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Architecture before architecture:
Frei Otto’s ‘Deep History’

Daniela Fabricius Pratt Institute, Architecture, New York, USA

(Author’s e-mail address: dfabrici@pratt.edu)

The German architect Frei Otto was deeply concerned with the environmental crisis caused by
the presence of humans on earth. Otto responded to this by investigating the origins, and
potential futures, of architecture through the lens of natural history. This paper will focus
on the significant collaboration between Frei Otto and the German biologist and anthropolo-
gist Johann-Gerhard Helmcke (1908–1993). Their collaboration began in the early 1960s, and
can be largely credited for Otto’s interest in biology and his appropriation of scientific meth-
odology. Helmcke’s anthropological work also influenced Otto’s understanding of the role of
humans in creating architecture and the environment. Otto and Helmcke developed a theory
of bio-technics based onmeasuring and calculating the structural properties of plants, animals
and even human bodies. Eventually, they invented a cosmology of objects that extended to all
forms, whether living or non-living, natural or technological—including architecture.
Helmcke argued that ‘if we want to comprehend the concept “nature” in as pure a way as

possible, we must refer back to that prehistoric period when there were as yet no people to
intervene in the natural equilibrium’. By directly testing materials that included hair, bones,
spider webs and seashells, Otto looked for structures that corresponded to what can be
described as ‘an architecture before humans’. At an historical moment in which modernist nar-
ratives of progress and the domination of nature came increasingly under question, Otto
sought alternativemeans to construct the development and history of form.What are the pro-
blems raised in this renewed search for the origins of architecture? Did Otto’s quest for struc-
tural optimisation in nature simply introduce another anthropocentric narrative? This paper
will examine these and other contradictions in Frei Otto’s relationship to the architecture of
the pre- and un-human.

In a cartoon-like drawing published in 1977, entitled

‘On the Evolution of the World of Forms of Living

Nature’, the German architect Frei Otto shows

what appears to be either an evolutionary tree or

table of elements, which floats in a landscape

divided into three general categories: ‘Non-Living

Nature’ (N), ‘Living Nature’ (L) and ‘Technology’ (T)

(Fig 1).1 Otto was trying to chart the relationships

between all animate and inanimate forms, begin-

ning with atoms and molecules and ending with,

amongst other things, architecture. Human beings,

and what they produce, appear only after the long

process of the creation of life. When a human

being appears in the chart, it shares evolutionary ter-

ritory with some sort of mammal, possibly a goat,

and holds a tool in one hand whilst stretching out

the other hand, which is considerably oversized.

The human is seen as linked to a small hut, described

1253

The Journal
of Architecture
Volume 21
Number 8

# 2016 RIBA Enterprises 1360-2365 http://dx.doi.org/10.1080/13602365.2016.1254667

mailto:dfabrici@pratt.edu


as ‘houses, large envelopes of collected matter,

man, beaver’ (hs), which is grouped with other

animal-built technologies such as nests, spider

webs, bee colonies and termite mounds (B). But

the human hand extends towards a number of

things it has created: ‘living nature’ such as agricul-

ture, artificial landscapes, animal breeding and

medicine, and the technology of man related to

the ‘fine arts’ (K), which includes clothing,

weapons, scientific research and ‘construction tech-

nology’ (bt), represented by a small drawing of a

domed membrane structure. This, it seems, is

where modern architecture might belong.

In this alternative cosmology that at once com-

bines natural history and the history of technology,

human architecture appears at a node in the

drawing where the boundaries between the cat-

egories of human, animal, nature and technology

split into several directions. On the one hand, the

architecture of the human being is compared to
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Figure 1. Frei Otto, ‘On

the Evolution of the

World of Forms of Living

Nature’, IL 9: Pneus in

Nature and Technics

(1977).



that of the animal—it is a collection of matter not

unlike that of a nest or termite mound—on the

other hand, the human is also the creator of

another sort of architecture, derived not from its

animal nature but from art and technology, or as

Otto puts it, the ‘the world of forms of nature

made or influenced by human activity’.2

Tracing and crossing the boundaries between these

forms of architecture—living and non-living, animal

and technological—was a central theme of Otto’s

career (Fig. 2). In doing so Otto challenged the role

of the human being as the privileged creator of the

built environment. It is clear that the human is not

at the centre of Otto’s natural history; however, his

overdeveloped hand is shown as having had

a profound effect on its course. As Otto puts it: ‘In

relationship to animate nature, technology is still

undeveloped. It knows some extreme development

peaks in very specialised fields. Man can fly to the

moon, but cannot yet solve problems of wholeness.’3

Wholeness in architecture would come about only

through a synthesis of these disparate evolutionary
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Figure 2. Frei Otto (left)

with Eberhard Haug:

pneumatic experiment

with inflated animal

intestines, 1973 (ILEK

Archive).



moments in natural history: ‘We have not yet experi-

enced the fragile, perhaps even ephemeral, architec-

ture of the physical and psychical integration of man

into his environment. But we seek the architecture

of understanding and of the great vision of a synthesis

of all the objects of nature.’4

In his search for alternatives to the disproportion-

ate effect that humans have had on the earth’s living

and non-living structures, Otto created what I will

argue is a sort of architectural prehistory. This

refers not just to the history of human structures

before written history (which were also of interest

to Otto), but more radically to a natural history of

forms and structures that existed before, and in

spite of, human activity.

Otto’s interest in the intersections between prehis-

tory and natural history was part of a more general

approach that had already emerged in the 1960s, in

the form of what Robert Smithson called, in 1967, a

‘trans-historical consciousness’.5 This ranged from a

fascination with prehistory to a new cosmological

and planetary perspective on life. It is evidenced in

the art historian George Kubler’s The Shape of Time

(1962) and its focus onobjects rather thanhumannar-

ratives, and inSiegfriedGiedion’s attempts toestablish

a prehistory for architecture in the two volumes of The

Eternal Present (1962; 1964).6 This consciousness

emerged at the same time in popular culture, as

seen in the famous ‘four-million-year jump cut’ in

Stanley Kubrick’s 2001: A Space Odyssey (1968),

where a femur bone flung in the air by a primate,

who had just used it as a brutal weapon, transitions

to a spacecraft floating through deep space. Both

the ColdWar and the emerging environmental move-

ment had raised the spectre of the destruction of the

earth and human species as a whole, suggesting

that there could one day be an end to history. For

Otto and others, the trans-historical search for

origins seemed to be an alternative to the destructive

tendencies of the modern, Western model of techno-

logical progress. At the same time, this turn to cosmic

scientific utopianism, and idealised notions of the

primitive, were very much products of the privileged

position of universal reason in Western societies.7

In recent years there has been renewed interest in

looking at the long span of the Earth, the history of

human beings and the effect humans have had on

the Earth. Discussions around globalisation have

contributed to the return to this view; but it can be

traced more directly to the awareness of a planetary

crisis. The concept of the Anthropocene that

emerged from this has led to existential discussions

on the possibility of a world ‘without us’, as well

as political calls for environmental accountability.8

Another idea reflecting this vein is ‘Deep History’

which proposes that we consider an historical

longue durée that includes crossing, and erasing,

the threshold of what is otherwise known as prehis-

tory.9 Endorsing this expanded temporal scope, the

historian Dipesh Chakrabarty has recently called

for the collapse of the long-standing division

between human history and natural history.10

‘Climate change’, he wrote, ‘shows… the effects

of our actions as a species. Species may indeed be

the name of a placeholder for an emergent, new

universal history of humans that flashes up in the

moment of the danger that is climate change.’11

Chakrabarty makes this speculative claim with a

great many caveats, but the cat has been let out of

the bag: he suggests that the diversity of human
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histories be reduced to a universal, biological con-

ception of the human. In spite of the troubling bio-

political connotations of this idea of ‘species think-

ing’, the potential catastrophe that is the result of

our actions within the Anthropocene seems to

have inspired both a post-humanist version of

history, and, at the same time, a return to a

deeper historical frame. These models of history

not only displace the primacy of a human account

of history, but also the human as the subject of

history. They introduce the potential agency of

matter, non-human actors and what Bruno Latour

calls ‘quasi-objects’: the things in this world that

condition social and material lives.12 The Anthropo-

cene, a concept defined by the impact of human

beings on the planet, has, perhaps paradoxically,

opened the possibility for a model of history that

challenges human agency.

I
Frei Otto’s interest in trans-historical frameworks,

which led him to investigate the origins, and the

future, of architecture through the lens of natural

history, was similarly tied to a deep concern with

questions of man’s planetary role. Otto is best

known for his experiments in lightweight structures,

but these were only part of his interest in the natural

sciences. In fact, the greater proportion of the work

at his Institute for Lightweight Structures (IL),

founded in 1964, was dedicated to projects that

focussed on biological themes. This meeting of

architecture and biology can be largely attributed

to Otto’s decades of collaboration with the biologist

and anthropologist Johann-Gerhard Helmcke.

In their understanding of structural form, human-

built architecture plays only a small role in a general

cosmology that includes molecules, planets, geo-

logical formations, plants, animals and animal-built

structures such as nests and webs. Their model pro-

poses continuity between what they call ‘living’ and

‘non-living nature’, a system of forms that evolve

and devolve at different rates over time. Implicit in

this model was an understanding of the destructive

impact of human technology (including architecture)

on the earth’s environment, which would gradually

become one of the primary reasons for the search

for alternative structures in nature.

For Otto and Helmcke, nature did not simply serve

as model or metaphor, but as direct material evi-

dence for theories on the evolution of form and

structure. Unlike art-historical approaches focused

primarily on form, their investigations also encom-

passed questions of structural and material perform-

ance. The comparison of man-made structures with

natural structures became the basis for an alternative

model of history that extends far into prehistoric and

pre-human time. Because Deep History includes

events that pre-date written history, it relies on an

alternative set of sources including material artefacts

and the natural environment, but also the human

body’s genetic, chemical and morphological infor-

mation. Similarly, in Otto’s studies, the chemical,

biological and evolutionary are taken into account,

with the result that the history of architecture is

inscribed into the longue durée of natural history.

The collaboration between Otto and Helmcke

began in 1961. At the time, Otto was in Berlin

running a tiny research ‘institute’ (the Institute for

the Development of Lightweight Construction) out
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of a shed in his in-laws’ back yard, and working as a

teaching assistant at the Technical University of

Berlin. Until he met Helmcke, Otto was primarily

concerned with the problem of structural lightness,

which he investigated by measuring the behaviour

of physical models and objects, the best known of

which were made of soap film. Soap film forms a

‘self-generated’ structure of almost perfect optimis-

ation, with a thickness of only a few molecules. In

his 1953 dissertation on suspended roofs Otto had

already suggested a relationship between self-for-

mation and natural structures:

Hanging roofs cannot be designed. When every

impure tone is avoided, one can help them

unfold. They suggest a peculiar beauty that is

perhaps closest to the plastic trace of the

spider’s web: an appearance that one cannot

draw or explain, that will discreetly elude us.13

Otto’s interest in the elusive forms created by

chemical, biological or physical processes was

directly related to his criticism of the ‘brutality’ of

both fascist and modernist architecture, and its

effects on the German landscape, which he would

later describe as Heimatzerstörung durch Häuser

(‘homeland destruction through houses’).14

Otto and Helmcke met at the Technical University

of Berlin, where Helmcke was a professor of anthro-

pology and biology. Helmcke was born in Hanover in

1908, and studied biology, anthropology, paleontol-

ogy and philosophy in Berlin during the 1930s.

Helmcke’s areas of interest were vast, but he pub-

lished mostly on the micro-structures of teeth and

diatoms (microscopic algae enclosed in silica

shells), producing entire atlases filled with images

taken with an electron microscope that call to

mind Ernst Haeckel’s aesthetic documentation of

the similar silicified structures of radiolaria.

Otto and Helmcke’s investigations into the natural

history of structure began at the microscopic scale.

Just as Otto had intuited that natural structures

might provide key information for his idea of light-

ness, Helmcke’s approach to micro-structures was

architectural, even before meeting Otto. Helmcke

took stereoscopic photographs of diatoms, which

were used to give a ‘spatially correct impression of

the framework of the building elements’.15 This pro-

vided the basis for reconstructive drawings of these

structures, with architectural conventions like

plans, sections and renderings (figs 3a, 3b).

Helmcke was especially interested in the relation-

ship between biology and engineering, and co-

founded a research group in 1960 called ‘Technol-

ogy und Biology’.16 A seminal member of this

group was the aeronautics engineer Heinrich

Hertel, who published Structure, Form, and Move-

ment in 1963, a bionic study of the fluid dynamics

and structural properties of fish for aeroplane and

ship designs.17 Several other books were influential

for the group, including the typological studies in

Curt Siegel’s 1960 Structural Forms of Modern

Architecture and publications by Konrad Wachs-

mann (especially his The Turning Point of Building,

1959) and Buckminster Fuller (Fig. 4).18 Architecture

students began attending Helmcke’s seminars, and

soon Otto and Helmcke met and co-taught a

seminar on biology and building, launching a collab-

oration that would continue until Helmcke’s death in

1993. Later, the ‘Natural Constructions’ research

team at the IL, a collaboration of botanists, palaeon-

tologists, zoologists, biophysicists and behavioural
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Figure 3a. Photogram-

metric measurement

and reconstructed

drawing of a diatom:

J.-G. Helmcke,

W. Krieger,

Diatomeenschalen im

elektronenmikrosk

opischen Bild, vol. 1

(Weinheim, J. Cramer,

1962).
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Figure 3b. Stereoscopic

photograph of a

diatom: J.-G. Helmcke,

W. Krieger,

Diatomeenschalen im

elektronenmikrosk

opischen Bild, vol. 2

(Weinheim, J. Cramer,

1962).



scientists, continued the work of the ‘Technology

and Biology’ group. In a letter to Otto in 1973,

Helmcke wrote that, looking back over the last

twenty-two years, their work together had been

the ‘most interesting and productive topic’.19

For Otto and Helmcke the world of nature and

technology became subsumed under a general

understanding of structure. It was seeing Helmcke’s

microscopic images of radiolaria that first suggested

this universal structural principle to Otto:

Helmcke showed me his stereoscopic photo-

graphs of diatoms and radiolaria taken with an

electron microscope. In these photos I saw

shapes which had formed ‘of themselves’ in my

experiments with pneumatics, i.e. soap bubbles,

soap films, rubber membranes and net structures.

From then on I saw only such forms in all living

organisms, not only in diatoms.20

What began as a morphological comparison

between forms from separate realms—experimental

architecture and microbiology—developed into a

general study of structure that went beyond the

comparison of appearances to focus on questions

of materiality and performance. By isolating the

single criterion of structural performance, Otto and

Helmcke were able to insert architectural form into

the evolutionary framework of natural history, and

thereby suggest a history of architecture that

includes prehistoric structures.

This crossing over between natural and human

structures can be seen in their first co-published

article in 1962, entitled ‘Living and Technical Con-

structions: Observations on Shells and Spaceframes

in Nature and Technology’ (Fig. 5):
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Figure 4. J. G.Helmcke,

Buckminster Fuller,

F. Otto at the IL; date

unknown (ILEK

Archive).

Figure 5. J.-G.

Helmcke, Frei Otto,

‘Lebende und

Technische

Konstruktionen.

Bemerkungen zu

Schalen und

Raumtragwerken in

Natur und Technik’, db

deutsche bauzeitung,

11 (1962).



The far-reaching accordance between technical

and living constructions can only now be observed

as technical constructions have attained a higher

level of accomplishment. The first constructions

of early humans resemble the holes, nests, and

designs of animals, but not at all the inner struc-

ture of living beings themselves, which already

existed to a high level of perfection in prehistoric

time.21

They go on to argue that it is only more recently

that human structures have begun to ‘catch up’

with these more advanced prehistoric ones. This is

an unusual version of the search for architecture’s

prehistory. Otto and Helmcke go beyond the ‘primi-

tive hut’ approach according to which early human

structures are closer to nature, and by extension,

closer to the origins of architecture. Instead, the

lowly diatom, one of the most primitive forms of

life by evolutionary standards, is here celebrated

for its extraordinary structural properties. The ‘per-

fected’ structure of the prehistoric, single-cell

diatom offers a glimpse of what the future might

look like, to which human architecture must still

catch up. In other words: the prehistoric is

architecture’s future. This operates counter to the

linear models of progress typically suggested by

modernist architectural histories. As an example of

what the future might hold, the authors compare

images of diatoms with structures by Fuller and

Pier Luigi Nervi.

The comparison between living and non-living

structures is not limited to formal observations.

Helmcke and Otto also address questions of

purpose. Whilst in nature the process of selection

is based on survival of the fittest, Helmcke and

Otto argue that in human-made structures fitness

is based on the minimal use of material and

energy. By loosening the definition of purpose for

architecture—so that it is about economy and not

function—it is brought closer to the purely structural

realm that allows it to be compared to nature. There

is still a difference between the purpose of architec-

ture and that of nature—Otto and Helmcke explain

that while a tree acts as a structural member (a

column), it is also a living thing: ‘a tree is not a tool

for a living being, it is a living being itself’22—but

Otto and Helmcke suggest that perhaps architec-

ture, like nature, should not be used instrumentally.

Not surprisingly, most of Frei Otto’s structures served

as pavilions or other structures with limited or vague

functions.

Nevertheless, the comparison between natural

and human structures is, in the end, still made in

the service of the development of human technol-

ogy: ‘Although the history of evolution of living

nature is unimaginably old, one cannot prove that

the living constructions that exist after so much

development are the best.’ They concede that it is

possible that ‘humans will advance technical con-

struction farther… than living nature’.23 At this

point Otto and Helmcke are still focussed on a

more instrumental use of nature as the basis for

human progress, a goal that would fade over the

next decades.

II
These observations on the similarities between

natural and artificial constructions hinted at a

deeper common origin for them, but it was not
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until the 1970s that an attempt was made to

encompass all forms, including architectural ones,

into a total system. Otto developed a ‘standard’ of

comparison in the form of an invented variable

that he called the ‘Bic’.24 The Bic value was

derived from the interrelationship between three

elements in a structure: form, force and mass.25

This was Otto’s attempt to translate his theory of

lightweight construction into a quantifiable value

that could be tested, compared and calculated,

allowing for an assessment of the efficiency of a

structure. This standard served mainly to ‘compare

objects of a same form and material, but of differ-

ing sizes, or objects of differing form and differing

materials, but of the same relative slenderness’.26

The equation used was an ordering framework

that allowed for comparisons between what were

often wildly heterogeneous objects.

The concept of the Bic, which was intimately

related to Otto’s theories on nature, would

become a universal standard of measurement with

which Otto classified all natural and artificial struc-

tures, including atoms, molecules, ball bearings,

tree trunks, branches, grasses, bones, sails,

threads, weavings, nets, beams, steel and wood

beams, arched and suspension bridges, air halls,

tents, space frames, concrete slabs and natural

stone, stone churches and towers. These are

notably selected from a wide span of moments in

the history of evolution. For a publication showing

the experimental determination of ‘the most impor-

tant Bics’ (1979), a variety of materials were loaded

to their breaking point: panes of glass, wooden

sticks, straw stalks, metal chains, a chicken bone,

horse hair, nylon thread, egg shells, sea shells, and

concrete blocks (figs 6, 7).27 Unconventional,

natural and everyday materials with potentially

extraordinary structural performance appear along-

side familiar building materials. The results of these

experiments were graphed onto an almost indeci-

pherable chart that encompassed the vast cosmos

of objects described. The differing scales of these

objects, which could include atoms, crystals, blades

of grass, sea shells or planets, required the use of a

logarithmic scale so that they could fit into the

same space of measurement.

Whilst this taxonomy did not yet suggest a notion

of prehistory, it reshuffled the comparison of organic

and inorganic life according to a new set of criteria,

opening up potential new narratives. It also estab-

lished a continuity between human and non-

human objects, proposing an alternate set of typolo-

gical categories for architecture.

A more cosmological approach, and one that

hinted at an alternative narrative of natural and

human history, was the related concept of the

‘Pneu’ developed by Otto together with Helmcke.

The idea of a lightweight structural membrane

filled with air or fluid had fascinated Otto in his

early studies of soap films; for Helmcke, the

concept of the pneu emerged in his research on

diatoms, which he believed to have begun as tiny,

soft membranes before hardening into filigreed

silica structures. In his 1962 book Zugbeanspruchte

Konstruktionen (Tensile Structures) Otto had

already suggested an association between pneu-

matic structures and plant and animal forms: fruit,

air bubbles, blood vessels and skin are cited.28 Pneu-

matic structures, according to Otto, ’are meeting the

justified and growing demand that technology
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abandon its abstract, anorganic-mathematical con-

ception, though not its scientific basis, in favour of

a conception nearer to organic life’.29

Otto viewed the pneuma as a universal concept

of enclosure found in all nature, including the

human body. He believed that the pneu was tied

to the origins of life —‘Am Anfang war der

Pneu’ (‘in the beginning was the pneu’) he

wrote, and it was ‘the essential basis of the

world of forms of living nature’.30 Otto’s interest

in the pneu was not based on its morphology

but quite simply on the way in which it resisted

forces and stresses: pneus represented some of

the lightest forms in nature, and were also con-

sidered the most optimised. This ‘great discovery’,

according to Otto, apparently found few enthu-

siasts in engineering or in science.31 Nevertheless,

a conference (the first of many) was organised

on the subject at the IL in 1973, and there, accord-

ing to Otto, ‘on Saturday, February 24, 1973, at

about 11 a.m. the term pneu was coined and its

status as origin of all living forms confirmed’

(Fig. 8).32

In order to demonstrate his theory of the pneu

Otto’s research team engaged in a few playful

form-finding experiments with threads, fabric,

foam and balloons. Even more significant were

the photographs of living and dead animals taken
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Figure 6. Photographs

from the IL archive

showing cross-sections

of bones; 1970s–1980s

(ILEK Archive).



by the IL team members at places such as zoos and

slaughterhouses, or those acquired from popular

science publications. Because the pneu in nature

needed no model, so to speak, the photograph

became the vehicle through which the natural

and the architectural could be placed within the

same conceptual system. Images ‘from nature and

technics’ collected under the title of ‘pneu’ were

extensive and heterogeneous. In addition to

foam, bubbles and pneumatic architecture there

are ‘found’ structures such as sails, rubber tubes,

upholstery cushions and fishing nets, and also pig

intestines, microscopic images of pollen, corn

cobs, frog spawn, vegetables, cells, car tyres,

amoeba, a human egg (‘a few instances before fer-

tilisation’), dividing salamander eggs, clouds, algae

colonies, sea-horse skin, human skin, a cow’s

heart, a Venus fly-trap, multiple exposures of a

human penis becoming erect, a section through

the finger of a human foetus, a pig’s bladder,

‘the testicles of a 20-year-old man’, an apple next

to an image of a girl’s navel, a slug, a human

brain and skull, and a naked pregnant woman

with two children (figs 9, 10).33

The theory of this universal membrane was so

expansive and boundless that it was able to

contain these images of seemingly unrelated

objects; in fact, it relied on them as evidence. The

hope was to universalize the pneu theory, producing

an alternative encyclopaedia of possible forms and

structures that provoke and question the boundaries

of what is permissible within architecture. The great

amount of material gathered seemed to have no

limits, and, as a result, the definition of ‘pneu’

seemed just as boundless.

This collection of images suggests a continuity

between the natural and human worlds in which

the human being is treated as merely one ‘struc-

tural’ object among many: a kind of trans-species

or trans-materialist manner of thinking. At the

same time the special interest in the anatomy of

human reproduction hints at the idea that the

human is somehow privileged in this collection.

Whilst the technological objects created by

humans still fall far from the structural optimisation
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from the IL archive

showing a compressive

strength test of an

animal bone; 1970s–

1980s (ILEK Archive).



of a future architecture, the human body by con-

trast seems to contain potential structures. It is as

if the origins of the human body itself—as rep-

resented by eggs, sperm, the uterus, the penis,

the foetus—offers a kind of new beginning for

architecture.34

Otto’s pneu theory also indicates a kind of

‘systems paranoia’ typical of a larger cultural con-

dition characteristic of the 1960s, in which

systems, data and structures (whether those of the

natural or political world) appeared to take on a uni-

versal, connected and ubiquitous quality. Here he

describes a ‘paranoid’ vision experienced by his

research team, in which pneus seem to appear

everywhere:

The more that they penetrated the form-world of

the pneus, and the more they learned to identify

pneus just from the form, the more pneus they

saw in biological objects, and they convinced

themselves that they truly had real pneus before

them… . When they then began to catalogue

the technical pneus and also the biological

pneus, it seemed almost uncanny to them. They

kept seeing more pneu-forms in their daily
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on Pneus at the IL,

1973.



environment, even in objects that are not even

pneus: birds’ eggs, apples, insect carcasses, and

eventually even in trees and bones.… The archi-

tects of the IL were now seized by something

similar to a ‘hunting fever’.35

The theory of the pneu was eventually met with

scepticism by Helmcke. In a letter to Otto (1973)

he describes looking through piles of books to find

better evidence of the pneu, only to end up with

reservations about an idea that he had once enthu-

siastically endorsed.36 His hesitation centered

around the vague definition of the pneu, and

especially the question of whether objects of such

varying scales could really be encompassed by one

theory. Nevertheless, conferences, publications

and research groups continued to be organised
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Figure 9. ‘Pneus within

pneus’; ‘Testicles of a

20-year-old man’;

‘Inside of testicles with

canaliculi’; ‘Frog

spawn’: IL 9: Pneus in

Nature and Technics

(1977).



around the topic of the ‘pneu’ for over a decade at

the IL.

III
Falling into neither the typical narratives of architec-

tural history, nor the periodisation of the natural

sciences, the theory of the pneu was both a struc-

tural and biological approach to the history of

form. This would lead Otto and Helmcke to a

‘deep’ concept of history made of up a relatively

slow and universal geological time on the one

hand, and rapid physical and chemical transform-

ations on the other. This proposes a model of evol-

ution and development in which multiple

temporalities overlap and coexist through processes

of feedback, mutation and genetic inheritance. The
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Nature and Technics

(1977).



pneu theory thus tried to span the gap between

what Helmcke described as the different temporal

modes of the engineer and the biologist. According

to Helmcke, ‘the biologist tries to understand the

form of the present out of the past, while the engin-

eer plans into the future with the possibilities avail-

able in the present’.37 In other words, the biologist

thinks in terms of processes that take millions of

years, while architects and engineers must work

under the pressure of a limited amount of time

and resources, projecting into the future without

thinking of the past.

Otto and Helmcke saw an analogous example in

nature: there is the long history of a form deter-

mined by evolution and genetics, but at the same

time, there is the quick formation of structures like

diatoms, which they call the ‘rapid physio-technical,

form-creating processes which take place automati-

cally’.38 Otto referred to this process as ‘architec-

tonic’.39 Part of the appeal of this theory for Otto

was the hope that structures could form ‘of them-

selves’: there need not be a human author. He ideal-

ised self-formed structures as born from the

intelligence (and what he assumed to be the good-

ness) of nature, as opposed to the limited capacity,

and potential brutality, of the human imagination.

What becomes increasingly clear in these specu-

lations is that human beings are not entirely

central to the history, or future, of form and struc-

ture. Thus this account differs from the more anthro-

pocentric concepts of today’s Deep History, which

looks at a period before written history, but is still

limited to the history of the (anatomically modern)

human species. For Otto and Helmcke, the human

is treated as a ready-made object amongst other

animals. Human beings, and animals, were seen

not only as makers of structures, but also as struc-

tural forms in themselves. The structural properties

of bones, teeth, hair, skin, bladders and intestines

were closely examined at the IL, and in some cases

even tested. The human body was viewed as

merely one of many living structures, and its own

systems, whether skeletal or reproductive, were ana-

lysed in isolation under the cool gaze of the engin-

eer. Inversely, non-human objects were seen as

capable of writing their own histories: according to

Otto ‘evolutionary processes stamp their mark on

the form of the object. Each individual object,

regardless of which area of nature it originates

from, tells the history of its evolution, an often fasci-

nating history, and the whole that is formed from

them tells much more’.40 When architecture is con-

sidered in such an expanded manner even its history

is no longer limited to the work of human beings.

During the course of the 1970s and 1980s Otto

and Helmcke became increasingly concerned with

the impact of humans on the natural world and

climate, and their arguments for natural structures

were now made in favour of global environmental

concerns. Otto had observed the deleterious effect

of humans on the built environment as early as the

1950s. In an article ‘The City of Tomorrow and the

Single-Family House’ (1956) Otto wrote of the discon-

nection of humans from ‘the weather’ through their

construction of artificial climates in homes and

offices: ‘The human rules the earth and changes it.

His influence on the weather is great, yet he seldom

improves it. The creation of climates favourable for

life is however the main task of every designer of

the environment.’41 By 1980 Otto viewed humans
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as not only changing the weather but the entire

cosmos of surrounding objects: ‘Man has… been a

stranger to the rest of nature… .He alienates it, he

makes his own world. He is the newcomer. He

changes the objects of inanimate and animate

nature. He changes himself… .He is… unnatural

towards that wholeness that was here before

him.’42 This alien behaviour puts man himself at

risk: ‘Can man really understand nature enough so

that he can act naturally? I think that if he cannot

learn to do this, his existence is endangered.’43

Around this time Helmcke wrote in even more

alarmist tones, warning of irreversible catastrophic

events that could occur if the forces of man and

nature continued to create disequilibrium. He even

illustrated his point with a diagram of a catastrophe

machine by the mathematician Christopher Zeeman,

showing the effect of the push and pull of forces of

man and nature (Fig. 11).44 According to his descrip-

tion, the ‘tension’ caused by the forces of man on

nature could reach a critical situation in which

there is a sudden, catastrophic reversal. Thus,

where for Otto and Helmcke natural history had

once served as a potential source of inspiration for

‘an unimaginable number of different futures’,

now the focus was on an origin that might be irre-

versibly lost. The optimism around technology of

the early 1960s was replaced by a sense of an incom-

patibility between natural history and human

history. Helmcke wrote: ‘If we want to comprehend

the concept “nature” in as pure a way as possible,

we must refer back to that prehistoric period when

there were as yet no people to intervene in the

natural equilibrium.’45

IV
The search for the origins of architecture has been a

source of speculation and fascination since architec-

tural history was first written. It also often came as a

response to a crisis in the present. In the 1960s, it

was the crisis of the broken promises of the

Modern movement, and a growing sense of the pre-

cariousness of life on earth. Critics of today’s dis-

course of the Anthropocene have argued that the

term itself is inherently anthropocentric; that it

seeks (human) technological responses to ecological

changes, rather than fundamentally questioning

human domination over nature.46 Otto and
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Machine’: IL 27: Natural

Building (1980).



Helmcke, by contrast, challenged anthropocentric

thought by de-centering human life and its technol-

ogies, and blurring the divisions between animate

and inanimate life. In basing a potential future archi-

tecture in prehistory—a pre-human history of the

earth and cosmos—they hoped to achieve the

wholeness and equilibrium that they perceived to

have been lost.

I would like to end on a cautionary note, however.

Otto and Helmcke’s gaze into an architectural pre-

history was, paradoxically, only possible through

the tools of advanced human technology. Whilst

Otto elsewhere opposed the forms of advanced

technology and scientific reason that had come to

characterise post-war West German society, his

ambitious project for finding a universal model for

all structures by uniting heterogeneous material

and natural histories was very much a product of

that society.47 Today’s search for a universal narra-

tive of human life, or ‘species thinking’, is similarly

made in response to an environmental crisis, but it

may also be limited by its positivist tendencies. Just

as Otto and Helmcke turned to the human body,

rather than human architecture, as a potential

source for the origins of a (new) architecture, Deep

Historians treat the materiality of the human body

as an index of human history. One of the claims

made by Deep History theorists is that this is more

‘objective’, and could potentially liberate history

from the bias of authorship. This approach perhaps

avoids the problem of the fallibility of human narra-

tive, but raises new problems of agency associated

with those non-textual sources (such as: Who has

access to carbon-dating technology and genetic

databases?). Even if the human body is the potential

material for a universal human history, who will be

able to read it?

One could similarly ask if ‘species thinking’ and

other historical models that are centered on animal,

material and object evidence are eliminating not only

human agency but also human accountability. The

human, for Helmcke and Otto, was torn between

the animal and technological world, a contradiction

that they did not resolve in their own research. Their

hope had been to replace the will exerted by human

beings’ ‘outsized hand’ with natural and material

forces from the scale of the microscopic to the

cosmic. This research was driven by a utopian belief

that if these forces could be harnessed, they could

self-organise to produce a lightness that would

counter the heaviness of late-industrial society. The

appeal of Otto’s research is that it allows for a fascinat-

ing glimpse atwhat a non-human architectural agency

might look like. However, the very concept of the

Anthropocene is defined by the ecological and geo-

logical impact that human will has had on the

planet. Reimagining human beings as a species at

the receiving end of those acts, as universal biological

subjects, could obscure the particular histories of

human will that have threatened our existence.
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