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HUMAN REACTION

“Our need for protection is not any different from

E gg that of other species. Animals have always had
5 5'! f;“:r‘;':': ;i:’;;': enemies, in particular the climate, and other
5 é% modulation species seeking to prey upon them.”
g 25 Mike Hansell
Build by Animals: The Natural History of Animal Architecture
Oxford University Press, 2009
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material: grass
construction: weave
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moles are
ecosystem engineers

biodiversity
different consistency of
ground attracts new plants

main food source
earthworms, caterpillars
snails, leatherjackets

0-30 cm
hunting

30-100 cm
living

tunnel system
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material: tree trunks
constru n: timber-framework

www.planet-wissen.de
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- ecosystem engineering

www.biber-infg.de
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contextual adjustment

high level

low level
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ventilation

dam structure
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Animal architecture _ 3
Observation|

HUMAN REACTION

equilibrium

WOIGES oF compoRT
(oreRnTie TemeEtarums )

“Our need for protection is not any different from
that of other species. Animals have always had
material & form | enemies, in particular the climate, and other
for microclimatic . . ”

species seeking to prey upon them.
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modulation
Mike Hansell
Build by Animals: The Natural History of Animal Architecture
Oxford University Press, 2009
active
system
passive
system
human architecture animal architecture
many materials R few materials
simple geometry 9 complex geometry
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Animal architecture
Observation |l :

equilibrium

HUMAN REACTION

building
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feedback loop
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every interventions does not
only react to its surrounding
but also acts upon it!

architecture is
ecosystem engineering
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A negative feedback loop is a reaction that causes a decrease in function. It
occurs in response to some kind of stimulus. Often, it causes the output of a
system to be lessened; so, the feedback tends to stabilize the system.

feedback loop
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Cybemetics:

Norbert Wiener: Cybernetics or
Control and Communication in
the Animal and the Machine,
1948
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A positive feedback loop is a reaction that causes an increase in function. It
occurs in response to some kind of stimulus and causes the output of a system
to be enhanced; so, the feedback tends to exacerbate small disturbances.

Cybemetics:

effector

sensor

stimulus

control
T change + feedback loop

increased
ev:p:;aotfion Norbert Wiener: Cybernetics or
Control and Communication in
the Animal and the Machine,
1948
atmospheric
emissions - temperature water vapour
greenhouse
effect
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“synchronized crowd behavior in emergency
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Feedback
complex behavior

Crowding
Food depletion,

Cross-inhibition
between trails

= Negative feedback

st Positive feedback

X Loaded ant
* Unloaded ant

Q Food

Filling of food reserve
Limited number of potential recruits,

Detrain, C & Deneubourg, JL: Self-organized struct in a superorg : do
ants “behave” like molecules?, Physics of Life Reviews, 3 (2006), 162-187
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material: sa
construction: g
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three challenges

« regulation of temperature
« regulation of humidity

« CO, concentration

chewed wood

fungus comb

royal cell

supporting pillar
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outer nest wall

nursery

termite mound of Macrotermes michaelseni

Computational Cycle
Found Form
26.10.2022

21

three challenges

« regulation of temperature
« regulation of humidity

+ CO, concentration
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Hour of day
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convection cell following oscillating thermal schedule

» temperature in nest is around 30°C + 2 °C the whole day
» CO, concentration stable due to continues exchange of air

Structure Night Morning Midday Afternoon
schematic airflow in termite mound
’ 23 Computational Cycle
A” DS Aalto University Found Form
Design of Structures Toni Kotnik, Professor of Design of Structures 26.10.2022
Animal architecture 3

Observation Ill |

W

b

aH = M»E:,C:R

equilibrium

HUMAN REACTION

human architecture
isolation between out & in
mech. control of indoor climate
closed system
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animal architecture
porosity between out & in
passive control of indoor climate
open system
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HVAC

“Our need for protection is not any different from
that of other species. Animals have always had
enemies, in particular the climate, and other
species seeking to prey upon them.”

Mike Hansell

Build by Animals: The Natural History of Animal Architecture

Oxford University Press, 2009

dynamic
equilibrium
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termite nest of Aicotermes lamani
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development of architecture out of interaction of
* nest material density

« termite worker density

» pheromone concentration

A

Collective motion A

~ 2~
Termite  \ \

Nest material
u(x,t) workers n(x,t)”

Termite nest
morphogenesis

Templating Signaling

Secreted
pheromone p(x,t)
s .

Pio o

SO
@@
Edge dislocations that result from floor misalignment can

give rise to linear ramps, while screw dislocations can
lead to helicoidal ramps that pivot about a slip plane.

Termite workers migrate preferentially to low-density regions and cannot
travel through very high-density regions. Workers remove dirt throughout
the nest but are more likely to deposit dirt near pheromones which they
release during deposition. Pheromones are assumed to have a low
diffusivity and hence provide a local signal.

Building rate (£,)

o
z?

eromone concentration (p)

Removal rate (f.)

Pheromone concentration (p)

modelling of spatiotemporal dynamics of Aicotermes lamani
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development of architecture out of interaction of
* nest material density

« termite worker density

* pheromone concentration

A

Collective motion A

Nest material Termite (Y
u(x,t) workers n(x,t)”

Termite nest
morphogenesis

Templating Signaling

Secreted
pheromone p(x,t)

dirt to constitute the nest, termite workers to « material property
shape the nest, and secreted pheromone to feedback loop . pehavior (as simple rules)
mark active regions of the nest. « environmental information

modelling of spatiotemporal dynamics of Aicotermes lamani
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Animal architecture
Observation IV
define form i
from global to local human deSIQn

top-down process
Architectural Units of Analysis Urban Planning Units of Analysis

: i

20 Building Elements ] Cluster of Buildings Cluster of Blocks
Plan & Elevations 30 Building Form (e.q..City Block) (e.a..Neighborhood)

city

Design & Planning Scales

Micro Scale
Topographical Scales Macro Scale
Natural and arfificial topography according to micro and macro topographic scales

animal design

» from local to global

bottom-up process find form
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Animal architecture
view from the outside

Observation |

from material multiplicity to geometric complexity
materials are expensive, form is cheap

Observation Il

architecture is ecosystem engineering
architecture is prosthetic nature

Observation Il

from static isolation to dynamic porosity
architecture as an open system of fluid exchange

Observation IV

from top-down control to bottom-up process
architecture as adaptive generation to environmental conditions
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