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Fig 1.0: Worm on a hook

Feeding the Fish: Architecture and Ocean Ecologies

This research project is an architectural exploration of the 
relationship between people and the ocean wilderness. 

Abstract

Man currently takes no ownership for the oceans despite 
being a major contributor to its current state. People are 
happy utilising it for their own needs but lack conviction 
in order to take ownership. An architectural intervention 
could help to begin this change in perspective. A building 
that was based upon public education and research has 
the potential to reintroduce man to the ocean wilderness 
in a positive way. 

This research is an in-depth exploration of how 
architecture can contribute to this massive ecological 
and environmental problem. This process aims to exhibit 
the current problem, explore existing precedents, and 
apply newer technologies. This thesis aims to design an 
architectural building that creates public responsibility for 
the world’s oceans. Obviously this is only a small part of 
greater solution to protect the marine environment.
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g iv ing back
“Giving is the highest expression 

of potency. In the very act of 
giving, I experience my strength, 

my wealth, my power. This 
experience of heightened vitality 
and potency fills me with joy. I 

experience myself as overflowing, 
spending, alive, hence as joyous. 

Giving is more joyous than 
receiving, not because it is a 

deprivation, but because in the act 
of giving lies the expression of my 

aliveness.”

 Er ich Fromm
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01
THE PROBLEM

FOR ARCHITECTUREFigure: 1.0 Man tending to a net
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1 . 0   I n t r o d u c t i o n

Fig 1.1: Man with fish 

    

HOW CAN 
ARCHITECTURE 
RECONNECT 
PEOPLE WITH THE 
OCEAN 
WILDERNESS IN A 
POSITIVE WAY

1.1    Research Quest ion.
Man has a long history with the ocean. We rely on it as 
a source of food, a means of transport, and a place for 
enjoyment. As time has passed, our relationship with 
the marine environment has evolved due to advancing 
technology and increasing population. We now rely on 
it more than ever; one billion people rely on fish as an 
important source of protein. Unfortunately, this high 
reliance has deteriorated the ocean environment and 
species. Man feels and takes no responsibility for the state 
of our oceans and utilises it purely for his own needs; as 
many as 90% of all the ocean’s large fish may have been 
fished out8. Not only are we pillaging the marine species, 
the rising carbon dioxide levels due to our pollution is 
causing acidification and therefore rising temperatures 
in the ocean8. If this detrimental use of the ocean is to 
continue, man will have destroyed an entire environment 
that covers over 70% of the Earth’s surface8. 
There is however, hope. If we can somehow change 
man’s perspective and create responsibility, the ocean 
will heal itself. This is where there is potential for an 
architectural intervention to help solve part of this dire 
problem. A building that reintroduces the public to the 
ocean wilderness in a positive way, through research and 
education, could encourage this change in perspective and 
generate a sense of responsibility for the state of our oceans.
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Figure 1.1.2:  Looking into the protec-
tion of New Zealand oceanwilderness

The purpose of this study is to develop a 
building from which marine scientists can 
evaluate methods for the conservation of 
stocks, species, habitats, and thus protection.  
The aim is to create a marine study centre 
that provides a facility to observe and 
research ocean behaviours, fish stocks, 
breeding, and experiments with feeding. 
The long-term objective is to improve our 
understanding of the balance between 
what society is taking by giving back, 
and reconnecting. It will explore how 
architecture can enable people to be more 
adaptive to this environment and more 
aware of its needs. 

It is also about educating people to create 
a sense of responsibility and to take care of 
our marine environment in order to make 
life on our planet sustainable; through 
education, I hope to make this experience an 
enjoyable one for all who participate in it.

1.2   Aims And Objectives
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02
DEFINING THE PROJECT

Figure 1.2.0  Grandad rowing with 
his granddaughter
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 2 .0    T h e  Pro j e c t

6. Chapman-Smith, T. (2012). Touchless Touch, Unitec Institute of Technology. Architecture.
7. Hugh-Jones, T. (Director & Producer). (2014). Oceans- into the blue [Television series episode]. In D. Templar (Exec-
utive producer), Human Planet. London: BBC One.
8. Ibid

The project’s research question is concerned 
with the analysis of the ecological balances 
of the ocean, public education, and the 
recreational experiences offered by the 
marine environment. As an island nation, we 
hold the ocean dear. Expanding populations 
and technology increasingly endangers 
the condition of the ocean around us; this 
is placing greater pressure on our ocean 
wilderness as an environment. Our society 
faces a dilemma with “wild fish heading for 
luxury status”  as fish numbers decrease. 
“As both protector and destroyer, how does 
humanity engage with this space?”6

The degradation of the sea is part of a larger 
problem. As more and more people gravitate 
to our cities in search of work and a better 
life, the more disconnected from nature 
we become.  Architecture can contribute 
solutions to parts of this problem. The 
objective with this project is to design a 
building that reconnects us with nature and 
allows for that communication between man 
and nature to occur. This will, in turn this will 
enable us to live in greater harmony and with 
better understanding of our environment. As 
a framework for approaching the problem, 
architecture has the 
capacity to establish a mutually beneficial 
relationship between mankind and natural 
wildernesses. 

A recent summary of the significance, and state of the planet’s oceans, presented in a BBC 
Knowledge programme by Jone Hurt and Nitin Sawhney (2011), included the following:

“• Oceans and seas account for over 70% of the world’s surface area. 

• The oceans contain around 97% of all the water on Earth. 

• The oceans support the life of nearly 50% of all species on Earth. 

• Over one-third of the total human population, nearly 2.4 billion people, live within 100 km 
of an oceanic coast. 

• One billion people rely on fish as an important source of protein. As many as 90% of all the 
ocean’s large fish may have been fished out. 

• The oceans absorb 50% of the carbon dioxide humans release into the atmosphere by burn-
ing fossil fuels for energy, as levels increase this leads to an increasing acidification of the 
oceans.”

The outlook for the future of the oceans is not sustainable; it is estimated that by 2050 – 36 years from today, there will be very few fish left.  
This project, “Feed the fish”, is a response to the over-fishing and abuse of the ocean wilderness. It proposes ways in which society can connect 
with the ocean in a positive way.

7

8
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Figure 1.2.1: Sketch of Commercial fishing boat



16

The declining fish stocks will have a major 
impact on the way we live in years to come, 
parts of the world that rely on fish as their 
major source of protein will experience food 
shortages. There is little known about what 
the impact of the depletion of fish stocks 
will have on the oceans and ecosystems, 
where even small changes in temperature 
or sea levels could have flow-on effects to 
fish stocks. However, these are global issues, 
which cannot be solved by placing one 
building in the ocean.  More research and 
better knowledge is necessary before global 
solutions can be agreed, and this project 
could be part of that process of study.

2 .1   Research Problem 2.2   Hypothesis

Study, education, and connection; the three main points of this project are:  

a) The challenge of protecting the sea presupposes a need to study marine environments.
b) The project’s objectives are to create a building that has the capacity to educate groups 
drawn from the general public, to explore, research, and provide a base for experimentation 
on ways to improve fish stocks and preserve our ocean environment. 
c) The study examines the proposition that research-based design approaches, such as 
those typically used in architecture, can contribute to the development of a typology for 
housing marine environmental research through a clearer understanding of marine 
ecologies. 
 
In doing this, the project will provide a platform for the evolution of new forms of architecture 
that will enable man to interact with his environment in an eduational way, and through 
research to aid in counteracting the depleting fish stocks. This study will provide a solution 
that will assist with the regeneration of the ocean wilderness, whilst simultaneously providing 
education and enjoyment that will change man’s relationships with the ocean.

“MORE AND
MORE NEW
ZEALANDERS
ARE BECOMING
VISITORS TO
THIS LAND,
AND
LESS AND LESS,
GUARDIANS
OF IT.”9

9. Abbott. M., & Reeve, R. (Eds.). (2011) Wild heart : the possibility of wilderness in Aotearoa 
New Zealand. Dunedin, N.Z. : Otago University Press.
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2 .3   Three  Main Elements

The project has three main elements:  function (what the building proposed is for), structural or architectonic considerations (how are 
available technologies used to achieve the building), and visual impacts (how my design responds in its form, colour, and intrusiveness to its 
context).
Function is the first priority. Man has 
had a long affinity with the ocean; as 
humans have evolved, some of this 
connection has been lost. This project’s 
design will need to encompass the science 
of ocean ecologies, a scientific aquatic 
aspect, as well encouraging positive 
public engagement with the ocean 
wilderness. To achieve this, the project 
will be designed as a forum or centre for 
scientific research and development, to 
enhance our understandings of the marine 
environment. In this area, the positive 
and negative impact of fish hatcheries and 
aquaculture on the marine environment 
will be investigated. Additionally, it will 
attempt to reduce and prevent further 
damage to the marine environment by 
addressing public education. This will be 
achieved through increasing awareness and 
establishing a public moral responsibility 
to create the sustainable use of our oceans.

Secondly, a main design driver for this 
project will be the architectural implications 
of the materials and constructional systems 
that can be considered: how does one 
build in the ocean environment in order to 
withstand harsh and unpredictable climatic 
conditions without destroying surrounding 
habitats, whilst simultaneously maintaining 
an awareness of the delicate nature and 
balance of the marine surroundings?   

Building in the ocean must deal with the 
problem of durability, waterproofing, and 
resistance to external forces. This project 
will focus on the relationship between the 
ocean and the construction technology that 
is available in the 21st century. 

The third primary element is the visual 
quality of the proposed design. The building 
will need to attract people through its design 
to meet its educational and recreational 
purposes; however, its connection with its 
environment will be the design priority. 
Architecture involves creating relationships 
between man and the environment. 
“Architecture enables us to dwell in areas 
where our natural skin cannot support us.”   
This is particularly the case for this project 
due to the integrity of its weather barrier: 
materials, internal temperature, light, and 
aquatic factors will dictate the outcome, and 
in many areas, the architectural solution.
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The way we are using 
Auckland’s waterfront is 
changing (figure 2.4.1). It 
was once viewed as a private 
commercial space, but it is 
obvious that this focus is 
changing; it is now moving 
towards a public social space.
This means that instead of it 
being a commercial workhorse, 
it is now looked upon as a 
desirable place to socialise and 
interact. It is possible to change 
the buildings around the ocean, 
but can we change the ocean 
that surrounds the buildings? 
This would require a change in 
perspective about how to utilise 
the ocean.                        

     

Figure 2.4.1:  Growth of Public Space in Auckland Waterfront

2.4   Change In Thinking
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CURRENT WAYS FOR THE 
PUBLIC TO ENGAGE WITH 
THE OCEAN WILDERNESS

WHAT HAPPENS 
WHEN THEY COME 
TOGETHER

GROUPS LAYING THE 
PLATFORM FOR MARINE 
PROTECTION

West Coast, New Zealand
Forest & Bird

WWF
World Wildlife Fund

DOC
Department of Conservation

Building
Skiing

Fishing Diving

Sailing

people + architecture

people + oceans

1 ? 2

Figure 1.2.2: Man skiing, Figure 1.2.3: Man fishing, Figure: 1.2.4 
Woman diving, Figure 1.2.5: Boat sailing, Figure 1.2.6: Underwater 
building.

Figure 1.2.7: West Coast, New Zealand, Figure 1.2.8: Depart-
ment of Conservation, Figure 1.2.9: World Wildlife Fund, Figure 
1.2.10 : Forest & Bird
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03
EXISTING KNOWLEDGE

Figure 1.3: Boy out boating
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3 .0  Ocean Wilderness

New Zealand is a nation surrounded by 
the ocean. A huge part of our environment 
is the sea; it covers 480 million hectares of 
ocean and our Exclusive Economic Zone 
is the fourth largest in the world (Marine 
& Costal, 2005). As New Zealand is such 
an isolated country, a high proportion of 
species is only found here; this makes the 
protection and maintenance of our marine 
environment particularly pertinent. The 
New Zealand government has attempted to 
do this through the Marine Protected Areas 
Policy and Implementation Plan, which is a 
project led by the Ministry and Fisheries and 
the Department of Conservation. This plan 
aims to provide an integrated process for 
establishing a network of marine protected 
areas around New Zealand. The aim was 
to have 10% of New Zealand’s marine 
environment with some form of protection 
by 2010.  

Forest and Bird, a not-for-profit 
organisation, report that New Zealand 
was once world-leaders in protection of 
the marine environment, creating the first 
‘no take’ marine reserve in the world in 
1977. That reserve, Okakari Point, now 
attracts more than 380,000 snorkellers, 
divers, sightseers and marine scientists 
every year. Currently, there are 44 marine 
reserves in New Zealand’s territorial waters, 
which are managed by the Department of 
Conservation (DOC).

CRITERIA ESTABLISHED 
TO SOLVE THE PROBLEM

INTEGRATION
architecture + ocean

A



“Marine reserves are “no take” areas 
protected from the sea surface to the 
seafloor where no fishing or removal of 
any other material is allowed. Diving, 
swimming, boating, snorkelling and other 
activities that don’t harm marine life 
are permitted in marine reserves. These 
reserves are an ocean equivalent of our 
national parks and provide a safe haven for 
our marine life. They also offer areas for 
scientific research so that we can assess the 
effects we have on them in other areas.”10

MARINE RESERVES AND PROPOSED MARINE RESERVES ON THE NEW ZEALAND COASTLINE

10. Forest & Bird. (2011). We love marine reserves. Retrieved 3rd July, 2014, from http://www.forestandbird.org.nz/
marinereserves?gclid=CL6Ppsj73sACFYOTvQod34oA6Q.
 

Figure 1.3.1: Map of Marine Reserves
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3 .1  Human Interact ion

Although this project 
aims to encourage human 
interaction with the sea, 
it is important to note the 
current interaction with 
the ocean is potentially 
harmful. The two main 
negative human impacts 
include:

1. Harvesting Sea Foods
Commercial fishing boats can impact the 
oceans due to intensive fishing techniques, 
such as dredging or trawling, which 
damages the seascape and marine habitats. 
Often, boats catch species that they do not 
want or need; this is called ‘by-catch’, and 
gets thrown away and wasted.

Food from the sea is not unlimited. There 
are now many laws in place to ensure 
recreational fisherman do not catch too 
many or too small marine life.

2. The Impacts of Activities on Land
It is not just activities at sea which affects the 
marine environment. It has been estimated 
that 390 million tonnes of run-off enters our 
marine environment each year11.   Run-off 
is defined as “the amount of soil washed out 
to sea” and can include chemicals that are 
detrimental to the marine environment and 
creatures. 

Wastewater and sewage impacts the marine 
environment; sewage must be treated 
properly to reduce the impact it has on the 
environment. Most storm-water drains 
that are found within cities flow directly 
out to sea; this means that any chemicals 
and rubbish that flow down the drains goes 
straight out to sea.

Building ports, roads, communication lines, 
and sewage systems modifies the coastal 
environment. These establishments are 
important for the growth of communities, 
however, coastal habitats including 
mangroves, sand dunes, and estuaries 
are imperative for many marine and 
coastal species life-cycle. Building in these 
areas, destroys the natural habitat for 
hundreds of species. New Zealand needs 
to manage these various uses of the coastal 
environment and balance the need to 
protect it and utilise it safely.

INTEGRATION
people + architecture

11. The Ministry for the Environment. (2007). Effects of Human Impacts. Retrieved 6th June, 2014, from http://www.mfe.govt.nz/
issues/oceans/kids/impacts.html 

As an island nation, New Zealanders value 
the ocean as a source of food and experience, 
and are drawn to it. You only need to visit 
a beach during the summer period to 
understand how many people appreciate 
the costal environment New Zealand has 
to offer. If there was more public awareness 
and understanding about human impact 
on the marine environment, there would be 
more support and a sense of responsibility 
to protect it. It is a lack of knowledge 
rather than a lack of care that is preventing 
protection of our marine environment.



25

Groups Taking Ownership of Protection
Ministry for the Environment (MfE) is
responsible for monitoring the Environmental 
Protection Authority and the “Exclusive 
Economic Zone (EEZ) legislation and 
regulations. The EEZ Act manages the 
environmental effects of activities in New 
Zealand’s oceans. The legislation aims 
to protect our oceans from the potential 
environmental risks of activities like 
petroleum exploration activities, seabed 
mining, marine energy generation and 
carbon capture developments. The Resource 
Management Act regulates natural resource 
management activities on land and in the 
territorial sea out to 12 nautical miles. 
Fishing and shipping are also regulated by 
other Acts. The EEZ Act does not override 
these other controls that already exist in the 
EEZ. Beyond 12 nautical miles New Zealand 
has historically had no means to assess 
and regulate the environmental effects of 
many other activities. The EEZ Act fills that 
regulatory gap and manages the previously 
unregulated adverse environmental effects of 
activities in the EEZ and continental shelf.”12 

Environmental Protection Authority is 
responsible for consenting, monitoring and 
enforcement under the EEZ Act.
 
Ministry of Primary Industries is 
responsible for fisheries management. It
“provides policy advice and programmes that 
support the sustainable development of 

12.The Ministry for the Environment. (2007). Government Agencies Working on Oceans. Retrieved 6th June, 2014, from http://www.mfe.govt.nz/about/others.html
13. The Ministry for the Environment. (2014). Protecting New Zealands Exclusive Economic Zone. Retrieved 6th June, 2014, from http://www.mfe.govt.nz/issues/oceans/current-work/
14. Maritime New Zealand. (2014). Marine Environmental Protection. Retrieved 14th June, 2014, from http://www.maritimenz.govt.nz/Environmental/Marine-environmental-protection.asp
15. WWF New Zealand. (n.d.). Looking After Our Oceans. Retrieved 20th June, 2014, from http://www.wwf.org.nz/what_we_do/marine/

New Zealand’s primary industries; is the 
Government’s principal adviser on fisheries 
and aquaculture management; provides or 
purchases services to maintain the effective 
management of New Zealand’s fisheries.”13

 
Department of Conservation is responsible 
for marine reserves and threatened species
“DOC is responsible for:
- Marine reserves
- Marine mammals such as dolphins, whales, 
sea lions and fur seals;
-   Administering the regulations for the whale 
and dolphin watching industry; and  the New 
Zealand Coastal Policy Statement, which 
promotes the sustainable management of 
the natural and physical resources of the 
foreshore, seabed, coastal water and airspace 
from the high tide mark to the 12 nautical 
mile limit.”12

Maritime New Zealand “works to 
ensure that New Zealand’s unique marine 
environment is protected, by minimising 
waste and reducing the risk of accidental 
spills of harmful substances such as oil or 
chemicals.  MNZ, along with other central and 
local government agencies and industry, are 
jointly tasked with protecting New Zealand’s 
marine environment.  All vessels (including 
recreational boaties), gas and oil installations 
and ports operating in New Zealand waters, 
must comply with a range of environmental 
regulations including rules, conventions and 
legislation.”14

Non-Govermental Organisations (NGOs) 
World Wildlife Fund (WWF)-New Zealand 
is the local branch of the WWF International 
network. The WWF is a team of professionals 
who are passionate about conservation. 
The WWF marine programme works to 
ensure there is adequate protection through:
- Establishing Marine Protected Areas
- Promoting Sustainable Fisheries
- Legal protection for Hector’s & Maui’s 
dolphins
- Working with fishers to save our seabirds
- Protecting Antarctica and the Southern 
Ocean.15

Forest & Bird
Originally established to protect our native 
forests and birds, Forest and Bird’s role has 
been extended in recent years to include 
protection of all native species and wild places 
– on land and in our oceans, lakes and rivers.

There is an obvious platform for marine 
protection within New Zealand, as 
demonstrated by these various organisations. 
The missing gap is the public knowledge 
and awareness of our damaged ocean 
environment, and how the public can aid in its 
recovery and regeneration. This thesis study 
proposes a building that stimulates a positive 
interaction and awareness of the ocean which 
will encourage people to take responsibility for 
this country’s ocean and coastline.

“There is an obvious platform 
for marine protection 
within New Zealand, this is 
demonstrated by these various 
organisations. The missing 
gap is the public knowledge 
and awareness of our damaged 
ocean environment, and 
how the public can aid in its 
recovery and regeneration. This 
study is proposing a building 
that stimulates a positive 
interaction and awareness of 
the ocean which will therefore 
encourage people to take 
responsibility for this country’s 
ocean and coastline.”

AWARENESS
people, architecture + landscape
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04
PRECEDENTS OF THE PROBLEM

Figure 1.4 .0: Man 
reaching for land
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CRITERIA TO ACHIEVE AWARENESS AND
INTEGRATION WITHIN THE OCEAN WILDERNESS

PUBLIC ENGAGEMENT

PEOPLE’S OWNERSHIP 

PROGRAM

SUSTAINABILITY

MATERIALITY materiality is considered and either derives from the
landscape itself, or contrasts to it in a meaningful way.

Does the building have light connections to the ocean and
its context to landscape at an appropriate scale? 

LIGHTNESS AND APPEARANCE

What is the function and how it is being facilitated to deal 
with issues at hand?

Do the buildings introduce people to the ocean to encourage 
public ownership?

Is a relationship built with the public that allows the 
building to exist and be sustained in its community?

Does the building engage with the public to inform awareness?

AWARENESS
OF LANDSCAPE THROUGH PEOPLE + ARCHITECTURE

INTEGRATION
BETWEEN PEOPLE AND ARCHITECTURE

INTEGRATION
BETWEEN ARCHITECTURE AND OCEANWILDERNESS
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4 .0  Precedents  of
the  Problem

This section identifies seven examples that are precedents 
of the problem: people not taking ownership for the ocean 
wilderness. The first three examples are existing models 
of buildings designed to educate and encourage positive 
interaction with the ocean wilderness.

Six criteria have been selected to assess aspects of the 
problem and identify which are not being achieved. Each 
category has two criteria, which are its basic elements.

Awareness, in this instance, relates to the public and how 
they can be educated to protect and care for the ocean 
habitat, and how public responsibility can be created 
through awareness for the wellbeing of the marine 
environment.

Integration between people and architecture relates 
to functionalism and facility. It is important, as these 
examples show, that buildings within the ocean have the 
essential elements to build people’s relationship with this 
wilderness to ensure they are introduced in a positive way.

Integration between architecture and landscape analyses 
how these buildings operate formally within their 
environment. The prime elements are lightness, formal 
appearance, and materiality.

In general these sections are poorly achieved, which 
suggests why there is a growing gap between architecture 
and the ocean wilderness.

Each of the three precedents will be investigated to 
identify the key issues surrounding them. Following these 
criteria will identify how many of the six aspects have 
been met.        

NOT ACHIEVING
AWARENESS

NOT ACHIEVING
INTEGRATION

NOT ACHIEVING
INTEGRATION

EXPLORING EXISTING EXAMPLES OF BUILDINGS 
ATTEMPTING TO ACHIEVE SIMILAR OBJECTIVES. 
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Fig 1.4.1 - 1.4.3: Site vist to Goat Island Discovery Centre 

The Goat Island Discovery centre 
is part of the Institute of Marine 
Science. This organisation works 
in conjunction with the University 
of Auckland and partners with 
organizations including the 
National Institute of Water and 
Atmosphere (NIWA), the Cawthron 
Institute, and the Ministry for 
Primary Industries. NIWA conducts 
commercial and non-commercial 
research across a broad range of 
disciplines in the environmental 
sciences. Education is part of the 
broader function: how can we educate 
the public about the declining fish 
stocks, ocean conservation, artificial 
reefs, coastal heritage, and society’s 
impact on coastlines and marine life. 

CRITERIA ACHIEVED:

4 .1  Precedent  1
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Figure 1.4.4 - 1.4.7: Great barrier reef platform, Australia

The floating platform on the Great Barrier 
Reef is an example of commercial interests 
dominating an ecological setting: it is 
intrusive to its environment. It is however, 
sympathetic in terms of environmental 
impact: it does not touch the sea floor and 
it will not degrade and pollute the ocean. 
The main purpose of this structure is purely 
for tourism, with the main attractions being 
diving, snorkelling, and an underwater 
viewing platform. It attracts people to 
the Great Barrier Reef and encourages 
interaction between people and the ocean 
wilderness. However, it lacks the function of 
public awareness and education. The Great 
Barrier Reef is dying and this structure 
could play a pivotal role in informing the 
public about this issue.

This study will look to incorporate this 
structure’s environmental non-impact, 
and public engagment with the ocean 
wilderness. However, it will better address 
the need for public education to ensure that 
the public can continue to engage with the 
marine environment.

CRITERIA ACHIEVED:

4 .2  Precedent  2
The floating platform on the Great Barrier Reef
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Figure 1.4.8: Kelp Forest (Monterey Bay Aquarium)

16. Monterey Bay Aquarium. (2014). Our History. Retrieved on 15th June, 2014, from http://www.montereybayaquarium.
org/about/our-history
17. Li, Z. (2011). Tangible Architecture, Unitec Institute of Technology. Architecture.
 

Monterey Bay Aquarium can be found on 
the northern California Coast of the United 
States of America and was designed by 
EHDD Architects. Monterey Bay Aquarium 
is a research-based facility, which focuses 
on the ecology of Monterey Bay and is a 
public not-for-profit institute.16 Between 
1980 and 1984, it was converted from an old 
sardine cannery. Additional circulation and 
exhibition spaces for public visitors have 
been added to enhance the new building 
that was designed to keep the original style 
of the site.17 The 10 metre tall Kelp Forest 
tank is one of the major features of MBA. 
The glass tank top provides natural lighting 
for the numerous species living around the 
Kelp Forest. The Kelp Tank also reproduces 
local underwater ecology and allows people 
to have the sensation of being underwater. 
The Monterey Bay Aquarium opened the 
Outer Bay galleries to the public in March 
1996.16 Stingrays, Jellyfish, Sea Otters are 
some of the sea life on exhibition in the 4.5 
million-litre purpose built tank. The marine 
species on display are mainly native to the 

local ocean environment. The Monterey 
Bay area is situated in the centre of a 
National Marine Sanctuary and is home 
to over 30 species of marine animals and 
other wild species. From the inside of the 
building complex and the front courtyard 
there is a good chance of catching sight 
of wild creatures that can be found in the 
bay including seals, brown pelican and 
dolphins in the distance. The numerous 
field researches and projects that Monterey 
Bay Aquarium conducts ensures that 
it maintains a close relationship with 
Monterey Bay Aquarium Research Institute 
in order to help preserve the local natural 
environment and results in achievements, 
such as saving sea otters and white sharks.16

By publishing research projects that involve 
native marine ecology and biology and 
displaying marine animals and plants from 
local waters it is hoped that people might be 
convinced that these marine environments 
and lives need more attention and conser-
vation, and in turn that this will activate 
not only locals but people from around the 
world to join in and fight the good fight and 
save our ocean environment.

CRITERIA ACHIEVED:

4 .3  Precedent  3
Monterey Bay Aquarium (MBA)
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Fig 1.4.9: Monterey Bay Aquarium tidal pool
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Figure 1.4 10: Cross-section of an Oyster

Whys of  Introducing People  into  the  Ocean Wilderness   
prefigures the city’s return to the waterfront 
in the next century. The reef attenuates 
waves and cleans millions of gallons of 
Harbor water through harnessing the 
biotic processes of oysters, mussels and 
eelgrass, and enables neighborhood fabrics 
that welcome the water to develop further 
inland.”18 By implementing oyster-tecture, 
the structure has the potential to utilise 
natural soultions to a man-made problem. 

one oyster can filter up to 200 litres of water a day.

This precedent is set in New York and 
explores the idea of water purification 
through oysters - oyster-tecture; this is a 
potential idea for the proposed site as water 
purification could enhance the experience of 
the ocean wilderness.  The group “propose 
to nurture an active oyster culture that 
engages issues of water quality, rising tides, 
and community based development around 
Brooklyn’s Red Hook and Gowanus Canal. 
An armature for the growth of native oysters 
and marine life is designed for the shallow 
waters of the Bay Ridge Flats just south of 
Red Hook. This living reef is constructed 
from a field of piles and a woven web of 
“fuzzy rope” that supports oyster and mussel 
growth and builds a rich three-dimensional 
landscape mosaic. A watery regional park 
for the New York Harbor emerges that

4 .4  Precedent  4
CRITERIA ACHIEVED:

18. Scape / Landscape Architecture PLLC. (2014). Oyster-tecture - Moma rising currents. Retrieved 10th 
April, 2014, from http://www.scapestudio.com/projects/oyster-tecture/
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one oyster can filter up to 200 litres of water a day.

Figure 1.4.11: Oyster-tecture Project New York
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4 . 5  S u m m a r y
o f  F i n d i n g s

COMPARING CRITERIA
ACHIEVED BETWEEN PRECEDENTS

OF THE PROBLEM

AWARENESS
OF LANDSCAPE THROUGH PEOPLE + ARCHITECTURE

INTEGRATION
BETWEEN PEOPLE AND ARCHITECTURE

INTEGRATION
BETWEEN ARCHITECTURE AND OCEANWILDERNESS

3/6 3/6 3/6

There are three main themes within 
this criteria: awareness of landscape 
through people and architecture, 
integration between people and 
architecture, and integration between 
architecture and the ocean wilderness. 
Within each of these themes, there are 
various points that define the overall 
idea. The four main precedents have 
been scored in each of these themes. 

As you can see, the highest 
attained score is five out of six. This 
demonstrates that the current problem 
has thus far been poorly managed by 
architecture, but has deomstrated that 
the solution to this problem does have 
architectural aspects.

4/6

GOAT 
ISLAND

OYSTER-
TECTURE

FLOATING
PLATFORM

MONTEREY
BAY
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PRECEDENTS OF THE OCEAN
05

Figure 1.5.0: Abandoned boats
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INTEGRATION OF BUILT

SURFACE TENSION SENSE OF WONDER

CRITERIA FOR ASSESSING INTEGRATION WITHIN THE 
OCEAN WILDERNESS

LOCAL MATERIALSMATERIALITY SELF SUFF. / OFF GRID CON TO GROUND

POWER GEN

GOVT. OWNERSHIP PRIVATE OWNERSHIP

PEOPLE AND NATURE

INTEGRATED (BLDG/OCN)

ACCESSIBILITY

HISTORY

INTEGRATION
ARCHITECTURE - PEOPLE

INTEGRATION
ARCHITECTURE - OCEAN-

WILDERNESS

AWARENESS
SOCIAL + CULTURAL
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Figure 1.5.1 - 1.5.9: Offshore Fish Farms

Offshore fish farms such 
as this, while not offering 
habitable space, may influence 
the architectural design of 
the proposed building. These 
underwater machines are 
nonintrusive in the human 
perception of the ocean 
environment, as 90% of the 
structure lies below the water. 
The trianglular structural 
frame is very rigid and able 
to withstand the forces of the 
harsh ocean wilderness.   

The key internal aspects 
influential in the design process 
are: immersion, isolation and 
disconnection, and material
consideration. 

5 .0  P r e c e d e n t   1
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Figure 1.5.10: Early buildings in the ocean

The earliest beginning of the idea 
of light houses was when people 
would light fires at the waters edge 
to warn boats of land dangers, 
such as rocks. This developed into 
the lighthouse, an iconic building 
typology, although early lighthouses 
had to use wick lamps to produce 
light until the Fresnel lens was 
invented. Lighthouses have been 
positioned on our shores since the 
mid-nineteenth century and form a 
part of the building language of sea-
land architecture.

The key external aspects 
influential in the design 
process are: strength of 
wilderness, feeling of refuge, 
geometries, and verticality.

5 .1  Precedent  2
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The building needs to mimic the 
wonder of the unseen. You find 
icebergs floating in the Antarctic 
Ocean where they reveal only ten 
percent of their structure creating 
a sense wonder (what is beneath), 
how is this object floating in the 
ocean and what is happening 
beneath the surface?  This sense 
of wonder creates suriosity and 
interset about the structure. it 
makes the viewer want to know 
more. The unknown creats both 
wonder and fear humans rely on 
their sight to inform them about a 
structure. 

Figure 1.5.11 - 1.5.14 :Icebergs in Antarctica

 If 90% of the structure is 
underwater other senses 
come into play, and we must 
be interactive to be able to 
experience the majority of 
the structure. This type of 
interaction needs to be created 
within the building,

5 .2  Precedent   3
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CLIENTS
06

Figure 1.6 :Business meeting 
around a table
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6 .0  Cl ients 

r e s e a r c h
+

e d u c a t i o n

Putting research and education under the same umbrella 

GOVT. OWNERSHIP PRIVATE OWNERSHIP

INTEGRATION
people + architecture

AWARENESS
people, architecture + landscape

INTEGRATION
architecture + ocean

“Having vision is not enough. 
Change comes through 
realising the vision and turning 
it into a reality.”
    Sir Peter Blake

The two clients that have given this brief have been 
separated by the two of the main objectives of the 
building: research and education.



The Hauraki Gulf, known by many 
as Tikapa Moana and by others as Te 
Moananui a Toi, is rightly recognised as 
a national taonga. The Gulf is one of our 
marine environments that has been most 
depleted over the last 200 years. 
“Between now and September 2015, a 
partnership led by mana whenua and 
central and local government will be 
creating Sea Change – Tai Timu Tai 
Pari, a marine spatial plan designed to 
safeguard this treasure.”19

19. Sea Change - Tai Timu Tai Pari. (n.d.). Hauraki Marine Spatial Plan. Retrieved 27th 
April, 2014, from http://www.seachange.org.nz/

Figure 1.6.1: Hauraki Gulf Marine Park

GOVT. OWNERSHIP INTEGRATION
architecture + ocean

Sea-Change is researching ways to protect 
and regenerate the Hauraki Gulf by creating 
the Hauraki Gulf marine spatial plan. Their 
studies will contribute to the research aspect 
of this project, as they test and explore ways 
to improve our ocean wilderness.

 3 .1  Cl ient  One
(research)
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The second client is the Sir Peter Blake Trust. The trust 
was launched on the 25 June 2004 with a government 
contribution of 3.8 million representing a dollar for each 
New Zealander. The organisation was created to honour 
the life of Sir Peter Blake, his leadership and contribution 
to conservation, his love of the environment and also 
his dedication to young people. The trust, through its 
programmes, strives to honour Sir Peters legacy by 
inspiring his visionary leadership qualities in all New 
Zealanders. The trusts aim is to keep his spirit and values 
alive for future generations of leaders, adventurers and 
environmental stewards.

The Sir Peter Blake trust is my client for the educational 
side of the building’s function. The Trust aims to educate 
people on the ocean environment, and it works in 
conjunction with many research projects. This chapter 
will outline and then refine the intentions and purpose 
of my design solution. The range of ways in which the 
design might respond to the problem have been addressed 
in previous chapters and have presented an opportunity 
for architecture to contribute. In doing so, this identifies 
how the integration of architecture can facilitate a pubic 
awareness of New Zealand‚ and the ocean wilderness. 

 3 .2   Cl ient   Two
                      (education)

PRIVATE OWNERSHIPINTEGRATION
people + architecture

20. The Sir Peter Black Trust. (2014). The Trust. Retrieved 15 May, 2014, from http://www.sirpeterblaketrust.org/the-trust/.
 

AWARENESS
people, architecture + landscape



The two main aims of this project are public education 
and research in regards to the marine environment 
and creatures. The demographic targeted for education 
is tourists and school groups. The research will be 
specifically looking into reefs and the creatures who 
inhabit them, and creating a sustainable fish supply. The 
two main aims are in fact linked as the research will feed 
into furthering public education. To ensure the most up-
to-date education, one cannot be successful without the 
other.

3 .3  Integrat ion of  Cl ients
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CHAPTER TWO
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THE SITE
SITE AND LANDSCAPE INTEGRATION

01
Figure 2.1.0: New Zealand Beach



50

1 .0  Implicat ions  For  Theor y

TAKE
AWARENESS

ADD
INTEGRATION

people + architecture

ADD
INTEGRATION

architecture + ocean

This chapter will outline and then refine the intentions 
and purpose of the design solution. The range of ways 
in which the design might respond to the problem have 
been addressed in previous chapters and have presented 
an opportunity for architecture to contribute. In doing 
so, this identifies how the integration of architecture 
can facilitate pubic awareness of New Zealand’s ocean 
wilderness. 

EXPLORING THE GAP 
Earlier precedent studies demonstrate how concepts can 
be successfully achieved through architecture; concepts 
of awareness and integration have been explored before, 
but have not been realised together as an architectural 
solution in New Zealand.  This gap in knowledge provides 
an opportunity to explore how architecture can facilitate 
public awareness and guardianship and in doing so 
contribute to the wider discipline of architecture. 

GENERATING A DIFFERENT APPROACH 
Historically New Zealanders have seen the ocean as a 
source of life, dating back to Maori settlements on the 
coastline, and to early European whaler colonies. Now, a 
new approach is needed: one that integrates public in-
volvement into the ocean estate in a positive way. 

From the study of past examples and current precedents, 
it is evident that these ideas can be realised if arranged 
correctly. Using the architectural mechanisms identified 
throughout the project so far, a solution will be offered 
that addresses these criteria. 



Fig 4.1.1: Potential Sites

The challenge is to design architectural 
boundaries in the ocean wilderness that 
can regenerate and recreate relationships, 
educate, provide a location for research, 
and create public awareness. My criteria for 
site selection will be for a site on the New 
Zealand coastline in the North Island. This 
investigation will look into the accessibility, 
proximity, and location of shoreline access 
points, but the study will research general 
fishing methods used currently, patterns, 
and potential conflicts with other users 
such as commercial fishermen and local 
Maori. How easily the site can generate 
power (wind, solar, and wave turbines) 
will be researched and considered. The 
selected location needs to balance these 
considerations, as well as meeting these 
selection criteria, including accessibility.

ACCESSIBILITY POWER 
GENNERATION

HISTORYPUBLIC ENGAGEMENT MATERIALSCONTEXT

CRITERIA FOR A SUITABLE SITE

Potential locations on both East and West 
coasts of the North Island were considered, 
including sheltered harbours (at Kawhia, 
and the Kaipara), and several accessible sites 
between Whangarei and Whitianga on the 
Coromandel Peninsula. A shortlist reduced 
options to two: Tiritiri Matangi Island, and 
Torpedo Bay Wharf, at North Head in the 
Waitemata Harbour.

1 .2  Methods  of  Ident i f y ing a  Suitable  Site
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Figure 2.1.1: Map of Tiritiri Matangi Island

Tiritiri Matangi Island is a wildlife sanctuary 
and one of New Zealand’s most important 
conservation projects.20 It is located 
30km north east of central Auckland and 
4km from the end of the Whangaparaoa 
Peninsula in the Hauraki Gulf. The island 
is accessible to the 1.5million inhabitants 
of Auckland: Tiritiri Matangi is an easy 
day trip by scheduled ferry service from 
downtown Auckland. Arriving to the site by 
ferry enhances the experience and instantly 
connects you with the ocean by travelling 
over it. 

Tiritiri Matangi already offers a 
comprehensive educational programme 
to students from year 1 to year 13 and 
also supports a tertiary programme. This 
would only help support the education 
centre regarding the ocean environment 
planned for this building. The island was 
originally used for farming and had seen 
this 220-hectare island stripped of 94% of its 
native bush. 

Between 1984 and 1994, volunteers planted 
between 250,000 and 300,000 trees. 

The Island is now 60% forested with 
the remaining 40% left as grassland for 
species preferring open habitat.20 This 
intervention would look into regenerating 
the surrounding coastline of the island in a 
similar way.

There would be opposition to placing 
a building on this site as it is currently 
relatively untouched. This could become an 
environmental issue and the intention of the 
project is not to destroy that which it sets 
out to protect.

1 .2   Site  Analys is 

Tiritiri Matangi Island

20. Tiritiri Matangi Open Sanctuary. (2010).  Tiritiri Matangi Open Sanctuary. Retrieved 25th July, 2014, from 
http://www.tiritirimatangi.org.nz/home
 

ACCESSIBILITY POWER 
GENERATION

HISTORYPUBLIC ENGAGEMENT MATERIALSCONTEXT
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Torpedo Bay 
Torpedo Bay, at the mouth of the Waitemata harbour in 
the North Island of New Zealand, is a very picturesque 
location near North Head in Auckland. It is an easy and 
scenic walk from Devonport’s ferry terminal.

Torpedo bay is named after the torpedoes or mines 
that were placed in 1882 by the Engineering Submarine 
Mining Corps. The minefield was placed across the 
Auckland Harbour entrance with facilities situated below 
North Head as Auckland’s early defense systems. The 
location has had a military presence since 1880 and played 
a key role in Auckland’s defense.

EASY ACCESSIBILITY

RICH HISTORY

OPPORTUNITY FOR 
REGENERATION

CLOSE TO AUCKLAND

Torpedo bay has been chosen as the site for this project. 
This was largely because it is much more accessible than 
Tiritiri Matangi Island as it sits right on the doorstep to 
Auckland city. It is a site that will also make a statement, 
as commuter and tourist ferries pass this spot regularly. 

New Zealand likes to portray its clean and green image 
but swimming on some of the Auckland beaches in 
the summer is not always possible. Torpedo Bay is an 
opportunity to make a powerful statement through this 
educational regeneration project, for its conspicuous 
location, and for the existing Wharf.   

Figure 2.1.2: Photo of Torpedo Bay

ACCESSIBILITY POWER 
GENERATION

HISTORYPUBLIC ENGAGEMENT MATERIALSCONTEXT



54

Figure 2.1.3: Looking from the East out at the wharf

Site  Analys is
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Figure 2.1.4: Looking South at exisiting wharf
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1 .3   Physica l  C ontext

Figure 2.1.5  Densification of Devonport Area

This diagram shows the built environment and the scale 
of construction in the Torpedo Bay area. It also shows the 
densification and the relationship of the built environment 
to the water.



Figure 2.1.6 Maori waka

The Devonport area is very important and 
a significant part of Maori history. “Maori 
settled in the Devonport area in the mid 
14th century, approximately three centuries 
before the Europeans. Some of the reasons for 
settling was it was surrounded by the water of 
the Waitemata Harbour which was used for 
fishing and an access point for waka. Another 
reason for settling was the attraction of the 
rich volcanic soils of Mount Victoria and 
North Head, which were also used as a place of 
defense for their pa.  European visitors in the 
1850s describe a Maori settlement at the foot 
of North Head with gardens and fish drying 
racks.
“Ngati Whatua is the iwi who’s land borders 
four harbours – hokianga, kaipara, waitemata 
and manukau. Their ancestors were known 
as warriors and fighters for justice. There are 
four hapu that make up the Ngati Whatua 
iwi: Ngati Whatua O-Orakei, Te Taou, Te 
Uri-O-Hau, and Te Roroa.  The Ngati Whatua 
iwi dates back to the beginnings of Maori 
migration to New Zealand from Hawaiiki and 
descend from the ancestor Tuputupuwhenua. 
The tribe who is based within the area I am 
interested is Ngati Whatua O-Orakei”.19  

Figure 2.1.7  Sketch of Maori history in Devonport

21. Visit Devonport, New Zealand. (2014). Maori History Trail. Retrieved 7th 
March, 2014, from http://www.visitdevonport.co.nz/maori-history-trail.
 

1 .4   Cultura l  C ontext
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Figure 2.1.8:  Aerial Photograph of North Head
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Figure 2.1.9: Long Section across Torpedo Bay 
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Figure 2.1.9: Long Section across Torpedo Bay Figure 2.1.10: Cross Section Through North Head
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Figure 2.1.11: Sketch of Torpedo Bay
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ENVIROMENTAL
What are the environmental conditions of the site

02
Figure 2.2: Diving down an 
anchor chain
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Figure 2.2.0: Chart of the Waitemata

Figure 2.2.1 Tidal Stream Turbines

2.0  Tida l  Energ y

Tidal Power or Tidal Energy is produced by the surge 
of ocean waters during the rise and fall of the tides. The 
energy created from this action is converted into a form 
of power called electricity. Tidal energy, due to the nature 
of its creation, is sustainable and renewable with the 
tidal flow creating a significant current where there is a 
significant tidal range. The tidal range is the difference 
between high and low tide (the greater the difference the

greater the tidal flow velocity available to produce 
energy). In the 20th century engineers have developed 
technologies in order for us to harness this energy to 
create electricity. There are three different ways tidal 
energy can be produced at present: tidal streams, barrages, 
and tidal lagoons.

For the generation of tidal energy, a turbine is placed in 
a tidal stream. A turbine is a machine that takes energy 
from a flow of fluid. The flow can be due to air (wind) or 
liquid (water). Tidal energy is more powerful than wind 
energy because water is much more dense than air. Tides 
are predictable and stable whereas the wind is not, and 
where tidal generators are used they produce a reliable 
steady stream of electricity.

The site at Torpedo Bay has the potential to harness 
tidal energy. This is due to the large differential between 
high and low tides making is ideal to use to convert tidal 
energy into electricity. The most viable turbine to use on 
this site is the ‘Tidal Stream” (Figure 2.2.1)

THE MOST VIABLE USE FOR MY SITE IS TIDAL STREAM
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Figure 2.2.2: Power Generation Options For Ocean Use

G e n e r a t i n g    P o w e r    W i t h    T h e    O c e a n
 
1.   S e a   S n a k e s

2.   F a n s

3.    K i t e s

4.    P a d d l e s
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Figure 2.2.3: Tidal Flow Rate past North Head Figure 2.2.4: Amount of Water Moving Past the Mouth of the Waitemata Harbour

Here the amount of water that drains from Auckland harbor every six hours can 
be seen (figure 2.2.4), which will be utilised to power my building. The area that is 
covered in purple has an average tidal rise and fall of 2.2 meters

Tida l  F low R ate Volume of  Water

Figure 2.2.3 shows the tidal flow at Torpedo and North 
Head. This is going to influence where the building is 
positioned: from the site analysis it was concluded that 
there is not a great deal of flow in the middle of the bay. 
To ensure that there is enough tidal flow to generate 
power, the building will need to be situated out closer to 
North Head.  
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CHAPTER THREE

This chapter is concerned with construction of an artificial reef as a 
foundation for the building. The main idea driving this concept is 

biomimicry. 
A brief explanation of what biomimicry is and how it can be integrated 

into a building will be addressed. Two case studies will be presented which 
demonstrates how it is possible to utilise biomimicry in an architectural 
setting. Following this, the idea of growing a building will be explored by 

creating a living skin through a coral reef and critiquing its appropriateness 
for the development of this building. 
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BIOMIMICRY
     How can biomimicry be used to enhance the relationship    

between the built environment and the ocean.   

01
Figure 3.1.0 Under water reef
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Through the ongoing study of architecture, one becomes 
more conscious of our diminishing environmental 
situation and the important role that nature has within 
design. Climate change and global warming have become 
a major worry in the world today due to the exploitation 
of natural resources and increasing levels of carbon 
emissions. 

Sustainability in the built environment has become an 
important aspect of architecture and design over the 
past twenty years, as it is estimated that nearly 50% of all 
carbon emissions have come from buildings.21 Therefore, 
as architects and designers we have a pivotal role and a 
responsibility to develop more sustainable methods of 
design. 

Biomimicry can aid the design of environmentally 
responsive buildings that can exist in harmony with 
nature. The term ‘biomimicry’ appeared as early as 1982 
and was materialised by scientist and author Janine 
Benyus in her book  Biomimicry: Innovation Inspired 
by Nature (1997). She defines biomimicry as a “new 
science that studies nature’s models and then imitates 
or takes inspiration from these designs and processes to 
solve human problems”.22 Benyus also suggests looking 
to nature as a “Model, Measure, and Mentor” and 
emphasizes sustainability as an objective of biomimicry.”22

Biomimicry is about using nature to inform architecture, 
learning from a source of ideas that has refined itself from 
a 3.8 billion year research and development period.

“THE WORLD 
WILL NOT EVOLVE 
PAST ITS CURRENT 
STATE OF CRISIS 
BY USING THE 
SAME THINKING 
THAT CREATED 
THE SITUATION”
      
  Albert Einstein

1 .0   Biomimicr y

21. Mansoori, G. A., et al. (2008). Environmental application of nanotechnology. Annual Review of Nano Research, 2 439-493.
22. Benyus, J. (1997). Biomimicry: Innovation inspired by nature. New York, USA: Morrow.
 

Figure 3.1.0 Under water reef
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23. Ibid
24. Ibid
25. Pawlyn, M. (2011). Biomimicry in architecture. London, England: RIBA Publishing.

Figure 3.1.2:  Section of a Piece of Coral

1 .1  Researching Developing C ora l  Reefs  as  Foundat ions

Now days, archiectects are looking to use carbon-negative 
building materials that will create a sustaintable building  
as well as ones that will protect and create the structures 
they are built upon. One such process that utilises both of 
these aspects is Biorock.

Biorock is an artifical reef which could be used as the 
foundations for the building. This will not only be used as 
a building materal, but also as a public attraction.

voltage current does not in fact harm the coral species but 
in fact enhances coral growth, reporduction and ability 
to withstand environmental stress. Biorock reefs grow 
rapidly and strengthen as they age, maturing into rich 
habitats like natural reef. 

The rate of growth can be around 50mm a year and, 
depending on the speed of deposition, the compressive 
strength varies between 24 and 55MPa – stronger than the 
average concrete floor. Figure 3.1.3 shows the deposition 
process and the growth of the reef, as the layer thickens 
its strength increases. The amount of growth could be 
modulated by varying the amount of time the electrical 
current was turned on for. Biorock structures can be 
built in any size or shape depending upon the physical 
makeup of the sea bottom, wave, current energies and 
construction materials.25

Currently there are no examples of buildings being built 
upon a coral structure, however, the scientists original 
intention was to utilise Biorock to create floating islands  
as places to live for developing countries.

The idea of being able to grow a building is a compelling 
one. Biorock gives us the abilty to grow coral reef to a 
predetermined form, using the technology of electro-
deposition in sea water upon which coral growth 
is enhanced. “A frame that is frequently made from 
construction grade rebar or wire mesh”23, is submerged 
and anchored to the sea bottom. A low-voltage direct 
current is applied. This initiates an electrolytic reaction 
causing “mineral crystals naturally found in seawater, 
mainly calcium carbonate and magnesium hydroxide, to 
grow on the structure. Within days, the structure takes on 
a whitish hue as it becomes encrusted with precipitated 
minerals adding rigidity and strength. This forms an ideal 
substrate on which to attach coral species.”24 Coral can be 
transplanted from other reefs and attached to the  frame. 

It is claimed that the electrical fields, in addition 
to the shade and protection offered by the metal/
limestone frame, attracts a wide range of colonizing 
marine creatures due to high levels of dissolved oxygen. 
Additionaly, it has been proven that this low
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Figure 3.1.3: The start of Biorock reef construction
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26

Brief overview of  using biorock 
Coral reefs are seen to be ‘rainforests of the sea’ as they 
create a habitat for a quarter of all marine species on the 
planet, whilst occupying only a small total area. Sadly, 
“Global coral reefs are dying at an alarming rate; the 
Global Coral Reef Monitoring Network estimates that 
more than a quarter of the world’s reefs have died in 
the past few decades and that at least another quarter 
will die within twenty years.”     There are two main 
categories of damage causing coral death: physical and 
chemical. Physical damage alludes to damage due to 
fishing nets and ocean pollution. Chemical damage 
refers to rising dissolved carbon dioxide and the greatest 
threat, the increasing temperature levels of the ocean. 
Algae on the coral surface die with increasing water 
temperature, leaving the calcium carbonate substrate 
exposed to the external environment. This is known as 
coral bleaching and results in the death of the coral.

Many artificial reefs have been trialed to attempt to 
slow this degradation of the coral reefs and few have 
been successful; most are relatively barren, some even 
becoming an environmental disaster that fail to create a 
coral habitat. 
Biorock was one of the few technologies that were 
successful in its attempt to create an artifical reef that 
supported coral growth and marine life. It arose in

the 1970s after the study of how seashells and reefs grow 
– by passing electrical current through seawater. The 
original plan of the researcher was to use this technology 
“to grow low-cost structures in the ocean for developing 
countries”27,28. However, after meeting a marine biologist, 
research focus shifted to the restoration of coral reefs. It is 
believed that the coral growing on the biorock reef would 
be more resistant to environmental disasters due to the 
coral thriving on the electrical current and consequently, 
their faster growth rate.

The original intention of biorock should be utilised as this 
would still facilitate coral growth whilst also encouraging 
positive public engagement with the ocean environment.

How it could be used and possibilities
Examples of how such technology could be used include 
the world islands constructed in Dubai. The islands cover 
an area of 6 by 9 kilometers and are constructed from 321 
million cubic metres of sand and 386 million tons of rock, 
constructed by dredging. Dredging creates environmental 
impacts by disturbing the aquatic ecosystem. If these 
constructions were made using the biorock technology, 
millions of dollars could have been saved, and a human 
and marine habitat could have been created. Additionally, 
the halt in dredging, which occured during the ‘Global 
Financial Crisis’ from 2007 to 2010, could have been 
avoided by using a low-cost technology, such as Biorock. 
Overall, the time taken would have been less, as even 
though Biorock would take longer than dredging, the 
process would not have never been halted. 

26. The Green Greek. (2006). ‘Biorock’ process grows coral reefs with 
electricity. Retrieved 16th May, 2014, from http://www.greengeek.ca/
biorock-process-grows-coral-reefs-with-electricity/
27. Ibid 
28. Griffiths, S. (2014, 14 April). Swim in ELECTRIC reef. Mail On-
line. Retrieved from http://www.dailymail.co.uk/

1 .2  Biorock

Figure 3.1.4: Construction of world island in Dubai
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THE FRAME
The first step is to build the frame, often made from 
construction grade rebar.

SUBMERGE
The next step is to submerge and anchor the frame 
to the sea floor.

ELECTROLYSIS
A low voltage direct current is applied. Calcium 
carbonate and manesium hydroxide is deposited on 
the frame which adds rigidity and strength.

GROW TH
Coral can then be transplanted onto the frame and 
grows at three to five times its normal rate.  Soon 
it takes on the appearance and utility of a natural 
reef. rather than a man-made one. It is expected to 
take 2-3 years for the coral to establish itself and for 
adequate deposition to occur (~100mm).

BUILD
Now the foundations of the building are ready to 
build and also provide a habitat for new life.

Biorock 
Reef 
Process

1

2

3

4

5
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Cold-water corals are much like warm water corals 
and have beautiful hard exoskeletons that often grow 
into large reef structures. The large structures are the 
homefor many associated marine animals. Cold-water 
coral is slower growing than the species found in the 
tropics and there is much less known about them, 
though there have been studies undertaken.
Before the project could continue with the construction 
phase, a research and development project would 
need to precede it. This would most likely consist of a 
two-year project, following which there would be new 
information and an increased understanding of growth 
rate and structural integrity of the cold-water coral 
species.
Corals can be found in both shallow and deep ocean 
water. The healthier and more structurally complex a 
reef is, the more friction it provides and the better it 
protects the coastline and damage onshore.
The project as developed is also designed to support the 
growth and protection of coral reefs for their beauty 
and biodiversity. In this development the concept would 
cater to both as it would be anchored into the ocean bed 
using flexible steel ties, which would allow it to move 
slightly with currents.

Figure 3.1.5: Red Corals

1.3  C old Water  C ora ls

Figure 3.1.8: Coral reef Poor Knights

Figure 3.1.6 Black Corals:

29. Wikipedia (2014). Coral. Retrieved 12th Sep, 2014, from http://www.worddictionary.com.au.
30. Department of Consrvation. (2010). Protected Coral Species. Retrieved 11th July, 2014 from http://www.conservation.govt.
nz/conservation/native-animals/invertebrates/protected-coral/

Figure 3.1.7: Existing example of biocoral 

“Corals are marine invertebrate animals belonging to 
the phylum Cnidaria (from the Greek word Cnidos‚ 
meaning stinging nettle) typically living in compact 
colonies of many identical individual polyps. Each pol-
yp is a spineless animal typically only a few millimeters 
in diameter and a few centimeters in length. A set of 
tentacles surround a central mouth opening. The group 
includes the important reef builders that inhabit oceans 
and secrete calcium carbonate to form a hard skeleton.”29

“There are five main classes of Cnidaria:
 • Anthozoa - true corals, sea anemones and  
   sea pens
 • Hydrozoa - hydroids, siphonophores and  
   many medusae (jellyfishes)
 • Cubozoa - box jellyfishes (‘sea wasps’ and  
   Irukandji)
 • Scyphozoa - true jellyfishes
 • Staurozoa - stalked jellyfishes”3

One aspect of this project will involve growing corals in 
the Hauraki Gulf where the water temperature ranges 
between 22.0°c and 20.5°c in summer down to 12.5°c 
and 13.0°c in winter. In these temperatures, the cold-wa-
ter coral species would thrive.  
The tropics are not the only places you will find coral 
reefs, we have our own corals here in New Zealand. 
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Figure 3.1.8: Coral reef Poor Knights

YEARS 0 1 2 3 4 5 6 7

TIME 
LINE

This demonstrates 
how the coral 
foundations 
grow and how 
the architecture 
facilitates 
the public 
responsibility and 
regeneration of 
the oceanscape

TESTING GROWTH RATE AND 
STRUCTURAL INTEGRITY GROWING FOUNDATIONS FOR BUILDINGS START BUILD COMPLETE BUILD

GROWTH 30-50
GROWTH 70-90

GROWTH 30-50
GROWTH 70-90

GROWTH 110-130

GROWTH 150-170
GROWTH 190-210

estimated growth 
rate of reef
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figure 3.1.9: Illustration Using Polyps as Columns

Corals are marine invertebrates in the class Anthozoa of 
phylum Cnidaria typically living in compact colonies of 
many identical individual “polyps”. This group includes 
the important reef builders that inhabit oceans and secrete 
calcium carbonate to form a hard skeleton.

“A coral “head” is a colony of myriad genetically identical 
polyps. Each polyp is a spineless animal typically only 
a few millimeters in diameter and a few centimeters 
in length. A set of tentacles surround a central mouth 
opening.”30

This study is proposing to use the exoskeleton that the 
polyps live in as a model for the structural columns could 
be used for the building; rising up from the sea floor 
passing the water line and continuing up to branch out 
into the roof structure.  

31.Wikipedia (2014). Polyp. Retrieved 20th July, 2014, from http://en.wikipe-
dia.org/wiki/Polyp.

1 .4  Inspirat ion for  Design
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Figure 3.1.10: Head of a polyp
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CHAPTER FOUR

The chapter is concerned with the development of the design of the 
building. It is split into four sections, which demonstrates the devel-

opmental process the design has undergone:
    D1: Space
    D2: Shape
    D3: Program and Structure
    D4: Growing a Building  



79

Materiality is considered 
and either derives from 
the landscape itself 
or contrasts it in a 
meaningful way

The building has light 
connections to the 
ocean and its context to 
landscape, appropriate 
scale 

What is the function and 
how is it being facilitated 
to deal with issues at hand

Buildings introducing 
people to the ocean 
to encourage public 
ownership

Building a relationship 
with the public that allows 
itself to exist and be 
sustained in its community

The building engaging 
with the public to inform 
awareness

AWARENESS
OF LANDSCAPE THROUGH PEOPLE + ARCHITECTURE

INTEGRATION
BETWEEN PEOPLE AND ARCHITECTURE

INTEGRATION
BETWEEN ARCHITECTURE AND OCEANWILDERNESS

1 .0  Cr iter ia  for  Assess ing the  Val idity  of  Developmenta l  Designs .
The same aspects that were assessed in the precedents, plus additional concepts, will be utilised to assess the potential designs. 

How the building is 
accessed and is the 
building accessible from 
the land/sea

Has the built structure 
been integrated into the 
ocean wilderness in a 
positive way 

Creating a sense of 
wonder that draws people 
in and through

Providing a heart that 
other facilities feed off 
and where people can 
congregate

How the foundations 
connect between the 
building through the tidal 
region

The way the building is 
integrating with the ocean

How the buildings 
work: grouped or is it an 
independent structure

Is it supporting bridging 
the gap between people 
and nature

Breaking the tension 
between the surface and 
what is beneath

Can the building be 
constructed out of local 
materials found around 
the Auckland area

Does this build have the 
ability to be off the grid 
and self-sufficient



Labs: isolated rooms (~5-6), with all equipment including 
fish tanks, experiment tanks, chemical and supplies 
storage. Include a display area for the research which will 
be connected with the public. This has great potential for 
innovation and radical architecture
 
Public/education/tourists/publicity: staffed by people who 
don’t live on site, exhibition space, small lecture room 
seating approximately 50 people, shop, café, kitchen/
toilets, permanent history exhibition, small electronic 
library, seminar room, and media centre

Accommodation:  4 regular visiting researchers staying 
3-7 days. They need a single bedroom each, with ensuite,  
sitting room/lounge, dining/kitchen, storage, service 
rooms (laundry, and garage/workshop); what relationship 
to other parts – off to one side, or on an upper floor? I.e. 
remote, private, somewhere to retreat to? Or in the thick 
of the action?

What is the relationship between research staff and 
public? Are they all scientists that don’t want to have to 
talk to school kids & old ladies, or are they all dual careers 
– science and public relations/educators?

 

1 .1  Feed the  f ish :   BRIEF

In this section, there are four development solutions, 
which will be analyzed against the selected criteria. Each 
will be assessed against the ‘needs and wants’ that are 
central to the architectural problem. The ‘need’ being 
awareness and the ‘want’, integration. These are broken 
down into three criteria that form the architectural 
mechanism to assess the qualities and relevance of each 
precedent against the problem. 

Awareness, in this instance, relates to the public and how 
they can be educated to protect and care for the ocean 
habitat; how can public responsibility can be created 
through awareness for the wellbeing of the marine 
environment.

Integration between people and architecture relates to 
functionalism and facility. It is important that buildings 
within the ocean have the essential elements to build 
people’s relationship with this wilderness to ensure they 
are introduced in a positive way.

Integration between architecture and ocean analyses 
how these buildings operate formally within their 
environment. 

Each of the four development stages will be assessed 
against the three categories, and in doing so it will 
identify how successfully they address the problem of 
achieving awareness and integration. This will help to 
show how the design has been developed. 

1 .2  Developmenta l  Designs

A

I/P

I/O

Integration between 
people

Awareness

Integration between 
architecture and ocean
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02 
D1:  SPACE

This design is attempting to imitate the structure of a group of 
cells, in the way they form and the types of spaces that are created. 

The structure that is being copied is concerned with creating 
structure in regards to space, rather than space being created by the 
structure. It is relating to the building becoming a living organism. 

This looks deeper into a building being a living organism.
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In order to build a structure that will withstand the 
environmental conditions that it is subjected to, we need 
to understand the structure and properties of cellular 
solids which reside in this environment. From this, their 
properties can be exploited in engineering, building, and 
how they may be applied.

“The word “cell” derives from Latin cella; a small 
compartment, an enclosed space.” Our interest is in 
cellular solids, these are clusters of cells, and the Romans 
called them cellarium.  These cellular solids are an 
assembly of cells with solid edges or faces packed together 
so they fill space. Materials like wood, cork, sponge and 
coral are common examples found in nature.  These 
materials are full of little cells called cellulose.

Man has used their natural cellular materials for centuries 
and examples of some of their uses are wooden artefacts 
from the Pyramids of Egypt at least 5000 years old, and 
also cork that was used for bungs in wine bottles since 
Roman times.

Cell structure is important. The structure of cells has 
fascinated natural philosophers for at least 300 years. The 
properties of cellular solids depend directly on the shape 
and structure of the cells. We can “characterize their shape 
size and topology; that is the connectivity of the cell walls 
and of the pore space, and the geometric class into which 
these fall.”

31. Panchuk, N. (2006). An Exploration into Biomimicry and its Application in Digital & Parametric [Architectural] 
Design. Architecture. Waterloo, Ontario, Canada, University of Waterloo. Master of Architecture.
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Fig 4.2.0: Cell structure

2.0   C el l  Shape and Form



Figure 4.2.2:   Natural cellular materials: (a) cork, (b) balsa, (c) sponge,
(d) cancellous bone, (e) coral, (f) cuttlefish bon, (g) iris leaf, (h) stalk
of a plant

The structure that has fascinated 
mathematicians, physicists and biologists is 
the bees’ honeycomb. It is the most studied 
and beautiful of all cellular formations.32 

The honeycomb shape of the cells is three-
dimensional and this means that a greater 
variety of cell shapes are possible.

“Hard corals, also know as scleractinian and 
stony coral, produce a rigid skeleton made 
of calcium carbonate (CaC03) in crystal 
form called aragonite. Anatomic structures 
such as septa, tentacles, and mesenteries 
are found in sets of six , so hard corals are 
also often termed hexacorals, which appear 
similar to the honeycomb structure.”33

“Hard corals are the primary reef-building 
corals. Colonial hard corals consisting of 
hundreds to hundreds of thousands of 
individual polyps are cemented together 
by the CaC03 ‘skeletons’ they 
secrete. Living coral grow on top of the 
skeletons of their dead predecessors. A layer 
of tissue covers the skeleton and connects 
coral polyps, allowing for distribution of 
nutrients as well as communication amongst 
individuals of the colony.”34 

The spaces created from the secreted 
exoskeleton of the polyps are the main 
inspiration for creating a structure based 
around space whilst still ensuring these 
spaces are connected.

Figure 4.2.1:  Honeycomb From Beehive

32. Tan, R. (2014). “Benefits of Honey.” Amazing Ben-
efits of Honey. Retrieved 12th july, 2014, from http://
www.benefits-of-honey.com/.
33. Joomla (2014). “Marine Life Institute.” Retrieved 
18 March, 2014, from http://www.mlric.com.
34. Ibid
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This model is attempting to mimic the construction of spaces similar to that within coral. The trabeculae-like structure of the coral 
creates space within itself whilst also creating strength to the structure without excessive mass.  You can imagine introducing planes 
into this structure would create some very interesting spaces as from each angle you would see a very different view of the internal 
space. What is so interesting about coral is that the structure is based around the space, rather than the other way around.

Figure 4.2.3: This model is looking into combining cell nucleus (Being the paper balls) to form shapes

2.1   C oncept  Model
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This model looks into how defined spaces 
would interact with the greater structure.  
Using a draping roof to enclose the spaces 
within the building one can see how this will 
look in a model. The draping mesh arches 
over the sphere spaces that creates differ-
ing lines of tension over the model, and so 
produces an unsympathetic, unsymmet-
rical pattern. Mesh can be used to overlay 
the model in order to see the various forms 
of shapes created, and how these are cast 
against the building. 

2 .2  O verlay  of  C el ls

Figure 2.2.4: Cells being overlaid with cloth
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Figure 2.2.5: Sequence of illustrations showing the creation of space

Figure 2.2.6:  Point of attraction when being wrapped 
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These illustrations explore the idea of the 
cell nuclei being combined, the physical 
bodies are then being wrapped with a mesh 
to form a roof structure for the building. 
The cell nuclei form the spaces within, 
defining the size and the shape of the room. 
The idea of the polyps growing within the 
exoskeleton has been the inspiration for 
the columns in this building, with them 
extruding through from beneath the surface 
to above, supporting the roof structure. 
The polyps would be attached to a mesh on 
the bottom that would follow the contours 
of the sea floor; this mesh would be 
electrified creating an electrolytic reaction 
causing calcium carbonate and magnesium 
hydroxide, to grow on the structure. The 
polyps would be electrified up to surface 
level by using high density foam at ground 
level to eliminate the current.

2 .3  D1 
Fina l

Figure 4.2.7 - 4.2.14: Design one final
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AWARENESS
OF OCEAN THROUGH PEOPLE + ARCHITECTURE

INTEGRATION
BETWEEN PEOPLE AND ARCHITECTURE

INTEGRATION
BETWEEN ARCHITECTURE AND OCEANWILDERNESS

2/5

1/6

3/6

In D1 the architecture is engaging with the 
public to inform awareness, however, the 
build is not encouraging people to take 
ownership of their actions in relation to the 
ocean wilderness. The build is accessible as 
it is connected to the land where the wharf 
once was. Scoring only a two in this section 
shows that ownership and awareness are still 
not being achieved.  

The form creates a sense of wonder that 
intrigues you, however, it has been unable 
to break the surface tension into what is 
beneath. How can the architecture take 
people into the ocean wilderness?    

One of the large problems in this section 
is connection; the polyps have a disjointed 
feeling between them and the mesh. The 
ability to enclose the spaces and define space 
is lacking.  
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03
 D2:  SHAPE

This aspect of development looks at self-assembly in nature, 
specifically how a reef is constructed naturally, in terms of coral 
shape, size and typology. These aspects then dictate the overall 

shape and form of the reef. By integrating this idea of shape into 
the design, two planes (above and below water) can be joined.



Figure 4.3.0: Exoskeleton of dead coral



Figure .... Exoskeleton of a coral showing structural forms  

29. Panchuk, N. (2006). An Exploration into Biomimicry and its Application in Digital & Parametric [Architectural] Design. Archi-
tecture. Waterloo, Ontario, Canada, University of Waterloo. Master of Architecture. (p13 2.1.2)
 
30. Ibid  University of Waterloo. Master of Architecture. 2006  

Natural structures grow in response to 
the forces placed upon it. The resulting 
pattern is one that is structurally strong 
but integrated, with an interdependence 
between parts that perform as a collective 
whole.

Patterns are essential to the structural 
framework of natural and artificial systems. 
Everything is made up of a series of 
interrelated parts that perform together as a 
whole, an example of this is the human body 
and other living organisms and the networks 
that make up our connected society. Patterns 
are the agent that allows the total assembly 
to evolve and adapt to a changing 
environment.29

“Essentially, the system of a structural 
hierarchy based on the gradual reduction of 
individually separate components that is 

favoured today is reinterpreted so that the 
boundaries between successive structural 
layers is blurred and the building becomes 
one indivisible unit from the micro to 
macro scale. This approach reduces the 
vulnerability of a building to failure due to 
localized stresses, as the structural system 
has built in structural redundancy acting 
on a number of levels to dissipate localized 
stresses  throughout the entire structure. The 
patterning that takes place in this method 
can occur in a variety of configurations from 
a simple scaled grid shaped layout to a more 
complex fractal geometry whose forms are 
identical at a number of scales.” 

Structure systems used by multi-cellular 
organisms are classified as being either 
endoskeletons or exoskeletons. An example 
of the endoskeleton is the human skeleton 
and an example of the exoskelton is a Crab. 
The type of skeleton that each has evolved to 
is dependant on the environment in which it 
lives. Aquatic organisms have a structural 
organisation that accommodates 
their requirement for locomotion and 
morphological fluidity.

30

3 .0  Growth Patterns  in  Nature
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Figure .... Exoskeleton of a coral showing structural forms  

Figure 4.3.1: Illustrations of Polygons found in two-
dimensional cellular materials: (a) equilateral triangle. 
(b) isosceles triangle, (c) square, (d) parallelogram, 
(e) regular hexagon, (f) irregular hexagon. Note that 
any triangle, quadrilateral or hexagon with a centre of 
symmetry will fill the plane.

Figure 4.3.2: Illustrations of Three-dimensional 
polyhedral cells: (a) tetrahedron, (b) triangular prism,(c) 
rectangular prism, (d) hexagonal prism, (e) octahedron, 
(f) rhombic dodecahedron,(g) pentagonal dodecahedron, 
(h) tetrakaidecahedron, (i) icosahedron

Figure 4.3.3: Illustrations of complexity Three-dimension-
al polyhedral cells when combined

3 .1  Shape,  Size  and Topolog y

Two dimensional shapes arising from coral

Three dimensional shapes occurring in coral

Combination of three dimensional shapes 



The architectural properties explored in these designs (figure 4.3.4 and 4.3.5) are the way to seamlessly join two plains together, 
creating spaces within. In the diagrams above, you can see the mesh connecting to the polyps and becoming one structure. The 
irregular grid of the hexangular structure, such as found in coral, has been implemented into this framework. Some of the spac-
es of this structure will be solid so as to enclose space. This is an attempt to solve the discontinuity, discovered in D1, between 
the columns and mesh framework.

3 .2  C onnect ing Planes

 Figure 4.3.4: Seamlessly joining two plains Figure 4.3.5: Hexangular structure



1. Begin with two separate planes 
2. Bridge opposite segments together to create one body 
3. Create a full body and continuous surface 

Figure 4.3.6: Joining of Planes

Figure 4.3.7: Floor platforms inside structure 

This drawing (figure 4.3.7) is looking into the addition of a third plane (floor) into the existing 
structure. Some of these planes would be fixed and others would rise and fall with the ingoing and 
outgoing tides. 



3.3  D2 Fina l



Figure 4.3.8:  Design two final
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Figure 4.3.9:  Design two final section Figure 4.3.10:  Design two final inside the building

D2 Final

This is a section through the building looking into the exhibition space and looking 
at what would be the cafe below sea level (figure 4.3.9). Beneath the surface, there is 
a sense of wonder as you descend the staircase into a novel environment, therefore 
breaking the surface tension between above and below sea level. Above the surface, 
the space appears to be dark and uninviting due to lack of light through the 
perforations in the meshwork.

This is the observation deck (figure 4.3.10) where research would be on display. 
The structure itself is far too heavy in this figure and dominates the space, rather 
than the view. It is a light space due to the perforations in the mesh framework.
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AWARENESS
OF OCEAN THROUGH PEOPLE + ARCHITECTURE

INTEGRATION
BETWEEN PEOPLE AND ARCHITECTURE

INTEGRATION
BETWEEN ARCHITECTURE AND OCEAN WILDERNESS

3/5

3/6

3/6

D2: Here the building is being taken beneath 
the surface introducing people to the world 
below. However, the program is inadequate 
as there are no moments throughout the 
building; these are yet to be defined. In 
order to successfully bridge the gap between 
people and ocean, the structure of the 
architecture needs to be refined. 

At this point, the design of the project had 
moved away from the research question: 
how can architecture reconnect people with 
the ocean wilderness in a positive way? The 
aspect that needs to be addressed in order to 
achieve this is identifying what is happening 
in the three zones; above water, tidal zone, 
and underwater.

The building has improved the connection 
between architecture and ocean through a 
more seamless connection between sea floor 
and roof structure, however, the spaces and 
structure in between are missing. How can 
the spaces be defined and what factors may 
contribute to the variation in the buildings 
structure? The addition of the third plane 
into the building creates discontinuity 
between above and below water. So 
although, the original problem between 
mesh and column was solved, another was 
created. 
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04 
D3:  PRO GRAM AND STRUCTURE

Program, in terms of buildings, is an important design 
consideration. The inspiration for this idea stems from the 
lagoon as the heart of a network with surrounding islands 
that are connected with each other via this central “heart”. 
The section explores the use of minimal structure whilst 

maintaining maximum function, a common feature in the 
natural world. This idea is then combined with principle 

forms derived from reef construction in D2.
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Figure 4.4.0 Looking at the way a lagoon works and how the islands talk to each other
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In the illustrations above, the building as a network of 
spaces is similar to that of a group of islands (lagoon) and 
how these create spaces and moments within each other.  
The buildings are layed out with this in mind, placing a 
café and swimming platform at the heart of the “lagoon”. 
The buildings will be placed at different heights with 
regard to the water level, creating a journey between each 
one, as some paths would only be able to be used at low 
tide. This will increase the connection and awareness of 
the ocean as the access of the building is dependent on the 
tides which creates moments in the building. The program 
works around a network of spaces, where each space is 
used for a different purpose (figure 4.4.1).    

Figure 4.4.1: Looking into program

Figure 4.4.3: Connection of spaces 

4.0  Program and Space

Figure 4.4.2: Looking into program

Figure 4.4.4: Arranging the spaces
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32. Panchuk, N. (2006). An Exploration into Biomimicry and its Application in Digital & Parametric [Architectural] Design. Ar-
chitecture. Waterloo, Ontario, Canada, University of Waterloo. Master of Architecture. (Page 27)
 

Figure 4.4.5: Cross-section of Bird Bone

Figure 4.4.6: Illustration of how change in shape can increase struc-
tural optimization

Nature minimizes the required input of material while 
still achieving maximum structural efficiency and stability. 
This is made possible by utilising a variety of forms of 
design methods in its construction

Nature is able to maximize structural strength and 
outperform many man-made structures through unique 
configuration of simple materials.

In order to maximize internal volume, while minimizing 
the surface area of an organism, nature uses curvilinear 
forms. This helps to reduce heat loss across the surface 
of the organism, allowing it to remain warmer with less 
input of energy. Smaller surface area also means less 
material to form the organism and also reduction in 
weight.

Organisms must utilize methods of construction that 
minimize the input of material and energy expenditure, 
while at the same time maximising strength. Bones are an 
example of this. Bones have a solid outer shell but have a 
hollow centre with trabeculae. This ensures that the bone 
retains its absolute tensile strength without increasing 
the weight of the bone. This is a demonstration of how 
function determines structure.

Natural forms are derived from their “three dimensional 
shapes that are dependent on an irregular rate of 
growth throughout the organism. The form reached at 
the end of the growth cycle is determined both by the 
physical limitations of the construction material, and 
its differential rate of growth, with the latter responsible 
for the shape or  curvature of its surface. From this it is 
possible to derive a relationship between the form of the 
object and the space it occupies. The external environment 
exerts a pressure on the developing object and its resulting 
form is a product of its response to the environment, and 
the limits of the structural properties of the material used. 
It is an acculmination of interacting internal and external 
forces. An organism in nature grows along the lines of 
greatest stress and it is this act of balancing the forces of 
stress and strain, that give an object its inherent structural 
characteristics.” 32

In nature, form is a product and response to the stresses 
that the external environment exerts on the developing 
object. The form is also a result of the limits of structural 
material used. This is not only true for nature but will also 
become apparent in the design whereby the stresses acting 
on the building will shape the final form.

4 .1  The Power  of  Form
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In order to minimise structure, areas of intensity need to 
be identified. An example of an architecture approach to 
this is the CCTV building in Beijing by OMA. The sky 
scraper uses a self-supporting structure, with each tower 
depending on each other to give the building overall 
strength. The structure is intensified along lines of force 
as seen in figure 4.4.7.
Grasshopper with attractor points  (figure 4.4.9) can be 
used to highlight areas of intensity of structure. Figure 
4.4.8 has been overlayed with the structural forms derived 
from the coral 3-, 4-, and 6-sided shapes. A combination 
of attractor points and the structural forms of coral can be 
seen in figure 4.4.10. 

Figure 4.4.7: CCTV Building, Beijing Figure 4.4.9: Attractor Points using Grasshopper and Rhino

4.2  Minimising Structure

Figure 4.4.8: Structural forms of coral in plan
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Figure 4.4.10:  Structural forms of coral placed over the build areas (grouping of cell)
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Turning this structural grid into spaces using gravity    

4 .3  Using Gravity  to  Form Space
This structural plan is derived from the use of coral 
shapes and attractor points (figure 4.4.11). It has then 
been placed over a group of cells (figure 4.4.12). Gravity is 
then added to the plan resulting in a collision between the 
structural grid and the grouping of cells (figure 4.4.13). 
The plan encompasses the cells to define spaces. The final 
product eliminates the cells so as to create the spaces 
(figure 4.4.14).
This takes the structure from two dimensional to three 
dimensional.

Figure 4.4.11: Structural plan with build areas

Figure 4.4.12: overlaying cells Figure 4.4.13: Applying gravity

Figure 4.4.14: Forming spaces
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Figure 4.4.15: Taking structure into a 3D form Figure 4.4.16: Enclosing spaces within the structure Figure 4.4.17: Creating building platforms within the 
spaces

In figure 4.4.15 structure is being created from the 
collision of cells and application mesh framework. These 
are being extruded to create the structural grid in a three 
dimensional format. 

Figure 4.4.16 is taking the spaces created in figure 4.4.15 
and defining them by enclosing them within the structure 
itself. Alternative heights of the structure above sea level 
are explored to identify what parts of the building will be 
above water.

Figure 4.4.17 is enclosing the spaces and constructing 
platforms in areas where buildings will stand. This will 
identify the impact this construction will have on the 
overall continuity of the building.



Figure 4.4.18: This is the 6 sided structural 
form being used on the facade of the building 
to encloses space.

Figure 4.4.19: Forms being transformed in 
buildings. Looking at the three zones above 
water, tidal region and under water 

4.4  Bui lding Forms based upon Structure

Continuity is essential for this building 
to appear integrated into the marine 
environment. The building above and below 
water needs to be considered in relation to 
each other, as well as in relation to the rising 
and falling tide. It is quintessential that 
the form is based upon function but also 
achieving connection between the various 
parts. These structural elements would 
become a feature within the builing, as they 
would be exposed showing the natural roots 
from which they were derived, and the 
rigour behind the building’s form.
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4 .5  D3 Fina l

Figure 4.4.20 : Plan of layout Figure 4.4.21 : 3D looking into building layout
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The reception is the orange area, which will also have a 
historical display of the location. There is currently an 
existing building, a boat shed. In this plan, the building 
has been renovated to lead you onto the existing wharf. 
The wharf becomes the backbone of the greater complex, 
mimicking the lagoon structure.  The pink shape is the 
café and swimming platform forms the heart of structure 
as it feeds into every other part of the complex, including 
the reef structure below.

In the green shape is the exhibition space. This space is 
partly below sea level at high tide, allowing observers to 
experience the change in tides. It has an educational level 
as the different sea creatures from this area of the

Hauraki Gulf will be able to be viewed. There are large 
structural tanks that run from floor to ceiling displaying 
other marine life. The exhibition space is interlinked with 
parts of the laboratory (red shape). The north end of the 
laboratory is intertwined with the public space. This is 
where scientists can put their research on display and 
where the public can interact and observe their workings. 
The south end is an exclusive area where scientists can 
complete their research alone.

The blue shape passes through the existing wharf. The 
roof of this building attaches to the top of the wharf and 
slopes down into the ocean. The public are able to walk 
down to the ocean to paddle their feet in the water. The

majority of the structure is under the water. Inside the 
structure will be interactive exhibitions, where school or 
university student are able to  get involved with science, 
such as turning seawater into concrete. There is also a 
small seminar room for research presentations and some 
offices.

The yellow shape is the accommodation; it is situated 
slightly separately to the main complex with its own access 
point from the land. This gives the visiting scientists a 
place to retreat but still allows them to feel connected to 
the complex.



Figure  4 .4 .22 :  Cross  sec t ion

On left of the cross section is the exhibition 
space, which is a dynamic space with light 
protruding through large perforations in 
the cieling, through the large fish tanks, and 
out into the open spaces. Following on from 
this is the laboratory area, which is darker 
depicting the seriousness of the space. 



Figure  4 .4 .23 :  long sec t ion

This section is looking back at North Head 
from the sea. It shows how many of the 
buildings would be below sea water at high 
tide. The foundation structure forms the reef 
below; this would be an interactive part of 
the builing as the majority of the buildings 
are submerged. The laboratory on the left 
side has alternating floor levels to create 
various spaces, which could be utilised 
depending on the research being conducted. 
The lecture theatre on the right is almost 
completely submerged creating a sense of 
silence.



Moments

Figure  4 .4 .24 :  Swimming Staircase

Swimming Staircase
This area connects people with the ocean wilderness 
through direct contact with the sea. Here, you 
would be able to snorkel throughout the reef 
structure, allowing them to experience first-hand 
the marine aquaculture of New Zealand

Exhibit ion Space
The exhibition space has large tanks, which 
will showcase marine life not found in the 
Hauraki Gulf.  This space relies upon the 
filtering of light through the tanks , and the 
rise and fall of the tide to create moments.

L aborator y
This is a room within the laboratory that 
is tall and narrow with the reef structure 
below protruding through the floor. Half of 
the room is below sea level as the topic of 
research would be marine life in the tidal 
region.
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Figure  4 .4 .25 :  Exhibit ion Space

Figure  4 .4 .26 :  L aborator y
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Figure  4 .4 .27 :  High t ide
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Figure  4 .4 .28 :  Low t ide
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The building is achieving awareness of 
the ocean through people. The grouping 
of the buildings has created interplay 
between them, creating experiences as you 
move between the spaces. The building 
is interacting with the ocean positively, 
encouraging people to take ownership of the 
marine environment.

The program of the buildings are 
encouraging people to interact with nature 
as it convenes around a central point of the 
complex. The building is creating a sense of 
wonder as to what is beneath, but there still 
seems to be a surface tension at the tidal 
zone, where it loses the sense of growing 
due to the change of material. How can 
the building continue to feel as though it is 
growing from beneath to above?

The architecture interacting with land-sea 
border as the building mimics the step-wise 
decline of north head down to the sea. How-
ever, visually there is a missing connection 
between the foundations and what sits on 
top, the buildings have become too rigid.
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05 
D4:  GROWING A BUILDING

The principle design idea addressed in this section is 
“growing” a building. Biomimicry is a technology that can 
be used to achieve this growing effect in an architectural 

setting. The missing connection between the building and 
foundations is explored. 



WEIGHT-BEARING STRUCTURE 

It is said that the “complex ‘architectural’ pattern of the 
vein structure beneath the leaves of “Victoria Amazonica” 
provided the inspiration for Joseph Paxton’s Crystal Palace 
design in 1851, for the Great Exhibition in London. 
This Amazon lily, named after Queen Victoria in 1837, 
became a sensation in the mid 19th-century.33” 

This idea of utilising a natural structure to drive 
architectural design of the whole building, rather than just 
a part of it, would ensure continutity between parts of a 
building. In this case, the tidal line of the building would 
not be discrimintaing creating continuity between the 
above and below water structures.

If the building itself was based around biomimicry in 
construction, it would be more visually sympathetic to its 
environment and less rigid. 

5 .0  Biomimicr y  in  C onstruct ion

33. 3.8, B. (2008-20014). “Ask Nature.” Leaves Given Structural Support. Retrieved 7th Aug, 2014, from 
http://www.asknature.org/strategy/902666afb8d8548320ae0afcd54d02ae#.VCCkvCi-Lap.

Figure 4.5.1: Biomimicry in Construction Crystal Palace Figure 4.5.0 Giant Amazon water-lily
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Scientists are beginning to make cement in 
processes that are similar to that of seashells 
and coral. This new process is actually 
very similar to the way we make our own 
bones. The scientist Dr. Claus Mattheck, has 
studied how bones achieve strength and has 
found that this is via overlapping fibres and 
composite materials. Bones, similar to trees, 
distribute strength across the structure in an 
efficient manner. 

“In this view, the chicken bone is a 
superlative light-weight design functionally 
adapted to the mechanical requirements. 
No engineer in the world has as yet been 
able to copy this structural member, which 
is optimized in its external shape and its 
internal architecture to achieve minimum 
weight and maximum strength. 

5 .1  Shape Opt imizat ion

Universal shape in nature

Figure 4.5.2: Mattheck’s 'method of tensile triangles'

“A notch is bridged by an imaginary rope, which in the case of a 90° 
corner forms a 45° angle to the legs of the component. In the centre of the 
imaginary rope, a new rope is attached at half the angle of the first and this 
process is repeated several times.”

34. Mattheck, C. (1998). Design in Nature. Germany, Rombach.

Similarly, the tree trunk has also, over 
the course of its life, steadily improved its 
internal and external structure and adapted 
itself optimally to new loads. In the course 
of its biomechanical self-optimization, it will 
correct and repair even the smallest weak 
point, which might otherwise cost it its life 
in the next storm.

With more knowledge of these perfect 
processes of self-optimization in nature, 
techniques for the improvement of 
mechanical structural members could be 
developed. Industry already uses them. 
Nature shows us the way towards eco-
design, to machines in accordance with 
nature’s laws governing structures and 
shapes.”34
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In D3, there is a connection issue with the foundations and the building structure; there is a 
disjointed feeling in between the two. The form needs to become more continuous and the 
angles less regular so the building becomes more naturalistic in appearance and therefore 
more visually synchronous with the surrounding environment. The drawings are looking 
into of Mattheck’s ‘method to form a structure’ that continues from the foundations beneath 
the water through the tidal region and above. 

Figure 4.5.3: Turning a right angle into 
a structural curve  Figure 4.5.4: Continues structure in the building

Figure 4.5.5: Structural frame



5.2  D4 Fina l

This design attempts to correct the flaws 
idenitfied in the previous design. Mattheck’s 
principles of tensile triangles mimic the 
growth of a tree, branching out from its 
original base and has been adapted to create 
the structure for the building. It has been 
used below water, continuing through the 
tidal region, and abover the water giving 
the building are seamless appearance, 
preventing the discontinuity experienced 
in the last design, as well as breaking the 
surface tension. This design aims to be less 
instrusive and more sympathetic with its 
environment, this has been achieved by 
constructing multiple smaller buildings 
rather than a single large building. The

building itself is more irregular in an 
attempt to create more visual interest and 
to help achieve the sense that the building 
has grown from beneath the surface. A 
sloping, fixed platform is in the tidal range, 
encouraging public interaction with the 
ocean. This platform runs off the small 
public laboratory and the lecture theatre, 
which means that at certain tide levels 
some rooms may be  inaccessible, creating 
public awareness of the ocean. Figure 4.6.1 
shows the beginning of calacium cardonate 
deposition and what the building would 
appear as during the two year foundation 
construction phase. Figure 4.6.2 shows the 
beginning of the build stage. The figure

4.6.3 shows the function of the building: 
people interacting with the ocean and 
the architecture creating awareness and 
public responsibility of the ocean. Figure 
4.6.4 is looking at a laboratory space from 
within the building and demonstrating how 
dynamic these spaces are.
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Figure 4.6.1: Growing Foundations 
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Figure 4.6.2: Construction Phase
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Figure 4.6.3:  Functions of Built



Figure 4.6.4: Inside Spaces
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05 
CONCLUSION
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5 .0  C onclusion

Summary and critical appraisal of the research

This thesis has explored ways in which a building could be designed that 
would reconnect us with nature within the ocean environment.

At its core are the following points;
1. Can a building in an aquatic environment be built in the physical 
sense using some of the principles of nature to incorporate ‘growing’ a 
building as opposed to placing it in the environment?
2. Will this structure have the capacity to change the way we currently 
think and interact with the ocean to enable us to move towards a more 
sustainable future?
3. Can research-based design change our understanding of the aquatic 
environment through a clearer understanding of marine ecologies?

Research into the feasibility of growing a building is very complex and there 
would still need to be much experimentation done prior to commencement 
of a structure. It is possible to build in the aquatic environment in an 
unobtrusive way that would support the structure above the water and also 
create a habit for aquatic life below.

There is no doubt that this structure would create a framework which draws 
us to educate and reconnect man with the ocean. The building assists in 
creating a habitat where new life can thrive and prosper.

It is possible to incorporate natural processes with mans ability to 
construct. By understanding natural processes and extracting an 
architectural response one can get the best performance from the 
materials and structure. Following on from this, aesthetics plays a major 
role in the function of the structure in the natural world as the building 
needs to make a statement in order to attract and draw people in.

This thesis is a very real starting point for future research into 
construction in an aquatic environment. The possibilities for this are 
endless as this way of building is far more sustainable and although it 
comes at a greater cost, the payback over time would far outweigh the 
initial cost.

People must look to the future with our designs and must always be 
mindful that ‘function determines structure’. We need to improve our 
designs whilst simultaneously caring and striving to maintain and 
improve the natural world around us, because without it man will simply 
cease to exist.



146

CHAPTER FIVE



147

01 
BIBLIO GRAPHY



1.0   Bibl iography 

Aiello, C. (Ed.). (2012). Evolo skyscrapers.  Los Angeles, USA: Evolo

Aranda, B., & Lasch, C. (2006). Tooling. New York, USA: Princeton Architectural Press

Benyus, J. (1997). Biomimicry: Innovation inspired by nature. New York, USA: Morrow

Baldwin, J. (1996). Buckminster fullers ideas for today. Canada: J.Wiley & Son.

Dackie, M. (2010). Fog-basking Behaviour and water collection efficiency in Namiba desert darkling beetles. 
Retrieved 6th July, 2014, from http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2918599/ 

DeArchitecrura Book IV. (n.d.). Retrieved June 28, 2014, from http://www.vitruvius.be/boek4h2.htm  

Department of Conservation. (2013). Protected Coral Species. Retrieved 11th July, 2014 from http://www.
conservation.govt.nz/conservation/native-animals/invertebrates/protected-coral/facts/

Freiwald, A., & Roberts, J. M. (Eds.). (2005). Cold water corals and ecosystems. Berlin, Germany: Springer.
 
Forest & Bird: Giving Nature A Voice. (2011). We love marine reserves. Retrieved 3 july, 2014, from http://
www.forestandbird.org.nz/marinereserves?gclid=CL6Ppsj73sACFYOTvQod34oA6Q
 
Garcia, J. (2010). Masdar city: Developing the zero carbon emission city. Retrieved 17th April, 2014, from 
http://large.stanford.edu/courses/2011/ph240/garcia2/ 
 
Griffiths, S. (2014, 14 April). Swim in an electric reef. Mail Online. Retrieved from http://www.dailymail.
co.uk/
 
Guy, A. (2011). Growing Cement like Coral. Retrieved 3rd May, 2014, from http://www.nextnature.
net/2011/12/growing-cement-like-coral/

Haeckel, E. (2004). Art forms in nature. Germany: Prestel Verlag.

Jabi, W. (2013). Parametric design for Architecture. London, England: Laurence King Publishing Limited.

Joomla (2014). Marine Life Institute. Retrieved 18th March, 2014, from http://www.mlric.com.

Li, Z. (2011). Tangible Architecture, Unitec Institute of Technology. Architecture.
  

Mansoori, G. A., et al. (2008). Environmental application of nanotechnology. Annual Review of Nano Re-
search, 2, 439-493.

Maritime New Zealand. (2014). Marine environmental protection. Retrieved 14 June, 2014, from http://
www.maritimenz.govt.nz/Environmental/Marine-environmental-protection.asp

Mattheck, C. (1998). Design in nature. Germany: Rombach.

Mazzoleni, I., & Price, S. (2013). Architecture follows nature. New York, USA: CRC Press.

Mclntosh, J. (2012). Museum of space. Architecture, Unitec Institute of Technology. Master of Architecture.

Museum für Gestaltung Zürich, & Sachs, A. (Eds.). (2007). Nature design: From inspiration to innovation. 
Switzerland : Lars Müller Publishers.

Norberg-Schulz, C. (1980). Meaning in westen architecture. New York, USA: Rizzoli International 
Publishions.

Panchuk, N. (2006). An exploration into biomimicry and its application in digital & Parametric [Architec-
tural] Design. Waterloo, Ontario, Canada, University of Waterloo. Master of Architecture in Architecture.

Pawlyn, M. (2011). Biomimicry in architecture. Londone, England: RIBA Publishing
 
Pearman, H., & Whalley, A. (2003). The architecture of Eden. London, England: Transworld publishers

Ruiz, A. (2010). Art Noveau and Antonio Gaudi. Retrieved 4th August, 2014, from http://www.slideshare.
net/angel_aranda/art-nouveau-and-antonio-gaudi

Sahara Forest Project. (n.d.). Sahara Forest Project. Retrieved 6th July, 2014, from http://saharaforestproj-
ect.com/#!how/technologies

Sea Change. (n.d.). Hauraki gulf marine spatial plan. Retrieved 27 Apr, 2014, from http://www.seachange.
org.nz/.

Tiritiri Matangi Open Sanctuary. (2010). Tiritiri Matangi Open Sanctuary. Retrieved 25th july, 2014, from 
http://www.tiritirimatangi.org.nz/home.
 



The Biomimicry Institute. (2014). Leaves given structural support: The giant water lily. Retrieved 7th Aug, 
2014, from http://www.asknature.org/strategy/902666afb8d8548320ae0afcd54d02ae#.VCCkvCi-Lap 

The Green Greek. (2006). ‘Biorock’ process grows coral reefs with electricity. Retrieved 16th May, 2014, from 
http://www.greengeek.ca/biorock-process-grows-coral-reefs-with-electricity/

The Ministry for the Environment. (2007). Effects of human impacts. Retrieved 6th June, 2014, from http://
www.mfe.govt.nz/issues/oceans/kids/impacts.html

The Ministry for the Environment. (2007). Government agencies working on oceans. Retrieved 6th June, 
2014 from http://www.mfe.govt.nz/about/others.html

The Ministry for the Enovironment. (2014). Protecting New Zealands exclusive economic zone. Retrieved 
6th June, 2014, from http://www.mfe.govt.nz/issues/oceans/current-work/index.html

The Sir Peter Blake Trust. (2014 ). The trust. Retrieved 15th May, 2014, from http://www.sirpeterblaketrust.
org/the-trust/

Visit Devonport, New Zealand. (2014). Maori history trail. Retrieved 7th March, 2014, from http://www.
visitdevonport.co.nz/maori-history-trail.

Vitruvius & Palladio. (n.d.) Retrieved 29th June, 2014, from http://www.faculty.de.gcsu.edu/~rviau/ids/
Artworks/neoclassical.html

Wikipedia (2014). Polyp. Retrieved 20th July, 2014, from http://en.wikipedia.org/wiki/Polyp

Wikipedia (2014). Coral. Retrieved 12th Sep, 2014, from http://www.worddictionary.com.au
 
WWF New Zealand. (n.d.). Conservation innovation. Retrieved 20th June, 2014, from http://www.wwf.org.
nz/



150

02 
APPENDIX



1.0  Appendix

Figure 0.1 Worm on a hook - http://www.featurepics.com/
online/Scared-Worm-Fishing-Hook-1117764.aspx
Figure 1.0: Man tending to a net
Figure 1.1.0: Man with fish -  http://plantbaseddietitian.
com/tag/overfishing/
Figure 1.2.0: Grandad rowing with his granddaughter
Figure 1.2.1: Sketch of Commercial fishing boat - http://
imgkid.com/fishing-boat-sketch.shtml
Figure 1.2.2: Man Skiing 
Figure 1.2.3: Man fishing 
Figure 1.2.4: Woman diving 
Figure 1.2.5: Boat sailing 
Figure 1.2.6: Underwater building
Figure 1.2.7: West coast, New Zealand 
Figure 1.2.8: Department of Conservation http://www.
mfe.govt.nz/issues/oceans/current-work/
Figure 1.2.9: World Wildlife Fund - http://www.wwf.org.
nz/.
Figure 1.2.10: Forest & Bird - www.forestandbird.org.nz/
marinereserves?gclid=CL6Ppsj73sACFYOTvQod34oA6Q.
Figure 1.3.0: Boy out boating
Figure 1.3.1: Map showing Marine Reserves
Figure 1.4.0: Man reaching for land
Figure 1.4.1 - 1.4.3: Site visit to Goat Island Discovery 
Centre 
Figure 1.4.4 - 1.4.7: Great barrier reef platform, 
Australia - http://www.google.co.nz/images?cli-
ent=safari&rls=en&q=Great+barrier+reef+plat-
form,+Australia&oe=UTF-8&gfe_rd=cr&hl=en&sa=X-
&oi=image_result_group&ei=EwEqVIPqBYL28QXc8oL-
4BQ&ved=0CC4QsAQ
Figure 1.4.8: Kelp Forest (Monterey Bay Aquarium)
http://forums.steves-digicams.com/pentax-sam-
sung-dslr-k-mount-mirrorless/191101-monte-
rey-bay-aquarium.html#b
Fig 1.4.9: Monterey Bay Aquarium tidal pool
http://www.fullscreen360.com/monterey-bay-aquarium
Figure 1.4 10: Cross-section of an Oyster
Figure 1.4.11: Oyster-tecture Project New York
Google Images “oyster-tecture”
Figure: 1.5 Abandoned boats

LIST OF FIGURES
Figure 1.5.1 - 1.5.9: Offshour Fish Farms - http://www.
google.co.nz/images?client=safari&rls=en&q=Off-
shour+Fish+Farms&oe=UTF-8&gfe_rd=cr&hl=en&sa=X-
&oi=image_result_group&ei=HwMqVJGfKsTv8gWvkIK-
gCQ&ved=0CCAQsAQ
Figure 1.5.10 Early buildings in the ocean - 
http://oscomps.homestead.com/LH/LH1.html
Figure 1.5.11 - 1.5.14: Icebergs in Antarctica - 
http://www.google.co.nz/images?client=safa-
ri&rls=en&q=ICEBERGS&oe=UTF-8&gfe_
rd=cr&hl=en&sa=X&oi=image_result_group&ei=6yYN-
VJeyG4fmuQT19oCABg&ved=0CBwQsAQ
Figure 1.6.0: Business meeting around a table
Figure 1.6.1: Hauraki Gulf Marine Park - aucklandcouncil 
(2014). “aucklandcouncil.” Seachange. Retrieved 27 Apr, 
2014, from http://www.seachange.org.nz/.
Figure 2.1.0: New Zealand Beach
Figure 2.1.1: Map Tiritiri Island - 
http://www.360discovery.co.nz/maps/map-tiritiri-matan-
gi-island-discovery.php
Figure 2.1.2: Photo of Torpedo bay
Figure 2.1.3: Looking from the west approach at Torpedo 
Bay and north head 
Figure 2.1.4: Looking south at exisiting wharf
Figure 2.1.5: Maori war canoe - 
http://www.visitdevonport.co.nz/maori-history-trail
Figure 2.1.6: Sketch of maori history in Devonport - 
http://www.visitdevonport.co.nz/maori-history-trail
Figure 2.1.7  Densification Of Devonport Area
Figure 2.1.8:  Aerial Photograph of North Head
Figure 2.1.9: Long Section across Torpedo Bay 
Figure 2.1.10: Cross Section Through North Head
Figure 2.2 Diving down an anchor chain
Figure 2.2.1: Tidal Stream Turbines
http://www.theguardian.com/environment/2011/may/18/
tidal-energy-uk-best-secret
Figure 2.2.2: Power Generation Options For Ocean Use
http://blog.education.nationalgeographic.
com/2014/04/02/china-invests-in-tidal-energy/
Figure 2.2.3: Amount Of Water Moving Past The Mouth 
Of the Waitemata

Figure 3.1: Under water reef
Figure 3.1.1:  Section Of a Piece Of Coral
http://ocean.si.edu/corals-and-coral-reefs
Figure 3.1.3: The Start of Biorock reef construction
http://www.google.co.nz/search?client=safari&rls=en&bi-
w=1440&bih=764&tbm=isch&sa=1&q=cold+wa-
ter+Biorock&btnG=#facrc=_&imgrc=9u9xB1nT3u4B-
1M%253A%3BUXI
6tIwMvAtawM%3Bhttp%253A%252F%252Fup-
load.wikimedia.org%252Fwikipedia%252Fcom-
mons%252F1%252F16%252FBiorock_reef_construc-
tion%252C_photo_2.jpg%3Bhttp%253A%252F%252Fen.
wikipedia.org%252Fwiki%252FBiorock%3B3264%3B2448
Figure 3.1.4: Construction of world island Dubai 
- http://www.google.com/images?q=world+is-
land+Dubai&client=safari&rls=en&oe=UTF-8&g-
fe_rd=cr&hl=en&spell=1&sa=X&oi=image_result_
group&ei=dhEqVOyzAZLc8AXn_IK4CQ&ved=0C-
BQQsAQ
Figure 3.1.5: Red Corals - 
http://blog.doc.govt.nz/2014/09/06/coral-identifica-
tion-new-zealand/
Figure 3.1.6: Black Corals - 
http://blog.doc.govt.nz/2014/09/06/coral-identifica-
tion-new-zealand/
Figure 3.1.7: Existing example of biocoral - 
http://magazine.good.is/articles/living-sea-sculptures-un-
derwater-art-as-coral-refuge
Figure 3.1.8: Coral reef Poor Knights - 
http://depth.photoshelter.com/image/I00001VOGmX-
6eAFU
Figure 3.1.9: Illustration Using Polyps as Columns
Figure 3.1.10: Head of a polyp - http://www.divegallery.
com/tubastrea_5.htm
Figure 4.2.0: Cell structure
http://morgellonsdiseaseawareness.com/live_blood_mi-
croscopy
Figure 4.2.1:  Honeycomb From Beehive
Figure 4.2.2:   Natural cellular materials: (a) cork, (b) bal-
sa, (c) sponge,(d) cancellous bone, (e) coral, (f) cuttlefish 
bon, (g) iris leaf, (h) stalkof a plant



Figure 4.2.3: This model is looking into combining cell 
nucleus (Being the paper balls) to form shapes
Figure 2.2.4: Cells being overlaid with cloth
Figure 2.2.5: Sequence of illustrations showing a physical 
body being wrapped.
Mclntosh, J. (2012). museum of space. Architecture, 
Unitec Institute of Technology.
Figure 2.2.6:  Point of attraction when being wrapped 
http://users.wfu.edu/ylwong/portfolio/
Figure 4.2.7 - 4.2.14: Design one final
Figure 4.3.0: Exoskeleton of dead coral - http://www.
google.com/search?q=EXOSKELETON+OF+DEAD-
+CORAL&client=safari&rls=en&hl=en&prmd=ivns&-
source=lnms&tbm=isch&sa=X&ei=KhYqVIOSJ-
Mai8AWHi4GwDw&ved=0CAUQ_AU
Figure 4.3.1: Illustrations of Polygons found in two-di-
mensional cellular materials: (a) equilateral triangle. (b) 
isosceles triangle, (c) square, (d) parallelogram, (e) regular 
hexagon, (f) irregular hexagon. Note that any triangle, 
quadrilateral or hexagon with a centre of symmetry will 
fill the plane.
Figure 4.3.2: Illustrations of Three-dimensional polyhe-
dral cells: (a) tetrahedron, (b) triangular prism,(c) rect-
angular prism, (d) hexagonal prism, (e) octahedron, (f) 
rhombic dodecahedron,(g) pentagonal dodecahedron, (h) 
tetrakaidecahedron, (i) icosahedron
Figure 4.3.3: Illustrations of complexity Three-dimension-
al polyhedral cells when combined
Figure 4.3.4: Seamlessly joining two plains
Figure 4.3.6: Joining of Planes - Mclntosh, J. (2012). muse-
um of space. Architecture, Unitec Institute of Technology
Figure 4.3.7:  Floor platforms inside structure 
Figure 4.3.8:  Design two final
Figure 4.3.9:  Design two final section
Figure 4.3.10:  Design two final inside the building
Figure 4.4.0: Looking at the way a lagoon works and how 
the islands talk to each other
http://www.daviddarling.info/encyclopedia/L/lagoon.html
Figure 4.4.1: Looking into program
Figure 4.4.2: Looking into program
Figure 4.4.3: Connection of spaces 

Figure 4.4.4: Arranging the spaces
Figure 4.4.5: Cross-section of Bird Bone - http://www.red-
dit.com/r/askscience/comments/1ky5mh/if_birds_have_
hollow_bones_and_bone_marrow/
Figure 4.4.6: Illustration of how change in shape can in-
crease structural optimization
Figure 4.4.7: CCTV Building, Beijing - http://www.arc-
space.com/features/oma/cctv-headquarters/
Figure 4.4.8: Structural forms of coral in plan
Figure 4.4.9: Attractor Points using 3Ds max - http://atlv.
org/education/grasshopper/
Figure 4.4.10:  Structural forms of coral placed over the 
build areas (grouping of cell)
Figure 4.4.11: Structural plan with build areas
Figure 4.4.12: overlaying cells
Figure 4.4.13: Applying gravity
Figure 4.4.14: Forming spaces
Figure 4.4.15: Taking structure into a 3D form
Figure 4.4.16: Enclosing spaces within the structure
Figure 4.4.17: Creating building platforms within the 
spaces
Figure 4.4.18: This is the 6 sided structural form being 
used on the facade of the building to encloses space
Figure 4.4.19: Forms being transformed in buildings 
Looking at the three zones above water, tidal region and 
under water 
Figure 4.4.20-4.4.28: Final design drawing D3
Figure 4.5.0: Giant Amazon water-lily
http://www.livingrainforest.org/news/sum-
mer-2013-big-bug-bonanza-indigenous-peoples-gi-
ant-amazon-water-lily/
Figure 4.5.1 Biomimicry in Construction Crystal Palace
http://www.ric.edu/faculty/rpotter/cryspal.html
Figure 4.5.2: Mattheck’s ‘method of tensile triangles’
Figure 4.5.3: Turning a right angle into a structural curve
Figure 4.5.4: Continues structure in the building
Figure 4.5.5: Structural frame
Figure 4.6.1: Growing Foundations
Figure 4.6.2: Construction Phase
Figure 4.6.3: Functions of Built
Figure 4.6.4: Inside Spaces



153

A selection from the wide range of possibilities investigated:

1.2   Poss ibi l it ies .

This concept looks into using the existing wharf as a driver for 
design. Here, the wharf extends out into the middle of the bay; the 
buildings are placed on top of the wharf as well as beneath, which 
would be submerged at low tide. 
Wharves are a common type of construction used for building in 
the ocean.   
   
   

This concept uses the precedents of icebergs and the offshore 
fish farms. It mimics the unseen and breathtaking wonder of the 
iceberg, where large proportions of the building goes unseen. 
Once inside it reveals itself to you, taking you beneath the surface 
and introducing you to the ocean wilderness.  It is a floating ball 
much like the offshore fish farms; it is anchored in place with large 
mooring lines. The access point is at surface level, which would 
stay consistent with the rise and fall of the tide. It has a wide frame 
structure much like that used in the fish farms.          

Here an oilrig has been placed out in the bay. This is visually 
shocking and creates intrigue, as it goes against everything this 
building stands for. The oilrig would create a lot of controversy 
therefore educating people on what this building is trying to 
achieve and assisting the educational side of this project.    
There is a long tunnel starting from the shore line going under the 
water to the base of the rig where there would be a lift to take you 
from under the surface up into the industrial rig. This journey will 
take you through three stages; beneath, surface and within.
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Figure 2.1.3 - 2.1.6: Looking from the West approach at Torpedo Bay and North Head 
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Figure 2.1.7 - 2.1.8: Looking South at exisiting wharf Figure 2.1.8 - 2.1.10: Loooking from the East and the top of North Head 
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Figure 54 : How To Build an Under Water Reef
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Figure 59 : Making Cement Like Coral

Figure 60 : Production Line 25. Guy, A. (2012). “Growing Cement like Coral.” Retrieved 3 may, 2014.

Cement production is the third largest contributor to atmospheric carbon dioxide.

“Corals are the master builders of the animal 
kingdom. Powered on plankton and their 
symbiotic algae, hard corals extract the 
carbon disolved in seawater and turn it into 
their calcium carbonate skeletons. Now a 
company is trying to replicate this process, 
not to grow reefs, but to create cement.”25

A novel way to create a new form of carbon 
neutral cement by studying the formation 
of coral reefs and applying the principles 
at work has been developed by researchers 
at Stanford University. As we already know 
minerals and CO2 are taken in by coral, 
which then secretes calcium carbonate

1 .3  Making C ement

to build its hard exoskeleton. A Stanford 
scientist by the name of Brent Constanz 
was inspired by this construction process 
and developed a way to capture CO2 and 
dissolve it in seawater to form calcium 
carbonate. Calcium carbonate has properties 
suitable for use in construction and could 
replace Portland cement. Portland cement 
is responsible for more than a ton of CO2 
for every ton of product created. The new 
technology has the potential to reduce the 
impact of construction on the environment 
massively by capturing and sequestering 
CO2 emissions whilst simultaneously 
creating a durable building material.
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 22.  Marie Dackie, 2010. ‘ Fog-basking behaviour and water collection efficiency in Namib Desert Darkling beetles,’ http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2918599/ 
(accessed July 6, 2013)

23. ‘Sahara Forest Project,’ http://saharaforestproject.com/#!how/technologies (accessed July 6, 2013)

Figure 8 - http://beforeitsnews.com/green-living/2011/08/dew-bank-mimics-fog-basking-bee-
tle-943311.html

Figure 9 - http://media.treehugger.com/assets/images/2011/10/sahara-forest-project-2.jpg

The Basking Beetle has a very interesting way of harvesting its own fresh water in an extreme desert climate. 
The insect crawls into a hiding place amongst the sand and comes out every night. Its matt black shell allows 
it to radiate heat outwards towards the sky and the beetle becomes cooler than its surrounding environment. 
When the wind is blown off the sea, it carries moisture with it and this moisture is then trapped onto the 
beetles shell. Before sunrise when the temperatures are still mild, the beetle props up its shell and the water 
flows down to its mouth for it to hydrate itself before it crawls back down into its hiding stop for the rest of 
the day. This natural  system that is exercised by the beetle is a very innovative way of dealing with survival 
in extreme climates.  
The Sahara Forest Project mimicked the processes of the beetle for its seawater greenhouse. The greenhouse 
is designed for arid coastal areas. A cool, humid dry environment is created inside the greenhouse as this 
improves the growing ability for crops in arid areas. A series of evaporator grills are placed on the seaward 
side as the seawater then seeps over these grills when the onshore breeze blows through it and catches the 
moisture. The air is also cooled in this process.  

Just like the beetle, water is distilled out of the condensed air that is evaporated through the condensers at the 
back o the greenhouse. I believe this is a very clever way to deal with water collection and distillation in extreme 
climates as it proves that mimicking particular natural processes are beyond effective. 
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 24. Evolo LLC, Evolo Skyscrapers (Los Angeles, 2012) 221-223

The Detox Towers is a conceptual design which was a finalist in the 2011 Evolo Skyscraper Competition.  
The vision of this design is very intriguing as it proposes the building has a sense of life due to 
its respiratory nature and also because of its use of next generation building technologies.
Mimicking a tree’s function, the Detox Towers clean the air surrounding the skyscrapers after absorbing 
polluted air through the buildings outer structural skin. The towers intake the polluted air at the top of the 
structure and clean the air through the internal detox loop, finally returning the clean air into atmosphere. 
The detox tube has three layers to clean the air. The first layer of the skin is the Voronoi structure that is 
adaptable, followed by a nanohydrophobic membrane layer with venturi tubes that use lichen and algae 
to purify the air. The third and final layer consists of a flexible aero gel.  

The proposal discovers new territories through its multi-scalar material that controls that push innovation 
of building technologies to be in harmony with our ecosystems. More research 
needs to be undertaken regarding living building membranes that clean polluted air. This could potentially 
be very critical in countries that have very poor and unhealthy air quality. 
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