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ABSTRACT

XI

The aim of the research is to develop a new model of bicycling suppor  ng infrastructure that is cost-
effi  cient, easily fabricated and installed, energy-effi  cient, globally transportable and adaptable to 
site. Cycling has entered into a new era, with a large popula  on of ac  ve cyclists compe  ng with 
unsustainable fossil fuel transport systems. The increase in cycling is a result of rising fossil fuel costs 
and a more environmentally aware public. The thesis seeks an architectural way of provoking greater 
incen  ves for cycling by increasing its appeal and ease of engagement, while decreasing related 
infrastructure costs. 

The design proposes ‘Bike Shop’, an architecturally integrated cycling support facility that can be 
posi  oned at regular intervals along a cycling route. The design research challenge is to conceive a 
facility that is self-sustaining, adaptable, economically produced, environmentally sensi  ve, portable 
and able to be applied globally. As a vehicle for design, the Great Harbour Way/ Te Aranui o Pōneke 
will be used. The Great Harbour Way includes plans for a parallel cycling route that stretches over 
50 kilometres along the shoreline in the Greater Wellington region from Eastbourne to Owhiro Bay. 
The Greater Wellington Regional Council has proposed their second highest funding of large projects 
over $5 million for walking and cycling development in the region. The funding of $17.05 million goes 
towards the development for a walkway/cycleway between Ngaraunga and Petone. This thesis will 
test how prefabricated methods such as kit-of-parts and mass customisa  on techniques can reduce 
costs yet encourage adaptability to address the wide range of condi  ons that the Great Harbour 
Way off ers. The challenge of the design experiment for this facility will be to become a new model of 
cycling infrastructure around the world.

The thesis proposes to reinterpret the Bike Shop as a linear sequence of cycling facili  es that inhabit 
the Great Harbour Way. The Bike Shop is to be placed on this stretch of shoreline at fi xed intervals. At 
these loca  ons with the wide range of site condi  ons the design challenge is for the facility to arrive 
as a kit-of-parts, be assembled quickly and adapted to unique site condi  ons. 

The thesis proposes a program where each architecturally integrated facility along the linear sequence 
will func  on as new cycling infrastructure, where simultaneously a bike can be repaired or a  re can 
be infl ated or a bicyclist can rest and rehydrate with other cyclists off  the road. In this way, each facility 
will promote safe cycling, thereby providing safety, environmentally sustainable energy, and public 
health benefi ts to more cyclists. In this way, the thesis argues that the facili  es will be recognized 
as signifi ers of the city as well as markers of loca  on and orienta  on. Overall this thesis invites 
prefabricated elements to be adaptable in ways that make them responsive and beau  fully refl ect  
the site rather than just repe   ve. 





The following sec  on outlines the scope and argument of the thesis. The objec  ve of the research 
is to establish a new model of cycling infrastructure that off ers cost-eff ec  ve, easily fabricated and 
installed, energy-effi  cient facili  es. To develop this facility a set of design objec  ves have been 
generated. The aim of the research is to implement the objec  ves of architectural integra  on, self-
sustainability, adaptability, economic-produc  on, environmental-sensi  vity, portability and global 
applicability. The structure of the thesis is separated between fi ve chapters. Chapters 1-3 consider the 
theore  cal background. Chapters 4-5 of the thesis processes these ideas into design. 

-Chapter 1 summarizes the format and objec  ves of the research. This chapter also provides a general 
background of cycling as the underlying basis establishing the thesis impera  ves. This chapter refl ects 
on cycling infrastructure and how important these facili  es are for cycling.

Chapter 2 is the literature review. The chapter examines prefabricated architecture from early 
mispercep  on such as assump  ons about low quality, benefi ts through sustainability, easy assembly 
with the kit-of-parts and cost effi  cient fabrica  ons with techniques used in mass customisa  on. 
Finally, the chapter concludes by outlining the essen  al ideas that contribute to the design. 

-Chapter 3 reviews exis  ng case studies that provide for cyclists, provide self-sustaining incen  ves and 
use effi  cient and cost eff ec  ve methods of construc  on. This chapter is divided into two sec  ons. The 
fi rst sec  on is comprised of cycling related case studies such as the Bike Fixta  on. This sec  on looks 
at the strengths and weaknesses of their approaches towards cycling facili  es and vandalism.  The 
next sec  on focuses on case studies that involve prefabrica  on as their main driver for construc  on. 
Such prefabrica  on cases focus on the kit-of-parts, mass customisa  on techniques and standardised 
parts. This sec  on looks at the strengths and weaknesses of them in rela  on to economy, assembly, 
and adaptability.

-Chapter 4 analyses the selected design research site and program for experimental design. The 
chapter is divided into two sec  ons. The fi rst sec  on introduces the Great Harbour Way/ Te Aranui 
o Pōneke as the site vehicle for design explora  on, highligh  ng its inherent capacity to express a 
prefabricated development with response to its wide site condi  ons. The following sec  on assesses 
the programma  c requirements. The program analysis cri  cally considers the facili  es and services 
that the architecture is to house. The objec  ve of the analysis is to uncover poten  als and contextual 
opportuni  es for developing an architecturally integrated facility.

-Chapter 5 incorporates the experimental designs and conclusion to the thesis. The objec  ve of the 
chapter is to test the facility against the objec  ves of architectural integra  on, self-sustainability, 
adaptability, economical-produc  on, environmental-sensi  vity, portability and global applicability. 
The chapter develops an overall conceptual design for the selected loca  ons of the Great Harbour 
Way through mul  ple experiments. Each experiment will be reviewed and commented upon for 
further improvements. The design result will be used to illustrate the design ini  a  ons. The fi nal 
sec  on of the chapter serves as a conclusion for both the chapter and the thesis.
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1. INTRODUCTION

1.1 Context of Research

1.1.1 Importance of cycling

Cycling is an ac  vity that provides cycling 
ci  es and towns with environmental, energy, 
reduced conges  on and public health benefi ts. 
Cycling is a form of outdoor leisure and 
fi tness. Cycling is energy effi  cient, aff ordable 
and improves fi tness and well-being.  In New 
Zealand cyclists share the road with cars, 
rather than having separate cycle routes as in 
some other countries. Other cycleways such as 
off  the road routes are normally shared with 
walkers. Any cycling facility which is off  the 
road is the safer way to cycle as you do not 
have encounters with cars. Lately cycling has 
been more popular due to the rise of petrol 
prices. As there are more cyclists on the road 
be  er infrastructures are needed to support 
cyclists.

1.1.2 The new cycleway

The Greater Wellington Regional Council has 
proposed development of a new cycleway as 
their second highest funding of large projects. 
The high priority of the development was 
published in the fi nal Regional Land Transport 
Programme (RLTP).

The funding is for the development of the 
walkway/cycleway from Ngauranga to Petone. 
The aim of the new cycleway is to li   the safety 
requirements in line with the Great Harbour 
Way. The Great Harbour Way is the main 
cycleway, shared with a high volume of motor 
vehicle traffi  c, which spans from Owhiro Bay to 
Eastbourne.

The Greater Wellington Regional Council Report 
of Submissions to the Dra   Regional Land 
Transport Programme 2012-2015 was published 
on 21 May 2012 by the Regional Land Transport 
Programme Hearing Subcommi  ee. This 
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publica  on reports on the submissions made to 
the ‘dra  ’ Regional Land Transport Programme. 
This report provided the subcommi  ee an 
overview from the submissions received. 
This dra   also provides comments and 
recommenda  ons on these submissions. These 
submissions are to be considered in the decision 
making process for the RLTP. 545 submissions 
were received. 95% of submissions received 
were from individual members of the public. 
Most of these submissions were made through 
paper feedback form or an online submission 
through the Greater Wellington website. The 
remaining 5% received were from local councils, 
organisa  ons, community groups and advocacy 
groups. For general funding priori  es there was 
clear support for public transport and walking/
cycling ac  vi  es. A number of submissions 
supported road projects while many submi  ers 
felt that the money spent for new roads can be 
spent on public transport, walking and cycling 
improvements.

The new large projects over $5 million dollars 
are classed as 3rd priority. 1st priority ac  vi  es 
are those required to maintain the exis  ng level 
of service of the region’s transport network and 
2nd priority ac  vi  es are for rela  vely low cost 
studies, walking and cycling ac  vi  es and minor 
safety improvement works below $5 million.

Of the 3rd priority projects, about 20% of 
submi  ers commented on Electronic Ticke  ng 
and the Ngauranga to Petone walkway/
cycleway’. For the Ngauranga to Petone 
walkway/cycleway, support for this project was 
conclusive, with only four submi  ers opposing. 
The overall ranking of projects received 436 
submissions. Of the 3rd priority projects, the 
Ngauranga to Petone walkway/cycleway was at 
7th. The RLTP had this project at 9th. 

In the recommenda  on notes, there is 
considera  on for eleva  ng the priority 
ranking of this project. Within the 3rd priority 
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group this would signal the region’s strong 
support for this project. The project could 
be elevated to 2nd. Ranked at 1st is the Mt 
Victoria Tunnel safety improvements project.

On the 11th June 2012 the Recommenda  ons for 
Final Region Land Transport Programme 2012-
15 were published. This recommends changes 
to the fi nal RLTP 2012-15. This is also a part of 
the decision-making process. At sec  on 3.4.1 
the recommenda  ons are made to elevate the 
Ngauranga to Petone walkway/cycleway project 
to second to refl ect its urgency and importance. 
When the fi nal RLTP 2012-15 was released 
Table 3 features the ac  vi  es proposed for the 
next three years. In the 3rd priority group the 
Ngauranga to Petone walkway/cycleway was 
placed at 2nd behind the Mt Victoria Tunnel 
Upgrade. The funding for the walkway/cycleway 
is to be sourced na  onally at a total of $17.05 
million.

1.1.3 The need for a new cycling facility

According to the literature there are currently 
no models of cost eff ec  ve, easily fabricated 
and installed, energy effi  cient cycling 
infrastructures. The Great Harbour Way, if it is 
to viably incorporate a dedicated new cycling 
laneway, would need a series of new cycling 
facili  es. The route along the 50 kilometre long 
Great Harbour Way does not provide a level 
of safety and prac  cality for cyclists to stop, 
rest or allow for repairs made on bikes. Along 
this route there are no dedicated bike stops. 
There is lack of public toilets along the cycle 
way which cyclists can use. Without this form 
of cycling infrastructure, shelter, water, toilets, 
and bike repairing facili  es cannot be obtained 
whilst cycling on this road. The Great Harbour 
Way is in need of a series of safe and prac  cal 
dedicated bicycle stops. At fi xed intervals of 
fi ve kilometres cyclists should be able to stop 
and use the facility while being off  the road at 
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a safe loca  on. One of the important challenges 
is the availability of fresh drinking water and 
electricity along cycleways, which move from 
urban into rural areas and back again,

1.1.4 Prefabricated Architecture

Prefabricated design principles can be used 
to design bicycle stops which allow for simple 
construc  on, easy transporta  on, low cost 
produc  on and quick assembly. Prefabricated 
 architecture allows for the majority of the 
building’s parts to be built in a warehouse and 
can be assembled quickly on site. Building in 
a warehouse will allow for easier construc  on 
with the support of tools and shelter. This 
construc  on is then able to be repeated 
accurately mul  ple  mes. The nega  ve aspect 
of prefabrica  on is the diffi  culty adap  ng to 
a wide range of environmental condi  ons. 
Therefore, a prefabrica  on system must be 
developed that enables mul  ple confi gura  ons 
from a limited set of fabricated parts. 

1.1.5 Kit-of-parts system

Within prefabrica  on methodologies, the kit-
of-parts system will be explored to allow ease 
of transporta  on and quick assembly. The kit-
of-parts system can also provide spares, as 
components of the system may need replacing.

1.2 Problem Statement

A contemporary problem rela  ng to the global 
advancement of cycling is that there are 
currently no models for cost-eff ec  ve, easily 
fabricated and installed, energy-effi  cient cycling 
infrastructures, while cycling grows due to the 
rise in fuel costs and increased environmental 
consciousness. The Greater Wellington Regional 
Council has put forward their second highest 
budget of large projects over $5m to encourage 
cycling in the Wellington region. But 50 
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kilometres of dedicated cycling route will need 
cost eff ec  ve, easily fabricated and energy-
effi  cient support facili  es for cyclists, providing 
prac  cal aspects such as a place to stop, rest, 
rehydrate and repair a bike while being in a 
safe environment. The absence of such facili  es 
will become more of a problem when cycling 
con  nues to increase.

1.3 Research Inten  on

The inten  on of the research is to use the 
design objec  ves of architectural integra  on, 
self-sustainability, adaptability, economical-
produc  on, environmental-sensi  vity, 
portability and global applicability to create a 
new model of cycling infrastructure that is cost 
eff ec  ve, easily fabricated and energy effi  cient. 
This infrastructure will allow for cyclists to stop, 
rest, rehydrate and repair their bikes whilst 
being away from traffi  c. The facili  es need to be 
easily transported to the site and be assembled 
on site quickly. This will also refl ect how kit-
of-parts and mass customisa  on methods are 
used as a solu  on for the new model of cycling 
infrastructure. The prefabricated facili  es 
also need to be able to adapt to a range of 
environmental condi  ons.

1.4 Scope of Research

The physical context for the research is the 
Wellington shoreline spanning from Owhiro 
Bay to Eastbourne. The cycleway along that 
shoreline is the Great Harbour Way/ Te Aranui 
o Pōneke. Conclusions of this research can 
be applied to other cycling infrastructures 
around the world. The research focuses on 
self-sustaining, effi  cient prefabricated ideas. 
Kit-of-parts and mass customisa  on techniques 
as a part of prefabrica  on will be focused on. 
The research will also focus on Wellington’s 
diverse landscape and weather condi  ons as 
these provide the cri  cal contexts for design 
of the facility. The design is set up for possible 
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global applica  on; therefore adaptability and 
portability will be design impera  ves. Cost 
es  ma  on will not be included in the scope, the 
cost eff ec  veness is considered in rela  on to the 
ease of manufacturing, delivery and assembly.
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Background: Cycling infrastructure

This sec  on reviews cycling infrastructures 
in New Zealand ci  es, especially Wellington. 
This focuses on providing incen  ves to that 
the architectural facility will provide for. This 
establishes the infrastructural facili  es that are 
needed and will become essen  al due to the 
increase of cyclists on the road. Recently there 
has been a growth in accidents and casual  es 
regarding cyclists and cars in New Zealand 
(Ministry of Transport, 2012, p. 2): “Wellington 
rising in serious injuries in the last two years” 
(Greater Wellington Regional Council, 2013, p. 
16). The inclusion of more cycling infrastructure 
helps reduce these accidents by increasing the 
distance between cars and bicycles. Cycling 
infrastructures are facili  es that are cycling 
related. Facili  es such as bike workspaces are 
currently non-existent in Wellington. These 
workspaces would allow cyclists to repair a 
tyre or make adjustments to their bicycles. This 
facility will be in more of a demand as there are 
more bicycles on the road. Other facili  es such 
as rest spaces and toilets will also be in demand. 
In remote loca  ons these res  ng spaces would 
be par  cularly needed. In these spaces shelter 
from sun, wind and rain will be needed. Making 
these addi  ons and improvements to cycle ways 
are methods of making cycling more prac  cal 
and safe thereby improving cycling numbers.

According to John Pucher and Ralph Buehler of 
Bloustein School of Planning and Public Policy 
at Rutgers University in New Jersey, cycling 
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facili  es that increase cycling also improve 
safety. One concept is “safety in numbers”; 
when there are more cyclists on the road, 
other users of the road become more aware of 
cyclists. The higher number of cyclists means 
that drivers have higher awareness levels and a 
greater expecta  on of encountering cyclists. The 
ci  es and countries with higher levels of cycling 
have lower levels of serious or fatal accidents. 
(Pucher & Buehler, 2008, p. 15)

Perceived safety is also an important factor. 
Bad percep  on can deter cyclists from cycling. 
Fewer cyclists would want to cycle if they see 
that there are no facili  es suppor  ng cycling. If 
there are no facili  es for cyclists, cyclists would 
not want to stop on the roadside to make repairs 
to a bike. Simon Kingham from the University 
of Canterbury states that perceived safety is 
more important than actual safety in its eff ect 
on an individual’s behaviour (Kingham, Taylor , 
& Koorey, 2011, p. 28). Søren Underlien Jensen, 
member of Denmark’s Transporta  on Research 
Board Commi  ee on Bicycle Transporta  on, 
states that traffi  c is a major factor; the large 
volume of vehicles along with the lack of safe 
space generates a nega  ve percep  on of safety 
(Jensen, et al., 2000, p. 66). There must be a 
balance between infrastructure that is visually 
safe and physically safe.
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The recommenda  ons below are suggested for 
New Zealand based on the fi ndings of a report 
conducted by Kingham for the New Zealand 
Transport Agency.

1. Investment in cycling facili  es of all 
kinds should be encouraged throughout 
the country, with the choice of facility 
subject, where necessary, to prac  cal 
considera  ons and best-prac  ce guidance.

2. The uptake of cycling infrastructure that 
allows cyclists further separa  on from 
traffi  c (including behind parking and 
kerb lines) should be encouraged, whilst 
providing adequate safe-design details at 
intersec  ons and driveways.

3. A wide variety of cycling infrastructure 
types should be trialled throughout the 
country (par  cularly those that were 
well supported by the par  cipants in this 
study) and their actual safety records 
should be monitored, as well as road-user 
understanding and acceptance of them.

4. Consistent infrastructure for cyclists at 
junc  ons, such as hook-turn facili  es 
and dedicated cycle signals, should be 
implemented.

5. On-site signage and markings should be 
improved, along with educa  on for all 
road users on how to interact with and use 
various cycling facili  es.
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6. More low-speed (30/40km/h) zones and 
cycle-friendly traffi  c management should 
be implemented throughout the country, 
so that people become more familiar with 
the concepts.

7. The con  nuity and understanding of 
exis  ng cycling facili  es, both in terms of 
physical road/path features and signage/
marking guidance, should be improved.

8. Further inves  ga  on of the eff ect of 
access to company vehicles on the uptake 
of u  litarian cycling should be carried 
out, both in terms of vehicles provided 
for travel to/from home, and vehicles 
available for private use during the day.

9. Those involved in the planning and 
design of cycling infrastructure should be 
encouraged to consider the broader health 
benefi ts associated with increased cycle 
use, in addi  on to the safety implica  ons 
of infrastructure design. (Kingham, Taylor 
, & Koorey, 2011, p. 121)
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As the research ques  ons are focused towards 
designing a unique architectural portable facility 
not all recommenda  ons will be applicable. For 
example, the recommenda  ons that address 
roading developments and vehicle issues 
such as 4 and 8 are unable to be applied as 
they are remote from the research ques  ons. 
Recommenda  on 3 is also not applicable as it 
focuses on mul  ple typologies, whereas this 
thesis looks at one that becomes adaptable. 
The research is looking for a solu  on towards 
providing an architectural facility that benefi ts 
recommenda  ons 1, 2, 7 and 9. The other 
recommenda  ons 5 and 6 can be implemented 
by local authori  es such as city, regional councils 
in later stages when the facility is introduced. 
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2. LITERATURE REVIEW

13

The literature review will help inform design solu  ons for 
addressing the research problem, which is primarily the lack 
of models for cost-eff ec  ve, easily fabricated, energy-effi  cient 
cycling infrastructures. All these problems relate to the global 
advancement of cycling. As there are now more cyclists on the 
road due to the increased costs in fossil fuels and a more energy 
conscious public there needs to be a model that facilitates 
this increase. The research objec  ves used to help address 
these problems are to create a new and unique architecturally 
integrated cycling facility that is self-sustaining, adaptable, 
economical to produce, environmentally sensi  ve, portable and 
can be applied globally. The literature review used to assist with 
this research is divided into two sec  ons. The fi rst sec  on looks 
at prefabrica  on literature, including ideas from the kit-of-parts 
and mass customisa  on. This sec  on of the literature review 
looks specifi cally at self-sustainability, adaptability, economy 
in produc  on, portability and environmental sensi  vity.  The 
informa  on gained from the fi rst sec  on is then applied through 
approaches to prefabricated architecture; from here the thesis 
will seek a new outcome.

This chapter looks at addressing issues of adaptability, economic 
produc  on and environmental sensi  vity. This chapter discusses 
prefabrica  on ideas and their issues. As prefabrica  on was based 
ini  ally on the ideas of mass produc  on fi rst put into prac  ce 
with Henry Ford’s Model-T (Bergdoll & Christensen, 2008, p. 16), 
these techniques are explored as they allow for cost eff ec  ve 
buildings to be built quickly. This chapter will inves  gate the 
techniques used that result in cost eff ec  ve and quickly built 
buildings. These two ideas are important towards the new 
design solu  on therefore this chapter will also look at issues 
and benefi ts of prefabrica  on. Issues regarding prefabrica  on 
occurred when assump  ons made by the public were of low 
quality design and materials. These mispercep  ons are s  ll known 
today. Prefabrica  on and sustainability will be discussed, as 
they are important economically and environmentally in today’s 
architecture. These ideas are used to assist with the design of 
an architecturally integrated cycling facility. Prefabrica  on with 
sustainability addresses the environmentally, self-sustaining 
ideas used to arrive at a new design solu  on.

Within the prefabrica  on sec  on the idea of kit-of-parts idea 
will be reviewed. This sec  on explores the kit-of-parts, an 
approach that uses an array of parts that are pre-manufactured 
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and brought to site to be assembled. The explora  on of a kit-of-
parts approaches diff er from other prefabrica  on methods. This 
method of prefabrica  on allows for a large amountof adaptability 
and further portability. Kit-of-parts with standardised parts 
are known to be cost eff ec  ve as parts are repe   vely made. 
Standardised parts o  en result in a standardised result but 
this thesis inves  gates using these parts in a variety of ways to 
produce something that appears to be diff erent. This also allows 
the building to be assembled easily allowing for portability and 
adaptability. These ideas will be used towards a new solu  on for 
addressing the design problems.

Following on from prefabricated architecture and the kit-of-
parts is mass customisa  on. Mass customisa  on off ers the client 
many op  ons based from one base mode. The techniques used 
in mass customisa  on allow a machine to produce a part that 
has minor changes made towards it to suit the clients’ needs. 
A series of parts are made but each is diff erent. In comparison 
the kit-of-parts idea uses standardised parts that are assembled 
together, where mass customisa  on is an extension of the kit-
of-parts idea. Allowing standardised parts to be customised,  
this part may be diff erent to the part made before and a  er it. 
From mass customisa  on, this thesis takes on board specifi cally 
the techniques used in making varied parts. As a result of mass 
customisa  on a series of fi nal products are produced which are 
each diff erent. The techniques from this result will be used to 
assist with adaptability and economic produc  on.

14
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2. LITERATURE REVIEW

This sec  on discusses prefabrica  on and how it is closely related 
to sustainability in today’s architecture. In the early twen  eth 
century prefabricated architecture allowed clients to pick their 
new home from a catalogue. The home is built indoors in a 
warehouse off site. This allowed produc  on to be controlled and 
brought costs down. This method of construc  on s  ll exists in 
today’s prefabricated architecture. 

Human housing is a ma  er of mass demand. Just as it 
no longer occurs to 90 percent of the popula  on to have 
shoes made to measure but rather buy ready-made 
products that sa  sfy most individual requirements 
thanks to refi ned manufacturing methods, in the future 
the individual will be able to order from the warehouse 
that housing that is right for him. It is possible that 
present-day technology would already be capable of 
this, but the present-day building industry is s  ll almost 
completely dependent on tradi  onal, cra  smanly 
construc  on methods. Walter Gropius (Wohnhaus-
Industrie) 1923 (Bergdoll & Christensen, 2008, p. 12)

This statement from Walter Gropius published in 1923 in 
Wohnhaus Industry states the opportuni  es off ered by a 
manufactured house over tradi  onal building. At the same  me 
(1923) Le Corbusier published Toward an Architecture; it was 
here his thoughts about early prefabrica  on were also discussed. 
He envisioned a house as a machine or tool for living. He was 
infl uenced by the design and manufacturing of vehicles and 
aeroplanes. Here Le Corbusier experimented with these ideas 
producing his patented Dom-ino structural system  in 1914. It 
consisted of pilo  s eleva  ng the building off  the ground, a series 
of load bearing columns which allowed open plan interiors, 
horizontal windows and a fl at roof plane. This experimenta  on 
resulted in a structural system that is standardised allowing 
everything to fi t within this system. 

PREFABRICATION: BACKGROUND.
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During early history of prefabrica  on there were issues that 
deterred the public from building with prefabrica  on. Even though 
prefabrica  on allowed fast construc  on and cheaper overall costs 
the issues were mainly mispercep  ons of prefabrica  on.  In the 
United Kingdom, prefabrica  on was regarded as having poor 
material quality and bad design as exemplifi ed by the temporary 
prefab programme of the post-World War II era. Even though 
this programme was temporary and the buildings survived their 
proposed dura  on, visible deteriora  on a  er the proposed 
dura  on provided nega  ve connota  ons towards prefabrica  on. 
During this era nega  ve percep  ons of prefabrica  on regarding 
quality issues unfortunately became well established (Bell, 2012, 
p. 41). Prefabrica  on also suff ers from aesthe  c mispercep  ons 
with standardisa  on. In the past decade, this mispercep  on about 
standardisa  on began to be challenged:

Prefabrica  on does not necessarily imply either mass 
produc  on or standardisa  on. In fact none of the three 
terms necessarily implies the other two. Standardisa  on is 
not essen  al and mind-numbing monotony is not inevitable. 
(Colin, 2005, p. 205)

These mispercep  ons have allowed members of the public to 
gain a false understanding of what prefabrica  on really is. These 
mispercep  ons provide a background in this research allowing 
overall strengthening of the prefabrica  on idea. The design of a 
successful prefabricated cycling facility must look at designing with 
the intent that these misperceived ideas are not s  mulated. 

Mispercep  ons aside prefabrica  on today focuses on contemporary 
design that is sustainable. Prefabricated architecture has a 
close rela  onship with sustainability. Reduced building waste, 
minimalised transporta  on to site and future reuse are the main 
sustainable issues that prefabrica  on can address. Prefabrica  on 
generally leads to fewer deliveries to site compared to tradi  onal 
construc  on methods, therefore reducing the carbon footprint of 
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each building. Sustainable approaches to prefabrica  on also 
lead to less building waste. As the building is built indoors, this 
allows for a far be  er waste management with more effi  cient 
use of materials and ordering of exact amounts. Addi  onally, 
any waste can be easily collected and reused or recycled. There 
is further poten  al for reducing waste when using prefabrica  on 
if the designer is prepared to co-ordinate sizes so that standard 
materials such as  mber and gypsum sheets are used without 
crea  ng any off cuts (Gorgolewski, 2008, p. 127). Prefabricated 
architecture in its greenest form is designed for disassembly 
and poten  al future reuse of material and components (Bell, 
2012, p. 40). These sustainable processes are what benefi t 
prefabrica  on. These benefi ts would also draw more interest 
from the public, and they would further reinforce government 
ini  a  ves toward sustainability that form the basis for increasing 
cycling in our communi  es. For the bicycle pavilion, sustainable 
approaches should be used. Using sustainable approaches will 
allow for a be  er percep  on towards prefabrica  on but more 
importantly reduce cri  cism for waste from the public. Self-
sustaining services will also be adopted. These services are used 
in conjunc  on with the bike workspaces and rest spaces. 
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A kit-of-parts approach lends itself to cheaper and 
more effi  cient manufacturing and is a clean way of 
construc  ng a building without having to deal with loose 
ends associated with the complexi  es of unorganised 
raw materials. (Howe, 1999, p. 165)

The kit-of-parts theory involves organising the millions of 
individual parts of a building into assemblies of standard easy-
to-manufacture components, sized for convenient handling. 
(Howe, 1999, p. 165) It allows buildings to be cheaper and more 
effi  cient than tradi  onal construc  on. This building system 
consists of several individual parts. The aim for this system is to 
allow easy manufacturing of parts and installa  on. This system 
also allows for the transporta  on of the parts to be delivered to 
site easily. Tradi  onal construc  on methods are built in a real 
 me situa  on. Where it is built, there it will remain. Tradi  onal 

construc  on requires raw materials, tools and buildings to be 
gathered at the site where the construc  on will proceed. The 
processing of raw materials will be the main consumer of labour. 
The idea of the kit-of-parts is that all parts are prefabricated and 
then brought to site to be assembled. With kit-of-parts, the 
prefabricated parts have already been processed and test fi  ed 
before they reach the site. The assembly on site is fast and clean 
with minimum labour and tools and material processing used.

How does the kit-of-parts system diff er from prefabrica  on? 
The kit-of-parts system is a form of prefabrica  on where the 
kit-of-parts components are able to be replaced and dismantled 
en  rely down to the nuts and bolts. 

One poten  al weakness of kit-of-parts is that the construc  on 
system involves a higher level of design resolu  on. The design 
aesthe  cs can be compromised due to the need to design the 
process of assembly. Here co-ordina  on between designer and 
manufacturer is impera  ve. At the human furniture scale the 

PREFABRICATION: KIT-OF-PARTS.
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designer and manufacturer must communicate how the furniture 
piece is constructed, normally through an instruc  on manual. 
In architecture, the designers and the manufacturer must 
communicate even further. Kit-of-part designs need to consider 
the method of construc  on. The designer is to create a parts list 
which he/she has processed from the overall design. Within that 
list of parts connec  ons between each element are defi ned. The 
kit-of-parts philosophy looks towards manufacturing through 
automa  on with a systema  c approach. The essence of this is 
to introduce a form of low cost and effi  cient manufacturing.

The overall design with the kit-of-parts shall a  end to:

 Systems that are composed of separated components 
that can be connected or integrated together

 Systems that allow components to be added or replaced 
without aff ec  ng the rest of the system

 Systems that can create spaces of diff ering scale through 
repe   on of components.

 A ‘modular architecture’ that easily allows the addi  on or 
subtrac  on of components and can enhance the fl exibility 
of usage and maintenance of a built structure. (Luther, 
2009, p. 7)

The kit-of-parts system off ers a high design resolu  on and quick 
assembly. For this thesis this method can be the gateway to an 
easy to assemble and easy to transport bicycle facility. 
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You have a choice. Build architecture the way Henry 
Ford showed you to build automobiles at the turn of 
the twen  eth century…. Or, build architecture the way 
Michael Dell builds his computers at the beginning of 
the twenty-fi rst century. Use what is appropriate. Let 
the customers have it their way. And have it faster, 
be  er and cheaper. (Kieran & Timberlake, 2004, p. 133)

Mass customisa  on evolved from prefabricated architecture; 
it provides us with more choices and allows clients to express 
their style and individuality. Commercial companies such as Dell 
Computer Company, Nike Shoe Company and the automobile 
industry have already been marke  ng their mass customisa  on 
products. These products meet clients’ needs by crea  ng 
choices, in real  me, at lower cost and at higher quality. As these 
products break down into small parts, companies can allow for 
more choices for clients (Kieran & Timberlake, 2004, p. 133).

Mass customisa  on is the rejec  on of the one size fi ts all model. 
The one size fi ts all model works with all designs, all projects, 
at all sites with all clients, today this model does not appeal to 
clients. Mass customisa  on off ers the client many op  ons based 
from one base mode. Phillip Anzalone of Columbia University 
states that mass customisa  on proposes a new process to build 
using automated products with the ability to diff eren  ate each 
piece from those fabricated before and a  er (Anzalone, Vidich, 
& Draper, 2008, p. 298). This allows the ability to diff eren  ate 
architecture based on site, use and desire. Mass customisa  on 
is an extension of the kit-of-parts idea with the use of developing 
digital so  ware and CNC machines.  Components can be 
made that have minor changes made towards them. These 
components can be used towards a kit-of-parts that becomes 
more adaptable.

As this thesis takes on the idea of the kit-of-parts, mass 

MASS CUSTOMISATION.
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customisa  on techniques will also be taken on-board. As a result 
of mass customisa  on, a series of components will be produced 
which are each diff erent. The results will be used to assist with 
adaptable, economic produc  on. 
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This chapter considers design approaches that contribute to the 
design of models for cost-eff ec  ve, easily fabricated, energy-
effi  cient cycling infrastructures. To provide a new solu  on 
to this problem an architecturally integrated bicycle facility 
will be explored that uses kit-of-parts integrated with mass 
customisa  on opportuni  es for greater site adaptability.

Literature on cycling infrastructure expresses the need for safer 
and prac  cal facili  es to improve cycling experiences. This 
review with the growing number of cyclists on the road has 
confi rmed that there is an inadequate amount of infrastructure 
to support cycling. From this review cycling facili  es such as bike 
workspaces and bike rest spaces are needed. Bike workspaces 
are needed to support cyclists when they need to work on their 
bike. This also removes the cyclist from the side of the road. Rest 
spaces and toilets are also needed as more cyclists would lead 
to higher demand. These self-sustaining facili  es are needed 
especially in remote loca  ons. The goal is to provide safer and 
prac  cal cycling and promote cycling in a way that expresses a 
suitable method of transport and exercise. 

Literature on prefabrica  on as a method of building was 
reviewed because it featured cost eff ec  ve and sustainable 
methods of produc  on. Nega  ve percep  ons of prefabrica  on 
come from many mispercep  ons that the public have 
experienced. These mispercep  ons have allowed the public to 
gain a false understanding of prefabrica  on. These issues have 
been reviewed so that the new designed facility that is to be 
prefabricated does not s  mulate these mispercep  ons. The ideas 
from sustainable approaches towards prefabrica  on have been 
reviewed as the new design solu  on looks at environmentally 
friendly and self-sustaining results in design. Methods used to 
lowering building waste, reducing off  cuts and the pavilion’s 
overall carbon footprint will be explored. As the designed facility 
will be produced for the public, sustainable approaches are 

DISCUSSION.
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suitable as it reinforces government ini  a  ves, reduces cri  cism 
and provides a be  er percep  on towards prefabrica  on. 

The kit-of-parts idea examined how this method of building can 
produce a new bicycle facility that is to be used as addi  onal 
cycling infrastructure to the Great Harbour Way. The kit-of-
parts literature has been looked at because it allows for a cost 
eff ec  ve method of building as well as the opportunity to allow 
for adapta  on and portability. These ideas are delivered from 
parts. These parts can be supplied to suit requirements and 
would allow for a diff erent appearance and parts confi gura  ons. 
Along with the kit-of-parts fi ndings, the fi ndings from mass 
customisa  on are to be integrated. 

Mass customisa  on, a further evolu  on in prefabrica  on, refl ects 
the needs of the clients. This model allows for customisa  on of 
clients specifi ca  ons.  By using advancing digital so  ware and 
CNC machines these customisa  ons are made possible. From 
this literature the technique from mass customisa  on will 
be taken on-board. This becomes helpful in situa  ons where 
accurate cu   ng is needed to produce less off cuts and parts that 
may be mul  purpose are made accurately. The combina  on of 
the fi ndings from the kit-of-parts and mass customisa  on results 
in environmentally friendly and economic produc  on that also 
enables adaptability and portability.
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This chapter reviews exis  ng case studies which 
can contribute towards a new model of cycling 
infrastructure. While some case study examples 
resolve some of the issues facing cycling facili  es, 
there are currently no overall models for cost 
eff ec  ve, easily fabricated and assembled, 
energy effi  cient cycling infrastructures. This 
issue is answered through designing a facility 
that is uniquely architecturally integrated, self-
sustaining, adaptable, economically-produced, 
environmentally-sensi  ve and portable with 
global applicability. The fi rst case study is the 
Bike Fixta  on of Minneapolis. This case study 
has been chosen as it has resolved solu  ons 
towards an  -vandalism within public exposure. 
Although the Bike Fixta  on par  cipates as 
cycling infrastructure in Minneapolis it does 
not address energy effi  ciency and would not 
be suitable in remote situa  ons. The Hydroleaf 
case study features a self-sustaining unit 
that provides ameni  es such as water and 
ligh  ng for members of the public. This facility 
addresses issues of environmental sensi  vity, 
portability and global applicability. This case 
study is defi cient in providing adequate 
shelter and does not support cycling very 
much in terms of res  ng and repairing. The 
case study of the Mount Whitney Trailhead 
Prototype has been reviewed as the prototype 
uses prefabrica  on techniques to address 
issues regarding diffi  cult site condi  ons. The 
prototype features prefabrica  on techniques 
that are easily fabricated and easy to install. 
Although this case study is highly successful in 
prefabrica  on, it does not include facili  es such 
as a water fountain or cycling workspaces. The 
Trusset system, an exhibi  on at the University 
of Columbia, has been reviewed because of its 
techniques used toward producing parts that 
are easily assembled. This case study does not 
focus solely on prefabrica  on or cycling but it 
does extract ideas from the kit-of-parts. These 
techniques provide a method of produc  on 
which will cater towards easy manufacturing 
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while being environmentally sensi  ve regarding 
building waste. The Click-ra   by Chris Moller 
of CMA+U and colleagues is a case study that 
focuses on the ideas of quick assembly that 
enabled cost eff ec  ve, adaptable produc  on 
that was environmentally sensi  ve. The Click-
ra   features standardised parts that allow the 
overall building shape to be diff erent due to 
the eff ects of site and client desire. But the 
parts are only limited to specifi c confi gura  ons. 
This informa  on has informed this thesis by 
acknowledging the eff ects of standardised 
parts that lead to limited confi gura  ons. The 
combined fi ndings from each of these case 
studies contribute towards a solu  on for cost-
eff ec  ve, fabricated, energy-effi  cient cycling 
infrastructural models.  

26
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The Bike Fixta  on kiosks in Minneapolis are 
a bike fi x sta  on that is placed within public 
transport infrastructure. The Bike Fixta  on 
addresses the issues of vandalism in a publicly 
exposed place. The Bike Fixta  on is a bike 
maintenance kiosk where a cyclist can simply 
purchase products and make adjustments to his/
her bicycle. The kiosks are currently located at 
two sites in Minneapolis, both at transit sta  ons 
with goals to expand public modes of transport 
as well as cycling. They consist of a public bike 
pump, bike stand and a high security vending 
machine off ering inner tubes, patch kits, locks, 
snacks, drinks and other cycling necessi  es. 
These physical products are all enclosed for 
extra security (Bike Fixta  on, 2012). Although 
the Bike Fixta  on provides a space for working 
on bikes, the vending machine of this kiosk is 
not self-sustaining as it requires electricity off  
a mains supply. Also the kiosks do not provide 
other facili  es that cyclists need. Facili  es such 
as rest spaces, water supply and toilets are not 
provided at these kiosks, although they are 
available in the vicinity.

The Bike Fixta  on not only focuses on providing 
a self-service kiosk which only allows bikes to 
be maintained but also focuses on the security 
of the system. The bike sta  ons are situated in 
urban environments open to everyone in the 
public. As the opera  ng hours are long, security 
is one of the main priori  es in its design. The 
components that combat against vandalism 
feature TIG welded steel elements for strength 
and powder coated surface for durability. A 
universal bike stand is used. This stand is simple, 
low maintenance and allows any bike to be hung 
from the seat. The stand also provides tools. 
The tools individually are a  ached to the stand 
with aircra   cable. These components will be 
adopted into this thesis as they feature a simple 
way to reduce the chances of components being 
stolen or vandalised.

27

BIKE FIXTATION BY BIKE FIXTATION.

Above 1: Figure 03-001 Bike Fixtation with powder 
coated fi nish and tools 
Above 2: Figure 03-002 Bike Fixtation with electronic 
vending machine
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The inventors are pitching this idea to ci  es, 
organisa  ons and individuals across the United 
States as a cyclist’s dream vending machine. 
Along with car sharing and public transport 
the bicycle kiosk becomes a resolu  on to 
current transporta  on issues. Even though 
the pragma  cs of this idea are resolved there 
are issues of funding, loca  on and ownership 
that may aff ect the expansion of this facility. 
Currently there are only two of these kiosks 
available to the public.
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The Hydroleaf looks at a form of public 
infrastructure to provide shelter and drinking 
water. This form of public infrastructure is self-
sustaining and easy to install. This case study 
focuses on its structure and its systems used to 
provide shelter and drinking water. 

The Hydroleaf is simply a shelter which also 
collects water and provides shelter from the 
sun and rain for ‘developing arid regions’. The 
program of this design is a bus shelter, a street 
light, rainwater collec  on system and drinks 
dispenser all in one. The shelter turns rainwater 
into drinking water through fi ltra  on. The 
drinking water fi ltra  on unit is powered by 
a solar cell panel, which is also the overhead 
shelter and the water collec  on device. The 
shelter can store up to 60 litres of water and 
can be obtained warm or cold. Along with these 
programs the  p of the panel includes a small 
street lamp for night  me illumina  on. The 
Hydroleaf placed by a bus stop or in a park is 
a form of infrastructure that provides several 
programs for members of the public. (Selleck, 
2010)

The triangular solar panel becomes the canopy 
of the shelter. It is 1900mm long and 1150mm 
at its widest point. The water streams down at 
15 degrees downwards to a point, where the 
water is collected into the fi ltra  on system. The 
canopy is can  levered off  the central cylinder. 
Within the central cylinder is the water’s 
fi ltra  on system and dispensing unit. Mul  ple 
numbers of these shelters can be combined to 
house more users.

The design of the shelter features programs 
which are self-sustaining; therefore this unit 
can be standalone. The shelter is also not site-
specifi c; therefore it can be placed anywhere 
in the world. The systems are placed in 
layers hidden within the cylinder. The layers 
consist of water storage tanks, water fi ltra  on 
systems, water pumping system, solar power 

HYDROLEAF BY MOSTAFA BONAKDAR.

Above 1: Figure 03-003 Hydroleaf facility with 
confi guration of 5
Above 2: Figure 03-004 Hydroleaf with separated 
systems
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components and solar power storage. Each layer 
of components is then put together to work as 
a whole. 

Even though the design is not site-specifi c 
there are missed opportuni  es for issues of 
addressing wind shelter and angular rain and 
sun shelter. These adverse condi  ons may be 
present where the shelter is placed. The solar 
panel canopy is a rela  vely large can  lever. 
Suppor  ng the canopy is a 300mm diameter 
cylinder. This cylinder is securely bolted into the 
ground to allow the canopy to can  lever. 

Opportuni  es which the shelter should have 
taken into account would be the variable angle 
of the solar panel. Solar panels would be most 
effi  cient when the panel is directly facing the 
sun. The 15-degree angle is rela  ve to the earth 
la  tude angle. It would not be as effi  cient if it 
were located far north or south greater than 15 
degrees.

This standalone system is a form of 
infrastructure that provides several programs 
for the users. The standalone system allows 
interac  on with its users, the users being the 
people walking or wai  ng for a bus. This system 
due to the overall size allows the en  re unit to 
be transported and placed anywhere. The parts 
here are all assembled in the factory. Addi  ons 
and replacements are able to be made towards 
this system. This case study addresses issues 
regarding portability, self-sustainability and 
environmental sensi  vity.  

Above 1: Figure 03-005 Hydroleaf facility with night 
lighting
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The Mount Whitney Trailhead Prototype by 
Anderson Anderson Architecture is located in 
the Inyo Na  onal Forest in California, United 
States of America. The prototype uses the ideas 
of prefabrica  on in the form of kit-of-parts with 
the majority of the manufacturing done in the 
factory. As the Na  onal Forest is remote the 
delivery of the prototypes in part form off ers 
an easier method of delivery and building. This 
a  ends to issues regarding building on extreme 
site condi  ons. The prefabricated structures 
focus on providing an orienta  on marker and 
facili  es for climbers. 

The project was a collabora  on between 
the College of Environmental Design and the 
Na  onal Forest Service. Over the years of use 
the Forest Service has been making the public 
aware of maintaining trails and environmentally 
sensi  ve hiking. The increasing trail use created 
the need for infrastructure at the trailheads. 
Programs such as toilet stops, garbage disposal, 
warning signs of surrounding dangers and 
educa  onal signage needed to be housed. 
The primary objec  ve for the project was to 
create a prefabricated structure that would 
be able to screen light and signage along with 
infrastructure that can blend seamlessly into 
the landscape. It was to also become a clear 
marking point especially at night (Whitney 
Trailhead Prototype, 2005). 

Mount Whitney has the highest summit in 
the United States with an eleva  on of 4421m 
above sea level. The Mount Whitney trail is the 
most popular route to the summit. The trail 
starts at the Whitney Portal at an eleva  on 
of 2550m; the hike along the trail lasts for 35 
kilometres round trip with an eleva  on gain of 
1900m. Permits are required to prevent overuse 
between May to November. The Na  onal Forest 
Service commissioned this design to celebrate 
their 100-year anniversary.

This design includes a series of prefabricated 

MOUNT WHITNEY TRAILHEAD PROTOTYPE BY ANDERSON ANDERSON 
ARCHITECTS.

Above 1: Figure 03-006 Trailhead prototype in Mount 
Whitney context
Above 2: Figure 03-007 Trailhead prototype with night 
lighting
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structures to provide support for the users of this 
park. These structures were to be at points of 
departure. Due to the nature of the surrounding 
terrain these structures had to be brought to site 
and assembled onsite. 

The structure was a combina  on of parts 
consis  ng of large CNC pine columns with 
galvanised steel moun  ng plates and cross 
bracing. This combina  on produced the primary 
structural frame. The secondary element 
contained a screen of small pine strips which 
provided the sun shading and the space for 
educa  onal and no  fi ca  on signage. The cross 
bracing is a la   ce of stainless steel wire which 
is fastened together with turnbuckles and 
karabiners. The karabiners were also used to 
reference the long mountain climbing history of 
the site. (Anderson & Anderson, 2007, p. 48)

The sites consist of extreme site condi  ons such 
as varying al  tude and extremely high and low 
temperatures. During the summer season the 
track is open to climbers. During this season 
the climbers are to apply for a permit to gain 
access to this park. The climbers normally make 
their ascent early in the morning to avoid the 
high temperatures later in the day. The large 
numbers of users need facili  es and informa  on 
to support their ascent and encourage awareness 
of environmental sensi  vity as well. Programs 
such as toilets, rubbish disposal and warning 
signs are needed to do this. The design of the 
prefabricated structures becomes an aid for the 
users of the park. 

These structures are prefabricated in the form 
of parts. The structure as a kit-of-parts would be 
assembled in the factory to test that the system 
works. A  er prototyping, mul  ple kits can be 
sent to their allocated sites. The kit-of-parts 
system used a combina  on of wooden columns, 
moun  ng plates and steel tensioning wire. 
This system became the main structure; minor 
elements were then a  ached. In this case the kit-

of-parts system worked in a way which allowed 
assembly on mul  ple loca  ons easily, although 
each installa  on is iden  cal. 

Above 1: Figure 03-008 Trailhead prototype with 
prefabricated fi xings.
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3. CASE STUDIES

The Trusset system is a patented structural 
wall system invented at the DFL by Phillip 
Anzalone and Cory Clark (Anzalone, Vidich, & 
Draper, 2008). It was designed for the GSAPP’s 
(Graduate School of Architecture, Planning and 
Preserva  on) 125th Anniversary Installa  on at 
Columbia University. The Trusset system uses 
mass customisa  on techniques along with kit-
of-parts assembly methods. In this case study 
both these ideas overlap; they look at mass 
customisa  on through easy manufacturing and 
as a product, producing a large array of parts 
that are to be assembled. This case study also 
looks at the procedures required in computer-
generated design of physical elements and how 
parts are sorted to avoid confusion.

The Trusset system was to func  on as both a 
wall par   on and furniture. The space-trusses 
are highly effi  cient structural systems that allow 
for spanning long distances. This Trusset system 
focuses on easy manufacturing with 3-axis CNC 
laser cu  er and easy assembly with unskilled 
labour. This system contrasts the tradi  onal 
manufacturing and assembly methods. The 
joining brackets, were manufactured from 
aluminium sheet material and shipped fl at to 
site allowing easy transporta  on. The project 
featured a node and strut system with each 
component being diff erent due to its irregular 
form. To combat the confusion the parts were 
catalogued digitally before they were fabricated. 
Once fabricated, each component needed to be 
labelled digitally. This was their method to allow 
clarity.

The Trusset was an inven  ve system which 
allowed easy assembly with unskilled labour. 
Although this was seen as easy manufacturing 
and easy assembly the overall assembly would 
have been complicated. The system had 
thousands of li  le parts which required labelling 
a  er they came out of the CNC laser cu  er. The 
majority of these parts were joining brackets 

TRUSSET SYSTEM GSAPP BY PHILLIP ANZALONE AND CORY CLARK.

Above 1: Figure 03-009 Trusset system at GSAPP
Above 2: Figure 03-010 Laser cut components of the 
trusset system
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made of thin aluminium. The remainder of the 
structure was the struts and panels that are each 
diff erent in length and shape. These struts and 
panels are to be connected to the aluminium 
joining brackets.  This was seen as the most 
effi  cient way to produce this kind of structure. 
Using a range of techniques to produce an array 
of parts will make the assembly easier. Small 
joining parts that connect the larger components 
are what Trusset structure has done. This is also 
what this thesis design experiment will do as 
this can simplify the method of assembly.

Above 1: Figure 03-011 Prepared parts for installation
Above 2: Figure 03-012 Test construction of the 

Trusset system
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3. CASE STUDIES

The Click-ra   by Chris Moller of CMA+U and 
colleagues in Wellington began with experiments 
towards an evolu  onary architecture. This case 
study focuses on the ideas of quick assembly, 
cost eff ec  ve produc  on, adaptability and 
environmental sensi  vity. This case study 
contributes towards the prefabrica  on side of 
this research. The Click-ra   features a range of 
CNC cut  mber “Click-leafs and Click-beams” 
that are clicked together to produce a la   ce-
like structure (Southcombe, 2012, pp. 117-118). 
These standardised panels can be assembled 
quickly through DIY or by builder and are cost 
eff ec  ve to produce.

This system does not have a fi xed shape; 
this way it can be assembled according to 
the building’s purpose and builder/client’s 
desire. The idea behind this is that it is a new 
and more intelligent way of building. The 
building is also easily understood, allowing the 
owners to adapt or tune the building towards 
suitable environmental and site condi  ons. The 
standardised panels allow for the building to 
become easily adaptable. The standardised parts 
are the most important regarding the design 
even though standardised parts only allow 
for limited varia  ons. The design resolu  on 
must consider many varia  ons that each part 
is going to engage. The limited varia  ons may 
result in failure to do something that is needed. 
The building also integrates the cladding, data 
networks, electrical systems and water systems 
into the structure.

Currently the Click-Ra   off ers four variants that 
change in size and purpose. There is the minimal 
version which is geared towards emergency 
relief shelter. The unit footprint is 10m2. The 
“basic” variant is geared towards a spare 
room or a garden offi  ce. This unit is 30m2 and 
features insula  on and an operable opening 
façade. A larger variant such as “Type 03” is 
geared towards retail and business as it features 

CLICK-RAFT BY CHRIS MOLLER.

Above 1: Figure 03-013 Click-raft system
Above 2: Figure 03-014 Standardised parts of “click-
leafs and click-beams”
Above 3: Figure 03-015 Minor fi xings needed
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a 200m2 fl oor area. Lastly the “Extended” unit 
is prototyped for more advanced needs. This 
30m2 unit off ers energy genera  on and storage. 
This variant also adapts to changing condi  ons 
and has almost no impact on the environment 
when disassembled (Dankert, 2011).

This case study does not look at cycling 
infrastructure but does have solu  ons that 
can contribute towards the new cycling 
infrastructure in this thesis inves  ga  on. This 
case study has focused on using standardised 
parts to produce an easily adaptable structure. 
These standardised parts do not result in 
standardised buildings that all look the same. 
The standardised parts allow for the overall 
building shape to be diff erent due to the eff ects 
of site and client desire. Although standardised 
parts allow for this, the parts are only limited 
to specifi c confi gura  ons. This informa  on 
has informed this thesis regarding limited 
confi gura  ons caused by standardised kit-of-
parts. 

Above 1: Figure 03-016 Click-raft 
prototype made from laser cut ply wood 

sheets
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3. CASE STUDIES

This chapter has looked specifi cally at fi ve 
case studies that can help address the issue 
of a lack of cycling infrastructural models that 
focus on cost eff ec  ve, easily fabricated, easily 
assembled and energy effi  cient prefabricated 
architecture. Bike Fixta  on was integrated 
with exis  ng public infrastructure. Located at 
transit sta  ons, exposed to the public, the Bike 
Fixta  on addressed issues of security along 
with a space for working on bikes. The Bike 
Fixta  on addressed issues of security with the 
use of TIG welded, powder coated components 
such as the bike work stand. This stand is also 
low maintenances and free from wearing parts. 
Aircra   grade cable was also used for securing 
bike tools. The Hydroleaf was a case study which 
was highly successful as a self-sustaining unit. 
The unit provided a shelter which collected rain 
water and solar power. The collec  on of water 
became fi ltered drinking water. The solar power 
was stored to become night ligh  ng. These 
facili  es are small and eff ec  ve. Collec  on of 
potable water that comes down to one point is 
a very effi  cient method of water collec  on and 
would be important for the thesis. Even though 
the solar panels were architecturally integrated 
into the design, the solar panels will need to be 
modifi ed to take full advantage of solar gain. 
The shelter was too small and did not take into 
account wind or angled rain. These two aspects 
of the weather will need to be thought about in 
this thesis. 

The Mount Whitney Trailhead Prototype was 
a form of infrastructure that was developed 
for climbers. This case study created solu  ons 
towards extreme site condi  ons. Through the 
idea of a kit-of-parts, the prototypes were fi rst 
tested in the warehouse before transpor  ng 
them onto site. In the next case the Trusset 
system produced a large array of parts that 
were produced  through computer-generated 
design with CNC machines. This method of 
produc  on allowed for easy produc  on of 

DISCUSSION.
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parts that are easily assembled. This case 
study also separated out parts from large and 
small. Small parts became joining components 
between the large components. The small 
joining parts become the most important parts 
of this system. This method of parts assembly 
is effi  cient and reduces confusion. This method 
will also be applied into this thesis to support 
the assembly of new cycling infrastructure. The 
Click-ra   looked into standardised parts. These 
parts have been designed to allow for the overall 
building shape to be diff erent due to the eff ects 
of site and client desire, making it adaptable. 
Although standardised parts allow for this, the 
parts are only limited to specifi c confi gura  ons. 
This review has informed this thesis regarding 
limited confi gura  ons that standardised parts 
may cause. 
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3. CASE STUDIES
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4.2 PROGRAM ANALYSIS

This program analysis chapter addresses specifi c 
parameters that this thesis inves  ga  on faces. 
A successful cycling pavilion should house all 
necessary programma  c requirements. The 
pavilion off ers a freestanding structure that 
allows the mul  ple program elements to be 
housed within. The pavilion, through the kit-
of-parts and new fabrica  on techniques, off ers 
the opportunity for easier adaptability to site 
condi  ons and easier assembly and disassembly. 

INTRODUCTION.
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4.2 PROGRAM ANALYSIS

This program analysis uses the dimensions 
analysed in fi gure 04-012, which are based 
on standard bicycle dimensions, minimum 
access requirements, and handicapped toilet 
requirements. The design will begin as a shell 
with these dimensions. The development of the 
shell begins with conver  ng the shell into parts 
that are architecturally integrated, adaptable, 
economical to produce, portable and can be 
transported easily. Within the dimensional 
requirements the overall spaces are divided 
into three program zones: bike repair, cyclists’ 
res  ng area and a toilet. 

SPACE REQUIREMENTS.

Left: Figure 04-012 Program dimenson requirements



68



69

Here the analysis looks at the diff erent types of 
bicycles which would be using the pavilion. These 
program requirements will become architecturally 
integrated into the pavilion. There are three main 
styles of bikes which are mainly used along the 
Great Harbour Way. A mountain style, a hybrid 
style and a road style bicycle will be analysed. 
Each has a diff erent purpose but all have the 
capability of being ridden on the cycle route. 
The mountain style would normally be seen on 
trails but they are o  en also ridden on the road. 
Although they are capable of riding on the road, 
they are normally heavier than the other styles 
and harder to pedal due to the wide tyres. Within 
the commu  ng group of cyclists the hybrid style 
of bikes is most o  en used. They provide the 
comfort of a mountain style bike, but their large 
diameter wheels and narrower tyres allow them 
to be as mul  -purpose as they are. These bikes 
are designed with the geometry for comfort and 
effi  ciency. Finally a road style bicycle is looked at. 
This style is the most used bicycle along the cycle 
route. Because of their effi  ciency they allow the 
riders to make the most out of their energy input. 
Road style bikes are normally not as comfortable 
for the riders as a hybrid bike. The large size for 
the integrated bike parking facili  es is 1150mm 
wheelbase with wheel size of 29” and a 2.5” tyre. 
The overall dimension of the bike is 2014mm. This 
dimension is based on a hybrid style frame with 
the largest wheels and tyres fi  ed.

From this informa  on a universal sized bike 
parking space will be used. This is to be integrated 
into the pavilion. The importance of the docking 
is that the bicycles are secured from thieves and 
will allow the bicycles to stand without being 
damaged by another bicycle or vehicle. The 
pavilion will look at challenging standard bicycle 
moun  ng methods by having the moun  ng 
system integrated into the pavilion. The moun  ng 
system is part of the overall pavilion facility. The 
bicycle will be the bridge between rider and the 
pavilion.

SPACE REQUIREMENTS.

Left: Figure 04-013 Dimension analysis of mountain, 
hybrid and road style bikes
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Table 2 Solar output of Wellington

Table 1 Solartech solar panel 
http://www.neolec.com.au/pdf/datasheet/SUN-
TECH%20190W.pdf
 

Table 3TriStar solar controller
www.morningstarcorp.com/en/tristar%20mpp

Table 4 Energy audit by www.powersmart.co.nz

Table 6 Energy output
http://www.dmxledlights.com/docs/Solar_LED_Street-
lights_Manual.pdf

Table 5 Trojan deep cycle battery
http://www.trojanbatteryre.com/PDF/datasheets/L16P_
TrojanRE_Data_Sheets.pdf

Table 7 Studer Inverter
http://www.studer-inno.com/?cat=sine_wave_
inverters&id=430
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4.2 PROGRAM ANALYSIS

A solar power system is proposed in conjunc  on 
with other systems to make this pavilion self-
sustainable. Solar collec  on is an intelligent 
system which absorbs the sun’s energy and 
transfers it into electricity. The solar power 
system provides off -the-grid electricity. This off -
the-grid system requires no connec  on to the 
mains and all the electricity collected is stored in 
ba  eries, which enables the pavilion to func  on 
in remote loca  ons. This specifi c off -grid system 
has been determined through an energy audit 
from www.powersmart.co.nz. See Figure 04-
014 Table 4. This system involves 125 x 125mm 
photovoltaic cells which are to be fi xed where 
there is exposure to the sun. O  en buildings 
only have a discrete area where solar panels 
can be placed. The approach to this pavilion 
allows the solar panels to be integrated. The 
orienta  on of the pavilion will be north facing. 
The north facing orienta  on allows the solar 
gain to be maximised; it also enables the overall 
pavilion to be understood as a direc  onal 
marker. From these photovoltaic panels the 
energy is transferred into an electric current 
which is directed into a charge controller and 
then into an inverter. Here the charge controller 
controls and regulates the voltage that comes 
off  the solar panels. Connected in parallel are 
the inverter and the ba  ery in which surplus 
energy is stored. The inverter here converts the 
voltage from 24 volts DC to 230 volts AC. From 
this point energy is readily available for night 
and day ligh  ng. The ba  eries are diff erent from 
a standard car ba  ery. Deep cycle ba  eries are 
used because they hold charge for longer and 
allow many cycles through before they need to 
be replaced. Expected usage for these ba  eries 
would be 10 years. Each ba  ery weighs 50 
kilograms. Figure 04-014 Table 5 outlines the 
technical specifi ca  ons.

SOLAR ENERGY ANALYSIS.

Left: Figure 04-014 Solar energy components and 
diagrams of solar output of Wellington, energy audit 
and energy output
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Left: Figure 04-015 GNS diagram latitude angle and 
with north correction

Below: Figure 04-016 Wellington sun path diagram
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The solar power system with regards to the 
bicycle pavilion will play a vital part in ligh  ng 
and mobile phone charging in cases of accidents. 
The bicycle pavilion will need to address such 
issues when located at diff erent loca  ons. When 
in diff erent loca  ons sunray angles are diff erent 
so the solar panels will need to a  end to this. 
Within the Great Harbour Way the la  tude does 
not vary very much. When the pavilion is placed 
overseas solar panels will need diff erent al  tude 
angles and either be oriented north or south 
depending on southern or northern hemisphere. 
For the solar power system to be most effi  cient 
the panels need to be angled perpendicular to 
the sun’s direc  on. But the maximum angle is 
only reached in Wellington at 12.30 each day 
(depending on daylight savings adjustments) 
and every day the maximum sun angle changes. 
According to the Wellington Sun path diagram 
the maximum sun angle in December is about 
72 degrees. In June the maximum sun angle is 26 
degrees. For the solar cells to be perpendicular to 
these sun angles a concave panel perpendicular 
to 72 to 26 degrees is to be used. One of the 
objec  ves in this thesis is to allow for global 
applicability. A concave solar panel will allow for 
a variety of maximum perpendicular sun angles. 
The concave panel will use 72 125 x 125mm cells 
producing 190w. This thesis currently focuses 
on Wellington in the Southern Hemisphere; 
Northern Hemispheric buildings would be facing 
the other way towards true south. 

SolarView es  mates the available solar energy 
in par  cular loca  ons for people considering 
installing a solar energy system. The solar 
irradiance values calculated represent the 
average amount of solar irradiance both direct 
and indirect with account for clouds (NIWA). 
Firstly the amount of power gained on an area 
of surface is determined. This informa  on along 
with the energy audit allows this research to 
determine the amount of solar panel surface 
needed. The amount of effi  ciency from the sun’s 
energy to electric energy on a 190w panel would 
be 15.3%. Figure 04-014 Table 2 shows the power 
at loca  ons of the Great Harbour Way with  me 
frames of the year.  The June reading is the lowest 
with 1.74 kilowa  s per m2 of exposed area. The 
average power in the winter months is 1.88 Kw 

per m2 of cell area, since each solar panel has 
an area of 1.08 m2 with the effi  ciency of 15%. 
Mul  ply the average power in winter months by 
the area of solar panel to determine how much 
energy is gained from one 190w solar panel. 
This analysis determines that around 0.30 of a 
kilowa   is gained in the average winter from a 
190w solar panel. 

From the calcula  ons from the energy audit 
this analysis determines how many 190w solar 
panels are needed to accommodate the needs of 
each pavilion. Here the audit considers the base 
components needed for the pavilion. Primary 
components such as indoor and outdoor ligh  ng 
and toilet fan are in opera  on all year long. The 
secondary components such as a phone charger 
may only be in emergency situa  ons. This energy 
audit has been taken from the use over a winter 
season; this will allow some surplus over the 
summer. The energy audit totals at 1.7 kilowa  s 
per 24 hour day. The solar gain from the winter 
averages 0.30 kilowa  s per 190w panel. 
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Below: Figure 04-017 Water collection diagrams and 
tables

Table 1  Rainfall of Wellington from www.niwa.co.nz

Diagram 1  Conventional water collection system

Diagram 2  Proposed water collection system
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4.2 PROGRAM ANALYSIS

-Rainwater Collec  on  

Using rainwater is another solu  on towards a 
self-sustaining facility. The rainwater collec  on 
can be fi ltrated to be drinking water and also 
used for washing hands. Due to using a waterless 
decomposing toilet a large amount of water is 
not needed. Displayed in fi gure 04-017 Diagram 
1 is the generic water collec  on system. It is 
compiled ini  ally with a surface which collects 
the water. This illustra  on has shown that the 
solar panel can also act as a water collector. The 
water comes down to one point where the water 
is directed through into a water tank. Also the 
water tank does not need to be below ground. 
The use of a water tank placed above can provide 
a gravity fed system without having to need 
powered pumps; an above ground loca  on also 
enables easier installa  on. Along with gravity 
feed, an internal air bladder is used to create 
more pressure inside the tank. Tradi  onal water 
bladder tanks use compressed air to fi ll the 
bladder. A more effi  cient way would be to use a 
manual air pump. Bicycle pumps can pump up to 
over 100psi in pressure. This system only requires 
a maximum of 30psi; therefore a regulator is 
needed. The assisted pressure can pump water 
into the separate basin in the toilet and pump 
water up for a water fountain.

The water collec  on facili  es are used for 
washing hands a  er the toilet, fi lling up a 
drink bo  le during a ride, for new cyclists who 
come unprepared (without drink bo  le) and 
in emergency situa  ons. Cyclists will not need 
to refi ll their water bo  les every 5 km. Most 
will only need to do so at the start and fi nish of 
their journey. As this design should be as useful 
in Fiji or San Francisco as it is in Wellington, the 
goal is to ensure water is available in special 
circumstances such as lots of kids on a ride, or for 

those on amateur ou  ngs. 

To determine how much water can be provided 
the tank’s capacity needs to be determined. The 
capacity of the water tank is also limited to how 
much space the pavilion has for the tank. From 
the dimensioning of the pavilion, the dimensions 
for the cyclists’ facili  es are ideally 2000 x 
1600mm. Apart from the water consump  on 
sta  on the other cyclist facili  es included in this 
area are sea  ng, rain, wind and sun shelter. As 
the tank is placed above this area, the cylindrical 
tank can be 1600mm in diameter but the depth 
will aff ect the height of the pavilion. To allow this 
space to be more effi  cient the area of the tank 
size should be smaller to allow circula  on with 
adequate head height while the depth will be 
larger to allow more water storage. This is done 
by taking 600mm off  each wall. According to New 
Metric Handbook diagram 600mm is needed for 
standing behind a basin. The water collec  on 
space is allocated 1m2. This provides plenty of 
circula  on and si   ng space. The area of the 
tank will also be 1m2 as it will be placed directly 
above the basin area without interfering with 
the circula  on and head space. An area of 1m2 
with the depth of 100mm provides a volume of 
0.1 cubic meters. That is 100 litres of maximum 
water storage. Formula x h has been used.

Figure 04-017 Table 1 illustrates the average 
rainfall at all zones of the Wellington Region. This 
is an average over an en  re year. This informa  on 
can help determine the amount of water able to 
be collected. The design of the water collec  on 
panels will confi rm how much water is collected 
depending on their size.

-Water fi ltra  on analysis

This sec  on of the program analysis looks at the 
water fi ltra  on system that this facility will use. 
As the facility is to collect clean drinkable water 
while being self-sustaining a smart fi ltra  on 
system is needed. From the water collectors, 

RAINWATER COLLECTION.
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the water is funnelled through a mesh into a 
primary tank. The mesh is to remove the larger 
specs such as debris. As illustrated in fi gure 04-
017 Diagram 2 the primary tank is split into two 
sec  ons. One sec  on is for water straight from 
the collec  ons. Between the fi rst and second 
sec  on are four ceramic fi lter candles. These 
fi lters use a gravity fed system and require no 
electricity. The fi ltered water will be stored in 
this sec  on of the tank before fl owing through 
into the major storage tank that features the 
pressure bladder.  From the faucet this facility 
provides water for cyclists as a drinking fountain 
and for the cyclist’s drink bo  les.

The system will allow the fi lling of a water bo  le. 
A normal bo  le of a cyclist is at 750ml capacity. 
This capacity is primarily determined by the 
drink bo  le holders on the bicycles and the 
space provided to be mounted. Other hydra  on 
backpacks are also used; their capacity ranges 
from 1.25 litres to 4 litres. The faucet will face 
certain requirements to allow bo  les to fi t. 
Bo  les are generally 70mm in diameter and 
200mm high. These are minimum dimensions 
for clearance. The faucet mouth is to be at the 
maximum of 20mm in diameter to address 
issues of bo  le openings being too small. A 
generic cycling drink bo  le’s opening is 50mm 
in diameter while some other drink bo  les are 
of 25mm in diameter
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4.2 PROGRAM ANALYSIS
FACILITIES: TOILETS.

Facili  es such as toilets and changing rooms 
will be designed for environmental sensi  vity. 
The program of the toilet will be open to 
not just the riders but other members of the 
public. The pavilion will have to take into 
considera  on who will be using these toilets. 
A majority of public toilets have both standard 
cubical toilets and disabled toilets. In this case 
a disabled toilet would be most eff ec  ve, as it 
meets all needs and there will not typically be 
large numbers needing access at any one  me. 
The minimum size for a disabled toilet is 1500 
x 1750mm See Figure 04-018. This large fl oor 
area accommodates wheelchair turning circles.

A water-less compos  ng toilet will be used. This 
system will allow the conserva  on of water and 
will be emp  ed out periodically. Without the 
need for water, the water will be used solely 
for washing and drinking. Generic toilets fl ush 
up to 10 litres per fl ush. The decomposable 
toilet separates urine from faecal material. The 
faecal ma  er is to be emp  ed out while the 
urine is diluted down with the wastewater tank 
for watering plants near the pavilion. When 
dilu  on propor  ons are needed to be corrected 
water from the main tank will be used.  Solar 
electricity will be used to power a fan which 
ven  lates the toilet through an exhaust pipe. 
The fan is to be on con  nuously when faecal 
excretes are iden  fi ed. A weight ac  vated relay 
will turn on when there are faecal excretes. The 
fan only draws 0.06kWH over 24 hours. This 
fan remains on as the smell of faecal excretes 
needs to be ven  lated consistently. The smell 
of excretes will be present when the fan is on. 
This electricity use has been included into the 
energy audit in the previous sec  on.

. 
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4.2 PROGRAM ANALYSIS
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Table 1 Waterless toilet specifi cations

Diagram 1 Waterless toilet dimensions
http://www.separett.com/villa-9010-eu

Diagram 3 Dimensions for disabled toilet

Diagram 4 Dimensions for disabled toilet
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Left: Figure 04-018 Waterless toilet specifi cations, 
dimensions. Disabled toilet dimensions
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Above 1: Figure 05-001 Overall outcome 





Spread 1: Figure 05-002 Flat parts layout with 
inventory list 





Above 1: Figure 05-003 Adjustable piles and 
stanardised panels
Above 2: Figure 05-004 Wellington sun path diagram



Above 1: Figure 05-005 Site Condition B
Above 2: Figure 05-006 Site Condition D
Above 3: Figure 05-007 Site Condition E



Above 1: Figure 05-008 3D bowl shape
Above 2: Figure 05-009 Water collection panels from 
3D bowl shape
Above 3: Figure 05-010 Water collection panels from 
plan view



Below 1: Figure 05-011 Pavilion with wing 
attachments

Below 2: Figure 05-012  Section of pavilion. Exposing 
water collection services and water collection structure 



fi gure##.

sec  on ##.

Above 1: Figure 05-013 Cutting layout for the compos-
ite panels. Alucobond provides two widths of sheets at 
mutiple lengths. Top sheet is 1250 x 5500mm used for the 
wall panels. The bottom sheet is 1500 x 6000mm used for 
the wind shelter panels. 



Above 1: Figure 05-014 Bike parking slots for fl at 
terrain

Above 2: Figure 05-015  Bike parking slows on piles 
for uneven terrain



Above 1: Figure 05-016 Section of pavilion with 
exposing the three sections



Figure 05-017, 05-018

Above 1: Figure 05-017 Park Tools bottom bracket 
extractor tool

Above 2: Figure 05-018 Park Tools freewheel 
extractor tool



Above 1: Figure 05-019 Main fl ooring panel with 
secondary smaller panel
Above 2: Figure 05-020 Flooring panel confi guration
Above 3: Figure 05-021 Flooring panel as seating 
panel



Above 1: Figure 05-022 Main wall panel
Above 2: Figure 05-023 Wall panel confi guration-
Above 3: Figure 05-024 Wall panels in context of 

pavilion
Left 1: Figure 05-025 Freewheel splined fi xing for all 

wall panels



Above 1: Figure 05-026 Individual solar + roofi ng 
panel
Above 2: Figure 05-027 Solar roofi ng panel confi gu-
ration



Above 1: Figure 05-028 Individual collection water 
panel

Above 2: Figure 05-029 Water colleciton panel 
confi guration

Above 3: Figure 05-030 Water collection panels with 
aircraft cable structure



Above 1: Figure 05-031 Main poles with base fi xture
Above 2: Figure 05-032 Pole confi guration
Above 3: Figure 05-033 Pole connector clamps with 
bottom bracket fi xture
Right 1: Figure 05-034 Pole connector clamps in 
context



Above 1: Figure 05-035 Fibreglass rain shelter panels
Above 2: Figure 05-036 Rain shelter panels mounted 

on side
Above 3: Figure 05-037 Rain shelter panels mounted 

at ends



Above 1: Figure 05-038 Water consumption station in 
context of pavilion
Above 2: Figure 05-039 Water consumption station 
detail



Left 1: Figure 05-040 Detail section of water collection 
station



Above 1: Figure 05-041 Bike stand confi guration
Above 2: Figure 05-042 Bike workspace from indoors
Above 3: Figure 05-043 Bike workspace from out-
doors
Above 4: Figure 05-044 Bike Parking support bracket



Above 1: Figure 05-045 Toilet area
Above 2: Figure 05-046 Gap covers for toilet

Above 3: Figure 05-047 Toilet services confi guration
Left 1: Figure 05-048 Toilet water services



Below 1: Figure 05-049 Section outlining solar power 
services





Opposite 1: Figure 05-051 Overall rendering of 
pavilion
Above 1: Figure 05-052 Pavilion at site A





Opposite 1: Figure 05-053 Pavilion at site B
Above 1: Figure 05-054 Pavilion at site C





Opposite 1: Figure 05-055 Pavilion at site D
Above 1: Figure 05-056 Pavilion at site E





Above 1: Figure 05-057 Overall pavilion fi nal render





Above 1: Figure 05-058 Overall pavilion in collapsed 
parts



fi gure 05-
058

Figure 05-
059



Above 1: Figure 05-059 Overall pavilion in collapsed 
parts
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