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Future Bionic is a study into how biological processes can
be reinterpreted and applied to revolutionize the idea of
performance in buildings. The term bionic refers to the
combining of a natural system and a mechanical system
or technology [bionics]. Biomimicry refers to the copying
or imitation of a natural systems processes [biomimicry].
Future Bionic is a hybrid of both concepts, in which I am
looking at how principles of bionics and biomimicry can
be used to design a built environment that begins to blur
the edges between the natural and man-made world. Both
bionics and biomimicry can be used to create buildings
that take ideas from nature, incorporate nature, and work
with the natural environment. By using principles of both,
Future Bionic becomes greater than each concept individually. It is the idea that the man-made environment can
work as an integral part of the natural cycle.

system and requires that architects merely meet some of
its guidelines to receive a certain number of points. The
system helps to design buildings that are better than most
current buildings, but it is still not asking enough of us.
Most of these buildings still damage the environment,
they simply damage it less than an ordinary building does.
The goal of Future Bionic is to design a built environment
that actually improves the natural environment around it.
Buildings need to begin to function like a living thing by
removing CO2 out of the air and putting O2 back into it.
How can a building begin to actually improve the earth?
This is the question I pose with Future Bionic.

To build buildings that begin to improve the earth I derived
what became known as the five goals of Future Bionic.
They are based off the principles of biomimicry and ideas
of bionics. The five goals of Future Bionic are:
This project is something that is important because of 1.
Form inspired by nature
many of the escalating issues in the world. Some of these 2.
Technology symbiotic to biological systems
issues include water shortage, climate change, fossil fuel 3.
Addresses waste space
shortages, pollution, and traffic gridlock. Architects do 4.
Cradle-to-cradle lifecycle
not have the answers to all of these issues; however we 5.
Consists of networks of cooperation
do have the ability to directly affect some of them with
our designs. The issues at hand are larger than the reach In order to begin to address the CO2 issue people need to
of the architect, but we are a small piece of a much larger live in an environment that doesn’t require them to drive
puzzle. We cannot change human behavior, but we can everywhere. People need to be able to walk to the things
design a built environment that influences it. By providing that they use every day. By removing cars from roads, one
a built environment that allows people to live and function can begin to dramatically lower fossil fuel consumption
more efficiently, we can begin to plant the seeds of change and CO2 pollution. How do you design a built environthat can then grow into a new and sustainable man-made ment that doesn’t require people to drive? Every zoning
environment.
district and building type must be located within walking
distance of one another. This means that housing, retail,
The aim of this project is to find ways in which humans can industry, agriculture, medical buildings, and schools need
live more in balance with nature. The goal is a seamless to all be located in a tight location. This is the supercenter
integration between the natural environment and the man- concept. Everything that is needed is located in one area.
made environment at a large scale. To do this I am looking These supercenters would then develop all over the city.
at current examples of biomimicry to see how architects
and engineers are currently using precedents for design To start this design I needed to locate a site for the superfrom nature. By studying current examples of biomimicry, center. Where is there a site that people use every day
I can then look towards the future, and study what forms or and also contains a large variety of programs? This study
biomimicry could be used in years to come and how the began to take place in Lincoln, Nebraska. After an initial
field can be advanced. These examples are what I want to site study, six different major hubs of activity where found
incorporate into my design, to try to push the field of bi- in the city. One site was chosen for the initial prototype
onic research. Currently the LEED system has become the and it was the Westfield Gateway mall site. The site was
standard when it comes to sustainable design. However, chosen because it is a large site that people use every
the system has only begun to scratch the surface of sus- day and it also has large amounts of underutilized space.
tainability and its requirements. LEED is based on a point This underutilized space is where the new building will
4

The program for this design is based off what the current
site is missing. The main thing that the site is missing
is residential housing. Housing became the main program for the building on this site along with agriculture.
By bringing housing and food production on to a site that
already has many jobs and retail, a supercenter is beginning to develop. The current site condition is creating
large amounts of underutilized surface parking space. The
majority of the time most of this parking space is empty.
In order to reduce the amount of surface space this parking takes up, some of the surface parking will be removed
and replaced with parking structures. A study of the site
showed that most of the parking in the North lots is not
being utilized. People are primarily parking in the West
lot. This is where additional parking structures will be built
while the North lot will have surface parking removed. Agriculture will begin to develop in this space instead. By
studying the square footages of the site, I realized that the
roof of the mall was over 500,000 sq. ft. of space that is
not being used. This is where the housing will be built.
This will allow for privacy away from all of the parking on
the site, and also create a social interaction with the mall
below it.
The design of the housing units called for them to be self
sustaining. One concept behind them was a module living unit. They would be able to be prefabricated on site
to reduce transportation and production cost. They could
then be produced as they were needed reducing building waste. When designing self sustaining living unit I
began to look at what were some of the functions that the
units needed to be able to do in order for them to be self
sustaining. The three things I came up with were the collection of rainwater, collecting solar energy, and harvesting wind energy. With these functions defined, I needed
to design three different living units. Each one of these
units then became specific to its function. One unit was
designed with modifications to specialize in solar energy
collection. One was designed using modifiers to collect
rainwater. The last was designed to harvest wind energy.
The goal of the specialized units was to then network them
together so that they could benefit from one another. The
networking of utilities is one of the things I was referring
to with my fifth goal of Future Bionic. The three SSU’s, or
self sustaining units, are then connected to a frame and
configured above the roof of the mall. Each SSU is configured on the frame so that it is able to perform at optimum
5

at all times.
The frame which the SSU’s connect to has been designed
based off wind conditions, solar studies, the existing mall
circulation, and the existing mall structural system. The
frame runes along the existing circulation of the mall and
has a structural that ties into the existing structure of the
mall. Inside the frame it is open into the mall below. This
creates an atmosphere of interaction between the residents
and the customers at the mall. The new residential unit is
able to connect to the existing mall like a parasite. The
existing mall is able to act as the host and provide services
for the new residents. The entire site is able to develop
over time. SSU living units are built as they are needed.
Parking is adjusted over time and agriculture begins to
grow as residents move into the site. Green space begins
to take over existing paved space. This organic process
develops naturally over time and commercial also begins
to take over SSU’s, blurring the line between what is mall
and what is residential.
Future Bionic was a project that was focused on the process
and development of an idea. The project started without a
specific building type or site. It was simply a broad idea to
see how natural organisms could be used to create a more
sustainable architecture in the future. From this idea a
project developed that looked for a creative solution to the
various issues I mentioned earlier. After the development
of the five goals, many different concepts were developed
and tested, all in a search for the solution the addressed
the five goals the best. This prototype of Future Bionic
was focused on housing people; However Future Bionic
and the ideas behind it could be applied to any program.
The project was a learning experience from which many
things can be taken away. The final solution shown in this
book is merely the beginning. It is simply one prototype
of what could be many possible solutions. This prototype
has only looked at one site as a supercenter. The idea
behind Future Bionic is that these hubs would develop all
over the city creating a new urban landscape and city profile that combines functions, instead of separating them
with zoning laws. Future Bionic developed to its maximum
potential would begin to create human environments that
function as living things and begin to work as an integral
part of the natural cycle.
ABSTRACT

PROJECT ABSTRACT

WORLD ISSUE ANALYSIS

There are many problem with the way in which we design and build our environments. Many of
these design flaws are contributing to the issues we are seeing today such as climate change, fossil fuel shortage, carbon dioxide pollution, resource depletion, traffic gridlock, and water shortages.
These issues are the driving forces behind Future Bionic. Looking for creating solutions to these
issues is what interests me.

6

RESEARCH

The diagram above is allowing me to look at all the various problems and how they related to one
another. Some of the issues begin to form a web of connections. After creating this diagram it became clear that many of these issues are interconnected and that by addressing one of them, it is
possible to affect others as well. By determining which issue has the most connections, a hierarchy
of problems is created which is helping me to focus on a specific issue. By addressing a specific
issue it is possible to make a large impact.
7

Sea Levels
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Climate Change

Climate Change
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Storms

Protect Natural Areas
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RESEARCH

Loss of Farmland

1.
2.
3.
4.
5.
6.
7.
8.
9.

Nature runs on sunlight
Nature uses only the energy it needs
Nature fits form to function
Nature recycles everything
Nature rewards cooperation
Nature banks on diversity
Nature demands local expertise
Nature curbs excesses from within
Nature tabs the power of limits[Benyus 7]

There are many different examples of biomimicry currently found in the world today. Some cases of biomimicry are as simple as Velcro and others are as complex
as studying the texture of whale’s fins to design more
aerodynamically. There are many different fields of engineers and designers that are now turning to biomimicry for answers to many design problems. It is a very
diverse subject in which many different fields can benefit
from. Architects and engineers are turning to biologists
to try to find ways to design based on natures principles.
One of the leading experts in the field of biomimicry is
Janine Benyus. She has written a book on biomimicry in
which she lists the nine principles of biomimicry.
These nine guidelines of biomimicry have become a target for my design. My design will need to incorporate
these ideas into it in order to be successful. Some of
them will be easier to accomplish than others. Looking
at these nine guidelines, number five has caught my attention as something that could have an impact in architecture. This is something that is lacking in our built environment today. The idea of buildings working together
is something that should be explored.
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DERIVING FUTURE BIONIC
1.

Form inspired by nature

2.

Technology symbiotic to biological systems

3.

Addresses waste space

4.

Cradle-to-cradle lifecycle

5.

Consists of networks of cooperation

The five goals that have been developed are all
geared towards addressing some of the issues that
I was looking at before, with the main issues being
urban sprawl and CO2 pollution. At this point the
project is still very vague. The project is to design
a built environment that begins to address these issues. Goals for the project needed to be developed
in order to begin to set parameters for the project.
These goals begin to shape and define the project.
The five goals of Future Bionic were derived from
Janine Benyus’s nine principles of biomimicry and
examples of bionics. These are the five goals from
which my project is to be defined. The goals are primarily performance based. Once the five goals for
my project were defined the task was to then find examples of work that meets these goals or address
some of them. This is where I started my precedent
research and analysis. The idea was not only to find
work that others had done, but to critique the projects based on my five goals for Future Bionic. How
well were they meeting my criteria? What things were
they doing well and what things could be done to
make them better? This is the beginning of the precedent research phase.

11

RESEARCH

NINE PRICIPLES OF BIOMIMICRY

12
PRECEDENT STUDY
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VINCENT CALLEBAUT

This building is designed based on the idea of cleaning
cities. It is an innovative design that could really change
the future of architecture. It is an example of de-polluting architecture. The entire skin of the structure is covered by titanium dioxide, which reacts with ultra violet
light and reduces air pollution. This titanium dioxide skin
is Bionic. It is using technologies to recreate a natural
process that cleans and filters the air.
This is a good precedent for me because it is using principles of biomimicry and it follows many of the guidelines
that I have set aside for a bionic building. The technology
used is symbiotic of biological systems. It is recreating,
in a way, the process of photosynthesis and cleans the
air. Renewable resources also power the building. The
building uses a wind tower to capture and use the wind
for energy. The building is also able to capture rainwater
as well.[Anti-smog]
The aim of this project is to improve the environment
around it and to begin to reverse global warming. This
project is aiming higher than a green building. It is trying
to create healing architecture, architecture that improves
the world.

FIVE GOALS OF FUTURE BIONIC
1. Form inspired by nature
2. Technology symbiotic to biological systems
3. Addresses waste space
4. Cradle-to-cradle lifecycle
5. Consists of networks of cooperation
Images from [Anti-smog]
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VINCENT CALLEBAUT
This building addresses and meets most of the criteria
that I have laid out for a bionic building. The building
project calls for it to be completely self-sufficient. The
building has a vertical solar shield on the south side. On
the other side there are three wind-collecting fans. The
building form and structure is also based off of a dragonfly’s wing. This is an example of biomimicry, because
it is mimicking a form found in nature. The building also
collects and reuses water off of its facade. This is also a
form of biomimicry which meets Janine Benyus’s guidelines of biomimicry. This is an example of her guideline #4, which says that nature recycles everything. The
building is collecting the rainwater to be used and reused again.
The only criteria that this project does not address are
the after life use. One of the criteria for a bionic building
is to produce no waste. During and after its operation
and function. The building addresses some of the issues of waste during its functioning lifespan, but does
not address its after life use. It fails to look at how the
building can be broken down and reused after the buildings life span.

This project narrows in on a specific problem with our
3. Addresses waste space
food production, and looks to improve it. The project
is more than just a clean building; it is a building that is
designed to change the way in which people do things,
which is the hardest part of sustainable design. A bi- 4. Cradle-to-cradle lifecycle
onic building should be an integral part of a site. The
building is a green tower in the center of an urban
space. This helps to reclaim the land and bring native
5. Consists of networks of cooperation
species of birds and other wildlife back into their local
environments.[Dragonfly]
16
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PRECEDENT STUDY

This is a good example of a precedent because it not
only meets many of my criteria for a bionic building, but
it also addresses some of the social problems currently
existing. This is a project that is based around trying to
solve one of the problems of food production not only in FIVE GOALS OF FUTURE BIONIC
the country, but in the world. The energy that is used to
collect, produce, and transport our food is astronomical.
1. Form inspired by nature
They are addressing what seems to be a simple idea of
moving the food production closer to the people, and
using clean energy to produce it. By doing this you will
not only have fresh food, but food that will cost less and 2. Technology symbiotic to biological systems
take less energy to transport.

Images from [Dragonfly]
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FRANCOIS ROCHE
Francois Roche is an architect who’s futuristic designs
provide great inspiration for what I want to do. He is
pushing the boundaries of architecture and looking toward the future with designs that provoke the imagination.
Whether or not his designs are possible is not the point,
but instead what is important is what could be done with
these technologies if they were available. Roche’s project “I heard about it” is based off the idea of a machine
building structures on its own. It is a mesh of tissue that
is interwoven. There is also a project called “(Un)Plug”
which is a design for an office building in Paris which
called for the building to collect its energy from the sun.
This project is designed with a reactive facade which
responds to contact with renewable energies. It has a
hairiness facade with thermal sensors has a swelling of
the glass skin for the photoelectric cells.[[UN]Plug]

FIGURE 2 & 3

Waterflux/R&Sie(n)

FIVE GOALS OF FUTURE BIONIC
1. Form inspired by nature
2. Technology symbiotic to biological systems
3. Addresses waste space
4. Cradle-to-cradle lifecycle
5. Consists of networks of cooperation

[UN]Plug

FIGURE 1
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FIGURE 5

‘olzweg’ (paris, france), 2006

FIGURE 4

‘hypnosis room’ (installation at the modern art museum in paris), 2005
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BIOMIMICRY

BEE HIVE

DRAGONFLY WING

The structural make up of a bee hive is something that can be used when designing structural systems. The bee hive is made up of hexagon shaped honeycomb, where each platform is laid out
parallel to one another.[Bee] Variations of this hexagon formation can be used to develop new and
efficient structural systems. The goal of this would be to create dynamic building forms that benefit
from passive orientations. Structures can be designed for optimum site conditions in relation to
sun, wind, and slope. This type of structual system could also open up the interior space, reducing
the need for interior columns and structure.

Dragonfly wings are made up of a series of small veins and a thin membrane. This allows the wing
to be very flexible and functional. By studying the formation patterns, architects can begin to design new light weight and flexible structural systems. The dragonfly wing was used as inspiration
for Vincent Callebaut’s Metabolic Farm for Urban Agriculture. The differences in the Dragonfly’s
wing structure, changes the flexibility of the structure. The hexagon forms near the back of the wing
are much more flexible than the square shaped formations at the front of the wing[McLendon].

BIOMIMICRY

FIGURE 6
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TERMITE MOUND

Leaves have a textured skin, that has the ability to bead water. In a way the leaf is water resistant.
By studying the bumpy texture of leaves, architects and engineers can begin to design materials
and buildings that are able to self clean and become water resistant. The lotus leaf is the leaf that
exhibits this effect known as the lotus effect. The leaf texture has dual length-scale roughness and
a hydorphobic surface, which reduces the contact area between the leaf surface and the water
[Barberoglou]. This is how the leaf catches and beads the water, allowing it to run off, bringing dirt
with it.

The termite mound has been an inspiration for architects in recent years. Architects have been
able to design buildings to naturally cool themselves based off the principles used by termites. By
taking advantage of the stack effect, termites use ventilation shafts to allow air to move through
the structure. Warm air moves up through a central shaft diffusing Co2 to the outside. Some of
the termite mounds are built with orientation to the sun to provide for the least amount of solar gain
against the largest surface area.

FIGURE 7

FIGURE 8

24
24

FIGURE 9

FIGURE 10

25
25

BIOMIMICRY

LEAF TEXTURE

LUNGS

By studying the skin of humans and other animals, architects and engineers can begin to engineer materials that can repair themselves. It could be possible to engineer biomaterials that can
react like skin does. Materials have been able to repair themselves by the addition of self-healing
polymers composed of microencapsulated healing agents[Toohey]. The material is able to repair
crack-induced ruptures.

By studying the way lungs filter and remove Co2 from the body, designers and engineers are
designing new nano-technologies that act in the same way. These nano-technologies act as an
agent that attaches to a fixed membrane and helps to filter out the gas we want to be removed
[Nanotech]. These technologies are able to filter out much of the Co2 and pollutants before they
are released into the atmosphere. This allows for cleaner industries and less air pollution. This
concept could be used in cars as well to produce cleaner running cars.

FIGURE 11

FIGURE 12
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FIGURE 13

FIGURE 14
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BIOMIMICRY

SKIN
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PRECEDENT STUDY

BEE HIVE

After doing precedent analysis and defining the goals
for the project, it was time to develop the next phase
of the project. A building type needed to be defined.
The concept I came up with for the building type was
derived from the bee hive. The bee hive is representative of a supercenter of activity in which housing,
food, and production are all located in one location.
This allows for less traveling between places, which
reduce fossil fuel usage and CO2 pollution. This
idea creates a building typology that is made up of
everything that people use every day. The program
is a varying system that is very site specific. This
means that to define a program, I first needed a site.
I needed to find a site that was best suited for the
supercenter concept. The best possible site for this
typology is to find a site that already has a large varying program. That is where the site selection process began. A site needed to be located that was
already a large hub of activity. The thing that most
of these sites were going to be missing is housing.
Almost every major hub of activity in the city is missing housing. That is when housing became a main
focus of the project. How could people be housed
sustainably and be located with the things that they
use every day? The housing would then become like
a leach or parasite, using an existing structure as the
host to provide what the people need. The existing
structure is able to benefit the people the same was
the host does in those scenarios. The next step was
to located a site.
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SITE ANALYSIS

DISTANCE STUDY
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After the distance study was completed, a proximity
study was done to look at how similar places try to
spread themselves out from one another. The proximity study showed that cities are spreading in part
because businesses try to separate themselves from
one another and follow the people. After the distance
and proximity study I was able to overlay all the locations I was looking at onto one map. From this I was
able to generate the six major hubs of activity in the
city. These hubs of activity are the places that people
are using the most from day to day. These are the
prime locations for the supercenter to develop. Each
site was then analyzed to try to determine which site
would be best suited for my initial prototype. The
site needed to have many various activities as well
as have underutilized space that could be developed. The site that best fit these requirements was
the Gateway mall site. It is a large hub of activity and
also has large amount of underutilized parking space
as well as a large amount of roof space that is not
being used. The site was chosen as the initial site to
test the idea of Future Bionic.

i.

4.35 mi.

10
3.

In order to understand the distances that people travel every day, I had to do a distance study of the places that people were using. In this study I found that
the average distance between many of these places
is over four miles. This initial study had some positives and some negatives. By doing this study I was
able to start to understand the distances that people
have to travel every day. The study was flawed however, because the study only looked at the distances
between similar places. The study did not look at the
distances between where people currently live and
the various things they use every day. To get a better understanding of transportation issues I need to
look at how schools, retail, markets, and food places
relate to where people live.

3.2

8
2.1

An initial study was done looking into the distances
between the places that people use every day. One
of the goals of Future Bionic is to reduce traveling
distances by creating supercenter hubs of activity all
over the city. These supercenters would then contain all the necessities of human life including housing, retail, markets, agriculture, recreation, and jobs.
This idea was inspired by the bee hive, or the idea of
bringing people closer to the things they use every
day.

SITE ANALYSIS

PROXIMITY STUDY
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Gateway Mall

48th and Van Dorn

48th and O street

Southpointe Mall

27th and Cornhusker

Downtown
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SITE ANALYSIS

HUBS OF ACTIVITY

39

HUB 1 PROTOTYPE
On Site

1. Parking Garage
2. Vacant
3. Vacant
4. Car Dealership
5. Joann Crafts
6. Chuck-E-Cheeze
7. Huhot & Panera
8. Red Lobster
9. McDonald’s
10. Strip Mall
11. Parker’s Barbecue
12. A.T. Thomas Jewelry
13. Pizza Hut
14. Eye Masters
15. Granite City
16. Olive Garden

Off Site

SITE ANALYSIS

17. Ameritas
18. U.S. Post Office
19.
20.
21. Gateway Professional
22. Child Development Center
23.
24.
25.
26. Firestone Car Repair
27. Strip Mall
28. China Buffet
29. Well’s Fargo Bank
40
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SITE SPATIAL ANALYSIS

GATEWAY MALL SITE

Analysis was done on the mall site to determine what
percentage of the over land area was green space
and how much of it was paved surfaces. The study
determined that only around 15% of the surface area
was green space. The goal for the site design was
then to increase the amount of green surface area,
and reduce the paved space, while still keeping the
same amount of parking.

19.25% CIRCULATION

SITE ANALYSIS

24.96% BUILDINGS
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SITE SPATIAL ANALYSIS

15.01% GREEN SPACE

SITE ANALYSIS

40.78% PARKING LOTS
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SITE ANALYSIS

UNDERUTILIZED SPACE
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UNDERUTILIZED SPACE
An initial study of the site showed that the majority
of the people are currently parking in the South and
West parking lots. This is primarily because O Street
runs along the South of the site. Analysis of the site
shows that the North parking lots and the mall roof
are the spaces that are being underutilized the most.
These are the sites that I have chosen to develop. An
extensive study was done in order to determine what
should be located in each location. It was determined
that the housing and green space would develop on
the roof of the mall, while agriculture would be developed in the underutilized parking spaces to the North.
Some parking would be left in the North lots to allow
for some parking and quick access, however the majority of the space is developed as agriculture.

LOCATION

PROGRAM

PARKING LOT 1

AGRICULTURE

By placing the agriculture on the existing parking lots
instead of on the roof the crops are much easier to
be harvested. It is also simplifies the systems that
would have to be installed on the roof. The watering
and planting would be a difficult process on the roof.
By designing housing the only thing that needs to be
reinforced is the structure. The mall roof is also being turned into a green roof which would also require
structural reinforcing. This however is easier to maintain then the harvesting of crops is. By placing the
housing on the roof a social interaction is created between the mall consumers and the residents. People
are able to interact and move between the two buildings with ease, while the pod design also allows for
privacy for the residents. This is an interaction that
would not be possible if the housing was not designed
on the mall.

123,391 sq. ft.

PARKING LOT 2

MALL ROOF

100,086 sq. ft.

AGRICULTURE

698,574 sq. ft.

HOUSING

SITE ANALYSIS

The program for the supercenter was to begin with the
addition of housing and agriculture to the site. These
were the two primary things that were missing from
the site. By adding food and housing to the site a
system begins to develop where food can be grown
and produced in the same place that people live and
work.
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TISSUE ENGINEERING

TISSUE ENGINEERING
Tissue engineering is the process that I explored in
the initial prototype of Future Bionic. The idea is that
buildings can be grown and consist of living tissue.
The tissue that makes up the building would then be
engineered to perform a specific function. The idea
of tissue engineering is something that has started to
develop in the medical field. Doctors are able to engineer tissue that is able to re grow and repair itself.
Scaffolds are built to allow the tissue to grow and
form, then the scaffolds dissolve after time. Doctors are able to perform surgeries where they place
the scaffold with some of the tissue on in inside the
body, and the tissue is able to grow and repair the injury while the scaffold dissolves inside the body over
time. Architects are being used to design and model
the scaffolds in which the tissue grows.
The idea of applying this concept to architecture is
a relatively new idea. This concept has potential to
change the future of performance architecture. It is
something that may be the new sustainability of the
future. Architects would design the structural scaffolds for various tissues to grow and develop spaces. This could happen as an exterior living façade or
could also be extended into the building to create living special patterns. This concept has two parts to it,
the development of the framework and the engineering and development of the tissue. Various tissues
would have to be engineered to provide sustainable,
living, and functioning facades.

LIST OF TISSUES:
1. Photosynthetic Tissue
2. Water Beading Tissue
TISSUE ENGINEERING

3. Bioluminescent Tissue
4. Self-Healing Tissue
5. Decomposing Tissue
6. Responsive Tissue
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TISSUE FUNCTIONS

The diagram below shows how the tissue and
program relate to one another, and how they
each relate to the site. The specific tissue
functions have certain places they need to be
located on the site to be able to perform their
specific function. The program also has certain
site requirements. This relationship was how I
determined which tissue would form on each
part of the program. Once this relationship
was developed it became possible to begin to
think about how this tissue would form and create space. The question then was what type of
structural system would be able to allow for the
tissue growth and expansion?

TISSUE ENGINEERING

The next phase of the project was to begin to
look at how the tissue can begin to form spaces. To do this a frame needed to be developed
for the tissue to be able to grow. I first began
with a simple 2D metal frame. It was an initial
conceptual idea which allowed me to first test
this concept. The first iterations we tested with
a physical model. I was able to create different rule sets for the tissue. The simple frame of
the first model allowed for many different forms
to develop. The first iteration was simply creating spaces. The second iteration rules were
created which allowed only certain colored rubber bands to touch certain columns. This was
beginning to represent the different functions of
the tissues and how they would only be able to
develop in certain areas. Interior tissues could
only grow on the interior. Photosynthetic tissues could only grow on the South facade. The
next few pages are an image set of one of the
iterations I developed using this process.
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TISSUE ENGINEERING

TISSUE DIAGRAM
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TISSUE ENGINEERING

TISSUE MODEL TRIAL 1
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TISSUE ENGINEERING
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TISSUE ENGINEERING
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TISSUE ENGINEERING
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TISSUE ENGINEERING
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TISSUE ENGINEERING

TISSUE MODEL TRIAL 2
The physical model on the right was my second attempt at creating a tissue scaffold. The idea is to
create a lattice system that serves as the framework
for the tissue to grow. In this example I created the
system out of zip ties. Four different sized zip ties
were used to create the formation. The larger zip
ties were used at the bottom and the smaller ones
were used near the top. As the model progressed a
system developed which allowed me to control the
form of the framework. By creating a loose or tight
connection I could create variations in the model.
The connection also allowed the frame to flex and
adjust to the various pressures applied by the rubber bands. The model is representative of the type
of expandable structure that would be desired for
this project.

TISSUE ENGINEERING

Rubber bands were used to represent the tissue
growing on the frame. I was able to use different
color rubber bands to represent different functions
of tissues. I was then able to create a rule set for
each rubber band, which then allowed me to create a skin and space following the logic function.
The flexible structure was able to bend and flex to
accommodate the changing pressures from the
rubber bands that were added. The model was an
experimental project that developed over time and
helped me to begin to understand the frame and
tissue relationship.
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CONCEPT IMAGES
The images shown are conceptual images that are
beginning to look at what this tissue could look like.
After several iterations and attempts, the idea of this
muscle like tissue was what developed. The images
are looking at how this muscle like tissue could begin
to form on a frame and how it could begin to work
spatially. The attempt was to begin to architecturalize
the idea of tissue engineering and how the various tissues would work and interact with one another.
The renders are also beginning to look at where the
various tissues would form. The idea is that they
would be specific to their function. In the images the
various tissues are represented with different colors to
show the various.

TISSUE ENGINEERING

This concept was never developed any further. The
concept was successful in some areas and failed in
others. The idea had potential, but was something
that was difficult to develop. I was at a crossroads
at this point. It was determined that the tissue engineering concept required a greater knowledge of
tissue and biology then I could possible know. It is
something that a biologist could truly study for years.
Specific tissue functions had the potential to achieve
many of the goals I set, however it was something
that I did not have a good enough understanding of
to argue its success. The project failed at a human
level. How would people interact with this tissue and
how would it truly enclose and create building? These
were some of the pragmatic issues I ran into with the
tissue engineering idea.
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TISSUE ENGINEERING

CONCEPT IMAGES
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POD CONCEPT

Self Sustaining Unit Concept
The concept behind the pod living unit is the idea
that living units can be networked together in order to share and benefit from one another’s utilities. This concept begins to focus on the fifth goal
of Future Bionic which is buildings that consist of
networks of cooperation. This design also helps
to reduce building waste because living units can
be produced as they are needed. This allows for
growth and expansion of the system.

Five Goals of Future Bionic:
1. Form inspired by nature
2. Technology symbiotic to biological systems
3. Addresses waste space

The SSU, or self sustaining unit, has been designed to be a self sustaining living unit. It is a
prefabricated unit that is designed to collect rainwater and its own energy. There are three different
SSU designs. Each one is designed to specialize
in a specific function, but is also self sustaining
when not networked in the system. The design of
these units makes the networking of the system
more important than each individual unit. They
each have a role in the overall system.

4. Cradle-to-cradle lifecycle
5. Consists of networks of cooperation

The building design then becomes a combination of two parts. The first part is the module living unit, and the second part is the superstructure frame which they connect to. This frame is
what will provide structural support as well as the
networking capabilities.

POD CONCEPT

The superstructure frame is what connects the
living modules together and also connects the
living units to the mall itself. The frame had to be
designed to allow for the living units to be able
to connect to it. This means that it had to be a
cellular lattice formation to allow for a smooth
connection. The circulation on the interior had
to be designed to line up and connect with the
living unit as well. The form of the frame is derived from exterior site and environmental factors
as well and the interior structure and layout of the
mall. This allows for a connection between the
two buildings.
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SSU 1

POD CONCEPT

SSU 1 was the first SSU prototype that was designed.
It was designed to specialize in the collection of solar
energy. The design of SSU 1 began by simply creating a rectangular cube that was 800 sq. ft. It was
first modified to collect solar energy. To do this the
roof was slanted so that it would be at an optimum
angle to collect solar energy, while the front was to
collect winter sunlight. Then it was modified to collect rainwater. To do this the roof was pitched in so
that water would settle on the roof and could then
be collected. The next modification that took place
was the wind modifier. The SSU was smoothed so
that it was aerodynamic, and air would flow smoothly
around it. This would allow for wind turbine collectors at the end of it. The final modifications that took
place were to create the openings. The openings are
made of photovoltaic fretted glass to collect the solar
energy. The openings are designed to allow for this
collection of energy.
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SSU 1
WIREFRAME

FINAL

POD CONCEPT

MASSING
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SSU 2

POD CONCEPT

SSU 2 was designed to specialize in the collection
of rainwater. It went through the same modifiers as
SSU 1; however more emphasis is put on the collecting of rainwater. This rainwater is recycled and
used in the buildings and could also be used for artificial photosynthesis. SSU 2 started as an 800 sq. ft.
box. The fist modifier was a solar modifier in which
the front was tilted to angle towards the sun. The
next modifier was the rainwater collection modifier.
This is the most important modifier for this SSU. The
roof is greatly sloped towards the center and then
from front to back. This allows the rainwater to collect at the center of the roof and drain off the back
where it is funneled to the bottom of the SSU where
the mechanical systems are located. The final modifier that is applied is the wind modifier which makes
the SSU aerodynamic allowing wind to pass around
it smoothly. Openings are then created to allow the
water to still flow where it needs to and also collect
solar energy.
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SSU 2
WIREFRAME

FINAL

POD CONCEPT

MASSING
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SSU 3

POD CONCEPT

SSU 3 is designed to specialize in the harvesting of
wind energy. To design this SSU I started with an 800
sq. ft. box. Modifiers were applied to create an aerodynamic pod that can collect wind energy. The solar
modifiers were the first design applied. Rainwater
collection modification was then created to allow for
rainwater to run off the roof. The wind modifier was
then created. A smooth aerodynamic form had to be
created that allowed wind to rush around the building. Wind turbines are then attached where the pod
connects to the frame. These turbines then collect
the wind that is rushing around the pod. The SSU is
also textured similar to a whales fin to allow for optimum aerodynamics. The helps to reduce the drag
even more and create the best collection possible.
The same texture allow rainwater to run off the side
of it and can be collected by SSU 2, which is located
below it.
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WIREFRAME

FINAL

MASSING
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POD CONCEPT

SSU 3

POD CONCEPT

SSU WIREFRAMES
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POD CONCEPT

SSU MASSINGS
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POD CONCEPT

SSU SECTIONS
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SPATIAL CONFIGURATIONS
Each SSU has been designed as a shell. There is no
set floor plan for each unit. When a customer buys
an SSU, they are getting a shell in which they can
design and build the interior as they would like. This
allows for flexibility in the design. A person can start
off with one SSU and can continue to buy units to
network together. Each unit is around 800 sq. ft. The
units connect together so a person could own and
connect as many as them together as they would like
to create a large living unit. The units are able to connect together vertically as well as horizontally.

POD CONCEPT

The SSU’s are configured vertically based on their
function. The wind SSU is located on the third and
highest level. The rainwater collection SSU is located
on the second level, and the solar collecting unit is
located on the lowest level. The solar unit is placed
far enough out that it is still able to receive all the sun
light that it needs to function. It is able to collect sunlight in the summer and in the winter. The wind unit is
located on the third level because the higher you go
the more consistent wind there is to collect. The rainwater SSU is located on the second level, allowing it
to collect rainwater off the end and also the rainwater
runoff from the SSU above it. The solar SSU’s are all
located on the South side of the building while the
wind and water SSU’s are able to be located on the
North and South.
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SSU NETWORKS

CONCEPT DIAGRAM

One of the goals of Future Bionic is the networking
of buildings. One of the forms of networking that I
am referring to is the sharing of building utilities. The
SSU living units are designed to be self sustaining;
however they also specialize in a function so that they
can share their extra utilities. The SSU’s are configured so that they are able to function at optimum at
all times.
The diagram at the right is in initial diagram looking
at how this concept of sharing works. The idea is
that the water, solar, and wind SSU’s all provide each
other with something. The diagram below is looking
at how this can actually begin to happen. The idea
is a closed loop system that allows each of the units
to connect to one another on the same level. These
networking lines are able to run along the circulation
paths of the frame. Thus, the interior corridor is providing circulation for people and also for utilities. The
SSU would then plug into the circulation floor plate
when it connects to the frame. The three utility lines
for the water, electricity, and sewer would connect to
the floor plate for circulation.

POD CONCEPT

NETWORKING DIAGRAM
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SITE CONSIDERATIONS

BUILDING CONCEPT

POD CONCEPT

EXISTING SITE
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POD CONCEPT

SITE DIAGRAM
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CIRCULATION DIAGRAM

MALL ENTRIES

POD CONCEPT

EXISTING MALL CIRCULATION
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POD CONCEPT

WIND DIAGRAM

Charts based on data from the High Plains Regional Center, University of Nebraska Lincoln
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PARKING DIAGRAM

POD CONCEPT

By studying the current parking situation, I was able
to develop a new parking and site concept. The idea
behind the site design is to try to reduce the surface
parking area, while still keeping the number of parking available. The extra surface space is then going
to be used to bring in agriculture for the residents of
the site. The agriculture will then be grown, produced,
and stored on site. From the research that I have
done, I discovered that people are not using the North
parking lots as much as the South and the West. This
would be because the main entrances to the site are
on the South and West. Thus, I am taking out the
surface parking on the North and building additional
parking structures on the West. This will allow for the
same number of cars to park on the site; however the
surface are that this takes up will be greatly reduced.
Also, parking will be tailed to where people are actually using it.
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FINAL CONCEPT DIAGRAM

POD CONCEPT

The diagram above is combining the various site conditions that needed to be taken into account when
designing the frame. By combining all the diagrams,
a conceptual site diagram was able to be developed.
The concept diagram show where and how the building will form, where the parking is being adjusted to,
and where agriculture is going to form. It also shows
the process it took to get to this conclusion. Various
factors such as prevailing winds, sun, and current
parking conditions were used to create this concept.
The diagram at the right is the final site concept diagram. This diagram shows how the frame is going to
develop over the mall and how it related to the malls
circulation and entry points.
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FRAME DESIGN
The frame has been designed with its function as the
main driving force. In order for the living units to be
able to plug into the frame, it needs to have cellular
round shaped openings. Since there are three different pod designs that are positioned vertically, there will
also be three levels to the frame. Each level has an
opening that has been designed to allow for that specific pod to connect to it. The frame then becomes a
continuation of this vertical series. The form that the
frame becomes is derived from the interior circulation
of the mall, and the exterior environmental conditions.
The frame becomes a result of the mall factors and the
site factors.

POD CONCEPT

The frame also allows for a versatile system of pod
connections. Pods can connect and disconnect as
they are needed. At first there may be only a few pods
connected to the frame, and as the site develops
more pods can be connected to it. They can also be
removed if residents move out. Since the pods are
designed as shells, it is also possible for retail from
the mall to move up into vacant pods. This means
that over time the distinction between what is mall and
what is residential will begin to disappear. A convenient store may move up into the residential portion
first allowing residents the ability to get snacks without
having to go to a store. Then a grocery store may
move up into a pod allowing the residents the ability
to shop for groceries in their living unit. The system
allows for this type of versatility.
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SUMMER - 8 A.M.

WINTER - 8 A.M.

SUMMER - 12 P.M.

WINTER - 12 P.M.

SUMMER - 4 P.M.

WINTER - 4 P.M.

POD CONCEPT

SOLAR STUDY
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POD CONCEPT

POD CONCEPT

FLOOR PLAN - LOWER LEVEL
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POD CONCEPT

POD CONCEPT

CROSS SECTION PERSPECTIVE
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POD CONCEPT

LONGITUDINAL SECTION PERSPECTIVE
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PHYSICAL MODEL
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PHYSICAL MODELS
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POD CONCEPT

FINAL NIGHT RENDER

POD CONCEPT

IMAGE FROM MALL ROOF
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