Pauline K. M., and Helen Ibbitson Jessup. The Life and Work of Thomas Karsten. 18

Amsterdam: Architectura & Natura Press, 2017.
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mid-20th century, the number of parts in a typical scheme has stabilized around 3-20, concurring 

more with the cognitive process of design than the technical limitations of computation and 

construction. However, as the analysis of hybrid structures remained difficult even in the latter half 

of the 20th century, designs necessarily subscribed to one of two simplified approaches. The first 

is to divide the scheme into structurally independent parts, which allows the curation of diversity 

amongst them. This may be usefully understood as a version of the Three Little Pigs approach, 

where the autonomy of parts allows diversity to be pursued without adding to the complexity of 

calculation. The second approach is to curtail the diversity amongst parts in order to explore their 

interactive dynamics when structurally connected, aiming to amplify desirable qualities, both 

structural and formal, through specific configurations. This may be usefully understood as a 

version of the bundle of sticks approach in the Aesopic fable of the Old Man and His Sons, were 

advantageous collective properties may be achieved through informed ways of connecting similar 

parts. 

An example of the first approach is the Palazzo del Lavoro, or the Palace of Labor, in Turin, opened 

in 1961.  The design by Pier Luigi Nervi responds to the prestigious but demanding competition in 19

1959 for the Turin Exhibition, in celebration of the Centenary of the Italian Republic in 1961. 

Constrained by a limited budget and short construction time, as well as requirements for 

subsequent adaptability, the scheme is composed of structurally independent and diverse parts, 

allowing it to be constructed with simultaneous efficiency, and be easily adapted afterward. 

Specifically, the Palazzo del Lavoro is composed of 20 indepedent elements: a) 16 identical 

mushroom structures in a 4x4 grid, each a reinforced concrete column supporting a 40x40m steel 

canopy, and together covering the main 167x167m exhibition hall space, and b) four linear, one-to-

two-story reinforced concrete buildings on the periphery of the exhibition hall, containing office 

and service spaces. While the division of the scheme into independent parts allow each to be 

 Olmo, Carlo., Cristiana. Chiorino, Carlo Maria Pourtois, Christophe. Rabinowicz, Marcelle. Margiotta Nervi, Pourtois, Christophe, 19

and Rabinowicz, Marcelle. Pier Luigi Nervi : Architecture as Challenge. Cinisello Balsamo (Milano) : Bruxelles (B): Silvana ; CIVA : 
PLNproject, 2010.
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designed as smaller stand-alone buildings, which are generally easier to engineer, build, and less 

prone to systemic collapse - therefore advantageous in seismic scenarios, it also limits the design's 

capacity to capture the scales of efficiency, as each component needs to resist the full range of 

loads independently and be provided with a comprehensive set of necessary infrastructure. 

An illustrative example of the second approach, a connected composition of similar parts, is the 

Sears Tower in Chicago, complete in 1970.  Designed by Skidmore, Owings, and Merrill (SOM), it 20

is considered the magnum opus of the architect/engineer Fazlur Rahman Khan, and a canonical 

example of the bundled tube structure. Around the 1950s, skyscrapers in Chicago had reached the 

economic limits of traditional moment frame construction. Fazlur Kahn’s key innovation was in 

reframing the structural problem of skyscrapers as being primarily about the resistance of lateral 

loads, akin to a vertical cantilever, as opposed to gravity loads. This led to the development of the 

tube frame, which shifted the structure from the core to the periphery of the building to maximize 

its structural depth in the lateral dimension. The idea was further developed into the bundled tube 

structure, which ties multiple tube-frames together to resist lateral forces. In addition to improved 

structural efficiency, it allowed the form of skyscrapers to move beyond the geometric constraint 

of a single tube frame. In the case of the Sears Tower, the building was composed of nine tube 

frames with a square plan, organized in a 3x3 grid, which respectively terminate at the 50th, 66th, 

90th, and 108th floor, forming a slender and pixilated pyramidal shape. The design may be usefully 

understood as a composition of structurally similar towers of different heights tied together, with 

the shorter towers on the periphery providing extra bracing in response to the larger accumulative 

loads at the base of the building, while allowing the overall shape to taper in response with a 

degree of flexibility to zoning regulation and rental preference for increased floor to window ratio 

on the higher floors. Limited computational capacity, however, restricts the degree of diversity 

amongst interconnected structural parts. 

 Pridmore, Jay., Chicago Architecture Foundation, and Hedrich-Blessing. Sears Tower : A Building Book from the Chicago 20

Architecture Foundation. San Francisco: Pomegranate, 2002.
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Hybrid Configurations 

5.2.5 Kunsthal Rotterdam (1992) OMA 

Until the late 20th century, multiplicity as a building design strategy had largely adhered to one of 

two simplified approaches described earlier, either a composition of i) diverse and structurally 

independent parts, or ii) similar and structurally connected parts, constrained both by the difficulty 

of computing the interactive behavior of different structural systems, but also the modernist design 

proclivity towards regularities and the clear division of parts. Riding the wave of computational 

advancements in engineering and the associated recognition of the expressive potential of 

structural design, and the post-modern proclivity for hybrid solutions, a convincing synthesis of 

the two divergent approaches, i.e. a structurally connected composition of diverse parts, was 

presented in the Kunsthal Rotterdam in The Netherlands, completed in 1992.  Designed by the 21

Office for Metropolitan Architecture in collaboration with the engineer Cecil Balmond of Arup,  the 22

single building is composed of four parts, responding to the fragmented brief for four distinct yet 

interconnected programs, and the need to resolve disparate adjacencies in the context. Each of the 

four parts adopts a structural system appropriate to its function, resulting in a diversity of local 

solutions that range from leaning columns aligned perpendicularly to the sloped floor of an 

auditorium to a large span gallery space laterally braced by a steel arch in plan in the roof. Overall 

stability is achieved by structurally connecting the four diverse systems, each of which offers 

stability in particular axises. 

Reminiscent of Harry Markowitz's insight in the Modern Portfolio Theory, that the risk of elements 

should not be evaluated independently, but in correlation to other elements in the composition, the 

Kunsthal Rotterdam illustrates the possibility of a structurally stable building composed from 

 Zaera Polo, Alejandro, and Rem Koolhaas. 1996. “OMA / Rem Koolhaas 1992-1996.” Croquis, no. 79.21

 Balmond, Cecil, Jannuzzi. Smith, and Christian. Brensing. Informal. Munich ;: Prestel, 2002.22
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diverse and individually unstable fragments. In other words, as modern buildings become more 

complex, requiring hybrid and sometimes contradictory expressions, the Kunsthal Rotterdam 

makes the critical leap in specialization, where the parts are no longer tenable outside the overall 

composition, but in combination are able to achieve a higher degree of performance. The grid of 

leaning column in the auditorium space of the Kunsthal Rotterdam, for instance, provides abundant 

resistance in one axis, but must rely on other parts of the building to offer stability in other axises. 

In the process, it is able to achieve specialized local expressions that cannot function as an 

independent structure, expanding the spatial diversity within the building, while contributing to its 

overall stability. For the purpose of this study, the Kunsthal Rotterdam foreshadows the freer 

negation of diversity amongst parts of a building, both structurally and architecturally, in strategies 

of multiplicity in contemporary practice. 

5.3 Contemporary Cases - The Division and Collage of Structures 

As the architectural historian Timothy Hyde observes, the development of modern and 

contemporary architectures seems to be characterized by a heightened awareness of risks, and are 

often organized around narratives of crisis.  In particular, acute physical risks in the built 23

environment such as earthquakes and collapsing buildings frequently serves as the focal point of 

such narratives, given its ability to render visible chronic and less tangible problems, such as 

poverty, social inequality, and poor governance, into visible images compatible with modern media. 

As awareness of earthquake risk and the pursuit of resilience grows rapidly in contemporary design 

practice amidst an era when diversification as a risk mitigation strategy dominates many adjacent 

fields, including engineering, real estate investment, and insurance, as well as broader modern 

attitudes towards risk, contemporary architecture in seismic contexts overflows with examples of 

multiplicity; becoming almost a by-word for risk-conscious design. 

 Hyde, Timothy. 2015. “Architecture, Modernity, Crisis.” Journal of Architectural Education 69 (1): 2–3.23
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The popularity of multiplicity as a building design strategy in seismic regions may be largely 

attributed to the practical advantages of dividing a building into a larger number of smaller parts - 

compositions of smaller structures are generally easier to engineer and construct, and safer, both 

individually and in aggregate, in earthquake scenarios. From the designer’s point of view, it also 

facilitates new design opportunities, such as providing a pretext for buildings to be deconstructed 

and rearranged, creating an additional dimension of design freedom in the negation of multiple 

considerations; a useful tool as building developments become larger and more complex, and often 

requiring hybrid and even contradictory local expressions. Further, a critical factor catalyzing the 

wave of innovative applications of multiplicity in contemporary architectural design is arguably the 

serendipitous alignment of scales. With new capacities to analyze the structural interactions of 

diverse parts and innovations in fabrication facilitating higher degrees of customizability at smaller 

scales, it has recently become possible for designers to operate effectively and economically at the 

evocative scale of composing an architectural scheme from components that are roughly between 

the size of a large room and a small building.  

Contemporary explorations of multiplicity as a building design strategy may be broadly divided into 

two categories. The first, described here as the division of structures, is interested in subdividing 

traditionally singular buildings into smaller parts, and exploring the diversity of relationships 

between the parts. The extra process of recomposing fragments of what may otherwise be a larger 

single building as a small neighborhood is akin to endowing the architect with the additional 

repertoire of an urban designer, which may be employed to negotiate design goals and constraints 

more fluidly. The second category, described here as the collage of structures, is interested in 

curating the diversity amongst structurally interconnected parts. By connecting otherwise 

disparate elements into a single structure, it is possible to pursue specialized local effects that are 

otherwise untenable in stand-alone buildings, and to achieve a higher degree of diversity in the 

overall scheme.  
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The following section will examine ten building case studies, five in each of the two categories 

outlined above. The cases in both the division and collage of structures are organized by 

converging design proclivities, aiming foreground the notable design applications that have 

emerged in contemporary practice.  

5a Division of Structures 

New Living Arrangements 

5.3.1 House in Tokushima (2011) Suppose Design Office 

5.3.2 Nishinoyama Apartments (2013) Kazuyo Sejima 

A program to which the division of structures approach is often applied in contemporary 

architecture is housing, where it is used to deconstruct the conventional building typologies of the 

single-family house and small apartments that have long dominated the residential landscape; 

allowing it to be rearranged to reflect contemporary lifestyles and negotiate dense urban sites. 

While this is often discussed under the rubric of in-fill developments or the broader demographic 

shift away from the nucleus family, the account of architects reveals at least three other design 

considerations catalyzing the design towards the division of structure in housing design.  First, 24

compositions of smaller structures are generally easier to prefabricate, transport, and assemble 

simultaneously, helping to lower labor costs in developed contexts, or overcome constructional 

limitations in developing contexts. Second, the physical or formal separation between rooms that 

may be occupied independently allows the clear demarcation of ownership, simplifying the 

attribution of responsibility and reimbursement of damages in collective living arrangements. Third, 

by lowering the scale of architecture and structure to that of furniture scaled rooms, the design 

 Jun Sato, interview by author, Tokyo, May 8, 2017.24
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intention is able to be more precise and resilient against unwanted influences, such as value 

engineering by the developer. 

A small scale example of the division structures is the House in Tokushima, located on the southern 

island of Shikoku in Japan, completed in 2011.  The design by Suppose Design Office is composed 25

of seven structurally independent buildings, each a small opaque room containing a program that 

requires a degree of privacy, such as bathrooms and bedrooms, topped by a flat roof with deep 

eaves. Together, the eaves of the seven buildings cover the laneway like spaces in-between the 

rooms, which serve as the common living, dining, and kitchen spaces. The overall composition is 

akin to a small neighborhood, where individual or clusters of rooms may be occupied by different 

members of the family, and co-habit the in-between spaces. Considered abstractly, the division of 

structures creates new fissures in the traditionally monolithic volume of a house, expressed as 

gaps between the eaves, which also function practically as skylights for the deep plan. Further, 

with eave details that highlight the close adjacency but the complete physical separation between 

the parts, the design presents a reading of the building that resonates between a loose 

composition of rooms and a singular image of a house; reflecting the spectrum of living 

arrangements that may be contained within. 

A similar approach applied at the larger scale of a multi-unit housing development may be 

observed in the Nishinoyama Apartments in Kyoto, Japan, completed in 2013.  Designed by 26

Kazuyo Sejima, the scheme consists of 21 pavilions, each a four-legged steel frame topped by a 

single pitched roof, that together makes up 10 individually accessible apartment units of different 

sizes and configuration. In the architect’s account, the division of a traditional apartment building 

into a composition of rooms allows the design to bridged contrasting scales, simultaneously 

evoking the small scale of the traditional shophouses nearby and the large scale of the 

 “House in Tokushima [Japan, 2011]: Supposed Design Office.” 2014. C3 Korea, no. 364 (December): 140–47.25

 “Apartamentos Nishinoyama: Kyoto, Japón = Nishinoyama House: Kyoto, Japan, 2010-2013 [Kazuyo Sejima] [SANAA].” 2015. 26

Croquis, no. 179: 210–33.
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mountainous landscape in the backdrop. In considering the project as a mat architecture, 

constrained primarily by access to light and air in the deep plan, the division of structure creates a 

new dimension of design freedom by loosening the fit between parts. By diversifying the relative 

relationship between the parts, as opposed to the parts themselves, critical issues of access to 

light and air and the need to accommodate diverse lifestyles can be resolved without sacrificing 

the economy of scale in the construction or the overall cohesive image of the project. 

Gap Filler 

5.3.3 Inner-City Arts (2008) Michael Maltzan 

5.3.4 Towada Art Center (2008) Ryue Nishizawa 

A categorical limitation of the division of structures approach is the physical constraint it places on 

building density. Independent structures are difficult to stack vertically, limiting the footprint of 

parts in the scheme to a subdivision of the overall plot area. Within the typical range of FAR, floor 

heights, and adequate spacing, parts are effectively constrained to 3 stories tall before proportions 

become unstably thin. Interestingly, a small but distinct number of projects have deployed this 

quality usefully towards ameliorating the lack of density, for example in depopulating urban regions 

and blighted neighborhoods. Akin to dissolving paint pigments in solvents, which allow colors to be 

spread smoothly across larger areas of canvas, the division of programs that may be conventionally 

and more efficiently contained within a single building into a looser agglomeration of smaller parts 

allows it to fill up and organize a larger spatial area or span of time. In exploring lower densities, the 

calibration of scale is critical, as each constituent part still needs to be of a critical mass to operate 

independently, while together making up a mixed-use development that maintains a baseline level 

of design interest and occupancy across space and time, both through periods of use, and 

extended phases of construction. 
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A case in which the division of structures approach is usefully deployed to organized an extensive 

site with a limited program is the Towada Art Center in Amori, Japan, completed in 2008.  27

Designed by Ryue Nishizawa, the project was part of a larger initiative to sustainably manage the 

de-densification of the main street, itself a symptom of the broader aging and depopulation of the 

regions. Taking up a whole block on the historic thoroughfare, the Towada Art Center is composed 

of 16 rectangular volumes arranged in a loose composition. The key design move is to break apart 

the traditional museum into a loose collection of individual gallery volumes, which allows it to 

serves two functions: 1) as containers of artwork, and 2) through the possible diversity of relative 

arrangement between the galleries, organize the negative spaces around and in-between. The 

loosely arranged gallery spaces are connected via a meandering corridor that encourages a more 

leisurely pace of movement, with the limited number of galleries ‘filled-in’ with views and respites 

in the in-between landscape.  

An example that demonstrates the capacity for the division of structure to expand a project not just 

in space, but also across time, is the Inner City Arts, an urban campus of buildings housing an 

institution offering art classes to at-risk youths in Skid Row, a poverty-stricken neighborhood in 

Los Angeles, completed in 2008.  Designed by Michale Maltzan, the current form of the project is 28

composed of five distinct buildings organized around two interconnected courtyards, built over 15 

years in three phases. In the architect’s account, the main challenge of the design is for the 

campus to be fully functional through the extended and unpredictable phases of construction, and 

to avoid the impression of incompleteness at any instant. The programs that might otherwise be 

more efficiently contained in a single mixed-use building is divided into structurally and 

functionally independent parts, each containing facilities to support a specialized art class, ranging 

from theater, ceramics, and drawing. The division of the limited program into smaller, independent 

buildings offers at least three advantages. First, smaller buildings require less cash flow to 

 Sejima, Kazuyo, Ryūe Nishizawa, Ryue Nishizawa, and Mohsen Mostafavi. 2011. “Sanaa 2008-2011.” Croquis, no. 155.27

 Maltzan, Michael., and Jessica. Varner. No More Play : Conversations on Open Space and Urban Speculation in Los Angeles and 28

beyond. Ostfildern: Hatje Cantz Verlag, 2011.
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construct, a key consideration for the non-profit organization. Second, the scale of division is 

carefully curated to create buildings of critical mass that may operate independently and appear 

complete through periods of use and phases of construction. Third, by breaking apart the program 

into a small neighborhood of buildings, it helps to organized and surveil the outdoor spaces, 

providing a positive externality without additional cost. 

Mediating Scales of Craft and Program 

5.3.5 Museum of Handcraft Paper, Yunnan, China (2010) Hua Li/TAO 

Another useful design application of the division of structures approach is in bridging the disparate 

scales of traditional construction and modern programs/infrastructure. The contrast in scale is 

most pronounced in contexts where modern influences have arrived recently and quickly. In the 

context of China, for instance, building construction in rural circumstances is often still reliant on 

traditional crafts and materials, limiting beam spans to the length of locally available timber, for 

example, whereas the installation of modern infrastructure, or the establishment of a financially 

viable institutions and businesses often require the scale of several buildings to achieve the 

necessary critical mass. 

An illustrative example of the division of structures approach deployed to mediate the disparate 

scales of local craft and modern program is the Museum of Handcraft Paper in Yunnan, China, 

completed in 2010.  Designed by Hua Li of Trace Architecture Office (TAO), the project is 29

composed of eight separate timber frame buildings that range from one to three stores tall, 

reminiscent of the nearby villages both in scale and construction. The buildings share a foundation 

and infrastructural connections. Intended as studio workshops and exhibition spaces to promote 

the local tradition of handcraft paper, seven of the eight building each contains a studio workshop 

 “Museo Del Papel, Xinzhuang (Yunnan) = Museum of Handcraft Paper, Xinzhuang (Yunnan): [Arquitecto/Architect] Hua Li / Tao 29

(Trace Architecture Office).” 2011. AV Monografías = AV Monographs, no. 150 (July): 76–83.
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that can operate independently, but which may also be opened up to form a sequence of gallery 

spaces collectively, while the eighth building contains common services. In the account of the 

architect, the project responded to the remote location by insisting on only using locally available 

material, labor, and construction techniques to ensure its long term repairability and maintenance. 

By aggregating smaller, independent structures, it is kept within the constructional capacities of 

the local building culture, while together reaching the critical mass necessary to achieve a viable 

tourist attraction and justify the cost of installing modern infrastructure. 

5b Collage of Structures (Counter Leaning Things) 

Moments of Extremes 

5.3.6 21st Century Museum of Contemporary Art (2004) SANAA 

5.3.7 Mestizo Restaurant, Santiago, Chile (2007) Smijan Radic 

A prominent design opportunity associated with the collage of structures approach is the 

possibility of pursuing highly specialized local effects that are otherwise not possible as individual 

buildings. A transparent glass room devoid of structure, for instance, would be unstable as a 

stand-alone building, but feasible as part of a larger structure. By connecting otherwise disparate 

parts, structural elements may be locally eliminated, so long as the load is transferred and resolved 

elsewhere. The same may be said of functional elements, such as toilets and services. While a 

diversity of effects can be pursued through this approach, they are generally amplifications of 

existing proclivities, as opposed to categorically new directions. In the Japanese context, for 

instance, the collage of structures is often used to achieve visual effects of lightness by eliminating 

opaque elements from the more visible parts of the building. In the Chilean context, on the other 

hand, the same structural gymnastics more often deployed in pursuit of the local design 

proclivities towards the precarious compositions of masses. 
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An illustrative case is the 21st Century Museum of Contemporary Art in Kanazawa, Japan, 

completed in 2000.  Designed by Kazuyo Sejima and Ryue Nishizawa of SANAA, in collaboration 30

with the engineer Matsuro Sasaki, the museum is composed of two elements: a) a 112m diameter 

circular roof enclosed by a glass curtain wall circumscribing the interior plan of the building, which 

contains b) 27 rectangular volumes organized in a loose grid protruding through the circular roof, 

containing a variety of gallery spaces, services, and glass courtyards to bring light into the deep 

plan. In the architect’s account, the intention was to facilitate more diverse ways of commissioning 

and exhibiting art, with the gallery spaces able to function independently or in loose clusters. Of 

particular note is the scarcity of visible structural elements, with only a sparse grid of thin vertical 

columns supporting the round disc roof, and the walls of the gallery volumes appearing radically 

thin when the thickness it is revealed around doorways. While the joint between the gallery 

volumes and disc roof is detailed to suggest separation, the structural gymnastic rely on their 

interconnectedness. The columns and gallery walls support vertical loads, while the lateral stability 

is provided by just five out of the 27 rectangular volumes, with the horizontal loads transferred 

through the rigid roof, creating extreme moments where no structure is directly visible, and the 

building appears magically levitated. 

The pursuit of extreme moments through the collage of structure can also be observed in the 

Mestizo Restaurant, in Santiago, Chile, completed in 2007.  Designed by Smijan Radic, the building 31

was conceived as a folly in the park, where a seemingly surreal composition of material would 

facilitate equally eclectic gatherings of people. In Radic’s account, a major driver of the design was 

to preserve the serendipitous nature of the original concept model, composed of a tent-like roof 

supported and anchored by large natural boulders, as the project developed. In the realized 

building, the structure is composed of three parts: 1) an irregular arrangement of eight natural 

 Sejima, Kazuyo, Ryue Nishizawa, Cristina Diaz Moreno, and Efrén García Grinda. 2004. “SANAA: Kazuyo Sejima + Ryue 30

Nishizawa 1998-2004 (Part 2).” Croquis, no. 121.

 Radic Clarke, Smiljan, Enrique Walker, and Alejandro Gabriel Crispiani. 2013. “Smiljan Radic 2003-2013.” Croquis, no. 167.31
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boulders, each providing vertical support for the roof and the weight against lifting, 2) a rigid 

concrete framework to expand the roof membrane covering the restaurant space, and 3) a heavy 

retaining wall embedded and concealed in the hillside. The structural solution may be usefully 

understood as the separation of vertical and lateral loads, with the former resolved with the 

boulders, and the latter transferred back to and resolved at the retaining walls. As only the natural 

boulder columns are visible within the restaurant space, it creates a momentary impression of a 

roof precariously balanced on a serendipitous arrangement of natural boulders in the park. 

Downside Control (Insurance) 

5.3.8 Cassia Coop Training Center (2011) TYIN Tegnestue Architects 

5.3.9 Terasaki House (2014) Ryue Nishizawa 

The collage of structures can also be used to eliminate worst-case scenarios of systematic 

collapse in earthquake scenarios. This may be usefully understood as the physical manifestation of 

the logic of insurance, whereby hedging against tail risk, i.e. rare but extreme events at the ends of 

the natural distribution curve, the magnitude of negative outcomes may be capped. An illustrative 

example is the bomb shelter, which at a finite cost is able to cap the worst-case scenario, even if it 

cannot prevent the dropping of bombs. The same logic may also play out at the scale of hybrid 

materials, as in reinforced concrete, in which the ductility of steel eliminates the risk of sudden 

collapse. 

An illustrative example of downside control through the collage of structures is the Terasaki House 

in Kanagawa, Japan, completed in 2014.  Designed by Ryue Nishizawa, the small single-family 32

houses consists of three interconnected steel and timber pavilions above ground, which demarcate 

a set of loosely arranged living spaces, and a concrete bunker below-grade containing the 

 “Casa Terasaki: Kanagawa, Japón = Terasaki House: Kanagawa, Japan, 2011-2014 [Ryue Nishizawa].” 2015. Croquis, no. 179: 32

210–33.
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bedroom. The bedroom is part of a hefty foundation, which helps to anchor the lightweight 

structures above - reducing the number of necessary cross-bracing by allowing rigid column-to-

foundation connections. In addition to its structural role, the bunker-like bedroom creates an un-

collapsable space in the Terasaki House, which protects the inhabitants during their inebriated 

hours of sleep, thereby eliminating the rare but morbid risk of death due to collapse in the 

lightweight single story house that is otherwise easy to evacuate.  

Another way in which the collage of structure is often used in developing contexts to manage the 

extreme downside risk of total collapse in the scenario of an earthquake can be observed in the 

Cassia Coop Training Center in Sumatra, Indonesia, completed in 2011.  Intended to house 33

classrooms for lessons in personal finance and agriculture, and a healthcare facility for the local 

cinnamon farmers, the design by TYIN Tegnestue is composed of five brick enclosures, each 

containing a separate program, covered under a larger timber roof to provide cover in the monsoon 

region. Structurally, the building is composed of two systems, 1) a masonry foundation and wall 

partitions, and 2) a lightweight timber frame roof supported on y-columns oriented in one of the 

four cardinal directions based on the interior plan. Unreinforced masonry and lightweight timber 

frames represent two of the most widely available construction systems in the region and more 

generally outside the industrialized world. While neither are particularly advantageous against 

earthquake movement, in combination, the brick walls can keep the timber roof from collapsing 

into the inhabited zones below, while the distinction between the wall and roof allows the 

unreinforced masonry walls to remain low and therefore less prone to collapse on its inhabitants. 

Composition of Two Dimensional Elements 

5.3.10 Sayama Forest Chapel (2015) Hiroshi Nakamura/NAP 

 “Cassia Coop Training Center, Sungai Penuh, Sumatra, Indonesia, 2011: TYIN Tegnestue Architects.” 2015. Lotus International, 33

no. 158 (September): 26–29.
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A third way in which the college of structures approach is often deployed is to compose a stable 

overall configuration from 2-dimensional structural elements. Two-dimensional elements, such as 

portal frames, are a common trope in architecture, as they are easy to design, requiring only one 

section drawing that may be infinitely extruded, and easy constructability, both as components, 

and to assemble, as each two-dimensional piece can be assembled flat and raised as one piece. 

Two dimensional elements, however, are often only strong in the wide axis, and in the typical portal 

frame structure composed of a row of several frames, would require a secondary bracing in the 

axis of the extrusion, usually in the form of a cross-bracing or shear plane. However, by arranging 

the two-dimensional elements in an omnidirectional composition, it may be possible to for parts to 

lean against the component most optimally oriented for a particular load, and achieve overall 

stability. 

An illustrative example is the Sayama Forest Chapel, a small space for memorial services and 

meditation set in a forested cemetery in Saitama, Japan, completed in 2015.  Designed by Hiroshi 34

Nakamura of NAP, the building is essentially composed of triangular portal frames, which curve and 

branch out in plan, somewhat akin to a seven-legged starfish. The basic structural component of 

the triangular portal frame is made from timber, and selected for its tapering profile, which allows 

the building to be nestled into the forested site without damaging the established canopy. The 

triangular portal frame, while highly stable across its width, require additional bracing in the 

perpendicular axis in plan. Taking advantage of the meandering plan, which also allows the building 

to navigate around the existing trees, the overall structure is composed of at least seven segments 

of the portal frame oriented in different directions, with at least one able effective resist loads from 

any directions, and against which all other segments may be supported. 

5.4. Future – Finding the Right Scales and Dimensions of Safety 

 “Sayama Forest Chapel, Saitama, [Japan], 2014 : [Hiroshi Nakamura & NAP].” 2019. JA, no. 114 (Summer): 70–79.34

282



The understanding of disasters may be usefully understood to have gone through three distinct 

paradigms in history; from the divine paradigm up to the Enlightenment, the scientific paradigm up 

to the late 20th century, and the social paradigm into which we are currently transitioning, in which 

the distinction between natural and human disasters are becoming increasingly blurred, and the 

damages caused by natural phenomenons are seen as manifestations of latent social 

vulnerabilities. Multiplicity, as the most abstractly logical, efficient, and computable risk mitigations 

strategy, has dominated the period of the scientific paradigm; beginning with the development of 

probability theory in the late 16th century, which allowed previously intuitive inclinations towards 

safety in numbers to be systematized, and advancements in engineering that allowed the structural 

and material diversity amongst parts in a building scheme to be better curated. However, as we 

progress into the social paradigm, characterized by a shift away from abstract logic towards a 

human-centric focus, the strategy of multiplicity can no longer rely on its ruthless efficiency to 

maintain the hegemonic status it has enjoyed in the modern period. 

Developments in the strategy of multiplicity are usually spearheaded by the more abstract 

disciplines of finance and insurance. It is also where emerging problems and trends first emerge. 

Since the late 20th century, excessively abstract applications of the strategy of multiplicity have 

come under intense scrutiny, with a series of financial disasters including the bursting of the 

Japanese Asset Bubble in the 1990s and the 2007 Global Financial Crisis commonly attributed to 

extravagantly complex tools for pooling, pricing, and trading risks that are many degrees separate 

from the tangible things being trading; divorcing the risk-market from its real-world implications 

and human impacts. The reaction was a subtle but distinct turn towards more human-centric and 

tangibly dimensioned applications of the strategy of multiplicity, for instance with the development 

of modern land banking in the United States in the 1970s,  and the emergence of microlenders 35

 Frank S. Alexander, Land Banks and Land Banking, Center for Community Progress, 2011.35
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such as Muhammad Yunus’s Grameen Bank founded in 1976,  both of which deal with risk in units 36

that are tangible and more directly related to the human experience of the risks it professes to 

tackle. Given the shift to more tangible dimensions, architecture's proximity to human life makes it 

a potential forefront of experimentation in the next phase of development in multiplicity as a risk 

mitigation strategy. 

As the age-old search for the right scale and dimension of safety in strategies of multiplicity 

continues amidst the emerging social paradigm’s human-centric focus, two trends for future 

developments may be observed. The first, following the historical trend towards the division of 

schemes into smaller and more numerous parts or units, from buildings in a village to rooms in a 

building, is the pursuit of even smaller parts that are below the scale of human inhabitants, such as 

furniture in a room. As the scale of parts determines the calculatable units of loss in strategies of 

multiplicity, a finer grain would theoretically allow more precise distributions of risk. The loss of one 

out of three buildings, for instance, implies a 33% casualty, while the loss 1/3 of columns within a 

building may avoid casualties altogether. The second trend is the curation of diversity beyond the 

material and structural dimensions of a building - extending to adjacent dimensions that reflect a 

more general consideration of resilience in the built environment that includes construction and 

upkeep, as well as the inhabitant’s economic and social wellbeing. Put simply, it does not assume 

universal exchangeability between different dimensions recovery, such as the idea of a generous 

cash handout as a panacea, but instead aims for distribution of resources in a diversity of 

dimensions directly convertible or adjacent to building cultures and human life. 

The following section will aim to expand upon the two emerging trends outlined above, illustrated 

with building case studies drawn from recent projects, mostly in the form of speculative projects 

and experimental pavilions. 

 Yunus, Muhammad. Grameen Bank, as I See It. Dhaka, Bangladesh: Bank, 1994.36
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Finer Grains of Safety 

5.4.1 Furniture House Series, Japan (1995-2002) Shigeru Ban 

5.4.2 120 Doors, Conception, Chile (2003) Pezo Von Ellrichshausen 

5.4.3 Earthquake Table (2010) Arthur Brutter + Ido Bruno  

As noted by Alina Payne, a tendency in modern architecture may be characterized by a shift from 

the ornament to the object, in the sense that many of the elements dispelled from the building 

structure itself, often in pursuit of constructional efficiency or visual abstraction, has been taken up 

by the objects in the buildings.  While Payne had noted the migration of ornaments, one may make 37

similar observations about the structural dimensions of a building. At least since the 1990s, a small 

but distinct lineage of projects have explored the possibility of using furniture, which may be 

industrially manufactured and decimated more easily, as the primary structural elements of a 

building, in direct contrast to the open-flexible plan of the modernists. The reversal of the 

structural role between the building shell and the objects inside points to profoundly interesting 

design opportunities. 

An early and illustrative case of the shift towards furniture-grained structure in a building is the 

Furniture House series by Shigeru Ban, which consists of at least three realized building in Japan 

and the United States between 1995 to 2002.  The buildings are all single story, with a square 38

plan, and consist of a flat floor and flat roof, sandwiching rows of full hight wardrobes in-between, 

which serve as its main structure. The space is somewhat reminiscent of the Miesian prototype 

epitomized by the Barcelona Pavilion of 1929, with an open plan space lightly demarcated by 

abstract wall plans of single materials. However, whereas Mies’s pavilion was showcasing the 

‘freeness’ of the plan, with the roof supported by columns and the walls serving no structural 

 Payne, Alina Alexandra. From Ornament to Object : Genealogies of Architectural Modernism. New Haven: Yale University Press, 37

2012.

 Ban, Shigeru, and Philip. Jodidio. Shigeru Ban : Complete Works 1985-2010. Köln ; London: Taschen, 2010.38
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function, Ban’s wardrobe walls conflate the two - the cost of structural inefficiency, which means 

there needs to be significantly more structural wardrobes in the furniture house than column in the 

Barcelona Pavilion, is more than offset by the mass producibility of the former. 

A more speculative exploration of the design opportunities associated with the expanded role of 

furniture or individual architectural elements is 120 Doors, a sculpture completed in Conception, 

Chile in 2003.  Designed by Pezo Von Ellrichshausen, the project consists of a grid of door 39

frames, together forming what is essentially a ~2m tall, 10x10 square grid of frames, with each 

structural span being 1m, or the width of a door. The project is perhaps most interesting when 

considered as an exploration of the architectural potential of the typical door frame, which in most 

circumstances serves a simple fenestration between spaces, and is almost always embedded into a 

wall. In this case, the door frame is revealed as a complete and ready-made architectural 

component capable of becoming a primary structure, and based on the combined configuration of 

open/closed, create a diverse range of architectural experiences. The density and robustness of 

the door frame structure also leads one to think about its structural potential in the typical building, 

and the common advice to stand in a door frame in the event of an earthquake, as it’s often 

structurally reinforced, and offer easy escape. 

  

Moving to an even smaller scale, the structural potential of a below-waist-hight piece of furniture in 

a built environment is illustrated by the Earthquake Table, a school table prototype for seismic 

regions developed in 2010.  Designed by Arthur Brutter and Ido Bruno at the Bezalel Academy of 40

Art and Design in Jerusalem, the design takes inspiration from the official advice issued by FEMA 

and other governmental agencies to ‘drop to the ground; take cover by getting under a sturdy table 

or other piece of furniture; and hold on until the shaking stops’ in the event of an earthquake. The 

applicability of this advice is, of course, dependent on the type and quality of the table in question 

 ‘Pezo von Ellrichshausen Architects: 120 Doors, Concepción, Chile 2003’ (2006) A & U: architecture & urbanism, (7), pp. 26–31.39

 Arthur Brutter, Ido Bruno, Earthquake Table, 2010.40
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- which in many poorer contexts are ill engineered to withstand falling debris or collapsing 

buildings. Brutter and Bruno’s design, calibrated to withstand up to 1 tonne of falling weight yet be 

light enough for two students to carry, points to a potentially profound way to distribute seismic 

safety, at the most basic level of preserving life, in contexts where the rapid improvement of the 

construction industry may be intractable. 

Multi Dimensional 

5.4.4 Nqibikan Village Reconstruction, Indonesia (2006) Eko Prawoto 

5.4.5 Jintai Village Reconstruction, Sichuan, China (2017) Rural Urban Framework 

A characteristic of diversification as a risk mitigation strategy in the modern period may be the 

transferability of risk between different dimensions. This is facilitated by the spread of the market 

economy as the predominant model of resource allocation in almost all modern economies, which 

allows most things to be priced and purchased. Associated with the monetization of the world is 

also the development of increasingly abstract investment and risk instruments, where different 

risks may be pooled, insured and sold with at least two or three degrees of separation to the risk 

itself. In most disaster insurance schemes, whether private or backed by the government, the 

payout is almost always in the form of cash, because risk and liquidity is most easily managed in 

monetary forms. At least since the asset bubble in the late 1990s, and especially since the 2008 

Global Financial Crisis, the predominance of abstract money as the predominant form of 

diversification in increasingly being questions, supported by studies that point to the detrimental 

effects of post-disaster contexts awash with payout cash, but without a sustainable economic 

model, social structure, and cultural heritage. Challenging the notion that money can buy anything, 

and that diversified resources are easily interchangeable, an emerging direction in the strategy of 

multiplicity is a more conscious curated diversification of resources to domains and dimensions 
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adjacent to the quality of life, whether it is in the development of social capital and viable economic 

models. 

An illustrative case of reconstruction scheme with carefully curated diversification of resources to 

ensure wide-spectrum resilience is the Nqibikan Village Reconstruction project, near Yogyakarta, 

competed in 2006.  Spearheaded by Eko Prawoto, a Dutch trained Indonesian architect, and 41

Maryono, the community leader, the project reconstructed 65 homes within 90 days, sufficing the 

immediate need for shelter following the 2006 Yogyakarta Earthquake. In the account of the 

architect, the project was a careful response to the prevalent contemporary model of 

reconstruction in Indonesia and elsewhere in the developing world, where the influx of relief cash, 

combined with a governmental incentivized to resolve issues quickly, often result in superficial 

solutions, such as rapidly constructed homes on available land - but which disrupts the local 

community and economy, and must necessarily rely on outside expertise for repairs and expansion.  

Instead, the project centers on the development of a new building type based on the vernacular 

timber frame limasan houses that was within the constructional capacity of the villagers, but which 

had key structural innovations, such as reinforced corners and masonry walls extending only up to 

the waist level, to ensure safety in seismic scenarios - and allowing the village to maintain a 

diversified set of resources directly adjacent and critical to their way of life that would be difficult 

to replicate with cash alone. 

A more recently example in a different context is the Jintai Village Reconstruction project in 

Sichuan, China, completed in 2017.  Designed by Rural Urban Framework, a laboratory based in 42

Hong Kong University, the project is a second generation reconstruction projects in the aftermath 

of the 2008 Wenchuan Earthquake, and replaces not only the original village lost in the earthquake, 

 Mostafavi, Mohsen, and Aga Khan Award for Architecture. Aga Khan Award for Architecture. Baden, Switzerland: Lars-Müller 41

Publishers, 2011.

 He, Wei, and Fei Guan. 2018. “Jintai Village Reconstruction, Bazhong, China, 2017, Architects : John Lin, Joshua Bolchover/42

Rural Urban Framework (RUF) / The University of Hong Kong.” Shi Jie Jian Zhu = The World Architecture, no. 8: 32–37.
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but also the first phase of reconstruction that succumbed to landslides due to poor siting. The 

design itself consists of 22 housing units, in addition to a wide range of water/sewage 

infrastructure and communal spaces. Of particular note is the way the core function of housing, 

which enjoys direct subsidy from the government, has been leveraged to provide a much wider 

spectrum of functions necessary for the long term environmental, social, and economic 

sustainability of the community. The buildings are raised, for instance, to provide space for family-

run workshops or business below, while the roof is terraced to allow farming. Arable land and 

forests around the village, critical for its agricultural and touristic income, is preserved by the high 

density of the housing development. An abundance of public spaces cultivate the traditionally 

strong social capital in such villages. All together, the reconstruction projects provides a 

diversification of resources centers around the sustainable lifestyle of the villages that cannot be 

easily reduced to a monetary value.
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5.2.1 MULTIPLICITY

Precedents - 
From safety in numbers to curated diversity

PROJECT

Papua Village

DATE

10MBC

LOCATION

Papua, Indonesia 

ARCHITECT

N/A
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PROJECT

Jakarta Cathedral

DATE

1901

LOCATION

Jakarta, Indonesia

ARCHITECT

Antonius Dijkmans/MJ Hulswit

5.2.2 MULTIPLICITY

Precedents - 
From safety in numbers to curated diversity
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PROJECT

Palazzo del Lavoro

DATE

1961

LOCATION

Turin, Italy

ARCHITECT

Nervi & Bartoli

5.2.3 MULTIPLICITY

Precedents - 
From safety in numbers to curated diversity
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PROJECT

Sears Building

DATE

1970

LOCATION

Chicago, USA

ARCHITECT

SOM/Fazlur Khan

5.2.4 MULTIPLICITY

Precedents - 
From safety in numbers to curated diversity
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PROJECT

Kunsthal Rotterdam

DATE

1992

LOCATION

Rotterdam, NL

ARCHITECT

Rem Koolhaas/OMA

5.2.5 MULTIPLICITY

Precedents - 
From safety in numbers to curated diversity
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Contemporary Cases - 
The Division and Collage of Structures

PROJECT

House in Tokushima

DATE

2011

LOCATION

Tokushima, Japan

ARCHITECT

Suppose Design Office

5.3.1 MULTIPLICITY
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Contemporary Cases - 
The Division and Collage of Structures

PROJECT

Nishinoyama Apartments

DATE

2013

LOCATION

Kyoto, Japan

ARCHITECT

Kazuyo Sejima

5.3.2 MULTIPLICITY
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Contemporary Cases - 
The Division and Collage of Structures

PROJECT

Inner-City Arts

DATE

2008

LOCATION

Los Angeles, USA

ARCHITECT

Michael Maltzan

5.3.3 MULTIPLICITY
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Contemporary Cases - 
The Division and Collage of Structures

PROJECT

Towada Art Center 

DATE

2008

LOCATION

Amori, Japan

ARCHITECT

Ryue Nishizawa

5.3.4 MULTIPLICITY
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Contemporary Cases - 
The Division and Collage of Structures

PROJECT

Museum of Handcraft Paper

DATE

2010

LOCATION

Baoshan, China

ARCHITECT

Hua Li/TAO

5.3.5 MULTIPLICITY
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Contemporary Cases - 
The Division and Collage of Structures

PROJECT

21st Century MoCA

DATE

2004

LOCATION

Kanazawa. Japan

ARCHITECT

Sanaa

5.3.6 MULTIPLICITY
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Contemporary Cases - 
The Division and Collage of Structures

PROJECT

Mestizo Restaurant

DATE

2007

LOCATION

Santiago, Chile

ARCHITECT

Smijan Radic

5.3.7 MULTIPLICITY



302

Contemporary Cases - 
The Division and Collage of Structures

PROJECT

Cassia Coop Training Center

DATE

2011

LOCATION

Sumatra, Indonesia

ARCHITECT

TYIN Tegnestue Architects

5.3.8 MULTIPLICITY



303

Contemporary Cases - 
The Division and Collage of Structures

PROJECT

Terasaki House

DATE

2014

LOCATION

Tokyo. Japan

ARCHITECT

Ryue Nishizawa

5.3.9 MULTIPLICITY
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Contemporary Cases - 
The Division and Collage of Structures

PROJECT

Sayama Forest Chapel

DATE

2015

LOCATION

Saitama. Japan

ARCHITECT

Hiroshi Nakamura/NAP

5.3.10  MULTIPLICITY
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Future – 
Finding the Right Scales and Dimensions of Safety

PROJECT

Furniture House Series

DATE

1995-2002

LOCATION

Various

ARCHITECT

Shigeru Ban

5.4.1 MULTIPLICITY
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Future – 
Finding the Right Scales and Dimensions of Safety

PROJECT

120 Doors

DATE

2003

LOCATION

Conception, Chile

ARCHITECT

Pezo Von Ellrichshausen

5.4.2 MULTIPLICITY
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Future – 
Finding the Right Scales and Dimensions of Safety

PROJECT

Earthquake Table

DATE

2010

LOCATION

N/A

ARCHITECT

Arthur Brutter + Ido Bruno

5.4.3 MULTIPLICITY
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Future – 
Finding the Right Scales and Dimensions of Safety

PROJECT

Nqibikan Village Reconstruction

DATE

2006

LOCATION

Yogyakarta. Indonesia

ARCHITECT

Eko Prawoto

P
la

n 
B

ef
or

e
P

la
n 

A
ft

er

5.4.4 MULTIPLICITY
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Future – 
Finding the Right Scales and Dimensions of Safety

PROJECT

Jintai Village Reconstruction

DATE

2017

LOCATION

Sichuan, China

ARCHITECT

Rural Urban Framework

5.4.5 MULTIPLICITY



Chapter 6 

Consistency 

6.1 Consistency, or the assurance of a predictable sameness. 

While the earthquake is a geological phenomenon that is neither good or bad, it is generally 

perceived as a ‘problem’ because of its tendency to disrupt things that we would like to be 

predictably consistent - a particular structural configuration, for instance, on which the function of 

a building or infrastructure is based. Humans instinctively fear the unknown and are often willing to 

incur large costs or forego significant upside potential to assure a predictable and consistent 

outcome. Most would prefer to walk instead of driving through a congested city, for instance, 

exchanging what may be a quicker and more comfortable trip for a slower but more consistently 

predictable trip time. In addition to its emotions appeal, consistency is also a key usability principle. 

When things behave consistently, usually taken to mean the continuation of an existing state that 

concurs with our expectations, users do not have to worry about what will happen and can make 

precise plans, as future states may be straightforwardly deduced. 

In this study, consistency, or the assurance of a predictable sameness, refers to a category of 

design strategy engaged in the problem of how to assure a certain outcome across diverse and 

unpredictable scenarios. The pursuit of consistency may be usefully understood as a two-part 

problem. The first part concerns the term ‘predictable,’ or how a desirable or expected outcome 

can be made to occur with near certainty. Abstractly, this entails reshaping and shifting the normal 

distribution curve of outcomes so a larger area falls within the acceptable range. Practically, this 

may entail calibrating a structure for an extreme load scenario, which shifts or reshapes the overall 

normal distribution of possible outcomes so a larger proportion is placed above an acceptable 

threshold of safety. As this often also places a lager proportion of outcomes over the necessary 

310



threshold of safety, it entails a high degree of redundancy. The second part of the strategy 

concerns the notion of sameness, or the careful designation of the essence of things that can and 

should be consistent. This task is made more difficult as minute details are infinitely magnified 

when extrapolated over long periods of time. Literature abounds with characters who wished for 

immortality without the careful specification of a particular state of health, love, or happiness, or 

instance, only to later find unending life a curse instead of a blessing when what is kept consistent 

depart from expectations as circumstances change over time. 

When applied to the problem of building in seismic regions, the pertinence and difficulty of 

achieving consistency is exacerbated in two ways. First, the function and value of buildings are 

almost always based on the assumption that it would not vary greatly over time. Tolerance for 

inconsistencies is therefore small, and even a minor disruption can induce a ripple of unexpected 

effects. Second, while significant efforts are already dedicated in the making of buildings to assure 

its predictable sameness across a wide range of scenarios, the problem is made more difficult by 

the inconsistencies of earthquake movements and the wide range of secondary effects, which 

exponentially expands the diversity and magnitude of conditions a building may be subject to. The 

strategy of consistency enjoys a particularly old history in building cultures, and remains widely 

applied in the contemporary world, especially in developing regions. Its enduring popularity and 

effectiveness may be attributed to the low technical threshold of entry. While sophisticated 

engineering capacities can increase the efficiency with which the probability of a satisfactory 

outcome can be increased, a brute force approach is often also reliably workable. Greater 

structural strength, for instance, can be assured by doubling the number or size of columns and 

beams, even if the construction quality remains poor. In developing contexts plague by entrenched 

limitations, the strategy of consistency offers a quick and certain resolution, albeit at inflated 

costs.  
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Beyond building cultures, the strategy of consistency in its broader connotation as ways of 

assuring a predictable sameness of outcome across diverse scenarios, which alleviates the 

fundamental human fear of the unknown and suffices a key usability principle, may be detected 

across a wide range of contexts and disciplines. The following section will examine five historical 

episodes that resonate with the strategy of consistency in this broader connotation, aiming to 

trace its development and key traits. 

Simple Duplication 

6.1.1 DNA Replication (c.250M BC) 

The strategy of consistency appears to predate human formulation, with basic elements already 

detectable in pre-historic circumstances, for example in the double helix structure of the DNA and 

the semi-conservative process of its replication. As the repository of instruction for the function, 

development, and reproduction in most organic life, the core problem faced by the DNA, if we were 

to articulate it retrospectively, is how to maintain the consistency of the genetic information 

throughout the diverse states of its existence and the incessant rounds of replication; the 

pertinence and difficulty of which are compounded by the imprecisions of biochemistry and the 

small tolerance for inconsistency; as even a minor error may alter critical proteins structures and 

fatally compromise the host individual. The solution that emerged through the evolutionary process 

is redundancy deployed in the simple form of duplication. As first discovered by the team of 

Francis Crick and James Watson at Cambridge University in 1953, the DNA molecule contains two 

copies of the same genetic information, each serving as a back-up for the other.  The duplication 1

manifests as a double helix molecular structure composed of two polynucleotides, each a chain 

composed of four types of simple base molecules that exist in two complementary pairs. In the 

semi-conservative process of replication, the two-strands encoding the same genetic information 

 Watson, James D., and Gunther S. Stent. The Double Helix : A Personal Account of the Discovery of the Structure of DNA. 1st ed. 1

Norton Critical Edition. New York: Norton, 1980.
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separates, and each half of the original serves as the template for a newly synthesizes strand, 

producing two new copies with a high degree of accuracy. 

The success of the DNA foregrounds the effectiveness of redundancy, even when deployed in the 

simple form of duplication, for assuring a predictably consistent outcome. Specifically, by having 

multiple copies of the same thing, mutations may be accommodated without immediately 

compromising the viability of the outcome, as one copy is usually sufficient to sustain normal 

function. The mechanism and structure of the DNA foreground two design opportunities in 

strategies of consistency. First, by having multiple copies of the same thing, a degree of variation 

may be accommodated. Mutations may accumulate without immediately compromising the normal 

functions of an organism, allowing the diversity of the gene pool to expand, which in the long term 

contributes to its overall resilience. In the same logic, fenestration patterns on duplicate walls 

structures supporting the same load may be adjusted more freely. Second, the possibility of 

interactions between the multiple copies produces a new dimension of nuance. Variations of 

dominant and recessive genes, for instance, create a finely articulated spectrum of diverse 

outcomes from otherwise simple and often binary elements. Lastly, duplication, i.e. having two 

copies of the same thing, appears to be a recurring trope in strategies of consistency, from the 

number of kidneys in primates to the number of keys needed to launch nuclear missiles (at least in 

movies), perhaps because it is the lowest number to contain a complete and self-sufficient copy. 

Designing for Extremes 

6.1.2 Stoicism (300BC) Zeno of Citium 

In contrast to the trope of duplication that emerged from the evolutionary process, an early and 

consciously conceived example of the strategy of consistency is Stoicism, a Greek school of 

philosophy founded by Zeno of Citium around 300BC, which flourished in Greece and Rome until 
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approximately 300AD, and has since experienced periodic resurgences in the modern world, 

particularly in the west.  The persistent popularity of Stoicism may be attributed to its 2

effectiveness in addressing the universal human fear of the unknown. The central Stoic insight that 

fear largely arises from the unexpectedness of tragedies, as opposed to the tragedy itself. In 

response, Stoics advocates for the rehearsal of all possible outcomes, including the worst-case 

scenario, with tragedy drama, for instance, deduced from a sober understanding of the world. By 

pricing the most extreme scenarios into one’s outlook, it is possible to develop an approach to life 

that pre-empts all eventualities. While the approach will be redundantly pessimistic, the energy 

saved from constant fear and anxiety can be dedicated to finding some degrees of optimism in the 

inevitable. As Seneca, a Stoic and tutor to the infamous Roman Emperor Nero, remarked with some 

humor when questioned about his calmness at being ordered to commit suicide in front of his 

family, ‘what is the need to weep over parts of life, when the whole of it calls for tears.’  3

Stoicism demonstrates a key component in strategies of consistency - given the impossibility of 

anticipating all future scenarios, a workable alternative is to calibrate for the extreme scenario, with 

the expectation that it would also suffice for the in-between spectrum of less extreme scenarios. 

This entails a high degree of redundancy, as calibrating a design’s capacity to the most extreme 

scenarios inevitably makes it excessive in most other cases. While Stoicism is a particularly early 

and direct illustration of designing for extremes, similar approaches may also be detected across 

diverse cultural milieus, from the Taoist tenant of sheng yu you huan, she yu an le, or that life 

springs from sorrow and calamity, and death from ease and pleasure, which too advocates for 

living life with the constant awareness of the worst-case scenario.  Even more insightful is perhaps 4

the modern adage to "hope for the best, expect the worst, and unsurprised by anything in 

between," which first appeared in Maya Angelo’s 1969 book I Know Why the Caged Bird Sings. The 

 Stoicism, Stanford Encyclopedia of Philosophy, Published 1996, revised 2018.2

 De Botton, Alain. The Consolations of Philosophy. 1st American ed. New York: Pantheon Books, 2000.3

 Daoism, Stanford Encyclopedia of Philosophy, Published 2003, revised 2007.4
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key design opportunity revealed by Stoicism is the possibility of finding optimism in the inevitable. 

Just as Seneca is not paralyzed by gloom, but found solace and clairvoyance in the consistency of 

his outlook calibrated to the most extreme scenarios, as creatures of habit, people also tend to 

over time grow accustomed to and fond of things that are predictably consistent. MacDonalds is 

popular, for instance, not because it is objective quality, but because of its consistent availability 

and predictable sameness, offering a reliable respite of the familiar amidst otherwise unpredictable 

itineraries. In the same vein, structural elements such as the cross bracings that were originally 

installed out of necessity, and were initially perceived as crude and unrefined, have over time 

become a beloved ‘quirk’ and fiercely preserved architectural characteristic. 

Scales of Consistency 

6.1.3 Pascal’s Wager (1662) Blaise Pascal 

While the strategy of consistency, with its often rote deployment of redundancies and superstitious 

adherence to the familiar, may have appeared to be doomed for obsolescence with the onset of the 

Scientific Age from the 16th century onwards, its persistent popularity and effectiveness in the 

modern world is insightfully explained by Pascal’s Wager, a philosophical argument presented by 

the French polymath around 1662.  The basic premise posits that, as the existence of God, in this 5

case referring to the Christian connotation, cannot be conclusively proved or disproved, every 

person is effectively wagering their life to bet on one of the two possibilities. Pascal reasons that, 

as believing in God could either lead to finite loss, by abstaining from luxury and decadence in 

one's lifetime, or infinite gain, in the form of eternal happiness in the afterlife, while the opposite is 

true for not believe in God, a rational person should bet on the former and live their life as if God 

exists, regardless of their ability to believe. While the argument has appeared under various guises 

in history, Pascal’s conclusion is particularly notable given his status as one of the foremost figures 

 Pascal’s Wager, Stanford Encyclopedia of Philosophy, Published 1998, revised 2017.5
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of the Scientific Revolution and critic of medieval superstitions - having developed many of the 

tools, including the scientific method and modern probability theory, that helped to challenge the 

supremacy of religion.  

Often cited as the foundation of modern decision theory, Pascal’s Wager is a classic case of Choice 

Under Uncertainty, to which the abstractly rational approach is to identify and determines the value 

of all possible outcomes and to pursue the option with the highest expected value.  In the case of 6

Pascal’s Wager, calculations are clearly skewed by introducing the concept of infinity, either of an 

individual’s happiness or suffering in the afterlife, which definitively tips the scale towards the 

better-safe-than-sorry option of living life reservedly as if God exists. While few things are actually 

infinite, many things appear to be or are effectively infinite within the limited scope of individual 

perceptions and localized problems. Modern science and probability theory may be able to predict 

the expected value of all possible outcomes, but the local experiences of probability often do not 

conform to abstract, logical analysis. A game of Russian roulette is 80% safe, for instance, but feels 

100% deadly to the person who loses. Taking three more bullets out of a six-chambered revolver is 

not likely to increase the popularity of the game by 50%. Hence, the rationality of choices made 

under circumscribes scales of perception do not conform directly to abstract, logical analysis. 

Illustratively, while Pascal may have publicly denounced the irrationality of religion in the earlier 

parts of his life, when confronted with the possibility of his own eternal suffering or happiness, 

opts for the risk-averse but costly option. 

Diversified Definitions of Consistency 

6.1.4 Spare Tire (1904) Walter and Tom Davies 

 Myerson, Roger B. Game Theory : Analysis of Conflict. Cambridge, Mass.: Harvard University Press, 1991.6
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Moving into the modern era, a clear illustration of the strategy of consistency is the spare tire in 

cars.  In the sense that automobile design is also a physical design discipline responding to rapid 7

advancements in industrial production in the 20th century, it is closely adjacent to the development 

of modern architecture and offers parallel insights. The invention of the modern spare tire is 

usually attributed to Walter and Tom Davis, whose company, the Stepney Iron Mongers in Wales, 

began equipping cars with an extra complete and pre-inflated tire in 1904, as opposed to the 

previous norm of a spare inner tube that requires complex installation, in response to the frequency 

of punctures due to loose nails left on roads by horseshoes. As the spare tire quickly becoming an 

established industry norm, it presented automotive designers with the problem of how it may be 

best integrated into the car, which evolved over the following century. Initially, designs favored the 

direct expression of the spare tire as a feature on the car, providing easy access and a literal 

assurance of driveability in the event of a puncture. By the mid-20th century, the spare tire came 

to be integrated into the chassis, most often under the trunk or hood of front and mid-engined cars 

respective. The presence of the spare tire is concealed in pursuit of an idealized image of the car 

that is aerodynamic and infallible.  

Towards the end of the 20th century, the cost of maintaining a spare tire became increasingly 

difficult to justify, as road conditions and means of accessing help in the event of a puncture 

improved. Designs focused on extracting more value from the spare tire, either by deploying it 

towards ancillary functions, as in the Volkswagen Beetle, which utilized the spare tire to supply air 

pressure for the windscreen washer system; or by deploying the spare tire in more precise and 

efficient ways. The latter involves diversified redefinitions of the goal of the spare tire, from the 

literal maintenance of four identical wheels in the event of a puncture to more abstract notions of 

the ability to reach the nearest repair station safely. This allowed a more finely articulated diversity 

of specialized spare tires to be developed, from perfect duplicates of the regular wheels, lighter 

limited-use mini-spares with constrained speeds and range, to run-flat tires that are significantly 

 “Spare Tire.” Wikipedia. October 24, 2019. https://en.wikipedia.org/wiki/Spare_tire.7
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heavier but dispense with the need for a spare tire entirely. Each is a specialized solution to a 

precise redefinition of the problem, with the closer fit entailing higher degrees of efficiency. Of 

note is the shift from a goal of consistency that is literally defined, i.e. the maintenance of four 

identical wheels at all times, to more precise and abstract stipulations of particular degrees of 

drivability. As a modern, physical design disciple with rapid product cycles, the development of the 

spare tire offers a useful reference for thinking about similar trends in architecture, which often 

plays out over longer historical periods. 

Pricing Certainty  

6.1.5 Prospect Theory: An Analysis of Decision under Risk (1979) D. Kahneman and A. Tversky 

While the value of certainty is intuitively understood and pursued, it was only recently described as 

a distinct idea and systematically measured in 1979, by Daniel Kahneman and Amos Tversky in their 

seminal paper Prospect Theory: An Analysis of Decision under Risk.  The study aimed to develop a 8

descriptive model of decision making in the real world, as opposed to an abstract one based on the 

standard assumptions of perfect information and abstractly rational behavior. The central 

experiment is composed of two parts. In the first, participants were offered one of two options, 

either a) a 100% chance of winning $30 (1x30=30) or b) an 80% chance of winning $40 

(0.8x40=32). While a purely rational analysis would predict a) to be chosen by 48% of the 

participants, as the expected value of a:b is 48:52, 78% of the participants choose option a), 

conforming to our intuitive expectation of typical risk aversion behavior. In the second part of the 

experiment, participants were offered either c) a 25% of winning $30 (0.25x30=7.5), or d) a 20% of 

winning $45 (0.2x45=9). With the option of certainty removed, 42% of the participants chose c), 

and 58% d), producing a c:d ratio of 1:1.38 that is much closer to the theoretical outcome of 1:1.2, 

although still skewed slightly towards the conservative side. 

 Kahneman, Daniel, and Amos Tversky. "Prospect Theory: An Analysis of Decision Under Risk." Econometrica 47, no. 2 (1979): 8

263-291.
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In the account of Kahneman and Tversky, the Certainty Effect, or the premium on certainty, may be 

attributed to the use of heuristic in real-life decision making, where an assured outcome allows the 

decision-making process to be streamlined by eliminating dimensions of the unknown. The loss of 

expected gain is compensated by simplified calculations and the reduced need for contingencies. 

Further, while the scale of the Certainty Effects varies across scenarios, it seems to correlate most 

directly with the severity of the downside risk. Given the relatively trivial amounts of money 

involved in Kahneman and Tversky’s experiment, it may be deduced that certainty itself is valued at 

around 20% of the potential value in non-critical scenarios. This seems to corroborate with real-

world observations, with Airlines typically charging $50 for an assigned seat on a $500 flight that 

is otherwise seated randomly. Similar scalar relationships are also detected in design applications, 

with non-critical engineering components usually designed to a factor of safety of around 1.3-1.5. 

By comparison, a building using a predictable material is usually designed to a factor of safety of 

2-2.5 when facing typical loads, i.e. simple duplication, and 3-4 when facing severe loads. While 

the measurements are low in fidelity, it provides a useful rule of thumb for estimating the scalar 

range in strategies of consistency. 

6.2 Precedent - From the Immovable Object and Constant Renovations to Hybrid 

Configurations 

The utility and value of buildings, perhaps more than any other category of man-made things, is 

based on its predictable consistency, with the expectation that it would not vary greatly across 

diverse scenarios. It is based on this expectation that buildings are used to contain and protect the 

activities of life and its accouterments; utilized as points of reference, as by early astronomers to 

detect subtle changes in the geometry of constellations, or in sporting facilities to maintain a 

uniformity of conditions; and in some cases invested with intangible ideas and values, with the 
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intention for these to take on by association the permanence of its host. In turn, while the function 

of buildings may vary widely, from the provision of inhabitable space to the representation ideas, 

the predictable sameness of the structure across diverse scenarios is usually a practical and basic 

requirement. Hence, the applications of the strategy of consistency in building cultures, despite its 

many possible connotations, is primarily concerned with ways of maintaining the predictable 

sameness of the structural configuration. 

Given the impossibility of anticipating all future scenarios, particularly in seismic regions where the 

conditions a building may be subjected to is expanded both in magnitude and diversity, there are 

two basic approaches to assuring the predictable sameness of outcome. The first, described here 

as the immovable object, is to preemptively calibrate the design to the most extreme scenario, with 

the expectation that it would also satiate the in-between spectrum of less extreme scenarios. A 

building calibrated for a large earthquake can usually also survive smaller earthquakes, for 

instance. The second approach, described here as constant renovations, is to constantly maintain 

and restore the building from the most extreme disruptions to a predefined state. This engages the 

tricky problem of defining what constitutes consistency in buildings, particularly as our perception 

of things, such as the acceptable standard of safety, tends to evolve over time, even if the physical 

building itself could be perfectly preserved. Both approaches may be usefully understood as the 

strategic deployment of resources to reinforce the likelihood of a predictable and satisfactory 

outcome, but at different degrees of separation in relation to the thing being persevered. One can 

assure a consistent supply of milk by living next to a dairy, stockpiling it in a fridge, or buying a 

cow, for instance. 

The historical development of consistency as a building design strategy began with the early 

establishment of the two basic approaches: the immovable object and constant renovations, which 

gradually converged towards hybrid configuration, in which designs combine both permanent and 

periodically renovated elements. The development is catalyzed by two broader trends. The first is 
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advancements in construction, and in particular the emergence of modern engineering from the 

19th century onwards, which allowed elements of different lifespans to be combined in more 

precise and sophisticated ways in a single structure. The second factor is the shift from literal 

definitions of consistency, which aim to perfectly preserve a particular physical configuration, 

towards more abstract specifications of a relative degree of functionality pegged to its context, for 

instance, which can be more easily adapted to circumstantial idiosyncrasies without compromising 

the goal and benefits of consistency. 

In the pre-modern context, when structural and non-structural elements are not yet clearly 

distinguishable, buildings aspiring to consistency had to fully adopt one of the two basic 

approaches, as the technical capacities to combine the two was not yet well developed. The entire 

building, often with all its contents and ornaments, regardless of its correlation to the core 

problem, is either all preemptively designed to withstand the most extreme scenario, or completely 

restored with each renovation. With the systematic accumulation of building experience across 

different geological contexts associated with the emergence of transcontinental empires such as 

the Romans, and later with the European Age of Exploration and the rise of oceanic empires from 

the 17th century onwards, more nuanced ways of understanding and defining consistency in the 

built environment came to the fore, as aspirations to transplant building types from Europe 

necessarily negotiated vastly different local climatic and geological conditions. How far can a 

cathedral be adjusted from its original design to accommodate local seismicity, for instance, before 

it stops being a cathedral? Moving into the modern period, notions of consistency has been 

steadily moving towards more abstract definitions, measured by intensities of use or return on 

capital, for example. In response, designs have either opted to tackle the impossible task of 

generating and anticipating all possible future configurations, or constrain itself to design only the 

most permanent elements and deferring all other design decisions for the future. 
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The following section will investigate five building case studies that span the past 4 millenniums, 

from some of the oldest surviving structures to the recent past, aiming to trace the strategy’s 

evolution and key traits up to the contemporary period. 

The Immovable Object and Constant Renovations 

6.2.1 Pyramid of Khufu, Giza, Egypt (2560BC) 

6.2.2 Cheonggyecheon Enmankments, Seoul (1392-1910) 

Strategies of consistency in pre-modern building cultures are generally characterized by two 

features. First, they tend to be wholesale adoptions of one of the two basic approaches - with the 

entire building or infrastructure, including all its ornaments and surface finishes, either 

preemptively designed to withstand extreme scenarios, or totally restored with each renovation. 

The binary approach may be attributed to the limited engineering knowledge; in particular the non-

distinction between structural and non-structural elements. Without the capacities to clearly 

understand correlations between design modifications and outcome, adhering to an exiting 

physical design with the highest possible fidelity is the surest way of assuring a consistent 

outcome. This often entails a high degree of material redundancy to achieve relatively simple 

goals. Second, the goal of consistency is often literally defined, with the aim being to preserve or 

maintain the exact physical configuration of an existing building or structure. This may be in part 

attributed to the role of empires as the primary sponsor of consistency in the pre-modern period, 

who’s conception and goal of consistency are often distinctly physical and spatial, being 

intertwined with its preoccupations with borders and territories, which directly correlated to their 

wealth and viability. 

A canonical example of the immovable object is the Pyramid of Khufu, the largest and oldest 

structure in the Giza complex outside Cairo in Egypt, constructed around 2560BC over a roughly 

322



20 year period during the Old Egyptian Empire, a period of highly centralized power and prosperity, 

and therefore uniquely endowed for vast investments in the assurances of a certain outcome by 

and for a single individual.  The requirement for extreme degrees of physical permanence is 9

derived from the Pyramid’s original and primary function as the Pharaoh’s tomb, and the Egyptian 

belief in the importance of an undisturbed mummy for an efficient and successful passage to the 

afterlife and eventual rebirth. Conceptually, the Pyramid is centered on the precisely oriented burial 

chamber, a small room of approximately 10.5x5.3m in plan and 5.9m tall, around which the entire 

pyramid structure is constructed to protect it from the most extreme disruptions. Given the 

pyramid itself is approximately 2.5M cubic meters in volume, the burial chamber to structure ratio 

is over 1:7600, a high degree of redundancy by any measure. The redundancy also extends beyond 

the sheer volume of material, with the burial chamber protected from in-collapsing by seven buffer 

chambers above, to cite just one example. The pyramid demonstrates two design opportunities 

associated with the immovable object that continues to be explored. First, as structures calibrated 

to extreme scenarios tend to be large and long-lasting; it serves as an effective monument and 

orientational marker, particularly when combined with precise geometries that allow an observer’s 

relative position to be quickly and precisely deduced. Second, immovable objects tend to be dense 

structures with few fenestrations, and establishes distinctive patterns of movement within and 

around it. While the Pyramid’s original function as a fortified tomb was already defeated when it 

was looted around 1600BC, the pyramid’s utility as a monument and point of reference for 

astronomical observations and navigating the surrounding desert and urban landscapes have 

persisted. 

An example of consistency through constant renovations is the periodic dredging and embankment 

of the Cheonggyecheon, a major waterway in Seoul, during the Joseon Dynasty, form 1394 to 

 Lehner, Mark, and Zahi A. Hawass. Giza and the Pyramids : The Definitive History. Chicago: University of Chicago Press, 2017.9
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1910.  Known at the time as Gaecheon, the small stream running west to east through the center 10

of the walled capital city of Hanyang was by the reign of Taejong in 1400 an important water source 

and sewage output. Fed by over 30 water sources originating in the surrounding hills, the 

Cheonggyecheon is particularly prone to flash flooding; a risk exacerbated by the accumulation of 

sediments from heavy use. From 1411 onwards, with the establishment of the Gaecheondogam, a 

special branch of government dedicated to water management, large scale public works began on 

the river. In 1412, over 52,800 people were mobilized in the extensive reconstruction of the river, 

with dredging and reinforcement of the embankments with stone and timber. Hereafter, the river is 

periodically renovated and restored to this established configuration with dredging and repair once 

every 2-3 years. Of note is the precise way in which the periodic renovations adhered to the 

established physical form of the river, despite the fact that the straightened and smoothened river 

channel probably exacerbated the flash floods. Given the limited technical capacity to precisely 

understand the correlation between design changes and outcome, adhering literally and precisely 

to the established physical form was the only way to guarantee a predictable sameness of the 

outcome that is not worse than the previous state. The case of Cheonggyecheon illustrates key 

opportunities and limitations of the constant renovations approach. First, the cost of periodic 

renovations becomes infinite when extrapolated over time, and need to be sustained by an equally 

constant source of income to be sustainable. In addition to establishing the two government 

departments dedicated to the upkeep of river, the Joseon administration also distributed land and 

special trading concessions around the river to workers engaged in the long-term dredging and 

repair of the river, thereby directly channeling the added value of a well-maintained river to the 

cost of its upkeep. Second, the definition of sameness is critical to the long term success of 

constant renovations. The mode of renovation established at the Cheonggecheon during the 

Joseon Dynasty, while able to prevent the worsening of conditions, also left little scope for 

 Kim, Sae-Hoon., Sang-Hoon. Jung, Peter G. Rowe, Sŏul Sijŏng Kaebal Yŏn'guwŏn, and Harvard University. Graduate School of 10

Design. A City and Its Stream : An Appraisal of the Cheonggyecheon Restoration Project and Its Environs in Seoul, South Korea. 
Cambridge, MA: Harvard University Graduate School of Design, 2010.
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improvements, as it only adhered to a physical form. Enormous resources are therefore dedicated 

to the maintaining of a workable, tho not particular optimal or efficient, solution.  

The Same But Different 

6.2.3 San Agustin Church (1609) Juan Macias 

While the pre-modern examples of consistency as a building design strategy are characterized by 

literal and physical definitions of sameness and binary means of pursuing it, with the entire building 

designed to either be permanent or completely restored with each renovation, this began to give 

way with the development and maturation of the major world religions, which eclipsed empires to 

become the dominant hegemonic powers endowed with the resources to contemplate and sponsor 

strategies of consistency, particularly in Europe and the Middle East. The Roman Empire’s adoption 

of Christianity around 300BC is often cited as the watershed moment in this transition. In 

particular, religions proposed a conception and goal of consistency that is distantly less spatial and 

more abstract. The church is, for instance, more interested in the consistency of the message 

conveyed in scriptures than the physical format of the bible. At the same time, while modern 

engineering has yet to emerge at this point, the rise of transcontinental empires with well-codified 

building practices, as with the Romans, allowed several building cultures to systematically 

accumulate construction experiences across diverse geographic regions, introducing a more 

nuanced awareness of correlations between structural configurations and seismic resilience. This 

allowed the previously rigid and literal definitions of sameness to be more flexibly negotiated. 

A particularly interesting episode that demonstrates this shift away from literal and physically 

defined notions of sameness towards abstract qualities or values in strategies of consistency is the 

Earthquake Baroque, a local permutation of Roman Catholic Churches that emerged in the 
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Philippines during the Spanish Colonial Period in the 16th and 17th century.  An early and 11

canonical example is the San Agustin Church in Intramural, the historic Spanish fortress city in 

Manila, completed in 1586. Earthquake Baroque may be usefully understood as the negotiation 

between two competing forces. On the one hand is the missionary aspiration of the Spanish Empire 

and the Roman Catholic Church, which sought to project its version of universal truth by building 

churches that are identical to those in Europe. On the other hand is the highly seismic context of 

the Philippines, in which designs perfectly identical to those in Spain and Rome are doomed to 

collapse. Informed by previous colonial experiences in the seismic regions of Sicily and Latin 

America, the Earthquake Baroque found in the Philippines is a departure from literal definitions of 

sameness, as churches are modified from the idealized archetype to survive the seismic context. 

Common features found across Earthquake Baroque churches include squat proportions, 

thickened walls up to 2.5m, the addition of buttresses to help resist lateral loads, and shortened 

bell towers. Of particular note is the significant effort dedicated to maintaining as much as possible 

the look and feel of a classic Baroque church. Sculptural reliefs too delicate to be included are 

painted on as murals, and the shortened bell towers are tapered to create the perspectival illusion 

of greater height. The Earthquake Baroque church reveals two key design opportunities. First is the 

possibility of defining sameness in more abstract ways, affording designers extra dimensions of 

freedom to adjust to circumstantial idiosyncrasies, while still enjoying the benefits of consistency. 

As churches in the Philippines only need to present the ‘look and feel’ of a Roman Catholic Church, 

as opposed to a literal replication, necessary seismic adaptations may be integrated while still 

achieving its goal of projecting the universal power of the church. This may be considered a 

precursor to the modern idea of brand consistency, where disparate elements such as a logo or 

color scheme are sufficient for conveying the predictable sameness of the content. Second, the 

Earthquake Baroque demonstrates nascent attempts to combine permanent and constantly 

renovated elements in a single building. The walls of the congregation space, for instance, is most 

heavily reinforced, while the roof and bell towers, which are most prone to collapse in an 

 Galende, Pedro G., and Regalado Trota. Jose. San Agustin Art & History, 1571-2000. Manila, Philippines]: San Agustin Museum, 11

2000.
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earthquake, are often constructed with timber or lighter masonry designs, with the explicit 

understanding that these could be more easily repaired as needed. Designs also evolved with each 

rebuild, as opposed to adhering strictly to the previous form, allowing the building to adapt over 

time as new insights emerge. 

Hybrid Configurations 

6.2.4 Nakagin Capsule Tower (1972) Kisho Kurokawa 

6.2.5 Azuma Row House, Osaka (1979) Tadao Ando 

Moving well into the modern era, consistency as a building design strategy in seismic regions has 

broadly continued the trajectory towards more abstract definitions of sameness, pursued through 

hybrid configurations combining both permeant and constantly renovated elements. The shift 

towards more abstract definitions of sameness is in part catalyzed by the relative decline of both 

empires and religions in the modern world, and the emergence of market economies as the 

hegemonic force and primary sponsor of consistency. A vivid illustration of this transition is the 

Japanese Emperor Hirohito's renouncement of divine power on radio broadcast in 1945. As with 

the empires and religions before it, the market economy imparts a particular conception and goal 

of consistency, which may be best described as commodity-like. Markets favor abstract and 

measurable metrics of sameness, particularly those correlating direct to price or trade-ability. Two 

buildings with different colors, ornamental style, and furnishings, but with similar relative location 

to transit, size and number of bedrooms, may be considered the same in the eye of the market, as 

it would likely fetch similar prices. Advancements in engineering in the same period has also 

allowed parts of different lifespans to be combined more precisely and carefully, allowing cycles of 

renovation to occur with minimal disruption to the building's function. Usually, a hybrid 

configuration would establish with the primary structure aspects of the building that are deemed 

the most permanent, while the renovated parts are given various degrees of leeway to evolve over 
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time to satiate abstract and evolving standard of consistency, such as a degree of liveability or 

relative market value. 

An illustrative case of a hybrid configuration that combines both permanent and temporary 

elements is the Nakagin Capsule Tower, in Tokyo, completed in 1972.  Designed by Kisho 12

Kurokawa, a core member of the Metabolists, a Japanese architectural movement that thought 

deeply about the problem of consistency in disaster-prone Japan, and advocated for a constant 

process of renewal, akin to biological metabolism, that utilizes the capacities of modern industry to 

mass-produce and customize parts for the cycles of renovation. Intended as inner-city residences 

for the young urban professional, the Nakagin Capsule Tower is composed two concrete cores, at 

11 and 13 floors tall respectively, which contains the circulation/infrastructure and establishes a 

permanent physical form of a tower configuration, onto onto which 140 prefabricated capsules, 

each a self-contained studio apartment intended to be regularly replaced to keep up with the latest 

technology and lifestyle, is attached. In practice, however, the anticipated boom in the capsule 

market did not materialize, and in combination with the practical difficulties of detaching and 

reattaching capsules, no units have been replaced since the original construction. While the 

concrete core has succeeded in assuring a predictable sameness of the tower’s physical 

configuration, the aging capsules have not maintained a consistent state of newness and real 

estate value that the design originally intended. The downfall of the design may be attributed to the 

physical constraints placed on the replaceable capsules, which despite aspirations to be infinitely 

customizable must still conform to particular physical constraints in size and structural connection, 

for example; limiting its capacity to accommodate the diversity of future scenarios. 

In contrast to the Nakagin Capsule Tower, which aimed to anticipate and control both the 

permanent and periodically renovated parts, an alternative approach to achieve a hybrid 

configuration is to only design the most physically permanent elements, while leaving all other 

 Koolhaas, Rem., Hans Ulrich. Obrist, Kayoko. Ota, James Westcott, and Office for Metropolitan Architecture. AMO. Project 12

Japan : Metabolism Talks. Koln ; London: Taschen, 2011.
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aspects of the building unspecified. An illustrative example is the Asuma Row House in Osaka, 

Japan, completed in 1979.  Designed by Tadao Ando, the simple, bunker-like structure is a critical 13

reaction to the modernist and Metabolist ideal of the infinitely adaptable architecture, in which all 

possible future scenarios are preemptively accounted for and designed. In the account of Ando, 

the Asuma Row House is an exercise in reducing architecture to the bare minimum of a solid 

concrete frame, which defines a specific arrangement of spaces without any stipulations of 

program, finishes, or means of enclosure. The narrow site typical of the traditional rowhouse 

neighborhood is divided into three equal segments in plan, with two rooms in each of the front and 

back segments, stacked two stories tall. The middle segment is left as an open void, with a stair 

and bridge providing access to all four rooms. Poetically and somewhat inconveniently, residents 

must go through the open-air courtyard and be expose to the weather whenever they move from 

room to room. Whereas the Nakagin Capsule Tower aspired to control with a high degree of 

precision both the permanent and temporary parts of the building, the Azuma Row House controls 

only what is certain to be physically permanent, while evading the futile task of trying to predict the 

future life of the building. All four rooms have identical dimensions, plumbing connections, and 

direct relationship to the open courtyard, but with no designated functions, designed as such in 

the belief that decisions about use are best left to the residents in order to keep up with constantly 

evolving notion of dwelling. Akin to John Soane’s preemptive depiction of his 1789 competition 

design for the Bank of England in a future state of ruin,  the Azuma Row House presents an 14

extreme example of a hybrid configuration, in which only a most basic spatial configuration is 

insisted by the design, but which would persist throughout the buildings life, across the broadest 

range of uses, even as a ruin. 

6.3 Contemporary Cases - Heavy Frameworks and Seismic Renovations 

 Andō, Tadao. Andō Tadao No Kenchiku. 初版. ed. Tōkyō: Tōtō Shuppan, 2007.13

 Schumann-Bacia, Eva, and John Soane. John Soane and the Bank of England. New York: Princeton Architectural Press, 1991.14
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While consistency as a building design strategy is rarely the most efficient way of managing 

seismic risk, as it often relies on a near-superstitious adherence to the familiar and rote 

deployment of redundancies to increase the likelihood of a predictable and satisfactory outcome; it 

remains widely popular and applied in contemporary practice; reflecting the high emotional and 

practical value attributed to the quality of consistency in the built environment. In contemporary 

practice, the strategies of consistency are most often observed in contexts where the government 

serves as the de facto underwriter of earthquake damages, and where the cost of failure is based 

on political calculations as opposed to economic ones, with high stakes such as the legitimacy of 

the ruling class skewing traditional calculations of efficiency. Examples include China, where 

response to natural disasters is traditionally and continues to be interpreted as a measure of the 

ruler's mandate from heaven, and Indonesia and South America, where the government inevitably 

acts as the last defense before societal collapse as market mechanisms for dealing with risk, such 

as insurance, are not yet pervasive or well developed. Further, as contemporary political systems 

increasingly emphasize the high and equal value of all individual lives, the strategy of consistency 

is likely to become more popular still, given its unique capacity to guarantee a satisfactory outcome 

for everyone, as opposed to only the majority. The persistent popularity of consistency as a 

building design strategy in seismic regions may also be attributed to the low technical threshold of 

entry. While more advanced engineering capacities may improve the efficiency with which a 

satisfactory outcome can be made more likely, a brute force approach is often also reliably 

workable. Doubling the size or number of structures, for instance, will almost always improve a 

building's safety in earthquake scenarios, even if local construction quality remains poor. In 

contexts plague by entrenched limitations, the strategy of consistency offers a quick and certain 

resolution, albeit at inflated costs. 

As recently reiterated by Hillary Sample in Maintenance Architecture, an open secret about the 

consistency of buildings that belies its contemporary guise as a uniformly consistent commodity is 
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that it consists of different and constantly ongoing cycles of deterioration once built, with diverse 

elements aging and requiring maintenance at different rates.  In other words, buildings are 15

naturally hybrid configurations that combine both permanent and constantly renovated elements, 

and where the unpredictable interaction between elements at different states of newness 

compounds the complexity of maintaining a building’s predictable sameness, whether physically or 

abstractly defined. Given the intractability of confronting everything at once, contemporary 

strategies of consistency may be broadly divided into two categories. The first, described here as 

heavy frameworks, focuses on what is usually the most basic and permanent physical element; the 

primary structure. By circumscribing the design to the physical element with the longest lifespan, 

the aspiration is to bake into the building certain qualities that remains permanent, such as 

particular arrangement of spaces or patterns of movement, while at the same time abstaining from 

stipulations of things that may change over time, such as program or fittings, in order to 

accommodate the widest possible range of future scenarios. From an engineering perspective, 

structures that aspire to remain consistent without repair needs to resist all foreseeable loads 

within the elastic range of the material, as deformations will accumulate in the ductile range, and 

over time cause the structure to weaken in unpredictable ways. While this may be more easily 

achieved with materials that have a large elastic range, such as timber, rubber, or modern plastic 

composite, the molecular structure of elasticity means it also tends to deteriorate over time and 

with use. Structures aspiring to the highest degree of permanence are therefore constrained to 

chemically stable materials, such as concrete and stone, which tend to be rigid, and need to be 

made much stronger in order to resist the same load within its elastic range. This tends to produce 

large and dense structures; which present distinct design opportunities. 

The second approach, described here as seismic renovations, focuses on how a building may, 

through successive rounds of improvements, modifications, and additions, keep up with abstractly 

defined standards of consistency that constantly evolve, which in contemporary circumstance 

 Sample, Hilary. Maintenance Architecture. Cambridge, Massachusetts: MIT Press, 2016.15
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often revolve around continuities or intensities of use. While this may at first appear simple to 

achieve, as demand for different uses waxes and wanes over time, buildings often need to undergo 

a degree of physical modification in order to continue to accommodate the highest and best use. 

Converting factory buildings to residential use frequently requires the addition of bathrooms and 

the associated plumbing, for instance. A significant limiting factor in seismic regions is how a 

building’s structure may be renovated to keep up with the constantly improving standard of safety, 

whether defined by public perception or stipulated by building codes. Where the programmatic 

shift also requires a corresponding upgrade in safety and performance, say in converting a 

warehouse to educational use, improvements need to go beyond the incremental. The issue is 

further complicated in circumstances where the building’s historical authenticity forms a significant 

part of its value; requiring careful considerations of how a building may be renovated while still 

remaining consistent in ways deemed important. 

The following section will investigate ten contemporary building case studies, five from each of the 

two categories outlined above, to examine and illustrate key traits and trends. The heavy 

framework projects are roughly organized by design tropes, to demonstrate converging design 

exploration in contemporary practice. The seismic renovation projects are organized by the 

typology of structural intervention, to foreground specific design opportunities associated with 

each.  

6.3a Heavy Frameworks 

Patterns of Movement 

6.3.1 University Campus UTEC (2011) Grafton Architects 

6.3.2 Xiaoquan Elementary School (2010) Hua Li/TAO 
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A distinctive feature of heavy frameworks is that it tends to establish specific patterns of 

movement in and around it. Movements inside are specific because of the volume and density of 

structure, which limits the amount of navigable space within a given building volume. Movements 

around heavy frameworks are also significantly influenced, as they tend to be continuous and have 

few fenestrations. In the sense that heavy frameworks often serve as effective navigational 

markers, given its size and permanence, it also affects movement beyond its immediate vicinity. 

The Great Wall in China, the general name used to describe the system of fortifications along the 

historical northern border, is a clear illustration of a heavy framework utilized to modify patterns of 

movement, in this case restricting north-south movement for defense purposes, funneling it 

through a limited number of gateways to facilitate the collection of tariffs, and expediting east-west 

movement on the wall-top road for communication. In contrast to historical examples, which tend 

to define simple patterns of movement in plan, contemporary examples are usually more richly 

articulated in section, defining patterns of movement in three-dimensional space - conforming to 

broad trends towards taller, multi-story configurations, as well as hybrid combinations of programs 

in buildings. In contemporary practice, heavy frameworks exploring patterns of movement are often 

found amongst education projects, where the noted importance of egress makes available extra 

resources for circulation, while the unpredictable future spatial needs of education limit classrooms 

to generic designs. 

An illustrative example is the University Campus UTEC, a vertical campus building in Lima, Peru, 

completed in 2011.  Designed by Grafton Architects, in collaboration with local engineers GCAQ 16

Ingenieros Civiles, the building is akin to a segment of the modern stadium building, with 8 piers 

supporting a stepped arrangement of rooms, offices, and auditoriums on the south elevation, all 

accessed with a generous labyrinthine circulation spaces on the north, which doubles as the public 

forum. In the account of architects Yvonne Farrell and Shelley McNamara, the scheme is conceived 

as a series of movements and views in relation to its broader contexts of the Pacific Coast and the 

 Farrell, Yvonne, Shelley McNamara, Kenneth. Frampton, and Columbia University. Graduate School of Architecture, Planning, 16

Preservation, Issuing Body. Dialogue and Translation : Grafton Architects. GSAPP Transcripts. New York, NY: GSAPP Books, 2014.
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Andes. To accommodate the broadest range of future teaching needs, the classroom spaces itself 

are relatively generic and organized straightforwardly, with large spaces at the bottom and smaller 

ones at the top, all with direct access to the main circulation system. Structurally, the building is 

supported by the 8 concrete pier, between which classrooms are sandwiched, and the circulatory 

ramps and platforms span. Despite the slender proportions of the east-west elevation, the 

conservative sizing of structural elements, the limited number of fenestrations, and the tapered 

form of the building make it highly advantageous in seismic scenarios.  

Another example of a heavy structural framework used to define a distant pattern of movement is 

the Xiaoquan Elementary School in the town of Deyang in Sichuan, China, competed in 2010.  It is 17

a high profile post-earthquake reconstruction project, as it replaces a school on the same site 

destroyed in the 2008 Wenchuan Earthquake, during which the collapse of several poorly 

constructed primary school buildings, along with inconsistent evacuation protocols, led to many 

deaths and attracted widespread public condemnation. Designed by Hua Li of Trace Architecture 

Office, the school consists of 12 buildings organized by function, from rows of equally dimensioned 

classrooms to the auditorium; organized around a central spine, which is itself a covered collonade 

structure. In Hua Li’s account, the school was envisioned as a composition of smaller parts in order 

to recreate an experience reminiscent of strolling through the old town of Deyang. Structurally, the 

building consists of 13 roughly symmetrical reinforced concrete frames, each with generous sizing 

and limited fenestrations, making it highly stable in seismic scenarios. While the classrooms, 

offices, and auditorium spaces are largely generic, conforming to standardized dimensions 

stipulated by the Department of Education, the recognized importance of egress provided more 

scope for design exploration in the circulation. In particular, the need for each classroom to have 

multiple paths of egress justified the cost of duplicate circulation systems, which when aggregated 

allowed hallway and stairs to take on significant social and programmatic functions. 

 “XiaoQuan Elementary School [Sichuan Province, China]: TAO.” 2013. C3 Korea, no. 343 (March): 112–2917
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Arrangement of Spaces 

6.3.3 Apartments in Nerima (2010) Go Hasegawa 

Given the difficulty of making alternations to the primary structure, heavy frameworks in the sense 

defined here tend to bake into the building distinct proportion and arrangement of spaces. In 

particular, as structures calibrated to extreme load scenarios tend to produce dense grids with 

shorter spans, programs that may typically be accommodated within an open span often need to 

be distributed amongst several structural modules. A typical one-bedroom apartment unit in non-

seismic contexts, for instance, usually fits within one or two ~6m spans, with the living/dining/

kitchen area occupying one span, and the bedroom and bathroom occupying the adjacent span. In 

contexts such as Japan, where structural grid spans are often reduced to under 3m in order to 

achieve a high degree of rigidity in seismic scenarios without drastically increasing the size of 

columns, the same on one-bedroom apartment need to be span across 3-6 spans, expanding the 

diversity of possible configurations, and requiring the designer to make conscious choices about 

how to divide and arrange the spaces in relation to each other. 

An illustrative example is the Apartments in Nerima, a residential building in Tokyo, Japan, 

completed in 2010.  Designed by Go Hasegawa, the building is a direct extrusion of the 18

approximately 16x13m rectangular site to the height limit of 7 floors tall. Located in an office and 

university district, the building consists of 20 studio and one-bedroom units. Given the budgetary 

and regulatory constraints, the building opted for a reinforced concrete frame structure, with spans 

ranging from 1.4-2.7m in the y-axis, and from 1.0-3.7m in the x-axis. In Go’s account, the design 

saw the short spans not as a constraint, but as an opportunity to compose a diversity of small units 

from even smaller modules. Even the smallest studio unit size consist of three structural modules, 

which may be arranged linearly in plan, vertically across three levels, or in L-shapes, both in plan 

 “Apartamentos En Nerima = Apartments in Nerima, Tokyo, Japan, 2007-2010: [Go Hasegawa].” 2017. Croquis, no. 191: 58–71.18

335



and in section. The spaces are also loosely defined in terms of function, with only their relative 

position to windows, doors, and each other establishing a particular arrangement of spaces 

ranging in scale, privacy and brightness, which would persist while remaining open to different 

programmatic needs and patterns of occupation. 

Duplicate Facades 

6.3.4 Poli House (2005) Pezo von Ellrichshausen 

6.3.5 Lali Gurans Orphanage (2016-) MOS Architects 

A recurring trope in strategies of consistency is duplication. Having a complete copy of the basic 

functional unit is a useful rule of thumb for assuring the predictable sameness of outcome in the 

event that one should fail completely. When applied to the problem of building in seismic regions, 

duplication is often directly translated as the doubling of structure, usually at the periphery of the 

building, where it can best contribute to the overall configuration's inertia and strength, and most 

space is available for an extra set of structure to be added without significantly impeding the 

usability of the interior space. Greek temples, for instance, have a row of columns along its 

periphery, and walls offset just behind, both supporting the load of the roof, and creating the 

distinctive space of the loggia in-between. The duplicate facade offers several design 

opportunities. First, the interplay between two layers of structures creates a new dimension of 

nuance which, akin to the Moire Effect, allows a diversity of visual effects to be created from binary 

elements, for example through the careful alignment and misalignment of uniform grids or simple 

openings. Second, the duplicate structures create a thickened periphery zone around the building, 

allowing secondary functions to be integrated without infringing on the geometric purity of the 

interior spaces, while providing thickness for the inside-outside relationship to be more 

deliberately controlled. In contemporary practice, duplicate facades are often found in contexts 
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with poor construction quality, as a kind of rule-of-thumb safety factor to assure the building’s 

structural safety. 

An illustrative example is the Poli House, a residence for artists and exhibition space located on the 

remote Coliumo Peninsula in Chile, completed in 2005.  Design by Mauricio Pezo and Sofia von 19

Ellrichshausen, the Chilean architects based in Conception, the building is a roughly 10x10x10m 

cube, sitting on a natural podium facing the Pacific Ocean. The plan is divided into four even 

squares, with the levels spiraling up. Circulation and services are integrated into a 1.5m thick zone 

on the periphery, sandwiched between two concrete wall structures, which are punctured with 4-6 

fenestrations on each facade. In the architect’s account, the compact and fortress-like design aims 

to establish a sense of protection and autonomy in the vast open landscape. Structurally, the 

building is an in-situ concrete monolith. The duplicate wall structures at the periphery and the 

conservative sizing of openings consciously compensations for the imprecision of in-situ 

construction available at the remote site, effectively applying an extra factor of safety of 2. While 

the size and number of fenestrations are limited to avoid weakening the overall structure, the 

design takes advantage of redundancies in the duplicate structure, which offers a high degree of 

freedom in the placement of fenestration - achieving a carefully calibrated sequence views to the 

exterior that shift dynamically as the occupant moves through the building. 

A more recent example of similar design explorations is the Lali Gurans Orphanage, a non-profit 

community center outside Kathmandu, Nepal, originally set for completion in 2017.  The design by 20

Michael Meredith and Hilary Sample of MOS Architects, in collaboration with the engineers AKTII, is 

like the Poli House organized around a symmetrical square plan, chosen in for its geometric 

advantage in seismic scenarios. The cubic plan is extruded to 4 floors tall and tapered inwards as it 

rises to further improve its stability. In the architect’s account, the design was challenged by the 

 Pallasmaa, Juhani Uolevi, Rodrigo Pérez de Arce, Mauricio Pezo, and Sofía von Ellrichshausen. 2012. “Pezo von Ellrichshausen.” 19

2G: Revista Internacional de Arquitectura = International Architecture Review, no. 61.

 Meredith, Michael, Hilary Sample, and MOS. MOS : Selected Works. New York, New York: Princeton Architectural Press, 2016.20
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remote location and takes as its departure point the locally available construction system 

composed of 30x30cm section in-situ concrete frames. By duplicating this concrete frame and 

connecting it to form what is approximately a concrete space frame at the periphery of the 

building, the project is able to dispense with infill blocks, which are usually necessary for lateral 

stability; creating a porous structural facade with occupiable dimensions. Stairs are sandwiched 

between the two layers of concrete frames, acting as cross bracing to further improve the overall 

rigidity. The two layers of regular concrete column grids, and space in-between act in combination 

as brise soleil and thermal insulation; both key agents for maintaining low operations costs, an 

important consideration for the non-profit client, in the alpine environment. 

6.3b Seismic Renovations 

Bracing Plus 

6.3.6 Midorigaoka #1 Tokyo Tech (2006) Koichi Yasuda 

6.3.7 Nursery in Amyu Atsugi (2014) Junya Ishigami 

In contemporary contexts, where the value of a building is usually equated with its practical utility, 

a common type of consistency to which buildings aspire is to remain in use, and presumably 

generate the necessary value to justify and sustain its upkeep. While this definition of sameness 

may at first appear straightforward to achieve, it requires, at the very least, the building to keep up 

with the building code, which constantly improves, while buildings tend to remain the same if not 

deteriorate over time. The introduction of modern egress requirements in New York at the turn of 

the 20th century, for instance, required existing buildings to be retrofitted with fire escapes in 

order to remain legally occupiable. This is often done on the exterior of buildings, where it could be 

easily installed and posed minimal disruptions to the building’s function. Similar developments 

occurred in relation to seismicity with the emergence of modern earthquake engineering in the 

338



1900s and, in particular, the introduction of modern seismic codes in Japan, California, and Italy in 

the 1960s, and elsewhere in the 1970s, which shifted the definition of earthquake movement from 

a static lateral load to dynamic accelerations.  This immediately disqualified many existing 21

buildings due to previously unconsidered risks of rotational and of shear failure; effectively 

prescribing significant structural reinforcements in many existing buildings. The standard solution 

involves a combination of external and internal truss bracings, which can be installed quickly and 

are often more affordable than rebuilding anew. In contemporary practice, structural 

reinforcements are often seen as a design opportunity and combined with ancillary functions, to 

bring the building’s performance up to current code in other areas, such as energy consumption, or 

to accommodate new and alternative uses of the existing space. 

An illustrative example of how the standard anti-seismic bracing laminated onto the building facade 

has evolved beyond its original structural function is the renovation of the Midorigaoka #1 Building 

at the Tokyo Institute of Technology in 2006.  Design by Koichi Yasuda and the engineer Takeuchi 22

Toru, both faculty members a the university, the project is a retrofit of an existing reinforced 

concrete frame building, approximate 60x16m in plan and 5 floors tall, typical of university 

campuses across Japan. The building, constructed in 1967 before the revised Building Standard 

Act of 1981 in Japan, which closed a key loophole in soft-story failure, is deemed unsafe by 

contemporary standards. In particular, due to the row arrangement of rooms in the slab typology, 

the building lacked sufficient bracing in the longitudinal direction. The open-plan second-floor 

studio space also created a critical weakness in the structural configuration. In the architect's 

account, while the building is not a particularly famous piece of architecture, it is thought to be 

representative of an era, and worthy of careful renovation. Structurally, the building is reinforced by 

a diagrid of steel dampeners, which not only laterally reinforced the building in its weakest axis, but 

 Reitherman, Robert K. Earthquakes and Engineers: An International History. ASCE Press. Reston, VA: American Society of Civil 21

Engineers, 2012.

 Hiraga, Tatsuya. 2009. “Tokyo Institute of Technology Midorigaoka No.1 Building Retrofit: Design Architects, Koichi Yasuda 22

Laboratory + Toru Takeuchi Laboratory; Architect, Tokyo Insitute of Technology Facilities Department + Research Institute of 
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also limit the peak acceleration. Special care is taken to keep visible the original facade of the 

building, with the seismic renovation clearly expressed as a distinct additional layer. Further, the 

depth of the diagrid is used as an opportunity to introduce passive climate control systems; a 

carefully calibrated combination of glass and precisely angled louvers that lower the building's 

energy consumption by up to 36%, bringing it up to the campus's contemporary building 

performance guidelines. 

An illustrative example of interior seismic bracing undergoing similar evolution towards diversified 

functions is the Nursery in Amyu, a kindergarten in the suburb of Atsugi outside Tokyo, Japan, 

completed in 2014.  Designed by Junya Ishigami, the nursery occupies the entire 8th floor of a 23

generic office building, and may be usefully considered in the broader category of projects both in 

Japan and abroad adapting surplus office buildings for alternative uses. Structurally, the 

rectangular office tower is a rigid reinforced concrete frame; a 6x8 grid with spans of 8.1m. Cores 

placed at the east and west end, in combination with the deep beams, provide the lateral bracing in 

seismic scenarios. In Ishigami’s account, the main challenge of the design was to create an open 

and abstract space, evocative of cloudscapes, where children could explore their imagination 

through non-directive play, while maintaining the structural integrity of the building, and adhering 

to the client’s requirement to keep in place all existing mechanical systems. In other words, the 

design problem was how to introduce into the existing space large sculptural forms typically 

associated with non-directive play, reminiscent of sculptures by Isamu Noguchi, who had 

pioneered the pedagogical concept, while at the same time negotiate the structural and spatial 

constraints of the existing building.  The standard form of the internal bracing spanning column-24

to-column was developed into a 2-dimensional spatial partition, which allowed it to be placed on-

grid between the column and above the beams below, where the reinforcement was most useful, 

 “Jardín de Nubes, Atsugi City, Kanagawa, Japón = Cloud Garden, Atsugi City, Kanagawa, Japan, 2014: [Junya Ishigami].” 2016. 23

Croquis, no. 182: 268–75.

 Kahn, Louis I., Isamu Noguchi, Watariumu Bijutsukan, and Marumo Puranningu. Play Mountain : [Isamu Noguchi Ruisu Kān = 24

Isamu Noguchi Louis I. Kahn. Shohan. ed. Tōkyō: Marumo Shuppan, 1996.
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and the extra weight most effectively supported. The two-dimensional shapes have amoebic 

profiles in elevation, which allows it to deftly negotiate the existing machinery above, and to create 

different scales of openings below, uniting the otherwise fragmentary space into a unified and 

abstract landscape that encourages exploration. 

Sideway Tie-Downs 

6.3.8 Komatsu Seiren Fabric Laboratory fa-bo (2015) Kengo Kuma 

6.3.9 Taipei Taoyuan International Airport T1 (2013) Norihiko Dan and Associates 

Since the 2000s, a small but distinct number of seismic renovation projects have explored the 

possibility of reinforcing the existing buildings using tensile elements. While often technically more 

difficult to engineer and install, given its non-rigid shapes, tensile elements offer several structural 

advantages, such as the ability to self-align under load, absorb acceleration and vibrations in 

tension, and being immune to buckling, can be made much thinner compared to a compression 

element resisting an equivalent load. In particular, the contemporary projects have often deployed 

the tensile elements externally, attaching the top of the external elevation to the ground some 

distance away, akin to tying down cargo on a ship. This creates a tent-like space at the periphery of 

the building, which is often of occupiable dimensions, allowing the addition of programs to 

complement those already in the existing building. The recent uptick in sideway tie-downs may 

also be in part attributed to recent material advancements, particularly with carbon fiber 

composites. 

A pioneering project in this relatively new category is the Komatsu Seiren Fabric Laboratory, or fa-

bo, a textile showroom and laboratory for the Komatsu Seiren textile company in Nomi, Japan.  25

The project is a renovation of a pre-1981 rigid reinforced concrete frame building, with a 23x40m 

 “Komatsu Seiren Fabric Laboratory Fa-Bo, [Ishikawa, Japan, 2015 : Kengo Kuma].” 2018. JA, no. 109 (Spring): 200–203.25
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rectangular plan extruded to 3 floors tall. Here, the second and third levels originally designed as 

open-plan office space were deemed to lack sufficient lateral bracing by contemporary standards. 

In Kuma’s account, the designed is both a technical showcase of the company’s high-tech textile 

product and exploration of a new typology of seismic reinforcement to bring the building up to 

code. Taking as its departure point the company’s new thermal plastic carbon fiber composite, the 

Cabkoma Strand Rod, the material with extremely high tensility strength is deployed in two ways. 

First, braided panels are inserted between columns, 13 on the second floor, and 10 on the third 

floor, acting as semi-transparent lateral bracing. Second, a series of tension cables are tied to a 

metal bracket of roof, attached and angled over the top of the facade, and tied to the ground 

approximately 5m away from the building's footprint. Collectively, the cables angled in different 

directions brace the building laterally. It also creates an additional space at the periphery of the 

building, sandwiched between the existing concrete structure and the curtain-like layer of bracing, 

which in this instance acts to re-organize the entry sequence, corresponding to the shift in 

function from an office building to a showroom and laboratory. The thinness of the cables means 

the original building remains clearly visible, a key consideration in the preservation-minded project. 

A more recent and larger-scale application a similar strategy is the renovation of Terminal 1 at the 

Taipei Taoyuan International Airport, completed in 2013.  Designed by Norihiko Dan, the Japanese 26

architect, the brief entailed the reinforcement and expansion of the existing terminal building, the 

first international airport in Taiwan designed by the engineer T. Y. Lin. The defining characteristic of 

the original building is the catenary roof spanning the width of the building, supported at the two 

ends by outwards leaning piers; a design heavily influenced by Eero Saarinen’s Washington Dulles 

International Airport. In Dan's account, the renovation scheme extends the iconic catenary roof on 

both sides, creating two new wings in the building that echoes the original scheme, while 

extending the building volume twofold, allowing it to accommodate the expected threefold rise in 

passenger traffic. Observers have also noted the new roof profile's reminiscence of traditional 

 Dan, Norihiko, Aaron. Betsky, Gene. King, and Fumihiko Maki. Norihiko Dan and Associates. Portfolio (Berlin, Germany). Berlin: 26

Jovis, 2015.
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Chinese architecture, citing it as a particularly successful reinterpretation of the vernacular profile. 

Within the logic of the design itself, the catenary extensions serve three key functions. First, it 

helps to stabilize the existing structure, particularly against swaying actions, with the two piers 

now tied directly into the ground. Second, by utilizing the existing piers, the design is able to 

enclose vast amounts of additional space with only minor investments in additional structures. 

Third, as the new roof additions are hanging in tension, it can be made extremely thin and highly 

transparent, helping to bring light into the otherwise deep plan. In addition to physically protecting 

the historical structure by bringing it indoors, by creating additional space around it,  the building is 

able to accommodate the higher intensities of use demanded of it, thereby saving it from 

demolition on economic grounds.  

Inside Up 

6.3.10 Star Apartments (2014) Michael Maltzan 

In contemporary practice, the notion of consistency in seismic renovation projects is usually 

defined through the intensity of use - that a site, and the buildings on it, should consistently 

accommodate the highest and best use in order to maximize its value. Amidst the incessant growth 

of modern cities, this often entails the demolition of the existing building when the value to be 

gained from a new and larger design exceeds the cost of reconstruction. This option, however, is 

not always available or desirable, particularly amidst growing concerns for the ecological footprint 

of new construction and recognition of historical authenticity in the built environment as something 

of value and worth preserving. While previous examples of seismic renovations already 

demonstrated some possible ways of accommodating new and higher uses while at the same time 

preserve elements of the building that are deemed important, it is more difficult when the intensity 

of use demanded of a site far out-scales the size of the existing building. Adjacent land for sideway 

extensions are also not always available. This is the case in many historical downtowns, for 
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example, where high land value demand taller buildings, while the historical built heritage being 

preserved is often low-rise and densely built. A distinctive solution that has emerged recently is to 

build from the inside up, with the extra value generated by the additional floor area above 

offsetting the cost of preserving and seismically reinforcing the existing building below, and 

thereby satiating in a roundabout way the relative intensity of use and the preservation of the 

existing building. 

A pioneering and illustrative case of the inside up approach to seismic renovation is the Star 

Apartments, a mixed-use residential building in Skid Row, Los Angeles, completed in 2014.  27

Designed by Michael Maltzan, the Star Apartments is part of the architect's long term collaboration 

with the Skid Row Housing Trust, whose mission is to mediate the chronic homelessness problem 

in the downtown neighborhood. Aiming to develop a new housing typology for the purpose, the 

design combines 102 one-bedroom units with commercial, community and healthcare programs, 

aiming to create a high quality of life for its residents within limited resources. The six-story 

building occupies a corner block in a low-rise neighborhood and is organized in three stacked 

layers: a one-story podium on the ground, four floors of apartment units at the top, and two floors 

of community and office spaces sandwiched in-between. Of particular note is the architect's 

decision to keep and renovate the existing commercial buildings on the site, including a 

supermarket in its previous life, which despite being relatively recent and generic in character, was 

deemed significant to the collective identity and memory of the transient neighborhood. Given the 

dilapidated state of the existing buildings, the preservation focused on the street front facades. As 

the original structure had not been designed to support 5 stories above, a table-like structure, a 

moment platform, is carefully inserted inside to support the new volumes above, composed from 

prefabricated units, while also providing points to attach and reinforce the existing building at 

ground floor against future earthquakes. 

 Maltzan, Michael, and Columbia University. Graduate School of Architecture, Planning, Preservation. Social Transparency : 27

Projects on Housing. Transcripts on Housing. New York, NY: Columbia Books on Architecture and the City, 2016.
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6.4 Future – What Persists and What Changes 

Throughout the development of consistency both as a general strategy for mitigating risk, and 

more specifically as a building design strategy in seismic regions, the central issue has been in 

determining what persists and what changes. This is both a technical problem, in the sense of 

determining what can be preserved or maintained; but also a philosophical one, in designating 

what should be preserved in order to remain consistent in the ways deemed important. Historically, 

strategies have oscillated between literal definitions of consistency, which is difficult to achieve but 

offers the most precision, and abstract ones, which by providing more leeway for interpretation are 

usually easier to sustain. For example, perfectly preserving a house is almost impossible, while 

maintaining it in a habitable state, a more abstractly defined standard, is probably more useful and 

achievable. To maintain an investment portfolio that generates the necessary income to rent a 

habitable home is perhaps even more abstract and sustainable, as it can access sophisticated 

investment and risk management tools, but with extra degrees of separation from the actual house, 

exerts less control over the experience of consistency. 

As a building design strategy in seismic regions, consistency offers unique advantages, most 

notably in its low technical threshold of entry; making available to contexts outside the advanced 

world one of the few options for dealing with seismic risks in a way that is compatible with modern 

expectations of reliability. Repairing buildings as they collapse may be workable in pre-modern 

village circumstances, for example, but would incur immense costs if it disrupts modern commerce 

and supply chains. As large portions of the seismic world, including Indonesia, Latin America, 

western China, and the Middle East, now occupy an in-between stage of development, where the 

cost of inconsistency is immense, but sophisticated technical capacities for dealing with seismic 

risks efficiently, such as precisely diversified structural configurations, are still out of reach, the 

strategy of consistency, particularly of the heavy frameworks types, where structures are over-
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calibrated to assure its predictable sameness in extreme seismic scenarios, is set to become the 

mainstream. The strategy of consistency in the sense of seismic renovations, where the existing 

buildings are reinforced and adapted to maintain a consistent level of function or value, is also set 

for wider application, as the historical authenticity of built environments is increasingly seen as an 

asset to be preserved and utilized, and amidst growing concerns regarding the ecological footprint 

of new constructions. 

As the established tropes of consistency proliferate common practice in large parts of the world, 

cutting edge development is also being made on three fronts. The first and second may be usefully 

understood as expanding the spectrum of what persists and what changes. On the one end, it is 

exploring ways of making elements of the physical building, particularly the primary structure, more 

permanent, aspiring to the timescale of geological time. One the other end, it is concerned with 

more elemental and profound ways of understanding and defining sameness in buildings, so that it 

may remain adaptable to future needs while enjoying the benefits consistency. The third front of 

explorations concerns new ways of designating and combining permanent and constantly 

renovated elements in hybrid configurations, particularly at the scale of urban environments. 

The following section will examine five recent cases that illustrate the forefronts of development in 

the strategy of consistency as a building design strategy, drawing heavily from realized 

experimental projects as well as speculative studies. The cases are organized by the three areas of 

exploration outlined above. 

Geological Time 

6.4.1 Padre Pio Pilgrimage Church (2004) Renzo Piano 

6.4.2 The Truffle, Costa da Morte (2010) Ensamble Studio 
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In each era, only very few buildings are concerned with issues of physical consistency in the 

longue duree. Most contemporary buildings, for instance, have expected lifespans of 30-80 years; 

constrained by economic limits as opposed to technical ones. For projects uniquely positioned and 

endowed to push the technical limits of physical permanence, which mostly consists of imperial 

monuments, religious buildings, and more recently, a specific category of land art broaching the 

scale of geology, explorations tend to look back towards history for inspiration; disqualifying the 

untested youth of more recent technological advancements as a potential source of inconsistency. 

Despite the superior technical performance of modern materials and construction, the most 

reliable way to assure the predictable consistency of a building that aspires to last a thousand 

years, for example, is to draw from a successful case that has already survived the same timespan. 

We may speculate about the durability of modern materials with superior performance, but 

examples over 100 years old are rarely available, if at all. Reminiscent of the Hegalian idea of 

modernity as both looking forward to the future and back to the past, designs that aspire to project 

itself far into the future need to look equally far back into past for guarantees of consistency, where 

the familiar materials and tropes of contemporary and modern architecture quickly diminish. 

Beyond timespans of 400 years, which looks past the more familiar architectural legacy since the 

Renaissance, inspiration often has to be drawn from antiquity, as well as geological formations. 

An example of contemporary architecture looking to the material pallet of antiquity in order to 

project itself equally far into the future is the Padre Pio Pilgrimage Church, located in San Giovanni 

Rotondo, Italy, completed in 2004.  Design by the Renzo Piano Building Workshop, in collaboration 28

with the engineers at ARUP, the building is composed of 22 arches arranged in two rows in a radial 

pattern, originating from the alter, on top of which large timber roof panels are supported. In the 

engineer's accounts, a key challenge of the project was the brief's aspiration for the building to 

have a lifespan of at least 400 years, given the gravitas of the site and program. The difficulty of 

this challenge is compounded by its location in a highly seismic region. While modern solutions for 

 Oddo, Maurizio., and Renzo Piano Building Workshop. La Chiesa Di Padre Pio a San Giovanni Rotondo = Church of Padre Pio in 28

San Giovanni Rotondo. 1.st ed. Milano: F. Motta, 2005.

347



dealing with seismic loads are available, none have a history of over 100 years, and cannot be 

guaranteed to work that far into the future. Citing the surviving examples of Greek and Roman 

architecture, the funicular arch was chosen as the primary geometry, given its tested durability and 

self-aligning properties. The choice of stone as the principal material also took its hints from 

history. A key engineering element was the stone-to-stone connections in the arch, which needed 

to be malleable to absorb and dissipate the earthquake movement. Despite the superior 

performance and projected durability of modern rubber composites, it could not be used, as its 

chemical stability over 400 years could not be assured. Instead, the building looked to Babylonian 

architecture and chose to use lead plates to provide a degree of malleability in the stone-to-stone 

connections from a very limited pallet, citing its persistent presence and durability from 2000BC. 

A more recent project that challenges the limits of physical permanence in architecture is The 

Truffle, a small holiday hut in Costa da Morte, Spain, completed in 2010.  The project belongs to a 29

series of material studies undertaken by Antón García-Abril of Ensamble Studio and his team at 

MIT, which explores geological processes as a method of constructing architecture. In Antón's 

account, The Truffle is an attempt to emulate the process of mineral formation, in order to produce 

an architecture that is in-tune with its natural environments, and presumably, persist at the scale of 

geological time. The construction process is highly unusual. A large hole is dug into the earth, 

within which bales of hay are arranged, and filled with concrete to solidify the arrangement. Once 

cured, the concrete is dug out, and two cuts are made at either end to reveal the hay bales inside. 

A calf is then invited to eat the hay over a year to excavate the space. By emulating geological 

processes, which usually play out over millions of years, the design aspires to persist equally far 

into the future. Geological processes, however, are highly imprecise and difficult to harness for 

design. In the case of The Truffle, for instance, the only element that could be determined with 

some degree of precision is an internal space with roughly inhabitable dimensions. 

 Mosco, Valerio Paolo. Ensamble Studio. I Quaderni Dell'industria Delle Costruzioni. Roma: Edilstampa, 2012.29
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Enduring Values 

6.4.3 Paper Church (2005) Shigeru Ban 

Another forefront of exploration in strategies of consistency is how to understand and define 

notions of sameness so that the perpetual renovation and upkeep of a building can be assured. 

Historically, this has been done by pegging the responsibility of renovation to imperial or religious 

institutions, or more recently, a board of directors and endowments. The constant dredging and 

maintenance of the Cheonggyecheon, the major waterway in Seoul during the Joseon Dynasty, for 

instance, is assured through the establishment of the Gaecheondogam and 

Suseonggumhwadogam; special water management authorities dedicated to the task,  just as the 30

periodic renovation of the Museum of Modern Art in New York is powered by the consistent income 

generated by its endowment. However, as past experience has shown, neither institutions nor 

investment portfolios are immune to disruptions. What then can be relied upon to assure the 

consistency of buildings? 

A pioneer in thinkings about notions of permanence and consistency in contemporary architecture 

is Shigeru Ban, the Japanese architect perhaps best known for disaster relief projects that utilize 

paper tubes and carboards as the main building material. An early and important work in Ban's 

portfolio is the Paper Church, a temporary community building for a Vietemenes community in 

Kobe that replaces a Roman Catholic Church destroyed in the 1995 earthquake.  While the Paper 31

Church in Kobe was originally only intended to be used for 3 years, thereby circumventing 

concerns of using the paper as the main construction material, which is generally perceived as 

weak and easily damaged, it stayed in use for 10 years, and was subsequently moved and 

 Kim, Sae-Hoon., Sang-Hoon. Jung, Peter G. Rowe, Sŏul Sijŏng Kaebal Yŏn'guwŏn, and Harvard University. Graduate School of 30

Design. A City and Its Stream : An Appraisal of the Cheonggyecheon Restoration Project and Its Environs in Seoul, South Korea. 
Cambridge, MA: Harvard University Graduate School of Design, 2010.

 Ban, Shigeru, and Philip. Jodidio. Shigeru Ban : Complete Works 1985-2010. Köln ; London: Taschen, 2010.31
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reassembled in the village of Puli, Taiwan, in 2005 as a permanent building. As Ban observes in is 

2013 TED Talk, even a building made of paper can be permanent, as long as people continue to 

love and take care of it, while a concrete building, despite its material durability and seismic 

resilience, can be temporary if it was designed with short term profits in mind, as others will quickly 

knock it down at the first opportunity and build something else in its place.  In other words, the 32

permanence of buildings, and its constant upkeep through renovations, is contingent upon whether 

the values represented and embodied by the building continue to resonate with each generation of 

stakeholders. 

Hybrid Configurations at the Urban Scale 

6.4.4 Beijing Preservation Study (2003) Rem Koolhaas/OMA  

6.4.5 Preservation is Overtaking Us (2014) Rem Koolhaas 

A third recent forefront of exploration in strategies of consistency is in rethinking the designation 

of what persists and what changes, both in terms of time and scale. Previously, the relative 

permanence of things is usually determined in one of two ways. First is by the material durability of 

the element. Within a building, a concrete core and structure would usually be designated with the 

longest lifespan, followed by the curtain wall, furniture, and carpet; each renovated with increasing 

frequency. Similarly, roads and block structures are usually assumed to be the most permanent 

elements in urban forms, while the buildings, landscapes, street furniture, and occupants are seen 

as transient. The second way of designating permanence is by qualifiers of antiquity, authenticity, 

and beauty, so to speak. Buildings or structures that are deemed to be beautiful, important, or rare 

are designated for preservation. Both methods of designating permanence impart certain biases in 

what can and should be preserved, usually favoring stone or masonry buildings that are of political 

or religious significance. While this may be well suited to some civilizations, such as classical 

 Ban, Shigeru. “Emergency Shelter Made From Paper” TEDxTokyo. May 2013.32
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Greece and Rome, it is a poor fit in contexts where a holistic built environment, as opposed to 

specific buildings, constitutes its key historical value. 

While alternative, non-objective oriented approaches to historical preservation, or the designation 

of what should remain, have often been proposed, large scale applications have been rare. A 

recent case that points to serious interest in an alternative mode of designating consistency in the 

building environment not directly associated with particular buildings or physical structures is the 

Beijing Preservation Study by Rem Koolhaas/OMA, commissioned by the Beijing Planning Bureau, 

completed in 2003.  The study centers on the Hutong, the pervasive laneway and courtyard house 33

urban block typology that is universally deemed the ‘essence’ of Beijing, but was being lost as 

unprecedented rate amidst the city’s rapid development. In particular, the Hutong environment is 

not so much defined by the physical structure of the buildings, which constantly evolve, but the 

communities and accoutrements of life that have developed with it over time. Challenging the 

existing strategy of only preserving the historical center, which in effect freezes it into a museum, 

and banishing development to the periphery, the Beijing Preservation Study presets a more 

objective mode of preservation. For example, the city may be divided into block wide bands of 

400-500m, and each designated to be preserved at a particular moment in time, spaced decades 

apart, so entire fabrics of the city can be kept consistent, regardless of the contemporaneous 

assessments of value, while the adjacencies of the bands allow new and old developments to 

interact through a large interface. What is being kept consistent, then, are block wide 

environments of the city, including not just the buildings, but also the communities that live in them 

- challenging existing notions of what can and should be kept consistent, in the name of historical 

preservation. 

One of the more recent manifestos in the area of historical preservation, and in particular the 

statement of an alternative model of designing what can and should be kept consistent in the built 

 Rem Koolhaas/OMA, Beijing Preservation Study, 2003.33
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environment, was outlined in Preservation is Overtaking Us, a lecture given by Rem Koolhaas at the 

Columbia Graduate School of Architecture, Planning, and Preservation in 2009.  The lecture 34

outlines Koolhaa’s take on the history of architectural preservation, and in particular, the 

shortening amount of time between the construction of the building to its designation of 

preservation status since the disciple itself emerged in the 1982. In 1982, for instance, the distance 

from the buildings history to the present was about 2000 years, whereas in 1960s, buildings as 

new as 20 years were being designated for preservation. This points to the inevitable convergence 

between preservation status and the present, and perhaps, as suggested in the title of the lecture, 

for preservation to overtake us in the present. In other words, the consistency of a building, or at 

least aspects of it, can now almost be designed and designate before it's construction - pointing to 

potentially revolutionary design opportunities. As Koolhaas points out, the new capacity to 

preserve buildings, even those that are yet to be designed and constructed, re-orients the disciple 

away from formal outcomes, and towards ways of adapting existing things for contemporary needs 

and uses, i.e. to maintain a building’s relevance, which is tagged to evolving contexts, while 

maintaining its consistency in the ways deemed important.

 Koolhaas, Rem, Mark Wigley, Jordan Carver, Jorge Otero-Pailos, and Columbia University. Graduate School of Architecture, 34

Planning, Preservation, Issuing Body. Preservation Is Overtaking Us. GSAPP Transcripts. New York, NY: GSAPP Books, 2014.
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PROJECT

Pyramid of Khufu

DATE

2560BC

LOCATION

Giza, Egypt

ARCHITECT

Hemiunu

6.2.1 CONSISTENCY

Precedents - 
From the Immovable Object and Constant 
Renovations to Hybrid Configurations
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PROJECT

Cheonggyecheon

DATE

1392

LOCATION

Seoul, Korea

ARCHITECT

Joseon Dynasty

6.2.2 CONSISTENCY

Precedents - 
From the Immovable Object and Constant 
Renovations to Hybrid Configurations
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PROJECT

San Agustin Church

DATE

1609

LOCATION

Manila, Philippine

ARCHITECT

Juan Macias

6.2.3 CONSISTENCY

Precedents - 
From the Immovable Object and Constant 
Renovations to Hybrid Configurations
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PROJECT

Nakagin Capsule Tower

DATE

1972

LOCATION

Tokyo, Japan

ARCHITECT

Kisho Kurokawa

6.2.4 CONSISTENCY

Precedents - 
From the Immovable Object and Constant 
Renovations to Hybrid Configurations
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PROJECT

Azuma Row House

DATE

1979

LOCATION

Osaka, Japan

ARCHITECT

Tadao Ando

6.2.5 CONSISTENCY

Precedents - 
From the Immovable Object and Constant 
Renovations to Hybrid Configurations
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PROJECT

University Campus UTEC

DATE

2011

LOCATION

Lima, Peru

ARCHITECT

Grafton Architects

Contemporary Cases - 
Heavy Frameworks and Seismic Renovations

6.3.1 CONSISTENCY
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PROJECT

Xiaoquan Elementary School

DATE

2010

LOCATION

Xiaoquan, China

ARCHITECT

Hua Li/TAO 

Contemporary Cases - 
Heavy Frameworks and Seismic Renovations

6.3.2 CONSISTENCY
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PROJECT

Apartments in Nerima

DATE

2010

LOCATION

Tokyo, Japan

ARCHITECT

Go Hasegawa

Contemporary Cases - 
Heavy Frameworks and Seismic Renovations

6.3.3 CONSISTENCY
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PROJECT

Poli House

DATE

2005

LOCATION

Coliumo Peninsula, Chile

ARCHITECT

Pezo von Ellrichshausen 

Contemporary Cases - 
Heavy Frameworks and Seismic Renovations

6.3.4 CONSISTENCY
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PROJECT

Lali Gurans Orphanage

DATE

2017 -

LOCATION

Kathmandu, Nepal

ARCHITECT

MOS Architects

Contemporary Cases - 
Heavy Frameworks and Seismic Renovations

6.3.5 CONSISTENCY
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PROJECT

#1 Midorigaoka at Tokyo Tech

DATE

2006

LOCATION

Tokyo, Japan

ARCHITECT

Koichi Yasuda 

Contemporary Cases - 
Heavy Frameworks and Seismic Renovations

6.3.6 CONSISTENCY
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PROJECT

Nursery in Amyu Atsugi

DATE

2014

LOCATION

Tokyo, Japan

ARCHITECT

Junya Ishigami

Contemporary Cases - 
Heavy Frameworks and Seismic Renovations

6.3.7 CONSISTENCY
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PROJECT

Komatsu Seiren Fabric Laboratory

DATE

2015

LOCATION

Komatsu, Japan

ARCHITECT

Kengo Kuma 

Contemporary Cases - 
Heavy Frameworks and Seismic Renovations

6.3.8 CONSISTENCY
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PROJECT

Taipei Taoyuan Internation Airport T1

DATE

2013

LOCATION

Taoyuan, Taiwan

ARCHITECT

Norihiko Dan and Associates

Contemporary Cases - 
Heavy Frameworks and Seismic Renovations

6.3.9 CONSISTENCY
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PROJECT

Star Apartments

DATE

2014

LOCATION

Los Angeles, USA

ARCHITECT

Michael Maltzan 

Contemporary Cases - 
Heavy Frameworks and Seismic Renovations

6.3.10  CONSISTENCY
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PROJECT

Padre Pio Pilgrimage Church

DATE

2004

LOCATION

San Giovanni Rotondo, Italy

ARCHITECT

Michael Maltzan, Renzo Piano

Future – 
What Persists and What Changes

6.4.1 CONSISTENCY
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PROJECT

The Truffle

DATE

2010

LOCATION

Costa da Morte, Spain

ARCHITECT

Ensamble Studio 

Future – 
What Persists and What Changes

6.4.2 CONSISTENCY
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PROJECT

Paper Church

DATE

1995, 2006

LOCATION

Kobe, Japan    Puli, Taiwan

ARCHITECT

Shigeru Ban

Future – 
What Persists and What Changes

6.4.3 CONSISTENCY
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PROJECT

Beijing Preservation Study

DATE

2003

LOCATION

San Giovanni Rotondo, Italy

ARCHITECT

Rem Koolhaas 

Future – 
What Persists and What Changes

6.4.4 CONSISTENCY
LOCATION

Kobe, Japan    Puli, Taiwan
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PROJECT

Preservation is Overtaking Us

DATE

2014

LOCATION

N/A

ARCHITECT

Rem Koolhaas

Future – 
What Persists and What Changes

6.4.5 CONSISTENCY



Conclusion 

a. Outcomes at Three Scales 

The study undertaken here may be useful in three foreseeable ways. First, it can provide some 

precise and actionable advice for those engaged in the specific problem of building in seismic 

regions, with a) a catalogue of exemplary and effective cases that illustrate six prominent schemas 

in contemporary practice, including their corresponding structural implications, b) examinations of 

each schema's relative advantages and limitations and c) considerations for choosing amongst the 

schemas when multiple options are available. 

Second, it helps to foreground the possible diversity of schemas in the broader category of 

problems generally described as 'natural disasters' arising at the intersection buildings and the 

hyper-objectivity of natural phenomenons, the concept used by Timothy Morton to describe 

pervasive and multidimensional things that are real but cannot be definitively understood from local 

observations.  Obvious examples include acute problems such as typhoons and flooding, but may 1

also include more chronic phenomenons such as obsolescence and sustainability. 

Third, at a more abstract level, the specificities of schemas in the problem of building seismic 

regions may be used to illustrate the general properties and interactive dynamics of schemas in a 

problem domain. Assuming that 'schemas in a problem' share a degree of similitude, it may 

highlight areas for exploration in other problem domains, and suggest general protocols when 

approaching new and foreign problems. 

 Morton, Timothy. Hyperobjects : Philosophy and Ecology after the End of the World. Posthumanities ; 27. Minneapolis: University 1

of Minnesota Press, 2013.
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b. Thoughts on building in seismic regions. 

In order to usefully examine the collection of cases used to illustrate and define schemas in the 

problem of building in seismic regions, a common metric of evaluation needs to be established. A 

useful concept in this circumstance is the idea of 'thingness,' a term used by Heidegger to describe 

the essential and common properties across a category of things.  The thingness of a vessel, to 2

use Heidegger's own example, is the void that contains the liquid. In this sense, to measure the 

volume and form of the void would be a useful way to understand and evaluate a collection of 

vessels as schemas in the problem domain of how to hold liquids. 

In the same vein, this study proposes to evaluate the thingness of building in seismic regions 

through two properties: 1) hight, measured in floors above the ground, and 2) the span, measured 

in meters. The two properties are selected because they are relatively independent variables, 

allowing the collection of building cases and the schemas they describe to be expanded and 

examined across two dimensions. The two properties are also relatively high-level, in the sense 

that it encodes a variety of other pertinent considerations. The structural span, for instance, serves 

as an effective proxy for the structural material and possible programmatic diversity, whereas the 

hight in floors can be seen to corresponds closely with the intensity of use and population density 

of developments.  

Based on the two metrics, a graph may be produced for each chapter by mapping out the building 

case studies, that describes with a degree of precision the' shape' or ‘potential’ of a particular 

schema. On the same graph, the building case studies may be further divided into three clusters of 

five cases: 1) historical and modern cases before the year 2000, and 2/3) two distinctive 

applications of the same schema in contemporary design practice. In addition to the 15 building 

case studies examined in detail in each chapter, the list of case study projects has been expanded 

 Heidegger, Martin. Being and Time. 1st. English ed. The Library of Philosophy and Theology. London: SCM Press, 1962.2
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for the graphs to approximately 15 per section, or 45 per chapter, to increase its precision and 

fidelity. The extended list of case study projects is included in the appendix. The axes are 

normalized to describe a Fibonacci scalar relationship, in order to capture the diminishing design 

significance of incremental increases in height and span. The implication of increasing building 

hight from 1-3 floors, for instance, would be roughly equivalent to that from 48-96 floors on the 

graph, which roughly corresponds with common sense. 

Chapter 1 Lightness (Figure 7.1) 

The trends revealed by the graph of case form chapter 1 are relatively straightforward. The 5 

precedent cases together show that explorations of lightness in pre-modern and modern 

circumstances mostly stayed within a single floor terms of height, tho occasionally extending to 3, 

while the span increased from approximately 3m around the 1600s to 50m at the hight of the 

development of spaceframes in the 1970s, before returning to approximate 11m at the turn of the 

century. Amongst the two categories of contemporary cases, those exploring lightness through 

skeletonization, for example with waffle frames and trusses, have more potential to support multi-

story configurations, with cases with up to 7 floors, but were limited in span to approximate 11m. 

Those pursuing lightness through the use of super-thin elements, such as steel panels and 

engineered glass, can achieve long spans of up to 41m, but at the penalty of heights constrained to 

3 floors. 

Chapter 2 Quickness (Figure 7.2) 

The graph depicting cases from chapter 2 illustrates a schema with the smallest area out of the six 

described in the study. It is constrained both in terms of height and span, with most cases 
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converging towards one floor in height and below 4m in span; and all below 3 floors in height and, 

except for one outlier, 6m in span. The distribution of precedent cases from before the year 2000 

occupies an even more constrained area, all falling within minimum occupiable spas of 2-3m and a 

single floor in hight. Given most precedent cases in the schema of quickness were explorations in 

compact and rapidly deployable building types, the convergence towards minimal dimensions is 

perhaps not so surprising. Cases in contemporary practice tend to be narratives organized around 

a particular material or model of community mobilization in construction. Both have made some 

incremental advancements in hight, with cases of up to 3 floors. In span, narratives of material 

have been able to achieve more substantial improvements, with examples up to 20m, while 

narratives of community are still largely constrained to spans within 4m, limited by the technical 

capacity of construction by non-professional members of the community, on which the strategy 

directly relies. 

Chapter 3 Exactitude (Figure 7.3) 

The graph depicting cases in chapter 3 reveals a schema with the most potential in terms of span, 

extending from 2m to over 100m, while largely constrained in hight, with all cases falling below 4 

floors. The precedent cases from before 2000, in particular, depict a focused exploration of longer 

spans in the modern period, from 12m in 1880s to over 100m in 1960s, before doubling back to 

explore a more balanced mix of long-ish spans with multi-floor configurations up to 3 floors at the 

turn of the century. The two contemporary categories of schema, on the other hand, reveals a clear 

bipolar divergence of exploration. Those belonging to the high-tension equilibrium category, which 

pursues resolution of loads in tension, are constrained within spans between 2-9m, while those 

exploring funicular shapes are mostly concerned with long spans between 18 -70m. The two 

contemporary categories within the broader schema are distinct areas with no overlaps.  
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Chapter 4 Visibility (Figure 7.4) 

The graph depicting cases in chapter 4 illustrates a schema that is perhaps notable for occupying 

the greatest area in the problem domain. It has the third greatest potential amongst the six 

schemas in terms of span, at 40m, and second in terms of hight, at 75 floors. While the precedent 

cases from before 2000 included both very tall and very long-span buildings, there is again a clear 

divergence in the direction of exploration in the two contemporary categories. For instance, 

bracing as pattern, where design aims to translate the rendering of loads and its effect on 

structures as patterns on the building, is able to achieve great hight at 58 floors, but is contained 

in span, while bracing as space, in which the design utilizes the geometric logic of structural 

bracing to generate the three dimensional form of the building, has great potential in terms of 

span, up to 45m, but is limited in height. 

Chapter 5 Multiplicity (Figure 7.5) 

The graph depicting cases in chapter 5 illustrates a distinct retreat from the very large area 

established by the precedent cases, which include the tallest buildings in the study, at over 100 

floors, and the fourth-longest spans of over 50m, to the very small and overlapping domains 

defined by the two categories of contemporary cases; constrained within heights of 1-3 floors and 

spans of 3-12m. The distinct retreat may be attributed to the reorientation in contemporary design 

towards more nuanced and diverse interests, as opposed to the singular pursuit of the engineering 

limits of hight and span at the hight of modernism. In both contemporary categories of the collage 

and division of structures, designers are more interested in new ways of dividing a building and 

recomposing the constituent parts, as opposed to the engineering prowess of the individual parts 
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themselves. Accordingly, the parts usually employ standard construction systems with converging 

dimensions. 

Chapter 6 Consistency (Figure 7.6) 

Last but not least, the graph depicting cases from chapter 6 reveals a relatively intuitive set of 

relationships in the schema of consistency. The precedent cases, for instance, describes an 

inversely proportional relationship between height and span, with the pursuit of height, up to 14 

floors, limiting spans to 3m, and the pursuit of spans, up to 20m, limiting height to a single floor.  

More interesting perhaps is the relative position depicted by the contemporary cases, which is 

offset vertically by three floors, i.e.no cases shorter than 3 floors in height. This may be reasonably 

attributed to economies of scale in constriction, in the sense that investment in a heavily reinforced 

structure in pursuit of consistency can only be justified in developments with densities of 3 or more 

floors. Amongst the two contemporary categories, the heavy frameworks tend to have shorter 

spans, while the seismic renovation projects tend to have longer spans given the wider variety of 

structural types available in its repertoire, including the suspension cable configurations. There is 

also a distinct zone of convergence between 7-10 m in span and 3-13 floors in height, which 

demarcates the standard dimensions of the reinforced concrete frame structures commonly 

deployed in this schema. 

Schemas 1-6 Combined (Figure 7.7) 

By overlapping the six schemas for building in seismic regions, the interactive dynamics of the 

multiple schemas begins to emerge. At least five observations may be made:  
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First, the distribution of schemas generally conforms to a normal distribution curve, with the spans 

tailing off at 2m and 96m, and the hight peaking at 96 floors around the weighted medium of 25m 

in span. That long spans usually preclude great hight, and great hight usually preclude very long or 

short spans, seems to agree with common sense. 

Second, the cluster of schemas may be usefully divided into two types of zones, 1) the extremities 

monopolized by a single schema, and the middle where two or more schemas overlap. The choice 

of schemas at the extremities would be relatively straightforward, given the limited options. For 

instance, if the building needs to span beyond 46, only two schemas are available - and only one 

for those looking to span beyond 70m. Similarly, buildings looking to go beyond 8 floors in height 

are constrained to three schemas, with the options falling away to two at 15 floors tall, and one 

beyond 80 floors tall. (Figure 7.8) 

Third, given it is usually technically possible to achieve spans within those already established by 

realized cases, the extremity on the left side of the graph is probably defined by economies of 

scale, and may be negotiated with a degree of flexibility, while the extremity on the right side would 

be defined by technical limits that are more difficult to overcome. For example, while the schema of 

consistency seems to enjoy a monopoly on the left side, within heights of 5-14 floors and spans 

between 3-4m, it should be technically possible to achieve similar spans and heights with the two 

adjacent schemas of visibility and multiplicity that have a record of going taller and with longer 

spans. Its monopoly, however, may be due to the economies of scale of reinforced concrete 

frames, the dominant structural system of this schema, at this particular scale of buildings. (Figure 

7.9) 

Fourth, within the central zone where multiple schemas overlap, secondary considerations will 

need to be introduced to differentiate the multiple options. This is particularly the case within the 
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roughly triangular zone where all six schemas overlap, between 1-3 floors in height and 4-20m in 

span. This, of course, is the range in which most building falls, and explains the diversity of 

schemas present in most contexts. The secondary considerations for choosing amongst several 

schemas may include the speed of reconstruction, the carbon footprint of the construction process 

and material, and specific design proclivities. In most contexts, however, the path of least 

resistance is usually to stay with the status quo. In this case, unless significant pressure for higher 

densities or longer span emerges, distinctive shifts to an entirely different schema seem unlikely. 

c. Applications to Adjacent Problem Domains 

The range of schemas discussed in this study, while drawn from and examined within the specific 

problem of building in seismic regions, may also be usefully understood as clusters of knowledge 

for gaining traction in order to resolve complex problems, including broad philosophical outlooks, 

knowledge of the schema structure, specific domain knowledge, and the technical know-how 

necessary for the implementation.  As such, the more general and abstract components may have 3

degrees of applicability to other adjacent and far away problems domains. 

For adjacent problems, such as other 'natural disasters' arising at the intersection between 

buildings and natural systems and phenomenons that may be broadly characterized as hyper-

objects, most schemas presented here could almost be directly applied with minor adaptations. In 

the problem of flooding in low-lying coastal cities, for instance, the schemas concerned may only 

require the substitution of specific domain knowledge pertaining to oceanography, meteorology, 

and technical know-how in hydrology and landscape structures necessary in the implementation; 

while the more abstract schema knowledge and philosophical outlook can largely remain in place 

 Marshall, Sandra P. Schemas in Problem Solving. Cambridge [England] ; New York, NY: Cambridge University Press, 1995.3
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unchanged. Lightness and multiplicity, for instance, almost directly correlates with the common 

flood mitigation strategies of retreat and diversification. 

Moving further away to problem domains where the schemas discussed here are perhaps too 

foreign to be adjacently applicable, the diversity of schema itself can at least point to the 

possibility of fundamentally different ways of orientating the underlying problem domain, and 

endorse the validity of entirely different classes of solutions. Presumably, this would be most useful 

in problem domains monopolized by a single schema that professes to be resolute and definitive, 

such as the use of petroleum for energy at the hight of Standard Oil, and the current ubiquity of 

the rectangular, screen-based smartphone, for instance. It justifies suspicion of seemingly 

universal solutions, and encourages the exploration of diversity at the fundamental level of 

schemas, as opposed to constraining efforts and resources only to the further refinement of 

existing schemas. 

d. General Properties of Schemas in a Design Problem 

Lastly, assuming that schemas in a design problem broadly share certain qualities and interactive 

dynamics, the specific case of building in seismic regions examined here may point to several 

general characteristics. 

First, the diversity of schemas in each problem domain may be usefully understood through 

essential and common traits, i.e. thingness in the Heideggerian definition, such as the volume and 

form of the liquid containing void in vessels, or the hight and span of buildings in seismic regions. 

Second, the distribution of schemas in a problem domain will generally conform to a natural 

distribution curve in one or more axes. In the sense that the combination of extreme traits is usually 
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rare, this characteristic generally conforms to common sense. The convergence of a very long 

span and hight in a building, for instance, would be highly unusual. 

Third, the distribution of multiple schemas in a problem domain can generally be subdivided into 

two zones, i) a peripheral zone defined by single schemas and ii) a central zone where several 

schemas overlap. The selection of schemas in the first would relatively straightforward, given the 

limited options. The selection of schemas in the central overlapping zone will require the 

introduction of secondary considerations. 

Fourth, schemas may be usefully understood as clusters of knowledge, ranging from the general to 

the specific, necessary to orient, gain traction, and implement a solution. In this sense, it may be 

akin to a flat-packed Ikea furniture that contains the instructions, tools, and material components 

necessary to assemble a specific piece of furniture. Just as the generic tools provided in a flat-

packed furniture kit may be equally useful for assembling other pieces of furniture, while the 

material components would have little use beyond the specific piece of furniture for which it is 

intended, so schemas can also have degrees of applicability beyond particular problem domains. 

Adaption usually involves the substitution of specific domain knowledge and technical know-how, 

while the broader schema knowledge can remain in place. 

Fifth, the definition of a schema is highly flexible, and may, at one extreme, be broad enough to 

encompass entire or multiple problem domains or, at the other extreme, be so specific that it 

divides a problem domain into an infinite number of specific solutions. The number of schemas in 

most problem domains, however, tend to converge around the range of 7±2, concurring the 

neurological research that point to 7±2 as the number of ideas the human mind can efficiently 

process simultaneously.  4

 Miller, George A. The Magical Number Seven, plus or minus Two : Some Limits on Our Capacity for Processing Information. 1956.4
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Populating a problem domain with approximately seven schemas, therefore, appears to be a 

recurring trope. Just within the specific category of canonical architectural texts with a number in 

its title, we may point to Andrea Palladio's Four Books on Architecture, Le Corbusier's Five Points of 

a New Architecture, Kenneth Frampton's Towards a Critical Regionalism: Six Points for an 

Architecture of Resistance, John Ruskin's Seven Lamps of Architecture, Rafael Moneo's Theoretical 

Anxiety and Design Strategies in the Work of Eight Contemporary Architects, Gideon, Sert and 

Léger's Nine Points on Monumentality and, last but not least, Marcus Vitruvius Pollio's Ten Books 

on Architecture. The also common trope of three schemas in a problem domain, such as Vitruvius's 

three points on architecture in De Architectura, may also be considered in the same vein, in so far 

as triplets are often considered in its combinatory variations, which again falls within the range of 

7±2. 

Sixth, despite the generally positive associations of 'diversity,' the benefits of having a diversity of 

schemas in a problem domain cannot necessarily be accepted a priori. For instance, having 

multiple ways of writing the same word, as in ancient China, is highly efficient, hence the 

unification of the written text in Qin Dynasty around 220BC, i.e. the imposition of a single schema 

for a particular problem domain, is generally seen as a good move. While diversity generally does 

not contribute to the overall efficiency, it does reduce the volatility of risk and, perhaps more 

importantly, lesses the chance of total loss compared to an aggregation of similar parts. The 

accumulation of genetic diversity in a gene pool, for instance, does not necessarily improve the 

population's fitness, but can reduce the chance of total loss, for example in an epidemic. Hence, in 

problem domains dealing with 'hyper-objects' which are impossible to grasp and describe 

definitively, a meta-diversity of schemas, i.e. approaches to solving the same problem, should 

probably be celebrated and preserved. 
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Appendix  - Extended List of Case Study Projects 

Chapter 1 - Lightness 

1.1  Lightness, or the Subtraction of Mass 

1.1.1 The Fable of Perseus (c.900BC) Greek Mythology 

1.1.2 Nirodha/Wu Wei (500BC) Buddhism/Taoism 

1.1.3 Wabi Sabi/Taichi (8th/12th Century) Zen Buddhism/Taoism 

1.1.4 The Unbearable Lightness of Being (1984) Milan Kundera 

1.1.5 Asset Light Model (1990s) 

1.2  Precedents - From the Conservation of Material to Living Inside Frames 

 Tai-an at Myoki-an (1582) Sen no Rikyu 

1.2.1 Geppa-ro at Katsura Rikyu (1600s) Prince Hachijo Toshihito 

 Old Shoin at Katsura Rikyu (1600s) Prince Hachijo Toshihito 

1.2.2 Case Study House No.8 / Eames House (1945) Charles and Ray Eames  

 Stahl House (1960) Pierre Koenig 

1.2.3 Big Roof at Expo 70 (1970) Kenzo Tange 

 Crystal Cathedral (1980) Philip Johnson 

 USAF Aircraft Hanger (1951) Konrad Wachsmann 

 Odakyu Drive-In Restaurant (1969) Kishio Kurokawa 

 Ville Spatiale (1958) Yona Friedman 

1.2.4 Tokyo Kasai Park Visitors Center (1995) Yoshio Taniguchi 

1.2.5 Centre Culturel Jean-Marie Tjibaou (1998) Renzo Piano 

 Domunis Winery (1998) Herzog & de Meuron 

 Saint Benedict Chapel (1998) Peter Zumthor 

 Bato Hiroshige Museum of Art (2000) Kengo Kuma 

393



1.3 Contemporary Cases - To Skeletonize and the Super Thin 

1.3a  To Skeletonize 

1.3.1 Kogakuin University Archery Hall (2013) FT Architects 

1.3.2 Church Sun-Pu (2008) Taira Nishizawa 

1.3.3 Pilotis in a Forest (2010) Go Hasegawa 

1.3.4 Sendai Mediatheque (2000) Toyo Ito 

1.3.5 De Young Museum (2005) Herzog & de Meuron 

 OG Giken Kyushu (2012) Tezuka Architects 

 Wooden House (2015) Smiljan Radic 

 Equipamento na Lagoa (2014) Eduardo Souto de Moura 

 Media-TIC (2010) Enric Ruiz-Geli/Cloud9 

 Sunny Hills in Aoyama (2013) Kengo Kuma 

 Botanical Garden Orquideorama (2006) JPRCR/Plan B Arquitectura 

 GC Prostho Museum Research Center (2010) Kengo Kuma 

 Beijing Aquatics Center (2008) PTW 

 GHESKIO Cholera Treatment Center (2015) MASS Design Group 

 Bio-Bio Regional Theatre (2017) Smiljan Radic 

1.3b  Super Thin 

1.3.6 House in a Plum Grove (2004) Kazuyo Sejima 

1.3.7 Moriyama House (2005) Ryue Nishuzawa 

 NYH, Nagoya (2006) aat+Makoto Yokomizo 

 Tsuda Veterinary Clinic (2003) Kazuhiro Kojima 

 Gallery Sakuranoki (2007) Hiroshi Nakamura/NAP 

1.3.8 House with Plants (2013) Junya Ishigami 
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1.3.9 Steve Jobs Theater (2017) Foster+Partners  

 House of 33 Years (2013) Assistant 

 Room on Chiloe Island (2007) Smiljan Radic 

 Research Center ICTA-ICP/UAB (2014) Harquitectes 

1.3.10 Tama Art University Library (2004) Toyo Ito 

 Mikimoto Ginza 2 (2005) Toyo Ito 

 Vik Wine Cella (2012) Smiljan Radic 

 Steel Sheet Building (2009) Tezuka Architects 

 Monument at Shin-Yatsushiro (2003) Kumiko Inui 

1.4  Future - Levitation and the Bearable Lightness of Architecture 

1.4.1 Serpentine Pavilion (2009) Sanaa 

1.4.2 Serpentine Pavilion (2013) Sou Fujimoto 

1.4.3 Serpentine Pavilion (2006) Rem Koolhaas/OMA 

1.4.4 Balloon (2007) Junya Ishigami 

1.4.5 Meeting Point (2009) Smiljan Radic 

 The Golden Dome, Tokyo/Paris (2011) Amid.Cero9 

 Lucern Festival Ark Nova, Matsushima (2013) Arata Isozaki/Anish Kapoor 

1.4.6 Nebuta Tectonic/Preventing Death in the Event of Collapse (2015) Jun Sato 

1.4.7 Poured Sticks Structure (2014) Jun Sato 

Chapter 2 - Quickness 

2.1  Quickness, or The Maintenance of Readiness 

2.1.1 Earthquake Myths, Peru (c.1250BC) 

2.1.2 Da Yu Zhi Shui, or Yu the Great Controls the Waters (94BC) Shiji 
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2.1.3 'Keep Calm and Carry On' Campaign, United Kingdom (1939) Ministry of Information 

2.1.4 Human Interference Task Force (1981) U.S. Department of Energy and Bechtel Corp 

2.1.5 TED Conference (1984) Richard Saul Wurman 

2.2  Precedents - From the Fable to the Keynote 

2.2.1 Neiku at the Ise Jingū, Mie, Japan (4BC) 

 Nipa Huts, Philippines (c.1000BC) 

2.2.2 Yingzao Fashi , Kaifung, Song China (1100) Li Jie 

2.2.3 Maison Demountable 6x6 (1944) Jean Pouve 

 Sears Catalogue Homes (1908-1940) 

2.2.4 Whole Earth Catalogue (1968-1972) Stewart Brand  

2.2.5 TED Talk: Emergency Shelter made From Paper (2013) Shigeru Ban 

 Construction Good Practice Standards (2006) Global Shelter Cluster 

2.3  Contemporary Cases - Narratives of Material and Community 

  

2.3a  Narrative of Material  

2.3.1 Hai-Tech, Japan (2011) Ensamble Studio  

2.3.2 New Bud School at Xiasi Village, Sichuan, China (2009) Zhu Jingxiang/CUHK 

 New Bud School at Dazu Village (2011) Zhu Jingxiang/CUHK 

 Better Shelter (2015) Ikea/UNHCR 

 House in Mount Irvine (1980) Glenn Murcutt 

2.3.3 Rolling Huts (2008) Olson Kundig 

2.3.4 Container Temporary Housing (2011) Shigeru Ban 

 Hut on Sleds (2012) Crosson Architects 

 Bayside Marina Hotel (2009) Yasutaka Yoshimura 
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 11 Boxes (2007) Keiji Ashizawa Design 

2.3.5 Cardboard Cathedral, Christchurch, New Zealand (2013) Shigeru Ban 

 Transitional Primary School in Chengdu (2008) Shigeru Ban 

 Aldo’s Kitchen (2007) Ibuku 

 Bamboo Pavilion (2015) Xu Tiantian/DnA 

 Swiss Pavillion (2000) Peter Zumthor 

  

2.3b  Narrative of Community 

2.3.6 Thao Community Reconstruction, Taiwan (1999) Hsieh Ying Chun 

2.3.7 Khumjung Secondary School, Nepal (2015) Shigeru Ban 

 Yangliu Village Reconstruction (2009) Hsieh Ying Chun 

 Lusan Village Reconstruction (2015) Hsieh Ying Chun 

 Dhajji Dewari Study (2005) Arup 

2.3.8 Quinta Monroy Housing, Chile (2004) Alejandro Aravena/Elemental  

2.3.9 Kirinda Reconstruction, Sri Lanka (2007) Shigeru Ban 

 Villa Verde Housing (2010) Alejandro Aravena/Elemental  

 Quinta da Malagueira Housing (1977) Alvaro Siza 

 Social Housing at Mulhouse (2005) Lacaton & Vassal 

2.3.10 Home for All in Rikuzentakata, Japan (2012) Kumiko Inui 

 Home for All in Miyagino (2011) Toyo Ito 

 Home for All for Fisherman in Kamaishi (2011) Atelier Tekuto 

 Muji House (Wood House) (2004) Kazuhiko Namba  

 Marie Short House (1975) Glenn Murcutt 

2.4  Future – Towards Open Ended Narratives 

2.4.1 Swiss Pavillion, Hanover, Germany (2000) Peter Zumthor 

2.4.2 Rebirth Brick Project, Sichuan, China (2008) Liu Jiakun 
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2.4.3 Post-Earthquake Reconstruction Project in Guangming Village (2017) CUHK/Edward Ng 

2.4.4 Better Shelter (2015) Ikea & UNHCR 

 Preservation of the Mbaru Niang, Flores Island, Indonesia (2011) Rumah Asuh/Yori Antar 

 Schumpeter: The Tyranny of the Long Term (2014) The Economist  

Chapter 3 - Exactitude 

3.1  Exactitude, or the need for approximations. 

3.1.1 Peacock’s Tail, Secondary Sexual Characteristics (5.33-2.58M BC / Pliocene Period) 

3.1.2 Weiqi (Go), Warring State Period China (400 BC) 

3.2.3 The Allegory of Good and Bad Government, Siena, Italy (1338) Ambrogio Lorenzetti 

3.1.4 Mississippi River Basin Model (1943) US Army Corps of Engineers 

3.1.5 An Analysis of the Finite Element Method (1973) Gilbert Strang, George Fix 

3.2  Precedents - From Convenient Analogies to Calculateable Forms 

3.2.1 La Sagrada Familia, Barcelona (1882) Antoni Gaudi 

  Pombaline Cages, Lisbon (1755) Manuel da Maia  

3.2.1 Tensegrity Structure (1960s) Buckmeister Fuller 

3.2.3 Yoyogi National Gymnasia, Tokyo (1964) Kenzo Tange 

 Montreal Biosphere (1967) Richard Buckmeister Fuller 

 California City Civic Center (1977) Konrad Wachsmann 

3.2.4 Expo’98 Portuguese National Pavilion, Lisbon (1998) Alvaro Siza 

3.2.5 Bordeaux Villa, France (1998) Rem Koolhaas/OMA 

 Kansai International Airport, Japan (1994) Renzo Piano 
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3.3  Contemporary Cases - High Tension Equilibrium and Funicular Configurations 

3a  High Tension Equilibrium 

3.3.1 Tsuda Veterinary Clinic (2003) Kazuhiro Kojima 

3.3.2 NYH, Nagoya (2006) aat+Makoto Yokomizo 

 Rectangular Forest (2000) Jun Ishigari 

 Japan Pavilion at Venice Biennale (2008) Junya Ishigami 

 Showroom H (2005) Hirata Akihisa 

3.3.3 KAIT Workshop (2008) Junya Ishigami 

 Island Retreat (2010) Fearon Hay Architects 

 House with a Missing Column (2014) Christian Kerez 

 Antenna Tower Santiago (2014-) Smiljan Radic 

 OG Giken Kyushu (2012) Tezuka Architects 

3.3.4 Ribbon Chapel, Hiroshima (2013) Hiroshi Nakamura/NAP 

3.3.5 Joshu Tomioka Station, Gunma (2014) Makoto Takei + Chie Nabeshima/TNA 

 Cafeteria in Chiba University of Commerce (2015) Kazumi Kudo + Hiroshi Horiba 

 Allianz Tower in Milan (2015) Arata Isozaki/Andrea Maffei 

 Agri Chapel (2016) Momoeda Yu Architecture Office 

3b  Funicular Shapes 

3.3.6 Nagoya C Office Building (2004) FT Architects 

3.3.7 Chiryu Afterschool (2016) Mount Fuji Architect 

 Braga Municipal Stadium (2003) Eduardo Souto de Moura 

 Google HQ (2020) Thomas Heatherwick/BIG 

 KAIT Multi Purpose Plaza (2008-) Junya Ishigami 

3.3.8 Yokohama International Passenger Terminal (2002) Foreign Office Architects 

3.3.6 Teshima Art Museum (2010) Ruye Nishizawa 
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 Gifu Media Cosmos (2015) Toyo Ito 

 Shell House (2008) Kotaro Ide 

 Four Sport Scenarios (2010) Giancarlo Mazzanti/Felipe Mesa 

3.3.10 Heydar Aliyev Center, Baku (2012) Zaha Hadid Architects 

 Meiso No Mori Municipal Funeral Hall (2006) Toyo Ito 

 Taichung Opera House (2016) Toyo Ito 

 Rolex Center EPFL (2010) SANAA 

 Fukuoka Island City Central Park Grin Grin (2005) Toyo Ito 

3.4  Future - Self-Stabilizing Configurations and Non-Flat Surfaces 

3.4.1 Moom/Membrane Oom (2011) Kazuhiro Kojima & Jun Sato  

3.4.2 Tape Tokyo (2013) Numen/For Use 

3.4.3 Quake Column (2014) Emerging Objects 

3.4.4 KAIT Multi Purpose Plaza (2008) Junya Ishigami 

3.4.5 Fukita Pavilion, Kagawa (2013) Ryue Nishizawa 

Chapter 4 - Visibility 

4.1  Visibility, or the rendering of invisible problems 

4.1.1 Geographika, Alexandria, Roman Empire (200BC) Eratosthenes of Cyrene 

4.1.2 Clock Tower, or the Big Ben, Westminster, London (1289/1859)  

4.1.3 Microscope/Discovery of Bacteria (1676) Antonie van Leeuwenhoek 

4.1.4 Nude Descending a Staircase, No. 2 (1912) Marcel Duchamp 

4.1.5 Waiting for Godot (1953) Samuel Beckett 

4.2  Precedents - The Expression of Necessary Structural Configurations 
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4.2.1 The Tall Building: the Effects of Scale (1953) Myron Goldsmith 

4.2.2 Alcoa Building, San Francisco (1967) SOM 

 Dewitt Chestnut Apartments (1965) SOM 

4.2.3 Framework Houses (1957-1977) Bernhard and Hilla Wobeser 

4.2.4 Center George Pompidou (1977) Renzo Piano/Richard Rogers 

 Tokyo International Forum (1996) Rafael Vinoly 

4.2.5 House in Uehara (1976) Kazuo Shinohara 

 Art Center College of Design (1976) Craig Ellwood 

 Neubau Wohn- und Geschäftshaus Ottoplatz (1998) Jüngling & Hagmann 

 Pilar and Joan Miro Foundation (1992) Rafael Moneo 

 Taipei 101 (1999) CY Lee 

4.3  Contemporary Cases – Bracing as Pattern and as Space  

4a  Bracing as Patterns 

4.3.1 Prada Aoyama, Tokyo (2003) Herzog & de Meuron 

4.3.2 CCTV, Beijing (2012) OMA 

 Leutschenbach School (2009) Christian Kerez 

 Linked Hybrid (2008) Steven Holl 

 Ecoms House (2004) Riken Yamamoto 

4.3.3 Tod’s Omotesando, Tokyo (2004) Toyo Ito 

4.3.4 Diu Diu Dang Forest, Yilan (2007) Fieldoffice Architects  

 Beijing National Stadium (2008) Herzog & de Meuron 

 Forest Chapel (2011) Hironaka Ogawa & Associates 

 Forest in Christchurch (2019) Shigeru Ban 

4.3.5 Villa in Hayama (2010) Kazuyo Sejima 

 Nerima House (2014) Elding Oscarson 
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 Ring House (2006) TNA Architecture 

 House Toward Tateyama (2016) Mt Fuji Architects 

 AM Residence (2012) Andra Matin 

4b  Bracing as Space 

4.3.6 Seattle Public Library (2004) OMA  

4.3.7 New Kyoto Townhouse 2 (2014) Alphaville Architects 

 Casa da Musica (2005) OMA 

 Studi-o Cahaya (2009) Adi Purnomo 

 Prism House + Terrace Room (2019) Smiljan Radic 

4.3.8 Cathedral of Our Lady of the Angels (2002) Rafael Moneo 

4.3.9 Niyang River Visitor Center (2009) ZAO/standardarchitecture 

 Pittman Dowell Residence (2009) Michael Maltzan 

 Oyamadai House (2016) Front Office 

 House With One Wall (2007) Christian Kerez 

4.3.10 Shibaura House (2008) Kazuyo Sejima 

 House NA (2012) Sou Fujimoto 

 Shakujii Apartments (2011) Sanaa 

 House in Miyamoto (2017) Tato Architects 

 Yoshida Printing Headquarters (2014) Kazuyo Sejima 

4.4  Future – Beyond Orthogonal Configuration 

4.4.1 House NA, Tokyo (2012) Sou Fujimoto 

4.4.2 Naoshima Pavilion (2015) Sou Fujimoto 

4.4.3 Qatar Convention Center, Doha (2011) Arata Isozaki  

4.4.4 Renovation of Kanban Style Building (2016) Rei Mitsui 

4.4.5 Monolith (2017) Panagiotis Michalatos 
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Chapter 5 - Multiplicity 

5.1  Multiplicity, or the Curation of Diversity 

5.1.1 Schooling in Fish (383-359 million years, Late Devonian Period) Collective Animal Behavior 

5.1.2 The Old Man and His Sons (600 BC) Aesop’s Fables 

5.1.3 Liber de Ludo Aleae, or the Book on Games of Chance (1564/1663) Gerolamo Cardano 

5.1.4 Three Little Pigs (1840) James Orchard Halliwell 

5.1.5 Modern Portfolio Theory (1952) Harry Markowitz 

5.2  Precedents - Resilience Through Curated Diversification 

5.2.1 Namasaro, Papua, Indonesia (3.3M-10M BC, Paleolithic Period) Traditional Papua Village 

5.2.2 Jakarta Cathedral (1891-1901) Antonius Dijkmans SJ 

5.2.3 Palazzo del Lavoro, Turin (1961) Nervi & Bartoli 

5.2.4 Sears Building, Chicago (1970) SOM/Fazlur Khan 

 Therme Vals (1996) Peter Zumthor 

5.2.5 Kunsthal Rotterdam (1992) OMA 

 Gehry Residence (1991) Frank Gehry 

5.3  Contemporary Cases - The Division and Collage of Structures 

  

5a  Division of Structures (More Things) 

5.3.1 House in Tokushima (2011) Suppose Design Office 

5.3.2 Nishinoyama Apartments (2013) Kazuyo Sejima 

 Timayui Kindergarten (2011) Giancarlo Mazzanti 

 Light Walls House (2013) Ma-Style Architects 
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 House 1014 (2014) Haqrtuitectes 

5.3.3 Inner-City Arts (2008) Michael Maltzan 

5.3.4 Towada Art Center (2008) Ryue Nishizawa 

 Gerardo Molina School (2008) Giancarlo Mazzanti 

 Manetti Shrem Museum of Art (2016) SO-IL  

 Luodong Cultural Working House (2012) Field Office Architects 

5.3.5 Museum of Handcraft Paper, Yunnan, China (2010) Hua Li/TAO 

 Micro-Yuaner (2014) ZAO/standardarchitecture 

 Casa 1311 (2014) Harquitectes 

 METI School (2007) Anna Heringer 

 DESI Training Center (2008) Anna Heringer 

5b  Collage of Structures (Counter Leaning Things) 

5.3.6 21st Century Museum of Contemporary Art (2004) SANAA  

5.3.7 Mestizo Restaurant, Santiago, Chile (2007) Smijan Radic 

 Naoshima Ferry Terminal (2012) Kazuyo Sejima 

 hhstyle.com (2005) Sanaa 

 Biomuseo (2014) Frank Gehry 

5.3.8 Cassia Coop Training Center (2011) TYIN Tegnestue Architects 

5.3.9 Terasaki House (2014) Ryue Nishizawa 

 House in Komae (2009) Go Hasegawa 

 House in Kyodo (2011) Go Hasegawa 

 Naked House (2000) Shigeru Ban 

5.3.10 Sayama Forest Chapel (2015) Hiroshi Nakamura/NAP 

 Telcel Theater (2012) Anton Gracia-Abrail 

 Rore Kahu (2014) Cheshire Architects 

 House A, Tokyo (2006) Ryue Nishizawa 
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 Apartment Building on Forsterstrasse (2003) Christian Kerez 

5.4.  Future – Finding the Right Scales and Dimensions of Safety 

5.4.1 Furniture House Series, Japan (1995-2002) Shigeru Ban 

5.4.2 120 Doors, Conception, Chile (2003) Pezo Von Ellrichshausen 

5.4.3 Earthquake Table (2010) Arthur Brutter + Ido Bruno 

5.4.4 Nqibikan Village Reconstruction, Indonesia (2006) Eko Prawoto 

5.4.5 Jintai Village Reconstruction, Sichuan, China (2017) Rural Urban Framework 

Chapter 6 - Consistency 

6.1  Consistency, or the assurance a predictable sameness. 

6.1.1 DNA (c.250M BC) 

6.1.2 Stoicism (300BC) Zeno of Citium 

6.1.3 Pascal’s Wager (1662) Blaise Pascal 

6.1.4 Spare Tire (1904) Walter and Tom Davies 

6.1.5 Prospect Theory: An Analysis of Decision under Risk (1979) D. Kahneman and A. Tversky 

6.2  Precedent - From the Immovable Object and Constant Renovations to Hybrid Configs. 

6.2.1 Pyramid of Khufu, Giza, Egypt (2560BC) 

6.2.2 Cheonggyecheon Enmankments, Seoul (1392-1910) 

6.2.3 San Agustin Church (1609) Juan Macias 

6.2.4 Nakagin Capsule Tower (1972) Kisho Kurokawa  

6.2.5 Azuma Row House, Osaka (1979) Tadao Ando 

 Salk Institute (1959) Louis Kahn 
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 Leca Swimming Pool (1966) Alvaro Siza 

 Das gelbe Haus (1999) Valerio Olgiati 

   

6.3  Contemporary Cases - Heavy Frameworks and Seismic Renovations 

6a  Heavy Frameworks 

6.3.1 University Campus UTEC (2011) Grafton Architects 

6.3.2 Xiaoquan Elementary School (2010) Hua Li/TAO  

 Casa das Historias Paula Rego (2008) Eduardo Souto de Moura 

 Tenerife Espacio de las Artes (2008) Herzog & de Meuron 

 Chichu Art Museum (2004) Tadao Ando 

6.3.3 Apartments in Nerima (2010) Go Hasegawa 

 Tatsumi Apartment House (2016) Hiroyuki Ito Architects 

 Okurayama Apartments (2014) Kazuyo Sejima 

 House H (2008) Sou Fujimoto 

 Cien House (2011) Pezo von Ellrichshausen 

6.3.4 Poli House (2005) Pezo von Ellrichshausen 

6.3.5 Lali Gurans Orphanage (2016-) MOS Architects 

 Gulshan Society Mosque (2017) Kashef Chowdhury/URBANA 

 Ruta Del Peregrino Shelter (2010) HHF  

 House N (2008) Sou Fujimoto 

6b  Seismic Renovations 

6.3.6 Midorigaoka #1 Tokyo Tech (2006) Koichi Yasuda 

6.3.7 Nursery in Amyu Atsugi (2014) Junya Ishigami 

 Refurbishment of School 906 (2015) Harquitectes 

 Renovation of Kanban Style Building (2016) Rei Mitsui 
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 Kanda Manseibashi (2014) Mikan 

6.3.8 Komatsu Seiren Fabric Laboratory fa-bo (2015) Kengo Kuma 

6.3.9 Taipei Taoyuan International Airport T1 (2013) Norihiko Dan and Associates 

 Baitasi Co-Living Courtyard (2016) ZAO/standardarchitecture 

 House 1413 (2017) Harquitectes 

 Civic Center Lleialtat Santsenca (2017) Harquitectes 

6.3.10 Star Apartments (2014) Michael Maltzan 

 Chilean Museum of Pre-Columbian Art Extensions (2014) Smiljan Radic 

 Nave Center for Experomental Scenic Art (2015) Smiljan Radic 

 Civic Center Cristalleries Planell (2016) Harquitectes 

 Hojo Sanci (2018) Schemata Architects 

6.4  Future – What Persists and What Changes 

6.4.1 Padre Pio Pilgrimage Church (2004) Renzo Piano 

6.4.2 The Truffle, Costa da Morte (2010) Ensamble Studio 

 Joshua Tree Cabins (2018) Rachel Whiteread 

 House and Restaurant (2019) Junya Ishigami 

6.4.3 Paper Church (2005) Shigeru Ban  

6.4.4 Beijing Preservation Study (2003) Rem Koolhaas/OMA 

6.4.5 Preservation is Overtaking Us (2014) Rem Koolhaas
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